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INTRODUCTION

Hepatozoonosis is an arthropod-borne infection caused by 
Hepatozoon species (Apicomplexa: Haemogregarinidae) [1,2]. 
Hepatozoon species are transmitted by hematophagous inverte-
brate definitive hosts such as ticks, mites, mosquitoes, fleas, 
lice, sandflies, tsetse flies, and reduviid bugs [3,4]. Unlike 
many arthropod-borne pathogens which are transmitted via 
the salivary glands, Hepatozoon infection is established when 
an intermediate vertebrate host (mammal, amphibian, reptile, 
and bird) ingests the infected definitive host [1]. After inges-
tion, sporozoites penetrate the intestinal wall and reach the 
hemolymphatic target organs (liver, spleen, and bone mar-
row) either hematogenously or via the lymph. Merogony oc-
curs in these organs, and the resulting meronts contain mero-
zoites that penetrate neutrophils and develop into gamonts 
that appear in the peripheral blood. The Hepatozoon life cycle 
is completed when a vector ingests the infected blood [3,5]. 

Only 2 species of hepatozoa, Hepatozoon canis and Hepatozo-

on americanum, have been known to infect dogs. The former 
occurs worldwide [1,5], whereas the latter occurs only in the 
southeast part of the United States [6,7]. There have been 2 re-
ports on Hepatozoon infection in Korea. The first was a molecu-
lar survey of H. canis infection in dogs [8], and the second was 
the finding of Hepatozoon felis infection in a leopard cat [9]. 
The clinical signs associated with H. canis infection vary from 
negligible (asymptomatic) to severe and fatal disease with ane-
mia, fever, lethargy, cachexia, and weight loss [2,10]. Most cas-
es of H. americanum infection have severe clinical signs [2]. 

The standard diagnosis of Hepatozoon infection is by micro-
scopic detection of intracellular ellipsoidal-shaped gamonts 
within neutrophils in peripheral blood smears and “wheel-
spoke” meronts or monozoic tissue cysts in histopathologic 
specimens [11]. More recent diagnostic techniques, such as an 
enzyme-linked immunosorbent assay, an indirect fluorescent 
antibody test, and the polymerase chain reaction (PCR), can 
also detect Hepatozoon infection [12,13]. 

This report describes the first dog molecularly diagnosed 
with H. canis infection in Korea and provides an overview of 
this case.
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Abstract: This report describes a dog infected with Hepatozoon canis, the first canine infection in the Republic of Korea. 
A 2-year-old intact male Maltese dog presented with anorexia and depression. Physical examinations revealed mild dehy-
dration and hyperthermia (39.8°C), and blood analysis showed pancytopenia. Diff-Quik staining of blood smear speci-
mens showed the presence of ellipsoidal shaped structures (gamonts of H. canis) within a small number of neutrophils. 
Real-time PCR analysis using whole blood confirmed infection by H. canis. The clinical condition of the dog improved af-
ter symptomatic treatment and administration of doxycycline. Although a molecular epidemiologic survey in Korea 
showed H. canis infection of dogs, to our knowledge this is the first report of a dog infection in Korea molecularly shown 
to be H. canis.
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CASE RECORD

In August 2015, a 2-year-old intact male Maltese dog weigh-
ing 2.5 kg presented to the Kwangjin Animal Medical Center 
(Gwangjin-gu, Seoul, Korea) with signs of anorexia and de-
pression. Mild dehydration, pale mucous membranes, and hy-
perthermia (39.8˚C) were detected in the physical examina-
tion, although cardiac auscultation was normal. Table 1 and 
Table 2 show the results of the clinical and pathological exam-
inations. A complete blood count (CBC) indicated leukopenia 
(4,100 cells/µl, normal range: 6,000-17,000 cells/µl), moder-
ate anemia (PCV 29.9%, normal range: 37-55%), and mild 
thrombocytopenia (148,000 cells/µl, normal range: 200,000-
500,000 cells/µl). Serum biochemistry showed mild hypogly-
cemia, mild hyperproteinemia, increased alkaline phospha-

tase, and decreased serum creatinine, sodium, and chloride 
concentrations. 

The serologic tests for canine parvovirus (CPV) and canine 
distemper virus (CDV) using commercial diagnostic kits (CPV 
Antigen Test Kit and CDV Antigen Test Kit, Bionote, Hwaseong, 
Korea) were negative. The results of urinalysis were nonspecif-
ic, but the specific gravity was greater than 1.050, suggesting 
dehydration. Plain radiography and ultrasonography findings 
were unremarkable. A blood smear examination with Diff-
Quik staining indicated large intracellular ellipsoidal-shaped 
structures within a small number of neutrophils (Fig. 1). These 
structures were morphologically consistent with H. canis gam-
onts. An EDTA whole blood sample was submitted to IDEXX 

Table 1. Hematological findings of the present case						    

Analyte Normal Range Units Day 1 Day 2 Day 2 Day 3

WBC 6.0-17.0 ×103/µl 4.1 4.2 5.07 3.9
Neutrophils 3.0-11.8 ×103/µl 2.7 1.9 1.09 1.4
Lymphocytes 1.0-4.8 ×103/µl 1.4 2 2.68 2.2
Monocytes 0.2-1.4 ×103/µl - 0.2 1 0.2
Eosinophils 0.1-1.3 ×103/µl - 0.1 0.08 0.1
RBC 5.50-8.50 ×106/µl 4.41 3.59 3.58 3.83
Hgb 12.0-18.0 g/dl 11.1 9.2 8.7 9.7
Hct 37.0-55.0 % 29.9 24.2 26 26.1
MCV 60.0-74.0 fL 67.8 67.4 72.8 68.1
MCH 19.5-24.5 Pg 25.2 25.6 24.3 25.3
MCHC 31.0-36.0 g/dl 37.1 38 33.4 37.2
RDW 11.0-15.5 % 13.3 12.6 11.6 13.4
PLT 200-500 ×103/µl 148 147 121 190
MPV 5.0-15.0 fL 6.1 6.7 14 6.6

Table 2. Results of serum chemistry in the present case	

Analyte Normal Range Units Day 1

Total protein 5.0-7.2 g/dl 7.3
Albumin 2.6-4.0 g/dl 2.8
Globulin 2.0-5.0 g/dl 4.5
ALT 17-78 U/L 34
AST 17-44 U/L 27
ALP 47-254 U/L 537
GGT 5-14 U/L 6
BUN 9.2-29.2 mg/dl 12.3
Creatinine 0.4-1.4 mg/dl 0.2
Glucose 75-128 mg/dl 64
Amylase 200-1,400 U/L 921
Lipase 10-160 U/L 27
Sodium 141-152 mmol/L 140
Potassium 3.8-5.0 mmol/L 3.8
Chloride 102-117 mmol/L 101 Fig. 1. Diff-Quik-stained peripheral blood smear (×1,000) on the 

first day of hospitalization, showing an ellipsoidal-shaped struc-
ture within a neutrophil, indicative of an Hepatozoon canis gam-
ont (arrow). Bar=10 µm.
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Reference Laboratories for real-time PCR analysis (Canine 
Anemia RealPCRTM Panel, IDEXX Laboratories, Westbrook, 
Maine, USA). 

While waiting for the real-time PCR results, the symptoms 
were managed by fluid therapy, antibiotics (cimetidine, meto-
clopramide, enrofloxacin, and metacam), and regular mea-
surements of body temperature. The symptoms subsided 
slightly, and the body temperature decreased gradually to 
38.1˚C. On day 3 after presentation, the pancytopenia was not 
resolved, but the clinical signs were less severe and the body 
temperature returned to the normal range. Additional oral 
doxycycline (10 mg/kg, p.o., q 24 hr) was prescribed and the 
dog was discharged from the hospital. Soon after this, the real-
time PCR results indicated the DNA of H. canis. There were no 
signs of recurrence at 5 months after the initial presentation.

DISCUSSION

H. canis infection was first reported in dogs from India in 
1905 [14], and many studies since then have reported on the 
epidemiology, transmission, pathogenesis, and diagnostic 
methods of H. canis infection [3,5,10,15]. In Korea, there have 
been a few reports on hepatozoonosis. A molecular survey of 
infections in 184 dogs in the province of Jeju-do in 2008 found 
that 16 dogs (8.7%) were infected with H. canis, 14 dogs (7.6%) 
were infected with Babesia gibsoni, and 6 dogs (3.3%) were in-
fected with both [8], and a leopard cat, Prionailurus bengalensis, 
in Korea was reported to be infected with H. felis in 2010 [9]. 
Although the molecular epidemiologic survey confirmed H. 

canis infection in Korean dogs, to our knowledge this is the 
first report of a dog diagnosed with H. canis infection in Korea.

There is a close relationship between the distribution of H. 
canis and its acarine definitive hosts. The brown dog tick, 
Rhipicephalus sanguineus, is the most important vector in the 
life cycle of H. canis [3], with a study showing experimental 
transmission of H. canis using R. sanguineus [16]. This tick spe-
cies has a nearly worldwide distribution, and is more common 
in warmer climates [17]. However, studies of tick populations 
found that R. sanguineus was not present in Korea. For exam-
ple, an analysis of 3,135 ixodid ticks collected from vegetation 
and small mammals (wild rodents and insectivores) showed 
that 2,071 could be identified as Haemaphysalis longicornis, 115 
as Haemaphysalis flava, 9 as Ixodes turdus, 3 as Ixodes persulcatus, 
20 as Ixodes nipponensis, and 287 as other Ixodes species [18]. 
Another study of 918 ixodid ticks found that the most com-

mon was H. longicornis (54.4%), followed by other species of 
the genera Haemaphysalis and Ixodes [19]. An assay of 565 ixo-
did ticks collected from domestic livestock (cows) also found 
that the most common tick was H. longicornis (87.4%), with 
other ticks including Boophilus microplus, I. persulcatus, R. san-

guineus, Argas vespertilionis, and an unidentified species [20].
Similar results were observed in a study of 220 ticks collect-

ed from 14 of 58 dogs infected with H. canis in Japan [21]. 
These ticks were members of the genera Haemaphysalis and Ixo-

des, but none was found to be R. sanguineus. Histopathologic 
examination detected oocysts is similar to those of H. canis in 
the haemocoele of H. longicornis and H. flava, suggesting that H. 

longicornis and H. flava may be potential vectors of H. canis in-
fection. Although the actual vector is unknown in the present 
case, this dog was likely infected by a Haemaphysalis species be-
cause these are relatively common in Korea.

There is an association between the level of parasitemia and 
the severity of clinical signs, however most dogs infected with 
H. canis are asymptomatic or only exhibit mild clinical signs. A 
case-control study of dogs with H. canis infections reported the 
high parasitemia group was more anemic and neutrophilic 
than the low parasitemia group and that the high parasitemia 
group had severe systemic clinical signs including lethargy, fe-
ver, weight loss, anorexia, and pale mucous membranes [22]. 
The dog in the present case had a very low parasite load (less 
than 1%), so there were only mild clinical signs, and it is pos-
sible that the clinical signs improved only due to the adminis-
tration of symptomatic therapy. It was peculiar that pancyto-
penia was present in the CBC results. Anemia is the most com-
mon blood abnormality in H. canis infections, although a low 
platelet count occasionally occurs in dogs [10]. The leukocyte 
count is commonly within the reference interval when the 
parasitemia is low, but is increased when the parasitemia is 
high [1]. However, the dog in the present case had leukopenia. 
Previous studies reported that parasitized neutrophils have re-
duced myeloperoxidase activity [23] and deficient oxidative 
bactericidal capacity [24]. Therefore, the leukopenia in the 
present case might be attributed to a concomitant underlying 
inflammation.

To date, there has been only 1 report of Hepatozoon infection 
in a person. This patient presented with anemia and icterus, 
and histopathologic examinations showed gamonts of Hepato-

zoon in peripheral blood leukocytes. However, there were no 
parasites in the liver or bone marrow of this patient. Although 
the importance of Hepatozoon spp. in zoonotic diseases and 
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public health has not been determined, the likelihood of dog-
to-human transmission is apparently low because Hepatozoon 
infection occurs following ingestion of an infected tick. How-
ever, caution should be exercised when removing ticks from 
dogs or when handling infected dogs [1].

The present report is the first molecular and biochemical di-
agnosis of H. canis infection in a dog from Korea. H. canis in-
fection should be considered in the differential diagnosis of 
dogs with fever or anemia.
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