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RESUMO.- [Epidemiologia da leptospirose no Zoológico 
de Sorocaba, Estado de São Paulo, Sudeste do Brasil.] 
A leptospirose é considerada uma zoonose de distribuição 
mundial, causada por bactérias do gênero Leptospira spp. 
Uma vez que muitas espécies de animais selvagens são con-
sideradas como reservatórios, o objetivo do presente estudo 
foi conhecer a epidemiologia da leptospirose no Zoológico 
de Sorocaba, sudeste do Brasil. Amostras de soro de mamí-
feros selvagens cativos das ordens Artiodactyla, Carnivora, 
Didelphimorphia, Diprotodontia, Perissodactyla, Pilosa, Pri-
mates, Proboscidea e Rodentia, assim como dos funcionários 
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do zoo foram analisados pela soroaglutinação microscópica 
(SAM). Sangue total, urina e amostras de tecidos dos animais 
selvagens e sinantrópicos foram analisados pela reação em 
cadeia pela polimerase (PCR). Um questionário epidemioló-
gico foi aplicado para se avaliar os fatores de risco de infec-
ção por leptospira dos animais e também para avaliar o grau 
de conhecimento dos funcionários do parque sobre a lep-
tospirose. Um total de 13/229 (5,68%; CI95% 3.37-9.47%) 
amostras de soro dos mamíferos selvagens foram reagentes 
na SAM. A sorologia dos animais sinantrópicos, funcionários 
do zoológico e a análise molecular lograram-se negativas. 
O conhecimento dos funcionários sobre a leptospirose foi 
considerado médio. Em conclusão, a infecção leptospírica 
ocorre no parque zoológico estudado, porém devido à bai-
xa ocorrência encontrada, a menor descrita na literatura, os 
mamíferos cativos não desempenham um papel de fonte de 
infecção para outros animais e para o homem.

TERMOS DE INDEXAÇÃO: Animais selvagens, Leptospira spp., lep-
tospirose, SAM, zoonose.
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INTRODUCTION
Leptospirosis is considered a worldwide zoonosis, present 
in all continents, except Antarctic (Adler & Moctezuma 
2010), highlighting among emerging and re-emerging di-
seases (Langoni et al. 1998, Bharadwaj 2004), with more 
than 500 thousand severe cases reported annually around 
the world (Bourhy et al. 2010), considered endemic in Bra-
zil (SVS 2010).

The disease is caused by Spirochetales order bacteria, 
Leptospiraceae family, Leptospira genus (Levett 2001). Lep-
tospira species are divided into 13 pathogenic and six sa-
prophytic species (Adler & Moctezuma 2010), divided into 
more than 200 serovars. Serotyping has been recognized 
as an essential tool in clinic and epidemiological investiga-
tions and it can indicate the reservoir involved in the disea-
se transmission (Ko et al. 2009).

Infection occurs through the contact with contaminated 
water mainly with carriers’ urine (Bharti et al. 2003). Many 
domestic and wild animals get infected becoming renal car-
riers and potential reservoirs (Sharma et al. 2003).

Zoological parks are usually placed in urban centers 
where thousands of people have access in visits or as staff. 
There are 127 zoo parks in Brazil and 32 are in São Paulo 
State (SZB, 2012). Besides conservationist role, zoos assu-
me importance in environmental education and contribute 
to the knowledge of the native and exotic species. Captive 
environment allows improving diagnosis techniques as 
they are important source of information due to the wide 
species variety and the facilities on animal handling com-
paring to �ield studies. Infectious diseases studies, espe-
cially zoonotic ones, must be performed in captive facilities 
to know the epidemiology of these diseases in such places 
improving control and prevention measures.

Almost all young mammals and marsupials are suscep-
tible to leptospirosis. Due to the endemic characteristic of 
leptospirosis in Brazil, seroprevalence studies were perfor-
med in some Brazilian zoos including: Rio de Janeiro Zoo 
(Lilenbaum et al. 2002), São Paulo Zoo Park Foundation 
(Corrêa et al. 2004), Bela Vista Sanctuary (Guerra-Neto 
et al. 2004), Uberaba Zoo (Esteves et al. 2005), Aracaju 
Zoo (Pimentel et al. 2009), Ribeirão Preto Zoo (Silva et al. 
2010); and worldwide at Korean Municipal Zoo (Jung et al. 
2007) and Chapultec Zoo (Luna-Alvarez et al. 1996).

Accordingly, the present study aimed to evaluate the epi-
demiology of leptospirosis at the Sorocaba Zoo, analyzing 
serum, blood, urine and tissues samples from captive mam-
mals and synanthropic animals caught at the park through 
different diagnosis methods. Besides Leptospira spp. anti-
bodies were researched in samples from zoo staff and an 
epidemiological inquiry was performed to evaluate infec-
tion risk factors.

MATERIALS AND METHODS
The “Quinzinho de Barros” Municipal Zoo Park (QBMZP), known 
as Sorocaba Zoo, located in Sorocaba, Sao Paulo state (23°30’21”S, 
47°26’17”W) was opened in 1968. It occupies 130,000 m2 and 
contemplates about 1,200 species with 255 specimens from 69 
mammals’ species. Samples from the �ile sera of the park (collec-
ted and kept frozen since 2007) as samples collected from 2009 to 

2010 at the routine of the zoo park were included at the research 
because of the variety of serology to leptospirosis.

Sampling was performed during veterinary routine at Soro-
caba Zoo, Sorocaba, São Paulo State, in the period from 2007 to 
August 2010 totalizing 229 serum samples from 43 species of 
captive mammals and synanthropic animals, 35 blood samples 
from 15 species of captive mammals, �ive urine samples from four 
species of captive mammals and tissue samples from four wild 
animals that died at the zoo. Thirty serum samples from zoo staff 
were also collected and assayed for the research of antibodies to 
Leptospira spp. in 2010.

Blood samples were collected by venipuncture (jugular or 
femoral vein), centrifuged at 1,600 x g for 10 minutes, and sera 
samples were kept at -20°C until serological tests were performed 
in 2010. Urine samples were collected in 2009 and 2010, by cys-
tocentesis and immediately cultivated in Fletcher hemi-solid me-
dium and evaluated weekly both macro and microscopically (Fai-
ne et al. 1999). Still, 0.5mL were neutralized with buffered saline 
pH7.2 at proportion 1:1 in microtube, kept at 4°C until being cen-
trifuged at 11,000 x g for �ive minutes to eliminate residuals (in up 
to 24 hours) and kept at -80°C until DNA extraction be performed.

All samples, including serum, whole blood, urine and frag-
ments were frozen and then analyzed at the same time, using 
leptospires cultures from the same week to perform MAT and the 
same lot of reagents to the other employed techniques.

Leptospirosis serology was performed using the gold-stan-
dard serological test microscopic agglutination test (MAT) using 
29 live antigens for antibody detection. Antigens were maintained 
in EMJH (Ellinghausen-MacCullough-Johnson-Harris) medium su-
pplemented with �iltered and inactivated rabbit serum and used 
in about 14 days of culture. Cut-off used was titer 100 and positive 
and negative controls were included (Faine et al. 1999).

DNA extraction of blood and urine samples were performed 
using a kit (Illustra blood genomicPrep Mini Spin, GE Healthcare, 
Buckinghamshire, UK) and from tissue samples kit Illustra tissue 
& cells genomicPrep Mini Spin (GE Healthcare, Buckinghamshire, 
UK) was used. To DNA ampli�ication speci�ic primers to a frag-
ment of 242 bp from lipL32 gene from pathogenic species genome 
(Sttodard et al. 2009) were used and their nucleotidic sequences 
were: LipL32-45F 5’-AAGCATTACCGCTTGTGGTG-3’; LipL32-286R 
5’-GAACTCCCATTTCAGCGATT-3’.

Ampli�ication was made in MasterCycler gradient (Eppen-
dorf) in a �inal volume of reaction of 25μL. Reaction mix included 
50mM of KCl, 10mM of Tris-HCl (pH 8.0), 1.5mM of MgCl

2
, 1μM of 

each primer (LipL32-45F e LipL32-286R), 200μM of each dNTP 
(dATP, dTTP, dCTP and dGTP) and 1U of Taq Platinum DNA Poli-
merase (Invitrogen, Carlsbad, CA, USA). Mix volume was correc-
ted with ultra-pure water to a �inal volume of 23μL and then 2μL 
of extracted DNA (10ng) was added. The �irst cycle was denatura-
tion at 94°C for three minutes, primers annealing at a 63ºC for one 
minute and extension at 72°C for two minutes. The 30 following 
cycles were: denaturation at 94ºC for one minute, primers annea-
ling at 63ºC for one minute and extension at 72°C for two minutes. 
One �inal step at 72°C for 10 minutes resulted in full primers ex-
tension. This reaction generated PCR products of 242bp (MÉRIEN 
et al. 1992). All reactions were followed by negative and positive 
controls. Electrophoresis was performed to identify positive and 
negative samples.

An epidemiological inquiry was performed to evaluate the 
risk factors of infection including characteristics as animal origin 
(free-ranging or captive), gender, age, presence of domestic and 
synanthropic animals in cages and kind and availability of fee-
ding. The association between epidemiological variables and se-
rological results were analyzed by Chi-square and Fischer`s exact 
tests, considering α=0.05 (Triola 2005). All tests were performed 
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in EpiInfoTM v.3.5.1 program (Center for Diseases Control - CDC, 
Atlanta, USA, 2002). Another inquiry was performed to evaluate 
the level of knowledge of zoo staff about leptospirosis.

RESULTS
Out of 229 serum samples from captive mammals at Soro-
caba Zoo, 13 (5.68%; CI95% 3.37-9.47%) were reagent to 
one or more leptospires serovars, with titer ranging from 
100 to 1,600 IU. Reagent animals with their respective se-
rovars and titers, as the number of specimens by species 
are shown in Table 1. Some of animals had more than one 
sample and they were included in the study, due to epide-
miology importance.

Out of 14 non-human primates species analyzed, indivi-
duals from four species were reagent including: one adult, 
free-ranging black howler monkey; two white faced spider 
monkey, one female and other male, both adult and free-
-ranging; one male, free-ranging Woolly spider monkey, se-
rologically positive to serovar Bratislava in 2007, and after 
2.5 years, in 2009, was not reagent; and one male, juvenile 
Woolly monkey.

Among carnivores, one female, adult, free-ranging crab-
-eating fox had titer 200 to serovar Sentot and after two 
months titer to the same serovar was 100; one adult, fe-
male, free-ranging maned wolf had titer 100 to serovar 
Canicola, one male, adult, born in captive coati had titer 
100 to serovar Canicola and other male, adult, free-ranging 
coati had titer 100 to serovar Copenhageni; and one fema-
le, adult, free-ranging jaguarundi had titer 100 to serovar 
Sentot.

Among Peryssodactyla, one female, adult, captive born 
tapir showed titer 1,600 to Pomona and Icterohaemorrha-
giae serovars in 2007 sampling and in paired serology per-
formed in 2009; titers to the same serovars were 100 and 
400, respectively.

Sera samples from synanthropic animals were serone-
gative including: three white-eared opossums (Didelphis 
albiventris), �ive big-eared opposums (D. aurita); nine com-
mon opposums (D. marsupialis) and two domestic cats (Fe-
lis catus). Whole blood, urine and tissue samples submitted 
to PCR were also negative. The same way the only urine 
sample cultivated in Fletcher medium was negative.

All serum samples from zoo staff serum samples were 
not reagent to all tested leptospira serovars. This staff plays 
different kind of work at the zoo including cleaning and ge-

neral services, keepers from different park sections, biolo-
gists, veterinary doctors and a municipal police.

DISCUSSION
Although professional efforts to keep a rigorous health ma-
nagement, zoological environment is propitious to many 
agents spread including zoonotic ones (Fowler 1993). Lep-
tospirosis is an emergent zoonosis, considered endemic in 
tropical countries as Brazil. This fact added the high Bra-
zilian biological diversity must encourage studies about 
leptospirosis in wild animals, once few is known about the 
role of these animals in the epidemiology of this disease.

Leptospirosis prevalence in mammals from Sorocaba 
Zoo was 5.68% considered the lowest when compared to 
those found in other Brazilian zoological parks as 37.7% 
at the Rio de Janeiro Zoo (Lilenbaum et al. 2002), 19.5% at 
the São Paulo Zoo (Corrêa et al. 2004), 49.5% at Bela Vista 
Sanctuary (Guerra-Neto et al. 2004) and 3.5% (Ullmann et 
al. 2007), 10.2% at the Uberaba Zoo (Esteves et al. 2005), 
12.5 at the Aracaju Zoo (Pimentel et al. 2009) and 26.5% 
at the Ribeirão Preto Zoo (Silva et al. 2010). This variation 
depends on many customs in each park, like management, 
contacts, feeding, i.e. Prevalences of 52% and 25% were 
found at the Chapultec Zoo in Mexico (Luna-Alvarez et al. 
1996) and at the Korean Municipal Zoo (Jung et al. 2007), 
respectively.

The most prevalent serovar was Icterohaemorrhagiae, 
present in 25% animals, different from observed at the Rio 
de Janeiro Zoo, 27/29 (93.10%) reacted to serovar Cope-
nhageni and only one to Icterohaemorrhagiae (Lilenbaum 
et al. 2002). At the São Paulo Zoo, 15/59 (25.42% CI95% 
16.07-37.86%) reacted to serovar Copenhageni, 13/59 
(22.03; CI95% 13.38–34.20%) to Pomona and 10/59 
(16.95%; CI95% 9.5-28.52%) to Castellonis (Corrêa et al. 
2004). Copenhageni and Icterohaemorrhagiae serovars be-
long to the same serogroup, Icterohaemorrhagiae, and they 
are the most prevalent serovars in Brazilian urban centers 
(Pereira et al. 2000). Canicola, Icterohaemorrhagiae and 
Andamana serovars were the most frequent at Uberaba 
Zoo (Esteves et al. 2005) and Canicola, Icterohaemorrha-
giae and Panama, as well as Patoc (non pathogenic) sero-
vars were the most frequent at Ribeirão Preto Zoo (Silva 
et al. 2010). In all studies there were reagent animals to 
serovars that have rodents as reservoirs, highlighting the 
importance of rodent control in zoo parks, inserted mos-

Table 1. Leptospirosis serology results in captive mammals from Sorocaba Zoo

 Species Common name  N  n  R  Serovars (Titer)

 Alouatta caraya  Black howler monkey  3  3  1/3  BUT (1) 
 Ateles marginatus  White faced spider monkey 6  6  2/6  ICT (1); COP (2) 
 Brachyteles arachnoides  Woolly spider monkey 5  9  1/9  BRA (1) 
 Cerdocyon thous  Crab-eating fox  10  14  2/14  SEN (1, 2) 
 Chrysocyon brachyurus  Maned Wolf 2  16  1/16  CAN (1) 
 Lagothrix lagotricha  Woolly monkey 3  4  1/4  DJA (1), ICT (4), POM (1)
 Nasua nasua  Coati  5  11  2/11  CAN (1), COP (1) 
 Puma yagouarondi  Jaguarundi 4  8  1/8  SEN (1) 
 Tapirus terrestris  Tapir 3  4  2/4  POM (4; 16), ICT (4; 16)

N = Specimens number, n = Samples number, R = Reagent Samples/Samples number, BUT = Butembo, BRA 
= Bratislava, CAN = Canicola, COP = Copenhageni, DJA = Djasiman, ICT = Icterohaemorrhagiae, POM = 
Pomona, sem = Sentot. Titer expressed in 1x102. 
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tly in urban centers, where rodents are abundantly spread 
(Faine et al. 1999).

Seroprevalence results are variable among different zo-
ological parks, as well as among different animal species of 
zoo squad, even from the same species or specimen. The 
multiple etiology of leptospirosis, the reservoir role and 
environment contribute to the importance of seroepide-
miological studies to understand the etio-epidemiology of 
leptospirosis.

Only one specimen of maned wolf out of two analyzed 
was seropositive at the Sorocaba Zoo and other paired sam-
ples analyzed during the period of study were seronegati-
ve, indicating only contact with leptospires, probably from 
the environment, similar found at the Uberaba Zoo, where 
the unique maned wolf analyzed was reagent (Esteves et 
al. 2005) and 3/4 specimens analyzed at the Rio de Janeiro 
Zoo were seropositive (Lilenbaum et al. 2002).

Two out of 10 crab-eating foxes were seropositive from 
Sorocaba Zoo, 4/5 from Rio de Janeiro Zoo (Lilenbaum et al. 
2002), 1/2 from Uberaba Zoo (Esteves et al. 2005) and the 
unique specimen from Sergipe Zoo (Pimentel et al. 2009).

Two of �ive coatis from Sorocaba Zoo were seropositive, 
similar to Rio de Janeiro Zoo results, where 3/7 was sero-
positive (Esteves et al. 2005) and different from two non 
reagent coatis at the Sergipe Zoo (Pimentel et al. 2009).

One of four jaguarundis from Sorocaba Zoo was seropo-
sitive. Felids were serologically analyzed against Leptospira 
spp. antibodies at the Rio de Janeiro Zoo after the occurrence 
of one clinical case in a puma (Puma concolor), and 1/2 jagua-
rundi was positive (Lilenbaum et al. 2004). One ocelot (Le-
opardus pardalis) and one margay (Leopardus wiedii) were 
seropositive at Bela Vista Sanctuary, among 57 neotropical 
felids analyzed (Ullmann et al. 2007). The performed study 
with 359 felids from 41 cities from São Paulo, Minas Gerais 
and Rio de Janeiro states showed 46 seropositives. However 
none jaguarundi was analyzed (Guerra-Neto 2004).

Serological results found in tapirs must be highlighted 
because the reagent samples belong to the same animal 
collected in an interval of 2.5 years. None tapir that inha-
bit the same enclosure was reagent what indicates that the 
positive animal must not act as reservoir in this environ-
ment. Titers found in the second sample can be residual or 
new expositions to the agent occurred among the obtaining 
the �irst and second sample. In domestic animals antibo-
dies titers decrease and many times disappear around six 
months, and this animal kept titer, although in lower levels 
for more than two years. There is no study in relation to 
anti-Leptospira spp. antibodies titration and titers mainte-
nance in wild animals to a deeply discussion. At the Rio de 
Janeiro Zoo the unique tapir specimen analyzed was nega-
tive to tested serovars (Lilenbaum et al. 2002).

Comparison among different leptospirosis prevalence 
in different zoo parks is complex due to the range of spe-
cies, number of specimens, serovar variation and geogra-
phical area where zoo parks are placed.

Epidemiological analysis correlation with serological 
results obtained was not statistically signi�icant with ex-
ception to wild animals’ synanthropic to the park enclo-
sures, where free-ranging birds and non-human primates 

were seen. Besides the few bird importance to leptospiro-
sis, recent studies demonstrate seropositivity in birds kept 
in captive at the Ribeirão Preto Zoo (Silva et al. 2010). Ho-
wever besides the signi�icant statistic difference found in 
the present study, authors believe that it was a coincidence 
once the enclosures were free-ranging birds and non-hu-
man primates were observed could also allow the entry of 
other important leptospires carriers as rodents.

Spiroquete isolation from urine is complex due to the 
low growing, presence of contaminant agents, disease pha-
se and due to the intermittence of leptospires shedding 
(Adler & Moctezuma 2010). Although only one urine sam-
ple had been cultivated resulting negative added the low 
seroprevalence found at the Sorocaba Zoo it is suggested 
that wild mammals do not act as source of infection in the 
studied place. Due to the protocol used to urine samples to 
PCR analysis a small number of samples was obtained. Pri-
mers used to molecular study were speci�ic to pathogenic 
leptospira species and they ampli�ied a fragment of lipL32 
gene (Sttodard et al. 2009).

In the present study serologic, microbiologic and mole-
cular methods were combined to attempt of know the epi-
demiology of leptospirosis at the zoological park, what is 
recommended due to the complementarity of techniques 
(Kee et al. 1994, Kositanont et al. 2007).

All serum samples from Sorocaba Zoo staff were non-
-reagent at MAT, equal result found at the Uberaba Zoo staff 
(Esteves et al. 2005) and Ribeirão Preto Municipal Park staff 
(Silva et al. 2010), what can occurred due to the fact of cap-
tive wild animals do not act as reservoirs and implemented 
preventive measures used by them to prevent transmission 
besides activities developed in animals enclosures.

In relation to the epidemiologic inquiry applied to zoo 
staff, rat was incriminated as the main transmissor, what is 
according to literature (Faine et al. 1999). Cat, on the other 
hand, was assigned by 12 staff (29.27%) and this species 
is considered refractory to leptospirosis (Langoni et al. 
1998). Besides the wide propagation about leptospirosis 
by media, 36.58% of interviewed do not know the main 
symptoms of leptospirosis.

Cats and dogs feces and mosquitoes were assigned as 
risk factors for leptospiral infection by 19.51%, 12.19% 
and 12.19% of interviewed, respectively. Feces are not 
considered as important shedding route, contrary to urine. 
Leptospirosis transmission is not transmitted by mosqui-
tos’ bite, different from dengue, other widely spread dise-
ase that occurs in outbreaks in rainfall season similar to 
leptospirosis. Most part of interviewed has just elementary 
education what can justify the lower knowledge level. No 
other study was conducted about the knowledge of leptos-
pirosis with zoological park staffs.

New studies must be encouraged and performed both 
with captive as free-ranging wild animals, not only about 
leptospirosis but also to other infectious diseases.

CONCLUSIONS
Leptospirosis occurs in captive environment at different 

levels in many species as observed in the present study.
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Low seroprevalence found in captive mammals, nega-
tive results from urine and blood samples at PCR, and se-
ronegativity found in zoo staff suggest that besides leptos-
pires are present at the park; wild mammals do not act as 
source of infection to other wild animals and Sorocaba Zoo 
staff.
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