
Berliner und Münchener Tierärztliche Wochenschrift 2022 (135)1

Open Access

Berl Münch Tierärztl Wochenschr (135)
DOI 10.2376/1439-0299-2022-13
1–6

© 2022 Schlütersche Fachmedien GmbH
Ein Unternehmen der Schlüterschen 
Mediengruppe
ISSN 1439-0299 

Korrespondenzadresse:
monika.drazovska@uvlf.sk

Eingegangen: 11.07.2022
Angenommen: 27.08.2022
Veröffentlicht: 24.10.2022

https://www.vetline.de/berliner-und-
muenchener-tieraerztliche-wochenschrift-
open-access

CC BY-NC-ND 4.0

Department of Epizootiology, Parasitology and Protection of One Health, Univer-
sity of Veterinary Medicine and Pharmacy in Košice, Slovakia

The findings of FPV, CPV-2a, CPV-2b and 
FCoV in cats with signs of feline panleuko-
penia

Nachweis von FPV, CPV-2a, CPV-2b und FCoV bei Katzen mit 
Symptomen der felinen Panleukopenie

Alexandra Citarová, Jana Mojžišová, Boris Vojtek, Ľubica Zákutná, Monika 
Drážovská

Summary In the period from August 2019 to August 2020, a total of nine cases of feline 
panleukopenia (FPV) were detected in two interrelated animal shelter facili-
ties located in the district of Brezno, central Slovakia. All symptomatic cats were 
tested for the presence of parvovirus in the faeces using a rapid test with all 
tests being positive. The described animals ranged in age from three months to 
four years. Post-mortem examinations were performed on six dead animals and 
samples were taken to determine the presence of feline panleukopenia (FPV), 
canine parvovirus (CPV) variants 2a and 2b and feline coronavirus (FCoV) in the 
faeces using the quantitative polymerase chain reaction (qPCR). The examination 
of the samples was carried out at the Idexx Laboratiories in Leipzig, Germany. 
Despite intensive therapy, eight cats died and only one survived. This represents 
a treatment success rate of 11,2%. The findings of the qPCR tests showed positive 
results for FPV, CPV variants 2a and 2b and for FCoV in the faeces.
These results suggest that co-infection with CPV-2 strains, FCoV and FPV in cats 
may significantly reduce the success rate of therapy for feline panleukopenia.

Keywords: canine parvovirus, qPCR, Feline panleukopenia, Coronavirus, Gastro-
enteritis

Zusammenfassung Im Zeitraum von August 2019 bis August 2020 wurden in zwei in Relation ste-
henden Zuchtbetrieben im Bezirk Brezno in der Mittelslowakei insgesamt neun 
Fälle der felinen Panleukopenie (FPV) festgestellt. Alle symptomatischen Katzen 
wurden mit einem Schnelltest auf das Vorhandensein des Parvovirus im Kot 
untersucht, wobei alle betroffenen Tiere positiv getestet wurden. Die beschrie-
benen Tiere waren im Alter zwischen drei Monaten und vier Jahren. Bei sechs 
verendeten Tieren wurde eine Obduktion durchgeführt und es wurden Proben 
entnommen, um das Vorhandensein des felinen Panleukopenievirus (FPV), der 
Varianten des caninen Parvovirus (CPV) 2a und 2b sowie des felinen Coronavirus 
(FCoV) mittels der quantitativen PCR-Methode (qPCR) im Kot festzustellen. Die 
Untersuchungen wurden in den Idexx Labors in Leipzig durchgeführt. Trotz inten-
siver Therapie starben acht Katzen und nur eine überlebte. Das entspricht einer 
Erfolgsquote der Behandlung von 11,2 %. Die Ergebnisse der Untersuchungen 
mittels qPCR waren positiv auf das Vorhandensein von FPV, CPV-2a und b und 
FCoV im Kot.
Diese Ergebnisse deuten darauf hin, dass eine Koinfektion mit CPV-2-Stämmen, 
FCoV und FPV bei Katzen die Erfolgsrate der Therapie bei feliner Panleukopenie 
erheblich verringern kann.

Schlüsselwörter: Canines Parvovirus, qPCR, feline Panleukopenie, Coronavirus, 
Gastroenteritis

https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en


Berliner und Münchener Tierärztliche Wochenschrift 2022 (135) 2

Introduction

Feline panleukopenia is an infectious viral disease 
caused by members of the genus of Canine protopar-
vovirus  1, which includes strains of feline panleuko-
penia virus (FPV) and canine parvovirus 2 (CPV-2) 
(Allison et al. 2013, 2014). The detection of parvovirus 
DNA sequences in various carnivore species confirms 
that parvoviruses have circulated in the population of 
carnivores for millions of years (Liu et al. 2011). Feline 
panleukopenia is the oldest known viral disease of 
the cat. The viral cause of this disease was confirmed 
in 1928, and the first successful vaccination against 
feline panleukopenia was performed in 1934 (Verge and 
Cristoforoni 1928, Leasure et al. 1934). The CPV-2 and 
FPV parvoviruses are so closely related that their NS1 
protein is at least 85% identical. A significant differ-
ence between them is that feline parvovirus is relatively 
genetically stable and undergoes genetic changes only 
very slowly, whereas the opposite is true in the case 
of CPV-2 (Shackelton et al. 2005, Hoelzer et al. 2008, 
Cotmore et al. 2014). Canine parvovirus 2 probably 
evolved from feline parvovirus through changes in five 
or six amino acid positions in the capsid protein or from 
another closely related parvovirus (Shackelton et al. 
2005). In the first half of the 1980s, CPV-2 evolved into 
two variants (CPV-2a and CPV-2b). The antigenic vari-
ant of CPV-2a was recognized in 1984 and differs in the 
antigenic epitope in the substitution in VP2, the replace-
ment of the Asn residue at position 426 by Asp and the 
replacement of Ile at position 555 by Val (Parrish et al. 
1985). The most recent discovery of a new subtype was 
made in Italy in 2000. This is the third variant of canine 
parvovirus type 2 (CPV-2c). CPV-2c differs from CPV-2b 
in a single amino acid residue at position 426 where Asp 
has been replaced by Glu. The Glu mutation at position 
426 affects the major antigenic region located above the 
three-fold spike of the CPV-2 capsid (Buonavoglia et 
al. 2001). Interestingly, CPV-2 has long been unable to 
induce infection in cats. However, with further adapta-
tion to canids, changes in amino acid positions resulted 
in CPV-2 binding better to canid cellular receptors, but 
also having the ability to infect cats (Hueffer and Parrish 
2003). Thus, newer CPV-2 strains of CPV-2a, CPV-2b 
and CPV-2c have acquired a new ability to infect cats. 
Furthermore, they may cause a disease in cats with 
clinical signs similar to feline panleukopenia (Truyen 
et al. 1995, Mochizuki et al. 1996, Truyen et al. 1996). 
The potential pathogenicity of CPV-2 strains in cats, 
however, is still unclear. Experimental infections of cats 
with CPV-2a/b strains suggest that these strains have 
lower pathogenicity in cats and may induce persistent 
infection (Battilani et al. 2006). In our study, we describe 
co-infection with CPV-2a, CPV-2b, FPV and FCoV in 
the faeces of animals in which hypothermia, apathy 
and vomiting occurred and low efficacy of therapy was 
observed.

Material and methods

Patient details
The age of the affected animals ranged from three 
months to four years (mean age was 16.2 months). 
None of the patients were neutered. There were six 
males and three females among the described patients. 

The patients came from two different facilities; six 
patients were living in private keeping with access to 
the outside environment and three cats came from 
a shelter. All cats were of the European shorthair cat 
breed. None of the patients had ever been vaccinated 
against FPV before, and all patients were regularly 
treated against endoparasites.

Case history
The presented patients were referred to our veterinary 
outpatient clinic for treatment of mild apathy, intermit-
tent vomiting and anorexia between August 2019 and 
August 2020. Six cats were brought for treatment on the 
second day after the onset of clinical signs of disease, 
and three patients on the fourth day after the first signs 
of disease. 

Clinical examination
After admission, the patients underwent clinical exami-
nations, including a measurement of the body tempera-
ture, an assessment of the condition of the oral mucosa 
and conjunctivae, an auscultatory examination of the 
chest, and palpation of the abdominal cavity and periph-
eral lymph nodes. Hydration status was also assessed in 
each patient.

Laboratory examination
After clinical examinations, blood was collected from the 
Vena cephalica antebrachii of the cats for haematologi-
cal and biochemical examinations and rectal swabs were 
taken to detect the presence of parvovirus in the faeces 
using the CPV Ag Test Kit (BioNote Inc., South Korea). 
Haematological and biochemical blood tests were car-
ried out in the laboratories of Unilabs Slovakia, s.r.o. Six 
animals were also autopsied, and their faecal samples 
were collected to investigate the presence of FPV, CPV-
2a, CPV-2b and FCoV by identifying the parvovirus 
using the quantitative PCR method, which facilitates 
distinguishing mutations on the VP2 gene. PCR tests 
were performed at the IDEXX laboratories in Leipzig, 
Germany, using the LightCycler®  480 system (Roche, 
Mannheim, Germany).

Therapy
All patients received causal therapy with immunoglobu-
lins, fluid therapy, antibiotic therapy to cover the anaero-
bic and gram-negative spectrum, symptomatic therapy 
to prevent vomiting, and supportive therapy focusing on 
artificial feeding and application of vitamin preparations 
(Greene 2012).

The results
In the affected animals, mild apathy (in seven patients), 
anorexia (in eight patients), intermittent vomiting (in 
eight patients) and marked hyperthermia (in nine 
patients, up to 41°C) were the predominant symptoms 
at initial treatment. Diarrhoea was not present in any 
of the animals. The results of the rapid tests for par-
vovirus in the faeces were positive in all animals. For 
clarity, the results of the haematological and biochemi-
cal blood tests are only presented for the animals in 
which the presence of FCoV, FPV, CPV-2a and CPV-2b 
was detected by qPCR. Haematological examinations 
of the blood revealed leukopenia in five animals (the 
mean of 3,67 x 109/l, the reference range of 6,00–11,00) 
and leucocytosis in one animal (16,94 x 109/l). Throm-
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bocytopenia was found in five animals (the mean of 
62,83  x  109/l, the reference range of 180,00–500,00) 
while a normal platelet count was found in one animal. 
Biochemical examinations of the blood revealed ele-
vated levels of aspartate aminotransferase (AST) in six 
animals (the mean of 3,32  μcat/l, the reference range 
of 0,00–0,56). PCR results were positive for FPV, CPV-
2a and b, and for FCoV. The results of haematological 
and AST tests in cats with the PCR detection of FPV, 
CPV-2a, CPV-2b and FCoV are shown in Table 1. Out 
of the nine cases presented, eight patients died and 
one cat survived, representing a success rate of 11,2%. 
The only surviving animal was a 4-year-old male cat. 
At post-mortem examination, four cats were found to 
have non-specific findings without gastroenteritis. One 
cat had pancreatitis without gastroenteritis and one cat 
was found to have suppurative nephritis and enteritis 
(Fig. 1 and 2).

Discussion

Feline panleukopenia is a severe infectious disease 
affecting cats of different ages. It is characterized by 
high morbidity and mortality, causing severe damage 
to the mucosa of the small intestine, leading to severe 
enteritis with subsequent diarrhoea and dehydration 
associated with destruction of leukocytes and lympho-
cytes in the lymph nodes (Gaskell et al. 1996, Esfandiari 
and Klingeborn 2000, Simpson and Birnbaum 2006). In 
some cases, genetic recombination between CPV-2 and 

FPV isolates could be observed. About 95% of cases 
of feline panleukopenia tend to be caused by FPV and 
about 5% by CPV-2 strains (Greene 2012). For instance, 
in Germany, CPV-2 virus has been detected in only 
10% of affected cats, whereas in Southeast Asia it has 
been proven in up to 80% of affected cats (Stuetzer and 
Hartmann 2014). According to a study conducted by 
Byrne et al. (2018) in Australia, CPV-2 was not detected 
in a single faecal sample among samples collected from 
from 218 female and male cats from animal shelters. 
In contrast, other authors have detected CPV-2 strains 
in faeces of clinically healthy animals using PCR and 
virus isolation (Mochizuki et al. 1993, Clegg et al. 2012, 
Mukhopadhyay et al. 2017). The pathogenicity of CPV-2 
variants in cats has not been fully elucidated. Some 
studies suggest that CPV- 2 has the same pathogenic 
potential as FPV in cats (Mochizuki et al. 1996, Truyen 

TABLE 1: Haematological and biochemical parameters 
in cats tested positive for CPV-2a, CPV-2b, FCoV and 
FPV
Pati-
ent

Leukocyte count
(ref. values 
6.00–11.00 x 109/l)

Platelet count
(ref. values 
180.00–500.00 x 109/l)

AST
(ref. values 
0,00–0,56 ? cat/l)

1 16.94+ 22.00– 2.37+

2 0.19– 69.00– 4.13+

3 0.21– 103.00– 4.00+

4 0.25– 31.00– 1.05+

5 0.59– 191.00 2.19+

6 –3,85 30.00– 6.23+

FIGURE 1: Small intestine with no inflammatory changes in a kitten tested positive for FPV, CPV-2a, CPV-2b 
and FcoV. Foto: Alexandra Citarová
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et al. 1996, Decaro et al. 2010, Battillani et al. 2011); 
in other studies, no clinical signs were observed in 
infected animals except transient leukopenia (Chalm-
ers et al. 1999,  Nakamura et al. 2001). These results 
have led to speculation that CPV-2 may be more likely 
to cause asymptomatic and persistent infection in cats 
compared to FPV, although further studies are needed 
to fully understand the potential of cats as carriers of 
CPV-2. The study by Balboni et al. (2018) found an 
equal prevalence of FPV and CPV-2 in the samples 
examined, but these samples were predominantly from 
asymptomatic cats. In general, CPV-2 is not a common 
cause of feline panleukopenia, although only a small 
number of cats showing signs of feline panleukopenia 
were tested for the presence of CPV-2. Natural CPV-2 
infection in cats showing signs of panleukopenia has 
been described in several cats (Mochizuki et al. 1996, 
Decaro et al. 2010, Miranda et al. 2014). In 1 case, a 
fatal co-infection with FPV and CPV-2a was described 
in a 3-month-old Persian cat (Battilani et al. 2013). 
According to Green (2012), clinical signs of feline pan-
leukopenia tend to be milder in infection with CPV-2a 
and CPV-2b strains compared to the infection caused 
by FPV. Co-infections of FPV and CPV-2 have been 
described in several cats (Battilani et al. 2011, Battilani 
et al. 2013). Li et al. (2018) demonstrated co-circulation 
of FPV with a novel CPV-2a and of CPV-2 virus strains 
in cats with signs of gastroenteritis in China. The aim of 
our study was to present cases of feline panleukopenia 
with clinical signs consistent with feline panleuko-
penia but with a slightly different disease course and 
findings of FPV, CPV-2a, CPV-2b and FCoV, in which 

we observed low treatment efficacy and high mortal-
ity. According to Sherding (1989), the success rate is 
around 75% if the therapy is chosen correctly. However, 
according to other retrospective studies, the therapy 
success rate ranges from 20% to 51% (Kruse et al. 2011, 
Litster and Benjanirut 2014, Porporato et al. 2018). Barrs 
(2019) reports mortality rates of 50% to 80% despite 
therapy, and Isaya et al. (2021) reported the mortality 
rate 42,9%. That said, in our case series, the success 
rate was only 11,2 % despite intensive therapy, which 
is a very low value compared to the studies described. 
It is possible that such a high mortality rate was caused 
by co-infection with FPV and CPV-2 strains alone. 
However, it is also possible that the mortality rate 
was significantly increased by the presence of FCoV. 
For example, in dogs, coronavirus infection has a low 
mortality rate, but co-infection with CPV-2 is known 
to significantly increase mortality rate in dogs with 
coronavirus (Alves et al. 2018). Another possible cause 
of the high mortality in the presented case series is the 
FPV strain itself (antigenic variant) responsible for the 
infection, as changes in the VP2 protein affect the anti-
genicity and host range of FPV and CPV-2 (Truyen et 
al. 1995, Allison et al. 2013). Another factor that could 
increase the mortality rate in the presented cases is 
secondary bacterial infection, despite the fact that all 
patients received antibiotic therapy to suppress anaero-
bic and gram-negative bacteria. Further studies are 
needed to determine the prevalence of CPV-2 strains 
in cats with clinical signs of feline panleukopenia and 
to compare mortality rates associated with co-infection 
with FPV and FCoV.

FIGURE 2: Small intestine without inflammatory changes and pancreatitis in a young cat tested positive for FPV, 
CPV-2a, CPV-2b and FCoV. Foto: Alexandra Citarová
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Conclusion

In the case series of feline panleukopenia with low 
treatment efficacy that we presented, we found the 
canine parvovirus strains CPV-2a and CPV-2b in addi-
tion to FPV and FcoV in six samples examined. This 
finding is interesting because only a small number of 
cats affected with feline panleukopenia globally were 
tested for the presence of canine parvovirus CPV-2 and 
its strains CPV-2a, CPV-2b and CPV-2c simultaneously 
with the detection of FPV and FCoV. This is the first 
study in Slovakia to look at the detection of CPV-2a 
and CPV-2b strains in cats affected with panleukopenia 
and co-infection with FPV, FCoV and CPV-2b strains. 
Future studies with larger numbers of affected cats are 
needed to determine the percentage of canine parvovi-
rus strains in cats with panleukopenia and to analyse 
the course of the disease and the efficacy of therapy in 
these patients.
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