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Haematological, oxidative stress and electrolyte alterations in puppies
with canine parvoviral enteritis
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Abstract

Haematological changes, oxidative stress markers and electrolyte alterations were evaluated in puppies infected with canine
parvovirus type 2 (CPV-2) that were presented to veterinary hospitals and clinics in South Eastern, Nigeria. Fifty-one dogs were
used for the study and they were assigned into three groups. Group I consist of 21 diarrhoeic dogs naturally infected with canine
parvovirus, groups II, were 15 diarrhoeic dogs uninfected with canine parvovirus and group III, were 15 apparently healthy dogs
which served as the control. Immunochromatographic (IC) test was used to screen the dogs for canine parvovirus type 2
infections. The mean red blood cell (RBC) counts, packed cell volume (PCV) and haemoglobin (HB) concentrations were
significantly lower in the diarrhoeic infected than diarrhoeic non-infected and the control groups. The mean catalase (CAT) of
diarrhoeic non-infected group was significantly lower than diarrhoeic infected group and the control. The mean
malondialdehyde (MDA) of both diarrhoeic infected and diarrhoeic non-infected groups were significantly higher than the
control. The mean serum sodium (Na+) level of the diarrhoeic non infected group was significantly lower than the diarrhoeic
infected group. The mean serum potassium (K+) level was significantly lower both in diarrhoeic infected and diarrhoeic noninfected groups compared to the control groups. It was therefore concluded that the levels of oxidative stress and electrolyte
alterations may not be affected by the origin or aetiology of a disease (CPV-2), but on the severity of the infection.
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دراسة التغيرات الدموية واﻻجهاد التأكسدي والتغيرات في الكهارل في الجراء المصابه بالتهاب
اﻷمعاء البارفوالفيروسي
٤

 بي ام انين،٣ اس اي نوش،٢ ار سي ايوزكنوكو،١ اي اس اكبان،١ سي أس ايكويوزيكي

 وحدة البحوث المعهد٣ ، جامعة نيجريا نسيككا، فرع الطفيليات البيطرية٢ ، اويدكي، جامعة ميشيل اوكبارا الزراعية، فرع الطب الباطني١
 نيجريا، نسيككا، جامعة نيجريا، فرع الطب الباطني٤ ، فوم،الوطني للبحوث البيطرية

الخﻼصة

 عﻼمات اﻹجهاد التأكسدي والتغيرات في اﻻلكتروﻻيت في الكﻼب المصابة بفيروس بارفوف،هدف البحث الى تقييم التغيرات الدموية
 استخدم واحد وخمسون كلب في الدراسة تقسيم.( التي ﻗدمت للمستشفيات والعيادات البيطرية في جنوب شرق نيجيرياCPV-2) ٢ مﻦ النوع
، كلب كان يعاني مﻦ أسهال ومصاب بشكل طبيعي بفيروس بارفو٢١  المجموعة اﻷولى تتكون مﻦ.الكﻼب المصابة الى ثﻼث مجموعات
 كلبًا صحيًا على ما يبدو كان بمثابة مجموعة١٥  وكان،  كلب إسهال غير مصاب بفيروس البارفو والمجموعة الثالثة١٥ ، المجموعة الثانية
 كانت متوسﻂ تعداد خﻼيا الدم الحمراء.parvovirus  مﻦ فيروسات٢ ( لفحﺺ الكﻼب مﻦ النوعIC)  تم استخدام اختبار المناعي.السيطرة
( أﻗل بشكل ملحوظ في الكﻼب المصاب باﻹسهال مﻦ غير المصابHB) ( وتركيزات الهيموغلوبيﻦPCV)  وحجم الخلية المعبأة، (RBC)
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( مﻦ المجموعة غير المصابة باﻹسهال أﻗل بكثير مﻦ المجموعة المصابة باﻹسهالCAT)  وكان متوسﻂ الكاتﻼز.ومجموعات المراﻗبة
( مﻦ كل مﻦ اﻹسهال المصابة واﻹسهال غير المصابيﻦ المجموعات أعلى بكثيرmalondialdehyde (MDA  وكان متوسﻂ.والسيطرة عليها
( في المجموعة غير المصابة باﻹسهال أﻗل بكثير مﻦ المجموعة المصابة+ Na)  كان متوسﻂ مستوى الصوديوم في الدم.مﻦ السيطرة
( أﻗل بشكل ملحوظ سواء في المجموعات المصابة باﻹسهال أو غير المصابة+ K)  كان متوسﻂ مستوى البوتاسيوم في المصل.باﻹسهال
 فقد تم التوصل إلى أن مستويات اﻹجهاد التأكسدي والتعديﻼت بالكهرباء ﻗد ﻻ تتأثر بأصل أو، وبالتالي.باﻹسهال مقارنة بمجموعات التحكم
. ولكﻦ على شدة العدوى، (CPV-2) مسببات المرض
Introduction

Materials and methods

For the past three decades, canine parvovirus infection
has been a major disease of dogs characterized majorly by
gastroenteritis (1,2). The infection has been reported in many
parts of the world and it continues to emerge as a serious
threat to the canine population despite the availability of
vaccine (1). Acute parvoviral enteritis has been seen in dogs
of all breeds, age and sex, but puppies between 6 weeks and
6 months appear to be more susceptible (3,4). Enteritis and
myocarditis are the two major disease forms associated with
CPV-2 infection, though the myocarditis form is now
extremely rare clinical manifestation because of vaccination,
unless infection occurred in utero or in puppies born from
unvaccinated bitches (5-7). Acute enteritis however, is the
most common manifestation of the disease and more fatal
form (8,9). Clinical manifestations of the disease are
nonspecific and may include anorexia, depression, lethargy
and fever. As the course of disease progresses, typical
clinical signs will include vomiting and foul-smelling
diarrhoea that can range from mucoid to purely
haemorrhagic (10-12). Due to large fluid and protein losses
through the gastrointestinal tract, dehydration and
hypovolaemic shock often develop rapidly. Marked
abdominal pain is a feature of CPV-2 enteritis and can be due
to either acute gastroenteritis or intestinal intussusceptions
(7,12). Damage to the intestinal tract increases the risk of
bacterial translocation and subsequent septicaemia, which
may lead to the development of a systemic inflammatory
response that can progress to septic shock and ultimately
death (8,13,14). Oxidative stress and inflammatory reactions
have been suggested to play major roles in the pathogenesis
of many diseases and inflammatory conditions. Reactive
oxygen species (ROS) is one of the earliest cellular responses
following successful pathogen recognition and are produced
as a defence mechanism of the body and other cells during
immune activation (15). Evidence of systemic oxidative
stress is manifested as increased lipid peroxidation (16), and
depletion of the antioxidant status of infected animals by
increased production of free radicals (17).
This study, therefore, highlights the haematological
changes, oxidative stress and electrolyte alterations
associated with CPV-2 infections of dogs presented to
veterinary hospitals and clinics in South Eastern, Nigeria.

Experimental animals
A total of fifty-one puppies between the ages of 1-12
months were used for the study. The diarrhoeic dogs used
were randomly selected from dogs presented to various
veterinary hospitals and clinics in South Eastern, Nigeria.
The patient profile and the history of each dog including the
feeding, housing and other management practices were
carefully evaluated before the commencement of the study.
The dogs used for the study were mainly fed with homemade diet. All the dogs were screened for CPV-2 using
Immunochromatographic (IC) test as described by (18) and
were grouped into three. Group I consist of 21 diarrhoeic
dogs naturally infected with canine parvovirus, groups II,
were 15 diarrhoeic dogs uninfected with canine parvovirus
and group III, were 15 apparently healthy dogs which served
as the control.
Blood and serum sample collection
Blood samples for this study were collected from the
cephalic vein of the dogs. 2 ml of blood for haematology was
collected into vacutainer tubes containing ethylene diamine
tetra acetic acid (EDTA) as anticoagulant. The sample
bottles were rocked gently to mix the blood with the EDTA
to prevent clotting. For biochemical analysis 5 ml of blood
was collected from the cephalic vein of each dog into a
vacutainer tube without anticoagulant and the tube was left
undisturbed for 30 minutes to allow clotting. The clotted
blood was then centrifuged for 2 minutes at 30,000
revolutions per minute using a microhematocrit centrifuge.
The serum supernatant was immediately aspirated into
labelled sample bottles and refrigerated until use.
Determination of haematological parameters
The haematological parameter, red blood cell count
(RBC count), packed cell volume (PCV), haemoglobin
concentration (HB), white blood cell (WBC), mean
corpuscular volume (MCV), mean corpuscular haemoglobin
(MCH), mean corpuscular haemoglobin concentration
(MCHC), were analysed using an automated haematology
analyser (model 2800 BC produced by Mindray Company,
India) following standard procedures outlined by the
producer.
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non-infected and the control groups. The mean WBC counts
of the diarrhoeic infected group did not show any significant
difference with the diarrheic non-infected, but were
significantly higher than the control. The mean MCH and
MCHC were significantly lower in the diarrhoeic noninfected group than the diarrhoeic infected group, but did not
differ significantly with the control (Table 1).

Determination of oxidative stress parameters
Glutathione peroxidase (GPx) was determined according
to the method described by Moron et al (19). The superoxide
dismutase (SOD) was determined as described by
Marklund and Marklund (20). The catalase (CAT) activity
was determined by the method described by Sinha (21).
Malondialdehyde
(MDA)
was
determined
spectrophotometrically by measuring the level of the lipid
peroxidation product as described by Wallin et al (22).

Oxidative stress parameters
The mean SOD of the diarrhoeic infected group did not
show any significant difference with the diarrhoeic noninfected, but differed significantly from the control. The
mean CAT of diarrhoeic non-infected group was
significantly lower than diarrhoeic infected group and the
control. The mean MDA of both diarrhoeic infected and
diarrhoeic non-infected groups were significantly higher
than the control, but the diarrhoeic infected group was
significantly lower than diarrheic non-infected group (Table
2).

Electrolytes
The serum levels of sodium, potassium, chloride and
bicarbonate were determined using a commercial kit
(TECO Diagnostics, USA), following the manufacturer's
instructions.
Statistical analysis
Data obtained were expressed as mean ± standard error
of the mean and were analysed using one-way analysis of
variance with SPSS version 20 software package. The level
of significance was accepted at P < 0.05.

Electrolytes
The mean Na+ of the diarrhoeic non infected group was
significantly lower than the diarrhoeic infected group, but
did not differ significantly with the control. The mean K+ and
HCO3- of the diarrhoeic infected did not differ significantly
from diarrhoeic non-infected, but K+ was significantly lower
than the control (Table 3).

Results
Haematology
The mean RBC counts, PCV and HB concentrations were
significantly lower in the diarrhoeic infected than diarrhoeic

Table 1: The mean haematological changes of CPV-2 diarrhoeic infected and diarrhoeic non-infected puppies
Parameters
Control (Healthy Dogs) n=15
Diarrhoeic (Infected) n=21
Diarrhoeic (Non-infected) n=15
RBC (×1012/L)
6.1±0.10**
5.0±0.11*
7.9±0.15* **
PCV (%)
40.7±0.70**
32.8±0.73*
52.3±1.36***
Hb (g/dL)
11.8±0.21**
9.9±0.29*
14.2±0.10***
WBC (×109/L)
9.6±0.41**
16.5±0.90*
16.3±0.79*
Platelets (×109/L)
103.7±2.26
100.7±1.96
94.5±3.84
MCV (f l)
66.3±0.52
65.5±1.68
66.2±1.28
MCH (pg)
19.3±0.42
19.8±0.40
17.9±0.28**
MCHC (g/l)
290.8±6.77
305.1±9.08
271.9±6.60**
Mean ± SEM. Means marked * are significantly different from control group while those marked ** are significantly different
from diarrhoeic (infected) group.
Table 2: The mean oxidative stress levels of CPV-2 diarrhoeic infected and diarrhoeic non-infected puppies
Parameters
Control (Healthy Dogs) n=15
Diarrhoeic (Infected)n=21
Diarrhoeic (Non-infected) n=15
GPx (μmol/mg)
64.9±1.47
59.2±2.89
61.4±0.93
SOD (U/mg)
39.2±0.73
32.1±1.14*
35.8±0.80
Catalase (μmol/mg)
23.5±1.37
20.6±0.89
14.5±0.47***
MDA (μmol/mg)
1.3±0.05**
2.9±0.11*
3.6±0.14***
Mean ± SEM. Means marked * are significantly different from control group while those marked ** are significantly different
from diarrhoeic (infected) group.
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Table 3: The mean electrolytes levels of CPV-2 diarrhoeic infected and diarrhoeic non-infected puppies
Parameters
Control (Healthy Dogs) n=15
Diarrhoeic (Infected) n=21
Diarrhoeic (Non-infected) n=15
Na+ (mEq/L)
124.6±1.37
138.2±4.85
112.1±8.21**
K+ (mEq/L)
4.3±0.09**
2.8±0.14*
2.9±0.32*
Cl- (mEq/L)
98.8±1.61
102.3±5.86
111.9±3.55
HCO3- (Mmol/L)
22.1±0.55**
27.7±0.59*
26.8±0.60*
Mean ± SEM. Means marked * are significantly different from control group while those marked ** are significantly different
from diarrhoeic (infected) group.
CAT activities were significantly low in diarrhoeic infected
and diarrheic non-infected groups respectively. This result
however, indicates that antioxidant depletion has been
incriminated in the pathogenesis of many disease processes
of animals and humans, including CPV-2 infection. The
significantly higher malondialdehyde (MDA) observed in
the diarrhoeic non-infected group, than diarrhoeic infected
group, agrees with Panda et al (2) who observed a significant
alteration in the MDA in dogs suffering from gastroenteritis
irrespective of parvoviral enteritis.
The lower K+ (hypokalaemia) level observed both in
diarrhoeic infected and diarrhoeic non-infected groups
compared to the control, may be due to anorexia, vomiting
and diarrhoea which, contribute to depression and weakness
and severity of infection (8,32). This result also agrees with
Panda et al (2) who observed no significant difference in the
serum potassium level in gastroenteritis associated with
CPV-2 and gastroenteritis not associated with CPV-2. The
significantly lower Na+ level was observed in the diarrhoeic
non-infected group, compared to diarrhoeic infected group.
This was similarly reported by Panda et al (2) who observed
a significantly lower serum Na+ level in gastroenteritis in
dogs without canine parvovirus infection. Fluid loss with
consequent dehydration, electrolyte losses (sodium,
potassium, Bicarbonate, chloride), and even vascular
collapse sometimes occur in humans and animals (33).

Discussion
Diarrhoea and vomiting are the most consistent clinical
manifestations usually found in CPV-2 infections, although
other nonspecific signs such as anorexia, lethargy, weakness,
dehydration and fever may be observed (10-12). The
significantly (P<0.05) lower haematological parameters
(RBC counts, PCV and HB Concentrations) in the diarrhoeic
CPV-2 infected group, could be attributed to haemorrhagic
diarrhoea observed in the clinical cases and blood loss
through the faeces, due to damage of the vascular epithelium
of the intestine as the disease progresses (23,24). Virus
suppression of the bone marrow has been described to play a
major role in the pathophysiology of canine parvovirus, with
a marked decrease seen in myeloid, erythroid and
megakaryocytic cells, which leads to decrease in the life span
of red blood cells (25,26).
In this study increased in leucocyte counts
(Leucocytosis) was observed in the diarrhoeic infected
group, which agrees with the works of Goddard et al (27)
and Kalli et al (12) who did not observe significant
leukopenia in CPV-2 infected dogs. The increased
leucocytes counts might be due to the fact that most of the
blood sample in the above cases might have been collected
at the earlier stages of viremia rather than later stages when
leucocytosis had already been developed due to secondary
bacterial infection (23,28). Greene and Appel (29) and Padro
(30) in a similar study, reported that leukopenia is a
consistent finding in CPV-2 infection in dogs. It is widely
speculated that leucocytes counts can be used as a prognostic
marker for dogs that are hospitalized or overtime in assessing
dogs that have previously suffered parvoviral enteritis (9).
The more severe the leukopenia the graver the prognosis in
general, as leukopenia corresponds to sever clinical CPV-2
infection, while leucocytosis, however, tends to develop in
the later stages of the disease associated with secondary
bacterial infection markers, and generally indicates a more
favourable prognosis (27,31).
Antioxidant enzyme levels are sensitive of oxidative
stress. Both increased and decreased levels have been
reported in different diseases as a consequence of reactive
oxygen species (ROS) production either by up-regulation of
enzyme activity or utilization of the antioxidant enzymes to
counter the ROS. In this present study, the mean SOD and

Conclusion
It was concluded from this study, that the haematological
parameters (RBC counts, PCV and HB Concentrations) are
likely to decrease in a CPV-2 infected dogs leading to
anaemia. Generally, the level of oxidative stress and
electrolyte alterations may not be affected or dependent on
the aetiology or origin of infection (canine parvoviral
enteritis) but on the severity of the infection.
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