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ABSTRACT

Captive animals, despite the constant care provided, are susceptible to infections from
different sources. We herein report the natural trypanosome infection of 11 (28.2% positive)
out of 39 non-human primates from 13 different species, in a Brazilian zoological park.
Immunofluorescent antibody test (IFAT) and conventional polymerase chain reaction (cPCR)
ruled out Trypanosoma cruzi, the etiological agent of Chagas disease. However, sequencing
performed with positive samples employing hsp70 primers revealed similarities from 86% to
88% to diverse trypanosomes, including 7. cruzi, Trypanosoma grayi, Trypanosoma lewisi,
Trypanosoma rangeli and Trypanosoma vivax. We believe that the low similarity values
obtained by sequencing reflect the difficulties in the molecular identification of trypanosomes,
which share a large portion of their genetic material; this similarity may also preclude the
diagnosis of co-infection by more than one trypanosome species. Thus, our study demonstrates
the presence of diverse trypanosomes in primates, which are susceptible to infection by these
parasites. Mechanical devices such as windows and bed nets, etc., are required to avoid vector
insects in these environments, in addition to preventive quarantining of animals recently
introduced into zoos. Therefore, investigation of the parasites in both the animals already
residing in the zoo and those being introduced is of paramount importance, although no easy
task.
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INTRODUCTION

Trypanosoma encompasses numerous parasite species that infect practically
all vertebrate groups, including humans (Haag et al., 1998). Mammals, in particular,
serve as reservoirs for numerous trypanosomatids, such as Trypanosoma cruzi, the
causative agent of Chagas disease, which is endemic to the Americas and transmitted
by many triatomine species (Ministério da Satde, 2015). Currently, about six to 7
million people worldwide, mostly in Latin America, are estimated to be infected
with T cruzi (WHO, 2020). In Brazil, there are approximately three million people
still carrying the disease in its chronic form (Ministério da Saude, 2016). The first
work on trypanosomes was performed using primates and involved isolating the
parasite from the blood of the animals, after they had been in contact with infected
triatomines. Currently it is suggested that these primates (they were Callitrichids)
were actually infected by the oral route and not by the contaminative route (Chagas,
1909). Today, primates, both free-living and captive, are a source of infection for
several trypanosomes (Jirkl et al., 2015; Erkenswick et al., 2017).

Stercorarian trypanosomes include parasites which infect vertebrates
utilizing the intestinal route of the vector and are generally eliminated from the
invertebrate via feces and urine, as in the case of 7. cruzi. However, some Salivarian
trypanosomes are transmitted by the mouthparts of the vectors to the vertebrate,
especially the salivary glands of these insects, as occurs in the transmission
of Trypanosoma brucei, which causes African Trypanosomiasis, also known
as sleeping sickness. The so named African Trypanosomiasis includes several
Trypanosoma species. Regarding Trypanosoma brucei, besides sleeping sickness
in humans, this taxon causes severe cattle, camel and horse diseases.

Laboratory tests to detect trypanosomes in wild animals suffer one of the
major bottlenecks in these studies, which is the lack of specific conjugates for
serological tests. Therefore, molecular techniques are frequently utilized (Roque
et al., 2013, Tenorio et al., 2014). However, the polymerase chain reaction (PCR)
technique has proved to be an optimal tool due to its high specificity and sensitivity.
Despite the advances in detection techniques, many species of trypanosomes have
not been correctly identified or are only recorded partially in databases (National
Center for Biothechnology Information and U.S. National Library of Medicine,
2016).

Zoos and wildlife conservation centers perform an important role in the
recovery of animal victims of illegal trafficking and by enabling the procreation of
threatened species (Cuardn, 2005).

Despite action taken over the past decades to eliminate the kissing bug
Triatoma infestans, one of the main vectors of Chagas disease in Brazil, cases of
acute infection by the protozoan are still being reported in the country (Ministério
da Saude, 2015). This is mainly due to infected triatomines processed together with
food, although no longer due to T infestans (Barroso Ferreira et al., 2014).
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The understanding of trypanosomes in wild animals is limited, mostly
due to difficulties in research in the field (Auty et al., 2012). Zoological parks
built in wild environments provide alternatives allowing researchers to study
many aspects of wildlife, from the behavior of the animals to their susceptibility
to diseases. Non-human primates, both free-living and captive, are naturally
susceptible to various trypanosomes (Lisboa et al., 2004; Minuzzi-Souza
et al., 2016; Bahia et al., 2017). In this context, we studied the presence of
Trypanosoma spp. in captive primates living in a Brazilian zoo.

METHODS

Location of the study

The Municipal Zoological Park in Bauru, in the interior of the Brazilian
State of Sdo Paulo, opened in 1980 and currently encompasses 484 thousand
m? of constructed area located within more than 4.8 million m? of preserved
area (Figure 1). The climate at the zoo is hot and humid during the summer
and dry during the winter, and the zoo is located in a savannah area presenting
a subtropical semi-deciduous forest, in which, part of the natural vegetation
sheds its leaves during the dry season (Cavassan, 2013).

Figure 1. Location of the zoo in the study. Map highlighting the location of the
Municipal Zoological Park within the city of Bauru, Sdo Paulo, Brazil. Scale
refers to the city.
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Animals used in the study

Blood samples were collected from 39 primates of 13 different species
from September to December 2014 during an odontological intervention
previously scheduled by the zoo veterinarian. The primates were anesthetized
with a 10 mg/kg dose of ketamine, according to the national guidelines
“Surveillance Guide for Epizootic Diseases on Non-Human Primates and
Entomology Applied to Yellow Fever Surveillance” and “National Council of
Animal Experimentation Control: appendix 1.” The study was approved by the
Committee for Ethical Use of Animals (CEUA/FMB n° 1104/2015) and by the
System for Authorization and Information in Biodiversity (SISBIO/ICMBio/
MMA n° 45000-2). All the animals in the study were born in or transferred to
the zoo prior to 2013, according to the records supplied by the zoo.

Spatial distribution of the animals

The primates are kept in two locations in the zoo. The New World
primates (23 primates of nine species) are located near the visitors’ entrance in
fenced enclosures encircled by various types of trees also present in the interior
of the enclosures, in order to create a diverse environment for these animals.
The Old World primates (16 primates of four species) are located in a more
remote location. Concrete and glass walls limit the enclosure, and only a fence
encloses the top. Despite the native vegetation present inside the enclosure,
lianas grow in and around the location where these animals live (Figure 2).

Figure 2. Spatial distribution of the primates in the study within the zoo. The
areas in dark gray indicate the location of the primate enclosures, with the
location for each group highlighted in the boxes. Map without scale.
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Serological evaluation

Immunofluorescent antibody test (IFAT) was used. Conjugated anti-
monkey (IgG—y-chain specific-SAB3700765—-Sigma-Aldrich®, USA) was
utilized for the reaction. Strain Y of 7. cruzi was kept in liver infusion tryptose
(LIT) medium for 7 days, washed subsequently three times, and suspended in
phosphate-buffered saline (PBS), pH 7.2. The final suspension was placed on
slides, dried at room temperature, and stored in a freezer at -18 °C until testing
(Camargo, 1966).

Molecular evaluation

DNA was extracted from blood samples utilizing the Axy Prep
DNA Blood Genomic Miniprep (Axygen Scientific®, USA) commercial kit
following the manufacturer’s recommendations. The extracted samples were
kept in a freezer at -18 °C.

Conventional polymerase chain reaction (cPCR)

The conditions for the reaction were as follows: PCR buffer (50 mM
KCl, 20 mM of Tris-HCI), 1.6 mM MgCl, 0.2 mM dNTPs, 1 U of Taqg-
polymerase (Platinum® Taq DNA Polymerase, Invitrogen, USA), 0.2 uM each
primer, 1 pL of the tested sample, and 8.3 pL of ultra-pure water (MIX-PCR)
were added to each 0.2 mL microtube, for a final volume of 11 pL of MIX-
PCR and 1 pL of extracted DNA with a minimal concentration of 10 ng/uL.
As positive controls, we used 10 ng of DNA extracted from an in vitro culture
of Leishmania (L.) infantum (MHOM/BR/2002/LPC-RPV), Leishmania (V.)
braziliensis (MHOM/BR/1975/M2903), Leishmania (L.) major (MHOM/
IL/1980/FRIEDLIN), and Trypanosoma cruzi (Y strain). A negative control
(nuclease free water) + Mix PCR and a positive control (DNA extracted from
culture) + Mix PCR were assigned for each batch of samples undergoing
amplification.

For amplification of 7. cruzi nuclear DNA, the following
primers were utilized, according to Virreira et al. (2003): TCZI:
5-CGAGCTCTTGCCCACACGGGTGCT-3' and TCZ2:
5'-CCTCCAAGCAGCGGATAGTTCAGG-3'. The amplification conditions
were based on those described by Moser et al. (1989) with modifications: one
cycle of initial denaturing at 94 °C for 30 s; 25 cycles of denaturing at 94 °C
for 20 s; annealing at 57 °C for 30 s, and extension at 72 °C for 30 s; and a final
cycle at 72 °C for 3 min.
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For amplification of the gene encoding heat shock protein (hsp70),
the following primers were employed, according to Hernandez et al.
(2014): HSP70F: 5-AGGTGAAGGCGACGAACG-3' and HSP70R:
5'-CGCTTGTCCATCTTTGCGTC-3". The amplification conditions were
based on those described by Hernandez et al. (2014) with modifications: one
initial cycle at 94 °C for 4 min; 40 cycles of denaturing at 94 °C for 30 s,
annealing at 59 °C for 30 s, and extension at 72 °C for 30 s; and one final
extension cycle at 70 °C for 10 min.

To evaluate the quality of the extracted DNA and the possible
presence of PCR inhibitors in the samples, the following primers for
amplifying the B-globulin gene were utilized, according to Lee et al.
(2001):  BI:  5-ACCACCAACTTCATCCACGTTCACC-3' and p2:
5'-CTTCTGACACAACTGTGTTCACTAGC-3'. Samples ~ with  no
amplification products were subjected to reactions with the following primers
that amplify the glyceraldehyde 3-phosphate dehydrogenase gene, as described
by Kullberg et al. (2006): GAPDH-F: 5'-AGGCTGAGAACGGGAAACTT-
3’ and GAPDH-R: 5-ATTAAGTTGGGGCAGGGACT-3'. The same
amplification conditions were used for both primers, consisting of one initial
cycle at 95 °C for 5 min; 30 cycles of denaturing at 95 °C for 30 s, annealing
at 60 °C for 30 s, and extension at 72 °C for 30 s; and one final extension at
72 °C for 5 min.

DNA sequencing

Genetic sequencing using the Sanger method was performed in a
Genetic Analyzer 3500 automated sequencer with the Big-Dye Terminator v3.1
Cycle Sequencing kit® (Applied Biosystems; Life Technologies, MA, USA).
The sense and antisense sequences were visualized using Chromas® v2.1.1
software (Technelysium Pty Ltd., Australia), subjected to global alignment
using MEGA7 software (Kumar et al., 2016) and compared with sequences
deposited in the GenBank using the nucleotide basic local alignment search
tool (BLASTn, www.ncbi.nlm.nih.gov/BLAST).

RESULTS

Serological Results
Five of the samples from the 39 primates were not viable for serological

testing. Therefore, the sera from 34 primates were analyzed. All the primates
were subjected to IFAT for anti-7. cruzi and all sera were non-reactive (Table).

126 J Trop Pathol Vol. 50 (2): 121-134. apr-jun. 2021



Table. Results of serological and nuclear satellite DNA to Trypanosoma cruzi
carried out for all non-human primates at the Municipal Zoological Park in
Bauru.

Scientific name

Nuclear Serological
(Common name) satellite DNA  1SP70 test
New World primates

Alouatta belzebul (Red-handed howler monkey)- n=2

01,02 - - NR
Alouatta caraya (Black howler monkey)- n=5

03, 04, 05, 06, 07 - - NR
Alouatta fusca (Brown howler monkey)- n=1

08 - - NR
Alouatta seniculus (Venezuelan red howler monkey)- n=2

09 - + IS

10 - - NR
Ateles chamek (Black-faced black spider monkey)- n=3

11,13 - + NR

12 - - IS
Ateles marginatus (White-cheeked spider monkey) - n=3

14,15, 16 - - NR
Ateles paniscus (Red-faced spider monkey) - n=2

17,18 - - NR
Cebus albifrons (White-fronted capuchin monkey) -n=2

19, 20 - + NR
Lagothrix lagotricha (Woolly monkey) - n=3

21 - - NR

22,23 - + NR

Old World primates

Erythrocebus patas (Patas monkey) -n=3

24,26 - - NR

25 - + IS
Mandrillus sphinx (Mandrill) - n=4

27, 28,29,30 - - NR
Papio hamadryas (Hamadryas baboon) - n= 8

31, 34, 35,36 - - NR

32,33 - + NR

37,38 - - IS
Papio (Guinea baboon) - n=1

39 - + NR

NR: non-reactive; R: reactive; IS: insufficient serum for testing; +: positive; -: negative.
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Molecular Results

To guarantee the quality of the extracted DNA, all samples were
analyzed using the primers B1 and B2 for the B-globulin gene. The gene was
amplified in 11 of the 13 species in the study, excluding the Papio hamadryas
and Papio species. GADPH-F and GADPH-R were used to verify DNA quality
of the species for which there was no amplification product with the primers 1
and B2. The target gene was amplified with these primers for P. hamadryas and
P. papio, in addition to the species Erythrocebus patas and Alouatta belzebul,
which were used as controls for the amplification.

In the first molecular test utilizing the species-specific primers TCZ1
and TCZ2 for T. cruzi, all the primates studied were negative.

Utilizing the hsp70 primers, 11 of the 39 (28.2%) were positive (Table).
The samples were submitted to sequencing, revealing 88% similarities for 7.
cruzi (M26595.1 / X67716.1 / KC960011.1), T grayi (XM009317554.1), and
T lewisi (KP208748.1) and 86% similarities for 7. rangeli (KC544896.1 /
KC960003.1) and T vivax (KP208747.1).

DISCUSSION

Despite the success of the campaign, the emergence of Chagas disease
caused by the ingestion of contaminated food (Nobregaetal.,2009) demonstrated
that the eradication of only one species was not sufficient for prevention, as
several other species can participate in the epidemiological cycle of Chagas
disease, especially Panstrongylus megistus, Rhodnius neglectus, and Triatoma
sordida. The location of the study is wooded, containing diverse species, and
is located in the Brazilian savannah, an environment in which triatomines have
become adapted to living in domestic areas. Thus, zoo primates introduced into
a savannah environment may be exposed to hematophagous insect vectors of
diverse trypanosomes. Furthermore, palm trees (family Arecaceae) are found
throughout the zoo, including close to many enclosures, and are part of the
local landscaping design. These plants are known habitats of many types of
triatomines (Abad-Franch et al., 2015) risking exposure of these animals to
the vector as well as to hematophagous flies. Trypanosomiasis by 7. cruzi is
primarily a wild enzooty. In Brazil, wild mammals in every biome are infected
by T cruzi. As stated above, only mechanical measures are recommended for
controling wild triatomines.

All the primates in the study were negative for 7. cruzi by cPCR
utilizing the primers TCZ1 and TCZ2. However, 11 animals were positive when
employing the hsp70 primer, revealing a similarity of up to 88% with 7. cruzi
and differing from the results of cPCR. The molecular method utilizes species-
specific primers that amplify known segments of parasites. The wide array of
trypanosomes, many of which differ from those already deposited in databases,
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contributes to the lack of amplification products for many trypanosomes for
which there are already well-established conventional molecular methods
(Auty et al., 2012). Owing to the difficulties posed by working with captive
animals, additional data collection methods could not be performed at the time
of the blood collection, such as cardiological examinations, which should be
performed since primates can develop cardiomyopathies similar to those that
occur in humans (Jelicks & Tanowitz, 2011).

The gene encoding hsp70 is a conserved region of the genome
responsible for regulating activities inside cells, and it is highly expressed
during stress, such as changes in temperature upon transit between the vector
and host (Burger et al., 2014). Because it is a highly conserved region found in
a diverse array of organisms, the sequence is very useful for the identification
of a large number of trypanosomes, including some for which primers have not
yet been designed for use in cPCR techniques (Adams et al., 2010).

The other trypanosomes identified in the sequenced samples may
reflect the large similarity among the sequences of these organisms deposited
in databases, considering that some trypanosomes do not infect primates
naturally or are only found in other regions of the world. 7. grayi naturally
infects African crocodiles. Although its vector is a tsetse fly (Glossina spp.),
T. grayi is transmitted through the fecal material of the vector, a mechanism
similar to that adopted by many trypanosomes, especially 7. cruzi (Kelly et
al., 2014). Despite its similarity to some trypanosomes that infect alligators
in South America, such as Trypanosoma ralphi (Fermino et al., 2013), the
literature does not indicate whether 7 grayi can infect mammals, as it lacks
membrane proteins that would enable the invasion of mammalian cells, even
though 7. grayi is genetically close to other trypanosomes, such as 7. cruzi and
T rangeli (Martins et al., 2015). This similarity may indicate that another 7.
grayi-like or T. cruzi-like trypanosome could infect primates.

However, T. lewisi is a trypanosome that commonly infects rats in the
wild or in the laboratory. Its principal transmission route is by a bite or the
ingestion of fleas infected with the parasite (Desquesnes et al., 2002). Despite
infecting and growing only in rats, the infected fleas can interact with other
vertebrates, including humans, and transmit the parasite. For example, a
newborn child with dengue-like symptoms admitted to a hospital in Thailand.
After a blood smear indicated the presence of trypanosomes in peripheral
blood, PCR was performed with subsequent sequencing, revealing 98%
similarity with 7. lewisi (Sarataphan et al., 2007).

There have been reports in Brazil, of rats naturally infected by 7. lewisi,
indicating the possibility that the protozoan circulates freely in wild and urban
environments, as it is transmitted by many species of fleas (Linardi & Botelho,
2002). As in the case report of the Thai child, the primates in the zoo may have
been infected by some unidentified 7. lewisi-like trypanosome.

J Trop Pathol Vol. 50 (2): 121-134. apr-jun. 2021 129



The sequencing results also indicated a similarity to 7. vivax. This
parasite was introduced into Latin America by the importation of bovines
principally from Africa in the 19" century (Jones & Davila, 2001) and it is
able to infect a large variety of animals of veterinary interest (Cuardn, 2005),
including non-human primates, where they are one of the most common
findings (Njiokou et al., 2004). In Africa, where it circulates in the wild,
T vivax is transmitted by tsetse flies. However, in Brazil, the parasite has
adapted to mechanical transmission by stable flies, which comprise multiple
hematophagous species of flies, including Stomoxys calcitrans, found in many
parts of the country.

T. rangeli is a non-pathogenic trypanosome to humans and other
mammals (Garcia et al., 2012; Gurtler & Cardinal, 2015). Commonly found
in primates in the Amazon rainforest (Ziccardi & Lourengo-de-Oliveira, 1997;
Ndao et al., 2000), the parasite is also present in savannah regions (Ramirez
et al., 1998), including the environment in the current study, indicating the
possibility of triatomines feeding on the blood of primates.

Despite the findings indicating the circulation of trypanosomes among
these animals, the primates did not present any clinical signs of infection, as
indicated by the zoo data, suggesting that the animals are asymptomatic in the
presence of the infection or that the parasites did not demonstrate pathogenicity
toward them. However, other laboratory exams such as complete blood counts
and biochemical exams could be useful for verifying the clinical alterations.

The similarities found in the sequencing of our samples reflect the
sequences deposited at the GenBank™ which returned very close similarity
percentages to more than one trypanosome species, which may account for
the trypanosome species generally not reported in primates, such as 7. grayi.
Furthermore, these animals can be co-infected with more than one trypanosome
species. Co-infection exclusively by trypanosomes is not well documented
in the literature as infection is frequently related to other diseases of human
interest, as in the case of co-infection by Leishmania and HIV (Okwor &
Uzonna, 2013). It is known that fish can be co-infected by more than one
trypanosome species (Grybchuk-Ieremenko et al., 2014), which may also have
occurred with the primates in the present study.

Inhibitors present in blood and a low parasite load are known factors
that interfere with PCR (Barea et al., 2004), which can affect the sequencing
results, justifying similarities of up to 90%. However, environmental laws
protect captive animals and do not allow tissue samples or spinal puncturing
for more precise testing, since animal stress and suffering in these procedures
are high. Although the use of other molecular techniques such as PCR-RFLP
(restriction fragment length polymorphism) can provide better results (Lisboa
et al., 2015), the use of primers that amplify conserved regions of these
parasites is a viable alternative for identifying trypanosomes in wild animals
(Adams et al., 2010).
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Some species of primates are included on the list provided by the
“Convention on International Trade in Endangered Species of Wild Fauna
and Flora” (CITES), which aims to protect many types of animals and plants
worldwide and permits the exchange of specimens between locations and
reintroduction of animals into the wild. However, there has been no survey
of the parasitic state of these animals, which can introduce trypanosomatids
into new locations (Roque & Jansen, 2014) and render the local population of
animals susceptible to new infections if triatomine vectors or hematophagous
flies are present.

Thus, many species of trypanosomes can circulate in the environment
where these primates are introduced, indicating that the insect vectors of these
parasites are capable of feeding on the blood of these animals. Minuzzi-Souza
etal. (2016) identified triatomines infesting primates in a Brazilian zoo, with 17
non-human primates positive for 7. cruzi, in addition to more than 40 infected
triatomines. Unfortunately, the active survey procedures for triatomines are
no longer performed in the environment where the zoo in the current study is
located, preventing a similar analysis. However, the finding could be common
in zoos located in tropical regions containing native vegetation, permitting the
movement of wildlife and vectors between animal enclosures. Future actions
such as correct maintenance of the primates’ enclosures will be enough to
detect any invading triatomines coming from the adjacent forest.

ACKNOWLEDGMENTS

We would like to thank the staff of the Municipal Zoological Park of Bauru for
their help with sample collection and storage, especially the veterinarian Maria Emilia
Bodini Santiago.

This work was supported by the Sao Paulo Research Foundation (FAPESP)
(W.J.S. grant number 2014/12186-4; L.M.G. grant number 2014/12187-0).

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

REFERENCES

1. Abad-Franch F, Lima MM, Sarquis O, Gurgel-Gongalves R, Sanchez-Martin M, Calzada
J, Saldafna A, Monteiro FA, Palomeque FS, Santos WS, Angulo VM, Esteban L, Dias FBS,
Diotaiuti L, Bar ME, Gottdenker NL. On palms, bugs, and Chagas disease in the Americas.
Acta Trop 151: 126-141, 2015.

2. Adams ER, Hamilton PB, Gibson WC. African trypanosomes: celebrating diversity. Trends
Parasitol 26: 324-328, 2010.

J Trop Pathol Vol. 50 (2): 121-134. apr-jun. 2021 131



10.

11.

12.

13.

15.

16.

17.

18.

20.

132

Auty H, Anderson NE, Picozzi K, Lembo T, Mubanga J, Hoare R, Fyumagwa RD, Mable B,
Hamill L, Cleaveland S, Welburn SC. Trypanosome Diversity in Wildlife Species from the
Serengeti and Luangwa Valley Ecosystems. Plos Negl Trop Dis 6: ¢1828, 2012.

Bahia M, de Nazare Leite Barros F, Magalhaes-Matos PC, de Souza Goncalves T, Chiesorin
Neto L, Oliveira Faria DCL, Romei SA. Trypanosoma cruzi infection in captive Neotropical
primates in the Brazilian Amazon. Am J Primatol 79: 1-6, 2017.

Barea JA, Pardini MIMC, Gushiken T. Extragdo de DNA de materiais de arquivo e fontes
escassas para utilizagdo em reacdo de polimerizagdo em cadeia (PCR). Rev Bras Hematol
Hemoter 26: 274-281, 2004.

Barroso Ferreira RT, Branquinho MR, Cardarelli-Leite P. Transmissdo oral da doenga de
Chagas pelo consumo de agai: um desafio para a Vigilancia Sanitaria. Vig Sanit Debate 2:
4-11,2014.

Burger A, Ludewig MH, Boshoff A. Investigating the Chaperone Properties of a Novel Heat
Shock Protein, Hsp70.c, from Trypanosoma brucei. J Parasitol Res 2014: 172582, 2014.

Camargo ME. Fluorescent antibody test for the serodiagnosis of American trypanosomiasis.
Technical modification employing preserved culture forms of Trypanosoma cruzi in a slide
test. Rev Inst Med Trop Sao Paulo 8: 227-235,1966.

Cavassan O. Bauru: terra de cerrado ou floresta? Cién Geogrdfica 17: 46-54,2013.
Chagas C. Nova tripanozomiaze humana: estudos sobre a morfolojia e o ciclo evolutivo do

Schizotrypanum cruzi n. gen., n. sp., ajente etiolojico de nova entidade morbida do homem.
Mem Inst Oswaldo Cruz 1: 159-218, 1909.

Cuarén AD. Further role of zoos in conservation: Monitoring wildlife use and the dilemma of
receiving donated and confiscated animals. Zoo Biol 24: 115-24, 2005.

Desquesnes M, Ravel S, Gérard Cuny. PCR identification of Trypanosoma lewisi, a common
parasite of laboratory rats. Kinetoplastid Biol Dis 2002: 1-6, 2002.

Erkenswick GA, Watsa M, Gozalo AS, Dmytryk N, Parker PG. Temporal and demographic
blood parasite dynamics in two free-ranging neotropical primates. /nt J Parasitol Parasites
Wildl 6: 59-68,2017.

. Fermino BR, Viola LB, Paiva F, Garcia HA, de Paula CD, Botero-Arias R, Takata CSA,

Campaner M, Hamilton PB, Camargo EP, Teixeira MMG. The phylogeography of
trypanosomes from South American alligatorids and African crocodilids is consistent with the
geological history of South American river basins and the transoceanic dispersal of Crocodylus
at the Miocene. Parasit Vectors 6: 313, 2013.

Garcia ES, Castro DP, Figueiredo MB, Azambuja P. Parasite-mediated interactions within the
insect vector: Trypanosoma rangeli strategies. Parasit Vectors 5: 105, 2012.
Grybchuk-Ieremenko A, Losev A, Kostygov AY, Lukes J, Yurchenko V. High prevalence of
trypanosome co-infections in freshwater fishes. Folia Parasitol (Praha) 61: 495-504, 2014.

Gurtler RE, Cardinal M V. Reservoir host competence and the role of domestic and commensal
hosts in the transmission of Trypanosoma cruzi. Acta Trop 151: 32-50, 2015.

Haag J, O’hUigin C, Overath P. The molecular phylogeny of trypanosomes: evidence for an
early divergence of the Salivaria. Mol Biochem Parasitol 91: 37-49, 1998.

. Hernandez C, Alvarez C, Gonzalez C, Ayala MS, Leon CM, Ramirez JD. Identification of six

New World Leishmania species through the implementation of a High-Resolution Melting
(HRM) genotyping assay. Parasit Vectors 7: 501, 2014.

Jirktt M, Votypka J, Petrzelkova KJ, Jirki-Pomajbikova K, Kriegova E, Vodicka R, Lankester
F, Leendertz SAJ, Wittig RM, Boesch C, Modry D, Ayala FJ, Leendertz FH, Lukes J. Wild
chimpanzees are infected by Trypanosoma brucei. Int J Parasitol Parasites Wildl 4: 277-282,
2015.

J Trop Pathol Vol. 50 (2): 121-134. apr-jun. 2021



2

—_

22.
23.

24.

25.

26.

217.

28.

29.

30.

3

—

32.

33.

34.

35.

36.

37.

38.

Jelicks LA, Tanowitz HB. Advances in Imaging of Animal Models of Chagas Disease.

Advances Parasitol 75: 193-208, 2011.
Jones TW, Davila AM. Trypanosoma vivax - out of Africa. Trends Parasitol 17: 99-101,2001.

Kelly S, Ivens A, Manna PT, Gibson W, Field MC. A draft genome for the African crocodilian
trypanosome Trypanosoma grayi. Sci Data 5: 140024, 2014.

Kullberg M, Nilsson MA, Arnason U, Harley EH, Janke A. Housekeeping genes for
phylogenetic analysis of eutherian relationships. Mol Biol Evol 23: 1493-1503, 2006.

Kumar S, Stecher G, Tamura K. MEGA7: Molecular Evolutionary Genetics Analysis Version
7.0 for Bigger Datasets. Mol Biol Evol 33: 1870-1874, 2016.

Lee CN, Cavanagh HM, Lo ST, Ng CS. Human papillomavirus infection in non-neoplastic
uterine cervical disease in Hong Kong. BrJ Biomed Sci 58: 85-91, 2001.

Lisboa CV, Mangia RH, De Lima NRC, Martins A, Dietz J, Baker AJ, Ramon-Miranda CR,

Ferreira LF, Fernandes O, Jansen AM. Distinct patterns of Trypanosoma cruzi infection in
Leontopithecus rosalia in distinct Atlantic Coastal Rainforest fragments in Rio de Janeiro -
Brazil. Parasitol 129: 703-711, 2004.

Lisboa CV, Monteiro RV, Martins AF, Xavier SC das C, Lima V dos S, Jansen AM.
Infection with Trypanosoma cruzi Tell and Tel in free-ranging population of lion tamarins
(Leontopithecus spp): an 11-year follow-up. Mem Inst Oswaldo Cruz 110: 394-402, 2015.

Linardi PM, Botelho JR. Prevalence of Trypanosoma lewisi in Rattus norvegicus from Belo
Horizonte, State of Minas Gerais, Brazil. Mem Inst Oswaldo Cruz 97: 411-414, 2002.

Martins NO, Souza RT, Cordero EM, Maldonado DC, Cortez C, Marini MM, Ferreira ER,
Bayer-Santos E, Almeida IC, Yoshida N, Silveira JF. Molecular Characterization of a Novel
Family of Trypanosoma cruzi Surface Membrane Proteins (TcSMP) Involved in Mammalian
Host Cell Invasion. Burleigh BA (ed). PLoS Negl Trop Dis 9: ¢0004216, 2015.

. Ministério de Saude. Boletim Epidemiologico. Chagas aguda no Brasil: série historica de

2000 a 2013. Secr Vigilancia em saude 46:1-9, 2015. Available from: http://portalsaude.saude.
gov.br/images/pdf/2015/agosto/03/2014-020..pdf Access in: 20.jul.2016.

Ministério da Satude. Doenga de Chagas [in Brasil]. Brasilia: Ministério da Saude. Retrieved
January 18, 2016 [Internet]. 2016. Available from: http://portalsaude.saude.gov.br/index.php/
o-ministerio/principal/secretarias/svs/doenca-de-chagas Access in: 20.jul.2016.

Minuzzi-Souza TTC, Nitz N, Knox MB, Reis F, Hagstrom L, Cuba CA, Hecht MM, Gurgel-
Gongalves R. Vector-borne transmission of Trypanosoma cruzi among captive Neotropical
primates in a Brazilian zoo. Parasit Vectors 9: 39, 2016.

Moser DR, Kirchhoff LV, Donelson JE. Detection of Trypanosoma cruzi by DNA amplification
using the polymerase chain reaction. J Clin Microbiol 27: 1477-1482, 1989.

National Center for Biotechnology Information and U.S. National Library of Medicine.
Taxonomy of Trypanosoma [Internet]. Available from: http://www.ncbi.nlm.nih.gov/
Taxonomy/Browser/wwwtax.cgi?id=5690, 2020 Access in: 15.sept. 2020.

Ndao M, Kelly N, Normandin D, Maclean JD, Whiteman A, Kokoskin E, Arevalo I, Ward BJ.
Trypanosoma cruzi infection of squirrel monkeys: comparison of blood smear examination,
commercial enzyme-linked immunosorbent assay, and polymerase chain reaction analysis as
screening tests for evaluation of monkey-related injuries. Comp Med 50: 658-665, 2000.

Njiokou F, Simo G, Nkinin SW, Laveissiére C, Herder S. Infection rate of Tirypanosoma brucei
s.l., T vivax, T. congolense “forest type”, and 7. simiae in small wild vertebrates in south
Cameroon. Acta Trop 92: 139-146, 2004.

Nobrega AA, Garcia MH, Tatto E, Obara MT, Costa E, Sobel J, Araujo WN. Oral Transmission
of Chagas Disease by Consumption of Acai Palm Fruit, Brazil. Emerg Infect Dis 15: 653-655,
2009.

J Trop Pathol Vol. 50 (2): 121-134. apr-jun. 2021 133



39.

40.

4

—_

42.

43.

44,

45.

46.

47.

Okwor I, Uzonna JE. The immunology of Leishmania/HIV co-infection. Immunol Res 56:
163-171,2013.

Ramirez LE, Machado MI, Maywald PG, Matos A, Chiari E, Silva EL. Primeira evidéncia de
Trypanosoma rangeli no sudeste do Brasil, regido endémica para doenca de Chagas. Rev Soc
Bras Med Trop 31: 99-102, 1998.

.Roque ALR, Jansen AM. Wild and synanthropic reservoirs of Leishmania species in the

Americas. Int J Parasitol Parasites Wildl 3: 251-262, 2014.

Roque ALR, Xavier SCC, Gerhardt M, Silva MFO, Lima VS, D’Andrea PS, Jansen AM.
Trypanosoma cruzi among wild and domestic mammals in different areas of the Abaetetuba
municipality (Para State, Brazil), an endemic Chagas disease transmission area. Vet Parasitol
193:71-77,2013.

Sarataphan N, Vongpakorn M, Nuansrichay B, Autarkool N, Keowkarnkah T, Rodtian P, Stich
RW, littapalapong S. Diagnosis of a Trypanosoma lewisi-like (Herpetosoma) infection in a
sick infant from Thailand. J Med Microbiol 56: 1118-1121, 2007.

Tenorio MS, Oliveira e Sousa L, Alves-Martin MF, Paixdo MS, Rodrigues MV, Starke-Buzetti
WA, Aratjo Junior JP, Lucheis SB. Molecular identification of trypanosomatids in wild
animals. Vet Parasitol 203: 203-206, 2014.

Virreira M, Torrico F, Truyens C, Alonso-Vega C, Solano M, Carlier Y, Svoboda M.
Comparison of Polymerase Chain Reaction methods for reliable and easy detection of
congenital Trypanosoma cruzi infection. Am J Trop Med Hyg 68: 574-582, 2003.

Ziccardi M, Lourengo-de-Oliveira R. The Infection Rates of Trypanosomes in Squirrel
Monkeys at Two Sites in the Brazilian Amazon. Mem Inst Oswaldo Cruz 92: 465-470, 1997.
WHO. 2020. Chagas disease (also known as American trypanosomiasis). Retrieved in
February 4, 2020. Available in: https://www.who.int/news-room/fact-sheets/detail/chagas-
disease-(american-trypanosomiasis) Access in: 20.march.2020.

134 J Trop Pathol Vol. 50 (2): 121-134. apr-jun. 2021



