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Abstract
Brazil accounts for around 20% of all animal species, but these are constantly threatened by illegal 
anthropic activities. Unfortunately, animal dealers are totally unaware of the sanitary risks among wild 
animals, or that occurrences of parasites in these animals are bioindicators for their current sanitary status 
within the ecosystem in which they live. This status is an important parameter with regard to assessing 
the spreading of pathogens. Therefore, the aim of this study was to perform a survey of zoonotic parasites 
in carnivores and non-human primates that are illegally traded in Brazil. Between June 2016 and July 
2017, 43 wild animals (20 carnivores and 23 non-human primates) were presented at the Wild Animal 
Screening Center of Sergipe (CETAS/SE). Fecal and blood samples were obtained and analyzed to detect 
occurrences of pathogens of medical and veterinary importance, such as Cryptosporidium spp., Giardia 
spp., Dirofilaria immitis, Leishmania infantum, Leishmania braziliensis, Toxoplasma gondii, Trypanosoma 
cruzi and gastrointestinal helminths. Out of all the animals analyzed, 55.8% (24/43) were found to be 
positive for at least one parasite species, i.e. 41.7% and 58.3% of the carnivores and non-human primates, 
respectively. However, all the animals were negative for D. immitis, L. braziliensis and T. cruzi. These findings 
demonstrate that illegally traded wild animals may represent a risk to public health because of absence 
of sanitary control during their transportation. Therefore, preventive measures might be employed to 
avoid infection of these animals and people in close contact with them.

Keywords: Giardia, Cryptosporidium, zoonotic role, wild animal traffic.

Resumo
O Brasil abriga cerca de 20% de todas as espécies animais existentes no mundo que são continuamente 
ameaçadas pelas ações antrópicas. Infelizmente, os comerciantes de animais não são suficientemente 
esclarecidos em relação à ameaça sanitária que representam a vida silvestre, assim como sobre a ocorrência 
de parasitos que nestes animais funcionam como bio-indicadores do status sanitário do ecossistema, visto 
serem importantes parâmetros para avaliar a dispersão de patógenos. Portanto, objetivaram-se neste estudo a 
pesquisa de parasitos zoonóticos em carnívoros e primatas ilegalmente comercializados no Brasil. Entre Junho 
de 2016 e Julho de 2017, 43 animais silvestres (20 carnívoros e 23 primatas) foram recebidos no Centro de 
Triagem de Animais Silvestres de Sergipe (CETAS/SE). Amostras fecais e sanguíneas foram obtidas e analisadas 
para detectar a presença de patógenos de importância médico-veterinária como espécies de Cryptosporidium 
e Giardia, Dirofilaria immitis, Leishmania infantum, Leishmania braziliensis, Toxoplasma gondii, Trypanosoma 
cruzi e helmintos gastrintestinais. De todas as amostras analisadas, 55,8% (24/43) foram positivas a pelo 
menos um agente etiológico testado, sendo 41,7% e 58,3% carnívoros e primatas, respectivamente. Todas as 
amostras foram negativas a D. immitis, L. braziliensis e T. cruzi. Estes achados demonstram que o comércio 
ilegal de animais silvestres pode representar risco a saúde publica e a saúde destes animais devido à ausência 
de medidas sanitárias durante o deslocamento. Por fim, medidas preventivas devem ser propostas para evitar 
a infecção destes animais e consequentemente das pessoas que os manipulam.

Palavras-chave: Giardia, Cryptosporidium, importância zoonótica, comércio ilegal de animais.
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Introduction
Brazil is the fifth largest country on the planet with a wide diversity of animal species. It has 

been estimated that about 20% of all animal species live in this region, in the different biomes 
such as the Atlantic forest, Pampas, Cerrado, Pantanal, Amazonia and Caatinga. Amongst these 
animals, at least 732 species are wild mammals (Instituto Chico Mendes de Conservação da 
Biodiversidade, 2017).

Despite this great richness, these animals are constantly threatened due to anthropic activities 
such as deforestation, water pollution and, especially, wild-animal trafficking (Marchini et al., 
2011). Recently, the expansion of urban areas has increased the chances of close interaction 
between animals and humans and, consequently, the spreading of several zoonotic pathogens 
(Krauss et al., 2003; Taylor et al., 2001; World Health Organization, 2004).

Trafficking of wild animals has been considered to be the third most important illegal activity 
in the world, after the trade in illegal weapons and drugs, with incalculable damage to the 
preservation of wildlife. In Brazil, it has been estimated that 38 million wild animals are taken 
from their natural habitats, which may lead to income of up to 2.5 billion dollars per year (Rede 
Nacional de Combate ao Tráfico de Animais Silvestres, 2011). The consequences of the illegal 
trade in wild animals are immeasurable, especially from a One Health perspective, since these 
animals are acquired without any sanitary control and may play an important role as carriers of 
pathogens (Hernandez & Carvalho, 2006; Pavlin et al., 2009).

Amongst these pathogens, parasites (e.g. Dirofilaria spp., Ancylostoma spp., Toxocara spp., 
Toxoplasma gondii and Leishmania spp.) have acquired great importance in this close relationship 
between humans and wild animals. For instance, the distribution of leishmaniasis in Brazil has 
shifted from rural and forested regions to urban areas (Harhay et al., 2011). The close interaction 
between humans and synanthropic animals (e.g. wild canids and marsupials), which serve as 
reservoirs for the causative agent of leishmaniasis, has been incriminated as an important factor 
assisting this event (Allen et al., 2017; Weiss, 2008). In addition to leishmaniasis, other protozoan 
diseases such as toxoplasmosis and Chagas disease (American trypanosomiasis) are caused by 
pathogens that have been gradually introduced into urban areas through wild animal reservoirs 
(Roque & Jansen, 2014). Occurrences of gastrointestinal parasites of medical and veterinary 
concern in these animals are noteworthy. For instance, Baylisascaris procyonis affects raccoons 
(Procyon lotor) (Sorvillo et al., 2002) and Ancylostoma spp., Strongyloides spp. (Lima et al., 2017), 
Cryptosporidium spp. and Giardia spp. (Debenham et al., 2017) affect other wild canids and non-
human primates, along with human beings.

Parasitism in wild animals is a bioindicator of the current situation in ecosystems. This is 
an important parameter for assessing the spreading of pathogens and behavioral alterations 
(Bongers & Ferris, 1999; Lymbery, 2005). Although knowledge of parasite fauna had been pivotal 
to conservation of wild animals, this fauna has been poorly studied worldwide (Polley, 2005). 
Moreover, the sanitary consequences of the illegal trade has not been discussed anywhere. 
Therefore, the aim of this study was to perform a survey of zoonotic parasites in carnivores 
and non-human primates that had been subjected to wild-animal trafficking activities in Brazil.

Material and methods

Animals and sampling
Between June 2016 and July 2017, a total of 43 wild animals were attended at the Wild 

Animal Screening Center of Sergipe (CETAS/SE). These comprised 20 individuals belonging to 
carnivore species: six of Cerdocyon thous, one of Leopardus pardalis, four of Nasua nasua and 
nine of Procyon cancrivorus; and 23 individuals belonging to non-human primate species: 17 
of Callithrix jacchus and six of Sapajus libidinosus. All of these animals had been rescued from 
traffickers by a local government environmental department or had been voluntarily handed 
over by unofficial breeders.

Initially, all the specimens were restrained and a physical examination was performed. When 
necessary, a combination of ketamine chloride (8 mg/kg) and xylazine (0.8 mg/kg) was used for 
sedation. Feces samples were obtained from each animal after spontaneous defecation and were 
stored in plastic vials containing 10% formalin solution until laboratory processing. In addition, 
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Data analysis
The data were statistically analyzed for absolute and relative frequencies. The chi-square 

test with Yates correction was used to compare positivity between different genders, ages and 
provenance. The significance level was set at 5%. All analyses were performed using the BioEstat 
statistical software, version 5.0 (Ayres et al., 2007).

Results
Out of all the animals analyzed, 55.8% (24/43) were found to be positive for at least one parasite 

through at least one of the techniques used. These positive animals comprised 41.7% and 58.3% 
of the carnivores and non-human primates (p < 0.00001), respectively.

Nine genera and/or species of zoonotic parasites were detected in this study, among which 
33.5% (3/9) and 66.5% (6/9) were helminths and protozoa, respectively (p < 0.00001).

blood samples were collected through venipuncture and, when skin lesions were observed, these 
were scraped and the material was put onto glass slides for further analysis. After recovery, most 
of the animals were released into their natural environment. Species that were unable to survive 
in nature were maintained at CETAS/SE.

Laboratory procedures

Fecal examination
The samples were initially processed using the FLOTAC technique (Cringoli  et  al., 2010), 

to search for eggs, cysts, oocysts and/or larvae of gastrointestinal parasites. In addition, the 
material was analyzed through the method of centrifugal-sedimentation in formalin-ether 
solution with Kinyoun staining, to search for Cryptosporidium spp. (Brasil, 1996). Lastly, a direct 
immunofluorescence test (Merifluor Cryptosporidium/Giardia kit, Meridian Bioscience) was 
performed to detect cysts and oocysts of Giardia spp. and Cryptosporidium spp., respectively.

All the parasite structures observed here were identified in accordance with previous 
morphological descriptions (Bowman, 2013; Taylor et al., 2007).

Molecular analysis
Genomic DNA was extracted using a commercial kit (Tissue & Blood Qiamp, QIAGEN) in 

accordance with the manufacturer’s recommendations. Afterwards, a PCR was carried out to 
search for DNA of Dirofilaria immitis, L. infantum, L. braziliensis, T. gondii and T. cruzi (Table 1). 
Positive and negative controls were used in each reaction, and the amplified products were 
analyzed through electrophoresis on 1.5% agar gel and finally viewed under ultraviolet light.

Table 1. Primers used in this study.

Parasites Primes Reference

Dirofilaria immitis Fila12SF: 5’ – CGGGAGTAAAGTTTTGTTTAAACCG–3 
‘and Fila12SR: 5’-CATTGACGGATGGTTTGTACCAC–3’ Otranto et al. (2011)

Leishmania donovani MC1: 5’ – GTTAGCCGATGGTGGTCTTG – 3’) and MC2: 
5’ – CACCCATTTTTCCGATTTTG – 3’ Cortes et al. (2004)

Leishmania braziliensis B1: 5’ – GGGGTTGGTGTAATATAGTGG – 3’ and B2: 5’ – 
CTAATTGTGCACGGGGAGG – 3’)

Reithinger et al. 
(2000)

Toxoplasma gondii

NN1: 5’– CCTTTGAATCCCAAGCAAAACATGAG–3’and 
NN2: 5’– GCGAGCCAAGACATCCATTGCTGA–3’; 
Tg-NP1: 5’– GTGATAGTATCGAAAGGTAT-3’ and 
Tg-NP2: 5’– ACTCTCTCTCAAATGTTCCT–3’

Hurtado et al. 
(2001)

Trypanosoma cruzi S35: 5’– AAATAATGTACGGG(T/G)GAGATGCATGA–3’ 
and S36: 5’– GGGTTCGATGGGGTTGGTGT-3’ Avila et al. (1991)
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Discussion
This study assessed the parasite fauna of wild animals that had been rescued from traffickers. 

It was demonstrated that these animals are susceptible to a wide range of pathogens of medical 
and veterinary concern. The overall positivity rate observed here (55.8%; 24/43) was higher than 
what has been reported in other studies, but it is important to note that, in the present study, a 
wide range of parasites (ranging from gastrointestinal to hematological parasites) were found using 
different diagnostic tools (Leite et al., 2008; Santos et al., 2015). Interestingly, both nematodes 
and protozoa with zoonotic potential were detected in the present study. Among the nematodes, 
eggs of Strongyloides sp. were the most common finding, both in carnivores and in non-human 
primates. This demonstrates the diversity of hosts that this parasite may infect. Moreover, eggs 

All the parasites observed here were distributed among the following seven families: 
Ancylostomatidae, Entamoebidae, Hexamitidae, Sarcocystidae, Strongyloididae, Taeniidae and 
Trypanosomatidae.

The overall positivity rates according to animal species and method used are shown in 
Tables 2 and 3. All the animals were found to be negative for D. immitis, L. braziliensis and T. cruzi.

Coinfections were observed in 20.8% (5/24) of the animals. Three types of parasite interaction 
were found: 1) Ancylostoma spp. + Cryptosporidium spp. + Toxocara cati + L. infantum in L. pardalis; 
2) L. infantum + T. gondii in C. thous; and 3) Cryptosporidium spp. + Giardia spp. in C. jacchus and 
S. libidinosus.

Table 2. Zoonotic parasites in wild carnivores from the traffic of wild animals in the Northeastern of Brazil.

Parasites
Species % (n/N)

Overall 
Positivity Test MethodsCerdocyon 

thous
Leopardus 

pardalis
Nasua 
nasua

Procyon 
cancrivorus

Ancylostoma spp. 33.3 (2/6) 100 (1/1) 0 (0/4) 0 (0/9) 15.0 (3/20) FLOTAC

Cryptosporidium spp. 16.6 (1/6) 100 (1/1) 25.0 (1/4) 22.2 (2/9) 25.0 (5/20) Centrifugal-sedimentation and 
Merifluor

Entamoeba spp. 0 (0/6) 0 (0/1) 0 (0/4) 11.1 (1/9) 10.0 (2/20) FLOTAC

Giardia sp. 16.6 (1/6) 0 (0/1) 0 (0/4) 11.1 (1/9) 10.0 (2/20) FLOTAC and Merifluor

Strongyloides spp. 50.0 (3/6) 0 (0/1) 0 (0/4) 11.1 (1/9) 20.0 (4/20) FLOTAC

Toxocara cati 0 (0/6) 100 (1/1) 0 (0/4) 0 (0/9) 5.0 (1/20) FLOTAC

Leishmania infantum 16.6 (1/6) 100 (1/1) 0 (0/4) 0 (0/9) 10.0 (2/20) Blood smear, Citologoly and PCR

Toxoplasma gondii 50.0 (3/6) 0 (0/1) 0 (0/4) 11.1 (1/9) 0 (0/20) Nested PCR

Table 3. Zoonotic parasites in nonhuman primates from the traffic of wild animals in the Northeastern of Brazil.

Parasites
Species % (n/N)

Test Methods
Callithrix jacchus Sapajus 

libidinosus Overall Positivity

Ancylostoma spp. 5.8 (1/17) 0 (0/6) 4.3 (1/23) FLOTAC

Cryptosporidium spp. 5.8 (1/17) 33.3 (2/6) 13.0 (3/23) Centrifugal-sedimentation and Merifluor

Entamoeba spp. 0 (0/17) 16.6 (1/6) 4.3 (1/23) FLOTAC

Giardia spp. 11.7 (2/17) 66.6 (4/6) 26.0 (6/23) FLOTAC and Merifluor

Strongyloides spp. 0 (0/17) 16.6 (1/6) 4.3 (1/23) FLOTAC

Taenia spp. 5.8 (1/17) 0 (0/6) 4.3 (1/23) FLOTAC

Toxoplasma gondii 11.7 (2/17) 0 (0/6) 8.6 (2/23) Nested PCR
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of Ancylostoma spp., Toxocara spp. and Taenia spp. were present in carnivores and non-human 
primates, respectively. The zoonotic role of these species is well documented, but it is important 
to note that other zoonotic species such as Cryptosporidium spp., Giardia spp. and Entamoeba 
spp. may be present (Hunter & Thompson, 2005; Mak, 2004).

Gastrointestinal infection by protozoa was also observed in both groups of animals, among 
which Cryptosporidium and Giardia were the most important agents detected. Despite the zoonotic 
potential, these protozoa are an important cause of diarrhea in animals. This type of parasitism has 
been reported worldwide (Holsback et al., 2013). The coinfection between Cryptosporidium and 
Giardia that was observed in Cerdocyon thous (crab-eating fox), Procyon cancrivorus (crab-eating 
raccoon), Callithrix jacchus (common marmoset) and Sapajus libidinous (black-striped capuchin) 
is worrying since there is evidence of clinical manifestations of these pathogens in these animals 
(Graczyk et al., 2002). In addition, a study on the genotypes of these protozoa demonstrated that 
humans are most likely the source of infection for these animals (Soares et al., 2011).

Among all parasites observed in this study, Leishmania spp. and T. gondii have been considered 
to be the ones of greatest public health importance. It is known that T. gondii parasitizes a wide 
range of animals: the infection reported here may have arisen through these animals’ feeding 
behavior and through environmental contamination by the feces of felids (Cubas et al., 2006). In 
addition, it has been demonstrated that the presence of small rodents and birds in these animals’ 
shelters may represent a risk factor for occurrences of T. gondii infection (Valentini et al., 2004). 
Conversely, the detection of Leishmania spp. DNA in C. thous and L. pardalis highlights the role 
of these animals as potential reservoirs for this parasite, since this type of parasitism has already 
been reported elsewhere (Roque & Jansen, 2014). Absence of clinical signs has been a common 
finding among wild animals infected by Leishmania spp., but in the present study both of the 
animals that were positive for this parasite exhibited signs such as dermatopathy and ocular 
lesions, similar to those observed in cases of visceral leishmaniasis among canids (Figure 1).

Figure 1. Lesions (arrows) of visceral leishmaniasis in Cerdocyon thous. (A) Ocular lesion; (B) Dermatopathy; 
and (C) Onychogryphosis.
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Every year, around 38 million animals are lost from Brazil’s stock of fauna to the international 
illegal trade (Rosen & Smith, 2010). Although the harms caused by this activity has been 
considered immeasurable, three main troubles deserve to be highlighted: 1) the economic impact 
caused by the high untaxed revenues accrued through this activity, which constitute losses for 
local governments; 2) the ecological issues that this activity causes, given that it accelerates the 
process of wild animal extinction and may lead to imbalance of ecological interactions due to 
the introduction of exotic species; and 3) the risk to public health due to absence of sanitary 
control over these animals, which are illegally traded worldwide (Hernandez & Carvalho, 2006; 
Pavlin et al., 2009).

From an epidemiological point of view, these findings are important since most of these animals 
present synanthropic behavior and form a link between rural/forested areas and urban areas. In 
addition, many of the pathogens detected here (e.g. Giardia and Cryptosporidium) are considered 
to be opportunistic and easily transmitted through ingestion or inhalation (Heller et al., 2014). 
Therefore, preventive measures might be used to avoid infection of these animals and people 
who come into close contact with these animals.

Conclusion
Carnivores and non-human primates that have been subjected to wild-animal trafficking 

activities may act as reservoirs for several pathogens of medical and veterinary importance. 
They are important bioindicators of the health status of the ecosystem.
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