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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. forquatus 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
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zoonotic infectious diseases (Wilkinson et al.,
2018), the decline of wild populations and even
increased risk of their extinction (Pedersen et
al., 2007; Woodrofte, 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 km? (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: 1)
Parque Estadual da Serra do Conduru (PESC)
(14.44194° S, 39.10339° W), a state-Protected
Area located between the municipalities of

Uruguca, Itacaré and Ilhéus in southern Bahia;
1) Refugio de Vida Silvestre Sapiranga (REVIS
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Sapiranga) (86.10502° S, 60.4052° W), a mu-
nicipally Protected Area located in the munici-
pality of Mata de Sao Joao, 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 Panotico Réapido®
kit (Laborclin, Pinhais, Brazil), and then exam-
ined under an optical microscope. The volume
of blood collected corresponded to a maximum



Nature Conservation Research. 3anoseonasn nayxa 2025. 10(4): 43-52

https://dx.doi.org/10.24189/ncr.2025.022

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 pL of extracted DNA were used. PCRs
were carried out in a total volume of 25 puL of
aqueous solution containing 1x PCR buffer, 1.5
mM MgCl, 0.2 mM dNTPs, 1.0 U of platinum
Taq DNA polymerase (Invitrogen®, Carlsbad,
CA, USA) and 0.2 uM of each primer. For Eh-
rlichia spp., the second reaction (nested PCR)
required 1 pl of the DNA product amplified in
the first reaction (PCR). For Mycoplasma spp.,
the amplification mixture contained 5 pl of 10x
PCR buffer, 1.5 mM MgCl,, 200 mM dNTPs, 2.5
U of platinum Taq DNA polymerase and 1 mM of
each primer, in a final volume of 25 pl, including
3 ul of DNA template. For Rickettsia spp., 2.5 ul
of extracted DNA were used. PCRs were carried
out in a total volume of 25 uL of aqueous solution
containing 4 pl of PCR buffer, 0.75 ul MgCl,, 2.5
ul of ANTP, 0.15 pul of Tag DNA polymerase and
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1.25 pl 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
(BABI1) 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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Table 1. List of all primers used in this project

Specificity _Z;glzt Primers Sequences (5' - 3") ASESI(II:)C;)H Reference
G | s | 7 [
Family Anaplasmataceae |[16S rRNA |GE2 / HE3 ?_i?;%%{&%%?géi?g A(;"E("}F/"T"SE CTAT 360 Breitschwerdt et al. (1998)
Genus Mycoplasma 16S rRNA [MyF / MyR E__ é?ég[{;&%?%cflgggg (1;[(;1/} ((j} cGe 1560  |Volokhov et al. (2017)
Genus Rickettsia gltA CS-78 /CS-323 g__ g%/;?g g,?:ﬁgggi?? CG AG g&i]?l“fA GGAT 401 Labruna et al. (2004)
]SQI;SIEZ?STz?Zer group OmpA  [Rr190.70p / Rr190.602 E'_ QTGGT%%(;%%T:‘TTTTCT gggggg&; 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.

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 pL of the diluted serum, 25 pL 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 46 h. in or-
der to make the second reading (Dubey & Desmonts,
1987). The readings were made under a binocular ste-
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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 | Number of samples from | Number of samples Number of sa'mp.les frorp Number of positive
tested REVIS Sapiranga from PESC private properties in Sergipe 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%)

KY392885 (Didelphis albiventris)
PV687499 HEP2 (Canis lupus familiaris)
AY461375 (Cerdocyon thous)
MWET8993 (Vulpes vulpes)
— KY965141 (Hydrochoerus hydrochaeris)
72/ 65 [~ PV687498 HEP1 (Canis lupus familiaris)
[ |AY471615 (Lycalopex gymnocercus)
~ KM116000 (Vulpes vulpes)
OMN128262 (Vulpes vulpes)
*i: MKT57812 (Canis lupus familiaris)
KX879138 (Vulpes vulpes)
<‘ FJ943578 (Canis lupus familiaris)

KU232307 H. felis (Panthera onca)
MZ490540 H. felis (Leopardus pardalis)
KU232305 H. felis (Panthera onca)

MW8E2006 H. procyonis (Nasua nasua)
MFB85403 H. procyonis (Nasua nasua)

86| KC342525 H. cevapii (Crotalus durissus terrificus)
ON236891
MF322539 H. caimani (Caiman crocodilus yacare)
KXBB007T9 H. musa (Philodryas nattereri)
MF497767 H. musa (Epicrates crassus)

MF497770  H. cuestensis (Crotalus durissus)

DQ096835 Adelina dimidiata
99 /97

H. cevapii (Oxyrhopus rhombifer)
68 / 65

89/88

Hepatozoon canis

PQ732137 BT PF 24 reverse strand (Bradypus torquatus)

| KC902833 Babesia canis

1007100 | AYOT2926 Babesia canis

I ———

0.050

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. forquatus 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
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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. forquatus 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.

Acknowledgements

The Bradypus torquatus individuals were captured un-
der the approval and legal consent of the Brazilian Federal
Authority. Authorisation for activities with scientific purpose
under numbers 67274 and 64635 of the Ministério do Meio
Ambiente (MMA) through Instituto Chico Mendes de Con-
servacdo da Biodiversidade (ICMBIO) and case numbers
036/2020 (license L.-003/2021 of the Council for the Ethical
Use of Animals of Oswaldo Cruz Institute (CEUA/IOC-FIO-
CRUZ)) and 018/22 (Animal Use Ethics Committee of Santa
Cruz State University (CEUA/UESC)).

References

Almeida A.P. 2011. Pesquisa de Rickettsia, Ehrlichia,
Anaplasma, Babesia, Hepatozoon e Leishmania em
cachorro-do-mato (Cerdocyon thous) de vida livre
do estado do Espirito Santo. MSc. Thesis. Sdo Paulo:
Universidade de Sao Paulo. 88 p.

Altizer S., Foufopoulos J., Gager A. 2001. Diseases and
Conservation. In: Encyclopedia of Biodiversity.
Academic Press. P. 109-126. DOI: 10.1016/b0-12-
226865-2/00072-9

Bernardes F.C.S., Martins T.F., Ferreira S.S., Rosa B.F.,
Ruiz-Miranda C.R., Giné G.A.F., Soffiati F.L., Mi-
randa F.R. 2022. Sloth’s giant tick (4dmblyomma
varium) parasitizing free-ranging maned sloth (Bra-

49

dypus torquatus) in the Atlantic Forest biome, Bra-
zil. Brazilian Journal of Veterinary Medicine 44:
€004021. DOI: 10.29374/2527-2179.bjvm004021

Breitschwerdt E.B., Hegarty B.C., Hancock S.I. 1998. Se-
quential Evaluation of Dogs Naturally Infected with
Ehrlichia canis, Ehrlichia chaffeensis, Ehrlichia
equi, Ehrlichia ewingii, or Bartonella vinsonii. Jour-
nal of Clinical Microbiology 36(9): 2645-2651. DOI:
10.1128/jcm.36.9.2645-2651.1998

Brook B.W., Sodhi N.S., Bradshaw C.J. 2008. Synergies
among extinction drivers under global change. Trends
in Ecology and Evolution 23(8): 453-460. DOI:
10.1016/j.tree.2008.03.011

Calchi A.C., Vultao J.G., Alves M.H., Yogui D.R., Desbiez
A.L.J., De Santi M., Santana M.S., da Silva TM.V.,
Werther K., Teixeira M.M.G., Machado R.Z., André
M.R. 2020. Ehrlichia spp. and Anaplasma spp. in
Xenarthra mammals from Brazil, with evidence of
novel ‘Candidatus Anaplasma spp.’. Scientific Reports
10(1): 12615. DOI: 10.1038/s41598-020-69263-w

Canale G.R., Peres C.A., Guidorizzi C.E., Gatto C.A.F., Ki-
erulff M.C.M. 2012. Pervasive Defaunation of Forest
Remnants in a Tropical Biodiversity Hotspot. PLoS
ONE7(8):e41671.DOI: 10.1371/journal.pone.0041671

Chiarello A.G. 1998. Diet of the Atlantic forest maned sloth
Bradypus torquatus (Xenarthra: Bradypodidae). Jour-
nal of Zoology 246(1): 11-19. DOI: 10.1111/j.1469-
7998.1998.tb00127.x

Chiarello A., Miranda F.R., Xavier G.A.A., Moraes-Barros
N., Vaz S.M. 2018. Bradypus torquatus Illiger, 1811.
In: Livro Vermelho da Fauna Brasileira Ameacada de
Extin¢do. Volume 2 — Mamiferos. 1% ed. Brasilia: IC-
MBio/MMA. P. 34-40.

Daszak P., Cunningham A.A., Hyatt A.D. 2001. Anthro-
pogenic environmental change and the emergence of
infectious diseases in wildlife. Acta Tropica 78(2):
103—116. DOI: 10.1016/s0001-706x(00)00179-0

Davidson W.R., Calpin J.P. 1976. Hepatozoon griseisciuri
infection in gray squirrels of the southeastern United
States. Journal of Wildlife Diseases 12(1): 72-76.
DOI: 10.7589/0090-3558-12.1.72

Dubey J.P., Desmonts G. 1987. Serological responses of
equids fed Toxoplasma gondii oocysts. Equine Veteri-
nary Journal 19(4): 337-339. DOI: 10.1111/j.2042-
3306.1987.tb01426.x

East M.L., Wibbelt G., Lieckfeldt D., Ludwig A., Goller K.,
Wilhelm K., Schares G., Thierer D., Hofer H. 2008. A
Hepatozoon species genetically distinct from H. canis
infecting spotted hyenas in the Serengeti ecosystem,
Tanzania. Journal of Wildlife Diseases 44(1): 45-52.
DOI: 10.7589/0090-3558-44.1.45

Galetti M., Gongalves F., Villar N., Zipparro V.B., Paz C.,
Mendes C., Lautenschlager L., Souza Y., Akkawi P.,
Pedrosa F., Bulascoschi L., Bello C., Seva A.P., Sales
L., Genes L., Abra F., Bovendorp R.S. 2021. Causes
and Consequences of Large-Scale Defaunation in the
Atlantic Forest. In: M.C.M. Marques, C.E.V. Grelle
(Eds.): The Atlantic Forest. Cham: Springer. P. 297—
324. DOI: 10.1007/978-3-030-55322-7 14



Nature Conservation Research. 3anoseonasn nayxa 2025. 10(4): 43-52

https://dx.doi.org/10.24189/ncr.2025.022

Giné G.A.F., Cassano C.R., de Almeida S.S., Faria D.
2015. Activity budget, pattern and rhythm of maned
sloths (Bradypus torquatus): Responses to variations
in ambient temperature. Mammalian Biology 80(6):
459-467. DOI: 10.1016/j.mambio.2015.07.003

INPE. 2019. SOS Mata Atldantica e INPE lan¢cam novos da-
dos do Atlas do bioma. Available from http://www.
inpe.br/noticias/noticia.php?Cod_Noticia=5115

Keel M.K., Terio K.A., McAloose D. 2018. Canidae, Ursi-
dae, and Ailuridae. In: K.A. Terio, D. Mcaloose, J.St.
Leger (Eds.): Pathology of Wildlife and Zoo Animals.
Academic Press. P. 229-261. DOI: 10.1016/b978-0-
12-805306-5.00009-2

Khoshnegah J., Mohri M., Mirshahi A., Mousavi S.J. 2012.
Detection of Hepatozoon sp. in a Persian Leopard (Pan-
thera pardus ciscaucasica). Journal of Wildlife Disea-
ses 48(3): 776-780. DOI: 10.7589/0090-3558-48.3.776

Kocan A.A., Cummings C.A., Panciera R.J., Mathew J.S.,,
Ewing S.A., Barker R.W. 2000. Naturally Occurring and
Experimentally Transmitted Hepatozoon americanum in
Coyotes from Oklahoma. Journal of Wildlife Diseases
36(1): 149-153. DOI: 10.7589/0090-3558-36.1.149

Labruna M.B., Whitworth T., Horta M.C., Bouyer D.H.,
McBride J.W., Pinter A., Popov V., Gennari S.M.,
Walker D.H. 2004. Rickettsia species infecting Am-
blyomma cooperi ticks from an area in the state of Sao
Paulo, Brazil, where Brazilian spotted fever is ende-
mic. Journal of Clinical Microbiology 42(1): 90-98.
DOI: 10.1128/jcm.42.1.90-98.2004

Lopes G.S., Cassano C.R., Mureb L.S., Miranda F.R.,
Cruz-Neto A.P., Giné G.A.F. 2023. Combined effect
of ambient temperature and solar radiation on maned
sloths’ behaviour and detectability. Austral Ecology
48(7): 1344-1360. DOI: 10.1111/aec.13377

Mercer S.H., Jones L.P., Rappole J.H., Twedt D., Laack
L.L., Craig T.M. 1988. Hepatozoon sp. in Wild Car-
nivores in Texas. Journal of Wildlife Diseases 24(3):
574-576. DOI: 10.7589/0090-3558-24.3.574

Morand S. 2015. (macro-) Evolutionary ecology of para-
site diversity: From determinants of parasite species
richness to host diversification. International Journal
for Parasitology: Parasites and Wildlife 4(1): 80-87.
DOI: 10.1016/].ijppaw.2015.01.001

Paiva K.A.R. 2016. Rickettsia sp. em roedores e marsu-
piais silvestres do Rio Grande do Norte, Brasil. MSc.
Thesis. Mossoro: Universidade Federal Rural do
Semi-Arido. 62 p.

Pedersen A.B., Jones K.E., Nunn C.L., Altizer S. 2007. In-
fectious Diseases and Extinction Risk in Wild Mam-
mals. Conservation Biology 21(5): 1269-1279. DOI:
10.1111/5.1523-1739.2007.00776.x

Pinto C.M., Helgen K.M., Fleischer R.C., Perkins S.L.
2013. Hepatozoon Parasites (Apicomplexa: Adeleo-
rina) in Bats. Journal of Parasitology 99(4): 722-724.
DOI: 10.1645/12-18.1

Ribeiro M.C., Metzger J.P., Martensen A.C., Ponzoni F.J.,
Hirota M.M. 2009. The Brazilian Atlantic Forest:
How much is left, and how is the remaining forest
distributed? Implications for conservation. Biological

50

Conservation 142(6): 1141-1153. DOI: 10.1016/j.
biocon.2009.02.021

Rezende C.L., Scarano F.R., Assad E.D., Joly C.A., Met-
zger J.P., Strassburg B.B.N., Tabarelli M., Fonseca
G.A., Mittermeier R.A. 2018. From hotspot to hopes-
pot: An opportunity for the Brazilian Atlantic Forest.
Perspectives in Ecology and Conservation 16(4):
208-214. DOI: 10.1016/j.pecon.2018.10.002

Santos P., Chiarello A., Miranda F., Moraes-Barros
N. 2025. Bradypus torquatus. In: The IUCN Red List of
Threatened Species 2025:¢.T237137603A237139785.
Available from https://dx.doi.org/10.2305/TUCN.
UK.2025-1.RLTS.T237137603A237139785.en

Silva A.A.B. 2017. Ixodofauna Em Fragmentos de Mata
Atlantica no Estado da Bahia: Relag¢do Parasito-hospe-
deiro e Detec¢do Molecular de Patogenos Associados.
MSec. Salvador: Universidade Federal da Bahia. 106 p.

Silva M.R.L., Fornazari F., Demoner L.C., Teixeira C.R.,
Langoni H., O’Dwyer L.H. 2017. Didelphis albiven-
tris naturally infected with Hepatozoon canis in sou-
theastern Brazil. Ticks and Tick-Borne Diseases 8(6):
878-881. DOI: 10.1016/j.ttbdis.2017.07.005

Smith L.H., Ruple A. 2021. Idly infected: a review of in-
fectious agents in populations of two- and three-toed
sloths (Choloepus species and Bradypus species).
Journal of Zoo and Wildlife Medicine 51(4): 789—798.
DOI: 10.1638/2018-0188

Soares H.S., Marcili A., Barbieri A.R.M., Minervino
A.H.H., Malheiros A.F., Gennari S.M., Labruna M.B.
2017. Novel Anaplasma and Ehrlichia organisms in-
fecting the wildlife of two regions of the Brazilian
Amazon. Acta Tropica 174: 82—-87. DOI: 10.1016/j.
actatropica.2017.07.006

Tazerji S.S., Nardini R., Safdar M., Shehata A.A., Duarte
P.M. 2022. An Overview of Anthropogenic Actions
as Drivers for Emerging and Re-Emerging Zoonotic
Diseases. Pathogens 11(11): 1376. DOI: 10.3390/pa-
thogens11111376

Voirin B., Kays R., Wikelski M., Lowman M. 2013. Why Do
Sloths Poop on the Ground?. In: M. Lowman, S. Devy,
T. Ganesh (Eds.): Treetops at Risk. New York: Springer.
P. 195-199. DOI: 10.1007/978-1-4614-7161-5 19

Volokhov D.V., Becker D.J., Bergner L.M., Camus M.S.,
Orton R.J., Chizhikov V.E., Altizer S.M., Streicker
D.G. 2017. Novel hemotropic mycoplasmas are wide-
spread and genetically diverse in vampire bats. Epi-
demiology and Infection 145(15): 3154-3167. DOI:
10.1017/s09502688170023 1x

Warner R.E. 1968. The role of introduced diseases in the
extinction of the endemic Hawaiian aviafauna. Con-
dor 70(2): 101-120.

Wilkinson D.A., Marshall J.C., French N.P., Hayman D.T.S.
2018. Habitat fragmentation, biodiversity loss and the
risk of novel infectious disease emergence. Journal of
the Royal Society Interface 15(149): 20180403. DOI:
10.1098/rsif.2018.0403

Woodroffe R. 1999. Managing disecase threats to wild
mammals. Animal Conservation 2(3): 185-193. DOI:
10.1111/5.1469-1795.1999.tb00064.x



Nature Conservation Research. 3anoseonasn nayxa 2025. 10(4): 43-52 https://dx.doi.org/10.24189/ncr.2025.022

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 MK757812
Canis lupus familiaris
- FJ943578
fox30b KM116000
FoxKE40 KX879138
Vulpes vulpes
HCI15 MW578993
Vv49 ON128262
284 Didelphis albiventris KY392885
Hepatozoon procyonis
UCDB 342 MW862006
Nasua nasua
Q20 MF685403
Hepatozoon caimani
clone J20 Caiman crocodilus yacare MF322539
Hepatozoon musa
Col1031 Philodryas nattereri KX880079
Adelina dimidiata
- - DQ096835
Babesia canis
Dog#135 KC902833
Canis lupus familiaris
_ AY 072926
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NCCIIEJOBAHUSA ITATOI'EHOB BRADYPUS TORQUATUS B BPASNJINN

®. K. C. Bepuapaec’", JI. ®. ®eandepr''™, C. C. ®eppeiipa’,
I. ’Kune''™, B. I1. O. I'acnaporro?”, K. P. Anb0ykepke!'"', ®. P. Mupanaa'”

'Tocyoapcmeennviii ynusepcumem Canma-Kpyc, bpasunus
*e-mail: bernardes.fernandasimas@gmail.com
2Uncmumym Tamandya, bpazunus

Bradypus torquatus — eTMHCTBECHHBIN BU JICHUBIICB, HAXOISIIHANICS IO YTPO30i ncue3HoBeHUs B HOxHOU
Amepuke, KTacCUPUIUPYEMBII KaK HAXOIAIIUICS MO YyTPO30i UCUC3HOBEHUS U3-3a CHIBHOHU ()parMeHra-
[IUU ¥ COKPAIICHUS apeana OOUTaHUs. ITOT BHUJI SBISCTCS OTPAaHHYCHHBIM B PACIIPOCTPAHCHUH IPEBECHBIM
MJICKOITUTAIOIINM, TTPOBOISIIAM OOJBIIYI0 YacTh BPEMEHH B COCTOSHUHU IOKOS Ha BEpPXYIIKaX JCPEBHECB
U CIYCKAIONIMMCS Ha 3EMJI0 TOJBKO IS MCIpPaKHEHUS. ETo KOHTaKT ¢ MOYBOH, APYTHMH KUBOTHBIMU
U PaCTUTEIBHOCTHIO, C APYTHMH BHUIAMH, a TAK)KE MPUCYTCTBUC JIFOACH W JOMAITHUX JKHBOTHBIX BOIH3U
MPUPOAHBIX 3alIOBEIHBIX TEPPUTOPUN TOBBIIIAIOT BEPOSITHOCTh PACHPOCTPaHCHHS BO30OyaWTene
nHpeKknui. B cBI3M ¢ OrpaHUYCHHOCTHIO NAaHHBIX U HUCCICAOBAHHWI COCTOSHHS 3I0POBBS MOMYISAIUN B.
torquatus TENbI0 TaHHOW pabOTHI OBLIO BBIABICHHE IMATOTEHOB B o0Opasmax KpoBH B. forquatus Ha ceBe-
po-BocTtoke bpaswmimmu. Bece ocobu ObutH mpU3HAHEI 3I0POBBIMU IO PE3yIIbTaTaM MEIUIIMHCKOTO 0CMOTpa,
MPOBEACHHOTO BeTepuHapoM. M3 42 00pasnos, ncciaeioBaHHBIX Ha Hanuuue Hepatozoon spp., [11P-ananu3
[ETBHOM KPOBU BBIABIII Hanmune WHQekmuii y 11 ocobeii nenuBeB. Bece o0pasmbl, UcciaeToBaHHBIC Ha
Hanmuuue Anaplasma spp., Ehrlichia spp., Mycoplasma spp., Rickettsia spp., Babesia spp. n Toxoplasma
gondii, nanu OTPUIATEIBHBIN pe3yapTar. B Ma3kax KpOBW HaTOTeHBI He OOHApPYKCHBI. AHATU3 XPOMaTO-
rpamMM OBLIT BO3MOXKEH ISl CEMH ITOCIEAOBATEIFHOCTEH U3 OJUHHAIATH TOJOKUTEIBHBIX PE3YIbTAaTOB HA
Hepatozoon spp. (64%), 1 BO Bcex cirydasx HaOIIONaIUCh CMEIIaHHBIC CIEABl Ha XpoMaTorpaMMax. Takum
00pa3oM, aHaIM3 KOHCCHCYCHBIX IOCIEAOBATEIbHOCTEH BEISBII C¢IMHCTBCHHBIN ciaydaid 100% reHeTmde-
CKoro cxonctBa ¢ Hepatozoon spp., HO ¢ HanudueM Bcero 29 map ocHoBaHuil. Kpome Toro, aHanmms ot-
JEITBHBIX MOCIEI0BATEIBFHOCTEH (TIPSIMOM M 0OPaTHOM ) BEIIBHI OJHY 0COOB, BEPOSTHO, HHPUIIUPOBAHHYIO
Hepatozoon canis (oOpatHas nenb AMHHON 263 map ocHOBaHMH U cxoacTBO 93%). JlaHHOE HccieqoBaHue
BIIEpPBHIC BBIABIIIO Hanuuue Hepatozoon spp. y B. torquatus M cTano MEPBEIM B MCCICIOBAHUHU ITaTOTCHOB
y 3TOTO BHJA.

KuroueBble ci1oBa: reMonapasut, MoaAn(GpUIIMPOBAHHAS PEAKIMS arNIIOTHHALIMH, ONICHHUKOBBIN JICHUBEIL,
napasuronorus, I[TLP
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