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Canine parvovirosis is a viral disease, the etiological 
agent of which is CPV-2 (canine parvovirus type 2) 
belonging to the family Parvoviridae, subfamily 
Parvovirinae, genus Protoparvovirus (18).

The first cases of CPV-2 infection in dogs were 
reported in 1978 in the United States. The virus, due 
to its high contagiousness and low sensitivity to envi-
ronmental conditions, spread quickly throughout the 
world. Over the years, CPV has evolved, and currently 
three strains are distinguished: CPV-2a, CPV-2b and 
CPV-2c (2), which are widely accepted to have almost 
completely replaced CPV-2 (11).

The virus enters the dog’s body by ingestion, through 
contact with the vomit or faeces of sick animals. Due 
to the high resistance of parvovirus strains to envi-
ronmental conditions, infection can occur not only 
through direct contact, but also indirectly, through 
contaminated items, such as bowls or toys.

Canine parvovirosis is a systemic disease, and the 
virus has a special affinity to rapidly dividing cells. 
After penetrating the body, it initially replicates in the 
lymphoid tissue of the throat, from where it spreads 

to the intestinal crypts. The typical signs of parvovirus 
include apathy, lack of appetite, vomiting and bloody 
diarrhoea (3, 7). The disease often leads to the death 
of infected animals (13).

Not all dogs are equally susceptible to infection. 
Factors predisposing to the development of infection 
are age (with peak susceptibility between 6 weeks 
and 6 months of age), stress (caused by poor hygiene 
conditions, high population density or, for example, 
a  change in the place where the dog lives and its 
separation from its mother) and, most of all, the lack 
of or incorrectly conducted vaccinations against this 
disease, which are considered to be the most effective 
form of its prevention (9). The course of parvovirosis 
is also determined by the virulence of the CPV strain 
responsible for the infection.

The aim of this study was to demonstrate correlations 
of the course of canine parvovirosus infection and the 
rate of cytopathic effect (CPE) on CPV-infected CCC 
clone 81 cell lines with the age of the affected animals, 
their history of anti-CPV vaccination and the strain of 
the virus causing the infection.
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Summary
The aim of this study was to demonstrate correlations of the course of canine parvovirus infection and the rate 

of cytopathic effect (CPE) on CPV-infected CCC clone 81 cell lines with the age of the affected animals, their 
history of CPV vaccination and the strain of the virus causing the infection. Forty-five dogs with parvovirus 
confirmed by rapid diagnostic tests and PCR were studied. Faecal samples from diseased animals were used to 
infect cell lines, which were then observed for a cytopathic effect. The statistical analysis of the results obtained 
demonstrated a positive correlation between the recovery rate of the diseased animals and the fact that they 
had been vaccinated against CPV. In dogs that had been vaccinated against CPV, the mean duration of the 
disease was 6 days, whereas in the group of unvaccinated dogs it was 7 days. The course of the disease also 
depended on the virus strain. It was shown that dogs from which the CPV-2a strain was isolated took longer 
to recover, had more severe clinical signs and higher mortality. The cytopathic effect appeared in all infected 
cultures, while the rate at which changes occurred was independent of the virus strain with which the cells 
were infected, the age of the dogs from which CPV was isolated and their CPV vaccination history. The study 
results obtained may serve as valuable prognostic guidelines as to the duration of and recovery from canine 
parvovirus infection.
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Material and methods
Animals used in the study. The study was performed 

in 2017-2019 and involved 45 dogs from eastern Poland 
of various breeds and both sexes (females n = 19, males 
n = 26), aged 6 weeks to 8 years, with confirmed parvovi-
rosis. The dogs were divided into two age groups: I – up 
to 6 months of age and II – over 6 months of age. Fifteen 
dogs were presented with a completed full cycle of primary 
vaccinations in weeks 6, 9 and 12, while 30 animals were 
never vaccinated (Tab. 1). All dogs showed clinical signs 
of parvovirosis (apathy, fever, diarrhoea, vomiting). The 
disease was confirmed by speed tests based on the immu-
nochromatography method (CPV/CCV Ag Vetexpert) and 
PCR performed according to a method described by Buo-
navoglia et al. (2001).

Faeces from the rectum were collected from all the sick 
animals with aseptic swabs without transport medium. The 
sample was then suspended in phosphate-buffered saline 
without Ca and Mg ions (PBS, Biomed S.A.). The mixture 
was vortexed and incubated for 12 hours at 4°C. It was then 
filtered through filters with 0.45 µm and 0.22 µm pores 
(Merck Milipore) and treated by penicillin, streptomycin 
and tylosin (Sigma-Aldrich).

Cell cultures. Continuous cell line CCC clone 81 (cat 
kidney fibroblast transformed by Murine Sarcoma Virus; 
Sigma-Aldrich) (11) was used to culture CPV. A rectal swab 
from a healthy dog, prepared as described above, was used 
as a negative control.

A mixture of growth medium (consisting of Dulbecco’s 
Modified Eagle Medium, Fetal Bovine Serum and L-gluta-
mine) and faecal filtrate from diseased animals was applied 
to the cell lines. The whole was incubated at 37°C, 4% CO2. 
Cell cultures were observed daily for 10 days through an 
inverted microscope (Olympus CKX41 Japan) to detect 
changes indicative of CPE.

Molecular analysis. DNA of canine parvovirus for 
analysis was isolated from rectal swabs taken from dis-
eased animals and from the supernatant of virus-infected 
cell cultures in which a  cytopathic effect was observed 
using GeneAll Exgene Stool DNA mini kit. Polymerase 
chain reaction (PCR) was performed using a programmable 
thermal cycler (Biometra). The PCR reaction for CPV VP2 
gene was carried out by a method described by Buonavoglia 
(2001) with the following primers: 555for (positions 4003- 
-4022) 5’→3’ CAGGAAGATATCCAGAAGGA and 555rev  
(positions 4585-4561) 5’→3’ GGTGCTAGTTGATATGTA-
ATAAACA. This limited the DNA section of the VP2 gene 
with a length of 583 bp. The positive control was the DNA 
of CPV-2b (CPV-2b-Bio 12/B strain), isolated from a com-
mercially available vaccine (Versican Plus DHPPi, Zoetis 
Belgium SA), and the negative control was DNA from the 
stool of a healthy dog. Each reaction was composed of 30 
cycles with the denaturation stage at 94°C for 60 s, anneal-
ing at 58°C for 60 s and elongation at 72°C for 90 s. The 
reaction mixture (50 µL) contained 100 µM of each dNTP, 
1.6 mM of MgCl2, 0.25 µM of each primer, 2.5 U of Taq 
DNA polymerase, and 5 µL of DNA template. The PCR 
products were analysed by the electrophoresis method in 
a 1% agarose gel and Tris-borate-EDTA (TBE) buffer at 
a voltage of 10 V/cm for 50 mins. The PCR reaction prod-

ucts purified with a QIAquick PCR Purification Kit (Qiagen) 
were sequenced by the DNA Sequencing and Synthesis 
Service of the Institute of Biochemistry and Biophysics of 
the Polish Academy of Science in Warsaw. The sequencing 
results were received by email and developed using the com-
puter software Lasergene DNA Star MegAlign (Madison, 
USA). The same software was used to analyse the sequence 
of CPV isolates and compare them with sequences avail-
able in the National Center for Biotechnology Information 
(NCBI) Genebank from: Germany (AY742953, AY742935), 
Brazil (DQ340434), South Africa (AJ007500, AJ007498), 
New Zealand (AY742933), China (EU145958), Turkey 
(EU145958, KF500499), Italy (GU362934, FJ005252, 
AF306447, FJ005263, FJ005195), United States (M24000, 
M38245, AY742955, M74849, FJ005235), France 
(DQ025986, DQ025992), India (AJ698134, DQ182623), 
South Korea (EU009206, EF599097), Japan (AB054220), 
Poland (Z46651), Spain (FJ005214), Belgium (FJ005247) 
and Greece (GQ865518, GQ865519) and with sequences 
VP2 of CPV strains used in commercial vaccines. Double 
phylogenetic analysis was performed. Phylogenetic trees 
were created separately for CPV VP2 amplicons obtained 
from vaccinated dogs and non-vaccinated dogs.

Statistical analysis. Statistical analysis was performed 
using the Chi-squared test. The relationships between the 
course of the disease and the rate at which the cytopathic 
effect on cell lines occurred, the strain of the virus isolated 
from the dogs, the history of vaccination against parvovirus 
and the age of the affected animals were analysed. Changes 
were considered statistically significant at P < 0.05. The 
Statistica 10.0 PL software was used for the calculations.

Results and discussion
Results of molecular analysis. Legible sequences 

were obtained for 45 DNA samples. The sequences 
of the CPV VP2 gene obtained in the study showed 
a mutual homology of 98.5-100%.

The computer processing of CPV VP2 gene 
sequences from vaccinated dogs by means of the 
Lasergene DNA Star software made it possible to cre-
ate a phylogenetic tree showing similarities between 
particular isolates. Differences in the primary genetic 
structure of each isolate allowed us to distinguish 
6 monophyletic groups. One group was formed by iso-
lates No 11, 24, 25, 27, 34 and 26. It showed the highest 
homology (99.5%) with the CPV-2b strain sequence 
isolated in Turkey (KF500499). Another group was 
formed by a single strain, No 22, which showed the 
highest similarity of the gene sequence examined 
(99.4%) to CPV-2b isolated in Korea (EU009206). 
A third group included isolates No 3, 17, 19, 39, which 
showed the highest homology (99.8-100%) with the 
Japanese strain CPV-2b (AB054220). A fourth group 
consisted of three isolates (No 13, 14 and 18) showing 
the highest homology (99.3-99.4%) with the Indian 
CPV-2b strain (DQ182623). The remaining group was 
formed by one isolate (No 15), which had the greatest 
similarity of the gene sequence examined (99.8%) to 
the Italian CPV-2a isolate (FJ005252). The parvovirus 
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Tab. 1. Summary of the study results, including a breakdown by the age group of the animals (I – up to 6 months of age and 
II – over 6 months of age), vaccination history, time when the cytopathic effect on cell lines occurred, CPV strain isolated, 
and the time of the animal’s recovery

Item No. Age group Breed Sex Vaccine brand Vaccination CPE (incubation day) Strain Dog recovery time

  1 I Mix F No vaccination – 2 CPV-2b 8 days

  2 I Labrador retriever M Nobivac 3x + 3 CPV-2b 7 days

  3 II German Shepherd M No vaccination – 7 CPV-2a 9 days

  4 II German Shepherd M No vaccination – 4 CPV-2b 5 days

  5 II German Shepherd M No vaccination – 4 CPV-2a 8 days

  6 I Mix F No vaccination – 5 CPV-2b 7 days

  7 II Mix M No vaccination – 6 CPV-2b 7 death

  8 I Mix M No vaccination – 6 CPV-2b 6 death

  9 I White Swiss Shepherd F No vaccination – 7 CPV-2b 5 days

10 II White Swiss Shepherd F Nobivac 3x + 7 CPV-2b 5 days

11 I German Shepherd M Biocan 2x + 3 CPV-2b 6 days

12 I German Shepherd M Biocan 2x + 3 CPV-2b death

13 I German Shepherd M Biocan 2x + 5 CPV-2a death

14 II Maltese M Vanguard, Canigen + 3 CPV-2b death

15 I Mix M Biocan + 7 CPV-2b 7 days

16 I Mix F No vaccination – 5 CPV-2b death

17 I Mix F No vaccination – 0 CPV-2b 8 days

18 I Mix F Nobivac + 5 CPV-2b 7 days

19 II Mix M No vaccination – 7 CPV-2b 8 days

20 I Mix M Nobivac + 3 CPV-2b 8 days

21 I Mix M Nobivac + 6 CPV-2b death

22 I Mix F Nobivac + 7 CPV-2b 8 days

23 I Mix F Nobivac + 6 CPV-2b 8 days

24 I Maltese M No vaccination – 7 CPV-2b 7 death

25 II Maltese F No vaccination – 6 CPV-2b 6 days

26 II Czechoslovakian Wolfdog M No vaccination – 7 CPV-2b 6 days

27 I Mix F Biocan + 5 CPV-2b death

28 I Rottweiler F Biocan + 7 CPV-2b 5 days

29 I Welsh Terrier M No vaccination – 4 CPV-2b 7 days

30 II Mix M No vaccination – 7 CPV-2b 6 days

31 II Mix M No vaccination – 6 CPV-2b death

32 II Mix F No vaccination – 4 CPV-2b 8 days

33 I Mix F Nobivac + 4 CPV-2b death

34 I Mix M Nobivac + 4 CPV-2b 4 days

35 I German Shepherd M No vaccination – 3 CPV-2b 6 days

36 I Mix M No vaccination – 7 CPV-2b death

37 I White Swiss Shepherd F No vaccination – 3 CPV-2b 7 days

38 I Mix M No vaccination – 3 CPV-2a death

39 I Mix F No vaccination – 7 CPV-2b 6 days

40 I Mix F No vaccination – 3 CPV-2a death

41 I Mix F No vaccination – 3 CPV-2a 7 days

42 II Mix M No vaccination – 3 CPV-2a 9 days

43 II Mix F No vaccination – 5 CPV-2b death

44 I Mix M No vaccination – 3 CPV-2a 6 days

45 I Mix M Nobivac + 3 CPV-2b death
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Fig. 2. Phylogenetic tree of CPV strains isolated from dogs which had not 
received preventive vaccination

strains isolated from vaccinated dogs in 
which the disease developed were classi-
fied in most cases (14/15) as CPV-2b, and 
in one case as CPV-2a (Fig. 1).

Phylogenetic analysis of the VP2 CPV 
sequences obtained from the group of non-
vaccinated dogs (Fig. 2) revealed 5 mono-
phyletic groups. One group consisted of 11 
isolates (No 2, 10, 28, 33, 35, 36, 37, 38, 
40, 42, 53) showing the highest similarity 
(99.8-100%) to the CPV-2b virus sequence 
isolated in Japan (AB054220). Another 
group was formed by a single strain (No 
46) most homologous (99.8%) with CPV-
2b isolated in Italy (FJ005263). A third 
group was formed by isolates 23, 29 and 
41, which showed the highest homology 

(99.8%) with the CPV-2b virus isolated in 
South Korea (EU009206). A fourth group 
was formed by 8 isolates (No 5, 7, 8, 9, 
20, 21, 30 and 51) showing the highest 
similarity of the VP2 gene sequence anal-
ysed (99.4-99.8%) to sequence DQ182623 
from India. The remaining group consisted 
of isolates No 4, 6, 44, 48, 49, 50 and 52, 

Fig. 1. Phylogenetic tree of CPV strains isolated from dogs which had 
received preventive vaccination
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which were most homologous (99.6-99.8%) with the 
CPV-2a strains from New Zealand (AY742933), China 
(EU145958) and Brazil (DQ340434). As in the group 
of vaccinated dogs, the main CPV strain isolated from 
non-vaccinated dogs with signs of parvovirosis was 
CPV-2b (23/30). In the remaining seven cases, the 
etiological factor of the infectious agent of the disease 
was CPV-2a.

A total of 8 dogs were found to have developed 
the CPV-2a strain, whereas 37 developed the CPV-2b 
strain.

Results of cytopathic effect observation. The cy-
topathic effect occurred in all 45 cell cultures infected 
with the test material. The changes were characterised 
by the rounding of the cells, syncytia formation and 
partial lysis of the monolayer until complete separa-
tion from the growth surface of the bottle (Fig. 3). 
Depending on the viral inocula used, the cytopathic 
effect occurred at different times, between 2 and 7 days 
after the infection of cell lines.

Results of statistical analysis. The statistical 
analysis of the results obtained did not show signifi-
cant differences in the severity of clinical signs or the 
recovery time between animals from age groups I 
and II (P = 0.58). However, a positive correlation was 
found between the speed of recovery and the fact that 
the animal had been vaccinated (P = 0.001). In dogs 
that had been vaccinated against CPV, the mean dura-
tion of the disease was 6 days, whereas in the group 
of unvaccinated dogs it was 7 days. The course of the 
disease also depended on the virus strain (P = 0.006). 
It was shown that dogs from which the CPV-2a strain 
was isolated took longer to recover, had more severe 
clinical signs and higher mortality rates. Among dogs 
from which the CPV-2a strain was isolated, the mortal-
ity rate was 37.5% (3 out of 8 dogs), whereas among 
the dogs from which the CPV-2b strain was isolated 
the mortality rate was 31.58% (12/37).

The cytopathic effect appeared in all infected cul-
tures, and the rate at which changes occurred was 
independent of the virus strain with which the cells 
were infected (CPV-2a or CPV-2b) (P = 0.41), the age 
of the dogs from which CPV was isolated (P = 0.43) or 
the dogs’ CPV vaccination history (P = 0.63). Table 1 
presents data on the rate at which the cytopathic ef-
fect occurred after the infection of cell lines with viral 
inocula obtained from the dogs used in the study.

Canine parvovirosis is a viral disease that occurs 
worldwide (11). The best method of prevention is 
a widespread vaccination of the canine population. Its 
purpose is to generate or strengthen specific immune 
mechanisms that, together with non-specific response 
mechanisms, protect dogs against the disease. Animal 
immunity is determined by in vitro tests, with which 
a satisfactory result can be obtained in a manner that is 
a minimally invasive for the animal tested. The immune 
response against the different variants of canine parvo-
virus is cross-reactive, so that vaccines currently avail-

Fig. 3. Cytopathic effect on cell lines CCC clone 81

able on the market are regarded as effective protection 
against the disease caused by each of the existing virus 
variants (CPV-2, CPV-2a, CPV-2b and CPV-2c) (19). 
No vaccination offers complete protection from the 
disease, but thanks to cross-resistance between differ-
ent strains of canine parvovirus, vaccinated animals 
should be affected less severely. This is confirmed by 
our results, which showed statistically significant dif-
ferences between the recovery rates of the vaccinated 
and unvaccinated groups of dogs. The animals that 
were infected with the CPV-2a strain took longer to 
recover than the dogs from which the CPV-2b strain 
was isolated. The mortality rate of the dogs from which 
the CPV-2a strain was isolated was also higher than 
that of the other group, although not different from the 
mortality rates reported by other authors, ranging from 
27.8% to 93.5% (17).

The dogs between 6 weeks and 6 months of age are 
considered to be the most susceptible age group (7, 9), 
and the most severe course of the disease usually occurs 
in puppies up to 3 months of age (1, 6). Despite this, 
no statistically significant differences in recovery time 
were demonstrated between animals up to 6 months of 
age and older animals. This may be due to the intensive 
treatment of all sick animals as well as the improve-
ment in treatment and early diagnosis since the time 
when the studies cited above were conducted.

Cytopathic effect is a set of changes that occur in 
cell cultures under the influence of a specific factor. 
In our study, the agent was canine parvovirus, and the 
cytopathic effect was characterised by the rounding 
of cells, syncytia formation and partial lysis of the 
monolayer until complete separation from the growth 
surface of the bottle. The effect occurred, at the earli-
est, 2 days after the infection of the culture. CPV was 
cultured on CCC clone 81 lines, on which canine par-
vovirus multiplies easily and cytopathic changes are 
well expressed (10). It seems that on other lines, such 
as CRFK (15), FCH (16) and A-72 (5), the cytopathic 
effect is more difficult to observe. Our study showed 
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no statistically significant differences in the rate at 
which the cytopathic effect occurred depending on the 
virus strain, the age of the dogs from which CPV was 
isolated or their vaccination history. So far, this type 
of analysis has not been conducted. It might seem that 
the cytopathic effect should occur faster and be more 
intense in cell cultures infected with more virulent CPV 
strains. Our observations, however, did not show any 
differences in the severity of CPE in cultures infected 
with CPV-2a and CPV-2b. This may be due to the fact 
that isolation of parvovirus is difficult, and the cyto-
pathic effect may be poorly expressed in cell culture. 
CPV virions are often captured by specific antibodies 
in the intestinal lumen, which prevents their adsorption 
to intestinal epithelial cells. Consequently, multiplica-
tion of faeces-derived parvovirus on cell lines may be 
hindered (4, 14).

Our research revealed that the main strains of par-
voviruses currently occurring in dogs in Poland are 
CPV-2a and CPV-2b. This situation has been chang-
ing dynamically over the years. In 1995, Mizak and 
Plucienniczak examined CPV strains isolated between 
1982 and 1993 and demonstrated that the dominant 
strain in the dog population in Poland at that time was 
CPV-2a. On the other hand, Majer-Dziedzic et al. 
showed that CPV-2c was dominant in 2011, whereas 
Kowalczyk et al. found that CPV 2a was the most 
prevalent strain in 2019. Our research, for which mate-
rial was collected between 2017 and 2019, showed that 
the dominant variant in the dog population in eastern 
Poland was CPV-2b. The results of all above studies 
show dynamic changes in dominant parvovirus strains 
(8, 10, 12).

It seems that the virus strain causing parvovirosis in 
a given individual and the history of vaccination against 
canine parvovirosis can be valuable prognostic markers 
for the duration of the disease and the probability of 
death in its course. According to our observations, the 
age of the animal has no significant effect on the rate 
of recovery, whereas the fact that the animal has been 
vaccinated makes recovery faster. On the other hand, 
the observation of the rate at which the cytopathic ef-
fect occurs does not provide any relevant information 
for the clinical picture of canine parvovirosis.
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