Pesq. Vet. Bras. 38(1):143-146, janeiro 2018

Serological survey of anti-Leptospira spp. antibodies in Barbary
sheep (Ammotragus lervia) at the Curitiba Zoo, southern Brazil*

Vivien M. Morikawa?3, Cristina K. Zimpel?, Igor A.D. Paploski*, Mariana Kikuti*, Vanessa

Castro®, Marcia O. Lopes®, Alexander W. Biondo?*** and Ivan R. de Barros Filho?

ABSTRACT.- Morikawa V.M., Zimpel C.K., Paploski I.A.D., Kikuti M., Castro V., Lopes M.O.,
Biondo A.W. & Barros Filho I.R. 2018. Serological survey of anti-Leptospira spp. antibo-
dies in Barbary sheep (Ammotragus lervia) at the Curitiba Zoo, southern Brazil. Pes-
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Leptospirosis is a worldwide zoonosis, affecting humans, domestic and wild animals.
The present study aimed to evaluate prevalence of anti-Leptospira spp. antibodies in Bar-
bary sheep at the Curitiba zoo. Microscopic agglutination test (MAT) was performed using
17 serogroups. Antibodies against Leptospira spp. were observed in 23.5% samples and
Icterohaemorrhagiae was the only prevalent serogroup. The presence of anti-Leptospira
antibodies in Barbary sheep indicates exposure to leptospires; thus monitoring and pre-
ventive measures are necessary in zoo’s captive animals, since they can act as sentinels of
environmental exposure in an area with high movement of people.

INDEX TERMS: Anti-Leptospira antibodies, Barbary sheep, Ammotragus lervia, leptospiro-

sis, zoo, bacterioses.

RESUMO.- [Estudo sorolégico de anticorpos anti-Lep-
tospira spp. em aoudads (Ammotragus lervia) no zoo-
légico de Curitiba, sul do Brasil.] A leptospirose é uma
zoonose mundial que afeta seres humanos, animais do-
mésticos e selvagens. O presente estudo objetivou avaliar a
prevaléncia de anticorpos anti-Leptospira spp. em aoudads
do zoolégico de Curitiba. Foi realizado o teste de Soroa-
glutinagdo microscépica (SAM) utilizando 17 sorogrupos.
Anticorpos contra Leptospira spp. foram observados em
23.5% das amostras de aoudads e Icterohaemorrhagiae foi
0 Unico sorogrupo prevalente. A presenca de anticorpos em
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aoudads indica exposicdo a leptospiras portanto monitora-
mento e medidas preventivas sdo necessarios em animais
confinados em zoolégicos, uma vez eles podem atuar como
sentinelas de exposicdo ambiental em uma area com alta
circulacdo de pessoas.

TERMOS DE INDEXACAO: Anticorpos anti-Leptospira spp., aouda-
ds, Ammotragus lervia, leptospirose, zooldgico, bacterioses.

INTRODUCTION

Leptospirosis is an important worldwide zoonosis trans-
mitted mainly by rats, Rattus norvegicus, in urban areas
(Adler & De la Pena Moctezuma 2010). It is an acute in-
fectious disease, which affects humans, domestic and wild
animals, causing economic losses in livestock and of great
importance in public health (Faine et al. 1999).

In developing countries, a higher incidence of the di-
sease is related to high temperatures and rainfall, during
specific periods of the year (Tassinari et al. 2008). Around
10,000 cases of human leptospirosis are reported in Bra-
zil every year (McBride et al. 2005) and case-fatality rates
range from 10.0 to 15.0% (Ko et al. 1999) in patients with
classical clinical manifestation (also known as Weil’s syn-
drome), but can be as high as 74.0% in patients that deve-
lops severe pulmonary hemorrhagic syndrome (Gouveia et
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al. 2008). Curitiba has reported an average of 135 human
leptospirosis cases per year in the past five years (SINAN
2014) and is among the cities with the highest human mor-
tality rates from leptospirosis in Parana state (SMS 2011).

Wildlife may act as reservoirs to specific serogroups of
Leptospira and the exposure to captive wild animals at zoos
can be an important source of zoonotic infection (Chomel
et al. 2007). Free-ranging wild animals are exposed to a
huge variety of Leptospira serogroups and usually exhibit
anti-Leptospira antibody titers to serogroups native of its
areas. However, in captivity, the common environment of
a wide range of potential reservoirs and hosts may result
in exposure to a variety of serogroups (Luna-Alvarez et al.
1996, Ullmann et al. 2012a).

Some species, such as the Barbary sheep (Ammotra-
gus lervia) have the potential to act as hosts, and probably
reservoirs for important infectious diseases (Candela et
al. 2009). Previous surveys showed evidence of infection
or exposure to pathogens as Mycobacterium bovis, Myco-
bacterium paratuberculosis, Salmonella spp. Toxoplasma
gondii and Neospora caninum in Barbary sheep (Candela
et al. 2009, Morikawa et al. 2014). Serological monitoring
of pathogen exposure in zoo captive animals may help un-
derstanding the susceptibility of these species to infectious
agents as well as a guide to preventive measures conside-
ring the high circulation of human visitors. Thus, the pre-
sent study aimed to evaluate prevalence of anti-Leptospira
spp. antibodies in Barbary sheep at the Curitiba zoo.

MATERIALS AND METHODS

Curitiba zoo is among the largest Brazilian zoos with appro-
ximately 2,300 animals of 300 species, distributed across 530
square meters area (Javorouski & Biscaia 2012). All 17 captive-
-born Barbary sheep, otherwise healthy animals, from Curitiba
zoo were included in the present study. Each animal was uniquely
identified and individual information such as age, sex and housing
location were collected. Blood samples were obtained by jugular
venipuncture (Fig.1, 2). Serum was obtained by centrifugation at
3,000rpm for 5 minutes and stored at -20°C until testing.

Microscopic agglutination test (MAT) using a cut-off titer of
100 was performed (Faine et al. 1999). Seventeen serogroups

Fig.1. Group of non-visitation Barbary sheep.
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Fig.2. Blood sampling of Barbary sheep.

were tested: Australis (serovars Australis and Bratislava), Autu-
mnalis (serovars Autumnalis and Butembo), Ballum (serovar Cas-
tellonis), Bataviae (serovar Bataviae), Canicola (serovar Canicola),
Celledoni (serovar Whitcombi), Cynopteri (serovar Cynopteri),
Djasiman (serovar Sentot), Grippotyphosa (serovar Grippotypho-
sa), Hebdomadis (serovar Hebdomadis), Icterohaemorrhagiae
(serovars Copenhageni and Icterohaemorrhagiae), Javanica (se-
rovar Javanica), Panama (serovar Panama), Pomona (serovar Po-
mona), Pyrogenes (serovar Pyrogenes), Sejroe (serovars Hardjo
and Wolffi) and Shermani (serovars Shermani and Tarassovi).

Both laboratory and epidemiological data were entered into
an Excel spreadsheet. Contingency tables for associations were
created in Epi Info 7 (CDC, 2013) and analyzed in OpenEpi (Dean
etal. 2013). Prevalence ratios and 95% confidence intervals were
calculated, and Fisher’s exact test was used to compare propor-
tions between variables at a 5% significance level.

RESULTS
Antibodies against Leptospira spp. were observed in
23.53% (4/17) Barbary sheep sampled. Prevalence of se-
rologic evidence of exposure to pathogen was stratified by
age, sex and housing condition (public display or isolation
area) (Table 1). The mean age of the sampled animals was
5 years, with a standard deviation of 2.7 years. The preva-
lence of anti-Leptospira spp. antibodies in animals aged
=5 years was 0.5 (95% CI: 0.1 - 3.7) times the observed in
animals aged <5 years (p-value = 0.60). None of the fema-

Table 1. Prevalence of anti-Leptospira spp. antibodies stratified
by age, sex and housing location

Characteristic Anti-Leptospira sp. antibodies

n/N % PR (CI95%)**  p-value

Age

<5 years 3/10 30.0 - -

>5 years 1/7 14.3 0.5(0.1-3.7) 0.60
Sex

Female 0/7 0.0 - -

Male 4/10 40.0 NA* 0.10
Housing

Isolation 1/12 8.3 - -

Public display 3/5 60.0 7.2 (0.97 - 53.6) 0.05

** Prevalence ratio (95% confidence interval).
* Not applicable.

n = Total number of seropositive animals.

N = Total number of sampled animals.
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le animals were seropositive (0/7) whereas 40% of males
(4/10) presented anti-Leptospira antibodies. Seropreva-
lence among the animals housed on public display was 7.2
times higher than those in the isolation area (Prevalence
ratio: 7.2; 95% CI: 0.97-53.6; p-value = 0.05). All four se-
ropositive animals presented antibodies titer ranging from
100 to 400 for serogroup Icterohaemorrhagiae.

DISCUSSION

The present study has identified the seroprevalence of
23.53% (4/17) of anti-Leptospira spp. antibodies in Barba-
ry sheep at the Curitiba zoo however none of them have
shown any clinical signs of infection, such as reproductive
diseases. Similar prevalence has been described in previous
studies with captive wild animals in different Brazilian ci-
ties, from zoos and research centers. Several animals spe-
cies were studied, such as lion tamarins in Rio de Janeiro
(Lilenbaum et al. 2005), New World monkeys in Salvador
(Pinna et al. 2012), llama, crab-eating fox, maned wolf, coa-
timundi, zebra, spider monkey (Lilenbaum et al. 2002), ya-
gouaroundi, margay, mountain lion and jaguar (Lilenbaum
et al. 2004) in Rio de Janeiro Zoo, and captive neotropical
felids in Foz do Iguacu (Guerra Neto et al.,, 2004). Preva-
lence in these studies ranged from 5.68% to 56.8% and Ic-
terohaemorrhagiae was one of the predominant serovars
(Corréa et al. 2004, Esteves et al. 2005, Guerra Neto et al.
2004, Lilenbaum et al. 2005, Pimentel et al. 2009, Pinna et
al. 2012, Ullmann et al. 2012b). Captivity in zoos may allow
contact of wild animals to free-ranging wild and sinantro-
pic animals such as rodents, raccoons, opossums and stray
dogs due to close proximity of both urban and sylvatic en-
vironments. These animals can be considered reservoirs
or hosts of leptospires (Faine et al. 1999). Particularities of
environmental settings where urban zoos are located can
explain the predominance of Icterohaemorrhagiae sero-
group in this study. This serogroup is commonly reported
in urban areas of Latin America affecting humans and ani-
mal, carried by Rattus norvegicus (Ko et al. 1999).

Curitiba zoo is located in Iguagu Municipal Park, an area
with humid subtropical climate with an average annual
temperature of 16°C (IBGE 2010), which gives favorable
conditions to the survival of leptospires in the environ-
ment, for several months (Faine & Stallman 1982, Langs-
ton & Heuter 2003). Previous studies were conducted in
an adjacent area to the Curitiba zoo, also located in Iguagu
Municipal Park, called Vila Pantanal, a riverside slum com-
munity where human leptospirosis is considered endemic,
where Leptospira spp. seroprevalence was established for
owned dogs and cart horses. The first study showed Lep-
tospira spp. antibody prevalences of 9.2% and 16.0% in
sampled dogs, Canicola and Icterohaemorrhagiae as the
predominant serogroups (Morikawa 2010). An even higher
prevalence of antibodies against Leptospira spp. was ob-
served in cart horses (75.8%), also with Icterohaemorrha-
giae as the most frequent serogroup (80.8%) (Finger et al.
2014). In this area, poor sanitary conditions and infrastruc-
ture, proximity to garbage dump sites and open sewers and
flooding were associated to seroprevalence of leptospirosis
(Bieretal. 2012, Finger etal. 2014). Since Vila Pantanal and

Curitiba zoo are both located in Iguagu Municipal Park and
Iguacu River go through them, it may be considered that
animals from both places are submitted to the same envi-
ronmental conditions and risk factors. Thus, it is possible
to expect the occurrence of same serovar Icterohaemorrha-
giae.

Presence of rodents at the Curitiba zoo is a critical pro-
blem and since they are the reservoirs to leptospirosis,
measures of control need to be implemented. Chemical
control is only applied in specific situations. Efforts are
focused on preventing and diminishing conditions for the
establishment of these synanthropic animals, which can be
challenging due to the management of resident captive ani-
mals. Zoo staff is periodically trained to avoid leaving wa-
ste on the ground, keeping disposal containers closed and
feeders properly cleaned, with an emphasis on the usage of
personal protective equipment, especially in area prone to
flooding inside the zoo.

Due to a small number of animals tested, this study did
not have enough statistical power to detect factors associa-
ted with higher prevalence of anti-Leptospira spp. antibo-
dies in Barbary sheep. Stil], it is noteworthy that out of all
animals from this species kept at the zoo, a higher prevalen-
ce was found in younger, male and housed in public display
animals. A couple of hypothesis may be raised to address
these findings, such as behavioral attitudes of younger and
male animals predisposing exposure to leptospires on the
environment and higher environmental exposure in public
display housings. Exhibiting captive animals on public dis-
play in open enclosures may be at higher risk of infection,
as previously observed in a seroepidemiology survey of in-
fectious diseases in zoos (De Camps et al. 2008). Further
studies are necessary to better understand these findings.
A borderline significant P value for the association of pu-
blic housing display and higher seroprevalence highlights a
worrisome situation, where visitors may also be exposed to
higher environmental exposure to this pathogen.

Although leptospirosis does not appear to be a signifi-
cant clinical issue for Barbary sheep at the Curitiba zoo and
seropositive animals presented low titers, a 23.53% overall
prevalence may indicate environmental exposure to leptos-
pires. This is particularly important since animals in public
display housing had higher seroprevalence, raising con-
cerns regarding environmental exposures to visitors. This
issue is being address with continuous training to the zoo
staff. Since information about the use of vaccines in Barba-
ry sheep is still limited, serological monitoring of these cap-
tive wild animals in zoos is indispensable and may provide
a better understanding of health hazards that ultimately
will aid in species conservation by comprehending reser-
voir potential, public health impact and on guiding specific
preventive measures.
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