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Hepatozoon sp. gamonts as an accidental finding in synovial
liquid from an injured maned wolf (Chrysocyon brachyurus)
in southeastern Brazil
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Abstract

A free-living, adult male maned wolf (Chrysocyon brachyurus) was referred to the Governador “Laudo Natel” —
FCAV/Unesp veterinary hospital after being found with skin lesions and a fracture on the right pelvic limb, which
had to be amputated due to compromised integrity. Around 20 days later, bilateral accentuated swollen on humerus-
radius-ulna articulation was observed. The synovial liquid was drained and sent to the laboratory for synovial cytology
with Rosenfeld staining that revealed predominantly degenerated neutrophils with karyolytic chromatin associated with
intracellular inclusions suggestive of Hepatozoon sp. gametocytes. Blood and synovial liquid samples were submitted to
molecular analysis, aiming to amplify the Hepatozoon spp. 18S rRNA gene fragment. Despite the positioning of the found
Hepatozoon sequence together with Hepatozoon canis previously detected in domestic carnivores, the BLAST analysis
showed only 98% identity with H. canis. To the best of the authors’ knowledge, this is the first time a Hepatozoon was
detected in the synovial liquid by clinical pathology and molecular analyses.
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Resumo

Um lobo guard (Chrysocyon brachyurus) adulto, macho, de vida livre foi encaminhado para atendimento no hospital
veterindrio Governador “Laudo Natel” — FCAV/Unesp apds ser encontrado com lesoes de pele e fratura em membro pélvico
direito, sendo amputado devido a comprometimento da integridade do membro. Aproximadamente 20 dias apSs a chegada
a0 hospital, foi notado acentuado aumento de volume bilateral em regido de articula¢io imero-rédio-ulnar. O liquido
sinovial foi drenado e enviado para andlise citolégica com coloragio de Rosenfeld, revelando a presenca de neutrdfilos
degenerados com cromatina cariolitica associados a inclusoes intracelulares sugestivas de gametécitos de Hepatozoon sp.
Amostras de sangue e liquido sinovial foram submetidas a andlises moleculares visando amplificar um fragmento do gene
18S rRNA de Hepatozoon spp. Apesar da sequéncia de Hepatozoon detectada se posicionar filogeneticamente no mesmo
clado que H. canis previamente detectado em carnivoros domésticos, o resultado da andlise do BLAST mostrou somente
98% de identidade com H. canis. De acordo com o conhecimento dos autores, esta é a primeira vez que Hepatozoon foi
detectado no liquido sinovial por meio de patologia clinica e andlises moleculares.
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*Corresponding author: Marcos Rogério André. Laboratério de
Imunoparasitologia, Departamento de Patologia Veterindria, Faculdade de
Ciéncias Agrdrias e Veterindrias Julio de Mesquita Filho — UNESP, Campus
de Jaboticabal, Via de Acesso Prof. Paulo Donato Castellane, s/n, Zona Rural,
CEP 14884-900, Jaboticabal, SP, Brasil. e-mail: marcosandre.fcav@gmail.com

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution,

and reproduction in any medium, provided the original work is properly cited.


http://www.cbpv.org.br/rbpv
https://orcid.org/0000-0002-1713-5222

780 Perles, L. et al.

Introduction

‘The maned wolf (Chrysocyon brachyurus) is known as the largest
wild canid species from South America, occurring in Argentina,
Bolivia, Brazil, Paraguay, Peru, and Uruguay (DIETZ, 1984,
1985; RUMIZ & SAINZ, 2002). Currently, the red list of the
International Union for Conservation of Nature (IUCN) lists
this species as “Near Threatened” (PAULA & DEMATTEO,
2015). Diseases are a potential threat for wildlife conservation,
but studies on the occurrence of pathogens in maned wolves are
scarce (ANDRE et al., 2010; CURI et al., 2012; SILVEIRA et al.,
2016). Regarding the occurrence of tick-borne agents, fewer
studies have been performed.

Hepatozoon spp. are apicomplexan parasites that infect a wide
variety of hosts, being described in domestic and wild mammals,
birds, reptiles, and amphibians (SMITH, 1996; RAMOS et al.,
2015). Domestic and wild canids can be infected with at least
two Hepatozoon species, Hepatozoon canis and Hepatozoon
americanum, which present distinct clinical signs, pathology,
biology, and genetic characteristics (O’'DWYER et al., 2011).
Although Hepatozoon sp. infections in free-living animals are
usually subclinical (KOCAN et al., 2000; METZGER et al.,
2008), some studies have shown the occurrence of the clinical
disease associated with H. americanum in coyotes (Canis latrans) in
the United States (KOCAN et al., 2000) and mortality of hyenas
(Crocuta crocuta) in Tanzania associated with a Hepatozoon sp.
genetically distinct from the H. canis (EAST etal., 2008). These
agents may play a role as potential opportunistic pathogens in
immunocompromised animals or with concomitant diseases
(BANETH et al.,, 2001; KUBO et al., 2006). Although several
drugs have been proposed for treating the infection, there is no
parasitological cure and, currently, no established treatment
protocol for treating H. canis infection (SAKUMA et al.,
2009). There are studies in the literature on treatments with
either imidocarb dipropionate only or imidocarb dipropionate
associated with doxycycline, toltrazuril, toltrazuril/emodepside,
and clindamycin, but none of them proved to be efficient
(SAKUMA et al., 2009; SASANELLI et al., 2010; PASA et al.,
2011; TOMMASI et al., 2014).

Hepatozoon sp. was detected in the blood of one maned
wolf by 18Sr RNA-based PCR for the first time in a Zoo
in Sorocaba, southeastern Brazil (ANDRE et al., 2010).
Interestingly, the found sequence clustered with other
sequences detected in wild canids and felids, apart from the
H. canis and H. americanum detected in domestic/wild canids
(ANDRE et al., 2010). Infection by Hepatozoon sp. was also
molecularly detected in a free-living, adult female maned wolf
in Minas Gerais, southeastern Brazil. In this case, the found
18SrRNA sequence showed 98% identity to H. americanum
(SILVEIRA et al., 2016). The present work aims to describe
the clinical and laboratory findings of a maned wolf naturally
infected by Hepatozoon sp. that was treated at a veterinary
hospital in southeastern Brazil.
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Material and Methods

Clinical history

An intact adult male maned wolf (Chrysocyon brachyurus),
weighting 17kg was referred to the Wildlife Medicine Service
at the Veterinary Hospital of the Universidade Estadual “Julio
de Mesquita Filho” (UNESP) (Jaboticabal, Sao Paulo, Brazil)
after being found injured near the municipality of Barretos
(Sao Paulo, southeastern Brazil). The patient was sedated with
Ketamine (8 mg/kg, IM) and Midazolam (0.2 mg/kg, IM) for
the clinical procedures. The clinical examination indicated pale
mucous (oral and eyes), 163 beats/min heart rate, 36 breaths/min
respiratory rate, 37.2°C rectal temperature, 3s capillary refill
time (CRT), and dehydration estimated in 8% while following
complementary laboratory analysis showed 87 mg/dL glucose.
Additionally, the right pelvic limb showed a severe bone and muscle
damage compromising limb functionality and three wounds were
found on the left pelvic limb. Even though a light tick infestation
was observed, they were not sampled.

It was decided for the amputation of the right pelvic limb due to
compromised limb integrity. One month after the procedure, it was
noticed a swollen on both thoracic limbs near the humerus-radius-ulna
articulation. The animal was sedated for physical examination,
followed by a trichotomy of both thoracic limbs before synovial
liquid sampling performed with a 0.8x25mm needle and 20 mL
syringe to collect 50 mL and 22 mL aliquots from the right and
left limbs, respectively. Liquid smears were fixed with methanol,
stained with Rosenfeld and stored for molecular analyses. Blood
smears were also prepared and stained with Fast Panoptic method
(Laborclin®). The synovial liquid smear was entirely examined,
including the feathered and lateral edges, readable and thick areas,
under 40x objective. For blood smear analysis, the smear was first
examined at the feathered edge for differential leukocyte count
under 40x objective, and then scanned for hemoparasites at the
feathered edge and monolayer under 100x objective. Additionally,
at the day of synovial liquid sampling, the blood sample was
also submitted to buffy coat smear analysis. After draining the
synovial liquid, the animal was kept with a compressive bandage
on both thoracic limbs medicated with meloxicam (0.2mg/kg,
IM, SID, for 3 days), nutritional conditions were improved and
the cage was modified to shorten the decubitus period after the
amputation procedure. Hematological analyses were performed
during the entire hospital care.

DNA extraction and molecular analyses

DNA was extracted from 200 pL whole blood with EDTA
and from a 200 pL synovial liquid using the DNeasy Blood &
Tissue Kit, according to manufacturer instructions. The 18SrRNA
of Hepatozoon sp. was amplified based on the PCR protocol
described by Ujvari et al. (2004) (targeting a 600 bp fragment).
Hepatozoon sp. DNA obtained from a naturally infected
Leprodactylus latrans was used as positive control (accession
number MK503643). The PCR amplicon obtained from synovial
liquid was purified using the Silica Bead DNA gel extraction kit
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(Thermo Fisher Scientific®, Waltham, MA, USA). Sequencing was
carried out using the BigDye® Terminator v3.1 Cycle Sequencing
Kit (Thermo Fisher Scientific®, Waltham, MA, USA) and ABI
PRISM 310DNA Analyzer (Applied Biosystems®, Foster City,
CA, EUA) (SANGER et al., 1977). Electropherogram quality
and a consensus sequence were obtained through analysis of the
sense and antisense sequence using the Phred Phrap software
(EWING & GREEN, 1998). The identity values were assessed by
BLASTn tool (using default parameters), available in the NCBI
GenBank database (ALTSCHUL et al., 1990). Sequences deposited
in the GenBank used for phylogenetic inferences were selected
from BLAST results and from other studies performed in Brazil
and in other countries. Maximum likelihood tree inference was
performed with IQ-TREE software using TPM2+F+G evolutionary
model (TRIFINOPOULOS et al., 2016). The phylogenetic tree
edition and rooting were performed using the Treegraph 2.0 beta
software (STOVER & MULLER, 2010). The blood samples were
also tested for the presence of DNA from other hemoparasites
such as Babesia/Rangelia/Theileria targeting the 18SrRNA gene
(JEFFERIES et al., 2007), and Mycoplasma sp. (MAGGI et al.,
2013) and Anaplasmataceae agents INOKUMA et al., 2000)
targeting the 16S rRNA gene.

Results

Blood and synovial liquid smears

No gamont suggestive of Heparozoon spp. infection was
observed in the blood smears. The pale red synovial liquid had
a low viscosity while the cytology revealed the predominance of
degenerate neutrophils with karyolytic chromatin associated with
intracellular inclusions suggestive of Hepatozoon sp. (Figure 1).
Additionally, pyogranulomatous inflammation and red blood cells
(hemarthrosis) with loss of windrowing, which reflected the low
viscosity of the fluid, were also observed.
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DNA extraction and molecular analyses

Both blood and synovial liquid were positive for PCR targeting
Hepatozoon sp.-18S rRNA. The 18S rRNA sequence detected in
synovial liquid was deposited in the GenBank (MK424119) while
BLAST results showed 98% identity with H. canis sequences
detected in wild and domestic canids in Brazil and other countries.
The phylogenetic inference, estimated by Maximum Likelihood,
clustered sequences in six branches: i.) the first group consisted of
H. canis sequences detected in domestic carnivores and the maned
wolf of this study; ii.) the second, H. canis sequences detected in
domestic and wild canids; iii.) the third, H. procyonis, detected in
coatis (Nasua nasua); iv.) H. felisand Hepatozoon spp. detected in
domestic and wild felids; v.) H. americanum and Hepatozoon spp.
detected in domestic and wild canids; vi.) Hepatozoon sp. detected
in rodents and reptiles (Figure 2). The clades showed considerable
statistical support. Haemogregarina spp. sequences were used as
outgroups.

The maned wolf was negative for piroplasmids, hemoplasmas,
and Anaplasmataceae agents according the to results of the PCR
assays.

Discussion

Infection caused by H. canis may be often a subclinical disease,
usually associated with low parasitemia, but in some cases, H. canis
infection can lead to severe disease that includes muscle lesions,
anorexia, weight loss, pale mucous membranes and other clinical
sings (BANETH & WEIGLER, 1997; PALUDO et al., 2005).
Animals with severe disease symptoms have been shown to have
extreme neutrophilia and high levels of parasitemia (BANETH;
SHKARD, 2003). H. canis were detected in three Brazilian dogs with
persistent parasitemia, causing muscle degeneration and atrophy,
and degenerating/regenerating myofibers, similar to the muscle
degeneration caused by H. americanum (PALUDO et al., 2005).
Although no gametocyte was observed in the peripheral blood
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Figure 1. Synovial liquid smear stained with Rosenfeld (100x obj.). (A)
intracellular inclusions suggestive of Hepatozoon sp. gametocytes (arrow);

Degenerate neutrophils with karyolytic chromatin associated with
(B) Pyogranulomatous inflammation, red blood cells (hemarthrosis)

with loss of windrowing and intracellular inclusions suggestive of Hepatozoon sp. gametocytes (arrow).
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Figure 2. Phylogenetic tree based on the 600 bp fragment (UJVARI et al., 2004) of Hepatozoon spp. 18StRNA sequences, using the Maximum
likelihood inference (ML) method and TPM2+F+G evolutionary model. Numbers at nodes correspond to bootstrap. Accession numbers
are indicated in the sequences. The sequence of Hepatozoon spp. detected in the present study is highlighted in blue. The positive control is

highlighted in red.

smears, the maned wolf from this study presented neutrophilia
with toxic granules, which probably resulted from the infected
skin lesions and limb injury, with no relation with Hepatozoon
infection. After 59 days, the animal did not present leukocytosis
anymore, which indicated that the neutrophilia was associated
with bacterial infection, which was resolved after antibiotic
therapy. At the day of discharge from hospital (3 months after
the entrance of the animal at the Veterinary Hospital), the animal
was still positive for Hepatozoon spp. by PCR, which shows that
the neutrophilia was not associated with Hepatozoon infection.
The swollen on both thoracic limbs, near the humerous-radius-ulna
articulation, allowed the detection of Hepatozoon gamonts in
synovial liquid smears. In fact, the observed swollen might
have been the result of an extensive period of decubitus that
the animal showed after the amputation procedure. Results of
synovial liquid cytology indicated inflammation, which may
have resulted in migration of leukocytes to the region. It is most
likely that the migration of leucocytes to humerous-radius-ulna
articulation generated an increase of the presence of neutrophils
in the area, which in association with immunosuppression due
to anesthesia/hospitalization procedures, allowed the detection of

Hepatozoon gamonts. It is known that immunosuppression caused
by concomitant infections or immunosuppressive medications
may influence the pathogenesis of new infection by H. canis or
reactivate an existing infection (BANETH et al., 2001).

Unlike other tick-borne diseases, hepatozoonosis is transmitted
by ingestion of ticks by the intermediary host (BANETH & SHKAP,
2003). In tropical and subtropical regions, including Brazil and
the United States, studies showed that /. canis is transmitted by
Amblyomma ovale ticks, Haemaphysalis longicornis, Haemaphysalis
flava, and Rhipicephalus sanguineus sensu lato (MURATA et al.,
1995; FORLANO et al., 2005, 2007; RUBINI et al., 2009).
In Brazil, the participation of R. sanguineuss.l. in the transmission
of H. canis should be better investigated (GOMES et al., 2016).
The maned wolf from this report had a light infestation of ticks,
which, unfortunately, were not sampled. To understand better the
transmission of hepatozoonosis and other hemoparasites, ectoparasites
should always be sampled and identified, and molecular analyses
should be performed to identify possible pathogens.

Studies in the literature have reported that A. canis has been
commonly detected in domestic dogs from all Brazilian regions

(RUBINI et al., 2008; SPOLIDORIO etal., 2009; RAMOS et al.,
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2010, 2015; SOUSA et al., 2017). Hepatozoon phylogenetically
related to H. americanum has been recently described in domestic
dogs in Belém, northern Brazil (GOMES et al., 2016), while
both Hepatozoon species have been detected in wild canids from
Brazil. While Hepatozoon sp. related to H. americanum has been
detected in maned wolf and crab-eating fox (Cerdocyon thous)
(CRIADO-FORNELIO et al., 2006; ANDRE et al., 2010;
SOUSA etal., 2017), H. canis was detected in Cerdocyon thous and
Pampas fox (Lycalopex gymnocercus) (CRIADO-FORNELIO etal.,
2006; SILVA etal., 2018). Additionally, a possible new Heparozoon
species that clustered separately from H. canisand H. americanum
based on 18S rRNA phylogenetic inference has been detected in
maned wolf, bush dog (Speothus venaticus) and hoary fox (Pseudalopex
vetulus) maintained in captivity in Brazil (AN DRE et al., 2010).
In this study, the molecular and phylogenetic analyses of the
Hepatozoon-18SrRNA sequence found in the synovial liquid from
the maned wolf clustered with H. canis sequences detected only
in domestic carnivores. The increased contact between wild and
domestic canids in disturbed environments may facilitate pathogen
exchanges, constituting one of the main threats against the maned
wolf populations (PAULA et al., 2013; OROZCO et al., 2013).
The animal evaluated in this report was found on a road, near a
peri-urban area, and its presence in such an area may have facilitated
contact with domestic animals and infection by H. canis. Although
clustering with H. canis sequences, the amplified sequences showed
only 98% of identity with H. canis by BLAST analysis, which
may suggest that the maned wolf was infected with another closely
related Hepatozoon species. Considering that the 18S rDNA gene
has been the only molecular marker used for phylogenetic analyses
of Hepatozoon spp. so far, problems for discriminating closely
related species might occur due to its high degree of conservation
(MORRISON et al., 2004). Recently, the complete genome of
H. canis was sequenced, which may allow the use of new target
genes, aiming ate achieving better discrimination of Hepatozoon
species (LEVEILLE et al., 2019).

The Hepatozoon sp. epidemiology in wild canids in Brazil
has not been fully elucidated yet. Although not producing the
clinical disease, Brazilian wild canids apparently have subclinical
canine hepatozoonosis, which may be aggravated when associated
with other parasites. For instance, Silva et al. (2018) detected
co-infection between Rangelia vitalii and H. canis in a free-living
L. gymnocercus from the state of Santa Catarina, southern Brazil.
Quadros et al. (2015) also reported the co-infection by R. vitalii,
H. canis, and Capillaria hepatica in an L. gymnocercus specimen,
which developed a fatal illness, in the state of Santa Catarina.
In Minas Gerais, southeastern Brazil, Silveira et al. (2016) reported
the co-infection by R. vitalii, Hepatozoon sp., Leishmania sp.,
Entamoeba spp. and intestinal helminths in a maned wolf. In the
present case report, co-infections by piroplasmids, hemoplasmas,
and Anaplasmataceae agents were not found.

Conclusion

To the best of authors knowledge, this is the first report of
Hepatozoon sp. gametocytes in synovial liquid of a maned wolf.
Although clustering with H. canis previously detected in domestic
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carnivores in phylogenetic analyses, BLAST results may indicate
that the maned wolf was infected with another closely related
Hepatozoon species. Keeping in mind that an increase contact
between wild and domestic animals may facilitate pathogen
exchange, special attention should be given for vector-borne agents
in endangered wild carnivores maintained in captivity.
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