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Abstract

Toxoplasma gondii is a zoonotic parasite of worldwide distribution that can infect several species of homeothermic
animals. Few studies have evaluated the exposure of captive wild animals to T. gondlii. This study involved a serological
survey of anti-T. gondii antibodies in mammals kept in Cuba'’s National Zoo (PZN) and in the Rio de Janeiro Zoo (RIOZO0)
in Brazil. The study consisted of a total of 231 serum samples from mammals, 108 from PZN and 123 from RIOZOO.
All the samples were subjected to IgG anti-T. gondii testing by means of the inhibition ELISA method and the modified
agglutination test, respectively. T. gondii antibodies were detected in 85.2% samples from PZN and 32.5% samples from
RIOZOO. At the PZN, Perissodactyla (92.3%) was the order with the highest serological prevalence rate, whereas at the
RIOZOO, the order Primates (46.7%) stood out (p<0.05). In addition to this association, the origin of the PZN animals
was also associated with T. gondiii infection. This finding demonstrates the need for constant veterinary monitoring of
captive wild mammals in order to link the serological diagnosis with clinical alterations indicative of toxoplasmosis.

Keywords: toxoplasmosis, serology, zoo animals.

Resumo

Toxoplasma gondii é um parasito zoonotico de distribuicdo mundial que pode infectar varias espécies de animais
homeotérmicos. Poucos estudos avaliaram a exposi¢cdo de animais silvestres em cativeiro ao T. gondii. Este estudo
envolveu uma pesquisa sorolégica de anticorpos anti-T. gondii em mamiferos mantidos no Zoolégico Nacional de
Cuba (PZN) e no Zoolégico do Rio de Janeiro (RIOZOO0) no Brasil. O estudo consistiu em um total de 231 amostras de
soro de mamiferos, sendo 108 do PZN e 123 do RIOZOO. Todas as amostras foram submetidas a pesquisa de IgG
anti-T. gondii pelos métodos de ELISA de inibicdo (PZN) e teste de aglutinacdo modificado (RIOZOO). Anticorpos de
T. gondiiforam detectados em 85,2% das amostras do PZN e 32,5% das amostras do RIOZOO. No PZN, Perissodactyla
(92,3%) foi a ordem com maior taxa de prevaléncia sorolégica, enquanto no RIOZOO a ordem Primatas (46,7%) se
destacou (p <0,05). Além dessa associacdo, a origem dos animais PZN também foi associada a infec¢ao por T. gondii.
Esse achado demonstra a necessidade de monitoramento veterinario constante de mamiferos silvestres em cativeiro,
a fim de vincular o diagndstico sorolégico a alteracdes clinicas indicativas de toxoplasmose.
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Toxoplasma gondii in zoo animals

Introduction

Toxoplasmosis is a zoonotic disease of global distribution caused by the protozoan parasite Toxoplasma gondii.
The definitive hosts of this parasite with its facultative heteroxenous life cycle are felids because they eliminate oocysts
in their feces, while other mammals, including humans and birds, are their intermediate hosts (Amendoeira et al.,
1999; Hill et al., 2005; Robert-Gangneux & Dardé, 2012). This parasite is transmitted through the ingestion of tissue
cysts contained in raw or undercooked meat, sporulated oocysts present in water and food contaminated by feline
feces, or through the transplacental transmission of tachyzoites (Amendoeira, 1995; Tenter et al., 2000; Montoya
& Liesenfeld, 2004). In Brazil, the seroprevalence of T. gondii infection in the human population varies from 21.5 to
97.4% (Souza et al., 2010; Dubey et al., 2012). Different species of wild mammals and birds can become infected
with this protozoan parasite, including animals under human care in zoos. The exposure of wild mammals to
T. gondii has been reported in serological surveys conducted in zoos in the United States, Mexico, China, Portugal,
the Czech Republic and Spain, with prevalence rates ranging from 17% to 57% (de Camps et al., 2008; Alvarado-
Esquivel et al., 2013; Luo et al., 2017; Tidy et al., 2017; Bartova et al., 2018; Cano-Terriza et al., 2019). In Brazil,
serological surveys for T. gondii have already been carried out on mammals in zoos and farms in the states of Rio
Grande do Norte, Paraiba, Para and Sao Paulo, where positivity rates of 33 to 68% were detected (Minervino et al.,
2010; Feitosa et al., 2017; Marujo et al., 2017).

It is known that the ex situ conservation of wildlife is one of the main functions of zoos (Aragdo & Kazama,
2013). Thus, studies that evaluate the exposure of mammals under different degrees of threat of extinction to the
protozoan parasite T. gondii are essential. Among the different species of mammals, there are taxa that are known
to present severe symptoms of toxoplasmosis, which may lead to fulminant death, particularly Neotropical primates
(Bartova et al., 2018). In addition, members of the family Felidae, suffering from primoinfection, can contribute to
the environmental contamination of zoos and their surroundings.

In view of the above, the primary objective of this study was to conduct a serological survey of different species
of mammals kept under human care in a zoo located in Rio de Janeiro, Brazil and another in Havana, Cuba, in order
to verify the positivity rates, as well as inherent risk factors for this protozoan infection.

Materials and Methods

Ethical consideration

This study was approved by the Ethics Committee on Animal Use of the Oswaldo Cruz Institute (CEUA-IOC)
under Permit no. L-045/2016 and L-045/2016 A4. Approval for this study was also granted by the Biodiversity
Authorization and Information System (SISBIO), Chico Mendes Institute for Biodiversity Conservation (ICMBio),
under Protocol no. 54797-1.

Study site and sampling

The PZN covers an area of just over 3,460,000 m? and houses more than 1500 animals, including birds, nonhuman
primates, carnivores, ungulates, proboscids and reptiles. The RIOZOO covers an area of 138,000 m? and houses
more than 1300 animals, including birds, nonhuman primates, carnivores, ungulates, proboscids, reptiles and fish.

Blood samples were collected between April 2015 and June 2018, without disrupting zoo management routinesin
order to minimize stress in the animals, in the case of a one-time collection (one sample per individual). Of the total
of 231 samples, 108 were from PZN (42 carnivores, 31 nonhuman primates, 22 cetartiodactyls and 13 perissodactyls)
and 123 from RIOZOO (25 carnivores, 77 nonhuman primates and 21 cetartiodactyls). Tables 1 and 2 lists the
animals from which blood samples were collected for this serological survey.

The sample number included in this study was a convenience, in which the samples were obtained from the
Institutions’ management routine. Thus, the animals were not subjected to new stress situations through capture
and containment to carry out this study.

Blood samples were drawn by venipuncture of the jugular, cephalic, femoral or caudal vein, depending on
the species, using 3 to 5 mL syringes and 25 x 7 mm needles. The volume of blood collected corresponded to up
to 1% of each animal’s live weight. The samples were left at room temperature until clot formation (30 minutes).
The separated serum was then drawn from the tubes, centrifuged at 1000 g for 10 minutes, transferred to sterile
vials and stored at -20 °C until the time of laboratory analysis.
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Table 1. Animals of the order Primates involved in the serological survey.

Order Family Species PZN RIOZOO Total
Primates Aotidae Aotus azarae 0 3 3
Aotus nigriceps 0 2 2
Atelidae Alouatta seniculus 0 2 2
Ateles paniscus 0 1 1
Pitheciidae Callicebus brunneus 0 1 1
Chiropotes utahickae 0 2 2
Pithecia irrorata 0 4 4
Cebidae Cebus albifrons 1 6 7
Cebus kaapori 0 1 1
Sapajus apela 2 12 14
Sapajus flavius 0 6 6
Sapajus robustus 0 6 6
Sapajus 0 18 18
xanthosternos
Hominidae Pan troglodytes 4 0 4
Cercopithecidae Chlorocebus 0 2 2
pygerythrus
Chlorocebus 1 0 1
sabaeus
Macaca fascicularis 4 2 6
Macaca fuscata 0 1 1
Macaca mulatta 7 1 8
Macaca nemestrina 0 1 1
Mandrillus sphinx 1 1 2
Papio anubis 5 1 6
Papio cynocephalus 0 1 1
Papio hamadryas 6 2 8
Papio papio 0 1 1
Total 31 77 108

Serological analysis

Serological testing by the inhibition ELISA method (ELISA/i) revealed anti-T. gondii antibodies in animals from
PZN. Testing was carried out at the Toxoplasmosis Laboratory of Cuba’s National Center for the Production of
Laboratory Animals (CENPALAB), following the protocol proposed by Grandia et al. (2013), using polyclonal anti-T.
gondii 1gG conjugate. This method can be used for the serodiagnosis of T. gondii in any animal species. The test
results were interpreted based on a sensory evaluation of the presence or absence of color. Thus, the intensity of the
yellow color indicated the extent to which antibodies in the sample inhibited the binding of anti-T. gondii conjugate
to the immobilized antigen on the plate. A negative reaction was characterized by an intense yellow color, which
indicates that the anti-T. gondii conjugate has bound to the antigen due to the absence of specific antibodies in the
sample. Conversely, a positive reaction was characterized by the absence of color, which indicates that binding of
the anti-T. gondii conjugate to the antigen has been inhibited by the antibodies present in the sample.
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Table 2. Animals of the orders Carnivora, Cetartiodactyla and Perissodactyla involved in the serological survey.

Order Family

Species

PZN

RIOZOO

Total

Carnivora Canidae

Felidae

Hyaenidae

Procyonidae

Cetartiodactyla Bovidae

Camelidae

Cervidae

Giraffidae

Perissodactyla Equidae

Canis latrans
Canis lupus
Canis mesomelas
Cerdocyon thous

Chrysocyon
brachyurus

Leopardus pardalis
Leopardus tigrinus
Panthera leo
Panthera onca

Panthera tigris
altaica

Panthera tigris tigris
Puma concolor
Puma yagouaroundi
Crocuta crocuta
Hyaena hyaena
Nasua narica
Nasua nasua
Antilope cervicapra
Bos taurus indicus
Bos taurus watusi

Boselaphus
tragocamelus

Oryx dammah
Ovis orientalis
Taurotragus oryx

Camelus
dromedarius

Pecari tajacu
Rusa unicolor
Tayassu pecari

Giraffa
camelopardalis

Equus grevyi

Equus quagga
boehmi

Total

1
1

- w o N

w w N A O A

_

A~ W

o O o

77

0

0
0
3
3

- w w N

- N N

o O o o b O O O

o O o o

11

46

21

w w N B~ Db

- N W =

A

123

The blood samples from the RIOZOO animals were subjected to the modified agglutination test (MAT), as
proposed by Desmonts & Remington (1980). The MAT was performed by the Laboratory of Zoonotic Disease
Diagnostics at the Faculty of Veterinary Medicine and Animal Science, UNESP-Botucatu, Brazil. A titer of > 1:16 was

considered seropositive, as described by Marujo et al. (2017).

Statistical analysis

The data on each animal were analyzed according to the variables of order, sex, age group (young, juveniles or
adults), permanence (years living in the zoo) (1-5, 6-10, >10) and origin (born or not in the zoo). Serological results
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and epidemiological variables were analyzed statistically using GraphPad Prism v. 5 software (https://graphpad-
prism.software.informer.com/5.0/). Absolute and relative frequencies were calculated, and the Chi-square or
Fisher's exact test were applied to verify the association between the categorical variables of the two zoos, whose
statistical significance was analyzed with a 95% confidence interval.

To determine the magnitude of association of the analyzed variables, the odds ratio (OR) was calculated from
contingency tables, as recommended by Pfeiffer (2002) in retrospective observational studies for those associated
factors, according to the compare proportions test. The authors considered a variable with OR>1 as a risk factor
and OR<1 as a protection factor.

Results

Antibodies to T. gondii were detected in 92/108 (85.2%) samples from PZN and 40/123 (32.5%) samples from
RIOZOO animals by ELISA/i and MAT, respectively.

An analysis of the taxa of the animals from which blood samples were collected revealed that the highest
prevalence rate occurred in the order Perissodactyla (92.3%), followed by Cetartiodactyla (90.9%), Carnivora (88.1%)
and Primates (76.6%) in PZN (Table 3). Of the 23 seropositive animal species in PZN, Panthera leo, Hyaena hyaena
and Equus quagga boehmi were the ones that presented the highest prevalence of anti-T. gondii antibodies (Table 4).

Table 3. Comparison of proportions of seropositive animals analyzed in PZN and RIOZOO as a function of the different variables.

Variables PZN RI0Z0O
Total Positive % p value Total Positive % p value
Order Primates 30 23 76.6 0.3632 77 36 46.7 <0.0001
Carnivora 42 37 88.1 25 1 4
Cetartiodactyla 22 20 90.9 21 3 14.3
Perissodactyla 13 12 92.3 0 0 0
Sex Male 62 55 88.7 0.34 72 22 30.5 0.69
Female 45 37 82.2 51 18 35.3
Age group Adults 53 44 88.3 0.6 107 37 34.6 0.29
Juveniles 52 46 88.5 12 3 25
Young 2 2 100 4 0 0
Time in 1-5 67 59 88.1 0.60 31 10 32.3 0.78
the zoo
(years) 6-10 21 18 85.7 29 8 27.6
>10 19 15 78.9 63 22 34.9
Originin Yes 103 91 88.3 0.008 62 23 37.1 0.39
zoo
No 4 1 25 61 17 27.9

In RIOZOO, the highest seroprevalence occurred within the order Primates (46.7%), followed by Cetartiodactyla
(14.3%) and Carnivora (4%) (Table 3). In the order Primates, the Neotropical species belonging to the genus Sapajus
stood out. As for MAT titrations of the RIOZOO samples, all the orders of animals except nonhuman primates
presented a titer of only 1:16. In contrast, samples from the order Primates showed high anti-T. gondii antibody
titers of up to 1:4096 (Table 4).

An analysis of the epidemiological variables in the data from the two zoos indicated that the only statistically
significant factor associated with T. gondii infection (p<0.05) was the origin of the animals, i.e., whether or not they
were born in the PZN. Animals born at this zoo were 22.75 times (OR: 22.75 IC 95%: 2.186 - 236.7) more likely to
be seropositive for anti-T. gondii antibodies than individuals born in other places. In RIOZOO, only a comparison
of the results obtained for the taxa showed a statistically significant difference (p<0.05) (Table 3).
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Table 4. Animals testing positive in ELISA/i (PZN) and MAT (RIOZOO) tests.
PZN RIOZOO

Order Species ELISA/i MAT Titer

Positive Positive 1:16 1:64 1:256 1:1024 1:4096

Primates Alouatta seniculus - 2 - - - 1 1
Aotus nigriceps - 1 1 - - - -

Ateles paniscus - 1 1 - - . _

Cebus albifrons - 3 2 - 1 - -

Cebus kaapori - 1 1 - - . -

Chiropotes utahickae - 1 - - - 1 -

Macaca fuscata - 1 - - 1 . -

Sapajus apella -

Sapajus flavius -

w w ~N
-
'
—
'
—

Sapajus robustus -

oy
N
—
N
N
N

Sapajus xanthosternos -
Macaca mulatta 7
Pan troglodytes 2

Papio Anubis 4 - - - - - -
Papio hamadryas 4

Carnivora Canis lupus 1 - - - - - -

N
'
'
'
'
'
'

Canis mesomelas
Crocuta crocuta 3 - - - - - -
Hyaena hyaena 10 - - - - - _
Nasua narica 2 - - - - - -
Leopardus pardalis - 1 1 - - - -
Panthera leo 17 - - - - - -
Panthera tigris tigris 1 - - - - - -
Puma concolor
Cetartiodactyla Antilope cervicapra
Bos taurus indicus

Bos taurus watusi

w w NN
'
'
'
'
'
'

Boselaphus tragocamelus

Camelus dromedaries 1 - - - - . B

Giraffa camelopardalis reticulata 1 - - - - - _

Oryx dammah 1 - - - - . _

Ovis orientalis orientalis 3 - - - - . .

Taurotragus oryx 2 - - - - - -

Tayassu pecari - 1 1 - - - -

Pecari tajacu - 1 1 - - - -

Rusa unicolor - 1 1 - - . _

Perissodactyla Equus quagga boehmi 9 - - - - - -

Equus grevyi 3 - - - - - _
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Discussion

In general, seropositivity rate for T. gondii detected among the captive mammals was 85.2% at PZN, according
to the ELISA/i and 32.5% at RIOZOO, according to the MAT. Seropositivity rates lower than PZN and higher than
RIOZOO were detected in animals of different taxonomic orders kept in zoos in Mexico (53.3%), Northern Portugal
(57.1%), and Spain (42%) using the MAT, and in the Czech Republic (33%) using the latex agglutination test (LAT)
(Alvarado-Esquivel et al., 2013; Tidy et al., 2017; Bartova et al., 2018; Cano-Terriza et al., 2019). However, prevalence
rates lower than those found in this study have been detected by the indirect hemagglutination (IHA) test among
captive animals living in zoos in China (17.9%) (Luo et al., 2017).

The serological results for T. gondii in wild animals kept in other zoos in Brazil revealed higher seropositivity
rates detected by the MAT among mammals in the zoo in Sorocaba/Sao Paulo (40.5%), Para and Rio Grande do
Norte (57.8%) and Jodo Pessoa/Paraiba (68.9%) (Minervino et al., 2010; Feitosa et al., 2017; Marujo et al., 2017).
Comparisons with other serological surveys involving captive animals at zoos in Cuba could not be made, since
this is the first study that investigated anti-T. gondii antibodies in captive wild mammals in a zoo in that country.
The difference in the general serological prevalence rates of anti-T. gondii antibodies identified in the aforementioned
studies involving captive mammals from zoos and those detected at PZN and RIOZOO can be attributed to the
diversity of species included in these studies, the variety of serological tests (sensitivity and specificity) used, the
cut-off they adopted, and the intrinsic epidemiological scenario of each country, including differences in animal
care management. Although comparisons of serological frequencies obtained between RIOZOO and other Brazilian
zoos have been carried out, these should be analyzed with caution. Since the squad of Institutions such as Zoos,
it is usually composed of wild animals of different species, which have different degrees of susceptibility to the
protozoan. In addition, the different practices of health management of the squad, as well as the choice of the
serological technique can have a different influence on the results obtained.

Although it is not the objective of this study to compare serological techniques, it is important to note that the
choice of these occurred according to the technology and human resources available in the research institutions.
In addition, their foundation was a decisive factor in the choice of ELISA/i and MAT, as they can be used to search
for IgG antibodies in several host species.

An analysis of the seroprevalence of anti-T. gondii antibodies as a function of the taxonomic order of the
captive wild mammals included in this serological survey revealed that the orders Cetartiodactyla (90.9%) and
Perissodactyla (92.3%) presented the highest seroprevalence rates in the PZN. A similar perspective was found in
asurvey carried out at zoos in the north of Portugal, where the order Cetartiodactyla showed the highest positivity
among the sera of the analyzed mammals (Tidy et al., 2017). The higher positivity rates found among these orders
of mammals may be attributed directly to their herbivorous feeding habit, suggesting that the forage or water
supplied to these animals may be contaminated with T. gondii oocysts. It should be noted that, given that they are
herbivores, they spend most of their time in paddocks ingesting large volumes of forage, increasing the possibility
of ingesting T. gondii oocysts if their environment is contaminated by them. This finding is supported by the high
seropositivity rate detected in Equus quagga boehmi, the species among the ungulates that presented the highest
seropositivity rate at the PZN.

In addition to ungulates in the PZN, carnivores, particularly Panthera leo, showed a high prevalence of anti-T. gondii
antibodies. High seroprevalence of anti-T. gondii antibodies among carnivores has also been reported in zoos in
various countries, including the United States, Mexico, the Czech Republic and Spain (de Camps et al., 2008; Alvarado-
Esquivel et al., 2013; Bartova et al., 2018; Gomez-Rios et al., 2019; Cano-Terriza et al., 2019). T. gondii infection may
have been transmitted to carnivores by feeding them with carcasses and viscera contaminated with protozoan tissue
cysts. In addition, they may have been infected through their predation of small wandering animals, which may
have accidentally entered the enclosures of these animals, considering that many species of the order Carnivora
at both zoos, especially felids, are predators at the top of the food chain. These carnivores may even have become
infected prior to captivity or by drinking water contaminated with oocysts. It is noteworthy that lions in the PZN
are kept in groups in large enclosures on bare ground. This makes it difficult to routinely remove feces from the
environment, favoring the sporulation of T. gondii oocysts and environmental contamination, if any felid is in the
latency period. Moreover, once these oocysts are in the environment, they can leach into the enclosures of other
animals, spreading environmental contamination.

Among all the orders included in the serological survey in RIOZOO, the taxon that presented the highest frequency
of exposure to T. gondii was the order Primates, and this positivity was significantly associated with infection.
It was found that the Neotropical nonhuman primates of the family Cebidae, especially the genus Sapajus sp.,
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corresponded to the largest sample among the evaluated primates. These results are compatible with other
reports in Brazilian literature, since seropositivity for T. gondii has been described in different species of Neotropical
primates, particularly among Sapajus sp. kept at different animal rescue centers and in zoos and breeding facilities
in Brazil's north, northeast and southeast regions (Minervino et al., 2010; Pires et al., 2012; Ferreira et al., 2015;
Feitosa et al., 2017; Marujo et al., 2017). However, the significant association between the order Primates and
the seropositivity for anti-T. gondii antibodies observed in RIOZOO may be ascribed to the fact that the number
of sampled individuals and diversity of species were numerically higher than those of other mammalian orders.

It is known that some species/genera of New World Primates are extremely susceptible to toxoplasmosis and
that they are more vulnerable to this disease than Old World primates. According to Innes (1997), this susceptibility
is based on the evolutionary hypothesis that these animals were isolated from felids due to their arboreal habit,
and therefore from contact with protozoan oocysts, making them more susceptible to disease.

Among neotropical primates, there are three distinct susceptibility patterns to toxoplasmic infection, ranging
from acute fulminant infections, severe or medium, to chronic infections (Epiphanio et al., 2003; Casagrande et al.,
2013; de Paula et al., 2020). In this last group, the genera Sapajus and Cebus are included in the chronic infections,
which in general, are asymptomatic presenting detectable levels of IgG anti-T. gondii antibodies (Bouer et al., 2010;
Catdo-Dias et al., 2013). The resistance profile of these neotropical primate taxa may have favored the sample
shown in RIOZOO, since most of the animals included in this Institution were from the Cebidae Family, that is,
those that are generally resistant to toxoplasmic infection.

In RIOZOO, nonhuman primates feed mainly on fruits and vegetables, which are routinely washed in tap water.
Thus, the main sources of infection of these primates can be considered the poor hygiene of these foods, the
water destined for washing them, and also their drinking water when contaminated with sporulated oocysts of
the parasite. Although Neotropical primates have arboreal habits, their sporadic contact with the ground in their
enclosures, probably contaminated with feces of wild felines in the zoo itself, as well as with feces of synanthropic
domestic felines, may also have acted as a source of infection. Moreover, one cannot rule out the possibility
that small birds and synanthropic mammals chronically infected with T. gondii accidentally entered the primates’
enclosures and were preyed upon, transmitting the protozoan to the primates in this zoo.

An analysis of the frequency of mammals with anti-T. gondii antibodies at the two zoos of this survey indicated
that sex, age group and length of stay in the enclosures of these zoos were not associated with infection. Similarly,
no difference was found between sexes and age groups in serologically reactive captive mammals kept in zoos
in Spain (Cano-Terriza et al., 2019). These findings demonstrate that the mammals of these institutions are also
exposed to infection by this protozoan, regardless of sex and age group. However, the mammals born in the PZN
showed a significantly higher seroprevalence than those born in other locations. Similarly to the findings of this
study, animals born at the Sorocaba Zoo in the state of S&o Paulo were 2.1-fold more likely to have anti-T. gondii
antibodies than wild animals captured in the natural environment (Marujo et al., 2017). Although the variable of
origin in the PZN was considered a risk factor, this finding should be analyzed with caution, since there was no
uniform distribution of the sampled mammals among the categories of this variable, emphasizing the need for
further studies.

The findings of this study underscore the widespread exposure to T. gondii among the captive mammals of two
zoos located in different countries of Latin America. This high exposure denotes the importance of improvements in
sanitary management, including hygiene practices applied to food, enclosures, control of pests and stray animals,
and fomites, including the regular change of clothing and shoes of zookeepers to prevent contamination between
enclosures. Even so, the interruption of the transmission of this protozoan cannot be guaranteed, as T. gondii is a
euryxenous protozoan that has different transmission routes. This underscores the need for constant veterinary
monitoring of the animals in order to associate the serological diagnosis with clinical changes compatible with
toxoplasmosis, especially in the most susceptible groups, as is the case of Neotropical primates. Thus, further
studies of serological surveys associated with analyzes of epidemiological factors referring to sanitary management
are essential to be carried out in captive wild animals in order to confirm possible transmission mechanisms.
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