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ABSTRACT

The objective of this study was to show if porcine ko-
buvirus 1 (PKV-1) participates in the development of 
diarrhoea in piglets. The experiments were focused on 
comparing the occurrence of PKV-1 with the occurrence 
of rotavirus A (RVA) infection in suckling pigs on Slo-
vak pig farms. A total of 91 rectal swabs of piglets (age 
< 28 days) were collected from 8 pig farms. RT-PCR was 
employed to detect PKV-1 through amplification of the 
495 bp fragment of the 3D gene using primers KoVF/
KoVR, and RVA was detected through amplification 
of the 309 bp fragment of the VP6 gene using primers 
rot3 and rot5. As expected, the detection of RVA in diar-
rhoeic piglets was 56.8 % (P < 0.01), while only 14.8 % in 
healthy animals. These results confirm that RVA is one of 
the main causes of diarrhoea in young piglets. Compara-
tively, PKV-1 was detected in approximately equal num-
bers in the same group of both healthy and diarrhoeic 
pigs, with 74.1 % in healthy animals and 81.1 % in diar-
rhoeic animals, which was not statistically significant 
(P < 0.05). The level of co-infection of both viruses was 
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11.1 % in healthy animals. A portion of 48.6 % (P < 0.01) of 
diarrhoeic animals were found with RVA and PKV-1 co-
infections. The results of this study indicate that while 
RVA is an enteric virus, PKV-1 cannot confidently be 
confirmed as an enteric pathogen.
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INTRODUCTION

One of the major health problems in the swine industry 
is the high frequency of diarrhoea in piglets, which is one 
of the main causes of mortality and morbidity in neonatal 
pigs. The aetiology of enteric disease is diverse, including 
viral, bacterial and protozoal pathogens, but viruses are the 
predominant factor. In 2008, a novel virus was detected in 
faecal samples from clinically healthy pigs in Hungary [21]. 
This virus belongs to the family Picornaviridae and dem-
onstrates similarity to members of the genus Kobuvirus; 
Aichivirus A (previously known as human aichi virus) and 
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Aichivirus B (formerly bovine kobuvirus). The virus was 
named porcine kobuvirus 1 (PKV-1), which is also referred 
to as Aichivirus C.

The kobuvirus genome ranges from 8.2 to 8.4 kb in size 
with a viral protein genome (VPg) linked to the 5’-untrans-
lated region (UTR) and a poly (A) tail at the 3’-UTR [12]. 
The polyprotein precursor is further processed to generate a 
leader (L) protein, three structural proteins (VP0, VP3 and 
VP1), and seven non-structural proteins (2A, 2B, 2C, 3A, 
3B, 3C and 3D) [23]. The RNA-dependent RNA polymerase 
(3D) is the most conserved region among kobuviruses [22].

PKV-1 has been detected in diarrhoeic pigs either in 
individual infections or in mixed infections with other es-
tablished diarrhoeic viruses. In more recent years, the virus 
has been detected worldwide, with studies demonstrating 
PKV-1 in Asia [10, 14, 16, 17, 28,], Europe [7, 13, 21, 29], 
North America [25], South America [2] and East Africa 
[1]. In the scientific literature, PKV-1 is traditionally de-
scribed as an enteric virus, however, its pathogenesis and 
contribution to the development of enteric disease remain 
poorly understood. 

Rotaviruses were first described in pigs in 1976, and 
they are known enteric pathogens which cause gastroen-
teritis in young children and animals [27]. Classification of 
members of the Rotavirus genus is based on the serologi-
cal reactivity and genetic variability of VP6, and at present 
there are 8 different groups which are differentiated alpha-
betically from A-H (RVA-RVH) [18]. The RVA group is an-
tigenically the most diverse species amongst the Rotavirus 
genus, and they are also the most important due to their 
high prevalence and pathogenicity in both humans and 
animals.

The goal of this study was to determine the prevalence of 
porcine kobuvirus 1 in both healthy and diarrhoeic piglets 
in Slovakia, and to determine the relationship between ko-
buvirus and rotavirus A in their ability to cause diarrhoea. 
This information will contribute to the present knowledge 
available on porcine kobuvirus 1, and ultimately aid the 
understanding of its clinical impact on the swine industry.

MATERIALS AND METHODS

Samples
Rectal swabs were collected from 8 farms across East-

ern and Western Slovakia, using transport swab applica-

tors (Sarstedt AG & Co, Germany). The samples were col-
lected from 91 suckling piglets before they were of weaning 
age (< 28 days) which were divided into clinically healthy 
(n = 54) and diarrhoeic (n = 37) groups.

RNA isolation
Elution of the rectal swabs was achieved by adding 1ml 

of 0.01 mol.l–1 PBS (Merck Millipore Corp., USA) and then 
allowing the samples to incubate for 30 minutes. The sam-
ples were then vortexed for 3 minutes at 2000 rev.min–1 and 
then centrifuged for 5 minutes at 14,000 × g. Then 200 µl 
of the sample was added to 700 µl of TRIzol Reagent (Life 
Technologies, USA), followed by gentle hand-mixing and 
a 5 min incubation. 200 µl of chloroform was added to each 
sample to better separate the solution into water and or-
ganic phases. 500 µl of the top aqueous layer was removed 
and then 500 µl isopropyl alcohol was added to each test 
tube. The precipitated nucleic acid was washed with 75 % 
alcohol. 

cDNA synthesis
The synthesis of cDNA was carried out using reverse 

transcrip2196tase and random hexamers as described 
by  J a c k o v a  et 98al. [13]. 

Detection of rotavirus A and porcine kobuvirus 1 using 
single RT-PCR

Amplification of a 309 bp fragment of the VP6 gene was 
performed to detect the RVA genome, by using primers 
rot3 and rot5 [9]. For the detection of PKV-1 with PCR, the 
same cDNA, as prepared for RVA, was used. The single RT-
PCR for PKV-1 was based on the amplification of a 495 bp 
fragment of the 3D gene using primers KoVF/KoVR [28]. 
Details of both PCR methods were described elsewhere 
[13].

Gel electrophoresis
The size of the PCR products was checked by electro-

phoresis in 2 % agarose gel. The DNA Ladder 100 bp mark-
er (AppliChem, GmbH, Germany) was used to aid approxi-
mation of the size of the DNA fragments.

Statistical analysis
Statistical analysis was performed using the software 

GraphPad Prism 5 for Windows (GraphPad Software, USA). 
The data was analysed using the chi-square (χ2) test, with 
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confidence limits of 95 %, P < 0.05 (statistically significant) 
or 99 %, P < 0.01 (highly statistically significant).

RESULTS

Prevalence of rotavirus A in clinically healthy and diar-
rhoeic pigs 

An electrophoresis image for RVA detection is dis-
played in Fig. 1A, based on RT-PCR amplification of the 
309 bp DNA fragment. Results on the detection of RVA in 
healthy and diarrhoeic piglets are presented in Fig. 2. The 
total percentage of positive suckling pigs for rotavirus A 
was 31.9 % (29/91). Only 8 healthy animals were positive, 
which produces a positivity rate of 14.8 %. 21 of the 37 di-
arrhoeic suckling pigs tested positive for rotavirus, giving 
a 56.8 % figure for positive diarrhoeic animals. The chi-
square (χ2) test showed that there was a highly statistically 
significant correlation (level of 99 %) between RVA and di-
arrhoea (χ2 = 17.7887; P = 0.000025). 

Prevalence of porcine kobuvirus 1 in clinically healthy 
and diarrhoeic pigs 

An electrophoresis image for PKV-1 detection is dis-
played in Fig. 1B. Clinical samples positive for PKV-1 
were represented with a 495 bp electrophoretic band. The 
summary of results on the detection of PKV-1 RNA in the 
clinical samples is presented in Fig. 2. Of the 91 suckling 
pigs, 70 tested positive for PKV-1, which produces a posi-
tive percentage of 76.9 %. Forty of the healthy 54 suckling 
pigs were PKV-1 positive, representing a 74.1 % positivity 
rate. Diarrhoeic suckling pigs showed a higher positive per-
centage of 81.1 %, with 30 of the 37 diarrhoeic pigs testing 
positive. Despite observation of some differences between 
healthy and diarrhoeic animals, there was no statistically 
significant correlation at the level of 95 % (P < 0.05) be-
tween PKV-1 and diarrhoea (χ2 = 0.6072; P = 0.4358).

Levels of co-infection of rotavirus A and porcine 
kobuvirus 1 in clinically healthy and diarrhoeic pigs 

Both PKV-1 and RVA were detected together in 24 pigs, 
with a positivity rate of 26.4 %. Healthy pigs had a positiv-
ity rate of 11.1 % (6 positive; 48 negative), whereas a higher 
rate of 48.6 % was detected in diarrhoeic pigs (18 positive; 

Fig. 1. Gel electrophoresis of PCR products. A — Samples 1, 4, 6 and 8 are positive for rotavirus A
B — samples 1, 2, 3, 5 and 7 are positive for porcine kobuvirus 1
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19 negative). There was a highly statistically significant cor-
relation (level of 99 %, P < 0.01) between co-infection and 
diarrhoea (χ2 = 15.9324; P = 0.000066). All results on co-
infection study are summarized in Fig. 2.

DISCUSSION

It is important to determine the prevalence of PKV-1 
and RVA in pigs within a region, in order to contribute to 
the available knowledge on the global prevalence of these 
viruses and their role in porcine diarrhoea. The results 
from this study indicated that there was a highly statisti-
cally significant correlation between RVA infection and the 
occurrence of diarrhoea. Comparatively, no statistically 
significant difference was determined between PKV-1 in-
fection and diarrhoea.

The overall prevalence of RVA in piglets was 31.9 %. 
Similar levels of incidence were also detected in Slovenia 
and Spain, with 20.0 % and 16.7 %, respectively [19]. In 
contrast, other European countries showed a lower in-
cidence of RVA, such as 4.2 % in Hungary, and 10.1 % in 
Denmark [19].

RVA was detected in 56.8 % of diarrhoeic piglets but 
only in 14.8 % of clinically healthy piglets. This result was 
relatively anticipated, as RVA has been proven in scientific 
literature to be a predominant enteric pathogen and there-
fore a cause of diarrhoea. Publications on the association 
between RVA and diarrhoea are long-established, since its 
discovery in pigs in 1976 [27]. It is believed that group A 
rotaviruses are responsible for 53 % of pre-weaning and 44 
% of post-weaning diarrhoea in pigs [11]. Specifically re-
garding RVA, it is reported to account for 89 % for all ro-
tavirus diarrhoea in commercial pig populations [26]. The 
prevalence of diarrhoea in the sampled age group of piglets 
also corresponds with the scientific literature, as RVA infec-
tions tend to have the greatest implications on animals less 
than 28 days old [15, 24]. 

In total, a 76.9 % positivity rate was determined for 
PKV-1 infection in pigs originating from Slovakia. This 
figure of prevalence within Slovakia concurs with the 
European levels detected by  Z h o u  et al. [29] in a study 
across 5 European countries (Austria, Germany, Hungary, 
Spain and Sweden), with an overall prevalence of 56.7 %. 
When comparing the levels of PKV-1 in healthy and diar-
rhoeic pigs, the present study detected nearly similar levels 

Fig. 2. Comparison within the same group of piglets for the levels of detection of rotavirus A, 
porcine kobuvirus 1 and co-infection
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in both clinical categories, with 74.1 % in healthy animals 
and 81.1% in diarrhoeic animals.  Z h o u  et al. [29] detected 
similar levels, with an average finding of 54.5 % in healthy 
pigs in the 5 European countries, and 58.2 % detected in 
diarrhoeic pigs. 

PKV-1 was incidentally detected at a level of 13.3 % in 
clinically healthy animals in Hungary when searching for 
astroviruses [21]. Since then, many studies have aimed to 
compare the level of detection in healthy and diarrhoeic 
animals. The successive study was performed by  Y u  et 
al. [28], in which they discovered a 30.1 % prevalence rate 
amongst clinically healthy pigs in China. More recent stud-
ies, such as that performed by  D i  B a r t o l o  et al. [6] on 
Italian farmed pigs, subsequently confirmed the results of 
previous studies, with PKV-1 detection levels of 57.5 % in 
healthy pigs and 49.7 % in diarrhoeic pigs. 

However, other studies have demonstrated higher levels 
of PKV-1 in diarrhoeic animals, which suggests a potential 
link to causing enteric disease.  K h a m r i n  et al. [16] iden-
tified a 99 % positivity rate for PKV-1 in diarrhoeic pigs in 
Thailand, however this study did not provide a compari-
son with the levels of PKV-1 in asymptomatic pigs. A study 
in Korea by  P a r k  et al. [20] stated a statistically signifi-
cant correlation between the occurrence of diarrhoea and 
PKV-1, however, only 3.57 % of the diarrhoeic pigs tested 
for PKV-1 alone, thereby the possibility of another enteric 
pathogen causing diarrhoea cannot be excluded.

If kobuvirus infection was responsible for causing diar-
rhoea, we would expect to see a statistically significant cor-
relation between diarrhoea and PKV-1, though this was not 
confirmed in the present study. Similar difficulty in estab-
lishing significance is also true for other emerging viruses, 
including porcine sapovirus, porcine enterovirus G and por-
cine astrovirus, as they are also detected in healthy and diar-
rhoeic pigs without known clinical significance [3, 4, 5, 8].

The levels of co-infection were also investigated in this 
study. A total of 24 out of the 91 sampled piglets tested 
positive for both RVA and PKV-1, giving a percentage of 
26.4 %. When comparing the prevalence of co-infection 
between healthy and diarrhoeic animals, there was a highly 
statistically significant relationship between co-infection 
and diarrhoea. Only 11.1 % of healthy animals were posi-
tive for both viruses, in comparison to 48.6 % of diarrhoeic 
animals. Interpreting the individual factors of co-infection 
is a challenging task, as it is difficult to attribute the occur-
rence of diarrhoea with a specific aetiological agent. 

CONCLUSIONS 

The results of this study clearly confirmed that while 
RVA is a causative agent of diarrhoea in piglets, PKV-1 can-
not confidently be confirmed as a typical diarrhoeic patho-
gen. Although PKV-1 has a high prevalence in piglets in 
Slovakia, they survive with absence of significant disease. 
Further investigation is required to determine the role of 
PKV-1 in the enteric system and such kind of research re-
quires a more complex approach including the application 
of the next generation of sequencing techniques.
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