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Hematological disorders detected in dogs infected by Hepatozoon canis in a
municipality in Mato Grosso do Sul State, Brazil
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ABSTRACT

A retrospective review of hematological reports of nine dogs detected with Hepatozoon canis infection by
microscopic examination of blood smears in a laboratory in the municipality of Dourados, Mato Grosso do Sul,
Brazil was conducted. This study aimed to evaluate the hematological profile of these infected dogs, in addition
to the occurrence of coinfections with other agents that infect blood cells, since studies concerning canine
hepatozoonosis in Brazil are scarce and there are some divergences regarding H. canis infection that still
require a resolution. The nine cases of H. canis infection were identified among all dogs examined at the
studied laboratory in 2009 and 2010, with an occurrence of 7/1,192 (0.59%; 95% CI 0.15 - 1.02%) positive
dogs in the first year and 2/1,313 (0.15%; 95% CI 0.02 — 0.55%) cases in 2010. The analysis of the
hematological reports showed an occurrence of coinfection between H. canis and other agents in two (2/9;
22.22%; 95% CI 2.81 — 60.00%) dogs, one with E. canis and another with Babesia spp. (1/9; 11.11%; 95% CI
0.28 — 48.24%). Only the blood test of one dog had no alterations, based on reference values. Anemia was the
most frequent hematological alteration (6/9; 66.67%; 95% CI 29.93 — 92.51%). Although the occurrence of H.
canis infection was low, significative hematological alterations were observed in most infected dogs.
Coinfection with Babesia spp. and E. canis was detected in two dogs and the hematological alterations cannot
be attributed exclusively to H. canis in these animals. Longitudinal studies would be of fundamental
importance to determine the causality of these alterations. These results highlight the importance of differential
diagnosis in dogs when there is clinical suspicion of infection by hemoparasites, since the hematological
changes in dogs infected by H. canis are quite variable.
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RESUMO

Realizou-se estudo retrospectivo de laudos hematoldgicos de nove cdes detectados com infec¢do por
Hepatozoon canis, por meio de exame microscOpico de esfregagos sanguineos, em um laboratério no
municipio de Dourados, Mato Grosso do Sul, Brasil. Este estudo objetivou avaliar o perfil hematoldgico dos
cdes infectados, além da ocorréncia de coinfec¢Bes com outros agentes que infectam células sanguineas, tendo
em vista que estudos a respeito da hepatozoonose canina no Brasil sdo escassos e que existem algumas
divergéncias a respeito da infeccdo por H. canis que ainda requerem esclarecimento. Os nove casos de
infeccéo por H. canis foram identificados dentre todos os cdes examinados no laboratorio estudado, em 2009 e
2010, com uma ocorréncia de 7/1.192 (0,59%; IC 95% 0,15 — 1,02%) cées positivos no primeiro ano e de
2/1.313 (0,15%; 1C 95% 0,02 — 0,55%) em 2010. A analise dos laudos hematol6gicos dos nove cées evidenciou
a ocorréncia de coinfeccdo entre H. canis e outros agentes em dois (2/9; 22,22%; 1C 95% 2,81 — 60,00%)
desses cées, um deles com E. canis e outro com Babesia spp. (1/9; 11,11%; I1C 95% 0,28 — 48,24%). Apenas o
exame sanguineo de um cdo ndo evidenciou alteragdes, com base nos valores de referéncia. Anemia foi a
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alteracdo hematolégica mais frequentemente observada (6/9; 66,67%; IC 95% 29,93 — 92,51%). Embora a
ocorréncia de infeccGes por H. canis neste estudo tenha sido baixa, alteraces hematoldgicas significativas
foram observadas na maioria dos cées infectados. Coinfec¢es com Babesia spp. € E. canis foram observadas
em dois caes, ndo sendo possivel atribuir exclusivamente a H. canis as alteragdes hematoldgicas detectadas
nesses animais. Estudos longitudinais seriam fundamentais para determinar a causalidade dessas alteragdes.
Os resultados ressaltam a importéncia de realizar diagnoéstico diferencial em cdes quando ha suspeita clinica
de infeccdo por hemoparasitas, uma vez que as alteragdes hematolégicas em cdes infectados por H. canis sdo

bastante variaveis.

Palavras-chave: Hepatozoon canis, coinfecgdo, anemia, eritrograma, leucograma

INTRODUCTION

Parasites detected in canine blood include
protozoa  of  the genus Hepatozoon
(Apicomplexa: Hepatozoidae), which contains
hundreds of species, but two are infectious to
dogs: H. canis and H. americanum. The latter is
responsible for canine hepatozoonosis in North
America, with characteristics that differ from
those that occur in the rest of the world (Vincent-
Johnson et al., 1997; Baneth et al., 2000).

Dogs become infected with H. canis by ingesting
a tick vector containing the parasite in its body
cavity. Thus, the infection by the protozoan
occurs in regions where its main vector and
definitive host is found (Vincent-Johnson et al.,
1997), the tick species Rhipicephalus
sanguineus, also known as the brown dog tick
(Nijhof et al., 2005). After ingestion, the parasite
initiates merogony in various organs of the dog
and gametogony in neutrophils and monocytes
(Vincent-Johnson et al., 1997).

Studies concerning canine hepatozoonosis in
Brazil are scarce. Divergences regarding
pathogenicity, epidemiology and genetic
characterization of H. canis infection still require
resolution (O'Dwyer et al., 2006; Amoli et al.,
2012). No single diagnostic method has been
used as the sole means of confirming tick-borne
diseases (Mylonakis et al., 2004) and it is
common to perform blood test when there is
suspicion of infection by hemoparasites in dogs,
to check and to determine what kind of
alterations were induced.

In this way, this study aimed to assess the
hematological alterations in nine cases of H.
canis infection in dogs submitted to hematology
and blood smear examination for screening of
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hemoparasites in the municipality of Dourados,
Mato Grosso do Sul (MS).

MATERIALS AND METHODS

A longitudinal retrospective review  of
hematological reports of dogs was conducted
with the approval of the institute’s Research
Ethics Committee (n.038/11, 13 may 2011), in
order to verify the diagnosis of H. canis infection
in dogs. The blood samples of these dogs were
examined by the Clinical Pathology Laboratory
of the Veterinary Hospital of Grande Dourados
University Center (UNIGRAN), located in the
municipality of  Dourados  (22°13°16”S;
54°48°20”W), MS, in central-western Brazil.

The blood samples were collected from January
2009 to December 2010, via venous puncture or
skin prick of the ear tip to obtain one drop of
capillary or peripheral blood (O'Dwyer et al.,
2006).

Blood smears were prepared from venous or
capillary blood, since microscopic examination
of blood smears is the test of choice in routine
clinical practice (O'Dwyer, 2011), which is a
simple technique (Mercer and Craig, 1988). The
blood smears were stained by aquick
panoptic method  (Quick  Panoptic test,
Newprov®, Brazil) and examined under an
optical microscope (Eclipse E-200, Nikon®,
USA) through oil immersion objective (100x), to
determine the presence of hemoparasites.

The slides were also used for leukocyte
differential counts by visualizing 100 cells
(Thrall, 2006). The total values of red blood cells
(RBC), white blood cells (WBC) and
hemoglobin were obtained using an automatic
counter (Celm CC-530, Celm®, Brazil), while
mean packed cell volume (PCV) and
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quantification of total plasma protein (TPP) and
fibrinogen were obtained using microhematocrit
and refraction techniques (Thrall, 2006),
respectively. The Wintrobe RBC indices were
determined using the methodology described by
Bush (2004), through which the mean
corpuscular hemoglobin concentration (MCHC)
and mean corpuscular volume (MCV) were
calculated. It is worth highlighting that only the
hematological findings were evaluated in this
study and the methods described above were
performed in the laboratory routine. All data
were tabulated in a spreadsheet with Excel” 2010
software (Microsoft, Redmond, WA).

The most frequent hematological changes in
infected dogs were described according to
reference values described by Rizzi et al. (2010),
used by the laboratory where the blood test were
performed. The percentages described and their
95% confidence intervals (95% CI) were
calculated using the Stata version 9.2 software
(Stata Corp., Texas, USA), considering a
significance level (o)) of 5% (Triola, 2005).

RESULTS

The nine cases of canine infection by H. canis
were detected by direct observation in blood
smears among 2,505 (9/2,505; 0.36%; 95% CI
0.12 - 0.59%) dogs examined from January 2009
to December 2010.

In these years, the parasite H. canis was detected
less frequently in comparison to other two agents
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of blood infection in dogs: Babesia spp. and
Ehrlichia canis. In 2009, 7/1,192 (0.59%; 95%
CI 0.15 - 1.02%; average = 0.58 cases/month)
dogs were positive for H. canis, which represents
7.61% (7/92; 95% CI 2.19 - 13.03%) of dogs
diagnosed in this year with infection by at least
one of these three agents (Babesia spp.,
Ehrlichia canis and/or H. canis). Also in 2009,
66/1,192 (5.54%; 95% CI 4.24 — 6.83%; average
= 5.5 cases/month) dogs were detected with E.
canis infection and 19/1,192 (1.59%; 95% CI
0.88 — 2.30%; average = 1.58 cases/month) with
Babesia spp.

In 2010, only 2/1,313 dogs (0.15%; 95% CI 0.02
— 0.55%; average = 0.17 cases/month) resulted
positive to H. canis, accounted as 2.86% (2/70;
95% CI 0.35 — 9.94%) of positive dogs for at
least one of the three agents of blood infection
cited. Babesia spp. was the most frequent
hemoparasite in 2010, with 39/1,313 (2.97%;
95% CI 2.05 - 3.89%; average = 3.25
cases/month) infected dogs, while 29/1,313
(2.21%; 95% CI 1.41 — 3.00%; average = 2.41
cases/month) dogs were infected by E. canis.

Coinfection was registered in 2/9 (22.22%; 95%
CI 2.81 — 60.00%) dogs infected with H. canis,
one of them with Babesia spp. (dog #5) (1/9;
11.11%; 95% CI 0.28 — 48.24%) and another one
with E. canis (dog number two), which could be
visualized in the same host cell (Figure 1). The
hematological results of the nine infected dogs
are described in detail in tables 1 and 2 (Table 1
and 2).
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Figure 1. Blood smears prepared from venous or capillary blood. Gamonts of H. canis in neutrophils from
dogs (A, B). Note the coinfection by H. canis (solid arrow) and E. canis (dotted arrow) in B. (Quick

Panoptic, 100X).
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Table 1. Erythrograms of dogs infected by H. canis

Dog
Parameters R 1 5 3 7 55 6 7 3 9
RBC (XIOIZ/L) 5.5-8.5 346 150 6.04 419 346 549 126 6.13 6.37
Hb (g/L) 120-180 76 37 132 101 87 113 29.3 135 150
Ht (L/L) 0.37-0.55 021 0.12 036 032 024 031 0.08 038 043
MCV (fL) 60.00-77.00 60.69 80.00 59.60 7637 6936 5646 6349 6199 67.50
MCHC (g/dL) 32.00-36.00 36.19 31.00 36.66 3156 3625 3645 36.62 3552 34.80

R = reference values according to Rizzi et al. (2010); RBC = red blood cells; Hb = hemoglobin; Ht = hematocrit;
MCV = mean corpuscular volume; MCHC = mean corpuscular hemoglobin concentration. *Coinfection between H.
canis and E. canis. "Coinfection between H. canis and Babesia spp. Highlighted values (in bold): outside the
reference values.

Table 2. Leukograms of dogs infected by H. canis and plasma levels of total protein and fibrinogen

Dog
Parameters R 1 5 3 4 5 6 7 3 9
WBC (xlOg/L) 6.0-17.0 12.5 9.4 156 9.1 1.2 1.4 7.1 21.7 9.0
Myel (xlO"/L) 0 0.125 0 0 0 0 0 0 0 0
Meta (x109/L) 0 0.37 0.18 0 036 0 0 0 0 0
N. band (xlOg/L) 0-0.3 4.00 1.03 0 1.27 0.01 048 0.14 0 0.18

N. seg (x10°/L) 3.0-11.5 2.75 545 991 514 0.12 043 586 13.02 4.05

Eos (x10°/L) 0.1-1.25 0.12 009 257 055 0.06 0 0 260 0.7
Bas (x10°/L) Rare 0 0 0 0 0 0 0 0 0
Lympho (x10°/L) 1.0-4.8 3.37 132 249 155 073 042 053 391  3.24
Mono (x10°/L) 0.15-1.35 175 141 062 023 028 0.07 057 2.17 1.26
TPP (g/L) 57-77 120 60 8 74 76 96 76 80 74
Fib (g/L) 1-5 0 0 6 3 8 6 0 2 2

R = reference values according to Rizzi et al. (2010); WBC = total white blood cells; Myel = Myelocytes; Meta =
metamyelocytes; N. band = band neutrophils; N. seg = segmented neutrophils; Eos = eosinophils; Bas = basophils;
Lympho = lymphocytes; Mono = monocytes; TPP = total plasma proteins; Fib = plasma fibrinogen. *Coinfection
with H. canis and E. canis. "Coinfection with H. canis and Babesia spp. Highlighted values (in bold): outside the
reference values.

Seven of the nine infected dogs (77.78%; 95%
CI 40.00 — 97.18%) presented alterations in the
erythrogram (Table 1) and 8/9 (88.89%; 95% CI
51.75 - 99.72%) in the leukogram (Tab. 2). Only
one dog (#9) showed no alterations in the blood
test.

The most frequent alteration observed in these
dogs was anemia, diagnosed in 6/9 infected dogs
(66.67%; 95% CI 29.93 — 92.51%), out of which
3/6 (50.0%; 95% CI 11.81 — 88.19%) were
normocytic normochromic (dogs #1, #5, and #7),
1/6 (16.67%; 95% CI 0.42 — 64.12%) was
macrocytic hypochromic (dog #2), and also 1/6
was microcytic (dog #6).

In the leukogram, leukocytosis was diagnosed in
1/9 dog (11.11%; 95% CI 0.29 — 48.25%) and
2/9 (22.22%; 95% CI 2.81 — 60.01%) had
leukopenia. Neutrophil count (band and
segmented) were within reference values in 3/9
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(33.33%; 95% CI 7.48 — 70.07%) and neutrophil
left shift was observed in 4/9 dogs (44.44%; 95%
CI 13.70 — 78.80%). Moderate regenerative shift
occurred in 2/9 dogs (22.22%; 95% CI 2.81 —
60.01%) (dogs #2 and #4), severe degenerative
shift in 1/9 (11.11%; 95% CI 0.29 — 48.25%)
(dog #1) and discrete degenerative shift also in
1/9 (dog #6).

Eosinopenia was observed in 4/9 dogs (44.44%;
95% CI 13.70 — 78.80%) and eosinophilia in 2/9
(22.22%; 95% CI 2.81 — 60.01%). No changes
were observed in lymphocyte levels of 6/9 dogs
(66.67%; 95% CI 2993 - 92.51%), or
monocytes of 5/9 dogs (55.56%; 95% CI 21.20 —
86.30%).

Regarding the levels of plasma proteins, 4/9 dogs
(44.44%; 95% CI 13.70 — 78.80%) presented
increased levels, but no alterations were
observed in 5/9 dogs (55.56%; 95% CI 21.20 —
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86.30%). Low and increased levels of plasma
fibrinogen were observed in 3/9 dogs (33.33%;
95% CI17.48 —70.07%).

DISCUSSION

In this study, low occurrence of H. canis
infection in dogs was observed, mainly when
compared to other agents, i.e., E. canis and
Babesia spp., in the years in which H. canis was
diagnosed. Therefore, it is noteworthy that this
data could be related to the diagnostic method.

The direct method of blood smear examination
shows notably low sensitivity for detecting H.
canis, especially in dogs at an early stage of the
infection, chronic aparasitemic infection or low
parasitemia (Baneth et al., 1998). Infected dogs
usually have very low parasitaemia, which
occurs in no more than 3% of the neutrophils or
monocytes (O’Dwyer et al., 2001). This rate can
reach 100% in severe infections, though no such
reports have been registered in Brazil (O'Dwyer,
2011). Because this is a retrospective study of
hematological reports, it was not possible to
perform additional tests.

Similar to this study, low percentage of infection
by H. canis has been reported by other authors
using the same parasitological method in Brazil.
The occurrence of coinfection with H. canis and
Babesia spp. or E. canis was reported in some of
these studies and it can be attributed to the
common tick vector, R. sanguineus (Chhabra et
al., 2013).

In Campo Grande, also in MS State, Salgado et
al. (2007) determined prevalence for H. canis of
2.40% in 167 dogs, but all of them were
coinfected with E. canis, in contrast to the results
obtained in this study, in which only one dog
presented coinfection with this agent and another
one with Babesia spp. However, similar to this,
O’Dwyer et al. (2006) investigated H. canis in
222 dogs in Sao Paulo, Sdo Paulo State (SP), and
observed 5.86% (13/222) positive results, five of
them coinfected with Babesia spp. and two with
E. canis

Mundim et al. ( 2008) reported 115 cases of
natural infection by H. canis in dogs from the
State of Minas Gerais and 26 (22.61%)
coinfection events; 20 (17.39%) coinfected with
Ehrlichia spp., two (1.74%) with Babesia spp.

Arg. Bras. Med. Vet. Zootec., v.68, n.5, p.1187-1194, 2016

and four (3.48%) with both agents. According to
Baneth et al. (2015), coinfection of the same host
cell suggests that infection with one pathogen
may permit or enhance invasion or prolonged
cellular survival of the other. They observed the
same host monocytes infected with H. canis and
E. canis, as detected in one dog in this study
(Figure 1-B), and they confirmed it by molecular
characterization of the infecting agents and
quantitative assessment of coinfected cells.

Variable occurrence rates of Hepatozoon
infection in dogs have also been reported in other
countries. In Iran, Amoli et al. ( 2012) detected
Hepatozoon spp. using examination by blood
smears in 2/51 (3.92%) stray dogs and 2/203
(0.98%) client-owned dogs. El-Dakhly et al.
(2013) detected the parasite in 45 (23.56%)
naturally infected dogs from Japanese islands
and peninsulas by Giemsa-stained blood smears
and 81 (41.33%) by Polymerase Chain Reaction
(PCR), suggesting molecular techniques as a
more sensitive diagnostic method than blood
smear. On other hand, Maia et al. (2015)
detected low occurrence (31/101, 3.07%) of H.
canis infection in dogs from Portugal by PCR, as
well as Aktas et al. (2015) in Turkey (3/285,
1%). In Israel, Baneth et al. (2015) observed a
low range of infected monocytes and neutrophils
(0.45-3.78%), however, 50% of all monocytes
were coinfected with E. canis morulae.

Although few cases of H. canis infection have
been diagnosed in this study, significant and
variable hematological changes were observed in
infected dogs. Anemia is a common finding in
canine hepatozoonosis and is occasionally severe
(Baneth et al., 2003). Chhabra et al. observed
that anemia was a hematological alteration in
most dogs infected by H. canis (73.53%) and
they have associated it with the chronicity of
infection. Most cases of anemia in canine
hepatozoonosis are often characterized as
normocytic, normochromic and non-regenerative
(Mundim et al., 2008; Baneth and Weigler,
1997); even though the condition can be
regenerative (Baneth and Weigler, 1997; Baneth
et al., 2003).

Gondim et al. (1998) reported anemia in 7/8
(87.50%) dogs infected with H. canis in
Botucatu, SP, Brazil, between October 1993 and
April 1994. Similarly, in our study, 6/9 (66.67%)
infected dogs presented anemia and in 33.33% of
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them the anemia was normocytic normochromic.
Also in Brazil, Mundim et al. (2008) diagnosed
normocytic normochromic anemia in 70.43%
dogs infected with H. canis.

In contrast, the WBC counts in the majority of
dogs infected by H. canis decrease under the
reference values, which differs from the results
for American canine hepatozoonosis, in which
leukocytosis is often severe (Vincent-Johnson et
al., 1997). In agreement, the results of
leukograms in this study showed counts within
the reference values in most dogs, the same
number that had anemia (6/9; 66.67%).

Neutrophilia and leukocytosis can be detected in
H. canis infection and according to Mundim et
al. (2008) it may be due to inflammatory
response to tissue invasion and multiplication by
H. canis, which can be exacerbated by secondary
bacterial infections concomitant with other
hematozoa. The authors reported leukocytosis in
39.13% of dogs infected with H. canis in the
State of Minas Gerais and neutrophilia in
48.70%. In our study, neutrophilic leukocytosis
was observed only in one (11.11%) dog (#8).
Furthermore, the authors also observed that
neutrophil left shift was a common alteration in
the infected dogs and 40.87% of them have
eosinopenia, which is in agreement with this
study, in which these two alterations were
observed in 44.44% of infected dogs.

Increased levels of plasma proteins were detected
in four infected dogs, probably due to
hyperglobulinemia. This is a frequent finding,
caused by the stimulation of the humoral
response induced by H. canis, which can be
confirmed by the observation of the increase in
the amount of plasma proteins, or by
electrophoresis of serum proteins showing
increased o and B globulin fractions (Vincent-
Johnson et al., 1997; Aguiar et al., 2004).

Additionally, other studies in Brazil describe
variable hematological changes in dogs infected
by H. canis. Melo Junior et al. (2008) reported a
dog naturally infected with H. canis that
presented regenerative anemia, leukocytosis with
marked neutrophil left shift, monocytosis and
thrombocytopenia. Aguiar et al. (2004) also
described regenerative anemia, leukocytosis with
neutrophilia and monocytosis in hematological
exams of three naturally infected dogs, together
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with lymphopenia and hypergammaglobulinemia
in two of these dogs. Three-out-of-eight cases of
canine hepatozoonosis diagnosed by Gondim et
al. (1998) had lymphopenia and four had
monocytosis.  Similarly, lymphopenia and
monocytosis were diagnosed in three infected
dogs in this study.

It should be noted that all hematological changes
described in this study are due to natural H. canis
infection. One infected dog was coinfected by E.
canis and another by Babesia spp., and both
presented abnormalities in the hematological
results that cannot be attributed exclusively to H.
canis infection (O'Dwyer, 2011). One infected
dog had no alterations, but the hematological
disorders of the other six dogs can be attributed
to H. canis, since they were not diagnosed with
additional pathology at the time of hematology.

However, it is notable that the hematologic
alterations detected in these dogs infected by H.
canis were quite variable, as the literature
describes. Similarly, the pathogenicity of the
parasite needs to be further elucidated and the
clinical signs produced in the infection are also
variable. Therefore, veterinarians should make
the differential diagnosis in dogs, to avoid the
underdiagnosis of H. canis.

CONCLUSIONS

Significant hematological alterations were
detected in dogs infected by H. canis in this
study. Although anemia was detected in most
infected dogs, the hematological changes were
quite variable, which highlight the importance of
differential diagnosis in dogs, for H. canis and
other agents that infect canine blood cells.
Longitudinal studies would be of fundamental
importance to determine the causality of these
alterations.
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