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ABSTRACT

Aims: Hepatozoonosis, caused by a protozoan parasite Hepatozoon canis, is important for canine
health due to its ability to cause chronic, debilitating disease, and the challenges it presents in terms
of diagnosis and management. The present study was conducted to see the effect of H. canis
infection on various haematological and biochemical parameters as compared to the normal healthy
dogs in order to understand the disease pattern and suspecting the disease.

Study Design: The clinically affected dogs that come to the veterinary hospital with symptoms of
hepatozoonosis were included in the study. Haematological and biochemical parameters of dogs
found positive for hepatozoonosis were analysed. The values of these parameters were
subsequently compared to healthy animals in order to identify any significant difference caused by
H. canis.

Place and Duration of Study: The studied was conducted at Department of Veterinary Medicine,
DUVASU Mathura, India. Total 212 blood samples were collected from the dogs that were brought
for the treatment in between February 2023 to March 2024.

Methodology: Total 212 dogs were included in the present study out of this 46 dogs were found
positive with H. canis using PCR based molecular test. These positive animals were subjected to
study the changes in biochemical parameters like blood urea nitrogen, creatinine, alkaline
phosphatase, alanine transaminase, aspartate amino transferase, total leucocyte count, total
erythrocyte count, haemoglobin, haematocrit, erythrocyte indices (MCV, MCH, MCHC), differential
leucocyte count, platelet count and platelet indices (MPV, PDW) using autoanalyzer. Student's t-test
in Graphpad Prism was used to compare these values to healthy animals.

Results: The study confirms that Hepatozoonosis leads to significant haematological and
biochemical changes in dogs. Infected dogs have lower Hb, TEC, and PCV than healthy animals,
indicating anaemia. Thrombocytopenia and leukocytosis were also observed in the infected
animals. Non-significant differences in MCV, MCH, and MCHC indicate normocytic, hormochromic
anaemia. Anisocytosis and non-regenerative anaemia is indicated by significant RDW-CV increases
with decrease in MCV values. Increased liver-specific enzymes like ALT, AST, and ALP and kidney-
related enzymes like BUN and CRT suggest hepatic and renal involvement in disease
pathophysiology.

Conclusion: In hepatozoonosis, haemato- biochemical parameters like non-regenerative anaemia.
anisocytosis, thrombocytopenia, leukocytosis, low serum protein concentration and increased ALT,
AST, ALP and BUN values may be used as non-specific biomarkers. The results can be used in
making clinical decisions and monitoring therapeutic responses in cases of hepatozoonosis.

Keywords: Hepatozoon canis; canine; haematology; biochemical study; RDW-CV.
1. INTRODUCTION humidity conditions for the proliferation of tick
populations.

Hepatozoonosis is a canine parasitic disease
caused by protozoa belonging to the Hepatozoon
genus. Unlike other infections transmitted by

The Hepatozoon parasite is considered to be
closely related to other apicomplexan parasites,

vectors, this parasite is mostly spread through
the consumption of infected Rhipicephalus
sanguineus ticks that carry mature oocysts of H.
canis. Dogs can also get infected by consuming
prey animals that are infested with ticks carrying
the disease. Furthermore, the transfer of the
infection from infected mothers to their offspring
has been recorded in puppies [1,2]. The first
documented case of H. canis infection was
reported in India in 1905 [3]. The presence of
gamonts in the cytoplasm of leukocytes is the
diagnostic stage in dog. Hepatozoonosis is more
common in geographical areas, such as India,
that provide ideal temperature and

such as Plasmodium spp. and piroplasms, based
on its morphology and molecular
characterization. The parasite shares similar
symptoms with tick-borne infections such as
babesiosis and hepatozoonosis, which
complicates the diagnosis. The conventional
diagnostic techniques, such as microscopy and
cytology, frequently fall short in detecting all
cases of H. canis infections in dogs [4].
Therefore, molecular diagnostics is necessary for
reliably identifying such infections. In India, the
occurrence of this infection is quite low when
compared to other canine hemoparasites.
However, this could be attributed to the reduced
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sensitivity of microscopic that

frequently used for diagnosis.

inspection

The clinical symptoms of hepatozoonosis in dogs
are not well-defined, which presents difficulties
for veterinarians in terms of diagnosing and
managing the disease. The clinical condition in
dogs can range from a minor or unnoticed
infection to a severe illness that might result in
mortality [3]. Dogs who have been infected may
display many clinical symptoms, including fever,
lethargy, weight loss, muscle soreness, and
anaemia. The infection eventually progresses to
a chronic stage if left untreated, necessitating
prolonged therapy and care.

Haemoprotozoan diseases have been
demonstrated to result in substantial changes in
haematological and biochemical parameters of
hosts. Haemato-biochemical study can be crucial
in the diagnosis and management of H. canis
infections, as it provide essential insights into the
systemic impact of the parasite on the host.
These studies often reveal anemia, leukocytosis,
and hyperglobulinemia, elevated liver enzymes,
reflecting hepatic involvement, and increased
creatine kinase levels, indicating muscle
damage, which are critical for assessing the
severity of the disease [5].

The current study intended to explore the effect
of H. canis infection on haematological and
biochemical markers in order to better
understand the disease pattern. Present study
included clinical cases of dogs that were brought
to U.P. Pt. Deen Dayal Upadhyaya Pashu
Chikitsa Vigyan Vishwavidyalaya Evam Go-
Anusandhan Sansthan (DUVASU), Mathura with
symptoms of fever, loss of appetite, and lethargy,
and were confirmed to have hepatozoonosis
through the use of a species-specific PCR assay.
The haematological and biochemical
characteristics that were identified can serve as
non-specific indicators for hepatozoonosis. The
results will be helpful in making clinical decisions
and monitoring therapeutic responses in
suspected cases of dogs.

2. MATERIALS AND METHODS
2.1 Topography of Studied Area

The research was conducted in the Mathura
region of western Uttar Pradesh. The region
comprised of semi-arid zone of Northern India.
The area is situated at 77.6737°E longitude axis
and 27.4924°N latitude. The favorable weather

conditions in this region, characterized by high
humidity and warm temperatures, contribute to
the expansion of tick populations,
making it endemic for a range of tick-borne
diseases.

2.2 Screening of Dogs for Study

During the study period from February 2023 to
March 2024, a total of 212 dogs exhibiting clinical
symptoms such as fever, loss of appetite,
anaemia, lethargy etc. were brought to the
Teaching Veterinary Clinical Complex of
Veterinary  University DUVASU, Mathura.
Animals that tested positive (n=46) for H. canis
using species-specific PCR were studied for
haematological and biochemical changes.
Likewise, blood was also collected from the
healthy animals as control group. To accomplish
this, around 2 ml of blood was obtained from
either the cephalic or saphenous vein using
vacutainer tubes that contained EDTA. The
serum required for biochemical parameter
analysis was collected in 5 ml capacity test tubes
without any anticoagulant. The  study
encompassed dogs of all ages, genders, and
breeds.

2.3 Haematological Analysis

Hematological parameters like total leucocyte
count (TLC), total erythrocyte count (TEC),
hemoglobin (Hb), haematocrit (HCT), erythrocyte
indices [mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC)]
differential  leucocyte  count  (Monocytes,
Eosinophil, Neutrophil, Lymphocyte), platelet
count (PLT), platelet indices [Mean Platelet
Volume (MPV), Platelet Distribution Width (PDW)
and Platelet Count, and red cell distribution width
(RDW-CV and RDW-SD) were done by fully
automated hematology analyzer (Ceiltac a,
Nihon Kohden).

2.4 Biochemical Analysis

Biochemical studies were carried out with the
help of autochem ingeniious analyzer (AKRAY
Healthcare Pvt. Ltd.) using diagnostic kits (Span
Diagnostics). Various biochemical parameters
studied with the serum samples were blood urea
nitrogen (BUN), creatinine (CRT), alkaline
phosphatase (ALP), alanine transaminase (ALT),
aspartate amino transferase (AST), total protein
(TP), albumin (ALB). Globulin (GLB) was
calculated by subtracting albumin from total
protein.
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2.5 Statistical Analysis

The values of various parameters were
expressed as mean + S.E. and data were
analyzed by independent samples two tailed t-
test using Graphpad Prism software. Values of
different haematological parameters in different
groups were tested for normality as per Shapiro-
Wilk normality test. The level of statistical
significance for all comparisons was established
at (P =.05).

3. RESULTS AND DISCUSSION
3.1 Haematological Analysis

The haematological profile of dogs that tested
positive for H. canis infection is presented in
Table 1 and Fig. 1. The haematological
parameters in different groups were tested for
normalcy using the Shapiro-Wilk normality test,
and no significant differences were found. The
average values of TEC, Hb, HCT, and PLT were
significantly lower (P <.05) in affected dogs
compared to healthy control. On the other hand,
the average values of TLC, lymphocytes, and
RDW-CV were significantly (P <.05) higher in
affected dogs compared to healthy control. The
average values of the other parameters in
affected dogs did not show any significant
difference compared to those of healthy control
dogs.

The reduced values of TEC, Hb, and HCT of the
present study align with the results of prior
investigations conducted by [5,6,7]. The
fluctuations seen in the blood parameters of the
canines in this investigation could be attributed to
the proliferation of the protozoa in the animal's
tissues. The decreased haemoglobin levels can
be attributed to impaired protein synthesis
resulting from the increasing destruction of
hepatocytes caused by H. canis infection. H.
canis infection is supposed to impact the liver of
dogs [8,9] have documented reduced
haemoglobin levels in dogs afflicted with
hepatozoonosis.

The positive cases showed an elevated TLC
along with an increase in neutrophils, which is
consistent with previous findings by [9,10,11].
The rise in the TLC may be attributed to the
ongoing inflammatory alterations caused by the
H. canis infection. The increase in neutrophils is
likely a result of necrosis and inflammation
occurring in the spleen, lymph nodes, liver, and
lungs due to H. canis infection [12]. The changes

seen may be attributed to the proliferation of the
parasite in the animal's organs, leading to an
inflammatory  response that could be
exacerbated by concurrent haemoprotozoa
infection. The ratio of neutrophil to lymphocyte
counts is a straightforward, quick, and
dependable way to assess the level of systemic
inflammation [13].

Thrombocytopenia has been observed in cases
of canine hepatozoonosis by  multiple
researchers in earlier studies [5,9,14]. Our
investigation found no statistically significant
disparity in the MCV, MCH, or MCHC values
between the infected animals and the healthy
animals. This indicates the presence of
normocytic nhormochromic anaemia in the
infected animals. The present data align with the
findings of previous studies conducted by
[15,16], which demonstrated minimal alterations
in the average MCV, MCH, and MCHC levels in
dogs affected by the infection.

RDW is considered to be a more accurate
predictor of anaemia compared to microscopic
evidence of anisocytosis, which sometimes lead
to incorrect identification [17]. MCV is the primary
metric commonly employed to define anaemia
and to determine the bone marrow response, in
conjunction with the RDW [18]. However, in order
to see a change in MCV, a significant number of
RBCs with modified volumes is necessary. On
the other hand, even a small change in the size
of RBCs might affect the RDW [19], which can be
used as a possible indicator for diagnosing
anaemia. The measures RDW and MCV are
essential for classifying anaemia in dogs [20].
Our investigation found that the infected groups
had considerably higher RDW-CV values
compared to the control group, although the
MCV values were within the usual range. A
higher RDW-CV and normal MCV levels
suggests the presence of non-regenerative
anaemia. Previous reports and literature have
indicated the existence of non-regenerative
anaemia in hepatozoonosis, as mentioned in
previous studies [21,22]. Hepatozoonosis is
typically regarded as a persistent infection that
commonly results in a chronic disease in dogs
[23,24,11] also linked non-regenerative anaemia
in hepatozoonosis to the prolonged duration of
infection.

3.2 Biochemical Analysis

The serum biochemical values of dogs infected
with Hepatozoonosis, compared to healthy dogs,
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are presented in Table 2 and Fig. 2. The values
of the biochemical parameters in separate
groups were tested for normalcy using the
Shapiro-Wilk normality test, and no significant
differences were found. A statistically significant
increase (P < .05) was observed in the mean
values of ALT, AST, ALP, BUN, and globulin in
infected dogs compared to the healthy control
group. Nevertheless, there was a significant (P <

.05) reduction in the levels of total protein and
albumin in the serum samples of infected dogs
when compared to the healthy animals. The
current findings of increased ALT, AST and ALP
in hepatozoonosis cases are consistent with
earlier studies [25,26]. ALT is a liver-specific
enzyme in dogs and elevations in this
enzymes can occur as a result of hepatic injury
[27].

Table 1. Hematological parameters (mean+SE) of dogs infected with hepatozoonosis

Parameter Dogs with Healthy dogs P-value
Hepatozoonosis (n=46) (n=10)
TLC (x103/uL) 16.36+1.29 10.75+0.79 P <.001
TEC (x 108/ul) 3.71+1.06 6.67+0.44 P <.001
Hb (gm/dl) 8.46+0.97 13.80+0.64 P <.001
HCT (%) 24.55+4.81 41.304£2.29 P <.001
MCV (fL) 62.65+3.81 64.15+1.75 ns
MCH (pg) 22.87+1.89 23.15+0.62 ns
MCHC (gm/dI) 34.39+1.02 34.48+0.44 ns
Monocytes (%) 6.78+1.59 6.17+£0.40 ns
Eosinophil (%) 1.93+0.27 2.73+0.54 ns
Neutrophil (%) 54.9046.09 68.65+0.40 ns
Lymphocyte (%) 39.6316.93 18.35+1.34 P <.001
PLT (105/pL) 122.95+15.67 351.60+49.53 P <.001
MPV (fl) 6.43+0.48 6.7910.24 ns
PDW (%) 17.23+1.42 18.35+1.34 ns
RDW-CV (%) 15.06+1.15 11.66+1.37 P <.001
RDW-SD (fl) 35.41+2.87 33.08x4.15 ns
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Fig. 1. Level of significantly different haematological parameters in infected vs healthy animals
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Table 2. Serum biochemical parameters (mean+SE) of dogs infected with hepatozoonosis

Parameter Dogs with Healthy dogs P Value
Hepatozoonosis (n=46)  (n=10)
Alanine transaminase (ALT) (IU/L) 126.4145.36 25.03+1.17 P <.001
Aspartate transaminase (AST) (IU/L) 26.85+1.46 14.64+1.43 P <.001
Alkaline phosphatase (ALP) (1U/L) 290.68+2.44 34.60+1.43 P <.001
Total protein (TP) (gm/dl) 5.39+0.48 6.56+0.20 P<.05
Albumin (ALB) (gm/dl) 1.03+£0.11 2.56+0.20 P<.05
Globulin (GLB) (gm/dl) 4.36+0.52 4.00+0.06 P < .05
Blood urea nitrogen (BUN) (mg/dI) 36.32+3.36 23.43£1.03 P <.001
Creatinine (CRT) (mg/dl) 0.69+0.37 0.63+0.06 ns
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Fig. 2. Level of significantly different biochemical parameters in infected vs healthy animals

The current

investigation
comparison to the control group, the infected
dogs had considerably lower levels of total
protein and albumin on the day of presentation.
Our findings were consistent with the results of
previous studies [8,14]. Hepatozoonosis may
result in hypoproteinemia due to renal tissue
injury. Hepatozoonosis is associated with the
development of protein-losing nephropathy, as
documented by [28,29,30]. Hypoalbuminemia is

revealed that, in The present investigation demonstrated a
statistically significant increase in BUN levels in
animals infected with H. canis. The observed
elevation in BUN levels in this study suggests
potential kidney damage, specifically to the
glomeruli, which play a crucial role in the filtration
process. H. canis has previously been implicated
as a potential cause of glomerulonephritis due to
its schizogony process, which also occurs in the
kidney [28].

caused by reduced protein consumption,
persistent  inflammation, or protein-losing 4. CONCLUSION
nephropathy [31,32] reported that

Hypoproteinemia may result from heightened
destruction, as H.
known to significantly impact the

hepatocyte

spleen.

Haemato-biochemical study can be crucial in the
diagnosis and management of H. canis
infections, as it provide essential insights into the
systemic impact of the parasite on the host. The

canis is
liver and
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findings of the present study suggest that
hepatozoonosis has a significant impact on the
blood and biochemical characteristics of infected
dogs, anaemia. anisocytosis, thrombocytopenia,
leukocytosis, low serum protein concentration
and increased ALT, AST, ALP and BUN values.
An elevated RDW in infected dogs suggests the
existence of anisocytosis and non-regenerative
anaemia. A lack of considerable variation in
MCV, MCH, and MCHC suggests the presence
of  normocytic, normochromic anaemia.
Abnormally high levels of ALT, AST, ALP and
BUN reflecting liver and kidney involvement in
the disease. Clinicians can utlize these
haemato-biochemical parameters to anticipate
and evaluate the likelihood of hepatozoonosis
and to moniter the therapeutic responses against
the parasite.
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