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Leptospirosis, a bacterial zoonotic disease with a
worldwide distribution, is caused by spirochetes
of the genus Leptospira. Leptospirosis encompasses a
wide spectrum of clinical disease in humans, includ-
ing multiorgan failure with a high mortality rate. Be-
cause of the lack of specific symptoms associated with
this disease, it is difficult to make an accurate diagnosis
in a timely manner. In 1886, Adolph Weil' was one of
the first to describe the severe or icteric form of lep-
tospirosis in Heidelberg, Germany. Descriptions of the
disease among agricultural workers and miners in Ja-
pan and China were reported earlier.” Occupation was
recognized as an important risk factor before animal
host species were identified. Rodents were first identi-
fied as a potential source of human infection, followed
by dogs. The role of livestock as reservoirs was not de-
termined until several decades later.” Leptospirosis has
been recently classified as an emerging disease because
of large clusters of cases resulting from exposure during
recreational activities and natural disasters.

Pathogen Characteristics

Leptospires are gram-negative, highly motile, ob-
ligate-aerobic spirochetes; these organisms are tightly
coiled with characteristic hooked ends and are 0.2 um
in diameter and 6 to 20 um in length. Histologically, sil-
ver staining is the method of choice for identification in
tissue specimens. Unstained organisms can be viewed
only via darkfield or phase-contrast microscopy.

The taxonomy of leptospires has been continu-
ally evolving. Historically, there were 2 species within
this genus: Leptospira interrogans, which is generally
pathogenic to humans and a variety of mammals, and
Leptospira biflexa, which is saprophytic and nonpatho-
genic. Leptospira interrogans has been subclassified into
serovars according to stable antigenic differences and
into serogroups on the basis of common antigens.* Mo-
lecular techniques have allowed the identification of 17
genomospecies.” Currently, more than 200 serovars
and 23 pathogenic serogroups have been identified.?

In human tissues infected with leptospires, the most
common pathologic changes observed include swelling
and necrosis of capillary endothelial cells, inflamma-
tion and cellular infiltration of renal tubules, and mild
degenerative changes of hepatocytes.” Hemorrhage is a
result of disruption of endothelial cellular membranes
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and not attributable to clotting abnormalities.'® Jaun-
dice develops because of hepatic cellular dysfunction;
however, permanent liver damage rarely occurs. The
exact mechanism of vascular injury is not well under-
stood. It has been postulated that organ damage may
be caused by a toxin produced by leptospires, which
may mediate some pathophysiologic effects.’ Injury to
tissues may also occur during the development of anti-
bodies and the deposition of immune complexes.

Ecology and Transmission

Leptospirosis has a global distribution, and lep-
tospires have been detected in more than 180 species
of animals. Mammals are the only class of animals
capable of transmitting Leptospira organisms, even
though leptospires have been identified in reptiles and
birds.* The pathogenicity of a leptospiral serovar in a
host animal varies depending on the host species and
the geographic area in which the host is located. Some
serovars have adapted to specific mammalian species,
which are considered maintenance hosts, and cause
mild to no disease. These maintenance hosts are ca-
pable of shedding large quantities of leptospires into
the environment. A mammalian species may serve as a
maintenance host for > 1 serovar. Animals will gener-
ally have more severe clinical signs when infected with
serovars to which they are not adapted. These animals
are considered incidental hosts and may shed lepto-
spires in limited quantities.

Infection is usually acquired early in an animal’s
life, and the prevalence of chronic urinary excretion of
leptospires increases with age.'> Animals that survive
an acute infection and have no clinical signs can go
on to shed the organism in urine for months to years.
Pathogenic leptospires can be found in the renal tubules
of a wide variety of wild, peridomestic, and domestic
animals.”” The most important maintenance hosts are
small mammals, especially rodents, which may trans-
mit infection to domestic farm animals, dogs, and hu-
mans. Once excreted in the urine, leptospires can sur-
vive in fairly moist environments for months to years.
For survival of the organisms in water, temperature in
the range of 28° to 38°C and pH in the range of 6.2
to 8.0 are optimal conditions.'*!> Survival in water is
inhibited by contamination with sewage, high acidity,
and high salinity.
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Humans become infected with leptospires when
the organisms are introduced into the body through
abraded skin or through the mucosal surfaces of the
eye, mouth, nasopharynx, or esophagus.'® The most
common sources of infection for humans are direct
contact with the infected urine of animals or indirect
contact with water or moist soil contaminated with
infected urine. Another route of exposure is direct
contact with blood or tissues of infected animals. Hu-
man-to-human transmission via ingestion of breast
milk or via sexual contact has been documented, but
is reported rarely.'”'® Infection during pregnancy can
result in infection of the fetus with various outcomes,
ranging from midgestational fetal deaths to births of
healthy infants following administration of appropri-
ate antimicrobial agents.' Laboratory-acquired infec-
tions have also been reported.®

Epidemiology

Geographically, leptospirosis is ubiquitous; endem-
ic foci correspond with areas where domestic and wild
animals can serve as reservoirs. Seasonality of cases
may be related to agricultural cycles and increased lev-
els of outdoor recreation in the warmer months. In the
United States, more than 50% of cases are reported from
July through October.?! In tropical regions, cases are re-
ported year-round but predominantly during the rainy
season.””?* The increased risk during the rainy season
becomes even greater after flooding that accompanies
natural disasters, when the human population may be
exposed to water contaminated with urine from in-
fected animals. Outbreaks associated with flooding and
natural disasters have occurred in Nicaragua in 1995,
in Brazil in 1996,% and in India in 2002.%°

Leptospirosis can be a frequent cause of acute fe-
brile illness among humans in countries where this
disease is endemic. Confirmed cases are detected spo-
radically or in clusters, giving rise to point-source
outbreaks. Unrecognized asymptomatic or mild infec-
tions may also develop among humans, resulting in
underestimation of incidence. The majority of affected
humans (90%) develop a mild form of the disease; the
more severe form of the disease may have a case fatal-
ity rate of 10% to 15%.%" The prevalence of leptospi-
rosis in some countries within tropical zones has been
assessed and reported as ranging from 12.8% among
children in Vietnam® to 23.3% among inhabitants of
suburban neighborhoods in Colombia.”

Persons at risk for leptospirosis include those with
occupations that involve direct contact with domestic
animals (eg, livestock farmers, abattoir workers, and
veterinarians) or those working outdoors where ex-
posure to contaminated environments may occur (eg,
agricultural laborers, miners, and fish workers). A case-
control study® in Thailand revealed an increased risk
of leptospiral infection among persons that performed
various agricultural activities in wet fields for > 6 h/d.

Persons living in urban environments where ro-
dents are present may be at increased risk for acquiring
leptospirosis. Contact with infected urine from rodents
or, potentially, pets may serve as a source of infection.
Results of serosurveys among inner city populations in
the United States indicated that the prevalence of anti-

bodies against Leptospira organisms was approximately
30% among inner-city school children in Detroit** and
16% among adults in Baltimore.** In Brazil, an investi-
gation of risk factors for leptospirosis among residents
in a poor, crowded urban area revealed a positive as-
sociation between acquiring infection and residency in
close proximity to open sewers; similarly, there was a
positive association between acquiring infection and
the presence of rats near the home.* In studies’** in
Nicaragua, walking in creeks and having close contact
with rodents and dogs were positively associated with
acquiring infection. Having an indoor water source was
negatively associated with development of leptospiro-
sis.” The encroachment of human habitation into areas
previously inhabited by wildlife or into areas with poor
drainage and inadequate sewage systems has increased
the risk of exposure to infective leptospires.

Avocational and recreational exposures such as pet
ownership and gardening are also considered risk fac-
tors for infection.’* Recent outbreaks of leptospirosis
have involved sporting activities and events conducted
in or near bodies of water. Individuals have developed
leptospirosis as a result of exposure to contaminated
waters while engaging in water sports that include
swimming in rivers in Hawaii,”® white-water rafting
in Costa Rica,* and participating in multisport events
such as a triathlon in Illinois*” and the Eco-Challenge-
Sabah 2000 in Malaysia.?®

In the United States, leptospirosis ceased being a
nationally notifiable disease in December 1994; thus,
it is difficult to estimate the current disease incidence
in the United States. Nevertheless, several states and
territories with tropical climates (including Hawaii and
Puerto Rico) have maintained mandatory reporting. In
Hawaii, which consistently has one of the highest year-
ly incidence rates, leptospirosis was initially considered
an occupational disease of agricultural workers®; how-
ever, in more recent years, cases have been associated
with outdoor and recreational activities.’* In Puerto
Rico, sporadic cases and occasional clusters of lepto-
spirosis-affected persons continue to be reported each
year. A seroprevalence survey conducted more than 50
years ago yielded a prevalence of 14%.% During a re-
cent outbreak in Puerto Rico of dengue, a disease with
clinical signs similar to those associated with lepto-
spirosis, prevalence of leptospirosis among ill patients
that were serologically negative for dengue was 5%.%
In that country, a much higher prevalence of 24% was
determined from analysis of a series of dengue-nega-
tive samples obtained from ill patients after Hurricane
Hortense in 1996.%

Clinical Signs of Leptospirosis in Humans

Leptospirosis in humans is characterized by a wide
variety of symptoms and a biphasic course of illness.*
The first phase corresponds to the multiplication and
spread of the organism throughout the body. The sec-
ond phase is characterized by the development of cir-
culating antibodies and the detection of leptospires
in the urine. The incubation period is typically 1 to 2
weeks (range, 2 to 30 days). Most infections appear to
be subclinical or so mild that they are never reported.
Among clinical cases, initial influenza-like signs during
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the first phase include fever, headache, chills, myalgias,
and, occasionally, a maculopapular skin rash and con-
junctival suffusion (ie, redness of the conjunctiva with-
out inflammatory exudates). This phase is followed by
a 1- to 3-day period of defervescence and symptomatic
improvement.

In the second phase, the signs of leptospirosis are
more organ specific,” and the disease can be catego-
rized into anicteric and icteric forms. The milder anic-
teric form of the disease is diagnosed in approximately
90% of patients, whereas the severe, icteric form is
diagnosed in 5% to 10% of patients. In persons with
anicteric leptospirosis, aseptic meningitis is the most
common clinical syndrome and is characterized by se-
vere headache and neck stiffness; this syndrome is more
common in younger patients.” Uveitis may develop
during this phase or may develop weeks to years after
the onset of disease.

The more severe form, icteric leptospirosis (also
called Weil's syndrome), has a less pronounced bipha-
sic course. After initial nonspecific signs, the second
phase is characterized by jaundice, renal dysfunction,
pulmonary dysfunction, or hemorrhagic manifesta-
tions. Untreated patients with the icteric form have a
higher mortality rate than those with the anicteric form
of leptospirosis. The most severe complication of icter-
ic disease is the development of oliguria; subsequently,
anuria and renal failure develop, the latter being the
most common cause of death.** The most commonly
detected liver-related serum biochemical abnormalities
are high bilirubin concentration and mildly high activi-
ties of transaminases. In patients that recover, there is
no chronic liver dysfunction. Pulmonic involvement is
often manifested by cough and hemoptysis. Severe pul-
monary distress that culminates in pulmonary hemor-
rhage had been previously detected only among affect-
ed persons in Asia,* but has now been reported among
patients in outbreaks in Nicaragua.?**

Clinical Signs of Leptospirosis
in Nonhuman Animals

In animals other than humans, leptospirosis can
be subclinical; subclinical infection usually develops
when an animal is infected by a serovar to which it is
adapted. In adult cattle, often the only observable clini-
cal sign of leptospirosis is abortion or stillbirth.*” In-
fected calves usually develop a more severe, acute form
of the disease (with clinical signs such as fever, jaun-
dice, and hematuria) that is frequently fatal. Among in-
fected horses, abortions and stillbirths can occur, and
nonspecific signs (eg, fever and jaundice) may develop;
however, the most frequently reported clinical sign is
uveitis.** Abortions and stillbirths also occur among
swine that develop leptospiral infections, and those af-
fected animals are capable of shedding large amounts
of leptospires.”

In dogs, clinical signs of leptospirosis may vary
depending on the age and immunologic status of the
animal and on the serovar of the leptospire.”>* In acute
infections, early signs include fever, stiffness, and vom-
iting; dehydration, pulmonary hemorrhage, and shock
may develop later. In subacute infections, anorexia
and signs of depression and respiratory tract effects,

such as conjunctivitis and rhinitis, may be evident. In
chronically infected dogs, renal function may decline
accompanied by weight loss, vomiting, polydipsia, and
polyuria. Hepatic dysfunction may result in icterus, and
severe hepatic failure may include the development of
ascites and encephalopathy. Meningitis and uveitis de-
velop infrequently in dogs with leptospirosis.

Diagnosis in Humans

The diagnosis of leptospirosis in humans can be
challenging because of the protean nature of the dis-
ease. In tropical climates, many diseases (eg, malaria,
typhoid fever, scrub typhus, hantavirus infection, and
dengue) may have clinical characteristics similar to
those associated with leptospirosis. Humans with lepto-
spirosis usually have a history of contact with animals
or contaminated water. The first step toward establish-
ing an accurate diagnosis of leptospirosis is to collect
accurate information regarding a patient’s travel, recre-
ational, and avocational activities. Definitive diagnosis
is typically based on results of serologic testing. Anti-
Leptospira antibodies can be detected in blood samples
collected from an infected person at 5 to 7 days after
onset of symptoms. The MAT is currently the diagnos-
tic method of choice.® However, because as many as 24
serovar antigens are used to determine the most likely
serogroup that is causing illness, the complexity of this
test limits its use to reference laboratories. Case con-
firmation requires detection of a 4-fold or greater in-
crease in titers of serum anti-Leptospira antibodies be-
tween acute and convalescent samples obtained at least
2 weeks apart. A serum antibody titer > 200 in a single
sample defines a probable human case according to the
current case definition accepted by the CDC and the
Council of State and Territorial Epidemiologists.” De-
termination of the infecting serovar by use of an MAT
may not always be predictive. The antibodies in serum
may cross-react with several different serovars in the
MAT (paradoxical reaction), particularly in specimens
collected from patients with acute infections.” As the
immune response matures, the antibody cross-reactiv-
ity lessens, and the test becomes relatively serogroup
specific.

In areas in which the disease is highly endemic, a
low anti-Leptospira antibody titer may reflect past infec-
tions; therefore, a higher titer may need to be considered
as a cutoff point for a probable case.”” Immunoglobulin
M-specific ELISA rapid dipstick diagnostic tests are now
available for use in leptospirosis-endemic areas and can
provide a reliable diagnosis quickly during potential
outbreaks. In an evaluation of 4 commercially available
tests, a microplate ELISA (for IgM) and a dot-ELISA (for
IgM) dipstick test each had high sensitivity and specific-
ity for detection of leptospirosis.™

Other diagnostic methods for leptospirosis include
PCR assays for detection of leptospiral DNA in blood,
sera, CSF, aqueous humor, or urine samples®*®; how-
ever, no PCR assay has been validated for use with clini-
cal specimens. Bacterial culture and isolation of the or-
ganism are not practical approaches for rapid diagnosis
because of the relatively slow growth of the organism.
Isolation of the organisms from blood is possible only
during the first 10 days of illness. However, organisms
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may be isolated from urine after the second week of ill-
ness and, potentially, for several months.

Diagnosis in Nonhuman Animals

The diagnostic methods used in other animals are
comparable to those used in humans—serologic detec-
tion of anti-Leptospira antibodies or identification of
the leptospires by use of PCR assays or bacterial cul-
ture.®! Results of serologic testing are frequently used
to diagnose leptospirosis, and the MAT is performed
most often. However, establishing a diagnosis based on
MAT results may be complicated because of the pos-
sibility of cross-reactivity among serovars, the presence
of antibodies elicited by vaccination, and the difficulty
inherent in the interpretation of titers determined in
single samples. A 4-fold difference in antibody titers in
paired acute and convalescent serum samples collected
at least 2 weeks apart is essential for the confirmation of
acute leptospiral infections. The ELISA kits have been
developed as simple screening tests for leptospirosis;
however, they cannot determine the infecting serovar.
Bacterial culture is not a rapid diagnostic method for
leptospires, but isolation of the organism allows iden-
tification of the serovars. Use of a combination of these
tests can improve the ability to establish a diagnosis.

Treatment of Humans

Antimicrobial treatment is indicated for all patients
with leptospirosis. There is an extensive range of anti-
microbial agents that are active against this disease. In
patients with mild disease, the drug regimen of choice is
oral administration of doxycycline for 2 weeks.®* How-
ever, doxycycline is not recommended for treatment of
pregnant women. Initiation of antimicrobial treatment
within 7 days following the onset of clinical signs has
been associated with a shorter duration of illness.® For
patients with the more severe form of the disease, IV
administration of penicillin G is indicated until im-
provement is observed and oral administration of the
drug is tolerated. Studies in Thailand have revealed
that ceftriaxone® and cefotaxime® are as effective as
penicillin in the treatment of severe infections. Treat-
ment guidelines for children > 8 years old are similar
to those for adults. Results of recent studies appear to
indicate that short courses of doxycycline administra-
tion in children < 8 years old may not cause clinically
important staining of permanent teeth.®*” Controversy
has existed as to whether antimicrobials should be used
to treat individuals with leptospirosis, especially with
regard to persons who seek treatment late in the course
of disease. The consensus among leptospirosis experts
has been that physicians should not withhold anti-
microbial treatment, even for suspect cases.®*%

Appropriate and timely administration of antimicro-
bials and supportive care are essential for a favorable out-
come in the treatment of patients with moderate to severe
leptospirosis. Aggressive fluid therapy and maintenance
of electrolyte balance are also highly important. Among
patients with leptospirosis, the mortality rate is higher in
persons who present late in the course of the disease and
do not receive antimicrobials and in persons with impair-
ment of renal function, especially anuria.®® Blood transfu-

sion may be necessary if hemorrhagic conditions develop
or occult blood loss is evident. Patients with pulmonary
hemorrhage frequently require intubation and mechanical
ventilation.

Preexposure prophylaxis is recommended for per-
sons who are traveling to areas in which leptospirosis is
endemic and who have a high risk of exposure. Doxycy-
cline may be administered orally at a dose of 200 mg/wk
during the time of exposure.”’! Results of a study’ in
which doxycycline was administered as prophylaxis to
inhabitants of a leptospirosis-endemic area indicated
that infection with leptospires is not prevented; how-
ever, the development of clinical disease is decreased.
Currently, guidelines for preexposure prophylaxis in
children have not been established.

Treatment of Nonhuman Animals

Successful antimicrobial treatment of cattle with
leptospirosis has been reported.”>> After administra-
tion of a single IM dose of dihydrostreptomycin in 1
study,” urinary shedding of leptospires by cattle ceased
within a week. Other antimicrobials that are approved
for food-producing animals, such as ceftiofur, oxytetra-
cycline, tilmicosin, and tulathromycin, have also been
successful in eliminating leptospire shedding.”*™ The
rapid response to a single treatment makes it feasible
(considering cost and safety) to treat animals in small
herds if they become infected with leptospirosis.

In dogs with leptospirosis, antimicrobial treatment
that is started early in the course of infection is effec-
tive in shortening the duration of clinical disease and
preventing permanent liver and kidney damage and can
minimize the risk of transmission to humans.” Penicil-
lin, or one of its derivatives, is the antimicrobial agent
of choice for initial treatment. Upon improvement,
doxycycline is often administered to prevent potential
development of a long-term carrier state. Supportive
fluid therapy is essential to correct dehydration while
the concurrent liver or kidney problems are treated.”
When available, use of peritoneal dialysis or hemo-
dialysis can be lifesaving.

Control and Prevention
in Cattle, Swine, and Dogs

In the United States, vaccines have been available
for use in cattle, swine, and dogs for several decades. In
cattle herds in which vaccination is performed as part
of a herd management program, the disease can be con-
trolled. However, vaccination does not completely pre-
vent infection or shedding of leptospires in urine.

Infections in cattle herds are frequently attributed
to commingling different species of livestock together
on pasture, introduction of untested infected animals
to a herd, and possible transmission from local infected
wildlife. Vaccination and implementation of measures
to decrease contact with wildlife and contaminated en-
vironments can be useful for controlling the disease in
livestock.

Leptospirosis can be considered a reemerging in-
fectious disease in dogs. In the United States and Can-
ada, the number of dogs with leptospirosis evaluated
at veterinary teaching hospitals has increased signifi-
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cantly from 1983 through 1998.7 This increase may be
attributed to climatic factors, serovar shifts, or greater
contact with wildlife.”

Historically, leptospirosis in canids has been associ-
ated with the serovars canicola and icterohemorrhagiae,
which led to the inclusion of these serovars in vaccines
for use in dogs. The frequency with which other se-
rovars, such as grippotyphosa,®® pomona, hardjo, and
bratislava,® are being detected in healthy and clinically
ill canids is increasing. New vaccines have been for-
mulated to reflect these changes. Results of challenge
studies®*® have indicated that commercial vaccines can
prevent shedding of leptospires in urine. However, dog
owners should be aware that their pets may not be fully
protected because serovars that cause disease may vary
temporally and geographically. Veterinarians should
continue to consider including leptospirosis in a dif-
ferential diagnosis of febrile illness in dogs with clinical
signs compatible with this disease.

Control and Prevention in Humans

Among humans, exposures to leptospirosis may
occur when veterinarians and their staffs and pet and
livestock owners are handling infected animals. If a
potential exposure occurs, local or state health depart-
ment staff can be contacted for guidance. Recommen-
dations for postexposure prophylaxis should be made
on an individual basis (with consideration of the envi-
ronmental conditions and the health status of the per-
son) by the exposed person’s physician in consultation
with public health officials. Exposed persons should be
monitored for the abrupt development of influenza-like
symptoms that are accompanied by rash, headache, or
photophobia.

To decrease risk of transmission, veterinary person-
nel and others working with animals should avoid con-
tact with urine and other body fluids from infected ani-
mals through the use of gloves. Additional equipment,
such as masks and protective eyewear, should be worn
when performing activities that may cause splashes (eg,
cleaning cages). All blood, urine, and tissues from in-
fected animals should be considered biologically haz-
ardous waste. Hands should be washed thoroughly with
soap and water after handling or cleaning up after in-
fected animals. Iodine- or chlorine-based disinfectants
may be used to clean contaminated bedding, cages, and
surfaces. The viability of leptospires decreases via des-
iccation or exposure to direct sunlight and a low pH.

Precautions should be taken by veterinary staff and
owners to minimize contact of infected dogs that may
be shedding Leptospira organisms with other animals;
this applies both during periods of hospitalization and
after the infected dogs are returned home. For purposes
of urination, infected and recovering dogs should be
taken to areas where no other dogs, other animals, or
children have access and that are away from pools and
natural bodies of water. Other dogs residing in the same
household as a dog with leptospirosis should be tested
for leptospirosis, and prophylactic antimicrobial treat-
ment may be considered. Administration of appropri-
ate antimicrobials can decrease the duration of clinical
signs and urine shedding in dogs; however, in some in-
stances, shedding of leptospires in the urine may persist

for as long as 3 months after infection as a result of
inadequate or lack of treatment.®*

For persons who may be occupationally or recre-
ationally exposed to leptospires in the environment,
protective clothing and boots are recommended. Ex-
clusion of rodents and other small mammals from do-
miciles will decrease the risk of contact with infected
urine. During episodes of flooding or other natural
events that can cause disruption of the public health
infrastructure, measures should be taken to ensure a
safe water supply and physical protection from a con-
taminated environment.

Public Health Implications

Leptospirosis can be characterized by 3 epidemio-
logic patterns.” In temperate climates, a limited set of
serovars causes human infection, mostly through direct
contact with infected animals. In tropical, humid areas,
numerous serovars and host animal species are present,
and humans are usually infected from contaminated en-
vironments. In urban and rural slum environments, ro-
dents are the primary host responsible for transmitting
leptospirosis to humans. The epidemiologic importance
of any specific animal source at a given time is often a
function of the local ecology, the human activities in
that environment, and dynamic shifts in the prevalence
and virulence of Leptospira serovars. Knowledge of the
most common serovars and their maintenance hosts is
necessary for understanding the epidemiology of the
disease in an endemic region.

Prevention efforts against leptospirosis have fo-
cused primarily on the vaccination of domestic ani-
mals, both livestock and pets. The control of rodents in
urban and rural areas can decrease environmental con-
tamination and the risk of transmission to susceptible
hosts. However, leptospirosis may continue to circulate
in wildlife populations because of the persistence of the
organism in the environment. Public health officials,
particularly those in known endemic areas, must take
into consideration all these factors when developing
control and prevention programs. Prompt investigation
of reported human cases by epidemiologists can identi-
fy other persons at risk and allow the initiation of anti-
microbial prophylaxis for exposed individuals. Educa-
tion of those who are occupationally exposed and those
who could be potentially exposed during their recre-
ational activities or via their pets is essential to reduce
the risk of transmission. In addition to their involve-
ment in the prevention, diagnosis, and treatment of dis-
eases in animals, veterinarians serve an important role
in public health by providing guidance and information
on zoonotic diseases, including communication of risk
factors and prevention and control measures to their
clients and the general public.
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