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Simple Summary: The diverse results of puppies presented in this case report demonstrate the
significance of diagnostic necropsy in instances of unexpected death, especially when there is
suspicion of exposure to parvovirus. Detecting viral genomes in canine cardiac tissues is crucial for
illness diagnosis and evaluation of cardiovascular harm. Canine parvovirus is not often tested using
dog heart tissue samples acquired during a necropsy procedure.

Abstract: Perinatal parvoviral infection in puppies leads to necrotizing myocarditis, resulting in
either high mortality or gradual heart damage. We believe that canine parvovirus 2 (CPV-2)
myocardial infection is not being fully recognized as a cause of myocarditis, cardiac injury, and
fibrosis repair in young dogs, despite the significant reduction in the epidemic of canine parvoviral
myocarditis due to extensive vaccination. This study analyzed formalin-fixed, paraffin-embedded
tissues obtained from 40 canine cases aged less than two years, spanning the period from 2019 to
2021. The objective was to test for the presence of CPV 2. Cardiac necrosis, inflammation, or fibrosis
were observed in the diagnosed cases, but the age-matched controls did not have any cardiac
abnormalities and tested positive for CPV. The presence of myocardial CPV-2 was detected in young
dogs with mild myocarditis, suggesting that the period of vulnerability to myocarditis in the heart
may be greater than what has been previously documented. CPV-2 was found in dogs who had
extensive myocardial fibrosis, indicating that CPV-2 had caused previous injury to the heart muscle.
Although vaccinations are common, these findings indicate that CPV-2 continues to be a major
contributor to cardiac injury in dogs.
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1. Introduction

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Myocarditis in dogs is linked to severe consequences, such as fatality or lasting damage to the
heart. Regrettably, the precise cause is frequently unidentified. However, systemic viral infections or
bacterial agents are frequently associated [1,2]. Canine parvovirus (CPV) is widely recognized as a
leading cause of myocarditis in young puppies. Nevertheless, many veterinarians believe that the
extensive use of vaccines has significantly reduced the occurrence of parvovirus (PV) myocarditis in
dogs [3-7]. Diseases caused by Parvoviridae, of which CPV is a member, are of critical importance in
the field of veterinary medicine. This family consists of icosahedral, non-enveloped, small (23-26 nm)
viruses with linear, single-stranded DNA genomes.

CPV-2 is a highly pathogenic virus for canids, causing almost 100% illness and up to 10% death
in uninfected adults, and 91% death in puppies [8]. Puppies infected between 6 weeks and six months
of age may experience acute hemorrhagic enteritis, panleukopenia, and lymphoid necrosis as
pathological consequences. Early in the CPV outbreak, myocarditis was also detected in weanling
puppies [9-14]. Puppies born to mothers without prior exposure to the CPV-2 are vulnerable to
infection of heart muscle cells and subsequent development of necrotizing myocarditis, which can be
fatal. This susceptibility occurs when the puppies are infected within two weeks after birth or, less
typically, during the late stages of pregnancy [15]. Myocardial infection often leads to heart failure or
sudden death in infants between 3 and 4 weeks old. Neonatal puppies that were experimentally
infected with CPV-2 showed a step-by-step process of heart muscle cell death and loss, followed by
inflammation and the formation of scar tissue. This process happened simultaneously with the
disappearance of viral structures and substances [16]. Death related to progressive cardiac injury and
heart failure may be delayed several months after infection with variable lymphocytic myocarditis
and interstitial or replacement fibrosis observed in older puppies (7-15 weeks) surviving acute
infection [12,15].

CPV-2 infection commonly leads to myocarditis in young dogs, resulting in further myocardial
destruction, inflammation, and replacement fibrosis [1,17]. Although our study did identify
myocardial viral nucleic acid by polymerase chain reaction (PCR) in puppies with dilated
cardiomyopathy or myocarditis, we evaluated the hypothesis that myocardial CPV-2 infection is
underrecognized and is associated with cardiac damage in dogs less than one-year-old [1].

2. Materials and Methods

This case report details the sudden death of 27 puppies who were brought to the Laboratory of
Pathological Anatomy at the University Veterinary Clinics, Faculty of Veterinary Medicine
Timisoara. These puppies had a suspected history of parvovirus exposure during the prenatal period.
Performing diagnostic assessment involves conducting a pathologic evaluation of deceased puppies,
specifically evaluating their heart tissue for CPV-2 using PCR.

Formalin-fixed, paraffin-embedded (FFPE) tissue from the Laboratory of Pathological Anatomy
within the University Veterinary Clinics, Faculty of Veterinary Medicine Timisoara, archives were
used to evaluate the prevalence of CPV-2 in puppies with myocarditis and/or myocardial fibrosis. An
investigation was conducted on 27 archived cases from May 2019 to December 2021. The purpose
was to identify puppies, regardless of breed or sex, that were one year old or younger and had been
diagnosed with conditions such as "myocardial fibrosis," "myocarditis," "cardiac fibrosis," "
myocarditis,” " cardiac failure," "restrictive cardiomyopathy," or "end-
stage heart." The histopathology was assessed by a veterinary pathologist (A.S.) who was unaware
of the illness status. Heart tissue samples were collected and tested by PCR for each 27 of the puppies.

The cardiac tissue samples undergo processing to extract DNA, and the presence of the viral
genome is often evaluated by a PCR-based assay utilizing primers that target specific sections of the

chronic

"non "non

fibrosing cardiomyopathy,

viral genome [18]. Accurately detecting a viral genome relies on the quantity of the initial tissue
sample, the quality of the extracted DNA, and the successful PCR amplification. A viral infection can
lead to acute heart inflammation, often associated with a significant viral load. This viral load can be
easily measured using a PCR reaction. However, in the case of a prolonged viral infection with a
lower overall viral load, it may be necessary to do numerous iterations of DNA extraction to detect
viral genomes reliably.
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The QIAamp DNA FFPE Tissue kit (QIAGEN, Hilden, Germany) was used to extract nucleic
acid from 10-mm-thick FFPE tissue sections. The PCR procedure included RPS19 primers for the
housekeeping gene and VP1 to VP2 primers for the parvoviral genes [1,19,20]. The practical detection
limit was determined to be 10 copies by performing a serial dilution of a quantified CPV-2 VP2
amplicon produced using the CPV-940F and PV-1617R primers, which include the sequences CGTGG
TGTAACTCAAATGGGAAA and GGATTCCA AGTATGAGAGGCTCTT, respectively. For every
PCR experiment, both negative and positive controls were utilized. The negative control involved a
"no-template" response, while the positive control consisted of canine intestinal tissue infected with
CPV-2 (verified through viral isolation).

3. Results
3.1. PCR

Conventional (PCR) utilizing VP1/VP2 PV primers successfully amplified the anticipated 583
base pair result in 9 out of the 27 cases (Figures S1, S2, and S3).
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Figure S1. PCR assay: PCR detects CPV-2 in heart tissue samples. M: DL2000 DNA marker; S1 positive control;
52-512 heart tissue samples.
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Figure S2. PCR assay: PCR detects CPV-2 in heart tissue samples. M: DL2000 DNA marker; S13-524 heart tissue
samples.
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Figure S3. PCR assay: PCR detects CPV-2 in heart tissue samples. M: DL2000 DNA marker; S25-S27 heart tissue
samples; 528 negative control.

Amplification of CPV-2 sequences was either performed directly from heart tissues or after
amplification; the amplicons were submitted to nucleotide sequencing. All analyzed samples were
positive for VP2 sequences, yielding 583bp products, which were purified and submitted to
nucleotide sequencing. The nucleotide sequencing revealed an overall high amino acid identity (in
general, 100%) with CPV-2c and lower identities with CPV2a (until 98.8%) and CPV2b (until 99.4%).
The analysis of amino acid sequences of the VP2 segment revealed that 9 samples presented a
glutamic acid at residue 426. According to previous studies [1], the glutamic acid at position 426
represents a signature of variants belonging to the CPV-2c genotype.

3.2. Histopathologic Findings

The postmortem test conducted at the Laboratory of Pathological Anatomy within the
University Veterinary Clinics, Faculty of Veterinary Medicine Timisoara, found that the 27 puppies
had enlarged hearts with several patches of pale myocardium in both the left and right ventricles.
The cut surfaces of the left and right ventricular free walls likewise had a pale appearance. The
thickness of the left ventricular free wall was 6 mm. The thickness of the right ventricular free wall
was 3.6 mm. The heart constituted 1.33% of the total body weight, within the predicted range of 0.7%
to 0.8% in adult and newborn dogs. [21]. The thoracic and abdominal cavities contained
approximately 7 milliliters of serosanguinous fluid.

Of the 27 cases, 19 showed signs of cardiomyocyte necrosis, all 27 showed inflammation, and 14
displayed myocardial fibrosis. The inflammatory infiltrates comprised macrophages, lymphocytes,
plasma cells, and neutrophils (Figure 45 b and 55 a and b). Out of the 27 cases, 11 (40.74%) exhibited
a combination of necrosis, inflammation, and fibrosis (Figure 4S a). Additionally, 5 cases (18.51%)
mostly showed necrosis, whereas 3 cases (11.12%) predominantly displayed fibrosis (Table S2 and
S3). No parvoviral intranuclear inclusions were detected.
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Figure 5. S a and b. Desquamation of the mesothelium to cover a cardiac tissue and the presence of

inflammatory exudate.

The occurrence of cardiomyocyte necrosis, myocarditis, and myocardial fibrosis was compared
between the 9 instances positive for CPV and the 18 cases negative for CPV. Cardiomyocyte necrosis
occurred less frequently in instances that tested positive for CPV compared to cases that tested
negative for CPV (5 out of 9 cases; 55.56% vs. 14 out of 18 cases; 77.78%; P = .003, Fisher exact test).
The prevalence of myocardial inflammation was similar across CPV-positive and CPV-negative
cases, with 66.67% (6/9) and 83.84% (15/18) respectively. Similarly, the prevalence of myocardial
fibrosis was 55.56% (5/9) in CPV-positive cases and 50% (9/18) in CPV-negative cases. Out of the four
patients that tested positive for CPV, two (22.23%) showed a major lesion of cardiomyocyte necrosis,
one (11.12%) showed neutrophilic-histiocytic myocarditis, and one case (11.12%) showed
lymphohistiocytic myocarditis. Out of the 18 cases where CPV could not be detected, the most
common kind of damage was necrosis of the heart muscle cells in 8 cases (44.45%), followed by
myocarditis in 7 cases (38.4%), fibrosis in 2 cases (7%), and a combination of different patterns in 5
cases (18%).

Out of the instances tested positive for CPV (58%), seven exhibited a combination of necrosis,
inflammation, and fibrosis. On the other hand, out of the cases without detectable CPV (39%), 11
showed the same combination of necrosis, inflammation, and fibrosis. Myocardial
perivasculitis/vasculitis (4/28) and myocardial inflammation characterized by abundant neutrophils
and/or macrophages (7/28) were histological characteristics only observed when CPV was
undetectable.

The lungs, liver, and heart had notable histologic abnormalities that are frequently observed in
cases of heart failure. The lungs exhibited a modest level of alveolar histiocytosis. The liver exhibited
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slight centrilobular congestion and considerable hepatic vacuolar alteration of the lipid type. The
heart had pronounced, persistent, scattered, and regionally widespread degeneration and
replacement of myofibers with fibrous connective tissue. The myocardium was invaded by a small
to moderate amount of lymphoplasmacytic inflammatory cells. The cardiac ventricular wall portion
that showed pallor tested significantly positive for CPV-2 on PCR analysis. Nevertheless, there were
no observable histologic alterations in the intestines. The necropsy findings confirmed that the cause
of death for the puppies in our investigation was CPV infection.

4. Discussions

CPV-2 is a highly harmful virus for canids, causing almost 100% illness and up to 10% death in
uninfected adult animals. In puppies, the mortality rate can reach 91% [8,15]. Puppies born to mothers
who have not been previously exposed to the illness are at risk of developing necrotizing myocarditis,
a condition characterized by the infection of heart muscle cells and subsequent tissue death. This
infection is most likely to occur within two weeks after birth or, less typically, during the late stages
of pregnancy [1,22]. Myocardial infection often leads to heart failure or sudden death in infants
between 3 and 4 weeks old. Neonatal puppies that were intentionally infected with CPV-2 showed a
step-by-step process of heart muscle cell death and loss, followed by inflammation and the formation
of fibrous tissue. This process happens simultaneously with the disappearance of viral particles and
substances that trigger an immune response [23]. Death resulting from progressive cardiac damage
and heart failure may occur several months after infection with varied lymphocytic myocarditis and
interstitial or replacement fibrosis, which are commonly seen in older puppies aged 7 to 15 weeks.
Enduring an acute infection [1,2,24].

CPV-2 infection is a common cause of myocarditis and consequent myocardial injury,
inflammation, and replacement fibrosis in young dogs [1,22]. Despite a previous study's failure to
detect viral genetic material in the heart muscle of adult dogs with dilated cardiomyopathy or
myocarditis using polymerase chain reaction (PCR), we aimed to investigate the possibility that
canine parvovirus type 2 (CPV-2) infection in the heart muscle is not being adequately recognized
and may be linked to cardiac injury in dogs younger than 2 years old [1].

Unsurprisingly, most of our cases with myocardial CPV-2 DNA displayed lesions in line with
CPV-2 myocarditis. Furthermore, we detected parvoviral indicators in the heart muscle cells of dogs
with CPV-2 enteritis who had not previously been diagnosed with a myocardial infection. Typically,
simultaneous occurrences of intestinal and cardiac diseases are not commonly observed in animals
or litters that are infected spontaneously or in laboratory experiments. However, it has been found
that viruses obtained from myocardial tissues can induce enteritis when tested in experiments
[9,25,26]. Our research suggests that subclinical myocardial CPV-2 infection, as compared to enteric
disease, may harm the myocardium and play a role in the development of cardiac disease.

The age of dogs who tested positive for CPV-2 in our study indicates a broader period of
vulnerability to cardiac complications caused by CPV-2. Parvoviruses rely on the cellular processes
of actively dividing cells in the S-phase for their replication. Therefore, the vulnerability of the heart
to CPV infection may be linked to the initially high rate of DNA synthesis in cardiomyocytes of
newborn animals, followed by a decrease as they age [1,2,26]. Viral VP2 mRNA was highest in
younger dogs, specifically those aged between 21 and 56 days. However, there was a significant
presence of viral mRNA in the hearts of specific older puppies, with the ISH signal being found in
the exact location of the heart muscle cells in dogs up to 84 days old. Research on the development of
the heart muscle in dogs has indicated that factors that promote the replication of CPV-2 are present
from birth until the puppies stop nursing. Nevertheless, there is significant variation in the growth
patterns of various dog breeds, influenced by characteristics such as breed type and other variables.
These variations can impact the development of the heart and the likelihood of developing CPV-2
myocarditis [1,9,27].

5. Conclusions

Viral VP2 mRNA and ISH signals were highest in younger dogs, specifically those aged between
21 and 56 days. However, there was a significant presence of viral mRNA in the hearts of specific
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older puppies, with the ISH signal being found in the exact location of the heart muscle cells in dogs
up to 84 days old. Research on the development of the heart muscle in dogs has indicated that factors
that promote the replication of CPV-2 are present from birth until the puppies stop nursing.
Nevertheless, there is significant variation in the growth patterns of various dog breeds, influenced
by characteristics such as breed type and other variables. These variations can impact the
development of the heart and the likelihood of developing CPV myocarditis.

The scope of our investigation is restricted, as the identification of an agent using PCR does not
necessarily imply a causal relationship. This investigation was restricted to identifying a solitary
factor, and the findings do not preclude the potential contribution of other factors. The scope of this
case study was restricted to dogs less than 1 year old. Therefore, the applicability of these findings to
cardiac necrosis, inflammation, or fibrosis in older dogs remains uncertain.

The results of our recent case study indicate a strong correlation between CPV infection and the
occurrence of myocarditis and cardiac fibrosis in young dogs. This discovery implies that canine
parvovirus (CPV) infection of the heart muscle is a present and often overlooked factor in causing
damage to the heart in dogs. Moreover, our data indicate a widened period of vulnerability of the
heart to CPV myocarditis. Although PCR has contextual limitations, it is a highly sensitive diagnostic
for diagnosing parvoviral myocarditis.
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