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ABSTRACT

Canine parvovirus (CPV) and canine distemper virus (CDV), which
are seen mostly in dogs younger than 6 months (mos) old with
high mortality despite early diagnosis and treatment, cause various
hematological abnormalities and clinical symptoms accompanied
by gastroenteritis findings. Since the methods developed for
definitive ante-mortem diagnosis are time-consuming and require
expertise and equipment, routine laboratory tests such as blood
gases and hemogram analyzes still maintain their importance in
the diagnosis and monitoring the complications associated with the
viruses. The animal material of the study was consisted of a total
of 50 dogs: 40 dogs (Experimental Group; 24 male, 16 female)
aged between 2-6 mos, from medium to large breeds such as
Anatolian shepherd, Boxer and mixed breed with gastroenteritis
symptoms; 10 healthy dogs (Control Group; 8 male, 2 female)
aged between 2-6 mos, from similar breeds. All were brought to
the hospital either for diagnosis/treatment or for routine check-up.
Based on the results of rapid antigen tests performed following
the clinical and laboratory analyzes, the Experimental Group was
divided into two subgroups: Canine Parvovirus Group (CPV Group,
n=22) and Canine Distemper Virus Group (CDV Group, n=18).
As a result of laboratory analyzes, differences in respiratory rate,
capillary refill time and body temperature (P=0.000) in the clinical
examinations; leukocyte (WBC) (P=0.003), granulocyte (P=0.000)
and mean corpuscular volume (MCV) (P=0.001) levels in the
hemogram; pH (P=0.001), lactate (P=0.004) and HCO, (P=0.001)
levels in the blood gases analysis were detected in the CPV and
CDV groups. Based on the Receiver operating characteristic
(ROC) evaluation of the parameters, which were determined to
vary in the Experimental Group, it was concluded that low pH
and HCO, with high lactate levels in blood gases along with low
WBC, granulocyte and high MCV levels in the hemogram may be
useful parameters in establishing a routine laboratory test panel
for diferentiation between CPV and CDV.
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RESUMEN

El parvovirus canino (CPV)y el virus del moquillo canino (CDV), que
se observan principalmente en perros menores de 6 meses (mes) con
una alta mortalidad a pesar del diagndstico y tratamiento precoces,
causan diversas anomalias hematolégicas y sintomas clinicos
acompaniados de hallazgos de gastroenteritis. Dado que los métodos
desarrollados para el diagnoéstico ante-mortem definitivo requieren
mucho tiempo y experiencia y equipo, las pruebas de laboratorio
de rutina, como los analisis de gases en sangre y hemogramas,
aun mantienen su importancia en el diagnéstico y seguimiento de
las complicaciones asociadas con los virus. El material animal del
estudio estuvo constituido por un total de 50 perros: 40 perros (Grupo
Experimental; 24 machos, 16 hembras) con edades comprendidas
entre 2-6 mes, de razas medianas a grandes como Pastor de Anatolia,
Boxer y mestizos con sintomas de gastroenteritis; 10 perros sanos
(Grupo de Control; 8 machos, 2 hembras) de 2 a 6 mes de edad, de
razas similares. Todos fueron llevados al hospital para diagnéstico/
tratamiento o para chequeos de rutina. Con base en los resultados de
las pruebas rapidas de antigenos realizadas tras los andlisis clinicos
y de laboratorio, el Grupo Experimental se dividié en dos subgrupos:
Grupo de Parvovirus Canino (Grupo CPV, n = 22) y Grupo de Virus del
Moquillo Canino (Grupo CDV, n = 18). Como resultado de analisis de
laboratorio, diferencias en frecuencia respiratoria, tiempo de llenado
capilar y temperatura corporal (P = 0,000) en los examenes clinicos;
niveles de leucocitos (WBC) (P = 0,003), granulocitos (P = 0,000) y
volumen corpuscular medio (MCV) (P = 0,001) en el hemograma;
niveles de pH (P = 0,001), lactato (P = 0,004) y HCO, (P = 0,001) en el
andlisis de gases en sangre se detectaron en los grupos CPV y CDV.
Con base en la evaluacion de la caracteristica operativa del receptor
(ROC) de los parametros, que se determin6 que variaban en el Grupo
Experimental, se concluy6 que pH bajo y HCO, con niveles altos de
lactato en los gases sanguineos junto con niveles bajos de leucocitos,
granulocitos y altos niveles de MCV en el hemograma puede ser un
parametro Util para establecer un panel de pruebas de laboratorio de
rutina para la diferenciacion entre CPV y CDV.

Palabras clave: Parvovirus canino; virus del moquillo canino;
hemograma; gases en sangre; perro
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INTRODUCTION

Acute gastroenteritis (AG) describes a syndrome characterized by
a sudden onset of vomiting and/or diarrhea due to gastrointestinal
mucosal inflammation. Clinical examinations, elimination of other
potential causes are important in its diagnosis and histopathological
evaluation is rarely used [45]. There are no pathognomonic
specific physical examination findings for the diagnosis of AG and
some affected dogs (Canis familiaris) may not have significant
abnormalities [32]. Findings consistent with AG are lethargy,
ptyalism and abdominal distension. Besides, evaluation of mucous
membranes, capillary refill time, skin elasticity and hydration status
is important in deciding further diagnostic tests [24]. Laboratory
analyzes are important for the elimination of non-gastrointestinal
causes such as acute kidney injury, acute hepatitis, pancreatitis
and metabolic complications of gastroenteritis that may cause
gastroenteritis findings [32, 45].

There are several causative factors that can cause gastroenteritis
in dogs. These are viruses such as Parvovirus, Coronavirus [27]
and Distemper virus [47]; bacteria such as Salmonella spp. and
Escherichia coli [10]; endoparasites such as Dipyllidium caninum
[15] and Ancylostoma caninum [30]. Two important viral infections
that usually cause hemorrhagic gastroenteritis in dogs are Canine
Parvovirus (CPV) [20] and Canine Distemper virus (CDV) [6]. CPV
infection is an acute, contagious and fatal viral disease that can
cause both hemorrhagic gastroenteritis and myocarditis, which is
more common in puppies less than 8 weeks (w) old [16, 22, 31].
Although severe clinical findings are mostly seen in dogs younger
than 6 months (mos), adult dogs with immunosuppression are also
potentially at risk [35]. CDV infection, which is the most important
cause of mortality in domestic dogs after rabies [43], causes
fever, respiratory symptoms such as cough, nasal and/or ocular
discharge as well as gastroenteritis characterized by vomiting and
diarrhea [3, 14, 21].

Due to its pantropic nature, CDV infection causes
immunosuppression and induces a wide variety of clinical findings
[3, 17, 34]. Similarly, the initial findings of CPV infection are
non-specific such as anorexia, depression, fever and diarrhea that
can vary from mucoid to hemorrhagic [20]. It has been reported
that definitive ante-mortem diagnosis is difficult due to non-specific
clinical and laboratory findings such as anemia, lymphopenia,
neutropenia/neutrophilia [6, 14, 20, 31]. For this reason, various
techniques such as enzyme linked immunosorbent assay (ELISA),
electron microscopy, viral isolation, fecal hemagglutination,
latex agglutination, counter immunoelectrophoresis,
immunochromatography and polymerase chain reaction
(PCR) to detect CPV antigen in stool; immunofluorescence,
immunocytochemistry, antigen immunecapture ELISA, ferret
inoculation test and in situ hybridization to detect CDV antigen
[5, 6, 18, 19, 41] have been developed. However, most of these
techniques require expertise and equipment, and are reported to
be tiring and time-consuming [1, 18, 42]. Therefore, as reported,
some routine laboratory tests may be useful in the diagnosis and
differentiation between CDV and CPV infections and also monitoring
the complications associated with the viruses [17, 40, 46].

Although blood gases and hematological parameters are not
sufficiently specific to identify the etiology of gastroenteritis cases,
they provide clinically important information in terms of establishing
a differential diagnosis list. That is why, this study aims to reveal
prominent blood gases and hemogram parameters that are
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important in the determination of CDV and CPV infections prior to
rapid antigen test applications and to establish a routine laboratory
test panel for the diagnosis of the diseases.

MATERIALS AND METHODS

Animal design

The animal material of the study was consisted of a total of
50 dogs: 40 dogs (Experimental Group; 24 male, 16 female),
which were brought for diagnosis/ treatment, aged between 2-6
mos from medium to large breeds such as Anatolian shepherd,
Boxer and mixed breed with gastroenteritis symptoms such as
anorexia, vomiting and diarrhea; 10 healthy dogs (Control Group;
8 male, 2 female), which were brought for vaccination and/or
routine check-up, aged between 2-6 mos from similar breeds. In
order not to affect the results, the dogs included in the study were
not selected among dog breeds such as Rottweiler, Doberman,
German shepherd known to be susceptible to viral diseases [9].
All were admitted to Harran University Veterinary Faculty Animal
Hospital. Anamnestic data revealed that none of the dogs in the
present study were neither vaccinated nor dewormed and all were
fed on commercial dry food. Also, it was learned that the dogs in
the Experimental Group had had symptoms for the last 1-2 days
(d) before admission, and that no treatment had been received.

This study protocol was approved by the ethics committee of
the Faculty of Veterinary Medicine, Harran University (session and
permit number: 2021-005/01-14).

Clinical examinations

Clinical examinations of all dogs included in the study were
performed in the same exam room specific to canine patients by the
same personnel with minimal restrain in order not to influence the
examination results. Within the scope of clinical examinations, body
temperature, respiratory and heart rate measurements, lung and
heart auscultation, mandibular, prescapular, superficial inguinal and
popliteal lymph node palpations were performed. Stool samples
were taken from all the dogs with rectal swab to investigate the
presence of parasites and microscopic examination of the samples
was performed (light microscope, 40x magnification, Olympus®).
Dogs with comorbid diseases such as neurological (dogs that were
possibly affected with CDV but without gastroenteritis findings),
respiratory or dermatosis-related conditions and with any parasites
were excluded from the study. That is, only dogs with AG were
enrolled in the Experimental Group.

Collection of blood samples

Venous blood samples from all dogs were taken from the
vena cephalica (5-10 milliliters (mL)) venepuncture with minimal
restrain. 3-5 mL of blood was added into tubes containing
ethylenediaminetetraacetic acid (K,EDTA) to be used for hemogram
and the rest was collected with injectors containing heparin to be
used for blood gases analysis.

Blood gases and hemogram analysis

Blood gases (hydrogen ion concentration (pH), partial pressure
of carbondioxide (pCO,), partial pressure of oxygen (pO,),
base excess (BE), bicarbonate (HCO,), lactate, potassium,



Revista Cientifica, FCV-LUZ / Vol. XXXII, rcfcv-e32091, 1 - 6

sodium, chlorine concentrations and glucose levels) analysis
was performed from heparinized blood samples with the GEM
Premier Plus 3000 (74351, Blood Gas/Electrolyte Analyzer, Model
5700, Instrumentation Laboratories, USA) autoanalyzer. Hemogram
analysis (leukocyte, lymphocyte, monocyte, granulocyte, erythrocyte
(RBC), MCV, hemoglobin (Hb), hematocrit (Hct) mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin concentration
(MCHC) and red cell distribution width (RDW)) was performed
from venous blood samples with K,EDTA using MS4 (CFE 279,
Hematology Analyzer, France) autoanalyzer as well. Blood gases
and hemogram analyzes were performed within 5-10 minutes after
sampling.

Rapid antigen test applications and dividing experimental
group into subgroups

In order to differentiate diseases causing gastrointestinal
symptoms similar to CPV and CDV; Canine Adenovirus 2, Canine
Influenza virus, Canine Coronavirus (Asan Easy Test CAV2/CIV/
CCV Ag, ASAN Pharm. Co., Ltd. Gyeonggi-do Korea, relative
sensitivity: 93.10 %, relative specificity: 97.50 %) tests were
performed according to the manufacturer’s instructions. All test
results were determined to be negative. Following blood gases
and hemogram analyzes of all dogs in the Experimental Group,
Canine Parvovirus (Asan Easy Test CPV Ag, ASAN Pharm. Co.,
Ltd. Gyeonggi-do Korea, relative sensitivity: 97.96 %, relative
specificity: 97.50 %) and Canine Distemper Virus (Asan Easy
Test CDV Ag, ASAN Pharm. Co., Ltd. Gyeonggi-do Korea, relative
sensitivity: 97.96 %, relative specificity: 97.50 %) antigen tests
were performed in accordance with the manufacturer’s instructions.
Based on the test results, the Experimental Group was divided
into two subgroups: Canine Parvovirus (CPV Group) and Canine
Distemper virus (CDV Group). The same tests (CAV2/CIV/CCV
Ag, CPV and CDV Ag) were also applied to the dogs in the Control
Group and the results were determined to be negative. Based on
the results of rapid antigen tests, 18 dogs were enrolled in the CDV
Group and 22 dogs in the CPV Group.

Statistical analysis

The data were evaluated using SPSS 21.00 (SPSS for
Windows®) statistical software. One sample Kolmogorov-Smirnov
test [48] was applied to determine whether all data were parametric
or non-parametric. Non-parametric data were evaluated as median
(min, max) and parametric data as mean (+SD) with Mann Whitney
U, Kruskal-Wallis test [47]. Receiver operating characteristic curve
(ROC) analysis was used to determine the diagnostic cut-off values
of the measured values, which were found to be useful in the
differential diagnosis of the disease as a result of the comparison
of blood gases and hemogram parameters. Statistical significance
was considered as P<0.05 for all data.

RESULTS AND DISCUSSION

Clinical examinations

Clinical examinations including heart and respiratory rate,
capillary refill time and body temperature measurements of the
Control (n:10), CDV (n:18) and CPV groups (n:22) were determined
to be different from each other (P=0.000). Besides, comparing the
CPV and CDV groups, respiratory rate, capillary refill time and

body temperature were determined to be different from each other
(P=0.000). Clinical examination findings are shown in TABLE I.

TABLE I
Clinical examination findings

Control Group CDV Group  CPV Group Pvalue

Parameters

(mean £SD) (meanxSD) (mean xSD) (P<0.05)
RR (min) 35.9+6.82c 89.5+537a 65.18+15.05b 0.000
HR (min) 79.50 £+ 8.68b 100.22+8.12a 108.09+21.14a 0.000
CRT (sec) 2.6+0.51a 1.83+0.78b 2.86+0.77a  0.000
Temp (°C) 38.1+0.3c 39.29+0.28a 38.72+0.88b 0.000

RR: Respiration rate, HR: Heart rate, CRT: Capillary fill time, Temp: Body
temperature

Hemogram findings

In all the groups, statistical differences were determined in the
hemogram parameters such as WBC, granulocyte, MCV, MCH
and MCHC values (P<0.05). Among these parameters, WBC
(P=0.003), granulocyte (P=0.000) and MCV (P=0.001) values of
the CPV Group were determined to be different from those of the
CDV Group. Hemogram findings are shown in TABLE 1.

TABLE I1
Hemogram findings
Parameters Control Group CDV Group  CPV Group P value
(mean £SD) (mean +SD) (mean xSD) (P<0.05)
WBC 14.73+2.86a 17.61+9.75a 8.50+8.15b  0.003
Lymphocyte  4.08 £ 1.41 3.86 +2.57 4.11+£2.96 0.950
Monocyte 0.97 £0.55 1.32+0.92 0.66 +1 0.088
Granulocyte 9.68 +2.39a 12.42+8.54a 3.71+536b 0.000
RBC 6.86 £+ 0.78 7.58 £ 1.51 6.81+1.46 0.194
MCV 64.56 +6.52b 64.44 +8.21b 72.30+5.31a 0.001
HCT 4571 +6.07 48.42+9.62 48.22+14.89 0.823
MCH 23.07 +1.75a 19.60 £2.65b 20.55+1.43b 0.000
MCHC 33.67+4.22a 30.53+2.03b 28.5+1.79b 0.000
RDW 10.21+£1.23b 11.81 +£2.52a 11.14+£0.95ab 0.075
Hb 1551+1.78 14.73+2.68 14.02+3.05 0.352

WBC: White blood cell, RBC: Red blood cell, MCV: Mean corpuscular
volume, HCT: Hematocrit, MCH: Mean corpuscular hemoglobin, MCHC:
Mean corpuscular hemoglobin concentration, RDW: Red cell distribution
width, Hb: Hemoglobin
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Blood gases analysis

Parameters such as pH, Na, Cl, lactate and HCO3 were determined
to have statistical differences (P<0.05) as a result of blood gases
analysis. Comparing the CPV and CDV groups, pH (P=0.001),
lactate (P=0.004) and HCO, (P=0.001) levels were determined
to be different from each other as well. Blood gases findings are
shown in TABLE III.

TABLE IIT
Blood gases findings

Control Group CDV Group CPV Group P value

Parameter

(mean £SD) (mean+SD) (mean xSD) (P<0.05)
pH 7.40 £ 0.34a 7.37+0.08a 7.29+0.07b  0.001
pCo, 36.71+2.38 35.82+4.86 3545+6.48 0.824

pO, 29.27 £2.05b 37.16 £ 10.50a 33.34 + 8.63ab 0.072

K 4.10+0.37 3.97 £ 0.46 4.03 +£0.69 0.846

Na 146.30 £ 4.62b 153.22 + 7.87a 148.18+6.78ab 0.022

Ca 1.05+0.13 1.06+0.18 0.92+0.23 0.085

cl 113+3.01b  115.05+7.41ab 109.54 + 7.41a 0.044
Glucose 113.20+10.22 97.55+21.79 92.31+30.92 0.098
Lactate 1.80+0.25b 1.76+0.85b 3.13+1.87a 0.004
Base excess -2.57 +3.58 -3.78 £4.30 -6.84+7.72 0.119

HCO 21.80+1.21a 20.71+3.37a 17.66+3.57b 0.001

3
pH: Power of hydrogen, pCO,: Partial pressure of carbon dioxide, pO,:
Partial pressure of oxygen, K: Potassium, Na: Sodium, Ca: Calcium, Cl:
Chlorine, HCO,: Bicarbonate

Receiver operating characteristic curve analysis

Receiver operating characteristic curve (ROC) analysis of the
parameters, which were determined to differ in the CPV from CDV
Group as a result of hemogram analysis, was performed. Within
the scope of ROC analysis, the calculated results for WBC were:
Area under curve (AUC): 0.871, 95 % confidence interval (Cl),
Cut-off: 7.45, sensitivity: 72 %, specificity: 100 %; for granulocyte:
AUC: 0.907, 95 % ClI, Cut-off: 2.865, sensitivity: 77 %, specificity:
100 %; For MCV, AUC: 0.777, 95 % CI, Cut-off: 69.35, sensitivity:
81 %, specificity: 77 %, respectively. The ROC analysis findings
and figures of hemogram parameters are shown in TABLE IV and
FIG. 1, respectively.
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FIGURE 1. ROC analysis of WBC (A), granulocyte (B) and MCV
(C) values. Diagonal segments are produced by ties

ROC analysis of statistically significant parameters of blood gases
was performed. In the ROC analysis of blood gases parameters,
which were determined to differ between the CPV and CDV groups,
the calculated results for pH were: AUC: 0.821, 95 % ClI, Cut-off:
7.381, sensitivity: 90 %, specificity: 60.7 %; for lactate: AUC: 0.778,
95 % Cl, Cut-off: 2.15, sensitivity: 72 %, specificity: 75 %; For HCOa,
AUC: 0.797, 95 % CI, Cut-off: 21, sensitivity: 90 %, specificity:
64.3 %, respectively. ROC analysis findings and figures of blood
gases parameters are shown in TABLE V and FIG. 2, respectively.

TABLE 1V
ROC analysis findings of hemogram parameters

Asymp. 95 % CI

Parameter AUC Std. Error P value Lower Bound Upper Bound Cut-off Sensitivity  Specifity Observed Power
WBC 0.871 0.060 0.000 0.753 0.990 7.450 72 % 100 % 88.0 %
Gra 0.907 0.052 0.000 0.804 1.000 2.865 77 % 100 % 96.9 %
MCV 0.777 0.085 0.003 0.610 0.943 69.35 81 % 77 % 94.5 %

Gra: Granulocyte, AUC: Area under curve, Std. Error: Standard error, Asymp. CI: Asymptotic confidence interval, WBC: White blood cell, MCV: Mean

corpuscular volume
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TABLEV
ROC analysis findings of blood gases parameters

Asymp. 95 % CI

Parameter AUC Std. Error P value Lower Bound Upper Bound Cut-off Sensitivity  Specifity Observed Power
pH 0.790 0.075 0.002 0.643 0.938 7.306 88 % 54 % 78.6 %
Lactate 0.777 0.074 0.003 0.632 0.921 2.600 83% 60 % 80.0 %
HCO 0.759 0.080 0.005 0.602 0.916 17.20 88 % 50 % 76.3 %

3

AUC: Area under curve, Std. Error: Standart error, Asymp. CI: Asymptotic confidence interval, pH: Power of hydrogen, HCO,: bicarbonate
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FIGURE 2. ROC analysis of pH (A), lactate (B) and HCO, (C)
values. Diagonal segments are produced by ties

CPV and CDV infections cause various clinical findings with
gastroenteritis, mostly in dogs younger than 6 mos and despite early
diagnosis and therapeutic approaches, mortality rates have been
reported to be 4-7 % [38] and 95 % [33], respectively. Considering
that the techniques developed for definitive ante-mortem diagnosis
are tiring, timeconsuming and require expertise and equipment [1,
18, 41], the importance of routine laboratory tests such as blood
gases and hemogram measurements become evident in terms
of diagnosis, differentiation and monitoring the complications
associated with the viruses [17, 40, 46].

Clinical manifestations of CDV infection depend on viral virulence,
environmental conditions and host immunity [14]. The main organ
systems affected by CDV infection are respiratory, gastrointestinal
and central nervous systems [4]. Fever, anorexia and lethargy are
usually associated with viremia (1-3 d after the onset of infection).
Since the typical neurological form is mostly observed in 1-3 w
after the acute infection, respiratory findings such as conjunctivitis,
pneumonia and gastrointestinal findings such as vomiting and
diarrhea, which are usually hemorrhagic, are prominent in the
acute period [2, 6, 13, 46]. Considering these findings, dogs with
only gastroenteritis symptoms were included in this study within
the scope of clinical manifestation of acute CDV infection in
accordance with previous reports [6, 46].

Similarly, non-specific clinical findings such as fever, lethargy,
anorexia and stagnation observed in CPV infection are associated
with viremia (1-5 d after the onset of infection). In both CPV and
CDV infections, findings related to dehydration and hypovolemia
such as oral mucous membrane dryness, prolonged capillary refill
time and loss of skin elasticity are associated with high-volume fluid
and protein losses in the gastrointestinal tract [14, 36]. Capillary
refill time (CRT) (2.86 £ 0.77, P=0.000), which was determined to
be higher in the CPV Group compared to the CDV Group, indicate
that the fluid loss from the gastrointestinal tract in CPV infection is
higher and tissue perfusion is more severely affected.

In previous reports, increased respiratory rate has been reported
in CDV infection as a result of respiratory disorders such as
interstitial pneumonia [25]. Compared to the CPV group, the higher
respiratory rate (89.5 + 5.37, P=0.000) in the CDV group was
consistent with this finding. It has been reported that high fever
in CDV and CPV infections is associated with the viremia period
[6, 20, 21, 31]. The characteristic of fever seen in the CDV and
CPV groups (39.29 + 0.2 and 38.72 + 0.88 °C, P=0.000) of the
present study was interpreted as biphasic fever for CDV and CPV
infections, which is often associated with viremia [7, 14].

Evaluation of blood gases in critical cases (such as CDV, CPV
infections) in veterinary medicine makes it possible to detect
physiological disorders early, warn the clinician against possible
decompensations and guide treatment options [26]. Any change in
bicarbonate or carbon dioxide pressure keeps the pH in balance
by stimulating the compensation mechanism [11]. The medical
treatment of diseases that cause severe gastroenteritis includes
fluid therapy, nutritional care, antiemetic and antimicrobial drug
applications [37, 40]. Decreased bicarbonate levels and base
excess have been reported in dogs with CPV [36, 39] and dogs
with CDV [17]. In addition, it has been reported that the increased
pH value despite the low bicarbonate level is associated with
the compensation mechanism and low bicarbonate and high
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lactate levels are required for classification of metabolic acidosis
[36]. Electrolyte disturbances due to vomiting and diarrhea are
inevitable in dogs affected either by CPV or CDV infection, which
causes gastroenteritis due to its pantropic nature [29]. As a result
of blood gases analysis, significant differences were determined
in pH (P=0.001), lactate (P=0.004) and HCO, (P=0.001) levels
between the CPV and CDV groups in the present study. The
lower pH and base excess along with higher lactate levels of the
CPV group may indicate that dehydration and protein loss from
the intestines are more severe and energy metabolism is more
severely affected [8, 11]. Also, the chlorine level was detected
to be lower in the Experimental Group than that of the Control
Group (P=0.044). These findings were interpreted depending on
the presence of relative free water deficit [12] in the dogs of the
Experimental Group.

Many differences have been reported as a result of hematological
analyzes performed in dogs with CDV or CPV [9, 16, 17, 20, 32, 34].
In addition to hematological analyzes, blood gases measurements
are reported to be useful diagnostic and prognostic methods that
are frequently used both for tentative diagnosis and confirmation
of the diagnosis [8, 14, 22]. CDV persists in the bone marrow
of infected dogs. This persistence causes erythroid hypoplasia
and explains the anemia detected in CDV-infected dogs [17].
In addition, the fact that iron becomes less useful for the body
as a result of the release of interleukin-6 also contributes to the
formation of anemia [16, 31].

Similarly, it has been reported that low hemoglobin, hematocrit,
MCV, MCH and MCHC levels determined in CPV infection are
related to the disruption of iron recovery and/or iron metabolism
in erythroid precursor cells [28]. Viral replication in lymph nodes
observed in viral infections causes lymphopenia in the acute
phase and subsequently leukopenia. After the initially observed
leukopenia, lymphocytosis and thus leukocytosis have also been
reported [17, 23]. In the hemogram analysis of the present study,
WBC (P=0.003), granulocyte (P=0.000) and MCV (P=0.001) levels
in the CPV Group were found to be different than those of the
CDV Group. Also, differences were observed in terms of MCH
(P=0.000) and MCHC (P=0.000) levels between the Experimental
and Control groups. The more severe findings in the CPV Group
compared to the CDV Group can be explained by the fact that the
agent tends to replicate very rapidly in the gastrointestinal tract,
lymphoid tissue and bone marrow cells, resulting in more severe
immunosuppression [44].

In the comparative ROC analysis of the CPV and CDV groups
of the present study, it was determined that pH (sensitivity: 90 %,
specificity: 60.7 %, observed power: 78.6 %), lactate (sensitivity:
72 %, specificity: 75 %, observed power: 80 %) and HCO3
(sensitivity: 90 %, specificity: 64.3 %, observed power: 76.3 %) in
the blood gases analysis; WBC (sensitivity: 72 %, specificity: 100 %,
observed power: 88 %), granulocytes (sensitivity: 77 %, specificity:
100 %, observed power: 96.9 %) and MCV (sensitivity: 81 %,
specificity: % 77, observed power: 94.5 %) levels in the hemogram
analysis were useful in establishing a routine laboratory test panel
to make an etiological differentiation list.

60of8

CONCLUSIONS

Although blood gases and hematological parameters do not
have sufficient specificity in determining the etiology of diseases
with gastroenteritis findings, they are highly important in terms of
forming a differential diagnosis list and providing useful clinical
information. As a result, it was concluded that the evaluation of
WBC, granulocyte and MCV levels in hemogram and pH, lactate
and HCOg3 levels in blood gases as a routine laboratory test panel
may be useful in differentiating between CPV infection and CDV
infection in dogs only with AG as clinical manifestation.

CONFLICT OF INTEREST

The authors declare that they have no conflicts of interest in
the research.

BIBLIOGRAPHIC REFERENCES

[1] ALLDINGER, S.; BAUMGARTNER, W.; ORVELL, C. In vivo
and in vitro expression of canine distemper viral proteins
in dogs and non-domestic carnivores. Arch. Virol. 132:
421-428. 1993

[2] ALVAREZ, L.; WHITTEMORE, J. Liver enzyme elevations in
dogs: physiology and pathophysiology. Compend. (Yardley,
PA). 31: 408-10. 2009

[3] AMUDE, A.M.; ALFIERI, A.A.; ALRIERI, A.F. Antemortem
diagnosis of CDV infection by RT-PCR in distemper dogs with
neurological deficits without the typical clinical presentation.
Vet. Res. Commun. 30: 679-687. 2006

[4] AMUDE, A.M.; ALFIERI, A.A.; ALFIERI, A.F. The nervous form
of canine distemper. Med. Vet. Zoot. 13: 125-136. 2012

[5] APPEL, M.J.; GILLESPIE, J.H. Canine distemper virus. In:
Canine Distemper Virus. Springer. Vienna. Pp 1-96. 1972

[6] APPEL, M. J. Canine distemper virus. In: Virus infections of
Carnivores. Appel, M.J. (Ed.) Elsevier Science Publishers,
Amsterdam. Pp.133-159. 1987

[71 BROLIDEN, P.A.; DAHL, IM.; HAST, R. Antithymocyte globulin
and cyclosporine A as a combination therapy for low-risk non
sideroblastic myelodysplastic syndromes. Haematol. 91: 667-
670. 2006

[8] BURCHELL, R.K.; SCHOEMAN, J.P.; LEISEWITZ, A.L. The
central role of chloride in the metabolic acid-base changes in
canine parvoviral enteritis. Vet. J. 200: 152-156. 2014

[9] CASTRO, T.X.; CUBEL-GARCIA, C.; GONCALVES, L.P;
COSTA, E.M,; MARCELLO, G.C.; LABARTHE, N.V.; MENDES-
ALMEIDA, F. Clinical, hematological, and biochemical findings
in puppies with coronavirus and parvovirus enteritis. Can. Vet.
J. 54: 885-888. 2013

[10] CHAUDHARY, S.P.; KALIMUDDIN, M.; PRASAD, G;
VERMA, B.B.; NARAYAN, K.G. Observation on natural and
experimental salmonellosis in dogs. J. Diarrhoeal Dis. Res.
3: 149-153. 1985

[11] CONSTABLE, P.D. Clinical assessment of acid-base status:
comparison of the Henderson-Hasselbalch and strong ion
approaches. Vet. Clin. Pathol. 29: 115-128. 2000



(12]

(13]

(14]

[15]

[16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

CONSTABLE, P.D. Hyperchloremic acidosis: the classic
example of strong ion acidosis. Anesth. Analg. 96: 919-922.
2003

DEEM, S.L.; SPELMAN, L.H.; YATES, R.A.; MONTALI, R.J.
Canine distemperin terrestrial carnivores: A review. J. Zoo.
Wildlife Med. 31: 441-451. 2000

DEGENE, B.; ZEBENE, M. Canine Distemper, A review. Int.
J. Adv. Res. Biol. Sci. 6: 12-19. 2021

EL-BAKY, A.B.D.; MOUSA, A.A.; KENALY, W.D. Diagnosis of
hemorrhagic gastroenteritis in dogs. Biosci. Res. 14: 1223-
1229. 2017

ER, C.; OK, M. Levels of Cardiac Biomarkers and Coagulation
Profiles in Dogs with Parvoviral Enteritis. Kafkas. Univ. Vet.
Fak. Derg. 21: 383-388. 2015

EZEIBE, M.C.O.; UDEGBUNAM, R.l. Haematology of dogs
infected with canine distemper virus. Sokoto J. Vet. Sci. 7:
30-32. 2008

FRISK, A.L.; KONIG, M.; MORITZ, A.; BAUMGARTNER,
W. Detection of canine distemper virus nucleoprotein RNA
by reverse transcription-PCR using serum, whole blood,
and cerebrospinal fluid from dogs with distemper. J. Clin.
Microbiol. 37: 3634-3643. 1999

GEMMA, T.; WATARI, T.; AKIYAMA, K.; MIYASHITA, N.; SHIN,
Y.S.; IWAYSUKI, K.; KAI, C.; MIKAMI, T. Epidemiological
observations on recent outbreaks of canine distemper in
Tokyo area. J. Vet. Med. Sci. 58: 547-550. 1996

GODDARD, A.; LEISEWITZ, A.L. Canine Parvovirus. Vet.
Clin. North Ame. Small Anim. 40: 1041-1053. 2010

GULERSOY, E.; OK, M.; SEVINC, M.; DURGUT, M. K;
NASERI, A. A Case of A 13-Year-Old Dog with Old Dog
Encephalitis: A Rare Form of Canine Distemper. Kocatepe
Vet. J. 13: 224-227. 2020

GULERSOY, E,; OK, M.; YILDIZ, R.; KORAL, E.; IDER, M;
SEVINC, M.; ZHUNUSHOVA, A. Assessment of intestinal and
cardiac-related biomarkers in dogs with parvoviral enteritis.
Pol. J. Vet. Sci. 23: 211-219. 2020

HAGAN, M.; VASCONELOS, O.; COMMON, S.J.; OGLESBEE,
M. Interferon-Alpha inhibits the emergence of cellular stress
response-dependent morbilivirus large plague variant. Antivir.
Res. 38: 195-207. 1998

HERSTAD, K.M.V., GAJARDO, K.; BAKKE, A.M.; MOE, L.;
LUDVIGESN, J.; RUDI, K.; RUD, I.; SEKELJA, M.; SKANCKE,
E. A diet change from dry food to beef induces reversible
changes on the faecal microbiota in healthy, adult client-
owned dogs. BMC Vet. Res. 13: 1-13. 2017

HLIGINS, R.J.; KRAKOWKA, S.; METZLER, E.; KOESTNER,
A. Canine distemper virus-associated cardiac necrosis in the
dog. Vet. Pathol. 18: 472-486. 1981

HOPPER, K.; EPSTEIN, S.E. Incidence, Nature, and Etiology
of Metabolic Acidosis in Dogs and Cats. J. Vet. Intern. Med.
26: 1107-1114. 2012

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

Revista Cientifica, FCV-LUZ / Vol. XXXII, rcfcv-e32091, 1 - 6

HOSKIN, J.D. Canine viral enteritis. In: Infectious Disease
of The Dog And Cat. Greene, C.E. (Ed.). WB Saunders
Company, Philadelphia, USA. Pp 40-45. 1998

JUHL, C.; CHRISTENSEN, R.; ROOS, E.M.; ZHAMG, W.;
LUND, H. Impact of exercise type and dose on pain and
disability in knee osteoarthritis: a systematic review and meta-
regression analysis of randomized controlled trials. Arthritis
Rheumatol. 66: 622-636. 2014

KELLUM, J.A.; DECKER, J.M. Use of dopamine in acute
renal failure: a meta-analysis. Crit. Care Med. 29: 1526—
1531. 2001

KUMAR, M.; NANDI, S.; VERMA, R. Development of SYBR
Green based Real-Time PCR assay for quantitation of canine
parvovirus in faecal samples. J. Virol. Methods. 169: 198-201.
2010

LAMM, C.G.; REZABEK, G.B. Parvovirus infection in domestic
companion animals. Vet. Clin. North Am. Small Anim. 38:
837-850. 2008

LAWRENCE, VY.; LIDBURY, J. Symptomatic Management of
Primary Acute Gastroenteritis. Today’s Vet. Pract. 5: 46-52.
2015

LOOTS, A.K.; MITCHELL, E.; DALTON, D.L.; KOTZE, A,
VENTER, E.H. Advances in canine distemper virus pathogenesis
research: a wildlife perspective. J. Gen. Virol. 98: 311-321.
2017

MARTELLA, V.; ELIA, G; BUONAVOGLIA, C. Canine distemper
virus Vet. Clin. North Am. Small Anim. 38: 787-797. 2008

MYLONAKIS, M.E.; KALLI, I.; RALLIS, T.S. Canine parvoviral
enteritis: an update on the clinical diagnose, treatment, and
prevention. Vet. Med. (Auckl). 7: 91-100. 2016

NAPPERT, G.; DUNPHY, E.; RUBEN, D.; MANN, F.D.
Determination of serum organic acids in puppies with naturally
acquired parvoviral enteritis. Can. J. Vet. Res. 66: 15-18. 2002

PRITTIE, J. Canine parvoviral enteritis: a review of diagnosis,
management, and prevention. J. Vet. Emerg. Crit. Care. 14:
167-176. 2004

SARPONG, K.J.; LUKOWSKI, J.M.; KNAPP, G.G. Evaluation
of mortality rate and predictors of outcome in dogs receiving
outpatient treatment for parvoviral enteritis. J. Ame. Vet. Med.
Assoc. 251: 1035-1401. 2017

SCHOEMAN, J.P.; GODDARD, A.; LEISEWITZ, G.L. Biomarkers
in canine parvovirus enteritis. N. Z. Vet. J. 61: 217-222. 2013

SEN, I.; TURGUT, K.; CELIK, I.; KIRAN, M.M. The importance
of lymphocyte enzyme profile, inclusion bodies in circulating
leucocytes and conjunctival smear samples in the diagnosis
on canine distemper virus infection. Indian J. Vet. Pathol.
79: 213-217. 2002

SHEN, D.T.; GORHAM, J.R., PEDERSEN, V. Viruria in dogs
infected with canine distemper. Vet. Clin. North Am. Small
Anim. 76: 1175-1177. 1981

7of8



Blood Gases and Hemogram Parameters in non Neurogenic CPV and CDV in Dogs / Gllersoy et al.

[42]

[43]

(44]

[45]

SIDHU, M.S., CHAN, J.; KAELIN, K.; SPIELHOFER, P;
RADECKE, F.; SCHNEIDER, H.; MASUREKAR, M.; DOWLING,
P.C.; BILETTER, M.A.; UDEM, S.A. Rescue of synthetic
measles virus minireplicons: measles genomic termini direct
efficient expression and propagation of a reporter gene. Virol.
208: 800-807. 1995

SWANGO, L.J. Canine Viral Diseases. In: Textbook of
Veterinary Internal Medicine. Ettinger S.J.; Edward, F. (Eds).
WB Saunders, Philadelphia. Pp 398-400. 1995

TERZUNGWE, T.M. Hematological parameters of dogs
infected with canine parvovirus enteritis in Sumy Ukraine.
World J. Innov. Res. 5: 1-5. 2018

TROTMAN, T.K. Gastroenteritis. In: Small Animal Critical
Care Medicine. Silverstein D.C.; K. Hopper, K. (Eds.). St.
Louis: Elsevier. Pp 622-626. 2015

80of8

[46] TURGUT, K.; OK, M. Sinir Sisteminin Viral Hastaliklari In:

Veteriner Noroloji. Selcuk Universitesi Basimevi. Konya,
Turkiye. Pp 122-129. 2001

[47] VANDEVELDE, M.; CACHIN, M. The neurologic form of

canine distemper. In: Small Animal Practice. Kirk, R.W.;
Bonagura, J.D. (Eds.). Kirks’s Current Veterinary Therapy.
Philadelphia: Saunders. Pp. 1003-1007. 1993

[48] YOUNG, I.T. Proof without prejudice: use of the Kolmogorov-

Smirnov test for the analysis of histograms from flow systems
and other sources. J. Histochem. Cytochem. 7: 935-941. 1977



	_Hlk72644739
	_GoBack
	_GoBack
	_GoBack

