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Abstract: Leptospirosis, a worldwide distributed zoononis caused by bacteria of the genus Leptospira
(antigenically classified into serovars), may be direct or indirectly transmitted through infected urine
or environment. Several domestic and wild animals are leptospirosis reservoirs. The disease presents
occupational character since it is widely reported in professionals that work in humid environments - such
as sewage workers and fishermen — and in places where rodents or susceptible animals are found, like
slaughterhouses and veterinary clinics. In developing countries, outbreaks are related to lack of sanitation,
overcrowding in inadequate housing and climatic conditions. In developed countries, sporadic cases
occur in aquatic recreational activities including swimming and triathlon. The diagnosis of leptospirosis
is complex due to the variety of symptoms, disease severity and the lack of techniques that are able to
early detect the infection. Thus, leptospirosis causes numerous public health problems and educational

activities are very important to its control.
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INTRODUCTION

About 75% of the emerging infectious diseases
that affect humans are zoonoses. The increase
of human-animal interdependence may be the
most critical risk factor to human health and
well-being in relation to infectious diseases
(1). In parallel with the ecological alterations
provoked by humans in the environment, there is
the exponential increase of the conflict between
humans and wild animals, which leads to
exposition to new infectious agents (2).

Leptospirosis is considered a worldwide
zoonosis, present in all continents (except
Antarctica), highlighting its importance
among emerging and reemerging diseases (3-
5). Annually, more than 500 thousand cases of
severe leptospirosis are reported throughout the
globe (6).

In Brazil, from 1999 to 2009, 37,035 cases of
leptospirosis were notified (7). The mortality rate
of Weil’s disease (severe form of leptospirosis in
humans) and severe hemorrhagic pulmonary
syndrome (SHPS) is, respectively, above 10 and
74%, which emphasizes the importance of early
diagnosis to improve prognosis (8, 9). Some
studies suggest that leptospirosis may represent
20 to 40% of febrile diseases of unknown origin
(10). This prevalence is underestimated due the
low medical community sensitization, absence
of specific symptoms and the unavailability
of diagnostic tests, besides the fact that some
patients develop a mild form of the disease and
do not seek for medical assistance (6).

The disease is caused by the bacterial
order Spirochaetales, family Leptospiraceae,
genus Leptospira (11). In 2007, taxonomy was
reformulated and leptospires were divided into
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13 pathogenic species (L. alexanderi, L. alstonii,
L. borgpetersenii, L. inadai, L. interrogans, L.
fainei, L. kirschneri, L. licerasiae, L. noguchi, L.
santarosai, L. terpstrae, L. wielli and L. wolffii)
and six saprophytic ones(L. biflexa, L. meyeri,
L. yanagawae, L. kmetyi, L. vanthielii and L.
wolbachii) (3).

Pathogenicspeciesareclassifiedintoserogroups
composed of more than 200 serovars, based on
antigenic characteristics through microscopic
agglutination. Serotyping has been recognized
as an essential tool in clinic and epidemiological
investigations and it may indicate the reservoir
involved in the disease transmission (12).

Leptospirosis can be directly transmitted
through contact with secretions, blood or urine
of infected animals, or indirectly through water
contaminated mainly with urine of reservoir
animals (13). Several domestic and wild animals
get infected, thus becoming renal carriers and
shedding the pathogen through their urine (14).
Evidence of Leptospira spp. reservoir state has
been demonstrated in all researched mammals,
and this fact is a central component on the
persistence and epidemiology of leptospirosis (3).

Although some serovars are associated with
specific hosts, all animals are susceptible to
infection by any serovar (13). Wild animals are
susceptible to a wide range of Leptospira spp.
serovars (15-20).

In a highly globalized world, where boundaries
are continually crossed due to international
tourism activities, tropical diseases including
leptospirosis have emerged as significant causes
of morbidity and mortality. Concerning a disease
that still requires further research, it is necessary
to emphasize that studies on the epidemiology
and patterns of its global incidence may improve
prevention practices. Leptospirosis prevention
must be encouraged because outbreaks have
occurred in young healthy populations, including
athletes and militaries, whereas the disease
urbanization is a growing concerning (21).

Globally, there have been many reports of
epidemics after severe flooding (22). Due to
climate changes, extreme climate events such as
flooding are expected to occur with increasing
frequency, potentiallyleading to anaugmentin the
general incidence and frequency of leptospirosis
outbreaks (23). The disease is traditionally
related to socioeconomic and climatic conditions
generally present in developing countries, and

sporadically observed in developed countries,
where the reports are commonly connected with
international travels (21).

Numerous areas with a high incidence
of leptospirosis are popular destinations for
domestic and international travels. With the
increasing popularity of ecotourism and outdoor
adventure activities, travelers are likely to become
increasingly exposed to leptospirosis through
activities involving contact with freshwater, soil
and animals (22).

In India, some behaviors of the population
- including drinking stream water, walking
barefoot, standing in water while working,
contact with waste and keeping cows in houses
— were identified as risk factors to leptospirosis
(24). Having skin wounds is also a risk factor
to leptospirosis (22). Stratified analysis
demonstrated a dose-response relationship
between the number of cattle in the house and the
risk of leptospiral infection, suggesting that cattle
could be one source of infection; however, the
serogroups involved were Icterohaemorrhagiae
and Grippotyophosa, which have rodents as
reservoirs (24).

Nowadays, leptospirosis outbreaks are
associated with tourism and recreational activities
in wild environments (6, 25). Therefore, this
zoonosis must be taken into account in travels, so
that travelers should think about using antibiotics
preventively depending on their destinations

(21).
Some  important  variables  regarding
leptospirosis comprise occupational

characteristics, such as local of the residence
(rural or urban) and seasonal incidence of rain
that reflects geographic and climatic factors.
Additionally, outbreaks may occur by the
interaction of three factors: the leptospiral agent,
reservoir and susceptible host (15).

Factors related to occupational, environmental
and recreational aspects and the presence of
wild reservoirs of leptospirosis will be discussed
herein.

LITERATURE REVIEW

Epidemiology

Leptospirosis is a global disease that may occur
wherever the risk of direct or indirect exposure
to urine or kidneys of infected animals is present
(15). The central point on the epidemiology of

JVenom Anim Toxins incl Trop Dis | 2011 | volume 17 | issue 2

120



Ullmann LS, Langoni H. Interactions between environment, wild animals and human leptospirosis

leptospirosis is the state of the renal carrier, the
animal that has its renal tubules colonized by
leptospires, which in turn are excreted in the
urine infecting the environment (3). Practically,
all mammals - including aquatic ones and
marsupials — have been characterized as leptospire
reservoirs. Transmission occurs mainly in wet
environments and not through the ingestion of
food or inhalation of particles (15).

Rural habitants are always under higher risk,
especially in tropical climates where they are in
close contact with potentially infected domestic
and wild rodents in humid conditions. In
temperate climates the main sources of infection
are swine, bovines and dogs (15).

Besides occupational expositions, situations
related to travels and recreational activities have
emerged as important routes of leptospirosis
transmission (26).

The dissemination of leptospirosis in the
environment depends on climatic conditions (27).
In particular, zones of high rainfall and floods are
frequently by severe epidemics (10). Moreover,
poor sanitary conditions and inadequate
rainwater drainage systems favor human contact
with reservoir excretions (28).

Due to its global distribution, leptospirosis
has significant impact on vulnerable populations.
Slums and other places with inadequate sanitary
system comprise high risk communities. The
cycle of transmission of the disease is maintained
because populations are continually exposed
to leptospires and measures of control and
surveillance are rare or inexistent (10).

Occupational Aspect

Leptospirosis affects professionals that are
constantly in contact with animals and their
residues, especially reservoirs (4, 29). The
epidemiology of the disease is dynamic. New risk
groups can be formed as a result of alterations
in agricultural and social practices or in the
reservoir population (30).

In Pelotas, Rio Grande do Sul state, a
seroprevalence of 10.4% (40/386) was found in
professionals who work with water supply, drains
and drainage galleries, sewers, waste collection
and road sweepers (31). Leptospirosis was
diagnosed in one rice mill worker in the Salem
district, in central Tamil Nadu, India. In rice
plantations, the environment is wet, there are large
rodent populations, numerous animals cohabit,

and workers are exposed without protection (32).
A leptospirosis seroprevalence of 25.9% (7/27)
was found in Israeli troops near Jordan River and
of 9.5% (23/242) in slaughter workers in New
Zealand (33, 34).

In Calicut, India, leptospirosis seroprevalence
was evaluated among high risk groups and the
highest values was found in hospital sanitary
workers (56.2%), followed by fishermen (52.7%),
construction workers (40%), agricultural workers
(30%), sewage workers (28.2%), veterinarians
(13.3%) and laboratory staff (3.3%).

In Germany, in 2007, a leptospirosis
outbreak occurred among strawberry pickers.
The seroprevalence was 8.5% (13/153) and
the probable source of the infection was the
contact between hand lesions and water or soil
contaminated by infected voles (35).

In Guadeloupe, in the Lesser Antilles,
leptospirosis occupational aspect was analyzed
after a positive correlation between pluviometric
index and the El Nifio phenomenon in 2003.
Agriculture and construction workers were
the most affected professional groups (36). In
Salvador, a study revealed that men of productive
age showed higher seroprevalence whereas no
association with occupation factor was found
(28).

Risk factors for leptospirosis, brucellosis and
toxoplasmosis were evaluated among students of
Veterinary Medicine accordingly with the course
level (residents and postgraduate students)
from the Sao Paulo State University (UNESP),
Botucatu, Sao Paulo state, Brazil. None of the
analyzed samples reacted to leptospirosis, in spite
of the constant contact between students and
infected animals. Such negative results suggest
that hygiene habits can contribute to leptospirosis
prevention as well as the origin of the subjects,
housing conditions, socioeconomic and cultural
levels (37).

The analysis of 450 serum samples from blood
donors of the university hospital at the Botucatu
Medical School, SP, Brazil, by microscopic
agglutination revealed that only six (1.33%) were
reactive, two to serovar Icterohaemorrhagiae
(33.3%) and four to serovar Pomona (66.7%), all
with titers of 100. Analysis of epidemiological
variables showed that 54.6% of the donors had
contact with animals at work or their pets, mainly
dogs and cats; 51.8% reported the presence of rats
in their houses; 51.8% did not have the habit of
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boiling or filtering water before consumption;
39.2% had frequented ponds, streams and/or
waterfalls; 18.2% did not rely on a sanitary system
in their neighborhood; 8.4% did not habitually
wash their hands after handling animals; 5.6%
lived in locations subject to frequent flooding and
4.2% did not habitually wash their food before
consuming it. Besides the low seroprevalence,
there is a need for health education for blood
donors related to risks of infection, transmission
and prevention of leptospirosis (38).

Environmental Aspect

Sanitation and waste disposal comprise
major problems in developing countries and
contribute to the incidence of several infectious
diseases and other adverse health outcomes. The
presence of garbage, waste and sewage promote
proliferation of rodents and may increase the risk
of leptospirosis, particularly in urban slums (23).
Garbage might also block drainage systems and
exacerbate flooding risk.

Flooding comprises the result of interactions
among rainfall, run-off, catchment, sea level, and
local topography that may be modified by land
use, urbanization, deforestation, agricultural
practices, irrigation, dams and water management
(39). As a result of global climate changes,
additional factors that contribute to flooding
risks include rising sea levels, land surface
temperatures, increasing frequency of extreme
weather events, more intense tropical cyclones
and larger storm surges (23). Flooding is the most
common natural disaster both in developed and
developing countries and is expected to occur
with increasing frequency (40).

Urbanization can potentially magnify flooding
intensity by tenfold. Large cities are particularly
prone to flooding by the combination of large
paved, compacted or roofed areas that are more
impermeable than vegetated land and generate
more run-oftf (23). Urban severe leptospirosis
outbreaks occur annually in large Brazilian
urban centers such as Siao Paulo, Rio de Janeiro,
Salvador and Recife cities during heavy rain
periods and are mostly associated with precarious
living conditions (12, 28, 41). Moreover, the
seroprevalence of leptospirosis is inversely
proportional to education level (28).

A combination of increasing flood risk, rising
temperatures, poor sanitation, poor health care,
poverty, abundance of rats and other reservoirs are

conditions that generate high risk of leptospirosis
outbreaks. These situations are more frequent in
urban slums, low-living coastal areas and small
island states, and their disease burden is likely
to increase due to climate change, population
growth and urbanization (23).

Slum residents are exposed more intensely
to pathogenic leptospires. Most clinic cases
occur during the rainy season due to the lack
of drainage systems in poorest areas. The
temporary accumulation of water is ideal for
the maintenance of leptospires excreted from
Rattus norvegicus urine. During the rainy
season, people have frequent contact with
contaminated environments by floods that bring
sewage water to streets and domiciles (28).
Flooding and other natural disasters may also
increase the risk of infectious diseases, such
as leptospirosis, by disrupting public health
services and infrastructure, damaging water and
sanitation networks, displacing populations,
destroying homes and increasing environmental
exposure to pathogens (42). This exposition can
produce infections with higher concentrations
of leptospires leading to more severe cases of
leptospirosis (28).

In a study performed in Salvador, open sewers
and rats were observed in peridomiciles where
the occurrence of the severe form of leptospirosis
was more frequent (43). Of the rats captured in
the peridomicels of severe leptospirosis patients,
more than 80% were infected with Leptospira
spp.. while in neighborhoods where there was
no case reported of human leptospirosis, no
rodents were found and these regions were
more socioeconomically developed (44). It is
noteworthy the importance of rodent control
and basic sanitation to leptospirosis prevention.
So that investment in social aspects of vulnerable
communities is essential to avoid leptospirosis
outbreaks (10).

Positive correlation among rainfall and
leptospirosis incidence - which increased
tenfold between 2002 and 2004 - was observed
in Guadalupe, French Antilles Island. In 2002,
El Nifo phenomenon occurred twice more
intensely in this area (36). The El Nifio is a cyclic
break in atmospheric/oceanic system in tropical
Pacific area that increases rainfall and its effects
can last more than 18 months (45). Besides the
main risk factors related to males, occupational
exposition and contact with bovine and swine
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populations, there is also the risk associated
with rodents. Icterohaemorrhagiae and Ballum
serogroups were the most prevalent (respectively,
62 and 36%), and the severe form of the disease
was less reported. Data suggest that alterations
in leptospirosis characteristics may be related
to uncommon meteorological events and their
consequences on rodent population. Control
of rodents and analysis of climate data were
proposed as tools to leptospirosis management in
Guadalupe (36).

Most leptospirosis studies are restricted to
traditional risk groups. Little information is
available about infection seroprevalence and
pathogenic leptospires circulation among general
urban population. The identification of factors
that comprise the leptospirosis dynamics in
humans may contribute to the knowledge of its
epidemiology in urban environments, supporting
its control as an emergent health problem (28).

Even after the control of environmental factors
related to the occurrence of leptospirosis in
slums, the socioeconomic variable contributes to
the infection risk, which indicates that effective
prevention of leptospirosis must encompass
social factors including health services to slum
communities and improvement of sanitary
conditions (46).

Wild animal aspect

Wild animals are relevant in leptospirosis
epidemiology since some species, mainly small
mammals, act as reservoirs of many serovars (47).
Several techniques can be used to leptospirosis
diagnosis in wild animals, but to establish if
an animal that presented titers or had positive
result by molecular techniques is a pathogenic
leptospire reservoir, other studies are required.

In Peru, wild mammals were captured near
Iquitos to verify their potential as pathogenic
leptospires reservoir. Renal tissue samples were
submitted to polymerase chain reaction (PCR)
and 29% (40/136) showed renal Leptospira spp.
infection evidence being 20% (13/64) rodents,
39% (20/51) marsupials and 35% (7/20) bats.
Marsupials and bats appeared to be the more
important reservoirs than previously recognized
(48). Sera samples of 109 wild mammals living near
residences were evaluated regarding the presence
of Leptospira spp. antibodies. Serovars found
were Icterohaemorrhagiae, Gryppothiphosa and
Canicola and only samples from two opossums

were not reagent. Data revealed the importance of
wild animals that inhabit urban centers and can act
as leptospires reservoirs to human and dogs (49).

Samples of 17 pampas deer (Ozotocerus
bezoarticus) from Pantanal Mato-grossense,
state of Mato Grosso do Sul, Brazil, and 24
specimens from Emas National Park, state of
Goias, were tested for the presence of Leptospira
spp. antibodies. No animal from Emas National
Park reacted, while four animals (24%) captured
in Pantanal region reacted to Hardjo, Wolffi and
Mini serovars. Leptospirosis does not appear to
present sanitary importance to these animals, but
deer may act as reservoirs in one of the studied
areas (50). Serology only does not indicate the
animal as a leptospiral reservoir, even because
the serovars found have bovines as reservoirs and
they share the same habitat.

Armadillos are used as food mainly in rural
areas of Brazil and little is known about their
potential as source of leptospiral infection
to humans and other animals. Leptospirosis
seroprevalence was found in three of 31
(9.68%) nine-banded armadillos (Dasypus
novemcinctus) and one out of three (33.33%)
six-banded armadillos (Euphractus sexcinctus),
demonstrating the potential risk of transmission
to humans, mainly due to consumption of
armadillo meat. Samples from two naked-tailed
armadillos (Cabassous tatouay) and two long-
nosed armadillos (D. hybridus) were also tested
but they did not react (17).

Boars were identified as leptospires reservoirs
in numerous areas of Japan, where special
attention is given to the risk of infection by
hunters, butchers and hunting dogs (51). In Sao
Paulo state, Brazil, 63 out of 308 (20.54%) boars
raised were reagent, which indicates that these
captive animals can represent a source of infection
to humans and other animals (20).

In Asturias, northern Spain, the presence of
antibodies against Leptospira spp. was detected in
deer (Cervus elaphus hispanicus and Dama dama)
and boars (Sus scrofa) (52). In Germany, in boars
in which serology was associated with chronic
interstitial nephritis, renal tissue detection of
leptospires turned them into important source of
human leptospirosis in urban environment (53).
In Australia, leptospiral antibodies were found
gray kangaroo (Macropus giganteus) and the
importance of these animals as reservoirs is still
in discussion (54).
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In an experimental study, capybaras were
inoculated with Pomona serovar to investigate
seroconversion, leptospiremia and the reservoir
potential of these animals. Shedding of leptospires
in urine was detected by molecular methods
between nine and 43 days after infection. Due to
the intermittency, the shedding period could be
longer. Capybaras can act as source of infection
of leptospirosis to other animals and humans
when in the same habitat (55). In a serological
study of serum samples from 55 capybaras from
commercial and experimental breeding facilities
located in Guararapes and Piracicaba (Sao Paulo
state), Curitiba and Foz do Iguagu (Parana state)
and Sapucaia do Sul (Rio Grande do Sul state),
Brazil, 23 samples (41.83%) were reagent whereas
regarding tested serovars, the most prevalent was
Icterohaemorrhagiae (23.64%) in 12 samples
from Sapucaia do Sul and one from Guararapes,
followed by Copenhageni (16.37%), Pomona
(7.28%), Djasiman and Castellonis (5.46%),
Gryppotiphosa, Hardjo, Canicola and Cynopteri
(3.64%), Andamanda and Bratislava (1.82%).
Obtained titers were not higher than 400 and the
most frequent titer was 100 (56).

Samples from 201 wild and domestic
carnivores from protected areas of Andalusia,
Spain, were tested to the presence of Leptospira
spp. antibodies, showing a seroprevalence of
23.5% and different titers to various serovars,
both in domestic and wild animals (47).

In FozdoIguagu, Paranastate, Brazil, one ocelot
(Leopardus pardalis) and one margay (Leopardis
wiedii) were seropositive to leptospirosis among
57 neotropical felids kept in captivity at the Bela
Vista Biological Refuge. The seroprevalence was
3.5% (2.57) and indicates that neotropical felids
have no importance in leptospirosis epidemiology
(16). The presence of antibodies against Leptospira
spp. in coatis (Nasua nasua) kept in captivity was
studied, resulting in 52.94% (9/17) seropositivity
and showing that Copenhageni and Shermani
were the most prevalent serovars. The results
reveal the infection in asymptomatic animals
and reinforce that wild captive animals may be
infected and become reservoirs (19).

An outbreak of severe leptospirosis occurred
in 52 capuchins (Cebus albifrons, C. capuchins
and C. apella) rescued from houses and kept in
a wild animal rehabilitation center in Colombia.
Sixteen cases were confirmed whereas the
mortality rate reached 27% (14/52). At necropsy,

jaundice and lung hemorrhage were found. Rats
were indicated as the source of infection. Animals
spend at least three months in the rehabilitation
center before the outbreak, which indicates that
the infection was acquired at the institution
in outdoor common enclosures (57). Human
contact with non-human primates may create
new leptospirosis reservoirs and transmission
ways.

In Botucatu region, Sao Paulo state, Brazil,
a prevalence of 7.8% (16/204) for leptospirosis
was found in hematophagous bats (Desmodus
rotundus), which demonstrates the possible
importance of these animals as Leptospira spp.
reservoirs (18). Furthermore, one case of human
leptospirosis was registered having a bat as
possible source of infection in Chicago, USA (58).

In a study conducted with 343 bats captured
in different areas in Sao Paulo city, only six were
positive by PCR to pathogenic leptospires using
renal tissue samples and none was reacted, which
suggests that bats may not act as reservoirs in Sao
Paulo city (59).

Recreational Aspect

International travels are becoming more
frequent throughout the globe and it is believed
that there will be about 1.6 billion international
travels by 2020. Moreover, an increasing number
of travelers is engaged in adventure travel.
Travelers participating in athletic and adventure
activities may be exposed to various infectious
agents often uncommon to physicians in their
homeland and that may demand immediate
attention due to possible morbidity and even fatal
outcome (25).

Anincreaseinthe number of travelers exposed
to leptospiral infection during recreational
activities has been observed throughout the
globe (60). In the United Kingdom, more
than half of the leptospirosis cases diagnosed
are acquired abroad, mostly from tropical
and subtropical destinations. In Israel, 42%
of all leptospiral infections from 2002 to 2008
were diagnosed in returned travelers, most
coming back from Southeast Asia. In Germany,
international travel is the most important risk
factor for leptospirosis, accounting for 16% of
all cases (22).

Fever is one of the most common presentations
of leptospirosis in returned travelers. Differential
diagnosis mustinclude malaria, respiratoryillness,
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diarrhea and dengue fever (22). Leptospirosis
diagnosis is complex and in some cases of affected
travelers, mainly those who came from endemic
tropical regions, where there is a great variety of
serovars distinct from those that occur in their
home country, the diagnosis is impracticable
(60). Most leptospirosis cases acquired during
international travels are originated in Southeast
Asia, Caribbean Islands and Central and South
Americas (25).

Swimming in contaminated water has been
reported as a risk factor for infection, especially
when ingestion of water occurs (33, 61).
Furthermore, prolonged immersion can make
the skin more penetrable and allow the entrance
of leptospires (15).

Leptospires survive long periods in humid
environments and high temperatures (23).
Higher temperatures may reduce water
availability by evaporation and at the same time
encourage water-based activities for humans and
animals (swimming, bathing, drinking), thereby
promoting contact between humans, livestock,
pets and wildlife through more intense sharing of
water sources (62).

Several leptospirosis outbreaks worldwide
were related to recreational activities (63-65). In
1987, in Sdo José dos Campos, Sdo Paulo state,
Brazil, an outbreak of human leptospirosis was
associated with water activities. Sixty persons
who were participating in a club party were using
a running water pool formed by a stream. Of
them, 22 got sick and were suspected of hepatitis
and meningitis. Leptospirosis diagnosis was
positive to Pomona serovar, which reservoirs are
usually swine. Epidemiological and laboratorial
data suggest that the source of the outbreak was
water from the swimming pool contaminated
with swine manure, since about 1.5 km from the
club the stream passed through a sty (66).

Numerous cases of leptospirosis have been
reported among adventure travelers and athletes
participating in freshwater sports and probably
most of them remain unrecognized (61, 63,
67-69). Mainly due to nonspecific symptoms
commonly encountered in leptospirosis, the
lack of awareness of this illness as a cause
of fever among returned travelers and the
unavailability of diagnosis tests. Given the
increasing popularity of travels and ecotourism
mostly in tropical areas, it appears that the
incidence of leptospirosis among travelers will

increase. Travel-acquired leptospirosis has been
associated with freshwater swimming, rafting,
kayaking, canoeing, fishing, hunting and trail
biking (25).

In 1998, in Springfield, Illinois, USA,
leptospirosis caseswerereported amongtriathlon
participants. Three athletes developed symptoms
followed by leptospirosis confirmation. The 834
participants were contacted by phone and 12% of
them developed the same symptoms. Of the 474
tested, 11% were seropositive. Then, 27 samples
from the lake water where the competition
occurred were analyzed, but only one was
positive by PCR. Moreover, renal samples from
wild animals - including raccoons and deer -
were also positive by PCR (61).

After a triathlon proof near Heidelberg and
Neckar River, in Germany, 142 participants
out of 507 were contacted and five developed
leptospirosis. In this case, open wounds were
considered risk factors for the infection. High
rainfall had occurred in the region before the
proof, which possibly increased leptospiric
contamination in Neckar River. This was the first
leptospirosis outbreak in sportive competitions
in Germany. Although sporadic cases of
leptospirosis occur in European countries, they
are more frequent in tropical climate countries
(64).

Public health authorities should keep in
mind the potential of leptospirosis outbreaks
in the course of freshwater athletic events
mainly following heavy rainfall and floods, as
well as provide information about the disease
and implement systemic surveillance for early
diagnosis and control (25).

Adventure travelers, athletes participating in
freshwater sports, military recruits traveling to
leptospirosis endemic areas should be informed
about the risk of acquiring the infection and be
aware to wear protective waterproof clothes and
boots, to avoid submersion and consumption
of river water and to cover skin lesions with
waterproof dressings to minimize exposure to
contaminated environments. It is important to
verify before traveling the occurrence of floods
and heavy rainfall in the destiny (25).

Vaccination could be an important tool to
prevent leptospirosis outbreaks among travelers.
However, in view of the numerous pathogenic
Leptospira serovars, a specific vaccine remains
impracticable.
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CONCLUDING REMARKS

Several animal species are susceptible to
leptospirosis including humans. This infection
affects all population, although outbreaks are
related to education level, sanitary conditions,
housing and reservoir presence.

In developed countries, leptospirosis occur
mainly due to occupational exposition, travels
to endemic areas, recreational activities or
domestic and wild animals importation, while
in developing countries it occurs due to daily
activities, high population density, low level of
basic sanitation and climate conditions (70).

Leptospirosis is likely to be an under-
diagnosed cause of fever in adventure seekers
and returned travelers. This important zoonosis
should be considered as a differential diagnosis
of fever symptoms, particularly in those who
have travelled to risky areas or participated in
high-risk activities. Early recognition, diagnosis
and treatment will reduce the incidence of the
severe form of the disease and deaths (22).

As for all infectious diseases, leptospirosis
occurrence is connected to the presence of the
agent, reservoir and susceptible hosts. Due to
the emergence of leptospirosis — dissemination
of the pathogen given human impact on nature
- alterations in climate, environment and
animal populations, leptospirosis is a constant
concern to public health authorities making
its prevention and control important tools to
diminish the number of outbreaks.
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