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Isabelle Lopez, Esq.
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75 King St.(City Hall)
St. Augustine, FL 32084

RE:

City of St. Augustine
Panhandling Ordinance

Dear Ms. Lopez:
As special counsel to the City of St. Augustine tasked with rewriting the solicitation,
panhandling, and begging ordinance of St. Augustine, I have forwarded certain medical studies
for inclusion in the record.
The studies are: 1) Cytomegalovirus; 2) Infectious Diarrhea; 3) Leptospirosis; 4)
Toxocariasis; 5) Urine Containing Sperm; 6) Zoonotic Disease transmitted by dogs, cats; 7)
Principles of Epidemiology in Public Health Practice; 8) Urine Borne Diseases, The Merck
Manual; 9) Open Defecation to End by 2025, Vows UN Chief, Marking World Toilet Day; 10)
Stray animal and human defecation, Journal of Helminthology; 11) Human Zoonotic Infedions
Transmitted by Dogs and Cats, Archives oflntemal Medicine; and 12) Open Defecation, Journal
of Clinical and Diagnostic Research.
These studies are being submitted in correlation with and to supplement the testimony of
a physician who will testify at the second reading of the ordinance to be held on March 26, 2018.
To further the understanding of both the city commission and the public, I submit the
studies in light of and following numerous Supreme Court cases which have decided that such
studies are pertinent, although undertaken in different geographic areas, I will further explain the
legal premises for such studies at the hearing on March 26, 2018. Health-related data certainly
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strengthen and amplify our record which is critical in support of the proposed ordinance. In
examining the notes on the record, it is my professional opinion after 36 years of being privileged
to do First Amendment work for numerous jurisdictions in the state of Florida, that our record
thus far is more than sufficient to support the ordinance. I will further elaborate upon the
foregoing in my closing presentation on March 26, 2018.

Respectfully submitted,

~"1,J~
Michael H. Kahn
Special Counsel, City of St. Augustine

ORDINANCE NO. 2018-06
AN ORDINANCE OF THE CITY OF ST. AUGUSTINE,
FLORIDA, REPEALING AND REPLACING SECTION 188 OF THE CODE OF THE CITY OF ST. AUGUSTINE;
PROVIDING FOR FINDINGS AND INTENT; PROVIDING
FOR DEFINITIONS; PROVIDING FOR PROHIBITED
AND
LOCATION
CONDUCT,
PROXIMITY
RESTRICTIONS FOR SOLICITATION, PANHANDLING
OR
BEGGING;
PROVIDING
FOR
PENALTIES;
PROVIDING FOR INCLUSION IN THE CODE OF THE
CITY OF ST. AUGUSTINE; PROVIDING FOR REPEAL OF
CONFLICTING
ORDINANCES;
PROVIDING
FOR
SEVERANCE
OF
INVALID
PROVISIONS;
AND
PROVIDING FOR AN EFFECTIVE DATE.

WHEREAS, § 166.041, Florida Statutes, provides for procedures for the
adoption of ordinances and resolutions by municipalities; and

WHEREAS, the City of St. Augustine recognizes that solicitation, including
but not limited to panhandling and begging are activities that are protected by the First
Amendment to the United States Constitution; and

WHEREAS, the City of St. Augustine can adopt and enforce regulations of
behavior that implicate First Amendment activity when the regulations only affect the time,
place, and manner of expression, are content-neutral, are narrowly tailored to serve a
significant governmental interest, and leave open ample alternative channels of
communication; and

WHEREAS, the City of St. Augustine has a significant interest in providing
a safe and pleasant environment and in eliminating nuisance activity, Smith v. City of Fort
Lauderdale, Florida, 177 F. 3d 954, 956 (11th Cir. 1999); and
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WHEREAS, the City of St. Augustine has experienced a significant increase

in the number of complaints made to the St. Augustine Police Department regarding
panhandling and problematic panhandling behaviors; and,

WHEREAS, the City Commission finds that panhandlers and beggars,

sometimes use profane language when requesting money from people; that panhandlers
and beggars sometimes physically touch or threaten to touch the people they solicit for
money; and that panhandlers and beggars sometimes block the path of people they solicit
for money, or follow the people they solicit for money in an apparent effort to intimidate
people into making a donation or as retribution for refusing to make a donation; and

WHEREAS, the City Commission finds that the foregoing activities

constitute "aggressive panhandling or begging," and that the increase in aggressive
panhandling or begging throughout the City of St. Augustine has become extremely
disturbing and disruptive to residents, visitors, and businesses, and has contributed to an
enhanced sense of fear, intimidation, and disorder resulting in the loss of access to and
enjoyment of public places throughout the City; and

WHEREAS, the City Commission finds that regulation of panhandling and

begging, based on the time, place, or manner of the solicitation including but not limited
to panhandling or begging, is a content neutral and narrowly tailored way to promote
public safety, and protect residents and visitors in areas where they may be or perceive
themselves to be vulnerable and/or unable to leave; and

WHEREAS, the City Commission finds that regulation of panhandling and

begging, in public places where people feel particularly vulnerable and/or unable to leave
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still provides ample alternative avenues of communication and are narrowly drawn to
address the City's substantial interests; and

WHEREAS, the City of St. Augustine has a significant interest in preserving

the safety of traffic flow and preventing traffic congestion wherever possible in the City of
St. Augustine; and

WHEREAS, the City of St. Augustine has a significant interest in the safety

of pedestrians and individuals traveling in vehicles throughout the City of St. Augustine;
and

WHEREAS, the City of St. Augustine has a significant interest in promoting

tourism, and aesthetics of historic downtown St. Augustine; and

WHEREAS, the City of St. Augustine has a significant interest in promoting

the safety and convenience of its citizens on public streets. Madsen v. Women's Health

Center, 512 U.S. 753, 768, 114 S. Ct. 2516, 129 L.Ed. 2d 593 (1994); and

WHEREAS, the City of St. Augustine has a significant interest in ensuring

the public safety and order and in promoting the free flow of traffic on public streets and
sidewalks; and
WHEREAS, the City of St. Augustine has a significant interest in the safety

and convenience of citizens using public fora such as streets and sidewalks. Heffron v.

International Soc'y for Krishna Consciousness, 452 U.S. 640, 650, 101 S. Ct. 2559, 69
L.Ed. 2d 298 (1981 ); and
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WHEREAS, the City of St. Augustine has a significant interest in

recognizing the safety and convenience on public roads. Cox v. New Hampshire, 312
U.S. 569, 574, 61 S. Ct. 762, 85 L.Ed. 1049 (1941); and

WHEREAS, the City of St. Augustine has a significant interest in controlling

traffic and pedestrian congestion. Ayres v. City of Chicago, 125 F. 3d 1010, 1015 (?th Cir.
1997); and

WHEREAS, the City of St. Augustine has a significant interest in preventing

crime, protecting the City's retail trade, maintaining property values, and generally
protecting and preserving the quality of the City's neighborhoods, commercial districts
and the quality of urban life. Young v. American Mini Theaters, 427 U.S. 50, 96 S. Ct.
440, 49 L.Ed. 2d 310 (1976); and

WHEREAS, the City of St. Augustine has a significant interest in

appearance of the City and aesthetics. Metromedia Inc. v. City of San Diego, 453 U.S.
490, 101 S. Ct. 2882 (1981); and

WHEREAS, the City of St. Augustine has a significant interest in

maintaining safe ingress and egress into and out of commercial establishments in order
to, inter alia, control pedestrian congestion, facilitate pedestrian safety and order, and
provide for access for emergency vehicles and personnel both fire and police to promote
public health, safety, and welfare; and

WHEREAS, the City of St. Augustine has a compelling governmental

interest in preserving and protecting the lives of its citizens which can be imperiled by,
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inter alia, traffic and pedestrian congestion which among other things can delay
deployment of life saving fire and police vehicles and personnel; and

WHEREAS, the City Commission of the City of St. Augustine has
determined that the following regulations promote and protect the general health, safety,
and welfare of the residents of the City of St. Augustine; and

WHEREAS, the City Commission for the City of St. Augustine finds that it
is in the best interest of public health, safety, and general welfare that the following
amendments be adopted consistent with the requirements of Section 166.021 (4), Florida
Statutes;

NOW, THEREFORE, BE IT ORDAINED BY THE CITY COMMISSION FOR
THE CITY OF ST. AUGUSTINE, FLORIDA, AS FOLLOWS:

Section 1. Repeal and Replacement of Chapter 18. Article I, Section 18-8.
Chapter 18, Article I, Section 18-8 of the Code of the City of St. Augustine is hereby
repealed and replaced as follows (deletions are identified using a strike-through format;
additions are underlined):

Sec. 18 8.

Begging, panhandling and solicitation.

(a)

Definltfons.

(1)

After dark means from one half hour after sunset until one half
hour before sunrise. The times of sunset and sunrise will be
established by the times listed in any local publication of
general distribution .

(2)

Aggressf'le manner shall mean :
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a.

Approaching or speaking to a particular person or
persons, or following a person before, during or after
panhandling, soliciting or begging, if that conduct is
intended or likely to cause a reasonable person to:
1.

Fear bodily harm to oneself or to another,
damage to or loss of property; or

2.

b.

Otherwise be threatened or intimidated into
giving money or other thing of value; or
Intentionally touching or causing physical contact 'Nith
another person or a vehicle operated by another
person, without that person's consent, in the course of
panhandling, soliciting or begging; or

c.

In the course of panhandling, soliciting or begging,
intentionally blocking or interfering 'Nith the safe or free
passage of any pedestrian or vehicle by any means,
including unreasonably causing any pedestrian or
vehicle operator to take evasive action to avoid
physical contact; or

d.

Forcing oneself upon the company of another by
continuing to solicit the individual addressed after the
person to whom the panhandling, soliciting or begging
is directed has made a negative response, either
orally, by physical sign, by attempting to leave the
presence of the person soliciting or by other negative
indication.

(3)

Panhandle, solicit or beg shall mean the employment of the
spoken, written or printed 'Nord or other acts as are conducted
in the furtherance of the purpose of immediately collecting
money or any other item of value for the use of one's self or
others. As used in this section, the word, "solicit," and its
forms, includes begging and panhandling.

(4)

Prohibited public area means those areas '..vithin historic
preservation districts HP 2 and HP 3, and includes the
sidewalks exterior thereto, all as more fully described below,
and depicted in the map entitled "Ordinance 2006 40 No
Panhandling Area" made a part hereof by reference and a
copy of which is on file with the Clerk of the City of St.
/\
t'me:
nUgUS
a.

Northern boundary. Commence at a point on the
northernmost sidewalk adjacent to Castillo Drive

Page 6 of 16

located 255 feet west of the center line of South Castillo
Drive ; thence easterly along the northernmost side\valk
adjacent to Castillo Drive to the easternmost sidev1alk
adjacent to South Castillo Drive; thence southerly
along the easternmost sidewalk adjacent to South
Castillo Drive to the intersection of the projection of a
line running along the northern boundary of the Castillo
de San Marcos National Monument Reservation;
thence easterly along this projection line to Matanzas

Bay-:

(b)

b.

Eastern boundary. Matanzas River or Bay.

c.

Southern boundary. Commencing at the southernmost
sidewalk adjacent to King Street at the intersection with
easterly along
the
Cordova
Street,
thence
southernmost sidewalk adjacent to King Street along
this projection line to Matanzas Bay.

d.

V'lestem boundary. Commencing at the westernmost
sidewalk adjacent to Cordova Street at the intersection
Vlith King Street, thence northerly along the
westernmost sidewalk adjacent to Cordova Street (as
referenced in public records prior to the year 2000) to
a point on the northernmost sidewalk adjacent to
Castillo Drive located two hundred fifty five (255) feet
west of the center line of South Castillo Drive.

Prohibition. It shall be unlavilful for any person within the city
te-;

(1)

Panhandle, solicit or beg in an aggressive manner on any
sidewalk, highway, street, roadway, right of 'Nay, parking lot,
park, or other public or semi public area or in any building
lobby, entrancev1ay, plaza or common area;

(2)

Approach an operator or other occupant of a motor vehicle for
the purpose of panhandling, soliciting or begging, or offering
to perform a service in connection with such vehicle, or
othervvise soliciting the sale of goods or services, if such
panhandling, soliciting or begging is done in an aggressive
manner;

(3)

Panhandle , solicit or beg in an aggressive manner on private
property if the owner, tenant or la'iNful occupant has asked
the person not to solicit on the property, or has posted a sign
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(4)

clearly indicating that solicitations are not v1elcome on the
property;
Panhandle, solicit or beg on any side'Nalk, highvvay, street,
roadway, right of 'Nay, parking lot, park, or other public or
semi public area or in any building lobby, entranceway, plaza
or common area in the prohibited public area. The city
manager shall post signs in such area advising the public of
this prohibition;

(5)

Panhandle, solicit or beg within i'vventy (20) feet of the
entrance to any financial institution or any automatic teller
machine;

(6)

Panhandle, solicit or beg within twenty (20) feet of any parking
meters or parking pay stations;

(7)

Panhandle, solicit or beg at any lavlf'ully permitted outdoor
dining area or la'Nfully permitted outdoor merchandise area,
provided such areas are in active use at the time;

(8)

Panhandle, solicit or beg at any transit stop or taxi stand or in
a public transit vehicle;

(9)

Panhandle, solicit or beg while the person or persons being
solicited is standing in line waiting to be admitted to a
commercial establishment;

(10)

Panhandle, solicit or beg by touching the person or persons
being solicited without that person's consent;

(11)

Panhandle, solicit or beg by blocking the path of the person or
persons being solicited or blocking the entrance or exit to any
building or vehicle;
Panhandle, solicit or beg 'Nith the use of profane or abusive
language during the solicitation or following an unsuccessful
solicitation;

(12)

(13)

Panhandle, solicit or beg by or 'Nith the use of any gesture or
act intended to cause a reasonable person to be fearful of the
solicitor or feel compelled to accede to the solicitation;

(14)

Panhandle, solicit or beg while under the influence of alcohol
or after having illegally used any controlled substance, as
defined in the Chapter 893 of the Florida Criminal Statutes; or

(15)

Panhandle, solicit or beg after dark.
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(c)

Excep#on. This lmv is not intended to limit any person from
exercising his or her constitutional rights or engaging in any
other constitutionally protected activity unless their conduct
also violates the specific terms of this section. Rather, it is the
intent of this section to protect citizens from the fear and
intimidation accompanying panhandling, soliciting or begging
in an aggressive manner, as prohibited herein, and to promote
the health, safety and vvelfare of the citizens and visitors of St.
Augustine.

(d)

Penalty. Offenses under this section shall be punishable as
provided by section 1 8 of this Code.

(e)

re'
'" t prows:ons.
· ·
7 Th"1s sect"ion ·1s no t ·in ten d e
do
t
Lvupp.-ement:a.
1
replace or supersede any other ordinance or statute, but shall
instead be supplemental to such ordinance or statute.

Section 2. Creating Chapter 18, Article I, Section 18-8. Chapter 18, Article
I, Section 18-8 of the Code of the City of St. Augustine is hereby created to read as
follows,
Chapter 18 - MISCELLANEOUS PROVISIONS AND OFFENSES
ARTICLE I. - IN GENERAL
Sec. 18-8. - Begging, panhandling and solicitation.
(a) Intent.

The purpose and intent of this article is to recognize the
constitutional right of persons to solicit. including but not
limited to beg and panhandle, in a peaceful and nonthreatening manner; however, an increase in aggressive
panhandling and begging throughout the City has become
extremely disturbing and disruptive to residents and
businesses, and has contributed not only to the loss of access
to and enjoyment of public places but also to an enhanced
sense of fear, intimidation, and disorder.
Aggressive
panhandling and begging usually includes approaching or
following pedestrians, repetitive requests for donations of
money despite refusals, the use of abusive or profane
language, unwanted physical contact. and the intentional. or
as incident to the aggressive panhand ling and begging,
blocking of pedestrian and vehicular traffic. Additionally, the
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presence of panhandlers and beggars. who request money
from persons in specific public areas such as outdoor cafes.
automated teller machines. entrances and exits from
buildings, and while standing in line to enter an event or a
building, is especially troublesome because persons cannot
readily escape from the undesired conduct, which often
carries with it an implicit threat to both persons and property
as well as incidental to the panhandling and begging activities
the imperiling of the health. safety and welfare of the citizens
of and visitors to St. Augustine by, among other things.
blockage of ingress and egress from and into commercial
businesses adjacent to public rights of way.
This article is not intended to limit any persons from exercising
their constitutional right to solicit, including but not limited to
beg, panhandle or solicit funds, picket, protest. or engage in
any other constitutionally protected activity, when conducted
in a legal manner. The goal of this article is instead to ensure
the foregoing constitutional rights while through regulation
acting to protect citizens from the fear and intimidation
accompanying certain kinds of panhandling and begging that
have become an unwelcome and overwhelming presence in
the City by prohibiting aggressive panhandling and begging
throughout the City and by regulating through time. place. and
manner ordinance provisions regulating panhandling and
begging in certain public places. based upon the foregoing
significant important and substantial governmental interests
set forth in the predicate clauses and an overriding compelling
governmental interest to protect the health, safety and welfare
of the citizens of St. Augustine and visitors from the adverse
secondary effects of solicitation . including panhandling and
begging, in public areas. The restrictions contained in this
article are neither overbroad nor vague and are narrowly
tailored to serve a substantial governmental interest. and
preserve ample alternative areas for the valid exercise of
constitutional rights of solicitation which they do as set forth
more particularly herein .
Further. even if such regulations were to be deemed to trigger
strict scrutiny, the blockage of ingress and egress into and
from commercial businesses and other public areas as well
as the impedance of pedestrian walkways and other public
rights of way implicates the compelling governmental interest
of St. Augustine in protecting the health , safety and welfare of
its citizenry and visitors in preserving police and fire
department access to such rights of way in order to save lives.
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(b) Definitions.

For purposes of this article, the following words and phrases
shall have the meanings ascribed to them as follows:
(1) After dark means from one half hour after sunset until onehalf hour before sunrise. The times of sunset and sunrise will
be established by the times listed in any local publication of
general distribution.
(2) Aggressive panhandling or begging means:

a. To approach or speak to a person and demand, request or
beg for money or a donation of valuable property in such
a manner as would cause a reasonable person to believe
that the person is being threatened with imminent bodily
injury or the commission of a criminal act upon the person
approached or another person in the solicited person's
company, or upon property in the person's immediate
possession (for example, placing oneself within 2 feet of a
solicited person and/or using abusive or profane language
in a loud voice while demanding or requesting money);
or
b. To maintain contact with a solicited person and continue
demanding, requesting or begging for money or a donation
of valuable property after the solicited person has made a
negative response to an initial demand or request for
money or a donation (for example, walking in front of. next
to. or behind a solicited person while continuing to
demand, request or beg for money from that person after
that person has refused to donate or give money);

c. To obstruct. block or impede, either individually or as part
of a group of persons. the passage or free movement of a
solicited person or a person in the company of a solicited
person , including persons on foot. on bicycles , in
wheelchairs or operating motor vehicles or persons
attempting to enter or exit motor vehicles (for example,
walking, standing, sitting, laying, or placing an object in
such a manner as to block passage of another person or
vehicle, or to require another person or driver of a vehicle
to take evasive action to avoid physical contact) ;
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d. To touch or cause physical contact to a solicited person or
a person in the company of a solicited person. or to touch
any vehicle occupied by a solicited person or by a person
in the company of the solicited person. without the
person's express consent;
or
e. To engage in conduct that would reasonably be construed
as intended to intimidate. compel or force a solicited
person to accede to demands.
(3) Panhandle or beg means any demand or request made in
person for an immediate donation of money or some other
article of value from another person for the use of one's self
or others. including but not limited for a charitable or sponsor
purpose or that will benefit a charitable organization or
sponsor. As used in this article. the word "solicit" and its forms
is included in this definition. A solicitation is considered as
having taken place regardless of whether the person ·making
the solicitation received any contribution. Any purchase of an
item for an amount far exceeding its value. under
circumstances where a reasonable person would understand
that the purchase is in substance a donation. constitutes a
donation as contemplated in this definition.
(4) Prohibited areas for solicitation including but not limited to

panhandling and begging means the following locations
throughout the City in which it is unlawful to engage in
solicitation. including but not limited to panhandling or
begging. when either the panhandler or beggar or the person
being panhandled is located in. on or at the following
locations:
a. Within twenty (20) feet. in any direction. from any entrance
or exit of commercially zoned property;
b. Within twenty (20) feet. in any direction. of any bus or
trolley stop or any public transportation facility;
c. Within twenty (20) feet, in any direction. of an automated
teller machine or any electronic information processing
device which accepts or dispenses cash in connection with
a credit. deposit or convenience account with a financial
institution;
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d. Within twenty (20) feet. in any direction, of any parking lot.
parking garage, parking meter or parking pay station
owned or operated by the City;
e. Within twenty (20) feet, in any direction, of any public
restroom owned and operated by a governmental agency;
f.

Within one hundred (100) feet. in any direction, of any
daycare or school, including pre-kindergarten through
grade 12.

(c) Prohibited Conduct Proximity and Location Restrictions.

(1) It shall be unlawful for any person to engage in aggressive
panhandling or begging on any sidewalk, highway, street.
roadway, right-of-way, parking lot, park, or other public or
semi-public area or in any public building lobby, entranceway,
plaza or common area, public forum or limited public forum
within the city limits of the City of St. Augustine.
(2) It shall be unlawful for any person to engage in aggressive
panhandling or begging on private property if the owner,
tenant or lawful occupant has asked the person not to solicit
on the property, or has posted a sign clearly indicating that
solicitations are not welcome on the property.
(3) It shall be unlawful for any person to engage in solicitation,
including but not limited to panhandling or begging, when
either the person engaged in the solicitation, including but not
limited to the panhandler or beggar or the person being
panhandled, is located in, on or at the following locations:
a. Within twenty (20) feet. in any direction. from any entrance
or exit of commercially zoned property;
b. Within twenty (20) feet. in any direction, of any bus or
trolley stop or any public transportation facility;
c. Within twenty (20) feet, in any direction, of an automated
teller machine or any electronic information processing
device which accepts or dispenses cash in connection with
a credit. deposit or convenience account with a financial
institution;
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d. Within twenty (20) feet. in any direction, of any parking lot.
parking garage, parking meter or parking pay station
owned or operated by the City;
e. Within twenty (20) feet, in any direction. of anv public
restroom owned and operated by a governmental agency;
f.

Within one hundred (100) feet. in any direction, of any
daycare or school, including pre-kindergarten through
grade 12.

(4) It shall be unlawful for any person to engage in the following
prohibit conduct:
a. Approach an operator or other occupant of a motor
vehicle for the purpose of panhandling, soliciting or
begging , or offering to perform a service in connection
with such vehicle, or otherwise soliciting the sale of goods
or services. if such panhandling, soliciting or begging is
done in an aggressive manner;
b. Panhandle, solicit or beg at any lawfully permitted
outdoor dining area or lawfully permitted outdoor
merchandise area, provided such areas are in active use
at the time;
c. Panhandle, solicit or beg at any transit stop or taxi stand
or in a public transit vehicle;
d. Panhandle, solicit or beg while the person or persons
being solicited is standing in line waiting to be admitted
to a commercial establishment
e. Panhandle. solicit or beg by touching the person or
persons being solicited without that person's consent
f. Panhandle, solicit or beg with the use of profane or
abusive language during the solicitation or following an
unsuccessful solicitation;
g. Panhandle, solicit or beg by or with the use of any gesture
or act intended to cause a reasonable person to be fearful
of the solicitor or feel compelled to accede to the
solicitation
h. Panhandle, solicit or beg while under the influence of
alcohol or after having illegally used any controlled
substance, as defined in the Chapter 893 of the Florida
Criminal Statutes; or
i. Panhandle, solicit or beg after dark
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(d) Penaltv.

Any person found guilty of violating the provisions of this
section shall be punished in the manner prescribed in
Section 1-8 of this Code.

Section 3.

Inclusion in Code.

The City Commission intends that the

provisions of this Ordinance shall become and shall be made part of the Code of the City
of St. Augustine, that the sections of this Ordinance may be re-numbered or re-lettered
and that the word ordinance may be changed to section, article or other such appropriate
word or phrase in order to accomplish such intentions.

Section 4.

Conflict with Other Ordinances.

All ordinances . or parts of

ordinances in conflict herewith are hereby repealed.
Section 5. Severance of Invalid Provisions. In the event that any section,
subsection, sentence, clause, phrase, word, term or provision of this Ordinance shall be
held by a court of competent jurisdiction to be partially or wholly invalid, unconstitutional
or unenforceable or involved for any reason whatsoever, any such invalidity,
unconstitutionality, illegality, or unenforceability shall not affect any of the other or
remaining terms, provisions, clauses, sentences, or sections of this Ordinance, and this
Ordinance shall be read and/or applied as if the invalid, unconstitutional, illegal, or
unenforceable section, subsection, sentence, clause, phrase, word, term or provision did
not exist.
Section 6. Effective Date. This Ordinance shall become effective ten (10)
days after passage, pursuant to § 166.041 (4), Florida Statutes.
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PASSED by the City Commission of the City of St. Augustine, Florida, this
_ _ _ day of

, 2018.

Nancy E. Shaver, Mayor-Commissioner
ATTEST:

Darlene Galambos, City Clerk
(SEAL)
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Cytomegalovirus. ( GMW~ infe eti«~n including symptoms, treatment and
prevention
This infection is caused by cytomegalovirus (CMV). This virus occurs worldwide and humans are the
only source of human CMV.

How cytomegalovirus (CMV) infection is spread
The method of spread of the infection varies. Infants usually acquire the infection while in the uterus
or during passage through the bhih canal, but may also be infected through breastmilk. Young
children are frequently infected by contaminated saliva when sucking and sharing toys. People with
weakened immune systems may have a return of a previous infection with CMV (reactivation) or may
be infected with a new strain of the virus. CMV can also be transmitted during blood transfusions and
organ transplants, or through sexual contact.
In developed countries more than half the population carry CMV virus by the time they reach
adulthood, though this figure is much higher in developing countries.

Signs and symptoms
Infection in children and adults is usually without symptoms. Occasionally, symptoms similar to
glandular fover such as fever, sore throat, swollen glands, abdomen pain and jaundice (yellowing of
the skin) can occur. In certain groups, infection can result in severe disease.
These groups are:
• Infants infected before, during, or shortly after birth. Infection of a baby before birth can
result in serious congenital abnormalities, with the highest risk during the first half of
pregnancy and in women who have not previously been infected. CMV infection occurs in
1% or less of pregnancies, and of these cases, less than 10% are likely to have severe
illness.
• People who have had a transplant, either solid organ or bone marrow/stem cell.
• People with severe immune suppression such as advanced human immunodeficiency virus
CHfV) infection.
Once someone has been infected with CMV, he or she is thought to remain infected for life, even
though he or she usually won't have any symptoms. People can become infected with a number of
different strains of the virus. During periods of illness or stress, the virus can reactivate, and may or
may not cause symptoms.
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Diagnosis
Diagnosis in infants is made by growing the virus, usually from urine. Diagnosis in adults is more
complicated and usually requires growing the virus, blood tests or PCR (polymerase chain reaction)
tests in a pathology laboratory.

Incubation period
(time between becoming infected and developing symptoms)
3 to 12 weeks.

Infectious period
(time during which an infected person can infect others)

The virus is often shed for months in urine or saliva following infection in children and adults. Infants
and immune suppressed adults can shed the virus for months to years following infection or
reactivation of infection.

Treatment
Specific antiviral treatment is available for use in severe CMV infections.

Prevention
• Exclusion from childcare, preschool, school or work is not necessary
• good hand washing after handlin 0 articles contaminated with urine or saliva, particularly
after changing nappies
• during pregnancy, do not share food, drinks or utensils used by young children and avoid
contact with saliva when kissing a child
• there is currently no vaccine available to prevent CMV infection.

Useful links
• Hanel hvgienc
• Glandular fe ver
© 2012 SA Health. ABN 97 643 356 590.
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Germs can spread through:
• the air as small dropl ets (droplet spread) or tiny aerosol particles (airborne spread)
• contact with faeces (poo) and then with the mouth (faeco-oral spread)
• contact with the skin or mucus membranes (the thin moist lining of many parts of the body
such as the nose, mouth, throat and genitals) (contact spread)
• blood or other body fluids (for example, urine, saliva, breastmilk, semen and vaginal
secretions).
Ge1ms can spread:
• directly from person to person or
• indirectly from an infected person to the environment (for example toys, door handles,
bench tops, bedding and toilets) and then to another person who comes in contact with the
contaminated environmental source.
Germs can enter the body through the:
• mouth
• respiratory tract
• eyes
• genitals
• broken skin.
Some infections can be spread in several different ways.
There are other ways of describing how germs are spread that are commonly used. Germs can be
spread through sexual contact, which is usually through semen and vaginal secretions (body fluids),
but can also occur through contact with mucus membranes. Germs can spread through food or water.
Many but not all the germs spread in this way are tlu·ough contact with faeces and then with the
mouth (faeco-oral). Germs can also spread from a mother to her unborn child, usually though blood
(body fluids) but also through contact with skin or mucous membranes during delivery.
Adapted from National Health and Medical Research Council - Staying Healthy: preventing
infections disease in early childhood education and care services, 5111 Edition 2012.

Spread through the air by droplets
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Some infections are spread when an infected person talks, coughs or sneezes small droplets
containing infectious agents into the air. Due to their size, these droplets in the air travel only a short
distance (around a metre) from the infected person before falling. The droplets in the air may be
breathed in by those nearby. Spread can also occur by touching the nose or mouth with droplet
contaminated hands.
Examples of droplet spread diseases:
• common cold
• flu

• meningococcal disease
• rubella.

Spread through the air by aerosol
Some infections are spread when an infected person talks, breathes, coughs or sneezes tiny particles
containing infectious agents into the air. These are called small particle aerosols. Due to their tiny
size, small particle aerosols can travel long distances on air currents and remain suspended in the air
for minutes to hours. These small particle aerosols may be breathed in by another person.
Examples of airborne spread diseases:
• chickenpox
• measles
• tuberculosis (TB)

Spread through faeces and then the mouth (faecal-oral
spread)
Some infections are spread when microscopic amounts of faeces (poo) from an infected person with
symptoms or an infected person without symptoms (a carrier) are taken in by another person by
mouth. The faeces may be passed:
• directly from soiled hands to the mouth
• indirectly by way of objects, surfaces, food or water soiled with faeces.
Examples of diseases spread from faeces:
• Campylobacter infection
• Cryptosporidium infection
• Giardia infection

• hand, foot and mouth disease
• hepatitis A
http://www.sahealth.sa.gov .au/wps/wcm/connect/public+content/sa+health+intemetlhealth+. .. 3/6/2018
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• meningitis (viral)
• rotavirus infection
• Salmonella infection
• Shigella infection
• thrush
• viral gastroenteritis

• worms

• Yersinia infection.

Spread by skin or mucous membrane contact
Some infections are spread directly when skin or mucous membrane (the thin moist lining of many
parts of the body such as the nose, mouth, throat and genitals) comes into contact with the skin or
mucous membrane of another person. Infections are spread indirectly when skin or mucous
membrane comes in contact with contaminated objects or surfaces.
Examples of diseases spread by skin or mucous membrane contact:
• chickenpox
• cold sores (herpes simplex infection)
• conjunctivitis
• hand, foot and mouth disease
• head lice

• molluscum contagiosum
• ringworm
• scabies
• school sores (impetigo)

• Staphv!ococcus aureus infection
• warts.

SQread through blood or other body fluids
Some infections are spread when blood or other body fluids (for example for example, urine, saliva,
breastmilk, semen and vaginal secretions) from an infected person comes into contact with:
• the mucous membranes (the thin moist lining of many parts of the body such as the nose,
mouth, throat and genitals), such as through kissing, breast-feeding or sexual contact or
• the bloodstream of an uninfected person, such as through a needle stick injury or a break in
the skin.
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hepatitis B - blood, saliva, semen and vaginal fluids

J

'if'

hepatitis C - blood
human immunodeficiency virus (HlV) infection - blood, semen and vaginal fluids,
breastmilk

• cvtomegalovirus (CM V)

~•

Ln feet ion - saliva, breastmilk, semen and vaginal fluids, urine

glandular fever - saliva

.)

Other ways of describing how infectious diseases are
spread
Spread through sexual contact (sexually transmitted infections)
These infections are most commonly transmitted by sexual contact. Sexual contact means:
• genital to genital
• oral to genital
• genital to anal.
Examples of sexually transmitted infections:
• Chlamvdia infection

• genital herpes
• genital warts
• gonorrhoea
• hepatitis B
• human immunodeficiencv virus CHIV) infection
• non-specific urethritis CNSU)
• pubic lice (crabs)
• syphilis
• trichomoniasis.

Spread through food or water
These diseases result from ingestion of water.or a wide variety of foods contaminated with diseasecausing germs or their toxins. Often these infections are also spread by the faecal-oral route.
Examples of food or waterborne diseases:
• botulism
http://www.sahealth.sa.gov .au/wps/wcm/connect/public+content/sa+health+internet/health+... 3/6/2018
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• Campylobacter infection
• cholera
• Cryptosporidium infection
• haemolytic uraemic syndrome
• Listeria infection
• Salmonella infection
• Shige/la infection
• typhoid and paratyphoid
• Yersinia infection.

Spread from a mother to her unborn child
Some infections can be spread through the placenta from a mother to her unborn child or during
delivery, or both.
Examples of diseases spread from a mother to child in this way:
• chickenpox
• hepatitis B
• rubella.

Diseases where person-to-person spread occurs rarely, if
ever
Some infectious diseases are almost never spread by contact with an infected person. These diseases
are usually spread by contact with an environmental source such as animals, insects, water or soil.
Examples of diseases spread by contact with animals:
• cat-scratch disease
• hydatid disease
• psittacosis

• 0 fever
• rabies
• toxoplasmosis.
Examples of diseases spread by insects, and in the examples listed below, specifically by
mosquitoes:
• Barmah Forest virus infection
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• dengue fever
• malaria
• Ross River virus infection.
Examples of diseases spread by contact with water or soil:
• amoebic meningitis

• legionella infection - Legionel/a pneumophila and Legionella /ongbeachae
• tetanus.
© 2012 SA Health. ABN 97 643 356 590.
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Congenital cytomegalovirus (CMV) affects rvl of 150 births
and is a leading cause of hearing loss and intellectual disability. It has been suggested that transmission may occur
via contaminated surfaces. CMV AD169 in filtered human
saliva, applied to environmental surfaces, was recovered at
various time points. Samples were evaluated by culture and
real-time polymerase chain reaction. CMV was found viable
on metal and wood to 1 hour, glass and plastic to 3 hours,
and rubber, cloth, and cracker to 6 hours. CMV was cultured
from 83 of 90 wet and S of 40 dry surfaces. CMV was more
likely to be isolated from wet, highly absorbent surfaces at
earlier time points.
Congenital cytomegalovirus (CMV) infection, which occurs as
a result of infection during pregnancy, affects "'I of 150 live
births and is a leading cause of hearing loss and intellectual disability in the United States [ 1-3]. In a typical cohort of 4 million
live births, this translates to rv30 000 babies born with a congenital CMV infection [ l]. Of those born with CMV, rv6000
(20%) will suffer permanent sequelae (eg, sensorineural hearing
loss and intellectual disability), and rvlSO (0.5%) will die of
complications of the infection.
CMV is an enveloped virus that establishes lifelong latency
following primary infection and periodically reactivates, usually
without symptoms. Reinfection with additional strains is known
to occur [ 1]. Transmission occurs via direct contact with bodily
1
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fluids of an infected individual. In adults, asymptomatic shedding of virus in saliva and urine may persist for weeks to months
after initial infection. Children, especially those congenitally
infected or <3 years old, may actively shed CMV in saliva and
urine for months to years [5-8].
Exposure to bodily fluids from young children poses substantial risk for CMV exposure among women of reproductive
age. Consequently, recommendations set forth by various experts for reducing CMV exposure have centered on behavioral
precautions, such as routinely washing hands after exposure to
bodily fluids, refraining from sharing food or drink with young
children, and avoiding contact with saliva when kissing young
children [2, 9-12]. However, little is known about the duration
of CMV viability on environmental surfaces and the extent to
which bodily fluids deposited on surfaces may be sources of
exposure.

Methods
Seven types of common surfaces were studied: rubber, glass,
plastic, metal, sanded wood, cloth, and wheat crackers. Surfaces
were categorized as either highly absorbent or poorly absorbent
surfaces. Highly absorbent surfaces included cloth (100% cotton), whole wheat crackers, and sanded pine plywood. Standard
window glass, steel sheet metal, plastic (Plexiglas), and rubber
matting were categorized as poorly absorbent surfaces. Ten defined areas (rv2 cm 2) were marked on each material for the
application and recovery of virus. For poorly absorbent surfaces
it was necessary to demarcate an area (using a grease pencil) on
the surface to keep the virus solution within the test area.
CMV strain AD 169 from a single large stock (5.96 X I 09 genome
equivalents/mL) was titered on human lung fibroblasts using
a plaque assay and was suspended in filtered human saliva
diluted I: 1 in phosphate-buffered saline (PBS), pH 7.4, at
a concentration of 10 3 virons/mL. For each surface, 200 µL of
viral-saliva solution ("'200 viable virions) were applied to each of
10 marked areas and recovered using polyester fiber-tipped swabs
(plastic shaft; BO Falcon) at time points ranging from 1 minute to
6 hours after application. When liquid was present, the remaining
liquid was measured using a Pipet-Aid (Drummond Scientific
Company, Broomall, PA) pipette controller and the volume adjusted to 200 µL \Vith PBS to maximize consistency in recovery.
An additional 100 µL of PBS was used to rewet the surfaces and
collected onto a swab. The swab and fluids were placed into the
barrel of a 3-cm 3 syringe, inserted into an open sterile 15-cm3
centrifuge tube, and centrifuged at 200g for 10 minutes to maximally recover tl1e sample. For cloth and cracker, the entire 2-cm2
area moistened by the sample was excised, placed into a syringe
13RIEF REPORT • JID 2012:205 (IS January) • 211
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barrel to which 100 µL of PBS was added, and centrifuged as for
other specimens. Recovered liquid was measured and adjusted to
200 µL with PBS.
At each time point, observations regarding visible wetness of
the material (wet or dry} were recorded. One hundred microliters
of each recovered sample was immediately transferred to T25
sterile culture flasks (Corning) containing a confluent monolayer
of primary human lung fibroblasts in complete minimal essential
medium supplemented with 5% fetal calf serum and antibiotics
(Gibco ). Cultures were observed for =::2 weeks for signs of viral
growth. The remaining sample was frozen for subsequent
quantitative CMV polymerase chain reaction (PCR) analysis.
Viral growth in cultures was scored from Oto 4+ based on the
extent of cytopathic effect. A quantitative CMV real-time PCR
assay was performed on all samples to confirm the presence of
CMV. DNA copies per reaction were used as a control for
sampling consistency.

Results
For each surface, the quantity of infectious virions declined with .
time, as measured by level of cytopathic effect produced in culture. In general, duration of CMV viability was shorter on poorly
absorbent surfaces compared with highly absorbent surfaces
(Figure IA-D). Among poorly absorbent surfaces, CMV viability
persisted longest on rubber, retaining viability for up to 6 hours.
Samples applied to glass retained infectivity up to 3 hours. CMV
applied to metal was rendered nonviable within 2 hours. Although viability was somewhat variable for CMV applied to
plastic, viral infectivity persisted up to 3 hours. No viable virus
was recovered at 1 hour for either trial of rubber, but given
viability at multiple flanking time points on both sides of the
timeline, this was interpreted as an experimental anomaly.
CMV survived longer on most of the highly absorbent surfaces
used in the study than on poorly absorbent surfaces {Figure lE-G).
Viral infectivity was retained on cloth up to 6 hours. CMV applied
to wheat cracker remained infectious for 6 hours in both trials,
and, unlike on all other surfaces, in 1 trial retained 4+ cytopathic
effect 3 hours after application. In contrast to the other highly
absorbent surfaces, viral viability on sanded wood declined from
a score of 4+ at 1 minute to a score of 0 at 2 hours.
The cracker surface remained visibly wet throughout the
6-hour study period. Among the other surfaces, the reduction of
viability generally correlated with subjective visual observation of
the surface becoming dry, although glass, cloth, and plastic retained viable virus for up to 1-2 hours after the surface appeared
completely dry. This was observed in samples taken at the 5-hour
sampling on cloth, 2-and 3-hour samplings on plastic, and 2-and
3-hour samplings on glass (Figure IA, lC, and IE). No viable virus
was recovered in experiments evaluating CMV survival at time
points from 18 to 24 hours after application (data not shown).
As a measure of reliability and consistency of CMV sample
recovery, harvested samples were separately assayed by
212 • JID 2012:205 (15 January) • BRIEF REPORT
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quantitative real-time eMV PCR to estimate genome copy
number. Results are displayed in the line graphs under each
chart in Figure 1. These assays suggest that CMV sample recovery
was highly consistent for all 10 sampling areas on all 7 surfaces. In
only 1 of the trials, CMV DNA load dropped substantially at the
6-hour time point for metal (6.32 copies) and cloth (23.5 copies).

Discussion
In this systematic evaluation of CMV survival on surfaces, we
found that CMV viability can sufficiently persist to enable fomite
transmission. In fact, viable CMV can persist on surfaces as long as
they remain wet-in some cases at least up to 6 hours. There are
no additional data to conclude whether virus remains viable on
surfaces that remain wet for more than 6 hours. However, the
amounts of viable virus on wet surfaces decreased over a 6-hour
period, suggesting that virus on wet surfaces may be less likely to
survive over longer periods of time (eg, overnight). Additionally,
we found that apparently dry surfaces can harbor viable virus in
the 1-2-hour time period between when they are visibly dry and
when, presumably, the microenvironment becomes completely
dry. However, visibly wet surfaces were much more likely to
harbor viable virus and to harbor higher amounts of viable virus
than dry surfaces.
In most cases it appears that CMV viability is more closely
related to wetness than to the particular surface where it is applied.
Indeed, we found a correlation between CMV viability and the
capacity of each particular material to retain moisture: with the
exception of processed wood, viral viability persisted much longer
in highly absorbent surfaces that would be expected to effectively
retain moisture. The procedure for virus recovery from cloth and
cracker, which were both centrifuged, may be most similar to
a situation where cloth is placed in the mouth or a cracker is eaten.
Because these highly absorbent surfaces can retain moisture internally, they may pose a higher transmission risk when they are
mouthed or ingested than when only their surface is touched.
CMV viability was eliminated more rapidly in wood samples than
in other highly absorbent surfaces studied, suggesting a process of
active neutralization. This may be attributable to substances naturally present in wood (eg, organic alcohols and aromatic liquids)
or to chemicals used to treat lumber during production.
This study is the first controlled systematic research aimed at
evaluating CMV viability in human fluids on surfaces over time.
Few previous studies have provided evidence specifically related
to opportunities for viral transmission from common surfaces.
A study conducted in 1982 in a childcare center identified
toddlers shedding CMV in their saliva. CMV was cultured from
all 4 of the plastic toys that were swabbed immediately after
removal from the mouth of a shedding child [13). In an additional study in 1986, toys mouthed by CMV-excreting children
were swabbed after removal from the child's mouth. CMV was
detected on 5 of7 toys immediately, 4 of7 toys after 10 minutes,
and 2 of7 toys after 30 minutes [14). Unfortunately, it is difficult
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Figure 1. Cytopathic effect, dehydration, and DNA copies after inoculation of common environmental surfaces with cytomegalovirus ICMV). Cytopathic
effect seen through 2-week observation of viral culture on human lung fibroblast cells and scored from 0 to 4+. Plus sign indicate wet appearance; minus
signs, dry appearance. Results of quantitative real-time CMV polymerase chain reaction assay are shown as DNA copies per reaction.

to compare results between past studies and the current study,
because toy surfaces were not physically described in the former.
Finally, a study from 1985 investigated CMV survival on surfaces
such as Plexiglas and bedding in the immediate neonatal intensive care unit environment of congenitally infected infants
[ 15]. That study found that virus was more likely to be recovered
from surfaces that came into direct contact with the infants and
that higher viral titers were associated with longer persistence on
surfaces.
The strengths of the current study include the evaluation of
CMV survival using titered preparations of viable virus suspended in a natural fluid (saliva) and the use of objective experimental controls (CMV real-time PCR) to monitor the
consistency of sample recovery from surfaces. One possible
limitation was the use of laboratory strain ADI 69. CMV strains
adapted to growth in human lung fibroblast cell culture can
rapidly lose some properties found in wild-type viruses, particularly with respect to infection of other cell types (eg, epithelial
cells). However, it seems unlikely that the physical properties of
the virus that contribute to survival time on inanimate surfaces
would be different in laboratory-adapted strains. Laboratory
strains and wild-type viruses both express the receptors needed

for entry into fibroblasts, and the viral envelope is acquired from
the host cell and is thus identical in both types of strains. When
desiccation occurs, membrane integrity is lost, and viability
along with it. Because the macromolecular composition of the
viral envelope is identical for laboratory strains and wildtype viruses, comparable susceptibility to desiccation is probable.
Another important li~itation is that recovery of specimen was
not designed to reflect real-world transmission. Instead, it was
designed for comparability of different surfaces and to maximize
the possibility of recovering viable virus. For these reasons, we
rewet dry surfaces and centrifuged the cloth and cracker. Compared with the likelihood of recovering viable virus through
these methods, we would expect that a person who touches dry
surfaces or touches the cloth or cracker would be less likely to
transfer viable virus to their fingers. Additionally, cultures were
followed for only 2 weeks. Although it is true that some foci may
have appeared after 3 or 4 weeks of observation, the intent of the
study was to compare viable virus on multiple surfaces and their
relative survival times.
As shown, CMV in saliva can survive long enough on surfaces to
pose a transmission risk. Young children commonly shed CMV for
extended periods, contaminating toys, food, and other objects in
BRIEF REPORT • JID 2012:205 (15 Jnnunry) • 213
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the environment To reduce exposure to CMV, women who are
pregnant should cleanse their hands after touching objects that may
have been in contact with children's saliva (eg, toys, countertops),
especially if the surface appears or feels wet Additionally, surfaces
that have come in contact with children•s saliva should be cleansed
regularly, especially when noticeably wet Finally, women should
take precautions to avoid sharing food or drink with a young
child and avoid contact with saliva when kissing a young child.
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ABSTRACT
Cytomegalovirus (CMV) causes sensorineural hearing loss and developmental
disabilities in newborns when infections are acquired in utero. Pregnant women
may acquire CMV from oral exposure to CMV in urine or saliva from young
children. Neutralizing antibodies in maternal saliva have the potential to prevent
maternal infection and, in turn, fetal infection. As CMV uses different viral
glycoprotein complexes to enter different cell types, the first cells to be infected in
the oral cavity could determine the type of antibodies needed to disrupt oral
transmission. Antibodies targeting the pentameric complex (PC) should block CMV
entry into epithelial cells but not into fibroblasts or Langerhans cells (which do not
require the PC for entry), while antibodies targeting glycoprotein complexes gB or
gH/gL would be needed to block entry into fibroblasts, Langerhans cells, or other
cell types. To assess the potential for antibodies to disrupt oral acquisition, CMV
from culture-positive urine samples (uCMV) was used to study cell tropisms and
sensitivity to antibody neutralization. uCMV entered epithelial cells poorly
compared with the entry into fibroblasts. CMV-hyperimmune globulin or
monoclonal antibodies targeting gB, gH/gL, or the PC were incapable of blocking
the entry of uCMV into either fibroblasts or epithelial cells. Both phenotypes were
lost after one passage in cultured fibroblasts, suggestive of a nongenetic
mechanism. These results suggest that uCMV virions have a reversible block to
epithelial cell entry. Antibodies may be ineffective in preventing maternal oral CMV
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acquisition but may limit viral spread in blood or tissues, thereby reducing or
preventing fetal infection and disease.
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INTRODUCTION
.....................................................................................................................................
Cytomegalovirus (CMV) is the leading cause of congenital abnormalities in the
United States, causing serious permanent disabilities in greater than 5,500
children annually. Approximately 1396 of congenitally infected infants are
symptomatic at birth, and of those born infected but asymptomatic, 17 to 2096 will
later develop permanent sequelae, including microcephaly, brain malformations,
hearing loss, vision loss, and cognitive impairment. The most common disability
found in congenitally infected infants is sensorineural hearing loss, affecting about
36% of symptomatic and 12% of asymptomatic infants (1 ). Due to the high
incidence of permanent sequelae from congenital CMV, the development of a CMV
vaccine has been deemed a national priority by the Institute of Medicine (2).
Congenital CMV infections are believed to occur fn many instances after the
acquisition of maternal infection via an oral route during pregnancy (3). Young
children with virus in their urine or saliva are the main source of maternal
infections. Vaccination could potentially prevent maternal acquisition through the
induction of neutralizing antibodies In maternal saliva. However, because CMV
uses different viral glycoprotein complexes to enter different cell types, the types
of cells that are first infected by CMV within the oral cavity could dictate which
antibodies are optimal for preventing oral acquisition. For example, antibodies to
the viral glycoprotein B (gB) and a trimeric complex of glycoproteins H, L, and 0
(gH/gl/gO) neutralize CMV entry into a variety of cell types but are less potent
than antibodies recognizing epitopes of the pentameric complex (PC), a fivesubunit complex of gH/gL bound to UL 128, UL 130, and UL 131 A (4-8). However,
as the PC is only required for entry into certain cell types (e.g., epithelial cells,
endothelial cells, monocytes, and monocyte-derived dendritic cells) and is
dispensable for entry into others (e.g., fibroblasts and Langerhans-type dendritic
cells) {4, 9-1 5), the neutralizing activity of PC-specific antibodies is limited to
those cell types that require the PC for viral infection.
The cells that are first infected in the new host are not known. Due to their
abundance in the oral cavity, mucosal epithelial cells are likely candidates for the
initial infection. If so, a vaccine that induces PC-specific neutralizing antibodies
may prevent oral acquisition. On the other hand, if Initial infection occurs in cells
that use a PC-independent mechanism (e.g., fibroblasts or Langerhans-type
dendritic cells), PC-specific antibodies would have no efficacy and gB- or
gH/gL/gO-specific antibodies may prevent acquisition. However, this rationale is
based on data from cell culture-based experiments In which established cell lines
such as MRC-5 fibroblasts or ARPE-19 epithelial cells were used to generate virus
stocks and to study viral infection and antibody neutralization. CMV passed in cell
culture may behave differently from the CMV that is transmitted via urine (uCMV)
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or saliva. Indeed, it has been reported that uCMV has poor infectivity for
endothelial cells (16) and is resistant to antibody neutralization (17).
These observations led us to examine both the cell type-specific tropisms of uCMV
and the ability of different antibodies to neutralize it. We found that uCMV enters
and replicates poorly in epithelial cells and is profoundly resistant to neutralization
by CMV hyperimmune globulin (HIG) or monoclonal antibodies. Remarkably, both
of these properties were rapidly lost after one passage in fibroblasts, suggesting a
nongenetic rather than genetic basis. However, once uCMV had entered epithelial
cells, the spread to neighboring cells was restricted by both polyclonal and
monoclonal antibodies. These findings have important implications for vaccine
development, as they suggest that antibodies in saliva may have little impact on
oral acquisition, although antibodies in saliva and submucosal tissues may serve to
limit local replication and dissemination.

RESULTS
...................................................................................................................................
In comparison to fibroblasts, uCMV enters epithelial cells
Inefficiently. Historically, fibroblasts have been used for the detection and
isolation of CMV from clinical samples. The fact that CMV from clinical samples
infects human umbilical vein endothelial cells far less efficiently than fibroblasts
(16) led us to ask whether this phenomenon extends also to epithelial cells.
Monolayer cultures of MRC-5 fibroblasts and ARPE-19 epithelial cells were.
simultaneously inoculated with replicate dilutions of urine sample Uxc. After
incubating for 3 days, the cultures were fixed and stained for CMV immediate early
(IE) antigen expression as a marker for viral entry and the initiation of replication.
At higher concentrations of urine, MRC-5 cultures were heavily infected, and IE
antigen-positive cells remained abundant even when the urine was diluted 320. fold (Fig. 1A). By contrast, ARPE-19 cultures contained only a few IE antigenpositive cells at the highest concentration of urine (1 :20). Based on IE antigenpositive cell counts at these dilutions (Fig. 1A), the approximate ratio of fibroblast
to epithelial cell infectivity Is 55:1.
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uCMV enters epithelial cells
inefficiently. (A) CMV-positive
urine Uxc was serially diluted in
medium, and replicates were
added to MRC-5 or ARPE-19
monolayers. After 3 days, the
cells were fixed and stained for
CMV IE antigen. (B) CMVpositive urine samples Uxc,
Umn-2, and U2 were serially
diluted in medium, and then
replicates were added to MRC-5
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:........................................................................................................................: or ARPE-19 monolayers. Cells
were fixed and stained for CMV IE antigen on the Indicated dpi. Wells in
which IE antigen-positive cells were not detected were not
photographed. In panels A and B, the numbers within the images
indicate IE-positive cell counts. (C) Eleven CMV-positlve urine samples
were titrated by endpoint dilution using IE antigen staining of Infected
MRC-5 or ARPE-19 cultures. Solid lines connect data from the same
urine sample. Dashed line indicates the limit of detection (300 PFU/ml).
Results below the limit of detection (no IE antigen-positive cells
detected at any dilution) were arbitrarily assigned a value of 100
PFU/ml.

This experiment was repeated using urine Uxc and two additional CMV-positive
urine samples, Umn-2 and U2. To ensure that infected ARPE-19 cells had
adequate time to express IE proteins and to provide a more compelling readout in
the form of foci of IE antigen-positive cells, MRC-5 cultures were stained S to 7
days postinfection (dpi) and ARPE-19 cultures were stained 1 3 dpi. The inoculation
of MRC-5 cultures with urine samples Uxc, Umn-2, and U2 resulted in extensive
infection at dilutions < 1: 16 (Fig. l B). By contrast, the inoculation of ARPE-19
cultures with urine samples diluted 1 :2 resulted in a few individual foci of antigenpositive cells, indicating that only a small number of Infection events were
successful and spread to form foci (Fig. 18). To quantitatively compare lnfectivlty
between the two cell types, 11 CMV-positive urine samples were titrated by
endpoint dilution on both cell types. Titers were l 00- to 1,000-fold lower when
assayed using epithelial cells versus fibroblasts (Fig. 1C). These results indicate
that uCMV virions are significantly more capable of establishing productive
infections in MRC-5 fibroblasts than in ARPE-19 epithelial cells.

Epithelial entry efficiency of uCMV improves within one passage In
fibroblasts. Since all available laboratory strains of CMV were initially isolated
from and passaged in fibroblasts, we produced a virus stock from urine Uxc that
was passaged exclusively in ARPE-19 epithelial cells. After 14 passages, the
culture supernatant was isolated and designated ARPE-19-adapted stock
UxcAp 14. An MRC-5-adapted stock, UxcMp 14, was produced in parallel by
passage in MRC-5 cells. The entry properties of the cell culture-passaged viruses
were dramatically different from those of the parental Uxc-derived uCMV. IE
antigen staining 3 dpi revealed that the ARPE-19-adapted stock UxcAp 14 infected
both cell types with similar efficiencies (Fig. 2A). Remarkably, the restriction to
ARPE-19 entry observed for uCMV was lost following one or two passages in
MRC-5 cells (Fig. 2B). ARPE-19 entry efficiency began to decline at passage four,
presumably due to the increasing prevalence of a mutation disrupting UL 130 that
was observed in UxcMp 14. Similar results were obtained for two additional urine
samples, Umn-3 and Umn-4. MRC-5 and ARPE-19 infectivity were similar for the
first two MRC-5 passages but thereafter, ARPE-19 infectivlty declined and infected
ARPE-19 cells were not detected after Umn-3 passage 9 or Umn-4 passage 5 (Fig.
2C).
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j uCMV is lost after one passage
j adapted stock UxcApl 4 was
.1.

serially diluted in medium and

/ replicates were added to MRC-5
1

or ARPE-19 monolayers. After 3

l days, the cells were fixed and
i.·,·

stained for CMV IE antigen. (B)

l CMV in urine Uxc was serially

Ipassaged in MRC-5 cells. Urine
! Uxc or culture supernatants

1... ........................................................................................................................1 from each MRC-5 passage were

added in replicates to MRC-5 or
ARPE-19 monolayers. After 3 days, the cells were fixed and stained for
CMV IE antigen. (C) CMV in urine samples Umn-3 and Umn-4 were
serially passaged in MRC-5 cells, and culture supernatants from each
passage were added in replicates to MRC-5 or ARPE-19 monolayers.
Cells were.fixed and stained for CMV IE antigen on days 4 to 7 (MRC-5)
or day 13 (ARPE-19). (D) Cell monolayers were infected with matching
amounts of urine Umn-4, Uxc passaged four times in MRC-5 cells
(UxcMp4), or ARPE-19-adapted Uxc (UxcApl 4). Cells were fixed and
stained for CMV IE antigen 7 days postinfection. Arrowhead indicates an
IE antigen-positive NOK cell infected with UxcMp4 virus. Numbers
within images indicate IE antigen-positive cell counts.

ARPE-19 cells are derived from the retinal pigment epithelium and therefore may
not accurately represent the presumed targets of uCMV during oral transmission,
namely, the epithelial cells of the oral mucosa. To evaluate uCMV lnfectlvlty of
mucosal epithelial cells, normal oral keratinocytes (NOKs) derived from human
glngival tissue were used. Inoculation of MRC-5, ARPE-19, and NOK cultures with
matching amounts of urine resulted in extensive antigen staining in MRC-5 cells,
but no antigen-positive cells were detected in either the ARPE-19 or the NOK
cultures (Fig. 20). As with the ARPE-19 cells, NOK entry efficlency improved after
limited MRC-5 passage, and while adaptation in ARPE-19 cells also improved virus
entry efficiency in NOKs, ARPE-19-adapted virus exhibited significantly lower
infectivity for NOKs than for ARPE-19 cells (Fig. 20). Thus, to the extent that NOKs
may be representative of oral mucosal epithelial cells, the restriction observed for
uCMV entry into ARPE-19 cells appears to also extend to oral epithelial cells.
uCMVs are highly resistant to antibody neutralization. To confirm a previous
report that uCMVs are resistant to neutralizing antibodies (17), replicate aliquots
of CMV-positive urine samples were incubated in medium alone or in medium
containing a high concentration (l ,280 µg/ml) of HIG. The mixtures were then
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added to MRC-5 or ARPE-19 monolayers and infectivity was assessed by IE antigen
staining. Eleven urine samples were evaluated on MRC-5 cells but only seven had
sufficient titers for evaluation on ARPE-19 cells. In all cases, 1,280 µg/ml HIG
failed to neutralize CMV infectivity (Fig. 3A). However, an amniotic fluid sample
was available from the same subject who, after birth, provided urine sample Ujh-1.
MRC-5 infectivity of CMV in the amniotic fluid was sensitive to neutralization by
HIG (Fig. 3A). Unfortunately, the viral titer of the amniotic fluid was too low to
assess ARPE-19 infectlvity.
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cells were fixed and stained for
CMV IE antigen after 5 to 7 days; ARPE-19 cells were fixed and stained
after 12 to 14 days. CMV-positive amniotic fluid Ajh-1 (from the same
subject as urine Ujh-1) was incubated with medium or with medium
containing 1,280 µg/ml HIG for 1 hat 37°C and then added to MRC-5
monolayers. Cells were fixed and stained for CMV IE antigen after 7
days. Two foci are shown out of a total of five detected in the untreated
culture; no foci were detected in the HIG-treated culture. (B) Urine
samples U2 and Uxc were incubated with medium (0) or with medium
containing 50 µg/ml of the indicated monoclonal antibodies for 1 h at
3 7°C and then were added to MRC-5 or ARPE-19 monolayers. Cells
were fixed and stained for CMV IE antigen after three (MRC-5) or 14
(ARPE-19) days. Numbers within images indicate IE antigen-positive cell
counts. IC 50 s Indicate neutralizing activities of monoclonal antibodies
measured using a GFP-based assay for entry of virus ABV (a BAC-cloned
virus derived from Uxc) into cells (MRC-5 or ARPE-19) matching those
used in the experiments shown.

Seven monoclonal antibodies with potent neutralizing activities were used to
further assess the sensitivity of uCMVs to antibody neutralization. TRL345 is a
human monoclonal antibody that recognizes the AD-2 epitope of gB and
neutralizes both fibroblast and epithelial entry (18). TRL310 and 2-25 are human
monoclonal antibodies that recognize PC epitopes, and both selectively neutralize
epithelial entry (18, 19, 20). Rabbit monoclonal antibodies 70.7, 124.4, 270.7, and
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316.2 recognize a discontinuous gH/gL epitope and neutralize both fibroblast and
epithelial entry (19, 20).
Only the anti-gB antibody, TRL345, had activity in these assays. At 50 µg/ml, it
partially inhibited the entry of uCMV from U2 into MRC-5 cells or the entry of
uCMV from Uxc into both MRC-5 cells and ARPE-19 cells (Fig. 38). However, 50
µg/ml is -2,000-fold the neutralizing 50% inhibitory concentration (IC 50 ) of
TRL345 measured using cell culture-adapted viruses, and at 25 µg/ml, TRL345
had no effect (data not shown). The anti-gH/gL antibodies 70.7, 124.4, 270.7, and
316.2 had no effect on the MRC-5 infectivity of Uxc-derived virus, but given that
they are 3- to 6-fold less potent than TRL345, this may be a reflection of their
lower potency rather than antigen specificity.
These results confirm and extend previous findings that uCMVs are resistant to
neutralizing antibodies (17). Eleven of 11 unique uCMVs were antibody resistant,
and resistance extended to high concentrations of antibodies targeting a range of
epitopes and viral entry mediators. The only exception was the anti...:.gB antibody
TRL345, which, at a high concentration, partially inhibited uCMV entry into both
fibroblasts and epithelial cells.
One passage In fibroblasts restores sensitivity to antibody neutralization. CMV
that has been adapted for growth in cell culture is sensitive to antibody
neutralization. To determine how rapidly this sensitivity to neutralization occurs
upon passage, HIG neutralizing activity was assessed using Uxc-derived virus in
culture supernatants after one or two passages in MRC-5 cells or after 16
passages in ARPE-19 cells. Only one passage In MRC-5 cells was sufficient to
render the progeny virus sensitive to HIG neutralization using both MRC-5 cells
and ARPE- l 9 cells as targets. The passage 16 ARPE-19-adapted virus was
similarly sensitive to HIG neutralization (Fig. 4). One passage in MRC-5 cells was
also sufficient to render CMV from urine samples U2, U3, Umn-3, and Umn-4
sensitive to neutralization by HIG (data not shown). This rapid loss of resistance
implies a nongenetic mechanism of resistance, for example, the presence of novel
factors associated with uCMV virions that are lost upon viral propagation in cell
culture.
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mixtures were incubated for 1 h
at 37°C and then added to MRC-5 or ARPE-19 monolayers. Cells were
fixed and stained for CMV IE antigen after 3 days.

HIG and monoclonal antibodies to gB and the PC can limit uCMV from spreading
in epithelial cells but not in fibroblasts. HIG and monoclonal antibodies added to
culture medium after infection of cells can limit the spread of CMV in ARPE-19 but
not MRC-5 monolayers (19, 21 ). To determine if antibodies can similarly limit the
spread of uCMV, MRC-5 or ARPE-19 monolayers were infected with uCMV from
Uxc. After 24 h, the cultures were washed and incubated for 5 to 7 days (MRC-5)
or 12 to 14 days (ARPE-19) in fresh medium alone or in medium containing HIG or
monoclonal antibodies before IE antigen staining. As seen in Fig. SA, neither 1,280
µg/ml HIG nor 2 S µg/ml of monoclonal antibody TRL345 or 316.2 had any effect
on the spread of Uxc-derived virus in MRC-5 cultures. This dose is l ,042-fold the
IC 50 of TRL345 and 187-fold the IC 50 of 316.2 for the neutralization of MRC-5
entry. By contrast, the spread of uCMV from Uxc in ARPE-19 monolayers was
inhibited by HIG, the anti-gB antibody TRL345, and the anti-PC antibodies TRL3 l 0
and 2-25 (Fig. SB). Moreover, at concentrations > 1.5 µg/ml, the anti-PC
antibodies prevented the virus from spreading beyond the initially infected cell
(Fig. SB). These results suggest that uCMV is similar to cell culture-produced CMV
with respect to the ability of antibodies to limit its spread in epithelial cells but not
fibroblasts. Thus, in epithelial cells, the ability of uCMV to evade neutralizing
antibodies appears to be lost following the initial entry event.
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virus ABV into cells (MRC-5 or ARPE-19) matching those used in the
experiments shown.

Treatment with saliva, trypsin, or storage at 4°C does not render uCMV sensitive
to neutralizing antibodies. A monoclonal antibody capture enzyme-linked
immunosorbent assay (ELISA) failed to detect uCMV in fresh urine, but the
detection improved significantly after incubating at 4°C for 9 to 14 days (22). The
authors suggested that uCMV may be protected by an inhibitory substance that is
gradually degraded during storage. Therefore, we hypothesized that uCMV may
become sensitive to antibody neutralization after incubating at 4°C or in response
to the exposure to trypsin or factors in saliva that might function to counteract
this protective mechanism and render uCMV sensitive to neutralization. To test
this, uCMV from U2 was tested for sensitivity to neutralization by HIG after storage
at 4°C for l 0 or 42 days, after incubating in the presence of 54% human saliva at
37°C for l h, or after incubating in the presence of 170 µg/ml trypsin at 37°C for
1O min. As shown in Fig. 6, uCMV from U2 remained insensitive to HIG
neutralization regardless of these treatments. These results indicate that human
saliva does not contain proteases or other factors that can overcome uCMV
resistance to neutralizing antibodies, and that In contrast to previously reported
ELISA reactivity (22), the resistance to antibody neutralization is stable at 4°C .
...------------··-~~----------------
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1 healthy adult human subject
,........................................................................................................................!(+saliva), incubation for 10 min
at 3 7°C In the presence of 1 70
µg/ml trypsin (+trypsin), or incubation undiluted at 4°C for l 0 (4°C 10
d) or 42 (4°C 42 d) days. Each sample was then combined with medium
(0) or with HIG at a final concentration of 640 µg/ml, was incubated for
1 hat 37°C, and then was added to MRC-5 or ARPE-19 monolayers.
Cells were fixed and stained for CMV IE antigen after 5 days (MRC-5) or

115 days (ARPE-19).

Urine does not contain trans -acting factors that render CMV Insensitive to
neutrallzlng antibodies. Urine might contain factors that inhibit the activity of
neutralizing antibodies or act in trans to modify CMV vlrions and render them
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resistant to neutralization. To address this, the sensitivity to HIG neutralization
was measured with a virus produced in cell culture, called ABV. This virus was
reconstituted from a bacterial artificial chromosome (BAC) clone that was derived
from the UxcAp 14 stock. A green fluorescent protein (GFP) marker cassette within
the BAC origin of replication allowed assessment of ABV infectivity by the detection
of GFP-positive cells. When incubated with HIG alone, ABV entry into MRC-5 cells
was neutralized by HIG with an IC 50 of approximately 10 µg/ml. When incubations
also included urine U2 or urine U3 at concentrations matching those in the
experiment in Fig. 3A in which uCMVs from U2 and U3 were insensitive to
neutralization by HIG, the sensitivity of ABV to neutralization by HIG was
unchanged (Fig. ?A). Therefore, urine samples U2 and U3 did not contain factors
that, during the course of the 1 h incubation, were able to modify or render ABV
virions resistant to neutralization.
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View larger version:

uCMV resistance to antibody
neutralization is not conferred
by soluble factors in urine or by
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then each dilution was
combined at the indicated final
concentrations with a constant
' amount of GFP-tagged virus

ABV with or without a constant
amount of CMV-positive urine
Download as PowerPoint Slide
sample U2 or U3. The mixtures
were incubated for l hat 37°C
and then added to MRC-5 monolayers. Micrographs were taken with an
inverted UV microscope 5 days after infection. (B) uCMV from Umn-4
was passaged once in MRC-5 cells cultured in medium (Umn-4 pl +0)
or in medium containing 2 mg/ml HIG (Umn-4 pl +HIG). Cellassociated (CA) or cell-free (CF) viruses were prepared 7 dpi.
Additionally, cell-associated virus stocks with HIG (Umn-4pl 7 +HIG
and Umn-3pl 6 +HIG) were prepared after 17 (Umn-4) or 16 (Umn-3)
passages in MRC-5 cells in the presence of 2 mg/ml HIG, and cell-free
ABV virus was produced by passage of virus ABV for 6 months in the
presence of 2 mg/ml HIG (ABV +HIG) and then passaged once without
HIG to produce a culture supernatant containing ABV virus but lacking
HIG. Samples were combined with medium (0) or with HIG at a
concentration of 1,280 µg/ml, were incubated for 1 hat 37°C, and then
were added to MRC-5 or ARPE-19 monolayers. Cells infected with
uCMVs derived from Umn-3 or Umn-4 were fixed and stained for CMV
IE antigen after 5 days (MRC-5) or 1 2 days (ARPE-19); ABV-infected
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cells were photographed with an inverted UV microscope 3 to 4 days
after infection.

Passage in the presence of HIG does not render CMV resistant to neutralizing
antibodies. CMV propagated in the presence of a gH-specific neutralizing murine
monoclonal antibody becomes resistant to neutralization by a rapidly reversible
(presumably nongenetic) mechanism (23). Subsequent studies found that the
addition of the gH-specific human monoclonal antibody, MSL-109, to the culture
medium of CMV-infected cells results in progeny virions containing MSL-109, and
that somehow this provides an alternative entry pathway that is insensitive to MSL109 neutralization (24). Given that people who shed CMV are CMV-seropositive,
the resistance to antibody neutralization observed for uCMV may arise in vivo
from CMV replication in an extracellular environment that includes high levels of
CMV-specific lgG.
To test this potential mechanism, MRC-5 cells were infected with uCMV from
Umn-4, and after 24 h, the medium was replaced with either medium alone or
medium containing 2 mg/ml HIG. After an extensive cytopathic effect (CPE) was
observed 5 to 7 dpi, cell-associated virus or virus in the culture medium was
evaluated for sensitivity to neutralization by HIG. When grown in the absence of
HIG, both cell-associated and cell-free Umn-4-derived virus was sensitive to HIG
neutralization (Fig. 78). Cell-associated Umn-4-derived virus produced in the
presence of HIG was also sensitive, while no infectious virus was detected in the
culture medium, presumably because any virus released was sensitive and
neutralized by the HIG in the culture medium. To determine if long-term culture in
the presence of HIG results in resistance, Umn-3- and Umn-4-derived viruses, as
well as the BAC-derived virus, ABV, were passaged extensively in the presence of
HIG as described above. Cell-associated Umn-3- and Umn-4-derived viruses
passaged in the presence of HIG remained sensitive to neutralization by HIG (Fig.
78), while the absence of detectable virus in the culture medium (not shown)
implied the absence of resistant cell-free virus. Similarly, cell-free ABV virus
passaged in the presence of HIG and then passaged once without HIG was also
sensitive to neutralization by HIG (Fig. 78). Thus, virus propagation in the presence
of polyclonal antibodies does not result in antibody-resistant virus.

DISCUSSION
The discovery of the PC and elucidation of its role as a target for potent
neutralizing antibodies specific for epithelial/endothelial cell entry have inspired
new avenues in CMV vaccine development. In particular, vaccines that induce PCspecific salivary antibodies could block inoculum virus from infecting the epithelial
cells of the oral mucosa. In support of this, saliva samples from a subset of
naturally infected subjects neutralized the entry of cell culture-passaged CMV into
epithelial cells (25). However, this assumes that mucosa! epithelial cells are the
first cells infected during oral acquisition. If this is not the case, PC-specific
antibodies may have little effect. These considerations led us to evaluate the entry
tropisms of CMV found in clinical specimens for fibroblasts and for epithelial cells,
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and to assess the sensitivity of these Infection events to neutralizing antibodies ..
Three key observations were made.
First, uCMV is profoundly deficient for entry into ARPE-19 epithelial cells, which in
recent years have been used extensively to model CMV epithelial tropism. How
accurately these cells represent CMV's interactions with epithelial cells from other
tissues remains largely unknown. Using cell culture-passaged CMV, we confirmed
that the PC is necessary for efficient entry into epithelial cells derived from a
variety of mucosa! tissues, including of the tonsil, bronchus, cervix, foreskin, and
vagina (6), while in the current work, we extended these studies to include NOK
cells derived from ginglva. Surprisingly, uCMV failed to infect NOK cells, but as for
ARPE-19 cells, NOK infectivity was quickly acquired upon passage in fibroblasts.
Cerna et al. observed very similar defects in entry of uCMV or CMV in throat
washes into human umbilical vein endothelial cells (16). Taken together, these
data suggest that CMV shed in urine and saliva may have a general deficiency in
the ability to enter cells by the PC-mediated pathway. The molecular basis of this
deficiency remains to be determined but could include low levels of functional PC
in virions caused by an intrinsic property of the cells that produce CMV in vivo or
the degradation or inactivation of the PC during or after virion release by factors in
urine or saliva. That an alternative entry pathway may be utilized that is inefficient
for epithelial or endothelial cell entry is discussed further below.
Second, the entry of uCMV into both fibroblasts and epithelial cells is profoundly
resistant to neutralization by polyclonal antibodies in HIG and to monoclonal
antibodies specific for gB, gH/gl, or the PC. However, at high concentrations, the
gB-specific antibody TRL345 had a partially Inhibitory effect (Fig. 38). The fact that
TRL345 is less potent than the PC-specific antibodies TRL3 l O and 2-25 at
neutralizing cell culture-passaged virus may suggest that the mechanism of
antibody resistance is less effective against antibodies that neutralize by targeting
gB versus those that target the PC. Given that a recombinant gB vaccine provided
partial protection against CMV acquisition (26), it is possible that, in the context of
the oral cavity, vaccine-induced gB-specific antibodies can provide some efficacy
by neutralizing inoculum CMV in urine or saliva.
As for the defect in epithelial cell entry, a sensitivity to antibody neutralization is
acquired within one passage in fibroblasts. This implies that the two phenomena
may be linked, i.e., that the mechanism that protects the virus from neutralizing
antibodies also impairs its ability to enter epithelial cells. If so, the observation
that CMV in throat washes is deficient in endothelial cell entry (16) may further
imply that CMV in saliva may also be resistant to antibody neutralization.
The mechanism of antibody resistance is unknown. In contrast to cell culturepropagated virus, the envelope fraction of uCMV contains significant amounts of
~ 2 microglobulin (~ 2 m), and it has been proposed that this ~ 2 m serves to prevent
antibodies from binding to surface glycoproteins, thereby protecting uCMV virions
from antibody neutralization and preventing their detection by an antibody capture
ELISA (17). This hypothesis was supported by two experimental observations. First,
the ELISA signal from uCMV in fresh culture-positive urine samples became
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positive after storage at 4°C for 9 to 14 days, suggesting that uCMV glycoprotein
epitopes became accessible to the monoclonal antibody as the inhibitory factors
(possibly ~ 2 m) gradually degraded (22). Second, the ELISA signal from cell culturepropagated virus could be inhibiteo by the addition of soluble ~ 2 m (27). It remains
uncertain whether ~ 2 m simply occludes antibody access to the established entry
mediators (gB, gH/gL/gO, or PC) without impairing their ability to engage
receptors and mediate entry or, alternatively, if it inhibits the established entry
pathways while perhaps facilitating a novel entry pathway that does not require gB,
gH/gL/gO, or the PC. Such an alternative entry pathway could explain both
resistance to antibody neutralization and the deficient lnfectivlty of uCMV for
epithelial cells if, for example, epithelial cells have low levels of the required
receptor(s).
The idea that ~ 2 m associated with uCMV might function to mediate an alternative
entry pathway has been proposed and was supported by evidence that free J3 2 m
can compete with CMV virions for binding to fibroblasts and that ~ 2 m-coated
virions bind to HLA class I-positive cells at significantly higher levels than to cells
devoid of HLA class I expression (28). Evidence that antibodies to ~ 2 m can
neutralize uCMV would greatly support this model, but McKeating et al. found that
uCMV was not neutralized by four monoclonal antibodies or a polyclonal rabbit
antiserum raised against ~ 2 m (17). Moreover, while the addition of ~ 2 m to cell
culture-propagated virus increases its infectivity (28), this has not been
demonstrated to confer resistance to antibody neutralization, and in our hands,
prolonged incubation at 4°C, shown previously to permit access of monoclonal
antibodies to uCMV epitopes (22), did not render uCMV sensitive to antibody
neutralization (Fig. 6). Thus, the proposed role for ~ 2 m in uCMV antibody
resistance and/or an alternative entry pathway requires further study.
The ability of CMV to evade antibody neutralization by the incorporation of
antibodies into progeny virions, as described for MSL-109 (24), suggests an
intriguing mechanism for antibody resistance of uCMV, given that uCMV Is likely
derived from an environment rich in CMV-specific lgG. Moreover, similar to uCMV
antibody resistance, MSL-109 resistance results In impaired PC-mediated entry
and is lost upon one passage in medium lacking MSL-109 (24). Unlike uCMV, MSL109-resistant virus is specifically resistant to MSL-109 and is not cross-resistant
to antibodies recognizing gB or other epitopes in gH (24). Even so, if the
mechanism of MSL-109 resistance extends to other glycoprotein targets and
epitopes, it is possible that the incorporation of a polyclonal mixture of antibodies
into CMV virlons could result in resistance to antibodies targeting a broad
spectrum of epitopes. However, our failure to maintain or reconstitute resistance
to antibody neutralization by propagating uCMV or cell culture-adapted CMV in
the presence of polyclonal CMV-specific antibodies suggests that In vivo
replication of CMV in the presence of CMV-specific antibodies is probably not the
mechanism by which uCMV attains resistance.
Third, while neutralizing antibodies had little effect on entry, they were effective at
blocking the spread of virus In ARPE-19 epithelial cell monolayers. We previously
reported that HIG can inhibit the spread of cell culture-passaged and uCMV in

http://cvi.asm.org/content/24/6/e00024-17 .full

3/8/2018

Cytomegalovirus Virions Shed in Urine Have a Reversible Block to Epithelial Cell Ent... Page 14 of21

ARPE-19 cells (21) and have more recently extended these studies to quantitate
the inhibition of cell culture-passaged CMV spreading by these and other
monoclonal antibodies. We observed a close correlation between spread Inhibition
and neutralizing potencies, suggesting that in cultured ARPE-19 cells, CMV spread
likely requires the transient release of Infectious virions Into the extracellular
compartment (19). By contrast, cell-to-cell spread between fibroblasts uses a
distinct mechanism that is highly resistant to antibody inhibition.
Our findings have two major implications. First, CMV in the form that is
responsible for oral transmission appears to be optimized for infecting fibroblasts,
while entry into epithelial cells ·(this study) and endothelial cells (16) is profoundly
impaired. The fact that this impairment is rapidly lost upon propagation in vitro
suggests a nongenetlc rather than genetic cause, for example, a deficiency of the
PC in the uCMV virion envelope, posttranslational modifications that impair PC
function, or the interaction of the PC with inhibitory factors. These observations
further suggest that CMV may have evolved mechanisms to actively block uCMV
from infecting many of the cells that it initially encounters upon first entering the
oral cavity, perhaps to prevent unproductive infections at sites from which
dissemination may be difficult and to promote Infections at sites where access to
the lymphatics may be less constricted (e.g., the tonsil). If so, this may in part
explain why CMV has evolved multiple entry mechanisms, as having multiple
pathways allows one to be temporarily blocked while others remain fully
functional.
While the cells initially targeted by uCMV remain uncertain, the data thus far
suggest that they may be fibroblasts or other cells that can be infected by a PCindependent (fibroblast-like) mechanism. CMV could potentially gain access to
fibroblasts through microbreaks that permit viral access to submucosal tissues, as
is thought to occur during the oral transmission of human papillomavlruses, which
initially infect the undifferentiated basal cell layers of mucosae (29). Alternatively,
CMV infection of Langerhans-type dendritic cells does not require the PC (1 5), and
while these cells reside in the submucosa, their dendrites can extend to the
mucosal surface. Thus, CMV could initially infect Langerhans-type dendritic cells
and subsequently spread to adjacent epithelial cells and/or fibroblasts. This
pathway is similar to that of the measles virus, which does not initially Infect
mucosal epithelial cells but first infects and replicates in dendritic cells before
spreading to infect adjacent pulmonary epithelial cells (30). It is also possible that
uCMV selectively targets certain epithelial cells that are unique to a specific site
within the oral cavity, or that uCMV entry into oral mucosa! cells in vivo involves
cellular factors that are not expressed by cells grown in culture. The development
of assays that more accurately model the mucosal environment (e.g., organotypic
keratinocyte cultures representing stratified/differentiated epithelium) may be
useful for elucidating the initial inte,ractions of CMV with the oral mucosa.
Second, regardless of which cell types are initially infected and which entry
pathway is involved, the profound resistance of CMV in the lnoculum to antibody
neutralization suggests that salivary antibodies may not be highly effective at
Interrupting CMV acquisition. While we have shown that saliva samples from some
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seropositive subjects can neutralize CMV propagated In cell culture (25), additional
studies are needed to determine if these saliva samples also have the capability of
neutralizing CMV in urine. In the event that saliva fails to fully neutralize CMV in
the inoculum, our In vitro findings further suggest that CMV released from the
initially infected cells or spreading to adjacent epithelial cells should be sensitive
to the effects of antibody inhibition. Intervention at this stage may be crucial for
limiting replication in local tissues and thereby reducing or preventing
dissemination that prefaces fetal infection.

MATERIALS AND METHODS
.......................................................................................................................................
Study populations and sample collection. CMV culture-positive urine samples
were obtained from l 0 congenitally infected newborns seen at Virginia
Commonwealth University Medical Center, University of Minnesota Medical Center,
Johns Hopkins Hospital, Baylor College of Medicine, or Texas Children's Hospital.
Amniotic fluid AFjh-1 was obtained at 21.5 weeks gestation from the same subject
that provided urine Ujh-1. Urine U3 was obtained from a normal healthy child
attending day care in Richmond, Virginia. Urine and amniotic fluid samples were
clarified of cellular debris by centrifugation at 2,600 x g for 5 min, and then were
adjusted to 100 mM sucrose, aliquoted, and stored under liquid nitrogen. Saliva
and sera were obtained from normal healthy adults. Informed consent was
obtained from all subjects or their guardians, and protocols were approved by the
committees for the conduct of human research at Virginia Commonwealth
University, University of Minnesota, Johns Hopkins Hospital, and Baylor College of
Medicine.
Antibodies. HIG (CytoGam; CSL Behring, King of Prussia, PA} was purchased from
the manufacturer. TRL345 (Trellis Bioscience) is a human monoclonal antibody
specific for the AD-2 (site I) epitope of gB (31 ). TRL3 l 0 (Trellis Bioscience} (18) is a
human monoclonal antibody reconstructed from published sequences of antibody
l Fl l specific for a discontinuous epitope formed by UL 130 and UL l 31 A (5).
Human monoclonal 2-25 was isolated and cloned from cultured memory B cells of
a healthy CMV-seropositive donor (20). Rabbit monoclonal antibodies 70.7, 124.4,
270.7, and 316.2 are described in reference 4 and recognize a discontinuous
epitope formed by gH and gL (19, 20).
Cells. Human MRC-5 fetal lung fibroblasts (ATCC CCL-171) and ARPE-19 retinal
pigment epithelium cells (ATCC CRL-2302) were obtained from ATCC and
propagated in high glucose Dulbecco's modified Eagle medium (Gibco-BRL)
supplemented with 10% fetal calf serum (HyClone Laboratories), 10,000 IU/liter
penicillin, and 1 O mg/liter streptomycin (Gibco-BRL). NOKs were a gift from Karl
Munger (32) and were propagated using Keratinocyte-SFM supplemented with
human epidermal growth factor and bovine pituitary extract (lnvitrogen).
Virus adaptation for growth In ARPE-19 or MRC-5 cells. Urine Uxc was
inoculated onto ARPE-19 or MRC-5 cells and serially passaged until extensive
cytopathic effects were observed. The adaptation for growth in ARPE-19 cells
required l Oto 12 passages over a period of 1 2 months. Passage 14 and passage
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16 ARPE-19-adapted stocks were designated UxcAp 14 and UxcAp 1~. Adaptation
on MRC-S cells took 10 passages over 3 months. A passage 14 fibroblast-adapted
~tock was designated UxcMp 14. Umn-3 and Umn-4 uCMVs were serially passaged
m MRC-5 cells as described above with or without 2 mg/ml HIG in the culture
medium. A viral genome designated ABV was cloned as a BAC from the Ux.cAp 14
stock using methods described previously (33). The ABV BAC contains a BAC origin
of replication with GFP marker cassette inserted between US28 and US29 and a
spontaneous deletion in the UL I 46 to UL l 50 region. ABV virus was reconstituted
by the transfectlon of ABV BAC DNA into ARPE-19 cells and was amplified in ARPE19 cultures as described previously (33). Frozen stocks were prepared from culture
supernatants and the titers were determined as described previously (33).
Detection and determination of viral titers by IE antigen staining. CMV-infected
cells were detected by immunohistochemical staining of IE antigen 3 to 1 8 dpi as
described previously (34). IE antigen-positive cells in photographic images were
counted manually from enlarged prints. Urine samples and virus stocks derived
from urine samples were titrated by serial dilution in medium, were inoculated
onto ARPE-19 or MRC-5 cultures in 96-well plates, and were stained for IE antigen
on days 4 (MRC-5) or 13 (ARPE-19) postinfection.
Neutralization assays and photomicroscopy. Neutralization and spread inhibition
assays were conducted as described previously (6, 21, 34). For neutralizing assays,
antibodies were serially diluted in medium, were mixed with an equal volume of
medium containing virus and incubated for 1 hat 37°C, and then were transferred
to 96-well plates containing confluent MRC-5 or ARPE-19 cells. For spread
inhibition assays, monolayers in 96-well plates were infected at a low multiplicity
(SO to 150 PFU/well) and incubated for 24 h. The culture medium was then
removed and replaced with medium containing serial dilutions of antibodies.
Representative bright field and fluorescence images were taken using a Nikon
Diaphot 300 UV microscope and 1Ox objective. GFP-based determination of
antibody neutralizing IC50 s using virus ABV is described elsewhere (19).
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Abstract
Background: Cytomegalovirus (CMV) is a common opporr.unist1c infection among HIV-infected
individuals, a major source of serious complications among organ-transplant recipients, and a leading cause
of hearing loss, vision loss, and mental retardation among congenitally infected children. Women infected
for the first time during pregnancy are especially likely to transmit CMV to their fetuses. More children
suffer serious disabilities caused by congenital CMV than by several better-known childhood maladies such
as Down syndrome or fetal alcohol syndrome
Methods: Using CMV seroprevalence data from the nationally representative Third National Health and
Nutrition Examination Survey, we estimated CMV incidence among the general United States population
and among pregnant women. We employed catalytic models that used age-specific CMV seroprevalences
as cumulative markers of past infections in order to derive estimates of three basic parameters: the force
of infection, the basic reproductive race, and the average age of infection. Our main focus was the force
of infection, an instantaneous per capita rate of acquisition of infection that approximates the incidence of
infection in the seronegative population.
Results: Among the United States population ages 12-49 the force of infection was 1.6 infections per I00
susceptible persons per year (95% confidence interval: 1.2, 2.4). The associated basic reproductive rate of
1.7 indicates that, on average, an infected person transmits CMV to nearly two susceptible people. The
average age of CMV infection was 28.6 years. Force of infection was significantly higher among nonHispanic Blacks (5.7) and Mexican Americans (5.1) than among non-Hispanic Whites ( 1.4). Force of
infection was significantly higher in the low household income group (3.5) than in the middle (2.1) and
upper ( 1.5) household income groups. Based on these CMV incidence estimates, approximately 27,000
new CMV infections occur among seronegative pregnant women in the United States each year.
Condusion: These thousands of CMV infections in pregnant women, along with the sharp racial/ethnic
disparities in CMV incidence, are compelling reasons for accelerating research on vaccines and other
interventions for preventing congenital CMV disease. Nevertheless, the relatively low force of infection
provides encouraging evidence that modestly effective vaccines and rates of vaccination could significantly
reduce CMV transmission.
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Background
Cytomegalovirus (CMV) is a common opportumsllc
infection among human immunodeficiency virus (HIV)infected individuals, a major source of serious viral complications among organ-transplant recipients, and a leading cause of hearing loss, vision loss, and mental
retardation among congenitally infected children. In fact,
more children suffer serious disabilities caused by congenital CMV than by several better-known childhood maladies such as Down syndrome or feta I alcohol syndrome
[1).

Like other herpesviruses, primary CMV infection is followed by the establishment of lifelong latent infection
from which periodic reactivation is common [2,3 ]. Symptoms are usually absent during primary infection and
reactivation, but CMV can be shed in various bodily secretions, particularly urine and saliva [4J. CMV is transmitted
person-to-person via close non-sexual contact, sexual
activity, breastfeeding, blood transfusions, and organ
transplantation [4J . For pregnant women, important
sources of infection include sexual activity and contact
with the urine or saliva of young children, especially their
own children [5-7).
Congenital CMV infection is most likely to occur following a primary infection in the mother during pregnancy
[BJ. However, maternal CMV reactivation or reinfection
with a different CMV strain can also lead to fetal infection
(8]. Approximately 10 percent of congenitally infected
infants are symptomatic at birth, and of the 90 percent
who are asymptomatic, 10-15 percent will develop symptoms over months or even years [9 J.
Incidence of primary CMV infections has been estimated
only in small or specialized populations, such as pregnant
women or day care providers. The most comprehensive
study of CMV incidence was carried out by Griffiths and
colleagues in the United Kingdom [ 10], in which they estimated that more than three seronegative women per 100
seroconvert each year. However, their study was limited to
pregnant women and was hospital-based rather than population-based. Robust, nationally representative estimates
of CMV incidence are essential for 1) assessing the burden
of primary CMV infection in the United States population, especially among pregnant women; 2) examining
whether there are racial/ethnic disparities in primary
maternal infection rates, which might be responsible for
racial/ethnic disparities in congenital infection rates; and
3) evaluating how effective a vaccine or other intervention
must be in order to reduce the incidence of congenital
CMV disease. To obtain estimates of CMV incidence in the
United States, we employed mathematical models that
used age-specific CMV seroprevalences from the Third
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National Health and Nutrition Examination Survey
(NHANES HI).
Methods
Study population and design

NHANES III was conducted from 1988 to 1994 and provides nationally representative estimates of the health and
nutritional status of the civilian, noninstitutionalized
population of the United States. In order to produce population-representative estimates, NHANES III used a
multistage, stratified, clustered sample design and generated sample weights proportional to the probability of
participant selection. All our analyses used the NHANES
III sample weights and sample design variables to correct
the CMV seroprevalence point estimates for population
representativeness and the interval estimates for the
multistage complex sample design. The study protocol
was approved by the authors' institutional review board.
More details about NHANES III can be found in the official documentation [11 ]. Serologic testing for CMV
immunoglobulin G (IgG) was conducted as described
previously [12).
The main focus of our models of CMV incidence was the
age range 12-49 years. Over 90 percent of participants in
this age range had sera available for CMV testing {N =
11,859) so that seroprevalence estimates were representative of the United States population. More importantly,
this age range included women of childbearing age and so
has key relevance for congenital CMV disease. Although
surplus sera was only available for approximately 70 percent of 6-11 year-olds (N = 2,679), we also ran models in
this age group to assess whether incidence rates differed
by race/ethnicity. Nationally-representative CMV seroprevalence estimates were not available for children less
than six years old.
Description

of models

Here we give an overview of the models of CMV incidence. A more detailed description is provided in the
Appendix. We employed catalytic models [ 13, 14 J that
used age-specific CMV seroprevalences as cumulative
markers of past infections in order to derive estimates of
three basic parameters: the force of infedion, the basic
reproductive rate, and the average age of infection. The
force of infection is the instantaneous per capita rate of
acquisition of infection [13] and will be expressed in this
article as the number of primary CMV infections per 100
seronegative persons per year. The basic reproductive rate
is a function of the force of infection and is the average
number of secondary infections produced when one
infected individual is introduced into a host population
where everyone is susceptible. The average age of infection
is also a function of the force of infection and is the age at
which an individual in a given population typically
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acquires a specific infection. We considered parameter differences to be statistically significant when corresponding
confidence intervals did not overlap.

modeling CMV incidence, where the force of infection is
estimated as the slope of the log-linear regression line having the seronegative prevalence as the response variable
and age as the explanatory variable. For all models age was
treated as a continuous variable.

Force of infection can be estimated as time-dependent,
age-dependent, or both. Since our data were taken from a
single, cross-sectional survey, we could not model time
dependence. To evaluate age-dependence, we visually
inspected the slope of the age-specific seroprevalence
graph (see Appendix). We observed no extreme departures from linearity for the overall population, with the
slope appearing fairly constant as a function of age. However, because we saw age-dependent changes in slope
within some subpopulations (e.g., Figure 1 ), we used
piece-wise log-linear models that allowed the slope to
vary between the age groups 6-11, 12-19, and 20-49
years. With the exception of this modification for the subgroup analysis, our final models were the time- and ageindependent ones proposed by Griffiths et al. [10) for

The models made the following assumptions: CMV infection does not affect the mortality rate; seroprevalence in
newborns equals zero; the death rate is type I, meaning
everyone survives until a specific age, after which the survival probability is zero; and every person in the population is equally susceptible (i.e., homogeneous mixing).
Variables

We estimated the model parameters for the entire United
States population and for specific population groups stratified by sex, race/ethnicity, and/or household income.
Race/ethnicity was a self-reported variable that consisted
of non-Hispanic Whites, non-Hispanic Blacks, Mexican
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Americans and Others. As recommended in NHANES III
documentation [15), Others was excluded from the analyses because the sample size was too small and encompassed a diverse mix of race/ethnicity. Household income
was divided into low, medium, and high, as defined previously [11,12].

Estimating risk of CMV Infection during pregnancy
We estimated risk of CMV infection for seronegative
women during pregnancy as risk= 100 x [l - e(·ratt•timt)],
where rate was the force of infection per 100 women per
year and time was the duration of pregnancy [16]. We
multiplied this risk by the proportion of women who are
CMV seronegative to obtain risk of CMV infection during
pregnancy for the entire population (i.e., seronegative and
seropositive) of women. We then multiplied the risk of
infection in the entire population of women by the average number oflive-birth pregnancies per year for the years
1988-1994 [17]. This product represented the estimated
annual number of women with a primary CMV infection
during pregnancy.

Results
The overall force of CMV infection in 12-49 year-olds in
the United States was 1.6 per 100 persons per year (Table
1). The associated basic reproductive rate of 1. 7 indicates
that, on average, an infected person transmits CMV to
nearly two susceptible people. The average age of CMV
infection was 28.6 years. Among 12-49 year-olds, CMV
force of infection was significantly higher among nonHispanic Blacks (5.7) and Mexican Americans (5.1) than
among non-Hispanic Whites ( 1.4) (Table 1). These differences were reflected in the average age (in years) of infection, which was 16.3 for non-Hispanic Blacks, 17 .5 for
Mexican Americans, and 29.3 for non-Hispanic Whites.
Force of infection was significantly higher in the low
household income group (3.5) than in the middle (2.1)
and upper (1.5) household income groups.
We observed considerable variation in force of infection
when we stratified by age and sex (Figures 1 and 2).
Among adolescent girls (ages 12-19 years), non-Hispanic
blacks had a substantially higher force of infection (9.9)
than the other groups. In contrast, among pre-adolescent
girls (ages 6-11 years), Mexican Americans had the highest force ofinfection (11.0). Among adolescent boys (ages
12-19 years), force of infection was highest in non-Hispanic blacks (6.4) and Mexican Americans (8.7).
Among seronegative women ages 20-49 years, risk of primary CMV infection during a full-term pregnancy was
estimated to be 1.38 percent among non-Hispanic
Whites, 3.40 percent among non-Hispanic Blacks, and
3.85 percent among Mexican Americans (Table 2). However, among 12-19 year-old seronegative women, risk was
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much higher for non-Hispanic blacks (7.33 percent) than
for Mexican Americans (2.21 percent) and for non-Hispanic whites (0.15 percent). The estimated annual
number of women ages 12-49 experiencing primary CMV
infection during pregnancy was approximately 27,000.
Most of these infections occur in non-Hispanic Whites
because they are the largest racial/ethnic group in the U.S.
However, non-Hispanic Blacks and Mexican Americans,
especially those under age 30, are disproportionately
likely to have pregnancies in which they experience primary CMV infections.

Discussion
Robust estimates of the frequency of new CMV infections
are essential for understanding and preventing viral transmission. This study provides the first estimates of CMV
incidence that are based on population-representative
data. We found that among CMV-seronegative individuals
aged 12-49 in the United States, nearly one in 60 seroconverts each year.
This relatively low force of infection indicates that CMV is
less easily transmitted than some other infections, such as
measles or rubella. For these infections, high vaccine efficacy and coverage are required in order to interrupt transmission [18}. In contrast, a CMVvaccinewould not need
to have such high efficacy and coverage to substantially
prevent CMV transmission. Griffiths et al. [10], who estimated forces of CMV infection of 3.1-3.5/100 persons/
year in the United Kingdom, showed that modest rates of
vaccination ("'60 percent) would be able to eradicate CMV
infection from the human population. Our estimates,
which are similar but even lower overall (force of infection = 1.6/100 persons/year), provide further evidence
that modestly effective vaccines and rates of vaccination
could significantly reduce CMV transmission.
Our models identified large racial/ethnic disparities in the
frequencies of new CMV infections. The force of infection
for CMV was considerably higher in non-Hispanic Blacks
and Mexican Americans than in non-Hispanic Whites.
The nearly three-fold differences in risk of primary CMV
infection among seronegative women could be responsible for much of the racial/ethnic disparities in rates of
infants born with congenital CMV [19]. Racial/ethnic differences were especially pronounced among adolescent
girls (ages 12-19 years), among whom primary infection
was 50 times more likely in seronegative non-Hispanic
blacks and 15 times more likely in seronegative Mexican
Americans than in non-Hispanic whites. These higher
forces of infection (i.e., incidence in seronegative individuals) suggest that CMV is circulating more frequently in
these racial/ethnic groups. Thus, seropositive, pregnant
non-Hispanic blacks and Mexican Americans may be at a
higher risk of suffering re-infection with a different strain
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Table I: CMV force of Infection, basic reproductive rates, and average age of Infection among persons 12-49 years old In the United
States.
Force of lnfecdon (95% Cl)*
Entire U.S. population
Sex
Female
Male
Race/Ethnicity
Non-Hispanic Black
Mexican American
Non-Hispanic White
Income per family size
Low
Middle
High

Average age of Infection in years (95% Cl)

Basic reproductive rate (95% Cl)

1.6

1.3-1.9

1.7

1.5-1.8

28.6

27.3-29.4

1.8
1.5

1.3-2.2
1.1-1.B

1.7
1.6

1.5-1.9
1.4-1.8

28.0
29.I

26.2-29.9
27.7-30.6

S.7
5.1
1.4

S.l-6.2
4.3-S.6
1.1-1.8

4.1
3.7
1.6

3.7-4.4
3.2-4.2
1.4-1.7

16.3
17.S
29.3

15.1-17.S
15.8-19.4
27.9-30.6

3.5
2.1
1.5

2.8-4.S
1.6-2.6
1.1-1.9

2.7
1.9
1.6

2.1-3.2
1.7-2.2
1.4-1.8

21.9
26.7
28.9

19.0-24.9
24.9-28.6
27.5-30.4

*Number of infecdons per I00 susceptible persons per year. We considered parameter differences to be statistically significant when
corresponding confidence intervals did not overlap. Cl, confidence Interval.

of CMV, which also places their infants at risk of symptomatic congenital CMV [8]. These disparities indicate that
inteiventions, such as vaccines or education campaigns,
may need to be tailored to meet the needs of different
racial/ethnic groups and different age groups.

In addition to race/ethnicity, low household income was
a risk factor for CMV infection. People with low household income may be more likely to have a larger family
and experience crowding, thus facilitating CMV transmission via dose contact. However, because force ofinfection

Table 2: Risk and frequency of CMV primary Infection during pregnancy In the United States.
Ages (years)

Non-Hispanic White
12-19
20-29
30-39

40-49
Subtotal
Non-Hispanic Black
12-19
20-29
30-39

40-49
Subtotal
Mexican American
12-19
20-29
30-39

40-49
Subtotal
Total

% SeronegatJve Risk among seronegative
womenllOO
pregnancies*

61.0
56.7
49.4
38.9

42.6
17.8
13.4
5.3

30.I
17.5
10.5
6.8

0.15
1.38
1.38
1.38

7.33
3.40
3.40
3.40

2.21
3.85
3.85
3.85

Risk for all womenll 00
pregnancies

No. live-birth
pregnancies (I OO's)t

No. women with
primary infection during
live-birth pregnancies

0.09

2320
12140
9120
510

209
9469
6201
275

24090

16154

1330
3060
1350
80

4150
1867
621
14

5820

6652

1220
3990
1700
100

817
2673
680
26

7010
36940

4196
27002

0.78

0.68
0.54

3.12
0.61
0.46
0.18

0.67
0.67
0.40
0.26

*Risk Is computed as 100* [1-exp(-rate >< dme)], where rate Is force of Infection per 100 women per year (0.21100 and 1.8/100 for NH-White, 9.9/
100 and 4.51100 for NH-Black, and 2.9/100 and 5.1/100 for Mexican American) and time is duration of pregnancy In years, i.e.. 40/52 = o.n years.
tFrom National Vital Statistics Report, Vol. 49, No. 4, June 6, 200 I [17].
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was more strongly associated with race/ethnicity than
with household income, high-risk racial/ethnic groups
may have a higher prevalence of additional factors related
to CMV transmission, such as increased exposure to CMV
while caring for young children. A more detailed analysis
of risk factors for CMV infection in NHANES III can be
found in Staras et al. (12).
Among women ages 20-49 years, force of infection
appeared to be independent of age, suggesting that risk of
infection during pregnancy is fairly constant during these
ages, and that inteIVentions to prevent congenital CMV
must target all women of childbearing age. CMV had a
higher force of infection than infections transmitted primarily via sex or injection drug use, such as herpes simplex virus type 2 (HSV-2) or hepatitis B virus (HBV). This
suggests either that CMV is more easily transmissible
through such behaviors [20) or, more likely, that CMV is
transmitted via other, additional routes. Given that CMV
has been shown to be transmitted via urine or saliva during close, non-sexual contact, it is likely that this sort of
transmission plays a major role in the dynamics of CMV
infection (7).
We estimated that each year in the United States more
than 27,000 pregnant women experience primacy CMV
infection and are thus at high risk of giving birth to a child
with congenital CMV infection. This estimate does not
include any fetal losses that may have been caused by primacy CMV infection, nor does it include the many pregnancies affected by CMV reactivation or reinfection
among seropositive women. The burden of primacy CMV
infections during pregnancy falls disproportionately on
disadvantaged women--those of low income and racial/
ethnic minorities. Furthermore, teenaged minority
women are at especially high risk of primacy CMV infections during pregnancy, due to their high prevalence of
susceptibility, high force of infection, and high pregnancy
rates.
The risk of primary CMV infection during pregnancy
among seronegative women is similar to previous estimates (4]. For seronegative women, CMV infection represents one of the highest risks for fetal damage that they
experience during pregnancy (21 ). Because CMV transmission is potentially preventable (1), CMVantibody screening prior to or near the beginning of pregnancy should be
evaluated as a means ofidentifying women at high risk for
having congenitally infected infants. Studies should pursue whether knowledge of high risk status is a useful motivational tool for modifying behaviors, such as hand
hygiene, for reducing risk of infection [22). Such screening
may also lead to the administration of CMV hyperimmuneglobulins or antiviral drugs for prevention or therapy offetal infection and disease [23,24).

http://www.biomedcentral.comf1471-2334nn 1

In this study the modeling assumptions appeared to have
been reasonably satisfied. On a population level, CMV
infection does not contribute significantly to mortality
among infected individuals. Nearly all members (""'99 percent) of the population are susceptible at birth, and infection is believed to induce life-long immunity. The type I
death-rate cut-off was chosen as 70 years to approximate
the U.S. life expectancy during the years that NHANES III
was conducted, but modifying the cut-off had little effect
on the model results. The assumption of homogeneous
mixing is unlikely to be completely true, but because CMV
infection is common and has multiple transmission
modes, susceptible individuals are likely to have similar
risks of exposure to CMV.
An important limitation of our models was that the data
were from a single, cross-sectional study so that time
trends were not able to be addressed. Thus, high CMV
seroprevalence in cohorts of older people might not
reflect current incidence and could cause the models to
overestimate the force of infection (12]. We sought to
minimize this potential bias by focusing most of our analyses on a limited age range (12-49 years). It is also important to note that our younger, age-specific force of
infection estimates (i.e., for ages 6-11 and 12-19 years)
were imprecise, with wide confidence inteIVals. Furthermore, the models implicitly assumed that seroprevalence
was monotonically increasing with age, as if this cross-sectional study were a cohort study in which seroprevalence
was measured at various ages of follow-up. However, this
assumption was violated for some of the younger subpopulations. As a result, we occasionally obtained negative
estimates for the force of infection (Figure 2), although
these estimates were not statistically different from zero.

The calculations of risk of primacy infection during pregnancy required several assumptions, one of which was
that the force of infection was the same for pregnant and
non-pregnant women. Women who are pregnant may
have fewer sex partners (and thus lower risk of exposure to
CMV) during pregnancy; on the other hand, pregnant
women may be more likely than non-pregnant women to
be exposed to young children (a group that frequently
sheds CMV). Pregnant women may also have a higher risk
of acquiring infections because of pregnancy-induced
immune depression [25].
Based on our models, we would estimate that more than
one million United States women have experienced primacy CMV infections during pregnancy since CMV was
first isolated SO years ago [26,27). A substantial proportion of these infections would have led to congenital
infections, leaving thousands of children with lifelong
disabilities. Children from disadvantaged racialfethnic
groups are likely to have been disproportionately
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Figure 3
Example of piece-wise log-linear model among non-Hispanic black women.

impacted. These many affected children are a compelling
argument for accelerating research on vaccines and other
interventions for the prevention of congenital CMV (28).

Conclusion
Each year, thousands of CMV infections occur in pregnant
women in the United States, putting numerous unborn
babies at risk for serious disabilities. Incidence of CMV
infection in pregnant women is not distributed evenly,

but exhibits sharp racial/ethnic disparities, especially
affecting non-Hispanic blacks and Mexican Americans.
Because of the magnitude of the problem and its associated health disparities, there is an urgent need to acceler·
ate research on vaccines and other interventions for
preventing congenital CMV disease. Nevertheless, the low
incidence of CMV infection relative to other vaccine-pre·
ventable infections provides encouraging evidence that

Table 3: Comparison of force of Infection for different viruses for selected* age ranges.

Virus

Measles
Mumps
Rubella
Varicella
CM Vt
CMV
HSV-2
Hepatitis B

Force of infection {per I00
persons per year}

Ages modeled

Study sample

Citation

20
12
10
6
3.1 and 3.5
1.8
0.84
0.15

11-17
11-17
11-17

Lit. review - misc. sources
Lit. review - misc. sources

[18]
[18]
[18]
[30]
[10)
Current study
[31]
(32]

~10

16-40
12-49
~12

6-39

Ut. review - misc. sources
Convenience sample
Hospital-based
Populatlon·based
Population-based
Population-based

*Ages were selected to be roughly comparable with the ages we modeled: In general, young children were not selected for comparison because
they often had much higher forces of Infection. tPatlents were recruited from 2 different hospitals.
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modestly effective vaccines and rates of vaccination could
significantly reduce CMV transmission.

A=.!.( 1-(l+AL)exp(-AL)} Ro=
A
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Appendix
To estimate CMV incidence by using the force ofinfection,
we used the catalytic model approach described in Farrington (14] and Anderson [13). We began by assuming
that the force of infection was age-dependent, so that
a

-I J..(x)dx
s-(a)=e

0

where a is age and S'( a) is the age distribution for the
seronegatives. To assess the shape of the integral above we
proceeded as Farrington, by visual inspections . ...t(x)was
evaluated as an exponential decay function and as a polynomial of third or lesser degree. Despite permitting ..t(x}
to be a complicated function, force of infection was
approximately constant as a function of age (i.e., force of
infection was age-independent). Therefore, we used the
log-linear approach where the force of infection is the
slope of the regression model (i.e., ...t(x) equals the constant A) given by ln(S·(a))::: -(Po+ Ali). This model, used
by Griffiths [10} to estimate CMV force of infection, also
seemed to fit the NHANES III data in most cases, where Po
plays the role of the natural logarithm of the age-adjusted
seronegative proportion. We made one modification to
this model when we estimated force of infection within
subgroups: A. was treated as constant within pieces of the
age range, namely, 6-11 years, 12-19 years, and 20-49
years (Figure 3}.
With the age-independent assumption, the average age of
infection, A, and the basic reproductive rate, R0 , were estimated by:

1-exp(-AL)

AL
I
1-exp(-.tL)

where L = 70 is the threshold age for the type I death rate.
When estimating force of infection for different subgroup
categories, one category was chosen to be the referent category and the others were represented by indicator variables and were included in the models with interaction for
age. For example, in the case of race/ethnicity, which had
3 categories and White as the referent category, the model
was:
ln(S·(a)) = -(P0 + ...toa + P1b1White-Black] + P2t5f.Mexican] +
A.1b1White - Black]a + A:zbJMexican)a),
where

o[X] = 1 if X and 0 otherwise.

The final models were estimated using the STATA 8.0
(College Station, TX) svypoisson command (log-linear
model), which is appropriate for complex survey estimation. The sample weight, duster, and strata variables suggested by the NHANES III analytical guidelines were used
to adjust the estimates for the sample design. The variance
was estimated by the linearization method [29). The R0
and A and their confidence intervals were estimated using
the nlcom command for non-linear transformations of
the regression parameters.
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Abstract
Background: Each year in the United States, an estimated 40,000 children are born with
congenital cytomegalovirus (CMV) infection, causing an estimated 400 deaths and leaving
approximately 8000 children with permanent disabilities such as hearing or vision loss, or mental
retardation. More children are affected by serious CMV-related disabilities than by several betterknown childhood maladies, including Down syndrome, fetal alcohol syndrome, and spina bifida.
Discussion: Congenital CMV is a prime target for prevention not only because of its substantial
disease burden but also because the biology and epidemiology of CMV suggest that there are ways
to reduce viral transmission. Because exposure to the saliva or urine of young children is a major
cause of CMV infection among pregnant women, it is likely that good personal hygiene, especially
hand-washing, can reduce the risk of CMV acquisition. Experts agree that such measures are likely
to be efficacious (i.e., they will work if consistently followed) and the American College of
Obstetricians and Gynecologists recommends that physicians counsel pregnant women about
preventing CMV acquisition through careful attention to hygiene. However, because of concerns
about effectiveness (i.e., Will women consistently follow hygienic practices as the result of
interventions?), the medical and public health communities appear reluctant to embrace primary
CMV prevention via improved hygienic practices, and educational interventions are rare. Current
data on the effectiveness of such measures in preventing CMV infection are promising, but limited.
There is strong evidence, however, that educational interventions can prevent other infectious
diseases with similar transmission modes, suggesting that effective interventions can also be found
for CMV. Until a CMV vaccine becomes available, effective educational interventions are needed
to inform women about congenital CMV prevention.
Summary: Perhaps no single cause of birth defects and developmental disabilities in the United
States currently provides greater opportunity for improved outcomes in more children than
congenital CMV. Given the present state of knowledge, women deserve to be informed about how
they can reduce their risk of CMV infection during pregnancy, and trials are needed to identify
effective educational interventions.
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Background
The history of public health in twentieth century America
is replete with successes in the prevention of birth defects
and childhood disabilities. Vaccines have virtually eliminated polio, congenital rubella syndrome, and Haemopliilus influenzae meningitis (1-3]. Educational efforts
aimed at preventing fetal alcohol syndrome have reduced
maternal alcohol consumption during pregnancy (4]. Prenatal vitamins and folic acid fortification of cereals have
lowered rates of neural tube defects [5], while antiretroviral treatments have caused the occurrence of mother-tochild human immunodeficiency virus (I IIV) transmission
to plummet [6]. Notably absent from the list of successes,
however, is the prevention of congenital cytomegalovirus
(CMV) disease (7).
Perhaps no single cause of birth defects and developmental disabilities in the United States currently provides
greater opportunity for improved outcomes in more children than congenital CMV. Each year in the United States,
an estimated 40,000 children are born with congenital
CMV infection, causing an estimated 400 deaths and leav-

Congenital CMV
Disease

ing approximately 8000 children with permanent disabilities such as hearing or vision loss, or mental retardation
[8]. The direct annual economic costs of caring for these
children are estimated at $1-$2 billion (8,9). More children are adversely affected by congenital CMV disease
than by several better-known childhood diseases or syndromes (Figure 1 ). Congenital CMV is a prime target for
prevention not only because of its substantial disease burden but also because the biology and epidemiology of
CMV suggest that there are ways to reduce viral transmission. Unfortunately, by missing prevention opportunities,
we in the medical and public health communities are
washing our hands of the congenital CMV disease
epidemic.
CMV and congenital CMV disease
As with other human herpesviruses, initial infection by
CMV (also known as primary infection) is followed by the
establishment of lifelong latent infection, from which
periodic reactivation is common [10,11]. Symptoms are
usually absent during primary infection and reactivation,
but CMV is shed in various bodily secretions, particularly
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Figure I
Estimates of the annual burden of prominent childhood diseases and syndromes in the US [3, 5, 6, 8, 51-57]. Assumes 4 million
live births per year and 20 million children <5 years of age. Childhood deaths were defined as those occurring < I year after
birth except for Haemophilus influenzae type B (Hib) (<5 years) and HIV/AIDS(< 13 years). Where applicable, numbers represent means of published estimates. All estimates should be considered useful for rough comparisons only since surveillance
methodology and diagnostic accuracy varied over different studies. CRS, congenital rubella syndrome.
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Figure 2
Transient and permanent outcomes among children with congenital CMV disease.

urine and saliva [ 12}. CMV excretion can be continuous or
intermittent, generally lasting several weeks in adults but
often continuing for months or years in young children
[13-15). CMV infection is widespread, with estimates of
CMV seroprevalence in the United States ranging from
40% to 80% [16-18}.
CMV is transmitted person-to-person via close non-sexual
contact, sexual activity, breastfeeding, blood transfusions,
and organ transplantation (12]. CMVhas not been shown
to be transmitted via respiratory secretions or aerosolized
virus. For the pregnant woman, the most likely source of
infection may be contact with the urine or saliva of young
children, especially her own children [19,20}.
Congenital CMV disease is most likely to occur following
a primary infection in the mother. Primary infections
occur in I %-4% of seronegative, pregnant women and
lead to fetal infection in 40%-50% of these pregnancies.
Maternal CMV reactivation or reinfection with a different
CMV strain leads to fetal infection in about 1o/o of serop-

ositive, pregnant women. Approximately 10% of congenitally infected infants are symptomatic at birth, and of the
90% who are asymptomatic, 10%-15% will develop
symptoms over months or even years (Figure 2) {21 ]. Permanent sequelae can result from CMV infection of the
fetus during any trimester, but infection during early fetal
development is likely to be especially damaging [22,23).
Since few newborns are screened for CMV, the true impact
of congenital CMV infection is underappreciated.

Discussion
Reducing the burden of congenital CMV disease
Of all the ways to fight congenital CMV disease, the development of a vaccine is viewed as the most promising.
Considerable progress has been made over the last 30
years, but insufficient interest by vaccine manufacturers
(Stanley Plotkin, personal communication) and technical
challenges make it is uncertain when a vaccine will
become available [24). Avenues for improving outcomes
in congenitally infected children have also been explored,
including anti-CMV therapies (e.g., ganciclovir} for seri-
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• Thoroughly wash hands with soap and warm water after activities such as:
Diaper changes
Feeding or bathing child
Wiping child's runny nose or drool
Handling child's toys
• Do not share cups, plates, utensils, toothbrushes, or food
• Do not kiss on or near the mouth
• Do not share towels or washcloths
• Clean toys, countertops and other surfaces that come in contact with urine
or saliva.

Figure 3
Hygienic practices to reduce risk of CMV Infection for women who are pregnant or planning to become pregnant. When interacting with young children, women should assume the children are secreting CMV In their urine and saliva.

ously infected infants [25,26) and supportive care, such as
hearing screening, language therapy, and special education (27,28). In contrast, insufficient emphasis has been
given to preventing CMV infection in pregnant women.
While women may be infected via several routes, the
remainder of this article focuses on preventing transmission via the important child-to-mother route, by encouraging hygienic practices such as frequent hand washing.
A number of experts have suggested that women be educated about hygienic practices for preventing CMV transmission from young children, and there is little dispute
over what the prevention guidelines should entail (Figure
3) [7,11,29-32). This consensus is reflected in current
American College of Obstetricians and Gynecologists
guidelines, which recommend that physicians counsel
pregnant women about preventing CMV acquisition
through careful attention to hygiene [33). Nevertheless,
hygienic practices do not appear to be widely discussed by
healthcare providers and prospective mothers are often
unaware of both CMV disease and the potential benefits
of hygienic practices. The virtual absence of a prevention
message has been due, in part, to the low profile of congenital CMV. Infection is usually asymptomatic in both

mother and infant, and when symptoms do occur, they
are non-specific, so most CMV infections go undiagnosed.
The prevention message has also been hindered by a sense
that infection is unavoidable. For example, a number of
authors have urged prevention education for women on
the one hand but on the other hand, they have noted that
aCMV is neither preventable nor treatable ... 11 (34)," .. .it is
not certain that infections in pregnant women can be prevented by avoiding exposure" [35), ".. .it is doubtful
whether parents will comply with these [behavioral measures in nonstudy settings ... " [36), there is very little evidence for the efficacy of these strategies and even less for
their practical implementation ... ", and nThe only effective
prevention strategy relies upon the development of a vac.cine.• (37] Given the relative invisibility of CMV disease
and these mixed messages about prevention education, it
is not surprising that healthcare providers do not discuss
CMV with their patients and that wo.men are unaware of
the risks of CMV infection.
11

...

Preventing CMV lnfectlon through hygienic f>ractlces
Why the ambivalence toward hygienic practices? Studies
have shown that transmission of CMV via the urine and
saliva of children is a major cause of infection among
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pregnant women [19,20). In addition, more than 100
years of evidence conclusively demonstrates that hand
washing reduces risk of infection for a 'V{ide range of pathogens [3 8 J. Thus, nearly everyone would agree that, in theory, hand washing can prevent CMV infection because
hands are an important vehicle for transmission. The concern, then, is not the efficacy of hygienic practices (i.e.,
Will they work if consistently followed?) but, instead, the
effectiveness of interventions to promote them (i.e., Will
women consistently follow hygienic practices as the result
of interventions?).
It is important to recognize the implications of the consensus that hygienic practices are efficacious for preventing CMV transmission. Individual women have the right
to know that under ideal conditions, risk of child-tomother CMV transmission can be reduced by proper hygienic practices. This is equivalent to the ethical obligation
to inform individuals that, under ideal conditions, safer
sexual practices will reduce the risk of acquiring HIV. This
obligation is independent of whether any particular educational program or intervention is effective. All women
of childbearing age, whether they are CMV seropositive or
seronegative, carry some risk of new CMV infection during
pregnancy and thus should be informed of hygienic practices that reduce that risk. As Revello and Gema aptly
remind us, 11 ...withholding information on possible medical interventions is unethical (and legally risky) (39].
The terrible burden of congenital CMV disease (Figure 1)
should make the provision of such information a priority.
11

As there is consensus on the efficacy of hygienic practices
in preventing CMV transmission, the next step is to evaluate the effectiveness of educational interventions in preventing CMV transmission. Current evidence of
effectiveness is promising, but limited. In one study, after
non-pregnant women were educated about CMV prevention, hygienic practices improved [40 J. In a small study of
Houston families, Demmler and colleagues found that
behavioral changes prevented transmission of CMV
(unpublished repon described in Yow and Demmler (7)).
Adler and colleagues studied the effectiveness of hygienic
practices in a randomized, controlled trial of 39 seronegative, non-pregnant women with young children who
were shedding CMV (31). Although the study was underpowered to detect significant differences in infection rates
between the intervention and control groups (and thus
the intervention was deemed unsuccessful by some), seroconversion rates decreased as CMV education and support
increased. Furthermore, in the same study, 14 pregnant
women were educated regarding hygienic practices and
then followed for comparison with the randomized
groups; none of the women seroconverted - a significant
difference compared with the randomized groups. A more
recent study also reported that pregnant women who

received an intervention involving hygienic practices were
significantly less likely to acquire CMV infection than
were non-pregnant women [41].
More conclusive evidence of effectiveness can be found in
the literature on community-based interventions for the
prevention of other infectious diseases with similar transmission modes. For example, a meta-analysis found that
community intervention trials that encouraged washing
hands with soap reduced the risk of diarrheal diseases by
47% (42]. Hand-washing programs reduced respiratory
illness among military recruits 143) and children in daycare [44 ), and interventions involving hand sanitizers
reduced absenteeism among elementary school teachers
and children [45]. An in-depth review of the literature
would be useful for determining the key factors associated
with the success of these and other community
interventions.
Although all women of childbearing age deserve to be
informed about CMV, interventions for preventing CMV
transmission are most likely to be effective for pregnant
women, who tend to be highly motivated, often changing
behavior to protect the health of their developing fetuses.
As a case in point 25% oflow-income smokers spontaneously quit smoking during pregnancy (46]i this percentage is higher than that achieved by most smoking
cessation programs [4 7). Studies by Adler and colleagues
suggest that motivation for avoiding CMV infection is
considerably higher among pregnant than non-pregnant
women [31,41).
In sum, the evidence to date gives every indication that
effective interventions can be found for preventing CMV
infection among pregnant women. Thus, the paradigm
must shift from wondering whether such interventions
will be effective to developing and evaluating interventions until effective ones are identified.

Next steps
Given the consequences of allowing the congenital CMV
disease epidemic to continue unabated, it is imperative
that women receive the educational message about congenital CMV disease prevention (see http· f/www cdc gov/
.am!) (48). Promotion of this message could translate
years of careful CMV research into an immediate public
health benefit. Encouraging hygienic practices would be
relatively inexpensive (requires no laboratory testing or
additional doctor visits), ethically responsible (allows
women to make informed decisions), and likely to prevent disabilities and save lives. Based on studies of the
economic impact of future CMV vaccines, which estimate
savings of $50,000 per quality adjusted life-year saved [8 ),
it is likely that CMV education efforts would provide a
highly favorable cost-benefit ratio as well. CMV educa-
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tional messages should emphasize hygienic practices as a
precaution for all women who are pregnant or planning to
become pregnant, and reasonable but not extreme measures for minimizing risk during interactions with young
children (Figure 3). In many instances, a CMV education
message could build upon and strengthen other public
health messages about infection prevention through
improved hand hygiene. Once effective hand-hygiene
messages are identified, more ambitious goals might also
be considered, such as prevention of sexual transmission
or transmission between children in daycare.
Enlisting the support of healthcare providers to convey
the gravity of CMV infection and the importance of good
hygienic practices is crucial. Healthcare providers have
many opportunities to provide women with such information, such as during annual gynecological exams or
well-baby visits as women accompany their children to
the pediatrician's office. Other steps, such as community
education by healthcare providers (including information
sessions with daycare directors, daycare providers, and
parents) and provision of information by the Public
Health Service and other professional organizations, can
supplement the healthcare provider's information [49].
Success in delivering the message will depend on the
active involvement of all relevant healthcare
professionals.
Jn addition, trials are needed to identify effective community-based interventions for preventing CMV transmission to pregnant women. These trials will be important for
quantifying the effectiveness of the proposed hygienic
practices and for assessing the proportion of CMV infections that result from child-to-mother transmission as
opposed to other routes, such as sexual transmission.
However, such trials should not delay nor hinder the educational effort, just as we would not wait to inform skydivers about the prudence of parachute use because the
results of controlled trials are not yet in. "As with many
interventions intended to prevent ill health, the effectiveness of parachutes has not been subjected to rigorous evaluation by using randomised controlled trials ... fOne
option] is that we accept that, under exceptional circumstances,

common sense might be applied when considering the potential
risks and benefits of interventions [our emphasis]."(50]
Common sense tells us that avoiding CMV-Jaden secretions wiJI prevent transmission and that the potential benefits of educational interventions far outweigh the
potential risks.
Although an effective CMV vaccine would be ideal and
vaccine development deserves increased support, hope for
a vaccine tomorrow should not stand in the way of a vigorous educational message today. Prevention through
improved hygienic practices will not be easy, but washing

http://www.biomedcentral.com/1471-2458/5no

our hands of the problem by staying the present course
guarantees that each year in the United States, hundreds
of children will die and thousands of others will swell the
ranks of CMV-affected children growing up with serious
disabilities. Just as the medical and public health communities are successfully meeting the challenges posed by
polio, rubella, HN, and neural tube defects, now is the
time to meet the congenital CMV challenge head on by
making awareness and prevention high priorities.
Summary
•Each year in the United States, congenital CMV
- causes an estimated 400 deaths
- leaves more than 8000 children with permanent disabilities such as hearing or vision loss, or mental retardation
• Exposure to the saliva or urine of young children is a
major cause of CMV infection among pregnant women.
• Risk of CMV infection is likely to be reduced by careful
attention to good personal hygiene, especially handwashing. ·
• Women should be informed about how to reduce their
risk of CMV infection during pregnancy.
• Trials are needed to identify educational interventions
that are effective in preventing CMV infection.
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So what happens when there s no place to go? The result is an unhealthy environment contaminated
by human waste. This in turn, can contaminate a community's land and water which increases the
risk of disease.
People living in communities lacking sanitary facilities are more likely to come into contact with
human waste via their water or food which puts them at increased risk for infection.
Inadequate waste disposal accelerates the spread of disease that lives in soil, food, and water.
Water-, sanitation-, and hygiene-related diseases, including diarrhea, cholera
(http://www.cdc.gov/cholera/index.htmll, hepatitis (http://www.cdc.gov/hepatitisL) and dysentery
I

(bloody diarrhea), are some of the primary causes of illness and death in these settings, especially
among young children. In fact, every 20 seconds
(httg:f!www.un.org/waterforlifedecade/sanitation.shtml)

, a child dies as a result of poor

sanitation. In addition, poor sanitation is associated with other diseases such as intestinal worms,
trachoma and schistosomiasis and contributes to malnutrition in children.

Solutions
So what's being done to change the state of global sanitation? In November of 2013, UN Member
States passed a resolution to encourage behavioral change and implement policies to increase
access to proper sanitation. The resolution also calls for an end to open-air defecation, as it is
harmful to public health.
• Sanitation initiatives such as Community-Led Total Sanitation have focused on ending open
defecation and have increased access to latrines and toilets in many countries.
• Interventions to improve lighting such as a Solar Light Program in Haiti may lead to safer
conditions for nighttime use of latrines for women and children.
• CDC has been supporting several sanitation interventions in Haiti as well as alternative
sanitation opt,ions (http://www.elrha.org{map-location/cdc-alternative-sanitation-call10
with

Sanivation and with the UN High Commissioner for Refugees

(http://www.unhcr.org/pages/49c3646cef.html)

.

• Initiatives supported by UNICEF and other partners are increasing access to water and
sanitation in schools
Finally, there's World Toilet Day (http:ijwww.un.org/en/events/toiletday/)

, designated by the UN

to raise awareness for the billion people who do not have access to clean, safe sanitation.

httns ://www. cdc .1rnvI e:lo balhealth/stories/wtd.htm
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Key facts
• In 2015, 39% of the global population (2.9 billion people) used a
safely managed sanitation service - defined as use of a toilet or
improved latrine, not shared with other households, with a system in
place to ensure that excreta are treated or disposed of safely.
• 27% of the global population (1.9 billion people) used private
sanitation facilities connected to sewers from which wastewater was
treated.
• 13% of the global population (Q.9 billion people) used toilets or
latrines where excreta were disposed of in situ.
• 68% of the world's population (5.0 billion people) used at least a basic
sanitation service.
• 2.3 billion people still do not have basic sanitation facilities such as
toilets or latrines.
• Of these, 892 million still defecate in the open, for example in street
gutters, behind bushes or into open bodies of water.
• At least 10% of the world's population is thought to consume food
irrigated by wastewater.
• Poor sanitation is linked to transmission of diseases such as cholera,
diarrhoea, dysentery, hepatitis A, typhoid and polio.
• Inadequate sanitation is estimated to cause 280 000 diarrhoeal
deaths annually and is a major factor in several neglected tropical
diseases, including intestinal worms, schistosomiasis, and trachoma.
Poor sanitation also contributes to malnutrition.

Introduction
Hygienic sanitation facilities are crucial for public health. Since 1990, the
number of people gaining access to improved sanitation has risen from
54% to 68% but S?me 2.3 billion people still do not have toilets or
improved latrines.
In 2010, the UN General Assembly recognized access to safe and clean
drinking water and sanitation as a human right, and called for
international efforts to help countries to provide safe, clean, accessible
and affordable drinking water and sanitation.
Despite progress, the 2015 Millennium Development Goal target to halve
the proportion of the population without access to improved sanitation
facilities was missed by almost 700 million people.

http://www. who .int/mediacentre/factsheets/fs3 92/en/
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Sanitation and health
Some 842 000 people in low- and middle-income countries die as a
result of inadequate water, sanitation, and hygiene each year,
representing 58% of total diarrhoeal deaths. Poor sanitation is believed
to be the main cause in some 280 000 of these deaths.
Diarrhoea remains a major killer but is largely preventable. Better water,
sanitation, and hygiene could prevent the deaths of 361 000 children
aged under 5 years each year.
Open defecation perpetuates a vicious cycle of disease and poverty. The
countries where open defection is most widespread have the highest
number of deaths of children aged under 5 years as well as the highest
levels of malnutrition and poverty, and big disparities of wealth.

Benefits of improving sanitation
Benefits of improved sanitation extend well beyond reducing the risk of
diarrhoea. These include:
• reducing the spread of intestinal worms, schistosomiasis and
trachoma, which are neglected tropical diseases that cause suffering
for millions;
• reducing the severity and impact of malnutrition;
• promoting dignity and boosting safety, particularly among women and
girls;
• promoting school attendance: girls' school attendance is particularly
boosted by the provision of separate sanitary facilities; and
• potential recovery of water, renewable energy and nutrients from
faecal waste.
A WHO study in 2012 calculated that for every US$ 1.00 invested in
sanitation, there was a return of US$ 5.50 in lower health costs, more
productivity, and fewer premature deaths.

Challenges
In 2013, the UN Deputy Secretary General issued a call to action on
sanitation that included the elimination of open defecation by 2025.
Achieving universal access to a basic drinking water source appears
within reach, but universal access to basic sanitation will require
additional efforts.
The situation of the urban poor poses a growing challenge as they live
increasingly in mega cities where sewerage is precarious or non-existent
and space for toilets and removal of waste is at a premium. Inequalities
in access are compounded when sewage removed from wealthier
households is discharged into storm drains, waterways or landfills,
polluting poor residential areas.

http ://www.who.int/mediacentre/factsheets/fs3 92/en/

3/1/2018

_wHO I Sanitation

Page 3of4

Limited data available on this topic suggests that a large proportion of
wastewater in developing countries is discharged partially treated or
1,mtreated directly into rivers, lakes or the ocean.
Wastewater is increasingly seen as a resource providing reliable water
and nutrients for food production to feed growing urban populations. Yet
this requires:
• management practices that ensure wastewater is sufficiently treated
and safely reused;
• institutional oversight and regulation; and
• public education campaigns to inform people about wastewater use.

WHO's response
As the international authority on public health, WHO leads global efforts
to prevent transmission of diseases, advising governments on healthbased regulations.
On sanitation, WHO monitors global burden of disease and the level of
sanitation access and analyses what helps and hinders progress. Such
monitoring gives Member States and donors global data to help decide
how to invest in providing toilets and ensuring safe management of
wastewater and excreta.
WHO works with partners on promoting effective risk assessment and
management practices for sanitation through Sanitation safety planning,
Guidelines on safe use of wastewater, excreta and greywater, and
forthcoming Sanitation and Health Guidelines and Global strategy on
water, sanitation and hygiene and neglected tropical diseases.
Sanitation safety planning
Guidelines for the safe use of wastewater, excreta and greywater
WHO, along with UNICEF and other partners, are implementing a global
action plan for ending preventable child deaths from pneumonia and
diarrhoea by 2025. This aims to meet several prevention and treatment
targets, including promoting universal access to drinking water,
sanitation, and hygiene in health care facilities and homes by 2030.
Increasing people's access to improved sanitation, combined with
delivering preventive chemotherapy, is also part of the five global public
health strategies for the control and elimination of neglected tropical
diseases.

For more information contact:
WHO Media centre
E-mail: mediainquiries@who.int

htto ://www.who.int/mediacentre/factsheets/fs3 92/en/
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Related links
Water factsheet
Sanitation safety planning
WHO/UNICEF Joint Monitoring
Programme
Urgent call to action on
sanitation
WHO guidelines for the safe
use of wastewater, excreta and
greywater
Ending preventable child deaths
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Giardiasis outbreaks in the United States, 1971-2011
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Summary
Giardia intestinalis is the leading parasitic aetiology of human enteric infections in the United
States, with an estimated 1.2 million cases occurring annually. To better understand transmission,
we analysed data on all giardiasis outbreaks reported to the Centers for Disease Control and
Prevention for 1971-2011. The 242 outbreaks, affe.cting "'41 000 persons, resulted from
waterborne (74.8%), foodborne (15.7%), person-to-person (2.5%), and animal contact (1.2%)
transmission. Most (74.6%) waterborne outbreaks were associated with drinking water, followed
by recreational water (18.2%). Problems with water treatment, untreated groundwater, and
distribution systems were identified most often during drinking water-associated outbreak
investigations; problems with water treatment declined after the 1980s. Most recreational waterassociated outbreaks were linked to treated swimming venues, with pools and wading pools
implicated most often. Produce was implicated most often in foodborne outbreaks. Additionally,
foods were most commonly prepared in a restaurant and contaminated by a food handler. Lessons
learned from examining patterns in outbreaks over time can help prevent future disease.
Groundwater and distribution system vulnerabilities, inadequate pool disinfection, fruit and
vegetable contamination, and poor food handler hygiene are promising targets for giardiasis
prevention measures.
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Giardia intestinalisis the leading parasitic aetiology of human enteric infections in the
United States [1]. An estimated 1.2 million cases of giardiasis and 3581 hospitalizations
occur annually [2], resulting in US$34 million in direct hospitalization costs [3]. Giardiasis
is typically characteri~ed by gastrointestinal symptoms including diarrhoea, bloating, and
abdominal cramps; asymptomatic infections also occur frequently [4, 5]. Ingestion of as few
as ten Giardia cysts has been shown to cause infection in a dosing study [6]. Cysts are
excreted in the faeces of an infected person or animal [7]. Infected individuals might excrete
'Author for corresponding: Ms. E. A. Adam, 1600 Clifton Rd NE MS C-09, Atlanta GA 30029, USA (wsi7@cdc.gov).
Declaration Oflnterest: None.
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up to a billion cysts in their stool each day for several months, and cysts are immediately
infectious upon excretion [6, 8, 9]. Cysts are environmentally stable and moderately resistant
to chlorine disinfection, and thus can survive in water, food, or on surfaces for prolonged
periods oftime [4, 7].
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US national data on reported cases of giardiasis show a gradual decrease in disease rates
from 1996 to 2001; subsequently, rates from 2002 to 2010 remained relatively stable,
coinciding with the disease becoming nationally notifiable in 2002 [IO]. A recent decline in
reported cases during 2011 to 2012 has been noted [11 ]. For most cases of illness, the source
of the infection cannot be identified, and thus data from national case reports cannot be used
to describe pathogen transmission [10]. Insight into the major drivers of Giardia
transmission could inform effective prevention messages and measures.
The transmission pathways of giardiasis in the United States have not previously been welldescribed. Outbreak investigations provide an opportunity to gain insight into pathogen
transmission. In the United States, local or state public health officials detect and investigate
clusters of illnesses to determine whether there is a common source, as is the case in an
outbreak; once an outbreak is detected, the investigation is used to find related cases of
illnesses, to control the outbreak, and to prevent similar occurrences from happening in the
future. Investigation methods and jurisdictions vary by state and locality, depending on local
priorities and resources. States occasionally request epidemiological or laboratory assistance
from the federal Centers for Disease Control and Prevention (CDC); COC does not direct or
participate in outbreak investigations without an invitation. States voluntarily report outbreak
investigation summary information to CDC, and CDC has periodically published reports on
disease outbreaks by mode of transmission since the early 1970s [12-15]. To date, there has
been no overarching evaluation over several decades of the impact of changes to policies and
surveillance activities, pathogen-specific risk factors, or patterns in outbreak occurrence. To
gain a better understanding of Giardiatransmission across all modes of transmission, we
reviewed and analysed national data on all giardiasis outbreaks reported to CDC for 19712011.
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An outbreak was defined as two or more cases of giardiasis that were epidemiologically
linked by time or location of exposure to a common source. Outbreaks were investigated ~y
and at the discretion of local or state public health agencies, and states voluntarily reported
outbreaks to CDC surveillance systems. Since 2009, enteric disease outbreaks have been
reported to CDC via the el.ectronic National Outbreak Reporting System (NORS) [12].
Before 2009, waterborne outbreaks were reported to CDC using standard paper-based
reporting forms, starting in 1971 for drinking water-associated outbreaks and in 1978 for
recreational water-associated outbreaks. Foodborne outbreaks were reported to CDC using
standard paper-based reporting forms starting in 1973, and using standard electronic forms
starting in 1998. Systematic reporting of enteric disease outbreaks resulting from person-toperson, animal contact, environmental, and unknown transmission modes started with NORS
implementation, although some outbreaks from these transmission modes were reported to
CDC's foodborne outbreak surveillance system before 2009.
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For this review and analysis, we included data from all outbreak reports finalized as of25
February 2013 in CDC outbreak surveillance systems for which at least one listed aetiology
was Giardia and the date of illness onset of the earliest case occurred during 1971-2011. To
facilitate characterization of outbreaks, we analysed data elements that were consistently
collected across the different outbreak surveillance systems and over time, including: state,
year and month of illness onset of the earliest case, the number of outbreak-associated cases,
the implicated pathogen(s), the setting of the outbreak, and the modes and vehicles of
transmission. To describe contributing factors, we summarized data specific to each
transmission mode, such as the type of drinking water system or the food preparation
setting.
Descriptors for foodborne and other enteric disease outbreaks were maintained as reported
to CDC. For waterborne outbreaks, we used the implicated water vehicle to classify the
outbreaks as being associated with drinking water, recreational water, or other water. The
drinking water category included outbreaks linked to contaminated drinking water or
commercially bottled water. Implicated drinking water systems were categorized according
to the U.S. Environmental Protection Agency (EPA) water system definitions for
community, non-community, individual, or commercially bottled water [16]. Drinking water
source was defined as groundwater, surface water, mixed, or unknown. Outbreak
deficiencies, which characterize water system problems implicated during outbreak
investigations, were previously assigned by a panel of CDC and EPA scientists that routinely
reviews the outbreak reports. Outbreaks resulting from problems with the source water were
classified as having untreated surface water or untreated groundwater deficiency. Outbreaks
caused by circumstances at the treatment facility that allowed contamination, such as
disruption in disinfection, were assigned treatment deficiency. Outbreaks involving problems
in the distribution system under the jurisdiction of the water utility (e.g. cross-connection
and backflow) were assigned distribution system deficiency. Outbreaks resulting from
problems outside the jurisdiction of the water utility were assigned plumbing deficiency (e.g.
cross-connection and back-flow within a building) or deficiency at point-of-use (e.g.
contamination of a container). The recreational water category included outbreaks linked to
contaminated untreated water (e.g. in lakes) or treated water (e.g. chlorinated or filtered) in
at least partially man-made venues (e.g. in pools). The remaining waterborne outbreak
category included outbreaks linked to consumption of non-potable or non-recreational water
(e.g. drinking directly from a stream) and outbreaks in which the particular contaminated
water source was undetermined. Data were summarized descriptively using SAS v. 9.3 (SAS
Institute Inc., USA). To analyse the potential impact of drinking water regulations, the time
period was divided into two periods: before implementation of the Surface Water Treatment
Rule (SWTR) (1971-1989) and post-SWTR (1990-2011), a period in which several new
microbial rules were implemented. Frequencies were compared using x2 tests or Fisher's
exact tests when expected cell counts were <5, and differences in mean number of annual
outbreaks were evaluated using ttests.
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Results
Giardia was implicated in 242 reported outbreaks during 1971-2011, which resulted from
waterborne (n = 181, 74.8%), foodborne (n = 38, 15.7%), person...to-person (n = 6, 2.5%),
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animal contact (n = 3, 1.2%), and unknown (n = 14, 5.8%) transmission (Table 1). The 242
outbreaks were associated with 40 939 cases of illness. The median number of cases per
outbreak was 18 (range 2-5449). Waterborne outbreaks resulted in the largest total number
of cases (n = 40027, 97.8%) and the highest median number of cases per outbreak (23
cases).
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Waterborne giardiasis outbreaks peaked in the early 1980s, which correlated with the
implementation of an EPA-funded project to support intensive water-borne disease
surveillance in Colorado, Vermont, and Washington for 2-year periods during 1980-1983
(Fig. 1) [17]. Following the implementation ofNORS in 2009, reporting of giardiasis
outbreaks resulting from person-to-person, animal contact, and unknown modes of
transmission increased.
Giardiasis outbreaks occurred year-round but displayed a summer peak (Fig. 2). About half
of all reported outbreaks started during June-September (51.6%), with July the most
frequent month (17. 8%). The summer peak was most pronounced for outbreaks associated
with recreational water; only three of 33 outbreaks occurred outside the months of JuneSeptember.
Three-quarters of waterborne giardiasis outbreaks (n = 135, 74.6%) were associated with
drinking water, followed by recreational water (n = 33, 18.2%) and other water (n = 13,
7.2%). More than two-thirds of all reported drinking water-associated outbreaks (96
outbreaks) occurred during the 19-year period 1971-1989; the remaining 39 outbreaks
occurred during the 22-year period 1990-2011 (Fig. 3a). The mean annual number of
reported drinking water-associated outbreaks decreased during the second time period (5.3
in 1971-1989 vs. 1.8 in 1990-2011, P< 0.001); this difference was less pronounced but still
evident after excluding outbreaks that occurred during 1980-1983 from the three states with
intensive waterborne disease surveillance activities (3.9 vs. 1.8, P< 0.001). The first
reported recreational water-associated giardiasis outbreak occurred in 1985; since that time,
the annual number of reported recreational water-associated outbreaks ranged from zero to
four.
For drinking. water-associated outbreaks, plotting the deficiencies identified over the 41-year
period revealed changes in the causes of outbreaks over time (Fig. 3b). Overall, the most
common deficiencies were treatment (62.2%), untreated groundwater source (13.3%), and
distribution system deficiencies (11.9%). Deficiencies in water treatment were identified for
almost three-quarters (74.0%) of the pre-1990 drinking water-associated outbreaks and onethird (33.3%) of outbreaks that occurred during 1990-2011(x2 =19.5, P< 0.001). The
mean annual number of outbreaks assigned treatment deficiencies also decreased after the
1980s (4.2 vs. 0.7, P< 0.001). The proportions of outbreaks assigned untreated groundwater
source deficiencies (6.3% in 1971-1989 vs. 33.3% in 1990-2011, x2 = 16.8, P< 0.001) and
distribution system deficiencies (8.3% for 1971-1989 vs. 20.5% for 1990-2011, Fisher's
exact P= 0.074) increased after 1989, but the mean annual numbers of outbreaks assigned
these deficiencies did not differ by time period. The last outbreak associated with an
untreated surface water deficiency occurred in 1995.
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The majority of reported drinking water-associated outbreaks and outbreak cases involved
community water systems (68.1 % ofoutbreaks, 83.8% ofoutbreak cases) and systems with
a surface water source (65.2% of outbreaks, 79.2% of outbreak cases) (Table 2). Drinking
water-associated outbreaks most frequently involved systems serving a community/
municipality (43.9%), resort (9.5%), camp/cabin/recreational area (8.8%), or private
residence (7.4%).
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Most recreational water-associated outbreaks (n= 22, 66.7%) and outbreak cases (n = 9295,
96.5%) were linked to treated recreational water venues (Table 3). Giardia was the only
pathogen identified for most of these outbreaks (72.7% for both treated and untreated water),
but most cases of illness resulted from outbreaks of multiple aetiologies (93.2% in treated
water and 67.9% in untreated water). Of treated recreational water-associated outbreaks, the
most common swimming venues were pools (50.0%) and wading pools (36.4%). Most
(91.0%) outbreak cases resulted from three waterpark-associated outbreaks; two of these
outbreaks, accounting for 8449 (90.9%) of all treated recreational water-associated outbreak
cases, were caused by aetiological agents Giardia and Cryptosporidium. Among the
untreated recreational water-associated outbreaks, most outbreaks (72. 7%) and cases
(94.7%) were associated with lakes. Outdoor areas/parks were the most frequent settings of
untreated recreational water-associated outbreaks (36.4%), while beaches were the setting of
the most resulting cases (67.9%).
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For waterborne outbreaks associated with water other than drinking water or recreational
water, the most commonly implicated water type was a river/stream, which was linked to six
outbreaks (46.2%) and 48.4% of outbreak cases. Two outbreaks (15.4%) were associated
with a puddle, canal, or swamp; two outbreaks (15.4%) were associated with wastewater or
partially treated wastewater; one outbreak (7.7%) was associated with a spring, and two
outbreaks had an unreported water type.
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Most of the 38 foodbome outbreaks (60.5%) had no food vehicle reported; these outbreaks
resulted in half of the foodbome giardiasis outbreak cases. Of the 15 with a food implicated,
produce (20.0%) was the most commonly implicated food category, followed by ice (13.3%)
and fruit (13.3%). Raw vegetables, a salad bar, unspecified vegetables, and fresh fruit were
implicated in the produce and fruit-associated outbreaks. Chicken salad, home-canned
salmon, ice cream, oysters, and sandwiches were each linked to one outbreak. There were
three outbreaks for which either multiple foods or a meal were implicated but the particular
contaminated ingredient was undetermined. These included an outbreak linked to lettuce,
onions, coffee, and tea; an outbreak linked to chicken parmesan and lettuce salad; and an
outbreak for which the food items were not specified. Of the 36 outbreaks with a food
preparation setting identified, the most common settings were restaurant or delicatessen
(44.4%), followed by private home (19.4%). Seven ofnine foodborne outbreaks with
information on contributing factors had involvement of a food worker or other food handler;
one outbreak involving produce had contaminated raw product and process failures that
permitted pathogen survival, and two outbreaks had factors related to inadequate cleaning or
storage of food in a contaminated environment.
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Six person-to-person outbreaks were linked to 28 cases of illness. Settings of person-toperson outbreaks included households (n = 3), childcare (n = I), and unknown (n = 2). Three
outbreaks and 20 outbreak cases resulted from animal contact transmission; these were
associated with rabbits at a petting zoo, cattle at a farm, and a pet reptile at a long-term care
facility.

Discussion
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This review and analysis of national giardiasis outbreak surveillance data highlights the
historical and ongoing ability of Giardia to cause outbreaks through multiple transmission
routes. To our knowledge, this analysis is the first of its kind to examine giardiasis outbreaks
associated with all modes of transmission over several decades and to summarize the
outbreaks in the context of changes to policies and disease surveillance activities. The results
provide insight into the impact of general and pathogen-specific prevention measures
already undertaken, including drinking water regulations, pool codes, and food codes. The
:findings also help clarify which transmission modes and preventive measures have been
important drivers of giardiasis outbreaks in the United States and suggest additional areas to
target with future prevention ~fforts.
Most reported giardiasis outbreaks and outbreak cases were associated with waterborne
transmission. Giardia is moderately chlorine-tolerant and is able to survive in untreated or
inadequately chlorinated drinking or recreational water. Giardia has a low infectious dose,
infected persons can excrete large numbers of infectious cysts for prolonged periods of time,
and cysts can survive in the environment. Thus, if faecal waste from one infected person is
diluted in a water body or supply, many others can become infected with Giardia by
ingesting contaminated recreational or drinking water. The Clean Water Act (CWA) of 1972,
which regulates pollutant discharges and quality standards for surface waters, was one of the
first regulations to control waste discharge into surface waters that could potentially be used
for drinking, agriculture, or recreation [18] .
While most of the waterborne giardiasis outbreaks and outbreak cases were drinking waterassociated, the number of reported drinking water-associated outbreaks decreased after the
1980s, possibly resulting from a reduction in outbreaks associated with treatment
deficiencies (i.e. circumstances at the treatment facility allowed contamination). The Safe
Drinking Water Act (SOWA) of 1974 authorizes the U.S. EPA to regulate the public
drinking water supply for health-based contaminants, largely by focusing on water-treatment
standards. The 1996 amendments added additional measures to increase source water
protection, operator training, and funding for water system improvements [16]. No outbreaks
with untreated surface water deficiencies were reported after 1995. These decreases in the
proportion of giardiasis outbreaks associated with treatment and surface water deficiencies
followed the implementation of several key drinking water regulations, including the 1989
SWTR, which requires 99 .9% removal or inactivation of Giardia in public water systems
with surface water sources or groundwater sources influenced by surface water [19].
Additional protections from the 1998 Interim Enhanced Surface Water Treatment Rule, the
2002 Long Term I Enhanced Surface Water Treatment Rule, and the 2006 Long Term 2
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Enhanced Surface Water Treatment Rule likely also help to reduce Giardia in public
drinking water systems with surface water sources [20-22].
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In contrast, untreated groundwater source and distribution system deficiencies were
identified throughout the study period. The 2006 Ground Water Rule specifies monitoring
criteria and corrective action requirements for public groundwater systems with documented
deficiencies demonstrating a high risk for faecal contamination [23]. However, this rule does
not address individual water systems (e.g. private wells), which the federal government does
not have the authority to regulate. These systems were associated with about 8% of the
drinking water:..associated outbreaks in this analysis; however, these are difficult to detect by
public health agencies and through outbreak surveillance, since they might only impact a
single household or neighbourhood. Continued efforts to educate and motivate private well
owners to inspect, maintain, and test the water from their private wells could improve water
quality and reduce the spread of disease [24]. The continued occurrence of giardiasis
outbreaks with distribution system deficiencies suggests that drinking water distribution
system infrastructure vulnerabilities are an ongoing public health concern. In a separate
analysis summarizing all drinking water-associated outbreaks in the United States from
1971-2006, distribution system deficiencies were linked to 10% of outbreaks, and untreated
groundwater source deficiencies were linked to 30% of outbreaks, indicating that efforts to
remediate and prevent 'these types of deficiencies could have widespread public health
benefits that extend beyond Giardia prevention [25].
Giardiasis outbreaks occur in both treated and untreated recreational water venues.
Outbreaks associated with treated recreational water venues are preventable and indicate
inadequate operation of the implicated venues, including failure to maintain appropriate
chlorine and pH levels. Violations of disinfectant level and pH code standards have been
well-documented in rqutine inspections of public treated recreational water venues,
including wading pools [26]. These violations in wading pools are especially risky for
pathogen transmission, as young children have the highest rates of giardiasis and ingest
water during swimming activities [11, 27]. Requiring operators of public treated recreational
water venues to successfully complete training to operate these venues has been associated
with improved water quality [28, 29].
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In contrast to treated recreational water venues, untreated recreational waters, by their
nature, have a lack of available chemical remediation options. The Beaches and
Environmental Assessment and Coastal Health (BEACH) Act of 2000 sets national water
quality monitoring and reporting standards for the Great Lakes and marine coastal
recreational waters [30, 31 ]. Still, even on days where the water quality is considered
acceptable for bathing by bacterial indicator standards, crowded beach waters might contain
human pathogens, including Giardia and Cryptosporidium, likely because of direct
microbial input from bathers and re-suspension of sediment [32, 33]. Ultimately, the
occurrence of inadequately maintained disinfectant and pH levels in treated recreational
water venues and the lack of chemical remediation options for untreated recreational water
venues underscore the need for healthy swimming behaviours (e.g. not swimming while ill
with diarrhoea) to minimize water contamination and thus help prevent pathogen
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transmission. Health communication campaigns can increase awareness of and possibly the
practice of healthy swimming behaviours [34].
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Poor hygiene practices by food handlers might have contributed to the occurrence of many
foodborne giardiasis outbreaks: several of the outbreak reports cited a lack of hand washing
and infectious, sometimes asymptomatic, food workers as the cause [35, 36]. Our finding
that produce items were the most frequently identified foods in giardiasis outbreaks is
consistent with studies of risk factors of sporadic giardiasis, which have found links between
giardiasis and eating lettuce and green salads [37, 38]. There are numerous places in the
production chain where produce can become contaminated, and many of the mechanisms of
contamination have a water quality, sanitation, or hygiene component [39, 40]. These
include contamination by irrigation water or runoff in the field, by water used in processing
and packing, or by unwashed hands during harvesting, processing, packing, transport, or at
point-of-use [40-42]. Prevention of produce contamination is especially important, since
fruits and vegetables are often eaten raw without a step to inactivate pathogens [43].
Implementation of the Food Safety Modernization Act (FSMA) Proposed Rule for Produce
Safety, when finalized, is expected to prevent future produce-associated outbreaks by setting
safety requirements for produce on farms during growing, harvesting, packing, and holding.
Requirements include setting standards for personnel hygienic practices, establishing a water
quality profile for agricultural water, treating and applying soil amendments, controlling
potential hazards introduced by animals, and keeping equipment, buildings, and tools
cleaned and maintained [44].
Outbreaks with person-to-person, animal contact, environmental, or unknown transmission
modes were the least commonly reported; however, there were only 2 years of systematic
data collection available for inclusion in this analysis. Published studies have implicated
person-to-person transmission of giardiasis in institutional settings such as child care and
nursing homes that resulted in disease spread to caregivers, other contacts, or into the
community [45-48]. The case counts from these person-to-person outbreaks were higher
than those for the outbreaks included in this analysis; however, these occurred before the
implementation of NORS and were not reported to CDC. Animal contact was implicated in
only three reported giardiasis outbreaks, consistent with current molecular epidemiological
data suggesting that animal contact transmission of giardiasis is relatively uncommon
because animals are more often infected with species-specific assemblages that do not cause
disease in humans [7].
There were several limitations to this review and analysis. National surveillance systems do
not capture all outbreaks that occur, and epidemiological, laboratory, and environmental
health information are not uniformly collected during outbreak investigations. This limits
inferences that can be made using outbreak surveillance data and underscores the usefulness
of uniform data collection during outbreak investigations [49], in addition to systematic
reporting. The peak in reported waterborne outbreaks seen here during a period of intensive
waterborne disease surveillance in three states indicates that the sensitivity of passive
outbreak surveillance could be low and that detection and reporting can improve if resources
are allocated to increase surveiIJance capacity at the state level. Differences in public health
capacity or reporting practices across states and over time should be considered when
Epidemiol Infect Author manuscript; available in PMC 2016 December 12.
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interpreting increases and decreases in reported outbreaks. Additionally, there were limited
years of outbreak data for the non-water and non-food modes of transmission, thus caution
should be exercised in interpreting the relative importance of the different modes of
transmission in giardiasis outbreaks. The implementation of comprehensive enteric disease
outbreak reporting through NORS is an important step to help standardize data collection
across years and modes of transmission [12]. Additionally, the inclusion ofmultiplepathogen outbreaks in our analysis means that the number of outbreak-associated cases
reported here includes an unknown number of cases of other illnesses. In particular, the
magnitude of some recreational water-associated giardiasis outbreaks might have been
driven by transmission of the extremely chlorine-tolerant parasite Ciyptosporidium [50];
omitting the nine muti-pathogen outbreaks would have excluded 90% of outbreak cases
from the recreational water outbreaks.
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In summary, this analysis of giardiasis outbreaks reported to CDC over 41 years suggests
that these outbreaks can be prevented when resources are allocated for preventive measures.
Regulations, facilities, and services for drinking water treatment and management appear to
have prevented waterborne transmission of giardiasis in public surface water systems.
Groundwater and distribution system vulnerabilities might be promising areas to target with
future preventive measures. Treated recreational venue maintenance and operation, in
combination with health promotion efforts to improve swimmer hygiene in both treated and
untreated recreational waters could prevent outbreaks associated with these settings. For
foodborne outbreaks, focusing on food handler and consumer hygiene and the prevention of
produce contamination could prevent outbreaks.
Molecular epidemiology has the potential to expand our understanding of Giardia
transmission. The United States does not systematically perform molecular typing on
Giardia isolates nationally, and molecular studies are seldom undertaken in outbreak
investigations. Implementation of a surveillance system that incorporates molecular-based
laboratory testing of Giardia specimens could enable the detection of additional outbreaks,
including those associated with distributed food products or animal contact. Our findings
demonstrate the need and value in investing resources in public health surveillance activities
as a way to help evaluate preventive measures already in place and suggest areas where
future efforts might decrease illness incidence. Each outbreak provides valuable information
about pathogen transmission, and the lessons learned from examining patterns in outbreaks
over time can be used to prevent future disease.
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Table 1

Giardiasis outbreaks reported in the United States (1971-2011), by mode of transmission (n = 242)
Outbreaks

~

No. of cases per outbreak

Cases

~

n

(%)

n

(%)

Median

All modes

242

(100)

40939

(100)

18

2

5449

Waterborne *

181

(74.8)

40027

(97.8)

23

2

5449

~

Foodbornef

38

(15.7)

825

(2.0)

16

2

82

......

Person-to-person!

6

(2.5)

28

(0.1)

4

3

9

3

(L2)

20

(0.0)

6

2

12

14

(5.8)

39

(0.1)

2

2

6

Transmission mode

-@

~
~-

5'

(l:>
('")
:--..

i

Animal contact!
Unknown!

3

*Systematic waterborne disease outbreak: reporting began in 1971.

.g.

tSystematic foodborne disease outbreak: reporting began in 1973 .

~

r.
~

e:.

g:

6:
3

Minimum

Maximum

1systematic enteric disease outbreak: reporting from person-to-person, animal contact, environmental, and unknown transmission modes began in 2009. There were no Giardia outbreaks reported with
environmental mode of transmission.
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Table 2
Aetiology, water system, water source, and deficiencies of drinking water-associated
giardiasis outbreaks (n = 135) and outbreak cases (n = 30 237), United States, 1971-2011
Outbreaks

Characteristic/category

Cases

n

(%)

n

(%)

127

(94.1)

28222

(93.3)

8

(5.9)

2015

(6.7)

Aetiology

Gia£(lia only
Giardia and other pathogens *
Water systemf

~

...+

::l'"

0
...,

Community

92

(68.1)

25 329

(83.8)

Non-community

30

(22.2)

3367

(11.l)

Individual

11

(8.1)

50

(0.2)

Non-community and individual

(0.7)

1450

(4.8)

Commercially bottled water

(0.7)

41

(0.1)

Water source/
Surface water

88

(65.2)

23 948

(79.2)

Groundwater

42

(31.1)

5804

(19.2)

2

(1.5)

312

(1.0)

(2.2)

173

(0.6)

(78.4)

Mixed
Unknown
Deficiency§
Treatment

84

(62.2)

23 697

Untreated groundwater

18

(13.3)

368

(1.2)

Distribution system

16

(11.9)

3818

(12.6)

(5.9)

197

(0.7)

Untreated surface water

~
...,
...+

::l'"
0

s:
!l>

:J

c(/)

...,

0

-o·
...+

Plumbing

(2.2)

365

(1.2)

Untreated groundwater and distribution system

(0.7)

1450

(4.8)

Untreated surface water and plumbing

(0.7)

189

(0.6)

Point-of-use contamination

(0.7)

41

(0.1)

Unknown (tap water)

(2.2)

112

(0.4)

*Multiple aetiological agents were identified during investigations of eight outbreaks. Giardia and Cryptosponaium were identified in two
outbreaks, Giardia and Campylobacterwere identified in one outbreak, Giardia, Campylobacter, and Entamoeba were identified in one outbreak,
Giardia, Campylobacter, and norovirus were identified in one outbreak, Giardia and En/amoeba were identified in one outbreak, Giardia and
Salmonella were identified in one outbreak, and Giardia, Shigella, Crypfoprodium, and Clostnaium were identified in one outbreak.
fCommunity and non-community systems are public water systems that are operated by a water utility and regulated for safety by the l,J.S.
Environmental Protection Agency (EPA). Individual water systems are small systems that are not operated by a water utility and are not regulated
for safety by the EPA.

~

...+

::l'"

0...,

s:
!l>

/Surface water sources include lakes, rivers, reservoirs, and ponds. Groundwater sources include wells, springs, and other sources that extract water
from an aquifer. Mixed sources are made up of both groundwater and surface water sources .
§Deficiencies are identified by CDC and EPA scientists that review the outbreak reports; assigned deficiencies provide information about how the
water became contaminated and help explain why the outbreak occurred.
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Table 3

Aetiology, swimming venue, and setting of recreational water-associated giardiasis outbreaks (n = 33) and outbreak cases (n = 9635), by
treatment type, United States, 1971-2011

>

0.

!»

3

~

Treated recreational water
Outbreaks

.gi

Characteristic

~

s

All outbreaks

~·
.......

Aetiology

S<

~

s.g

Giardia only
Giardia and other pathogens *

(°)

:--..

>

Category

Venue

Pool

Outbreaks

Cases

n

(%)

n

(%)

22

(66.7)

9295

(96.5)

16

(72.7)

632

(6.8)

6
11

(27.3)
(50.0) .

8663

(93.2)

513

(5.5)

Wading pool

8

(36.4)

3273

(35.2)

§

Interactive outdoor fountain

1

(4.5)

55

(0.6)

"'

Wading pool, wave pool

1

(4.5)

5449

(58.6)

3
c:

0

::::!.

~
~

E.

Setting

~

Untreated recreational water
Cases

n

(%)

n

(%)

11

(33.3)

340

(3.5)

8

(72.7)

1Q9

(32.1)

Giardia and other pathogens *

3

(27.3)

231

(67.9)

Lake

8

(72.7)

322

(94.7)

River

2

(18.2)

8

(2.4)

Unknown

1

(9.1)

10

(2.9)

Category

Giardia only

Unknown

1

(4.5)

5

(0.1)

Community

5

(22.7)

227

(2.4)

Outdoor area/park

4

(36.4)

38

(11.2)

Club

4

(18.2)

189

(2.0)

Beach

3

(27.3)

231

(67.9)

Water park

3

(13.6)

8456

(91.0)

Club

1

(9.1)

48

(14.1)

j;;"

O"

er
s·
'"d

~

Outdoor area/park

3

(13.6)

295

(3.2)

Camp

1

(9.1)

4

(1.2)

8

Childcare

2

(9.1)

16

(0.2)

Unknown

2

(18.2)

19

(5.6)

0
(I)

Childcare and community

1

(4.5)

63

(0.7)

Hotel

1

(4.5)

7

(0.1)

Private residence

1

(4.5)

3

(0.0)

Unknown

2

(9.1)

39

(0.4)

(')
N

0\

(")
(I)

3O"
~

t::;

*Multiple aetiological agents were identified during investigations of nine outbreaks. Giardia and Cryptospoddiwn were identified in the six treated recreational water-associated outbreaks and in two
untreated recreational water-associated outbreaks. In one untreated recreational water-associated outbreak, Giardia and E. coli 0157 :H7 were identified (n = 8 cases).
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Acute infectious diarrhea: Common germs and routes of infection
Created: May 4, 2016; Next update: 2019.

In Germany, infectious ~arrhea is most commonly caused by the norovirus. Infants and young children often
have rotavirus infections as well. Vi!"i!!!!ife~ons are usually quite intense but short. Bacterial infectious
diarrhea is also widespread in adults.

Infections with the highly contagious norovirus or rotavirus typically start with sudden and severe symptoms such as diarrhea or
\7()~1!_1_it_!!1g. These symptoms usually go-awayafter a few days. Since 2013, the German Standing Committee on VaccinatfOn (STIKO)
has recommended that infants be vaccinated against the rotavirus.
Bacterial infectious diarr~~ is most often caused by eating contaminated or spoiled food. Like yj.rus~, bacteria such as
Campylobacter or $aJ!!J.QJle.!JJ! can also be transmitted through direct contact with infected people or by touching contaminated
objects.

Rotaviruses
Rotaviruses most commonly infect infants and young children between the ages of 6 and 24 months. A child's first rotavirus
!.n.K~c!!on usually causes severe symptoms, whereas later infections are milder. If children have several rotavirus infections, they
become immune to the virus, but the immunity does not last for the rest of their lives. Adults under the age of 60 have fewer
infections than children, and usually have milder symptoms as well. Common sources of infection include long-distance travel and
their own children.
Rotavirus infections are more common in older people and those with weakened imlllune syste~~· Their symptoms may be so
severe that hospital !I~~~!!l~l!.! is needed.
It usually takes about one to three days for rotavirus symptoms to start. They then last about two to six days. Common symptoms
include:

• Sudden watery diarrhea (often with mucus in it)

• Y2-1!1!!!!1g
• §!_c>!l}g_g_h ache
• Fever
• Feeling weak and dazed from loss of fluids
• Breathing difficulties in half of all affected people

N oroviruses
In Germany, J:!Q[QYl~~ infections are especially common in children under the age of five years and adults over the age of 70.
~gf~cti2ri is possible at any time of the year, but most often occurs between October and March.
It can take anywhere from six hours to two days for a norovirus infection to start causing symptoms. The symptoms often start

quite suddenly, and include:

-----~- -----~-~

• Severe diarrhea
• Severe projectile V()!l:liting
• Stomach ache
• Sometimes n(lU~~a, 11:e(ld(l~ll~~. ~1:!S_(!l~l1~J:i~, exhaustion and a mild f~ver
The symptoms usually only last about 12 to 48 hours. If too much fluid is lost due to severe QiCl.!!he.a, and V()1Iliti!lg, people may feel
dizzy, drowsy and fa.till too.

How do the viruses spread?
Noroviruses and rotaviruses are most often transmitted through direct contact with infected people, touching contaminated
objects-and, less often, eating contaminated food. The yj.ruses, which are found in~~()] and vogiJ!, can be transferred through
direct contact. Noroviruses can also be spread to others through tiny droplets in the air when someone vomits.
Yirt1ses may survive on toilets, door handles or clothing, where they remain infectious for several days. Indirect infe~ti°-n is
possibfo if you t°-'l!_ch, a contaminated object with your Q!lgQ, and then touch your ~Q~!_h, with your hand. So if you want to protect
yourself and others from infection, it's especially important to wash your hag<ls regularly and thoroughly.
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If~!!!~~ enter food through droplets, contaminated objects or poor ~and h}'gi~D:E'.· eating that food can lead to an iJ:lfe£1:!<?_1!· But,
unlike ~l!~~!'!_~, the viruses don't multiply when on food.

Rotaviruses are still found in stoQ! about eight days after the symptoms have died down. Norovi~~i:; can still be detected up to 14
days later. These viruses are only rarely found in stool for longer than that, apart from in people with weakened !Il'!I!l_l,l.!1~-sy_.§!:_em~:
Noroviruses may still be found in their stool several months or even years after initial infection.

What vaccines are available?
Since August 2013, the German Standing Committee on Vaccination (STIKO) has recommended rotavirus vaccinations forinfan1;s
under the age of six months. Two vaccines are available: Both are used as an oral vaccine that is swallowed, instead of an lJ:lj~~t!()!J..
J)epending on the vaccine used, two or three doses of the vaccine are given, with an interval of at least four weeks between the
doses. The series of vaccinations should be started at the age of six to twelve weeks and then finished by the time the infant is 24 or
32 weeks old at the latest. The exact ages will depend on which vaccine is used. Experts estimate that a rotavirus vaccination will
offer protection for about two years.
Current studies show that, within a period of up to two years,
• about 40 out of 1,000 children who are not vaccinated have a severe rotavirus !nfe~!i~. compared to only
• about 6 out of 1,000 children who are vaccinated.
VaGcination is not recommended for older children or adults. Side effects of rotavirus vaccinations include mild <:li~h~. '\TOmiting
or a ~Y~!· But they usually pass quickly.
vaccine.
There is no norovirus
----~----·--·-

What kinds of bacteria cause diarrhea?
Many different types of pact~ri~ can cause infectious ~!h.~. Most of them aren't a problem in Germany due to good general
hygiene. In Germany, bacterial infectious diarrhea is most commonly caused by Campylobacter or ~almonell~. In rare cases,
diarrhea is caused by certain strains of ~~l!erichia coJi, such as EHEC (enterohemorrhagic Escherichia coli) or Yersinia.
Bacteria often multiply in food, and can't usually be detected based on a certain smell or taste. All types of bacteria can be spread
from-one person to another through direct contact or by touching contaminatedobjects as well.

Campylobacter
The most common form of bacterial diarrhea is caused by Campylobacter. These bacteria can live in raw meat - usually poultry,
but also ground beef, for example. They are also sometimes found in raw milk (unpasteurized) or dairy products. It is also possible
to pick up the bacteria from the ~19~2! of infected pets or contaminated ~~~rs.
In order to prevent Campylobacter infections, it is important to keep a clean and hygienic kitchen. Excess water from defrosting
poultry or other types of meat should be disposed of immediately. It is important to cook meat well in order to make sure that any
bacteria have been killed. Cutting boards used to prepare raw meat should be carefully cleaned each time they are used, and
kitchen towels should be washed at a temperature of at least 60 degrees Centigrade.
Symptoms typically start two to five days after inf~£!!2!!· They include
• feve!:, l:i~~g_~ch~ and!!!~~~~~~~. followed by
• severe ~!2Il'!~~h ache and abdominal ~r~~p~,
• nausea
and diarrhea.
,, __
~-~-~

··-~.·~~---

In very rare cases, Campylobacter infections can cause complications like rheumatic j_<;>Jll! inflammations or paralysis.
These problems usually last up to one week. But many infections run their course undetected. It can take between two to four
weeks until the ~to_Ql no longer contains bacteria. This may take even longer in people who have weakened i~I!!!l!'.i~SY~!~ll:l~·

Salmonella
SalII1onella bacteria are most often transmitted through raw foods. Eggs, egg-based foods like mayonnaise or dessert mousse, raw
rrieat~-andundercooked meat products are the most common sources of Salmonella infections. These bacteria can also get into

food as a result of poor hygiene in the kitchen, for example through the use ofcontaminatecfcutting boards. Salmonella symptoms
start within six hours to three days after il1f~~tic:>!!· and last several days. They include the following:
• Sudden diarrhea

• fI~'!QC!fll~ and ~!o_I!l~ch ache
• Sometimes Y9fr!itl11g and a slight f~y~~ too
Very rarely, and mostly in people who have weakened !!!!!!1:\111~.SY~teP:J._S, ~iil!J1_0_11~ll~_!l1f~~!io11s can also cause bloc:id p()iS()ni11g
(septiceII_lia}
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People who have been infected with Salmonella are often still contagious up to one month after the symptoms have disappeared.
Young children and older people may stiiihave-bact~~ in their ~9.Q! for several weeks or months.

EHEC
EHEC (enterohemorrhagic Escherichia coli) can be spread through raw foods such as meat products that have not oeen cooked
enough. The bacteria can also-Hve-onunwashed vegetables and in unpasteurized fruit juices or unpasteurized milk. The stool of
infected cattle and other animals that chew the cud (e.g. goats, sheep) is also contagious. EHEC bacteria are sometimes found in
bodies of water too.
EHEC infections are most common in children and infants. They can sometimes pass without causing any symptoms, but in most
cases the following symptoms arise three to ten days after ~nfection:
• Watery ~_arrl'!_~~
• ~-Ci!!§.~, ygmitin_g and aj:Q~ach ache

• Sometimes fever as well
Very rarely, hemolytic uremic syndrome (HUS) may develop too. HUS is a blo()d clotting disorder that can damage the ki<lneys
and become life-threatening.
-- --- · · -·-- ----- ·
-- ·
The bacteria may still be present in aj:99J for several weeks after the symptoms have cleared up. In very rare cases, EHEC can cause
bloody clj(l!:rh~<l accompanied by ~~9_!11~~.h ~.<l.!!1.P~·

Yersinia
Although rare, Yersinia can be spread through contaminated meat, milk or water. Pork that has not been thoroughly cooked is one
main source of in{ection. Signs of yersiniosis include stomach ache, diarrhea and a moderate fever. The symptoms usually lasts to
14 days.
-·· ---·------------~--·
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Media centre
Diarrhoeal disease
Fact sheet
Updated May 2017

Key facts
• Diarrhoeal disease is the second leading cause of death in children
under five years old. It is both preventable and treatable.
• Each year diarrhoea kills around 525 000 children under five.
• A significant proportion of diarrhoeal disease can be prevented
through safe drinking-water and adequate sanitation and hygiene.
• Globally, there are nearly 1.7 billion cases of childhood diarrhoeal
disease every year.
• Diarrhoea is a leading cause of malnutrition in children under five
years old.

Diarrhoeal disease is the second leading cause of death in children
under five years old, and is responsible for killing around 525 000
children every year. Diarrhoea can last several days, and can leave the
body without the water and salts that are necessary for survival. In the
past, for most people, severe dehydration and fluid loss were the main
causes of diarrhoea deaths. Now, other causes such as septic bacterial
infections are likely to account for an increasing proportion of all
diarrhoea-associated deaths. Children who are malnourished or have
impaired immunity as well as people living with HIV are most at risk of
life-threatening diarrhoea.
Diarrhoea is defined as the passage of three or more loose or liquid
stools per day (or more frequent passage than is normal for the
individual). Frequent passing of formed stools is not diarrhoea, nor is the
passing of loose, "pasty" stools by breastfed babies.
Diarrhoea is usually a symptom of an infection in the intestinal tract,
which can be caused by a variety of bacterial, viral and parasitic
organisms. Infection is spread through contaminated food or drinkingwater, or from person-to-person as a result of poor hygiene.
Interventions to prevent diarrhoea, including safe drinking-water, use of
improved sanitation and hand washing with soap can reduce disease
risk. Diarrhoea should be treated with oral rehydration solution (ORS), a
solution of clean water, sugar and salt. In addition, a 10-14 day
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supplemental treatment course of dispersible 20 mg zinc tablets shortens
diarrheoa duration and improves outcomes.
There are three clinical types of diarrhoea:
• acute watery diarrhoea - lasts several hours or days, and includes
cholera;
• acute bloody diarrhoea - also called dysentery; and
• persistent diarrhoea - lasts 14 days or longer.

Scope of diarrhoeal disease
Diarrhoeal disease is a leading cause of child mortality and morbidity in
the world, and mostly results from contaminated food and water sources.
Worldwide, 780 million individuals lack access to improved drinkingwater and 2.5 billion lack improved sanitation. Diarrhoea due to infection
is widespread throughout developing countries.
In low-income countries, children under three years old experience on
average three episodes of diarrhoea every year. Each episode deprives
the child of the nutrition necessary for growth. As a result, diarrhoea is a
major cause of malnutrition, and malnourished children are more likely to
fall ill from diarrhoea.

Dehydration
The most severe threat posed by diarrhoea is dehydration. During a
diarrhoeal episode, water and electrolytes (sodium, chloride, potassium
and bicarbonate) are lost through liquid stools, vomit, sweat, urine and
breathing. Dehydration occurs when these losses are not replaced.
The degree of dehydration is rated on a scale of three.
1. Severe dehydration (at least two of the following signs):
• lethargy/unconsciousness
• sunken eyes
• unable to drink or drink poorly
• skin pinch goes back very slowly ( ~2 seconds )
2. Some dehydration (two or more of the following signs):
• restlessness, irritability
• sunken eyes
• drinks eagerly, thirsty
3. No dehydration (not enough signs to classify as some or severe
dehydration).

Causes
Infection: Diarrhoea is a symptom of infections caused by a host of
bacterial, viral and parasitic organisms, most of which are spread by
faeces-contaminated water. Infection is more common when there is a
shortage of adequate sanitation and hygiene and safe water for drinking,
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cooking and cleaning. Rotavirus and Escherichia coli, are the two most
common etiological agents of moderate-to-severe diarrhoea in lowincome countries. Other pathogens such as cryptosporidium and shigel/a
species may also be important. Location-specific etiologic patterns also
need to be considered.

Malnutrition: Children who die from diarrhoea often suffer from
underlying malnutrition, which makes them more vulnerable to diarrhoea.
Each diarrhoeal episode, in turn, makes their malnutrition even worse.
Diarrhoea is a leading cause of malnutrition in children under five years
old.
S~urce: Water contaminated with human faeces, for example, from
sewage, septic tanks and latrines, is of particular concern. Animal faeces
also contain microorganisms that can cause diarrhoea.

Other causes: Diarrhoeal disease can also spread from person-toperson, aggravated by poor personal hygiene. Food is another major
cause of diarrhoea when it is prepared or stored in unhygienic
conditions.Unsafe domestic water storage and handling is also an
important risk factor. Fish and seafood from polluted water may also
contribute to the disease:

Prevention and treatment
Key measures to prevent diarrhoea include:
•
•
•
•
•
•
•

access to safe drinking-water;
use of improved sanitation;
hand washing with soap;
exclusive breastfeeding for the first six months of life;
good personal and food hygiene;
health education about how ·infections spread; and
rotavirus vaccination.

Key measures to treat diarrhoea include the following:
• Rehydration: with oral rehydration salts (ORS) solution. ORS is a
mixture of clean water, salt and sugar. It costs a few cents per
treatment. ORS is absorbed in the small intestine and replaces the
water and electrolytes lost in the faeces.
• Zinc supplements: zinc supplements reduce the duration of a
diarrhoea episode by 25% and are associated with a 30% reduction in
stool volume.
• Rehydration: with intravenous fluids in case of severe dehydration or
shock.
• Nutrient-rich foods: the vicious circle of malnutrition and diarrhoea can
be broken by continuing to give nutrient-rich foods - including breast
milk - during an episode, and by giving a nutritious diet - including
exclusive breastfeeding for the first six months of life - to children
when they are well.
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• Consulting a health professional , in particular for management of
persistent diarrhoea or when there is blood in stool or if there are
signs of dehydration.

WHO response
WHO works with Member States and other partners to:
• promote national policies and investments that support case
management of diarrhoea and its complications as well as increasing
access to safe drinking-water and sanitation in developing countries;
• conduct research to develop and test new diarrhoea prevention and
control strategies in this area;
• build capacity in implementing preventive interventions, including
sanitation, source water improvements, and household water
treatment and safe storage;
• develop new health interventions, such as the rotavirus immunization;
and
• help to train health workers, especially at community level.
For more information contact:
WHO Media centre
Telephone: +41 22 791 2222
E-mail: mediainquiries@who. irit

Related links
Integrated global action plan for
the prevention and control of
pneumonia and diarrhoea
Water-related diseases: diarrhoea
Documents on diarrhoea
More about diarrhoea
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Chapter 19

Diarrheal Diseases

Gerald T. Keusch, Olivier Fontaine, Alok Bhargava, Cynthia Boschi-Pinto, Zulfiqar A. Bhutta, Eduardo
Gotuzzo, Juan Rivera, Jeffrey Chow, Sonbol Shahid-Salles, and Ramanan Laxminarayan.

Diarrheal diseases remain a leading cause of preventable death, especially among children under
five in developing countries. This chapter reviews and prioritizes a number of available
interventions.
The normal intestinal tract regulates the absorption and secretion of electrolytes and water to
meet the body's physiological needs. More than 98 percent of the 10 liters per day of fluid
entering the adult intestines are reabsorbed (!_<.eusch 2001 ). The remaining stool water, related
primarily to the indigestible fiber content, determines the consistency of normal feces from dry,
hard pellets to mushy, bulky stools, varying from person to person, day to day, and stool to stool.
This variation complicates the definition of diarrhea, which by convention is present when three
or more stools are passed in 24 hours that are sufficiently liquid to take the shape of the cop.tainer
in which they are placed. The frequent passage of formed stool is not diarrhea (~!~~~.-~!1j~!:<l..1:!:~!'!
~QQ~). Although young nursing infants tend to have five or more motions per day, mothers know
when the stooling pattern changes and their children have diarrhea (~on~!!!~E:~?_!-l~~~!.~-~'--~~~
~-~~~1?_~},2_~_~). The interval between two episodes is also arbitrarily defined as at least 48 hours
of normal stools. These definitions enable epidemiologists to count incidence, relapses, and new
infections.

Transmission
Diarrhea is caused by infectious organisms, including viruses, bacteria, protozoa, and helminths,
that are transmitted from the stool of one individual to the mouth of another, termedfecaloral
transmission. Some are well known, others are recently discovered or emerging new agents, and
presumably many remain to be identified. They differ in the route from the stool to the mouth and
in the number of organisms needed to cause infection and illness. Among bacteria, the ability to
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survive stomach acid is an important determinant of the inoculum size required to cause illness.
For example, Shigella bacteria are resistant to low pH, and a few thousand organisms suffice,
which are readily transferred by direct person-to-person contact or through contamination of
inanimate objects, such as a cup. In contrast, bacteria readily killed by acid, such as Vibrio
cholerae, require millions of organisms to cause illness, and therefore must first multiply in food
or water to an infectious dose. Some pathogens, such as rotavirus, display a sharp host species
preference, and others have a broad host range. Among Salmonella bacteria, certain bio-serotypes
are adapted to infect animals and pose no threat to humans, and others are adapted to humans and
do not infect animals. The majority, however, are not adapted to a specific host and can infect
either humans or domestic animals, thus facilitating transmission of these organisms to humans.
Less than a dozen of the more than 2,500 individual Salmonella cause the majority of human
infections, reflecting the requirement for genes that encode essential virulence factors.
The ability to identify virulence genes and their products has led to new molecular approaches to
epidemiology and diagnosis, and undoubtedly will lead to new measures to prevent and treat
diarrhea. Molecular methods also allow the separation of organisms that otherwise appear to be
identical. Nonpathogenic Escherichia coli in normal stool cannot be separated from diarrhea. causing E. coli by standard methods; however, identification of virulence genes or factors
distinguishes five groups of E. coli that cause illnesses ranging from cholera-like watery diarrhea
to neonatal diarrhea, persistent diarrhea, and bloody diarrhea ~~!~r~~~~~~12~!}22~).

Laboratory Diagnosis
Etiologic diagnosis of diarrhea is valuable for public health interventions and case management.
Microbiological culture and microscopy remain the standard, despite their limited sensitivity.
Their effectiveness is further reduced by antibiotic use, and patients with severe illness are more
likely both to be cultured and to have taken antibiotics. Even when cultures are positive, the delay
in laboratory identification limits their cost-effectiveness for managing individual patients. The
information is always epidemiologically and clinically important; however, during epidemics,
culturing every patient is unnecessary when the causative organism is known. Antimicrobial
resistance data are essential to guide initial antibiotic choices.
New rapid tests to detect inflammatory mediators or white or red blood cells in stool offer the
promise of distinguishing between secretory and inflammatory disease and optimizing case
management (H!:licho and others 1_22_6,). High background levels, probably from frequent
infections, limits the use of such tests in developing countries, where they would be most useful
(Q~!l__~1:1-~_.()!E~Es}QQ}).

Simple microscopy for protozoa or helminths can be quick and effective when the proper sample
is obtained and a well-trained technician is available to examine a fresh specimen, but these
prerequisites are often not available in developing countries. Newer immunological and nucleic
acid-based tests to detect pathogen-specific factors hold great promise for all diarrhea agents, but
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they are too expensive or require specialized instrumentation and trained technicians. For the
foreseeable future, then, syndromic diagnosis will be the norm.

Syndromic Diagnosis
Three major diarrhea syndromes exist. They are acute watery diarrhea, which results in varying
degrees of dehydration; persistent diarrhea, which lasts 14 days or longer, manifested by
malabsorption, nutrient losses, and wasting; and bloody diarrhea, which is a sign of the intestinal
damage caused by inflammation. The three are physiologically different and require specific
management. Syndromic diagnosis provides important clues to optimal management and is both
programmatically and epidemiologically relevant.
Acute watery diarrhea can be rapidly dehydrating, with stool losses of 250 milliliters per
kilogram per day or more, a quantity that quickly exceeds total plasma and interstitial fluid
volumes and is incompatible with life unless fluid therapy can keep up with losses. Such dramatic
dehydration is usually due to rotavirus, enterotoxigenic E. coli, or V. cholerae (the cause of
cholera), and it is most dangerous in the very young.
Persistent diarrhea is typically associated with malnutrition, either preceding or resulting from the
illness itself (Q9E-2~!-~~~~~!~-~!n~_<:>1__~~ Cle_~ry 2Q04). Even though persistent diarrhea accounts
for a small percentage of the total number of diarrhea episodes, it is associated with a
disproportionately increased risk of death. In India, persistent diarrhea accounted for 5 percent of
episodes but 14 percent of deaths, and a mortality rate three times higher than briefer episodes
(~-!1~E~!1d oth._~~~! 989). In Pakistan, persistent diarrhea accounted for 8 to 18 percent of episodes
but 54 percent of deaths (Khan an~others 192l). In Bangladesh, persistent diarrhea associated
with malnutrition was responsible for nearly half of diarrhea deaths, and the relative risk for
death among infants with persistent diarrhea and severe malnutrition was 17 times greater than
for those with mild malnutrition (~~~v_ea~~~ oth~_~JJJ2). Persistent diarrhea occurs more often
during an episode of bloody diarrhea than an episode of watery diarrhea, and the mortality rate
when bloody diarrhea progresses to persistent diarrhea is 10 times greater than for bloody
diarrhea without persistent diarrhea. HIV infection is another risk factor for persistent diarrhea in
both adults and children (!S~~~-~!J:~-11~ ~~~~~8-_192~). Management focuses on overcoming the
nutritional alterations initiated by persistent diarrhea.
Bloody diarrhea, defined as diarrhea with visible or microscopic blood in the stool, is associated
with intestinal damage and nutritional deterioration, often with secondary sepsis. Some
dehydration-rarely severe-is common, as is fever. Clinicians often use the term bloody
diarrhea interchangeably with dysentery; however,dysentery is a syndrome consisting of the
frequent passage of characteristic, small-volume, bloody mucoid stools; abdominal cramps; and
tenesmus, a severe pain that accompanies straining to pass stool. Those features show the severity
of the inflammation. Agents that cause bloody diarrhea or dysentery can also provoke a form of
diarrhea that clinically is not bloody diarrhea, although mucosa! damage and inflammation are
present, and fecal blood and white blood cells are usually detectable by microscopy. The release
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of host-derived cytokines causes fever, altering host metabolism and leading to the breakdown of
body stores of protein, carbohydrate, and fat and the loss of nitrogen and other nutrients. Those
losses must be replenished during convalescence, which takes much longer than the illness does
to develop. For these reasons, bloody diarrhea calls for management strategies that are markedly
different than those for watery or persistent diarrhea. New bouts of infection that occur before
complete restoration of nutrient stores can initiate a downward spiral of nutritional status
terminating in fatal protein-energy malnutrition (K~:t:!~c~_200~).

Diarrhea, Environment, and Poverty
Diarrheal disease affects rich and poor, old and young, and those in developed and developing
countries alike, yet a strong relationship exists between poverty, an unhygienic environment, and
the number and severity of diarrheal episodes-especially for children under five.
Poverty is associated with poor housing, crowding, dirt floors, lack of access to sufficient clean
water or to sanitary disposal of fecal waste, cohabitation with domestic animals that may carry
human pathogens, and a lack of refrigerated storage for food-all of which increase the
frequency or diarrhea. Poverty also restricts the ability to provide age-appropriate, nutritionally
balanced diets or to modify diets when diarrhea develops so· as to mitigate and repair nutrient
losses. The impact is exacerbated by the lack of adequate, available, and affordable medical care.
Thus, the young suffer from an apparently never-ending sequence of infections, rarely receive
appropriate preventive care, and too often encounter the health care system when they are already
severely ill.
Although the presence of blood in the stool is a recognized danger signal, prompting more urgent
care seeking, even these patients either are not treated early or receive poor medical care.
Ironically, the poor spend considerable amounts on inappropriate care and useless drugs
purchased from local shops and untrained practitioners. If antibiotics are properly prescribed,
poverty often limits the purchase of a full course of treatment or leads to cessation of treatment as
soon as symptoms improve, even though the infection has not been cured.

Public Health Significance of Diarrheal Illnesses
Continuing surveillance and longitudinal studies allow tracking of current levels and trends in
diarrhea incidence and mortality and provide the basis for future projections and for evaluations
of different control strategies.

Morbidity
Comparisons over time of the global burden of diarrheal diseases

hav~

revealed secular trends

and demonstrated the impact of public health interventions (~~~-~!!_~~!h~!~}2??; :Kosek, Bern,
and Guerrant 200~; S~l~er and MerS()J:l_!.~~~). The long-term consequences of diarrhea are only
now being systematically assessed and are not reflected in earlier studies.
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Reviews in 1992 (Bern and others) and 2003 (Kosek, Bern, and Guerrant) are similar in many
ways-for example, assessing morbidity at least twice weekly-but differ significantly in the use
of different sources for data on children under five and in the inclusion of studies differing in
design and data collection protocols (and only the later study includes data from China).
Remarkably, the estimated median incidence of diarrheal disease in children under five in
developing countries has not changed much since the early 1990s (f!_gure._!J_:_!): 3.2 episodes per
child per year in 2003 (~~~sE_~ an~_~ther~-~003) compared with 3 .5 episodes per child per year
in 1993 (!~ls~J'.!-'l}1Q__Q!~~!~J-~2-~). However, many fewer surveys were available for the most
recent review (31 in 20 countries) compared with the 1993 consensus (276 in 60 countries),
reflecting diminished support for the systematic collection of incidence data. Incidence rates in
Sub-Saharan Africa and Latin America are clearly greater than in Asia or the Western Pacific,
while subject to greater data limitations from individual countries. Incidence continues to show a
peak in infants age 6 to 11 months, dropping steadily thereafter.

.!:19!!~~1~~:.!
Median Age-specific Incidences for Diarrheal Episodes per
Child per Year from Three Reviews of Prospective Studies in
Developing Areas, 1955-2000
The seemingly lower estimates of diarrheal incidence before 1980 (§!?-2'~-~!_.~Jl~,.M~~~~P.~!2§_~) are
likely due to methodological differences. These estimates are not precise or directly comparable;
the trends are most relevant. The persistently high rates of diarrhea throughout the 1990s despite
intensive efforts at control, particularly among children age 6 to 24 months, is of particular
concern. Early childhood diarrhea during periods of critical postnatal development may have
long-term effects on linear growth and on physical and cognitive functions.
Data on the incidence of shigellosis, the principal cause of bloody diarrhea in developing
countries, are even more limited. ~~t}_~ff_~~~ ot~_~rs' _{19J2) review of studies on Shigella
infection estimates that more than 113 million episodes occur every year in children under five in
developing countries, or 0.2 episodes of bloody diarrhea per year caused by Shigella species ..

Mortality
Bern and others Q-~~?2; Kos~~,Bein.,_ Cl?~ Qu~~~~!_(~_QQ}); and §1!¥~~! a,~4_Merson (1982) also
estimate diarrheal mortality using data from longitudinal studies with active surveillance in place
(~_~1:!fe 19._~). The estimate before 1980 was 4.6 million deaths per year. This estimate dropped to
3.3 million per year between 1980 and 1990 and to 2.6 million per year between 1990 and 2000.
Two other studies (J.=>a.!a._~~~~-l:!!?:Q.__<:>_t_!!~!_8-}QQ1; Boschi-Pinto and Tomaskovic forthcoming) report
even lower figures for 1990-2000: 2.1 million and 1.6 million deaths per year, respectively.
Methodological variations (inclusion of studies with different designs and data collection
methods and inclusion of data from China, different sources for estimating the number of
children under five, and different strategies for calculating mortality for this age group) may
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account for some of the striking differences. However, the end of the 20th century witnessed
significant reductions in diarrheal deaths in children under five.
Fig!!r~J~~~

Estimates of Diarrhea Mortality, 1975-2000

This steady decline in diarrheal mortality, despite the lack of significant changes in incidence, is
most likely due to modem case management (introduced since the 1980s) and to the improved
nutrition of infants and children. Major recommendations include the following:
• counseling mothers to begin suitable home-prepared rehydration fluids immediately on the
onset of diarrhea
• treating mild to moderate dehydration early with oral rehydration solution (ORS), reserving
intravenous electrolytes for severe dehydration
• continuing breastfeeding and complementary foods during diarrhea and increasing intake
afterward
• limiting antibiotic use to cases of bloody diarrhea or dysentery and avoiding antidiarrheal
and antimotility drugs
• advising mothers to increase fluids and continue feeding during future episodes.
Victora a~~--°-~~I.~_'_(~Q_QQ) review provides evidence that this strategy, and especially oral
rehydration therapy (ORT), has influenced the outcome of dehydrating diarrhea. Data from 99
national surveys carried out in the mid 1990s and compiled by the United Nations Children's
Fund (UNICEF) increasingly show that diarrhea patients are appropriately managed in most parts
of the world, with overall use rates of ORS or recommended home fluids reaching 49 percent.
Country case studies in Brazil, the Arab Republic of Egypt, Mexico, and the Philippines showed
a dramatic reduction of diarrhea mortality as ORT use rates increased from close to zero in the
early 1980s to 35 percent in Brazil, 50 percent in Egypt, 81 percent in Mexico, and 33 percent in
the Philippines in the early 1990s. Hospital admissions for diarrhea also plummeted (Victora_and
()!l!~!~~Q_QQ). As mortality attributable to acute dehydration decreased, the proportionate
mortality associated with persistent diarrhea increased. Data from Brazil and Egypt suggest that
even relatively low ORT use rates can positively affect mortality,because ORT use tends to be
much higher for severe illness CY~~!()!~--~g~_9!!1e!!_~QQ_Q).
Worldwide mortality caused by Shigella infection is estimated to be 600,000 deaths per year
among children under five, or a quarter to a third of all diarrhea-related mortality in this age
group (~()tl()ff~1:1s!g_!h~!~ )_?~_?).Because mortality caused by bloody diarrhea is not tracked
separately, it is difficult to assess the impact of standard case management recommendations, and
disease-specific trends cannot be tracked. In the past few years, however, data from the
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International Centre for Diarrheal Disease Research, in Bangladesh, have shown a marked
decrease in the rate of hospitalization caused by Shigella, especially S. dysenteriae type 1, the
most severe form of shigellosis. Some investigators have suggested that this decrease may be
because Shigella infections are now in the low part of a 10-year cycle (Le~~9~~0Q_LJ_). The
observed change could also be explained by better case management with more efficacious
antimicrobials. More comprehensive, syndrome-specific surveillance data will be required if
rational control priorities are to be set, because the options for dehydrating and bloody diarrheal
diseases differ substantially.
Despite national data that indicate a significant decline in mortality (BaJ!_'!-~!!E~_Na~era, and
YJ~!Q!_~-~_00±; M_il~-~-~d Hg_schQQ!!!_1_2?~), diarrheal diseases remain among the five top
preventable killers of children under five in developing countries and among the top two in many.

Long-Term Consequences
The long-term consequences of diarrheal diseases remain poorly studied, and analyses of global
trends have not considered them. ~i-~~~s a!l.:~ otl!~!S (20_Q_~2 recently evaluated the long-term
consequences of acute diarrheal disease on psychomotor and cognitive development in young
children. Following a cohort of 47 children in a poor urban community in northeastern Brazil,
they correlated the number of diarrheal episodes in the first two years of life with measures of
cognitive function obtained four to seven years later. They found a significant inverse correlation
(average decrease of 5.6 percent) between episodes of early diarrheal disease and overall
intellectual capacity and concentration, even when controlling for maternal education or helminth
infection, which are known to be independent predictors of malnutrition and cognitive defects.
Test scores were also 25 to 65 percent lower in children with an earlier history of persistent
diarrhea.
Recent evidence suggests that genetic factors may also be involved in the developmental
response to repeated diarrhea (Q!l~-~!!~ ot~~!~-~_005). Better and more sensitive assessment tools
are needed to define the relationships between diarrheal diseases and developmental disorders
and to calculate individual and societal costs and the cost-effectiveness of interventions. In
addition, early childhood malnutrition resulting from any cause reduces physical fitness and work
productivity in adults Q?~Q~!P:~L!2~Q).

Preventive Strategies
Strategies for controlling diarrheal diseases have remained substantially unchanged since the
1993 edition of this volume (~~~~-~~~~-~!?:!!!!£~-~~~E~X~~~~~-~--~?~~). The World Health
Organization (Wl!Q~9_Q~) recently reevaluated these interventions to determine the extent to
which they have been effectively implemented and their effect.

Promotion of Exclusive Breastfeeding
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Exclusive breastfeeding means no other food or drink, not even water, is permitted, except for
supplements of vitamins and minerals or necessary medicines. The optimal duration of exclusive
breastfeeding is six months (~0_19J)_!). A meta-analysis of three observational studies in
developing countries shows that breastfed children under age 6 months are 6.1 times less likely to
die of diarrhea than infants who are not breastfed (WHO Collab2!ative ~1!!dy_I_~~1_Q_Q_Q).
Exclusive breastfeeding protects very young infants from diarrheal disease in two ways: first,
breast milk contains both immune (specific) and nonimmune (nonspecific) antimicrobial factors;
second, exclusive breastfeeding eliminates the intake of potentially contaminated food and water.
Breast milk also provides all the nutrients most infants need up to age 6 months. When exclusive
breastfeeding is continued during diarrhea, it also diminishes the adverse impact on nutritional
status.
Those data underpin the global campaign to promote exclusive breastfeeding for the first six
months of life by increasing both the initiation and the duration of exclusive breastfeeding. The
strategies include the following:
• hospital policies and actions to encourage breastfeeding and discourage bottle feeding
• counseling and education provided by peers or health workers
• mass media and community education
• mothers' support groups.
Interventions focused on hospital practices apply where most women deliver in such facilities.
Such interventions have shown up to a 43 percent increase in exclusive breastfeeding with good
institutional policies and retraining of health staff (~~tpha!_anc!__9th~rs _!22_~). Interventions
focused on education and counseling increase exclusive breastfeeding by 4 to 64 percent
(~~~2~~~~~~-~the!~ 200~). Peer-counseled women are less likely to stop exclusive breastfeeding
than are those who receive either professional support or no support, and their infants are 1.9 to

2.9 times less likely to have diarrhea (~_~!f~S a!:d ~he!~_!2_2_~_; !!ai~~~a~~-~!!!~r.~__!22_~). No largescale peer counseling programs exist; therefore, feasibility is unknown. Community-based
mother's support groups are sustainable, but they have low coverage and are biased toward
women who are already motivated to breastfeed (~_Q~~~~!L~!l_c!:_~!b-~!~_}_QQ~_). Mass media can be
effective where media coverage is high, where production skills are good, and where it addresses
barriers to breastfeeding instead of just proclaiming its benefits. We found no studies that
examined the relationship between breastfeeding promotion and diarrheal disease mortality;
however, estimates suggest such promotion could decrease all-cause mortality in children under
five by 13 percent (!~-~~~-li~~-2!Q_~-~-~gg_D·
Maternal HIV infection has put a new wrinkle in the "breast is best" dogma because of the risk of
transmission of infection to the infant (!?~~2ck _lln4_2!h~-r~}_Q_9_Q). There is a trade-off, however,
between the risk of mortality associated with replacement feeding and the risk of HIV infection,
especially where safe replacement feeding is difficult. For women who are HIV-negative or
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whose status is unknown, WHO currently recommends exclusive breastfeeding for at least six
months (~Q~_QQQ). The best option for HIV-positive women is acceptable, affordable,
sustainable, and .safe replacement feeding. If this option is not possible, there are four
alternatives: (a) heat-treated breast milk, (b) HIV-negative wet nurses, (c) uncontaminated donor
milk, or (d) exclusive breastfeeding for six months and rapid discontinuation thereafter ('\Y!:IO
2003-).
A danger of promoting replacement feeding is that uninfected women or women with unknown
HIV status will adopt the practice. Even in high-prevalence communities, the best option for
women with unknown status for the overall health of their children appears to be exclusive

breastfeeding for six months. In g_c:>!:!!~ou~i_~~~~L~hers' (1992} cohort study in South Africa, the
risk of mother-to-infant transmission of HIV after three months of exclusive breastfeeding was
similar to that with no breastfeeding and significantly lower than that with mixed feeding.
Providing antiretroviral therapy to the mother should significantly extend the period of safe
breastfeeding for the initially HIV-negative infants of HIV-positive mothers.

Improved Complementary Feeding Practices
Ideally, complementary foods should be introduced at age 6 months, and breastfeeding should
continue for up to two years or even longer to increase birth intervals (Wf.!.9_.?_QQ_3-). There is a
strong inverse association between appropriate, safe complementary feeding and mortality in
children age 6 to 11 months. Malnutrition is an independent risk predictor for the frequency and
severity of diarrheal illness. There is a vicious cycle in which sequential diarrheal disease leads to
increasing nutritional deterioration, impaired immune function, and greater susceptibility to
infection. The cycle may be oroken by interventions to decrease infection incidence to reduce
malnutrition (~~~~£1!_an~~£!i~~J:!~~l~_8~) or improving nutritional status to reduce the burden
of infection (YA~!2-~'!~!1:~_Q!!!~!-~J222) ·
Improved feeding practices to prevent or treat malnutrition could save as many as 800,000 lives
per year (!c:>!!.~~-.~~<!_c:>.!~~!~-~Q.~). Pediatricians have long been aware of an increase in diarrhea
incidence during weaning from exclusive breast milk feeding. Microbial contamination of
complementary foods CM<:>!1:c!i:t:J .~<!9!!!~E~J~9-.~) and nutritionally inadequate diets during and
after diarrhea episodes (~~~E~.9-c!~.!!.~!1:q.g.!~~~~J2.9-D increase the risk. Contamination of
complementary foods can potentially be reduced by educating caregivers on hygienic practices
· (C!~J'.>!!ll_c:t!1:<!.~!~~!~ !22]), improving home food storage @!J:gl_i_s_I?-_~~q_<~_!Q~!~.!?97), fermenting
foods to reduce pathogen multiplication ('!5:~~!!1~~~-.~~--c:>!~~~-l9-9-2), or ingesting nonpathogenic
probiotic microorganisms that colonize the gut and help resist pathogens (~!!~1:!..~c!.2!~~rs__ 20Q~).
These interventions have not been evaluated at scale in communities, and effectiveness trials are
lacking.
We could not find any reports on the effects of complementary feeding interventions on
mortality. Five efficacy trials to improve the intake of complementary foods noted a net increase
in energy intake of between 65 and 300 kilocalories a day and improvements of 0.25 to 0.46
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standard deviations in weight-for-age and 0.04 to 0.35 standard deviations in height-for-age
(yaul~~l~!_!!l1f~~-'-~1?-~ Pi~s>~_!9~~). By extrapolation, this increment in growth should

translate into a 2 to 13 percent reduction in deaths associated with malnutrition (Black and others

!2~?)·
~~W!?:'-- D~w~x!_ an~ ABen (19~8)

reviewed experiences with large-scale complementary feeding
interventions in 14 countries. They demonstrate that it is possible to provide nutritionally
improved complementary foods in diverse cultural settings and that poor mothers are willing to
prepare new foods their children will eat. However, caregivers face considerable time and
resource constraints in providing such foods, especially during episodes of illness. A pilot study
in Brazil that implemented nutritional counseling through the Integrated Management of
Childhood Illness Program reported significant weight gain in children age one year or more, but
not in younger children (§_'1:!!!C>S a!!_~others 2001 ).
Unfortified complementary foods do not meet all essential micronutrient requirements. Although
improvements in vitamin A status do not significantly reduce the incidence of diarrhea and other
common childhood illnesses, vitamin A supplementation can reduce the frequency of severe
diarrhea Q3~~eto an~_s>_!~~~~_!_294) and mortality (RQ~_~nd o_!!J.ers 199~). C!J.ap_!~E}~ describes
interventions to promote vitamin A intake. Zinc supplementation also reduces the incidence of
diarrhea.
Rotavirus Immunization
Almost all infants acquire rotavirus diarrhea early in life, and rotavirus accounts for at least onethird of severe and potentially fatal watery diarrhea episodes-primarily in developing countries,
where an estimated 440,000 vaccine-preventable rotavirus deaths per year occur (~~!_(l~h.:(l~ and
9Jh~E~-~~QQ3), compared with about a dozen in a developed country such as France (f2~£q~~!~J},~
o,!h~E~--~QQ~). An effective rotavirus vaccine would have a major effect on diarrhea mortality in
developing countries.
In 1998, a quadrivalent Rhesus rotavirus-derived vaccine that reduced the frequency of severely
dehydrating rotavirus-but not the overall incidence of rotavirus infections-was licensed in the
United States (9]_~~~-'1:!1~--~!~!~__!2,~~). It was cost-effective, even at US$100 for a full course of
immunization, when direct economic losses resulting from health care expenses and indirect costs
of lost productivity and wages for the caretakers were considered (!E:~~~!-~~~,,()~g~!:_~ 19~~). The
strategy was clear: use the high-priced vaccine routinely in industrial countries to subsidize its
use in developing countries. However, postmarketing surveillance detected an apparent increase
in a relatively rare event, intussusception, a condition in which the intestine telescopes on itself,
causing a potentially serious obstruction (gQ~9~J2,~2~~). The relationship was strongest with the
first dose of vaccine given with the first or second dose of diphtheria-pertussis-tetanus vaccine
(~~t_~~g~ Q_t_!l~!~~QO~), although this was counterbalanced by a decrease in the incidence of
intussusception in older children (~·'fll!2!?-Y and_QtQ_~!-~}Q~).
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The overall reduced incidence in immunized infants compared with nonimmunized infants in
these studies suggested that the vaccine may actually protect against later adverse events.
Nonetheless, the ensuing controversy led to a reversal of the recommendation for universal
immunization in the United States and withdrawal of the vaccine from the market, precluding the
possibility of its deployment in developing countries (CDG}999~). Because very young infants
are less prone to develop intussusception, initial immunization at birth might have been entirely
safe.
Despite this setback, efforts to produce an effective and safe rotavirus vaccine continue. The
Rhesus vaccine has been relicensed to another manufacturer, and new vaccines derived from
human or bovine rotavirus are undergoing field trials in developing countries (pennehy 2005). A
monovalent human rotavirus vaccine was introduced in Mexico in 2005. The entry of both China
and India into rotavirus vaccine development and their potential for manufacturing quality
vaccines at low cost will make it easier to deploy an effective vaccine where it is really needed.

Cholera Immunization
Endemic cholera is primarily a pediatric disease, although adult morbidity and mortality are
significant, especially during epidemics. The lethality of cholera is due to the physiological
consequences of rapid and profound dehydration. Oral rehydration therapy has dramatically
improved survival and reduced the cost of treatment. Wherever parenteral and oral rehydration is
readily available, even in epidemic situations, a cholera mortality rat~ above 1 percent indicates
failure of the public health system to provide appropriate case management.
A vaccine would further reduce the morbidity and mortality associated with cholera in endemic
areas; however, developing an effective, safe vaccine has proven difficult. The most
immunogenic and protective vaccines tested thus far are administered orally. T'YO such vaccines
have been licensed: an attenuated live vaccine and a heat-killed vaccine combined with

recombinant cholera toxin B subunit, which functions as an immunoadjuvant (Q_!l!~~s-~d others

'.2:Q_QQ; ~YGi~~~--g-~1-~~E~~~~~~Q_QQ). Many developing countries can produce the killed vaccine,
especially without cholera toxin B. Current oral cholera vaccines appear to be safe and offer
reasonable protection for a limited period; however, the main users have been individual travelers
from industrial countries who may be exposed to the risk of cholera while traveling in endemic
areas.
The use of oral cholera vaccine in mass vaccination campaigns as an adjunct to good case
management, disposal of fecal waste, and access to safe water during humanitarian disasters has
recently been reviewed (~,Q_!_~?9-). Analysis of an outbreak in Micronesia suggested that a
single dose was useful in limiting the spread of cholera (g_~!~~P:-~i:~g~!1:~!s}QQ_4). But because
ORT is so inexpensive and useful in preventing death, immunization is not a high priority. Only
Vietnam routinely deploys cholera vaccine.
Operational information on the costs, logistics, and availability of vaccines for use by global
programs and on the vulnerable populations in high-risk settings who would benefit from cholera
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vaccine remains limited. Although scientific interest in a cholera vaccine remains high, its public
health priority is less than that of a vaccine for rotavirus or Shigella.

Measles Immunization
Measles is known to predispose to diarrheal disease secondary to measles-induced
immunodeficiency. ~~chem_~p.d Koblinsky (!_983) estimate that measles vaccine given to 45 to
90 percent of infants would prevent 44 to 64 percent of measles cases, 0.6 to 3.8 percent of
diarrheal episodes, and 6 to 26 percent of diarrheal deaths among children under five. Global
measles immunization coverage is now approaching 80 percent, and the disease has been
eliminated from the Americas, raising hopes for global elimination in the near future (Q~YI
~Q_Q2),

with a predictable reduction in diarrhea as well.

Improved Water and Sanitary Facilities and Promotion of Personal and Domestic
Hygiene
Human feces are the primary source of diarrheal pathogens. Poor sanitation, lack of access to
clean water, and inadequate personal hygiene are responsible for an estimated 90 percent of
childhood diarrhea (~~Ql22D· Promotion of hand washing reduces diarrhea incidence by an
average of 33 percent (:t!~!!!l:_ I\'!~g_i~:__~nd Pisa!!U99?); it works best when it is part of a package
of behavior change interventions. Effects on mortality have not been demonstrated. However, the
required behavior change is complex, and significant resources are needed. Antiseptic soaps are
more costly than plain hand soap and confer little advantage. Washing hands after defecating or
handling children's feces and before handling food is recommended, but it entails an average of
32 hand washes a day and consumes 20 liters of water (Graef, Elder, and Booth 1993). If soap is
too costly, ash or mud can be used, but access to water remains essential (Esr~l __l~2_2).
Six rigorous observational studies demonstrated a median reduction qf 55 percent in all-cause
child mortality associated with improved access to sanitation facilities (~~£~I?l~~~~~JE:, ~~
~:t!~~~8-}~~~). The greatest effect of improving sanitation systems will be in areas of high
population density and wherever the entire community, rather than single households, adopts the
intervention. Current technology can be costly and difficult to maintain, and in some settings it is
simply not feasible.

Case Management
Two recent advances in managing diarrheal disease-(a) newly formulated ORS containing
lower concentrations of glucose and salts and (b) zinc supplementation-used in combination
I
with promotion of exclusive breastfeeding, general nutritional support, and selective and
appropriate use of antibiotics, can further reduce the number of diarrheal deaths among children.
Families and communities are key to achieving case management goals by making these
recommendations routine practice in homes and health facilities.
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New Oral Rehydration Solutions
For more than 25 years, UNICEF and WHO have recommended a single formulation of glucosebased ORS considered optimal for cholera, irrespective of cause or age group affected. This
formulation has proven effective and without significant adverse effects @-!].~_i!!)_9~~), but
because watery stools persist and duration of diarrhea is not reduced, mothers' and health
workers' acceptance of current ORSs has been suboptimal.
During the past 20 years, efforts to improve ORS to treat dehydration from all types of diarrhea
and reduce stool output or duration have continued-for example, by reducing the sodium
content in line with sodium losses for noncholera diarrhea. Compared with standard ORS, lower
sodium and glucose ORS reduces stool output, vomiting, and the need for intravenous fluids
(!:!~~--~jmL~l?-E_Q!l!!!~!lOQ}). If household use increases, new ORS can reduce childhood

deaths from non-cholera diarrhea Q2!!gg~~~~-~!h~~~~QQj), and it appears to be as effective as
standard ORS for children or adults with cholera. A WHO expert group now recommends that
ORS containing 75 milliequivalents of sodium and 75 millimoles of glucose per liter (total
osmolarity, 245 milliosmoles per liter) be used everywhere (~O al!_~ ~ICE~_~OOj).
Zinc Supplementation
A review of all relevant clinical trials indicates that zinc supplements given during an episode of
acute diarrhea reduce both duration and severity and could prevent 300,000 deaths in children
eachyear@lac~ 20Q~). WHO and UNICEF now recommend that all children with acute diarrhea
be given zinc in some form for 10 to 14 days during and after diarrhea (10 milligrams per day for
infants younger than 6 months and 20 milligrams per day for those older than 6 months) (~HO

~~~~!_~~~}~Q-~).
Pilot studies in Brazil, Egypt, Ethiopia, India, Mali, Pakistan, and the Philippines that include
zinc routinely in the management of acute diarrhea not only show an improvement over ORS
alone but also suggest two important new effects: (a) use rates of ORS increase, and (b) use rates
of antidiarrheals and antimicrobials decrease significantly (~~_qui an~_<?ther~_ 2Q_Qj). Large
community-based studies are being implemented to corroborate these potentially important
findings.
Management of Bloody Diarrhea
The primary treatment for shigellosis, the most common and severe cause of bloody diarrhea, is
antimicrobials. The choice of effective, safe, and inexpensive oral drugs for use in developing
countries has, however, become problematic because of the increasing prevalence of
antimicrobial drug resistance (S_11lam 192_~). Tetracycline, ampicillin, and the fixed-ratio
combination oftrimethoprim and sulfmethoxazole, once used as first~line treatment, are no
longer reliably effective. When epidemic dysentery caused by multidrug-resistant S. dysenteriae
type 1 appeared in Africa and Asia in the 1980s and 1990s, nalidixic acid was pressed into use
(~(llam and Bem1!~!!_}2~~). Nalidixic acid is a drug used primarily for urinary tract infections, but
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it is also effective against Shigella. Clinical responses were initially excellent, but with continued
use, resistance to nalidixic acid has been increasing in many parts of the world CP!:l!!li l1114 others
~QQ?).

A number of other drugs have been tested and shown effective, including ceftriaxone,
azithromycin, pivmecillinam, and some new generation 5-fluoroquinolones, such as ciprofloxacin
(Salam 1998). Because of its effectiveness, safety, ease of administration by the oral route, short
course, and low cost (US$0.10 for a three-day course for a 15-kilogram child), ciprofloxacin is

the current drug of choice for shigellosis (~i~bas'!_Qy~e~te!)':_~!!'.l~Y_Q~~-1:11?}902). However,
ciprofloxacin-resistant strains are already appearing (~_azhani and others 2004), and it is only a
matter of time before resistance becomes widespread, especially if the drug is readily available
and indiscriminately used. Because of these concerns, development of a vaccine for Shigella is
critical. The Diseases of the Most Impoverished initiative, supported by the Bill & Melinda Gates
Foundation Qi~~~!}_QQ1), which promotes vaccine development for Shigella, cholera, and
typhoid, is a significant advance since the previous edition of this volume.

Cost-Effectiveness of Interventions
Cost-effectiveness ratios of diarrheal disease interventions were calculated by World Bank region
in terms of disability-adjusted life years (DAL Ys) averted for a model population of 1 million,
following the standardized guidelines of the Disease Control Priorities Project for economic
analyses (see chapte!__l5). Europe and Central Asia were excluded because data were lacking
owing to the low p~evalence of disease. Input variables included (a) region-specific diarrhea
morbidity rates adapted from ~os_~Is_]_~!!1~!1_SLQ~~-!!'!nt (2~Q_Q~_}; (b) region-specific underlying
mortality rates and age structures provided by the Disease Control Priorities Project; (c) median
intervention effectiveness rates (that is, percentage of diarrheal morbidity reduction and
percentage of diarrheal mortality reduction); and (d) median per capita intervention costs
gathered from the literature and from personal communications (table _!2~D·
Table 19.1

Cost and Effectiveness Values Used to Calculate CostEffectiveness Ratios for Select Interventions for Diarrhea for
Children under Age Five.
Because approximately 90 percent of all cases in the developing world occur in children under
five, the analysis focused on this age group alone. Uniform intervention effectiveness rates were
assumed for all regions because region-specific information was not available. Regional
variations in cost-effectiveness were due to regional variations in the prevalence of diarrheal
disease, in the diarrhea-attributable morbidity and mortality, and in the intervention cost, where
region-specific information was available.
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Disability-adjusted life years are averted through the avoidance of cotemporaneous disability and
mortalify attributable to diarrhea. We did not consider long-term developmental and cognitive
effects of childhood diarrhea or the external benefits of interventions unrelated to diarrhea (for
instance, benefits of measles immunization unrelated to diarrhea or other health benefits of
improved public water and sanitation). Therefore, our estimates err on the conservative side.
We explored two general categories of interventions: early interventions that take place within
the first year of life-breastfeeding promotion and immunizations for rotavirus (with the
prototype Rhesus reassortant tetravalent vaccine), cholera (with live oral vaccine), and
measles-and other interventions that treat an entire cohort of children under five simultaneously
(improved water and sanitation). For early interventions, cost-effectiveness ratios were calculated
by considering the cost of treating all newborns in a single year and the benefits (DALYs
averted) from those treatments that occur over the first five years of life. These benefits include
avoided mortality that allows individuals to live to the expected life expectancy for the region.
Other interventions included ORT and improved water and sanitation infrastructure. Because a
single year of these interventions yields only cotemporaneous benefits-because effectively
treated individuals do not necessarily live to life expectancy given that they are likely to be
reinfected the next year-we calculated cost-effectiveness of a five-year intervention. Analysis of
a five-year intervention enabled us to consider the case in which an entire cohort of children age
zero to four avoids early childhood diarrheal mortality because of the intervention and receives
the benefit of living to life expectancy.
Disability and deaths averted for those benefiting from improved water and sanitation were
calcul~ted from only the fraction of the model populations currently without access. For each
region, the proportion of rural and urban children age zero to four currently without access to
improved water and sanitation was calculated using region-specific information from World Bank
Development Indicators (~_or~-~~lQQ~) for 2000. Infrastructure improvements for rural and
urban populations were considered separately because of differences in infrastructure type and
cost, although the same effectiveness rates were used for both.
The per child treatment costs and effectiveness rates used are presented in ta~!~- 19 .1. Cost per
treatment of ORT varied widely depending on the type and method of ORT implemented. Oral
rehydration therapy can be as inexpensive as US$0.02 per child treated-the cost of a home
remedy with sugar and salt. However, treatment can become substantially more expensive if
commercially manufactured ORS is used or ifthere are substantial personnel or infrastructure
costs CM~!!~~~~~}:1!~!ll!ps, __~-~~-I~~~Q~!E:J2~1). Finally, our analysis considered only long-run
marginal costs (which vary with the number of individuals treated) and did not include fixed
costs of initiating a program where none currently exists.
~~-g~!~_}_2_.}

shows the cost-effectiveness of all interventions over the first five years oflife. Two
interventions administered during the first year of life-breastfeeding promotion (US$930 per
DALY) and measles immunization (US$981 per DAL Y)-were the most cost-effective. ORT
(US$1,062 per DALY) and water and sanitation in rural areas (US$1,974 per DALY) were the
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next most cost-effective, but only if they were implemented continuously for five years, thereby
allowing an entire cohort of effectively treated children age zero to four to survive past the age at
which they are most at risk for diarrheal infection, disability, and mortality. Rotavirus
immunization (US$2,4 78 per DALY), cholera immunization (US$2,945 per DALY), and water
and sanitation in urban areas (US$6,396 per DALY) were the least cost-effective.
i:_:!_g ur~_!~~~

Cost-Effectiveness: Intervention at Birth through Age 5 with
Benefits That Occur over Five Years (age 0-4)
Among the early interventions, breastfeeding promotion was less effective than other
interventions but also less expensive than rotavirus and measles vaccination (~ble _!J_}). Cholera
vaccination was less expensive than breastfeeding promotion, but it was also many times less
effective because of the significantly higher prevalence of diarrhea that is not related to
cholera-making cholera vaccination the least cost-effective of the early interventions
considered. Oral rehydration therapy and water and sanitation interventions were more effective
than breastfeeding and vaccination interventions in reducing morbidity and mortality caused by
diarrhea, but they were also more expensive. However, our analysis for water and sanitation did
not consider the benefits of this intervention other than those related to health, and the high costeffectiveness ratio is more a limitation of our methodology than of the intervention itself.
The high cost-effectiveness ratio for ORT is attributable to the high variation in reported
treatment costs, which may inflate the median cost used in this analysis (!_~b!~-12·_~). Given the
range of reported treatment costs (!~t!~ 19. !), the cost-effectiveness ratio of ORT could be as low
as US$4 per DALY or as high as US$2,124 per DALY in low- and middle-income countries.
High variation in reported treatment costs results in high variation in cost-effectiveness for the
other regions as well. There remains little doubt, however, about the effect of widespread use of
ORT on diarrhea morbidity and mortality and about the associated direct and indirect cost
savings for treatment and hospitalization.
Table 19.2

Cost-Effectiveness Ratios of Oral Rehydration Therapy
Interventions Based on Minimum, Median, and Maximum per
Capita Costs (2001 US$/DALY).

Research Agenda
Good evidence now supports the view that promoting ORT in conjunction with other key
interventions, preventive as well as curative, has had a large role in the marked reduction in
deaths of children caused by diarrhea <Y!~~~~~!1E o~~ers _?QQQ). Preventive strategies-such as
breastfeeding, improving complementary feeding and using micronutrient supplementation or
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fortification, and increasing coverage with the full set of Expanded Programme on Immunization
vaccines (especially measles vaccine)-are all useful and effective (QAV!_lQQ?). Failure to
separately track the full impact of bloody diarrhea-especially Shigella infection-on morbidity
and mortality or to effectively implement good clinical management (including guidelines for and
control over the use of antibiotics) has contributed to the continuing burden of bloody diarrhea
and dysentery worldwide and the alarming increase in antibiotic resistance. The challenges for
the next decade will be to increase or ensure universal appropriate implementation of these
interventions in developing countries and to avoid a situation in which they compete for funding
and staff time. Delivery of good-quality services is essential, and much remains to be learned
through research before this requirement can be met.
Other interventions, such as vaccines against rotavirus, Shigella, or cholera, are either not yet
available or not ready for universal administration. Progress toward the development of these
vaccines, with the highest priority for the first two, is encouraging, but further investments in
research and development will be required before large-scale implementation of these
interventions can be considered. The cost of these vaccines will remain a major constraint for
poor people, who cannot pay for the costs of development and ensure reasonable profits for
industry. However, increased public investment in fundamental and applied research, vaccine
purchase schemes, and development of low-cost, high-quality manufacturing capacity in
developing countries may change the prevailing dynamics. By creating public-private
partnerships for vaccine development, organized as targeted product development programs, the
public sector, private foundations, and industry are taking steps toward these goals.
Because of the fecal-oral transmission of enteric pathogens, improving the supply of safe water
and the ability to safely dispose of fecal waste are the best ways to reduce the burden of
morbidity and mortality. However, major investments and critical improvements in water and
sanitary waste disposal on the necessary scale are unlikely to occur in the next decade or two.
Local low-tech solutions can be useful, and enhanced efforts to find ways to improve water
cleanliness at the point of use and to build simple latrines that will be used consistently are
needed (~~l:l:E~~E-~}). However, in the face of HIV and the attention being given to tuberculosis
and malaria, coordinated efforts to build safe water and sanitation capacity at the local level, one
village at a time, that are sufficient to significantly influence the burden of illness are
unlikely-even though many more infants and children die each year of preventable and treatable
diarrhea than of HIV/AIDS.
The cycle of research, followed by implementation, followed by research has enabled the
development of improved tools to manage diarrheal diseases-tools that have the potential to
further drive down diarrhea mortality. The challenge is to achieve high coverage and good
practice with ORT and correct diarrhea case management, including antimicrobial and nutrition
interventions. Interventions to integrate health care through programmatic initiatives such as the
Integrated Management of Childhood Illness program, critically evaluated elsewhere in this book
(cha£ter 63), could be essential to ensure this high coverage. Some concern remains that in low-
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resource settings such targeted vertical programs may be abandoned, to the detriment of the goals
for disease burden reduction that they were established to achieve.
The challenge posed by the case management of bloody diarrhea is a different matter. Until a
vaccine is available, the keystone for managing bloody diarrhea will continue to be the early use
of effective antimicrobial agents. That is made difficult by increasing drug resistance, aided by
the widespread indiscriminate and inappropriate use of antimicrobials, and the increasingly
difficult task of finding a safe, inexpensive, and effective oral agent and then ensuring that the
drug is given in a clinically optimal manner. From a technical perspective, the development of a
vaccine against Shigella infections is still in its infancy and in need of greater investment. For
both watery and bloody diarrhea, the challenge of developing drugs to normalize the
pathophysiology caused by the infection remains a scientific challenge and a distant hope.

Conclusions
Existing interventions to prevent or treat diarrheal diseases have proven their efficacy in reducing
mortality, but a major challenge for the next 10 years will be to scale up these interventions to
achieve universal utilization coverage. The United Nations Millennium Development Goal to
reduce the mortality rate among children under five by two-thirds by 2015 will be easier to attain
if the scale-up goals are reached. New products and tools could significantly improve the efficacy
of these interventions-for example, rapid specific diagnostics, new treatment strategies based on
reversing the pathophysiology of the infection, simple and ~ffective ways to produce clean water
and control human waste, and vaccines to prevent illness. However, these products and tools will
not become widely available in time to influence the achievement of the Millennium
Development Goals. Continued investment in diarrheal disease research across the spectrum of
basic, social and behavioral, and applied investigations is, therefore, essential, including
expanded behavioral research to understand how parents assess risk and how actionable health
messages can be presented in different cultures and settings.
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cytokine stonn characterized by high levels ofIL-6, TNF-alpha, and IL-10. Patients with the HLA DQ6
allele are at higher risk of disease, suggesting a role for lymphocyte stimulation by a leptospiral
superantigen. Leptospirosis typically presents as a nonspecific, acute febrile illness characterized by
fever, myalgia, and headache and may be confused with other entities such as influenza and dengue
fever. Newer diagnostic methods facilitate early diagnosis and antibiotic treatment. Patients progressing
to multisystem organ failure have widespread hematogenous dissemination of pathogens. Nonoliguric
(high output) renal dysfunction should be supported with fluids and electrolytes. When oliguric renal
failure occurs, prompt initiation of dialysis can be life saving. Elevated bilirubin levels are due to
hepatocellular damage and disruption of intercellular junctions between hepatocytes, resulting in
leaking ofbilirubin out of bile caniliculi. Hemorrhagic complications are common and are associated
with coagulation abnonnalities. Severe pulmonary hemorrhage syndrome due to extensive alveolar
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Abstract

Go to:

Leptospirosis is a widespread and potentially fatal zoonosis that is endemic in many tropical regions
and causes large epidemics after heavy rainfall and flooding. Infection results from direct or indirect
exposure to infected reservoir host animals that carry the pathogen in their renal tubules and shed
pathogenic leptospires in their urine. Although many wild and domestic animals can serve as reservoir
hosts, the brown rat (Rall us norvegicus) is the most imp01iant source of human infections. Individuals
living in urban slum environments characterized by inadequate sanitation and poor housing are at high
risk of rat exposure and leptospirosis. The global burden of leptospirosis is expected to rise with
demographic shifts that favor increases in the number of urban poor in tropical regions subject to
worsening storms and urban flooding due to climate change. Data emerging from prospective
surveillance studies suggest that most human leptospiral infections in endemic areas are mild or
asymptomatic. Development of more severe outcomes likely depends on three factors: epidemiological
conditions, host susceptibility, and pathogen virulence (Fig. I). Mortality increases with age,
particularly in patients older than 60 years of age. High levels of bacteremia are associated with poor
clinical outcomes and, based on animal model and in vitro studies, are related in part to poor
recognition of leptospiral LPS by human TLR4. Patients with severe leptospirosis experience a
cytokine sto1m characterized by high levels of IL-6, TNF-alpha, and IL- I0. Patients with the HLA DQ6
allele are at higher risk of disease, suggesting a role for lymphocyte stimulation by a leptospiral
superantigen. Leptospirosis typically presents as a nonspecific, acute febrile illness characterized by
fever, myalgia, and headache and may be confused with other entities such as influenza and dengue
fever. Newer diagnostic methods facilitate early diagnosis and antibiotic treatment. Patients progressing
to multisystem orga11 failure have widespread hematogenous dissemination of pathogens. Nonoliguric
(high output) renal dysfunction should be supported with fluids and electrolytes. When oliguric renal
failure occurs, prompt initiation of dialysis can be life saving. Elevated bilirubin levels are due to
hepatocellular damage and disruption of intercellular junctions between hepatocytes, resulting in
leaking ofbilirubin out of bile caniliculi. Hemonhagic complications are common and are associated
with coagulation abnormalities. Severe pulmonary hemorrhage syndrome due to extensive alveolar
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hemorrhage has a fatality rate of>50 %. Readers are referred to earlier, excellent summaries related to
this subject (Adler and de la Pena-Moctezuma 20 IO; Bharti et al. 2003; Hartskecrl et al. 2011; Ko ct al.
2009; Levett 2001; McBride et al. 2005).
Fig. I

Factors contributing to leptospirosis. Development of leptospirosis
, depends on three types of factors (epidemiology, host, and
/ pathogen) and their interactions. Epidemiologic factors include
sanitation, housing, rainfall, and whether flooding occurs ....

1 Epidemiology and Surveillance

Goto:

1.1 Sources of Infection

Pathogenic leptospires are widespread in nature, reflecting maintenance in the kidneys of many wild
and domestic reservoir hosts. The leptospiral life cycle involves shedding in the urine, persistence in the
ambient environment, acquisition of a new host, and hematogenous dissemination to the kidneys
through the glomerulus or peritubular capillaries. Once leptospires gain access to the renal tubular
lumen of the kidney, they colonize the brush border of the proximal renal tubular epithelium, from
which urinary shedding can persist for long periods of time without significant ill effects on the
reservoir host. For this reason, leptospiral infection of the reservoir host can be considered a comm ens al
relationship (Fig. 1).
Small mammals are the most important reservoirs, with large herbivores as additional significant
sources of infection. Pathogenic Leptospira species have been isolated from hundreds of mammalian
species, including bats and pinnipeds (see the chapter by W.A. Ellis, this volume). In addition,
leptospires have been recovered from poikilothermic animals such as frogs and toads, and it is possible
that these animals play a role in the circulation of leptospirosis in the environment, although they may
not be significant reservoirs of human infection. Only a few studies have reported isolation of
leptospires from amphibians (Babudieri et al. 1973; Everard et al. 1988; Gravekamp et a I. 1991 ).
However, the results justify further attempts to understand the role of amphibians in maintaining
leptospires in nature (Adler and de la Peiia-Moctezuma 201 O; Bharti et al. 2003; Harts keerl et al. 2011;
Ko et al. 2009; Levett 200 I; Mc8rid1; et al. 2005; Felzemburgh et nl. 2014).
Leptospirosis is primarily a zoonosis, with humans serving as accidental hosts. However, it is worth
noting that transient leptospiral shedding does occur during human infection and human-to-human
infection, although extremely rare, has occurred through sexual intercourse (Doel eman 1932; Harrison
and Fitzgerald 1988) and during lactation (Bolin and Koellner 1988). Transplacental transmission may
occur if infection occurs during pregnancy, resulting in abortion (Chum.!. et al. 1963) or still birth
(Coghlan and Bain 1969; Faine et al. 1984).
1.2 Transmission

Portals of entry include cuts and abrasions or mucous membranes such as the conjunctiva!, oral, or
genital surfaces. Exposure may occur through either direct contact with an infected animal or through
indirect contact via soil or water contaminated with urine from an infected animal. Individuals with
occupations at risk for direct contact with potentially infected animals include veterinarians, abattoir
workers, farm workers (particularly in dairy milking situations), hunters and trappers, animal shelter
workers, scientists, and technologists handling animals in laboratories or during fieldwork. The
magnitude of the risk depends on the local prevalence of leptospiral carriage and the degree and
frequency of exposure. Most of these infections are preventable by the use of appropriate personal
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protective equipment such as rubber boots, gloves, and protective eyewear. Since many of these
infections are covered by occupational health and safety regulations, local risk assessments and training
are essential (Steneroden et ul. 201 I).
Indirect contact with water or soil contaminated with leptospires is much more common, and can be
associated with occupational, recreational, or avocational activities. In addition to the risks associated
with outdoor work listed above, sewer work, military exercises, and farming in high rainfall tropical
regions are recognized; the latter is by far the most important numerically. Agricultural workers at risk
for leptospirosis include rice field workers, taro farmers, banana farmers, and sugar cane and pineapple
field harvesters (Levett 200 I). These occupations involve activities likely to result in exposure of cuts
and abrasions to soil and water contaminated with the urine of rodents and other animals attracted to
food sources. For example, banana workers accounted for two-thirds of the rep011ed leptospirosis cases
in a tropical region of Queensland, Australia (Smvthe et al. 1997).
Recreational exposures include all freshwater water sports including caving (Self et al. 1987), canoeing
(Waitkins 1986), kayaking (Jevon et al. I986; Shaw 1992), rafting (Wilkins et al. 1988), and triathlons
(Mor!.!an el' al. 2002; Sejvar et al. 2003). The importance of this type of exposure has increased over the
past 20 years as the popularity of adventure sports and races has increased, and also because the relative
cost of travel to exotic destinations has decreased (Lau et al. 20 IOa). Competitive events create the
potential for large outbreaks; 80 and 98 leptospirosis cases occurred as pat1 of the 2000 Eco-challenge
competition (fig. 2a) (Sejvar et al. 2003) and 1998 Springfield triathlon (Morga n et al. 2002),
respectively. Participants in international events may become ill after having returned home, often to
multiple destination countries, which complicates recognition and investigation of outbreaks. In many
series, the incidence of leptospirosis is much higher in males than females (Everard et al. I992; GuerraSilve ira and Abad-Franch 201 3; Katz et al. 2011 ). However, it seems likely that gender differences in
leptospirosis incidence are due entirely to exposure-related bias, as repo11s of leptospirosis outbreaks
related to athletic events where males and females have similar levels of exposure have found no
significant effects of gender on development of illness (Morgan et al. 2002; Sejvar et al. 2003).
Fig. 2
Epidemiologic settings for leptospirosis. a A high proportion of
contestants in the 2000 Eco-Challenge multisp011 race held in
Malaysian Borneo developed leptospirosis. Of 189 pai1icipants
contacted by the Centers for Disease Control, 80 (42 %) met the ...

Avocational exposures are by far the most important exposures, affecting millions of people living in
tropical regions. As illustrated in Fig. 2b, lack of adequate sanitation and poor housing combine to
exacerbate the risk of exposure to leptospires in both rural and urban slum communities (Bharti et al.
2003; Fclzemburgh et al. 201 4; Hotez et al. 2008; Reis et al. 2008). The role of poor housing is also
suggested by the study of Maciel et al. ('.W08), which showed a greatly increased risk (odds ratio 5.29)
of leptospirosis exposure among individuals who live in the same household as a leptospirosis patient.
These factors are most likely surrogates for rat exposure, as proximity to uncollected trash and sighting
ofrats increased the risk of leptospirosis among residents of urban slums (Reis et al. 2008). The
recognition of large outbreaks following excess rainfall events (Ah ern et al. 2005; Dechet et al. :w I2;
Ko et al. 1999; Zaki and Shieh 1996) led to the labeling of leptospirosis as an emerging infectious
disease two decades ago (Levett 1999). More recently, the interaction of urbanization and climate
change has been identified as a significant risk for both increased incidence and increasing frequency of
outbreaks of leptospirosis (Lau et al. 201 Ob). The need for interdisciplinary research to understand the
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effects of anthropogenic change and its effect on the epidemiology of leptospirosis has been proposed
(Vinetz et al. 2005).
1.3 Global Burden of Disease

Early studies of leptospirosis incidence concentrated on occupational disease, primarily in developed
countries related to leptospirosis in livestock animals (Alston and Broom 1958; Faine et al. 1999). As
the importance of the disease in tropical countries became better recognized, guidelines were developed
for the diagnosis and control of leptospirosis (Faine 1982). As diagnostic methods became more widely
available, numerous epidemiologic studies were reported from many countries. An initial attempt to
gather global data on the incidence of leptospirosis was published over 15 years ago (WHO 1999).
Based on global data collected by International Leptospirosis Society surveys, the incidence was
estimated to be 350,000-500,000 severe leptospirosis cases annually (Ahmed et al. 2012). Despite these
efforts, the global burden of leptospirosis was felt to be largely underestimated for a number of reasons,
including the fact that the vast majority of countries either lack a notification system or notification is
not mandatory (Ahmed et al. 2012). To address these shortcomings, the WHO established the
Leptospirosis Burden Epidemiology Reference Group (LERO) (Abela-Ridder et al. 2010). The LERO
met for the first time in 2009 and for a second time in 2010. The specific objectives of the second
LERO meeting were: (1) To review and appraise the revised systematic review of mortality, morbidity,
and disability from human leptospirosis; (2) To review a draft disease transmission model for
leptospirosis and provide technical input for the further development and refinement of the model; (3)
To assemble preliminary estimates of the disease burden; (4) To identify gaps in knowledge and
research; and (5) To advise WHO on the next steps for estimation of the burden of human leptospirosis
and the implications for policy. The resulting LERO report included a systematic literature review that
estimated the overall global annual incidence of endemic and epidemic human leptospirosis at 5 and 14
cases per 100,000 population, respectively (WHO 2011 ). Endemic human leptospirosis rates varied by
region from 0.5/100,000 population in Europe to 95/100,000 population in Africa.

2 Pathology

Goto:

The first step in the pathogenesis of leptospirosis is penetration of tissue barriers to gain entrance to the
body. Potential portals of entry include the skin via a cut or abrasion and the mucous membranes of the
conjunctivae or oral cavity. The importance of the oral mucosa as a portal of entry is indicated by a
number of studies that found that swallowing while swimming in contaminated water is a risk factor for
infection (Corwin et al. 1990; Lingappa et al. 2004; Stern et al. 201 O).
The second step in pathogenesis is hematogenous dissemination. Unlike other pathogenic spirochetes
such as B. burgdorferi and T. pa/lidum, which cause skin lesions indicating establishment of infection
in the skin, pathogenic leptospires make their way into the bloodstream and persist there during the
leptospiremic phase of the illness. Results from inoculation of blood into leptospiral medium and
detection of leptospiremia by quantitative PCR are more likely to be positive during the first 8 days of
fever (Agampodi et a1. 2012) prior to antibody fonnation and clearance of organisms from the
bloodstream. Quantitative PCR has documented leptospiremia levels as high as 106/ml of blood
(Agampodi et al. 2012), which is similar to the burden of spirochetes seen in the blood of patients with
relapsing fever (Stoenner et al. 1982). Levels of> 104 leptospires/ml in the bloodstream have been
associated with severe outcomes (Segura et al. 2005; Trucco lo et al. 2001), although a more recent
larger study suggests that leptospires with lower virulence may be able to achieve even higher
leptospiral bloodstream burdens without causing severe complications {Agampodi et al. 2012).
The levels ofbacteremia that occur during leptospirosis are similar to those found in infections caused
by the relapsing fever Borre/iae (Stoenner et al. 1982), and very different from those found in
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bacteremia caused by E.coli and other Enterobacteriaceae, in which concentrations are typically <1
cfu/ml (Yagupsky and Nolte 1990). Part of the explanation for these differences is the human innate
immune response. Human TLR4 is able to detect E. coli lipopolysaccharide (LPS) at extremely low
concentrations, but is unable to recognize leptospiral LPS (Werts et al. 200 I). A likely explanation for
this difference in reactivity of human TLR4 is structural differences between the lipid A component of
E. coli and leptospiral LPS; leptospiral LPS has a unique methylated phosphate residue not found in any
other form of lipid A (Oue-Gewirth et al. 2004). In contrast to human TLR4, mouse TLR4 is able to
recognize leptospiral LPS <Nahori et al. 2005), suggesting that the murine innate immune response is
adapted to leptospiral infection. This notion is consistent with differences in the pathogenesis of
leptospirosis between humans and mice; humans are accidental hosts that experience potentially fatal
outcomes and rarely transmit infection, while mice are resistant to fatal infection and serve as natural
reservoirs.
The importance of TLR4 in determining the outcome of infection was demonstrated in studies showing
that young (but not adult) C3H/HeJ mice lacking TLR4 are susceptible to lethal infection with L.
interrogans (Viriyakosol et al. 2006). However, TLR4 is only one component of the innate immune
response to leptospirosis. Both human and mouse TLR2 are able to recognize the polysaccharide or
2-keto-3-deoxyoctonoic acid (KDO) component of leptospiral LPS (Nahori et al. 2005; Werts 2010).
Only when both TLR4 and TLR2 are mutated do adult C57BL/6 J mice experience lethal leptospirosis
infections (Nahori et al. 2005). Presumably, TLR2 and other innate immune response mechanisms are
responsible for the host response to leptospiral infection that leads to symptoms of disease. TLR2,
TLR4, and TLR5 have been shown to be required for virulent leptospires to induce expression of the
cytokines IL-6 and TNF-alpha in whole blood (Goris et al. 201 la).
When high levels of leptospiremia occur during infection, innate immune mechanisms eventually
trigger tissue-based and systemic responses to infection that lead to severe outcomes such as a sepsis·
like syndrome or organ failure. Patients with severe leptospirosis have evidence of a "cytokine storm"
with higher levels of IL-6, TNF-alpha, and a number of other cytokines than patients with mild disease
(Reis et al. 2013). In particular, IL-6 and IL-10 levels were independent predictors of death, suggesting
that overproduction of IL- I 0 may inhibit a protective Thi immune response. Superantigen stimulation
of nonspecific T cell activation may also play a role in human leptospirosis. A study of athletes
participating in the Springfield triathalon found that the human leukocyte antigen (HLA) DQ6 was an
independent risk factor for development of leptospirosis after exposure to lake water contaminated with
virulent leptospires (Lingappa et al. 2004). The structural location ofHLA-DQ6 polymorphisms
associated with disease suggested a superantigen mechanism for this HLA-dependent susceptibility
(Lingappa et al. 2004), although the identity of any such antigen(s) remains unknown.
The liver is a major target organ in leptospirosis. Pathology reports from autopsy specimens from fatal
cases of leptospirosis have reported congested sinusoids and distention of the space of Disse, located
between the sinusoids and hepatocytes (Arean 1962). Immunohistochemistry studies have documented
large numbers of leptospires between hepatocytes in animal models. A recent, elegant study has
documented leptospiral infiltration of Disse's space and preferential leptospiral attachment to and
invasion of the perijunctional region between hepatocytes (Miyahara et al. 2014). Additionally,
hepatocyte apoptosis has been documented in leptospirosis (Merien et al. 1998). Together,
hepatocellular damage and disruption ofhepatocyte intercellular junctions (Fig. 3a) leads to leakage of
bile from bile canaliculi into sinusoidal blood vessels, which accounts for the elevated levels of direct
bilirubin seen in icteric forms of leptospirosis. Occasionally, elevation of indirect bilirubin levels may
also occur in the setting of leptospirosis-induced hemolysis (A vdeeva et al. 2002).
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Histopathology of leptospirosis. a Histology of the liver typically
shows lack of the normal adhesion between hepatocytes, a
hallmark of the disease (photograph credit Thales De Brito). b
Typical renal histopathology showing acute tubular necrosis and ...

Pathological changes in the Jung are extremely common in leptospirosis. In the 1962 study of fatal
leptospirosis cases by Arean, all 33 cases were found to have pulmonary petechiae on the pleural
surfaces and 60 % of patients had gross hemorrhage on the cut surfaces of the lungs (Arean 1962).
Histologically, hemorrhage was found to occur in both the alveolar septa and intra-alveolar spaces
(Arean 1962). A recent Brazilian study of patients with severe pulmonary hemorrhage syndrome
(SPHS) pe1formed immunohistochemistry on pulmonary tissue and found finely granular material
representing leptospiral antigen within macrophages in septa and alveoli (Silva et al. 2002b). The
guinea pig model of leptospirosis replicates the pulmonary hemorrhage seen in humans and studies of
this animal model also revealed extensive deposition of immunoglobulin and complement along the
alveolar basement membrane (Nallv et al. 2004). Petechiae and hemorrhage are noted in a number of
different organs beside the lungs and may be related, at least in part, to the coagulation abnormalities
associated that frequently occur in severe leptospirosis (Wagenaar et al. 20 I 0). The concept that SPHS
is a manifestation of severe systemic disease rather than a strictly pulmonary problem is consistent with
the finding that risk factors for SPHS include not only the respiratory rate but also hypokalemia,
elevated serum creatinine, shock, and the Glasgow Coma Scale Score (Marotto et al. 20 I0).
Renal involvement varies in severity from mild nonoliguric renal dysfunction to complete renal failure,
a hallmark of Weil's syndrome. The polyuria observed in mild leptospirosis appears to be due to
reduced expression of the sodium-hydrogen exchanger 3, resulting in decreased reabsorption of sodium
and fluid by the proximal tubule (Araujo et al. 20 I0). The histologic changes vary in intensity and
typically involve tubular changes and interstitial nephritis (Fig. 3b). Tubular damage includes thinning
and/or necrosis of the tubular epithelium and distention of the tubular lumen with hyaline casts and
cellular debris (Arean 1961). In the reservoir host, the tubular lumen is a key site of colonization in the
leptospiral life cycle and immunohistochemistry can show large numbers of organisms attached to the
brush border of proximal tubular epithelium. In humans, an inflammatory response is triggered by
recognition of leptospiral lipoproteins such as LipL32 by TLR2 on renal tubular epithelial cells,
resulting in induction of nitric oxide synthase (iNOS) and monocyte chemoattractant protein- I (Yang ct
al. 2006). Tubular inflammation results in interstitial nephritis characterized by edema and infiltration
with lymphocytes, monocytes, and plasma cells, and occasionally neutrophils (Arean 1962; Sitprija and
Evans 1970). This interstitial nephritis increases in extent and intensity during the first 2 weeks of
illness. Most patients with acute renal failure due to leptospirosis who survive regain normal renal
function. However, some patients have persistent renal dysfunction associated with tubular atrophy and
interstitial fibrosis on kidney biopsy (Herath et al. 2014).

3 Clinical Features

Go to:

Leptospirosis ranges in severity from a mild, self-limited febrile illness to a fulminant life-threatening
illness. When illness occurs, a broad array of organ systems may be involved, reflecting the systemic
nature of the infection. As a result, the signs and symptoms of leptospirosis are protean and frequently
mistaken for other causes of acute febrile syndrome.
3.1 Incubation Phase
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The incubation phase from exposure to onset of symptoms averages from 7 to 12 days, though it can be
as short as 3 days or as long as a month. The remarkable variability in the duration of the incubation
phase is evident in the 6-29 day lag between exposure and onset of symptoms among 52 athletes who
developed laboratory-confirmed leptospirosis after participating (all on the same day) in the Springfield
Triathalon (Morgan ct al. 2002).

3.2 Presentation
Patients typically present with sudden onset of fever, chills, and headache. These signs and symptoms
are nonspecific and also occur with other causes of acute febrile syndrome that, depending on the
setting, could also be caused by influenza, dengue fever, or malaria. The headache is often severe and
has been described as a bitemporal, frontal throbbing headache accompanied by retro-orbital pain and
photophobia.
Muscle pain and tenderness is common and characteristically involves the calves and lower back. A tipoff to identification of leptospirosis is conjunctival suffusion (dilatation of conjunctiva! vessels without
purulent exudate), which occurs frequently in leptospirosis, but is uncommon in other infectious
diseases. Additional ocular findings typically include subconjunctival hemorrhages and icterus (
Fif!. 4a). Rash is uncommon in leptospirosis and when it occurs in the setting of an acute febrile illness,
may suggest an alternative diagnosis such as dengue or chikungunya fever (Buti et al. 2012; Zaki and
Shanbm! 20 I0). An erythematous rash limited to the pretibial areas of both legs appearing on about the
fourth day of illness was a feature of an outbreak of"Fo1t Bragg Fever" which also included headache,
malaise, and splenomegaly among soldiers in North Carolina, the etiology of which was later
determined to be L. interrogans serovar Autumnalis (Gochenour et al. 1952).
Fig. 4
Clinical presentation of leptospirosis. a Subconjunctival
hemorrhages and icterus in a 37-year-old man who kept pet rats
presented with sudden onset of fever, myalgia, and severe
headache. On admission he had abnonnal liver and kidney
function. Serological ...

A nonproductive cough has been noted in 20-57 % of leptospirosis patients and can potentially lead
clinicians to incorrectly diagnose the patient with influenza or another respiratory illness.
Gastrointestinal symptoms are frequently observed, and may include nausea, vomiting, diatThea, and
abdominal pain. Nausea and other gastrointestinal symptoms may contribute to dehydration in patients
with high-output nonoliguric renal failure caused by leptospirosis. The a.bdominal pain may be due to
acalculous cholecystitis and/or pancreatitis. In patients admitted to the hospital for leptospirosis,
abdominal pain associated with abnormal serum amylase and/or lipase levels is relatively common
(O'Brien et al. 1998). It should be kept in mind that impaired renal function alone can elevate
pancreatic enzyme levels when the creatinine clearance is less than 50 ml/min (Collen ct al. 1990).
While most cases of pancreatitis due to leptospirosis are self-limited, some cases are more severe and
associated with fatal outcomes (Spichler et al. 2007).
Severe Ieptospirosis is characterized by dysfunction of multiple organs including the liver, kidneys,
lungs, and brain. The combination of jaundice and renal failure, known as Weil's disease, was first
described in 1886 (Weil I 886) and remains one of the most clinically recognizable forms of
leptospirosis (see the chapter by B. Adler, this volume). Evidence of organ dysfunction indicates a more
advanced stage of infection, yet may develop suddenly and be present in a large percentage of patients
at the time of presentation.
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Leptospirosis patients are typically found to have mild to moderate elevations in levels of liver
transaminases and direct (conjugated) bilirubin. The frequency of jaundice varies widely among case
series, perhaps due in part to the virulence of the causative organism. Katz et al. (200 I) found a strong
association between infection with the Icterohaemorrhagiae serogroup and jaundice and elevated
bilirubin levels. Acute hemolytic anemia can contribute to jaundice which, not surprisingly, is more
common in leptospirosis patients with glucose-6-phosphate dehydrogenase deficiency (A vdeeva et al.
2002). Such patients have a higher percentage of unconjugated (i.e., indirect) bilirubin. Many patients
have leukocytosis and thrombocytopenia, though usually not to the extent that would cause spontaneous
hemorrhage. Leukopenia in the setting ofthrombocytopenia and anemia can suggest bone marrow
suppression.
Clinical signs of bleeding are common and occur in the majority of patients with severe leptospirosis.
Most bleeding manifestations are mild, including petechiae, ecchymoses, and epistaxis. However, some
patients have severe gastrointestinal (melena or hematemesis) or pulmonary hemorrhage.
Thrombocytopenia frequently occurs, although usually not to the extent that would cause spontaneous
hemorrhage. In a study of severe leptospirosis performed in the Netherlands, all patients had
coagulation disorders, including prolongation of the prothrombin time (PT) and the length of the PT
was associated with severe bleeding manifestations (Wagenaar et al. 20 I 0).
The kidney is a major target organ in leptospirosis, perhaps due to the intrinsic renal-tropic homing
ability of leptospires in their reservoir hosts. The kidneys are commonly involved, as manifested by
elevations in serum blood urea nitrogen and creatinine levels and findings on urinalysis of pyuria,
hematuria, and elevated urine protein levels (Katz et al. 200 I). Leptospirosis causes a unique
nonoliguric potassium wasting nephropathy characterized by impaired sodium reabsorption and
potassium wasting (Seguro et al. 1990). When poor oral intake due to nausea and high-output renal
failure combine to cause dehydration, patients are at risk of oliguria and renal failure, a frequent cause
of death in areas where peritoneal or hemodialysis is not available.
Progression to severe leptospirosis and circulatory collapse may be accompanied by acute respiratory
distress syndrome (ARDS). As in other causes of ARDS, leptospirosis causes diffuse lung injury
characterized by impaired gas exchange and the need for mechanical ventilation. Massive hemoptysis,
representing extensive alveolar hemorrhage, is an ominous complication of leptospirosis associated
with fatality rates >50 % (Gouveia et al. 2008). Pulmonary hemorrhage associated with leptospirosis
was first reported in Switzerland in 1943 (Moeschlin 1943), and since then has been reported with
increasing frequency from a variety of locations (Park et al. 1989). Leptospirosis-associated severe
pulmonary hemorrhage syndrome (SHPS) can occur sporadically or in outbreaks that can be confused
clinically with viral pneumonitis (Sehgal et aJ. 1995; Trevejo et al. 1998). For example, a 1995 outbreak
of SPHS that occurred after heavy rainfall and flooding in Nicaragua was initially thought to be due to
hantavirus pulmonary syndrome until silver staining and immunohistochemistry of postmortem lung
tissue revealed leptospires {Trevejo et al. 1998). SPHS can present as hemoptysis associated with cough
or may be discovered after patients undergo pulmonary intubation (Yersin et al. 2000). Chest
radiographs show diffuse alveolar infiltrates (Fig. 4b). Epidemiologic evidence suggests that SPHS may
be a relatively new problem, suggesting emergence of a new clone of L. interrogans with enhanced
virulence. However, it is also possible that SPHS is an old problem that is finally being recognized and
documented.
As noted above, headache is frequently severe and when accompanied by meningismus may prompt
performance of lumbar puncture. Typical findings on CSF examination include a lymphocytic
predominance with total ce11 counts of up to 500/mm3, protein levels between 50 and 100 mg/mL, and
normal glucose levels, consistent with aseptic meningitis {Bennan et al. 1973). Depending on the
epidemiologic setting, leptospirosis may be a predominant cause of aseptic meningitis in some areas
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(Silva et aJ. 2002a). Patients with aseptic meningitis due to Ieptospirosis may be anicteric, making the
diagnosis more challenging (Benn an et al. 1973; Karande et al. 2005). In severe leptospirosis, altered
mental status may be an indicator of meningoencephalitis. A variety of other neurologic complications
may also occur including hemiplegia, transverse myelitis, and Guillain-Barre syndrome (Levett 200 l).

3.3 Risk Factors for Morbidity and Mortality
In an active surveillance study of 326 cases of leptospirosis in Salvador, Brazil, the strongest
independent predictor of a fatal outcome was altered mental status (odds ratio 9.12), which typically
began with confusion and obtundation without focal neurologic signs (Ko et al. 1999). Other
independent risk factors for death identified in the Salvador study included oliguria (odds ratio 5.28),
age over 36 years (odds ratio 4.38), and respiratory insufficiency (2. 56) (Ko et a1. 1999). The risk of a
fatal outcome increases with increased age; compared to individuals aged 19-29, the increased risk of
death rose from 3.7-fold for 4Q-49 year olds to 7.3-fold among those 60 or older (Lopes et al. 2004).
Lung involvement, as indicated by dyspnea (odds ratio 11.7) or alveolar infiltrates on chest X-ray (odds
ratio 7.3), was found to be associated with mortality in a retrospective study of 68 leptospirosis cases at
Pointe-a-Pitre Hospital in the French West Indies, along with oliguria (odds ratio 9), repolarization
abnormalities on electrocardiogram (odds ratio 5.95), and a white blood count> 12,900/mm3 (odds ratio
2.54) (Dupont et al. 1997). A retrospective review of leptospirosis cases associated with an outbreak of
leptospirosis in India identified pulmonary involvement and altered mental status as independent
predictors of death (Pappachan et al. 2004). Additional poor prognostic signs identified in other studies
include acute renal failure, hypotension, and arrhythmias (Daher et al. 1999; Panaphut et al. 2002).
3.4 Recovery Phase
With proper supportive care (see Management below), most leptospirosis patients recover completely
(Spichler et al. 2011). Patients with acute renal failure who require dialysis typically regain most of
their renal function, although there may be evidence of persistent mild renal impainnent (Covic et al.
2003). In addition, there is growing recognition that many patients suffer from chronic postleptospirosis
symptoms. In a recent study of laboratory-confirmed leptospirosis patients in the Netherlands, 30 % of
patients experienced persistent complaints after acute leptospirosis (PCAC) characterized by fatigue,
myalgia, malaise, headache, and weakness (Goris et al. 2013a). Of patients with PCAC, 21 % reported
that their complaints lasted for more than 24 months.
Ocular involvement in the form ofuveitis is well-known to occur during the convalescent phase of
leptospirosis. Eye involvement ranges in severity from insidious onset of mild anterior uveitis to acute,
severe panuveitis involving the anterior, middle, and posterior segments of the eye (Rathinam 2005).
Leptospiral uveitis may occur either as a single, self-limited event or as a series of recurrent episodes,
which appears to occur more frequently in patients with severe uveitis. In one study, 80 % of patients
had Ieptospiral DNA in the aqueous humor, detected by PCR (Chu et al. 1998). However, the relative
contributions of infection and autoimmunity are uncertain. There are parallels between recurrent uveitis
in humans and equine recurrent uveitis (ERU) and autoimmunity to lens proteins has been suggested to
play a role in ERU (Venna et al. 20 I0).

4 Diagnosis

Goto:

Diagnosis of leptospirosis may be accomplished by direct detection of the organism or its components
in body fluid or tissues, by isolation of leptospires in cultures, or by detection of specific antibodies
(Hartskeerl et al. 2011; Schreier et al. 2013). The collection of appropriate specimens and selection of
tests for diagnosis depend upon the timing of collection and the duration of symptoms (Eig2). For
detailed descriptions of historical methods see the following publications (Faine et al. 1999; Gal ton
1962; Levett 2001; Sulzer and Jones 1978; Turner t 968, 1970; Wolff 1954).
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Fig. 5
Biphasic nature of leptospirosis and relevant investigations at
different stages of disease. Specimens I and 2 for serology are
acute-phase specimens, 3 is a convalescent-phase sample which
may facilitate detection of a delayed immune response, and 4 •••

4.1 Molecular Diagnosis

Leptospiral DNA has been amplified from serum, urine, aqueous humor, CSF, and a number of organs
post mortem (Levett 2004 ). Conventional PCR and other assays such as LAMP and NASBA were
reviewed recently (Ahmed et al. 2012) and will not be discussed further. Many quantitative PCR assays
have been described, which target a number of different genes (Ahmed et al. 2009; Merien et al. 2005;
Palaniappan et al. 2005; Smythe et al. 2002; Stoddard et al. 2009). Assays developed for diagnostic use
can be considered in two broad categories, targeting either housekeeping genes, such as rrs, gyrB, or
secY, or pathogen-specific genes such as lipL32, Jig, or ljbl (Ahmed et al. 2012). Examples of these two
types of quantitative assay were evaluated in a large case-control study in a high-prevalence population
in Thailand (Thaipadunpanit et al. 2011), that confmned earlier reports that PCR detection in blood
samples collected at admission to hospital was more sensitive than culture, but serology using the
microscopic agglutination test (MAT} ultimately detected more cases (Brown et al. 1995). Real-time
PCR assays have been used to quantify the bacterial load in Jeptospirosis (Agampodi et al. 2012; Segura
et al. 2005; Tubiana et al. 2013).
A limitation of PCR-based diagnosis of leptospirosis is the current inability of PCR assays to identify
the infecting serovar. While this is not significant for individual patient management, the identity of the
serovar has both epidemiological and public health value. Serovar identification requires isolation of
the infecting strain from patients or carrier animals. However, whole genome sequencing has recently
been applied to the diagnosis of neurological leptospirosis (Wilson et a1. 2014) and it is probable that
direct serovar identification will be possible in the near future, limited only by the quality of sequences
obtained from specimens.
4.2 Isolation and Identification of Leptospires

Culture of leptospires requires specialized media (see the chapter by C.E. Cameron, this volume).
Leptospires can be recovered from humans during the acute phase of the illness and during the socalled immune phase. Leptospiremia occurs during the first stage of the disease, beginning before the
onset of symptoms and has usually declined by the end of the first week of the acute illness. Timing of
culture of different specimens depends upon an accurate date of onset of symptoms, so a careful history
is essential. Blood cultures should be taken as soon as possible after the patient's presentation. One or
two drops of blood are inoculated into 5-10 ml semisolid or liquid medium at the bedside (Turner
J 970). Multiple cultures yield higher recovery rates, but this is rarely possible. Inoculation of media
with dilutions of blood samples may increase recovery (Sulzer and Jones 1978). Leptospires have been
shown to survive in commercially available conventional blood culture media for periods of time
ranging from 48 h to 4 weeks (Palmer and Zochowski 2000). Blood cultures with no growth can be
used to inoculate leptospiral culture medium (Turner 1970).
Other samples that may be cultured during the first week of iJlness include CSP and peritoneal
dialysate. Urine should be cultured from the beginning of the second week of symptomatic illness. The
duration of urinary excretion varies, but may be several weeks (Bal et al. 1994). Survival of leptospires
in voided human urine is limited, so urine should be collected into sterile phosphate buffered saline
(Turner 1970). Contamination of urine cultures is a major problem and the use of selective media
containing S-fluorouracil or other antimicrobial agents (see the chapter by C.E. Cameron, this volume)
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is strongly recommended. Cultures are incubated at 28-30 °C and examined weekly by dark field
microscopy, forup to 13 weeks.
Isolated leptospires are identified either by serological methods, or more recently, by molecular
techniques. Traditional methods relied on cross-agglutinin absorption (Dikken and Kmetv 1978). The
number of laboratories which can perfonn these identification methods is small. Monoclonal antibodies
are available for identification of many, but not all, serovars (Korver et al. 1988). The limitations of
these approaches are discussed by Hartskeerl and Smythe (see the chapter by R.A. Hartskeerl and L.O.
Smythe, this volume).
Molecular methods for identification and subtyping have been studied extensively. Increasingly,
sequence-based identification of Leptospira is becoming the standard (Ahmed et al. 2012) and this can
be perfonned on the products of diagnostic PCR (Ganoza et al. 20 IO; Perez and Goarant 20 I0). Pulsedfield gel electrophoresis (PFGE) has been shown to identify most serovars (Galloway and Levett 20 l O;
Herrmann et al. 1992), but complements, rather than replaces, serological identification (Ahmed et al.
2012). Identification of serovars by whole genome sequencing will likely become standardized in the
near future (Ahmed et al. 2012).
Strain subtyping for epidemiological purposes can be accomplished by simple methods using restriction
enzymes or variations of PCR conditions that can generate banding patterns that allow strains to be
differentiated (Ahmed et al. 2012). However, reproducibility is poor, particularly between laboratories.
More recently, sequence-based methods such as MLVA (Pavan et al. 2008; Salaun et al. 2006; Slack et
al. 2005) and MLST (Ahmed et al. 2006, 2011; Boonsilp et al. 2013; Leon et al. 2009; Tbaipadungpanit
et al. 2007) have been applied. These methods are reproducible and can yield significant infonnation at
a subserovar level (Boonsilp et al. 2013). MLST data can be analyzed online (http://leptospira.mlst.net).
4.3 Serological Diagnosis

Most cases of leptospirosis are diagnosed by serology, because capacity for culture and PCR is limited.
lgM antibodies are detectable in the blood 5-7 days after the onset of symptoms. Serological methods
can be divided into those which are genus-specific and those which are serogroup-specific. The use of
agglutination tests was described soon after the first isolation of the organism and the microscopic
agglutination test remains the definitive serological investigation in both human and animals.
4.3.1 Microscopic Agglutination Test In the microscopic agglutination test (MAT), patients' sera are

reacted with live antigen suspensions of leptospiral serovars. After incubation, the serum/antigen
mixtures are examined microscopically for agglutination and the titers are determined. The MAT can be
a complex test to control, perfonn, and interpret (Turner 1968). Live cultures must be maintained of all
the serovars required for use as antigens. The range of antigens used should include serovars
representative of all serogroups (Faine t 982; Turner 1968) and locally common serovars (Torten 1979).
A wide range of antigens is used in order to detect infections with uncommon, or previously
undetected, serovars (Katz et a1. 1991 ). The MAT is a serogroup-specific assay and cannot be relied
upon to detect the infecting serovar (Levett 2003; Murray et al. 2011; Smythe et al. 2009).
The MAT is read by dark field microscopy. The endpoint is the highest dilution of serum in which 50
% agglutination occurs. Because of the difficulty in detecting when 50 % of the leptospires are
agglutinated, the endpoint is detennined by the presence of approximately 50 % free, unagglutinated
leptospires, by comparison with the control suspension (Faine 1982). Considerable effort is required to
reduce the subjective effect of observer variation, even within laboratories.
Interpretation of the MAT is complicated by the high degree of cross-reaction that occurs between
different serogroups, especially in acute-phase samples. Patients often have similar titers to all serovars
of an individual serogroup, but "paradoxical" reactions, in which the highest titers are detected to a
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serogroup unrelated to the infecting one, may also occur (Alston and Broom 1958; Levett 200 I}, The
broad cross-reactivity in the acute phase, followed by relative serogroup specificity in convalescent
samples, results from the detection in the MAT of both IgM and IgG antibodies (Adler and Faine 1978).
Paired sera are required to confirm a diagnosis with certainty. A fourfold or greater rise in titre between
paired sera confinns the diagnosis, regardless of the interval between samples. The interval between
first and second samples depends very much on the delay between onset of symptoms and presentation
of the patient. If symptoms typical of leptospirosis are present, then an interval of 3-5 days may be
adequate to detect rising titers. However, if the patient presents earlier in the course of the disease, or if
the date of onset is not known precisely, then an interval of 10-14 days between samples is more
appropriate. Less often, seroconversion does not occur with such rapidity, and a longer interval between
samples (or repeated sampling) is necessary. MAT serology is insensitive in early acute-phase
specimens (Appassakii et al. 1995; Brandao et al. 1998; Cumberland et al. I 999). Moreover, patients
with fulminant Ieptospirosis may die before seroconversion occurs (Brown et al. 1995; Cumberland et
al. 1999; Ribeiro et al. 1994).
Acute infection is suggested by a single elevated titer detected in association with an acute febrile
illness. The magnitude of such a titer is dependent upon the background level of exposure in the
population, and hence the seroprevalence. The application of single titers for presumptive diagnosis has
been reviewed (Levett 2001) and will not be discussed further. Titers following acute infection may be
extremely high (~25,600) and may take months, or even years, to fall to low levels (Alston and Broom
1958; Blackmore et al. 1984; Cumberland et al. 2001; Lupidi et al. 1991; Romero et al. 1998). Rarely,
seroconversion may be delayed for many weeks after recovery, and longer serological follow-up will be
necessary to confirm the diagnosis.
The MAT is the most appropriate test to employ in epidemiological sero-surveys, since it can be
applied to sera from any animal species, and because the range of antigens utilized can be expanded or
decreased as required. It is usual to use a titer ~ 100 as evidence of past exposure (Faine 1982).
However, conclusions about infecting serovars cannot be drawn without isolates; MAT data can give
only a general impression about which serogroups are present within a population (Everard and Everard
1993).

4.3.2 Other Serological Tests Because of the complexity of the MAT, rapid screening tests for
leptospiral antibodies in acute infection have been developed. lgM antibodies become detectable during
the first week of illness, allowing the diagnosis to be confirmed and treatment to be initiated while it is
likely to be most effective. IgM detection has repeatedly been shown to be more sensitive than MAT
when the first specimen is taken early in the acute phase of the illness (Cumberland et al. 1999; Goris et
aJ. 2011 b; Ribeiro et al. 1994; Winslow et al. 1997).
Detection oflgM using ELISA has been employed widely, most often using antigen prepared from
cultures of L. bijlexa, although pathogenic species have also been used. Several products are available
commercially. Recombinant antigens have also been employed, but none has been evaluated widely
(Signorini et al. 2013). Specificity oflgM detection by ELISA is affected by the antigen used in the
assay, by the presence of antibodies due to previous exposure (in endemic regions}, and by the presence
of other diseases (Bajani et al. 2003).
More recently, lgM detection assays have been developed in several rapid test formats intended for use
in laboratories without extensive instrumentation, or potentially in field settings. These have included
two dipstick formats (Smits et al. 2000a; Levett and Branch 2002), latex agglutination (Smits et al.
2000b, 2001a), lateral flow (Smits et al. 2001b) and dual path platform (Nabity et al. 2012).
However, there are significant limitations to early diagnosis using any serological test (Goris et al.
201 Ib; Signorini et al. 2013) and testing of a second sample should be considered mandatory.
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Moreover, confinnation of rapid diagnostic test results by a reference test has been recommended
(Goris et al. 2013b).
4.3.3 Evaluation of Serological Tests Evaluation of serological tests for leptospirosis has been
problematic because there are few laboratories equipped to perform the definitive serological test
(MAT), and there are fewer laboratories with the capacity to isolate and identify leptospires from
patients. A large body of the literature consists of reports on studies that have been ill-designed and
which use less than perfect case definitions, leading to misleading estimates of sensitivity and
specificity. Ideally, new serological assays should be evaluated in clinical trials of consecutive patients
investigated using a case definition which includes both MAT and culture results, and which are
conducted in multiple regions, where different leptospiral serovars are prevalent and where the
differential diagnoses may vary widely (Smits et al. 2000a, Q). Assays may perfonn differently in
different populations (Oesakom et al. 2012; Levett and Branch 2002). Alternatively, well-designed
studies conducted in individual centers may be compared, providing the limitations of this approach are
recognized (Levett 200 I). Evaluations performed using collections of sera in reference laboratories may
be useful for detennining sensitivity of assays, but specificity is dependent upon the selection of
noncase sera representative both of other diseases and the normal population. Parallel studies in clinical
and reference settings may yield quite different results (Bajani et al. 2003; Hull-Jackson et al. 2006).

5 Management

Goto:

Most leptospirosis cases are mild and resolve spontaneously. Early initiation of antimicrobial therapy
may prevent some patients from progressing to more severe disease. Identification of leptospirosis in its
early stages is largely a clinical diagnosis and relies on a high index of suspicion based on the patient's
risk factors, exposure history, and presenting signs and symptoms. Rapid diagnostic tests for
leptospirosis are improving, but a negative result should not be relied on to rule out early infection. For
these reasons, empirical therapy should be initiated as soon as the diagnosis of leptospirosis is
suspected.
Therapy for patients with leptospirosis severe enough to merit hospitalization usually involves
intravenous penicillin (l.5 million units IV every 6 h}, ampicillin (0.5-1 g IV every 6 h), ceftriaxone (1
g IV every 24 h), or cefotaxime ( 1 g IV every 6 h). Ceftriaxone has been shown to be noninferior to
penicillin for serious leptospirosis (Panaphut et al. 2003) and in addition to once daily dosing has the
added benefit of intramuscular administration as an alternative to intravenous therapy in settings where
hospitalization is not possible. Adult outpatients with early disease should receive either doxycycline
100 mg orally twice per day or azithromycin 500 mg orally once per day. When the dosage is adjusted
for weight, either azithromycin or amoxycillin can also be given to pregnant women and children.
These recommendations are based on in vitro susceptibility data (Hospenthal and Murray 2003; Ressner
et al. 2008), animal studies (Alexander and Rule 1986; Truccolo et al. 2002), and clinical experience
including a randomized, placebo-controlled, double-blinded study which found that doxycycline
therapy shortened the duration of illness due to leptospirosis by 2 days and improved fever, malaise,
headache, and myalgias (McClain et al. 1984). Doxycycline treatment also prevented shedding of
organisms in the urine.
There are strong grounds for administering antibiotics as soon as possible to patients with risk factors
and clinical features of severe leptospirosis. A pJacebo-controlled trial of intravenous penicillin for
leptospirosis conducted in the Philippines found that penicillin shortened the duration of fever,
abnormal renal function, and hospitalization and prevented leptospiral shedding in the urine (Watt et al.
1988). A flaw in this study was that a number of patients in both groups had received antibiotics prior
to entry into the study. A second placebo-controlled study of intravenous penicillin for leptospirosis
patients was conducted in Barbados, most of whom were icteric. Although the Barbados study failed to
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show significant differences between the penicillin and placebo groups, patients receiving penicillin had
a lower mortality rate than patients receiving placebo (2.6 vs. 7.3 %, respectively) (Edwards et al.
1988). It can be difficult to demonstrate a beneficial effect of antibiotics in patients who have already
begun to experience some degree of organ dysfunction, which of course cannot be reversed with
antibiotics. As imperfect as these studies are, they are likely to be the only placebo-controlled studies
that will ever be conducted, given the ethical barriers to placebo-controlled studies involving lifethreatening illnesses caused by antibiotic-susceptible bacteria.
Severe leptospirosis is a medical emergency requiring both antibiotics and proper supportive therapy to
improve mortality rates. Patients with severe leptospirosis are frequently found to have a unique form
of potassium wasting high-output renal dysfunction (Abdulkader et al. 1996; Seguro et al. 1990). For
this reason, patients should receive intravenous hydration to correct dehydration and prevent oliguric
renal failure. Potassium supplementation should be included for patients with hypokalemia. When
oliguric renal failure occurs, early initiation of peritoneal or hemodialysis can be lifesaving and is
usually needed only on a short-term basis (Andrade et al. 2008). In a comparative study, prompt
initiation of daily dialysis in critically ill leptospirosis patients reduced mortality from 67 to 17 %
(Andrade et al. 2007). Patients with respiratory failure who require intubation typically have poor
pulmonary compliance (i.e., "stiff lungs") and have been found to benefit from ventilation with low
tidal volumes (<6 mL/kg) to reduce ventilation pressures, protect patients from alveolar injury, and
improve survival rates (Amato et al. J998).
5.1 Antimicrobial Susceptibilities

Leptospires are susceptible to P-lactams, macrolides, tetracyclines, fluoroquinolones, and streptomycin
(Alexander and Rule 1986; Faine et al. J 999). Problems in the determination of susceptibility include
the long incubation time required, the use of media containing serum, and the difficulty in quantifying
growth accurately. These constraints have limited the development of rapid, standardized methods for
susceptibility testing. Most studies have used a limited range of laboratory strains and/or a small
number of antimicrobial agents. However, microdilution methods have been described recently (Murray
et al. 2004; Ressner et al. 2008), which will facilitate the study oflarge numbers of isolates against a
wide range of antimicrobial agents, with the potential of identifying new agents for prophylaxis or
treatment of leptospirosis.
6 Prevention

Goto:

Strategies for prevention of leptospirosis are based on awareness of leptospirosis epidemiology and
transmission mechanisms, as presented earlier in this chapter. Once the local epidemiology and
transmission risks have been defined, it is possible to greatly mitigate risk by taking steps to reduce
exposure and implement protective measures, immunization, and pre- or postexposure
chemoprophylaxis.
From a global perspective, human leptospirosis is strongly linked to poverty wherever poor housing
standards and local infrastructure result in exposure to rodent reservoirs. Rodent abatement efforts may
have short-tenn benefit but rodenticides create risks for children and wildlife and are not good longterm solutions. Housing construction that prevents rodents from invading residential living spaces
greatly reduces risk. Flood control projects that prevent inundation of residential areas would greatly
reduce the potential for leptospirosis outbreaks. These measures are difficult to implement, but should
be recognized as an important part of an overall prevention strategy.
Occupational activities that put workers at risk through exposure to contaminated water or infected
animals should be identified. Personal protective equipment such as gloves, boots, goggles, and overalls
for workers in high-risk occupations are important to prevent exposure of mucous membranes and skin,
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but can be difficult to implement in hot and humid environments. Abrasions, cuts, and damaged skin
are particularly important as portals of entry. Walking barefoot and water sports in endemic areas are
notoriously high-risk activities. The 2001 Eco-challenge multi-sport competition in Borneo involving
jungle trekking and leach bites followed by prolonged emersion in the rain-swollen Segama River
resulted in an astounding 42 % attack rate and illustrates how endemic factors and susceptible hosts
combine to create high-risk exposures (Sejvar et al. 2003).
Source reduction through immunization of agricultural and companion animals with killed whole-cell
vaccines is an extremely important strategy for reducing the risk of human leptospirosis. Humans may
also become infected through exposure to acutely or chronically infected animals that are shedding
leptospires in their urine. Diagnosis and treatment of infected animals, and immunization of uninfected
companion and agricultural animals is another cornerstone of leptospirosis prevention and is covered in
chapter by W.A. Ellis, this volume.
6.1 Human Leptospirosis Vaccines

Immunization of humans with killed, whole-cell vaccines has generally been restricted to individuals in
high-risk occupations and in response to floods and epidemics. One of the first reports of human
Ieptospirosis immunization involved the vaccination of thousands of miners in Japan using a culturederived L. interrogans serovar lcterohaemorrhagiae vaccine (Wani 1933). Although local and
generalized reactions were common, a significant decrease in the incidence of leptospirosis among the
miners was observed. Immunization of large populations at risk of leptospirosis due to extensive
flooding has been performed in China (Chen 1985). A Cuban leptospirosis vaccine trial involving
> 100,000 persons reported that local pain and "general discomfort" were significantly greater than in a
control group given a recombinant hepatitis B vaccine (Martinez et al. 2004). The vaccine showed an
efficacy of >97 % against the prevalent local serovars. Concern over reactions to host proteins led to the
development of a leptospiral vaccine derived from leptospires grown in a chemically defined medium
(Shenberg and Torten 1973); however, growth in protein media is generally poorer and such media
have not gained widespread use.
Some of the most detailed safety and efficacy studies involved a leptospirosis vaccination program for
Parisian sewer workers. In response to a request by the City of Paris, the Pasteur Institute developed a
killed, whole-cell vaccine derived from L. interrogans serovar lcterohaemorrhagiae strain Verdun.
Mailloux et aJ. ( 1983) examined the safety of this vaccine and reported three systemic (nausea)
reactions and seven local reactions among 1,157 immunizations of 454 vaccines. Importantly, after the
vaccine was introduced in 1979, the incidence of Ieptospirosis dropped from 1.3 cases per year (29
cases from 1951 to 1979) to zero (no cases reported from 1981to1988) during a 7 year follow-up
period. The recommended vaccination protocol involves two booster doses after the initial
immunization followed by reimmunization every 2 years. More recent reports of safety and efficacy
have been published since the vaccine was marketed as Spirolept™ (Benbrick et al. 2001; Laurichesse et
al. 2007; Pouliguen and Catilina 2000).
As described in chapter by B. Adler, this volume, the active component of killed, whole-cell vaccines is
leptospiral LPS, a serovar-specific antigen (Chapman et al. 1990). LPS-based immunity is generally
considered to provide protection against homologous or closely related, but not heterologous, serovars.
For example, Fukumura ( 1984) reported that individuals immunized with a serovar Pyrogenes vaccine
were protected from infection by that serovar but not from serovars Autumnalis and Hebdomadis with
antigenically unrelated LPS, leading to development of a trivalent vaccine consisting of all three
serovars. Research on development of leptospirosis vaccines with a low side-effect profile that induce
long-lasting, cross-protective immunity is focused on an improved understanding of the leptospiral
outer membrane (see the chapters by D.A. Haake and W.R. ZUckert and by B. Adler, this volume).
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6.2 Chemoprophylaxis

Unavoidable short-tenn exposure can be mitigated by chemoprophylaxis. Pre-exposure prophylaxis
with doxycycline (200 mg orally once per week) was effective for military personnel undergoing highrisk jungle training exercises (Takafuji et al. 1984). Doxycycline has also been studied for postexposure
prophylaxis of local populations after heavy rainfall in endemic areas (Gonsalez et al. 1998; Sehgal et
al. 2000). One of these two studies found that postexposure doxycycline prophylaxis reduced the
incidence of symptomatic disease (Sehgal et al. 2000). Alternatives to doxycycline, such as
azithromycin or amoxicillin, have not been studied, but may be considered in pregnant women and
children and individuals at risk of photosensitivity.
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Leptospirosis - can it be a sexually transmitted disease?
N.A. Harrison and W.R. Fitzgerald 1
Renal Unit, Princess Mary's Royal Air Force Hospital, Halton, Aylesbury, Bucks HP22 5PS and
1 Royal Air Force Hospital Wegberg, BFPO 40, West Germany
Summary:
Person to person spread of leptospirosis has not been previously reported. We describe
two cases occurring in a man and wife which tantalisingly raise this possibility.
Introduction
Leptospirosis has until now been regarded as a
zoonosis, and person to person spread has not been
reported. We report on two cases occurring in a
man and wife which raise both this possibility, and
that of sexual transmission.
Case report
On 2nd September 1985, an airman was canoeing
in rat infested waters, whilst his wife watched from
the bank. Ten days later he developed a febrile illness
with severe myalgia, anorexia and headache, and
over the next 4 days became jaundiced. His illness
lasted 18 days, and resolved spontaneously by 30
September. During his iIIness, liver function tests
revealed a mild hepatitis: bilirubin 82 U/l, aspartate
transaminase 189 U/l, alanine transaminase 62 U/I,
alkaline phosphatase 284 U/l (normal 39-117),
gamma-glutamyl transferase 81 U/l (normal 7-35).
Blood was sent for leptospira titres. On 1 October,
his wife developed a similar febrile illness with low
back pain, severe myalgia, vomiting, diarrhoea and
headache. She was admitted to Royal Air Force
Hospital Wegberg with dehydration, and an initial
diagnosis of gastroenteritis. Her liver function tests
were also mildly abnormal (bilirubin 24 U/l,
alkaline phosphatase 199 U/l, gamma-glutamyl
transferase 37 U/l). She also recovered spontaneously without any specific treatment.
Serology was positive in both, for Leptospira
interrogans, and indicated an identical serotype,
icterohaemorrhagiae. Microscopic agglutination tests
were strongly positive for icterohaemorrhagiae Correspondence: Squadron
M.R.C.P., R.A.F.
Accepted: 3 September 1987
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N.A.

Harrison,

husband 1/5120 (recovery), wife 1/5120 (acute and
recovery). Enzyme linked immuno-sorbent assay
lgM was positive at 1/5120 in both patients.
Discussion
Leptospirosis is a zoonosis, man being infected
through his association with animals, or their
environments. The icterohaemorrhagiae serotype is
usually contracted following exposure to rat urine,
the incubation period ranging from 2 days to 3
weeks, with an average of IO days. 1 This is
followed by a disease of varying severity, from a
mild non-specific i11ness to classical Weil's disease.
It characteristically runs a bi-phasic course, 2 with
'flu-like' symptoms in the first week coincident with
a leptospiraemia. After 1-3 days without fever there
follows the 'immune phase' when antibodies to
leptospirae become detectable in the blood.
Spirochaetes can be isolated from blood and
cerebrospinal fluid during the leptospiraemic phase.
In the immune phase leptospirae are said to
disappear from all tissues except the aqueous
humour and kidneys, 2 and leptospiriuria develops. 3
How can the relationship between these two
cases be explained? If identical serotypes of
leptospira have similar incubation periods, it would
indicate that the wife was not infected at the same
time as her husband. If this is so, then how and
when was she infected? Exposure to leptospirae in
her immediate living environment was unlikely. She
had no contact with animals during this period, and
did not handle the wet canoeing clothing. The
temporal relationship between the cases however,
begs another possibility, that of person to person
spread. Leptospirae have been isolated from blood,
cerebrospinal fluid, sputum and urine:~ It is not
known whether they exist in other body fluids such
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as semen or prostatic secretions. However, venereal
transmission occurs in some rodents, and may
occur in humans. 5
In the latter stages of the husband's illness,
intimate relations did occur between them. So
assuming Ieptospiriuria to have been present during
the husband's convalescence (not proven due to the
mild nature of his illness), then the organism could
have been present in the husband's urethra, and
have been expelled by the ejaculate, thus gaining
entry to the wife per vagina. If leptospirae occur in

semen, then this would be even
person to person spread has
cannot deny its existence.
circumstantial, but appears to
explanation in this case.

more tenable. That
not been reported
The evidence is
be the most likely
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Leptospirosis is an important zoonotic disease in the Pacific Islands. In Fiji, two successive cyclones
and severe flooding in 2012 resulted in outbreaks with 576 reported cases and 7% case-fatality. We
conducted a cross-sectional seroprevalence study and used an eco-epidemiological approach to
characterize risk factors and drivers for human Jeptospirosis infection in Fiji, and aimed to provide an
evidence base for improving the effectiveness of public health mitigation and intervention strategies.
Antibodies indicative of previous or recent infection were found in 19 .4% of 2152 participants (8 I
communities on the 3 main islands). Questionnaires and geographic information systems data were
used to assess variables related to demographics, individual behaviour, contact with animals,
socioeconomics, living conditions, land use, and the natural environment. On multivariable logistic
regression analysis, variables associated with the presence of Leptospira antibodies included male
gender (OR 1.55), iTaukei ethnicity (OR 3.51), living in villages (OR 1.64), lack of treated water at
home (OR 1.52), working outdoors (1.64), living in rural areas (OR 1.43), high poverty rate (OR 1.74),
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living <I OOm from a major river (OR 1.41), pigs in the community (OR 1.54), high cattle density in the
district (OR I .04 per head/sqkm), and high maximum rainfall in the wettest month (OR 1.003 per mm).
Risk factors and drivers for human leptospirosis infection in Fiji are complex and multifactorial, with
environmental factors playing crucial roles. With global climate change, severe weather events and
flooding are expected to intensify in the South Pacific. Population growth could also lead to more
intensive livestock farming; and urbanization in developing countries is often associated with urban and
peri-urban slums where diseases of poverty proliferate. Climate change, flooding, population growth,
urbanization, poverty and agricultural intensification are important drivers of zoonotic disease
transmission; these factors may independently, or potentially synergistically, lead to enhanced
leptospirosis transmission in Fiji and other similar settings.

Author Summary

Go to:

Leptospirosis is a bacterial infection transmitted !Tom animals to humans, and many outbreaks are
associated with flooding. Globally, leptospirosis is responsible for at least a million cases of severe
illness each year, and many deaths. The bacteria are excreted in the urine of infected animals; humans
can become infected through direct contact with animals or through contaminated water and soil. In
Fiji, two successive cyclones and severe flooding in 2012 resulted in 576 cases and 40 deaths. We
conducted this study to improve our understanding of the factors that increase the risk of Jeptospirosis
transmission, so that public health control measures can be improved. Our study found that infection
risk is related to many factors including individual demographics and behaviour, contact with animals,
living conditions, poverty, and flooding risk. With global climate change, flooding is expected to
become a bigger problem in the South Pacific. Population growth could lead to more intensive livestock
farming; and urbanization in developing countries is often associated with slums with high risk of
infectious diseases. Climate change, flooding, population growth, urbanization, poverty and livestock
farming are important factors for leptospirosis transmission; these factors may combine to increase the
risk of leptospirosis in Fiji and other Pacific Islands in the future.

Introduction

Go to:

Leptospirosis is an emerging infectious disease worldwide, with paiticularly high incidence reported in
the Pacific Islands [J.,2_]. Humans are infected through direct contact with infected animals, or through
contact with water or soil that has been contaminated by urine of infected animals. Disease transmission
is strongly driven by environmental factors including high rainfall, flooding, natural disasters,
population growth, urbanisation, and poor sanitation and hygiene CT-:!]. In addition, infection risk
depends on individual behaviour (e.g. swimming in fresh water, working outdoors), and contact with
animals including livestock, rodents, pets, & wildlife [.fAJ. Risk factors for infections and drivers of
outbreaks depend on interactions between humans, animals, and the environment, and vary significantly
between locations based on environmental, cultural, and socio-demographic factors [:!].Transmission
dynamics are therefore highly complex and variable, and likely to evolve with global environmental
change of both natural and anthropogenic environments [2,J.].
In Pacific island nations, important risk factors for human leptospirosis include outdoor activities,
tropical climate, flooding secondary to extreme weather events, and exposure to livestock Ll.-H
Subsistence livestock are commonly kept in backyards, and veterinary expe11ise is generally limited. In
some Pacific Islands, rapid population growth and urbanization exacerbate problems with sanitation,
access to clean water, and waste management. Most islands have limited human or financial resources
for the management and mitigation of the health impacts of natural disasters and climate change [2,lQ].
In Fiji, leptospirosis was identified as one of the four priority climate-sensitive diseases of major public
health concern W]. A recent systematic review of the global morbidity and mortality ofleptospirosis
identified tropical islands as paiticularly high-risk settings [J]. Apart from the tropical climate and high
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frequency of extreme weather events QJ, factors that could contribute to the high risk of leptospirosis
on tropical islands include the low biodiversity and delicate ecosystems that make islands vulnerable to
invasive species such as rodents 11.2]; the outdoor lifestyle and associated intense exposure to the
environment; and close contact with subsistence livestock animals [£,:!].
Climate change is projected to increase the severity of extreme weather events including increased
rainfall and flooding in the Pacific Islands [l.Q], and such events have been associated with increased
leptospirosis transmission and outbreaks around the world Q.,1,ll-1.fil. In 2012, two successive tropical
depressions caused severe flooding· and resulted in two outbreaks of leptospirosis in Fiji, with 576
reported cases and 40 deaths (7% case-fatality) (Fiji Ministry of Health and Medical Services
[MHMS]). Cases were defined as positive reactions to Leptospira ELISA lgM (Panbio, Brisbane,
Australia); this laboratory test was only available at the national reference laboratory, and it was likely
that reported cases were an underestimate of the true scale of the outbreaks. In comparison, previous
studies in Fiji reported a total of 576 cases during an 8-year period from 2000-2007 [.11], and 487 cases
during a 13-year period from 1969-1981 [ll]. These studies identified a higher risk of infection in
males, indigenous Fijians (iTaukei), young adults (aged 15 to 45 years), rural dwellers and abattoir
workers; increase in reported cases in the rainy months and after a cyclone in 2001; and geographic
variation in incidence.
Following the outbreaks in 2012, the Fiji MHMS and the World Health Organization convened a
leptospirosis expert consultation to review the epidemiology of leptospirosis in Fiji and recommend
priorities for control of endemic and epidemic disease. A key conclusion of the expert consultation was
that significant knowledge gaps in the current epidemiology of leptospirosis in Fiji limited effective
prevention and control. The study described in this paper was identified as one of several important
steps to address the knowledge gaps. This study uses an eco-epidemiological approach and framework
112.1 to characterize the epidemiology and risk factors for human leptospirosis infection in Fiji, and
aimed to provide an evidence base for improving the effectiveness and efficiency of public health
mitigation and intervention strategies. Our findings would also be relevant to other countries with
similar environments, particularly in the South Pacific.

Methods

Goto:

Study location and population

The Republic of the Fiji Islands is an archipelago of 322 islands with a population of 83 7,217 in 2007;
indigenous Fijians (iTaukei) and Indo-Fijians (Fijians of Indian descent) account for 57% and 35% of
the population respectively 11QJ. Fiji is considered a 'small island developing state' by the United
Nations [lli with a per capita GDP ofUS$4,712 ~.The main island of Viti Levu has a landmass of
10,349 square kilometers and is home to >70% of the population. Vanua Levu is the second largest
island in both population and land area, followed by Taveuni. The largest urban centre is the Greater
Suva Area (population -180,000) on the southeast coast of Viti Levu. The largest administrative units
in geographical size are Divisions (Central, Western, Northern, and Eastern) followed by Provinces (14
in total), Tikinas (86 in total), and Enumeration Areas (smaliest unit for population census that typically
include 80 to 120 households). Nursing zones are the smallest administrative unit of the MHMS; they
are under the care of a single nursing station and form a contiguous network across the Fijian Islands.
Communities are residential clusters used by MHMS for administrative purposes. The four main
community types in Fiji are urban residential areas, villages, Indo-Fijian settlements, and mixed IndoFijian/iTaukei settlements.
Seroprevalence study and sampling design
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Field data were collected from September to December 2013 (January to March being the wettest
months), and included the Central Division (on the eastern side of Viti Levu), the Western Division (on
the western side of Viti Levu), and the Northern Division (the islands ofVanua Levu and Taveuni). The
Eastern Division, with a population of -40,000 spread across multiple small islands groups, was not
included in the study because of logistical reasons. Field data were collected for a sero-epidemiological
study of typhoid as well as the leptospirosis study described here.
We conducted a cross-sectional seroprevalence study, with a four-stage sampling design. An overview
of the sampling plan is shown in fjg_l. In the first stage, both population-proportionate sampling and
purposeful sampling approaches were used. The former was used to select 28 nursing zones from the
Central Division, 21 from the Western Division, 11 from the Northern Division and 4 from the Ba
Province which lies within the Western Division. Due to high incidence of reported leptospirosis and
post-flood outbreaks in 2012, the latter sampling approach was used to select 6 more nursing zones
from the Ba Province. Similar to Ba Province, Taveuni Island (part of the Northern Division) was
oversampled because of a high incidence of typhoid in 2008-2009. Consequently, 12 additional nursing
zones were selected from this region, resulting in 82 zones in total being selected from the five regions
in the first stage of sampling. At the second stage of sampling, one community was randomly selected
from each of the 82 nursing zones. Headmen, health workers and other community leaders were
consulted to seek agreement to participate in the study; no community leaders declined participation. At
the third stage of sampling, 25 households were randomly selected from each community using health
census records if available, or using a modified World Health Organization's Expanded Programme on
Immunization (EPI) sampling method. For the fourth and final stage of sampling, household members
(defined as a person who stayed at the house the previous night) were enumerated and one selected at
random for inclusion. In Ba subdivision, up to three randomly selected household members were
included. If a selected household member was absent but returning later that day, the survey team
would await their return or made a repeat visit. Wholly absent household members were substituted
from within the household. Empty households were substituted by selecting the nearest house to the
right of the front door. The above sampling strategy aimed to include 25 households from each of 82
communities, with up to three participants per household in Ba, and one participant per households in
other areas. We therefore aimed to recruit a total of2050 to 2250participants.
Fig I
Overview of sampling strategy used in 2015 field study.

Participants were eligible for inclusion if they were aged 12 months or older. Exclusion criteria
included clotting disorders or medical anticoagulation, severe underlying medical conditions,
significant acute illness, and fear of needles.
The communities included in the study represented the general population and different environments
in Fiji (urban, peri-urban, rural), with higher sampling density in Ba and Taveuni. The study
successfully included a total of 81 communities, with 28 in Central Division, 10 in Ba, 21 in other parts
of the Western Division, 11 in Taveuni, and 11 in Vanua Levu. These areas will be referred to as the
five 'regions' in this paper.
Informed consent and ethics approvals

Ethics approvals were granted by the Fiji National Research Ethics Review Committee (2013 03), the
Human Research Ethics Committee of The University of Queensland (2014000008) and the London
School of Hygiene & Tropical Medicine (6344). Support was sought and obtained from divisional and
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sub-divisional Ministry of Health officers for community visits. To ensure that research activities were
culturally acceptable and local customs respected, community visits were conducted with field teams
that included multilingual local Fijians. The study was explained to the heads of each of the randomly
selected households, or another competent adult, and pennission sought to include the household in the
study. Written or thumb-printed infonned consent was obtained from adult participants. The ethics
committees specifically approved the use of thumbprint infonned consent in illiterate participants.
Parental/guardian consent and infonned assent was obtained for child participants.
An overview of data sources and statistical methods is shown in Fig 2.
fjgl
Ove:.View of data sources and statistical methods.

Data collection during field study

The following were collected from each participant:
1. Venous blood samples, collected by trained phlebotomists under sterile conditions (5-8mL
depending on the age of the participant).
2. Questionnaire data, using standard questionnaires administered by field research assistants, and
conducted in English or other local languages depending on each participant's preference.
Questions related to demographics, income, occupation, recreational activities, household
environment, contact with animals, and other potential risk factors for leptospirosis.
3. Geographic Positioning System (GPS) coordinates of the place of residence, using handheld GPS
devices.
Environmental, census, socio-demographic and livestock data

Environmental data on hydrology and roads were obtained from the Fiji Ministry of Lands and Mineral
Resources raJ]; and soils and land use/cover data from Fiji Ministry of Agriculture ll4]. Climate
(temperature and rainfall) and elevation data were obtained from the Landcare Research Institute~·
Data on educational attainment, household construction, employment, ethnicity, and other sociodemographic variables were obtained from the 2007 Fiji National Census llQ], and data on poverty
rates from the 2011 World Bank Report [6fil. Livestock data were provided by the Fiji Ministry of
Agriculture's 2009 National Agricultural Census ral]. All geospatial data were georeferenced to the
Fiji Map Grid 1986 coordinate system. Table I provides a summary of the environmental, census,
socio-demographic and livestock data used in the study. The five geographic regions used in this study
and examples of the geo-referenced data are shown in Fig 3.
Fig 3
Fiji geography, and examples of environmental and census
data used: a) Divisions and 'regions' included in the study,
major rivers; b) altitude; c) rainfall; d) total cattle density; e)
poverty rate; t) proportion of households with metered •••

Table 1
Summary of environmental, census, socio-demographic and
livestock data used.
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Household OPS coordinates from the study were projected on to the Fiji Map Grid 1986 coordinate
system. Attributes from the geospatial predictor layers were linked to each household location by
intersecting points through polygons for vector GIS data, and sampling the raster GIS data in a similar
fashion. As a result, GIS attributes for each predictor layer were obtained for each household location.
Attributes for a community were obtained by first calculating the location of the median centre of
sampled households, followed by an approach similar to that which was carried out for individual
households. All GIS data preparation and analysis was perfonned using ArcGIS vl0.1 (Environmental
Systems Research Institute, Redlands, CA).
All GIS data preparation and analysis was perfonned using ArcGIS vlO. l (Environmental Systems
Research Institute, Redlands, CA).
Stratification of independent variables

Independent variables were stratified according to the ecological level at which they could potentially
influence the risk of leptospirosis transmission and infection. Individual-level data relate to risk factors
that are specific to individual demographics or behaviour. Household-level and community-level data
include risk factors that are common to all inhabitants of a household and community respectively.
• Individual-level data. Potential risk factors for leptospirosis were assessed using questionnaire-

based interviews, including demographics, occupation, recreational activities, contact with
animals, education, and knowledge about leptospirosis.
• Household-level data. Infonnation on household income, house construction, access to utilities
(toilets, water, sewage, electricity), and the presence of animals and crops around the home were
obtained through questionnaires. In addition, data on environmental attributes (including rainfall,
temperature, elevation, land cover, soil type, and distance to rivers) at household locations were
extracted or calculated using geographic infonnation systems (GIS) as described above.
• Community-level data. Community type, urban/rural settings, and the presence of animal
species in each community were ascertained through questionnaires. Census and agricultural data
were extracted or calculated using the geospatial databases described in Table 1. Data were
available at the enumeration area resolution (-80--120 households) for a variety of socioeconomic
and demographic measures, including the proportions of households with metered water, toilets,
electricity, and sewage services; population ethnicity, level of educational attainment, and
reliance on subsistence farming as the main source of income. At the Tikina level, data were
available on World Bank estimates of poverty measures, and census of animal populations
conducted by the Fiji Ministry of Agriculture.
Maps

Maps were produced to show the locations of communities that participated in the field study, and the
observed community-level seroprevalence in 2013. Although all household GPS locations were
recorded, only community-level seroprevalence were depicted on maps to protect the identity of
participants. Locations of communities were mapped to their median centre, calculated as the location
nearest to all sampled households in the community while minimizing the effects of outliers.
Serological analysis

Blood samples were processed in Fiji, and frozen sera transported to Australia for serological analysis.
Microscopic agglutination tests (MAT) were used to detect anti-Leptospira antibodies, and detennine
the putative serogroups associated with infections. The MAT is the reference serological test
recommended by the WHO and the International Committee on Systematic Bacteriology
(Subcommittee on the Taxonomy of Leptospira) (2tf.2]. Serological analyses were conducted at the
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WHO/FAO/OIE Collaborating Centre for Reference & Research on Leptospirosis in Brisbane,
Australia. Based on the laboratory's knowledge of the epidemiology ofleptospiral serovars in the South
Pacific, 21 pathogenic serovars (see S 1 Appendix) were selected for the initial MAT panel for this
study, and samples were tested at dilutions from 1:50 to 1:3200. The 21-serovar panel was used to test a
random selection of-10% of total samples to determine the most common serogroups responsible for
infections. In addition, the 21-serovar panel was used to test 199 Leptospira ELISA-positive samples
collected from patients with suspected clinical leptospirosis in Fiji in 2012 and 2013 to ensure that the
most common serogroups associated with clinical infections were included in the final panel. Based on
the MAT results from the two sets of sera, six serovars were chosen for the final panel used to test the
remaining samples from this study (S 1 Appendix): Leptospira interrogans serovars Pohnpei (serogroup
Australis), Australis (serogroup Australis), Canicola (serogroup Canicola), Copenhageni (serogroup
Icterohaemorrhagiae), Hardjo (serogroup Sejroe), and Leptospira borgpetersenii serovar Ballum
(serogroup Ballum).
The MAT assay is expensive and time-consuming, and the described strategy to limit the number of
serovars included in the final panel resulted in reduced project costs. Considering that one dominant
serovar was identified in the preliminary tests, it was determined that the smaller MAT panel was
unlikely to have significant impact on the overall epidemiological findings. MAT titres of ~l :50 were
considered reactive or seropositive, and indicative of recent or past infection. For samples that reacted
to multiple serovars within a serogroup, the serovar associated with the highest titre was considered to
be the reacting serovar. Samples that reacted to serovars in more than one serogroup were recorded as
reacting to multiple serovars. Although serogroups are no longer used in the taxonomic classification of
serovars, they remain useful for laboratory purposes and epidemiological comparisons.
Statistical analysis

An overview of the statistical analyses is shown in Fig 2. The outcome measure used was seropositive
reactions to any of the six serovars included in the final MAT panel. Firstly, crude associations between
the independent variables and the outcome measure were obtained by univariable logistic regression.
Independent variables associated with the outcome by a likelihood ratio test (LRT) p-value of <0.2
were then subjected to a stepwise backward elimination process (p<0.05) to select the final set of
independent variables for the multivariable logistic regression models. In addition, the possible
presence of effect modification in the multivariable modelling was investigated using the LRT. This
was assessed using interaction terms, which consisted of all independent variables found to be
significant in the univariable analysis. Interaction terms were added separately to the analyses to
determine their joint effect on the outcome measure. Multilevel hierarchical modelling was used to talce
into account the clustering of participants, and allowed for correlation of observations by region (n = 5),
community (n = 81), and household (up to 3 participants per household in Ba) as random effects. Intracluster correlation coefficients (ICCs) with corresponding 95% confidence intervals were obtained from
final multivariable models. Biological plausibility and collinearity between variables were taken into
account when selecting the variables to be retained in the final models. For example, if we observed
strong collinearity between poverty rate and% of households in the community with electricity supply,
poverty rate would be chosen for the final model because of more direct relationship to exposure risks.
Two multivariable models were built:
• Model A. Used independent variables where data could be ascertained by questioning an
individual, and included primarily individual-level variables, but also some household-level and
community-level variables. Model A was designed to assess the risk of infection for an
individual, e.g. for producing predictive risk charts to graphically depict the combined effects of
variables in determining overall seroprevalence. The charts are designed for use in clinical
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settings, and are similar to cardiovascular risk charts used to predict the risk of cardiac events
based on combinations of risk factors such as blood pressure, diabetes, smoking, and cholesterol
levels.
• Model B. Used independent variables derived from geospatial and other national databases
described in Table I, without using the field data collected in this study. Model B included
household-level and community-level variables only, and was designed to assess the risk of
infection at geographic locations, e.g. estimating community-level seroprevalence, identifying
hotspots and producing predictive risk maps.
Independent variables found to be statistically significant on multivariable regression analyses were
reported. Adjusted odds ratios (OR) with 95% confidence intervals obtained from regression
coefficients were used to quantify associations between the independent and outcome variables. In
addition, univariate results of variables associated with animal exposure and contact were reported.
Statistical significance was considered at p < 0.05 and two-sided. Data analysis was performed using
STATA 13 (StataCorp, 2013 ). Model fit was assessed using the Hosmer-Lemeshow test [Jill, while
relative predictive performance was undertaken using the area under the receiver operating curve
(AUC) was calculated for each model and compared for statistical differences. An AUC of 0.7 was
deemed to indicate an adequate predictive ability of the model. Akaike information criterion (AIC) and
Bayesian information criterion (BIC) were reported for the final models.
Goto:

Results
Study population

A total of2152 participants from 1922 households in 81 communities on the three main islands ofFiji
were included in the study. The age of participants ranged from 1to90 years (mean 33.6, SD 19.8), and
985 (45.8%) were males. The age and sex distribution of participants are shown in Fig 4. The study
included 662 participants from the Central Division (28 communities}, 453 from Ba (10 communities},
520 from other parts of the Western Division (21communities),261 from Taveuni (11 communities),
and 256 from Vanua Levu (11 communities) (Table 2). One of the selected communities in Taveuni
was not included because of logistic constraints.
Fig4

Seroprevalence by age group and gender.
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Table 2

Leptospira seroprevalence by age, gender, ethnicity, community
types, and region.

Seroprevalence and serovars

Details of the 21 serovars included in the screening panel and the 6 serovars included in the final panel
are shown in S 1 Appendix, together with the seroprevalence of the initial 198 randomly selected
samples from this study and the 199 Leptospira ELISA-positive samples from patients with suspected
leptospirosis from April 2012 to November 2013 ., The six serovars included in the final MAT panel
accounted for 86. 7% of reactive tests: Leptospira interrogans serovars Pohnpei, Australis, Canicola,
Copenhageni, and Hardjo; and Leptospira borgpetersenii serovar Ballum. Using the 6-serovar panel,
the overall seroprevalence was 19.4% (95% CI 17.?o/o-21.1%), with 417 participants having reactive
MATs to at least one serovar. One predominant serovar, Pohnpei, accounted for 351(84.2%;95% CI
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80.3o/o-87.5%) of reactive MATs. A total of63 participants had MAT titres of~l:400 (47 for serovar
Pohnpei, and 16 for other serovars), the cutoff used by our laboratory to indicate an acute infection. The
distribution of MAT titres for Pohnpei and other serovars is shown in Fig 5.
fjgJ_
Distribution of MAT titres for serovar Pohnpei (blue) and
other serovars (red); using the final panel of 6 serovars.

Table 2 shows that there were significant differences in seroprevalence by age, gender, ethnicity,
community types, and region. Community-level seroprevalence ranged from 0% to 60%, and are shown
on the maps in Fig 6a to 6d. Variations in seropositive reactions to each serovar by age groups and
region of residence are shown in Fig 7a & 7b respectively.
Fig6
Community-level seroprevalence at the 81 communities
included in the study; a) prevalence varied from 0% to 60%;
b) enlargement of the Suva area in eastern Viti Levo; c)
enlargement ofTaveuni and eastern Vanua Levu; and d)
enlargement of northwestern •••

Fig7
Percentage of positive MAT reactions associated with each of
the 6 serovars included in the final panel by: a) age groups, and
b) regions.

Risk factor analysis and multivariable models

A total of 118 independent variables were assessed on univariate analysis: 75 variables obtained from
questionnaires, and 43 derived using GIS from the sources described in Table 1. Independent variables
included 31individual-level,38 household-level, and 49 community-level risk factors described above.
S2 Appendix provides a list of the independent variables assessed at the univariate level. Variables
statistically significant on univariate analyses were considered for the multivariable models, and
included 19 individual-level, 21 household-level, and 25 community-level risk factors. Due to statistical
significance not be reached, no interaction effect was included in the multivariable modelling.
Multivariable Model A (using variables where data could be ascertained by questioning an individual)
included five variables that were independently associated with the presence of Leptospira antibodies,
with an AUC of0.7 (Table 3) including: male gender (OR 1.55 compared to females), iTaukei ethnicity
(OR 3.51 compared to Indo-Fijians), living in settlements and villages (OR2.13 and 1.64 respectively
compared to urban residential areas), not having metered water at home (OR 1.52), and working
outdoors (OR 1.64 compared to working indoors). Of the 434 participants who worked outdoors, 378
(87%) were full- or part-time farmers, indicating that outdoor work in Fiji is predominantly related to
farming.
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Variables significantly associated with positive MAT for
Leptospira on univariable and multivariable analysis-Model A"
(individual-level variables).

Multivariable Model B (using only variables derived from geospatial and other national databases)
included six variables that were independently associated with the presence of Leptospira antibodies,
with an AUC of 0.7 {Table 4) including: living in rural areas (OR 1.43 compared to living in urban or
peri-urban areas), poverty rate~ 40% (OR 1.74), living <lOOm from a river or major creek (OR 1.41),
presence of pigs in the community {OR 1.54), total cattle density in the Tikina (OR 1.04 per head of
cattle per square km), and high maximum rainfall in the wettest month (OR 1.003 per mm of rain).
Total cattle density (includes both commercial and subsistence livestock) ranged from 0.11 to 31.48
head of cattle per square km (mean 8.96, SD 5.31 ), and maximum rainfall in the wettest month ranged
from 275 to 789mm (mean 375.02, SD 56.94). A similar multivariable model using total dairy farm
density instead of total cattle density performed better than the final model, but data on dairy farm
density were only available for 57 of the 81 (70.4%) communities included in our study, and this
variable was therefore not selected for the final Model 8.
Table4
Variables significantly associated with positive MAT for

Leptospira on univariable and multivariable analyses-Model
BA (environmental and census variables).
Collection of biological samples from animals was outside of the scope of this study, but study
questionnaires included detailed information about contact with animals (rodents, mongoose, pets, and
livestock) at home and the presence of animals in the community. A number of animal-related
exposures were significantly associated with the presence of Leptospira antibodies on univariable
analysis (Table 5). The presence of rats, mice, and mongoose around the home was not significantly
associated with seroprevalence, but higher infection rates were found in participants who reported
physical contact with rats or mice (OR 1.58) and mongoose (OR 1.81 ). Table 5 shows that many Fijians
have livestock animals at home and in the community. The presence of each livestock species was
associated with a higher infection rates on univariable analysis, but only the presence of pigs in the
community was significant on multivariable analysis, and included in Model B.
Table 5
Associations between positive MAT for Leptosplra and animal
exposure at home and in the community.

Multilevel hierarchical models were built to take into account spatial correlation of data: i) defining
region and community as random effects, using the entire dataset, and ii) defining community and
household as random effects, using Ba data only. The results of multilevel models were not statistically
different to the results of multivariable Model A using all data (chi2 = 0.01, p = 1.00), Model A using
Ba data (chi2 = 0.00, p = I .00), Model B using all data (chi2 = 0.01, p = 0.99), or Model B using Ba
data (chi2 = 0.00,p = 1.00). For all multilevel models, intra-class correlation coefficients were <0.01
and odds ratio estimates were very similar to the reported models. Results for the multilevel models
were therefore not reported here.
Seroprevalence estimation chart using Model A
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Fig 8 shows a seroprevalence estimation chart that incorporates individual-level variables to show the
combined effects of multiple independent risk factors on the prevalence of infection. Estimated
seroprevalence were based on the five variables used in Model A. For example, the chart shows a range
of seroprevalence from 2.0% for female Indo-Fijians who live in urban residential areas, have metered
water at home, and work indoors; to 39.4% for male iTaukei who live in mixed ethnic settlements, do
not have metered water and home, and work outdoors. It is uncommon for Inda-Fijians to live in
villages or for iTaukei to live in Indo-Fijian settlements, and results were therefore not shown for these
scenarios.
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Fig 8
Seroprevalence estimation chart based on Model A, a
multivariable logistic regression model of individual-level
variables for a) females and b) males.

Discussion

Goto:

Our study identified a high risk of human leptospirosis infection in Fiji, with an overall seroprevalence
of 19.4% using a 6-serovar MAT panel. One dominant serovar, Pohnpei, was associated with 84.2% of
reactive MATs. The serovar was originally isolated from rodents and pigs during an animal
leptospirosis study in the island of Pohnpei in the Federated States of Micronesia [ll], and has been
found to be an important cause of human infections [Jl]. Seroprevalence varied significantly between
the five regions in our study, and ranged from 16.2% in the Central Division to 29.3% in Vanua Levu in
the Northern Division. Community-level seroprevalence also varied significantly from 0% to 60% in
the 81 communities included in our study. These findings indicate marked geographic variation in
infection risk in Fiji and the presence of hotspots where disease transmission is more intense.
Globally, reported leptospirosis seroprevalence vary significantly between and within countries, based
on environmental settings, behavioural risk factors, and socio-demographics; our results corroborate
these findings. To put the Fiji results into a global context, examples of seroprevalence reported from
known high risk settings llAJ such as urban slums, tropical islands, and flood risk areas include 15.4%
in an urban slum in Brazil [ll], 37% of healthy adult males in the Seychelles [111, 18.8% in the
Mekong delta in Vietnam [12], and 23.9% and 38.2% in flood-prone areas in Laos and Bangladesh
respectively Q_Q,ll]. As found in Fiji, small-scale variations in seroprevalence within countries and
differences between occupational groups have been reported. In American Samoa (a group of remote
islands in the south Pacific), a community-based study reported an overall seroprevalence of 15.5% raJ
and significant variation between islands with different environments, and between areas with different
population density (Jfil. In Peru, seroprevalence varied from 28.0% in the Amazonian city of Iquitos
and 16.5% in the surrounding villages (wet tropics), to 0.7% in a desert shantytown near Lima 112). In
the Andaman Islands, a study of high-risk populations found seroprevalence of 62.5% in agricultural
workers, 39.4% in sewage workers, 37.5% in animal handlers, and 30.0% in butchers~- In contrast,
a study of healthy blood donors in an area of high leptospirosis incidence in northern Queensland in
Australia found a seroprevalence of only 1.4% [il,ru.
Our study found that individual-level factors were important predictors of leptospirosis infection risk in
Fiji. Model A shows that gender, ethnicity, community type, availability of water at home, and work
location were independently associated with the presence of Leptospira antibodies. Higher infection
rates in males corroborates findings in the majority of leptospirosis studies around the world, and is
likely to be associated with higher frequency of outdoor activities as well as higher risk occupational
and recreational exposures. Reasons for the marked difference in seroprevalence between the two main
ethnic groups in Fiji are unclear, but could be related to differences in genetic susceptibility or
behaviours that were not elucidated by our questionnaire, e.g. differences in animal husbandry or
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slaughtering practices related to religion or culture. Further studies are required to explain the disparate
risk between ethnic groups. Seroprevalence in villages was significantly higher than in urban residential
areas or settlements, and is likely the result of more intimate contact with the natural environment and
domestic animals. In our study, working outdoors was associated with a higher risk of infection, and the
majority of outdoor work in Fiji involves farming. Agriculture is an important part of Fiji's economy,
and apart from the livestock industry, there is commercial farming of a range of crops include
sugarcane, coconut, copra, and a wide variety of fruits and vegetables. Occupational exposure in the
agricultural industry is therefore likely to be an important source of leptospirosis infection in Fiji.
Of note, three of the predictors included in our final multivariable models were related to water: the
availability of metered (treated) water at home (Model A}, distance between the home and the closest
river or major creek (Model B), and maximum rainfall in the wettest month (Model B). Considering
that Leptospira can survive for weeks to months in fresh water, and are efficiently carried and
disseminated by water (e.g. flooding, flowing downstream in rivers), the findings were not unexpected.
Lack of metered water at home and proximity to rivers are likely to be associated with higher levels of
contact with untreated freshwater, e.g. using rivers for bathing, cleaning, swimming, and recreational
activities. Furthermore, poor access to water at home is generally associated with poverty (discussed
below), and also influences personal hygiene, e.g. the ability to clean and wash after working outdoors,
or after contact with mud, contaminated water, or animals. Two of the water-related predictors
(distance to river or major creek and maximum rainfall in the wettest month) are also proxy measures
offlooding risk. As seen with the post-flood leptospirosis outbreaks in 2012, flooding is an important
driver of transmission in Fiji, as it is in many parts of the world.
Two of the predictors in Model B relate to livestock exposure: total cattle density in the Tikina and
presence ofpigs in the community. Data oh cattle density in Tikinas includes both commercial and
subsistence farming, and varied from < I to over 30 heads of cattle per square km. Infection risk could
be related to direct occupational contact with cattle, or through more general contamination of the
environment (especially rivers) with cattle urine. As shown in Table 5, many households in Fiji keep
subsistence livestock. Backyard piggeries are commonly found in communities in Fiji and other Pacific
Islands, and are usually small pens with less than 10 pigs. The pens are often built on the edge of rivers
and streams to allow convenient drainage of waste, but unfortunately also lead to contamination of
freshwater at that community as well as further downstream. In American Samoa, similar backyard
piggeries have been associated with the risk of human leptospirosis infection ra,ru. Dairy farmers are
known to be at high risk for leptospirosis in many parts of the world because of close contact with
cattle, and exposure to urine during milking. In our study, high density of dairy farms was strongly
associated with infection risk, but was not included as a variable in the final model because data were
only available for ~70% of the Tikinas in our study. As more data on dairy farms become available,
associations with leptospirosis risk could be further explored and model performance potentially
improved. Commercial dairy and beef farming could potentially intensify in the future with population
growth, and increase the risk of leptospirosis.
Model 8 also shows that leptospirosis is a disease of poverty in Fiji and disproportionately affects the
poorest. Leptospirosis has been associated with poverty in diverse settings around the world, including
Brazilian and Indian urban slums Ql,44,45], Peruvian Amazon Q2], and areas of poor socioeconomic
status in the USA and Europe [i§,11]. Furthennore, the combination of poverty, livestock keeping, and
global climate change are important drivers ofzoonotic diseases transmission~· In our study,
participants living in communities with high poverty rates (defined as =:::40% of households in the
community) had almost twice the infection rate compared to other communities, independent of the
other predictors in Model B. As discussed above, poor access to metered (treated) water at home was
associated with a higher risk of infection for many reasons, and is also a proxy measure of
socioeconomic status.
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Although serovar Pohnpei was associated for 84.2% of reactive MATs, there were differences in
serovar distribution by age and by region of residence, suggesting that the relative importance of animal
species in disease transmission varies between subgroups. Variation in risk factors between age groups
likely relates to age-specific behaviours, e.g. young children spend more time playing around the home,
and have closer contact with pets and soil; teenagers have more frequent recreational freshwater contact
from swimming in rivers and waterfalls; and adults have more intense contact with livestock through
occupational exposure and managing animals at home. Variation in risk factors between regions likely
relates to differences in environmental settings, with proportionately greater urbanization in the Central
division, and more farming in the other regions. For example, rodents could be more important in
transmission cycles in urban and peri-urban areas, and livestock more important in rural areas.
Many of the risk factors and environmental drivers identified in our study provide significant cause for
concern about future risk of leptospirosis in Fiji, as well as other Pacific Islands with similar
environments. Population growth is typically associated with agricultural intensification, leading to
increase in livestock numbers (both commercial and subsistence) and occupational exposure. With
global climate change, extreme weather events and flooding are predicted to become more frequent and
intense in the Pacific Islands. Rapid population growth in developing countries is often associated with
urban and peri-urban slums where diseases of poverty proliferate. Although our study found that
leptospirosis seroprevalence was lower in urban areas, poverty rate was a significant risk factor
independent of urban or rural settings. Climate change, flooding, population growth, urbanization, and
agricultural intensification may independently, or potentially synergistically, lead to enhanced
leptospirosis transmission in Fiji QJ.
The findings should be considered in light of the study' s limitations. Limitations of the MAT have been
well documented; the test is considered to be serogroup rather than serovar specific, cross-reactions
occur between serovars within a serogroup, and complex paradoxical reactions could occur in persons
who have had previous infections [W. Despite these limitations, the MAT is considered the gold
standard test for identifying putative serogroups and serovars when isolates are not available Qfil.
Isolates of leptospires would be required to definitively confirm the serovars circulating in Fiji. Due to
budgetary reasons, our study used a 6- rather than 21-serovar MAT panel to test the majority of
samples. If the larger panel was used, additional less-common serovars may have been detected.
However, the 6 serovars selected included the most reactive serovars when 198 randomly selected
samples from this study were tested against the full 21- serovar panel; the 6 serovars selected accounted
for 86.7% of the reactive samples, and one dominant serovar (Pohnpei) accounted for 65.9% ofreactive
samples. The reduced MAT panel size could have underestimated the overall seroprevalence by a factor
of0.13 compared to a 21-serovar panel, but unlikely to have significantly influenced the overall
epidemiological patterns reported here because one serovar dominated the reactive MA Ts, and our data
analyses in this paper were not stratified by serovars.
Our study measured antibodies to Leptospira to identify evidence of prior infection. However, many
leptospirosis infections do not result in any apparent illness and are of no clinical significance. The
severity of clinical disease depends on many factors including pathogen virulence and the individuaPs
immune status, comorbidities, and age (12]. Serovar Pohnpei, the serovar associated with 84.2% of
MAT-reactive cases, has been reported as an important cause of overt clinical disease in the Federated
States of Micronesia Q.2.], suggesting the findings in this study are applicable not only to infection risk
but also clinical illness. However, there are currently no available data on the proportion of serovar
Pohnpei infections that result in clinical disease or severe complications.
Future studies could further improve our understanding of leptospirosis transmission in Fiji by
examining serovar-specific risk factors; identifying the most important exposures in different subgroups
such as age groups, gender, ethnic groups, and community types; determining the relative importance of
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livestock, rodents, pets and wildlife in transmitting leptospirosis to humans; and developing models to
determine transmission (causal) pathways rather than just epidemiological links. For environmental and
census variables, we used data at the place of residence, but infections could also have occurred at work
or elsewhere. Future studies that focus specifically on work-related activities would provide more
insight into the importance of occupational exposures in Fiji. The performances of models were partly
determined by the accuracy of available environmental, census, and livestock data, and models could be
updated and improved as more data become available. Models based on environmental factors, such as
Model B, could be used to produce predictive risk maps for the whole of Fiji.
In summary, our study found that risk factors and drivers for human leptospirosis infection in Fiji are
complex and multifactorial, and include climate, the natural environment, livestock (both subsistence
and commercial), living conditions, socioeconomic status, demographics and individual behaviour.
Some of these factors corroborate fmdings previously reported in different settings (e.g. male gender,
working outdoors), but other factors appear to be specific to the cultural and environmental settings in
Fiji, including ethnicity and presence of pigs in communities. By using an integrated ecoepidemiological approach and including a wide range of data sources in our analyses, we were able to
quantify the relative importance of risk factors at different ecological scales. At the individual level,
gender, ethnicity, and work location were strongly associated with infection risk. At the community
level, important predictors ofrisk included rural setting, community type, poor access to clean water,
close proximity to rivers, high rainfall in the wettest month, high poverty rate, presence of pigs, and
high cattle density. From a wider perspective, significant geographic variations in risk and the ability to
predict risk based only on environmental and census variables indicate that environmental factors play a
crucial role in driving leptospirosis transmission in Fiji.
The above findings provide an important evidence base to guide the focus of public health and
environmental health interventions at individual, community, and national levels. Health promotion
activities and educational materials should be designed to reach the highest risk groups including males,
farmers, and iTaukei. Public health and environmental health interventions should target the highest
risk communities (villages, rural areas, those in hotspots and high-risk regions), and include advice on
proper management of livestock, avoiding contact with floodwaters, and minimizing flooding risk (e.g.
adequate garbage disposal to reduce the risk of flooding from blocked streams and drains). At high risk
times, e.g. post-flooding, communities should also be reminded about the risk of leptospirosis, the use
of protective measures, and the importance of seeking early medical care if unwell. In smaller
communities in Fiji, where laboratory diagnostic tests are often not available, the predictive risk chart
shown in Fig 8 could assist clinicians with determining the likelihood (pre-test probability) of
leptospirosis infection based on a combination of individual-level variables. Broader environmental
factors (both natural and anthropogenic) play a major role in leptospirosis transmission in Fiji, most of
which are beyond the immediate control of individuals or small communities. Effective environmental
health management at the public health and national level will therefore be crucial for the sustainable
control of leptospirosis in Fiji and other countries with similar environmental and socio-demographic
settings.
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What is toxocariasis?
Toxocariasis is an infection transmitted from animals to humans (zoonosis) caused by the
parasitic roundworms commonly found in the intestine of dogs ( Toxocara canis) and cats ( T. cati).

Who is at risk for toxocariasis?
Anyone can become infected with Toxocara. Young children and owners of dogs or cats have a
higher chance of becoming infected.
Approximately 13. 9% of the U.S. population has antibodies to Toxocara. This suggests that tens
of millions of Americans may have been exposed to the Toxocara parasite.

How can I get toxocariasis?
Dogs and cats that are infected with Toxocara can shed Toxocara eggs in their feces. You or your
children can become infected by accidentally swallowing dirt that has been contaminated with
dog or cat feces that contain infectious Toxocara eggs. Although it is rare, people can also
become infected from eating undercooked meat containing Toxocara larvae.
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What are the clinical manifestations of toxocariasis?
Many people who are infected with Toxocara do not have symptoms and do not ever get sick.
Some people may get sick from the infection, and may develop:
• Ocular toxocariasis: Ocular toxocariasis occurs when

Toxocara larvae migrate to the eye.

Symptoms and signs of ocular toxocariasis include vision loss, eye inflammation or damage to
the retina. Typically, only one eye is affected.
• Visceral toxocariasis: Visceral toxocariasis occurs when

Toxocara larvae migrate to various

body organs, such as the liver or central nervous system. Symptoms of visceral toxocariasis
include fever, fatigue, coughing, wheezing, or abdominal pain.

How serious is infection with
In most cases,

Toxocara?

Toxocara infections are not serious, and many people, especially adults infected by

a small number of larvae (immature worms), may not notice any symptoms. The most severe
cases are rare, but are more likely to occur in young children, who often play in dirt, or eat dirt
{pica) contaminated by dog or cat feces.

How is toxocariasis spread?
The most common

Toxocara parasite of concern to humans is T. canis, which puppies usually

contract from the mother before birth or from her milk. The larvae mature rapidly in the puppy's
intestine; when the pup is 3 or 4 weeks old, they begin to produce large numbers of eggs that
contaminate the environment through the animal's feces. Over a 2 to 4 week time period,
infective larvae develop in the eggs. Toxocariasis is not spread by person-to-person contact like a
cold or the flu.

What should I do if I think I have toxocariasis?
See your health care provider to discuss the possibility of infection and, if necessary, to be
examined. Your provider may take a sample of your blood for testing.

What is the treatment for toxocariasis?
Visceral toxocariasis is treated with anti parasitic drugs. Treatment of ocular toxocariasis is more
difficult and usually consists of measures to prevent progressive damage to the eye.

How do I prevent toxocariasis?
• Take your pets to the veterinarian to prevent infection with Toxocara. Your veterinarian can
recommend a testing and treatment plan for deworming.

https://www.cdc.gov/parasites/toxocariasis/gen_info/faqs.html
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• Wash your hands with soap and water after playing with your pets or other animals, after
outdoor activities, and before handling food.
• Teach children the importance of washing hands to prevent infection.
• Do not allow children to play in areas that are soiled with pet or other animal feces.
• Clean your pet's living area at least once a week. Feces should be either buried or bagged and
disposed of in the trash. Wash your hands after handling pet waste.
• Teach children that it is dangerous to eat dirt or soil.
More on: Handwashing
Back To Top

This information is not meant to be used for self-diagnosis or as a substitute for consultation with
a health care provider. If you have any questions about the parasites described above or think
that you may have a parasitic infection, consult a health care provider.
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New information indicates that toxocariasis is the most common human parasitic
worm infection in the United States,
affecting millions of Americans living in
poverty. The infection is also highly
prevalent in many developing countries
and its global importance may be greatly
underestimated.
Toxocariasis results from zoonotic transmission of the roundworms, Toxocara canis
and T. (a/i from dogs and cat~, respectively.
Infection occurs when humans accidentally
ingest the microscopic, oval and thickshcllcd-embryonated eggs (shed in dog and
cat feces) containing Toxocara larvae by
hand-to-mouth contact. Children arc particularly prone to infection because they are
exposed to the eggs on sandboxes and
playgrounds contaminated with dog and cat
feces [1,2]. Aficr ingestion of the eggs, the
released larvae penetrate the intestine and
migrate through the liver, lungs, and central
nervous system (Figure 1). The resulting
host inflammatory response ultimately overwhelms and either kills the migrating larvae
or forces them into a state of arrested
development, but not before they cause
both mechanical and immunopathological
damage to the issues (Figure 2).
There arc two "classical" clinical syndromes resulting from infection [ l ,2].
Visceral larva migrans occurs most commonly in young children and results in
hepatitis and pneumonitis as the larvae
migrate through the liver and lungs,
respectively. The foll clinical presentation
of toxocariasis includes hepatomegaly and
pulmonary infiltrates or nodules accompanied by cough, wheezing, eosinophilia,
lymphaclenopathy, and lever. Larval entry
into the central nervous system can also
result in meningoencephalitis and cerebritis manifesting as seizures [3,4]. Ocular
larva migrans occurs more frequently in
older children and adolescent<; and may
result from the migration of even a single
larva in Lhe eye. The resulting inflammation presents clinically as either a granuloma or a granulomatous larval track in

·;~),: www.plosntds.org

the retina or as a condition of the vitreous
that resembles endophthalmitis [5,6]. Neither visceral larva migrans nor ocular
larva migrans arc considered common
conditions, although the incidence of the
former has not been determined and it has
been estimated at just under I per 10,000
annually for the ocular form [6]. Far more
common is non-classic, or covert toxocariasis, which may manifest with only some
of the clinical features found in visceral
larva migrans, especially wheezing, pulmonary infiltrates, and eosinophilia [2].
Because these features are also the hallmark of childhood aslhma, some investigators have hypothesized or in some cases
have actually shown a link with Tuxocara
infection [2,7-14). Similarly, some of the
central nervous system feature.c; of toxocariasis ha\•e been implicated as a cause of
occult seizures, mental retardation, and
developmental delays [3,4, 15]. Because
pica is a risk factor for both toxocariasis
and lead ingestion [ 16), it is possible that
an element of the cognitive and mental
deficits ascribed to toxocariasis may partially result from plumhism.
There arc an estimated 73 million dogs
and 90 million cats in the United States
[ 17]. Many pups are born with congenital
canine toxocariasis and large numbers of
both dogs and cats arc either stray animals
or pets that arc not routinely dcwormcd as
recommended by the American V cteri-

nary Medical Association [l8]. Such huge
numbers of Toxocara-infccted dogs and cats
serve as rich sources of eggs in the
environment, which have been recovered
in poor urban areas [ 16] as well as in rural
areas, especially in the American South
and Appalachia [ 19-21]. Most of the
prevalence estimates for toxocariasis in
the US arc based on serological surveys
with banked scrn that detect Toxucaraspecific antibodies [l 7,20,22]. The enzyme immunoassay (EIA) using T. canfr
excretory-secretory (fES) antigens from
infective-stage larvae is the most useful
diagnostic test for toxocaral visceral larva
migrans and ocular larva migrans and is
the assay used by most commercial
reference laboratories in the US, including
the reference laboratory at the US Centers
for Disease Control and Prevention (CDC)
[17,20,22-31]. Results from the CDC ETA
measure total immunoglobulin antibodies
and arc reported as a titer; the assay detects
infections caused by both T. umis and T. rati.
For visceral larva migrans and some forms
of covert toxocarict~is, the sensitivity and
spccificily of the To.'<ocara ETA is estimated at
78% and 92%, respectively, al a titer of 1:32
[17,22,26,27]. The sensitivity of the EIA for
ocular larva migrans, however, is considerably less [1,28]. Following initial infoction,
Toxomra larvae migrnte through host tissues
for several months, and ultimately generate
a host granulomatous response, which
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Figure 1. The Life Cycle of Human Infection with Toxocara canis. From the Public Health Image Library of the CDC, http://phil.cdc.gov.
doi:l 0.1371/journal.pntd.0000400.gOO1

blocks further larval migration. However,
the larvae may remain alive within the host
for months, and host antibody levels may
remain strongly positive for 2 or 3 years or
more [17,31]. Therefore, in the CDC EIA,
the presence of antibody titers greater than
1:32 may be considered reflective of active
infection, although we arc not aware of
careful studies that have determined the
length of persistent toxocaral antibodies
over long periods of time.
Using a nationally representative set of
banked sera, the CDC has undertaken two
major national surveys for toxocariasis
[ 17 ,20,22]. The first was reported more

·:{fjf).:
..

www.plosntds.org

than 20 years ago using sera from children
aged l to 11 that were collected during the
first Health and Nutrition Examination
Survey (HANES I) of over 23,000 persons
l to 74 years of age in 35 gcor:,rrnphic
regions from 1971 to 1973 [20]. Nationwide, the overall prevalence was found to
vary between 1L6% and 7.3 1Yo, but ranged
as high as I 0% in the American South and
over 30% for socioeconomically disadvantaged African American children [20].
Higher seroprcvalcnce was also linked to
markers of low socioeconomic status,
including poverty and crowding and lower
educational level for head of household

2

[20]. In 2008, the CDC ag-clin reported on
Toxocara scroprevalcnce from the Third
National Health and Nutrition Examination Sum.~y (NHANES III), a crossscctional survey conducted between 1988
and 199+ [17 ,22]. The survey sampled at
higher rates specific minority groups (e.g.,
non-Hispanic blacks and Mexican Americans) and age groups (young children and
the elderly) [17]. Based on a representative
sample of just over 20,000 in individuals
over the age or 6, the overall scroprcvalcncc was 13.9%1 [17,22], suggesting that
tens of millions of Americans arc infected
with Toxocara. However, the scroprcva-
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Figure 2. Toxocara Larva in Liver of Child Necropsied in New Zealand. Larva discovered
at some distance from lesion. Image courtesy of CDC and DPDx.
doi:l 0.1371/journal.pntd.0000400.g002

lence was found to be considerably higher
among non-Hispanic blades and people
living in poverty. Based on the number of
Afdcan Americans living in poverty in the
US, we calculated that as many as 2.8
million have toxocariasis, making this
disease one of the most common infections
among any underrepresented minority
groups [32]. In a separate study conducted
in the 1990s, high rates of toxocariasis
were also found among inner city Hispanic
populations in Bridgeport and New Haven, Connecticut, especially among Puerto
Rican immigrants [ 14]. High rates of the
infection were noted previously to occur in
Puerto Rico [33). Given its proposed links
with asthma and developmental delays,
human·toxocariasis may represent a health
disparity of staggering proportions, possibly associated with the high frequency of
asthma and developmental delays noted
among African Americans and some
Hispanic groups living in poverty [3437]. The earlier association noted between
toxocariasis and elevated lead levels observed in the Hi\J.'\l'ES I study was
confirmed in the NHANES III serum
bank data, as was an interesting association between toxocariasis and co-infection
with toxoplasmosis [17,22]. The health
and developmental impact of these cofactors also warrants further investigation.
Globally, high rates of toxocariasis has
been noted in middle-income countries,
with prevalence rates reaching 40% or
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higher in Indonesia and Brazil [30,38].
Although there are few reported studies
from low-income counu·ics, it is of great
interest lo determine whether infection
rates with Toxocara may exceed some of the
better known human soil-transmitted helminth infections such as ascariasis, trichuriasis, or hookw01m infection.
While the NHANES studies indicate
that toxocariasis continues to persist and is
under-recognized as a health problem, a
full appreciation of the US and global
burden of disease caused by toxocariasis
demands improved serodiagnostic tool~. In
the US, EIA testing is not widely available
because of the limited capacity for parasitic disease diagnosis in the US and the
limited availability of antigen made from
T. cams larvae. In addition, the existing
assays have a low sensitivity for detecting
ocular larva migrans, so some true cases
remain undiagnosed and the approximations or national scroprcvalence arc underestimated. These features, together
with the observation that many physicians
in the US arc not knowledgeable about the
infection, helps to preserve the neglected
status of toxocariasis. In developing countries, smvcy results based on EIA with
TES arc confounded by high rates of coinfections with other soil-transmitted helminths, as antibodies to these other
nematodes may cross-react to T.cams
antigens (29,38]. In an effort to increase
both the sensitivity and specificity of TES-

3

based EIA~, some investigators have
examined the advantages of measuring
IgG subclass antibodies. At least one study
has shown that sensitivity could be increased by measuring IgG2 subclass antibodies, presumably those that measure
anti-carbohydrate antibodies against TES
glycans, while specificity could be increased by measuring IgG3 or IgG4
antibodies [29,30]. In 2000, a 30-kDa
recombinant TES antigen was cloned and
expressed in bacteria (39]. The recombinant protein requires solubilization in urea
(which may lessen its usability in an ETA
format), but is undergoing evaluation as a
potentially improved diagnostic reagent
[38], as arc other recombinant T. can is
antigens [40]. Ultimately, further epidemiological studies and disease burden
assessments of toxocariasis would benefit
from the development of an immunodiagnostic assay that is both highly sensitive
and specific for (and uses) the detection of
antibodies to a chemically defined recombinant T. canis antigen, preferably one that
is soluble in aqueous solution, and would
be made widely available. Production of
recombinant antigens may require expression in yea-;t or other low-cost cukaryotic
expression vectors, which arc often preferable to bacteria for producing soluble
recombinant nematode antigens [4-1,42].
Alternatively, tests could be developed for
measuring the presence of Toxocara antigen
in the bloodstream, similar to the immunochromatographic test (ICT) developed
for lymphatic filariasis [43] or tests for
other helminth infections [44].
Further studies to improve diagnostic
testing and expand epidemiologic surveillance should be conducted in parallel with
conu·ol and prevention efforts. These
include periodic deworming of dogs (especially after whelping) and hand-washing to
prevent focal oral contact [18], and casedctcction and treatment with albendazolc
[45]. Given the high prevalence of toxocariasis in areas of poor urban and rural
hygiene [16,21 ], improved sanitation and
access to clean water may also have
important roles. As a potential explanation
for the high rates of asthma and developmental delays among disadvantaged children in poor urban and rural areas, there
is an urgent need to fully explore the
contribution of toxocariasis to these conditions, which in turn will require increased advocacy and resource mobilization. Recognition of toxocariasis as a
common parasitic disease in the US and
possibly an even greater health problem in
developing countries is a first important
step to national and international efforts to
combat this neglected infection of poverty.
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Abstract
Intestinal nematodes affecting dogs, i.e. roundworms, hookworms and whipworms, have a relevant health-risk
impact for animals and, for most of them, for human beings. Both dogs and humans are typically infected by
ingesting infective stages, (i.e. larvated eggs or larvae} present in the environment. The existence of a high rate of soil
and grass contamination with infective parasitic elements has been demonstrated worldwide in leisure, recreational,
public and urban areas, i.e. parks, green areas, bicycle paths, city squares, playgrounds, sandpits, beaches. This review
discusses the epidemiological and sanitary importance of faecal pollution with canine intestinal parasites in urban
environments and the integrated approaches useful to minimize the risk of infection in different settings.
Keywords: Toxocara canis, Ancylostoma caninum, Trichuris vu/pis, Faeces, Dog, Urban areas

Review
Soil-transmitted helminthoses affects more than 2 billion
people worldwide [l]. Other than human-specific parasites, intestinal nematodes affecting dogs have a relevant
health-risk impact for both animals and human beings.
The importance of these pathogens is often minimized by
veterinarians and the general public, although Toxocara
canis, hookworms (i.e. Ancylostoma spp.) and whipworms
{i.e. Trichuris vulpis) are the most relevant canine helminths in terms of geographic distribution and clinical
importance [2,3].
The presence of infective eggs or larvae in the environment has a crucial role among the different routes of transmission of dog intestinal nematodes in both humans and
animals. In fact, human beings become infected by canine
Toxocara spp. and Ancylostoma spp. most frequently via
contaminated. soil [4-7).
Studies from various countries have demonstrated a
high rate of soil and grass contamination with infective
parasitic elements in leisure, recreational, public and
urban areas, i.e. parks, green areas, bicycle paths, city
squares, playgrounds, sandpits, beaches.
When using these areas, people often take their pets
with them. Owned dogs and stray animals may defecate in
• Correspondence: dtraversa@unite.it
1
Faculty of Veterinary Medicine, University of Teramo, Teramo, Italy
Full list of author information Is available at the end of the article

The environment Is incessantly contaminated
Toxocara ca.nis and Ancylostoma caninum are, respectively,
the primary species of roundworms anQ hookworms infecting dogs worldwide. Other species of ascarids and ancylostomatids may be present in particular areas, e.g. Toxascaris
leonina in Europe and USA, Uncinaria stenocephala in
colder areas of temperate and subarctic regions, and
Ancylostoma braziliense in the southern hemisphere.
Additionally, the whipworm T. vulpis is the ubiquitous
whipworm inhabiting the large intestine of dogs [2,3].
Parasitic burdens and egg output are higher in puppies
but patent intestinal infections may occur in dogs of all ages
and categories [10-19], even when under regular control
programs [15,20]. Bitches are a relevant source of infection for other animals and environmental contamination
because they often harbor somatic larvae, which mobilize
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public streets and areas, thus contaminating the environment with parasites and favoring zoonotic transmission
and (re..) infection for other animals.
While readers interested in biology, pathology and
general control of canine intestinal nematodes are referred
to [2J3,7-9}, the present article reviews the epidemiological
importance of faecal pollution in urban environments
with canine intestinal parasites in terms of veterinary and
human health and discusses the integrated. approaches
useful to minimize the risk of infection.
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during pregnancies and infect subsequent litters even
when re-infections do not occur. Puppies become infected
i11 utero and via the milk, but a proportion of mobilized
larvae reach adulthood in the intestine of the dam and
cause a patent infection with a long-lasting high egg shedding [21,22}. The patent infection in the bitch can be
re-enforced when suckling puppies defecate immature
ascarids, which are ingested by the dam and become
adults in her intestine [23]. Altogether these biological
features make nursing bitches and puppies a ve1y important
source of environmental contamination by T. canis.
Remarkably, pre-vaccination confinement of puppies
would often imply that eggs are shed into the home or
private gardens and backyards, thus posing a potential
health risk for the owners [24]. This is of great importance considering that virtually 100% of puppies acquire
toxocarosis by transmammary and/or transplacental
route/s and that they pass thousands of T. canis eggs
per gram of feces every day (Figure 1).
Hookworm filariform larvae present in the soil infect
a suitable host by actively penetrating the skin (especially for Ancylostoma spp.) and/or via the oral route
(i.e. Ancylostoma spp., Uncinaria spp.) [3,23,25-27]. As
with T. ca11is, hypobiotic larvae may survive for years
in the tissues of adult dogs and when reactivated during oestrus and in the last 2-3 weeks of pregnancy,
they are passed via the milk to the litter [27-30]. Adult
dogs may suffer patent ancylostomosis when they become
infected with environmental larvae or when hypobiotic
stages are re-activated by drivers of stress [3]. Remarkably,
dogs infected by A. caninwn may shed millions of hookworm eggs for weeks [7].
The absence of a vertical transmission in T. vulpis, its
long pre-patent period and a partial ability to stimulate
a protective immune response [31,32], explain the high
degree of intestinal trichurosis in adult dogs rather than in

Figure 1 Copromicroscopic examination of a puppy: microscopic
field (10x) showing a high shedding of Toxocara canis eggs.
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puppies. Hence, it could be erroneously argued that this
parasite is not spread as easily as roundworms and that the
environment is not as contaminated by whipworm eggs.
It is estimated that the contamination of soil with
Toxocara eggs may be m01·e than the 90% of the investigated areas worldwide [33]. This is explained by the fact
that mature eggs of ascarids (and T. vu/pis as well) can
survive in contaminated soil even in harsh conditions
(e.g. they may resist to chemicals, broad temperature
ranges and several degrees of moisture), thus are available
for ingestion at any time by susceptible hosts [8,9,34].
Also, viability and infectivity of environmental larvated
eggs persist for years, thus explaining the high number
of chances that dogs have of becoming infected and the
difficulties in controlling these intestinal parasitoses. As an
example, eggs of T. vulpis survive from cold winter to hot
summer, especially in wet and shady areas, which are widely
distributed in green areas of metropolitan cities [9].
Larvated eggs of T. canis and larval ancylostomatids are
an efficient environmental source of infection for various
animals, which act as paratenic hosts. These animals greatly
contribute to maintaining the biological cycle of toxocarosis
and ancylostomosis everywhere. In fact, dogs can become
infected by Toxocara by ingesting tissues of invertebrates
(e.g. earthworms}, ruminants (e.g. sheep), rodents, birds
(e.g. chicken) [3,7,31].
The role of wildlife is another exogenous factor contributing to the environmental contamination. In fact, movements
of wildlife to sub-urban and urban environments due
to destruction or reduction of their habitat is another
source of soil contamination by T. canis [35]; The key
example is represented by synantropic fox populations,
which reinforce environmental contamination and risk of
infection for humans and stray and domestic dogs [36].
Thus, a combination of these factors is the basis for an
extremely high environmental contamination and a lite-long
risk of infection for dogs living in contaminated areas.
The analysis of datasets from field investigations has
recently described general principles and approaches useful
to quantify levels of contamination with ascarid eggs and to
prioritize control measures. In particular, the relative role of
dogs, cats and foxes in disseminating parasite eggs in a
given environment (i.e. the city of Bristol, UK) was investigated. This study, carried out in an urban setting in the absence of stray animals, showed that pet dogs are the source
of most of the eggs that contaminate the environment
[24]. Obviously, this study example would differ in terms
of results and conclusions upon different localities, but in
general it demonstrated that an estimation of egg density in
urban settings is possible and provides local epidemiological
models of egg outputs and sources of contamination. Also,
this study illustrated that education of pet owners is crucial
to minimize the risk of disease transmission to animals and
humans and that stray dogs are not the culprits of faecal
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urban pollution in every city. It is obvious that the number
of eggs contaminating the environment is dependent on
the amount of faeces eliminated by owned and stray dogs
and on the extent of feces removal by the owners. However,
there is a lack of information on rates of deposition and
removal of dog faeces from public spaces in several areas
[24). In this regard, recent field studies conducted during
summer 2012 by operators observing dogs and their
owners in parks and green public areas located in the cities
of Rome and Padua (Italy), showed that 15.6% pet-owners
did not remove dog faecal deposits from the ground, with a
few differences between the investigated cities (13.5% and
16.9%, respectively) (unpublished data).

Risk for humans
Human beings become infected by T. canis most commonly
by ingesting embryonated eggs from the soil. Other sources
of transmission with dog intestinal nematodes include
ingestion of larvae resting in tissues of paratenic hosts,
or hookworm larvae in contaminated soil, which can
penetrate the skin of humans walking barefoot.
The presence of eggs on the ground is not only implicated with the direct infection for humans but could
represent a source of contamination for pets' coats. Indeed, the role of embryonated ascarid eggs present on
the fur of dogs has been evocated as a source of human
infections via hand-to-mouth contact [6,37,38].
Indeed, infective eggs have been found on the coat of
dogs in different studies suggesting that direct contact
with these animals could be a potential risk for humans.
Eggs of T. canis may be present on the hair of both stray
and privately owned dogs, with the latter considered as a
more important risk for human infection due to the
frequent contact with people [39]. On the other hand,
close-contact with a pet has been considered an unlikely
risk of infection with intestinal parasites for humans because the strong adherence of eggs on the animal's fur, the
relatively high number of eggs which should be ingested
to establish an infection and the long time for the embryonation (i.e. minimum 2 weeks) [7,40]. Rather than a selfcontamination (e.g. with self-grooming transmitting eggs
from the peri-anal region to other parts of the body),
dogs may pick up Toxocara eggs on their hair by the
scent-rolling [6J. In any case, regarding the actual risk
for human infection via touching or petting a pet, scentrolling can be a relevant cause of contamination for the animals coat when a pet is taken out in contaminated areas.
Interestingly, the presence of non-canine parasite eggs on
the fur of dogs indicates that the contact with a contaminated environment plays a key role in the acquisition of
eggs by the animals [41]. The presence of embryonated
eggs on the fur of owned dogs in some studies [37,40,42,43]
may account for a lack of care in terms of anthelmintic
treatment programmes. Surveys in Ireland and in the
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Netherlands have shown the presence of eggs on the coat
of owned dogs with a percentage of 8.8% [42) and 12.2%
[40] respectively. However, eggs in both studies were not
infective. Relatively old private dogs have been found with
a higher percentage of eggs on their coats than puppies
[37,40,42). Additionally, the absence of a correlation between intestinal worm burden and intensity of coat contamination suggests that pick-up from a contaminate soil
is the main reason for the presence of parasite eggs on the
coat of a dog [6,40).
Dogs with patent toxocarosis do not represent an immediate risk for human infection for a variety of reasons [44-46] and direct contact with an infected dog- is
considered of minor importance in the zoonotic transmission of intestinal nematodes (47,48].
Canid ascarids can cause different syndromes (e.g.
visceral, neulkl or ocular larva migrans, covert toxocarosis)
in human beings, especially children and toddlers.
In fact, children are the subjects at highest risk of
infection, due to exposure to areas (e.g. sandpits, green
areas, gardens, playgrounds) potentially contaminated by
T. canis eggs (44). Children suffering by geophagic pica
caused by mineral deficiency or behavior disorders are
also at high risk [44,49]. For example, the impact of
human infection by larval Toxocara in childhood is
demonstrated by the hundreds of cases of blindness and
eye damage calculated to occur yearly in the USA, which
in the past has often led to eye enucleations due to misdiagnosis with retinoblastomas [3,48,50]. However, the role of
migrating larvae of the feline ascarid Toxocara cati has
been repeatedly also evocated in causing human syndromes
[5). Thus, the importance of environmental contamination
by T. cati should not be neglected considering the likely absence of differences in terms of zoonotic potential between
dog and cat roundworms [51]. People with a soil-related
job (e.g. mechanics, gardeners, farmers, street cleaners)
may be at more risk of infection with toxocarosis, as shown
by their higher seroprevalence compared with values found
in people with non-soil related occupations [52].
A survey from Ireland showed that garden soil contamination is not associated with the household presence of pets
[53). In general, ownership of companion animals is not definitively associated with seropositivity and seroprevalence
for toxocarosis (52-54]. Contrariwise, human seropositivity
to Toxocara spp. has been put in relation with the contamination of soil with parasite eggs in some US areas [55), although actual risk factors for human infections may change
according to different geographical and epidemiological
settings [56,57]. A study carried out in a city of Brazil
showed that almost all seropositive children had the behavior disorder of geophagy and that they played nearly
every day of the week in public squares with a minimum
contamination of 1 Toxocara egg/gram of sand [58].
Additionally, it was also shown that contamination in
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the neighborhood of domiciles in the same areas was again
positively correlated with seropositivity in children in the
presence of infected animals. Interestingly, seronegative
children played infrequently in public squares [58].
Zoonotic hookworms may cause different pictures of
skin, enteric and pulmonary diseases, being the cutaneous
larva migrans the most important. Interested readers are
referred to [7,8,59]. A relationship between the presence
of Ancylostoma spp. larvae in soil of public squares and
occurrence of cutaneous larva migrans in children has
been demonstrated in Brazil [60].
It is obvious that tourists sunbathing on beaches in risky
areas where zoonotic hookworms are endemic are at risk of
infection with larval hookworms.
The dog whipworm T. vu/pis is not included in zoonotic
intestinal nematodes of pets [48) and its zoonotic potential
is questioned although presumed cases of visceral larva
migrans and of patent intestinal infections have been
described in people. At the moment T. vulpis cannot
be ultimately considered as a zoonotic canine parasite
and readers interested may find more details in [9].
Despite its high zoonotic potential, few references are
available on the presence of Strongyloides stercorali.s in public areas. For instance, S. stercoralis-like larvae have been
found in soil samples from Iran (61] and Nigeria (62).
Contamination and geography
Eggs of Toxocara spp., eggs and larvae of Ancylostoma
spp. and eggs of T. vulpis have been found from soil and
faecal samples in public areas from Europe, the Americas,
Africa and Asia.
Table 1 reports key examples of surveys carried out in
different countries to evaluate the frequency of canine
parasites due to faecal pollution in various human settings.
In a recent survey, canine faecal deposits were collected
from June 2012 to January 2013 in public green areas
(e.g., historic gardens, children's playgrounds or green
places for physical activities or fitness) in three different
municipalities of Italy (i.e., Padua, Rome and Teramo). Out
of a total of 677 collected samples, 38 (5.6%) scored positive
upon copromicroscopical examination for at least one canine geo-helminth, i.e. 22/209 (10.6%) from Rome, 13/198
(6.6%) from Teramo, and 4/270 (1.5%) from Padua. Overall,
the highest prevalence was detected for T. vu/pis (30; 4.4%),
followed by T. canis (13; 1.9%), and A. caninum {3; 0.4%),
distinguished from Uncinaria based on the egg size differences reported in literature [91,92). More specifically, prevalence values for T. vulpis and T. canis showed a similar
trend in each municipality (7.7% and 1.9% in Rome, 5.1%
and 3.6% in Teramo, 1.5% and 0.7% in Padua, respectively),
whereas A caninum·positive samples (1.4%) were observed
solely in Rome {unpublished data).
Although parasite eggs may be found in several urban
and industrialised settings, the risk of environmental
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contamination is particularly relevant in resource poor
communities due to the fact that extensive worm control
programs are limited by financial constraints. Also, in ,
those poor settings the public health system is deficient,
there is usually a high number of stray and feral animals
and people lack awareness of health risks [93]. In these settings the bond between physicians, veterinarians and the
whole community should be re-enforced to minimize as
much as possible the risk of public hazard.
What can we do to reduce environmental· contamination?
A reduction of the contamination of public areas by dog
helminths can be achieved only with a combination of
approaches, e.g. reliable worm control programs, awareness of veterinarian and behavior of pet owners and the
general public.
No reliable methods exist to realistically eliminate eggs
or larvae of intestinal nematodes of pets present on the
ground. Therefore, preventing the initial contamination of
the environment is of paramount importance. The indi·
vidualized treatment of parasitized animals is mandatory
to control infection in pets and environmental pollution.
Unfortunately, negligence in performing diagnostic copromicroscopy in veterinary practices is frequent, due to the
fallacy in considering an antiparasitic treatment powerful
enough to "generically clear parasites".
Contrariwise, copromicroscopic examinations should
be regular for pets, given that virtually all dogs are at
risk of becoming infected by intestinal nematodes for all
their life. The role of veterinarians is crucial, because pet
owners should be convinced of the importance of periodic
faecal examinations. Veterinarians have a plethora of para·
siticides, which can be administered according to each
individual possible scenario and both owner and animal
compliance to treat infected animals (7,9). Thorough indications for worm control programs have been released
by the US Companion Animal Parasite Council (CAPC)
and the European Scientific Counsel Companion Animal
Parasites (ESCCAP) [7,94,95].
A key point for controlling pet parasites is the lifelong
chemopreventative program. Using year-round treatment is
of importance where there is the necessity to perform the
annual chemoprophylaxis for other severe parasites and
not only for intestinal nematodes, e.g. for the prevention
of cardio-pulmonary nematodes, i.e. Diroftlaria immitis
and Angiostrongylus vasorum. In addition, several formulations containing compounds effective against intestinal
nematodes also contain cestocides which are powerful for
controlling infections caused by tapeworms distributed
worldwide (e.g. Dipylidium caninum) or hazardous for
humans (e.g. Echinococcus spp.).
Broad-spectrum formulations with an easy mode of administration (e.g. chewy tablets, spot-on) fit particularly with
year-long worm control programs. Faecal examinations
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Table 1 Key examples of studies that evaluated the frequency (%) of soil contamination of public areas by
roundworm, hookworm and whipworm eggs In different continents
Geographical area

Site

Frequency (%)
Roundworms

Hookworms

Reference
Whlpworms

Africa
Niger

Kaduna

(63)

9.0

Americas
USA

Connecticut

14.4

(64)

Argentina

Buenos Aires

13.2

[65]

Buenos Aires

1.7

20.5

Brazil

Fernandopolis

79.4

6.9

[67]

47.9

[68]

64.8

[70]

61.1

[72)

ltabuna

Chile
Venezuela

Sao Paulo

29.7

Guarulhos, Sao Paulo

68.1

Santiago

66.7

Ciudad Bolrvar

2.6

[66]

[69)

(71)

Asia
Japan

Tokushima

63.3

[73]

Thailand

Bangkok

5.7

[74]

Turkey

Ankara

45.0

[75)

Ireland

Dublin

15.0

[76]

Spain

Madrid

16.4

Italy

Marche region

33.6

Milan

7.0

3.0

5.0

[79]

Bari

2.5

1.6

2.5

[80]

Europe

Poland

[78]

Naples

0.7-1.4

2.4

10.1

[81]

Messina

3.6

2.6

1.3

[82]

Alghero

05-8.0

4.0

1.9

[83]

Wrodaw

3.2

4.9

4.9

Warsaw

26.1

Krak6w

15.6-19.8

[86]

64.3

[87]

Erzurum

Czech Republic

Prague

20.4

Eastern and northern areas

24.3-30.1

Bratislava

18.7

Slovak Republic

should be performed whether or not a monthly-based treatment program is used, even when the dog appears healthy,
as there are parasites that may not be covered by the treatment program or there may be poor compliance with the
program. In fact, owners may be not interested in paying for
faecal examination if the animals are asymptomatic, because
they are commonly considered parasite-free. While puppies
and their thousands of eggs shed daily are the major source
of contamination ·for the environment, a US study has
shown that after young dogs, the most parasitized category
of pets are > 10 years old [96]. This high degree of parasitism

(84]

[85)

Turkey
Hungary

[77]

3.0

[88]

8.1-13.1

20.4-23.3

[89]

[90}

in old animals could reside in a lack of willingness of owners
in chemopreventative and/ or worm control programs in
old pets [96). Indeed, there is no reason to consider an
old animal a less effective source of infection for pets,
human beings and the environment.
Unfortunately, public risk perception and awareness
may be poor in veterinarians, the general public and pet
owners of several countries (97-100]. Interview- based
studies have been conducted to understand how the risk
perception is present in the human population and to
implement awareness of the general public and of pet
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owners. For example, a British survey has unveiled that
less than the half of the participants (i.e. pet and non-pet
owners) were aware of the potential for transmission of
parasites via animal faeces with no differences between
who had a pet and who did not [55].
Similarly, a recent Italian interview-based study carried
out during summer 2012 in the cities of Rome and Padua
illustrated that out of 469 participants, 246 (52.5%) were
aware of the health risk associated with canine faecal
pollution in urban settings, with no differences between
pet and non-pet owners. In the same study, the awareness
of the health risks was higher in Padua (205/339, corresponding to 60.4%) than in Rome (41/130; 31.5%), again
with no differences between pet and non-pet owners
(unpublished data).
Veterinarians should routinely inform clients about
source of infections for both pets and humans and on
reliable measures to prevent transmission to other animals
and people. Regrettably, this is not a frequent behavior. As
a key example, less than the half of interviewed veterinarians in a Canadian survey discussed the zoonotic risk of pet
ownership with clients, while the remainder did this only in
particular cases or not at all [100].
Given that public squares, sandpits, playgrounds, beaches are always at a high risk for heavy contamination
by pet faeces and public parks and green areas are always contaminated by parasites of dogs (4,8,101-103],
avoiding animal defecation in public areas or immediate
collection of stool by the pet owner is crucial (Figure 2).
Veterinarians should educate owners on regular removal
and disposal of faeces, which is at the basis to minimize
environmental contamination and risk of transmission
[44,48]. When walking their pets in public areas, all owners
should respect local indications and keep their animals in
reserved areas, if present (Figure 3).
A very "creative" measure was recently adopted by the
Municipality of Brunete (Spain}, in which undercover
volunteers were recruited to patrol the streets, and to
confront dog-owners who did not remove the faeces of
their pet. Approaching the guilty owner for a friendly
conversation, volunteers swindled some useful information to identify his/her domicile by the preexisting
pet-registration database. At the end of the conversation, when the dog-owner was out of sight, the volunteers picked up the dog's faeces, the excrements were
boxed, and hand-delivered to the pet owner along with
an official fine and warning [104].
Other than constant municipal cleaning and maintenance,
controlled access of green areas and public parks by fences
is an effective way of prevention of faecal contamination. A
study in Japan has shown that placing vinyl plastic covers
over sandboxes at night is able to discourage animals from
defecating there [105]. An extreme measure chosen by
some municipalities is the elimination of sandboxes from
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figure 2 Indication for dog-owners in New York City, USA.

parks and playgrounds [8]. It is important to note, however,
that while T. canis eggs are most prevalent in public parks,
sandboxes are mainly contaminated with eggs of T. cati due
to the common behavior of cats during defecation [103].
Surveillance of the presence of parasite eggs in public
soil is also important in this integrated approach to control intestinal parasites. In general, microscopic examination of soil samples is performed to identify Toxocara
eggs, although this method may have low sensitivity and
specificity [106,107]. DNA-based approaches have been

figure 3 Beach area reserved for dogs in Broome, Australia.
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Figure 4 Dog faeces in a green park of Dublin, Ireland (left) and in a public square of Padua, Italy (right).

developed to discriminate eggs of ascarids in soil samples
[107,108], although some pitfalls may impair a routine use,
e.g. low throughput analysis and risk of carry-on contamination. A duplex Real-Time PCR has been recently validated
for the detection and discrimination of T. canis and T. cati
eggs in different samples, including soil. This assay is promising for the implementation of standardized methods able
to evaluate the presence of roundworm eggs in contaminated soil on a large scale. In particula1; this novel molecular tool can be used to investigate, with a high throughput,
the occurrence and the level of contamination of eggs
of T. canis (and T. cati) in urban parks, green areas,
playgrounds and sandpits (109].
This is of importance because different investigations
have shown that some urban environments may be heavily
contaminated by T. cati rather than by T. canis [101].

Conclusion
Canine faeces in cities are an important source of pathogens for the pet population, for dog owners and for
the community in general. Prevention of initial contamination is the most important way to avoid human
and animal infections, given that no practical methods
are available to actually minimize environmental egg
contamination. The non-polite habit of dog owners of
not removing feces of their pet from streets and green
areas (Figure 4) represents a concern for hygiene and
health of both animals and humans. Hence, polluted
public environments represent the principle risk for
human health with zoonotic intestinal nematodes of
dogs [38]. Other than social responsibility in eliminating
dog faeces from streets, parks and squares, appropriate
worm control programs, especially in young dogs, are
crucial to control faecal contamination and minimize
the risk of infection for humans and other animals.
Unfortunately, public education in reducing the risk of
exposure for both humans and companion animals is poor.
In recent years sociological changes have influenced
the relationships between physicians and veterinarians,

towards the concept of the "One Health Program" (i.e.

"the collaborative work of multiple disciplines to help
attain optimal health of people, animals, and our
environment") (110]. Thus, there is the necessity for
physicians, veterinarians and the general public to foster
interest and efforts in appropriate control programs towards a reduction of pollution of the cities and of the risk
of infection for both animals and people.
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The neglected tropical diseases (NTDs)
arc a group of chronic and disabling
infections that occur primarily in settings
of extreme poverty and affect over
1,000,000,000 people globally LI J. A
selected group of neglected parasitic infections, including some which overlap with
the World Health Organization's new list
of recognized NTDs [2], are also common
in the United States, where they dispro·
portionately affect the poor. The major
neglected parasitic infections in the US
include Chagas disease, cysticercosis, toxocariasis, toxoplasmosis, and trichomoniasis. These five parasitic infections arc
considered "neglected" based on their
high prevalence, chronic and disabling
features, and their strong links with
poverty [I ,2]. In contrast, the m<\jor
intestinal parasitic infections found in the
US-cryptosporidiosis, cyclosporiasis, and
giardiasis-arc mostly acute diarrheal
illnesses without significant links to poverty
or neglected populations. This review
highlights new information (mostly from
the last five years) on the major neglected
parasitic infections aflCcling impoverished
Americans, with respect to their distribution and unique clinical presentations as
well as their surprising links to cardiovascular, respiratory, and neuropsychiatric
conditions ordinarily thought of as noncommunicable diseases. Key diagnostic
and therapeutic challenges and urgent
needs for active surveillance and prcven·
tion are also presented.

Determinants of Neglected
Parasitic Infections in the US
NTDs have been shown to flourish in
settings of warm climate and extreme
poverty found in global subtropical regions
similar to the southern US. Indeed, new
information suggests that many of the
world's NTDs occur predominantly
among the extreme poor living in the
group of 20 (G20) countries, mostly in in
the subtropics, including Brazil, Indonesia,
India, China, Saudi Arabia, and Mexico
(3]. It is now recogniied that several
neglected parasitic infections arc also

PLOS Neglected Tropical Diseases

widespread in the southern US [4]. This
finding is ronsistcnt with new US census
data indicating that 20 million Americans
now live in "extreme poverty" [5], \\~th
1.65 million households (with 3.55 million
children) living on less than USS2 per day
in a given month f6]-a standard benchmark for global poverty. Today, the states
with the highest poverty rates are all in the
southern part of the country (fable I) (7],
and the nation's poorest large metropolitan area (~lcAllcn-Edinburg-Mission,
Texas) and the eight most impoverished
smaller metropolitan areas arc located in
this region (8]. While there arc noncash
safoty-ncl programs, including food
stamps and public health insurance, that
blunt some of the hardship of those living
in extreme poverty, there has still been a
clear increase in the number of Americans
living in poverty over the last 40 years L5].
The underlying basis for why poverty
promotes neglected parasitic infections in
the southern US is unknown, although
factors such as poor housing and sanitation and environmental contamination arc
likely contributors LS], while so far the
links to ethnicity appear to be mainly
socioeconomic. Through their chronic and
disabling ellccls on worker productivity,
child development, and maternal health
l9J, it is plausible that neglected parasitic
infections could also help perpetuate
generational poverty among people of
color in the US.
Initial efforts to assess the prevalence or
incidence of the neglected parasitic infections were hampered hy a dearth of
available data on these conditions [5, 1O].
In response, legislation known as the

"Neglected Infections of Impoverished
Americans Act" (HR 528) was drafted to
raise awareness of these diseases among
the general public and subsequently introduced as a bill in 2010 and 2011 [11].
While efforts have since stalled in the US
Congress, over the last five years additional information about the neglected parasitic infections has accumulated so that it is
possible to begin making more informed
statements on their status with regards lo
prevalence, geographic distribution, and
novel associations with illnesses that resemble noncommunicable diseases (fa·
hie 2) and on the initial steps required
for prevention.

Neglected Helminthic Infections
Toxocariasis and cysticcrcosis arc two of
the most common parasitic worm infections. Toxocariasis occurs disproportionately in the southern US. Less is known
about the distribution of cysticercosis, but
it also tends to concentrate in southern
and southwestern states with large Hispanic American populations [12].

Toxocariasis
Toxocariasis is a soil-transmitted helminth infection and zoonosis that results
from accidental ingestion of Toxcara can is
or T. cati eggs found in soil contaminated
with dog or cat feces, respectively. The
resulting larval migrntions through the
lungs, liver, and eyes continue for months
or even years to produce several diffcrcnt
inflammatory conditions that include vis·
ccral toxocariasis, ocular toxocariasis, and
covert toxocariasis with elevated scrum
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Table 1. Geographic distribution of poverty in the United States.
State

Poverty Rate

Mississippi

21.0

New Mexico

19.9

Arizona

19.1

District of Columbia

19.1

Louisiana

18.9

Georgia

18.5

:rexas

17.7

Rank among US States

6

Percentage of people in poverty by state using 3·year averages: 2009-11. http://www.census.gov/hhes/www/poverty/data/incpovhlth/2011/tables.html.
doi:10.1371/journal.pntd.0003012.tOO1

immunoglobulin E (IgE) and cosinophilia
[13] . Toxocariasis is widespread and is
likely our nation's most common hclminthiasis [13]. Much of what we currently
know about the prevalence and risk factors
for toxor.ariasis arc from data on over

highest among non-Hispanic blacks
(21.2%) and associated with low education, poverty, elevated lead concentrations, dog ownership, and living in the
South or Northeast areas of the country
[ 14, 15]. T oxor.ariasis and toxoplasmosis

20,000 scrum samples collected from the
Third National Health and Nutrition Examination Survey (NHANES III) and tested
by the Centers for Disease Control and
Prevention (CDC) for Toxocara antibodies
[14]. The ·age-adjusted scroprevalenr.e was

Table 2. Neglected parasitic infections in the United States.
Neglected
Parasitic
Infection

Selected Prevalence
Data

Major Risk
Factors

Cllnlcal Sequelae In
Adults and Children 1

Clinical Sequelae In
Adults and Children 2

Congenital Clinical
Sequelae

References

Toxocariasis

>21% Seroprevalence
among African·
Americans (up to 2.8
million African·
Americans); > 17%
seroprevalence In
the American
South

African-American
race, male sex,
poverty, low
education level,
lead ingestion,
contact with dogs,
colnfectlon with

Neurologic and
psychiatric: cognitive
delays; epilepsy; ocular
manifestations

Pulmonary:
diminished lung
function asthma

Not well established

(13-22]

Cysticercosis

Up to 41,000-169,000
Infected persons;
likely widely under·
recognized, with only
an estimated 1,000
hospitalized cases
diagnosed

Hispanic
Immigrants

Neurologic: epilepsy;
chronic headaches

None

Not well established

[24-28]

Chagas Disease

300, 16 7 cases

HispanicAmericans

Cardiovascular:
cardiomyopathy
neurysms; conduction
disturbances;
sudden death

Gastrointestinal:
megavlscera

Congenital:
congenital Chagas
disease syndrome

(29-38]

Toxoplasmosis

1.1 million new cases
annually, including
21,505 cases of ocular
toxoplasmosis and
up to 4,000 cases of
congenital
toxoplasmosls

African-American
ethnicity and
poverty

Neurologic and
psychiatric: cerebritis;
schizophrenia; bipolar
and other mood
disorders

Ocular: retinitis and
retinal scars and
other ocular findings

Congenital
[39-47]
toxoplasmosis
syndrome:
hydrocephalus;
chorioretinitis;
intracranial calcifications;
cognitive deficits;
hearing loss

Trichomoniasis

7.4 million new
cases annually

African-American
ethnicity10 times more
common

Genitourinary:
vaginltls; pelvic
inflammatory disease;
pregnancy complications

HIV coinfections

Neonatal infections

(48-52]

Total

Approximately 12
million Incident or
prevalent infections,
including some people
living with chronic
sequelae

I Volume
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Toxoplasma

Features that produce clinical manifestations and sequelae similar to selected noncommunicable diseases.
doi:10.1371/journal.pntd.0003012.to02
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coinfections were also noted to be
common [16]. Based on these data and
the number of at-risk African Amerkans
living in poverty, one estimate suggested
that up to 2.8 million African Americans
may have Toxocara infections [4], but
there is a need to refine those estimates
through further research. Among the
compelling reasons to collect additional
information about toxocariasis arc potential links between the covert form and
important pulmonary and neurologic
sequclac [13]. An expanded NHANES
ill analysis recently linked toxocariasis to
significantly diminished lung function
[17) and reduced cognitive function in
children [18]. Still other new studies
support a link to epilepsy [ 19] but with
conflicting evidence on the association
with bronchial asthma [20]. Ocular
toxocariasis is associated with vision loss,
especially among children living in the
South [21]. Given the high rates of
toxocariasis among people living in the
southern US and its association with
cognitive delays, epilepsy, vision loss, and
reduced pulmonary function, there is an
urgent need to conduct prospective
studies to confirm these links as well as
to evaluate potential therapies with
albendazole and other anthelminthic
drugs (22]. The extent to which other
soil-transmitted helminth infections still
occur in the US is not known. As.
rece~tly as 1982, ascariasis, trichuriasis,
hookworm infection, and strongyloidiasis
were prevalent in impoverished areas of
the southern US and Appalachia, but
over the last 30 years, there have been
few if any high-quality studies to assess
whether these infections still occur in
historically endemic areas (23).

Cysticercosls
Cysticercosis is a human infection with
the larval form of the pork tapeworm,
Taenia solium, which results from the
accidental ingestion of eggs passed in feces
from another person, typically a family
member or household contact. The disease is widely distributed in Latin Amerka
as well as in Asian and African developing
countries, where it is an important global
r.ause of epilepsy and manifestations of
hydrocephalus, but it has also emerged as
a public health problem among HispanicAmericans living in the US. One estimate
suggests that tens of thousands of cases arc
present at any given time (4]. The clinic:al
presentation of cysticercosis in Houston,
Texas, is typical of that seen in other
regions of the US, with neurologic manifestations ("neurocysticercosis"), especial·
ly seizures and headaches, the most

PLOS Neglected Tropical Diseases

common presenting signs (24]. In the
patient population seen at one of Houston's two major public hospitals, more
than half have parcnchymal disease, which
is usually a solitary cyst (ofien with a
scolex) seen on ncuroimaging [24]. However, a significant percentage of cases also
show intraventricular (20%) or subarachnoid disease (12%) or calcifications (12%)
[24]. In southern California, where neurocysticercosis also causes a significant
health and economic burden, most of the
cases require hospitalization (at which
point they arc most frequently diagnosed),
and men were more likely to suffer from
severe disease including hydrocephalus,
which was more costly and required
longer hospital stays [25]. The American
Ac.ademy of Neurology recently issued
evidence-based guidelines for the treatment of neurocysticercosis and currently
recommends specific anthelminthic therapy with albcndazole either with our
without corticosteroids in order to decrease the number of active lesions on
brain imaging studies or to reduce Jong·
term seizure frequency [26]. Such guidelines focus on parenchymal neuroc:ysticercosis, so additional guidelines may be
required to address more complicated
disease. Substance P was identified as a
possible factor responsible for seizures in
ncurocysticercosis [27], a finding which
could provide new avenues for therapy.
Importantly, cysticercosis can also be
acquired in the US, but the actual extent
to which this occurs is unknown [25,28].
Pilot surveillance systems in California
have screened contacts of neurocysticer·
cosis cases for tapeworm carriage, identifying a source in up to 21 % of US-born
cases (28]. Treatment of these tapeworm
carriers can prevent disease in their
contacts.

Neglected Protozoan Infections
Three major protozoan infections have
been linked to poverty in the US.

Toxoplasmosis
Chagas disease
Chagas disease (Americ.an trypanosomiasis) is a chronic parasitic infection c.aused
by Trypanosoma cruzi, transmitted by
triatomine vectors ("kissing" bugs), and
associated with severe cardiomyopathy
and other life-threatening sequelae in
approximately one-third of infected individuals [29]. The CDC estimates that
300,167 people live with T. cruzi infection
in the US, including up to 45,000 with
undiagnosed Chagasic cardiomyopathy
[29,30]. A new economic analysis projects
the healthcare and other costs of Chagas
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disease in the US to be almost US$900
million annually, placing it on a similar
footing with other better-known infections
such as Lyme disease and methicillinresistant Staphylococcus aureus infection
[31]. An important gap in our knowledge
of the burden of Chagas disease in the US
is an accurate estimate of the number of
infants being infected through mother·tochild transmission [32]. The first case of
congenital Chagas disease was confirmed
in 2012 (33], but it has been estimated
that up to 315 infants annually (in the
same order of magnitude as phenylketon·
uria or other inborn errors of metabolism)
are born in the US with congenital Chagas
disease [29]. Information on the number
of infected infants and highest-risk groups
could inform policies on targeted screen·
ing. Limited data suggest that up to 13 %
of patients with dilated cardiomyopathy in
at-risk Latino populations in the US may
be due to Chagas disease [34]. More
accurate estimates of the burden, risk
groups, and costs would infonn treatment
guidelines and prevent disease progression. Another major unknown is the
proportion of cases in the US due to
immigration from endemic areas of Latin
America versus those attributable to autochthonous transmission. The triatomine
vectors are widely distributed in the
southern US (30], especially in Texas,
where r.anine Chagas disease is also
widespread [35]. However, to date only
23 c.ases of autochthonous Chagas disease
have been confirmed (36]. Reasons for the
lack of clarity on disease burden include
limited public health surveillance and
targeted surveys and poor disease-related
knowledge among American physicians
(37]. Few obstetricians know about the
risk of congenital Chagas disease (38].
Finally, the diagnostic tests for Chagas are
not easily accessible, and the antitrypanosomal drugs are highly toxic, often of
limited efficacy, and contraindicated in
pregnancy [30].

3

Toxoplasmosis is a parasitic infection of
humans and numerous animal species.
Transmission of Toxoplasma gondii to
humans occurs through either ingestion
of cysts found in meat or oocysts found in
water or soil contaminated by cat feces
[39]. Based on NHANES 1999-2004 and
the 2009 US census data, almost 1.1
million people are infected each year,
including more than 21,505 people who
develop ocular lesions [40]. While overall
the prevalence of toxop1asmosis has declined from the prior decade, the disease
still occurs disproportionately among
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non-Hispanic blacks and people living in
poverty [39]. Up to 4,000 cases of
congenital toxoplasmosis also occur annually [41]. Interestingly, a new test that
detects antibodies to sporozoites has re·
cently suggested that most congenital
infections result from ingestion of T.
gondii oocysts (zoonotically transmitted
from cats) during pregnancy [42]. There
are also data to indicate that severe disease
resulting from congenital toxoplasmosis is
more common in the US than in Europe
[43]. However, despite this new information, there is a low level of awareness
among obstetricians about toxoplasmosis
and how to prevent infection [44]. The
burden of T. gondii infection may extend
beyond well-known manifestations that
include ocular disease, congenital defects,
and severe disease in the immunocompromised host. Some recent studies have also
indicated an association between seropositivity and various psychiatric conditions,
including schizophrenia, bipolar and other
mood disorders, and suicide attempts [4547). Addressing important gaps in our
understanding of this disease, such as
estimates of incidence of congenital toxoplasmosis and cost/benefit of screening;
elucidation of the association between T.
gondii infection and mental illness; and
improved diagnostic tests and treatments,
would enable better prevention and con·
trol in the US.

Trichomoniasis
Trichomoniasis is a common sexually
transmitted parasitic infection with more
than 7 million cases annually in the US,
where it is a leading cause of vaginitis,
preterm labor, and pelvic inflammatory
disease [48]. Data collected over the last
decade has also revealed an important link
with HIVI AIDS, as women with Tricho·
nwnas vaginalis infection exhibit increased HIV viral shedding, which has
been shown to decrease following antipar·
asitic chemotherapy [49). Indeed, a significant number of HIV transmission events
from HIV-infected women may be attributable to trichomoniasis coinfections (50].
The prevalence of trichomoniasis is more
than ten times higher among black women
than non-Hispanic white women [51].
Other factors associated with Trichomonas infection in this national sample
included poverty, low educational level,
increasing age, high number of sex
partners, being born in the US, douching,
and having a concurrent chlamydia!
infection [51]. Nitroimidazoles (metronidazole or tinidizolc) are the only class of
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drug available in the US for treatment.
Low levels of metronidazole resistance are
now widespread among T. vagina/is
isolates in US urban centers [5 2]. The
CDC has also received isolates that have
been resistant to tinidazole. In addition,
some women are allergic to the nitroimidazoles and require desensitization, so
other drugs are urgently needed. Addressing important gaps in the epidemiology of
this disease, including the role of asymp·
tomatic infections in disease transmission
and the role of male infections, is needed
to inform prevention policies.

Other protozoan infections
Two other intestinal protozoan infec·
tions, i.e., cryptosporidiosis and giardiasis,
arc also common in the US, where they
are neither linked to neglect nor poverty.
Both diseases were reviewed recently with
respect to their epidemiology in the US
[53,54]. Briefiy, both infections are more
prevalent in the northern US and exhibit
their highest incidence during the summer
months with links to recreational water use
[53,54). Cyclosporiasis is a parasitic infec·
tion linked to food-borne illness, also with
high incidence during the summer months

[55].

Urgent Needs and Future
Directions
The neglected parasitic infections are
not rare conditions in the US. Instead,
they affect at least 12 million Americans,
either through new infections (e.g., trichomoniasis) or from prevalent persistent
infections resulting in chronic scquclae.
However, these diseases typically go undiagnosed because of poor awareness among
health care providers as well as the relative
inaccessibility or unavailability of the
diagnostic tests. Confirmatory diagnostic
testing for these parasitic infections requires serologic testing that detects antibody against antigens obtained from
whole parasites that arc typically unavailable in most clinical laboratories. There·
fore, there is an urgent need to develop
improved diagnostic reagents (including
recombinant antigens) and point-of-care
tests. The chronic and disabling features of
neglected parasitic infections can resemble
selected noncommunicable diseases, which
further compounds diagnostic difficulties
and their lack of recognition. As examples,
few health care providers might recognize
toxocariasis and toxoplasmosis as underlying causes of pediatric cognitive deficits
and developmental delays, toxocariasis as
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a cause of asthma, toxocariasis and
cysticcrcosis as etiologies of epilepsy, or
Chagas disease as a cause of heart disease.
In addition to the lack of diagnostic tools,
better drugs are urgently needed to either
overcome resistance or have a better safety
profile. There is no Food and Drug
Administration (FDA)·approved drug for
Chagas disease in the US, which limits the
ability to scale up a treatment program for
thousands of people in the US. The drugs,
however, are available under investigational protocols from the CDC. Almost aJl
of our current estimates of disease prevalence, incidence, or disease burden are
based on limited testing or NHANES
surveys. While blood products are
screened for T. cruzi antibody [36,56],
such activities underestimate the true
prevalence and geographic distribution of
an infcction like Chaga.s disease that
occurs mostly among the poor (30]. For
some diseases like Chaga.s disease or
ncurocysticcrcosis, for which there is a
potential public health response such as
screening children of infected mothers or
screening household contacts of neurocysticercosis for taeniasis, public health surveillance is appropriate but seldom conducted except in a few states. Currently,
Chagas disease is reportable in only four
states and neurocysticercosis in five states,
but even in these states there are few if any
programs of active surveillance. Such
limited smveillance activities hinder efforts
to assess disease burdens, identify at-risk
populations. and elucidate modes of transmissions. Finally, we need programs of
health education and advoC'.acy to promote
awareness for the neglected parasitic
infections and to shape policies for control
and prevention. Pediatricians and obste·
tricians in particular can play a major role
in advising families how to prevent these
diseases. Communities need to enact and
enforce regulations that prohibit pet access
to children's play areas in public parks and
programs to prevent T. canis, T. cati, and
T. gondii zoonotic transmission from dog
and cat feces. Directing attention and
resources to the neglected parasitic infec·
tions would provide a cornerstone for a
broader approach to help the most
impoverished and marginalized Americans.
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A bstract

Go to:

Aim:

The aim of the study was to identify the presence of eggs of Toxocaraspp. in dog hair and to identify
any risk factors associated with this.
Materials and Methods:

A total of 96 dogs were sampled collecting hair from the head, perianal and hindquarters.
Epidemiologic data from each animal were recorded to identify risk factors . The samples of hair were
washed with solutions of distilled water, phosphate-buffered saline and Tween 20 detergent.
Microscopic analysis was subsequently performed for the identification of eggs.
Results:

Out of the total dogs, 41.7% were positive for the presence of parasite egg in their hair. Toxocara eggs
were found in hair from the head (14.5%), tail (20.8%), and limbs (10.4%). Dogs, younger than 12
months old, showed higher values (4. 7%) of egg presence in the perianal area (p<0.05). The principal
risk factors for the presence of eggs in hair were not deworming (odds ratio [OR]=3 .60, p<0.004) and
not brushing (OR=2.26, p<0.12).
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Conclusion:

These results show that in the state of Mexico there is a high percentage of dogs contaminated with
Toxocara spp. eggs in their hair. This should be seriously considered due to the potential problems of
toxocariasis and the risk to public health.
Keywords: dog hair, public health, risk factors, Toxocara eggs

Introduction

Go to:

Toxocara can is is a nematode parasite commonly found in the intestines of dogs [l]. It can be excreted
as eggs in feces, and under appropriate conditions, they become infective in the environment during a
period of 2-5 weeks [2]. Moreover, the parasite has the potential to invade other paratenic hosts such as
humans [_J]. The dog is the most common companion animal of humans, and this close contact exposes
humans to possible zoonotic diseases like toxocariasis, which can cause mild symptoms or severe
manifestations (slight fever, recurrent vomiting, headache, and abdominal pain) and in rare cases can
sometimes lead to death [:!.,2.]. Infection by Toxocara spp. is initiated through the ingestion of
embryonated eggs and once the larvae in the eggs hatch they can migrate to different organs, causing
syndromes such as visceral larva migrans, characterized by hepatic, pulmonary compromise, anemia,
and eosinophilia; ocular larva migrans, in which the effects of pathological toxocariasis on the host are
restricted to the eye and optic nerve, causing a significant decreased visual acuity and even total loss of
the same [2,~].
A number of different risk factors for toxocariasis have been described. Among these are bad hygiene
habits, ingestion ofundercooked meat, food preparation and pica and specifically geophagia [§.-.2]. An
impmtant factor that has not been fully addressed is infection through human contact with dog hair
[l.Q]. Amaral et al. [.§],however, have described how dog hair contaminated with T. canis at different
stages of development is a source of infection and furthermore, higher densities of Toxocara eggs than
detected in the soil have also been reported in dog hair [ll].
Most studies of risk factors have been conducted in humans [l,:l&, 12]; few have been conducted in
dogs. Moreover, studies of risk factors for the presence of Toxocara eggs in dog hair have not been
conducted in Mexico. Considering this, the objective of this study was to evaluate the presence of
Toxocara spp. eggs in dog hair and to evaluate risk factors for the presence of the eggs.

Materials and Methods

Go to:

Ethical approval

With the consent of the pet owners, 96 dogs were sampled in the Southeast region of the State of
Mexico from March 2013 to October 2013. This non-invasive collection method did not present any
threat to these dogs. The sampling procedure required no specific permissions for the Southeast region
of the State of Mexico.
Sample collection and questionnaires

From each of the 96 dogs, samples were collected by trichotomy, with three samples of hair from
different anatomical regions: Head, perianal area, and hindquarters. This resulted in a total of288 hair
samples being obtained which could be used to identify the presence of eggs of Toxocara spp. The
samples were kept in a polyethylene bag with a zipper, labeled with the corresponding data (dog
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number and anatomical region from which the sample was collected) and kept frozen until analyses. A
survey was completed by each of the dog owners, including questions related to epidemiological history
and risk factors: Dog data (height, age, and hair length), health conditions, health habits (worming, flea
presence, frequency of bathing, and hair cut service), and living conditions of the animals (stray habits,
living with other dogs, wearing clothes, brushing, and type of floor where they live).
Egg recovery technique

Samples were processed using the modified method of Overgaauw et al. [.Ll.]. They were weighed using
an analytical scale (Velab™ model ES. I OOOH) and those samples weighing <2.5 mg were excluded.
The samples were next washed with vigorous shaking in the presence of 0.2 ml of Tween 20 (label
CIVEQ) and 40 ml of distilled water (JT. Baker®). After I 0 min, the floating hair was transferred to
another tube for a second wash with 40 ml of phosphate-buffered saline. After 10 min, the hair was
discarded. The first and second washes were centrifuged at 800 xg for 10 min and then the supernatant
was decanted until approximately 1 ml. Once the sediments were re-suspended, these were transferred
into a single tube to mix them. This was centrifuged at 800 xg for 10 min and 1 ml of the supernatant
retained. The re-suspended sediment was moved to an Eppendorf tube for a last centrifugation at 800
xgfor 10 min and approximately 100 µl of the supernatant was kept. Finally, each sample processed
was observed under an optical microscope at 40x magnification to search for eggs of Toxocara spp.
Statistical analysis

The degree of contamination of dog hair with eggs of Toxocara spp. was expressed as a percentage for
the anatomical region and also per gram of hair. The percentages were also compared using the Kruskal
-Wallis test [li]. The information obtained in the survey (age, breed, gender, etc.) was used to identify
risk factors for Toxocara eggs in hair by calculating the odds ratio (OR) ill].

Results

Goto:

Of the sampled dogs, 41.7% (n=40) contained eggs of Toxocara spp. in their hair. In total, 67 eggs (not
embryonated) were recovered from dogs' hair; 19 from head, 38 from perianal region, and 10 from
limbs. The perianal region showed a higher percentage of positive tests (20.8%) compared with the
head (14.6%) and limbs (10.4%), however, the anatomical region was not found to be a predisposing
factor in the overall population (Table- I). The mean number of eggs per gram (EPG) of hair was 1.4
EPG. Among anatomical regions, the mean number of EPG of hair was similar (p>0.05), with 1.23 in
the head, 1.90 in the perianal region, and 1.0 in the limbs. Eggs density (per gram of hair) was not
different (p>0.05) by gender (female 1.28 and males 1.60) or by the size of the dog (small LO; medium
1.45; and large 1.5). When the dogs were grouped by age (Table-2), younger dogs showed a higher
density of Toxocara eggs in their perianal region (p<0.05).
Table-I
Presence of Toxocara eggs according to anatomical region.

Table-2
Number of Toxocara eggs by anatomical region according to age
group.
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Regarding the possible risk factors associated with the presence of Toxocara spp. eggs, the size of dog,
age or hair length was not significant (Table-3). Dewonning of dogs was, however, a protective factor
(OR=0.27) and not dewonning was a considerable risk factor (OR=3.60). The presence of fleas, bathing
frequency, and grooming activities were not significant risk factors (Table-3).
Table-3
Evaluation of risk factors associated with the presence of Toxocara
eggs in dog hair.
In regard to the stray habits, dressing, and the type of floor, these were not risk factors. However, there
was a tendency (p=0.12) to indicate that not brushing could be a risk factor (OR=2.26) or brushing a
protective factor (OR=0.44) (TabJe-3).
Discussion

Goto:

The presence of Toxocara spp. in dogs represents a risk for public health due to the repercussions such
as zoonotic diseases ~]. The results obtained in this study indicate that beside reports of Toxocara spp.
eggs being recovered from feces and in public places, their presence in the hair of canines is a potential
risk factor for the transmission of this parasite to other animals and humans. Furthennore, this data are
supported by other studies; for example, Amaral et al. [fil and Oge et al. [lfil also found that
contamination of dog hair with T. can is at different stages of development represented a potential
source of infection for humans.
Overgaauw et al. lli] analyzed 148 domestic dogs aged between 0.5 and 13 years of age, collecting
hair samples from the lumbar region and flanks, however, they found eggs in 18 dogs (12.2%), which
contrasts with our data presented here (40 positives, 41. 7%). Both in the reported by Overgaauw et al.
ill], as in this study embryonated eggs were not detected, however, Keegan et al. [1] reported that
Toxocara eggs have the potential to become infective on dog which should not be ignored ll1]. In
another study, Keegan et al. [J] investigated 182 dogs, with 65 younger than a year and 117 older than
a year, and hair samples were taken from the head, neck, back, and perianal region; 16 (8.8%) dogs
were positive for Toxocara eggs. Again, the percentage of positive dogs here is lower than that in our
present study.
Amaral et al. [fil analyzed hair from 100 stray dogs and found that 67% of dogs were positive for T.
canis eggs. Of these, 95% were puppies, which indicates that stray dogs, and especially puppies, carry
the eggs in their hair at higher densities than that reported from on the soil or in the environment [§,J.fil.
Nevertheless, according to Overgaauw et al. [UJ and Keegan et al. QJ a higher percentage of positive
animals were found in adult dogs, similar to the results of this study, where 9 out of 10 geriatric dogs
. were positive for Toxocara spp. in the hair. Previous investigations of Keegan and Holland [JJ and
Overgaauw et al. [11) found similar results to those obtained in this study, indicating that age is an
important factor for the presence of eggs in dog hair, associated with the Toxocara spp. biological cycle
and the condition of the animal.
El-Tras et al. [l2] compared the hair of 56 domestic dogs and 64 stray dogs: 6 domestic dogs (10.7%)
and 17 stray dogs (26.6%) were positive for Toxocara. Although stray habits were not detected as a
significant risk factor, numerically, hair from dogs with stray habits was more contaminated (26.0%)
than hair from dogs without these habits ( 15 .6%), which could be associated with the better care
provided by the owner and a pennanent home.
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As with the mean number ofEPG of hair reported by Overgaauw et al. (3.8 EPG) [.Ll.] and Keegan et
al. (0.1 EPG) QJ, the value found in this study (1.4 EPG) is considerably lower than the value obtained
by Roddie et al. [ill (584 EPG), which is higher than that reported for soil. These differences may be
explained by the fact that Roddie et al. [li] only used samples from stray dogs where the lack of
attention and hygiene likely influenced in the high number of eggs in hair compared with the number
found in animals with an owner. It is also possible that there is a relationship between the degree of
contamination in the soil and in the hair. In places where the soil has a density of0.0016-1.1 EPO
ra.,Q-61), low concentrations of eggs in the hair were found, as in this study. This is important because
soil has been considered as the principal source of infestation of Toxocara spp. to humans ruJ.
Conclusions

Goto:

A significant proportion of the dogs sampled in the Southeast region in the State of Mexico was
contaminated with eggs of Toxocara spp. in their hair. The main risk factor for egg contamination was a
lack of deworming, and the foremost protective measure against egg contamination was performing
deworming. Although other factors were not found to be statistically significant risk factors, brushing
dogs, avoiding stray habits, and grooming dogs at least every 4 months may contribute to the reduction
of further contamination and infections.
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ENVIRONMENTAL CONTAMINATION BY Toxocara sp. EGGS IN RIBEIRAO PRETO,
SAO PAULO STATE, BRAZIL

Dlvani Maria CAPUANO()) & Gutemherg de Melo ROCHA(2)

SUMMARY
Toxocariasis is a zoonosis mainly caused by Toxocara canis, an intestinal nematode of dogs. Man acquires the infection
through accidental ingestion of viable eggs, and the toxocariasis clinical manifestations may vary from an asymptomatic infection
up to the Visceral Larva Migrans syndrome. Seventy eight public squares of Ribeirao Preto. Sao Paulo, Brazil. including Bonfim
Paulista district were visited aiming to evaluate the soil contamination by Toxocara eggs. The squares were divided in five different
areas corresponding to the Sanitary Districts of the city. From May to December 2003, soil samples weighling about 250 g each
were collected from five distinct sites of each public square. The laboratorial analysis was done by centrifugal-flotation techniques
in magnesium sulphate solutions with 5% of potassium iodide {d = 1.33) and zinc sulphate (d = 1.20), and by the sedimentationflotation in conic chalices with zinc sulphate (d = 1.20). Toxocara sp. eggs were found on 16 (20.5%) squares, with the lowest
prevalence (12%) at the central area. From these results. it is expected that the legal authority will adopt protection mea.coures for
the city public areas, reducing thus the contamination risk by Toxocara sp. eggs.
KEYWORDS: Toxocara sp.; Soil contamination; Zoonosis.

INTRODUCTION

MATERIAL AND METHODS

Human toxocariasis. a zoonosis caused by intestinal nematodes of
dogs and cats, is an important public health issue in developed and
developing countries21 •22 • Human infection occurs by the accidental
ingestion of infective eggs. usually from Toxocara canis, present in
the soil, vegetables or other contaminated surfaces. Children are the
most susceptible group. due to contact with the soil while playing.
The clinical manifestations of toxocariasis may vary from an
asymptomatic infection till the most severe one, the Visceral Larva
Migrans {VLM) 16.21 .n, caused by the inflammatory response to the
larvae migration through different vital organs and tissues of the body,
including the Central Nervous System (CNS). Ocular Larva Migrans
(OLM) can lead to partial or total loss of vision21 •

Sample choice: There are 207 public squares in the city of Ribeirao
Preto, including Bonfim Paulista district. According to the city Parks
and Gardens Sector, 160 of them are partly or fully urbani7.cd. The
study sample was made of 78 squares. 67 of which where randomly
chosen and 11 included in the research for having children's playground.
The sample size was calculated, considering a confidence level of 95%,
normal distribution. prevalence of 25% and worst acceptable of 7.5%.
The distribution of the squares corresponded to the areas comprised
by the five Health Districts of the city: southwest, northwest, north.
southeast and central, with boundaries established by the Municipal
Health Secretariat.

It is assumed that VML cases are underestimated because the
clinical signs are frequently nonspecific. Nevertheless. serological
assays performed in several Brazilian municipalities and in different
population groups have demonstrated that this zoonosis is widespread.
with prevalence from 3 to 39% 1 •3 ·"-~.9.in. 111 • Several studies performed in
Brazi12.7•11 •1i. 13.20 and in other countries6.14•16•17•19.i3.u.n, have evidenced
soil contamination of public areas by Toxocara sp. eggs, varying from
5.71 to 92%, thus calling attention to the risk of human contamination.
The present work aimed to evaluate the soil contamination of public
areas in the city of Ribeirao Preto, by Toxocara sp. eggs.
(I) Laborat6rio de

Period and collection of the samples: From May to December.
2003, soil samples from live equidistant points (four at the sides and
one central) were coltectcd from each public square, weekly and in the
morning, and stocked in brand new plastic bags. After eliminating the
soil superficial dirt, about 250 g of soil were removed down to 5 cm
deep. As a precaution, a minimum distance of two meters was
established for the soil collection, whenever feces were visible.
Processing of the soil samples: The samples were kept under
refrigeration and processed within a maximum period of 24 hours from
the collection. After careful homogenization, 30 g were taken from
each soil sample, divided into three aliquots of 10 g each. 1\vo aliquolco
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were placed into 50 mL tubes, washed with a 1.0% Tween 80 solution,
and left to rest for 20 minutes. After that time, the sediments were
resuspended, and the tubes were filled up with saturated magnesium
sulphate solution, added with 5% potassium iodide (d = 1.33) and zinc
sulphate (d = 1.20). After centrifugation, the supernatant material of
each tube was removed onto microscopic slides, covered by coverslips
and examined for Toxocara eggs. The remaining 10 g aliquot was placed
into a sedimentation chalice, washed with a 0.5% solution of sodium
hypochloride, and aller I 0 minute rest, the sediment was resuspended
in a zinc sulphate saturated solution (d =1.20). After 30 minutes, surface
samples were analyzed under light microscope.

Table2
Presence of Toxocara sp. eggs in the soil of 16 public squares in the city of
Ribeiriio Preto, SP. Brazil, according to the diagnostic technique used

Diagnostic technique
Area
Southwest

Northwest
Statistical analysis: Student's "t" test for ratios was used to evaluate
the differences in square contamination prevalence between city areas,
using a confidence interval of 95%. The analysis of the performance
of the diagnostic techniques employed was done using the Chi-square
test.

Southeast

RESULTS
Eggs of Toxocara sp. were found in 16 (20.5%) of the 78 public
squares researched, by any of the laboratorial technique. Table 1 shows
the distribution of contamination prevalence on public squares,
according to the different city areas.
Among the soil samples analyzed individually, the number of
Toxocara sp. eggs recovered varied from one to a maximum of three.
Regarding the evolutionary stage of the eggs, they were embryonated
in five (31.2%) of the contaminated public squares, being either in the
morula (60%) or in the larva phase (30%). The presence of strayed
dogs was observed in 22 (28%) squares, at the moment of the research.
Table 1

Distribution of public squares contaminated by Toxocara sp. eggs, according to
the geographic areas of Ribeirllo Preto city, Silo Paulo, Brazil

Public squares
Existent Researched Contaminated
Area

N

N

N

%

Southwest
Northwest
North
Southeast
Central

13
17
22
53
55

07
10
10
26
25

02
03
03
05
03

28.5
30.0
30.0
19.2
12.0

Total

160

78

16

20.5

(Cl= 95%)
29.5
25.1
25.1
13.3
11.2

(0 - 58.0)
(4.9 - 55.l)
(4.9 - 55.1)
(5.9 - 32.5)
(0.8 - 23.2)

Table 2 shows the presence of Toxocara sp. eggs at the 16 public
squares investigated, according to the diagnostic technique used.
DISCUSSION
The positivity of 20.5% observed in this study was similar to those
reported by COSTA-CRUZ et al. 12 in UbcrHlndia, MO (23.07%) and
by ALCANTARA et al.2 in Salvador, BA (24.8%), and a slightly higher
than that obtained by SANTAREM et al.win Botucatu, SP (17.5%).
However, it was lower than those reported by CHIEFFI & MULLER7

224

North

Square number*
135
205
1
10
67
25
108
149
3
103
122
158
183

Central
Total

56
61
173
Positive
Negative

Centrifugation
MgS04
znso..

+
+
+
(

+
(

+
+

-)

+
+

(

-)

(

-)

+
+
(-)
(-)

+

+
+
+

(

+

-)
( -)

-)
( -)

+
+
+

+
+
+

(-)

+
+
+
+
+
+
+
+
+

-)

Flotation
ZnS04

(

(

(

-)

-)

-)

+
(

-)

(

(
(

-)
-)

14 (87.5%) 10 (62.5%) 07 (43.7%)
02 (12.5%) 06 (37.5%) 09 (56.3%)

+ : presence ( - ): absence; * Source: Cadastre of 1he Public Parks Sector,
Municipality of Ribeirao Preto.
in Londrina, PR (60%), COELHO et al. 11 in Sorocaba, SP (53.3%) and
FERREIRA et al.13, in Rio de Janeiro, RJ (41.6%). Several factors
may have contributed to this inconsistency, such as climatic and
environmental conditions, texture of the soil analyzed, diagnostic
methodology employed, presence of dogs, etc. In our study it was
possible to observe the presence of different environmental conditions
among the squares, because we researched not only squares with plenty
of vegetation, favoring shadowing and soil humidity preservation, but
also squares with poor vegetation and a dry soil, due to prolonged
exposure to the sun, which causes quick disintegration of the Toxocara
eggs. Another factor observed for keeping the soil humidity in some
squares was the presence of a gardener responsible for its maintenance.
The presence of strayed dogs in 28% of the squares may have
contributed to the soil contamination, not only by Toxocara canis, but
by several other parasites with zoonotic potential, as these dogs had
not been dewonned.
The results obtained in this study allowed us to draw the profile of
soil contamination distribution among the different city areas. The
lowest prevalence in the central area (12%), represented by the city
center, neighboring regions and also Bonfim Paulista district, is
probably related to the fact that its inhabitants have a better
socioeconomic and cultural level, thus facilitating veterinary assistance
and routine anthelmintic treatments of the dogs. In addition, a lot of
them live in buildings, where dogs are not allowed.
Although this was a study perfonned mostly along the dry season
(May to September), the fact of embryonated eggs have been found in
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31.2% of the contaminated squares, indicates that there were favorable
environmental conditions to their development, representing thus a public
health risk. The presence of viable eggs was also observed by several
authors in studies perfonned in Japan23 , Peru 15, Mexico24 and Cuba19• In
Brazil, CHIEFFI & MULLER8 analyzing soil samples in the city of
Londrina for 15 months, found Toxocara sp. eggs every month, but the
presence of viable eggs was only observed from May to June and from
September to December, leading to the assumption that the min season
did not have a big inl1uence in the eggs viability. Regarding the diagnostic
techniques employed in this study, the flotation method in magnesium
sulphate with 5% of potassium iodide proved to be the most efficient in
the recovery of Toxocara eggs, detecting the presence of eggs in 87.5%
of the contaminated squares (X2 =6.740; p = 0.0344)
This study represents the first written report on the contamination
of Toxocara eggs in public areas of the city of Ribeirao Preto. We hope
that on the basis of these data prevention and control measures will be
taken by the local health authorities, such as making citizens aware of
the importance of preventing dog defecation in public areas, controlling
strayed dogs and promoting laws to protect public areas, mainly
children's playgrounds.
RESUMO
Contamina~o

ambiental por ovos de Toxocara sp. no municipio
de Ribeirao Preto, Estado de Sao Paulo, Brasil

A toxocarfase e uma zoonose causada principalmente pelo Toxocara
canis, nemat6ide intestinal de caes. 0 homem adquire a infec~ilo atraves
da ingestao acidental de ovos viaveis, sendo que as manifesta1roes
clfnicas da toxocarlase podem variar desde uma infeci;ao assintomatica
a sfndrome da Larva Migrans Visceral. Com o objetivo de ava1iar a
contaminai;.:ao do solo por ovos de Toxocara sp, foram visitadas 78
pra~as publicas de Ribeirao Preto, incluindo o distrito de Bonfim
Paulista. As pra9as foram distribufdas em cinco areas diferentes
correspondentes as mesmas dos Distritos Sanitaries do municfpio. Entre
maio a dezembro de 2003 foram coletadas de cinco pontos de cada
pra9a amostras de solo de aproximadamente 250 gramas. A analise
Iaboratorial foi realizada pelas tecnicas da centrffugo-flutua~ao em
solm;oes de sulfate de magnesio com 5% de iodeto de potassio (d =
1.33) e de sulfate de zinco (d = 1.20) e da flota~ao-sedimema~i'lo em
dlice oonico com sulfato de zinco (d = 1.20). Foram encontrados ovos
de Toxocara sp. em 16 (20,5%) pra~as. scndo quc a regiao central
apresentou a mais haixa preval@ncia (12,0%). Espcra-sc que a partir
destes resultados as autoridades competentes adotem medidas de
prote~ao das areas publicas do municfpio, reduzindo o risco da
contamina~ao por ovos de Toxocara sp.
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Abstract
Toxocariasis is an important neglected tropical disease that can manifest as visceral or ocular larva migrans, or covert
toxocariasis. All three forms pose a public health problem and cause significant morbidity in areas of high prevalence. To
determine the burden of toxocariasis in North America, we conducted a systematic review of the literature following
PRISMA guidelines. We found 18 articles with original prevalence, incidence, or case data for toxocariasis. Prevalence
estimates ranged from 0.6% in a Canadian Inuit community to 30.8% in Mexican children with asthma. Commonly cited risk
factors included: African-American race, poverty, male sex, and pet ownership or environmental contamination l;:>y animal
feces. Increased prevalence of Toxocara spp. infection was linked in a group of case control studies conducted in Mexico to
several high risk groups including waste pickers, asthmatic children, and inpatient psychiatry patients. Further research is
needed to determine the true current burden of toxocariasis in North America; however the prevalence estimates gathered
in this review suggest that the burden of disease is significant.
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Introduction
Toxocaiiasis is an important neglected tropical disease caused by
the roundworms Toxocara canis and Toxocara cati, which arc
transmitted when eggs in canine or feline feces , respectively, arc
ingested by humans [1]. Ltu·vac penetrate the walls or the intestine
then u·avel through the circulatory system to various organs
throughout the body. Toxocam sjJjJ. do not multiply within the
human host, but cxisl in hosl tissues in a stale or arrested dcvclopmclll
[2,3]. \Nhcn larvae die, the inflammat01y reaction produced by the
body causes the symptoms of toxocariasis [1]. Toxoca1iasis can
manifest in three ways; visceral larva migrans resuhs from huvac
migrating lo major organs including the brain, lungs, and liver,
causing a va1iety of signs and symptoms (usually in young rhildren)
including eosinophilia, abdominal pain, headache, cognitive and
behavioral disturbances, pncumonitis, hepatiti.~ with hcpatomegaly,
while ocular toxocariasis more commonly occurs in older children
and results from laivae migrating to the eye and can cause iffeversible
vision Joss due to scarring of the retina or retinal detachment. Covert
toxocariasis, the most cliflicult form to diagnose, is believed to be
caused by chronic exposure and can manifest as cosinophilia with
cognitive disturbances, or nonspecific symptoms that resemble
asthma, i.e., coughing, and wheezing [l,'.l,4,5). Uoth \~scera.l larva
migrans and covert toxocariasis, and often ocular la1va migrans, arc
associated with enzyme immunoassay antibody titers that can remain
elevated for months or years [6].
Toxocariasis causes significant morbidity and loss or pro<luctivily and poses an important, yet largely unaddressed public health
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problem in areas or high prevalence. Most notably, infection with
To.-.:ocarn sjJ/J. has been associated with reduced cognitive function
in children; Walsh and colleagues found that infected children
scored significantly lower on math, reading, digit span, and block
design tests than uninfected children [7]. Infected children were
significantly more likely to be in a lower socioeconomic class than
uninfected children, though the difference in performance
persisted when sor.ioeconomic class was controlled for, suggesting
that toxocariasis, like many other neglected tropical diseases, may
play a role in perpetuating poverty and contribute lo health
disparities in endemic areas [7]. It has been suggested that
toxocariasis may even partially account for the achievement gap
noted among socioeconomically disadvantaged students [8].
rvr edically, toxocariasis has also been proposed to be a potential
cause of asthma, has been associated with seizures, and is an
important cause of blindness [4,9].
The current burden of disease due to loxocaraisis in North
America is largely unknown. We conducted this review in order to
determine the both the prevalence of and the amount of available
data measuring the burden of toxocariasis in North America, and
to identify needed areas of future research.

Methods

Search strategy and selection criteria
Searches were completed in February 2014 using PubMcd and
were restricted to English articles, articles published in the last I 0
years, and articles pertaining to humans. Search terms included

August 2014

I Volume

8

I Issue

8

I e3116

Toxocariasis in North America: A Systematic Review

tested blood samples collected during the 1988-1994 National
Health and .Nutrition Examination Survey (NHANES}.
Data for the United States was the most robust, as many articles
analyzed blood samples collected for NHANES, which collects
data from a population representative of that of the United States.
However, blood samples for the most recent NHANES were
collected between 1988 and 1994 and thus prevalence data may
not be representative of the current burden of disease 20 years
later. Prevalence estimates for the United States ranged from 8.6%1
for ages 1-5 to 15. l % for ages 6-11, with an O\'erall prevalence
rate of 13.9% reported for all adults and children ages 6 and older
[3,10). Data for Canada focused mainly on indigenous commu·
nities living in rural areas. Prevalence estimates ranged from 0.6%
to 13.4%, indicating that for some communities toxocara infection
causes a significant burden; however, the overall burden of disease
in Canada as a whole is still unknown [ 11, 12]. Reported
seroprevalcnce estimates in I\Icxico tended to be higher than
those reported for the United States and Canada and the data
available focused on comparing prevalence rates in high-risk
groups, such as psychiatry patients, waste pickers, and asthmatic
children to controls (fable 2) [9,13,14). Seroprcvalence rates in
these high-risk groups ranged from 'L H'o in inpatient psychiatric
patients to 30.8% in children with asthma (9, 14].
The most commonly cited risk factors for toxocariasis included
male sex, canine or feline pet ownership, particularly if the animals
arc allowed lo live primarily outdoors and cat other animals or
otherwise unconventional pet food, African American race, age
less than 18, low level of education, being foreign born, living in
the southern United States, and playing at parks or in sandboxes
where dogs and cats have defecated (Figure 2).
Twelve studies reported prevalence of Toxor.am sj>jJ. antibodies
by gender [2,3,7, 10, 11,12,15,16,17, 18, 19,20]. Eight (7'.~%) of these
studies found a significantly greater prevalence in males compared
to females, while 27% of studies found no significant differences
between genders. No studies found females to have significantly
higher prevalence of toxocara infection than males. Three studies
from Canada reported prevalence by gender; two of these studies
reported no significant difference in prevalence between genders
and one study reported an increased prevalence in males
[11, 12, 17]. Seven studies from the United States reported
prevalence by gender; 7 of these studies reported an increased
prevalence in males and one study reported no difference between
genders [2,3,7,10,15,16,l9,20,21]. One study from !vfexico
reported prevalence by gender; this study found a significantly
higher prevalence in males than females [18].
Canine and feline ownership is a somewhat controversial yet
commonly cited risk factor. Infected cat~ and dogs pass eggs in
feces, which can contaminate their environment and be ingested
by humans [I]. Puppies in particular are commonly infected in
utcro and must be dewormed after birth [l,2]. Uninfected cats and
do&rs arc al a high risk for becoming infected if they live outside or
cat a diet of other animals or otherwise unconventional pct food
[ l]. These findings indicate that perhaps ownership itself is not an
independent risk factor for toxocariasis, but that type of pct care
can increase or decrease the risk of infection. Three studies from
Canada indicated that pct ownership was not a risk factor, citing
that dogs that are owned are more likely to be dewormed than
feral dogs, which are more likely to eat an unconventional diet and
live exclusively outside [11, 12, 17]. Additionally, environmental
contamination by infected animals ic; an important risk factor;
contamination rates of up to 40% have been found in urban
playgrounds and children who play in public areas that arc not
kept clear of animal feces arc at a higher risk for 1oxocam
infection [2,20,22].

Author Summary

Toxocariasis is a parasitic worm infection that Is transmitted by the ingestion of parasite eggs present in the feces
of dogs and cats. After ingestion of the Toxocara eggs, the
released larvae migrate through human organs, including
the lungs, liver, brain, and eyes, where they cause
inflammation and organ damage. The different larval
migrans syndromes associated with toxocariasis are
diagnosed by detecting Toxocara antibodies In sera of
infected individuals. This study is a systematic review to in
order assess the prevalence of toxocariasis in North
America and whether selected groups are at risk for
infection. The prevalence was highest among Mexican
children with asthma, but also African Americans living in
poverty exhibited high rates of infection. Among the major
risk factors for infection were African-American ethnicity,
male sex, pet ownership, and environmental contamination by animal species. Additional high risk groups in
Mexico included waste pickers, asthmatic children, and
inpatient psychiatry patients. Further research is needed to
determine the true current burden of toxocariasis In North
America; however, the prevalence estimates gathered in
this review suggest that the burden of disease is
significant. Thus, toxocariasis may be emerging as an
important health disparity in North America
"toxoc:ara", "toxocariasis", "visceral larva migrans", and "ocular
latva migrans" and the country name: "United States", "fvlcxico",
and "Canada". Searches were also performed using the rountry
names and disease variations as MeSH tenns. Non-English articles,
dead links, and duplicate results were excluded from abstract review.
Abstracl~ were reviewed by two reviewers and were excluded from
full-text review if they were definitively about a different disease or
about the relevant disease in an animal population.

Assessment and data extraction
Documents in the full-text review were classi!ied as containing
( l) original prevalence data/ estimates for toxocariasis, (2) original
incidence or outbreak data, (3) reports of individual cases of
toxocariasis, or (4) no original prevalence, incidence, outbreak, or
case report information. Citations for unoriginal prevalence,
incidence, or case report data were followed up and included in
the review if they were English articles published within the past
I 0 years. Each paper was reviewed independently by two
reviewers for figures, tables, or text containing original prevalence,
incidence, and case data as well as descriptions of persons or
populations affected and reported risk factors for disease. Articles
using the same source data but reporting prevalence estimates for
different age groups were considered to contain original estimates.
Discrepancies between reviewers to resolved by discussion and
consensus. This review is compliant with the PRISMA checklist
for systematic reviews. Full bibliography available on request.

Results
We found lB articles with original prevalence, incidence, or case
data for toxocariasis (Figure I). Of these articles, 5 reported data
in Canada, 8 reported data in the United Stales, and 5 reported
data in Mexico. One article reported only prevalence data, 0
articles reported incidence or outbreak data, 5 articles reported
only affected cases, and 12 articles reported both prevalence data
and number of affected cases. Table I summarizes the prevalence
and reported cases data for toxocariasis in North America. 63%
(5/8) of articles with scroprevalence estimates for the United States
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117 articles identified

from search results

....

58 duplicates, dead links,
and non-English articles
rejected

59 abstracts reviewed

.....
....

,,

27 abstracts did not meet
inclusion criteria

32 full text articles
retrieved and reviewed

,,
18 articles had original
prevalence data or
reported affected cases
Figure 1. Systematic review process.
doi:l0.1371/joumal.pntd.0003116.gOOl

All eight studies included in this review from the United States
provided prevalence estimates by race. Five of these studies cited
Afrkan American race as a risk factor [3 17,10,16,19).Jones and
colleagues found the odds ratio of Non-Hispanic Blacks being
infected compared to Non-Hispanic Whites to be 1.7 (95% CI
1.4-2.0), while the odds ratio for Mexican-Americans compared to
white was found to be 0.6 (95% CI 0.4-0.6) [3]. The national
seroprevalence for ages 6 and over was estimated to be 22.8% in
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African Americans, 12.6% in Mexican-Americans, and 10.6% in
Whites using the 1988-1994 NHANES data [1OJ. This disparity in
prevalence between races has interesting public health implications. Hotez et al. estimated that as many as 2.8 million African·
Americans living in poverty in the United States were infected
with Toxocara spp. making toxocariasis one of the most common
infections in an underrepresented minority group [23). The three
studies that reported an increased prevalence of toxocariasis in
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Table 1. Summary of Toxocara spp. seroprevalence estimates in published literature.

Country

Article

Year

Location

Seroprevalence (lgG)

N

Demographics

Campagna
2011 (26]

2007

Eastmain Village, James
Bay, Northern Quebec

5.4%

6

lndiglnous Cree community,
volunteers ages 15 and older, 37%
male

Canada

WemlndJI Village, James 1.4%
Bay, Northern Quebec

lndiginous Cree community,
volunteers ages 15 and older, 46%
male

Levesque 2007 [17) 2005

Mistissini Village, Lake
Mistissini, Quebec

lndiginous Cree community,
active hunter/trappers and their
spouses, 44% male

Ota 2009 [27]

2008

Alberta

Sampasa-Kayinga
2012 (11]

2008

Chisasibl Village, James
Bay, Northern Quebec

0.6% (95%
Cl 0.02-3.4%)

Waskaganish Village,
James Bay, Northern
Quebec

10% (95%
Cl 4.9-17.5%)

10

lndlglnous Cree community,
volunteers ages 18 and older,
42% male

4.2%

14 month old boy with history of
retinoblastoma
lndlginous Cree community,
volunteers ages 18 and older,
41% male

Schurer 2013 [12)

2011

Saskatchewan

13.4%

27

lndiginous Dene community,
volunteers ages 4 and older, 62%
male

Congdon
2011 (16]

1988-1994

Countrywide

14.6% males,
12.6% females

2862

NHANES data, adults and
children ages 6 and over

Jones 2008 (3)

1988-1994

Countrywide

8.6%

63

NHANES data, children ages 1-5

15.1%

240

NHANES data, children ages 6-11

United States

MMWR 2011 (15]

Sept 2009Sept 2010

23 states, DC,
and Puerto Rico *

68

Newly diagnosed ocular
toxocariasis cases reported by
ophthalmologists, median age
8.5 years (range 1-60 years), 56%
male

Stewart 2005 (21]

1977-1996

San Francisco,
California

22

Ocular toxocariasis patients seen
for uveitits, median age 14 years
(range 1-37 years), 4S.S% male

Walsh 2011 [19]

1988-1994

Countrywide

1898

NHANES data, adults age 17-64

688

NHANES data, children ages 6-16

2835

NHANES data, adults and
children over 6 years, 48.4% male

159

Ocular toxocariasis patients
reported by ophthalmologists,
median age 115 years (range 166 years), 54% male

Walsh 2012 171

1988-1994

Countrywide

Won 2008 [101

1988-1994

Countrywide

Woodhall
2012 (20)

Sept 2009Sept 2010

33 states, DC,
and Puerto Rico ..

14.2% (95%
Cl 12.7-15.9%)
13.9% (95%
Cl 12.5-15.3%)

Mexico

Alvarado-Esquivel
2013 (13)

Durango City

13%

12

Waste pickers, mean age 36 years
(range 14-76 years), 38% male

Alvarado-Esquivel
2013 [14]

Durango City

4.7%

6

Inpatient psychiatric patients,
mean age 43.6 (range 16-83),
69% es

16.6%

4

Ankylosing
spondylitls patients,
mean age 44 years,
38% male

Mexico City

30.80%

Jimenez-Balderas
2012 (28)

Munoz-Guzm
an 2010 [9)

Mexico City

Romero Nunez 2013 Aug 2010-Sept Municipality of Ecatepec 22.2%
[18)
of Morelos
2010
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4

Asthmatic children from the
Traumatology Service of Federico
Gomez Children's Hospital, mean
age 6.9 years (range 4-12 years),
65% male
Volunteers age 2-16 years, 48%
male
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"Alabama (5), Arkansas (2), California (6), Connecticut (2), District of Columbia (3), Florida (B), Georgia (9), Illinois (3), Indiana (2), Iowa (1), Louisiana (1), Maryland (2),
Nevada (2), New York (3), North Carolina (1), Ohio (1), Oklahoma (1), Oregon (1), Pennsylvania (1), Puerto Rico (1), South Carolina (3), Tennessee (1), Texas (16), Virginia
(2), West Virginia (1).
0
Alabama (6), Arkansas (2), California (7), Colorado (3), Connecticut (3), District of Columbia (8), Florida (10), Georgia (9), Hawaii (1), Idaho (2), Illinois (13), Indiana (6),
Iowa (2), Louisiana (2), Maryland (4), Massachusetts (2), Michigan (2), Minnesota (2), Missouri (1), Nevada (3), New York (14), North Carolina (2), Ohio (10), Oklahoma (5),
Oregon (1), Pennsylvania (6), Puerto Rico (1), Rhode Island (1), South Carolina (3), Tennessee (3), Texas (13), Utah (1), Virginia (3), Washington (7), West Virginia (1).
doi:l0.1371/journal.pntd.0003116.tOOl

Table 2. Case control studies of Toxocara spp. seroprevalence.

Case Group
Seroprevalence (N)

Control Group
Seroprevalnce (N)

P value

90 non-waste pickers of
various occupations matched
by age and gender

1%(1)

<0.01

4.7% (6)

276 volunteers aged 16-91
years, 40% male

1.1% (3)

O.Q3

24 ankylosing spondylitis
patients mean age 44±14
years, 38% male

16.6% (4)

77 healthy volunteers mean
age 30:!: 15 years, 40% male

2.6% (2)

0.027

285 asthmatic children
aged 4-12 years, 65% male

30.8% (88)

152 non-asthmatic children
aged 4-12 years

19.7% (30)

<0.05

Article

Case Group

Alvarado-Esquivel
2013 (13)

90 waste pickers aged
14-76 years, 38% male

13% (12)

Alvarado-Esquivel
2013 [14)

128 psychiatric inpatients
aged 16-83 years, 69% male

Jimenez-Balderas
2012 (28]
Munoz-Guzman
2010 (9)

Control Group

All case control studies identified were conducted in Mexico.
doi:l 0.1371 /journal.pntd.0003116.t002

Risk Factors for Toxocariasis
• Agree • Disagree

9

Mnlc sex

Less thnn 18
years old

Africnn

Pct ownership

Living in
Southern US

Amcricnn

Foreign born

I.ow level of
education

Oogs defecating
near porks

Figure 2. Articles citing risk factors for Toxocara spp. infection.
doi:l 0.1371/journal.pntd.0003116.g002
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Whites compared to African-Americans were studies that involved
surveying clinicians treating patients with uveitis and asking them
to report cases presented with ocular toxocariasis [15,20,21]. The
discrepancy between these two sets of studies may point to an issue
of access to healthcare in the African-American community.

burden of toxocariaslli in North America, but the prevalence
estimates gathered during this review preliminarily indicate that
the burden of disease is not insignificant. Other particularly salient
points identified by this review that would benefit from further
research efforts include differences in prevalence by race in the
United States, especially with how these differences are confounded by or related to income and education levels, the relationship
between toxocariasis and asthma in children and between
toxocariasis and psychiatric diagnoses in both children and adults,
and the cognitive effects of toxocara infection in childhood. Links
between arthritis and toxocariasis also require further investiga-

Dlsc-..sslon
The findings in this review indicate that the seroprevalence of
human toxocariasis is high in North America, frequently
exceeding 10 percent in the United States and Mexico and
among some populations in Canada. Moreover, they suggest that
toxqcariasis may be emerging as a North American health
disparity, with the highest scroprevalence found among African
Americans and children in the southern U.S. and some indigenous
communities in Canada, as well as populations with low educ.ation
levels those living in areas where dog feces are found, indicative of
environmental degradation.
The detection of antibodies against Toxocara antigens in sera is
associated with past exposure to T. canis and T. cali eggs and the
resulting parasite larval migrations. However, because Toxocara
larvae can remain in a developmentally arrested state and live with
minimal metabolic activity in mammalian tissues for years [24],
seropositivity- enzyme immunoassay titers can remain positive for
years [6] - may also be indicative of active infection. This finding
can help explain the associations noted in case~control studies
conducted in Mexico between Toxocara seropositivity and
conditions such as asthma and ankylosing spondylitis, and
psychiatric illness [7,11,12,24], and US NHANES data linking
toxocariasis to pulmonary disease and cognitive deficits (6, l 7].
Limitations of this study include restrictions used in our search
methodology, in particular only including articles published within
the past l 0 years. An additional limitation was that the studies
conducted in the US mostly relied on the same NHANES data.
Another was the lack of harmonization of study populations
between the different North American countries. For example all
of the Canadian studies were conducted in adults only.
Our overall purpose was to assess the available literature on the
CUtTent burden of disease and to discern the amount of evidence
available to infonn current or future public health measures to
control and prevent toxoC'.ariasis. Ultimately, more recent and
widespread research is needed to determine the true current

tfon.
Recently the US Centers for Oisease Control and Prevention
(CDC) announced an initiative to prioritize five neglected parasitic
infections in the US, including toxocariasis [25]. Among the major
priorities outlined by the CDC arc efforts to better define risk
factors, and research to elucidate the natural history of toxocariasis
and its provocative associations with pulmonary and neurologic
diseases (6). There is also urgency to develop improved and more
widely accessible diagnostic tests for detecting active infection, and
studies to optimize current treatment regimens using anthelminthic drugs [6]. Thus, we arc still in the nascent stages of
understanding the full extent of human toxocariasis in the US and
North America and how to best diagnose, manage and treat, and
ultimately prevent this illness and emerging heaJth disparity.
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National Seroprevalence and Risk Factors for Zoonotic Toxocar spp. Infection
Kimberly Y. Won,* Deanna Kruszon-Moran, Peter M. Schantz, and Jeffrey L. Jones
Division of Parasitic Diseases, National Center for Zoonotic, Vector/Jome, and Emeric Diseases, CCID, Centers for Disease Control
and Prevention, Atlallla, Georgia; Division of Health and Nutrition Examination Statistics, National Center for Health Statistics,
Centers for Disease Control and Prevention, Hyattsville, Maryland

Abstract. To estimate the prevalence of Toxocara spp. infection in a representative sample of the United States
population ~ 6 years of age, sera from participants in the Third National Health and Nutrition Examination Survey
(1988-1994) were tested for antibodies to Toxocara. Among the 30,930 persons selected for the survey, 82% (N =
25,733) were interviewed, and 91 % (N = 23,527) of those interviewed underwent physical examination of which 87%
(N = 20,395) were tested. The age adjusted Toxocara seroprcvalence was 13.9% (95% confidence intervals [CI] 12.5,
15.3), and was higher in non-Hispanic blacks (21.2%) than non-Hispanic whites (12%) or Mexican Americans (10.7%;
P < 0.001). Increased Toxocara seropositivity was associated with head of household level of education (low versus high)
(odds ratio [OR]: 2.2; CI: 1.8, 2.8), poverty (OR: 1.5; CI: 1.3, 1.8), elevated blood lead concentrations (OR: 1.4; CI: 1.1,
1.9), and dog ownership (OR: 1.2; CI: 1.1, 1.4). Toxocara infection is widespread and associated with specific risk groups.

(NHANES III) were tested for Toxocara antibodies to estimate the seroprevalence of Toxocara infection in the United
States and to identify characteristics associated with human
infection. Examining seroprevalence differences will aid in
identifying groups to target for health education messages.

INTRODUCTION
Larval stages of Toxocara can is aml Toxocara cati, common
intestinal roundworms of dogs and cats, respectively, frequently infect humans worldwide. Toxocara eggs are passed
unembryonated in the feces of these animals, become infectious in suitable environments, and can remain infective in the
soil for many years. Human infection can result in a variety of
syndromes with different clinical manifestations. Two commonly described syndromes, visceral larva migrans and ocular
larva migrans, can include abdominal pain, hepatomegaly,
persistent eosinophilia, visual impairment, and retinal scarring.1 A condition known as covert toxocariasis may be the
most common form of the disease and can include symptoms
such as headache, cough, f.ever, and wheezing. Individuals
with covert toxocariasis may or may not have elevated eosinophil counts.2 However, many Toxocara infections remain
asymptomatic and therefore remain underdiagnosed and underappreciated.
High human seroprevalence has been shown in areas with
documented soil contamination, and the risk for transmission
may be increased in proportion to the degree of environmental contamination. 3- 5 In studies of clinical cases of Toxocara
infections in humans, pet ownership and geophagia or pica
have consistently been identified as important risk factors for
zoonotic transmission of Toxocara. 1 •6 -x Factors such as age,
sex, and geographic location may also be important risk factors, and reports have shown that toxocariasis disproportionately affects socioeconomically disadvantaged populations.9·10 Because only limited information is available on the
persistence of Toxocara antibodies after infection, it is difficult to determine whether high human seroprevalence is indicative of persistent antibodies or re-infection. 11 •12 However,
because Toxocara infection can cause human morbidity, it is
valuable to understand the level of Toxocara exposure among
populations.
In this study, serum samples collected as part of the
Third National Health and Nutrition Examination Survey

METHODS
The NHANES III was a nationally representative, crosssectional survey conducted by the National Center for Health
Statistics (NCHS) of the Centers for Disease Control and
Prevention (CDC) between 1988 and 1994. It was designed to
obtain health statistics of the United States population
through household interviews, standardized physical exams,
and collection of blood samples in mobile examination
centers. The NHANES III consisted of a stratified, multistage, probability cluster sample of 33,994 people older than
two months of age, representative of the civilian, non-institutionalized general U.S. population. People between two
months and five years of age, those older than 60 years of age,
Mexican Americans, and non-Hispanic blacks were oversampled to assure adequate sample size for these groups. A
more detailed description of the survey design, informed consent procedure and the sample has been published elsewhere.° For our study, only surplus sera were examined, and
there was no link between existing study data, biological
specimens, and patient identifiers. Our evaluation was determined to be exempt from human subjects review.
Race/ethnicity was based on self-reported information and
classified as non-Hispanic white, non-Hispanic black, or
Mexican American. Those who were not classified into one of
these three categories were placed in the "other" racial/ethnic
group and were only analyzed within the total population.
Although children as young as two months of age were included in NHANES III, many of the serum samples from
young children were not available for testing. For our study,
surplus sera from individuals ~ 6 years of age were tested for
antibodies to Toxocara. Multivariate analyses were conducted for persons ~ 6 years of age with the exception of one
predictor variable (occupation) that was only applicable to
individuals ~ 20 years of age. Age was grouped into eight
categories (6-11, 12-19, 20-29, 30-39, 40-49, 50-59, 60-69,
and 70+ years) and was entered into logistic regression models accordingly. Poverty index was calculated by dividing total

*Address correspondence to Kimberly Y. Won, Division of Parasitic
Diseases, National Center for Zoonotic, Vectorborne, and Enteric
Diseases, CCJD, Centers for Disease Control and Prevention, 4770
Buford Highway NE, Mailstop F-36, Atlanta, GA 30341-3724.
E-mail: kfw7@cdc.gov
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family income by the U.S. poverty threshold and adjusted for
family size. A crowding index was calculated by dividing the
total number of residents in a household by the number of
rooms in the household. This index was expressed as number
of persons per room and grouped into three categories (< 0.5,
0.S-0.99, and ;;::: 1 persons per room). Head of household education was measured as the last year of schooling completed
by the head of household and was initially grouped into four
categories (no high school, some high school, high school
graduate, and some college). In the logistic regression models,
education was collapsed into three categories (less than high
school, high school graduate, and some college). Blood lead
levels were considered above normal at concentrations of 10
µ,g/dL or higher. Metropolitan residence was defined as living
in an area with a population of <:!: 1 million persons. All other
areas, including rural areas, were considered to be nonmetropolitan. Pet ownership, as well as dog and cat ownership
specifically, was defined as ownership of an animal(s) at the
time of the survey and did not reflect ownership in the past.
Working in a soil-related occupation was according to the
longest held job and included farm workers, farm operators,
farm managers, and related agricultural occupations. Regions
were defined as Northeast (Connecticut (CT], Massachusetts
[MA), Maine (ME], New Hampshire [NH), New Jersey [NJ),
New York [NY), Pennsylvania (PA), Rhode Island [RI), Vermont (VT]); South (Alabama (AL], Arkansas [AR), Delaware (DE], Washington [DC), Florida [FL), Georgia [GA),
Kentucky [KY), Louisiana [LA), Maryland [MD], Mississippi
[MS), North Carolina [NC], Oklahoma [OK), South Carolina
[SC], Tennessee [TN], Texas [TX], Virginia [VA), West Virginia [WV]); Midwest (Iowa [IA], Illinois [IL], Indiana [IN],
Kansas [KS], Michigan [MI], Montana [MN], Missouri [MO],
North Dakota [ND], Nebraska [NE], Ohio [OH), South Dakota [SD], Wisconsin [WI]); West (Arkansas [AK], Arizona
[AZ], California [CA], Connecticut [CO], Hawaii [HI}, Idaho
[ID], Montana [MT), New Mexico (NM], Nevada [NV), Oregon [OR], Utah [UT], Washington [WA], Wyoming [WY]).
Laboratory Testing. All specimens were tested during the
years 2005-2006 using a one dilution, enzyme immunoassay
(BIA) with sensitivity and specificity of 78% and 92%, respectively.14 Specimens were tested using 96-well Immulon II
HB flat bottom plates sensitized with Toxocara canis excretory-secretory (TES) antigen at a dilution of 1:2000 using a
O.lM NaHCQ3/NazC0 3 buffer. Although this assay used a T.
canis antigen, it was not able to distinguish between T. canis
and T. cati infections. All sera were diluted 1:100 with a phosphate buffered saline (PBS) + 0.05% Tween solution. An
anti-IgG enzyme conjugate was used to detect antigen·
antibody complexes, and 3,3', 5,5' -tetra-methylbenzidine
(TMB) was the substrate used to visualize any reaction. The
plates were read at 450 nm using a vMax microp1ate reader
(Molecular Devices Corp., Menlo Park, CA) with a computer
equipped with SOFfmax software (Molecular Devices Corp.,
Menlo Park, CA) for reader control and data analysis. For
each individual test run, a positive cutoff ratio value was calculated. Because results from the standard EIA are considered positive at a titer of ;;::: 1:32, four low-positive control
specimens with this titer and a high positive control, run in
duplicate, were used as quality control for each run. The cutoff ratio was calculated by averaging the optical density
{O.D.) readings for the low positive controls and dividing this
value by the mean of the high positive control O.D. values.
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Each sample ratio was calculated by dividing the specimen
O.D. value by the mean of the high positive control and was
compared with the cutoff ratio to determine if the sample was
positive or negative.
A battery of 49 specimens (25 positive, 24 negative) originally tested using the standard titration BIA were evaluated
using the one dilution BIA. Comparative sensitivity and
specificity were 96% and 100%, respectively. Reproducibility
of results was also evaluated midway through the study.
Eighty-one samples (11 positive, 70 negative) were randomly
chosen for retesting. Upon retesting, results were consistent
with the initial results except for one of the 11 positive
samples that tested negative, and one of the 70 negative
samples that tested positive. Both of the samples with inverted results were close to the respective positive cutoff ratios when initially tested.
Statistical Analysis. Estimates were weighted to represent
the total U.S. population and to account for oversampling
and nonresponse to the household interview and physical examina tion.15 Statistical analyses were conducted using
SUDAAN, a family of statistical procedures for analysis of
data from complex sample surveys. 16 Standard error estimates were calculated using the Taylor Series Linearization
method in SUDAAN to account for the complex sample design, and prevalence estimates were age-adjusted by the direct method to the 2000 U.S. population when seroprevalence
was compared across population subgroups.
Screening for possible predictors for Toxocara seropositivity was done by evaluating differences in seroprevalence without correcting for multiple comparisons and examining 95%
confidence intervals (CI) generated by St,JDAAN. The P values were determined from a univariate I-statistic generated
from a general linear contrast procedure in SUDAAN. Multivariate logistic regression was used to further determine independent predictors. Modeling was conducted for the com·
bined population and variables that had a Satterthwaiteadjusted F statistic with a P value < 0.05 from the logistic
model were considered significant.
RESULTS
Of the 30,930 persons· 6 years of age and older selected for
the NHANES III survey, 83% (N = 25,733) were interviewed
and 91 % of those interviewed (N = 23,527) underwent physical examination. Of those examined, 87% (N = 20,395) were
tested for Toxocara antibodies. The percentage of sera tested
for Toxocara within designated age categories ranged from
84-95% except for the 6to11 year old group, for which 74%
were available and tested. The availability of a specimen for
antibody testing among those examined varied by age, race,
sex, region, foreign birth, residence in a metropolitan area,
poverty, crowding index, and head of household education
(P < 0.05). ft did not vary by dog or cat ownership or blood
lead concentration.
The overall age adjusted Toxocara seroprevalence for individuals<:!: 6 years of age as 13.9% (95% CI: 12.5, 15.3) and
varied significantly among racial/ethnic groups. Toxocara seropositivity was significantly higher for non-Hispanic blacks
21.2% (95% CI: 19.7, 22.8) than any other racial/ethnic group
(Table 1). Seroprevalence differed by sex, foreign birth, poverty level, household crowding, education, and blood lead
levels. Persons <:!: 20 years of age who reported being involved
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TABLE 1
Age adjusted Toxocara seroprevalence for all persons~ 6 years of age, NHANES III. 1988-1994
Racc/ethnlcily

l!ntir(J''!d~~ttion

Non(2?7,f54ftc:

Non-Hispanic bladt

Mc:~can-Amc:rican

(N"" 5,874)

(N"" 5,929)

Characteristic

Toi.al no.•

Race
Sex
Male
Female (Ref)
Poverty level
Below
At or above (Ref)
Crowding index (persons per room)
;:: 1
0.50-0.99
< O.S (Ref)
Head of household education
None or elementary school
Some high school
High school graduation
Some college (Ref)
Blood lead level

20,395

13.9

12.5, 15.3

12.0

10.2, 13.8

21.2

19.7,22.8

10.7

9.5, li.9

9,876
10,519

15.61:
12.4

13.8, 17.5
10.9, 13.8

14.01:
10.1

11.8, 16.2
8.5, 11.8

24.61:
18.5

22.1, 27.1
17.0,20.0

11.0
10.4

9.7, 12.3
8.9, 11.8

5,091
13,439

22.9j
12.3

19.7,26.2
10.9, 13.6

22.91:
11.1

17.6,28.2
9.6, 12.6

25.0j
19.0

22.4,27.6
16.9, 21.0

12.6*
8.3

10.9, 14.3
6.8,9.8

5,626
8,263
6,457

20.St
14.2*
10.S

16.7,24.2
12.5, 15.8
8.4, 12.5

17.1§
12.0
9.9

10.7,23.S
9.8, 14.1
7.6.12.2

24.2j
22.8*
17.1

21.1, 27.2
20.6, 25.1
14.1, 20.0

13.81:
8.7
7.4

11.6, 16.1
6.9, 10.4
S.1, 9.8

5,221
3,465
5,865
5,668

21.6j
21.8*
14.lf
9.0

18.1, 25.0
19.1, 24.5
12.3, 15.9
7.8, 10.3

22.01:
22.2f
12.6f
7.7

15.3, 28.8
18.3, 26.2
10.4, 14.8
6.3,9.1

25.5'!
20.1
18.0

22.5,28.6
20.0,25.9
18.2,22.0
15.3,20.6

11.9§
13.6i.
7.4
8.3

10.4, 13.5
10.4, 16.8
S.1,9.7
S.2, 11.3

940
26.9f
Normal (Ref)
19,365
13.5
Dog ownership
Yes
4,242
13.8
No(Ref)
13.9
16.135
Cat ownership
Yes
2,834
14.1
No(Ref)
17,543
13.9
Residence in a metropolitan area
Population of < 1 million or rural
10,476
15.3
Population of ;:::: 1 million (Ref)
9,919
12.4
Place of birth
3,769
Non-United States
22.2i
United States (Ref)
16,571
12.7
Employment in an occupation involving soil exposure**
Yes
786
zs.si
No(Ref)
14,438
13.5
Regiontt
1S.6tD
Northeast
2,638
3,920
Midwest
11.4f
South
8,888
17.4t
West(Ref)
4,949
9.4i

21.0, 32.8
12.0, 15.0

26.7«j{
11.7

15.1, 38.3
9.9, 13.5

20.7

24.6,35.5
19.1, 22.4

19.2*
10.3

13.8,24.5
9.1, 11.4

12.1, 15.5
12.3, 15.4

13.1
11.4

11.0, 15.2
9.5, 13.3

23.4
20.8

19.3,27.4
19.2, 22.4

10.9
10.5

8.8, 13.0
9.2, 11.7

11.6, 16.6
12.4, 15.4

13.6
11.4

10.8, 16.4
9.6, 13.3

21.6
21.2

16.0,27.3
19.7, 22.8

8.S
10.9

4.4, 12.6
9.6, 12.2

12.5, 18.1
10.8, 13.9

14.44[
8.8

11.0, 17.8
7.3, 10.4

25.lfll
18.2

22.4,27.8
15.7,20.6

9.4u
11.7

7.8, 11.1
9.8, 13.5

18.1, 26.2
11.2, 14.2

16.9
11.7

10.4,23.S
9.9, 13.6

30.9tU
20.5

25.0,36.9
18.9,22.2

14.3*
8.4

12.4, 16.1
6.8,9.9

18.0, 33.0
12.2, 14.9

23.4§
12.0

12.0, 34.8
10.5, 13.5

38.8Cjl
19.8

27.4,50.3
18.2, 21.3

11.2
10.0

8.0, 14.4
8.4, 11.7

High

%

95% Cit

%

95% Cl

%

22.9~

30.1~

9S%Cl

%

9S%CI

14.2, 17.0
8.7, 14.1
14.4,20.5
6.5, 12.3

•The total for each category may not equal the overall sample size because total includes the "other" race/ethnic group.
t Cl .. confidence interval.
<0.001.
§P < O.OS.
P<0.01.
Unstable: estimatei Jcgreei ur freedom < 16.
•• Data fur persons 2: 20 years uC age Wc:rc: wed Cur this factor.
tt Sample size W"clS not suflkitnt to llS$eSS this factor by rc1celc:thnld1y.
Ruf "" rer1:rc:ncu group.

*P
1

in a soil occupation, such as farming and agriculture, had a
seroprevalence of 25.5% (95% CI: 18.0, 33.0) compared with
13.5% (95% CI: 12.2, 14.9; P < 0.001) for those persons not
involved in these types of occupations (Table 1). Toxocara
seroprevalence varied by age among raciaVethnic groups as
shown in Figure 1.
In the overall multivariate model for persons 6 years of age
or older, Toxocara seroprevalence was significantly higher for
non-Hispanic blacks (compared with non-Hispanic whites),
and significantly lower for Mexican Americans (compared
with non-Hispanic whites). Seroprevalence was higher for
persons 12-19, 20-29, and 30-39 years of age as compared
with 6-11 years of age, was higher among males, those living
in poverty, individuals born outside of the United States,
those living in non-metropolitan areas, those with above normal blood lead concentrations, dog owners, and those living

in the three geographic regions outside of the West. Seroprevalence was also higher for those persons whose head of
household had less than or at least a high school education
compared with those with more than a high school education.
Although crowding index was found to be a significant factor
on the univariate analysis, it was no longer significant in the
multivariate analysis (Table 2).

DISCUSSION
In our national population-based study, the overall ageadjusted Toxocara seroprevalence for individuals~ 6 years of
age was 13.9%. Reported seroprevalence estimates vary
worldwide, but many of these estimates were determined
from convenience samples of various populations.11- 20 The
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FIGURE 1. Toxocara seroprevalence by age and race/ethnicity, 6 years of age and older, NHANES III, 1988-1994. *Seroprevalence in this
racial/ethnic group differed significantly (P < 0.05) from the other two racial/ethnic groups in each age category.

TABLE 2
Risk factors for Toxocara seropositivity, as estimated with a full logistic regression model for all persons ;::;:: 6 years of age, NHANES
III, 1988-1994

Factor

Age (years)
6-11
12-19
20-29
30-39
40-49
50-59
60-69
;:?; 70
Race
Non-Hispanic White
Non-Hispanic Black
Mexican-American
Sex
Male
Female
Poverty level
Below
At or above
Crowding index (persons per room)
;::;:: 1
0.50-0.99
< 0.5
Head of household education
< High school
High school
> High school
Blood lead level
High
Normal
Dog ownership
Yes
No
Cat ownership
Yes
No
Residence in a metropolitan area
Population of < 1 million or rural
Population of <?: 1 million
Place of birth
Non-United States
United States
Region
Northeast
Midwest
South
West

OR

Ref
1.2
1.4*
1.4*

95% Cl

1.2
1.3
1.1

1.0, 1.5
1.1, 1.8
1.1, 1.9
0.9, 1.5
0.8, 1.7
1.0, 1.8
0.9, 1.4

Ref
1.5*
0.6*

1.2, 1.9
0.4, 0.7

1.1

1.5*
Ref

1.3, 1.7

1.5*
Ref

1.3, 1.8

1.3
1.0
Ref

0.9, 1.8
0.8, 1.3

2.2*
1.5*
Ref

1.8, 2.8
1.2, 1.8

1.4*
Ref

1.1, 1.9

1.2*
Ref

1.1, 1.4

1.2
Ref

0.9, 1.4

1.3*
Ref

1.1, 1.7

1.9*
Ref

1.4, 2.6

2.2*
1.6*
2.2*
Ref

1.5,3.2
1.1, 2.4
1.5, 3.2

• /' value < 0.05 from Satterthwaite adjusted F slatislit:.
OR = odds ratio: Cl = confillcncc interval; Ref = reference group.

wide range of seroprevalence estimates may be a reflection of
a difference in characteristics (i.e., socioeconomic status, race,
soil exposure, pet density, etc.) of the sampled populations.
Because of the different serologic assays used to determine
these figures and the potential bias introduced when using
convenience samples, it is difficult to compare seroprevalence
estimates. However, estimates from the NHANES III data
were determined from a nationally representative sample,
and confirm that there is substantial exposure to Toxocara in
the United States.
Studies have reported age, both young and old, as a risk
factor for Toxocara infection. 21 - 24 However, young age is
widely considered to be a particularly vulnerable time for
acquiring infection because children are likely to play in contaminated environments and then put their fingers and hands
in their mouths either incidentally or intentionally. In a case
control study conducted in Bogota, Columbia, children between one and four years of age were found to have higher
Toxocara seropositivity compared with older children. 25 In
the NHANES III population sample, seroprevalence in children 6-11 years of age ranged from a low of 10.1 % among
non-Hispanic whites to a high of 18.9% among non-Hispanic
blacks. In a study conducted by Hermann and others, 10 sera
from children 6 to 11 years of age who had participated in the
first Health and Nutrition Examination Survey (HANES I),
1971-1973, were tested for Toxocara antibodies. Seroprevalence was > 20% for black children, but < 5% for white children. This earlier report noted that the evaluated group was
not representative of the U.S. population because sera of
more white children were available for testing when compared with the entire HANES I population of the same age.
The absolute differences in the number of children tested
were relatively small, but reached statistical significance because of the large sample size. A similar study conducted with
the same HANES I population reported Toxocara seroprevalence > 15% for. black female children and > 20% for black
male children between 6 andl 1 years of age, but < 5% for
white children in the same age category.26
Among the entire NHANES III population, Toxocara seroprevalence was significantly higher for non-Hispanic blacks
than other race/ethnicity groups. Prevalence among nonHispanic blacks was greatest during adolescence, whereas
prevalence among non-Hispanic whites and Mexican Americans did not show the same pattern. These differences may
reflect behaviors and/or environmental factors, which placed
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these different groups at risk of exposure to Toxocara at different stages of life. Because there is limited information on
the duration of persistence of Toxocara antibodies and the
incidence of reinfection, it is difficult to determine whether
seroprevalence in older age groups is a reHection of previous
infections with persistent antibodies or newly acquired infections. A few reports suggest that Toxocara antibodies can
persist for years, even after anthelmintic treatment, but most
of these reports are based on relatively small sample sizes.
These reports also show that antibody levels tend to decrease
over time.21-29 In the NHANES III population, Toxocara seroprevalence did not increase with age as was seen with Toxoplasma seroprevalence.30 Both Toxocara and Toxoplasma
can be transmitted through soil, but Toxoplasma can also be
transmitted through undercooked contaminated meat and antibodies to Toxoplasma are long lasting. However, the relatively stable seroprevalence across age groups may suggest
that individuals are susceptible to reinfection with Toxocara.
Many studies have evaluated pet (most commonly dog and
cat) ownership as a potential risk factor for Toxocara infection, and have shown associations with human Toxocara seroprevalence.1.26 In contrast. other studies worldwide have
not shown the same association. 25 ·31- 33 The different findings
may be indicative of the incidence of infection relative to the
time the testing was done. Differences may also be related to
the type of population evaluated. Individuals tested as part of
a clinical case-control study may be significantly different
than individuals in population-based studies. In our study,
dog ownership was associated with Toxocara seropositivity in
the multivariate analysis.
In the NHANES lII population, head of household education was also found to be associated with Toxocara seroprevalence. Individuals who had not completed high school had the
highest seroprevalence and seropositivity decreased steadily
with higher levels of completed education. Lower education
levels are often associated with lower socioeconomic status
and may also be associated with occupations involving soil
exposure, which was also associated with Toxocara seropositivity in the overaJI population. Those persons with lower
education may also be more likely to live in areas with high
environmental contamination. In addition, individuals with
high blood lead levels had significantly higher Toxocara seropositivity. Elevated blood lead levels in children have often
been associated with pica, a widely accepted risk factor for
Toxocara infection.34-37 Although increased lead exposure in
adults may result from routes of exposure different from
those associated with Toxocara infection, it may be indicative
of lower socioeconomic status, which has been shown to be
associated with Toxocara infection. The findings of this study
confirm that Toxocara infection is widespread in the United
States. Although the sensitivity of the assay used was not
perfect, and the positive predictive value was relatively low
(61 %), even a 39% reduction of the overall scroprevalence
would still yield a Toxocara seroprevalence of> 8% in the
general population. Furthermore, when this assay is used in
conjunction with a presumptive diagnosis to confirm Toxocara infection, the predictive values are raised. 26 Although
this assay does not distinguish between acute and chronic
Toxocara infections and progress has been made on the development of highly specific recombinant antigen tools.~8-4o
this test is still the most widely used serologic tool in nontropical settings. Because NHANES III was not designed spe-

cifically to evaluate risk factors associated with Toxocara in·
fection, further studies should be conducted to confirm results
obtained in this study.
Despite the limitations encountered in this study,
NHANES III has provided the best national estimates to date
of the prevalence of Toxocara infection in the United States.
With an estimated 72 million dogs and 82 million cats in the
United States,41 there is potential for widespread environmental contamination with Toxocara spp. eggs. Further studies under controlled conditions are necessary to further define
potential morbidity associated with Toxocara infection. Prevention efforts such as hand washing after soil contact, prevention of soil contamination in public areas by dog and cat
feces, and preventive anthelmintic treatment of puppies and
kittens can help minimize exposure to Toxocara spp.42·43 and
help control potential morbidity associated with Toxocara infection. Continued monitoring of Toxocara seroprevalence
could be done through future NHANES surveys.
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Abstract
Toxocariasis is one of the most common neglected infections of poverty in the U.S. with a
reported National Health and Nutrition Examination Survey (NHANES) Ill (1988-1994)
seroprevalence of 13.9% based on enzyme immunoassay testing. We reviewed NHANES
data from 2011-2014 to assess current levels. Sera collected from NHANES 2011-2014
participants six years and older were tested for exposure using rTc-CTL-1 antigen, a more
sensitive and specific recombinant antigen for lgG antibodies for Toxocara spp. These
results were subdivided into children (age 6-17) and adults (age 2:: 18) and then compared
between various sociodemographic characteristics. Given prior associations of Toxocara
exposure with atopic disease and lead exposure, we also reviewed laboratory values including complete blood counts and blood and urine lead levels. Data from 13,509 individuals
with Toxocara antibody results were examined including 3337 children (15.2%) and 10172
adults (84.8%). Overall seroprevalence was 5.1 %. In adults increased antibody positivity
occurred with non-White ethnicity, male gender, less than college-level education and lower
income. Among children, increased antibody positivity was solely related to a lack of health
insurance. Additionally, seropositivity was associated with increased blood lead and eosinophil levels in adults and both blood and urine lead levels in children. Relative to NHANES Ill
(1988-1994), current data suggest an overall decrease in Toxocara spp. seroprevalence
from 13.9% to 5.1 %, however this may be artificially lowered due to difference in testing
methods used. Persistent disparities appear to be associated with at-risk populations such
as minority ethnicity and low socioeconomic status.

Author summary
Toxocariasis is a pervasive helminth infection transmitted to humans via embryonated
eggs from soil contaminated by the feces of dogs and cats (Toxocara canis and T. cati,
respectively). The most recent seroprevalence study of Toxocara infection in the United
States used the National Health and Nutrition Examination Survey (NHANES) III data
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collected from 1988to1994. At-risk groups identified included male gender, non-White
ethnicity and low education and socioeconomic status. Since the original study, dogs and
cats have increased in number and an improved testing platform has been created using
rTc-CTL-1 antigen to Toxocara spp. with a sensitivity and specificity Qf 90% and 99%,
respectively. In this study, we assessed current seroprevalence based on the NHANES data
from 2011 to 2014 using the more specific testing platform. Although overall seroprevalence appears to have decreased from 13.9% to 5.1 %; persistent disparities remain associated with at-risk populations including minority ethnicity and low socioeconomic status.
Continued work is needed to improve awareness of disease transmission and treatment
amongst the general population as well as veterinarians who may care for dogs and cats
within the United States and take responsibility for education of the public.

Introduction
Toxocariasis has been identified as the most common human parasitic worm infection in the
world and one of the most common neglected infections of poverty in the U.S. [l-J]. Spread
through contact with soil contaminated by embryonated eggs from dog and cat feces, the etiologic agents, Toxocara canis and T. cati, have classically been associated with two major clinical
syndromes: visceral larva migrans and ocular larva migrans ~ .2.). Following accidental ingestion, Toxocara spp. larvae migrate to various organs including the lungs, liver and eyes producing an inflammatory response leading to manifestations of disease. Subclinical infection (also
called "covert" or "common" toxocariasis) can occur, with some studies suggesting associations with decreased cognitive function, asthma and atopic disease [§.-.2.].
As soil contamination with embryonated eggs can persist for years and remain infective,
human exposure often results from contact with feces-contaminated soil from dogs and cats
[!.Q]. The potential for exposure is increased further through various reservoirs for Toxocara
spp. including intestinal infections and somatic larvae in definitive hosts as well as larvae in
paratenic hosts. There is also evidence of eggs found on the hair of definitive hosts such as
dogs and cats which may then be transferred to their owners, albeit rarely [ll]. Currently, control efforts are focused on removal of pet feces and covering sand pits in recreational areas
such as parks and playgrounds and elimination of adult worms in these companion animals to
limit risk of transmission from pets to humans [ll-12].
To better define the extent of the problem, serological data from over 20,000 samples were
tested via enzyme immunoassay in the Third National Health and Nutrition Examination Survey (NHANES III; 1988-1994) and revealed a seroprevalence of 13.9% for Toxocara antibodies
[lZ). Higher rates of antibody positivity were noted in children, non-Hispanic Blacks, low education/socioeconomic status and in those living in the South or Northeast areas of the U.S.; the
primary influences were non-Hispanic Black ethnicity and county poverty [.IB]. Additional
studies have also confirmed the disproportionate burden in those oflower education and socioeconomic status [2, 12., Ml]. Given an increase in the numbers of dogs and cats of approximately 60 and 50%, respectively, from NHANES III (1988-1994) to prior to the current study
time-period (2011-2014) as well as the availability of an improved testing platform using a
Luminex based assay to rTc-CTL-1 antigen for Toxocara spp., we sought to use the latest
NHANES data from 2011-2014 to reassess the seroprevalence of Toxocara antibody positivity
in the U.S. as well as trends in exposure risk groups UL 21-M].
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Materials and methods

Study design and population
The NHANES is a series of ongoing cross-sectional surveys conducted by the Centers for Disease Control and Prevention (CDC) and is designed to assess the health and nutritional status
of Americans through physical examinations and interviews [22]. Individuals in the survey
participate in a household interview followed by physical examination in a mobile examination
center. The NHANES sampling procedure is a complex multistage probability cluster design
which oversamples specific populations such as Hispanics, non-Hispanic blacks, non-Hispanic
Asians, older adults, and low income persons to obtain both adequate samples for meaningful
subgroup analyses and more reliable parameter estimates [2.Q].
The survey's design and weighting methodology have previously been described [2Z]. To
account for unequal selection probabilities among participants and adjustments for nonresponse, all estimates were weighted using multi-year sampling weights calculated from those
provided by the National Center for Health Statistics (NCHS) to account for the two combined
2011-2012 and 2013-2014 NHANES cycles [2fil. The data collection protocol was approved
by the NCHS institutional review board.

Demographic data and characteristics
Demographic information was obtained during the household interview. Self-reported
socio-demographic characteristics included age at the time of the survey. Participants aged 6
to 17 were classified as children and those 18 years and older were classified as adults. Additional factors include gender, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, or other including multiracial}, marital status (married or member of an unmarried
couple; divorced, widowed, or separated; and never married), educatfon level (did not graduate high school, graduated high school or attained a GED, some college or technical school,
and graduated from college or technical school}, health insurance coverage status, history of
asthma, and family Poverty to Income Ratio (PIR). Pooling of demographic categories was
conducted.

Specimen collection and laboratory methods
Sera collected from NHANES 2011-2012 and 2013-2014 participants 6 years and older were
tested for Toxocara spp. by a Luminex assay using recombinant rTc-CTL-1 antigen that detects
IgG antibodies against Toxocara spp. The antibody test was classified as positive if the antibody
responses to rTc-CTL-1 was greater than the cut-off point value of23.l mean fluorescence
intensity (12, 30]. The assay itself has been validated against reference serum and has a sensitivity of 90% and a specificity of 99% ~.

Statistical analysis
Analyses were conducted using NHANES provided statistical weights to account for the complex survey design. Weighted prevalence estimates are reported as percentages with 95% Wald
confidence intervals (Cl). Categorical variables were analyzed using Rao-Scott adjusted chisquare tests. Multivariable analysis was performed using logistic and linear regression models
to determine predictors of Toxocara spp. infection. All statistical tests were performed by
using a P < 0.05 level of significance. Data analyses were conducted using the complex sample
package for SPSS 23 (IBM, Armonk, NY, USA).
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Ethics statement
Per NCHS standards, all adult participants provide written informed consent and for children
< 18 years of age, written informed consent by both the child and the parent/guardian was
required. For this study, a waiver was obtained from the Womack Army Medical Center Institutional Review Board in accordance with the use of publicly available de-identified data.

Results
A total of 13,509 individuals with valid Toxocara spp. antibody results participated in both the
interview and examination portion of the 2011-2014 NHANES. The sample included 15.2%
(N = 3,337) children and 84.8% (N =10,172) adults. Overall, 858 (5.1 %; 95% CI 4.4-5.9) participants tested positive for the Toxocara spp. antibody, representing over 12 million people in
the greater non-institutionalized US population. Demographic and socioeconomic characteristics of children and adults are shown in Tables land i respectively.
The prevalence of Toxocara spp. antibody for adults revealed no significant change in prevalence between the data collection cycles. In contrast, children experienced a significant reduction between 2011-2012 and 2013-2014 (P < 0.01). This was primarily associated with a
decrease in prevalence among children with health insurance (P < 0.01, see Table 3); there was
no difference in health care utilization.
Table 1. Characteristics associated with Toxocsra spp. lnfactlon In children.
Toxocara spp. Positive

n
Sample Size
Age group, yrs
6-9
10-13
14-17
Gender
Mate
Female
Race/Ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other race, Including multicultural
Health Insurance
Covered
No Health Insurance
Asthma History
Yes
No
Ratio of family Income to poverty3
Below federal poverty level
At or above federaJ poverty level

Toxocara spp. Negative

n

OR(95%Cl)1

131

% Estimate (95% Cl)
3.6 (2.7-4.7)

3206

% Estimate (95% Cl)
96.4 (95.3-97.3)

37
45
49

2.6 (1.6-4.0)
3.9 (2.7-5.6)
4.1 (2.8--5.9)

1112
1079
1015

97.4 (96.o-98.4)
96.1 (94.4-97.3)
95.9 (94.1-97.2)

NS2

75
56

4.0 (2.8--5.5)
3.2 (2.2-4.6)

1644
1562

96.0 (94.5-97.2)
96.8 (95.4-97.8)

NS2

29
38
48

804
832
1061
509

95.9 (95.3-98.0)
95.3 (93.2-96.8)
95.5 (93.0-97.2)
97.3 (95.8-98.3)

NS2

16

3.1 (2.o-4.7)
4.7 (3.2-6.8)
4.5 (2.8-7.0)
2.7 (1.7-4.2)

107
23

3.2 (2.4-4.3)
7.3 (4.6-11.6)

2890
313

96.8 (95.7-97.6)
92.7 (88.4-95.4)

1 (Reference)
2.4 (1.4-4.2)

26
105

3.4 (2.1-6.6)
3.6 (2.7-4.8)

631
2574

96.6 (94.4-97.9)
96.4 (95.2-97.3)

NS2

55
66

4.9 (3.1-7.7)
2.9 (2.1-4.2)

1034
1985

95.1 (92.3-96.9)
97.1 (95.8-97.9)

NS2

1

Odds Ratio based on regression analysis of 3333 participants with complete data.
NS: Non Significant.
3
Subsample does not sum to total sample due to non-responses.
2

https://doi.orgl10.1371ftoumal.pntd.0005818.t001
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Table 2. Characteristics associated with Toxocara spp. Infection In adults.

Sample Size
Age group, yrs
18-29
3o-39
4o-49
5()-59
60+

aOR (95% Cl) 1

Toxocara spp. Positive
n
% Estimate (95% Cl)
727
5.3 (4.6-6.2)

Toxocara spp, Negative
n
% Estimate (95% Cl)
9445
94.7 (93.8-95.4)

107
92
116
130
282

95.6 (94.2-96.6)
95.2 (94.0-96.2)
94.6 (93.2-95. 7)
93.6 (91.4-95.2)
94.3 (93.0-95.5)

NS2

6.4 (4.8-8.6)
5.7 (4.5-7.0)

2053
1594
1529
1462
2807

442
285

6.8 (5.9-7.9)
4.0 (3.2-4.9)

4489
4956

93.2 (92.1-94.1)
96.0 (95.1-96.8)

1.9 (1.5-2.3)
1 (Reference}

194
181
226
126

3.9 (3.1-4.9)
7.2 (5.8-8.8)
9.8 (7.6-12.6)
7.0 (5.7-8.7)

3945
2063
2001
1436

96.1 (95.1-96.9)
92.8 (91.2-94.2)
90.2 (87.4-92.4)
93.0 (91.3-94.3)

1 (Reference)
1.5 (1.1-2.1)
1.6 (1.1-2.4)
1.8 (1.3-2.5)

411
178
114

5.2(4.4-6.1)
6.4 (5.o-8.0}
5.2 (3.9-6.9)

5209
1940
1793

94.8 (93.9-95.6)
93.6 (92.Q-95.0)
94.8 (93.1-96.1)

NS2

279
176
145
103

11.5 (9.6-13.6)
7.2 (5.9-8.8)
3.8 (2.9-4.9)
2.9 (2.3-3.7)

1859
1891
2830
2359

88.5 (86.4-90.4)
92.8 (91.2-94.1)
96.2 (95.1-97.1)
97.1 (96.3-97.7)

2.7 (1.9-3.7)
2.1 (1.5-2.9)
NS2
1 (Reference)

475
252

4.3 (3.7-5.0)
9.9 (7.9-12.2)

7410
2024

95.7 (95.0-96.3)
90.1 (87.8-92.1)

1 (Reference}
1.5(1.1-1.9)

89
638

4. 7 (3.6-6.0)
5.5 (4.7-6.4)

1469
7968

95.3 (94.Q-96.4)
94.5 (93.6-95.3)

NS2

251
408

10.8 (8.9-13.0)
4.2 (3.6-4.8)

2034
6685

89.2 (87.0-91.1)
95.8 (95.2-96.4)

1.8 (1.4-2.3)
1 (Reference)

4.4 (3.4-5.8)
4.8 (3.8-6.0)
5.4(4.~.8)

Gender
Male
Female
Aace/Ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other race, Including multicultural
Marital Status3
Married or living with partner
Widowed, divorced, or separated
Never married
Educatlon3
Less than high school graduate
High school graduate or GED
Some college
College graduate
Health lnsurance3
Covered
No Health Insurance
Asthma History3
Yes
No
Ratio of family Income to poverty3
Below federal poverty level
At or above federal poverty level
1 Adjusted Odds Ratio based on multiple regression

analysis of 8901 participants with complete data.
NS: Non Significant.
3
Subsample does not sum to total sample due to non-responses.
2

https://dol.orq/10.137Moumal.pntd.0005818.t002

Multivariable analysis of socio-demographic factors in adults identified the following risk
factors for infection: gender (P < 0.001), race/ethnicity (P = 0.01), education (P < 0.001),
healthcare coverage (P < 0.01), and PIR (P < 0.001). There was no significant difference
between infection groups.with regard to age category, marital status. or asthma diagnosis.
Infection prevalence was higher among males compared to females and among non-White
ethnicities. Additionally, the lack of health insurance and education was also associated with
higher levels of infection among adults. Among children, only health insurance status distinguished seropositivity between the two groups (P < 0.01).
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Table 3. Toxocara spp. antibody prevalence by time.

Children with Positive Antibody Result
With Health Insurance
Without Health Insurance
Total
Adults with Positive Antibody Result
With Health Insurance
Without Health Insurance
Total
1

2011-2012
% Estimate (95% Cl)

n

2013-2014
% Estimate (95% Cl)

p1

n
81
15
96

4.5 (3.o-6.5)
8.7 (5.0-14.8)
4.9 (3.4-7.0)

26
8
34

1.7 (1.1-2.7)
5.3 (2.1-12.4)
2.0 (1.4-2.9)

<0.01
0.32
<Q.01

248
142
390

4.6 (3.8-5.6)
10.5 (8.2-13.3)
5.8 (4.8-7.0)

22.7
110
337

4.0 (3.2-5.0)
9.1 (6.2-13.3)
4.9 (3.IH>.2)

0.30
0.54
0.27

P value based on Rao·Scott adjusted chi-square statistic.

https://doi.ora/10.1371/ioumal.pntd.0005818.t003

Table 4 shows laboratory results by Toxocara spp. seroprevalence and age category. Seropositive and seronegative children had a median blood lead concentrations of 0.98 (IQR 0.501.46) ug/dL and 0.53 (IQR 0.40-0.76) ug/dL, respectively (P < 0.01); median urinary lead concentrations were 0.50 (IQR 0.26-0.83) ug/dL and 0.26 (IQR 0.14-0.47) ug/dL, respectively
(P < 0.01).

Seropositive adults also had elevated serum lead levels compared to non-infected adults
with a median of 1.24 (IQR 0.81-1.96) ug/dL vs. 0.98 (0.63-1.54) ug/dL (P <0.01), but urinary
lead levels were not significantly different. Additionally, eosinophilia (defined as~ 500 eosinophils/uL) was present in 8.8% (95% CI, 6.1-12.5) of seropositive adults versus 5.2% (95% CI,
4.6-5.9) of seronegative adults (OR 1.7; 95% CI 1.2-2.5). No similar difference in eosinophilia

was noted among children.
Table 4. Laboratory values by Toxocara antibody results.

I
I

Toxocara Positive

Toxocara Negative

p1

n

Median (IQR)

n

Median (IQR)

234
37

0.40 (0.20-0.66)
0.50 (0.26-0.83)

3082
1025

0.33 {0.18-0.59)
0.26 (0.14-0.47)

0.37
<0.01

560
120

1.24 (0.81-1.96)
0.98 (0.50-1.46)

7091
2831

0.98 (0.63-1.54)
0.53 (0.40-0. 76)

<0.01
<0.01

727
131

14.40 (13.40-15.20)
13.50 (12.90-14.50)

9436
3204

14.10 (13.20-15.10)
13.50 (12.80-14.20)

0.10
0.75

727
131

42.20 (39.2o-44.60}
39.50 (37.6D-42.1 O)

9436
3204

41.4 (38.7()-44.20)
39.40 (37.4o-41.60)

0.90

I Children

390
97

411.00 (312.10-S12.10)
4445.90 (312.1 o-525.40)

4712
1663

476.80 (359.4o-618.10)
450.30 (368.20-S47.50)

<0.001
0.18

TSH(mlU/L)
I Adults
IChildren

125
16

1.49 (1.16-2.00)
1.16 (0.93-1.62)

1563
252

1.58 (1.10-2.28)
1.49 (0.99-1.95)

0.16
0.08

Lead, urine (ug/L}
I Adults
I Children
Lead, blood (ug/dL)

IAdults

I Children

Hemoglobin (g/dL)
IAdults
IChildren
Hematocrit (%)
!Adults
IChildren
ABC Folate (ng/mL)
!Adults

1

0,01

P value based on adJusted Rao-Scott chi-square statistic.

https://dol.ora/10.1371/ioumal.pntd.0005818.t004
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Discussion
Relative to NHANES III (1988-1994), current U.S. data show an overall decrease in Toxocara
spp. seroprevalence from 13. 9% to 5.1 %. This may be related to changes in exposure, a more
specific testing platform, and perhaps modifications in veterinary practices and awareness [lZ,
1!]. Seroprevalence remains elevated in certain groups such as minority ethnic groups, male
gender and those with low education and socioeconomic status. Despite an overall decrease,
this study of a nationally representative sample highlights the continued exposure of the U.S.
population to this disease and the persistent disparities associated with at-risk populations.
Similar to the previous seroprevalence study utilizing data obtained over 20 years ago. we
showed a persistent elevation in odds of antibody positivity in adults among minority ethnicity, male gender and low education level [11]. These findings overall mirror those found by
Congdon et al. demonstrating minority ethnicity and poverty were important drivers of higher
levels of Toxocara antibody positivity [lb .!fil. Conversely, with non-Hispanic white as the reference, we found Hispanic and other race/multicultural ethnicities to have a higher risk of
exposure than non-Hispanic Black. This is different than the studies by Won et al. and Congdon et al., which suggested lower rates of exposure in the Hispanic population [!L JJi]. It has
been hypothesized that the lower rates in Hispanic populations may be related to residence in
more arid Western states with less likelihood for exposure to viable Toxocara eggs [12.]. Unfortunately, no data were available in our study for region of the country or rural versus urban
environment. Non-college level education (surrogate for lower socioeconomic status) and
male gender have also previously been associated with increased Toxocara antibody positivity
and were identified in this study as well ClL Jl]. Although previously reported, age did not
appear to be a risk factor for this cohort UL
For children, no difference was found in demographic data despite looking at multiple variables including age, gender, socioeconomic status and ethnicity. Additional factors that have
previously been associated such as a diagnosis of asthma and eQsinophilia were also not significantly different ~Ji]. Interestingly, a protective effect of health insurance was noted. Typically, antibody positivity might reflect lower socio-economic status, however in our study, a
child's family PIR was not a significant determinant ofinfectivity [J.2]. Furthermore, health
care utilization rates did not differ between those with and without Toxocara infection.
From a testing standpoint, an additional consideration between NHANES III and the current data is the change in the testing platform itself. For NHANES III, seroprevalence was
determined using Toxocara canis excretory secretory antigen enzyme immunoassay testing
(TES-Ag EIA). Although this test has been the standard worldwide, the sensitivity is as low as
78% (for visceral larva migrans) and specificity has been limited by cross-reactivity, particularly in areas with other soil-transmitted helminthes such as Ascaris spp. [2Q]. Based on a
review from 2014, prevalence of potential cross- reacting parasites such as Ascaris spp. may be
as high as 49.4%, with higher rates in the southern U.S. and Appalachian regions [IZ}. Given
this, results from prior seroprevalence studies may overestimate Toxocara exposure risk [.L
38]. For the most recent data, a newer assay based on rTc-CTL-1 antigen to Toxocara spp. was
used with a sensitivity and specificity of90% and 99%, respectively rnJ. Thus, the current
NHANES data likely is a better reflection of Toxocara exposure.
For the risk of exposure itself, the overall number of dogs and cats is an important factor.
As mentioned previously, U.S. pet ownership has steadily increased from approximately 52
million dogs and 54 million cats at the time ofNHANES III (1988-1994) to an estimated 7083 million dogs and 74-96 million cats just prior to the current study time-period (2011-2014)
W, 21, .M]. As Toxocara spp. eggs are transmitted to the soil through dog and cat feces, the
CDC encourages routine evaluation and treatment of house pets to limit human exposure as

m.
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well as removal of any pet feces from recreational areas (12). Household gardens have also
been shown to have high levels of Toxocara ova, suggesting use of gloves during gardening
activities may help decrease risk for exposure ~. In addition, the Companion Animal Parasite Council suggests year round treatment for control of intestinal parasites lli]. At least one
study suggests this therapy can reduce intestinal parasites by up to 91 % in pet dogs when compared to shelter dogs, although there was no direct analysis of treated versus untreated dogs to
rule out confounders such as decreased exposure between these two groups [ll]. Prior studies
have shown treatment must be provided at least four times per year for efficacy [m. Unfortunately, as was demonstrated in a Dutch cohort of pet owners, as few as 16% of pet dogs and
24.5% of pet cats were at this goal; no similar studies were found in the U.S. l±f,;W. Additionally, in a study performed in Ireland, only 51.7% of pet owners believed pet feces could pose a
risk to human health and only 4.3% had heard of Toxocara infection, potentially accounting
for the low adherence to treatment recommendations [;HJ. With regards to prevention of environmental exposure, a study from Poland revealed continued high levels of soil contamination
with Toxocara spp. eggs, particularly in backyards of rural and urban areas highlighting the
fact that current preventive efforts may have limited efficacy; no similar studies were found in
the U.S. [fi].
Finally, as exposure to environmental lead and Toxocara spp. can both occur from exposure
to contaminated soil, elevated lead levels are frequently found in Toxocara seropositive
patients [!Z, 46]. In this study, blood lead levels showed a statistically significant difference
between seropositive and seronegative adults. For adults, occupational exposure (particularly
construction and manufacturing work) accounts for over 60% oflead exposure in those found
to have very high blood levels [1Z]. As these occupations may be associated with increased
dust, soil and outdoor exposure this may provide a link with infection. However, the data are
conflicting on occupational exposure with at least one study of gardeners failing to show an
increased risk whereas increased seroprevalence has been noted in waste pickers and those
engaged in agricultural work [!Z ZQ, .ifi, 49). Occupational information was not available in
the 2011-2014 cycle so further comparison could not be made in this study. It is also important
to note that while statistically significant differences occurred, blood lead levels noted in those
seropositive were considerably less than the CDC reference value of 5 ugldL.
Other laboratory findings in adults included a lower RBC folate (P < 0.001) and higher
eosinophil count (P < 0.01) in seropositive samples. Review of the hemoglobin and hematocrit
levels between seropositive and seronegative adults did not differ so the significance of a lower
RBC folate is likely negligible. Also, although Toxocara infection has been associated with
atopic diseases (such as asthma) and eosinophilia, no difference was noted for asthma and the
absolute difference in eosinophil count noted was minimal and thus not likely to be clinically
significant [2.Q, .il].
For children, blood and urine lead levels were elevated in those with Toxocara antibody
positivity, which has been identified in previous studies [Z ll]. The concurrent elevation of
both Toxocara antibody and lead levels is concerning as both have been independently associated with decreased cognitive function in children [Z, 1L 52). In our study, the mean serum
level of 1.43 ug/dl in seropositive children, though statistically higher than those seronegative,
was well below the CDC reference level of 5 ug/dL. Despite this cut-off, no "safe" level of blood
lead has been idei:itified in children and thus interventions aimed at decreasing the common
route of exposure (i.e. geophagy) may help decrease rates of both ~-2.fil.
Several limitations of this study should be noted. This study did not include children younger than 6 years old. Also, we could not assess the extent to which higher seroprevalence might
have reflected birth, prior residence outside the U.S. or current residence. In addition, antibody testing does not distinguish between current and prior infection so higher rates in adults
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may be related to antibody persistence from infection at a younger age. Although little research
has been done, most studies show that antibody positivity tends to wane with time and thus
this is unlikely to have impacted our findings [2Q]. Finally, the use of a different testing platform with increased Toxocara sensitivity and specificity may limit the ability to make comparisons between prior reports and current data.
In conclusion, Toxocara spp. continues to affect a considerable portion of the U.S. noninstitutionalized population and risk for exposure may increase as dogs and cats enter more
homes. Significant gaps in research remain, particularly for Toxocara spp. contamination in
various areas of the U.S. such as public parks, recreational areas and urban vs. rural locales.
Studies assessing current CDC recommendations in reducing exposure such as disposal of pet
waste and hand washing are also limited. Infection could be decreased with improved awareness in both the general population and U.S. veterinarians of exposure risks and knowledge of
the effectiveness of anthelminthic treatment of dogs and cats.
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Urine is not sterile, and neither is the rest of you
By Erika Engelhaupt 4:00pm, May 22, 2014

DON'T DO IT Urinating on a wound to clean it in an emergency has become fodder for urban legend, but new research debunks the idea that urine is
sterile.
powerofforever/iStockPhoto

Let's say you find yourself lying at the bottom of a ravine with a dirt-filled gash in your leg. According to the
Internet, the first thing you want to do is pee on your wound. After all, the common wisdom holds, urine is sterile.
_,wrong again, Internet.

r Cle.~' l .r, Urine is not sterile, even before it comes out of you and gets contaminated by your skin. Bacteria are present at

~\\o""" low levels in the urine of healthy people not suffering from a urinary tract infection, Evann Hilt of Loyola University
of Chicago re12orted May 18 at a conference of the American Society for Microbiology. Now, Hilt and her colleagues
are figuring out what bacteria make up the normal bladder community and whether a change in that community
might trigger urinary problems.
"Now that we know they're there, the question is what are they doing?" Hilt says. Most likely, she says, "it's like any
other niche on our body. You have a good flora that keeps you healthy."
It appears that the urban legend about urine being sterile has its roots in the 1950s, Hilt says, when epidemiologist
Edward Kass was looking for a way to screen patients for urinary tract infections before surgery. Kass developed

the midstream urine test (still used when you pee in a cup) and set a numerical cutoff for the number of bacteria in
normal urine: not more than 100,000 colony-forming units (cell clusters on a culture dish) per milliliter of urine. A
person tests "negative" for bacteria in their urine as long as the number of bacteria that grow in a lab dish
containing the urine falls below this threshold. "It appears that the dogma that urine is sterile was an unintended
consequence," Hilt says.
Hilt and her colleagues used a more sensitive growth-culture technique to detect the low levels of bacteria in
normal urine, reasoning that maybe some urinary bacteria don't grow readily under the conditions of the standard
test. Having already found bacterial genetic material in urine (as did another team), in their latest work they used
catheters to collect urine directly from the bladders of 84 women, half of whom had overactive bladder syndrome,
which causes patients to have to urinate frequently. They put samples of the urine in lab dishes and let the urine
bacteria grow under friendlier conditions. More than 70 percent of the urine samples contained bacteria, including
at least 33 types of bacteria (at the genus level) in normal urine. Women with overactive bladders had more types
of bacteria in their urine (77 genera), including four species found only in overactive bladder patients.
This finding might provide hope for the 15 percent of women who suffer from overactive bladder; many aren't
helped by the standard therapy that treats the condition as purely a muscular problem.
Learning that urine is not sterile also changes the way we think about infection. It had generally been assumed that
if there are bacteria in your urinary tract, you have an infection and that's a bad thing. But if there is a normal
community of bacteria, we may need to think about the bladder more in the way we have recently learned to think
of the gut microbiome, in terms of "healthy" and "unhealthy" mixes of bacteria.
It's not clear anymore what body parts are actually sterile. The placenta was long thought to be, but scientists have
just learned that's not true: They found bacteria on the baby's side of the placenta. There's also some
evidence that babies are born with bacteria already in their guts, which must have gotten through the placenta.
And what about brains? Surely the braincase is last bacteria-free bastion, protected by the blood-brain barrier.
Sadly, that's not the case either. When I asked neuroscience writer Laura Sanders if our brains are sterile, she
promptly said, "Oh, no. The brain's full of all kinds of junk." That includes viruses.
Last year, in fact, researchers reQorted finding soil bacteria in people's brains. (Before making a dirty-mind joke,
these were alpha-proteobacteria normally found in soil, but there's no reason to think soil got into anyone's brain.)
The researchers were studying whether people with a compromised immune system from HIV/AIDS might be
prone to brain infections. Instead, they found that all the brains they looked at contained bacteria, regardless of
HIV status. No one knows how the bacteria get in there, or when. Could they be leftovers from fetal development?
Lucky tricksters that make it through the blood-brain barrier? We don't know, and just like for bladders, we don't
even know what to consider "normal" yet.
So back to our original question: If urine isn't sterile, does that mean you shouldn't pee on a wound? Well, that was
probably never a great idea anyway. If you don't have clean water, you're generally better off letting blood flow
flush a wound, bathing it in infection-fighting white blood cells.
But if knowing there are bacteria in urine helps you talk a well-meaning friend out of peeing on you in an
emergency, well, you're welcome.
Follow me on Twitter: .@GorY.Erika
From the Nature Index Paid Content
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Urine Is Not Sterile: Use of Enhanced Urine Culture Techniques To
Detect Resident Bacterial Flora in the Adult Female Bladder
Evann E. Hilt/ Kathleen McKinley,b Meghan M. Pearce,C Amy B. Rosenfeld,d Michael J. Zilliox,d Elizabeth R. Mueller,e Linda Brubaker,e
Xiaowu Gai,d Alan J. Wolfe,a,i; Paul C. Schreckenbergera,b
Infectious Disease and Immunology Institute,'' Department of Pathology," Department of Mic1obiology and Immunology; Department of Molecular Pharmacology and
Therapeutics,d and Departments of Obstetrics & Gynecology and Urology," Snitch School of Medicine Loyola University Chicago, Maywood, Illinois, USA

Our previous study showed that bacterial genomes can be identified using 165 rRNA sequencing in urine specimens of both
symptomatic and asymptomatic patients who are culture negative according to standard urine culture protocols. In the present
study, we used a modified culture protocol that included plating larger volumes of urine, incubation under varied atmospheric
conditions, and prolonged incubation times to demonstrate that many of the organisms identified in urine by 165 rRNA gene
sequencing are, in fact, cultivable using an exp~nded quantitative urine culture (EQUC) protocol. Sixty-five urine specimens
(from 41 patients with overactive bladder and 24 controls) were examined using both the standard and EQUC culture techniques. Fifty-two of the 65 urine samples (80%) grew bacterial species using EQUC, while the majority of these (48/52 [92%])
were reported as no growth at 103 CFU/ml by the clinical microbiology laboratory using the standard urine culture protocol.
Thirty-five different genera and 85 different species were identified by EQUC. The most prevalent genera isolated were Lactobacillus (15%), followed by Corynebacterium (14.2%), Streptococcus (11.9%), Actinomyces (6.9%), and Staphylococcus (6.9%).
Other genera commonly isolated include Aerococcus, Gard11erella, Bifidobacterium, and Actinobaculum. Our current study demonstrates that urine contains communities of living bacteria that comprise a resident female urine microbiota.

veractive bladder (OAB) is a highly prevalent syndrome characterized by urinary urgency with or without urge urinary
incontinence and is often associated with frequency and nocturia
(I). The etiology of OAB is often unclear and antimuscarinic treatments aimed at relaxing the bladder are ineffective in a large percentage of OAB sufferers, thereby suggesting etiologies outside
neuromuscular dysfunction (2). One possibility is that OAB
symptoms are influenced by microbes that inhabit the lower urinary tract (urinary microbiota).
The microbiota of the female urinary tract has been poorly
described; primarily, because a "culture-negative" status has been
equated with the dogma that normal urine is sterile. Yet, emerging
evidence indicates that the lower urinary tract can have a urinary
microbiota (3-8). For example, our group previously reported the
use of 16S rRNA gene sequencing to identify bacterial DNA (urinary microbiome) in culture-negative urine specimens collected
from women diagnosed with pelvic prolapse and/or urinary incontinence, as well as from urine of women without urinary
symptoms (4). Other investigators also have used culture-independent 16S rRNA gene sequencing to obtain evidence of diverse
bacteria that are not routinely cultivated by clinical microbiology
laboratories in the urine of both women and men (3, 6, 9, 10).
Most of our previously sequenced urine specimens underwent
standard clinical urine cultures that were reported as "no growth"
at a 1: 1000 dilution by our diagnostic microbiology laboratory (4).
On the basis of this sequence-based evidence, which supports the
presence of a urinary microbiome, we hypothesized that bacterial
members of the urinary microbiota are not reported in routine
urine cultures either because the number of organisms present is
below the culture threshold of 10 3 CFU/ml or because growth of
these bacteria required special culture conditions, such as anaerobic atmosphere, incubation in an increased C0 2 environment, or
prolonged incubation time.
Furthermore, sequencing cannot determine whether the bac-
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terial sequences observed in these culture-negative patients represent live bacterial species. Therefore, we conducted this study to
determine whether the urinary microbiome was the product of
living microbiota that consisted largely of organisms that would
be missed by routine clinical microbiology culture practices. To
address this question, we altered the routine urine culture conditions to include the plating of a greater volume of urine, incubation in varied atmospheric conditions, and the use of extended
incubation times. Using these modified culture and incubation
tactics (expanded quantitative urine culture [EQUC]), we demonstrated that many of the organisms identified in urine by 16S
rRNA gene sequencing are in fact cultivable.
MATERIALS AND METHODS
Patients and sample collection. Following Loyola institutional review
board (IRB) approval for all phases of this project, participants gave verbal
and written consent for the collection and analysis of their urine for research purposes. Participants were women undergoing OAB treatment
and a comparison group of women undergoing benign gynecologic surgery (controls). Participants' symptoms were characterized with the Pelvic Floor Distress Inventory (PFDI), a self-completed, validated symptom
questionnaire. All participants were without clinical evidence of urinary
tract infection (i.e" urine culture negative and absence of clinical urinary
tract infection [UTI] diagnosis). Urine was collected via transurethral
catheter from participants for the period March 2013 to July 2013 at the
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Female Pelvic Medicine and Reconstructive Surgery center of Loyola University Medical Center. A portion of each urine sample was placed in a BD
Vacutainer Plus C&S preservative tube (Becton, Dickinson and Co,
Franklin Lakes, NJ) and sent to the clinical microbiology lab for quantitative culture. A separate portion of the urine sample, to be used for
sequencing, was placed at 4°C for no more than 4 h following collection.
To this portion, 10% AssayAssure (Thermo Scientific, Waltham, MA) was
added before freezing at -80°C.
Standard urine culture. Standard urine culture was performed by
inoculating Cl.00 l ml of urine onto a 5% sheep blood agar plate (BAP)
and MacConkey agars (BD BBL prepared plated media; Becton, Dickinson and Co., Sparks, MD) and streaking the entire plate surface to
obtain quantitative colony counts. The plates were incubated aerobically at 35°C for 24 h. Each separate morphological colony type was
counted and identified in any amount. The detection level was 10 3
CFU/ml, represented by l colony of growth on either plate. If no
growth was observed, the culture was reported as "no growth" (of
bacteria at lowest dilution, i.e., 1:1000).
Expanded quantitative urine culture. Each catheterized urine sample
was processed following the standard urine culture procedure by the clinical microbiology lab and was also processed using the EQUC procedure.
For EQUC, 0.1 ml of urine was inoculated onto BAP, chocolate and colistin, and nalidixic acid (CNA) agars (BD BBL prepared plated media),
streaked for quantitation, and incubated in 5% CO) at 35°C for 48 h. For
a second set ofBAPs, each was inoculated with 0.1 ~nl of urine and incubated in room atmosphere at 35°C and 30°C for 48 h. Next, 0.1 ml of urine
was inoculated onto each of t\·VO CDC anaerobe 5% sheep blood agar
plates (BD BBL prepared plated media) and incubated in either a Campy
gas mixture (5% 0 2 , 10% C0 2, 85% N) or under anaerobic conditions at
35°C for 48 h. The detection level was l 0 CFU/ml, represented by l colony
of growth on any of the plates. Finally, to detect any bacterial species that
may be present at quantities lower than 10 CFU/ml, 1.0 ml of urine was
placed in thioglycolate medium (BD BBL prepared tubed media) and
incubated aerobically at 35°C for 5 days. If growth was visually detected in
the thioglycolate medium, the medium was mixed and a few drops were
plated on BAP and CDC anaerobe 5% sheep blood agars for isolation and
incubated aerobically and anaerobically at 35°C for 48 h. Each morphologically distinct colony type was isolated on a different plate of the same
media to prepare a pure culture that was used for identification.
Matrix assisted laser desorption ionization-time of flight mass
spectrometry. Matrix assisted laser desorption ionization-time of flight
mass spectrometry (MALDI-TOF :tvfS) was performed using the direct
colony method. Using toothpicks, we applied a small portion of a single
isolated colony to the surface of a 96-spot, polished, stainless steel target
plate (Bruker Daltonik GmbH, Leipzig, Germany) in a manner that created a thin bacterial film. The spot was left to dry at room temperature for
1 min., whereupon 1.0 µ,l of 70% formic acid was applied to each sample
and allowed to dry at room temperature for IO min. Then, 1.0 µl of the
matrix solution, comprised of.saturated cx-cyano-4-hydrocinnamic acid
(Bruker Daltonik) in an organic solvent (high-pressure liquid chromatography-mass spectrometry [HPLC-.tvfS]-grade water, 100% trifluoroacetic
acid, and acetonitrile; Fluk~) was then applied to each sample and allowed
to cocrystallize at room temperature for IO min. The prepared sample
target was placed in the MicroFlex LT mass spectrometer (Bruker Daltonik), and the results were analyzed by MALDI Biotyper 3.0 software
(Bruker Daltonik). A bacterial quality control strain (Escherichia coli
DH5cx) was included in each analysis. A single measurement was performed once for each culture isolate.
Data analyses. MALDI Biotyper 3.0 software Realtime Classification
was used to analyze the samples. In the Real time Classification program,
log score identification criteria are used as follows. A score between 2.000
and 3.000 is species-level identification, a score between 1.700 and 1.999 is
genus-level identification, and a score that is below 1.700 is an unreliable
identification. A Real time Classification log score was given for each bacterial isolate sample for every condition from which it was isolated.
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DNA isolation, PCR amplification and 165 rRNA amplicon sequencing. Genomic DNA was extracted from urine using previously validated protocols (4, 11). Briefly, 1 ml of urine was centrifuged at 13,500
rpm for 10 min and the resulting pellet was resuspended in 200 µl of
filter-sterilized buffer consisting of 20 m.lv1 Tris-Cl (pH 8), 2 mM EDT A,
1.2% Triton X-100, and 20 µg/ml lysozyme and supplemented with 30 µl
of filter-sterilized mutanolysin (5,000 U/ml; Sigma-Aldrich; St. Louis,
MO). The mixture was incubated for 1 h al 37°C and the lysates were
processed through the DNeasy blood and tissue kit (Qiagen, Valencia,
CA) according to the manufacturer's protocol. The DNA was eluted into
50 µl of AE buffer (pH 8.0) and stored at - 20°C.
The variable region 4 (V4) of the bacterial 16S rRNAgene in each DNA
sample was amplified and sequenced using a custom protocol developed
for the Illumina MiSeq. Briefly, the l 6S rRNA V4 region was amplified in
a two-step nested PCR protocol using the universal 51 SF and 806R primers, which were modified to contain the Illumina adapter sequences. Amplicons were analyzed by gel electrophoresis and purified using the
QIAquick gel extraction kit (Qiagen). Extraction- and PCR-negative controls were included in all steps to assess potential DNA contamination.
DNA samples were diluted to 10 nM, pooled, and sequenced using the
MiSeq personal sequencer platform using a paired-end 2X 251-bp reagent cartridge. Raw sequences were processed using the open-source
program mothur, vl.31.2 (12). Paired ends were joined and contigs of
incorrect length (<285 bp or >300 bp) and/or contigs that contained
ambiguous bases were removed. Sequences were aligned using the SILVA
database, and chimeric sequences were removed with UCHIME (13). Sequences were classified using a naive Bayesian classifier and the RTlP 165
rRNA gene training set (v9). Sequences that could not be classified to the
bacterial genus level were removed from analysis.

RESULTS
Culture results. Sixty-five urine specimens (from 41 OAB patients and 24 controls) were examined using both the standard
and EQUC techniques. Most (52/65 [80%]) grew bacterial species, with the majority of these (48/52 (92%]) reported as no
growth at 10 3 by the clinical microbiology laboratory using the
standard urine culture protocol.
Using the EQUC technique, we isolated 35 different genera
(Fig. 1) and 85 different species (Table 1), as identified by MALDITOF. To isolate these species, a combination of different culture and
incubation conditions were required. Most of the bacteria isolated
required either increased C0 2 or anaerobic conditions for growth,
along with prolonged incubation, and they often were present in
numbers below the threshold of detection used in routine diagnostic
urine culture protocols. With few exceptions, most bacteria were recovered on at least one of the primary plating media (data not
shown). One case each of Enterococcus faecalis, Rothia dentocariosa,
Staphylococcus aureus, and Staphylococcus epidennidis were recovered from thioglycolate broth only. A breakdown of the culture
media and conditions for isolation of the 85 species is given in
Table 1.
The most prevalent genera isolated were Lactobacillus ( 15% ),
followed by Corynebacterium (14%), Streptococcus (11.9%), Actinomyces (6.9%), and Staphylococcus (6.9%) (Fig. 1). Within each
gen us, the most frequently isolated species were Lactobacillus gas-

seri, Corynebacterium coyleae, Streptococcus anginosus, Actinomyces neuii> and Staphylococcus epidermidis. Other genera commonly
isolated include Aerococcus, Gardnerelln, Bifidobacterium, and Actinobaculum. The numbers of isolated species within each genus
are listed in Table 1.

Lactobacillus, Streptococcus, Corynebacterium, Staphylococcus,
Actinomyces, and Bifidobacteri11111 spp. were isolated from both
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OAB and control cohorts. In contrast,Aerococcus andActinobacttlum were isolated only from OAB patients (Fig. 1).
I 6S rRNA amplicon sequencing results. To determine if the
bacteria grown in culture (the microbiota) matched the bacterial
DNA sequences (the microbiome) obtained from analysis of the
same urine specimens, four OAB urine samples underwent 16S
rRNA amplicon sequencing. The majority of the bacterial species
that were detected by the EQUC procedure also were detected by
16S rRNA gene sequencing of the same urine from the same patient (Table 2). For example, in the urine sample of patient
OAB18, the EQUC detected Lactobacillusjensenii and Gardnerella
vaginalis at> 10 3 CPU/ml. The 16S rRNA sequencing of that same
urine sample found that 86.6% of the sequences were classified as
Lactobacillus and 13.0% of the sequences were classified as Gardnerella. In each urine sample, the cultured genera represent >80%
of the sequences obtained. Sequencing detected additional genera
that were not detected by culture (data not shown), suggesting
that those organisms were not viable and/or were not cultivable
under the conditions tested.
DISCUSSION

In our previous report (4), we presented evidence of bacterial
DNA (microbiome) in the bladders of adult women with and
without lower urinary tract symptoms. In the present study, we
have provided evidence oflive bacteria in the adult female bladder
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and, importantly, demonstrated a correlation in matched urine
samples between the bacteria isolated using our EQUC protocol
and the bacterial sequences identified by 16S rRNA gene sequencing. These findings support our contentions that the urinary microbiome exists and that it is a reflection ofliving bacterial species
that make up the resident flora (microbiota) in the adult female
bladder.
These data support those of Khasriya and colleagues, who also
found that expanded culture conditions detect diverse urinary
bacteria missed by routine diagnostic laboratory testing methods
(7). Furthermore, our results often parallel those of their previous
study, which found Staphylococcus, Streptococcus, and Lactobacillus to be commonly isolated genera, results that closely match our
findings. However, our results were not identical. For example,
they isolated Actinomyces, Aerococcus, Bifidobacterium, and Gardnerella less frequently than we did. These differences might result
from the relatively small sample sizes of both studies or from procedural differences. For example, we plated urine directly without
centrifugation, while Khasriya and coauthors isolated bacteria
from centrifuged urine sediments, which had been prepared from
catheterized and voided urine specimens collected from patients
with chronic lower urinary tract symptoms and healthy controls.
Since the sedimentation procedure was enriched for bacteria associated with urothelial cells, the differences in results could reflect differences in the ability of certain bacteria to associate tightly
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TABLE 1 List of bacterial species cultured in different conditions"
Culture conditions

Organism (no. isolated) (11 = 260)

Acti11obaculu111 sclzaalii {7)
Acti11ob11ct1lu111 urinae (I)
Actinomyces europaeus (2)
Acti110111yces graevc11itzii (I)
Actinomyces 11aeslundii (1)
Actinomyces neuii (5)
Actinomyces odontolyticus (2)
Actinomyces oris (I)
Actinomyces turicensis (3)
Acti110111yces urogenitalis (3)
Aerococcus sa11g11inicola (3)
Aerococcus uri11ae (9)
Aerococcus l'iridans (I)
Alloscardovia omnicolens (4)
Arthrobacter cumminsii (4)
Bacillus subtilis (I)
Bifidobacterium bifid11m ( 1)
Bifidobacterium breve (6)
Bifidobacterium dentium (l)
B~fidobacterium longum ( l)
Brevibacterium ravenspurgense (2)
Campylobacter ureolyticus (1)
Candida glabrata (2)
Co1ynebacterium afennentans (2)
C01ynebacterium amycolatum (3)
Co1ynebacterium auri111ucos11m (3)
Corynebactei-ium coyleae (7)
Corynebacterium fre11eyi (2)
Corynebacterium imitans (2)
Ca1ynebacterium lipophile group Fl ( 4)
Corynebactc:riuin 111atruchotii (1)
Carynebacterium minutissimum (1 J
Ca1ynebacterium riegelii (4)
Carynebacterium tuberc11lostearicum (2)
Ca1ynebacteri11m tusca11ie11se (3)
Co1ynebacterium urealyticum (3)
Enterobacter aeragenes (1)
Enterococcus faecalis (7)
Escherichia mli (3)
Fackla111ia hominis (5)
Finegoldia mag11a (1)
F11sobacteriu111 nucleatum (I)
Gard11erell11 vagina/is (10)
Gard11erella spp. (3)
Gem el/a hae111olysa11s ( l)
Gemella sanguirzis (I)
Klebsiella pne11111011iae ( 1)
Kocuria rhizophila ( 1)
Lactobacill11s crispatus (6)
Lactobacillus delbrueckii (I)
Lactobacillus fermentum (l)
Lactobacillus gasseri ( 12)
Lactobacillus iners (6)
Lactobacillus je11se11ii ( 10)
Lactobacillusjohnsonii ( l)
Lactobacillus rhamnosus (2)
Micrococcus luteus (9)
Micrococcus lylae (I)
Neisseria perflava (I)

Aerobic, 35°C

Aerobic, 30°C

+
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TABLE I (Continued)
Culture conditions

Organism (no. isolated) (11 = 260)

Aerobic, 35°C

Oligella urethra/is (5)
Pepto11iphilt1s harei (3)
Prevo tel/a bivia (I)
Propio11ib11cterium avid11111 ( 1)
Propio11imicrobi11m lymphophil11m ( l)
Pseudomonas aeruginosa (I)
Rothia dentocariosa ( 1)
Rothia 11111cilagi11osa (2)
Slackia exigua ( l)
Staphylococcus capitis (1)
Stapltylococc11s cpidermidis (7)
Staphylococcus haemolyticus (2)
St,1phylococcus hominis (2)
Staphylococcus lugdune11sis (2)
Staphylococcus simulans (2)
Staphylococcus warneri (2)
Streptococcus agalactiae ( 1)
Streptococcus anginosus (15)
Streptococcus gallolyticus ( l)
Streptococws gordonii ( 1)
Streptococcus parasa11guinis (I)
Streptococws p11eumonia/mitis/omlis (6)
Streptococrns salivarius (3)
Streptococws sa11g11inis (2)
Streptococcus vestibularis (I)
Trueperella bemardiae (3)
Unclassified # l (l)
Unclassified #2 (1)
Unclassified #3 (I)
Unclassified #4 (1)
Unclassified #5 ( 1)
Unclassified #6 (1)
Unclassified #7 ( 1)
Unclassified #8 (1)

Aerobic, 30°C

C0 2 , 35°C

Anaerobic, 35°C

Campy (6% 0 2,
10% C0 2 ) 35°C

+
+
+
+
+
+
+
+

+
+

+
+
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condition and that no growth W<IS observed. A blank space designates no growth in that condition for that panicular organism using a low-dilution (100-µJ) inoculurn.

a

::::r

m
N

0

-lo.

TABLE 2 Comparison of cultured isolates to genera detected by l 6S
rRNA sequence in urine samples_
% of sequences per sample

Urine

Isolate cultured

CFU/ml

(genus level classification)

OAB18

Lactob11ci/l11s je11se11 ii
Gardnerclla vagina/is

>J,000
>l,000

86.6

Lactobacillus je11scnii
Lactobacillus iners
G11rd11erella vllginalis

140
120
40

92.4"
4.9

Gardnerella vaginalis
Rothia dmtocariosa
Streptococcus tZnginosus
Aerococcus urinae
Enterococcus faeculis

>I,000
Broth/J

80.0
Not detected

60
50,60
Broth 1'

0.07
0.13

Gard11erel/11 vagini1lis

300

97.2

OAB21

OAB23

OAB26
a
1
'

13.0

0.001

Sequence data cannot distinguish hct\\'een species.
Cultured in thiogl)'colale broth; therefore, unable lo determine starting CFU/rnl.
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with urothelial cells. Further studies are required to determine if
this is true. Finally, Khasriya and coworkers did not report the
recovery of Actinobaculum, an emerging uropathogen (14). Since
these authors did not perform l 6S rRNA gene sequencing of their
sedimented urine samples, they could not know if Actinobaculum
might have been present in their samples but could not grow in
culture using their protocol.
Similar results might be found in men. Using 16S rRNA gene
sequencing to identify bacteria in first-catch urine specimens collected from asymptomatic men, Nelson and colleagues showed that
the ove1whelming majority of the urine sequences corresponded to a
few abundant genera. In their analyses, 72 genera were detected in
total, with four genera (namely, Lactobacillus, Corynebacterium,
Streptococcus, and Sneathia) accounting for approximately 50% of
the total urine sequences. They concluded that these organisms
represented the urinary microbiome of men (9). However, culture-based studies of the urine samples were not included in their
analyses. EQUC procedures could be used to determine if the
sequences identified in the urine samples represent living bacteria.
In our previously reported study (4), we used 16S rRNA gene
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sequencing to demonstrate evidence of uncultivated bacteria in
the adult female bladder and we questioned the "sterile urine"
dogma. Our current study demonstrates that urine contains communities of living bacteria that comprise a resident female urine
microbiota. More specifically, we have shown that the bacterial
sequences detected in the adult female bladder by 165 rRNA sequencing represent living organisms that can be grown when culture conditions are modified to include plating oflarger quantities
of urine, incubating in an atmosphere of increased C0 2 , and extending incubation to 48 h.
Further studies are needed to elucidate the role of the urinary
microbiota in health and disease, and the complementary features
of EQUC and 165 rRNA sequencing will facilitate those efforts.
Each technique possesses distinct advantages and disadvantages.
Deep 16S rRNA sequencing is a high-throughput technology that
facilitates rapid screening at great depth, permitting researchers to
obtain a broad and deep overview of the micro biota without the
need to cultivate. However, the advantage provided by the speed
and depth of the high-throughput technology is balanced by the
inability to reliably identify bacteria below the genus level. In contrast, EQUC can capture the bacterium, but only if it can be cultivated. However, any isolated bacterium can be identified to the
species level by MALDI-TOF. With the bacterium in hand, fullscale characterization is now possible, including the ability to sequence its genome, which could identify the organism to the strain
level.
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The detection rate and associated factors of at least one sperm in urinary sediment is not
well-known in real clinical practice.

Aims
The aim of the present study was to evaluate the clinical features associated with the pres-
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Methods
We conducted a cross-sectional study at Tokyo Saiseikai Central Hospital. We identified
5,005 males who were aged 2::20 years in whom urinary sedimentation had been performed
at least twice between May 2011 and June 2012. The sperm group included patients in
whom at least one urinary sediment test performed under a microscope had detected at
least one sperm. We evaluated the associations between the presence of at least one
sperm in urinary sediment and clinical parameters such as various diseases and the use of
particular oral medicines.

Main Outcomes
In total, 1.6% (339/20,937) of urinary sediment samples contained at least one sperm. The
sperm group consisted of 282 subjects (5.6%), and the no-sperm group included 4,723 subjects (94.3%).
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Results
Multivariate analysis demonstrated that younger age (<65) (odds ratio [OR]: 1. 71, 95% confidence interval [Cl]: 1.32-2.21 ), the total number of examinations (;::4) (OR: 1.46, 95%CI:
1.11-1.92), diabetes (OR: 1.72, 95%CI: 1.31-2.25), a history of pelvic surgery for colon
cancer (OR: 4.89, 95%CI: 2.38-10.02), alpha-1 blocker use (OR: 1.55, 95%CI: 1.16-2.08),
a history of trans-urethral resection of the prostate (OR: 2.77, 95%CI: 1.46-5.13), and selective serotonin reuptake inhibitor use (OR: 2.12, 95%CI: 1.07-4.19) were independent predictors of the presence of at least one sperm in urinary sediment.

Conclusion
There is considerable overlap between the factors associated with the presence of at least
one sperm in urinary sediment and those that are strongly associated with ejacu_latory
disorders.

Introduction
Urinary sedimentation by centrifugal separation followed by a microscopic examination of the
components of the sediment is routinely used to evaluate the general condition of urine and to
detect kidney and urinary tract diseases in a timely and non-invasive manner. Most of the cellular components found in urinary sediment originate from the urinary tract, but sperm are
occasionally detected. Sperm in urinary sediment are usually derived from the first post-ejaculatory voiding [l], and in older men sperm are sometimes found in urinary sediment due to
reduced contraction of the internal urethral sphincter [l]. Furthermore, retrograde ejaculation
(RE) causes a large number of sperm to be present in urinary sediment [2.,.J.]. Although the
only presence of sperm in urine does not imply RE [1], the presence of sperm in urinary sediment is an important factor in the diagnosis of RE Lil. However, there is no consensus as to
defining of RE [.5.] and the rate of RE is subjectively evaluated by not-validated self-reported
questionnaires in most of the studies L~-.2]. Meanwhile, to the best of our knowledge there
have not been any studies about the detection rate of at least one sperm in urinary sediment
samples subjected to microscopic examinations, nor have any studies evaluated the associations between such a finding and clinical factors such as the presence of, or a history of, certain
conditions or the use of particular medications. In fact, medical-staff often conduct routine urinary tests without paying particular attention to the presence/absence of sperm. Therefore, in
the present study we evaluated 1) the detection rate of at least one sperm in urinary sediment
in a large number of samples, 2) the associations between such a finding and clinical background factors, and 3) independent predictors for the presence of at least one sperm in urinary
sediment.

Materials and Methods
Urinalysis and urinary sediment were tested in 8,509 patients at Tokyo Saiseikai Central Hospital during the May 2011 to June 2012. We excluded the patients in whom urinalysis and urinary sedimentation tests had been performed only once (n = 3,504), which left 5,005 males
aged ;::20 years (total number of measurements: 20,937) patients in whom the tests were performed at least twice. Among the 5,005 subjects, urinalysis and urinary sedimentation test were
performed due to routine work-up for urological disease (N = 2,002), general check-ups for
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disorders of internal medicine (N = 2,600), health medical check-ups (N = 305), and unknown
reasons (N = 98). The patients' first urinary samples were discarded, and their second urinary
samples were collected. The urine samples were submitted promptly after micturition and were
analyzed using a fully automated urine element analyzer (UF-lOOOi, Sysmex Corporation,
Kobe, Japan). If the analyzer detected the presence of a foreign body, trained medical technicians visually examined the sample under a microscope for the presence of at least one sperm
under high magnification (400x, HPF). The sperm group included patients whose urine contained at least one sperm according to at least one urinary sediment test performed under a
microscope, while the no-sperm group included patients in whom sperm was not detected in
any urinary sediment test. We evaluated the associations between the presence of at least one
sperm in urinary sediment and clinical background factors such as hypertension, dyslipidemia,
diabetes, a history of pelvic surgery due to colorectal cancer, cardiovascular disease, prostatitis
or transurethral resection of the prostate (TURP); or the use of selective serotonin reuptake
inhibitors (SSRI), proton pump inhibitors (PPI), H2 blockers, or alpha-1 blockers by performing comparisons between the two gi:oups (Data in Sl File).
The Student's unpaired t test was used to compare continuous variables, while the x2 test
was used for comparisons between categorical variables. Logistic regression analysis was performed to calculate odds ratios (OR) for the presence of at least one sperm in urine. First, univariate analysis was performed to identify variables that were significantly associated with the
presence of at least one sperm in urinary sediment. Variables for which P <0.01 were then
included in the multiple logistic regression analysis. The multivariate model was tested for
goodness of fit using the Hosmer-Lemeshow test, which showed that the fit of the model was
acceptable (P> 0.05). All analyses were performed using the STATA software program (version 10; StataCorp, Texas, USA). This study was a retrospective observation fashion and it was
difficult to receive informed consents from the past participants. This study was approved as
the following contents by the ethics committee of Saiseikai Central Hospital (No. 220). We displayed study contents inside the hospital and exclude the data from the study cohort if the
patients hope to exclude it.

Results

Comparison of clinical features between the sperm group and no-sperm
group
The study population consisted of 5,005 males (mean age: 66.0 ± 12.9 years) in whom urinary
sedimentation was performed at least twice during the study period. The patients' clinical background data are shown in Tabk_l. The mean number of examinations per patient was 4.2. In
total, 1.6% (339/20,93 7) of the urinary sediment samples contained at least one sperm.
The sperm group consisted of282 people (5.6%), and the no-sperm group included 4,723
people (94.3%). Significant differences in age; the total number of urinary sediment examinations; and the frequencies of hypertension, dyslipidemia, diabetes, alpha-1 blocker use, SSRI
use, TURP, and pelvic surgery due to colorectal cancer were observed between the sperm and
no-sperm groups.

Independent indicators for the presence of at least one sperm in urinary
sediment
Table 2 shows the results of the uni- and multivariate analyses, which aimed to identify independent factors for the presence of at least one sperm in urinary sediment. In the univariate
analysis, younger age ( <65), the total number of urinary sediment examinations (2::4),
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Table 1. Background characteristics of participants.
Characteristics

All subjects N

=5005

Presence of sperm
Yes N

Age(years)

=282(5.6%)

No N

p value

=4723(94.3%)

66.0±12.9

63.8±11.5

66.1±12.9

4.2±2.5

4.7±2.4

4.2±2.4

Hypertension(%)

1953(39.0)

13~(46.8)

1821(38.6)

Dyslipidemia (%)

1216(24.3)

86(30.5)

1130(23.9)

0.012

Diabetes(%)

1663(33.2)

135(47.8)

1528(32.3)

<o,1)01

The number of measurement

Past history of cardio-vascular disease(%)
Theuseofalpha;.:1 blocker agent(%)

0.003
<0.001
0;006

788(15.7)

55(19.5)

733(15.5)

0.074

1015(20.3)

72(25.5)

943(19.9)

0.024

Past history of intrapelvic surgery for colon cancer(%)

53(1.1)

10(3.5)

43(0.9)

Past history of TUR;.:p (%)

113{2~3)

12(4.3)

101(2.1)

0.020

Prostatitis (%)

108(2.2)

5(1.8)

103(2.2)

0.640

970(1~.4)

59(2()~9)

911(19.3)

o.500

88(1.8)

10(3.6)

78(1.6)

0.020

The use of PPI or H2-bloker (%)
The use of SSRI(%)

<0.001

Data are n{%) or mean±SD, TUR-P:trans-urethral resection of the prostate, PPI: proton pump inhibitors, SSRI: selective serotonin reuptake Inhibitors
The study population consisted of 5,005 males and their clinical background data are shown in this table

doi: 10.1371 /journal.pone.0136844.1001

hypertension, dyslipidemia, diabetes, a history of pelvic surgery for colon cancer, alpha-1
blocker use, a history of TURP, and SSRI use were significantly associated with the presence of
at least one sperm in urinary sediment. In the multivariate analysis adjusted for these factors,
younger age ( <65), total number of urinary sediment examinations (~4), diabetes, a history of
pelvic surgery for colon cancer, alpha-1 blocker use, a history ofTURP, and SSRI use were
demonstrated to be independent indicators for the presence of at least one sperm in urinary
sediment. The detection rate of at least one sperm in urinary sediment was 1.6% (11/678), 4.1 %
(72/1,737), 6.2% (109/1,755), 10.6% (81/763) and 12.9% (9/70) in patients who had no, one,
two, three and four independent associated factors.

The association between types of alpha-1 blocker and the presence of at
least one sperm in urinary sediment
Of the 1,015 patients treated with an alpha-1blocker,574 (56.6%), 278 (27.4%), 162 (16.0%),
and 1 patient were treated with tamsulosin, silodosin, naftopidil, and urapidil, respectively. The
detection rate of at least one sperm in the urinary sediment in patients treated with tamsulosin,
silodosin, and naftopidil was 5.6% (32/574), 10.4% (29/278), and 6.8% (11/162), respectively.
There were significant differences in the detection rate of at least one sperm in the urinary sediment between patients treated with and without silodosin (p = 0.011).

The association between therapeutic type for diabetes mellitus and the
presence of at least one sperm in urinary sediment
Among the diabetic patients, 1621 (97.5%) had type 2 diabetes and 42 (2.5%) type 1 diabetes.
Their medical regimens were as follows: diet therapy alone, 35 (2.1 %); oral hypoglycemic agent
user, 1,007 (60.6%); and insulin user, 621 (37.3%).
The detection rate of at least one sperm in urinary sediment was 19.l % in type 1 diabetes
patients, which was significantly higher than that in type 2 (7.8%, p<0.05). In addition the
detection rate of at least one sperm in urinary sediment was 10.3% in patients treated with
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Table 2. Associated factors for at least one sperm in urinary sediment.
All subjects (N = 5005)

Variables

-

No sperm group
N = 4723
Age (years)

<65

-

0.008

T()ti:d number of measurement of urinary
sediment

2<4

2196

92

2:4

2597

190

Hypertension

NO

2902

150

YES

1821

132

Prostatitis
The use of PPI or H2-bloker
History of pelvic surgery for colon. cancer

The use 0,falph.a~ 1 blocker agent
Past history' of TURP
The use of SSRI

---------------

140
142

Past history of cardio-vascular disease

-------

Pvalue

2756

Diabetes inellitus

~-

Sperm group
N =282

2:65

Dyslipidemia

Multivariate

Univariate

---~-----~

NO

3593

:196

YES

1130

86

NO

3195

147

YES

1528

135

NO

733

55

YES

227

NO

3990
. 4620

277

YES

103

5

NO

3812

223

YES

911

59
_272

NO

4680

YES

43

10

NO.

3780

210

YES

943

72

NO

4622

270

YES

101

12

NO

4645

272

YES

78

10

OR (95% Cl)

Pvalue

<0.001

0.009

0

0.390
0~620

0.013
<0.001

1

· <o!oor

1.72 (1.31-2.25)
0.070

0.350.

0.640

0;780

0.500

0.860

<0.001

1

<0.001

4.89 (2.3810.02)
0.024

0;003

0;009

0;002

0.022
2.12

TUR-P, Trans-urethral resection of the prostate; PPI, proton pump inhibitor; SSRI, selective serotonin reuptake inhibitors;
OR, odds ratio; Cl, confidence interval
The results of the uni- and multivariate analyses identified independent factors of the presence of at least one sperm in urinary sediment.
doi:10.13711ournal.pone.0136844.t002

insulin, which was significantly higher than those treated with an oral hypoglycemic agent
(6.3%, p = 0.001).

Discussion
To the best of our knowledge, this is the first study to determine the incidence of at least one
sperm in urinary sediment using a large number (more than 5,000) of patients and to evaluate
the association between such a finding and clinical background factors. To date, the presence
of sperm in urinary sediment has been treated as having little clinical significance and is usually
seen in physiological conditions in which sperm has been incorporated into urine due to the
mixing of semen components retained in the urethra following sexual activity or masturbation
[1.]. The present study demonstrated that 1.6% (339/20,937) ofurinary sediment samples contained at least one sperm and that 5.6% (282/5,005) of general clinical practice patients who
undergo urinary sediment examinations submitted samples that contain at least one sperm.
Furthermore, the presence of at least one sperm in urina1y sediment was found to be
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independently associated with diabetes, a history of pelvic surgery for colon cancer, a history of
TURP, and alpha- I blocker or SSRI use, which are known risk factors for ejaculation disorders
[l,lQ]. We found that there is considerable overlap between the factors associated with the
presence of at least one sperm in urinary sediment and those that are strongly associated with
RE [ll]. There have been many studies evaluating the medical factors associated with ejaculatory disorder such as RE. However, the problem is the definition of RE in the literature is not
standardized and the rate of RE is subjectively evaluated by not-validated self-reported questionnaires in most of the studies [2,.2.]. For instance, in regard to the use of alpha-I blockers,
which is known to be a strong associated factor for RE, the incidence of RE has been reported
to range widely from 0.9% to 28.1 % due to different definitions for RE and the use of different
methods for the evaluation of RE [Q.-~]. The primary goal of the present study was not to determine the incidence and risk factors of RE, but rather to identify what clinical background may
have an association with "the presence of at least one sperm in urinary sediment" in real clinical practice. Interestingly, we found that associated factors in the case of "the presence of at
least one sperm in urinary sediment" are similar to those related with so-called RE.
Accordingly, two hypotheses can be proposed for the close association between the presence
of at least one sperm in urinary sediment and the abovementioned clinical factors. The first
possibility is that chronic neurogenic impairments or direct damage to nerve paths results in
the dysfunction of the internal sphincter of the urethra, leading to insufficient closure of the
internal urethral orifice and the leakage of sperm into the posterior urethra [12,ll]. In our
study, the incidence of the presence of at least one sperm in urinary sediment was 8.1 % (135/
I,663) and I8.9% (10/53) in patients with diabetes and those who had undergone pelvic surgery
for colorectal cancer, respectively. Diabetic autonomic neuropathy contributes to a wide spectrum of clinical disorders including ejaculation disorders [14-16] and is reported to affect
about one-third of men with diabetes [15]. Furthermore, damage to the nerve paths involved
in ejaculation is the main reason for ejaculation disorders in patients with a history of pelvic
surgery for colorectal cancer [ll]. Especially in diabetic patients, the type of treatment for diabetes is significantly associated with the detection rate of at least one sperm in urinary sediment
in our present study. In fact, patients treated with insulin therapy had a significantly higher
detection rate than those treated with an oral hypoglycemic agent. This might be explained in
part by the speculation that the severity of diabetes could be associated with the detection rate
of at least one sperm in urinary sediment. We plan to evaluate whether various factors, such as
HbAlc level, duration of diabetes mellitus, and presence of diabetes-related complications
could be associated with at least one sperm in urinary sediment in a future study.
The second explanation involves traumatic or drug-induced impairments that directly affect
the closure of the internal urethral orifice of the bladder neck during ejaculation [l.Q,11, 17].
Our study demonstrated that the incidence rate of the presence of at least one sperm in urinary
sediment was 7.1 % (72/1,015), 11.4% (10/88), and 10.6% (I2/113) in patients who used alpha1 blockers, those who used SSRI, and those with a history ofTURP, respectively. It has been
reported that RE occurs in 0.9-28.1 % of alpha-I blocker users [n,z.,rn], and psychotropic drugs
such as SSRI are associated with sexual dysfunction including erectile dysfunction, anorgasmia,
and RE [.19). We further evaluated whether type of alpha-1 blocker could affect the incidence
of at least one sperm in urinary sediment in our study population. We found that patients
treated with silodosin had a significantly higher detection rate of at least one sperm in the urinary sediment, as compared to other types of alpha-I blocker such as tamsulosin and naftopidil. Interestingly, the detection rate of at least one sperm in the urinary sediment in patients
treated with silodosin was 10.4% in our study, which was lower than the incidence rate of RE
(14.2%-28.1 %) due to silodosin in previous reports [f2-8J. Furthermore, RE is one of the main
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complications of TURP [ll,20], and the incidence of RE after TURP varies from 36% to 100%
depending on the degree of bladder neck resection [2.Q.,21].
The present study has several strengths. Firstly, it involved a large sample size (more than
5,000 patients), which reduced the risk of selection bias. Secondly, the sperm detection method
used in this study was highly accurate; i.e., sperm was detected using a urinary element analyzer, and positive findings were confirmed by trained medical technicians who were unaware
of the purpose of the study. Previously we compared the detection rate for the presence of
sperm in urine examined using the automatic analyzer to that evaluated by a laboratory technician. With a sample size of 150 patients, 4 patients were found to have at least one sperm in urinary sediment by a laboratory technician and of these 4 the automatic analyzer could detect
sperm in one patient, so the false negative rate by the analyzer was 75%. One hundred and
forty-six patients were found to have no sperm in urinary sediment by the laboratory technician and the automatic analyzer could detect no sperm in these 146 patients, so the false positive rate by the analyzer was 0%. The overall concordance rate was 98%. However, the
limitations of the present study should also be mentioned. Firstly, the total number of urinary
sediment examinations differed among the subjects. Interestingly, among the patients in the
sperm group, not all of their samples were found to contain sperm. Therefore, we only included
patients who underwent urinalysis and urinary sedimentation testing at least twice during the
observation period. The mean number of examinations per patient was 4.2, and 30.1±15.4% of
the urinary sediment examinations included assessments of the presence/absence of sperm.
Second, of seven independent indicators for the presence of at least one sperm in urinary sediment, four factors (younger age ( <65), the total number of examinations (;::4), diabetes, and
alpha-1 blocker use) were weak independent factors with odds ratio lower than 2. We cannot
deny the possibility that these factors were extracted with some biases [22]. Thirdly, we do not
have any data about the patients' sexual activity such as whether the urine samples they provided were collected just after sexual intercourse or masturbation, which is strongly associated
with the presence of sperm in urinary sediment. We routinely instructed the patients to discard
their first urine samples and hand in their second urine samples because there is a high incidence of contamination due to debris normally present at the urethral opening in the first few
drops. This could also minimize the chances of their samples being contaminated by sperm
that had remained in the urethra.

Conclusion
In conclusion, approximately 1.6% of all urinary sediment samples examined in daily clinical
practice contain at least one sperm. There is considerable overlap between the factors associated with the presence of at least one sperm in urinary sediment and those that are strongly
associated with ejaculatory disorders. These findings could help physicians to understand the
clinical background of patients whose urinary sediment contains at least one sperm.

Supporting Information
SI File. Background characteristics of participants. The patitens' number (de-identified) and
clinical parameters were described.
(PDF)
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Abstract

Go to:

Dogs are a major reservoir for zoonotic infections. Dogs transmit several viral and bacterial diseases to
humans. Zoonotic diseases can be transmitted to human by infected saliva, aerosols, contaminated urine
or feces and direct contact with the dog. Viral infections such as rabies and norovirus and bacterial
infections including Pasteurella, Salmonella, Brucella, Yersinia enterocolitica, Campylobacter,
Capnocytophaga, Bordetella bronchiseptica, Coxiella bumetii, Leptospira, Staphylococcus intennedius
and Methicillin resistance staphylococcus aureus are the most common viral and bacterial zoonotic
infections transmitted to humans by dogs. This review, focused on the mentioned infectious diseases by
describing general information, signs and symptoms, transmission ways, prevention and treatment of
the infection. As far as the infections are concerned, the increase of the knowledge and the awareness of
dog owners and the general population regarding zoonotic infections could significantly mitigate
zoonoses transmission and consequently their fatal complications.
Keywords: bacterial and zoonotic infections, viral infections, dogs, rabies, noroviruses

Introduction

Go to:

It is estimated that over 60% of the western families own a pet. The majority of these households keep a
dog. Dogs have been kept as pets for over 14 centuries. Many studies have confinned the precious roles
of pets in the human life. Evidence has shown that owning a pet can increase the activity of pet owners
and consequently reduced serum cholesterol, low triglyceride levels, and fewer cardiovascular events
[!,_6J. Also, some other studies demonstrated that pet owners suffer from depression and mental stress
less and have a higher self esteem compared to others. Although dogs have several positive effects on
the psychosocial and psychical health of their owners, many diseases among humans are attributed to
them [J]. Children and immunocompromised individuals are especially at an increased risk of
developing zoonoses infections. Several studies demonstrated that domestic dogs have a dramatic role
in developing zoonoses disease and hospitalization [1,~].

Regarding domestic dogs, the increase in the population of stray and semi domestic dogs in urban areas
has increased the risk of zoonoses diseases. About 5 million people throughout the world are annually
bitten by dogs. Many parasitic and zoonotic pathogens are transmitted by dogs [_2,Z]. This review
focused on the most important viral and bacterial zoonotic diseases, which can be transmitted by dogs.
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Rabies

Rabies is a single strand RNA virus belonging to the Rhabdoviridae family. Rabies infection is an
ancient disease with a high mortality rate in human and animal population. Based on the World Health
Organization reports, annually between 30000 and 70000 deaths occurred throughout the world due to
rabies infection [fil. Dogs are the major animal reservoirs for rabies infection. The majority of the
infected patients in developing countries are infected by dog bites while, in developed countries, wild
animals including raccoons, bats and foxes are the main cause for rabies transmission [2]. In a study in
the United States, a rabies control program was conducted by using extensive vaccination in domestic
dogs and reducing the rabies infection [fil. The incubation period for rabies varies between 4 days to
several years depending on the location of the inoculating wound and the amount of induced viruses.
Patients may present agitation, anxiety, confusion, hallucination, and hydrophobia. Post exposure
prophylaxis with frequent doses of human rabies immunoglobulin (HRIG) within 14 days after the
suspected dog bite can prevent the disease. Washing the wound with water and liquid soap can
dramatically reduce the viral lead and consequently the probability of rabies infection [JJll.
Noroviruses

Noroviruses are a heterogeneous single strand RNA virus belonging to the Caliciviridae family.
Noroviruses are the main cause of sporadic and epidemic gastroenteritis in humans [!!]. This virus can
affect humans of all ages. The virus can be found in the gastrointestinal tract and consequently in the
feces or diarrhea of the infected dogs. It can be transmitted from contaminated food or water to humans
and the infection can rapidly spread in the human population by fecal oral rate. Serum therapy should
be considered for patients with acute gastroenteritis [ll].
Pasteu rella

Pasteurella species are Gram-negative coccobacilli, which were primarily found in animals. Pasteurella
spp are nonnal flora of the upper respiratory tract of dogs and cats. Pasteurella infection can be
transmitted to humans by direct and indirect contact such as dog or cat bites or licks and even cat
scratches [fil. Several infectious diseases in humans are attributed to Pasteurella spp. The soft tissue
infection is the most important infection transmitted by Pasteurella spp. However, meningitis, bone and
joint infections and respiratory infection can be transmitted by Pasteurella spp [Y]. In a prospective
study in United States, the author demonstrated that Pasteurella spp. was the most frequent organism
isolated from dog and cat bites £1]. Pasteurella infection can be treated by second and third generation
cephalosporin, macrolides, fluoroquinolones, cotrimoxazole, and penicillin [li].
Salmonella
Salmonella species are anaerobic and motile gram·negative bacilli that colonize in the large intestine of
a variety of mammals, especially in the distal part of the colon and the mesenteric lymph nodes of the
canine. Humans can also get infected through the gastrointestinal tract [fecal transmission] and develop
several infectious diseases such as gastroenteritis, enteric fever, bacteremia and osteomyelitis.
Gastrointestinal diseases are the most prevalent clinical presentations of salmonella in human and dogs;
however, the majority of infected animals or humans is asymptomatic and may shed the pathogen
through feces for a period of 6 weeks and transmit the pathogen to other animals or individuals. In
developing nations, Salmonella spp. is also more prevalent than in developed countries (ll,!fil. An
antibiogram should be considered for patients infected with Salmonella spp. however, it could be
treated by various families of antibiotics including fluoroquinolones, beta-lactams, and macrolides f.111.
BruceIla
Brucellosis is one of the most prevalent zoonoses, which imposes a heavy burden on the national health
services. It is commonly transmitted to humans by consuming unpasteurized dairy products. Various
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types ofbrucella spp. have been recognized; that resulted in human brucellosis such as B. melitensis, B.
abortus and B. suis but, B. canis has been less known as an usual pathogen in brucellosis infection in
humans [!l!,!2J. Although B. canis is not responsible for the brucellosis infection in humans, the
reported cases were more often seen among farmer populations who had a history of exposure to body
fluids of dogs, which were infected with B. canis. The incubation period may last for one to four weeks
up to several months 1!2]. The patients may be asymptomatic or may even present serious clinical
symptoms especially fever, night sweats and low back pain in the endemic region that should be
differentiated from tuberculosis and other malignancies 11!!]. Brucellosis should be treated in order to
avoid complications and sequelae of the disease. Combination therapies, which are widely employed in
the treatment of brucellosis, consisted of doxycycline plus streptomycin or rifampin for 6 weeks [ll].
Yersinia enterocolitica

Y. enterocolitica is a gram-negative coccobacillus zoonotic pathogen that causes yersiniosis in human
and animals. Several animals are main reservoirs for Y. enterocolitica including birds, pigs, deer, and
cattle. The pathogen has been isolated from dog bite wound in some studies [ll]. The patients may be
asymptomatic in early stage and when the pathogen invades the mucosal surface of the intestine, watery
or bloody diarrhea may be present. The pathogen can also involve the peyer's patches and represent the
appendicitis symptoms ~W. Y. enterocolitica is mostly a self-limiting disease that does not need
antibiotic therapy, however, patients with severe infection and immunocompromised patients should be
treated with a combination of an aminoglycoside and doxycycline ~.
Cam pylobacter

Campylobacter spp. including campylobacter jejuni and campylobacter coli are gram-negative bacteria
that usually result in campylobacter enteritis. This organism normally lives in the gastrointestinal tract
of many animals. Direct contact with infected animals or their products is a leading cause of
campylobacter transmission. Dogs and puppies are the major reservoirs for campylobacter. For
example, in a study it was demonstrated that about 47% of the fecal specimens of dogs' campylobacter
was isolated ~lfil. The incubation period in campylobacter enteritis varies from one to seven days.
Most of the patients present fever, vomiting, diarrhea, and abdominal pain. Also, bloody diarrhea may
be present in more than 50 percent of the infected patients. Convulsion and seizure may be observed in
some patients [ll]. This infection is usually self-limited and does not need antimicrobial therapy. Focus
on correction of electrolyte imbalance and hydration should be considered. Antibiotic therapy with
fluoroquinolones, macrolides, or aminoglycosides is indicated in patients with severe disease [1!].
Capnocytophaga

Capnocytophaga canimorsus is a gram-negative bacterium, which is found in the normal flora of the
oropharyngeal tract of dogs and cats. The pathogen is mostly transmitted to human by dogs bite and
causes an overwhelming sepsis, particularly in elderly, immunocompromised or asplenic patients [lfil.
The pathogen can also lead to other fatal infections including meningitis, osteomyelitis, arthritis, lung
abscess or empyema and endocarditis. In addition, thrombotic thrombocytopenic purpura and hemolytic
uremic syndrome can be associated with capnocytophaga septicemia especially in
immunocompromised patients ~m. The literature data have demonstrated that the mortality rate due
to capnocytophaga septicemia is estimated to be of one third of the infected patients. Accordingly, early
empirical therapy with third generation cephalosporins in patients who received a dog bite should be
considered ra!!].
Bordetella bronchiseptica

Bordetella bronchiseptica is a gram-negative rod bacterium belonging to the genus Bordetella. The
pathogen normally lives in the upper respiratory tract of the mammals such as dogs and cats and is
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transmitted to humans by aerosol. B. bronchiseptica can lead to acute tracheobronchitis in dogs, which
presents with harsh and kennel cough @!,~. Human infection with B. bronchiseptica is very rare;
however, the pathogen can also cause pneumonia and upper respiratory tract infection in dog owners
~.Evidences demonstrated that this organism is resistant to macrolides and cephalosporins; however,
in several studies, the organism was sensitive to fluoroquinolones and Trimethoprim/ sulfamethoxazole

[W.
Coxiella burnetii

C. bumetii is an obligate intracellular gram-negative bacterium that causes Q fever in humans. The
pathogen normally infects individuals via aerosol and direct contact with the body fluids of the infected
animals. Although dogs are not the main reservoirs for C. burnetii, however, in a study it was
demonstrated that C. bumetii was isolated from approximately 10 percent of farm dogs (Jfil. In
addition, in another study by Buhariwalla and colleagues, it was reported that C. burnetii could be
transmitted to human from an infected parturient dog. In addition, the patients developed the symptoms
of Q fever including fever, chills, nausea, vomiting and productive cough. Opacity is a common finding
in chest radiography, and, in physical examination, crackles may be heard during auscultation. The
incubation period in this study was estimated to be between 8 and 12 days after the exposure to the
infected animal. The patients with C. bumetii can be treated with fluoroquinolones or doxycycline
successfully fM].
Leptospira

L. interrogans is an aerobic spirochete, which is the major cause of Leptospirosis in human.
Leptospirosis is worldwide zoonoses that are mostly transmitted to human by environmental sources
including contaminated soil, water, urine, or tissue of the infected animals. Rodents are the major
reservoirs for Leptospirosis; however, domestic animals including dogs can play an important role in
leptospirosis transmission in endemic regions Q!]. Mucosa) surfaces of the human body including eye,
vagina, nose, mouth, or erosive lesions, which have a direct contact with the contaminated urine, are the
main ways ofLeptospirosis transmission. The incubation period for this infection is averagely of about
10 days (ranging from 2 to 26 days) @!,~. Leptospirosis may present with a variety of symptoms
from no symptom to fever, nonproductive cough, headache, musculoskeletal pain, diarrhea, nausea,
vomiting, alveolar hemorrhage, and even meningitis ~· Several antibiotics such as doxycycline,
ceftriaxone, cefotaxime, penicillin, amoxicillin, and ampicilin have been successfully employed for the
treatment of Leptospirosis [4fil.
Staphylococcus intermedius

S. intermedius is a gram-positive bacterium with a coagulase activity that normally lives in the anterior
part of the nasal cavity of several animals such as dogs, pigeons, and horses. Some evidences
demonstrated that this pathogen could also be isolated from the gingival of healthy dogs [ill. S.
intermedius is not a common zoonotic pathogen in humans; however, several studies demonstrated that
this bacterium is a potential pathogen associated with dog bite wounds and cellulitis can develop in
inflicted humans ~~· This pathogen should be discriminated from staphylococcus aureus. Penicillin
and amoxicillin-clavulanate are effective in the treatment of this infection~·
Methicillin resistance staphylococcus aureus

Methicillin resistance staphylococcus aureus (MRSA) is a major cause of fatal infection in humans.
Several investigations have reported that this pathogen has been isolated from some animals such as
pigs, horses, cattle, cats and dogs. Of them, some believed that companion animals were the main
reservoirs for the transmission of MRSA, being able to transmit the bacterium by direct contact with
their owners. However, it seems that animal to human infection ofMRSA is more seen in
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immunocompromised patients. Nevertheless, some evidences showed that this bacterium could be
transmitted to healthy humans who own an infected animal~,!§.]. Traditional anti staphylococcal
antibiotics are not more effective in the treatment of infections caused by MRSA. Accordingly, newer
drugs including vancomycin, linezolid and daptomycin are widely used in the treatment of MRSA
infections [41].

Conclusion

Goto:

Zoonoses are diseases that implicate both humans and animals and can be transmitted either by
domestic pets or by wildlife animals. Many animals and their products can be reservoirs of zoonoses
pathogens. Among them, dogs are responsible for the transmission of several zoonotic diseases to their
owners. Thus, dog owners should be infonned regarding the zoonotic diseases and their ways of
transmission to reduce these infections in human population. Several prophylactic and therapeutic
strategies have been introduced in order to decrease the zoonotic diseases. Dog owners are
recommended to wash their hands after any direct contact with their dogs, their products, urine, or
feces. Most of the viral and bacterial infections are transmitted from dogs to humans by dog bite;
however, other infections caused by protozoa have a fecal oral transmission. Thus, food hygiene such
as washing vegetables well and cooking meats adequately should be carefully done in order to eliminate
the rate of zoonotic infections.
In addition, dogs should also be treated for diarrheal infections. Moreover, dog owners should feed their
dogs with cooked meat to prevent campylobacter and salmonella infections. Raw meat and eggs should
not be fed to dogs due to higher rate of infection susceptibility. Rabies vaccination should be considered
for domestic dogs and the dog owners should also be aware of benefits of rabies vaccination before and
after dogs bites. Many authors reported that increasing the knowledge of dog owners regarding dog
associated zoonotic infections and prevention strategies can dramatically reduce the zoonotic infections
in dog owners and their families.
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Zoonotic parasitic infections contracted from dogs and
cats: How frequent are they?
Your clients probably don't know that their lovable pets can transmit parasitic
infections to them and their children, so it is up to you to educate them. Being aware
of the gastrointestinal parasites with the most zoonotic potential will enable you to
give clients the best advice for zoonosis prevention.
Mar 01, 2007

By Peter M. Schantz, VMD, PhD
From: DVM360.com [Veterinary Medicine]

The popularity of dogs and cats as pets in the United States continues to
increase. Recent surveys estimated that there were 73 million owned dogs and
90 million owned cats in the United States, and almost 60% of U.S. households
owned a pet.1 The highest rates of dog and cat ownership occur in households
of families with young children. Dogs and cats are hosts to many intestinal
parasites that may be transmitted to humans through direct contact with
infected pets or exposure to environments contaminated with infected animals'
feces (Table 1). Children are often at greatest risk of zoonotic infections
because of their play habits and affection for pets.
Veterinarians in practice are on the front lines in preventing transmission of
Table 1: Gastrointestinal
Parasitic Infections in Dogs pet-associated zoo no tic parasite infections because of their knowledge of the
and Cats in North America potential risks and through their contact with pet owners. Practicing
That Are Transmissible to
veterinarians' services should include preventive treatments to eliminate
People
parasites as well as advice to owners on minimizing the risk of zoonotic
transmission. This article summarizes data on the modes of transmission of potentially zoonotic
intestinal parasites of dogs and cats and the available data on the frequency at which they infect and
cause disease in humans in the United States.*
~'·"""~·~-.,~~--~----~--

HELMINTH INFECTIONS
Potentially zoonotic gastrointestinal parasites of dogs and cats include the maternally
transmitted intestinal roundworms and hookworms whose infective stages may
contaminate and persist in the peridomestic environment (i.e. in proximity to humans).

Ascarids
Infection of humans by Toxocara can is and Toxocara ca ti, the common roundworms of
dogs and cats, respectively, cause larva migrans syndromes (visceral and ocular larva
migrans and covert toxocariasis) in humans who accidentally ingest infective eggs
from contaminated environments. 2 Toxocariasis ranks among the most common of all
zoonotic infections; the results of numerous published surveys document
seroprevalences in humans ranging from 1 % to 20%, depending on the age,
Peter M. Schantz,
socioeconomic status, and pet ownership status of the tested populations.3-s Toxocaral VMD, PhD
larva migrans, or infection by the common ascarid worms of dogs and cats, is arguably the most
common zoonotic infection associated with pets in the United States and other industrialized countries.4
It has been estimated that every year in the United States this infection causes hundreds of cases of
unilateral blindness and uncountable numbers of less permanent forms of illness in children. 3•4 The
severity and type of disease in humans produced by Toxocara species infection depend on how many
larvae are ingested, the frequency of reinfection, and other factors still poorly understood. Most human
infections with Toxocara larvae are well-tolerated, even asymptomatic; however, a proportion of
infected people develop larva migrans syndromes that may be systemic or confined to the eye. When a
larva invades the eye, it almost always leaves the individual partially or totally blind in that eye. Based

on data obtained from the Centers for Disease Control and Prevention (CDC) serologic diagnostic
reference service, an estimated minimum of 750 cases of ocular larva migrans are diagnosed by
physicians every year in the United States.4 Chart review of patients with a diagnosis of uveitis at the
University of California Medical Center determined that ocular larva migrans accounted for 1% of cases
ofuveitis seen between 1977 and 1996.s All cases were associated with vision loss in the affected eye.
The number of cases of toxocaral visceral larva migrans syndrome is much greater; however, estimates
of these are quite imprecise.4
Epidemiologic investigations have consistently determined that the principal risk factor for infection
was the presence of a household dog, particularly a pup, in a patient's household within six months of
onset of illness. 2·3·6 When this condition is combined with pica, especially dirt eating, the statistical
association becomes very strong.
Infections with the hookworms Ancylostoma braziliense and Ancylostoma caninum remain common in
dogs and cats, with the highest prevalences in the southern United States, mainly in coastal areas from
southern New Jersey to the Florida Keys and westward along the Gulf of Mexico to Texas. Infections in
people are acquired from contact with moist or wet sand or loam soil containing filariform larvae of
hookworms generated from the feces of dogs and cats, usually in unprotected sandboxes, on bathing
beaches, and under houses where workers lie prone while repairing leaking water pipes. Larval invasion
of skin in humans produces pruritic papules. In two or three days, these pa pules become serpiginous
tunnels in the epidermis caused by inflammation resulting from intradermal migration oflarvae
(cutaneous larva migrans).7 Without treatment, migration may continue for several weeks or months
before the immune system kills the larvae. Zoonotic hookworm infection may also be acquired through
ingestion of the larvae in soil or in tissues of paratenic hosts. Infection in humans acquired by these
latter routes, especially A. caninum, may occasionally lead to enteric localizations of zoonotic
hookworms, causing eosinophilic enteritis.a Although eosinophilic enteritis has been diagnosed with
relative frequency in Australia where it was first noted, it has rarely been diagnosed in the United
States.9 The eosinophilic enteritis syndrome requires clinical experience and technical sophistication to
diagnose and may occur more frequently than currently recognized and documented.

Tapeworms
Dipylidium caninum. Zoonotic tapeworm infections associated with dogs and cats include the flea

tapeworm, Dipylidium caninum. Infection is acquired when a person, usually a young child, accidentally
ingests a flea carrying the larval stage of the tapeworm. Dipylidium caninum infection can lead to
diarrhea and pruritus in infected humans. This infection rarely causes serious symptoms; however, the
stress associated with seeing tapeworm segments in a child's stool or diapers can be considerable.to
Echinococcus species. Echinococcus species of dogs may infect humans with larval stages that cause
cystic or tumorous growths in the liver and other visceral organs. Cystic echinococcosis, or hydatid
disease, is caused by infection with larval stage Echinococcus granulosus. Cases of cystic echinococcosis
acquired in the northernmost regions of North America, especially Canada and Alaska, are caused by the
northern sylvatic genotype maintained in cycles involving wolves, dogs, moose, caribou, and other
cervids.11 The practice of feeding the viscera of moose and caribou to working and pet dogs leads to
infection in dogs and subsequent exposure to humans. Infection continues to be relatively commonly
diagnosed in most Canadian provinces. A review of hospital records in Edmonton, Alberta, noted 42
cases diagnosed and treated between 1991and2001.12
Foci oflocal transmission involving a variety of domestic intermediate hosts have been described in
various regions of the United States.11 Distinct foci of E. granulosus transmission were noted in the
1970s in western states including California, Utah, New Mexico, and Arizona. Epidemiologic
investigations revealed that transmission was associated with unique cultural practices involving home
slaughter of sheep and the access of dogs to discarded viscera of these hosts. Human populations at risk
in these settings were transhumant sheep ranchers, including Basque-Americans in California, Mormons
in central Utah, and Navajo and Zuni Indians in New Mexico and Arizona. Active transmission appears to

have been eliminated in some of those foci; however, local hospital records indicate that an average of
one to four cases continue to be diagnosed each year among Native American communities in Arizona
and New Mexico.11
Echinococcus multilocularis, the cause of the alveolar form of human hydatid disease, is an emerging
zoonotic parasite in the United States. The life cycle of E. multilocularis involves foxes and coyotes and
their rodent prey in ecosystems generally separate from that of humans. However, there is ecologic
overlap with humans because fox and coyote populations have increasingly encroached upon suburban
and urban areas of many regions, and domestic dogs or cats may become infected when they eat
infected wild rodents.11 Infections in domestic pets increase the risk of human exposure. Humans may
acquire infection when they accidentally ingest eggs by direct or indirect fecal-oral contamination from
infected definitive hosts. Human alveolar echinococcosis in North America has been mainly confined to
certain Eskimo populations in northern coastal Alaska in which annual diagnostic incidence rates during
the 1970s and 1980s were among the highest ever reported for this infection (7 to 98 per 100,000
population). 13 A control intervention in endemic Alaskan villages initiated in 1990 involving education,
improved housing, and preventive treatments of dogs has greatly reduced or eliminated transmission to
humans.14 No new cases have been diagnosed in humans since that time.t4
This tapeworm also occurs in a large area of central North America, and its geographic range and
prevalence may be increasing. Before 1964, there were no reports of E. multi/ocularis in North America
south of the Arctic tundra zone, but, in that year, it was reported in foxes and rodents in North Dakota.ts
Subsequent surveys revealed that the cestode was enzootic in cycles involving red foxes, coyotes, and
deer mice in North and South Dakota, Minnesota, Montana, Iowa, Wyoming, Nebraska, Wisconsin, and
Illinois. 16·17 The most recent surveys have extended the range eastward to Indiana, Michigan, and
Ohio.1s.i9 Prevalence of infection in foxes and coyotes in the northern Great Plains (25% to 90%) is as
high as in any region in the world. To date only two persons are known to have acquired their infections
in the endemic region in central North America-a 54-year-old man from Manitoba, Canada, and a 60year-old woman from Minnesota 20 -however, the potential exists for a more serious public health
problem as domestic dogs and cats become involved in the life cycle.
Taenia species. Coenurosis is an infection by larval forms of several related tapeworms of the genus
Taenia (formerly designated Multiceps). The coenurus is a fluid-filled cyst that measures from a few
millimeters to 2 cm or more in diameter. Dogs and other can ids (wolves, coyotes, foxes) are the final
hosts of Taenia tapeworms. Taenia serialis, the only coenurid-forming cestode currently present in
North America, uses rodents or hares as intermediate hosts, and the coenuri are typically found in the
intermuscular fascia and subcutaneous tissues. Humans become infected when they accidentally ingest
tapeworm eggs in the feces of infected canids. The symptoms of coenurosis are due to the physical
presence of the cyst and depend on the site of localization. In North America, fewer than 10
autochthonous Oocally acquired) human cases have been documented; three involved the central
nervous system or the eye, and the others involved intramuscular or subcutaneous localization.21

PROTOZOA INFECTIONS
Toxoplasma gondii
Toxoplasma gondii is a coccidian parasite widely dispersed in nature. Cats are the definitive hosts for
this protozoan, which they acquire when they eat infected intermediate hosts (rodents and many other
mammals) or ingest oocysts excreted in the stools of other infected cats. Infected cats are important in
the epidemiology and public health importance oftoxoplasmosis because they excrete and widely
disperse the environmentally resistant oocysts.22 Numerous herbivorous and omnivorous animals
become infected when they ingest infective oocysts in soil or contaminated food.
Humans become infected by ingesting food and water contaminated with oocysts shed in the feces of
infected cats, by eating undercooked meat from infected animals, or in utero (by congenital transmission
from infected mothers). Rarely, humans become infected through blood transfusion or organ
transplantation. Recent serosurveys of the U.S. population have documented antibodies (evidence of
current or past infection) in about 23% of the U.S. population.23 Ingestion of oocysts shed in the feces of

infected cats is believed to directly account for up to 50% of human cases in the United States. Clinical
disease caused by toxoplasmosis is generally mild following primary infection of immunocompetent
people. Self-limiting fever, malaise, and lymphadenopathy are the most common clinical abnormalities,
and most infected people never realize when their first T. gondii infection occurred. However, acute
infections acquired by pregnant women can be transmitted to the fetus and cause severe illness (e.g.
mental retardation, blindness, epilepsy) and death. According to a 1999 report by the CDC, an estimated
400 to 4,000 cases of congenital toxoplasmosis occur each year in the United States.24,25 Another
permanent manifestation of toxoplasmosis is ocular disease, which is estimated to occur in up to 12,000
people per year in the United States. Toxoplasmosis can cause more severe or fatal illness in people who
are immunosuppressed (people with human immunodeficiency virus [HIV], transplant recipients).

Giardia species
Giardia duodena/is (synonyms Giardia Jamblia, Giardia intestinalis) is a protozoan parasite that infects
the intestinal tract of many animal species including humans. Motile trophozoite stages occur in the
intestines, and environmentally resistant cysts are passed in the feces of infected animals, which are
immediately infective if ingested by other susceptible hosts. In all hosts, G. duodena/is can cause acute
gastrointestinal signs as well as chronic disease, including chronic malabsorptive and allergic
manifestations and childhood failure to thrive.26 Transmission of infection occurs by fecal-oral routes
either by direct contact or by ingestion of contaminated food or water. Giardia species infections are
common in dogs and cats throughout North America; however, prevalences are often underestimated
because the parasite detection methods commonly used in practice have low sensitivity.21,2a Giardia
species have long been considered zoonotic because morphologically similar organisms infect humans
and a variety of mammals and birds. 29 However, evidence of giardiasis being directly transmitted from
one host species to an immunocompetent host of another species is limited. Although variants of Giardia
species in human, canine, and feline hosts lack differentiating morphologic characters, the application of
molecular tools (e.g. PCR) has revealed genetic differences in isolates from different hosts such that it
has become clear that the genotypes commonly infecting dogs and cats are not those commonly
infecting humans.29,30 Most confirmed infections in humans with Giardia species acquired from dogs or
cats have been reported in individuals with recognized immunodeficiency disease (e.g. HIVinfection).29

Cryptosporidium species
Protozoan parasites belonging to the genus Cryptosporidium are ubiquitous and among the most
common nonbacterial causes of diarrhea in a wide range of vertebrates, including humans.
Cryptosporidium species are transmitted via the fecal-oral route by environmentally resistant cysts that
are shed in the feces, contaminating soil and water, and, thus, providing multiple routes into the food
chain,3o In an immunocompetent host, cryptosporidiosis of the intestinal tract may be asymptomatic or
lead to self-limiting diarrhea, but in an immunocompromised host, it can be life-threatening. 31
Cryptosporidium species have been reported in numerous mammals and, like Giardia species, appear to
have evolved with their respective hosts such that they do not readily cross-infect and develop in hosts
of other species. The application of molecular tools has revealed that Cryptosporidium species are a
phenotypically and genotypically heterogeneous assemblage of species and genotypes that are
morphologically similar,30,31 In humans, the most commonly detected species are the anthroponotic
Cryptosporidium hominis and the zoonotic Cryptosporidium parvum (cattle). Both Cryptosporidium canis
and Cryptosporidium felis, whose natural hosts are dogs and cats, respectively, have also been
demonstrated in infected humans suffering diarrhea.32 Young children and immunocompromised
individuals are at greatest risk Information regarding the role of pets in zoonotic transmission of
Cryptosporidium species in immunocompetent humans is insufficient While it is clear that most
outbreaks and individual cases of cryptosporidiosis in humans are related to the contamination of
water, food, or fomites with organisms of human or cattle origin, it is also clear that inter-species
transmission from dogs or cats to humans can occur in certain situations, especially among very young
children or immunodeficient individuals.30

CONCLUSION
Dogs and cats are infected with a number of helminths and protozoa that can infect and sometimes
cause life-threatening illness in humans. Awareness of these infections and their zoonqtic potential is
essential for practicing veterinarians in order to diagnose and treat the infections in pets as well as to
provide preventive advice to pet owners.
*None of the zoonotic parasitic infections acquired from dogs and cats are reportable diseases in the
l)nited States; consequently, no systematically collected data on the frequency of these zoonotic
parasitic infections exist.
Peter M. Schantz, VMl>, PhD
Division of Parasitic Diseases
National Center for Zoonotic, Vectorborne and Enteric Diseases
Centers for Disease Control and Prevention
Atlanta, GA 30333
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Abstract
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Background

The objectives of this study were to evaluate the prevalence and infection intensity of intestinal
parasites in different dog and cat populations in Crete, Greece, estimate the zoonotic risk and identify
risk factors.
Methods

Faecal samples from shelter, household and shepherd dogs and shelter and household cats were
analyzed using sedimentation/flotation techniques. Giardia and Ct)ptosporidium were detected by a
quantitative direct immunofluorescence assay (IF A). PCR and sequencing was performed to evaluate
the zoonotic potential of Giardia and Clyptosporidiwn positive samples.
Results

Totals of 879 dog and 264 cat faecal samples were e.xamined. In dogs, the overall prevalence was
25.2% (CI: 22.4-28. l) for Giardia spp.; 9.2% (CI: 7.3-11.1) for Ancylostoma/Uncinaria spp.; 7.6%
(CI: 5.9-9.4) for Toxocara spp.; 5.9% (CI: 4.4-7.5) for Clyptospo;·idium spp.; 4.6% (CI: 3.2-5.9) for
Cystoisospora spp.; 2.7% (Cl: 1.7-3.8) for Toxascaris leonina; 1.7% (CI: 0.9-2.6) for Capillaria spp.;
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0.8% (Cl: 0.2-1.4) for taeniid eggs; 0.2% (CI: 0-0.5) for Dipylidium caninum; and 0.1 % (CI: 0-0.3) for
Strongyloides stercoralis. In cats, the prevalence was 20.5% (CI: 15.6-25.3) for Giardia spp.; 9.5%
(CI: 5.9-13.0) for Cystoisospora spp.; 8.3% (CI: 5.0-11.7) for Toxocara spp.; 7.6% (CI: 4.4-10.8) for
Ancylostoma/Uncinaria spp.; 6.8% (CI: 3.8-9.9) for CJyptosporidium spp.; 4.2% (CI: 1.8-6.6) for
Capillaria spp.; 0.8% (CI: 0-1.8) for taeniid eggs; and 0.4% (Cl: 0-1.1) for Hammondia/Toxoplasma.
Concerning the risk factors evaluated, there was a negative association between age and Giardia
infection and between age and T. leonina infection intensity for dogs. Sequencing results revealed the
presence of mainly animal-specific G. duodena/is assemblages C and Din dogs and assemblages F, C
and BIV-like in cats, with only a limited number of (co-)infections with assemblage A. As for
CJyptosporidium, the dog-specific C. canis and the pig-specific C. scrofarum were detected in dogs and
the cat-specific C. felis was detected in cats.
Conclusions

High .levels of parasitism in both dogs and cats were recorded. Giardia was the most prevalent parasite
in all dog and cat populations except for shepherd dogs. Genotyping results suggest a limited zoonotic
risk of Giardia and CJyptosporidiwn infections from dogs and cats in Crete. Taeniid eggs were more
prevalent in shepherd dogs suggesting access to carcasses and posing a threat for cystic echinococcosis
trans~ission. Infection rates of Toxocara spp. in both dogs and cats show that companion animals could
be a significant source of infection to humans.
Electronic supplementary material

The online version of this article (doi: 10.1186/s 13071-017-1989-8) contains supplementary material,
which is available to authorized users.
Keywords: Intestinal parasites, Companion animals, Zoonotic, Molecular analyses
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Intestinal parasite infections are still abundant in companion animals, despite all the highly efficient
drug formulations available and the control measures taken by owners and veterinarians U-.~J.
Moreover, parasites are responsible for some of the most important and well-recognized zoonoses
transmitted from companion animals to man globally such as Giardia spp., CJyptosporidium spp.,
Toxocara spp., hookworms and Echinococcus granulosus [.2-J].].
Nowadays, changes due to climate alterations and social behaviour that affect humans' lives and
consequently the lives of the animals which live close to them [.l:!, 15], alter the interactions between
humans and pathogens leading to (re )emergence of several diseases, including zoonotic ones [.l..Q, 11].
The distribution of zoonoses associated with companion animals is highly affected by animals'
movements (between regions, countries and continents) which in fact are the means to relocate
path~gens and vectors they harbour. The above is becoming more and more impo1tant since human
travel continues to increase in parallel with the population and financial status increase, and when
humans travel, they often take their companion animals, particularly dogs.
All the above is in fact unfolding the reasons why it is crucial to fill the gaps on the current distribution
of these diseases in a constantly changing environment and to describe the risks associated with pet
infection in order to assure their well-being and to prevent the free movement of zoonotic pathogens.
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The aim of our study was to investigate the presence and infection intensity of intestinal parasites in
dogs and cats, the risk factors (such as lifestyle, veterinary care, etc.) that influence those infections and
their zoonotic potential. This was done by performing a cross-sectional epidemiological study within a
defined animal/human community, i.e. the island of Crete, as a case scenario.

Methods

Goto:

Populations studied

Faecal samples were collected from different dog populations (shelter, household and shepherd) as well
as shelter and household cats in Crete Island in Southern Greece (Fig. l), from October 2011 to January
2015.

Fig. I
Map of Crete demonstrating the locations of different sample
points per animal population category. Key: triangles: shelter
dogs/cats; rhombi: shepherd dogs; gray ellipses: household
dogs/cats with the number of animals sampled

Crete is the largest and most densely populated island of Greece (623,000 residents recorded in 2011)
with a population well distributed in urban and rural areas. The island is also a highly popular tourist
destination (approximately 3.5 million international tourist passengers' arrivals in 2013) (Region of
Crete: www.crete.gov.gr). Moreover in Crete, in addition to the high number of companion animals,
there is a significant livestock and wildlife population (Hellenic Ministry of Rural Development and
Food: http://minagric.gr).
Since data on the precise population of pets in the location were not available, the sample size was
determined estimating the dog and cat population size as "infinite". The prevalence of intestinal
parasitism in different dog and cat studies in Europe varies enormously depending on the sampled
animal population and the diagnostic techniques that were used [J., .Q, ~-24]. In this study, in order to
calculate the sample size (with a precision of 5% and a 95% confidence interval) we selected to relate
our "expected prevalence" values to recent reports of Giardia prevalence in Europe. Therefore, the
targeted sample size was defined as follows: for household dogs up to 200 dogs (repo11ed prevalence 10
-20%); for shelter dogs up to 400 dogs (reported prevalence 20-50%); for household cats 138 cats
(reported prevalence< 10%) and for shelter cats 385 cats (reported prevalence 10-50%) [J., ,2., ~' l.2,
25-28]. For shepherd dogs there is little information available and given the difficulties in approaching
and handling such dogs we aimed at collecting the maximum feasible number of samples. In order to
achieve the most accurate coverage of the whole island, the animals enrolled in our study were
allocated proportionally to the four different counties of the island according to the inhabitant's
population density (Fig. l).
Individual rectal faecal samples were randomly collected from dogs and cats of all ages with or without
intestinal symptoms from 561 households, 11 shelters and 29 sheep and goat farms. After collection,
the samples were immediately transported under vacuum Q.2] to the laboratory where they were stored
at 4 °C and examined within 2 days. When a sample was found to be positive by coproscopic analysis
for Giardia spp. or Clyptosporidium spp., it was stored at -20 °C until DNA extraction was performed
and molecular genotyping followed.
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For every animal/sample, a data-form was completed by interviewing the owner or in case of shelters
the person who was responsible for the animals, providing information on age, sex, breed, living
conditions (indoors or outdoors), presence of other animals, the presence or absence of diarrhoea (up to
maximum 1 month before sampling), ifthe animal had travelled recently and the antiparasitic treatment
plan followed (including time of last treatment). Faecal consistency was recorded for all faecal samples.
The consistency of individual faecal samples was scored using the following scale: 1, formed; 2, soft; 3,
diarrhoea, 4, haemorrhagic diarrhoea.
Parasitological techniques

The presence of worm eggs and protozoan oocysts was determined by applying two different methods,
i.e. a sedimentation (acid/ether) and a sedimentation/flotation technique (using a saturated sugar salt
solution as a flotation fluid with 1.28 specific gravity) QQ]. For the detection of Giardia spp. and
Cryptosporidium spp. (oo)cysts a quantitative direct immunofluorescence assay (IFA) based on the
commercial MERIFLUOR Cryptosporidium/Giardia kit (Meridian Diagnostics Inc., Cincinnati, Ohio)
was used l11

m.

Molecular analyses

DNA was extracted from the positive Giardia spp. and Cryptosporidium spp. faecal samples using the
QIAamp® Stool Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. For
the amplification of the Cryptosporidium 18S ribosomal RNA gene (rDNA18S) and HSP70 gene,
previously described PCR protocols were used [ll, .HJ. For the identification of Giardia DNA, the
Giardia rRNA 188 gene (rDNA 188) [35], the ~-giardin gene [36), the triose phosphate isomerase
(TPI) gene [37] and the glutamate dehydrogenase (GOH) gene [38] were used. Amplification products
were visualised on 1.5% agarose gels with ethidium bromide. A positive (genomic DNA from a
positive faecal sample) and negative (PCR water) control sample were included in each PCR reaction.
PCR products were purified and sequenced from both strands. PCR products were purified using the
Qiaquick PCR purification kit (Qiagen) and fully sequenced using the Big Dye Terminator V3.1 Cycle
sequencing Kit (Applied Biosystems, California, USA). Sequencing was performed by an external
company (GATC Biotech) using the Big dye Terminator V3.1 Cycle sequencing Kit (Applies
Biosystems) and the reactions were analyzed using a 3730xl DNA Analyzer (ThermoFisher Scientific).
Sequences were assembled using Seqman 5.0 Software (Lasergene DNASTAR) and were aligned using
the Basic Local Alignment Search Tool (BLAST) as well as compared with reference sequences using
MegAlign (Lasergene DNASTAR) (Additional file D. For multilocus genotyping Clustal X, 2.0.11
software was used and reference sequences were selected according to Caccio et al. [39].
Statistical analysis

Descriptive statistical analyses and multivariate methodologies were performed using the statistical
language R [40] and the psc/ package [ill. Two approaches were applied as follows.
Multivariate binary logistic models

The effect of the independent variables (age in months, gender, food, travel, neutering, living
conditions, living with other animals, antiparasitic treatment, time between treatment and sampling
date, diarrhoea during the last month, faecal score and type) on a sample being or not infected by a
parasite was studied through the utilization of multivariate logistic models with forward LR selection.
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Initially, a test of the fuH model against a constant only model was perfonned in order to assess whether
there was a statistically significant effect of the examined independent predictors on the response
variable through the utilization of the Om~ibus Tests of Model Coefficients, which uses the Chi-square
test to see ifthere is a significant difference between the log-likelihood (-2LL) of the baseline model
(constant model) and the model with the predictors. In addition, the Hosmer & Lemeshow (H-L) test
was performed to test whether the model provides a good fit to the data {Additional file 2,: Table S1).
Multivariate zero-inflated models

The effect of the independent variables on the parasitic infection intensity (egg/(oo)cyst counts per
gram) was studied through the utilization of a zero-inflated negative binomial model [42] due to the
excess of zero counts and overdispersion of the data. In this analysis the group of shepherd dogs were
not included due to the limited number of samples examined (Additional file 2,: Table S2).
Results

Goto:

Dogs

A total of 879 faecal samples from dogs were investigated for the presence of intestinal parasites. Of
these samples, 278 were derived from shelter dogs, 529 from household dogs and 72 from shepherd
dogs (Table 1). In total, 38.3% of dogs were found harbouring at least one intestinal parasite. Precisely
25.5% were harbouring one parasite, 8.9% two and the rest 3-6 different species. The overall infection
rate was 25.2% (Cl: 22.4-28.1) for Giardia spp.; 9.2% (CI: 7.3-11.1) for Ancylostoma/Uncinaria spp.;
7.6% (Cl: 5.9-9.4) for Toxocara spp.; 5.9% {CI: 4.4-7.5) for Cryptosporidium spp.; 4.6% (CI: 3.2-5.9)
for Cystoisospora spp.; 2.7% (1.7-3.8) for Toxascaris leonina; 1.7% (CI: 0.9-2.6) for Capillaria spp.;
0.8% (CI: 0.2-1.4) for taeniid eggs, 0.2% (CI: 0--0.5) for Dipylidium caninum; and 0.1% (CI: 0-0.3) for
Strongyloides stercoralis. The results for the different dog populations are shown in Table 1.
Table I
Prevalence of intestinal parasites and factors associated with this
prevalence in different dog populations. Percentages given for
specific parasites refer to percentage of dogs that were found
positive for an infection within a category of risk factor •••
Among the different canine populations studied, shelter dogs had the highest infection rates. In
particular, 62.9% of the shelter dogs were infected with at least one species of endoparasite compared
to 51.4% of the shepherd dogs and 23.8% of the household dogs. According to the multivariate binary
logistic model analysis, the odds ratio (OR) of Giardia infection was higher in shelter dogs than
household dogs (11.24 times higher) and shepherd dogs (15.63 times higher). However, based on the
multivariate zero-inflated model, among Giardia-infected individuals, household dogs had generally
higher cyst counts than shelter dogs (OR= 1.602). Regarding Cryptosporidium, and according to the
multivariate zero-inflated model, the odds ratio in favour of zero Cryptosporidium OPG for household
dogs was 8.248 times higher than that for shelter dogs, suggesting that household dogs were less prone
to Cryptosporidium infection than shelter dogs. However, Cryptosporidium-positive household dogs
shed more oocysts than infected shelter·dogs (OR= 12.182). No statistically significant correlations
between infection with the other parasites and their living conditions were detected in both models
(Table~.
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Table 2
Prevalence of intestinal parasites and factors associated with this
prevalence in different cat populations. Percentages given for
specific parasites refer to percentage of cats that were found
positive for an infection within a category of risk factor ••.

The mean age of the sampled dogs was approximately 3 years (39.5 months± 41.8, SD). The majority
of the dogs were adults (~ 12 months, n = 642), while 229 of them were younger than 12 months and 8
were of unspecified age. There was a significant correlation between age and Giardia infection (Fig. 2)
and between age and T. /eonina infection intensity. According to the multivariate binary logistic model
analysis, as age increased by one month, the odds of detecting Giardia cysts decreased by 1.9% =
((0.981-1) x 100] which is also confirmed by the multivariate zero-inflated model, according which the
odds of absence of Giardia cysts are increased by one unit increase of age. Similarly, according to the
multivariate zero-inflated model, as age increased by one month, the odds of detecting T. leonina eggs
decreases by 7% = [(0.93-1) x 100]. Regarding the other parasites studied, their correlation with age
was not statistically significant.
Fig. 2
Prevalence of Giardia spp. in different dog populations and
different age groups
Of the dogs which had a history of recent diarrhoea, 43 .1 % were positive for at least one intestinal
parasite. However, faecal consistency was not significantly associated with parasitic infection. The
statistical analyses showed that signs of diarrhoea (based on faeces consistency) were significantly
more often present in younger animals (U = 100,667, P =< 0.001). Moreover, there was a statistically
significant association between the factors "recent record of diarrhoea" and "live with other animals",
(x 2 (6.N==1138)=29.495, p = < 0.001).
On average, all of the dogs sampled received 2.1 anthelmintic treatments/year (range 0-6). The
arithmetic mean of anthelmintic treatments/year was 2.3 for household dogs, 2.2 for shelter dogs and
0.5 for shepherd dogs. Information about anthelmintic treatments was not defined in 48 cases (5.5%).
The frequency of antiparasitic treatment was also associated with diarrhoea and more specifically, the
effect of the odds of one treatment per year increase resulted in a decrease by 0.828 times in the trace of
"recent record of diarrhoea", implying diarrhoea to be caused by parasite infestation. However, the
number of anti parasitic treatments/year received was not statistically associated with parasitic infection.
The risk analyses of all the other factors which were evaluated in this study, such as the gender of the
animals, their living conditions (indoors/outdoors), the type of food, and recent travelling, showed no
statistically significant correlation with parasitic infection. Since almost all shelter dogs had access to
the external environment and the shepherd dogs were also living outside, the risk factor "living
indoors/outdoors" was assessed only for household dogs. The risk factor "recent travelling'' was also
not analysed sin~ only 4.2% of the dogs had been travelling during the last months before sampling,
including within counties. The same applied for the "type of food" factor, since the majority of the dogs
were eating industrial/cooked food and only 28 were fed with raw meat/offal, 64% of these being
shepherd dogs.
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Giardia spp. was the most prevalent parasite in all dogs (25.2%) and also in shelter (54.3%) and
household (12.9%) dogs in particular. The range of the cysts being shed by the infected animals varied
from 100 to 275,800 cysts per gram of faeces with 6,855 cysts shed on average. In the samples derived
from shelter and household dogs, the dog-specific assemblages C and D were dominating, either alone
(n = 72) or in mixed infections (n = 15). A limited number of dogs were infected with assemblage A (n
=2), assemblage AI (n = 1), assemblage Aii (n= l} or a mixture of A with C or D (n =5) or BIV-Iike
and C (n = 1) (Table l). Regarding shepherd dogs, no positive PCR products were sequenced
successfully. Multilocus genotyping was performed from one dog sample which was classified as subassemblage AI using 3 genetic loci (bg, TPIGEN and GDH). Alignment analysis of the isolate showed
100% homology when compared to reference sequences AS for bg; Al for TPIGEN and Al for GDH
[39], resulting in multilocus genotype MLGAI 111).
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Table 3
Genotyping results of samples from dogs infected by Giardia
duodena/is (at all different loci)

The PCR results for Cryptosporidium positive samples showed that the HSP70 gene amplified 23.6% of
the samples, whereas the 188 rDNA gene amplified 5.6%. Sequencing revealed the presence of
Cryptosporidium canis in 2 household dogs and C. scrofarum in a shelter dog:
Cats

In total, 264 faecal samples from cats were collected; 59 samples from shelters and 205 from owned
cats. Unfortunately, it was not possible to reach the target of 385 shelter cats. Overall, 38.1 % of the cats
were harbouring at least one intestinal parasite. Precisely 26.4% were harbouring one parasite, 8.3%
two and the rest 3-4 different species. The prevalence was 20.5% (CI: 15.6-25.3) for Giardia spp.;
9.5% (CI: 5.9-13.0) for Cystoisospora spp.; 8.3% (Cl: 5.0-11.7) for Toxocara spp.; 7.6% (CI: 4.4
-10.8) for Ancylostoma/Uncinaria spp.; 6.8% (CI: 3.8-9.9) for Cryptosporidium spp.; 4.2% (CI: 1.8
-6.6) for Capillaria spp.; 0.8% (Cl: 0.0-1.8) for taeniid eggs; and 0.4% (Cl: 0-1.1) for
Hammondia/Toxoplasma. The results among different feline populations are shown in Table ,4.
Table4
Genotyping results of samples from cats infected by Giardia
duodena/is (at all different loci)
The mean age of the sampled cats was 3.4 years (40.8 months± 48.9, SD). The majority of the cats
were adults(;:: 12months,n=161), while 97 of them were younger than 12 months and 6 were of
unspecified age.
Among the different feline populations studied, shelter cats had the highest infection rates. Specifically,
55.9% of the shelter cats were infected with at least one species of intestinal parasite compared to
33.2% of the household cats. However, infection rates of the different parasites were not statistically
different between different cat populations.
Of the cats which had a history of diarrhoea (30.9%), 32.9% were infected with at least one parasite. On
average, all cats sampled received 2.3 anthelmintic treatments/year (range 0-6). The mean number of
anthelmintic treatments/year was 1.9 for household cats and 2. 7 for shelter cats. Information about
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anthelmintic treatments was unknown in one case. Only 1.5% of the cats had been travelling during the
last months including within counties. No significant associations were found between parasite
infections and risk factors or between parasite infections and diarrhoea.
Giardia spp. was the most prevalent parasite (20.5%), both in shelter cats (39.0%) and household cats
(15.6%). When targeting the 18S rRNA gene, assemblage A was identified in 10 cat samples. In 6 of
these samples, no amplification was obtained with the other genes, while in 4 samples only assemblage
F was detected in at least one of the other loci. Assemblage F was also found alone in 2 samples. Also,
in two different cases, the typing revealed the presence of assemblage BIV-like (n = 1) or the dog
specific assemblage C (n = 1) (Table:!).

Genotyping of Cryptosporidium positive samples showed the presence of the feline specific species
Cryptosporidium fells (n = 4 ).
Discussion

Goto:

The infection rates of intestinal parasites detected in this study, revealed a high prevalence of parasitic
infections (38.2%) and the presence of different species of endoparasites in both dogs and cats. These
infection rates were equally distributed within animal species (38.3% for dogs and 38.1 % for cats)
involved in the study. With the exception of shepherd dogs, Giardia spp. was the most prevalent
parasite detected in the dog and cat populations followed by significant prevalences of ascarids,
hookworms and taeniid infections. These results are also reported in other studies which consider
Giardia the most common enteric parasite of dogs and cats in developed countries Q,, d, ll, 28, 44--4_!].
In shepherd dogs, hookworms were the most prevalent parasite species detected.
Among the targets of this study was to investigate the potential effect of animal lifestyle to parasitism
so animals living in households, shelters or farms were included. The results showed that more than
half of the shelter dogs and cats were infected with at least one species of endoparasite, which was more
or less expected, taking into consideration the less hygienic conditions that those animal are living in
combined with a high population density that usually exists in shelters. A high level of parasitism has
been previously reported in shelter dogs [1 ~, ~ W while in shelter cats the prevalence observed in
other studies was lower [12, ill·
More than halfofthe shepherd dogs (51.4%) were positive for at least one species of intestinal parasite.
The infection rate of intestinal parasites estimated in shepherd dogs in this study was higher than in a
previous record from Greece (26.0%) Ql]. Such differences are expected in cross-sectional studies
especially given time and region differences. However, our results were in agreement with a study
conducted in farm dogs in Portugal (57.4%) [lli. Shepherd/farm dogs often receive less veterinary care
and preventive treatments. Compared to a general average of more than 2 anthelmintic treatments per
year, shepherd dogs in our study received only 0.5 treatments per year.
Although the prevalence of intestinal parasites in household dogs was lower than in shelters, although
not statistically significant for many species, the percentage of individuals infected was still noteworthy
(23.8%). In similar studies conducted in Italy the prevalence of intestinal parasites in household dogs
was even higher, reaching 57.0% of the animals (Q, 21]. In our study there was no difference in the risk
of infection between dogs living in an apartment with no access to a yard or a garden and dogs living in
a house with access to outdoors. A reason for that could be that even dogs that are kept permanently
indoors are regularly being walked by their owners in public places getting in close contact with other
dogs (including stray ones) or their contaminated faeces. Similar results were recorded in the household
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cats studied, but this was probably due to the fact that the majority of them also live partially outdoors.
The parasitism reported in household cats in this study is in agreement with the infection rates reported
in Austria, Belgium, the Netherlands, France, Hungary, Italy, Romania and Spain [Q, ~' lli·
Although both household and shelter dogs received regular anthelmintic treatments (i.e. an average of
2.3 for household dogs and 2.2 for shelter dogs per year), this seemed not to control parasitism
efficiently. This is in agreement with the general recommendation by ESCCAP for roundworms in
which it is suggested that annual or twice yearly treatments do not have a significant impact on the
prevalence of patent infections within a population, and therefore a treatment frequency of at least 4
times per year is recommended (Worm Control in Dogs and Cats - ESCCAP, www.esccap.org). Recent
modeling indicated that the environmental Toxocara contamination by dogs can only be reduced
significantly if compliance to the four times a year treatment advice is sufficiently high (90%) or if at
least half of the dog owners consistently remove their dog's faeces [52). In cats, the frequency of
anthelmintic treatment differed between categories, with shelter cats being more frequently treated (i.e.
an average of 1.9 for household cats and 2.7 for shelter cats per year). This could be explained by a
misconception of the cat owners that indoor cats do not need preventive treatments~·
Despite the high prevalence of parasitic infections, most animals were healthy with no obvious signs of
suffering probably due to the low parasitic burden, as at least suggested by the low number of egg/(oo)
cyst output recorded in most cases (even if usually there is not a clear correlation between numbers of
eggs/(oo-)cysts and clinical signs). It was not statistically proven that recent records of diarrhoea were
correlated to parasitism as also shown previously [21, 55] although ~here was evidence that anthelmintic
treatment had a positive effect on reducing such records. A supporting argument for the absence of
clinical disease could be that the majority of animals were adults at the time of sampling. Young
animals are more sensitive to parasitism [2.Q] but although in this study there was a tendency of older
animals(> 2 year-old dogs and> 1 year-old cats) to be less infected, this was not statistically significant
for most parasites. The only statistically proven facts were that the chance to get infected by Giardia
spp. and the infection intensity of T. leonina was negatively correlated to age in dogs.
Given the high prevalence and the potential zoonotic importance, Giardia and Cryptosporidium
positive samples were further investigated by PCR and sequencing of the positive PCR products. In
dogs, the host-specific assemblages C and D dominated, which has been described before in various
studies [ll, M, 36, 57...g). Few dogs were (co)- infected with assemblage A, and the majority of these
were identified as sub-assemblage AI. Sub-assemblage AI is frequently found in animals, while humans
are most frequently infected with sub-assemblage AII [fil, 64]. The sequence analysis in one G.
duodena/is sample further revealed a multilocus genotype (MLG) which was previously described in
calves in China (11]. Together, these results suggest that there is no significant risk for zoonotic
transmission of Giardia infections from dogs in Crete.
In cats, the genotyping results seemed to indicate the dominance of the potentially zoonotic assemblage
A in shelter animals and the co-infection of assemblages A and the feline specific assemblage F in
household cats. However, the zoonotic assemblage A was identified only at the 188 rDNA locus, while
only assemblage F was identified at the other loci. Since no distinction could be made between
assemblages A and Fin the amplified region of the conserved rRNA 18S gene, it cannot be excluded
that (some of) the samples that were amplified with rDNA 18S gene were assemblage F instead of A.
Therefore, no conclusion can be drawn on the zoonotic risk associated with Giardia infections in cats.
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Regarding Cryptosporidium, the dog specific C. canis was identified in only two household dogs and
the pig specific C. scrofarum in one shelter dog. Cryptosporidium cam's has been also detected in
household dogs in other studies ~ 65, QQ] and isolated in humans, mainly children and
immunocomprimised individuals in developing countries [67, Qfil, suggesting its potential public health
impact. To our knowledge, this is the first case of C. scrofarum infection reported in a dog. Since
keeping backyard pigs is quite a common practice in the area, it is possible that this dog ingested the
oocysts before being transferred to the shelter. In such a scenario this could be a case of
pseudoparasitism, given that this dog was 2.5 month-old and only recently introduced to the shelter. In
cats, sequencing was not efficient; nevertheless, it revealed the presence of the feline-specific C. felis.
Since our genotyping results revealed the presence of host-specific Cryptosporidium species in both
dogs and cats which have been implicated in very few human infections and mainly in developing
countries, we could suggest that the zoonotic potential of Cryptosporidium from dogs in the study area
is low.
Apart from Giardia and Cryptosporidium, ascarids, hookworms and taeniids are also considered to be
zoonotic [ll, 69-1IJ. The two major ascarid species T. canis and T. cati (to a lesser extent) are
responsible for human infections 111 ll]. In our study the prevalence of Toxocara spp. in dogs and cats
was 7.6 and 8.3%, respectively. In dogs, we characterised all Toxocara eggs found as Toxocara spp.
since those infections were only microscopically diagnosed and as previously suggested they could
either belong to T. canis or T. cati since coprophagy is not unusual for dogs and the presence of T. cati
eggs in dog faeces might in fact relate to pseudoparasitism ffi, 1.4]. The infection rates found in the
present study are similar to those reported in Europe which vary from 3.5 to 34.0% for T. canis in dogs
from different epidemiological environments and from 7.2 to 76.0% for T. cati in cats rn,, lQ, _IB, g 75
-12]. The Toxocara infection was high, especially in shelter dogs and cats, as also reported before ra.4,
80, fil.J. Although mainly T. canis is considered responsible for human toxocarosis [82], the role of T.
cati in human toxocarosis should not be underestimated rn.f.-~. In Greece, toxocarosis in humans has
not been studied extensively since published data are restricted only to some sporadic cases [fil., 86] and
one study regarding the seroprevalence of T. canis in children [87]. Our results combined to all
European studies presented above strongly suggest that more information is needed.
Hookworm infection rates were 9.2% in dogs and 7.6% in cats. The highest infection rates of
hookworms were identified in shepherd dogs (33.3%) similar to the study of Mateus et al. WJ in
Portugal (31.0%). Since different hookworm species were not differentiated, the zoonotic risk
associated with hookworm infections could not be determined.
The detection oftaeniid eggs in shepherd dogs is worth mentioning. Unlike shelter and household dogs,
shepherd dogs seem to be more prone to taeniid infection, which possibly is due to the frequent
consumption ofraw meat and carcasses llli]. Echinococcosis is still endemic in Greece with a high
prevalence reported in livestock [89-.21]. However, there are no recent reports regarding the prevalence
oftaeniids in dogs. Taking into consideration our results in combination with the high prevalence of E.
granulosus in livestock, which is transmitted through dogs, we could assume that shepherd dogs in
Greece could be a reservoir for human infections.

ra,

Conclusions

Goto:

In conclusion, we have recorded high levels of (multi)parasitism in both dogs and cats in the study area.
Most of the animals were harbouring different species of parasites sometimes in high numbers
according to the egg/(oo)cyst counts. This is a proof that those parasites are greatly abundant within
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animal populations regardless of lifestyle. Thus, the results of our study, stress the need for better
anthelmintic control schemes in dogs and cats tailored to their individual needs in order to safeguard
animal and public health.
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S ununary
Some of the most important zoonotic infectious diseases arc associated with parasites transmitted from companion animals to man. This revi ew describes the main parasitic zoonoses in Europe relat ed to dogs and cats, with
particular emphasis on their current epidemiology. Toxoplas mosis, lcishmaniosis, giardiosis, cchinococcosis,
dirofilariosis and toxocariosis are described from the animal, as well as from the human host perspectives,
with an emphasis on parasite life cycle, transmission, pathogenicity, prevention and identification of knowledge
gaps. In addition , priorities for resea rch and intervention in order to d ecrease the risks and burden of these diseases are presented . Preventing zoonotic parasitic infCctions requires an integrated multidisciplinary 'One
Health' approach involving collaboration between veterinary and medical scientists, policy makers and public
health officials.
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Introduction
Parasites are responsible for some of the most important and well recognized zoonotic infectious diseases
transmitted from companion animals to man globally.
The CALLISTO (Companion Animal multisectoriaL
interprofessionaL and interdisciplinary Strategic
Think tank On zoonoses) project, an EU Framework
7-funded project, was established to discuss and investigate infectious diseases transmitted between companion animals, man and food producing animals,
aiming to focus on these diseases in Europe. Expert
Advisory Group (EAG) Vin the CALLISTO project
discussed the most important parasitic zoonoses in Europe, describing their epidemiology and identifying
priorities for research and intervention to decrease
the burden of these infections. This review by the
members of EAG V includes descriptions of the parasitic diseases considered as most relevant for
CALLISTO, with further insights into their epidemiology, diagnosis and prevention, with identification of
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gaps in knowledge of these infections and recommendations for further research.

Toxoplasmosis
Aetiology

Toxoplasma gondii is a tissue cyst-forming coccidium
(Protozoa, Apicomplexa) with a complex life cycle.
The asexual phase of T. gondii development takes
place in various tissues of herbivorous or omnivorous
intermediate hosts and is linked to a sexual phase of
development in the intestine of felids, the definitive
hosts. There are three infectious stages in the life cycle
of the parasite: tachyzoites, bradyzoites contained in
tissue cysts and sporozoites contained in sporulated
oocysts. The parasite can invade the gut, become systemic and localize in vital organs such as muscle and
the nervous system. In most cases infection is subclinical, but devastating disease can occur (Cenci-Goga
d al., 20 I I). The virulence of T. gondii strains is highly
variable and dependent on the genotype of the
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parasite. Many atypical genotypes exist besides the
'commonest' genotypes (genotypes I, II and III) first
described from Europe and the USA (Shwab t?I al.,

on surveillance and control methods for toxoplasmosis
for man, animals and food.

2014).

Diagnosis of Infection in Man and Animals

Hosts and Life Cycle
Felids are the definitive hosts for T. gondii, but all
warm-blooded vertebrates including man may serve
as intermediate hosts and potentially be infected by
bradyzoites in meat, by sporulated oocysts or by intrauterine tachyzoites (Dabrit~ and Conrad, 20 IO;
Elmore el al., 2010). T. gondii has become adapted
to exploit multiple routes of transmission through a
sexual cycle in the definitive host and asexually,
through carnivorous behaviour and by vertical
transmission. These different routes may operate
synergistically to enhance transmission, but they
might also provide a vehicle for selection leading to
partitioning of strains in the environment. Human
infections are acquired from eating undercooked or
raw meat, such as pork and lamb. However, the
prevalence of T. gondii infection in human
populations that do not consume meat or eat it wellcooked, suggests that the acquisition of infection
from the environment, via oocysts in soil, water or
on uncooked vegetables, may also play an important
role in transmission. Only a small proportion
( <0.1 % ) of infected people acquire infection congenitally (Lindsay and Dubey, 2011 ).

Epidemiology

A diagnosis ofinfection by T. gondii can be established
by the isolation of the parasite from various tissues,
detection of specific DNA by polymerase chain reaction (PCR) or by carrying out serological tests.
Currently, routine diagnosis of toxoplasmosis relies
mainly on the use of serological assays that are available for both man and animals such as the
Sabin-Feldman dye test, indirect fluorescent antibody test (IFAT), enzyme-linked immunosorbent
assay (ELISA) or various agglutination tests. Most
clinical laboratories use an ELISA for the routine
screening of specific immunoglobulin (lg} G and
IgM, while other techniques are mostly reserved for
reference laboratories (Robert-Gangneux and
Dardc, 2012).
Isolation of the parasite by mouse bioassay is a

laborious and time-consuming technique, and represents the 'gold standard' for the detection of T. gondii in meat for human consumption (Villena ct al..
2012). It is still used for diagnosis in people with
immunosuppression (Robcrt-Gangncux and Dardc~
2012).
Over the past two decades, PCR-based tests have
been developed to detect parasite DNA in human
and animal tissues. Nevertheless, this molecular diagnosis remains unsatisfactory due to a low sensitivity
compared with the mouse bioassay, lack of
standardization and a considerable diversity among
DNA extraction methods, amplification systems and
DNA primers (Sterkers C'I al., 2010). In an attempt
to increase the sensitivity ofdetection, a method based
on sequence-specific magnetic capture of T. gondii
DNA followed by DNA amplification has been developed (OpsLeegh ct al., 2010).

Latent infections with T. gondii are common in domestic cats throughout the world. Antibodies to T.
gondii may be detected in up to 74% of adult cats, depending on the type of feeding and whether cats are
kept indoors or outdoors (Tenter et al., 2000). After
primary infection, cats spread Toxoplasma oocysts in
their faeces within 3-10 days and shedding continues
for approximately 7-21 days (median 8 days), with
Prevention of Infection in Man and Animals
up to hundreds of millions of oocysts shed in the faeces
of a single infected cat (Du bey, 2001 ) . Afterwards, the
Control measures should be aimed at the prevention
of oocyst shedding in order to reduce infection of peodirect risk for cat owners is limited.
T. gondii infects up to a third of the human populaple with T. gondii (Tenter el al., 2000). The risk for
tion of the world. In Europe, European Commission
exposure to T. gondii parasites is greatest in cats that
(EC) Directive 2003/99 stipulates that member coun- . prey on wildlife and live outdoors or in farms. Kittens
are very susceptible to infection and shed greater
tries report human seroprevalence results every year
quantities of oocysts. Efforts to develop a T. gondii
or every other year, according to their epidemiologvaccine for cats should be renewed, which will lead
ical status (http://cur-lcx.cu ropa .cu/Lex U riScrv /
to better protection of people (Robert-Gangneux
Lex UriScrv.do?uri=O.J :L:2003:325:003 l :0040:EN:
and Darcie, 2012). Responsible cat ownership should
PDF). Despite this directive, accurate information is
also be encouraged. This includes measures such as
incomplete and the EC has applied to the European
collecting faeces in litter trays for ultimate disposal
Food Safety Authority (EFSA) for recommendations
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in rubbish destined for landfills, which are designed to
prevent waste materials leaking into groundwater. In
addition, cat faeces should not be disposed of in toilets.
Human infection can be acquired either by ingestion of infected raw or undercooked meat or by ingestion of sporulated oocysts from the contaminated
environment. As a consequence, it is highly recommended (especially for high-risk individuals, e.g. previously unexposed pregnant women) that meat is
consumed only after thorough cooking or freezing
and personal hygiene in handling meat is mandatory.
The control of human toxoplasmosis also relies on the
avoidance of direct or indirect exposure to cat faeces.
Proper faecal handling, litter tray management,
removal of faeces from public areas and yards and
hand hygiene are critical. Litter trays should be thoroughly cleaned every day so that any potential oocysts
do not have time to sporulate (i.e. in about 48 h)
(Dubey et al., 2011 ). People, particularly those
vulnerable to infection, such as pregnant women
and the immunosuppressed, should avoid this task.
Similarly, drinking unfiltered surface water or accidental ingestion of soil must be avoided.
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advancement in the field of vaccination, with the
objective of significantly reducing oocyst excretion,
since felids represent the major source of environmental contamination.

Leish.maniosis
Aetiology
Leishmaniosis (or leishmaniasis) is a complex of
mammalian diseases caused by diphasic protozoans
of the genus Leishmania (Kinetoplasta, Trypanosomatidae). The Leishmania species endemic in Europe is
Leishmania iefantum and its most common zymodeme
is MON-I. However, otherzymodemes are also found
in Europe. In addition, it is important to highlight
that because multilocus enzyme electrophoresis, the
classical reference method for Leishmania typing
(Rioux el al., 1990), is laborious and expensive, molecular typing methods of L. infantum isolates have been
developed such as multilocus microsatellite typing
(Gouze]ou 1Jt al., 20t3) or multilocus sequence analysis, PCR with restriction fragment length polymorphism (RFLP) and whole genome sequencing.

Hosts and Life Cycle
Gaps in Knowledge and Recommendationsfor Further Research
A major gap in knowledge is the relationship between
seropositivity in the main livestock species and presence of T. gondii in meat. There is a straightforward
relationship between the level of antibodies detected
in serum and the likelihood of isolating a viable parasite in pigs and sheep, but this relationship appears
not to be clear for horses and cattle (Opstccgh et al.,
2011) and needs further investigation.
Another gap resides in the identification of the
different sources of infection in various human populations. While multicentre studies pointed out the
consumption of undercooked lamb, beef or game,
contact with soil and travel outside Europe and North
America as strong risk factors for acquiring infection
with T. gondii, little is known about the relative
importance of transmissions via tissue cysts versus oocysts in a given human population (Cook ct al., 2000;
Jones t!l al., 2009). The discovery of a sporozoitespecific protein, which elicited differential antibody
production in experimentally infected pigs and
mice, may contribute to filling this gap in knowledge
(Hill et al., 2011).
Further studies need to be undertaken in the field of
molecular biology for standardization of PCR
methods to be applied both in man and animals,
while improvements need to be made in the sensitivity
of these techniques for detecting viable parasites.
Concerning the definitive host, there is need for

The leishmanioses affect man and domestic and wild
animals worldwide. Most transmission cycles are zoonotic, involving reservoir hosts such as rodents, marsupials, edentates, monkeys, domestic dogs and wild
canids. Only a few Leishmania species are strictly
anthroponotic (i.e. transmitted directly from person
to person via sand flies) ((b1inncll and Courtenay,
2009). Dogs are the major reservoir for canine and human L. infanlum infection, in an area that stretches
from Portugal to China and across Sou th,
Central and parts of North America, with the exception of Oceania. In Europe, the domestic dog is the
only reservoir host of major veterinary and human
importance (Solano-Gallego ct (l/., 2009). Infection
in cats (Martin-Sanchez ct al., 2007), wild canids
(Sobrino£!/ al., 2008; Millan c!I al., 2011) and horses
(F('rnandez-BclJon d al., 2006) has also been reported
in areas where disease is common in dogs, but the role
of these species as reservoirs remains unclear.
Natural transmission of L. infantum between animals and from animals to man occurs usually by the
bite of a phlebotomine sand fly species (Diptera, Psychodidae, Phlebotominae) of the genera Phlebotomus
(Old World) and Luti:,omyia (New World). Sand flies
are the only arthropod vectors that are adapted for
the transmission of Leishmania species. Leishmania completes its life cycle in the sand fly, which harbours the
flagellated extracellular promastigote form and in a
mammal where the intracellular amastigote form

858

G. Baneth et al.

develops. A female sand fly ingests Leishmania while
blood feeding and then transmits the infective stages
(metacyclic promastigotcs) during a subsequent
blood meal. The infective promastigotes inoculated
by the sand fly are phagocytosed in the mammalian
host by macrophages and other phagocytic cells, in
which they transform to amastigotes.
Non-sand fly modes of transmission have also been
described, but their role in the natural history and
epidemiology of L. infanlum infection remains unclear.
Proven modes of non-sand fly transmission in dogs
include infection through transfused blood products
(Owens et al., 2011) from blood donors that are carriers of infection (de Frcita!i et al., 2006; Tabar el al.,
2008), vertical (Rosypal et al., 2005; Pangrazio d al.,
2009; Boggiatto el al., 2011) and venereal
transmission (Silva t'l al., 2009).

Epidemiology
Based on seroprevalence studies from Spain, France,
Italy and Portugal, it has been estimated that 2.5
million dogs in these countries are infected with L.
infantum and infection is spreading north in Europe,
reaching the foothills of the Alps (Maroli et al.,
2008), Pyrenees (Chamaillc ,1t al., 2010) and northwestern Spain (Amusalegui et al., 2004). The
numbers of dogs travelling to southern Europe or imported as companion animals from areas where
canine leishmaniosis is endemic have increased, as
have the numbers of clinical cases reported in nonendemic countries such as the UK (Shaw et al.,
2009) and Germany (Menn d al., 2010).
The seroprevalence in dogs in the Mediterranean
basin ranges from 5% to 30% depending on the region (Solano-Gallego et al., 2009). Surveys employing
other detection methods to estimate the prevalence of
Leishmania infection by amplification of Leishmania
DNA from different tissues or by detection of specific
anti-Leishmania cellular immunity have revealed even
higher infection rates, approaching 70% in some foci.
Most dogs in these areas appear to have chronic infection that may be lifelong, but only a small proportion
of dogs develop severe disease (Baneth et al., 2008).
In cats, serological and PCR surveys in southern
Europe indicate that Leishmania infection is more
widespread than clinical disease. Epidemiological
studies have described rates ranging from 0.4% to
30% based on serological and molecular techniques
(Martin-Sane he;,,. et al.. 2007; Sola no-Gallego el al.,
2007; Maia et al., 2008; Millan tJ/. al., 2011; Sherry
el al., 20 I I ) .
Human leishmaniosis, caused by several species of
Leishmania, comprises a heterogeneous group of diseases. These include visceral leishmaniosis (VL),

which involves internal organs and is fatal if
untreated, and the cutaneous (CL) and mucocutancous forms, which affect the skin or mucocutaneous
junctions and may heal spontaneously, leaving disfiguring scars (:Murray ct al., 2005). This group of infections is the third most important vector-borne disease
after malaria and lymphatic filariosis. It is endemic in
many tropical and subtropical regions of the Old and
New World. Leishmaniosis is endemic in 88 countries,
with more than 350 million people at risk. The estimated incidence is 2 million new cases per year: 0.5
million VL and 1.5 million CL cases (Desjeux, 2004).
There are only two transmission cycles with
proven long-term endemicity in Europe: ( 1) visceral,
cutaneous and mucocutaneous human leishmaniosis
caused by L. infantum throughout the Mediterranean
region and (2) anthroponotic cutaneous human
lcishmaniosis caused by L. tropica, which occurs
sporadically in Greece. In Europe, about 1,000 people are estimated to be affected by clinical disease
due to L. infanlum annually (Dujardin c'I al., 2008),
although asymptomatic or subclinical infections are
more frequent (:Michel d {1!., 20 I I). The high prevalence (2-40%) of asymptomatic human carriers of
L. infantum in some areas of southern Europe suggests
that this parasite is a latent public health threat.
Asymptomatic infections are estimated to have a
prevalence ratio of > 100 asymptomatic: l clinical
case (Michel et (fl., 2011).
Mediterranean VL primarily affects. children as
well as an increasing number of immunocompromised and immunosuppressed adult individuals,
such as people who are positive for the human immunodeficiency virus (HIV) and people under immunosuppressive therapy. Mortality rates due to
leishmaniosis in Leishmania-HIV co-infected patients
can reach over 56% (Lopez-Velez et al., 1998;
Pasquau t.11 al., 2005). Therefore, risk factors for
human infection include age, poor socioeconomic
conditions, malnutrition and immunosuppressive
conditions (Alvar et al., 2006).

Diagnosis of Infection in Man and Animals
The most common techniques used for disease detection in man and animals include microscopical observation (i.e. cytology, biopsy or immunohistochcmistry) and serological and molecular techniques
(Solano-Gallego et al., 2009; Elmahallawy et al.,
2014).

Prevention of Infection in Man and Animals
Control measures for man and dogs are available
and include medical treatment, individual use of
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sand fly repellents in dogs, canine vaccines and immunomodulating drugs (Otranto and Dantas-Torres,
2013; Wylie ti/. al., 2014-a,b).
Treatment for people and dogs in Europe is
different, thus limiting the likelihood of developing
resistance. People are commonly treated with a short
course of amphotericin B (:Murray t!l al., 2005}, while
moderately to severely sick dogs are usually treated
with a combination of a I-month course of meglumine
antimoniate or miltefosine and a long-term course of
allopurinol. Generally, treatment in dogs leads to a
clinical cure and decreased parasite load. However,
complete parasitological cure in the majority of dogs
appears to be unlikely (Solano-Gallego et al., 2009).

Gaps in Knowledge and Recommendationsfor Further Research
There are numerous gaps in knowledge regarding
Leishmania infection. These include: ( 1) a better understanding of the immunopathogenesis of the disease in man and dogs and how clinical disease
appears versus subclinical infection, (2) knowledge
of the immune mechanisms that control infection
and how to develop efficacious vaccines for man
and dogs, (3) understanding the role of domestic or
wild mammals other than the dog as reservoirs of L.
infantum infection and (4} understanding the risk factors associated with human and animal infection in
Europe.

Giardiosis
Aetiology
The genus Giardia (Diplomonadida, Hexamitidae) includes intestinal protozoan parasites that infect
numerous hosts, ranging from mammals to amphibians and birds. Currently, six Giardia species are
accepted: Giardia agilis, Giardia ardeae, Giardia muris,
Gidrdia microti and Giardia psittaci infecting various species of animals, while Giardia duodenalis infects man
and many other mammals. Giardia species differ
significantly in host range, with G. duodena/is (syn.
Giardia lamhlia and Giardia inteslinalis) having the
broadest host range and greatest public health significance (Feng and Xiao, 2011).
Although G. duodenalis is found in man and other
mammals, including pets and livestock, it is now
considered a multispecies complex. Historically, allozyme analyses placed all isolates from man into two
genetic assemblages (assemblages A and B). Multigenic sequence analyses confirmed this assemblage
separation and identified additional lineages of G. duodena/is from animals including assemblages A and B
in man and other animals, assemblages C and D
from dogs, assemblage E from artiodactyls, assem-
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blage F from cats and assemblage G from rodents
(Cardo ct al., 2005; Thompson t!f. al., 2008; Tysnes
ct al., 2014).

Hosts and Life Cycle
Giardia is a very common enteric protozoa! parasite of
domestic animals, including livestock, dogs, cats and
wildlife. G. duodenalis causes giardiosis in man and in
most mammals. The life cycle of Giardia is
direct and the infective stage of the parasite, the
cyst, is immediately infectious when released into
the faeces. Cysts remain infectious for months in
cool, damp areas and accumulate in the environment.
When ingested by the host, cysts excyst in the duodenum, releasing the trophozoites. The latter undergo repeated mitotic division in the gut lumen
and form environmentally resistant cysts. Cysts pass
through the intestine in faeces and are spread by
contaminated water, food and fomites and by direct
physical contact (Feng and Xiao, 20 l l ).
Epidemiology
It has been estimated that about 200 million people in
Asia, Africa and Latin America have symptomatic
infection with Giardia (Feng and Xiao, 2011). Once
infected, Giardia causes a generally self-limited clinical
illness characterized by diarrhoea, abdominal
cramps, bloating, weight loss and malabsorption.
However, asymptomatic giardiosis occurs frequently,
especially in developing countries. In Germany, on
average, 3,806 notified giardiosis cases (range
3,101-4,626) were reported between 2001 and
2007, which corresponded to an average incidence
of 4.6 cases/100,000 population (Sagebiel et al.,
2009). Much higher incidence rates were reported
for some other countries. In the Netherlands, there
were 11,600 cases in 2004, corresponding to 69.9
cases/100,000 population (Vijgen et al., 2007).
The relationship between human and animal Giardia infection is not clear. Although people share the
same G. duodenalis assemblages with animals with
which they have close contact, such as household
dogs, it is not known how frequently infection is actually acquired from household animal contact or
whether both people and pets acquire it from a common source, such as contaminated water. Undoubtedly, people also commonly infect each other.
Infection rates with Giardia in dogs were 24.8% in a
large study in Europe (Epc et al., 2010), 22. 7% in
Belgium (Clnereboul et al.~ 2009) and 21.0% in the
UK (Upjohn et al., 2010). Infection rates in cats
were 20.3% in a multicountry study in Europe (Epc
C'I al., 20 I 0). Giardiosis in animals is often subclinical,
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but has been associated with the occurrence of diarrhoea and illness in puppies and kittens (Thompson,
2004).
Giardia infections are common in pigs, cattle, sheep,
goats, elks and deer and other ruminants (Feng and
Xiao, 2011). Although it is believed that infection
with Giardia is associated with economic losses
through the occurrence of diarrhoea, poor
growth and even death in farm animals (Geurdcn
£'1 al., 2005), only a few studies have been conducted
to assess the effect of giardiosis on livestock production
or growth rates. In bottle-fed specific-pathogen-free
lambs infected experimentally with Giardia cysts,
infection was associated with delay in reaching
slaughter weight and decreased carcass weight
(O'Handley and Olson, 2006).

Diagnosis of Infection in Man and Animals
Giardia infection can be diagnosed by stool examination to identify cyst and trophozite stages in direct
fresh stool smears or by flotation for cysts. Rapid
detection ofGiardia antigen can be made using immunochromatographic kits, by immunofluorcscencc,
ELISA or PCR in a suitably equipped parasitology
laboratory (Feng and Xiao, 2011).

Prevention of Infection in Man and Animals
The prevention of giardiosis in man is closely associated with the provision of clean fresh water and
adequate sewage systems. Boiling or filtering water
from the environment before drinking it is essential
and removal of infected faeces from infected animals
or people followed by proper disinfection is necessary.
Adherence to personal hygiene habits such as washing
hands and cleaning fresh food is important in limiting
infection.

Gaps in Knowledge and Recommendationsfor Furtlzer Research
Gaps in knowledge of giardiosis include the need to
clarify if there are animal reservoirs for human giardiosis and to what extent, if at all, human giardiosis
can be caused by contamination from an animal
source. In that respect, it would also be important
to find out whether animals may be infected by their
own~rs and suffer from clinical giardiosis. A vaccine
for giardiosis would be beneficial for people and also
for domestic animals.

Echinococcosis
Aetiology
The genus Echinococcus includes several species and genotypes of zoonotic cestodes (tapeworms). The adult
stages occur in the intestines of canids and felids
without clinical relevance. The larval stages develop
in tissues of various organs of a variety of mammalian
intermediate hosts, including man, as aberrant hosts.
Cystic echinococcosis (CE) is caused by species of the
Echinococcus granulosus sensu lato (s. l.) complex. In Europe, E. granulosus sensu stricto (s. s.) ('sheep strain')
and Echinococcus canadensis (Echinococcus intermedius,
'pig strain') are of major zoonotic significance
(Table I). The controversially discussed taxonomy
and the molecular epidemiology of the E. granulosus
complex has been reviewed recently (Romig et al.,
2015). Alveolar echinococcosis (AE) caused by Echinococcus multilocularis is one of the most pathogenic zoonoses in Europe and leads to death of people in 10-15
years if untreated (Eckert d al., 2011).

Hosts and Life Cycle.
E. granulosus s.s. is mainly transmitted within a
dog-sheep cycle in pastoral regions (Table I);

Table 1
Echinococcus spp. in Europe and their definitive and intermediate hosts

Echinococeus species

Echinococeus strains or E.
granulosus s. I. genogpes

Dtfinitivt hosts

lntmnedialt hosts

.(oonotic significance

Sheep strain (GI, 2, 3}

Dog (fox*)

+++

Cattle strain (05)
Ccrvid strain (GS, 10}
Pig strain (G7)

Dog
Wolf (dog)
Dog {wolf)

Sheep, cattlet, pig and
other herbivorest
Cattle
Cervids
Pig, other herbivores+

Horse strain (G4)
European strain

Dog
Fox, dog, raccoon dog,
(cat*)

Equids
Arvicolids and other
rodents

(G)
E. granulosus sensu stricto
(s. s.)

E. ortleppi
E. canadensis
E. canadensis, (proposed
E. intmnedius)
E. equinus
E. mullilocularis

Zoonotic significance is graded as: - , none; + 1 mild; + +, moderate; or + + + , marked.
•Mostly low worm numbers with very low egg production.
tMostly with strongly reduced protoscolex formation in the cysts often resulting in infertile cysts.

+
+
++
+++
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however, other potential intermediate hosts can be
involved. Interestingly, the development of protoscoleces in the cysts can be markedly reduced in cattle as
compared with sheep. The E. canadensis (pig strain, G
7) cycle is characterized in the Baltic states and
Poland by a small scale transmission pattern between
farm dogs and pigs in family farms with the practice of
traditional home slaughter (Bruzinskaitc el al., 2009),
but possible wild or semi-wild animal cycles have
been observed, including wolves in Portugal or wild
boars in Corsica (Vmhang et al., 20 l 4-). Echinococcus ortleppi was prevalent in cattle all over central Europe,
but has nearly disappeared without specific control
programmes.
E. multilocularis is perpetuated in a wildlife cycle
mainly by foxes as definitive hosts and small mammals
as intermediate hosts. Definitive hosts with high
reproductive potential of E. multilocularis are predominantly the red fox, the raccoon dog, the wolf and the
domestic dog. After a prepatency of around I month,
eggs are shed over a few months, but 95% of the total
egg excretion occurs within the first month of patency
(Kapel d al., 2006). Wild felines and domestic cats
have occasionally been found to harbour intestinal
stages. Although cats are more likely to be infected
with E. multilocularis than dogs, their zoonotic significance is estimated to be small, based on the low level
of egg excretion. Dogs, on the other hand, may play a
very important role in the transmission to man, but
they probably do not contribute significantly to the
contamination of rodent habitats as compared with
foxes (Deplazcs et al., 2011; Hegglin and Deplazes,

2013).
Echinococcosis is not a food-borne zoonosis in the
classical sense. Eggs are typically excreted fully developed and infectious (containing an oncosphere larva}
by defecation in the environment. In addition, these
eggs are highly resistant: E. multilocularis eggs survive
in the environment for up to 8 months; however,
they are sensitive to desiccation. Eggs can be dispersed
from the deposition sites either by being washed away
or carried by flies and other vectors (Eckert et al..
2011). Echinococcus eggs may also adhere to tyres, shoes
or animal paws, resulting in more widespread
dispersal and contamination of the environment,
including human dwellings.

Epidemiology
In Europe, the endemic area of E. granulosus s. s.
covers southern and south-eastern Europe; E. canadensis G7 is prevalent in the Baltic countries, Poland and
southwards to Romania. For E. granulosus s. I., most
prevalence data are based on slaughterhouse investigations of intermediate hosts, while prevalence data
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concerning definitive hosts are scarce, especially for
pet dogs. Prevalence rates of 0-31 % are reported
from farm and shepherd dogs in Italy and
Spain and 14.2% from farm village dogs in Lithuania
(Bruzinskaitc ct al., 2009; Carmena and Cardona,
201:~).

E. multilocularis occurs in the northern hemisphere,
with large endemic areas in Europe including parts of
the western continent (e.g. France, Benelux States)
and all countries of central Europe including Northern Italy, Slovenia, Romania and the Baltic States.
Furthermore, foci also exist in Denmark, Sweden
and on Svalbard Island (Gottstein et al., 2015)
(Fig. 1).
Based on recently improved diagnostic strategies,
several studies have investigated the prevalence of
E. multilocularis in pet dog populations. Low prevalence rates of <0.5% were recorded in the privately
owned dog populations in France, Germany,
Switzerland and Denmark, but a higher prevalence
(3-8%) was found in dogs with predatory habits
and those able to roam more widely (Deplazes et al.,
2011 ). In Switzerland, 0.3% ofrandomly selected privately owned dogs were found to be infected with this
tapeworm. Based on this prevalence, the individual
probability of being infected at least once during 10
years can be estimated at 8. 7%. Large population
studies in Germany revealed that 0.13% of dogs in
northern and 0.35% in southern Germany excreted
E. multilocularis eggs in their faeces. Considering the
total do~ population in Germany (approximately
5.4 x IO dogs}, around 13,000 are estimated to be
infected.
The prevalence of E. multilocularis in cat populations, as determined at necropsy examination, ranged
between 0% and 5.5% in various endemic areas. Cat
infections are characterized by low worm burdens
and strongly reduced worm development, resulting
in lower egg production compared with foxes or
dogs. Therefore, the epidemiological role of the cat
in spreading this infection is estimated to be low
(Hegglin and Deplazcs, 2013).
In the human population, CE is one of the five most
frequently diagnosed zoonoses in the Mediterranean
region and is re-emerging in South Eastern Europe
Ucnkins el al., 2005). Incidence rates for CE of
1.1-3.3/100,000 were recorded in Spain, up to 3.5
in Sardinia in Italy and 3.3 in Greece, Bulgaria and
Romania (Torgerson et al., 2011). Economic loss
attributable to human CE was estimated for Spain
at €133 million (Benner ct al., 2010).
Human AE is one of the most pathogenic helminthic zoonoses and causes a high burden of disease in
Europe (Torgerson et al., 2008). Recent studies support the hypothesis that the infection pressure caused
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Fig. I. Approximate distribution ol'Eclii11ococcus 11111/tilocularis in Europe shown in dark orange colour (with permission from the Institute of
Parasitolog}', University of Zurich, Switzerland).

by E. muliilacularis eggs has increased across certain
large European regions. In Switzerland, a representative endemic area for central Europe, the annual incidence rates of new human AE cases varied between
0.10 and 0.16/100,000 individuals over a 45-year
period, suggesting a high degree of epidemiological
stability. However, approximately 10-15 years (corresponding to the incubation time of AE) after a
distinct increase in the fox populations (with E. multilocularis prevalences of 30-60%), a higher incidence
rate of 0.25/100,000 was recorded (lkplazcs t'I al.,
20 I I). Similar trends of increasing incidence have
been observed in Austria, France and Lithuania.
The overall incidence of AE is variable (0.03-0.26)
in Central Europe, but estimated to be 200 new cases
per year (Deplazes, personal communication).
Humans arc exposed to eggs of Eclzinococcus spp. via
different ways. The most important sources of infection are handling of definitive hosts and oral uptake

of contaminated water, food or soil. Adherent eggs
and even proglottids of Echinococcus have been
observed on infected dogs in individual cases. Direct
exposure to these eggs is influenced by occupation
and behaviour, especially a close human-animal
bond.
Domestic transmission of E. granulosus eggs from
pet, stray and working dogs is particularly important
in areas with inadequate educational standards and
veterinary control. Risk factors for infection of intermediate and definitive animal hosts with E. granulosus
s. 1. have been recently reviewed (Olero-Aliad and
Torgerson, '.Wl:3; Craig- ('{al., '.WI:)). Indeed, the
number of owned dogs and the frequency of contact
with dogs were identified as risk factors for human
AE in studies from China (Craig el al., ~015), while
in a Spanish study, cohabitation with dogs and
feeding of uncooked viscera were defined as risk factors for CE (Campos-Bueno et al., 2000). As home
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slaughter of sheep in parts of Southern Europe and of
pigs in parts of Poland and the Baltic states is still
widespread, local family dogs may be infected by
feeding of infected offal.

Diagnosis of Infection in Animals
Intestinal infections with E. granulosus or E. multilocularis are typically subclinical in definitive hosts. The
diagnosis of the infection in dogs or cats has been
considerably improved in recent years by egg isolation
methods, coproantigen ELISAs and PCR tests for E.
granulosus s. 1. and for E. multilocularis (Craig ct al.,
2015; Conraths and Dcplazcs, 2015). These
techniques can also be used for the examination of
faecal samples collected in the environment.

prescribed strict deworming regime of all dogs
entering these countries.

Gaps in Knowledge and Recommendationsfor Further Research
Recommendations for further research and actions
against echinococcosis include: (I) establishment of
a One Health concept for systematic, specific and
standardized surveillance of AE and CE in man and
of Echinococcus infection in animals, (2} definition of
minimal standards and harmonized approaches for
the monitoring of the epidemiological state of these infections in Europe and (3) further development of
control strategies adapted to the local and sociocultural epidemiological situation to prevent both
AE and CE in man.

Vector-borne Helminths

Prevention of Infection in Man and Animals
Comprehensive control programmes have so far only
been applied for CE, with varying degrees of success
(Craig and Larrieu, 2006) including control of stray
dogs, slaughter supervision and public education
campaigns, routine anthelmintic treatment of dogs
and vaccination of sheep. More detailed control options for CE have been reviewed by Lightowlcrs
(2013) and Barnes L!l al. (2012).
A treatment schedule individually designed for pets
based on infection risks (e.g. free roaming, uncontrolled access to rodents or offal) can improve treatment efficiency against cestodes. Uniform guidelines
for the control and treatment of parasites in pet animals were developed and published by the European
Scientific Council on Companion Animal Parasites
(ESCCAP) in Europe (www.esccap.org). The current recommendation is to treat dogs with access to
Echinococcus metacestodes monthly with praziquantel
in order to reduce environmental contamination
with eggs. However, even strict compliance of the
pet owners will not reduce the environmental
contamination with eggs of E. granulosus caused by
stray dogs or of E. multilocularis caused by foxes. The
growing fox populations in Central Europe, especially
in urban areas, with a prevalence of E. multilocularis
infection above 30% is causing a high infection pressure and maintaining the parasite cycle without the
pet population. Therefore, a promising approach is
to reduce the infection pressure by the delivery of
anthelmintic baits for foxes (Hegglin and Deplazes,

2013}.
To prevent the introduction of E. multilocularis into
Great Britain, Ireland and as of yet non-endemic
Scandinavian countries, where, due to the presence
of suitable intermediate hosts, the establishment of
the parasite would be possible, the Pet Travel Scheme
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Aetiology
Filaroids are roundworms that belong to the family
Onchocercidae. Filaroid species are prevalent in
Europe and some of them are of increasing concern
due to the significant level of disease they cause in
dogs and man (Gcnchi ct al., 2011; Otranto and
Eberhard, 201 l: :rviorch6n d al., 2012). The species
Dirojilaria immitis and 1Jirofilaria repens (Spirurida,
Onchocercidae) are the best known filaroids affecting
dogs. They present different pathogenic potentials for
man and animals; while D. immilis threatens dogs and
cats, causing a severe and often fatal cardiocirculatory
disease referred to as 'heartworm disease', D. repens induces a non-pathogenic subcutaneous infestation in
dogs, but is a more prevalent zoonotic pathogen in
man (Dantas-Torres and Otranto, 2013). Mosquitoes
transmit these Dirojilaria species to dogs, cats and
other wild carnivores. About 45% of the total human
and pet population are exposed to the risk of vectorborne helminths (VBHs) in Europe (Pcrric et al.,
2012). Although Dirojilaria spp. represent the most
prevalent VBHs, other helminths of dogs and cats,
such as the Thela;:.ia callipaeda eyeworm (Spirurida,
Thelaziidae), are emergent zoonotic agents in several
European regions (Otranto et al., 20 I 3a). Finally, the
recent finding of the zoonotic potential of a little
known filaroid of dogs, Onchocerca lupi (Spirurida, Onchocercidae), rendered the puzzle of human VBH infections in Europe even more complicated.

Hosts and Life Cycle
Dirofilarioses are transmitted by bloodsucking
mosquitoes, primarily to dogs, although cases ofinfection in man are reported increasingly (Otranto and
Eberhard, 2011). Soon after mosquitoes inoculate
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infective third-stage larvae (L3) to dogs and cats,
developing larvae migrate to the definitive site of
parasitism, the pulmonary arteries and right chambers of the heart for D. immitis and the subcutaneous
tissues for D. repens. In these locations, following their
development into adult worms (in 120-180 and
189-259 days for D. immitis and D. repens, respectively), females release microfilariac into the blood
of the definitive host (Gene hi ct al., 2009), which are
thereafter ingested by mosquitoes during their blood
intake. Microfilariae of Dirojilaria spp. develop in
the intermediate mosquito vectors from embryos to
infective L3 larvae in a variable period of time at a
minimum threshold of 14°C and the requirement of
a minimum of 130 days for larvae to reach infectivi ty
(Gcnchi el al., 2009).
T. callipaeda nematodes live in the orbital cavities
and associated host tissues, causing ocular disease in
carnivores and representing a potential public health
concern due to the zoonotic impact. Adults live in the
conjunctiva! sacs of animals under the nictitating
membrane and the mature females release firststage larvae (LI) into the lachrymal secretions,
which are ingested subsequently by the zoophilic
fruit fly Phortica variegate (Diptera, Drosophilidae},
the known vector of this spirurid in Europe
(Otranto et al., 2005). In the intermediate host, Lis
undergo development to L3s approximately 14-21
days after infestation (in laboratory conditions) and
may also survive in overwintering flies for 6 months
(Otranto et al., 200!t 2005). Finally, mature L3s
migrate through the arthropod coeloma to the
labella to be then transmitted to a receptive host as
soon as the drosophilid feeds on the lachrymal
secretions (Otranto ct al., 2005).
Scant information is available on 0. lupi, which localizes in nodular lesions under the sclera and periocular tissues of dogs and cats or in the retrobulbar eye
(Otranto d al., 2013b). The biology of this filaroid in
the definitive host is almost unknown and the vector
of this infestation is not well characterized (Otranw
et al., 2012a).

Epidemiology
The interaction between helminths, vectors and animals is the consequence of a complex range of biological (e.g. vectorial capacity, biting rates) and
environmental (e.g. climate, population movements
and trade) factors, which ultimately affect the epidemiology of VBH infections. This picture is complicated further by the fact that new potential vectors
are introduced into previously non-endemic areas,
therefore increasing the risk for establishing new
transmission cycles in populations of susceptible hosts.

This was the case for the introduction of the invasive
mosquito species Stegomyia albopicta (Aedes alhopictus)
into Italy (Romi and Majori, 2008), which most likely
contributed to the spread of D. immitis from endemic
areas of the Po river valley in northern Italy to southern Italy (Otranto d al., 2009). However, several mosquito species of the genus Anopheles, Aedimorphus,

Armigeres, Ochlerolalus, Stegomyia, Culex, Coquillettidia
and Mansonia may act as intermediate hosts, although
Aedimorphus vexans (Aedes vexans), Culex pipiens pipiens
and S. albopicta are also implicated as the most important natural vectors of these worms in Europe. Since
both D. repens and D. immitis grow under laboratory
conditions in the same mosquito species with similar
developmental times, these infections are often sympatric in animal populations (Gcnchi et al., 2009).
The relationship between the prevalence of D. repens
in dogs and the occurrence of human cases of dirofilariosis, based on a review of the historical literature,
was evident in some provinces of Sicily (Otranto el al.,
2011 a). Indeed, while D. immitis is recognized as the
main agent of human dirofilariosis in the Americas
and was described in a few cases in Italy, Greece
and Spain (Miliaras d al., 2010; ~forch6n d al .•
201 O; Avellis et al., 2011), D. repens is the most
prevalent species infesting people in Europe
(Pampiglione et al., 1995, 2009). Human cases of
dirofilariosis are increasing in Europe, most likely
paralleling the spreading of infection in dogs in
central and north-eastern European countries
including Poland, Switzerland, the Czech Republic,
Hungary, Romania, Serbia and the Slovak Republic
(Genchi et al., 20H) (Fig. 2).
Over the last 20 years, T. callipaeda has been repeatedly reported to infest the eyes of domestic (dogs and
cats) and wild carnivores (foxes, wolves, beech mar·
tens and wild cats). Countries considered as endemic
for this worm in Europe include Italy, France,
Switzerland, Spain and Portugal (Nlalacrida cl al ..
2008; I\·liro ct al., 2011; Vieira tJt al., 2012; Otranto
d al., 20l3b}. The same areas where the infection
was recently diagnosed were predicted by a model
published about 10 years before, which was based
on the ecology and the seasonal occurrence of the
drosophilid fly in a highly endemic area of southern
Italy (Otranto 11/. al., 2006). Indeed, that model anticipated that large areas of Europe were likely to represent suitable habitats for Phortica variegata and,
therefore, for the expansion of thelaziosis. Consequently, the first cases of human thelaziosis in Europe
have been diagnosed in north-western Italy, southeastern France (Otranto and Duuo~ 2008) and Spain
(Fuentes ti/ al., 2012).
0. lupi has been found to infect dogs in southern
(Greece, Portugal) and Central Europe (Germany,
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Dirofilaria immitis (endemic)
Dirofi/aria repens
Dirofilaria immitis (sporadic)
Fig. 2. Distributions of Dirq/ilan"a immitis and Direftlaria re/1e11s infections in Europe (with permission from the Institute of Parasitology, University of Zurich, Switzerland).

Hungary and Switzerland) (Szal el al., 200 l;
Komnenou fl al., 2002; H.ermosilla el al., 200:\
Faisca tl al., 2010; Otranto l'I al., 2013a) and in the
USA (Orihel el al., 199 I; Eberhard l'I al., 2000:
Zarfoss et al., 2005) where it was recently found also
in cats (Labelle et al., 2011). Since the first report of
human ocular infestation (Olranln <'I al., 2011 b), 0.
lupi has been recognized as a zoonotic agent in patients from Turkey (Otranto ct al., 2012b; llhan
fl al., 2013), Tunisia (Otrnnto el al., 2012h), Iran
(lVIowlavi d al.. 201:3) and the USA (Eberhard
et al., 20 I ;3).

Diagnosis ef Infection in Ji,[an and Animals
Diagnosis of VBH infections is achieved through
detection of circulating microfilariae (e.g. D. immitis
and D. rejmzs) in the bloodstream of infected animals
by microscopical techniques, with the Knott's
method as the gold standard (l'dcCall et al., 200fJ).
In contrast, dermal microfilariae of 0. Lupi can be de-

tected in skin biopsy samples from the interscapular
region and the head (Orran to et al., 2013a). v\Thile
the morphological discrimination of microfilariae
might be challenging and lack in sensitivity, as other
filaroids may infect dogs (e.g. Acantlwc!teilonema reconditum, Acantlzocheilonema dracunculoides), an alternative
method for diagnosing D. immitis infection in dogs is
the use of commercial kits for the detection of an ti gens
released into the blood by adult females. The acid
phosphatase histochemical staining method can be
useful for differentiating microfilariae of D. immitis,
D. repens and A. reconditum based on species-typical
staining patterns of their anatomical structures,
although this method presents limitations for the
identification of microfilariae and major disadvantages due to the short shelf-life of its reagents
(Pcrib.i ricz t:l al., 200 I). Recent molecular-based assays have enabled identification of filaroids, irrespective of their life cycle stage (Larrofa et al .• 2012).
In man, Dirofilaria spp. localize predominantly in
the subcutaneous tissues and lungs, but also in the
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central nervous system, causing a range of clinical
manifestations ranging from asymptomatic infection
to fatal syndromes (Otranto and Eberhard, 2011).
Diagnosis in human patients is usually only possible
after surgery and extraction of the worm from the tissues for Dirofilaria spp. and 0. Lupi and often requires
the assistance of a specialist with an appreciation of
the microscopical features of helminth histology
(Otranto and Eberhard~ 2011). Molecular characterization of samples also assists in achieving a diagnosis
from the tissue biopsies.

Prevention of Infection in Man and Animals
The prevention and the treatment ofVBH infections
in endemic areas is challenging, due to the many components involved in the epidemiology and biology of
these infections in man and animals. In dogs, dirofilariosis can be prevented with a number of macrocyclic lactones administered in different formulations
(e.g. tablets, chewable, spot on and injectable) with
different protocols, from daily administration up to
slow release products with effects lasting for 6 months,
which kill D. immitis or D. repens larvae before they
develop into adults. The injectable long-lasting
formulation containing moxidectin is effective in controlling D. immitis and D. repens infestations for a
period of 6 months after a single administration
(Gcnchi el al.~ 2002, 2010). Current guidelines on
management of D. immitis infection in dogs formed
by ESCCAP and by the American Heartworm
Society suggest extending preventive treatment to
7-8 months or even year round. No data are
available on the efficacy of macrocyclic lactones as
chemoprophylactic agents against 0. Lupi, while
preventing contact with the fly intermediate host of
T. callipaeda by use of bed nets is currently the only
strategy to prevent this infection.
Gaps in Knowledge and Recommendationsfor Further Research

While the scientific knowledge of the biology, epidemiology, control and treatment of D. immitis and D.
repens has increased considerably over past decades,
for other filaroids such as 0. lupi there are still gaps
in knowledge that impair a realistic appreciation of
their impact in veterinary and human medicine. In
addition, the reasons why human cases of VBH infections have increased in Europe are not fully known,
but this most likely reflects the spread of arthropod
vector species and lack of economic means for their
control in the environment. Large epidemiological
studies to estimate the occurrence offilaroid infections
in animals, coupled with entomological surveillance
programmes, are essential for providing information

on the occurrence of these pathogens and to prevent
the spread of filaroids into non-endemic areas, therefore limiting the outbreaks of zoonotic filariosis.

Toxocariosis

Aetiology
Toxocariosis is caused by Toxocara canis and Toxocara
cati (syn. Toxocara mystax), which are ubiquitous, prolific nematodes with a complicated life cycle. Other
ascarids that may potentially be of clinical importance in man include Baylisascaris procyonis of raccoons
and Ascaris suum of pigs. In contrast to the other nematodes, the latter is expected to complete its migration
and may reach patency in man (Nqj~urn el al., 2012).
Hosts and Life Cycle

The definitive host of T. canis are canids, including
dogs and foxes, while T. cati has cats and other felids
as definitive hosts. Invertebrates (e.g. earthworms),
rodents, foxes, birds and livestock (e.g. sheep, pigs
and poultry) can serve as paratenic hosts (Taira
et al., 2004; Schnieder et al.i 2011 ). Dogs are infected
with T. canis by ingestion of embryonated eggs or
hypobiotic (arrested) L3 in paratenic hosts; even
older immune dogs may acquire new patent
infections if exposed to low numbers of eggs
(Fahrion <'I al., 2008). Pups are infected vertically,
either prenatally in the last trimester of gestation or
by larvae in milk from the bitch. Transplacental
transmission accounts for many more infections than
the lactational route (Burke and Roberson, 1985)
and represents either recent infection of the pregnant
bitch or reactivated hypobiotic larvae after somatic
migration in the immune bitch (Schnieder ef. al.,
2011). Occasionally, bitches are reinfected by eating
intestinal larvae (L4) from faeces ofpups. T. cati is primarily transmitted to kittens by ingestion oflarvae in
milk following acute infection of the queen, while prenatal infection apparently does not take place (Coati
et al., 2004). The lack of reactivation indicates
different characteristics of hypobiotic larvae in cats
compared with dogs. Other infection routes in cats
are intake of embryonated eggs from soil or larvae
within paratenic hosts (e.g. rodents).
The life cycle is typically migratory: after ingestion
of eggs in a fully susceptible host, hatched larvae
migrate through the liver and lungs while moulting
from L3 to L4, are coughed up through the trachea
(L4 to LS) to finally develop into adults that reside
in the small intestine of the definitive hosts. Eventually, eggs in large number (thousands per day) are
voided in the faeces. In the immune host, the larvae
do not perform tracheal migration, but re-enter the
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circulation for somatic migration (i.e. L3 relocate to
skeletal muscles, kidneys, mammary gland, CNS
and other organs) (Schnieder et al., 2011). For T.
canis, the prepatent period thus varies with the route
of infection; eggs can be found in puppies 2-3 weeks
of age after prenatal infection, while prepatency is
4-5 weeks after ingestion of eggs followed by tracheal
migration (Ovcrgaa uw, 199 7). Eggs are usually
excreted for 4 months. The prepatent period for T.
cati is also variable, but is usually 6-8 weeks after
ingestion of eggs. Patency lasts 4-6 months. Eggs undergo development outside the host for at least 2-4
weeks to reach the infective stage (L3), which remains
inside the egg and shows extreme persistence in the
environment for months to years, although it is generally sensitive to ultraviolet light, desiccation and high
temperature.
Human infections are predominantly acquired
from ingestion of embryonated eggs by geophagia in
sandpits, parks or other places where cats, dogs or
wildlife have defecated. Toxocara spp. eggs have
been recovered worldwide from sand or soil in playgrounds and public parks (Overgaauw, 1997).
Embryonated eggs have also been found in the hair
coat of dogs, . mainly puppies (Amaral t!I al.,
20 I 0) and foxes, but the relative importance of this
for human transmission remains unknown. Foodborne infections may also take place, for example by
drinking water or eating vegetables contaminated
with eggs and by eating raw liver or other viscera of
paratenic hosts, including livestock, as experimentally
demonstrated for pigs or chickens (Taira et al., 2004).
It is possible that food-borne infections may be relatively common in certain cultural settings, for
instance in Japan where raw liver is eaten (Akao
and Ohta, 2007), but the relative importance of this
means of transmission in the European context is presently unknown.
Raccoons are the major definitive hosts of B. procyonis, but infection also reaches patency in dogs; the
latter has been observed in many cases in the USA
(Lee et al., 2010), usually with low intensity infections.
However, no data for dogs in Europe have been reported. A wide range ofanimals (>90 species of mammals and birds) may serve as intermediate hosts, as it
is believed that the L2 stage is in the ingested infective
egg and it develops to L3 in the intermediate host
(Ka:t.acos, 2001 ). In raccoons, there is no migration,
while there is extensive somatic migration in the intermediate hosts. A proportion of larvae has propensity
for migration in the CNS (neural larvae migrans,
NLM). This is particularly harmful as development
from L2 to L3 is accompanied by a four- to five-fold
increase in length (up to 1,300-1,900 µm) and larvae
do not readily encapsulate in eosinophilic granulomas
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as in other tissues, but continue migration for a prolonged period of time (Kazacos, 2001).
Epidemiology

The heaviest infections and highest morbidity are
seen in pups and kittens. Heavy prenatal infections
in pups may lead to severe disease with alternating
diarrhoea and constipation, vomiting, typical 'pot
belly', reduced growth with cachexia, poor hair
coat and in some cases death (Schnieder ct al.,
2011 ). Dogs older than 6 months are usually less
severely or not affected. Clinical signs of T. cati infection in young cats are similar, but generally less severe; respiratory tract signs are also reported. The
prevalence of T. canis in dogs, based on faecal examination, varies considerably in EU countries
(1.4-30.5%) (Schnieder el al., 2011) and depends
on the composition of the host population, animal
density (definitive and paratenic hosts), seasonality,
region and methods employed. The prevalence of T.
cati is generally higher due to the low level of resistance to reinfection in older cats, around 8-76%
(Overgaauw, 1997), with large variation between domestic cats with or without access to the outdoors,
stray cats or those in shelters. In foxes, T. canis has
been reported with mean prevalence rates up to
49-87%, depending on age group (Saeed iJl al.,
2006; :ivforgnn et al., 201~1). Similar infection levels
of B. procyonis (39-80%) have been reported in
raccoons in some areas of Germany (Bauer, 2011).
Seroprevalence of Toxocara spp. infections in man is
around 3-19% in many European countries, varying
by diagnostic methods, age profile (highest in young
people) and cultural habits (Overgaauw and
Knapen, 2013). A certain level of cross-reaction
with other nematode infections cannot be ruled out;
for example, A. suum from pigs may cause patent (or
aborted) infections in man, particularly in young individuals (Nejsum et al., 2012). Risk factors related
to seropositivity include young age, playing in sandpits, dog ownership, poor sanitation, rural populations and low socioeconomic status, while the effect
of gender is variable (Ivfagnaval et al.. 200 I ;
Rubinsky-Elcfant c'I al., 2010). The vast majority of
human Toxocara spp. infections are asymptomatic.
However, T. canis and, probably less commonly, T.
cati, may cause clinical syndromes in man described
as visceral larvae migrans (VLM), ocular larvae
migrans (OLM), covert toxocariosis and more
rarely NLM. VLM and OLM are most often
observed in children (VLM at 1-5 years of age
predominantly; OLM at 5-10 years), while the less
well-defined covert toxocariosis is found in both children and adults (Smith el al., 2009). The incidence in
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the EU is largely unknown, but presumably very low
(Smith et al., 2009), and the relative contribution of
the two species is unknown (Fisher, !200:1; RubinskyElefant et al., 2010). Signs of VLM depend on the
infective dose and are non-specific, including abdominal pain, fever, anorexia, respiratory signs, headache, skin lesions and occasionally neurological
symptoms, accompanied by hepatomegaly and eosinophilia. OLM indicates the location of a Toxocara
larva in an eye or optic nerve and is often painless,
but leads to visual disturbances and unilateral blindness. It is increasingly seen also in adults {Akao and
Ohta, 2007). Specific antibody levels in OLM are
often low because the larvae evade the immune system or their number is low. There are some indications that T. canis and T. cati larvae have different
tissue preferences during somatic migration in the
same paratenic host or at least different time courses
(Strube ('t al.., 2013). T. cati larvae predominantly
locate in skeletal muscles while T. canis more rapidly
migrate to the CNS in addition to the muscle, indicating perhaps a higher degree of neuroaffinity.
B. procyonis eggs are particularly abundant in
latrine areas of raccoons and people contract infection mainly by geophagia (Bauer, 2013). As
mentioned, B. procyonis causes severe OLM and
NLM (acute eosinophilic meningoencephalitis) in
intermediate hosts, including man. The NLM syndrome is often fatal or causes permanent neurological disease to the intermediate host, as observed in
almost all reported human cases in the USA (Lee
et al., 2010). Only single cases in people have been
reported from Europe (Bauer, 2013).

Diagnosis of Infection in Man and Animals
Patent infections in dogs and cats can be diagnosed by
standard faecal flotation. A study combining PCR
analysis and egg morphology showed that T. cati
eggs are distinctly smaller than T. canis eggs, but
also revealed that up to 30% of eggs found in dogs
could be T. cati (Fahrion et al., 2011). This is most
likely due to coprophagia, as these species seem to
be host specific. Ingestion of fox faeces by dogs may
also lead to false-positive observations. B. procyonis
eggs can easily be mistaken for T. canis eggs based
on size; however, the latter have a regular pitted surface while B. procyonis eggs have a fine granular surface
(Kazacos, 2001; Lee et al., 2010). This may, however,
be difficult to ascertain by routine microscopy and
baylisascariosis needs in most cases to be confirmed
by PCR on eggs.
Human toxocariosis is diagnosed by clinical manifestations, ophthalmology (OLML clinical pathology, including eosinophilia, bioimaging (typically in

CNS involvement) and serology. In cases of
OLM and perhaps NLM, extirpation by biopsy and
subsequent histopathology can be performed and
parasite material can be speciated by PCR. Detection
oflgG antibodies to T. canis excretory/secretory antigens (TES) by indirect ELISA, followed by western
blot to limit cross-reactivity, is central to the diagnosis
(FiJlaux and Magna val, 2013). However, antibody titres do not necessarily correlate with active versus
non-active infection and false-positive outcomes exist
(Smith el al ..• 2009). These assays cross-react with T.
cati and can be used for evaluating toxocariosis as
such; none of the currently available tests are capable
of discriminating between T. canis and T. cati infections in man or any other paratenic host.

Prevention of ltifection in Matz and Atzimals
A cornerstone in prevention is minimizing the environmental contamination with (infective) eggs by
rigorous removal of faeces and by treatment of infected dogs and cats. Faeces should be removed and
destroyed when dropped in public areas, streets, kennels and also in private gardens. Intestinal stages of
Toxocara spp. are susceptible to the most commonly
used anthelmintics, while hypobiotic stages in tissues
are impossible to treat effectively, thus posing a problem of clearing breeding bitches of infection
(Othman, 2012). Although some hypobiotic larvae
may become susceptible to anthelmintics on reactivation, it is not advisable to treat pregnant animals to
reduce perinatal transmission (Overg-nauw and
Knapcn, 2013). Repeated application of anthelmintics is therefore recommended for puppies and kittens
(and their mothers) during lactation and early life in
order to avoid pathogenic infections and limit
contamination (Fisher t!t al., 1993). Older dogs and
cats can either be treated on a routine basis or examined for eggs regularly followed by treatment of patent cases. Guidelines for the control and treatment
of parasites in pet animals were developed and published by ESCCAP in Europe (www.esccap.org).
Other preventive measures include avoiding transmission by feeding of raw liver or offal and
coprophagy in dogs. The relative contribution of T.
canis from foxes to environmental contamination is
difficult to assess in an urban context and equally
difficult to control. An attempt to quantify the contributions of dogs, cats and foxes in the Bristol area
(UK) indicated that the main contributor was dogs,
although obviously modified by the degree of removal
of faeces and dog access to public spaces (:tvforgan
d al., 2013).
Prevention of human infections should be based on
appropriate control of infections in pets, removal of
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faeces from surroundings, limiting access of pets to
children's play areas, good hygiene and lastly, education. The environmental efforts include fencing of
playgrounds, covering of sandpits, regular application ofnew sand, exclusion of dogs from parks and recreational areas, provision of information (signs) and
bags for faeces and management of stray animals.
Furthermore, general good hand hygiene, rinsing of
fresh produce from gardens and prevention of geophagia in children are essential.
Treatment of larvae migrans in people includes
anti-inflammatory and anthelmintic treatments
with moderate reduction in clinical symptoms
(Strub<' et al., 2013) and in the case of OLM, possible
extirpation. Anthelmintics may have limited effect in
OLM.
B. procyonis infections in dogs are treated with
commonly available anthelmintics, such as benzimidazoles, macrocyclic lactones or tetrahydropyrimidines.
Raccoon populations should
be
controlled as well as any animal considered infected. Latrines close to children's playgrounds
should be cleaned by disposal of faeces and preferably by burning (or removal) of the upper soil layer
(more info on http://www.cck.gov). Raccoons kept
as pets or in contact with the public should be
treated regularly.

Gaps in Knowledge and Recommendationsfor Further Research
Gaps in knowledge that need to be addressed include:
{1) evaluation of the importance of food-borne transmission, in comparison with other transmission
routes; (2) standardization of case definitions for human infection throughout Europe, which will enable
the gathering of good quality data on the incidence
and prevalence of disease; (3) evaluation of burden
of disease in man, including the potential impact of
subclinical infections on human behaviour; (4) development of diagnostic methods to discriminate between T. canis and T. cati in paratenic hosts,
including man. This will provide information on
infection routes and assist in better targeting of control strategies; (5) quantifying the animal sources of
Toxocara environmental contamination (dogs, foxes
or cats); (6) development of rapid point-of-care diagnostic tools for Toxocara in pets (e.g. coproassays for
antigen or DNA). At present, most infections will
remain unnoticed by companion animal owners and
veterinarians
unless
faecal
evaluation
is
performed; and (7) development of specific rapid
detection for B. procyonis infections in dogs, which is
important as the eggs look like Toxocara eggs and at
present, a subsequent PCR on isolated eggs is most
often needed to verify the diagnosis.
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Conclusions
Parasitic zoonoses constitute some of the most important and common infections threatening human populations in Europe as well as other continents. This
review has presented the major diseases in this category associated with companion animals, describing
the current status of infections in man and animals
in an effort to highlight gaps in knowledge and potential interventions to prevent or limit their spread.
Combating parasitic zoonoses requires an integrated
multidisciplinary approach involving collaboration
between veterinary and medical scientists and policy
makers.
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Summary
The close contact between household pets and people offers favourable conditions for bacterial transmission. In
this article, the aetiology, prevalence, transmission, impact on human health and preventative measures arc
summarized for selected bacterial zoonoses transmissible by household pets. Six zoonoses representing distinct
transmission routes were selected arbitrarily based on the available information on incidence and severity of
pet-associated disease caused by zoonotic bacteria: bite infections and cat scratch disease (physical injuries),
psittacosis (inhalation), lcptospirosis (contact with urine), and campylobacteriosis and salmoncllosis (faecal-oral ingestion). Antimicrobial resistance was also included due to the recent emergence ofmultidrug-resistant bacteria of zoonotic potential in dogs and cats. There is a general lack of data on pathogen prevalence in
the relevant pet population and on the incidence of human infections attributable to pets. In order to address
these gaps in knowledge, and to minimize the risk of human infection, actions at several levels are recommended, including: ( l) coordinated surveillance of zoonotic pathogens and antimicrobial resistance in household
pets, (2) studies to estimate the burden of human disease attributable to pets and to identify risk behaviours
facilitating transmission, and (3) education of those in charge of pets, animal caretakers, veterinarians and human medical healthcare practitioners on the potential zoonotic risks associated with exposure to pets. Diseasespecific recommendations include incentives to undertake research aimed at the development of new diagnostic
tests, veterinary-specific antimicrobial products and vaccines, as well as initiatives to promote best practices in
veterinary diagnostic laboratories and prudent antimicrobial usage.

© 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
crca tivcrum mons.org/licens1.·.s/hy-11c-nd/'I .0 /).
Ke_ywords: antimicrobial resistance; bacterial zoonoses; pct animal

Introduction
The number of pet animals kept within households is
increasing and the range of animal species kept for
Correspondence to: P. Damborg (e-mail: pt.·thtmw,,111Hl.k11.dk).
002 I·9975JS - sec front matter
http:; i<h.doi.on.:/ 10.10 Ili/j.jq1:1.:lfl I :1.03.UIH

this purpose has extended from traditional household
pets such as dogs and cats to encompass rodents, rabbits, ferrets, birds, amphibians, reptiles and ornamental fish. It has been estimated that the
population of dogs and cats alone exceeds 127 million
in the EU countries (FEDIAF, 2012).

© 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http:,, .:rrrat ivcrnmtn• •m.org 'li,·c11St·;,;by-nc·nrli·t.01).
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Household pets, defined here as any animals kept
within households by people for company, enjoyment, work or psychological support, can be colonized or infected with a wide variety of bacteria
pathogenic to animals and people. Pet-associated
bacterial zoonoses represent a relatively neglected
area compared with food borne zoonoses. However,
the close contact between household pets and people
offers favourable conditions for transmission by direct
contact (e.g. petting, licking or physical injuries) or
indirectly through contamination of food and domestic environments. Indeed, frequent sharing of skin microbiota between people and their dogs has been
shown, thus emphasizing the role of contact (Song
et tll., 2013). Zoonoses are ofspecial concern for people
who are young, old, pregnant or immunocompromised, and therefore particularly susceptible to infections. Furthermore, young children may be more
exposed to bacteria originating from household pets
due to lower hygiene standards and closer physical
contact with these animals and the household environment (e.g. floors and carpets).
This paper focuses on selected bacterial zoonoses
(Table I) representing distinct transmission routes,
namely bite infections and cat scratch disease
(CSD) (physical injuries}, psittacosis (inhalation),
leptospirosis (contact with urine or urinecontaminated environments) and campylobacteriosis
and salmonellosis (faecal-oral ingestion) . Selection of
these diseases was based on a subjective assessment,
considering the available information on the incidence and severity of pet-associated disease caused
by zoonotic bacteria. Antimicrobial resistance is
included among the selected zoonoses in view of the
increasing evidence (Wieler fl al., 2011) that household pets are a source of infection of multidrugresistant (MDR) bacteria of zoonotic potential such
as meticillin-resistant Staphylococcus aureus (MRSA},
meticillin-resistant
Stapfl:ylococcus pseudintermedius
(MRSP) and extended-spectrum 13-lactamase
(ESBL)-producing Escherichia coli. Examples of other
bacterial diseases reported in pets are shown in
Table 2, but are not discussed further. The aim of
the paper is to identify targeted research and policy
actions to assess and reduce the risk ofzoonotic transmission of bacteria from pets. For this purpose, the
aetiology, prevalence, transmission, impact on human health and prevention of each selected zoonosis
were reviewed.

Bite Infections
Dog and cat bites are frequent injuries among pet
owners and those coming into more frequent contact
with animals (e.g. veterinarians and animal-related

workers and postal workers). Bites are one of the
main sources of bacterial infections related to pet
ownership.

Aetiology, Transmission and Prevalence
Bites from household pets may result in infections
caused by a wide range of bacteria residing on the
oral mucosa of the animal and on the skin of the
bite victim. The most common bacteria transmitted
by cat and dog bites are Pasteurella multocida and Pasteurella canis, respectively (Talan et al., 1999; Oehler
el al., 2009: Patronek and Slavinski, 2009); however,
the oral cavity of dogs and cats harbours a diverse
microbiota and multiple potential zoonotic
pathogens can be found in every animal (Sturgeon
et al., 2013, 2014). Dog bites are the most common
and account for approximately 80% of all reported
animal bites (Patronck and Slavinski, 2009), but cat
bites arc more likely to develop wound infection due
to the puncture lesions caused by the cat's sharper
teeth. It has been estimated that 20-80% of cat
bite wounds become infected, while infection rates
for dog bites are as low as 3-18% (Talan et al..
1999). Bites by rodents can cause rat bite fever associated with Streptohacillus moniliformis or, less frequently,
Spirillum minus (Gaaslra et al., 2009) as well as infections caused by a range of other opportunistic pathogens.

Impact on Human Health
Dog and cat bites comprise approximately l % of accident and emergency department visits in both the
USA and Europe (Oehler t?l al., 2009). In the
Netherlands, between 50,000 and 100,000 people
are bitten by a pet animal each year (Gaastra and
Lipman, 2010), corresponding to 0.3-0.6% of the total population. Factors such as the type of injury,
injury location, quantity and type of bacteria, foreign
material, wound care and patient health/immune status determine whether bite wounds become infected
and the severity of infection (Patronck and
Slavinski, 2009).
Capnocytoplzaga canimorsus is a rare cause of bite
wound infection with around 200 cases reported
worldwide (l\facrca et al., 2008); however, this is
probably an underestimate of the impact of this
serious infection. This agent can lead to severe bite infections with systemic manifestations such as septicaemia and meningitis. Disease almost always occurs in
immunocompromised individuals (particularly individuals without a functional spleen) and alcoholics,
and has a mortality rate of about 30% (Lion et al.,
1996).

Table I
Bacterial zoonoses transmissible by household pets and described in this article

Human ;:.ooTUJtic disease

Palhogen(s) involved

Main household pel reservoir•

Bite wound infections

Pasleurt:lla multocida
Pastt:urella cani.s
Cap11D9 tophaga canimorsus
etc.
BarJonella lzenselae and other
Bartone/la spp.

Dogs, cats {rodents)

Rtasonsf<W concern
Very high incidence.
Risk of therapeutic failure due to inadequate antimicrobial prophylaxis.

Cat scratch disease

Leptospirosis

Multidrug-resistant
infections~

Psinacosis

Salmonellosis

Ltp1ospira spp.

MRSA
MRSP
ESBL-producing Enterobacteriaccae
MDR Acint:tohaci.t:r haumanii
Chlamydia psiJtaci

Salnwmlla spp.

t:d
ll1

1

~
~

Cats (dogs, rabbits)

Dogs, (rats)

Dogs, cats

Birds

Reptiles (birds, rodents,
cats, dogs, fish)

Cats are a natural reservoir with high bacteraemia prevalence in some geographical regions.
Lack ofinfonnation on frequency of human infections (likely underreported).
Can result in severe disease in man.
Dogs arc an important reservoir in some geographical regions.
Emerging new scrovars in dogs are not covered by vaccines.
Epidemiology may be influenced by climate changes (e.g. floods in cities).
Can result in severe disease in both man and animals.
Highly contagious.
Most of the bacteria have limited host barriers.
Truly emerging problem, which is expected to increase.
Both human and animal health problem.
Airborne and highly contagious.
Lack of information on frequency ofhuman infections (likely underreported).
Can result in severe disease in both man and animals.
Large outbreaks have occurred (e.g. bird fairs).
Reptiles are a natural reservoir with very high prevalence.
Reptiles have a proven rclativdy high contribution to human infections, especially in children.
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Table2
Examples of bacterial zoonoses for which household pets have limited or unknown importance

Human ;:.oonotic
disease
Brucellosis

Chlamydiosis

Pathogen( s) involved

Bruce/la canis
Brucella suis
Brucel/a melilmsis
Broctlla aborlus
Chla"!Jdia ftlis

Main household
pet reservoir''

Reasons for concern

Dogs

Trade of dogs from endemic areas (e.g. Eastern Europe) may impose a risk.
Both human and animal health problem.

Cats

High prevalence in cats.
Affects cat health.
Possibly underdiagnosed in man.
Both human and animal health problem.
Common in human healthcare and emerging community pathogen.
Same strains found in people and animals, with some evidence of
interspecies transfer.
High incidence of infection in homeless people and subsequent potential for
exposure of pets who might then expose other people (M. tuberculosis).
Potential problem in immunocompromised people (M. avium complex).
May cause opportunistic infections in immunocompetent people
(M. marinum).
High prevalence in cats.
Possibly underdiagnosed in man.
Both human and animal health problem.
Highly contagious.
Airborne and highly contagious.
May cause large outbreaks.

Clostridiosis

Clostn"dium dif]icile

Dogs

Mycobacterial
infections

Mycobacterium spp.

Fish, cats, birds,
(dogs)

Mycoplasma

Mycoplasma haemoftlis

Cats

infections
Tularaemia

Francisella tulartnsis

Cats, rabbits, (dogs)

Coxiella burneuii

Dogs, cats

Qfever

•Potential reservoirs oflow or unknown relevance arc mentioned in parentheses.

Prevention

bial prophylaxis guidelines on bite wound
management. Research involving pet interactions
and bite avoidance programs, particularly those
directed at children, is needed to help reduce the
risk of bites.

Education plays a primary role in prevention of pct
bites; owners should be advised by veterinarians on
how to interact safely with pets and about the importance of proper socialisation of puppies to reduce
aggressive behaviour in adult dogs. When bites occur,
basic first aid measures are indicated to prevent infection. Regardless of wound size, antimicrobial prophylaxis is indicated: (I) when bite wounds are located at
critical sites (e.g. face, joints and tendon sheaths) and
(2) when the bite victim is immunocompromised
(Gaa..;tra and Lipman, 2010). Understanding the potential for bite infections and the appropriate medical
response is important for attending physicians, to
ensure that proper treatment is provided when
required.

The high prevalence of Bartonella henselae in some
geographical areas and certain cat populations (e.g.
stray and shelter cats), combined with the fact that
domestic cats represent one of the largest populations
of household pets worldwide, implies a potentially
high risk of humans acquiring CSD. The risk of misdiagnosis and the potential development of severe infections in immunocompromised patients are the main
concerns regarding this disease.

Specific Research/Policy Recommendations

Aetiology, Transmission and Prevalence

Bite infection incidence estimates arc based mostly on
cases registered at hospitals, even though many cases
are treated elsewhere. Large-scale multicentre studies
are therefore needed to estimate the actual incidence
of animal bite infections and their impact on human
health (e.g. frequency of treatment failure, complications and economic burden). Monitoring of antimicrobial resistance in bite wound isolates and
evaluation of treatment outcomes should form the basis for the development of evidence-based antimicro-

CSD is caused by members of the genus Bartonella, a
diverse group of blood-borne, gram-negative bacteria. Domestic cats are the natural reservoir of B. henselae, which is the main agent of CSD. Bartonella
bacteraemia is most frequent in stray cats, cats in shelters/catteries and young cats infested with fleas
(Boulouis t!I al., 2005; Chomel et al., 2009:
Brcitschwerdt et al., 2010). The prevalence of
bactcraemia amongst pet cats is generally lower in
countries with a cold climate (e.g. 0% in Norway)

Cat Scratch Disease
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than in warm, humid countries (e.g. 83% in
Thailand) (Boulouis et al., 2005; Juvcl et al., 2010;
Ayllon et al., 2012). B. henselae is generally carried
by cats without clinical signs, although some cases of
feline endocarditis and stomatitis have been
described (Chomd and Kasten, 2010). The cat flea
is a vector for transmission between cats, mainly by
intradermal inoculation of flea faeces (C:homcl d al.,
1996; Foil t'I al., 1998). Zoonotic transmission from
cats to people is likely acquired during scratching
by contaminated flea faeces coming into contact
with skin abrasions, or indirectly through exposure
to faeces of fleas that have fed on infected cats.
Transmission is less likely to occur through bites
(Chomel l'I al., 2009).

Impact on Human Health
CSD often results in mild, non-specific symptoms such
as lymphadenopathy, fever or headaches, but severe
clinical manifestations such as encephalitis, angiomatosis and endocarditis may also occur, especially in
immunocompromised patients (Chomel el al .• 2006).
The incidence of CSD has been estimated in few European countries. In France and the Netherlands, 7.6
and 11.9 cases occur per 100,000 inhabitants each
year, respectively (Chomd e.t al., 2004). This is comparable to the estimated 9.3 cases per I 00,000 inhabitants in North America. It has also been estimated
that Bartonella spp. account for around 3% ofall cases
ofhuman endocarditis in Europe (Raouh d al .• 1996).
These numbers are based on the number of reported
cases and are likely to underestimate the actual incidence of CSD and Bartone/la infections in people.

Prevention
There are two main aspects to control ofCSD. One is
reducing exposure in the feline reservoir, which is
achieved mainly through flea control. Proper flea
control can eliminate the vector and is likely to have
a profound effect on the likelihood of transmission
from cats to people. The other aspect involves prevention of human exposure, particularly through proper
wound care and prevention of scratches and bites, as
described in the previous section on bite infections.

of the disease might be heightened for healthcare
practitioners, since CSD is currently severely underreported. Optimizing diagnosis ofCSD is also a prerequisite for other initiatives, such as making the disease
notifiable. We recommend that the disease becomes
notifiable in risk groups (i.e. young, old, pregnant
or immunocompromised people} in order to learn
more about the consequences of severe infections in
these patients.

Psittacosis
Pet birds, particularly those of the psittacine family
(e.g. cockatoos, parrots, parakeets and lories), represent an extensive reservoir for Chlamydia psittaci, the
causative agent of psittacosis or 'parrot fever'. While
the incidence of psittacosis appears to be quite low,
this infection can be life-threatening and control measures are complicated by potential misdiagnosis.

Aetiology, Transmission and Prevalence

C. psittaci is a gram-negative, obligate intracellular
bacterium that may survive in the environment for
months in its infectious form (i.e. elementary bodies).
At least 465 avian species can be infected.with this zoonotic agent (Kaleta and Taday, 2003). Among pet
birds, C. psittaci is highly prevalent in psittacine birds
(16-81%) and pigeons (12.5-95%) (Vanrompay
t'I al., 2007; Ling el al., in press). Birds may present
with respiratory distress or general signs of disease,
but more often become persistent carriers without
displaying clinical signs (Dickx el al., 2010). This status is characterized by the presence of non-replicating
aberrant bodies inside cells. On reactivation of replication, the birds shed C. psittaci from the respiratory
and gastrointestinal tracts (Evans, 2011). Birds are
mainly infected after inhalation of C. psittaci-containing aerosols or dust; however, avian infection also occurs by vertical transmission, ingestion and via bloodsucking parasites. People are mostly infected after
inhalation of C. psittaci-infected aerosols or dust, after
petting infected companion birds, after handling infected avian tissues or being exposed to C. psittaci in
excretions (e.g. from cage bedding) (\Vest, 2011).

Impact on Human Healtll
Specific Research/Policy Recommendations
There is an overall need for a better understanding of
the role of Bartonella spp. in human disease. International multicentre studies investigating the prevalence of seropositivity and the incidence of CSD in
the general human population, as well as the relative
frequency of different clinical pictures, are needed to
establish a baseline for further research. Awareness

Populations most at risk include bird owners, pet shop
employees, taxidermists and veterinarians. The occupational risk was evident during an outbreak where
people in contact with infected birds developed psittacosis and the same C. psittaci genotype was detected in
affected birds and people (Gacek ct al., 2008). The
course of psittacosis may vary from asymptomatic to
a flu-like syndrome and involvement of the
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respiratory tract. Severe complications such as endocarditis, encephalitis or fetal death are rare. Between
2001 and 2007, fewer than 400 cases were reported
annually in Europe with 0-2 fatalities per year
(.Beeckman and Vanrompay, 2009). However, these
numbers are likely underestimated due to unrecognized cases.

Prevention
Currently no effective vaccine exists for avian chlamydiosis. Guidelines for control of psittacosis are available from the US National Association of State
Public Health Veterinarians (NASPHV; http://
www.nasphv.org·). Key measures include good husbandry practices, such as regular cleaning of cages,
avoiding spread of feathers, dust and litter between
cages, and quarantine of diseased or newly purchased
birds. Birds may be screened for antibodies specific for
Chlamydia spp., for example if they have frequent public contact or prior to trade. People handling sick
birds or cleaning their cages should wear protective
clothing.

Specific Research/ Policy Recommendations
Better diagnostic tools are needed to elucidate the role
and frequency of C. psittaci in human disease. At present, serological tests are often used for diagnosis of C.
psittaci infection in birds. However, serology cannot
provide a definitive diagnosis due to the lack of specific antibody detection assays, the high 'background'
in endemic bird populations, the long persistence of
antibody titres in cured birds and the need for convalescent sera to detect seroconversion. There is a need
to validate newly developed nucleic acid amplification techniques, such as polymerase chain reaction
(PCR), for rapid detection of infected animals and
for diagnosis of infection in human patients
(Vanrompay, 2013). A vaccine targeting pet birds
would have a huge impact on prevention of psittacosis.

Leptospirosis
Human exposure to Leptospira spp. has traditionally
been associated with direct or indirect contact with
wildlife. However, the re-emergence of Leptospira
spp. in pet populations in some geographical areas,
and the potential severity of this infection, are reasons
for concern.

Aetiology, Transmission and Prevalence
Leptospirosis is caused by members of the genus Lep-

tospira, a diverse group of gram-negative bacteria

that can survive for long periods of time in warm,
wet environments. Virtually any domestic animal
species can be infected, and different serovars may
be involved depending on the animal species. Serogroup distribution in dogs varies widely. The major
serogroups to which dogs in Europe are exposed are
Icterohaemorrhagiae, Grippotyphosa, Australis, Sejroe and Canicola (Ellis, 2010). Leptospirosis is considered a re-emerging disease in dogs and is endemic in
many countries. Prevalence rates reported in different
regions are difficult to compare because of methodological differences between studies. One common
trend is that the highest seroprevalence rates (up to
84%) are observed in stray and kennelled dogs
Qillapalapong et al., 2009). Risk factors for seropositivity or disease in dogs include exposure to wildlife,
being a working, herding or hound dog, being >5
years of age and living in peri-urban or urban areas
(Ward t't al., 2002; Alton cl al., 2009; Hennehelle
et al., 2014). However, the changing incidence has
also been accompanied by anecdotal changes in atrisk populations and risk factors in some regions,
with increases in disease concentrated on urban
dogs, potentially as a consequem;e of changes in urban wildlife numbers and infection rates. While
much less common, leptospirosis can occur in cats,
particularly stray cats (1vlillan et al., 2009). Important
serovars of Leptospira can also occur in pet rats,
although the prevalence is unknown (Gaudic.· et al.,
2008). Animals are often silent carriers of leptospires,
but mild to severe infection may develop, most
commonly in the urinary tract. Transmission occurs
through ingestion or contact of leptospires with mucous membranes or broken skin (Levett, 2001).
Most infections are acquired from urinecontaminated environmental sources, particularly
water.

Impact on Human Health
The reported incidence of human infection in most
countries is low, such as the 0.06/100,000 people incidence rate reported in Germany Gansen £:l al., 2005).
Such figures likely represent a large underestimation
of the actual incidence due to the problems of diagnosis associated with non-specific symptoms and the
lack of diagnostic tests with high sensitivity. Most human infections are mild (e.g. rash, headache and
lymphadenopathy) or asymptomatic, but severe cases
of hepatic or renal failure (Weil's disease) are not
infrequent, especially in risk groups (i.e. young, old,·
pregnant and immunocompromised). Despite the
fact that people are often affected by the same serovars as dogs (Dupoucy 1!/. al., 2014), the overall contribution of these animals to the burden of human
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leptospirosis is thought to be limited. Zoonotic transmission from dogs is poorly documented and largely
involves anecdotal or poorly documented reports
(Allard and Bedard, 2006; Vincent d al., 2007). The
risk is likely greatest for owners and veterinary
personnel exposed to acutely ill animals and
laboratory personnel exposed to· blood, urine or
tissue samples from patients. Pet rat owners may be
the main risk group for pet-associated leptospirosis,
since wild rats are the main reservoir for Leptospira
icterhaemorrhagiae, the most human pathogenic Leptospira serovar (Gaudie ct al., 2008; Dupouey cf. al.,
2014).

Prevention
Vaccines for dogs generally protect against the serovars L. canicola and L. icterohaemorrhagiae, and some
of them additionally provide protection against
region-specific serovars. Suspected animal patients
should be isolated and antimicrobial treatment
should be initiated promptly. For all categories at
risk, especially in endemic areas, general hygiene
practices associated with handling of animals or contact with dog urine are critical considering the occurrence of healthy carriers and the vague nature of the
clinical signs at early infection stages. Human risk
groups (see above) should be particu~arly aware of
the risks associated with handling of pet rats.

Specific Researc~/ Poli<:J Recommendations
Serology is commonly used for diagnosis of leptospirosis; however, most serological tests are suboptimal
in clinical practice because of the time required (i.e.
weeks to obtain convalescent titres), false-positive results due to vaccination and cross-reaction between
different serotypes. Serology has therefore partially
been replaced by DNA-based tests for detection of
Leptospira spp. in dog urine or blood. Apart from facilitating diagnosis, and thereby proper infection control practices and early treatment, reliable DNAbased tests will facilitate future research to determine
the prevalence of subclinical carriers and to evaluate
the efficacy of different antimicrobial treatment strategies. Vaccines for dogs should be continuously validated for their efficacy, and new vaccines should be
developed to ensure coverage of region-specific serovars.

Campylobacteriosis
Campylobacteriosis is predominantly a food-borne
disease, but there is clear evidence of zoonotic transmission from pets. Current evidence suggests that
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transmission from household pets accounts for a minority of human cases.

Aetiology, Transmission and Prevalence
Dogs and cats are well-recognized carriers ofCampylobacter, a gram-negative genus associated with human
gastroenteritis. Carriage rates may reach figures up
to 50% in healthy dogs and cats, with relatively
higher rates in puppies and kittens and in stray and
kennel populations (Baker et <ll. t 1999; Wieland
ct al., 2005). Campylobacter upsaliensis is the most
common species, followed by C. jejuni. Other
household pets (e.g. rodents and reptiles) are
potential carriers of Campylohacter, but prevalence
data are sparse (Skirrow, 1994; Gilbcn et al., 2014).
Pet animal carriers often do not manifest clinical
signs of disease, although cases of diarrhoea in
young animals < 1 year of age, have been associated
with the presence of Campylobacter (Burnens ct al.,
1992). Transmission occurs by the faecal-oral route,
either directly or indirectly via fomites such as
contaminated food and water.

Impact on Human Health
Campylobacteriosis is a leading cause of gastroenteritis in industrialized countries (Humphrey et al.,
2007). The most common symptom is diarrhoea,
which in 0.15% of cases develops into septicaemia.
C. Jejuni is the most common Campylobacter species isolated from human patients. Although food, in particular poultry, is the main source of infection, various
epidemiological studies have also identified contact
with pets as a risk factor for campylobacteriosis
(1\.'.lughini Gras el al., 2013). Stafford el al. (2008) estimated that approximately 3% ofcases ofhuman campylobacteriosis could be attributed to ownership of
puppies and Buettner ot al. (20 I 0) estimated that
8% of cases of human campylobacteriosis might be
due to contact with cats and dogs. Case-based studies
have identified indistinguishable C.jejuni clones in human patients and their dogs (Wolfa <'I al., 2001;
Damborg cl al., 2004·), but such studies are rarely
able to infer the direction of transmission. C.
upsaliensis is believed to play a minor role in human
disease, but the frequency of infections caused by
this species might be underestimated by some
diagnostic laboratories, since it requires special
growth media that are not used routinely.

Prevention
Prevention of campylobacteriosis relies on avoidance
of direct or indirect exposure to animal faeces. As
such, the main preventive measures include proper
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al., 2011). Salmonella is transmitted directly or indirectly by the faecal-oral route as described for

handling of pet faeces and litter box management,
removal offaeces from public areas, and hand hygiene
after contact with pets and pet-contaminated items.

Campylohacter.

Specific Research/Policy Recommendations

Impact on Human Health

Large-scale risk studies may identify human behaviours increasing the risk of Campylobacter spp. transmission from pets and further research would be
necessary to assess the incidence of human infections
with C. upsaliensis.

Most people infected with Salmonella spp. develop
symptoms of gastroenteritis. Depending on the age
or the immune status of the patient and the serovar
involved, salmonellosis may evolv~ to septicaemia,
abortion and even death. Children <5 years of age
are particularly at risk of RAS, probably due to the
combination of their higher susceptibility to infection,
greater contact with pets and limited hygiene practices (Aiken ct al., 2010). In the 1970s, chelonians
were the source of 11-22% of all registered cases of
human salmonellosis (Lamm ct al., 1972; Cohen
cl al., 1980). In I 975, the sale of small turtles was
prohibited in the USA, which resulted in an
estimated annual reduction of 100,000 Salmonella
infections in children (Cohen el al., 1980). A more
recent case-control study estimated that 6% of all
sporadic Salmonella infections in the USA can be
attributed to reptiles or amphibians (Mermin et al..
2004), while a case-case study estimated reptile
exposure to account for 0.95% of Salmonella cases in
the UK (Aiken d al., 2010).
Other pet animal species appear to play a less
important role in human salmonellosis, with only a
few published cases of confirmed transfer from cats,
dogs, rodents, a parakeet, amphibians, aquarium
fish and non-traditional mammalian pets (e.g. hedgehogs) (Hoclzcr et al., 2011 ). One case-control study
reported cat exposure, as well as reptile con tact, to
be a risk factor for childhood salmonellosis (Younus
ct al., 2010).

Salmonellosis
Reptiles are considered a reservoir of Salmonella spp.
and constitute a significant source of human nontyphoidal salmonellosis. Reptile-acquired salmonellosis (RAS) often presents as a severe invasive disease,
especially in young children. Since the role of other
companion animals in transmission of Salmonella spp.
to people is unclear and probably of less concern,
this section will primarily focus on RAS.

Aetiology, Transmissz'on and Prevalence

Salmonella is a gram-negative bacterium, which can
survive for weeks to months in the environment, in
particular in warm and moist places. Among household pets, reptiles belonging to all major extant orders (i.e. crocodilians, lizards, snakes and
chelonians) constitute the most important reservoir.
A wide variety of primarily non-host adapted Salmonella serovars are isolated from these animals. This
includes several exotic serovars mostly related to reptiles (e.g. S. poona) and serovars that are wellestablished in people, but more often associated
with transfer from food animals (e.g. S. ryphimurium)
(Pedersen t!/. al., 2009). Salmonella is generally considered a normal constituent of the reptilian intestinal
microbiota, since cumulative prevalence studies
often show rates approaching 100% (Hoel:;.er et al.,
2011). Clinical salmonellosis is rare in reptiles and
is generally provoked by an underlying primary
cause of disease, but might present as salpingitis or
septicaemia (Pasmans et al., 2008).
Data on the occurrence of Salmonella in other household pets are generally sparse. Prevalences ranging
from 0 to 9% and 0 to 4% have been reported in
dogs and cats, respectively (ivfarks et al., 2011). However, much higher prevalences may be identified in
stray or shelter cats/dogs as well as dogs fed raw
food diets (1'.farks ct al., 2011). Dogs, cats and most
other non-reptile household pet species are primarily
infected subclinically, but infections ranging from
mild (e.g. fever of unknown origin) to potential, fatal
gastroenteritis and septicaemia can occur (Marks

el

Prevention
The ubiquitous presence of Salmonella in reptiles
makes it difficult to eradicate this bacterium. Instead,
focus should be on minimizing human exposure. A
guideline published by the Association of Reptilian
and Amphibian Veterinarians (http:/ /vv\vw.arav.
org/spccial-topics/} recommends that risk groups
(i.e. young, old, pregnant and immunocompromised
people) should avoid direct and indirect contact
with reptiles, while other people in contact with reptiles must focus on good hygiene measures, particularly hand hygiene. Hygiene precautions should also
be taken when handling feeder mice, which can be a
reservoir for Salmonella (Harker et al., 2011). Less
stringent hygiene measures can probably be used to
prevent transmission from other household pets.
Feeding raw diets to carnivores should be limited as
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they are more likely to have Salmonella compared with
commercial dry diets (Hoeh~cr ct al., 201 I).

Specific Research/Policy Recommendations
An apparent link between stress and Salmonella shedding (Verbrugghe et al., 2012) suggests that husbandry practices could be optimized to reduce shedding.
Further research is needed to evaluate whether this
approach can be used to reduce human exposure to
Salmonella, while improving animal welfare ofreptiles
kept in captivity. Minimizing exposure of dogs and
cats to Salmonella spp. would require the creation ofinternational pet food industry standards for raw pet
food and raw animal-based pet treats, including the
use of processing practices (e.g. high pressure pasteurization, irradiation) to reduce or eliminate contamination.

A.ntimicr()bial Resistance
There is increasing concern about the rapid emergence and spread of MDR bacteria among household
pets in recent years. Various genetic similarities have
been observed between MDR isolates from human infections and from household pets. This implicates a
zoonotic risk, which is further supported by recent
studies indicating contact with pets as a risk factor
for human infections with resistant bacteria, and by
several case reports suggesting household transmission of resistant strains between pets and their owners.

Aetiology, Prevalence and Transmission
During the last decade, various MDR bacteria such as
ESBL-producing E. coli, MRSA and MRSP have
spread among dogs and cats on a worldwide basis
(Guardabassi el al., 2004; Wieler et al., 2011; Ewers
t:f. al., 2012). Multidrug resistance has also appeared
in other bacterial pathogens encountered in small
human
animal
practice,
including
typical
nosocomial pathogens such as carbapenemaseproducing E.coli and MDR Klebsiella pneumoniae and
Acinetobacter baumannii (M iillcr cl al., 2014; Wood ford
et al., 2014). All of these MDR bacteria can be
hospital-acquired, and resistant to virtually all conventional antimicrobials licensed for animal use. Hospitalization and antimicrobial treatment, especially
with broad-spectrum drugs such as cephalosporins
and fluoroquinolones, are major risk factors associated with carriage and infection with MDR bacteria
in animals (Weese and van Duijkcren, 2010). The
prevalence of MDR bacteria in the pet population
varies considerably between countries. The reason
for this geographical variation is unclear, but it is
likely related to local variations in patterns of antimi-
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crobial use. Zoonotic transmission from infected or
colonized pets to people can occur by direct contact
or indirectly through environmental contamination
of households, veterinary clinics and public spaces.
It should be noted that human-to-pet transmission
may also occur. The risk that pets acquire MRSA
from people is particularly high, since the MRSA
types found in dogs and cats often correspond to widespread clones in the local human population (Vincze
e!I

al., 20M).

Impact on Human Health
Significant public health concerns exist because of the
possible risk ofanimal-to-human transmission ofresistant clones and/or resistance genes. Exposure to companion animals has been identified by two separate
studies as a risk factor for ESBL carriage in people
(l\fryer et al., 2012; Leistner et al., 2013). Other
evidence supporting a role for household pets in
human ESBL infections include the occurrence of
specific ESBL-producing E. coli clones {e.g. B2025b:H4-STI3l and CTX-M-15-ST648) and
ESBL types {e.g. CTX-M-15 and CTX-M-1) in
both people and pets (Ewers cl al., 2012). MRSA colonization (and perhaps infection) is a recognized occupational risk in veterinary staff and various studies
have identified the same MRSA strains in people
and pets sharing the same household ('Weese, 2010).
Although the most common MRSA clones infecting
or colonizing pets (e.g. ST22) occurred in people a
long time before their emergence in pets, and are
likely to originate from man, pets may serve as infection sources for MRSA infection or (re)colonization of
human patients (Locfficr and Lloyd, 2010). Considering that S. pseudintermedius has a canine origin and
is not a commensal in people, the relatively high
MRSP carriage rates (up to 8%) among owners ofinfectcd dogs and veterinary personnel provide indirect
evidence of zoonotic transmission (Ishihara et al.,
2010; Walther ct al., 2012). MRSP infections have
been reported in dog owners and their frequency
may be underestimated due to diagnostic problems
regarding identification of S. pseudintermedius, and
consequently
MRSP,
in
human
clinical
microbiology laboratories (Pottumarthy t'I al.,
2004). The occurrence ofMDR bacteria in household
pets has induced veterinary use of critically important
antimicrobials (CIAs) authorized for human use only
(e.g. carbapenems and glycopeptides) (Weese, 2006,
2008), which may further aggravate the problem.
In addition to the risks of zoonotic transmission,
untreatable MDR infections in household pets have
negative emotional and social effects on the owners
and their families (Bengtsson and Greko, 2014).
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Prevention

Considering that hospitalization and antimicrobial
treatment are the main risk factors for colonization
and infection with MDR bacteria, hospital infection
control and rational antimicrobial use arc essential
measures to prevent further spread of MDR bacteria
in household pets and, ultimately, to reduce the risk of
zoonotic transmission to people. Veterinarians play
an important role in educating the owners of patients
infected with MDR bacteria to follow best hygiene
practices for prevention of zoonotic transmission.
Both veterinarians and physicians should raise awareness about the risks of zoonotic infection, especially
among risk groups (i.e. young, old, pregnant and
immunocompromised people).
Specific Research/Policy Recommendations

Veterinary use of CIAs licensed for human use only
must be reduced to an absolute minimum and regulated by legislation. Use of broad-spectrum antimicrobials licensed for veterinary use (e.g.
cephalosporins and fluoroquinoloncs) should be
controlled by implementation of antimicrobial stewardship programmes at both the national and the
clinic level (Guardabassi and Prescott, 2015). Development of new narrow-spectrum, veterinary-specific

antimicrobial products, including anti-infective biological agents such as phage and bacteriocins, is urgently needed for treatment of MDR infections in
household pets.

Concluding Remarks
This paper summarizes the present knowledge of
selected bacterial zoonoses transmissible by household pets, highlighting important research and policy
actions needed to assess and reduce the zoonotic risks
derived from exposure to pets. It is clear that the zoonotic risks attributable to household pets are difficult
to quantify due to a multitude of knowledge gaps,
mainly because most knowledge of the zoonoses transmissible by household pets relies on case reports.
Large-scale case-control studies, including cases
and matched, healthy controls, are needed to identify
human-pet interactions that pose a risk for human
disease. Population attributable fractions should be
calculated to understand the relative contribution
by household pets to zoonoses that may also be acquired from other sources.
For most bacterial zoonoses, there is a lack of baseline data on pathogen prevalence and antimicrobial
susceptibility in the relevant pet population.
Adequate surveillance of pct-associated zoonoses in

Table3
Diagnostic challenges concerning the bacterial zoonoscs in this article

Pathogen
Antimicrobial-resistant
bacteria

Bartone/la spp.

Campylohacttr upsaliensis
Chlamydia psitlaci

Leptospira spp.

Staphylococcus
pseudinttrmtdius

Diagnostic challenges
Missing or insufficient veterinary-specific clinical breakpoints (bacterial species, animal host and infection-specific
·
breakpoints).
No global standards for antimicrobial susceptibility testing hampers surveillance and inter-laboratory comparison
of data.
Some carbapenemase-producing bacteria can be difficult to recognize by antibiograms.
Slow growth and special growth requirements.
Serology is suboptimal because of cross-reaction between species.
Healthcare personnel often unaware of disease and symptoms often non-specific.
Reliable PCR/antigen-based methods available mainly in specialized laboratories.
Failure to grow on conventional agar media used for Campylohacter isolation in diagnostic laboratories.
Some medical microbiologists unaware of the species.
Only culturable in cell cultures.
Serological tests suboptimal clinically because of: ( 1} the high background in endemic bird populations, (2) the
long persistence of antibodies in cured birds, (3) cross-reaction to other bacterial species, and (4) need for
convalescent sera to detect seroconversion.
Healthcare personnel often unaware of disease and symptoms often non-specific.
Current PCR/antigen-based methods need to be validated.
Shedding only for limited period during disease.
Very slow growth in conventional media (up to several months).
Serological tests are suboptimal clinically due to: (I) the long time that is often required to obtain convalescent
titres, (2) cross-reaction between different serotypcs, (3) poor immune response elicited by especially host-adapted
scrovars.
Symptoms often non-specific.
Reliable PCR/antigen-bascd test available mainly in specialized laboratories.
Can be misidentified as S. aureus by basic phenotypic tests. By MALOI-TOF the species is difficult to distinguish from
other S. intmnedius group (SIG) species.
Some medical microbiologists unaware of the species.
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large regions like Europe would require a centrally
coordinated network collecting data from individual
countries. Initially, mandatory reporting for selected
zoonotic agents that are already reportable in people
would be optimal to identify common geographical or
temporal trends in people and pets. In the absence of
such a network, data can be collected online by voluntary reporting from veterinary clinics and diagnostic
laboratories. The Small Animal Veterinary Surveillance Network (SAVSNET, http://www.savsnet.co.
uk) and the Worms and Germs Blog (http://www.
wormsandgermsblog.com) are examples of successful
online initiatives developed recently to collect and
share information on infectious diseases in companion
animals.
Proper diagnostic tests of high sensitivity and specificity provide an essential basis for any surveillan.ce
and research activities recommended in this paper.
Various pitfalls regarding the methods used for diagnosis of the pet-associated zoonoses were identified
and reviewed (Table 3). Research is needed to
develop new rapid and reliable diagnostic tests, as
well as to improve the performance of those currently
available. Certification of diagnostic laboratories and
definition of minimum quality standards are required
to ensure best practices in veterinary diagnostic laboratories, including in-house diagnostic facilities
located within veterinary clinics.
Finally, education is another key element for
reducing the zoonotic risks associated with household
pets. Certain zoonotic infections transmitted by
household pets, such as CSD, psittacosis and MRSP
infections, may be underdiagnosed by physicians.
This is partly due to insufficient diagnostic tools, but
also to the lack of awareness by primary healthcare
practitioners about zoonoses transmitted by companion animals and difficulties of communication between veterinary and medical practitioners. The
necessary space and attention should be given to companion animal zoonoses in medical and veterinary
university curricula as well as in continuing education, for example by organizing joint courses and seminars for veterinarians and doctors. Education about
the zoonotic risks associated with household pets
should be extended to animal caretakers and pet
owners, who often do not perceive pets as possible
sources of infections, indirectly increasing exposure
and infection risks.
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Introduction
This course [book] was developed by the Centers for Disease Control and Prevention (CDC) as a
self-study course. Continuing Education for this course is no longer available.

Objectives
Students who successfully complete this course should be able to correctly:
Describe key features and applications of descriptive and analytic epidemiology.
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Calculate and interpret ratios, proportions, incidence rates, mortality rates, prevalence, and years of
potential life lost.
Calculate and interpret mean, median, mode, ranges, variance, standard deviation, and confidence
interval.
Prepare and apply tables, graphs, and charts such as arithmetic-scale line, scatter diagram, pie chart,
and box plot.
Describe the processes, uses, and evaluation of public health surveillance.
Describe the steps of an outbreak investigation.

Course Design
This course covers basic epidemiology principles, concepts, and procedures useful in the
surveillance and investigation of health-related states or events. It is designed for federal, state, and
local government health professionals and private sector health professionals who are responsible
for disease surveillance or investigation. A basic understanding of the practices of public health and
biostatistics is recommended.

Course Materials
The course materials consist of six lessons. Each lesson presents instructional text interspersed with
relevant exercises that apply and test knowledge and skills gained.

Lesson One: Introduction to Epidemiology
Key features and applications of descriptive and analytic epidemiology
Lesson Overview
Section 1: Definition of Epidemiology
Section 2: Historical Evolution of Epidemiology
Section 3: Uses
Section 4: Core Epidemiologic Functions
Section 5: The Epidemiologic Approach
Section 6: Descriptive Epidemiology
Section 7: Analytic Epidemiology
Section 8: Concepts of Disease Occurrence
Section 9: Natural History and Spectrum of Disease.
Section 10: Chain of Infection

n . ·. ~
~

~~

Section 11: Epidemic Disease Occurrence
Summary. References. and Websites
Exercise Answers
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Self-Assessment Quiz
Answers to Self-Assessment Quiz

Lesson Two: Summarizing Data

Calculation and interpretation ofmean, median, mode, ranges, variance, standard deviation, and
confidence interval
Lesson Overview
Section 1: Organizing Data
Section 2: Types of Variables
Section 3: Frequency Distributions
Section 4: Properties of Frequency Distributions
Section 5: Methods for Summarizing Data
Section 6: Measures of Central Location
Section 7: Measures of Spread
Section 8: Choosing the Right Measure of Central Location and Spread
Summary and References
Exercise Answers
Self-Assessment Quiz
Answers to Self-Assessment Quiz

Lesson Three: Measures of Risk

Calculation and interpretation ofratios, proportions, incidence rates, mortality rates, prevalence,
and years ofpotential life lost
Lesson Overview
Section 1: Frequency Measures
Section 2: Morbidity Frequency Measures
Section 3: Mortality Frequency Measures
Section 4: Natality (Birth) Measures
Section 5: Measures of Association
Section 6: Measures of Public Health Impact
Summary and References
Exercise Answers
Self-Assessment Quiz
Answers to Self-Assessment Quiz

Lesson Four: Displaying Public Health Data
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Preparation and application of tables, graphs, and charts such as arithmetic-scale line, histograms,
pie chart, and box plot
Lesson Overview
Section 1: Introduction to Tables and Graphs
Section 2: Tables
Section 3: Graphs
Section 4: Other Data Displays
Section 5: Using Computer Technology
Summary and References
Exercise Answers
Self-Assessment Quiz
Answers to Self-Assessment Quiz

Lesson Five: Public Health Surveillance

Processes, uses, and evaluation ofpublic health surveillance in the United States
Lesson Overview
Section 1: Introduction
Section 2: Purpose and Characteristics of Public Health Surveillance
Section 3: Identifying Health Problems for Surveillance
Section 4: Identifying or Collecting Data for Surveillance
Section 5: Analyzing and Interpreting Data
Section 6: Disseminating Data and Interpretations
Section 7: Evaluating and Improving Surveillance
Summary
Appendix A. CDC Fact Sheet on Chlamydia
Appendix B. Examples of Surveillance
Appendix C. Examples of Surveillance
Appendix D. Major Health Data Systems in the United States
Appendix E. Limitations of Notifiable Disease Surveillance and Recommendations for Improvement
Exercise Answers
Self-Assessment Quiz
Answers to Self-Assessment Quiz

Lesson Six: Investigating an Outbreak

Steps ofan outbreak investigation
Lesson Overview
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Section 1: Introduction to ln,vestigating an Outbreak
Section 2: Steps of an Outbreak Investigation
Summary and References
Exercise Answers
Self-Assessment Quiz
Answers to Self-Assessment Quiz

Glossary
A Glossary that defines the major terms used in the course is also provided at the end of Lesson Six

Supplementary Materials
In addition to the course materials, students may want to use the following:
A calculator with square root and logarithmic functions for some of the exercises.
A copy of Heymann, DL, ed. Control of Communicable Diseases Manual, 18th edition, 2004, for
reference. Available from the American Public Health Association {202) 777-2742.

General Instructions·
Self-study courses are "self-paced." We recommend that a lesson be completed within two weeks.
To get the most out of this course, establish a regular time and method of study. Research has
shown that these factors greatly influence learning ability.
Each lesson in the course consists of reading, exercises, and a self-assessment quiz.

Reading Assignments
Complete the assigned reading before attempting to answer the self-assessment questions. Read
thoroughly and re-read for understanding as necessary. A casual reading may result in missing
useful information which supports main themes. Assignments are designed to cover one or two
major subject areas. However, as you progress, it is often necessary to combine previous learning to
accomplish new skills. A review of previous lessons may be necessary. Frequent visits to the
Glossary may also be useful.

Exercises
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Centers for Disease
Control and Prevention

. CDC 24/7: Saving Lives, Protecting People™

Lesson 1: Introduction to Epidemiology
Section 10: Chain of Infection
As described above, the traditional epidemiologic triad model holds that
infectious diseases result from the interaction of agent, host, and
environment. More specifically, transmission occurs when the agent leaves
its reservoir or host through a portal of exit, is conveyed by some mode of
transmission, and enters through an appropriate portal of entry to infect a
susceptible host. This sequence is sometimes called the chain of infection.

Reservoir
Figure 1.19 Chain of Infection
The reservoir of
an infectious
agent is the
habitat in which
the agent
normally lives,
grows, and
multiplies.
Reservoirs
include humans,
animals, and the
Image Description
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{http://www.cdc.gov/OPHSS/CSELS/DSEPD/SS1978/Lessomlh~1.7Kik0.htrr
Source: Centers for Disease Control and Prevention. Principles of epidemiology, 2nd ed

may or may not

Atlanta: U.S. Department ofHealth and Human Services;t 992

be the source
from which an

agent is transferred to a host. For example, the reservoir of Clostridium

botu!inum is soil, but the source of most botulism infections is improperly
canned food containing C. botulinum spores.

Human reservoirs.

Many common infectious diseases have human

reservoirs. Diseases that are transmitted from person to person without
intermediaries include the sexually transmitted diseases, measles, mumps,
streptococcal infection, and many respiratory pathogens. Because humans
were the only reservoir for the smallpox virus, naturally occurring smallpox
was eradicated after the last human case was identified and isolated.8
Human reservoirs may or may not show the effects of illness. As noted
earlier, a carrier is a person with inapparent infection who is capable of
transmitting the pathogen to others. Asymptomatic or passive or healthy
carriers are those who never experience symptoms despite being infected.
lncubatory carriers are those who can transmit the agent during the
incubation period before clinical illness begins. Convalescent carriers are
those who have recovered from their illness but remain capable of
transmitting to others. Chronic carriers are those who continue to harbor a
pathogen such as hepatitis 8 virus or Salmonella Typhi, the causative agent of
typhoid fever, for months or even years after their initial infection. One
notorious carrier is Mary Mallon, or Typhoid Mary, who was an asymptomatic
chronic carrier of Salmonella Typhi. As a cook in New York City and New
Jersey in the early 1900s, she unintentionally infected dozens of people until
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she was placed in isolation on an island in the East River, where she died 23
years later.(45
(http://www.cdc.govJO PHSS/CSE LS/DSE PD /SS 1978/Lesson 1/Section 1 O.htrr
Carriers commonly transmit disease because they do not realize they are
infected, and consequently take no special precautions to prevent
transmission. Symptomatic persons who are aware of their illness, on the
other hand, may be less likely to transmit infection because they are either
too sick to be out and about, take precautions to reduce transmission, or
receive treatment that limits the disease.

Animal reservoirs. Humans are also subject to diseases that have animal
reservoirs. Many of these diseases are transmitted from animal to animal,
with humans as incidental hosts. The term zoonosis refers to an infectious
disease that is transmissible under natural conditions from vertebrate
animals to humans. Long recognized zoonotic diseases include brucellosis
(cows and pigs), anthrax (sheep), plague (rodents), trichinellosis/trichinosis
(swine), tularemia (rabbits), and rabies (bats, raccoons, dogs, and other
mammals). Zoonoses newly emergent in North America include West Nile
encephalitis (birds), and monkeypox (prairie dogs). Many newly recognized
infectious diseases in humans, including HIV/AIDS, Ebola infection and SARS,
are thought to have emerged from animal hosts, although those hosts have
not yet been identified.

Environmental reservoirs. Plants, soil, and water in the environment are also
reservoirs for some infectious agents. Many fungal agents, such as those that
cause histoplasmosis, live and multiply in the soil. Outbreaks of Legionnaires
disease are often traced to water supplies in cooling towers and evaporative
condensers, reservoirs for the causative organism Legione//a pneumophila.
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Portal of exit
Portal of exit is the path by which a pathogen leaves its host. The portal of exit
usually corresponds to the site where the pathogen is localized. For example,

Mycobacterium tuberculosis exit the respiratory tract,
schistosomes through urine, cholera vibrios in feces, Sarcoptes scabiei in
influenza viruses and

scabies skin lesions, and enterovirus 70, a cause of hemorrhagic
conjunctivitis, in conjunctival secretions. Some blood borne agents can exit by
crossing the placenta from mother to fetus (rubella, syphilis, toxoplasmosis),
while others exit through cuts or needles in the skin (hepatitis B) or bloodsucking arthropods (malaria).

Modes of transmission
An infectious agent may be transmitted from its natural reservoir to a
susceptible host in different ways. There are different classifications for
modes of transmission. Here is o·ne classification:
• Direct
0

Direct contact

0

Droplet spread

• Indirect
0

Airborne

0

Vehicleborne

0

Vectorborne (mechanical or biologic}

In direct transmission, an infectious agent is transferred from a reservoir to a
susceptible host by direct contact or droplet spread.
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Direct contact occurs through skin-to-skin contact, kissing, and sexual
intercourse. Direct contact also refers to contact with soil or vegetation
harboring infectious organisms. Thus, infectious mononucleosis ("kissing
disease") and·gonorrhea are spread from person to person by direct contact.
Hookworm is spread by direct contact with contaminated soil.

Droplet spread refers to spray with relatively large, short-range aerosols
produced by sneezing, coughing, or even talking. Droplet spread is classified
as direct because transmission is by direct spray over a few feet, before the
droplets fall to the ground. Pertussis and meningococcal infection are
examples of diseases transmitted from an infectious patient to a susceptible
host by droplet spread.

Indirect transmission refers to the transfer of an infectious agent from a
reservoir to a host by suspended air particles, inanimate objects (vehicles), or
animate intermediaries (vectors).

Airborne transmission occurs when infectious agents are carried by
dust or droplet nuclei suspended in air. Airborne dust includes material
that has settled on surfaces and become resuspended by air currents as
well as infectious particles blown from the soil by the wind. Droplet
nuclei are dried residue of less than 5 microns in size. In contrast to
droplets that fall to the ground within a few feet, droplet nuclei may
remain suspended in the air for long periods of time and may be blown
over great distances. Measles, for example, has occurred in children
who came into a physician's office after a child with measles had left,
because the measles virus remained suspended in the air.( 46
{http://www.cdc.gov/0 PHSS/CS ELS/DS EPDISS 1978/Lesson 1/Secti on 1
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Vehicles that may indirectly transmit an infectious agent include food,
water, biologic products (blood), and fomites {inanimate objects such as
handkerchiefs, bedding, or surgical scalpels). A vehicle may passively
carry a pathogen - as food or water may carry hepatitis A virus.
Alternatively, the vehicle may provide an environment in which the
agent grows, multiplies, or produces toxin - as improperly canned
foods provide an environment that supports production of botulinum
toxin by Clostridium botulinum.
Vectors such as mosquitoes, fleas, and ticks may carry an infectious
agent through purely mechanical means or may support growth or
changes in the agent. Examples of mechanical transmission are flies
carrying Shigella on their appendages and fleas carrying Yersinia pestis,
the causative agent of plague, in their gut. In contrast, in biologic
transmission, the causative agent of malaria or guinea worm disease
undergoes maturation in an intermediate host before it can be
transmitted to humans (Figure 1.20).

Portal of entry
The portal of entry refers to the manner in which a pathogen enters a
susceptible host. The portal of entry must provide access to tissues in which
the pathogen can multiply or a toxin can act. Often, infectious agents use the
same portal to enter a new host that they used to exit the source host. For
example, influenza virus exits the respiratory tract of the source host and
enters the respiratory tract of the new host. In contrast, many pathogens that
cause gastroenteritis follow a so-called "fecal-oral" route because they exit
the source host in feces, are carried on inadequately washed hands to a
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vehicle such as food, water, or utensil, and enter a new host through the
mouth. Other portals of entry include the skin (hookworm), mucous
membranes (syphilis), and blood (hepatitis B, human immunodeficiency virus).

Host
Figure 1.20 Complex Life Cycle of Dracunculus medinensis
(Guinea worm)

The final link
in the chain
of infection
is a
susceptible
host.
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Image Description
(http://www.cdc.gov/OPHSS/CSELS/DSEPD/SS1978/Lesson1/Section10.htrr
Source: Centers for Disease Control and Prevention. Principles of epidemiology, 2nd ed Atlanta:

U.S. Department of Health and Human Services; 1992
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Susceptibility of a host depends on genetic or constitutional factors, specific
immunity, and nonspecific factors that affect an individual's ability to resist
infection or to limit pathogenicity. An individual's genetic makeup may either
increase or decrease susceptibility. For example, persons with sickle cell trait
seem to be at least partially protected from a particular type of malaria.
Specific immunity refers to protective antibodies that are directed against a
specific agent. Such antibodies may develop in response to infection, vaccine,
or toxoid (toxin that has been deactivated but retains its capacity to stimulate
production of toxin antibodies) or may be acquired by transplacentaltransfer
from mother to fetus or by injection of antitoxin or immune globulin.
Nonspecific factors that defend against infection include the skin, mucous
membranes, gastric acidity, cilia in the respiratory tract, the cough reflex, and
nonspecific immune response. Factors that may increase susceptibility to
infection by disrupting host defenses include malnutrition, alcoholism, and
disease or therapy that impairs the nonspecific immune response.

Implications for public health
Knowledge of the portals of exit and entry and modes of transmission
provides a basis for determining appropriate control measures. In general,
control measures are usually directed against the segment in the infection
chain that is most susceptible to intervention, unless practical issues dictate
otherwise.
Interventions are directed at:
• Controlling or eliminating agent at source of transmission
• Protecting portals of entry
• Increasing host's defenses
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For some diseases, the most appropriate intervention may be directed at
controlling or eliminating the agent at its source. A patient sick with a
communicable disease may be treated with antibiotics to eliminate the
infection. An asymptomatic but infected person may be treated both to clear
the infection and to reduce the risk of transmission to others. In the
community, soil may be decontaminated or covered to prevent escape of the
agent.
Some interventions are directed at the mode of transmission. Interruption of
direct transmission may be accomplished by isolation of someone with
infection, or counseling persons to avoid the specific type of contact
associated with transmission. Vehicleborne transmission may be interrupted
by elimination or decontamination of the vehicle. To prevent fecal-oral
transmission, efforts often focus on rearranging the environment to reduce
the risk of contamination in the future and on changing behaviors, such as
promoting handwashing. For airborne diseases, strategies may be directed at
modifying ventilation or air pressure, and filtering or treating the air. To
interrupt vectorborne transmission, measures may be directed toward
controlling the vector population, such as spraying to reduce the mosquito
population.
Some strategies that protect portals of entry are simple and effective. For
example, bed nets are used to protect sleeping persons from being bitten by
mosquitoes that may transmit malaria. A dentist's mask and gloves are
intended to protect the dentist from a patient's blood, secretions, and
droplets, as well to protect the patient from the dentist. Wearing of long
pants and sleeves and use of insect repellent are recommended to reduce the
risk of Lyme disease and West Nile virus infection, which are transmitted by
the bite of ticks and mosquitoes, respectively.

httn~ · //www

r.clr.. o-ov/onhss/csels/dsend/ss 1978/lessonl/sectionl O.html

3/8/2018

Principles of Epidemiology I Lesson 1 - Section 10

Page 11of18

Some interventions aim to increase a host's defenses. Vaccinations promote
development of specific antibodies that protect against infection. On the
other hand, prophylactic use of antimalarial drugs, recommended for visitors
to malaria-endemic areas, does not prevent exposure through mosquito bites,
but does prevent infection from taking root.
Finally, some interventions attempt to prevent a pathogen from encountering
a susceptible host. The concept of herd immunity suggests that if a high
enough proportion of individuals in a population are resistant to an agent,
then those few who are susceptible will be protected by the resistant
majority, since the pathogen will be unlikely to "find" those few susceptible
individuals. The degree of herd immunity necessary to prevent or interrupt an
outbreak varies by disease. In theory, herd immunity means that not
everyone in a community needs to be resistant (immune) to prevent disease
spread and occurrence of an outbreak. In practice, herd immunity has not
prevented outbreaks of measles and rubella in populations with
immunization levels as high as 85% to 90%. One problem is that, in highly
immunized populations, the relatively few susceptible persons are often
clustered in subgroups defined by socioeconomic or cultural factors. If the
pathogen is introduced into one of these subgroups, an outbreak may occur.

l~J Exercise 1. 9
Information about dengue fever is provided on the following pages. After
studying this information, outline the chain of infection by identifying the
reservoir(s), portal(s) of exit, mode(s) of transmission, portal(s) of entry,
and factors in host susceptibility.
Reservoirs:
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Portals of exit:
Modes of transmission:
Portals of entry:
Factors in host susceptibility:

Check your answer.

Dengue Fact Sheet
What is dengue?
Dengue is an acute infectious disease that comes in two forms: dengue
and dengue hemorrhagic fever. The principal symptoms of dengue are
high fever, severe headache, backache, joint pains, nausea and
vomiting, eye pain, and rash. Generally, younger children have a milder
illness than older children and adults.
Dengue hemorrhagic fever is a more severe form of dengue. It is
characterized by a fever that lasts from 2 to 7 days, with general signs
and symptoms that could occur with many other illnesses {e.g., nausea,
vomiting, abdominal pain, and headache). This stage is followed by
hemorrhagic manifestations, tendency to bruise easily or other types
of skin hemorrhages, bleeding nose or gums, and possibly internal
bleeding. The smallest blood vessels {capillaries) become excessively
permeable {"leaky"), allowing the fluid component to escape from the
blood vessels. This may lead to failure of the circulatory system and
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shock, followed by death, if circulatory failure is not corrected.
Although the average case-fatality rate is about 5%, with good medical
management, mortality can be less than 1%.

Vt/hat causes dengue?
Dengue and dengue hemorrhagic fever are caused by any one of four
closely related flaviviruses, designated DEN-1, DEN-2, DEN-3, or
DEN-4.

How is dengue diagnosed?
Diagnosis of dengue infection requires laboratory confirmation, either
by isolating the virus from serum within 5 days after onset of
symptoms, or by detecting convalescent-phase specific antibodies
obtained at least 6 days after onset of symptoms.

Vt/hat is the treatment for dengue or dengue hemorrhagic fever?
There is no specific medication for treatment of a dengue infection.
Persons who think they have dengue should use analgesics (pain
relievers) with acetaminophen and avoid those containing aspirin.
They should also rest, drink plenty of fluids, and consult a physician.
Persons with dengue hemorrhagic fever can be effectively treated by
fluid replacement therapy if an early clinical diagnosis is made, but
hospitalization is often required.

How common is dengue and where is it found?
Dengue is endemic in many tropical countries in Asia and Latin
America, most countries in Africa, and much of the Caribbean,
including Puerto Rico. Cases have occurred sporadically in Texas.
Epidemics occur periodically. Globally, an estimated 50 to 100 million
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cases of dengue and several hundred thousand cases of dengue
hemorrhagic fever occur each year, depending on epidemic activity.
Between 100 and 200 suspected cases are introduced into the United
States each year by travelers.

How is dengue transmitted?
Dengue is transmitted to people by the bite of an Aedes mosquito that
is infected with a dengue virus. The mosquito becomes infected with
dengue virus when it bites a person who has dengue or DHF and after
about a week can transmit the virus while biting a healthy person.
Monkeys may serve as a reservoir in some parts of Asia and Africa.
Dengue cannot be spread directly from person to person.

Who has an increased risk ofbeing exposed to dengue?
Susceptibility to dengue is universal. Residents of or visitors to tropical
urban areas and other areas where dengue is endemic are at highest
risk of becoming infected. While a person who survives a bout of
dengue caused by one serotype develops lifelong immunity to that
serotype, there is no cross-protection against the three other
serotypes.

What can be done to reduce the risk ofacquiring dengue?
Ther·e is no vaccine for preventing dengue. The best preventive
measure for residents living in areas infested with Aedes aegypti is to
eliminate the places where the mosquito lays her eggs, primarily
artificial containers that hold water.
Items that collect rainwater or are used to store water {for example,
plastic containers, SS-gallon drums, buckets, or used automobile tires)
should be covered or properly discarded. Pet and animal watering
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containers and vases with fresh flowers should be emptied and
scoured at least once a week. This will eliminate the mosquito eggs and
larvae and reduce the number of mosquitoes present in these areas.
For travelers to areas with dengue, as well as people living in areas
with dengue, the risk of being bitten by mosquitoes indoors is reduced
by utilization of air conditioning or windows and doors that are
screened. Proper application of mosquito repellents containing 20% to
30% DEET as the active ingredient on exposed skin and clothing
decreases the risk of being bitten by mosquitoes. The risk of dengue
infection for international travelers appears to be small, unless an
epidemic is in progress.

Can epidemics of dengue hemorrhagic fever be prevented?
The emphasis for dengue prevention is on sustainable, communitybased, integrated mosquito control, with limited reliance on
insecticides (chemical larvicides and adulticides). Preventing epidemic
disease requires a coordinated community effort to increase
awareness about dengue/DHF, how to recognize it, and how to control
the mosquito that transmits it. Residents are responsible for keeping
their yards and patios free of sites where mosquitoes can be produced.
Source: Centers for Disease Control and Prevention [Internet] Dengue Fever. [updated 2005 Aug 22]. Available
from http://www.cdc.gov!ncidodldvbid/dengue/indexhtm.
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Next Page: Epidemic Disease Occurrence
Lesson 1 Overview

Image Description
Figure 1.19
Description: The chain of infection has 3 main parts. A reservoir such as
a human and an agent such as an amoeba. The mode of transmission can
include direct contact, droplets, a vector such as a mosquito, a vehicle
such as food, or the airborne route. The susceptible host has multiple
portals of entry such as the mouth or a syringe. Return to text.
(http://www.cdc.gov/0 PHSS/CSE LS/DS EPD /SS 1978/Lesson 1/Secti on 10.h

Figure 1.20
Description: The agent Dracunculus medinensis, develops in the
intermediate host (fresh water copepod). Man acquires the infection by
ingesting infected copepods in drinking water.
An infected individual enters the water. When a blister (caused by adult
female worm) comes into contact with water, it rapidly becomes an ulcer
through which the adult female worm releases first-stage larvae. The
larvae are ingested by copepods.
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Within 10 to 14 days larvae ingested by the copepods develop into
infective third stage larvae. The susceptible individual consumes water
containing infected copepods. Infected individuals are symptom free for
10to14 months then ingested third-stage larvae mature into adult
worms.
The adult female worm provokes the formation of a painful blister in the
skin of the infected individual. The infected individual approaches water
source containing non infected copepods ("water fleas" or "Cyclops").
Then the cycle starts over. Return to text.
(http://www.cdc.gov/OPHSS/CSELS/DSEPD/SS1978/Lesson1/Section10.h
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growth and prevents admini~tration topical
drugs. Patients with UTis without systemic
signs or symptoms can often be treated with
levoftoxacin500mgpoonce/dayorciproftoxacin 400 mg po bid.
Systemic infection: Parenteral therapy
is required, generally with an aminoglycoside pl.us an antipseudomonal ~-lactam, antipseudomonal cephalosporin (eg, cefepime,
cefoperazone ), or meropenem.
Right-sided endocarditis can be treated with
antibiotics, but usually the infected valve
must be removed to cure an infection involving the mitral, aortic, or prosthetic valve.
In neutropenic patients with marginal renal fonction, nonaminoglycoside combinations, such as double P-lactams or a ~-lactam
plus a fiuoroquinolone, ~e also satisfactory.
P. aeruginosaresistancemayoccuramong
patients treated with ceftazidirne, ciprofloxacin, gentamicin, or imipenem.

SALMONELLA INFECTIONS
The 2200 known serotypes of Salmonella
may be grouped into:
Those highly adapted to human hosts,
including S. typlzi and S. paratyphi types A,
B (S.' schottmiilleri), and C (S. hirschfeldii),
which are pathogenic only in humans and
commonly cause enteric (typhoid) fever
Those adapted to nonhuman hosts or
causing disease almost exclusively in animals, although 2 strains within this group,
S. dublin and S. choleraesuis, also cause
disease in humans
Those unadapted to specific hosts. This
group, designated S. enteritidis, includes
> 2000 serotypes that cause gastroenteritis
and accounts for 85% of aJI Salmonella
infections in the US.
TYPHOID FEVER
Typhoid fever is a systemic disease caused
by Salt:nonella typhi. Symptoms are high
fever, prostration, abdominal pain, and a
rose-colored rash. Diagnosis is clinical and
confirmed by culture. Treatment is with
ceftriaxone or ciprofloxacin.

Etiology and Pathophysiology
About 400 to 500 cases of typhoid fever m·e
reported annually in the US. Typhoid bacilli

are shl;d in stool of asymptomatic carriers or
in the stool or urine o those with active disease. Inadequate hygiene after defecation may
spread S. typhi to community food or water
supplies. In endemic areas where sanitary
measmes are generally inadequate, S. typhi is
transmitted more freque11tly by water than by
food. In developed countries, transmission is
chiefly by food that has been contaminated
during preparation by healthy can-iers. Flies
may spread the organism from feces to food.
Occasional transmission by direct contact
(fecal-oral route) mayoccurinchildrenduring
play and in adults during sexual practices.
Rarely, hospital personnel who have not taken
adequate enteric precautions have acq~1ired
the disease when changing soiled bedclothes.
The organism enters the body via the GI
tract and gains access to the bloodstream via
the lymphatic channels. Ulceration, hemorrhage, and intestinal p(!rforation may occur in
severe cases.
About 3% of untreated patients, refe1rnd to
as chronic enteric caniers, harbor organisms
in their gallbladder and shed them in stool for
> 1 yr. Some carriers have no histrny of clinical
illness. Most of the estimated 2000 carriers in
the US are elderly women with chronic biliary
disease. Obstructive uropathy related to schistosomiasis may predispose certain typhoid
patients to developing a urinary carrier state.
Epidemiologic data indicate that typhoid carriers are more likely than the general population to acquire hepatobiliary cancer.

Symptoms and Signs
The incubation period(usually 8to14days)
is inversely related to the number of organisms
ingested. Onset is usually gradual, with fever,
headache, arthralgia, pharyngitis, constipation, anorexia, and abdominal pain and tenderness. Less common symptoms include dysuria, nonproductive cough, and epistaxis.
Untreated, the temperature rises in steps
over 2 to 3 days, remains elevated (usually
39.4 to 40° C) for another 10 to 14 days, begins to fall gradually at the end of the 3rd wk,
and reaches normal levels during the 4th wk.
Prolonged fever is often accompanied by relative bradycardia and prostration. CNS symptoms such as delirium, stupor, or coma occur
in severe cases. In about l0% of patients, discrete pink, blanching lesions (rose spots) appear in crops on the chest and abdomen during
the 2nd wk and resolve in 2 to 5 days. Splenomegaly, leukopenia, anemia, liver function abnormalities, proteinuria, and a mild
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consumption coagulopathy are common.
Acute cholecystitis and hepatitis may occur.
Late in the disease, when intestinal lesions
are most prominent, florid diarrhea may occur,
and the stool may contain blood (20% occult,
10% gross). In about 2% of patients, severe
bleedingoccursduringthe3rdwk, withamortality rate of about 25%. An acute abdomen
and leukocytosis during the 3rd wk may suggest intestinal perforation, usually involving
the distal ileum, which occurs in 1to 2% of patients. Pneumonia may develop during the 2nd
or 3rd wk and is usually due to secondary pneumococcal infection, although S. t)'lJhi can also
cause pulmonary infiltrates. Bacteremia occasionally leads to focal infections such as osteomyelitis, endocarditis, meningitis, soft-tissue
abscesses, glomerulitis, or GU tract involvement. Atypical presentations such as pneu" monitis, fever only, or symptoms consistent
with UTI may delay diagnosis. Convalescence
may last several months.
In 8 to 10% of untreated patients, symptoms and signs similar to the initial clinical
syndrome recur about 2 wk after defervescence. Forunclearreasons, antibiotic therapy
during the initial illness increases the incidence of febrile relapse to 15 to 20%. If antibiotics are restarted at the time of relapse, the
fever abates rapidly, unlike the slow defervescence that occurs during the primary illness. Occasionally, a 2nd relapse occurs.
Diagnosis
Other infections causing similar presentation include other Salmonella infections, the
major rickettsioses, leptospirosis, disseminated TB, malaria, brucellosis, tularentla, infectious hepatitis, psittacosis, Yersinia enterocolitica infection, and lymphoma. Early
in its clinical course, typhoid fever may resemble influenza, viral URI, or UTI.
Cultures of blood, stool, and urine should
be obtained. Blood cultures are usually positive only during the first 2 wk of illness, but
stool cultures are usually positive during the
3rd to 5th wk. If these cultures are negative
and typhoid fever is strongly suspected, culture from a bone maffow biopsy specimen
may reveal the organism.
Typhoid bacilli contain antigens (0 and H)
that stimulate the host to form corresponding
antibodies. A 4-fold rise in 0 and H antibody
titers in paired specimens obtained 2 wk apart
suggests S. typhi infection. However, this test
is only moderately (70%) sensitive and lacks
specificity; many nontyphoidal Salmonella
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strains cross-react, and liver cirrhosis causes
false positives.
Prognosis and Treatment
Without antibiotics, the mortality rate is
about 12%. With prompt therapy, the mortality rate is< 1%. Most deaths occur in malnourished people, infants, and the elderly. Stupor,
coma, or shock reflects severe disease and a
poor prognosis. Complications occur mainly
in patients who are untreated or in whom treatment is delayed.
Prefe1Ted antibiotics include ceftriaxone
1 g/kg IM or IV bid (25 to 37 .5 mg/kg in children) for 7 to 10 days and various fluoroquinolones (eg, ciprofloxacin 500 mg po bid for
10 to 14 days, levofloxacin 500 mg po or IV
once/day for 14 days, gatifloxacin 400 mg
po or IV once/day for 14 days, moxifioxacin
400 mg po or IV once/day for 14 days).
Chloramphenicol 500 mg po or IV q 6 his still
widely used, but resistance is increasing.
Fluoroquinolones may be used in children.
Alternative therapies, depending on in vitro
sensitivity, include amoxicillin 25 mg/kg po
qid, trimethoprim-sulfamethoxazo]e (TMPSMX) 320/1600 bid or 10 mg/kg bid (of the
TMP component), and azithromycin 1 g po
on day one, then 500 mg once/day for 6 days.
Corticosteroids may be added to antibiotics to treat severe to xi city. Defervescence and
clinical improvement usua1ly follow. Prednisone20to40mgonce/daypo(orequivalent)
for the first 3 days of treatment usually suffices. Higher doses of corticosteroids (dexamethasone 3 mg/kg IV initially, followed by
1 mg/kg q 6 h for 48 h total) are used in patients
with marked delirium, coma, or shock.
Nutrition should be maintained with frequent feedings. Patients are generally kept on
bed rest while febrile. Sal icy lates, which may
cause hypothermia and hypotension, as well
as laxatives and enemas, should be avoided.
Dicmhea may be minimized with a clear liquid diet; parenteral nutrition may be needed
temporarily. Fluid and electrolyte therapy
and blood replacement may be needed.
Intestinal perforation and associated peritonitis call for surgical intervention and
broader gram-negative and anti-Bacteroides
fragilis coverage.
Relapses are treated the same as the initial
illness, although duration of antibiotic therapy seldom needs to be > 5 days.
Patients must be reported to the local
health department and prohibited from handling food until proven free of the organism.
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Typhoid bacilli m::iy be isol::ited for as long as
3 to 6 mo after the acute illness in people who
do not become caITiers. Thereafter, 3 stool
cultures at weekly intervals must be negative
to exclude a carrier state.
Carriers with normal biliary tracts should be
given antibiotics. The cure rate is about 60%
with amoxicillin 2 g po tid for 4 wk. In some
caiTiers with galJbladder disease, eradication
has been achieved with TMP-SMX and
rifampin. In other cases, cholecystectomy with
1 to 2 days of preoperative and 2 to 3 days of
postoperative antibiotics is effective.

...

Prevention
Drinking water should be pmified, sewage
should be disposed ofeffectively, milk should
be pasteurized, chronic caiTiers should avoid
handling food, and adequate patient isolation
precautions should be implemented. Special
attention to enteric precautions is important.
Travelers in endemic areas should avoid
ingesting raw leafy vegetables, other foods
storedorservedatroom temperature, and untreated water. Unless water is known to be
safe, it should be boiled or chlorinated before
drinking.
A live attenuated oral typhoid vaccine is
available (Ty2 la strain) and is about 70% effective. It is administered every other day for
a total of 4 doses. Because the vaccine conta.ins living S. typhi organisms, it is contraindicated in patients who are immunosuppressed. In the US, the Ty21a vaccine is not
used in children< 6 yr. An alternative is the
single-dose, IM Vi polysaccharide vaccine,
which is 64 to 72% effective and is well to!erated.
NONTYPHOIDAL SALMONELLA
INFECTIONS
Nontyphoidal salmonellae, mainly Salmonella enteritidis, primarily produce gastroenteritis, bacteremia, and focal infection.
Symptoms may be diarrhea, high fever with
prostration, or those of focal infection.
Diagnosis is by cultures of blood, stool, or
site specimens. Treatment, when indicated,
is with trimethoprim-sulfamethoxazole or
ciprofloxacin, with surgery for abscesses,
vascular lesions, and bone and joint infections.
Most nontyphoidal Salmonella infections
are caused by S. enteritidis. These infections
are common and remain a significant public

health problem in the US. Many serotypes of
S. enteritidis have been given names and are
referred to in formally as if they were separate
species even though they are not. The most
common Sabnonella serotypes in the US inelude S. typhim11riu111, S. heidelberg, S. newport, S. in/antis, S. agona, montevideo, and
S. sain.t-paul.
Human disease occurs by direct and indirect contact with numerous species: of infected animals, the foodstuffs derived from
them, and their excreta. Infected meat, poultry, raw milk, eggs, and egg products-are common sources of Salmonella. Other reported
sources include infected pet turtles and
reptiles, carmine red dye, and contaminated
marijuana.
Subtotal gastrectomy, achlorhydria (or
ingestion of antacids), sickle cell anemia,
splenectomy, louse-borne relapsing fever,
malaria, bartonellosis, ci.IThosis, leukemia,
lymphoma, and HIV infection areallriskfactors for Salmonella infection.
Each Salmonella serotype can produce
any orall of the clinical syndromes described
below, although given serotypes tend to produce specific syndromes. Enteric fever, for
instance, is caused by S. paratyphitypesA, B,
and C.
An asymptomatic caITier state may also occur. However, can·iers do not appear to play
a major role in large outbreaks of nontyphoidal gastroenteritis. Persistent shedding
of organisms in the stool for~ I yr occms in
only 0.2 to 0.6% of patients with nontyphoidal Salmonella infections.

s.

Symptoms and Signs ;
Salmonella infection may present as gastroenteritis, enteric fever, a bacteremic syndrome, or focal disease.
Gastroenteritis usually starts 12 to48 h after ingestion of organisms, with nausea and
cramping abdominal pain followed by diarrhea, fever, and sometimes vomiting. Usually
the stool is watery but may be a pastelike
semisolid. Rarely, mucus or blood is present.
The disease is usually mild, lasting 1 to 4
days. Occasionally, a more severe, protracted
illness occurs.
Enteric fever in a less severe form than typhoid is characterized by fever, prostration,
and septicemia.
Bacteremia is relatively uncommon in patients with gastroenteritis. However, S. choleraesuis, S. typhimuriwn, and S. heidelberg,
among others, can cause a sustained and fre-
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qucntly lethal bactcremic syndrome lasling
1 wk, with prolonged fever, headache, malaise, and chills but rarely diarrhea. Patients
may haverecurrentepisodes ofbacteremiaor
other invasive infections (eg, septic arthritis)
due to Salmonella. Multiple Salmonella infections in a patient without other risk factors
should prompt HIV testing.
Focal Salmonella infection can occur ·with
or without sustained bacteremia, producing
pain in orreferred from the involved organthe GI tract (liver, gallbladder, and appendix),
endothelial surfaces (atherosclerotic plaques,
ileofemoral or aortic aneurysms, heart valves),
pericardium, meninges, lungs, joints, bones,
GU tract, or soft tissues. Preexisting solid tumors will occasionally be seeded and develop
abscesses that may, in turn, become a source
of Salmonella bacteremia. S. choleraesuis
and S. typhimurium are the most common
causes of focal infection.
~

Diagnosis, Treatment~ and
Prevention
Diagnosis is by isolating the organism
from stool or another infected site. In bacteremicandfocalforms, blood cultures are positive, but stool cultures are generally negative.
In stool specimens stained with methylene
blue, WBCs are often seen, indicating inflammatory colitis.
Gastroenteritis is treated symptomatically
with oral or IV fluids (seep. 136). Antibiotics
do not hasten resolution, may prolong excretion of the organism, and are unwarranted
in uncomplicated cases. However, in elderly
nursing home residents, infants, and patients
with HIV infection, increased mortality dictates treatment with antibiotics. Antibiotic resistance is more common with nontyphoidal
Salmonella than with S. typhi. Trimethoprimsulfamethoxazole (TMP-SMX) 5 mg/kg (of
the Tl\1P component) po q 12 h for children
and ciprofloxacin 500 mg po q 12 h for adults
are acceptable regimens. Nonimmunocomprornised patients should be treated for 3 to
5 days; patients with AIDS may require prolonged suppression to prevent relapses. Systemic or focal disease should be treated with
antibiotic doses as outlined above for typhoid
fever. Sustained bacteremia is generally
treated for 4 to 6 wk. Abscesses should be
drained surgically. At least 4 wk of anti~iotic
therapy should follow surgery. Infected aneurysms and heart valves and bone orjointinfections usually require surgical intervention
and prolonged courses of antibiotics. The
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prognosis is usually good, unless severe underlying disease is present.
Asymptomatic carriage is usually selflimited, and antibiotic treatment is rarely required. In unusual cases (eg, in food handlers
or health care workers), eradication may be attempted with ciprofloxacin 500 mg po q 12 h
for I mo. Follow-up stool cultures should be
obtained in the weeks after drug administration to document elimination of Salmonella .
Preventing contamination of foodstuffs by
infected animals and humans is paramount.
Preventive measures for travelers discussed
under Typhoid Fever on p. 1472 also apply to
most other enteric infections. Case reporting
is essential.

SHIGELLOSIS
(Bacillary Dysentery)
Shigellosis is an acute infection of the intestine caused by Shigella sp. · Symptoms
include fever, nausea, vomiting, and diarrhea
that is usually bloody. Diagnosis is clinical
and confirmed by stool culture. Treatment
is supportive, mostly with rehydration;
antibiotics (eg, ampicillin or trimethoprimsulfamethoxazole) are optional.

Etiology and Pathophysiology
The genus Shigella is distributed worldwide and is the typical cause of in.flammatory
dysentery, responsible for 5 to I 0% of diarrheal illness in many areas. Shigella is divided
into4majorsubgroups: A, B, C, andD, which
are subdivided into serologically determined
types.S.flexneriandS. sonne! are found more
widely than S. boydii and the particularly virulent S. dysenteriae. S. sonnei is the most
common isolate in the US. ·
The source of infection is the feces of infected eople or convalescent ca.triers. Direct
spreadisbythefecal-oralroute.lndirectspread
is by contamfoated food and fomites. Flies
serve as vectors. Epidemics occur most frequently in overcrowded populations withinadequate sanitation. Shigellosis is particulai·ly
common in younger children living in endemic
areas. Adults usually have less severe disease.
Convalescents and subclinical carriers
may be significant sources of infection, but
true long-term can-iers ai·e rare. Infection imparts little or no immunity.
·Shigella organisms penetrate the mucosa of
the lower intestine, causing 1imcus secretion,
hyperemia, Jeukocyticinfiltration, edema, and
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often superficial mucosal ulcerations. Shi-

gelladysenteriaetype 1(not present in the US)
produces Shiga toxin, which causes marked
watery diarrhea and sometimes hemolyticuremic syndrome.

more common Iy develop reactive arthritis after shigellosis (and other ent~ritides).

Diagnosis
Diagnosis is facilitated by a high index of
suspicion during outbreaks and in endemic
Symptoms and Signs
areas and by the presence offecal leukocytes
The incubation pe1iod is 1 to 4 days. The on smears stained with methylene blue or
most common presentation, watery diarrhea, Wright's stain. Stool cultures are diagnostic
is indistinguishable from other bacterial, viral, and should be obtained. In patients with
and protozoan infections that induce secretory symptoms of dysentery (bloody and mucoid
stools), the differential diagnosis should inactivity of intestinal epithelial cells.
In adults, initial symptoms may be epi- clude invasive Eschericlzia coli, Salmonella,
sodes of gripping abdominal pain, urgency to Yersinia, Campylobacter, amebiasis, and videfecate, and passage of formed feces that ral diarrheas.
The mucosa! surface, as seen through a
temporarily relieves the pain. These episodes
recur with increasing severity and frequency. proctoscope, is diffusely erythematous with
Diarrhea becomes marked, with soft or liquid numerous small ulcers. Although the WBC
stools containing mucus, pus, and often count is often reduced at onset, it averages
13,000/µL. Hemoconcentration is common,
blood. Rectal prolapse and consequent fecal
incontinence may result from severe tenes- as is diarrhea-induced metabolic acidosis.
mus. However, adults may present without Treatment and Prevention
fever, with nonbloody and nonmucoid diarFluid loss is treated symptomatically with
rhea, and with little or no tenesmus. The
oral
or IV fluids (seep. 564). Antibiotics can
disease usually resolves spontaneously in
adults-mild cases in 4 to 8 days, severe cases reduce the symptoms and shedding of Shiin 3 to 6 wk. Significant dehydration and gel/a but are not necessary for mild il1ness in
electrolyte loss with circulatory collapse and healthy adults. However, children, the elddeath occur mainly in debilitated adults and erly, debilitated patients, and those with severe disease generally should be treated. For
infants < 2 yr.
adults,
a fluoroquinolone, such as ciproftoxaRarely, shigellosis starts suddenly with
rice-water or serous (occasionally bloody) cin 500 mg po for 3 to 5 days, or trimethoprimstools. The patient may vomit and rapidly be- sulfamethoxazole (TMP-SMX) one doublecome dehydrated. Infection may present with strength tablet q 12 his the treatment of choice.
delirium, seizures, and coma, but little or no For children, the treatment is TMP-SMX at a
dosage of 4 mg/kg po q 12 h of the TMP comdiarrhea. Death may occur in 12 to 24 h.
In young children, onset is sudden, with fe- ponent. Many Shigella isolates are likely to be
ver, irritability or drowsiness, anorexia, nau- resistant to ampicillin and tetracycline.
Hands should be \:Vashed thoroughly besea or vomiting, diaIThea, abdominal pain
fore
handling food, and soiled garments and
and distention, and tenesmus. Within 3 days,
blood, pus, and mucus appear in the stools. bedclothes should be immersed in covered
The number of stools may increase to ~ 20/ buckets of soap and water until they can be
day, and weight loss and dehydration become boiled. Proper isolation techniques (espesevere. Ifuntreated, a child may die in the first cially stool isolation) should be used with pa12 days. If the child survives, acute symp- tients and caniers. A live oral vaccine is being
developed, and field trials in endemic areas
toms subside by the 2nd wk.
Secondary bacterial infections may occur, hold promise. Immunity is, however, generespecially in debilitated and dehydrated pa- ally type specific.
tients. Severe mucosal ulcerations may cause
significant acute blood loss. Other complicaTULAREMIA
tions are uncommon but include toxic neuritis,
(Rabbit or Deer Fly Fever)
arthritis, myocarditis, and, rarely, intestinal
perforation. The hemolytic-uremic syndrome Tularemia is a febrile disease caused by Franmay complicate shigellosis in children. In- cisella tularensis that resembles typhoid
fection does not become chronic and is not an fever. Symptoms are a primary local ulceretiologic factor in ulcerative colitis. How- ative lesion, regional lymphadenopathy,
ever, patients with the HLA-B27 genotype profound systemic symptoms, and occa-
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develop into hermaphroditic adult worms.
Worms may also develop in the brain, liver,
lymph nodes, skin, and spinal cord. Adult
flukes may persist for 20 to 25 yr.

Symptoms, Signs, and Diagnosis
Most damage is to the lungs, but other organs may be involved. About 25 to 45% of all
extrapulmonary infections affect the CNS.
Manifestations of pulmonary infection develop slowly and include chronic cough,
chest pain, hemoptysis, and dyspnea. The
cli.nical picture resembles, and is often confused with, TB. Cerebral infections present as
space-occ·upying lesions, often within a year
after the onset of pulmonary disease. Seizures, aphasia, paresis, and visual disturbances are common. Migratory allergic skin
lesions similar to those of cutaneous larvamigrans are common in infections with P. skriabini but also occur with other species.
Diagnosis is by identifying the characteristic large operculated eggs in sputum or stool.
Occasionally, eggs may be found in pleural or
peritoneal fluid. Eggs may be difficult to find
because they are released intermittently and
in small numbers. Concentration techniques
increase sensitivity. X-rays provide ancillary
information but are not diagnostic; chest xrays may show a. diffuse Infiltrate, nodules
and annular opacities, cavitations, lung abscesses, pleural effusion, and pneumothorax.
Serologic tests may assist in diagnosis oflight
or extrapulmonary infections.
Treatment and Prevent~on
Praziquantel 25 mg/kg po tid for 2 days
cures 80 to I 00% of pulmonary infections
and is the drug of choice. Bithionol 30 to 50
mg/kg po every other day for 10 to 15 doses
is an alternative but has more adverse effects.
Praziquantel is used to treat extrapulmonary
infections, but multiple courses may be· required. Surgery may be needed to excise skin
lesions or, rarely, brain cysts.
The best prev·ention is to avoid eating raw
or undercooked freshwater crabs and crayfish from endemic waters.

SCHISTOSOMIASIS
(Bilharziasis)
Schistosomiasis is infection with blood
flukes of the genus Schistosoma, which are
acquired transcutaneously by swimming or
wading in contaminated waters. The organ-

isms infect the vasculature of the GI or GU
system. Acute symptoms are dermatitis, followed several weeks later by fever, chills,
nausea, abdominal pain, diarrhea, malaise,
and myalgia. Chronic symptoms vary with
species but include bloody diarrhea and
hematuria. Diagnosis is by identifying eggs
in stool, urine, or biopsy specimens. Serologic tests are sensitive and specific. Treatment is with praziquantel.

Etiology and Pathophysiology
Schistosomfasis is by far the most important trematode infection. Schistosonia is the
only trematode that invades through the skin;
all other trematodes infect only via ingestion.
About200 million people are infected worldwide. The risk of infection is spreading as
new dams are built in endemic areas.
There are 5 species of schistosomes, all
with similar life cycles involving freshwater
snails. S. haematobium, which causes urinary tract disease, is widely distributed over
the African continent with smaller foci in the
Middle East and India. The other Schistosoma sp cause intestinal disea~e. S. mansoni
is widespreadinAfricaandis the only species
in the Western Hemisphere, endemic in Brazil,
Surinam, Venezuela, and on some Caribbean
islan9s. S.japon.icum is present only in Asia,
mainly in China and the Philippines. S.
mekongi is in Laos and Cambodia; S. intercalatum isin'CentialAfrica. The disease may
be imported in travelers and immigrants from
endemic areas, but transmission does not
occur within the US and Canada.
Adult worms live and copulate within the
veins of the mesentery or bladder, depending
on the species. Some eggs penetrate the intestinal or bladder mucosa and are passed in
stool or urine; other eggs remain within the
host organ or are transported through the portal system to the liver, and occasionally to
other sites (eg, lungs, CNS, spinal cord). Excreted eggs hatch in freshwater, liberating
miracidia that enter snails. After multiplication, thousands of free-swimming cercariae
are released. These penetrate human skin
within a few minutes after exposure and
transfom1 into schistosomulae, which travel
through the bloodstream to the lungs, where
they mature in about6 wk. Subsequently they
migrate to their ultimate home in the intestinal veins or the venous plexus of the GU tract.
Eggs appear in stool or urine 1 to 3 mo after
cercarial penetration. Estimates of the adult
worm life span range from 3 to 37 yr.
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TREMATODES [FLUKES)

Symptoms and Signs
Schistosome dermatitis is a pruritic papularrash where thecercariaepenetrate the skin
(see also Dermatitis Caused by Avian andAni~1.al Schistosomes below) in previously sens1t1zed people.
Acute schistosorniasis . (Katayama fever)
occurs with onset of egg laying, typically 2 to
4 wk after heavy exposure. Symptoms include
fever, chills, nausea, abdominal pain, malaise,
myalgia, urticaiial rashes, and marked eosinophilia, resembling serum siclrness. Manifestations are more common and usually more severe in visitors than in residents of endemic
areas and typically last for several weeks.
Clu·onic schistosomiasisresults mostly from
host responses to eggs retained in tissues. Early
on, intestinalmucosal ulcerations caused by S.
mansoni or S. japonicum may bleed and produce bloody diaIThea. As lesions progress,
focal fibrosis, strictures, fistulas , and papillomatous growths may develop. With S. haematobium, ulcerations in the bladder wall may
cause dysuria, hematuria, and minary frequency. Over time, chronic cystitis develops .
Strictures may lead to hydroureter and hydronephrosis. Papillomatous masses in the bladder are common, and squamous cell carcinoma may develop. Blood loss from both GI
and GU tracts frequently results in anemfa.
Secondary bacte1ial infection of the GU
tract and persistent Salmonella septicemia
associated with S. mansoni are also common.
Several species, notably S. haeniatobium,
can cause genital disease in both men and
women, resulting in numerous symptoms including infertility.
. Granulomatous reactions to eggs of S.
mansoni andS.japonicumin the liverusually
do not compromjse liver function but may
produce fibrosis and cirrhosis, whkhcan lead
to portal hypertension and subsequent hematemesjs from esophageal varices. Eggs in
the lungs may produce granulornas and focal
obliterative arteriti , whkh may cause pulmonary hypertension and cor pulmonale.
Eggs lodged in the spinal cord can cause
transverse myelitis, and those in the CNS can
cause seizures.
Diagnosis
Eggs are sought in the stool (S.japonicum,
S. mansoni, S. mekongi, S. interca/atum) or
urine (S. haematobiu111 and occasionally S.
japonicum). Repeated examinations using
concentration techniques may be necessary.
Geography is a primary determinant of spe-
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cies, so a history of exposure should be communicated to the laboratory. rt' the clinical
picture suggests schistosorniasis but no egg
are found on repeated examination of urine or
feces , intestinal or bladder mucosa can be
biopsied for eggs.
· Serologic tests are highly sensitive and
specifi? for infection but do not provide informat10n on worm burdens, clinical status,
or prognosis.

Treatment and Prevention
Single-day oral treatment with praziquantel (20mg/kg bid for S. lzaematobium, S. mansoni, and S. intercalatum; 20 mg/kg tid for S.
japonicwn and S. mekongi) is recommended.
However, treatment does not affect developing schistosomulae and thus may not abort an
early infection. Adverse effects are generally
mild and include abdominal pain, diarrhea,
headache, and dizziness. Therapeutic failures have been reported, but it is difficult to
determine whether they are due to reinfection
or drug-resistant strains. Oxamniquine (not
available in the US) is effective only against
S. mansoni. African strajns are more resistant
to this drug than South American strains and
require larger doses (30 mg/kg po once/day
for.I or2daysvs 1Srng/kgonce).Oxamniquineres1stant cases have been observed.
Patients should be examined for livincrb
eggs 3 and 6 mo after treatment. Retreatment
is indicated if eggexcretionhas not decreased
markedly. In the future , antigen detection
tests may supplant quantitative egg counts as
tools to monitor response to chemotherapy.
Scrupulously avoiding contact with contaminated water prevents infection. The sanitary disposal of urine and feces reduces the
likelihood of infection. Adult residents ofendenuc areas are more resistant to reinfection
than children, suggesting the possibility of
acquired immunity. Vaccine development is
under way.
DERMATITIS CAUSED BY A VIAN AND
ANIMAL SCHISTOSOMES

(Cercarial Dermatitis; Swinuuers' Itch;
Clam Diggers' Itch)
Cercarial dermatitis is a skin condition that
develops when Schistosoma sp that cannot
develop in humans penetrate the skin.
Cercariae of Sclzistosoma sp that infect
birds and manrn1als other than humans can
penetrate the skin . Although the organisms
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Open Defecation to End by 2025, Vows UN
Chief, Marking World Toilet Day
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UNITED NATIONS, Nov 19 2015 (IPS) - The state of the world's toilets reveals the good, the
bad and the ugly - but not necessarily in that order.
As the UN commemorated its annual World Toilet Day on November 19, a new study says,
contrary to popular belief, not everyone in the rich nations of the developed world has access to
a toilet.
The study, released by the UK based WaterAid, points out that Canada, UK, Ireland and
Sweden are among nations with measurable numbers still without safe, private household
toilets.
Russia has the lowest percentage of household toilets of all developed nations, while India, the
world's second-most populous country, holds the record for the most people waiting for
sanitation (77 4 million) and the most people per square kilometre (173) practising open
defecation.
The report highlights the plight of more than 2.3 billion people in the world (out of a total
population of over 7.3 billion) who do not have access to a safe, private toilet.
Of these, nearly 1. 0 billion have no choice but to defecate in the open - in fields, at roadsides or
in bushes.
The result is a polluted environment in which diseases spread fast. An estimated 314,000
children under five die each year of diarrhoeal illness which could be prevented with safe water,
good sanitation and good hygiene.
Still, the tiny South Pacific island of Tokelau has made the most progress on delivering
sanitation, holding number one position since 1990, followed by Vietnam, Nepal and Pakistan.
Nigeria has seen a dramatic slide in the number of people with access to toilets since 1990
despite considerable economic development.

The world's youngest country, South Sudan, has the worst household access to sanitation in the
world, followed closely by Niger, Togo and Madagascar, according to the study.
WaterAid's Chief Executive Barbara Frost says just two months ago, all UN member states
promised to deliver access to safe, private toilets to everyone everywhere by 2030.
"Our analysis shows just how many nations in the world are failing to give sanitation the political
prioritisation and financing required. We also know that swift progress is possible, from the
impressive advances in sanitation achieved in nations like Nepal and Vietnam."
No matter where you are in the world, everyone has a right to a safe, private place to relieve
themselves, and to live healthy and productive lives without the threat of illness from poor
sanitation and hygiene.
"On this World Toilet Day, it's time for the world to make good on their promises and understand
that while we all love toilet humour, the state of the world's sanitation is no joke," said Frost.
The UN children's agency UNICEF says lack of sanitation, and particularly open defecation,
contributes to the incidence of diarrhoea and to the spread of intestinal parasites, which in turn
cause malnutrition.
'We need to bring concrete and innovative solutions to the problem of where people go to the
toilet, otherwise we are failing millions of our poorest and most vulnerable children," said Sanjay
Wijesekera, head of UNICEF's global water, sanitation and hygiene programmes.
"The proven link with malnutrition is one more thread that reinforces how interconnected our
responses to sanitation have to be if we are to succeed."
In a report released Wednesday, the 21-member UN Advisory Board on Water and Sanitation
(UNSGAB), calls for the mainstreaming of sanitation.
The focus should widen beyond the home - because toilets are needed in schools, clinics,
workplaces, markets and other public places.
"Prioritize sanitation as preventive medicine and break the vicious cycle of disease and
malnutrition, especially affecting women and children."
And "get serious about scaling up innovative technologies along the sanitation chain and
unleash another sanitation revolution, as key economic and medical enabler in the run-up to
2030, and make a business case for sanitation by realizing the resource potential of human
waste. 11
Additionally, it says, "de-taboo the topic of menstrual hygiene management, which deserves to
be addressed as a priority by the UN and governments."
In its report, WaterAid is calling on world leaders to fund, implement and account for progress
towards the new UN Global Goals on sustainable development.
Goal 6 - water, sanitation and hygiene for all - is fundamental to ending hunger and ensuring
healthy lives, education and gender equality and must be a priority.
lmproving the state of the world's toilets with political prioritisation and long-term increases in
financing for water, sanitation and hygiene, by both national governments and donor countries
like the UK."
11

Secretary-General Ban Ki-moon said the recently adopted 2030 Agenda for Sustainable
Development recognizes the central role sanitation plays in sustainable development.

"The integrated nature of the new agenda means that we need to better understand the
connections between the building blocks of development."
In that spirit, he said, this year's observance of World Toilet Day focuses on the vicious cycle
connecting poor sanitation and malnutrition. He said poor sanitation and hygiene are at the
heart of disease and malnutrition.
Each year, too many children under the age of five have their lives cut short or altered forever
as a result of poor sanitation: more than 800,000 children worldwide - or one every two
minl)tes- die from diarrhea, and almost half of all deaths of children under five are due to
undernutrition.
A quarter of all children under five are stunted, and countless other children, as well as adults,
are falling seriously ill, often suffering long~term, even lifelong, health and developmental
consequences.
Parents and guardians carry the cost of these consequences. Women in particular women bear
the direct brunt, he noted.
"Despite the compelling moral and economic case for action on sanitation, progress is too little
and too slow," Ban complained.
By many accounts, sanitation is the most-missed target of the Millennium Development Goals.
"This is why the Call to Action on Sanitation was launched in 2013, and why we aim to end open
defecation by 2025," he added.
The writer can be contacted at thalifdeen@aol.com
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Abstract

Soil contaminated with helminth eggs and protozoan cysts is a potential
source of infection and poses a threat to the public, especially to young children
frequenting playgrounds. The present study determines the levels of infection of
helminth eggs in soil samples from urban and suburban playgrounds in five
states in Peninsular Malaysia and identifies one source of contamination via
faecal screening from stray animals. Three hundred soil samples from 60
playgrounds in five states in Peninsular Malaysia were screened using the
centrifugal flotation technique to identify and determine egg/ cyst counts per
gram (EPG) for each parasite. All playgrounds, especially those in Penang, were
found to be contaminated with eggs from four nematode genera, with Toxocara
eggs (95.7%) the highest, followed by Ascaris (93.3%), Ancylostoma (88.3%) and
Trichuris (77.0%). In addition, faeces from animal shelters were found to contain
both helminth eggs and protozoan cysts, with overall infection rates being 54%
and 57% for feline and canine samples, respectively. The most frequently·
occurring parasite in feline samples was Toxocara cati (37%; EPG, 42.47 ± 156.08),
while in dog faeces it was Ancylostoma sp. (54%; EPG, 197.16 ± 383.28). Infection
levels also tended to be influenced by season, type of park/ playground and the
texture of soil/ faeces. The occurrence of Toxocara, Ancylostoma and Triclzuris eggs
in soil samples highlights the risk of transmission to the human population,
especially children, while the presence of Ascaris eggs suggests a human source
of contamination and raises the issue of hygiene standards and public health
risks at sites under investigation.

Introduction
Soil-transmitted helminths (STH) are listed as one of
the world's neglected parasites in tropical regions
(Molyneux et al., 2005). Soil contaminated with helminth
eggs is a potential source of infection that poses a threat to
the public, especially young children, to Toxocnra, Ascaris,
Ancylostoma and Trichuris eggs. ChildreIJ are at risk
when playing in sandpits in playgrounds and parks
*Fax: + 60379674178
E-mail: nsheena@um.edu.my

contaminated with infective eggs or larvae of parasites
(Glickman & Schantz, 1981; Duwe}, 1984) and mainly
acquire infection after ingestion of eggs embedded under
unwashed fingernails.
Many worldwide reports have highlighted the importance of STH to children, especially in developing
countries, where reduced physical activity, impaired
learning ability and poor growth have been reported
(Stephenson et al., 1990; Nokes et al., 1992; Adams et al.,
1994; Koroma et al., 1996). However, most studies have
focused on soil contaminated with Toxocara eggs,
especially in industrialized countries, with prevalences
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ranging from 1.2% in Brazil (Chieffi & Muller, 1976),
2.7% in Argentina (Sommerfelt et al., 1992), 15.5% in Iraq
(Mahdi & Ali, 1993), 20.6% in Kansas (Dada & Lindquist,
1979), 24% in urban areas in Italy (Habluetzel et al.,
2003) and up to 67.7% in Kobe, Japan (Zibaei & Uga,
2008) and 97.5% in Greece (Himonas et at., 1992). Only
a small number of studies has highlighted soil
contamination with other helminths, including eggs of
Ascaris, Ancylostoma and Triclzuris (Ajala & Asaolu, 1995;
Blaszkowska et al., 2011).
To date, there are only a few studies on helminth
contamination of public playgrounds in Malaysia,
although Loh & Israf (1998) reported high prevalences
of over 50% of Toxocara in soil from public playgrounds
in Serdang and Petaling Jaya. In addition, Noor Azian
et al. (2008) reported on contamination of 182 soil samples
examined from urban (Setapak, Kuala Lumpur) and
rural residential parks (Kuala Lipis, Pahang); 12.1% were
contaminated with Toxocnra eggs, followed by Ascaris
(7.4%), hookworm (4.9%) and Trichuris (1.6%).
Helminth and protozoan infections are also common in
Malaysian schoolchildren. Rajeswari et al. (1994) reported
that faecal samples from 456 schoolchildren. in Gombak,
Malaysia showed an overall prevalence of 62.9%, mainly
comprising Trichuris trichiura (47.1 %), Giardia intestinnlis
(14.7%), Entamoeba coli (11.4%), Entamoeba histo/ytica
(9.9%) and Ascaris lumbricoides (7.9%). Bundy et al.
(1988) found that 66% of 1574 children living in a
slum area of Kuala Lumpur, Malaysia, were infected
with T. trichiura, 49.6% with A. lumbricoides and 5.3%
with hookworm. Moreover, Rahman (1998) showed that
intestinal infections in schoolchildren from an urban
area in Penang were dominated by Trichuris (100%),
Ascaris (37.9%) and hookworm (18.7%).
Therefore the present study was undertaken to provide
a comprehensive update on soil contaminated primarily
with helminths in public playgrounds in Peninsular
Malaysia. The determination of sources of contamination
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and confounding factors such as season, together with
differences in soil types in both urban and suburban
areas, are also considered.

Materials and methods
Study sites
Soil samples were collected from playgrounds in urban
and suburban areas from five states in Peninsular
Malaysia (table 1). These included Kuala Lumpur, the
capital city of Malaysia, together with Petaling Jaya,
Klang and Shah Alam districts in Selangor representing
the west, the town of Kuantan in the state of Pahang
representing the east, Georgetown (Penang) representing
the north, and Malacca city representing the south state
of Peninsular Malaysia (table 1). Kuala Lumpur is the
largest city, with a population of 1.6 million, and is an
enclave within the state of Selangor, in the central west
coast Peninsular Malaysia. Petaling Jaya, Klang and Shah
Alam districts are located in the state of Selangor,
neighbouring Kuala Lumpur and comprising mostly
residential and some industrial areas. The coastal city of
Malacca, located approximately 130 km south of Kuala
Lumpur, has a population of 788,706. Georgetown is the
capital of Penang Island and located on the north-west
coast of Peninsular Malaysia on the Straits of Malacca.
Finally Kuantan, which is another coastal city in the state
capital of Pahang, is situated along the east coast of
Peninsular Malaysia, near the mouth of the Kuantan
River and faces the South China Sea.
Malaysia features a tropical rainforest climate which
is hot and humid throughout the year, along with
abundant rainfall. Generally, the wet season occurs from
April to May and October to December, with the dry
season occurring between January to March and June
to September. Temperatures remain constant, with
maximum temperatures ranging between 31 and 37.2°C

Table 1. The location and number of sampling sites/samples from five geographical regions in Peninsular Malaysia from August 2009 to
July 2010; mean temperature range from 25.5°C to 28.6°C.

Region

Cities /District

West

Federal territory of Kuala Lumpur
Kuala Lumpur City
Keramat
Selangor
Petaling Jaya
Shah Alam
Klang
Pahang
Kuantan City
Indera Mahkota
Teluk Chempedak
Penang Island
Georgetown City
USM Campus
Jelutong
Butterworth
Malacca
Malacca City
Batu Berendam
Ayer Keroh

East

North

South

No. of playgrounds

No. of samples

12
3

60
15

3°815l"N 101°41'36'1E
3°10'32''N 101°44'21"E

5
5
5

25
25

25

3°05'N 101°39'E
3°5'00''N 101°32100''E
3°02'N 101°27'E

5
4
1

25
20
5

3°49'00''N 103°20'00''E
3°49'19''N 103°18'17"E
3°4814811 N 103"21'S"E

5
1
2
2

25
5
10
10

5°24'37''N l00°18'57'1E
5°2112611 N l00°1715811 E
5°2311511N 100°18157''E
5°25'10'1N 100°19'46"E

4

20
20
10

2°11 120'1N 102°23'4"E
2°15'27'1N 102°15'13"E
2°16'2'1N 102°17154''E

4
2

Coordinates
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(88-99.0°F) and minimum temperatures between 17.7°C
(63.9°F) and 23.5°C (72-74°F), as detailed in Meteorology
Malaysia (2010). The survey was conducted during both
wet and dry seasons, with the mean temperature ranging
between 25.5 and 28.6°C, and rainfall between > 0.1 mm
and32.4mm.

Soil and faecal sampling
Between August 2009 and July 2010, a total of 300 soil
samples was collected and examined from sandpits of
60 playgrounds, including public parks and residential
playgrounds, from five localities in Peninsular Malaysia
(table 1). All playgrounds surveyed were unfenced or
semi-fenced! allowing access by animals and the public
at all times. Using a small shovel, five soil samples, each
weighing approximately 300 g, were taken at a depth
of 0-5 cm from an area of 1.0 m 2 selected randomly per
5 m 2 of each sandpit and surrounding play areas. Samples
were taken from the sites without grass to avoid
intensified drainage on grassy soil.
Playgrounds were classified according to location,
either in open public parks or residential areas, and the
condition of the soil texture was noted as being either silty
(0.02-0.10 mm) or sandy (0.11-2.0 mm). All samples were
kept in air-tight plastic containers at room temperature,
labelled with the name of playground, number of sample
and date of collection, and immediately transported to
the laboratory for analysis. Results from this study were
presented as infection rates rather than prevalence as the
experimental design was not ideal for obtaining a reliable
estimate of the prevalence of STH in soil samples in
Malaysia. In addition, from January 2011 to February
2012, faecal samples from 100 stray cats and 100 stray
dogs were screened from public and residential areas
within the vicinity of Kuala Lumpur and from animal
shelters, in association with the Society for the Prevention
of Cruelty to Animals (SPCA) and the Animal Pound,
Vector Control Unit of Kuala Lumpur City Hall (DBKL).
Up to 10-20 g of faecal samples were collected using a
wooden spatula and classified according to their texture
(hard, smooth or runny). The date of collection was
recorded and samples were placed in a stool container
and kept at 4°C until examination.

Detection of eggs/cysts in soil and faeces
Samples of 1 g in weight were air-dried at room
temperature and thoroughly ground in a pestle and
mortar with a small amount of distilled water. The
suspension was washed and sieved through a 2-mm
mesh sieve to remove debris, and placed in a 15-ml
centrifuge tube for centrifugation at 1500 g for 2 min.
The supernatant was discarded, and the sediment
re-suspended in 15 ml of saturated sodium chloride
solution (SGl.25) using a Pasteur pipette and thoroughly
mixed until all particles were evenly distributed. These
procedures were replicated three times for each sample.
Helminth eggs and protozoan cysts were recovered
using the modified McMaster flotation technique (Dunn
& Keymer, 1986), which uses a counting chamber in
a known volume of sample suspension (O.lSml). For
every sample, the number of eggs present within the grid

chamber was counted and their genus determined
microscopically. The mean number of eggs/ cysts per
gram (EPG) was calculated when both the weights of
soil or faeces and the volume of flotation fluid used were
known. Samples of the suspension were drawn off with
a Pasteur pipette and added to the chambers of the
McMaster slide (0.15ml). Eggs/cysts present within the
grid were counted and identified using the McMaster
slide under low magnification ( x 10} and five replicates
were counted.

Data analysis
The overall infection rate and EPG for each parasite
species were calculated and analysed using the software
Quantitative Parasitology 3.0 (Reiczigel & R6zsa, 2001)
with 95% confidence intervals (Margolis et al., 1982).
The infection rates were compared using Fisher's
Exact Test proposed by Rozsa et al. (2000) and the
frequency distribution of eggs/ cysts in soil samples was
tested using a reformulated method of measuring the
k parameter (Pal & Lewis, 2004). Helminth egg burdens
were analysed using the SPSS version 16.0 (SPSS Inc.,
Chicago, Illinois, USA), together with GLIM (generalized
linear models) and a Poisson regression model (Wilson &
Grenfell, 1997) using two-way interactions between
selected independent variables. These were transformed
into two levels to confirm any significant differences,
given as P < 0.01 unless otherwise stated, between
variables such as wet and dry seasons, soil textures
comprising sand and silt, and public and residential
playgrounds.

Results
Soil screening
All 60 playground samples from the five states in
Peninsular Malaysia were mainly contaminated with
helminth eggs, comprising four nematode genera. Soil
contamination with Toxocara was the highest (95.7%),
followed by Ascaris (93.3%), Ancylostoma (88.3%) and
Trichuris (77%). Toxocara also showed the highest EPG
with a mean of 251.51 ± 220.51, followed by Ascaris
(116.64 ± 149.02), Ancylostoma (105.25 ± 101.82) and,
finally, Trichuris (56.45 ± 50.18) (table 2).
Relative to sites, playgrounds in Penang (northern
coast) and Selangor (western coast) were the most
contaminated, with all four nematode genera exhibiting
100% infection rates. Similar infection rates were shown
for Toxocara and Ancylostomn in Malacca, with slightly
lower values of 98% being recorded for Ascaris and
Trichuris (table 2). Playground soils in Kuantan were
slightly less contaminated with Toxocara (90%), Ascaris
(76%), Ancylostoma (76%) and Trichuris (52%) and,
similarly, in Kuala Lumpur, with Toxocara (89.3%), Ascaris
(90.7%), Ancylostoma (70.7%) and Triclmris (40%). All ten
playgrounds in Penang also exibited high EPG for all
nematodes, especially the playground in Popus Lane
Park (5°25110''N 100°19'46"E) with egg counts for Toxocara
as high as 856.4 ± 1.054, and Kota Lama Esplanade
Park with counts of 388.40 ± 1.21 for Ancylostoma and
189.20 ± 0.24 for Trichuris.
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All four nematode genera compnsmg Toxocara sp.,
Ascaris sp., Trichuris sp. and Ancylostoma sp. showed
infection rates above 70%. The Poisson regression model,
using two-way interactions, showed significant effects
for soil contamination in all nematode genera relative
to season, soil texture and, especially, the type of park
contaminated (table 3). With reference to seasonality, soil
contamination was highest during the wet compared
with the dry season for all four nematodes (P < 0.001).
However, across the four genera, the two-way interaction was highly significant for soil texture with type of
park only (table 3).

Faecal screening
More than half of the stray cat and dog populations
were infected with parasites. Of the feline faecal samples
screened, 54% were positive for two nematodes, one
cestode and one protozoan species. The highest contamination in feline samples comprised eggs of Toxocara (37%;
EPG, 42.47 ± 156.08) followed by the protozoan Isospora
(35%; EPG, 65.83 ± 191.75), Ancylostoma (29%; EPG,
38.64 ± 273.70) and the cestode Spirometra (22%; EPG,
21.09 ± 81.63) (table 4). Up to 57% of canine samples were
infected with four nematodes and one protozoan species.
This included a high infection rate for Ancylostoma (54%;
EPG, 197.16 ± 383.28) followed by Toxocarn (25%; EPG,
42.51 ± 198.29), Isospora (25%; EPG, 43.52 ± 196.07),
Trichuris (16%; EPG, 20.80 ± 108.96) and Toxascaris leonina
(7%; EPG, 29.06 ± 281.94). In both canine and feline hosts,
the frequency distribution of eggs within the faeces was
found to be overdispersed and fitted a negative binomial
distribution with k values ranging from 0.041-0.078 in
feline and 0.009-0.121 in canine samples. With regard to
stool texture and consistency there was little association
between parasitic infections in both types of faeces,
although in feline samples the protozoan Isospora tended
to occur in runny stools (P < 0.05) whereas Aucylostoma
was more frequent in runny stools of canines (P < 0.01).

jl

t gl!?l!?~~
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Discussion
Soil samples from playgrounds in five states from
Peninsular Malaysia were found to be hlghly contaminated with helminth eggs and occasionally protozoan
cysts. Four genera of nematodes dominated the infections, with Toxocara being the most frequent (95.7%),
which was similar to the results of previous studies
undertaken by Himonas et al. (1992), Correa et al. (1995),
Uga .et al. (2000) and Alonso et al. (2001), but higher than
prevalences of 54.5% and 12.1 %, respectively, recorded
by Loh & Israf (1998) and Noor Azian et al. (2008).
It was also noted that high levels of contamination
were observed, with egg counts as high as 800 EPG in one
study site in Penang. Higher infection rate of zoonotic
nematodes, especially with Toxocara eggs, were likely to
be linked with playgrounds being exposed to stray
animals scavenging and defecating in residential areas.
Such high incidences, especially of Toxocara, Ancylostoma
and Trichuris eggs in the soil, were due to the open access
of playgrounds, with no fencing to protect these locations
from stray animals. These animals were free to roam and
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Table 3. Variation in the infection rate of parasitic eggs in soil samples relative to season (wet and dry), soil texture (sand and silt} and
type of park (public and residential), using a Poisson regression model. EC, expected log count for one unit of increase in each
parameter; ER, expected infection rate of nematode eggs and level of significant differences given as P < 0.01, except for*, P < 0.05;
and 11•, P < 0.10.
Nematode genus

Toxocara
Principle interactions
Season

Soil texture
Type of park

Soil texture x type of park

Ancylostoma

Trichuris

Ascaris

EC

ER

EC

ER

EC

ER

1.029
-0.212
-1.202
1.063

2.799
0.809"'·
0.301
2.894

1.463
-0.350
-1.170
1.059

4.319
0.705
0.310
2.883

0.637
-0.318
-2.032
1.860

1.890

EC

1.218

0.727'~

-0.353

0.131
6.423

-1.140
1.297

ER
3.380
0.703
0.319
3.658

It may seem premature to conclude the role of strays
in contaminating playgrounds based on only one sampling site in Kuala Lumpur. However, Mohd Zain
et al. (2013) confirmed the presence of Toxocara cati,
Toxocara malaysiensis, Ancyclostoma ceylanicum and Aucyc/ostoma brasiliensis in stray cat populations from four
states in Malaysia, while Mahdy et al. (2012) recorded
A. Cetjlanicum and AttC1jclostoma ca11inum in stray dogs.
This further confirms the role of strays as a source of
environmental contamination, particularly for Toxocara
and Ancylostoma, but molecular approaches are required
to identify eggs of other helminth species.
Although several authors have reported that dogs can
mechanically transmit human parasites such as Ascaris
(Traub et al., 2002, 2005; Shalaby et al., 2010), the present
study found no evidence of Ascaris eggs despite screening
up to 100 dog faecal samples. The relatively high
incidence of Ascaris was more likely to originate from
human defecation, because potential animal sources of
infection, such as pigs, were strictly confined to farms
on the outskirts of urban areas as a result of Islamic
prohibitions. Therefore, pigs are unlikely to inhabit
playgrounds in residential sites. Previous studies in
Malaysia have shown that children are infected with
Ascaris lumbricoides, Trichuris trichiura and A. ceylanicum
(Bundy et al., 1988; Rajeswari et af.,· 1994; Rahman, 1998;
Ngui et al., 2012) and therefore molecular characterization

defecate repeatedly, thus contaminating the soil with eggs
that can survive for many years (Zibaei et al., 2010). On the
other hand, the presence of Ascaris eggs was possibly due
to human defecation. Similar findings were also found by
Horiuchi et al. (2013) in the Philippines, where helminth
egg counts in soil were as high as 410 (A. lumbricoides), 134
(Toxocara spp.) and 134 (Triclruris spp.). These authors
concluded that contamination of soil was mainly due to
stray animal and human defecation.
These circumstances, combined with optimum temperatures and high levels of humidity and moisture in the
soil, particularly during the wet season in Malaysia,
would undoubtedly enhance the survival and viability of
ascarid and trichurid eggs and larval stages of hookworms such as Ancylostoma.
Higher infection rates of other nematode species were
also observed in the playgrounds under investigation,
including Ascaris (93.3%), Ancylostoma (88.3%) and
Trichuris (77%), and these findings were significantly
higher than those reported by Noor Azian et al. (2008) in
Malaysia, Ajala & Asaolu (1995) in Nigeria, MandarinoPereira et al. (2010) in Brazil and Blaszkowska et al. (2011)
in Poland. Playgrounds in the two states of Penang and
Selangor were found to be more highly contaminated
than other sites, with all nematode genera being
present with high numbers of helminth EPG, especially
in Penang.

Table 4. The infection rate(%) and mean number of eggs /cysts (EPG ±SD) in each of
100 stray feline and canine faecal samples from animal shelters in Kuala Lumpur, January
2011 to February 2012; Cl, 95% confidence intervals.
Parasite species/ genus

(%)

CI

37.0
29.0
35.0
22.0

0.28-0.47
0.21-0.30
0.26-0.45
0.15-0.31

25.0
54.0
16.0
7.0
25.0

0.17-0.34
0.44-0.63
0.10-0.24
0.03-0.14
0.17-0.34

EPG ±SD

Range

Feline samples

Toxocara cati
Ancylostomn
Isospora
Spirometra

± 156.08
± 273.70
± 191.75
± 81.63

6-1187
10-2733
6-1140
10-690

42.51±198.29
197.16 ± 383.28
20.80 ± 108.96
29.06 ± 281.94
43.52 ± 196.07

7-1920
7-2267
6-1020
7-2820
7-1913

42.47
38.64
65.83
21.09

Canine samples

Toxocara canis
A11cylostoma
Triclmris v11lpis
Toxascaris leonina
Isospora

Downloaded from https://WWW.cambridge.org/core. University of Central Florida College of Medicine, on 07 Mar 201Bat20:09:02, subject to the Cambridge Core terms of use, available at
https://www.cambrldge.org/core/terms. https://dol.org/10.1Ol7/S0022149X14000716

Soil-transmitted helminths in Peninsular Malaysia

is also necessary to confirm whether or not playgrounds
contaminated with Ascaris are of human or animal origin.
In the case of zoonotic helminths, the arrival of the
wet season in playgrounds significantly increased the
number of eggs of all four nematode genera compared
with the dry season. Stojcevic et al. (2010) also reported
an increase in the number of helminth eggs during the
rainy season, as embryonation of eggs increases in
tropical temperatures with high soil humidity. This result
is similar to the results of studies by Uga & Kataoka
(1995), Rai et al. (2000) and Nurdian (2004), where high
levels of rainfall contributed to higher diversities and
prevalence of parasite species. In addition, helminth eggs
such as those of Toxocara and Ascaris possess thick
external layers, which provide protection from environmental factors (Mizgajska, 1997).
The effects of two factors, the type of soil and size of
playgrounds, also played a significant role in determining
the number of helminth eggs recovered from soil samples.
Ayaji & Duhlinska (1998), Duwel (1984) and Omudu et al.
(2003) observed that Toxocara eggs were found more
readily in soil rich with sand compared with other soil
types, and also that particle size was important.
High levels of contamination with eggs of Toxocara,
Ascaris and Trichuris occurred in smaller residential
playgrounds compared with public parks and these
results are similar to those of Mizgajska (2001) and
Dubna et al. (2007). The open access of smaller residential
playgrounds allowed stray animals, pets and the
public to defecate repeatedly and indiscriminately in
confined spaces, thereby increasing the density of eggs
in the soil. On the other hand, a significant reduction
in contamination with eggs was found in the soil of
public playgrounds as these tend to be protected with
fencing. Nevertheless, the presence of eggs of Toxocara,
Ancylostoma and Trichuris in playground soil and stool
samples suggests that stray animal populations play
an important role in contaminating sandpits in both
public and residential areas. Dogs, in particular, exhibit
behavioural patterns by selecting previously used
defecation sites (Rubel & Wisnivesky, 2005).
Canine faeces in the present study revealed a high
infection rate of Ancylostoma (54%) followed by Toxocara
canis (25%), Isospora (25%), Trichuris (16%) and T. leonina
(7%), and these results were significantly higher than
those reported by Noor Azian et al. (2008) in Malaysia
for T. canis (12.1%), Ancylostoma (4.9%) and Trichuris
(1.6%). Subsequent reports by Mahdy et al. (2012) in
Malaysia showed that both hookworm species A. caninum
and A. ceylanicum were found in urban stray dogs, with
A. ceylanicum being the more prevalent species (76.2%),
which was comparable with A11C1Jlostoma (88%) recorded
by Tanwar & Kachawha (2007) in India. Kutdang et al.
(2010) also recorded a high infection rate of hookworms,
with up to 50% infected in a dog population in Nigeria,
together with 38.2% and 31.8% infected with T. cnnis
and Trichuris vulpes, respectively. In the present investigation on feline faeces, the other Toxocara species
(T. cati/f. malaysiensis) was also most frequently recovered
(37%), followed by Isospora (35%), Anetjlostoma (29%) and
Spirometra (22%). On the other hand, Jittapalapong et al.
(2007) reported much lower infections of Toxocara spp.
(3.5%) and Anyclostoma spp. (9.9%) in Thailand.
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Apart from host parameters, extrinsic factors such as
faecal texture may also be linked with infectivity, as in the
present study the number of infective stages of
Ancylostoma (P < 0.01) and lsospora (P < 0.05) was higher
in runny compared with soft/hard stools, but whether
the viability of eggs or cysts is related to texture of stools
requires further investigation.
Dubinsky et al. (1995) reported that the main source of
food for most stray cats and dogs included small
mammals such as rodents, which can act as paratenic
hosts for helminths, thus increasing levels of infection in
these feline and canine definitive hosts. The large
numbers of parasite eggs recovered in this study clearly
highlight the potential health risk to children, who
may acquire infection when playing in the sandpits of
playgrounds located in various sites in Peninsular
Malaysia.
The present study has revealed high numbers of
helminth eggs contaminating soil in playgrounds surveyed in Peninsular Malaysia, and such high levels of
environmental contamination, especially with Toxocara,
were mainly due to defecation by stray animals (and also
domestic pets), or the public in the case of Ascaris. The
origins of some helminth genera (Trichuris, AnCl;lostoma)
were not determined, but high prevalences of Toxocnra
and Ascaris clearly confirm that both animals and humans
are important sources of contamination. However,
molecular approaches are now required to identify
helminth species from soil samples, notably the identification and host origin of Ascaris since dog faeces were free
from infection.
Factors contributing to soil contamination with helminth eggs include the type of playground, soil texture
and season. In addition, the presence of helminth
eggs/larvae in the stools of dogs and cats can be
influenced by faecal texture. Nevertheless, highly
contaminated soil in playgrounds in urban areas does
highlight the need for substantially improving the
management of stray animals and enhancing hygiene
practices in Malaysia. Municipalities nationwide must be
responsible for the control of stray animals and should
include awareness programmes; improve playground
designs for children, to exclude strays and the public from
defecating in public and residential parks; and promote
better hygiene practices within the community.
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Human Zoono.tic Infections Transmitted
by Dogs and Cats

ogs and cats are the 2 most common household pets. However, they may be a direct
or indirect source of human infections. This article aims to familiarize physicians with
some common and uncommon bacterial, rickettsial, parasitic, and fungal zoonotic
infections of dogs and cats. Animal bites with or without infection continue to be a
common problem. Treatment of infected animal bites must incl~de early d~bridement and concern for organisms from the mouth flora of the animal. The diagnosis and treatment of cat·scratch
disease have become easier since Bartonella henselae has been established as the main causal agent.
Less common bacterial and rlckettsial zoonotic infections are included to increase the reader's awareness. ·Parasitic infections, such as cr~eping eruptions, visceral larva migrans, cryptosporidiosis, and
toxoplasmosis, are diseases associated with contact with dogs and cats. Pets can also be the source
of dennatophyte infections. An increase in awareness that some of these diseases may be associ. ated with anima~s could provide a better plan for the prevention and treatment of common and
uncommon zoonotic infections.
Arch Intern Med.1997;157:1933-1943

D

There are more than 110 million pet
directly transmitted by dogs and cats to
dogs and cats in the United States.
humans. The clinical manifestations are
These pets are found in approximately
divided into the following categories~ cuta70% of households and have been
neous, respiratory, gastrointestinal, neurodirectly or indirectly associated with the
logic., systemic, and other manifestations.
u:ansmission of at least 30 infectious
Talale 2 lists the diagnostic methods and
agents to humans. 1•2 Pet owners often
suggested treatment for bacterial infecare not aware of and most health care
tions transmitted by dogs and cats.
workers are not trained to recognize
these zoonotic diseases. Fortunately, de·
BACTERIAL INFECTIONS
spite close contact with these pets. the
number of clinical zoonotic illnesses in
Dog and Cat Bite Infections
humans is relatively low. This article
covers the important clinical aspects of Animal bites represent 1% of all emerbacterial, rickettsial, parasitic, and fun·
gency department visits. Between 70% and
gal diseases acquired directly or indi90% of these visits are caused by dog bites
rectly from dogs and cats. This review is
which have been estimated at more than
not intended to be comprehensive and
million occurrences per year.u Cats ac..
inclusive, but emphasizes how the infeccount for only 3% to 15% or animal bites
tion is acquired, as well as diagnosis and
but these bites are more likely to becom~
current recommended treatment. For
infected. The risk o( infectlon after a bite
detailed infonnation about specific disis estimated to be 5% to 15%.4 Jnfection foleases, the reader is referred to standard . lowing a bite is frequently caused by a mixt~xtbooks of infectious diseases or paratu~e of mi~oorganisms., The prominent
Sttology.
·
·
nuaoorgarusms include Staphylococcus spe.
Table 1 lists the associated clinical
manifestations of diseases caused by infectious agents that may be directly or in-
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. : Pneumonia

Pneumonia
Pneumonia
·-' . Pneumonia .'

•Ellipses indicate no ma/or clinical manifestations apply; IC, manifestations in lmmunocompromlsed patients.

cies, Streptococcus species, Corynebacterium species, Pasteurella multocida (isolated in 50%-75% of healthy
cats), Capnocytophaga canimorsus
(formerly called DF-2), and anaerobes. Anaerobes are isolated in
approximately 41% of animal bite
wounds, and always in mixed cultures.s
Patients .with a bite wound
should be examined thoroughly for

nerve, tendon, joint, bone, and vascular injury. Aerobic and anaerobic cultures of the infected site
should be taken. Immunization
against rabies and tetanus should be
considered. The decision to hospitalize should be based on the severity of disease and the presence of un- ·
derlying illness.
.
Antimicrobial prophylaxis for
a patient with a low infection risk .
ARCH INTERN MEDNOL 157, SEP 22, 1997
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I
and fresh bite wound is controverl'
sial. Antibiotic prophylaxis is rec-.
ommended for a patient with a pun7J
ture wound or a wound tha~ 15
considered a high risk for infection r
(eg wounds located on the head,
I
fac~, hand ' wrist ' foot, ankle, other
es
maiorJ' oints hon~, tendons, nerv '
:J
'
)
These
and vascular structures ·
. ·
wounds should be promptly surgically debrided and irrigated. The an-

I
l

.1

l

such as didoxacillin, cephalexin, cefa~roxil, cefador, erythromycin, and
chndamycin, are not recom ..
mended.6 Another microbe commonly found as part of the oral flora
of dogs is C canlmorsus. This organism is consistently susceptible to
most antimicrobial drugs except aztreonam, trimethoprim-sulfamethoxazole, and aminoglycosides. 1 f3-Lactam and ~-lactamase
inhibitor combinations, such as
amoxicillin and clavulanate, ampicillin and sulbactam, ticarcillin disodium and clavulanate, and piperacillin sodium and tazobactam,
appear to cover the spectrum of bacteria commonly associated with bite
wound infections.
Cat-Scratch Disease
Cat-scratch disease is caused by Bar-

tonella henselae (fonnerlynamed Rochalimaea henselae). This organism
also causes baciHary angiqmatosis
and bacillary peliosis hepatis. Do·
mestlc cats serve as a major persistent reservoir for B henselae. Cats
with chronic Bartonella bacteremia
are contagious through their saliva. The fleas removed from these
cats may contain the infectious agent
and bites from these fleas can transmit ca.t.scratch disease. In the United
StatC;S, up to 50% of cats tested have
antibodies against this organism. s
Approximately l week following exposure to B henselae, a pri·
mary papule appears at the site of
inoculation. Tenderregional lymphadenopathy develops 2 weeks Liter.
ln most cases, the disease is selflimited and complete resolution
occurs within 2 to 6 months. Systemic disease and other organ involvement may occur, 0 and prolonged and relapsing illnesses have
been observed. 10 Patients With human immunodeficiency virus infection may have skin lesions reministimicrobial agent selected should be
indicated for mixed bacterial infections. A combination product of
amoxicillin and clavulanate potassium should provide adequate coverage.
Treatment of an infected bite
wound should include aggressive
surgical debridement and timely appropriate antimicrobial therapy with
agents active against .the com-

monly encountered mixed flora. In
addition to the gntm~positive cocci
and anaerobes, P rnultocida is frequently isolated from infected bite
wounds. Therapy with amoxicillinclavulanate, ampicillin, cefuroxime, a combination product of tri ..
methoprim and sulfamethoxazole,
tetracycline, or dptofloxacin is effective. Drugs commonly used for
skin and skin structure infections,
ARCH INTERN MEPNOL 157, SEP 22, 1997
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cent of pyogenic granuloma,

histiocytoid hemangioma, and epithelial hemangioma.
A history of exposure to cats
and lymph node biopsy findings of
microabsccsses or granuloma should
increase the index of suspicion for
infection with B 1ienselae. A definf..
tive diagnosis om be made via microscopy using Warthin-Starry silver stain,11 with sero logic tests using
·~
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Qo'>j.lllaU1.1•11, or
surgical removal; recommended
antimicrobial agents:
doxycycline, minocycllne, and
erythromycln; other agents:
gentamlcln sulfate, rifarnpin,
clprof loxacln, and T-S
(controlled study needed)
Arnoxicillin and other f3·lactarn
antibiotics; doxycycline and
, · erythromycln
·· Ooxycycline plus rifarnpln; T-S may
. be used in children and pregnant

antirnlcn)blal agents used for ·
are effective,

•Information compiled from previously published articles.2.7.S. 7s.r1.20-21.N.26.38.344o

I.
Il
I

t T-S Indicates trlmethoprlm·su/famethoxazo/e combination product,· PCR, polymerase chain reaction.
an indirect fluorescent antibody (it
does not distinguish between B quintana and B ltenselae) ,12 and with a
bacterial culture. A blood culture using lysis centrifugation appears to
have the best yield.8
,
· : Lymph node inflammation is
usually self-limited and does not require drainage. Enlarged lymph nodes

may be aspirated or excised to obtain tissue to rule out other causes and
to relieve discomfort. Antimicrobial
agents should be administered to patients with more serious illness,· to
those with complications, and to those
who are immunocompromised•. In
vitro susceptibility studies 13 ·have
shown that erythromycin, doxycyARCH INTERN ~1E~~~L 157, SEP 2~. 1997

dine, rifampin, and sparfloxacin are

most active; however, only aminoglycosides are bactericidal in catscratch disease. Susceptibility testing has not been shown to correlate
with clinical'outcomes. The re-

sponse of B henselae to antimicrobial
. therapy has not been evaluated pro- ·
spectively. ·Erythromycin, doxy- ·

cycUne, and minocycline are the
recommende(l first-line agents for
cat-scratch disease. ·Gentamictn sulfate, rifampin, ciprofloxacin, trimethoprim..sulfamethoxazole, and
certain third-generatiQn cephalosporins may also be clinically ef.
fe~tive. 8

.

Brucellosis
Brucellosis is a disease of domestic
farm animals caused by Brucella
abortus, B melitensis, and Brucella
sufS. Rural dogs may serve as a reservoir of human and livestock infections. Although Brucella infecdon in dogs and cats i~ usually
benign with a su.bdinical and selllimited course, transient bacteremia with l:Yznphadenopathy, epi~
didymitis, Qrchitis, and abortion
have been observed.
Brucella canis was identified in
1966 as associated with outbreab of
abortions in beagled~. 14 Human infectiQns caqsed by canhi.e species are
not common. Similar tQ that of other
· Brucella species, the infection may
present with nonspecific clinical
manifestations and laboratory find·
ings. 15~16 A diagnosis of brucellosis om

be made using serologic tests and a
blood culture. A request for B canis
antibodies should be specified
when B canis infection is suspected.
The Brucella antigen used in·most
clinical laboratories does not crossreact with antibodies to B canis.15
Treatment with doxycycline, 20.0
mgld, plus rlfampin, 600 to 900
m~d, orally for at least 6 weeks has
been found effective. For children

younger than 8 years or pregnant
women, treatment With trimetho~
prim-sulfamethoxuole may· be
used in place of doxycycline.
Campylobactetiosis
Infection with CampyJobacter ranks
among the most common causes of
human bacterial dianheas. Most human infections are acquited by the
ingestion of water, milk, or food contaminated by domestic or farm animals; Pets are an infrequent source
of this illness ..Up to 11% of asymp..
. tomatic dogs and 28% of dogs with.
diarrhea have been found· to· excrete this organism ttansiently. cam. pylobacter, infection alSo has be~n

transmitt~d by sick puppies.11,1a Fe. ver and diarrhea lasting for abQut a

nate? teeth and claws, while dQgs
can indirectly ttanstnit the disease
through tick vectors. Manifestationsof the disease are dependent on

week are the most common clinical
manifestations. Diagnosis of ·campylobacteriosis can be made using
a stQol culture. Symptomatic treatment is recommended for most patients and antimicrobial therapy is
recommended for more seriously ill
patients. Most strains of Campylo~
bacter are susceptible to the macro·
lid~ and fluoroquinolones.

the point of entry. For example, in
the oculogtandular form, the site of
inoculation is the conjunctiva: in the
ulceroglandular form, an extremity, in the oroph.aryngeal and typhoi·
dal forms, by ingestion of contami·
nated food or water; in pneumonic
disease, by inhalation; and in the
glandular form, primaty site ls l)n·
known. Inhalation and typhoidol
forms have the highest mortality
rates and are most cQmmonly
found in laboratory workers. Diag·
nosis of tularemia ls based on cllni·
cal suspicion and results of cultures and serologic tests. The drug
of. choice for tularemia is strepto·
mycin su.lfate, taken at a dosage of
1.S to 10 mWkg every 12 hours for
7 to 14 days.n

leptospirosis

Leptospirosis, a common zoonodc
infection transmitted by livestock,
pet animals, and wildlife, is caused
by the spirochete Leptospf ra Interrogans. Rats and dogs are hnportant in the transmission of this disease. Infected animals may be
asymptomatic or have an illness
characterized by fever,jaundice, conjunctivitis, and hemoglobinuria. 19
The organism survives in die distal
renal tubules of dogs and the urine
may be contagious for life. Human
infection occurs following exposure of a mucous membrane or
abraded skin to the urine or tissue
of an infected animal either directly Qr through contaminated water or soil. The clinical illness has a
septicemic phase and an immune
phase. The symptoms of the se.pti~
cemic phase are nonspecific and difficult to differentiate from other
acute febrile illnesses. Fever, rash,
meningeal signs, myositis, uveitis,
and leptospiruria occur in the immune phase. The diagnosis of leptospirQsis is made clinically and by
a 4-fold increase in results of agglutination tests, positive culture resuits, or·dark·field microscopic examination of body fluids, including
. blood, urine, and other body nu..

··.

Based on molecular analysis, the ge·
nus Salmonella has qnly 1 species.
Salmonella enteritidis, and has mQre
than 2000 different variants or subspecies. Between 10% and 27% of
dogs have been infected with Sal·
monella, usualre with serotypes siml·
lar to those af ecting humans. Antmal infection may be subclinkal but
may present with fever, diarrhea, or
spontaneous abonion. Oo~ and cats
are rarely the source of human infections with Salmonella. Appropri·
ate samples, such as feces, should
be sent for culture when Salmo·
nella is suspected. Most patients
with S enrentidis require no
therapy. If the patient has systemic
manifestatfons, the choice of anti·
biotic therapy should be based on
local laboratory information and
susceptibility testing. ln the United
States. treatment with trimetho·
ptim-sulfamethoxazole and fiuor_,.
quinolones is usua\\y e«ective.21

ids. 10 Treatment with high·dose

penicillin or doxycycline should be·
gin early to be effective.

...

.

!

r

h

1l

1:

j

I.

1i
.l

Tularemia
Plague (Ytrslrtla ptstis)

Human illness caused by Fran·
cisella tularensis occurs among individuals exposed to deerflies or infected animals or. their ticb. Cats
become infected after feeding on infected animals. The disease is simi·
lar in humans. C.at.S can transmit the
·dise~se through their ~ontaml-

Yersinia pestis infection is most commonly transmiued to humans, cats,
and dogs by infected flea bites. Cats
acquire plague also by eating in·
fected rodents. Cats are susceptible
to a severe and often faral infection
but do~ uswdly have a briefarid self··
·,·
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limited illness. Pneumonia in humans has been reponed following
exposure to infected cats. 23
There are 5 forms of the disease, including bubonic (suppura. .
tive lymphadenopathy), cutaneous, pneumonic, meningitis, and
septicemic. The bubonic plague is
most common and all forms are ac...
companied in humans by fever,
headache, and weakness. 24
In a patient pre.senting with regiqnal lymphadenopathy, a careful
histoi:y of exposure to an infected
animal, infected flea bite, or a patient with pneumonic plague should
be obtained. ~ laboratory diagnosis
of plague is made by aspiration of the
lymph node for a culture. In a patient suspected of having the pneu-:
monic or septicemic fonn, blood cultures should also be performed. The
antimicrobial agent of choice is
streptomycin. Chloramphenicol and
tetracycline have also been found to
be effective against Y pestis.
Yersinia enterocolitfca and
· Y ersinia pseudotuberculosis

The natural reservoirs of Y entero•
colitica and Y pseudotuberculosis include cats and dogs. These infections are most commonly foodbome
but human infections have been
traced to contact with infected
household dogs and cats.24•25 The
most common clinical manifestations are fever 1 diarrhea, and abdominal pain. Other symptoms include reactive arthritis, erythema
nodosum, and exudative pharyngitis. The septicemic form is more
common in patients with impaired
immunity, such as those with dia. betes, iron overload disease, cirrhosiS, and malignancy.24 Cultures of
stool samples and specimens from
other infected sites will yield the or. ganism, and serologic tests are available. Gentariticin, chloramphenicol, trimethoprlm-su~ethoxazole,
doxycycline, and ciprofloxacin have
been used for Y enterocolitica infection with good results.
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with cats should alert clinicians

of the probable transmission from
~ese pets.26.27
Suspected Zoonotic
Bacterial Diseases

At least 3 other bacteria have been
suspected to be transmitted to humans from dogs and cats, including animal Helicobacter species,
Streptococcus, and Anaerobiospiril·
lum species.
large, spiral-shaped bacteria,
which are morphologically distinct
from Helicobader pylori. have been
found in human and animal stomachs. Two morphological types have
been isolated from the stomachs of
cats and dogs: Helfcobacterf elis and
Helicobacter heilmannii (formerly
called Gastrospirillum hominfs). 28
Similar to H pylori infection in humans, infection with these organ·
isms is lifelong. Since no environmental source of these agents has
been documented, it has been pos-·
tulated that human infection is zoonotically acquired. Suspected cases
of transmission of H hetlmannli and
Hfelis from dogs and cats to humans have been reported. 29-31 ·
Anaerobiospirillum have been
associated with cases of human diarrhea.
~presents with
~ to 7 days of diarrhea, fever, abdominal pain, and vomiting. Cats are
the suspected reservoir and the vector in human disease,32 although this
relationship has not been prov:en.
The role of pet dog~ acting as reservoi~ for recurrent ~treptococcal infection has been considered but not.
proven. 1.33
. ·.

Human

RICKETTSIAL INFECTIONS

QFever ·Q fever is a disease ttansmitted bY
the inhalation of Coxiellabumetii endospores from contaminated soil; exposure to ticks, and parturient
cats,3+.35 The disease has a worldwide distribution and has as its reservoir: common livestock animals,
such as cattle, sheep, and goats •
Unlike other rickettsial illnesses, "a
· rash is rarely found. Q fever is fre..;.
quently a self-limited febrile illness
lasting _for ~-to 14 days. Other pre~
. sentations
include.pneumonia, eti.
.. :

docarditis, hepatitis, osteomyelitis,
and neurologic manifestations. .
Diagnosis of Q fever can be
confirmed by results of serologic
tests or a culture.36 Isolation of the
organism can ot:tly be performed in
a limited number of laboratories. For
the treatment of acute Qfever, doxycycline, 100 mg twice per day for 15
to 21 days, is recommended, and for
meningoencephalitis, a fluoroqui·
nolone compound is preferred be· .
cause of higher cerebrc;>spinal fluid
levels of the drug. 37
·

Ehrlichiosis
Two varieties of human ehrlichial in·
fection have been described: human monocytic ehrlichiosis, caused
by EhrUchta chaffeensis, and human granulocytic ehrlichiosis,
caused by a species that is closely related or identical to Ehrlichia phagocytophila and Ehrlichia equi.38 Ehrli·
chia chaffeensis has been isolated
from the Lone Star tick (Amblyomma amerlcanum) and
dog tick
(Dermacentor varicibtlis). Dogs,
horses, deer, and other mammals
have been suspected as. the hosts.
However, a definite association with
domestic dogs has not been shown.
In the granulocytic variety, the de·
fmitive tick vector has not been identified, but the deer tick (lxodes scapu·
laris) and D varfabilis have been
suspected. The epidemiologi~ p~t
tems of human monocytic ehrliclUosis and human granulocytic ebrli- '
chiosis are not.well established. Both
diseases have been encountered in ·
upper midwestem and eastern states
and frequently in areas where Lyme
disease and babesiosis are prevalent. The clinical and· laboratory
manifestations of the l infections are
similar to one another. Prominent
findings include fever, ~eadache,
myalgia, anemia, leukopenta, thrOm·
bocytopenia, and mildly elevat~~
transaminase levels. Elderly 1:n
tients are more prone to.sever~ •
ness and death. Results of a penp~
eral blood smear may show t e
characteristic morula .in the cyto·
plasm of mononuclear «;Jr polym~:1
. phonuclear leukocyt~,. but; ~
method is rather msens1uve. se
_rologic· diagnosis of humanJnono· ·cytic ehrlichiosis is based 0~ a 4'-£ol? i
·increase in E chaffeensis anubody tt- ·1
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ter or a· single high titer (;?!128). The
diagnosis is confirmed by results of .
an antibody titer or polymerase chain
reacdon (available from the Centers for Disease CQntrol and Prevention, Atlanta, Ga). Treatment with
doxycycline, ·100 mg twice daily or
3 mg/kg per day in 2 doses divided
for 5 to 7 days or 3 days after defervescence, has been recommended
based on clinical experience.38
Richettsia richettsii
RQcky Mountain spotted fever is an
endemic tick-borne disease caused
by Rickettsia rickettsii. This microbe is transmitted by the wood tick
(Dermacentor andersoni) or the dog
tick (D variabilis). Both humans and
do~ c:an be infected; however, when
a dog becomes infected, rickettsemia is not sufficient for the animal
to become a reservoir for traQStnission~ Hence, dogs act as sentinels to
the presence of this disease.39 Human disease has not been associated with transmission from dogs.
Rocky Mountain spotted fever has
been reported in most of the continental United States, but the highest incidence appears to be in the
southern Atlantic and south central states.40 Diagnosis of Rocky
Mountain spotted fever is by serologic means. The organism iS susceptible· to tetracycline, chloramp henic ol, rifampin, and some
fluoroquinolones, such as ciprofioxacln. Trea.tment with doxycycl.ne, 100 mg twice daily for 7 days
or 2 days after defervescence, is recommended. ·

caninum is found in dogs and Ancylostoma brazillense infests both dogs

and cats. This disease is more com..
mon in the southeastern United
States. Lesions typically develop fol•

lowing exposure of bare feet to a
playground or beach that has been
contaminated with feces containing dog hookworm ova. The ova develop into infective larvae in the soil,
and these larvae attach to and penetrate the skin of the host. Their migration in the epidermis r~ults in the
clinical manifestation of creeping
eruption that is characterized by red,
itching papules within a few hours
after skin penetration. These larvae
migrate a few millimeters per day
and produce the characteristic serpiginous, elevated, reddened, pruritic skin eruptions that can be ob·
served approximately 2 weeks after
exposure.2 Vtseeral migration is rare
·and may cause abdominal symptoms when it occurs.41 The clinical
appearance of the skin is diagnostic; therefore, further studies, such
as biopsies and serologic tests, are
superfluous. The disease is selflimited; however, many patients frequently request treatment to relieve discomfon. Freezing the lesion
using carbon dioxide snow or ethyl
chloride spray, although helpful at
times. is no longer·recommended.
·Topical application of a 10% suspension of thiabendazole overlaid
with Q.l %dexamethasone cream for
. 3 days can ease symptoms. In addition, thiabendazole, 25 mg/kg orally
twice·per day for 2 to 3 days, or
mebendazole, 100 mg 3 times daily
for 7 days, may be tried.

.. PARASITIC INFECTIONS

Visceral Larva Migrans

larva migrans occurs when nematode larvae enter a host that does not
support maturation of the parasites
to their adult stage. When the larYae infgrate at the level of the skin,
the condition is called cutaneous
larva mfgrans;· when deeper organs
are involved, the term visceral larva
htigrans is applied.

The syndrome of visceral larva migrans is found worldwide. In the
United States, this syndrome ls
mostly found in toddlers. Toxocara
canis, a dog roundworm, and less
commonly, Toxocara cati, a cat
roundwonn, are the ascarlds most
commonly responsible for human
disease. This disease is acquired by
ingestion of ova from materials contaminated with dog or cat feces. Ova
from these ascarids are found in the
yards of many homes and public
parks.•i.•3 Although most human infection is subclinical, a serologic survey1 showed that up to one third or

Cutaneous Larva Migra~
:•l·

.. l'wo sped~. of d?g hookwonns are
. frequenµy associated with cutaneous larva: migrans; also known as
.creeping eruption~. ~ncylostoma
.. ,

~

.

. .
.. .
~

~·

all individuals had a past experience with this parasite. Symptoms
are generally nonspecific and Visceral organs, such as the lung, liver,
brain, eyes, and myocardium
(rarely), are targets. 2 The finding of
eosinophilia with liver, lung, eye, or
brain involvement in a child is s\Jggestive of visceral larva migtans. Hypereosinophilia may be the only clue,
but it is absent in 27% of patients
with high antibody titer. 44 The definitive diagnosis is finding the larva
in tissue. Serologic tests using enzyme..linked immunosorbent assay
titers have been reported to be 9l %
sensitive and 86% specific.4' Since
the disease is self-limited, watchful
waiting is advised. For more severe
cases, treatment with corticosteroids and antlparasitlc agents should
be tried. Thiabendazole, 25 mg/kg
twice daily, plus corticosteroids in
severe cases can be administered until symptoms abate. Albendazole has
also been found to be effectlve. 46.47
Treatment with mebend,a.zoJe and diethylcarbamazine citrate can also
cause disease regression. Appropri·
ate antibacterial agents should be
given when a secondary bacterial in·
fecdon is suspected.
Cryptosporfdfosis

Cryptosporldium parvum is a coc-·
cidia found worldwide that causes
diarrhea in animals and humans.
Mammals, including humans, ro. .
dents, and companion animals such
as puppies and kittens. are known
hosts. The parasite Is acquired by the
ingestion of fecalJy contaminated
material, such as from 1he water supply, swimming pool water, food, and
fomites. and from sexual activities
that favor fecal-oral inoculation. In
1993, Cryptosporldlum was responsible for a massive waterborne di·
arrheal outbreak that affected more
than 400 000 individuals in Mil·
waukee, Wis.48 The source was a
contaminated public water supply.
The oocysts are difficult to destroy,
even with chlorination. The most
common clinical presentation of
cryptosporldiosis in both immunocompetent and immunocompro·
mised hosts is profuse and watery
diarrhea. In immunocomp~rent
patients, the incubation period Is ·.. ·
approximately l weeks and the dis-. . ·
./: .: '.
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cal, and even physical welfare. 2 The
~esponsil)ility of pet ownership dc;>es
not end with the health of the pets
alone. The welfare and health of the
owners, the neighbQrhoo~, and the
community must be considered.
Therefore, the responsibilities for tlie
pets begin with proper immunization, disease prevention, hygiene,
and treatment of diseases. With ownership comes the responsibility for
the pet's well-being and the health
of the Qwners ancJ. neighbors. With
the recent increase of rabies in the
l,Jnited States ancJ. the low vaccination rate of cats, pet owners ·should
understand the i~portance of rabies vaccination. Other types of immunization, such as leptospiral vaccination, should be considered
depending on local situations. Many
regions have a high rate of dirofilarial infections in dogs. Dogs
sho\lld be given chemoprQphylaxis
to protect against heartworm disease. Pets should be provide<l with
a hygienic environment to reduce
the chance of skin diseases and ectoparasitic as well as other parasitic
infestations. Pets that are allowed
to have outdoor activities are susceptible to parasitic infestation, including ectoparasites. Appropriate
preventive measures should include regular inspection for ticks
and fleas, as well as regular checkups by veterinarians for possible
deworming.
',!he responsibilities of pet
owners to themselves and the community are just as important. Pets
should not be permitted to defecate on beaches or playgrounds.
Animal feces in private yards and
on public grqunds should be removed to avoid dissemination of
parasitic diseases to other animals,
as well as to humans. For the same
reasons, pet feces should not be
used as fertilizer. Small children
should not be left unattended with
pets. Children should be taught to
avoid unfamiliar dogs and not to
dis~rb or startle a feeding or sleeping dog. Hands should be washed
after every animal contact. Pets
wi~·diarrhea may be a source for
. . human infection and special atten.. · .,. ,. tion 10· hygiene should be stressed.
. Medical' · attention :. should · be
s9ug~t for ariy animal bite~ no
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Sir,
"Cleanliness is next to Godliness", a proverbial adage that traces its inception to ancient Indian times, is
the epitome of irony in the current Indian health situation. The lost Indus Valley Civilization, with
modem cities like Harappa and Mohenjodaro, was once the gold standard of sanitation infrastructure.
Its extensive and efficient sewage system was not only an exemplary gem, but also a gift of knowledge
to entire mankind. However history resides in books and has little relevance to the current situation.
Though over the last 50 years, the general health of Indians has improved and the life expectancy has
increased, myriad health and sanitation problems still stare one in the face. The biggest one, open
defecation, is the mother of all infection and morbidity. The WHO declared the year 2008 as
International Year of Sanitation. It was here that the term 'Open Defecation' was widely publicized.
Community Led Total Sanitation (CLTS) programs helped spread the term all around the globe.
It is a matter of national concern as India has the most number of people practicing open defecation in
the world, around 600 million [l], and is followed by Indonesia, Pakistan, Nigeria and Ethiopia. Still
these countries come nowhere close to the staggering number contributed by India.
Most of it occurs in villages with a prevalence of 65% [2,]. In urban settings the prevalence is close to
16%. The problem has thick deep roots with a multi-factorial origin. Unavailability of proper toilets or
toilets with dimly lit, broken or clogged latrines is common. However, the biggest problem is the
mindset of people in both rural and urban settings. Children grow watching parents and grandparents
practice open defecation. Most farmers believe that waking up early and defecating in the field, not
only adds natural fertilizer to the soil, but also rejuvenates the bowel and the mind.
Open defecation is a major cause of fatal diarrhea. Everyday about 2000 children aged less than five
succumb to diarrhea and every 40 seconds a life is lost [J]. It is depressing that all this needless
suffering is actually preventable. In densely populated countries like India, the health impact is
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magnified many fold [1]. There is evidence to suggest that water sanitation and hygiene practices are
associated with child linear growth [2.]. Children have a tendency to put common things in their mouth.
In rural settings where open defecation is prevalent, large amounts of fecal pathogens via human and
animal feces, are ingested by children. This creates a massive reservoir of bacteria, parasites and viruses
that keep spreading gastrointestinal infection. An eventual result is growth stunting and malnutrition.
Though the health challenges seem to compound with time, the health budget allocation by the
Government of India is getting smaller every year. This year also it is quite meager, only about 1% of
the Gross Domestic Product. This may put financial constraints on dealing with sanitation linked
diseases.
In 2013, the United Nations brought world attention to "Open Defecation" for the first time and World
Toilet Day was celebrated. The UN has vowed to eliminate open defecation from the globe before
2025. In India, the largest contributor of open defecation to the world, widespread concern about
abysmal sanitation practices is being slowly raised as well. An incident in Badaun district, where two
teenage sisters who ventured out to defecate due to lack of a private toilet, were raped and murdered,
stimulated the masses into anger and dissent. Investigating authorities admitted that 95% of all rapes in
India occur when girls go out alone in secluded places, to urinate or defecate. Delinquent men have
been known to cluster at such locations, awaiting helpless victims. Similar situation exists in many
African countries like Kenya, Zimbabwe and Somalia. Thus, a direct correlation between crime and
open defecation seems to exist.
The Government can employ a carrot and stick policy; incentives for building and using toilets and
strict penalty if found openly defecating. A multipronged attack at the problem is essential and the
Indian media has to play a key role in disseminating information. A vital driving force remains the
political will. The incredulous rural population in India is the largest vote bank that determines fate of
governments periodically. Lofty promises to eradicate open defecation and establish exemplary
sanitation infrastructure have been made on several occasions before. But the problem has only gott
worse. Health programs have failed mostly due to a waning momentum and lack of a true belief in the
objective.
In order to reach maximum people, the government should explore collaborations with public and
private sector organizations that function at the primary level to bring about behavioural change. Health
schemes and demerits of open defecation should be advertised clearly on national media channels.
Technological options, like self sustaining personal toilets should be explored. Leading think tanks
should be encouraged to come up with ingenious and novel ways to curb the problem.
Wary of the burgeoning health threat, newly elected Prime Minister Narendra Modi, launched the
nationwide 'Clean India Mission', literally with a broom in hand. The government's promise of
"Toilets First, Temples Later" is the call of the hour, in a country where religion is a synonym of
fanaticism and where health and hygiene often take a back seat. The movement plans to galvanize 3
million government workers and students to salvage the health of the country. The goal is to create a
clean India before Mahatma Gandhi's 150th birthday in 2019. Nearly 800 million toilets with extensive
sewage systems are to be built. The campaign aims to construct 17 million toilets a year to achieve its
tall ambition. The World Bank estimates takes about 6-8 months to convince a village to adopt toilets
and give up open defecation. In the CLTS concept, a village can be declared 'Open Defecation Free", if
all its denizens use toilets regularly. Thus an intervention at the psyche of the people is required.
Support from WHO, UNICEF and financial aid from private organizations, seems to show that India is
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finally making the right noises at the world health stage. Wealth without health is of little consequence.
Though India is emerging as an economic power, the overall health of the nation will be a useful
barometer to gauge its true developmental progress. Putting an end to the menace of open defecation,
requires a mass effort with a personal vendetta. Shying away complaining is no more an option. The
National 'Clean India Movement", with a deadline of 2019, requires all citizens to get their hands dirty
in order to clean the country. Exactly how this concerted effort pans out, remains to be seen.
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