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Bradypus torquatus is the only sloth species threatened by extinction in South America and is classified 
as endangered due to extinction due to its severely fragmented and reduced area of occupation. This 
species is a restricted arboreal mammal, spending much of its time resting in the treetops and descending 
to the ground only to defecate. Its contact with the soil, other animals and vegetation, shared with various 
species, and the presence of humans and domestic animals near natural reserves, raises the possibility of 
dissemination of infectious agents. Due to the scarcity of data and health studies concerning B. torquatus 
populations, the aim of this study was to identify pathogens in blood samples from B. torquatus in 
northeastern Brazil. All the individuals were considered healthy in the physical examinations performed 
by a veterinarian. Out of 42 samples tested for Hepatozoon spp., PCR analysis performed on whole blood 
detected infection in 11 sloths. All samples tested for Anaplasma spp., Ehrlichia spp., Mycoplasma spp., 
Rickettsia spp., Babesia spp., and Toxoplasma gondii were negative. No pathogens were found in blood 
smears. Chromatogram analysis was possible for seven sequences among the eleven positive results for 
Hepatozoon spp. (64%) and all of these showed mixed chromatogram traces. Thus, the analysis on the 
consensus sequences showed a single case of 100% genetic similarity to Hepatozoon spp., but with only 
29 base pairs. In addition, the analysis on the individual sequences (forward and reverse) detected one 
animal possibly infected with Hepatozoon canis (reverse strand with 263 bp and 93% similarity). This 
study provides the first identification of Hepatozoon spp. in B. torquatus and has pioneered research on 
pathogens in B. torquatus.
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Introduction
The Atlantic Forest, one of the world’s 

most significant biodiversity hotspots, retains 
only 12.4% of its original area (INPE, 2019), 
and is now fragmented into small, isolated 
patches (Rezende et al., 2018). This biome is 
home to more than 50% of the Brazilian wild 
species threatened by extinction (Chiarello et 
al., 2018). Although habitat loss and fragmenta-
tion are primary drivers of biodiversity decline 
(Ribeiro et al., 2009; Galetti et al., 2021), for-
est mammal species are increasingly threatened 
by a range of anthropogenic factors, which syn-
ergistic effects are exacerbated through habitat 
loss and fragmentation, such as overhunting, 
timber extraction, invasion of exotic species, 
climate dryness, surface fires and the spread 
of diseases (Brook et al., 2008; Canale et al., 
2012). In particular, disrupted host-pathogen 
dynamics and proximity to human-dominated 
areas can facilitate pathogen transmission be-
tween domestic animals or humans and wild 
populations (Daszak et al., 2001; Tazerji et al., 
2022). This can lead to the emergence of novel 

zoonotic infectious diseases (Wilkinson et al., 
2018), the decline of wild populations and even 
increased risk of their extinction (Pedersen et 
al., 2007; Woodroffe, 1999).

Bradypus torquatus Illiger, 1811 is an en-
demic mammal of the Atlantic Forest and is cur-
rently classified as Endangered (EN) due to its 
severely fragmented and reduced area of occupa-
tion, estimated at only 2000 km² (B2ab(ii,iii,iv,v), 
see Santos et al., 2025). Bradypus torquatus are 
restricted arboreal species, spending much of 
their time resting in the treetops, moving slowly 
between branches. They only rarely descend to 
the ground, except to defecate (Voirin et al., 2013; 
Giné et al., 2015; Lopes et al., 2023). Consider-
ing the extensive deforestation, degradation and 
fragmentation of their habitat, the behaviour of 
descending to the ground also occurs when there 
is a lack of connectivity between trees (Giné et 
al., 2015). Bearing in mind that infection by vari-
ous parasitic agents can occur through contact 
with the soil, direct contact or contact with veg-
etation shared between species (Chiarello, 1998), 
the behaviour of descending to the ground and 
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coming into contact with other scansorial and 
aerial animals could be the determinative factor 
for infection.

The presence of humans and domestic ani-
mals near natural reserves raises the possibil-
ity of dissemination of parasitic agents in new 
environments, among wild species. This makes 
it essential to study health risk factors in eco-
systems and the circulation of agents in wild 
animal populations (Paiva, 2016). Although 
parasitic agents play an important role in main-
taining ecological and ecosystem diversity, 
they can also threaten biodiversity and lead to 
a decline in natural populations, thus reducing 
the survival or even reproduction of the host 
(Altizer et al., 2001). Furthermore, these agents 
may be responsible for local extinctions of en-
demic species, as has been reported in studies 
on other wild species (Warner, 1968). There-
fore, studies on parasites become fundamental, 
especially in threatened species.

Recently, a review of all the literature related 
to infectious diseases in sloths was published 
(Smith & Ruple, 2021). There are no published 
studies on hemoparasitosis causing clinical signs 
in sloths, but the occurrence of trypanosoma-
tids, Anaplasma, Ehrlichia, and Babesia infect-
ing sloths without causing clinical signs have 
been identified (Soares et al., 2017; Calchi et al., 
2020; Smith & Ruple, 2021). Nonetheless, there 
is a scarcity of information about the health of B. 
torquatus. Although B. torquatus can be parasit-
ised by ticks (Bernardes et al., 2022) that may act 
as vectors for several of these hemoparasites, no 
evidence of infection has been identified so far.

Because of the scarcity of data and health 
studies on B. torquatus populations, we con-
ducted a molecular investigation to detect patho-
gen infections in Bradypus torquatus. Specifi-
cally, the objective of this study was to evaluate 
the occurrence of Hepatozoon spp., Anaplasma 
spp., Babesia spp., Ehrlichia spp., Mycoplasma 
spp., Rickettsia spp. and Toxoplasma gondii in B. 
torquatus found in the states of Bahia and Ser-
gipe, in northeastern Brazil.

Material and Methods
This study was conducted on three sites: i) 

Parque Estadual da Serra do Conduru (PESC) 
(14.44194°  S, 39.10339°  W), a state-Protected 
Area located between the municipalities of 
Uruçuca, Itacaré and Ilhéus in southern Bahia; 
ii) Refúgio de Vida Silvestre Sapiranga (REVIS 

Sapiranga) (86.10502°  S, 60.4052°  W), a mu-
nicipally Protected Area located in the munici-
pality of Mata de São João, in northern Bahia; 
and iii) private properties located in two munici-
palities in the state of Sergipe: Santa Luzia do 
Itanhy (87.39924°  S, 66.9041°  W) and Indiar-
oba (87.26524° S, 65.5566° W). The survey in 
PESC took place during the months of February, 
March, April, May, July, August and October 
2023; in REVIS Sapiranga, during the months of 
September 2020, October 2020, May 2021 and 
October 2021; and in the state of Sergipe, during 
October 2021.

For animal detection, active searches were 
carried out in forest patches in the study ar-
eas, by walking across the ground and visually 
inspecting the forest canopy. When Bradypus 
torquatus was spotted in the treetops, a trained 
climber accessed the tree canopy to catch the ani-
mal manually. To physically restrain the animal, 
all its claws were wrapped with Velcro tape to 
keep them closed. Subsequently, it was placed in 
a cotton bag and was lowered to the forest floor 
using a rope. The locations where the animals 
were caught were georeferenced using the global 
positioning system (GPS).

An anesthetic protocol (ketamine hydrochlo-
ride 4.0 mg/kg and medetomidine hydrochloride 
0.03 mg/kg, intramuscularly, along with atipa-
mezole hydrochloride 0.1 mg/kg, intravenously, 
as anesthetic antagonist) was applied. This en-
abled safe handling of the animals for up to 60 
min. During the period under anesthesia, the ani-
mal’s heart rate, respiratory rate and temperature 
were monitored every 10 min. All information 
regarding this chemical restraint was recorded on 
a pre-prepared anesthesia form.

Immediately after the animals were anesthe-
tised, blood samples were collected, and a physi-
cal examination was performed by a veterinarian, 
which included determining the sex, age, weight, 
and hydration status, assessing body condition, 
performing an oral exam (mucous membrane and 
teeth assessment) and abdominal palpation, eval-
uating skin condition, and investigating for ec-
toparasites. Blood was drawn from the cephalic 
vein, stored in 0.5 mL microtubes containing 
EDTA anticoagulant and in 0.5 mL microtubes 
without anticoagulant, and blood smears were 
made, fixed, stained using the Panótico Rápido® 
kit (Laborclin, Pinhais, Brazil), and then exam-
ined under an optical microscope. The volume 
of blood collected corresponded to a maximum 
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of 1% of the animal's weight. The samples were 
kept refrigerated and were sent to the Biodiver-
sity and Health Laboratory of Santa Cruz State 
University. Upon arrival, samples on microtubes 
without anticoagulant were centrifuged for five 
minutes at 5000 rpm to isolate the serum and all 
microtubes, including the ones with anticoagu-
lant were kept frozen at –20 °C until serology or 
DNA extraction, respectively.

DNA was extracted from each blood sample 
using the Easy-DNA™ kit, in accordance with 
the manufacturer’s instructions. The amount of 
extracted genomic DNA was established using 
Nano-Drop 2000 (Thermo Scientific, USA), and 
this material was stored in microtubes and placed 
in a freezer at -20°C. The DNA samples were 
individually tested to detect the DNA of Eh-
rlichia spp., Mycoplasma spp., Rickettsia spp., 
Anaplasma spp., Hepatozoon spp., and Babesia 
spp., using the polymerase chain reaction (PCR). 
The PCR amplification analyses were performed 
in a thermocycler within the Proflex PCR system 
(Applied Biosystems). The Genbank accession 
number of the positive controls for Hepatozoon 
is HEP1: PV687498 and HEP2: PV68749, for 
Rickettsia is MF536975 (isolated from Ambly-
omma ovale), for Ehrlichia is OR978368 (iso-
lated from canine). No accession number avail-
able for Mycoplasma, Anaplasma, and Babesia, 
the blood samples used were from canines diag-
nosed with the aforementioned agents in labora-
tory analyses. All the primers used in this study 
are listed in Table 1. 

In order to detect the presence of Anaplasma 
spp., Ehrlichia spp., Hepatozoon spp., and Babe-
sia spp., 3 µL of extracted DNA were used. PCRs 
were carried out in a total volume of 25 µL of 
aqueous solution containing 1x PCR buffer, 1.5 
mM MgCl2, 0.2 mM dNTPs, 1.0 U of platinum 
Taq DNA polymerase (Invitrogen®, Carlsbad, 
CA, USA) and 0.2 µM of each primer. For Eh-
rlichia spp., the second reaction (nested PCR) 
required 1 μl of the DNA product amplified in 
the first reaction (PCR). For Mycoplasma spp., 
the amplification mixture contained 5 μl of 10x 
PCR buffer, 1.5 mM MgCl2, 200 mM dNTPs, 2.5 
U of platinum Taq DNA polymerase and 1 mM of 
each primer, in a final volume of 25 μl, including 
3 μl of DNA template. For Rickettsia spp., 2.5 μl 
of extracted DNA were used. PCRs were carried 
out in a total volume of 25 µL of aqueous solution 
containing 4 μl of PCR buffer, 0.75 μl MgCl2, 2.5 
μl of dNTP, 0.15 μl of Taq DNA polymerase and 

1.25 μl of each primer. Ultrapure water was used 
as the negative control and blood samples known 
to be positive for each agent were used as posi-
tive controls.

To detect Hepatozoon spp., the temperature 
cycles of the first PCR (HEP1) consisted of an 
initial denaturation for 3 min. at 95°C and 40 
repeated cycles of 15 s. at 95°C, 40 s. at 53°C 
and 40 s. at 72°C, followed by 5 min. of final ex-
tension at 72°C. The second PCR (HEP2) used 
an initial denaturation for 5 min. at 95°C and 35 
repeated cycles of 30 s. at 95°C, 30 s. at 50°C 
and 1 min. at 72°C, followed by 7 min. of fi-
nal extension at 72°C. For Anaplasma spp., the 
cycles consisted of an initial denaturation for 5 
min. at 95°C, and 35 repeated cycles of 15 s. at 
95°C, 30 s. at 62°C and 30 s. at 72°C, followed 
by 7 min. of final extension at 72°C. For Babe-
sia spp., the cycling conditions of the first PCR 
(BAB1) consisted of an initial denaturation for 
3 min. at 95°C and 35 repeated cycles of 15 s. 
at 95°C, 30 s. at 63°C and 30 s. at 72°C, fol-
lowed by 7 min. of final extension at 72°C. The 
second PCR (BAB2) consisted of an initial de-
naturation for 5 min. at 95°C and 35 repeated 
cycles of 30 s. at 95°C, 30 s. at 58°C and 30 s. 
at 72°C, followed by 7 min. of final extension 
at 72°C. For Ehrlichia spp., the cycling condi-
tions of the first PCR consisted of an initial de-
naturation for 3 min. at 95°C and 35 repeated 
cycles of 15 s. at 95°C, 30 s. at 50°C and 30 s. 
at 72°C, followed by 5 min. of final extension 
at 72°C. The nested PCR consisted of an initial 
denaturation for 3 min. at 95°C and 30 repeated 
cycles of 15 s. at 95°C, 30 s. at 52°C and 30 s. 
at 72°C, followed by 5 min. of final extension at 
72°C. For Mycoplasma spp., all PCR reactions 
were conducted under the following conditions: 
a polymerase activation step at 95°C for 5 min. 
followed by 45 cycles of 95°C for 30 s., 60°C 
for 60 s. and 72°C for 60 s., with a final exten-
sion at 72°C for 10 min. For Rickettsia spp., the 
gltA gene was evaluated with 1 cycle at 95°C for 
5 min. and then 40 cycles of 30 s. at 95°C, 30 s. 
at 58°C and 40 s. at 72°C, followed by 7 min. at 
72°C; for the OmpA gene, the cycling consisted 
of 1 cycle at 95°C for 5 min. and 35 cycles of 40 
s. at 95°C, 30 s. at 58°C and 45 s. at 72°C, fol-
lowed by a final extension for 10 min. at 72°C. 
Subsequently, the PCR products were subjected 
to electrophoresis on 1% agarose gel, stained 
with SYBR® Safe and examined by means of 
UV transillumination. 
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The positive PCR products were purified us-
ing the PureLink PCR purification kit (Invitrogen) 
and were sent for sequencing on the Fiocruz-Bahia 
Technology Platform Network. Sequencing was 
performed using capillary electrophoresis (modified 
Sanger sequencing) on the ABI 3500XL Genetic 
Analyser platform (Applied Biosystems), and the 
amplicons were Sanger-sequenced in both direc-
tions. Chromatogram analysis and sequence edit-
ing were performed using the SeqMan software and 
BioEdit software. The species were identified using 
the BLAST (basic local alignment search tool) algo-
rithm, in accordance with their similarity to reference 
sequences in GenBank® (NCBI). Sequence align-
ment was also done through the BioEdit software, 
and a phylogenetic tree was built through the MEGA 
X software, using the neighbour-joining (NJ) method 
(Kimura model 2 parameters with 1000 bootstraps) 
and maximum likelihood (ML) method, according 
to the best model for the group of sequences, with 
the lowest Bayesian information criterion (BIC). The 
GenBank® accession numbers of the reference se-
quences are listed in Appendix 1.

The modified agglutination test (MAT) was used 
to detect anti-Toxoplasma gondii antibodies. The se-
rum was diluted in buffered saline solution (pH = 7.2) 
at the cutoff point of 1:25 in U-shaped wells and mix-
tures with the antigen of each agent were prepared. 
Then, 25 μL of the diluted serum, 25 μL of the mix-
ture containing the antigen produced from cell cul-
ture, the positive and the negative controls (chicken 
serum) were added to V-shaped wells. These wells 
were then shaken for 2–3 min., covered with plastic 
wrap and incubated at 37°C for 24 h. The first read-
ing was made after 24 h. of incubation. The wells 
were then incubated again at 4°C for 4–6 h. in or-
der to make the second reading (Dubey & Desmonts, 
1987). The readings were made under a binocular ste-

Table 1. List of all primers used in this project

Specificity Target 
gene Primers Sequences (5' - 3') Amplicon 

size (bp) Reference

Genus Hepatozoon
18S rRNA 

HEP-144-169 / HEP-
743-718

F- GGTAATTCTAGAGCTAATACATGAGC
R- ACAATAAAGTAAAAAACAYTTCAAAG 574 Almeida (2011)

Genus Babesia BAB-143-167 / BAB-
694-667

F- CCGTGCTAATTGTAGGGCTAATACA
R- GCTTGAAACACTCTARTTTTCTCAAAG 551 Almeida (2011)

Family Anaplasmataceae 16S rRNA GE2 / HE3 F- GTTAGTGGCAGACGGGTGAGT
 R- ATAGGTACCGTCATTATCTTCCCTAT 360 Breitschwerdt et al. (1998)

Genus Mycoplasma 16S rRNA MyF / MyR F- AGAGTTTGATCCTGGCTCAG
R- CTCAAAACTGAAAGYCATCCGC 1560 Volokhov et al. (2017)

Genus Rickettsia gltA CS-78 / CS-323 F- GCAAGTATCGGTGAGGATGTAAT
R- GCTTCCTTAAAATTCAATAAATCAGGAT 401 Labruna et al. (2004)

Spotted fever group 
Rickettsiae OmpA Rr190.70p / Rr190.602 F- ATGGCGAATATTTCTCCAAAA

R- AGTGCAGCATTCGCTCCCCCT 532 Labruna et al. (2004)

Note: 18S rRNA – 18S ribosomal RNA; 16S rRNA – 16S ribosomal RNA; gltA – citrate synthase; OmpA – 190-kDa outer membrane protein.

reoscopic microscope. Samples without pellets at the 
bottom of the wells were considered positive, while 
samples with pellets were considered negative.

Results
All 42 individuals were considered healthy in 

the physical examinations performed by a veteri-
narian. The number of samples processed for each 
pathogen differed according to the availability 
of whole blood and serum. Out of the 42 samples 
(29/42 from REVIS Sapiranga, 9/42 from PESC 
and 4/42 from private properties in Sergipe) tested 
for Hepatozoon spp., PCR analysis performed on 
whole blood detected infection in 11 sloths (26%), 
all of which originated from REVIS Sapiranga. The 
same 42 samples were tested for Anaplasma spp., 
Mycoplasma spp., Rickettsia spp., and Babesia spp. 
and all were negative in molecular analysis. All 29 
samples (29/29 from REVIS Sapiranga) tested for 
Ehrlichia spp. were negative in molecular analysis, 
and all 34 samples (28/34 from REVIS Sapiranga, 
2/34 from PESC and 4/34 from private properties in 
Sergipe) tested for Toxoplasma gondii were nega-
tive in serological analysis (Table 2). No parasites 
were found in blood smears.

Chromatogram analysis was possible for 
seven sequences among the eleven positive results 
for Hepatozoon spp. (64%) and all of these showed 
mixed chromatogram traces. Thus, the analysis on 
the consensus sequences, produced from the 18S 
rDNA gene using sense (forward) and antisense 
(reverse) HEP primers, showed a single case of 
100% genetic similarity to Hepatozoon spp., but 
with only 29 base pairs. In addition, the analysis on 
the individual sequences (forward and reverse) de-
tected one animal possibly similar to Hepatozoon 
canis (reverse strand with 263 bp and 93% similar-
ity) (Fig. 1).
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Table 2. PCR and serology results of Bradypus torquatus samples from REVIS Sapiranga, PESC, and private properties 
in Sergipe

Pathogen Test Total samples 
tested

Number of samples from 
REVIS Sapiranga

Number of samples 
from PESC

Number of samples from 
private properties in Sergipe

Number of positive 
samples, n (%)

Hepatozoon spp. PCR 42 29 9 4 11 (26%)

Ehrlichia spp. PCR 29 29 0 0 0 (0%)

Anaplasma spp. PCR 42 29 9 4 0 (0%)

Mycoplasma spp. PCR 42 29 9 4 0 (0%)

Rickettsia spp. PCR 42 29 9 4 0 (0%)

Babesia spp. PCR 42 29 9 4 0 (0%)

Toxoplasma gondii MAT 34 28 2 4 0 (0%)

Fig. 1. Phylogenetic tree reconstructed from sequences of the 18S rDNA gene of parasites of the genus Hepatozoon, originating 
from one Bradypus torquatus (BTPF 24). Sixteen nucleotide sequences were used in the analysis, among which fifteen were 
previously published (twelve from the genus Hepatozoon), infecting seven different hosts. The numbers include the statistical 
support values of the inferences, respectively, through the neighbour-joining (NJ) method (Kimura’s two-parameter model) 
and the maximum likelihood (ML) method (Tamura’s three-parameter model).

Discussion
This is the first study investigating the pres-

ence of Anaplasma spp., Ehrlichia spp., Myco-
plasma spp., Rickettsia spp., Babesia spp., Hepa-
tozoon spp., and Toxoplasma gondii in Bradypus 
torquatus. Even though all samples were nega-
tive for all of these agents except Hepatozoon 

spp., it is essential to consider that REVIS Sapir-
anga is an area with a high level of anthropisation 
and a considerable quantity of domestic animals. 
While the B. torquatus individuals studied here 
have not yet become infected with many of these 
parasites, they do live in close proximity to hu-
mans and domestic animals, and share vegetation 
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with other species. Conceivably, this fact leaves 
open the possibility that individuals may become 
infected in the future.

Although there was positivity for Hepa-
tozoon spp., all individuals were classified as 
healthy through the physical examination, and 
the hematological test (not yet published) showed 
normal results in comparison with the few results 
available from other individuals, considering that 
there are no reference values for B. torquatus. 
Therefore, the detection of this agent could mean 
that B. torquatus has a role as a carrier. Other 
studies on wildlife have addressed the possibil-
ity that some species may have a role even as 
reservoir hosts (Mercer et al., 1988; Kocan et al., 
2000; Pinto et al., 2013; Silva et al., 2017), but 
further studies are still needed in order to reach 
a conclusion.

A few studies on other wild mammals (Da-
vidson & Calpin, 1976; East et al., 2008; Khosh-
negah et al., 2012) have reported that Hepato-
zoon spp. was a potential pathogen since animals 
presented clinical signs compatible with Hepa-
tozoon infection. However, clarifications of 
whether it represents a threat to wildlife are still 
necessary. In two of those studies (Davidson 
& Calpin, 1976; East et al., 2008), the species 
of Hepatozoon detected were found to be spe-
cific to the species studied. Nonetheless, further 
studies are needed in order to ascertain whether 
animals infected with other Hepatozoon species 
would be asymptomatic or would also present 
clinical signs.

Considering the biological cycle of Hepato-
zoon spp. (Keel et al., 2018), an arthropod that 
could act as a definitive host and which was found 
parasitizing B. torquatus in this and other studies 
was Amblyomma varium (Bernardes et al., 2022). 
This species is popularly known as the sloth’s gi-
ant tick and is found almost exclusively on xen-
arthrans. This indicates that transmission might 
have occurred through A. varium but could also 
have occurred through some other ectoparasite 
that was not found on the animal on the day of 
its capture. However, researchers have reported 
that B. torquatus from REVIS Sapiranga spend 
a lot of time scratching themselves (L.S. Mureb, 
personal communication, 01.06.2022), which 
could detach these animals’ ticks and allow them 
to fall onto leaves around where the animal was 
located. Engorged female ticks would also fall 
off the B. torquatus individuals on their own. In 
either case, these animals might ingest the ticks 

later on, while eating. Even though A. varium’s 
life cycle is unknown, it is known that species of 
Amblyomma need three hosts to complete their 
life cycle and need to remain close to the host 
(Silva, 2017). Furthermore, the hypothesis that 
Amblyomma varium may be a transmitter of Hep-
atozoon can also be put forward. 

Even though B. torquatus are folivores and 
predation would not be a possibility for these an-
imals to become infected, it is an important point 
to consider B. torquatus with an infected tick as 
having the potential of transmission if being pre-
dated. Local researchers (L.S. Mureb, personal 
communication, 01.06.2022) have also noted, 
while collecting samples of leaves for the pur-
poses of dietary studies on B. torquatus in RE-
VIS Sapiranga, that immature ticks were found 
in large quantities on leaves. Nonetheless, the 
species of these ticks are not known.

One of the causes of the mixed chromato-
gram traces that made it impossible to identify 
the Hepatozoon species that were amplified is 
mixed infections. These are commonly detected 
in wild animals (Morand, 2015). Another pos-
sible cause was insertions and deletions due to 
the presence of unspecific regions of the primer 
sequences, which projected sequences not cor-
responding to the agent studied. New sequences 
using other primers are needed, because deter-
mining which species of Hepatozoon infected B. 
torquatus would be helpful in ascertaining which 
species of Hepatozoon may have an asymptom-
atic role on them, thus making B. torquatus a po-
tential carrier. The possibility that B. torquatus 
might develop clinical signs cannot be ruled out, 
given that the individuals that were caught were 
not monitored subsequently.

Although this study demonstrated through 
phylogenetic analysis that one specimen of B. 
torquatus was possibly infected by Hepatozoon 
canis, the alignment was performed only with 
the reverse strand, which was short. Nonetheless, 
despite the facts that the finding was (i) from a 
single individual, (ii) from a short strand and (iii) 
with 18 nucleotides that did not match the other 
H. canis sequences in the hypervariable region, it 
was still decided to deposit the sequence in Gen-
Bank®, considering that the species and conse-
quently the samples in this study are extremely 
rare and therefore important. The accession num-
ber for this nucleotide sequence is PQ732137. In 
the future, further identification of this species 
will allow us to determine whether this infection 
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might be a reflection of the sloths' proximity to 
anthropogenic areas. In any case, the phyloge-
netic analysis performed showed that infection 
by Hepatozoon spp. in B. torquatus does exist, 
even if species other than H. canis are identified 
after sequencing.

This study did not show any positivity for 
other pathogens, but was the first investigation 
of the presence of these agents in samples of B. 
torquatus. Further studies are necessary in order 
to confirm the absence of these pathogens in B. 
torquatus populations, and to identify the species 
of Hepatozoon infecting these animals and ascer-
tain whether these species produce any negative 
effect on threatened B. torquatus.

Conclusions
This study provides the first identification of 

Hepatozoon spp. infection in B. torquatus in Bra-
zil. Further studies are strongly recommended in 
order to better understand the relationships be-
tween B. torquatus and Amblyomma varium, and 
between B. torquatus and pathogens. Moreover, 
the fact that animals are approaching anthropic 
areas, given the loss and fragmentation of habi-
tat, should be investigated more deeply. Although 
the risk of infection remains unconfirmed, it is 
important to monitor the possibility.
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Appendix 1. Sequences retrieved from GenBank that were included in the phylogenetic analyses (18S 
SSU rDNA) for Bradypus torquatus.

Isolate Host GenBank® accession number

Hepatozoon canis

Curupira 3 Cerdocyon thous AY461375

D905
Canis lupus familiaris

MK757812

– FJ943578

fox30b

Vulpes vulpes

KM116000

FoxKE40 KX879138

HC15 MW578993

Vv49 ON128262

284 Didelphis albiventris KY392885

Hepatozoon procyonis

UCDB 342
Nasua nasua

MW862006

Q20 MF685403

Hepatozoon caimani

clone J20 Caiman crocodilus yacare MF322539

Hepatozoon musa

Co1031 Philodryas nattereri KX880079

Adelina dimidiata

– – DQ096835

Babesia canis

Dog#135
Canis lupus familiaris

KC902833

– AY072926
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ИССЛЕДОВАНИЯ ПАТОГЕНОВ BRADYPUS TORQUATUS В БРАЗИЛИИ

Ф. К. С. Бернардес1,* , Л. Ф. Фельберг1 , С. С. Феррейра2 ,
Г. Жине1 , В. П. О. Гаспаротто2 , Ж. Р. Альбукерке1 , Ф. Р. Миранда1,2

1Государственный университет Санта-Крус, Бразилия
*e-mail: bernardes.fernandasimas@gmail.com

2Институт Тамандуа, Бразилия

Bradypus torquatus – единственный вид ленивцев, находящийся под угрозой исчезновения в Южной 
Америке, классифицируемый как находящийся под угрозой исчезновения из-за сильной фрагмента-
ции и сокращения ареала обитания. Этот вид является ограниченным в распространении древесным 
млекопитающим, проводящим большую часть времени в состоянии покоя на верхушках деревьев 
и спускающимся на землю только для испражнения. Его контакт с почвой, другими животными 
и растительностью, с другими видами, а также присутствие людей и домашних животных вблизи 
природных заповедных территорий повышают вероятность распространения возбудителей 
инфекций. В связи с ограниченностью данных и исследований состояния здоровья популяций B. 
torquatus целью данной работы было выявление патогенов в образцах крови B. torquatus на севе-
ро-востоке Бразилии. Все особи были признаны здоровыми по результатам медицинского осмотра, 
проведенного ветеринаром. Из 42 образцов, исследованных на наличие Hepatozoon spp., ПЦР-анализ 
цельной крови выявил наличие инфекций у 11 особей ленивцев. Все образцы, исследованные на 
наличие Anaplasma spp., Ehrlichia spp., Mycoplasma spp., Rickettsia spp., Babesia spp. и Toxoplasma 
gondii, дали отрицательный результат. В мазках крови патогены не обнаружены. Анализ хромато-
грамм был возможен для семи последовательностей из одиннадцати положительных результатов на 
Hepatozoon spp. (64%), и во всех случаях наблюдались смешанные следы на хроматограммах. Таким 
образом, анализ консенсусных последовательностей выявил единственный случай 100% генетиче-
ского сходства с Hepatozoon ��������������������������������������������        ����������������������   spp�����������������������������������������        ����������������������   ., но с наличием всего 29 пар оснований. Кроме того, анализ от-
дельных последовательностей (прямой и обратной) выявил одну особь, вероятно, инфицированную 
Hepatozoon canis (обратная цепь длиной 263 пар оснований и сходство 93%). Данное исследование 
впервые выявило наличие Hepatozoon spp. у B. torquatus и стало первым в исследовании патогенов 
у этого вида.

Ключевые слова: гемопаразит, модифицированная реакция агглютинации, ошейниковый ленивец, 
паразитология, ПЦР
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