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Abstract
This study investigated infection by Leishmania spp., Leptospira spp., Toxoplasma gondii, and Trypanosoma cruzi in 
six-banded armadillos (Euphractus sexcinctus) from the semiarid region of northeastern Brazil. Twenty specimens 
of E. sexcinctus were captured alive by wildlife veterinarians from their natural habitats in different locations. 
The animals were euthanized following induction of anesthesia, and different biological samples were collected. 
Infection with four pathogens was subsequently evaluated: Leishmania infection was investigated by spleen and 
liver Polymerase Chain Reaction (PCR); Leptospira spp. infection was evaluated by kidney PCR and serologically by 
microscopic agglutination test; T. gondii infection was assessed by PCR of the heart, lung, and spleen; and T. cruzi 
infection was investigated by heart and whole blood PCR and hemoculture. All tests presented negative results 
apart from whole blood PCR to detect T. cruzi, which was positive in one of the 20 animals tested and confirmed 
by genetic sequencing. It is important to highlight that this is the first study comprising a molecular investigation 
of different zoonotic pathogens in six-banded armadillos, and the findings reported here bring new and important 
knowledge regarding zoonotic diseases in this species.
Keywords: Zoonoses, Chagas disease, leishmaniasis, leptospirosis, toxoplasmosis.

Resumo
Este estudo objetivou investigar a infecção por Leishmania spp., Leptospira spp., Toxoplasma gondii e Trypanosoma 
cruzi em tatus-peba (Euphractus sexcinctus) de vida livre provenientes da região semiárida do nordeste brasileiro. 
Vinte espécimes de E. sexcinctus foram capturados vivos de seus habitats naturais por veterinários de animais 
silvestres em diferentes locais. Após anestesia, os animais foram eutanasiados e diferentes amostras biológicas 
foram coletadas. Os quatro patógenos foram avaliados da seguinte forma: a infecção por Leishmania foi investigada 
por meio da Reação em Cadeia da Polimerase (PCR) de baço e fígado; a infecção por Leptospira spp. foi avaliada 
por meio da PCR de rim e sorologicamente através do teste de aglutinação microscópica; a infecção por T. gondii 
foi feita por meio de PCR de coração, pulmão e baço; e a infecção por T. cruzi foi investigada por meio da PCR 
de coração e sangue total e por hemocultura. Todos os testes realizados tiveram resultados negativos, exceto 
a PCR de sangue total para detectar T. cruzi, a qual foi positiva em apenas um animal e confirmado por meio 
de sequenciamento genético. É importante enfatizar que esse é o primeiro estudo com investigação molecular 
de diferentes patógenos zoonóticos em tatus-peba, e os achados aqui reportados trazem novo e importante 
conhecimento a respeito de doenças zoonóticas nessa espécie.
Palavras-chave: Zoonoses, Doença de Chagas, leishmaniose, leptospirose, toxoplasmose.
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The six-banded armadillo (Euphractus sexcinctus) is a wild mammal species used as a protein source for human 
consumption. Illegal hunting and captive breeding of this species are common in local communities in Northeastern 
Brazil (Barboza et al., 2016). However, recent studies have linked these animals to a variety of zoonotic diseases, 
including an alarmingly high rate of Mycobacterium leprae infection (Ferreira et al., 2020), and serological evidence of 
exposure to Toxoplasma gondii, Leishmania spp., and Leptospira spp. (Barbosa et al., 2020) in free-ranging armadillos 
from Northeastern Brazil. The infection of E. sexcinctus by Trypanosoma cruzi, the etiological agent of Chagas disease, 
was also reported in the same region (Martins et al., 2015). The close contact of humans with armadillos during 
hunting, breeding, and meat consumption could represent a risk of transmission of these pathogens (Deps et al., 
2020). As such, this study aimed to investigate the rates of infection by T. gondii, Leishmania spp., Leptospira spp., 
and T. cruzi in armadillos to clarify the role of these animals in the zoonotic disease epidemiological chain.

This study was conducted in Rio Grande do Norte State, Brazil, from May to June 2016. Twenty specimens of E. 
sexcinctus were captured alive from their natural habitats by wildlife veterinarians from twenty distinct locations 
within five rural municipalities (Pendências, Afonso Bezerra, Macau, Pedro Avelino e Guamaré) (Figure 1).

Figure 1. Map showing the detailed locations where the six-banded armadillos (Euphactus sexcintus, n = 20) utilized in this study 
were captured.

All animals were anesthetized by simultaneous administration of tiletamine hydrochloride and zolazepam 
hydrochloride (Zoletil® 50, Virbac; 4 mg/kg intramuscularly) (Ferreira et al., 2020). Blood samples were collected 
by cardiac puncture using a 22 G 1 1/4-gauge needle attached to a 10 mL syringe. Part of the collected blood 
sample of each animal was transferred to a 13 × 75 mm volume 3.0 mL BD Vacutainer® tube containing 3.4 mg 
spray-coated K2EDTA (Becton Dickinson, New Jersey, USA) to be used for hemoculture of T. cruzi and molecular 
assays. The remaining volume was transferred to a 16 × 100 mm, 10 mL volume, plain/no additive, BD Vacutainer® 
tube (Becton Dickinson, New Jersey, USA) and allowed to clot for 1 hour at room temperature (25 °C), followed by 
centrifugation (1500 x g for 15 min at 4 °C) to collect fully separated serum for serological testing of Leptospira spp. 
After the confirmation of loss of corneal reflex in the previously anesthetized animals, euthanasia was performed 
by the administration of potassium chloride via the femoral vein at a dose of 2.56 mEq/Kg (1 mL/kg of a 19.1% 
solution). Necropsy was subsequently performed, and samples of the lungs, spleen, liver, and kidneys were 
collected for molecular tests. Whole blood, tissue, and serum samples were stored at -80 °C in Eppendorf tubes 
until serological and molecular analysis.
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From the 20 armadillos included in this research, we collected following types and numbers of samples: whole blood 
(n = 20), serum (n = 20), spleen (n = 20), liver (n = 20), heart (n = 10), lung (n = 10) and kidney (n = 10). A lower number 
of heart, lung, and kidney samples were included as samples from 10 animals were assigned to a different study.

All molecular and serological tests were conducted at the Zoonosis Diagnosis Service of the São Paulo State 
University (UNESP), FMVZ-UNESP, Campus of Botucatu, SP, Brazil. DNA extraction from blood samples was 
performed using Illustra™ blood GenomicPrep Mini Spin kit (GE Healthcare, Chicago, IL, USA), while DNA extraction 
from tissue samples was conducted using the Illustra™ tissue and cells GenomicPrep Mini Spin kit (GE Healthcare, 
Chicago, IL, USA), following the manufacturers’ recommendations. The purified DNA samples were eluted in 100 μL. 
The quality of the DNA was assessed by the concentration, which was then adjusted up to 100 ng/μL, and by the 
absorbance ratios of 260/280 and 260/230 nm using a Nanovue spectrophotometer (GE Healthcare Life Sciences, 
Chicago, IL, USA). The presence of amplifiable DNA was confirmed by conventional Polymerase Chain Reaction 
(PCR) using the endogenous mammalian gene that encodes glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
(Birkenheuer et al., 2003).

Conventional PCR assays were performed to identify the presence of the genetic material of T. gondii, T. cruzi, 
Leishmania spp., and Leptospira spp. The primers and samples used in each assay are shown in Table 1. In all PCR 
reactions, ultrapure DNAse/RNAse-Free distilled water was used as a negative control. Positive controls were also 
included in each PCR reaction: Leishmania spp. PCR – DNA sample extracted from L. major (MHOM/SU/1973/5-ASKH 
strain); T. cruzi PCR – DNA sample extracted from of T. cruzi (“Y” strain); Leptospira spp. PCR – DNA sample extracted 
from antigen kept at EMJH (serovar Hardjo); T. gondii PCR – DNA sample extracted from tachyzoites of the T. gondii 
RH strain. The amplification steps were carried out in a thermal cycler (Mastercycler pro; Eppendorf, Hamburg, 
Germany) following previously described protocols (Moser et al., 1989; Mérien et al., 1992; Homan et al., 2000; 
Volpini et al., 2004). Electrophoresis was performed in a 2% agarose gel stained with Nancy-520® (Sigma-Aldrich, 
St. Louis, MO, USA) in 1x TBE buffer, at 80 Volts (V) for 20 min followed by 100 V for 20 min, with DNA MW Marker 
100-bp Ladder® (Sinapse Biotecnologia, Tatuapé, SP, Brazil). The resulting gel was visualized using an ultraviolet 
transilluminator.

Table 1. Primers and samples used in the study to test for the presence of infectious agents by PCR in six-banded armadillos 
(Euphractus sexcinctus) from Rio Grande do Norte State, Brazil.

Target species Sample 
type

Number of 
samples PCR Primer Product 

size (pb)
PCR 

conditions Reference

Leishmania spp. Liver 20 150: 5’-GGG(G/T)AGGGGCGTTCT(C/G)
CGAA-3’ 152: 5’-(C/G)(C/G)(C/G)(A/T)

CTAT(A/T)TTACACCAACCCC-3’

120 95 °C, 5 min; 
29 cycles (95 °C 

60 sec, 55 °C 
30 sec, 72 °C 

10 sec); 72 °C, 
5 min

Volpini et al. 
(2004)

Spleen 20

Leptospira spp. Kidney 10 Lep1: 5’GGCGGCGCGTCTTAAACATG3’ 
Lep2: 5’TTCCCCCCATTGAGCAAGATT3’

331 94 °C, 4 min; 
30 cycles  

(94 °C 1 min, 
63 °C 1.5 min, 
72 °C 2 min); 
72 °C, 10 min

Mérien et al. 
(1992)

Toxoplasma 
gondii

Heart 10 TOX4: 
5’CGCTGCAGGGAGGAAGACGAAAGTTG3’ 

TOX5: 
5’CGCTGCAGACACGTGCATCTGGATT3’

529 94 °C, 7 min; 
35 cycles  

(94 °C 1 min, 
60 °C 1 min,  
72 °C 1 min); 
72 °C, 10 min

Homan et al. 
(2000)

Lung 10

Spleen 20

Trypanosoma 
cruzi

Heart 10 TCZ1: 
5’CGAGCTCTTGCCCACACGGGTGCT3’ 

TCZ2: 
5’CCTCCAAGCAGCGGATAGTTCAGG3’

188 94 °C, 10 min; 
25 cycles (94 °C 

30 sec, 55 °C  
1 min, 72 °C 

1.5 min); 72 °C, 
3 min

Moser et al. 
(1989)

Whole 
blood

20
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Hemoculture (HC) was additionally conducted to investigate the infection by T. cruzi and the microscopic 
agglutination test (MATLepto) was performed to detect anti-Leptospira spp. antibodies. According to the protocol 
outlined by Alves et al. (2016), HC was conducted under sterile conditions through the inoculation of 0.3 ml of each 
blood sample in an NNN (Novy-McNeal-Nicolle) medium with a Liver Infusion Tryptose (LIT) overlay. The tubes 
were examined biweekly for five months. For the MATLepto, a collection of 28 antigens previously described by 
Fornazari et al. (2018) was used, with 1:100 considered as the cut-off point. Details on the MAT-Lepto protocol 
were described by Fornazari et al. (2012).

All PCR assays to investigate zoonotic pathogens in the armadillos were negative, except for the PCR to detect T. 
cruzi in blood samples, which was positive in only one out of the 20 animals tested. The results of HC and MATLepto 
were also negative.

The amplified products were purified using the NZYGelpure Kit (NZYTech, Lisbon, Portugal) according to the 
manufacturer’s instructions and sequenced with 7 μL of the purified sample added to a solution containing 3 μL 
of each primer (3.2 pmol). Sequencing took place in the forward and reverse directions with the TCZ1 and TCZ2 
primers used in PCR. Sequencing took place using the BigDyeTM Terminator v3.1 Cycle Sequencing Kit (Applied 
Biosystems, Foster City, CA, USA) by Sanger Method using 3500 Genetic Analyzer (Applied Biosystems, Foster City, 
CA, USA). The sequences obtained from the positive samples were submitted to the BLASTn program for nucleotide 
analysis in comparison with sequences from the international database (GenBank). The quality of the sequences 
was analyzed using Geneious Prime (2020.2.1).

Although the amplified product contains 188 base pairs, only 75 base pairs could be used in the BLASTn analysis, 
showing 97.73% similarity with Trypanosoma cruzi (GenBank accession number: HM015660.1). However, the small 
fragment, along with the presence of two degenerate bases, makes a more accurate analysis impossible, but it 
confirms the amplification of the etiological agent as predicted by Moser et al. (1989).

In the present study, we reported T. cruzi infection in a six-banded armadillo, confirmed by PCR assay and 
genetic sequencing. A few studies have previously reported different infection rates of E. sexcinctus by T. cruzi using 
molecular assays (Orozco et al., 2013; Martins et al., 2015; Acosta et al., 2017; Santos et al., 2019a). However, the 
number of animals enrolled in these surveys was usually low, reflecting the difficulty in obtaining a substantial 
sample of free-ranging wild animals for epidemiological studies due to ethical issues. Thus, although the infection 
of armadillos with this protozoan has been sporadically reported, information regarding the specific role of this 
species in the epidemiological chain of Chagas disease remains unclear.

No evidence of infection with Leishmania spp., Leptospira spp., and T. gondii was found using PCR assays in the 
current study conducted on twenty armadillos from distinct locations. It is important to emphasize that a negative 
PCR result does not necessarily rule out infection, since some aspects such as the phase of infection, parasite/
bacterial burden, and problems with PCR processing could influence the final result (Yang & Rothman, 2004). Since 
PCR for endogenous gene GAPDH was performed and DNA was detected in all samples, we believe that problems 
with PCR processing did occur in this study. A recent study reported seropositivity rates of 6%, 9% and 6% for 
Leishmania spp., Leptospira spp., and T. gondii, respectively, in a population of 33 free-ranging six-banded armadillos 
from Northeastern Brazil (Barbosa et al., 2020). Moreover, leptospires have been isolated from the urine and T. gondii 
has been identified in E. sexcinctus tissues (Vitaliano et al., 2014; Silva et al., 2015). These findings demonstrated the 
natural exposure of armadillos to these zoonotic agents, which are commonly observed affecting people and other 
animal species in the studied geographical area (Lacerda et al., 2008; Barbosa et al., 2009; Santos et al., 2019b; 
Rizzo et al., 2022; Murilo et al., 2023; Bezerra et al., 2024). However, further investigations are necessary to assess 
the importance of six-banded armadillos in the sylvatic cycle of these zoonoses, and to investigate their potential 
as a source of infection to humans, considering that the local population has a close relation with the hunting and 
meat consumption of these animals, mainly motivated by cultural reasons (Barboza et al., 2016).

Finally, it is important to highlight that this is the first study comprising a molecular investigation of different 
zoonotic pathogens in six-banded armadillos. Although different zoonotic agents have been sporadically identified 
in E. sexcinctus, we did not identify any molecular evidence of infection for most of the infectious agents assessed, 
except for T. cruzi, which was identified in only one animal. Until this point, the zoonotic infectious agent of more 
concern in six-banded armadillos is M. leprae, which was previously identified in all animals of a survey with 20 
specimens conducted in Northeastern Brazil (Ferreira et al., 2020). It was expected to diagnose more zoonotic 
agents in armadillos, however, we realize that studies with this species are still scarce and the epidemiology of 
these diseases needs to be elucidated, what can be demonstrated through the different rates of infection reported 
in the studies (Orozco et al., 2013; Martins et al., 2015; Acosta et al., 2017; Santos et al., 2019a; Barbosa et al., 2020; 



Braz J Vet Parasitol 2025; 34(1): e017124 5/6

Zoonotic pathogens in six-banded armadillos (Euphractus sexcinctus)

Ferreira et al., 2020). Although these results could not be extrapolated to the overall six-banded armadillo population, 
the findings reported here bring new and important knowledge regarding zoonotic diseases in this species. Future 
studies, using a higher sample, during different climatic seasons, and for longer periods, are necessary to monitor 
and assess the epidemiology of these zoonotic pathogens in free-ranging six-banded armadillos.
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