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Occurrences of anti- Toxoplasma gondii and anti- Neospora
caninum antibodies in Barbary sheep at
Curitiba zoo, southern Brazil
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aoudads no zooldgico de Curitiba, sul do Brasil
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Abstract

Barbary sheep (Ammotragus lervia) have the potential to act as hosts of important infectious diseases, particularly
zoonoses. Blood samples from 17 Barbary sheep at the Curitiba zoo were collected to evaluate occurrences of anti-
Toxoplasma gondii and anti-Neospora caninum antibodies, tested using the indirect immunofluorescence antibody test
(IFAT). Anti-1. gondii and anti-N. caninum antibodies were detected in 4/17 (23.5%) and 4/17 (23.5%) samples,
respectively. The present study has shown that Barbary sheep at Curitiba zoo were exposed to 7. gondii and N. caninum
and therefore may act as intermediate hosts, spreading toxoplasmosis and neosporosis within and between species in
shared areas.

Keywords: Ammotragus lervia, Toxoplasma gondii, Neospora caninum, zoonoses, zoos.

Resumo

Aoudads (Ammotragus lervia) tém o potencial para atuar como hospedeiros de importantes doencas infecciosas,
em particular as zoonoses. Amostras de sangue de 17 aoudads do zooldgico de Curitiba foram coletadas para avaliar
ocorréncias de anticorpos anti- Toxoplasma gondii e anti-Neospora caninum, testados pela reagio de imunofluorescéncia
indireta (RIFI). Anticorpos anti-7. gondii e anti-N. caninum foram detectados em 4/17 (23,5%) e 4/17 (23,5%) das
amostras dos aoudads, respectivamente. O presente estudo revelou que os aoudads no zooldgico de Curitiba estao
expostos a 1. gondii e N. caninum e, portanto, podem atuar como hospedeiros intermedidrios e fatores de difusio da

toxoplasmose e da neosporose intra e interespécies em dreas compartilhadas.

Palavras-chave: Ammotragus lervia, Toxoplasma gondii, Neospora caninum, zoonoses, zooldgicos.

Wildlife may represent a large and often unknown reservoir
system that can potentially become a source for emerging or
reemerging diseases, particularly zoonoses, which were previously
absent or under control (CHOMEL et al., 2007). Although the

*Corresponding author: Alexander Welker Biondo

Departamento de Medicina Veterindria, Setor de Ciéncias Agrérias,
Universidade Federal do Parand — UFPR, Rua dos Funciondrios, 1540, Cabral,
CEP 80035-050, Curitiba, PR, Brasil

e-mail: abiondo@illinois.edu

role of wild animals in harboring and transmitting infectious
agents has been reported in relation to several species, endangered
species may be difficult to assess and therefore their role remains
to be fully established. In addition, infectious diseases may also
present risks to successful maintenance of wild animals in captivity
(YESILBAG et al., 2011).

Translocation or introduction of wild species, particularly
exotic ones, which is a regular practice among zoos, may present
serious risks to the resident population, since new pathogens
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can be introduced to a hypothetically controlled environment.
In such scenarios, zoos may provide an optimal environment
for infectious disease transmission because of the greater animal
density and sharing of space between different animal species
(YESILBAG et al., 2011).

According to some authors, some species in particular, such
as the Barbary sheep (Ammotragus lervia), have the potential
to act as hosts and reservoirs for important infectious diseases
(CANDELA et al., 2009). The Barbary sheep or aoudad was
successfully introduced into the United States in the early to
mid-twentieth century for the purposes of sport hunting and now
is classified as “vulnerable” (VU A2cd) by the TUCN (International
Union for Conservation of Nature) (NOWAK, 1999). It is a
singular African species that has some unique primitive features and
is grouped into the suborder Ruminantia, subfamily of Caprinae,
which includes the domesticated genera Capra and Ovis. A closer
phylogenetic connection between the genera Ammotragus and
Capra was recently observed (MEREU et al., 2008).

In zoos, Toxoplasma gondii infection is important because
of the risk of visitor exposure and because animals in captivity
may die from clinical toxoplasmosis (DE CAMPS et al., 2008).
Regarding neosporosis, which is one of the major causes of
abortion in several domestic species (DUBEY, 2003), the wild
cycle may present a complicating factor with regard to disease
control (ROSYPAL; LINDSAY, 2005). Although toxoplasmosis
and neosporosis are important diseases worldwide, the exposure
of Barbary sheep to these protozoan pathogens has been scarcely
reported to date. Therefore, this study aimed to evaluate occurrences
of anti- Toxoplasma gondii and anti-Neospora caninum antibodies
in Barbary sheep at Curitiba zoo, state of Parand, southern Brazil.

Curitiba zoo, which was established in 1982, is now among
the largest Brazilian zoos with approximately 2300 specimens,
several of which were born in captivity, distributed across an
area of 530 square meters (JAVOROUSKI; BISCAIA, 2013).
Curitiba (25° 25”477 S, 49° 16’ 197 W) is the capital of the state
of Parand, in southern Brazil, and is the eighth most populous city
in Brazil, with an estimated population of 1,751,907 inhabitants
(IBGE, 2010).

A total of 17 healthy captive-born Barbary sheep, of both
genders and different ages, were included in the present study.
Blood samples were taken by means of physical restraint without
chemical sedation, following a 24-hour fasting period. Out of the
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total sample, five of these sheep were kept on display in a public
exhibition and 12 were kept in an isolation area. Each individual
was identified by means of an ear tag number and color, and the
individual information gathered included date of birth, gender
and housing location. Blood samples (20 mL) were collected
intravenously and placed in tubes without anti-coagulant and
kept at room temperature (25 °C) until visible clot retraction.
The material was then centrifuged at 3000 rpm for 5 minutes
and the serum was separated and kept at =20 °C until testing.

The aliquots were sent to the Biological Institute of Sao Paulo,
Center for Animal Health Research and Development, for
serological tests to be performed. The serum samples were tested
for anti- Toxoplasma gondii antibodies by means of the indirect
immunofluorescence antibody test (IFAT). Each serum sample was
tested at a range of dilutions, using a cutoff of 1:64 (CAMARGO,
1974). In addition, individual serum samples were tested for
the presence of anti-Neospora caninum antibodies by means of
IFAT (DUBEY et al., 1988), on slides for optical microscopy
(PGC-Scientifics, catalogue number 60-5453-46) sensitized with
tachyzoites of N. caninum. Each of these serum samples was tested
at a range of dilutions, using a cutoff of 1:50. The specimens were
examined under a fluorescence microscope with 40x objective.

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

Andi-Toxoplasma gondii and anti-Neospora caninum antibodies
were detected, respectively, in 4/17 (23.5%) and 4/17 (23.5%) of
the sampled Barbary sheep. Only 2/17 (11.7%) of them showed
antibodies simultaneously for 7. gondii and N. caninum.

The prevalences of 77 gondii and N. caninum infection were
evaluated stratified by age, gender and place where the animals
were housed (public exhibition or isolation area) (Table 1). The
mean age of the sampled animals was 4.5 years, with a standard
deviation of 2.7 years. Thus, a cutoff of 5 years was chosen to
dichotomize the age variable, i.e. forming one group of animals
aged less than 5 years and another of animals aged greater than
or equal to 5 years.

The prevalence of 7. gondii infection in animals aged less than
5 years was 2/10 (20.0%) and it was 2/7 (28.6%) in animals

Table 1. Prevalence of Toxoplasma gondii and Neospora caninum infection stratified by age, gender and housing location.

Characteristic Toxoplasma gondii Neospora caninum
n/N % PR (95% CI)* p-value n/N % PR (95% CI) p-value

Age

<5 years 2/10 20.0 - - 2/10 20.0 - -

>5 years 217 28.6 1.4 (0.3-7.9) 0.99 217 28.6 1.4 (0.3-7.9) 0.99
Sex

Female 1/7 14.3 - - 0/7 0.0 - -

Male 3/10 30.0 2.1 (0.3-16.3) 0.88 4/10 40.0 NA** 0.18
Place

Isolation area 1/12 8.3 - - 2/12 16.7 - -

Public display 3/5 60.0 7.2 (0.9-53.6) 0.10 2/5 40.0 2.4 (0.5-12.6) 0.38

*Prevalence ratio /confidence interval; **Not applicable; n = Total number of seropositive animals; N = Total number of sampled animals.
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aged greater than or equal to 5 years, which corresponded to a
prevalence ratio of 1.4 (95% CI: 0.3-7.9), i.e. higher in the group
of animals aged greater than or equal to 5 years, although this
difference was not statistically significant (Fisher p-value = 0.99).
The same values were obtained when V. caninum infection and
the animals’ ages were evaluated.

Regarding gender, the 7. gondii prevalence in females was 1/7
(14.3%) and it was 3/10 (30.0%) in males, making the prevalence
in males 2.1 times (95% CI: 0.3-16.3) greater in males than in
females, but this difference was not statistically significant (Fisher
p-value = 0.88). The N. caninum prevalence was 0/7 (0%) in
females and 4/10 (40.0%) in males. Since the prevalence in one
group was zero, it was not possible to calculate the prevalence ratio.

The T gondii prevalence among the animals housed in the
isolation area was 1/12 (8.3%) and among the animals on public
display it was 3/5 (60.0%). The prevalence of 7. gondii in the
animals on public display was 7.2 times (95% CI: 0.9-53.6) greater
than in the animals kept in isolation. This difference was not
statistically significant, but was close to the significance threshold
(Fisher p-value = 0.10). For N. caninum, the prevalence among
animals housed in the isolation area was 2/12 (16.7%) and among
animals on public display it was 2/5 (40.0%). The prevalence was
2.4 times (95% CI: 0.5-12.6) greater in the animals on public
display than in the animals in the isolation area, even though this
difference was not statistically significant (Fisher p-value = 0.38).

The present study has revealed occurrences of two important
infectious agents in Barbary sheep, which are a singular wild
species that shares a common ancestor with domestic species in
the genera Capra and Ovis (MEREU et al., 2008). Emerging and
reemerging infectious diseases may have a major effect and impact
on human and animal health, and produce economic losses.
Animals, particularly of wild species, are thought to be reservoirs
for more than 70% of all emerging infections (KUIKEN et al.,
2005; CHOMEL et al., 2007). Pet zoos, where children are allowed
to approach and feed captive wild and domestic animals, have
been linked to several zoonotic outbreaks. Not surprisingly, over
25 outbreaks of human infectious diseases associated with visitors
to animal exhibits were identified from 1990 to 2000 (BENDER;
SHULMAN, 2004; CHOMEL et al., 2007).

Antibodies against 7" gondii were at higher levels in the current
report than in the first previous report, and were present in 4/17
(23.5%) versus 1/10 (10.0%) of the Barbary sheep, respectively
(GAUSS et al., 2006). The differences may be due to different
geographical locations, which were reported in the earlier study
to be the most important factor affecting infection prevalence.
Similar results of 6/25 (24.0%) for captive Barbary sheep were
found more recently, while the prevalence among free-range Barbary
sheep was 1/67 (1.5%) (CANDELA et al., 2009).

Since Curitiba zoo is located in a humid subtropical climate
with an average annual temperature of 16 °C, the relatively higher
prevalence may be associated with the local weather (IBGE, 2010).
Our findings corroborate previous studies that have shown that
there may be higher prevalence of toxoplasmosis infection in areas
that are more shaded and have relatively higher humidity than
in areas with lower shade and rain and higher evaporation and
desiccation (SMITH; FRENKEL, 1995; GAUSS et al., 2006).

Although age, gender and housing location were not statistically
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significant, the Barbary sheep on public display were 7.2 times
more likely to have 77 gondii infection than were those housed
in the isolation area. Hence, captive animals on public display in
open enclosures may be at higher risk of infection, as previously
observed (DE CAMPS etal., 2008). Since the prevalence of 7. gondii
infection also depends on the presence of felids (GAUSS et al.,
2006), our study may provide a warning with regard to nearby
wild cat enclosures and circulation of domestic felids in zoo areas.

Neospora caninum co-infection was also investigated because
previous studies reported multiple infections in animal populations
(PETNEY; ANDREWS, 1998; CANDELA et al., 2009). Although
neosporosis was first reported in wild animals in a dead black-
tailed deer (WOODS et al., 1994), and antibodies have recently
been reported in Barbary sheep (ALMERIA et al., 2007) and
several other free-range and captive wild animals, the role of wild
animals in the N. caninum life cycle remains unclear (DUBEY,
2003; ALMERIA et al., 2007). Although antibodies against V.
caninum in the present study occurred in 4/17 animals (23.5%),
i.e. more frequently than in a previous survey, which found them
in 1/13 Barbary sheep (7.7%), no significant differences regarding
gender or age were observed in either study (ALMERIA et al.,
2007). Both studies used the indirect immunofluorescence
test (IFAT), with 1:50 as the cutoff (CHEADLE et al., 1999;
ORTUNO et al., 2002).

1" gondii and N. caninum occurrences in Barbary sheep can
be compared with occurrences in domestic goats, which are
genetically related to each other (MEREU et al., 2008). Our
findings may indicate, as observed in domestic goats, that males and
females are equally exposed to the risk of infection (FARIA et al.,
2007). However, other factors such as geographical area and
environmental exposure may impede adequate comparison, as
observed among domestic goats in northeastern Brazil, which
presented higher occurrence of 7. gondii (75/306; 24.5%) and
lower occurrence of V. caninum (10/306; 3.3%) (FARIA et al.,
2007). Similar rates among domestic goats were also observed
in another study in southeastern Brazil, which showed higher
occurrence of 7. gondii (113/394; 28.7%) and lower occurrence
of N. caninum (25/394; 6.4%) (FIGLIUOLQO et al., 2004).
These differences may be explained by the level of exposure and
climatic factors, thus reflecting the abundance of viable parasitic
stages in the environment and influencing the overall prevalence
(FARIA et al., 2007).

Captive wild species, particularly carnivores kept in zoos,
may share environments and act as sources of 7. gondii and
N. caninum infection for herbivores such as Barbary sheep or
other related susceptible wild species. A recent study conducted
among wild captive carnivores kept in zoos in the Brazilian states
of Siao Paulo and Mato Grosso, and in Brasilia, showed that
antibodies to 7. gondii and N. caninum were present in 102/161
(63.4%) and 70/161 (50.3%) wild cats, respectively, using IFAT.
In addition, 49/98 (50.5%) and 40/98 (41.2%) wild canids were
seropositive for 7. gondii and N. caninum antigens, respectively,
using IFAT (ANDRE et al., 2010). Relatively lower prevalence
was found in wild canids in zoos and sanctuaries in the states
of Parand, Santa Catarina and Rio de Janeiro and in Brasilia,
which found prevalences of 20/50 (40.0%) for 7. gondii and
18/50 (36.0%) for N. caninum (MATTOS et al., 2008). More
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recently, seropositivity for 7. gondii was observed in 38/57 samples
(66.7%) samples from Neotropical felids kept at the Bela Vista
Biological Sanctuary, Itaipu Binacional hydroelectric development,
southern Brazil (ULLMANN et al., 2010), which was similar to
the prevalence of 26/37 (64.4%) that was found in an early study
on captive exotic wild felids in 12 different zoos (SILVA et al.,
2001). Overall, these results suggest that despite efforts to control
such infections in zoo facilities, particularly among wild-caught
carnivore specimens, animals may be exposed to infectious agents
due to other environmental sources.

Although 7. gondii seroprevalence may be associated with
several risk factors, particularly the presence of domestic cats,
a comprehensive study conducted on 865 Neotropical felids
in 78 cities in 20 Brazilian states showed that the presence of
domestic cats roaming in zoos was not an independent risk factor
for toxoplasmosis (RAMOS SILVA et al., 2007). Moreover, the
seroprevalence of 7. gondii and N. caninum in roaming and/or
feral cats has not been documented to date in Brazilian zoos, and
further studies should be conducted in order to fully establish
the role of domestic cats as potential sources of infection among
captive wild animals.

Finally, reports of wild species that could serve as intermediate
hosts for V. caninum have been gradually increasing. These species
include Barbary sheep, many other ruminant species and possibly
rhinoceroses, thus providing new insights into current questions
regarding the N. caninum cycle in wildlife (GONDIM, 2006).

In conclusion, this study has shown that Barbary sheep in
Curitiba zoo, Parand, southern Brazil, are exposed to 7. gondii
and N. caninum and may act as intermediate hosts for spreading
toxoplasmosis and neosporosis. Barbary sheep may play an
important role in the protozoan cycle as a sentinel for measuring
parasite dissemination in zoos and for checking whether circulating
pathogens are present. In addition, wildlife staff should be aware
of the inherent risks involved in introducing and providing shelter
for such animal species. A better understanding of pathogen
occurrence in wildlife species, particularly zoonotic pathogens,
may serve as the basis for future environmental protection and
public health strategies.
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