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ABSTRACT

Canine parvoviral enteritis (CPE) is a common viral disease in puppies that frequently
results in severe gastrointestinal, hematological, and cardiac effects. This study aimed to
look into the relationship between red blood cells parameters and ECG abnormalities,
pointing out a potential connection between hematological changes and cardiac
involvement in CPE. A total of 32 dogs of different breeds were incorporated in the data
collected from animal hospital and classified into two main groups: 25 puppies with
parvoviral enteritis and 7 healthy controls. The diseased group was divided into three
subgroups based on ages and status of vaccination. Group 1: Eight puppies without
vaccinations under 3 months of age; Group 2: Nine puppies without vaccinations over 3
months of age; Group 3: Eight puppies that had received vaccine but tested positive for
parvovirus. Group I had microcytic hypochromic anemia and a significantly reduced
hematocrit (%). Group I higher heart rate and shorter QT interval on the ECG were
connected to red blood cell indices such as MCV, RDW, and MCH. Significant correlations
were also established between the PR interval and RDW and between the QT/QTc interval
and RDW, MCV, and MCH. In conclusion, this study revealed that hematological changes
associated with canine parvoviral enteritis—especially changes in red blood cell indices
such as RDW, MCV, and MCH—are strongly connected with electrocardiographic alterations.
These results put forward that the change of these blood parameters could be created to
variations in cardiac electrical activity during CPE. Accurate treatment strategies and
monitoring of severity may be aided by an understanding of these links. Further studies are
required to clarify the clinical usefulness of these hematological parameters as potential
biomarkers in systemic viral infections.
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immune systems. In the absence of supportive care,
infected dogs frequently experience septic shock and

Canine parvovirus (CPV) is a common and highly
contagious pathogen that causes significant
morbidity and mortality in dogs not having enough
immunity (1). In susceptible dogs, the virus targets and
eliminates promptly cells dividing, firstly impacting the
intestinal epithelium and cell lines from bone marrow,
thereby compromising both the gastrointestinal (GI) and
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ultimately die. Puppies under five months of age are
particularly vulnerable to CPV. This is related to either the
lack of passive transmission of maternal antibodies or the
suppression of a sufficient vaccination response (2).

In dogs infected with CPV-2, fever gradually occurs in
the early stages, and as the infection progresses, it results
in vomiting and diarrhea. Feces can alter consistency, turn
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yellow, or include blood. Following infection, clinical
symptoms usually appear 3-5 days later and continue for
5-7 days (3). Clinical signs associated with infected dogs
include anorexia, depression, lethargy, severe or
hemorrhagic diarrhea, stomach pain, fever, dehydration,
and, in the worst cases, death (4). Abnormalities in red
blood cell indices may affect myocardial oxygen delivery
and electrophysiological stability, which may contribute to
detectable ECG abnormalities since CPV infection
frequently causes severe dehydration, electrolyte
imbalances, and anemia from hemorrhagic enteritis (5,6).

The symptomatic treatment is comprised of antibiotics,
hydration therapy, and antiemetics. The effect of antiviral
therapy remains controversial (7). Adhering to hygiene
guidelines and getting vaccinated are the most important
ways to prevent this infection (8).

A method of diagnosis for evaluating cardiac
abnormalities in a variety of illnesses and viral infections, is
electrocardiography  (ECG). Electrocardiography is
accepted as a key diagnostic technique for identifying
cardiac problems in dogs since it is noninvasive and
economic (9).

The most of studies have assessed the connection
between ECG findings and red blood cells indices. In
particular, iron deficiency anemia (10, 11) and diarrhea
(12) affect ECG changes. Anemia has been also correctly
identified with Al-assisted programs that use the raw data
of ECG (13).

This study is predicated on the new concept that, in dogs
with parvoviral enteritis, ECG alterations might be
associated with red blood cells (RBC) indices—an area that
has not been studied before. ECG evaluation may be used as
a noninvasive method to track the course and severity of
CPV in dogs if a relationship is found between ECG
variations and RBC indicators. Therefore, the purpose of
this study was to assess the electrocardiographic
parameters and red blood cells profile of puppies infected
with CPV.

MATERIALS AND METHODS

Ethical Approval

The study was conducted with the approval of the Hatay
Mustafa Kemal University Animal Experiments Local Ethics
Committee under permit number 2020/04-28.

Animals and Experimental Design

This study was conducted at Hatay Mustafa Kemal
University, Veterinary Health Application and Research
Center. The study included dogs that presented with CPV
enteritis-like symptoms at the center, with a positive CPV-
specific antigen result on a rapid test, and healthy dogs that
had completed their vaccination program.

The study eliminated dogs that had parasitic diseases
detected by fecal examination or those that tested positive
for Giardia or coronavirus using a rapid fecal test
(Uranotest® Parvo-Corona-Giardia, UranoVet, Spain).

Twenty-five dogs with parvoviral enteritis and seven
healthy dogs, aged one month to one year, composed the
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study materials. The following groups of dogs with
parvoviral enteritis were created: Group I included 8
unvaccinated dogs under 3 months of age, Group Il included
9 unvaccinated dogs over 3 months of age, Group III
included 8 dogs that had received the first or second
vaccine and tested positive for CPV in fecal samples, and
Control group: Seven healthy dogs.

Clinical Examinations

Both dogs with parvoviral enteritis and healthy dogs
underwent thorough clinical and fecal investigations, and
the results were documented. Following this, ECG
recordings were made, and blood samples were taken from
each dog cephalic vein in K3-EDTA tubes for examination
via an automated blood count instrument (MS4e, Melet
Schloesing  Laboratoires, France) for assessment
hematocrit % (HCT%), Red blood cells (RBC) count,
hemoglobin (HGB), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), and red cell
distribution width (RDW).

ECG Recording

ECG examinations of all dogs were performed using a
Nihon Kohden Corporation 110.2.140 device. ECGs were
recorded at 50 mm/s and 5 mm/mV for the limb leads
(Eindhoven method.

Determination of Antigen Presence in Fecal Samples

Fecal samples from all dogs were tested for the
parvovirus antigen via a rapid parvovirus antigen detection
test (CPV Ag Test, Elabscience®). The test is a lateral flow
immunoassay performed according to the manufacturer’s
instructions.

Statistical Analysis

Statistical analysis was performed via IBM SPSS
Statistics (version 22) software. The Shapiro-Wilk test was
used to determine whether the data followed a normal
distribution. Analysis of variance (ANOVA) was performed
to evaluate group differences for parameters with a normal
distribution; a difference was deemed statistically
significant at P < 0.05. Correlations were visualized and
tested via Spearman's correlation test. Group differences
were considered statistically significant when P < 0.05.
Spearman's rho correlation was used to assess correlations
between the ECG results and RBC parameters; asterisks
denote significance (* P < 0.05, ** P < 0.01).

RESULTS
Clinical Findings

Various levels of anorexia, dehydration above 7%, pale
or hyperemic mucous membranes, extended capillary refill
time, depression, lethargy, vomiting, and hemorrhagic
diarrhea were among the clinical examination findings. For
one to three days, the dogs were ill and received no care
(Table 1).
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Hypokalemia, hypochloremia, and hyponatremia
common electrolyte abnormalities included in CPV (3), and
in the current study, severe vomiting and diarrhea -
responsible for these electrolyte abnormalities- were often
observed clinical findings. These imbalances are associated
with weakness and, in some dogs, mild cardiac signs

Table 1. Descrptive of dogs specifically, parvoviral enteritis groups
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including tachycardia, weak peripheral pulses, and a
prolonged capillary refill time.

The fecal samples tested positive for the CPV antigen.
Healthy dogs underwent normal routine clinical
examinations, and the CPV antigen test results were
negative (Figure 1).

Group Breed Age (months) Sex Vaccination Clinical signs
1 Mixed-breed 3 Male None Watery diarrhea, hyperemic mucous membranes, dehydration, vomiting
dog
1 Anatolian 3 Male None Watery diarrhea, hyperemic mucous membranes dehydration, lethargy,
Shepherd vomiting
1 Mixed 2 Male None Hemorrhagic Diarrhea, pale mucous membranes, dehydration, depression,
lethargy, vomiting
1 Anatolian 2 Male None Watery diarrhea, dehydration, vomiting
Shepherd
1 Mixed 1 Male None Hemorrhagic Diarrhea, prolonged capillary refill time, pale mucous
membranes, dehydration, depression, lethargy, vomiting
1 Mixed 2 Male None Hemorrhagic Diarrhea, prolonged capillary refill time, pale mucous
membranes, dehydration, depression, lethargy, vomiting
1 Bull Terrier 3 Male None Hemorrhagic Diarrhea, pale mucous membranes
1 Mixed 1 Male None Hemorrhagic Diarrhea, prolonged capillary refill time, pale mucous
membranes, dehydration, depression, lethargy, vomiting
2 Mixed 4 Male None Hemorrhagic Diarrhea, pale mucous membranes, lethargy, vomiting
2 Terrier 5 FemaleNone Hemorrhagic Diarrhea, dehydration, vomiting
2 Mixed breed 5 FemaleNone Hemorrhagic Diarrhea, vomiting
2 Mixed 4 Male None Hemorrhagic Diarrhea, depression, lethargy, vomiting
2 Mixed 4 Male None Hemorrhagic Diarrhea, dehydration, depression
2 Mixed 4 FemaleNone Hemorrhagic Diarrhea, pale mucous membranes, vomiting
2 Mixed 4 Male None Watery diarrhea, hyperemic mucous membranes
2 Siberian Husky 6 Male None Watery diarrhea, hyperemic mucous membranes, vomiting
2 Anatolian 6 FemaleNone Watery diarrhea, hyperemic mucous membranes, dehydration,
Shepherd
3 Rotweiler 4 Male Received the first and second Watery diarrhea, hyperemic mucous membranes, vomiting
multivalent vaccine
3 Rotweiler 8 Male Received the first and second Hemorrhagic Diarrhea, dehydration, vomiting
multivalent vaccine
3 Anatolian 4 Male Received the first multivalent Hemorrhagic Diarrhea, depression
Shepherd vaccine
3 Anatolian 4 FemaleReceived the first multivalent Watery diarrhea, hyperemic mucous membranes, prolonged capillary refill
Shepherd vaccine time, dehydration, vomiting
3 Rotweiler 3 Male Received the first and second Watery diarrhea, hyperemic mucous membranes, vomiting
multivalent vaccine
3 Belgian 6 FemaleReceived the first multivalent Watery diarrhea, hyperemic mucous membranes, dehydration,
Malinois vaccine
3 Siberian Husky 6 Male Received the first and second Watery diarrhea, hyperemic mucous membranes, prolonged capillary refill
multivalent vaccine time, dehydration,
3 Anatolian 6 FemaleReceived the first multivalent Hemorrhagic Diarrhea, dehydration, vomiting
Shepherd vaccine
Figure 1. Positive result shown in panel A; negative result shown in panel B
RBC Indices values were similar across all groups and within the

Compared with those of groups Il and III, the HCT%
value of group I was considerably lower (P < 0.05). RBC
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reference limits. In contrast, although no significant
difference was observed, HGB, MCV, MCH, and MCHC were
lower in Group I than in the other three groups. In Group I,
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RDW increased significantly and was significantly different
from that of all the other groups (P < 0.001) (Table 2).

ECG Findings

Compared with those in the other three groups, the
heart rate in Group I increased (P < 0.01), whereas the QT
interval and QT/QTc interval decreased (P < 0.01 (Figure
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2). Additionally, in Group I, the duration of the PR interval
decreased significantly (P < 0.01) compared with those in
the other three groups (Figure 3). Apart from these values,
no significant differences were observed between the
groups in terms of the amplitude and duration of the P-
wave, QRS width, or QRS duration, as shown in Table 3.

Table 2. Red blood cell indices in the healthy control and parvoviral enteritis groups

Indices Group I (n=8) GrouplIl (n=9) Grouplll (n=8) Control (n=7) P-value Reference Range (14)
RBC (1012/L) 6.02+1.19 7.05+1.27 7.25+2.49 5.66 + 0.64 0.179 5.1-8.5
HGB (g/dL) 10.6 £ 3.55 14.8 +£2.30 16.3 £10.2 11.5 £ 1.57 0.181 11-19
HCT (%) 36.8+883¢ 483+ 7.632 47.1+12.62 37.8+4.43 " 0.027 39-56
MCV (fL) 61.3+7.65 68.8+3.51 62.4+17.66 67.1+7.27 0.406 62-72
MCH (pg) 17.4 +4.00 21.1+2.49 20.5+3.34 20.3+1.25 0.082 20-27
MCHC (g/L) 28.3+3.13 30.6 £2.28 27.4 +4.89 30.6 +3.02 0.171 30-38
RDW (%) 18.1+1.20= 14.2 £1.09° 14.5+2.76"b 14.0 £ 1.34° 0.000 11-14

Values are mean+SD; means with different superscripts within the same row are significantly different (P < 0.05)

Filter: HR0 d 25 Hz
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Figure 2. The short QT interval. PR interval: 6.8x20=136 ms (Since the
ECG was recorded at 50 mm/s, the calculations were performed assuming

that each small sequare has 20 ms in duration)
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Figure 3. The short PR interval. PR interval: 3.25x20=65 ms (Since the
ECG was recorded at 50 mm/s, the calculations were performed assuming
that each small sequare has 20 ms in duration)

Table 3. ECG findings in the healthy control and parvoviral enteritis groups

Parameter

GroupI(n=8) GrouplIl (n=9) GroupIll (n=8) Control (n=7) P-value Reference Range (15)

Heart rate (bpm) 206+ 1552 160 +16.3 b 174 £24.3"% 154 +18.1° 0.000 70-200

PR interval (ms) 67.9 +4.55b 92.9 +10.92 95.9 +30.42 105+ 16.62 0.002 60-130

P duration (ms) 459 +3.27 59.7+11.1 65.1 +35.7 73.1+284 0.140 48-65

P wave amp. (mV) 0.16 + 0.08 0.19 +0.05 0.18+0.07 0.11+0.09 0.164 <0.4

QRS dur (ms) 43.5+872 46.4 +9.44 49.6 +12.4 49.3+9.96 0.612 <60

QT interval (ms) 161 +12.8°P 191+10.72 178 £10.22 197 £ 2732 0.001 150-250

QTc (ms) 191+ 14.4 210 +9.85 200 +14.2 212+29.1 0.086 150-240

QRS width (ms) 56.2+21.8 60.4 + 26.6 37.8+288 48.0 +37.6 0.399 <70

QT/QTc (ms) 0.85+0.01" 0.92 +0.032 0.89 +0.04 0.93+0.032 0.000 1-1.04

Values are mean+SD; means with different superscripts within the same row are significantly different (P < 0.05)

Correlations between RBC parameters and ECG

There was a negative correlation (P < 0.05) between the
MCV and HR. QT (P < 0.05), QTc (P < 0.01), and the QT/QTc
ratio (P < 0.01) were positively correlated with MCV. There
was a negative correlation (P < 0.01) between MCH and HR
but a positive correlation (P < 0.01) between MCH and
QT/QTc. RDW was positively correlated with HR (P < 0.01)
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and negatively correlated with the PR interval and P length
(P < 0.01). Additionally, there were negative correlations
between RDW and the QT interval (P < 0.05) and between
RDW and the QT/QTc ratio (P < 0.01). The results revealed
a positive correlation (P < 0.05) between HGB, HCT %, and
P duration. The correlation heatmap is shown in Figure 4.
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HGB HCT MCV MCH RDW
ISpearman’s rho Heart rate (bpm) Correlation Coefficient .0.344| 03311 -04471 -0507 0.605*4
} ] b ! l 1
Sig. 0.092 0.108 0.025 0.010 0.001
PR interval (ms) Correlation Coefficient 0.293 0,306 0.337. 0.251 -0.61** 0,5
Sig. 0.16 0.146 0.108 0.236 0.002) 0,25
P duration (ms) Correlation Coefficient 0.457* 0.463* 0.204 0.170 -0.56™" 0
Sig. 0.025 0.023 0.339 0.427 0.004
QT interval (ms) Correlation Coefficient 0.077 0.133 0_503t| 0_335| -0.4111 -0,25
Sig. 0715 0528  0.011 0.098  0.041 -0,5
QTc (ms) Correlation Coefficient -0.104 -0.045 0.547'*| 0.186 -0.314 0,75
Sig. 0.622 0.830 0.005 0.373 0.126 1
QT/QTC (ms) Correlation Coefficient 0.302 0.308 0.51 1H| 0_503«1 -0.598**
Sig. 0.143 0.136 0.009 0,010 0.002

Figure 4. Correlation heatmap . Heatmap showing the Spearman correlation coefficients between the red blood cell parameters for
the CPV groups. The correlation is represented by distinct colors, with green showing more positive correlations and red showing

more negative correlations. *P < 0.05, P < 0.01

DISCUSSION

This study investigated the electrocardiographic and
hematological findings in dogs with parvoviral enteritis,
with a focus on surveying possible correlations between
these parameters. The results supported better
understanding of the disease and generation of more
successful treatment strategies.

In addition to the gastrointestinal symptoms in the CPE,
hematological abnormalities, including changes in the
composition of RBC, can also be detected (16). Systemic
infection can lead to ECG abnormalities, particularly in
young dogs with severe disease. These changes imply that
cardiac function in CPV-infected puppies may also be
influenced (17).

Compared with other hematological parameters,
anemia has been observed to be a less widespread finding
in CPE (18). Nevertheless, its prevalence may rise as the
disease progresses (19). A reduction in HCT% has been
associated with a 10.69% decrease in the rate of survival
(20). In the present study, a decrease in HCT% was
observed in puppies younger than 3 months, and this
change was statistically significant.

MCH, MCHC, and RDW are classified RBC indices.
Microcytic indices arise from changes in either hemoglobin
or globin synthesis, and one of the most common causes is
iron deficiency. Additionally, chronic diseases also can lead
to microcytic or borderline microcytic anemia (21,22). In
our study, the MCH, MCV, and MCHC were below the
reference limits. The decline of these parameters exhibited
a more mark in puppies younger than 3 months. However,
there was no statistically significant difference between the
groups.

Despite the absence of marked anemia in dogs with
parvoviral enteritis, anemia is categorized as the microcytic
hypochromic regenerative type, which is characterized by
lower MCV and MCHC, particularly in those younger than 3
months in this study. An increase in the RDW also
highlighted the presence of significant anisocytosis. These
findings were consistent with those of previous studies (16,
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23). The blood loss through gastrointestinal bleeding can
be attributed to decrease in MCV and MCHC in dogs with
parvoviral enteritis (24). Additionally, cytotoxic effects of
the virus on bone marrow hematopoietic cells, particularly
the acute phase of infection, lead to myeloid and erythroid
hypoplasia (25,26). Because of ethical and clinical
restrictions, bone marrow examination was outside the
purview of this study. The observed hematological changes
(variations in RBC indices) were indirect reflections of the
virus's effect and consistent with the known bone marrow
suppression it causes.

RBCs contain the iron-rich protein hemoglobin, which
transports oxygen to tissues and gives blood its red hue.
Anemia is characterized by a lack of RBCs or hemoglobin. It
can be diagnosed with the aid of the MCHC test, which
measurement of hemoglobin levels. Both low and high
MCHC results can be signs of anemia. A low MCHC is often
associated with iron deficiency anemia in puppies and may
result from diseases that affect hemoglobin production
(27). In the current study, despite normal RBC counts, the
concurrent presence of low HGB and MCHC levels was
considered a possible indicator of iron deficiency. A low
MCHC in the absence of anemia may indicate iron deficiency
prior to the development of anemia (28).

The diagnostic methods such as radiography,
ultrasonography, echocardiography, computed
tomography (CT), magnetic resonance imaging (MRI), and
electrocardiography (ECG) are nonspecific tools for
parvoviral enteritis (17, 29-31). For an ECG, vertical timing
markers are recorded every 1.5 seconds above the
guidelines at a paper speed of 50 mm/s. The number of
small squares between two R waves (the R-R interval,
which represents one heartbeat) is divided by 1500, or the
number of large squares is divided by 300 to determine the
heart rate (beats per minute) at a paper speed of 25 mm/s.
In young dogs, the normal heart rate ranges from 70 to 200
beats per minute (17). ECG and other diagnostic tools can
be helpful for assessing cardiac function in dogs with
parvoviral enteritis; however, they cannot be used
specifically to diagnose the disease. These methods are best
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used in combination with clinical and laboratory tests to
detect secondary effects and guide diagnosis.

Clinicians can identify disorders in heart function by
comprehending waveforms, which are necessary for
measuring the electrical activity of the heart. In ECG
recording, three bipolar electrodes placed on the right and
left forelimbs form leads I, I, and III to determine cardiac
electrical activity (9,32). The cardiac muscle is depolarized,
and after that, it is repolarized to create the ECG waveforms
including P, QRS, and T (33). This may contribute to the
accuracy of their evaluation conditions such as CPV, which
can give rise to secondary cardiac problems. By carefully
examining these waveforms, veterinarians can gain
perception of the overall health of the heart and its rhythm
(34). In the present study, ECG recordings were collected
from limb derivations (Einthoven method), as reported by
Martin (34), in dogs with parvoviral enteritis.

The electrical depolarization and repolarization of the
left and right ventricles are represented by the QT interval.
An extended QT interval is regarded as a risk factor for
sudden death and a biomarker for ventricular tachycardias,
including torsades de pointes. Numerous conditions, such
as hypocalcemia, hypothermia, and several medicines, can
result in prolonged QT (35). However, a shortened QT
interval may result from genetic factors. Additionally, in
nonpregnant women, a shortened QTc has been observed
in cases of severe iron deficiency. A shortened QTc typically
arises from increased sympathetic activity secondary to
hyperdynamic circulation. Sympathetic activity shortens
the repolarization phase, thereby shortening the QTc
interval (36). In this study, shortened QT and QT/QTc (ms)
intervals were identified for the first time in puppies aged
<3 months with parvoviral enteritis. These situations could
result in hyperdynamic cardiovascular response and
elevated the activity of sympathetic nervous system, both of
which play a role in a shortened QT interval. Furthermore,
iron deficiency anemia—common in parvoviral enteritis—
has been related with QTc shortening caused by alteration
myocardial repolarization. These physiological changes, in
both systemic inflammation and electrolyte imbalances,
may enhance influence ventricular repolarization, thereby
effecting the QT interval. Additionally, a positive correlation
was detected between the MCV and the QT interval, as well
as between the MCV and the QTc (ms). A positive
correlation between the QT/QTc ratio and both the MCV
and MCH was revealed in this study. There was a negative
correlation between RDW and the QT interval and between
RDW and the QT/QTc. The implications in their findings
suggest that the cause of the short QT interval is related to
physiological dysfunctions associated with decreased
levels of RBC indices.

Sinus tachycardia is the term used to describe an
increase in heart rate that is linked to an elevated
sympathetic tone. Sinus tachycardia is caused by
dehydration, hypotension, anemia, hypoxemia, pain, stress,
anxiety, and excitement (37). The sympathetic stimulation
and enhanced atrioventricular nodal conduction may
contributed to the shortening of the PR interval (38). The
PR interval is measured from the beginning of the P wave
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to the beginning of the QRS complex. The normal PR
intervals range from 0.06 and 0.13 seconds in dogs (39). In
the current study, the high heart rate and shortened PR
interval were demonstrated to be caused by dehydration
from diarrhea or the presence of anemia. Although the PR
interval was within the reference ranges, it was lower
compared to the other groups, and the difference was
statistically significant. The inverse relationships among
MCV, MCH, and HR lend credence to this. On the other hand,
increase in RDW that occurred in response to a decrease in
RBCs were linked to the positive correlation between HR
and RDW. Similarly, the observed positive correlation
between P duration and HGB and HCT % suggested that this
correlation may be related to underlying physiological
disturbances. Additionally, a negative correlation was
observed between the PR interval and RDW as well as
between the P duration and RDW.

In conclusion, this study demonstrated a distinct
correlation between RBC indices and electrocardiographic
measures, including heart rate, P-wave duration, and the
QT/QTc and PR intervals, in puppies with CPV. To support
the disease monitoring and treatment for affected dogs,
ECGs may be a helpful, noninvasive tool.

This study has several limitations. The small sample size
may limit the generalization of the results. In addition, the
absence of advanced diagnostic methods, such as
echocardiography or bone marrow analysis, reduces the
ability to assess underlying pathophysiological
mechanisms fully. Further studies with large population
and more comprehensive diagnostic approaches are
needed to better clarify the clinical correlation of these
biomarkers.
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