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a  b  s  t  r  a  c  t

Hepatozoon  canis  is a  tick-borne  parasite  that  occurs  worldwide.  In  rural  areas  of  Brazil,  H. canis  vectors
remain  unknown,  which  has  led  to speculation  about  alternative  routes  of  transmission.  Small  rodents
can  play  a role  in  the  transmission  (via predation)  of Hepatozoon  americanum,  which  led  us  to question
whether  predation  might  be  an  alternative  mode  of  transmission  for  H.  canis.  Thus,  this  study  investigated
whether  Hepatozoon  spp.  are  present  in  wild  small  rodents  in  forest  fragments  that  surround  rural  areas  in
Botucatu  County,  São  Paulo,  Brazil,  where  canine  hepatozoonosis  is endemic.  The study  included  blood
samples  from  158 dogs, which  were  screened  by microscopy  and  molecular  analysis.  Blood  samples
and  tissues  from  67  rodents  were  obtained  for histopathology  and  molecular  detection.  The  prevalence
of  H.  canis  was  high  (66.45%)  in  dogs  from  rural  areas  of  Botucatu,  São  Paulo,  Brazil.  The  molecular
ogs
ild rodents

analysis  showed  that wild  rodent  species  in  Brazil  were  infected  with  Hepatozoon  spp.  other  than  H. canis.
Therefore,  although  the  hypothesis  that sylvatic  rodents  act as reservoirs  for H. canis  was  not  supported,
the  presence  of  monozoic  cysts  in  the  rodents  suggests  that,  in  addition  to intermediate  hosts,  wild  small
rodents  in  Brazil  might  act  as  paratenic  hosts  of  Hepatozoon  spp. because  they  harbor  infective  stages  for
intermediate  host  predators.

©  2016  Elsevier  GmbH.  All  rights  reserved.
. Introduction

Hepatozoon species (phylum Apicomplexa) are blood parasites
hat use a wide range of vertebrates as intermediate hosts, includ-
ng amphibians, reptiles, birds, and domestic and wild mammals
Smith, 1996; Baneth et al., 2003). Members of this genus exhibit

 complex and obligate heteroxenous life cycle in which oocysts
orm in invertebrate definitive hosts (Smith et al., 1999; Baneth
t al., 2007) and transmission to vertebrate intermediate hosts
ommonly occurs through the ingestion of infected invertebrate
osts (various blood-sucking arthropods) (Smith, 1996).

Hepatozoonosis caused by Hepatozoon canis is a canine tick-

orne disease that occurs worldwide (Baneth, 2011; Aktas et al.,
015). The brown dog tick, Rhipicephalus sanguineus sensu lato (s.l.),

s the main vector of the disease (Baneth et al., 2007; Giannelli

∗ Corresponding author.
E-mail address: odwyer@ibb.unesp.br (L.H. O’Dwyer).

ttp://dx.doi.org/10.1016/j.ttbdis.2016.04.002
877-959X/© 2016 Elsevier GmbH. All rights reserved.
et al., 2013); however, studies indicate the existence of a “R. san-
guineus group”, although the number of species in the group is
uncertain (Dantas-Torres and Otranto, 2015; Nava et al., 2015),
which suggests that the vector competence of this tick species for
H. canis might differ among geographical regions (Dantas-Torres
and Otranto, 2015). In Hungary, for example, Hornok et al. (2013)
found a high prevalence of canine hepatozoonosis in regions where
R. sanguineus s.l. is not considered to be endemic. In Brazil, appar-
ently, the tropical lineage of R. sanguineus s.l. is not associated with
the transmission of the protozoan (Rubini et al., 2009; Demoner
et al., 2013).

In addition to infection through the ingestion of ticks, non-
vector transmission of H. canis has been demonstrated (e.g., vertical
transmission) (Murata et al., 1993). Several studies have strongly
suggested that Hepatozoon americanum (the causative agent of
canine hepatozoonosis in the USA) can be transmitted by predation

(ingestion of cystic forms of the parasite in laboratory rodents and
rabbits) (Johnson et al., 2008a; Johnson et al., 2008b; Johnson et al.,
2009a). Furthermore, in the southeastern USA, case reports have

dx.doi.org/10.1016/j.ttbdis.2016.04.002
http://www.sciencedirect.com/science/journal/1877959X
http://www.elsevier.com/locate/ttbdis
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ttbdis.2016.04.002&domain=pdf
mailto:odwyer@ibb.unesp.br
dx.doi.org/10.1016/j.ttbdis.2016.04.002
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inked H. americanum infection to a high proportion of dogs that
ad access to natural prey (Johnson et al., 2009b). Epidemiological
ata have indicated a high prevalence of H. canis infections among
ogs in rural areas of Brazil (O’Dwyer, 2011). In rural areas, dogs
ften roam the forests and, probably, engage in predation (Rubini
t al., 2008; de Miranda et al., 2014).

In Brazil, H. canis DNA has been detected in Amblyomma cajen-
ese sensu lato; however, this group of ticks might not play a
ole as vectors (Melo et al., 2016). Additionally, although H. canis
ocysts have been identified in Rhipicephalus microplus (formerly,
oophilus microplus)  and Amblyomma ovale ticks (Forlano et al.,
005; de Miranda et al., 2011), the vector competence of these ticks

s unknown.
Hepatozoon species have been identified in wild small rodents in

urope (Laakkonen et al., 2001; Criado-Fornelio et al., 2006), Africa
Maia et al., 2014), North America (Johnson et al., 2007) and South
merica (Wolf et al., 2016). Although they are important reser-
oirs for various vector-borne pathogens and have an important
rophic position, which have implications for predator-prey trans-

ission, information about Hepatozoon spp. infecting wild rodent
opulations is lacking. The vector competence of tick species in the
ransmission of H. canis in Brazil is not well understood; therefore,
here might be unknown epidemiological aspect(s) (e.g., ingestion
f cystozoite forms in paratenic hosts). Within that context, this
tudy investigated whether Hepatozoon spp. are present in wild
odents in forest fragments near rural areas in Botucatu County,
ão Paulo, southeastern Brazil, where canine hepatozoonosis is
ndemic.

. Material and methods

.1. Dog sampling

Between January and June 2013, 158 apparently asymptomatic
ogs were randomly sampled from 40 rural households in the
unicipality of Botucatu, São Paulo, southeastern Brazil. EDTA

lood samples were obtained from cephalic or jugular veins for
se in the isolation of DNA. Thin blood smears were taken from the
arginal veins of the ear, fixed with metanol, stained with Giemsa,

nd screened for Hepatozoon gametocytes.
Each dog was inspected for ectoparasites. Fleas and ticks were

emoved and stored in 70% ethanol. Ectoparasites were identi-
ed using a stereomicroscope and taxonomic keys (Barros-Battesti
t al., 2006; Martins et al., 2010; Linardi and Santos, 2012). To inves-
igate the presence of Hepatozoon oocysts in the hemocoel, ticks
ere dissected following the procedure of Demoner et al. (2013).

.2. Trapping of wild rodents and sample collection

Between September 2013 and June 2014, 67 rodents belonging
o five species were live-trapped in forest fragments that sur-
ounded the rural communities in which the domestic dogs were
xamined. Rodents were collected along terrestrial linear transects
sing pitfalls traps (each pitfall line consisted of six 60-l buckets
paced 10 m apart) and aluminum Sherman traps (31 × 8 × 9 cm;
ach transect consisted of 20 Sherman traps spaced at 2 m inter-
als). Trapping occurred on seven consecutive days, and traps were
aited with a mixture of peanut butter, canned sardines, cornmeal,
nd oatmeal, which has been considered an effective attractant for
ild rodents (Peres et al., 2013).

For tissue collection and necropsy, each captured rodent was

nesthetized by isoflurane inhalation and weighed, and for DNA
solation, peripheral blood samples were obtained by cardiac punc-
ure. Rodents were euthanized by increasing the anesthetic dose
nd their organs were removed. Tissue samples were collected for
orne Diseases 7 (2016) 859–864

PCR assays and histopathological analysis. For histological anal-
yses, tissues were formalin-fixed, paraffin-embedded, sliced at a
5 �m thickness, and stained with hematoxylin and eosin (H&E).
To prevent, for example, Hantavirus and Arenavirus infections, the
rodents were trapped and handled following biosafety guidelines
(Mills et al., 1995).

2.3. DNA isolation, amplification and sequencing

Genomic DNA was  extracted from the dog blood samples
(approximately 200 �l) and from the rodent samples (100–200 �l
of blood and 20–50 mg  of skeletal muscle, spleen, and liver) using
the Illustra Blood genomicPrep Mini Spin Kit® and the Illustra Tis-
sue Mini Spin Kit® (GE Healthcare, Buckinghamshire, UK), following
the protocols provided by the manufacturer. PCR reactions were
performed in a total volume of 25 �l containing 12.5 �l of GoTaq®

Colorless Master Mix  (Promega Corporation, WI,  USA), 1 �l of each
primer, 5 �l of DNA and 5.5 �l of ultra-pure sterile water. A neg-
ative (distilled sterile water) and a positive (H.  canis-positive dog)
control were used in each reaction.

For the PCR screening of the canine blood samples, the primer
pair HepF (5′-ATA-CAT-GAG-CAA-AAT-CTC-AAC-3′) and HepR (5′-
CTT-ATT-ATT-CCA-TGC-TGC-AG-3′) was used to amplify a 666-bp
fragment of the 18S ribosomal RNA gene of Hepatozoon spp.
(Inokuma et al., 2002). The PCR parameters were 94 ◦C for 3 min,
followed by 37 cycles at 94 ◦C for 45 s, annealing at 57 ◦C for 45 s,
extension at 72 ◦C for 1 min, and at 72 ◦C for 7 min.

Detection of Hepatozoon species in rodent blood and tissues
was performed by conventional PCR using the primers HepF300
(5′-GTT-TCT-GAC-CTA-TCA-GCT-TTC-GAC-G-3′) and Hep900 (5′-
CAA-ATC-TAA-GAA-TTT-CAC-CTC-TGA-C-3′), which target a 600-
bp fragment of the 18S rRNA gene of Hepatozoon spp. (Ujvari et al.,
2004). The reactions were performed using the following parame-
ters: 94 ◦C for 3 min, 35 cycles at 94 ◦C for 45 s, 56 ◦C for 1 min, 72 ◦C
for 1 min, and a final extension step of 72 ◦C for 7 min.

For additional phylogenetic analysis, a second PCR protocol tar-
geted a larger segment (approximately 1120 bp) of the 18S rRNA
gene in some of the dog samples and all of the rodent samples that
tested positive for Hepatozoon species in the first PCR. The primer
pair 4558 (5-′GCT-AAT-ACA-TGA-GCA-AAA-TCT-CAA-3′) and 2733
(5′-CGG-AAT-TAA-CCA-GAC-AAA-T-3′) was used (Mathew et al.,
2000). The following amplification conditions were used for that
reaction: 94 ◦C for 3 min, followed by 40 cycles of 94 ◦C for 1 min,
annealing at 56 ◦C for 1 min, 72 ◦C for 90 s and, following the cycles,
a final extension of 72 ◦C for 7 min.

The resulting amplicons were viewed under ultraviolet light on
1% agarose gel (80 V, 60 min) stained with GelRedTM (Biotium, Hay-
ward, USA), and were measured by comparison with 1Kb plus DNA
Ladder (Invitrogen, Carlsbad, EUA) as a molecular marker. The PCR
products were purified using Illustra ExoProStar 1-Step (GE Health-
care, Buckinghamshire, UK), then sequenced directly using the Taq
DyeDeoxyTerminator Cycle Sequencing Kit (v.2, Applied Biosys-
tems, USA) in an automated sequencer (ABI-PRISM 377, Applied
Biosystems). Sequences were edited using BioEdit software, ver-
sion 7.2.5 (Hall, 1999) and compared for similarity to the sequences
available in GenBank (http://www.ncbi.nlm.nih.gov/BLAST).

2.4. Phylogenetic analysis

Phylogenetic reconstructions were based on the sequences
obtained in this study (the two  Hepatozoon spp. sequences from
the rodents and a H. canis sequence from a domestic dog) and

12 additional Hepatozoon spp. sequences retrieved from GenBank.
Multiple alignment analysis was  performed using the Clustal X
version 2.0 (Larkin et al., 2007), and a phylogenetic tree was con-
structed based on the Neighbor-Joining algorithm and the Kimura
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Table 1
Prevalence of Hepatozoon infections in rodents collected in the municipality of Botu-
catu, São Paulo, Brazil.

Rodent species Number of specimens Hepatozoon PCR
positive
(prevalence%)

Oligoryzomys nigripes 40 32.5%
Oligoryzomys flavescens 3 100%
Akodon sp. 19 89.5%

lower (95%).
Histopathological examination of tissues revealed cystozoites

within monozoic cysts (Fig. 1) in the spleen, lungs, and kidneys
of 16.2% (n = 37) of the Hepatozoon-infected rodents (Akodon sp.).
L.d.C. Demoner et al. / Ticks and 

wo-parameter model for generating the distance matrix, as
mplemented in Molecular Evolutionary Genetics Analysis (MEGA)
ersion 6 (Tamura et al., 2013). To estimate the confidence of the
ranching patterns in the Neighbor-Joining tree, we used the Boot-
trap Test with 1000 replications (Felsenstein, 1985).

.5. Data analysis

Cross Tabulation and a Chi-Square Test were used to verify the
orrelation between two types of categorical variables. In all analy-
es, the alpha level was set at 0.05. Statistical tests were performed
sing IBM SPSS Statistics version 22.

.6. Ethical approval

All animal procedures were conducted following approval by
he Ethical Committee for Animal Research at the Instituto de Bio-
iências/UNESP (CEUA—Comissão de Ética no Uso de Animais),
rotocol 431, and in accordance with Brazilian laws under a
ermanent scientific collection license approved by the Brazil-

an Institute of Environment and Renewable Natural Resources
IBAMA) through the System Authorization and Information on
iodiversity (SISBIO 36283-3).

. Results

.1. H. canis in dogs

Thirty-nine (24.6%) of 158 dogs presented circulating Hep-
tozoon gametocytes in stained thin blood smears. PCR assays
ndicated that 66.45% (105/158) of the dogs were infected with Hep-
tozoon sp. The sequences obtained from 20 positive samples were
00% identical. Sequencing yielded sequences that were 99–100%

dentical to various H. canis genotypes that have been deposited in
enBank. A H. canis sequence from the dogs examined in our study
as been deposited in the Genbank (accession number KU569168 ).

.2. Ectoparasites on H. canis-infected dogs

Of the 105 dogs that were positive for H. canis based on PCR
nalyses, 52.38% had at least one species of ectoparasite. The only
ea species found, Ctenocephalides felis felis, was the most prevalent
nd abundant ectoparasite among the infected dogs (86.4% of 229
ctoparasites recovered). Thirty-four (61.81%) of the dogs had infes-
ations of that flea species. Ten (18.1%) of the infected dogs were
nfested by ixodid ticks (13.5% of all ectoparasites), which were
f four species: R. sanguineus s.l. (n = 18), A. ovale (n = 6), Ambly-
mma sculptum (n = 6), and R. microplus (n = 1). The remaining 11
ogs (20%) harbored mixed infestations by fleas and ticks. Neither
he presence of ticks (�2 = 0.04, df = 1) nor the presence of fleas
�2 = 0.08, df = 1) were significantly (p > 0.05) correlated with the
resence of H. canis infections.

To recover H. canis oocysts, ticks from infected dogs were
issected. All but one (1.9%) tested negative for the pres-
nce of parasitic forms. A single semi-engorged female R.
icroplus tick had 132 typical sporulated H. canis oocysts

200.0 ± 14.7 × 158.9 ± 6.0 �m).

.3. Hepatozoon spp. infections in wild rodents

Thirty-seven (55.2%) of the 67 rodents examined showed evi-
ence of Hepatozoon spp. infection based on DNA in at least one type

f tissue examined (blood, liver, spleen, and skeletal muscle). All of
he rodent species captured were susceptible to infection (Table 1).

Thirty-seven partial Hepatozoon sp. 18S rRNA sequences were
roduced using the 4558 and 2733 primer set. The multiple align-
Necromys lasiurus 4 75%
Sooretamys angouya 1 100%
Total 67 55.2%

ment identified two distinct Hepatozoon genotypes, designated
Hepatozoon sp. genotype Rodent SP-1 and Hepatozoon sp. genotype
Rodent SP-2, which had 13 nucleotide differences (1.3%, 973/986).
Most (33) of the sequences, which were identical, were from Hepa-
tozoon sp. genotype Rodent SP-1 and were derived from the blood
or tissue of 11 Akodon sp. and one O. nigripes. The remaining
four sequences, which were identical, belonged to Hepatozoon sp.
genotype Rodent SP-2 and were obtained from the blood, liver,
and spleen of two  O. flavescens specimens. The two Hepatozoon
sequences identified in the present study have been deposited
in GenBank as follows: Hepatozoon sp. genotype Rodent SP-1
(KU667308) and Hepatozoon sp. genotype Rodent SP-2 (KU667309).

The Hepatozoon genotypes were 99% identical to the follow-
ing Hepatozoon sp. sequences available in GenBank: AB181504
(Hepatozoon sp. in a giant rat from Thailand), FJ719815, FJ719816,
FJ719817, FJ719818, FJ719819 (Hepatozoon sp. in wild rodents from
Chile), AY600625, AY600626, JX644997 (Hepatozoon sp. detected
in sylvatic rodents from Europe), and EF157822 (a Hepatozoon
ayorgbor sequence detected in the African snake Python regius).
In addition, Hepatozoon sp. genotype Rodent SP-1 and Hepatozoon
sp. genotype Rodent SP-2 were, respectively, 99% and 98% iden-
tical to Hepatozoon sp. Rodent MT  (accession number KP757838)
detected in wild rodents from the Brazilian Pantanal. Genetic sim-
ilarities between the Hepatozoon isolates from rodents from São
Paulo, Brazil, and the H. canis sequences from the dogs in the present
study and H. canis sequences that have been deposited in the Gen-
Bank database [DQ43950 (Venezuela) and AY150067 (Spain)] were
Fig. 1. Monozoic cysts containing cystozoites (arrows) in the lung of a naturally
Hepatozoon-infected Akodon sp. from São Paulo, Brazil. Hematoxylin & Eosin stain,
Bar  = 10 �m.
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n average, parasites measured 4.5 ± 1.2 × 1.6 ± 0.5 �m.  Hepato-
oon sp. 18S rRNA sequences obtained from the tissues containing
onozoic cysts were 100% identical to the sequence Hepatozoon sp.

enotype Rodent SP-1.

.4. Phylogenetic analysis

The Neighbor-Joining phylogenetic tree based on a 504-bp frag-
ent of the 18S rRNA gene (Fig. 2) indicated that the Hepatozoon

pecies detected in sylvatic rodents were distinct from the H. canis
equences detected in dogs from Brazil and other countries (boot-
trap values ranged from 65 to 99). Although the sequences from
odents were grouped in a distinct cluster from an H. americanum
equence (with bootstrap support of 84), they were closer to H.
mericanum than they were to H. canis isolates.

Hepatozoon sp. genotype Rodent SP-1 and Hepatozoon sp. geno-
ype Rodent SP-2 grouped with Hepatozoon sequences from wild
odents from various countries. In addition, the two genotypes were
ositioned within a Hepatozoon spp. group detected in rodents from
outh America (FJ719816 and KP757838) and distinct from a Hep-
tozoon spp. group obtained from rodents in Europe (AY600626,
F418366, JX644997, AY600625). Hepatozoon sp. genotype Rodent
P-1 clustered close to H. ayorgbor, from an African ball python.

. Discussion

More than a century ago, Christophers (1907) first identified the
ole of R. sanguineus s.l. ticks in the transmission of canine hepa-
ozoonosis caused by H. canis. That tick species is the main vector
f the disease in many regions of the world (Baneth et al., 2007;
iannelli et al., 2013). In Brazil, however, the R. sanguineus group
oes not appear to be involved in the transmission of H. canis, and
fforts to identify tick species that might serve as competent vec-
ors have not been successful (Forlano et al., 2005; Demoner et al.,
013). Small rodents can play a role through predation in the trans-
ission of H. americanum (Johnson et al., 2008b), which led us to

uppose that predation might be a transmission route for H. canis.
o our knowledge, our study is the first to investigate the relation-
hips among Hepatozoon species that infect domestic canids and
ild rodents in Brazil.

Molecular analyses revealed a high (66.45%) prevalence of H.
anis among apparently asymptomatic dogs from rural areas in
razil, which was  not unexpected because it appears to be a com-
on  parasite in rural areas of Brazil. Rubini et al. (2008) reported a

3.3% prevalence of canine hepatozoonosis in rural communities in
ão Paulo, Brazil. In rural areas of Minas Gerais, Brazil, de Miranda
t al. (2014) found a high (84.3%) prevalence of H. canis in domestic
ogs. Moreover, H. canis infection was also very prevalent (75.9%) in
ogs from urban areas, which does not corroborate previous stud-

es that found a prevalence ranging from 0.48% to 7.6% in dogs from
rban areas in Brazil (Gomes et al., 2010; Ramos et al., 2010; Ramos
t al., 2015).

In our study, although ectoparasite infestation and H. canis infec-
ions were not correlated, most (61.8%) of the infected dogs were
nfested by C. felis felis fleas. Canine hepatozoonosis is well- known
o be transmitted by ticks (Baneth, 2011); however, some Hepato-
oon species can be transmitted by other blood-sucking arthropods
uch as fleas, mosquitoes, mesostigmatid mites, and sandflies
Smith, 1996; Laison et al., 2003). In addition, fleas are invertebrate
osts of Hepatozoon spp. that infect mammals (Watkins et al., 2006).

he role of ticks in the transmission of H. canis in Brazil is unclear
nd a high proportion of Hepatozoon-positive dogs were infested by
eas; therefore, there is value in assessing whether these ectopara-
ites have an important role as vectors of the disease in rural areas
orne Diseases 7 (2016) 859–864

of Brazil, which might lead to new approaches for investigating
epidemiological aspects of H. canis.

The proportion of the naturally H. canis-infected dogs that had
tick infestations was  low (18%). In addition, only one (a R. microplus
tick) of 31 ticks was infected with typical Hepatozoon sp. oocysts.
de Miranda et al. (2011) found H. canis oocysts in a female R.
microplus collected from a naturally infected dog. R. microplus is
a one-host tick (Gonzales, 1974) and, probably, this ixodid does
not play an important role in the transmission of the protozoan,
primarily because transovarial transmission does not occur in Hep-
atozoon species (Baneth et al., 2007). Furthermore, dogs are not the
preferred hosts of R. microplus (Franque et al., 2007), and its role in
the epidemiology of H. canis remains questionable.

In the present study, none of 18 R. sanguineus s.l. ticks collected
from naturally infected dogs were infected with stages of Hepa-
tozoon sp. Demoner et al. (2013) were unable to experimentally
transmit H. canis to R. sanguineus s.l. ticks. Additionally, Melo et al.
(2016) performed PCR for the detection of H. canis in R. sanguineus
s.l. ticks (n = 320) collected from domestic dogs and none of the
ticks tested positive. Collectively, these findings strongly indicate
that the R. sanguineus group in Brazil does not act as a vector of H.
canis.

Overall prevalence of Hepatozoon infection was high (55%)
among wild rodents in southeastern Brazil. Merino et al. (2009)
detected unidentified Hepatozoon species in 47% of 17 rodents
(Abrotrix olivaceus and Abrotrix sanborni). Maia et al. (2014) found a
41% prevalence of Hepatozoon parasites in wild rodents from North
Africa. In North America, Hepatozoon spp. are highly prevalent in
wild rodents. For example, in the USA, Johnson et al. (2007) detected
Hepatozoon sp. in 58% of cotton rats and 33.3% of white-footed mice.
Wolf et al. (2016) were the first to detect Hepatozoon sp. in sylvatic
rodents in Brazil, reported a low (7%) prevalence in Calomys callosus.
Thus, apparently, Hepatozoon might be a common parasite of wild
rodents worldwide. Differences between studies in the infection
rates in Brazil might have been due to the geographical distribution
of the parasite and the availability of suitable definitive hosts.

Analysis of the 18S rRNA gene sequences of Hepatozoon and
the phylogenetic analysis clearly showed that the two Hepato-
zoon genotypes detected in wild rodents in southeastern Brazil are
genetically distinct and phylogenetically distant from Hepatozoon
species that infect dogs. In the USA, Johnson et al. (2007) obtained
Hepatozoon sequences from wild rodents trapped in endemic areas
for American canine hepatozoonosis that were genetically distinct
from H. canis and H. americanum. Maia et al. (2014) performed phy-
logenetic analyses of Hepatozoon sequences from various predators
(wild canids and snakes) and their prey (rodents and lizards) in
North Africa and concluded that transmission by predation may
occur less frequently between prey and canid predators than it
does in predator-prey systems involving snakes and lizards. In addi-
tion, the Hepatozoon sequences obtained from wild rodents were
not genetically related to H. canis isolates. Those results encourage
us to suggest that wild rodents are not involved in the transmis-
sion of H. canis to domestic dogs; therefore, they might not have a
role in the transmission of canine hepatozoonosis in rural areas in
southeastern Brazil.

The Hepatozoon sequences obtained from Brazilian rodents were
genetically similar (99%) to a H. ayorgbor sequence found in an
African ball python, P. regius (Sloboda et al., 2008). In addition,
Sloboda et al. (2008) transmitted H. ayorgbor to a snake by feeding it
tissues from experimentally infected rodents, which suggests that
there are three hosts (mosquito-rodent-serpent) in the life cycle of
H. ayorgbor. Allen et al. (2011) identified a Hepatozoon sp. sequence

from the snake Boa constrictor imperator that was  very similar to
rodent sequences. The transmission of Hepatozoon spp. from prey
to snakes usually involves frogs or lizards as a paratenic host (Smith,
1996; Smith et al., 1999); however, given those findings, we sus-
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Fig. 2. Phylogenetic relationships among Hepatozoon species based on the partial sequence of the 18S rRNA gene. Neighbor-joining tree associated with the sequences
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btained from domestic dogs and wild rodents in southeastern Brazil and sequenc
fter  1000 replications. Bootstrap values < 50 are not shown. Scale indicates an evo
as  used as an outgroup. New sequences identified in the study are indicated in bo

ect that rodents have an important role in the transmission of
epatazoon species that infect snakes.

Monozoic cysts that contained cystozoites were detected in
ome of the Hepatozoon-infected rodents, which is unlike previ-
us studies that did not identify cysts in tissues from naturally
nfected rodents (Laakkonen et al., 2001; Johnson et al., 2007). Tis-
ue cyst formation has been documented in Hepatozoon spp. that
nfect reptiles and anurans (Smith et al., 1994). Those cyst forms

ight be infective to intermediate host predators (Johnson et al.,
008a). Our study has shown that wild rodents in Brazil can be an

ntermediate host or a paratenic host of Hepatozoon spp., which
nderscores the need to understand the role that rodents might
lay in the epidemiology of Hepatozoon spp.

In conclusion, we identified two novel Hepatozoon genotypes
hat infect wild small rodents in Southeastern Brazil, which are not
losely related to H. canis. Therefore, the question concerning how
ogs in Brazil become infected remains without answers; however,
ecause sylvatic rodents harbor infective tissue stages, they might
e a source of infection for wild predators.
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