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Detection of antibodies to Toxoplasma gondii in neotropical primates from Sao
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ABSTRACT: Toxoplasmosis is a life-threatening disease in neotropical primates. The aim of the present study was to
determine the frequency of antibodies to Toxoplasma gondii in neotropical primates from Sdo Paulo state (SP), Brazil.
The modified agglutination test (MAT, cut-off: 25) was used in 49 neotropical primates upon or after their admission
to Associagdo Mata Ciliar (Jundiai, SP, Brazil). Eight of the 49 animals (16.3%) were seropositive. The genus Sapajus
had the highest antibody titer (12,800), followed by the genus Callithrix (3,200). No association (p> 0.05) was found
between seroprevalence and genera (4louatta, Callicebus, Callithrix, and Sapajus), sex or age. The three positive
primates of the genera Allouataand the one of the genera Callithrix died, whereas the two seropositive Sapajus were
alive. Further studies on the epidemiology of 7. gondii infection are necessary in a larger sample size of captive and
wild neotropical primates.
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INTRODUCTION
Toxoplasmosis is a zoonotic disease with world-
wide distribution affecting homeothermic animals,
including humans. Its aetiological agent, Toxoplasma
gondii, is an obligatory intracellular protozoan parasite,
having wild and domestic felids as definitive hosts.
Intermediated hosts are mainly infected by ingestion
of food or water contaminated with oocysts or by
consumption of infective tissue cysts in meat or viscera
(Tenter et al., 2000; Dubey, 2010). In some areas of
Brazil T. gondii is estimated to have one of the highest
human seroprevalences (Sepulveda-Arias et al., 2014).

In New World primates, toxoplasmosis is a criti-
cal and life-threatening disease (Salant et al., 2009),
and according to Catdo-Dias et al. (2013) it is the
most prevalent cause of death from acute infectious
disease in captive neotropical primates. Wild animals
may remain in rescue and recovery centers for long
periods or indefinitely and are subject to stressful si-
tuations which can lead to a weakened immune sys-
tem, thus becoming more susceptible to opportunistic
infections and diseases including fatal toxoplasmosis
(Gyimesi et al., 2006; Bouer et al., 2010). The aim of
the present study was to assess seroprevalence of 7.
gondii in sera of neotropical primates at or after ad-
mission to Associacdo Mata Ciliar (AMC), a Rescue
Center located in Sao Paulo state (SP), Brazil.

MATERIALS AND METHODS

Geographical area of the study and samples

This study was developed at AMC, in the city of
Jundiai, SP, Brazil. AMC was established in 1987
with the purpose of welfare and conservation of an-
imal species as well as their habitat. Between April
2015 and December 2017, blood samples were col-
lected from 49 neotropical primates from SP upon (n
= 29 free-living) or from 1 week after (n = 20 cap-
tive) admission to AMC. Information on genus (taxo-
nomy), sex (female or male) and age group (juvenile
or adult) were also obtained. After centrifugation at
10,000 rpm for 3 minutes, serum samples were stored
at -20 °C until analysis.

All samples used were surplus of clinical sera. All
procedures within the scope of this study followed the
ethical standards of the relevant national and institu-
tional guidelines.

Serological testing for antibodies to 7. gondii
Serum samples were assayed for 7. gondii IgG an-
tibodies by the modified agglutination test (MAT, cut-

off: 25), as described by Dubey& Desmonts (1987).
Samples were tested in serial dilutions on the basis
two, starting at 1:25 (Valentini et al., 2004), and po-
sitive and negative control samples were included in
each testing plate.

Data analysis

Exact binomial 95% confidence intervals (CI)
were established for prevalence values. The Fisher’s
exact test was used to compare seroprevalence values
between categories of the independent variables ge-
nus, sex and age. Pairwise comparisons between cate-
gories of the same independent variable incorporated
Bonferroni’s correction (Petrie and Watson, 2013). A
probability (p) value < 0.05 was considered as statis-
tically significant. Analyses were performed with the
SPSS 26.0 program for Windows.

RESULTS

Eight (16.3%; CI: 7.3-29.7) out of 49 neotropical
primates were seropositive to 7. gondii, 5 (10.2%) had
a titer of 25 (2 Alouatta guariba, 2 Callicebus perso-
natus and 1 Sapajusapella); 1 (2.0%) a titer of 50(A4.
guariba); 1 (2.0%) a titer of 3,200 (Callithrix penicil-
late); and 1 (2.0%) a titer of 12,800 (S.apella).

Of the seropositive animals 62.5% (5/8) entered
AMC due to urban rescue, 25% (2/8) were run over
by vehicles and 12.5% (1/8) were free-living orphans.

Five of the 8 seropositive animals (62.5%) pre-
sented physical alterations. Sixty percent (3/5) of
these animals had prostration or apathy, with one of
them also presenting foamy nasal discharge, dyspnea
and bloating, and another one having jaundice. Howe-
ver, 40% (2/5) of these animals did not show clinical
signs compatible with toxoplasmosis, as one animal
had a spine fracture and the other one a mandible
fracture. No association was found between seropre-
valence and all the variables analyzed (Table 1).

DISCUSSION

The frequency of primates positive to antibodies
to T gondii at or from 1 week after the admission in
the AMC was 16.3% (IC 7.3-29.7).In neotropical pri-
mates, toxoplasmosis poses a conservation concern,
since it may be the cause of acute disease and high
mortality (Casagrande et al., 2013; Pardini et al., 2015;
Nishimura et al., 2019). Clinical manifestations include
general malaise, dyspnea, hypothermia, foamy or sero-
sanguinolent nasal secretion, and abdominal distension
(Epiphanio et al., 2003; Casagrande et al., 2013).
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Table 1. Toxoplasma gondii infection in neotropical primates admitted to Associagdo Mata Ciliar, Brazil, according to genus, gender

and age
Variable/categories N° of primates tested (%) Number of seropositive (%) CI (%)
Genus/species
Alouatta guariba 31(63.3) 3(9.7) 2.0-25.7
Callicebus personatus 4(8.2) 2 (50.0) 6.8-93.2
Callithrix spp. 12 (24.5) 1(8.3) 0.2-38.5
Sapajus apella 24.1) 2 (100) 15.8-64.3
p=>0.114"
Sex
Female 18 (36.7) 2 (11.1) 1.4-34.7
Male 27 (55.1) 5(18.5) 6.3-38.1
ND 4(8.2) 1 (25.0) 0.6-80.6
p=0.684"
Age
Juvenile 11 (22.5) 1(9.1) 0.2-41.3
Adult 36 (73.5) 7(19.4) 8.2-36.0
ND 2(4.1) 0(0.0) 0.0-84.2
p=0.659°
Total 49 (100) 8 (16.3) 7.3-29.7

"pairwise comparisons incorporating Bonferroni’s correction (i.e. multiplying each p value by the number of comparisons; ND
category not included); ‘calculated only between female and male; *calculated only between juvenile and adult; CI: 95% confidence

interval; ND: not determined.

Information on 7. gondii infection in neotropical
primates in Brazil is limited, with most reports from
captive animals (Epiphanio et al., 2003; Antoniassi et
al., 2011; Minervino et al., 2017). In addition to high
susceptibity of some species of primates to clinical
toxoplasmosis, they can act as sentinels to 7. gondii
infection (Leite et al., 2008).

In all genera of primates surveyed here, at least
one animal was seropositive. Although seropreva-
lence was higher in genus Sapajus, no statistical-
ly significant difference was detected. According to
Garcia et al. (2005) and regarding wild animals, the
genus Sapajus (formerly Cebus) presented higher
seroprevalence than the genus Alouatta. This higher
value may be justified by the more terrestrial behav-
ior of those animals, which increases the probability
of contact with 7. gondii sporulated oocysts. A lower
value (9.7%) in the genus Alouatta is probably due to
their arboreal way of life and to the essentially folivo-
rous-frugivorous food.

Also by using the MAT, but in captive animals,
Minervino et al. (2017) found a higher occurrence
(52.2%) in New World non-human primates from the
Amazon region. On the other hand, no antibodies to
T gondii were found in recently captured neotropi-
cal primates from Niteroi, Rio de Janeiro state, Brazil
studied by Molina et al. (2017). Hence, the scarcity of

information on the prevalence of 7. gondii in free-li-
ving primates and the use of different methods to dia-
gnose specfic antibodies, makes it difficult to compare
the results of the present study with other published
studies worldwide (reviewed by Dubey, 2010).

In the genus Callithrix a seronegativity of 91.7%
suggests that these animals had no contact with 7.
gondii or died of acute toxoplasmosis, with no time to
produce IgG antibodies (Catdo-Dias et al., 2013). The
causes of mortality of the animals that arrived dead or
that died at AMC have not been confirmed and there-
fore we cannot infer about the real pathogenic role of
T. gondii.

Primates can be sentinels for human infection, as
they have access to human sites and eat the same food
potentially contaminated with soil oocysts. In addi-
tion, in some geographical areas, primates are hunted
and used as food themselves, which represents anoth-
er mode of transmission (da Silva et al., 2014).

CONCLUSIONS

Considering the life cycle of T. gondii and the high
susceptibility of neotropical primates, it is relevant
to emphasize the need for strict sanitary measures to
protect captive animals that may be under the threat
of extinction. Fighting for the conservation of these
primates is imperative, since they are subject to sev-
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eral diseases that are potentially fatal to them and
can drastically reduce their populations(Santos et al.,
2014).

ACKNOWLEDGEMENTS
The authors would like to thank Dr. Ana Rita Sou-
za Lopes, and all the team from Associacdo Mata

Ciliar (AMC, Jundiai, SP, Brazil), for their assistance
with sample collection. J.C.R.S. and S.M.G. are in
receipt of a fellowship from CNPq (Brazil). This re-
search was partially supported by the project UIDB/
CVT/00772/2020 funded by the Fundagdo para a
Ciéncia e Tecnologia (FCT, Portugal).

REFERENCES

Antoniassi NAB, Boabaid FM, Souza RL, Nakazato L, Pimentel MFA,
Filho JOX, Pescador CA, Driemeier D, Colodel EM (2011) Granu-
lomatous meningoencephalitis due to Toxoplasma gondii in a black-
headed night monkey (4otus nigriceps). J Zoo Wildl Med 42:118-
120.

Bouer A, Werther K, Machado RZ, Nakaghi ACH, Epiphanio S, Catao-Di-
as J L (2010) Detection of anti-Toxoplasma gondii antibodies in ex-
perimentally and naturally infected non-human primates by Indirect
Fluorescence Assay (IFA) and indirect ELISA. Rev Bras Parasitol Vet
19: 26-31.

Casagrande RA, da Silva TCE, Pescador CA, Borelli V, Souza Jr JC, Sou-
za ER, Traverso SD (2013) Toxoplasmose em primatas neotropicais:
estudo retrospectivo de sete casos. Pesq Vet Bras 33:94-98.

Catdo-Dias JL, Epiphanio S, Kierulff MCM (2013) Neotropical primates
and their susceptibility to Toxoplasma gondii: new insights for an old
problem. In: Brinkworth J, Pechenkina K. Primates, Pathogens, and
Evolution - Emergence and Divergent Disease Manifestation.Sprin-
ger, New York: pp 253-289.

da Silva RC, Machado GP, Cruvinel TM, Cruvinel CA, Langoni H (2014)
Detection ofantibodies to Toxoplasma gondii in wild animals in Bra-
zil. J Venom Anim ToxinsIncl Trop Dis20:41.

Dubey JP (2010) Toxoplasmosis of Animals and Humans. 2nd ed, CRC
Press, Boca Raton.

Dubey JP, Desmonts G (1987) Serological responses of equids fed Zoxo-
plasma gondii oocysts. Equine Vet J19:337-339.

Epiphanio S, Sinhorini IL, Catdo-Dias JL (2003) Pathology of toxoplas-
mosis in captive New World primates. J] Comp Pathol 129:196-204.

Garcia JL, Svoboda WK, Chryssafidis AL, de Souza Malanski L, Shioza-
wa MM, de Moraes Aguiar L, Teixeira GM, Ludwig G, da Silva LR,
Hilst C, Navarro IT (2005) Sero-epidemiological survey for toxoplas-
mosis in wild New World monkeys (Cebus spp.; Alouatta caraya) at
the Parana river basin, Parana State, Brazil. Vet Parasitol 133:307-
311.

Gyimesi ZS, Lappin MR, Dubey JP (2006) Application of assays for the
diagnosis of toxoplasmosis in a colony of woolly monkeys (Lagothrix
lagotricha). J Zoo Wildl Med37:276-280.

Leite TNB, Maja T de A, Ovando TM, Cantadori DT, Schimidt LR, Guér-
cio AC, Cavalcanti A, Lopes FMR, Da Cunha IAL, Navarro IT (2008)
Ocorréncia de infecgéo por Leishmania spp. e Toxoplasma gondii em

macacos-prego (Cebus apella) de Campo Grande, MS. Rev Bras Pa-
rasitol Vet 17 (Suppl1):307-310.

Minervino AHH, Cassinelli ABM, de Souza AJS, Alves MM, Soares
MDCP, Ferreira DAC, Pereira WLA, Gennari SM (2017) Detection
of Toxoplasma gondii antibodies in captive non-human primates in
the Amazon region, Brazil. J Med Primatol 46:343-346.

Molina CV, Krawczak FD, Bueno MG, Soares HS, Genari SM, Pissinat-
ti A, Kierulff MCM, Silva TF, Freitas DG, Caneli LC, Catdo-Dias
JL (2017)Negative serosurvey of Toxoplasma gondii antibodies in
Golden-headed Lion Tamarin (Leontopithecus chrysomelas) from
Niter6i/RJ, Brazil. Rev Bras Parasitol Vet 26:115-118.

Nishimura M, Goyama T, Tomikawa S, Fereig RM, El-Alfy ESN,
Nagamune K, Kobayashi Y, Nishikawa Y (2019) Outbreak of
toxoplasmosis in four squirrel monkeys (Saimiri sciureus) in Japan.
Parasitol Int 68:79-86.

Pardini L, Dellarupe A, Bacigalupe D, Quiroga MA, Moré G, Rambeaud
M, Basso W, Unzaga JM, Schares G, Venturini MC (2015) Isolation
and molecular characterization of Toxoplasma gondii in a colony of
captive black-capped squirrel monkeys (Saimiri boliviensis). Parasi-
tol Int 64:587-590.

Petrie A, Watson P (2013). Statistics for Veterinary and Animal Science.
3rd ed, Wiley-Blackwell, Chichester.

Salant H, Weingram T, Spira DT, Eizenberg T (2009) An outbreak of toxo-
plasmosis amongst squirrel monkeys in an Isracli monkey colony. Vet
Parasitol 159: 24-29.

Santos SV, Strefezzi RF, Pissinatti A, Kanamura CT, Takakura CFH,
Duarte MIS, Catdo-Dias JL (2014)Detection of Toxoplasma gondii in
two southern Wooly spider monkeys (Brachyteles arachnoides-Geof-
froy, 1806) from the Rio de Janeiro primate center, Brazil. ] Med
Primatol 43:125-129.

Sepulveda-Arias JC, Gomez-Marin JE, Bobi¢ B, Naranjo-Galvis CA,
Djurkovi¢-Djakovi¢ O (2014) Toxoplasmosis as a travel risk. Travel
Med Infect Dis 12:592-601.

Tenter AM, Heckeroth AR, Weiss LM (2000)7oxoplasma gondii: from
animals to humans. Int J Parasitol 30:1217-1258.

Valentini EJG, Caprara A, Souza SLP, Mattaraia VGM, Gennari SM, Ro-
drigues UP, Francisco FM, Soares RM (2004) Investigagdo sorolo-
gica de infecgdo por Toxoplasma gondii em colonia de macacos da
espécies Macaca mulatta. Arq Inst Biol 71:507-510.

JHELLENIC VET MED SOC 2021, 72(4)
IEKE 2021, 72(4)

http://epublishing.ekt.gr | e-Publisher: EKT | Downloaded at 17/02/2022 16:31:27 |



http://www.tcpdf.org
http://epublishing.ekt.gr

