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1  |  INTRODUC TION

Toxoplasmosis is a parasitic zoonosis caused by the protozoan 
Toxoplasma gondii. Definitive hosts of the protozoan are domestic 
and wild cats, which can excrete protozoan oocysts with feces in the 
environment.1 The oocysts in soil, water, and vegetables are ingested 
by other animals (domestic and wild birds and mammals) and develop 
in different cells of the intermediate hosts, where they form tissue 
cysts that protect the parasite against the immunological response 
of the hosts. Although the parasite likely originated in Amazonia,2 it 
now infects nearly two billion people worldwide, being a globally rel-
evant public health problem, mainly in Latin America, where 60%– 
80% of people are infected.3,4 In this context, this zoonosis qualifies 

as an One Health disease, since it significantly affects the health of 
humans, domestic and wild animals, as well as ecosystems.5

Wild animals play a key role in maintaining zoonoses in the wild. 
Thus, the epidemiological vigilance of zoonoses in wild animal pop-
ulations can help to understand and alert the spread of such dis-
eases.6 New world primates are considered highly susceptible to 
toxoplasmosis, in comparison with old world primates.7 Several 
studies have found the presence of antibodies anti- T. gondii in free- 
living primates;8– 10 therefore, these primates may represent an im-
portant sentinel group for this zoonosis.11 In the Central Amazonia, 
a high prevalence of T. gondii has been reported for an Amazon River 
Dolphin (Inia geoffrensis) population, suggesting a high level of con-
tamination of these floodplains.12 Although no survey of T. gondii has 
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Abstract
This study presents 35 negative serologies for antibodies anti- T. gondii in free- living 
primates from Central Amazonia. Our results suggest that these populations have not 
had contact with the parasite and, therefore, do not have antibodies. This was the first 
study surveying T. gondii in Cacajao, Callicebus, Pithecia, and Saguinus monkeys.
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been conducted in human and non- human primates populations in 
the region, a high prevalence has been found for humans,13 and non- 
human primates14,15 in other surveyed regions in the Amazon. In this 
context, the aim of this study was to conduct a serological survey 
of the prevalence of toxoplasmosis in populations of free- living pri-
mates in the Central Amazon.

2  |  MATERIAL S AND METHODS

2.1  |  Ethics committee on the use of animals

The collection of biological samples was approved by the Ethics 
Committee on the Use of Animals and Plants of the Mamirauá 
Institute (CEUAP- IDSM #003/14), according to the ethical guide-
lines approved by the National Council for Animal Experimentation 
Control (CONCEA). Biological sample collection in the Brazilian 
Federal protected areas was also authorized by the Ministry of 
Environment, Instituto Chico Mendes for Biodiversity Conservation 
(ICMBio; SISBIO #42111- 1– 42 111- 6).

2.2  |  Data collection and analysis

Primate species were collected from five protected areas located in 
the Central Amazonia (Figure 1). These protected areas are embed-
ded in a large continuum of protected tropical forests, which is part 
of the Central Amazon Biosphere Reserve (MaB/UNESCO).

From 2014 to 2017, 35 individuals of, at least, 15 primate species 
(Table 1) were collected by a team of biologists and veterinarians 
during several scientific expeditions for biodiversity inventory in 
the region. Animals were captured and anesthetized with a dissocia-
tive anesthetic protocol (0.5 mg/kg of midazolam and 15 mg/kg of 
ketamine hydrochloride). Blood samples were collected by femoral 

venipuncture as soon as the animals were anesthetized, and the 
serum was stored at −20°C until the completion of serological tests. 
After blood collection, all animals were euthanized with 80 mg/kg 
of the general anesthetic thiopental sodium (Thiopentax® Cristália) 
and, after verifying the anesthetic plane, 5 mg/kg of potassium chlo-
ride was administered intravenously.

Sample sera were tested for antibodies anti- T. gondii, using the 
modified agglutination test (MAT).16 Firstly, a serum screening test 
was performed at 1:25, 1:50, and 1:500 dilutions. The cutoff point 
established at titer ≥25 would indicate a previous infection by T. gon-
dii.17 Positive and negative control sera were also included in each 
test.

3  |  RESULTS AND DISCUSSION

All 35 serum samples were negative for antibodies anti- T. gondii in all 
dilutions (Table 1). Neotropical primates are considered highly suscep-
tible to toxoplasmosis,7 although there is a variation in the susceptibil-
ity of the disease among taxonomic groups.18 Marmosets and tamarins 
(Callithrichidae), for instance, are the most sensitive primates to infec-
tion and, when they come into contact with the parasite, develop hy-
peracute clinical manifestations of the disease, with mortality of nearly 
100%.18 Therefore, the negative serologies found for callitrichids may 
suggest that we did not captured infected individuals either because 
primates that had contact with the parasite died before developing im-
mune responses,19 or simply because these animals did not have con-
tact with the parasite. Marmosets and tamarins hardly ever descend to 
the ground, not even to drink water20 and, therefore, are less likely to 
become infected with oocysts present in soil or water.

On the contrary, atelids and cebids, especially Sapajus, are less 
sensitive to infection and may present mild clinical manifestations 
with low mortality; therefore, prevalence in these groups is usually 
higher.18 In addition, these species have very generalist behavior, 

F I G U R E  1  Location of protected areas 
where biological samples were collected
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which increase the likelihood of infection. Howler monkeys, for 
example, frequently descend to the ground to ingest soil to sup-
plement the diet with minerals21 and, eventually, can consume 
bird eggs,22 which are a potential source of infection.23 Likewise, 
capuchin monkeys often forage on the ground,24 are omnivorous 
and can even feed on small vertebrates,25 which are also potential 
sources of infection. Therefore, the negative serologies we found 
for these species may suggest that these populations have not had 
contact with the parasite and, consequently, do not have antibodies 
anti- T. gondii.

Into the One Health context, T. gondii infection in primates poses 
a direct risk to human health, especially for traditional populations 
in Amazonia, for which primates can be important source of pro-
tein.26 Furthermore, infected primates can indirectly help to spread 

the pathogen by infecting their natural predators, the big cats, which 
are the parasite's definitive hosts and play an essential role in the 
maintenance and stability of ecosystems.27 This study found no ev-
idence that primate populations in the region have had contact with 
the parasite, although the low sampling of individuals per species 
(1– 4 individuals) may have resulted in inaccurate estimates of T. gon-
dii prevalence in these populations. In addition, to the best of our 
knowledge, this study was the first to survey T. gondii in rare, en-
demics and poorly studied primate species (e.g., Cacajao, Callicebus, 
Pithecia, and Saguinus), and within a region with large sampling gaps. 
We reinforce the importance and the need of enhanced epidemi-
ological vigilance to better understand the interaction between 
T. gondii and primates, in order to predict potential risks to human 
and animal health in the region.

TA B L E  1  Surveyed serum samples per species and protected area, indicating the number of positive and tested samples

Protected area Long Lat Family Species
Conservation 
status Positive/tested

Juami- Japurá Ecological Station −68.36229 −2.23376 Atelidae Alouatta sp. – 0/1

Atelidae Lagothrix lagotricha VU 0/2

Callithrichidae Leontocebus 
fuscicollis

LC 0/1

Pithecidae Cheracebus torquatus LC 0/1

Pithecidae Pithecia hirsuta LC 0/1

Jutai- Solimões Ecological Station −67.59004 −3.14584 Atelidae Alouatta seniculus LC 0/1

Atelidae Ateles chamek EN 0/2

Callithrichidae Leontocebus 
fuscicollis

LC 0/1

Cebidae Sapajus sp. – 0/1

Pithecidae Plecturocebus 
cupreus

LC 0/1

Auati- Paraná Extractive Reserve −66.37775 −2.02508 Atelidae Alouatta juara LC 0/2

Atelidae Lagothrix sp. – 0/1

Callithrichidae Saguinus sp. – 0/4

Cebidae Saimiri 
cassiquiarensis

LC 0/1

Cebidae Saimiri sp. – 0/1

Pithecidae Pithecia hirsuta LC 0/1

Baixo Juruá Extractive Reserve −65.96428 −3.54779 Atelidae Alouatta seniculus LC 0/1

Atelidae Ateles chamek EN 0/1

Atelidae Lagotrhrix lagotricha VU 0/1

Cebidae Saimiri macrodon NE 0/1

Ri Jutaí Extractive Reserve −67.32680 −3.50611 Atelidae Lagothrix sp. – 0/2

Callithrichidae Saguinus mystax LC 0/1

Cebidae Cebus albifrons LC 0/1

Cebidae Saimiri macrodon NE 0/1

Cebidae Sapajus 
macrocephalus

LC 0/1

Pithecidae Cacajao calvus VU 0/2

Pithecidae Pithecia sp. – 0/1

Note: The conservation status of species is given according to the IUCN Red List of Threatened Species: EN, endangered; LC, least concern; NE, not 
evaluated; VU, vulnerable.
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