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Clinical detection of seven porcine diarrhea-associated
viruses and evolution analysis of porcine kobuvirus
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Abstract: In order to analyze the epidemic situation of porcine viral diarrhea-associated diseases, a multiplex RT-PCR method
was developed for detection of Seven diarrhea-associated viruses, including porcine teschovirus (PTV), porcine sapelovirus
(PSV), porcine deltacoronavirus (PDCOV), porcine kobuvirus (PKV), porcine sapovirus (POSAV), porcine astrovirus (PASTV)
and porcine torovirus (PTOV). A total of 419 samples were screened using the method, the results showed that PKV has the
highest positive rate of 26.98%45.79% and the mixed infection rate of PKV with others viruses were 9.52%—18.54%. On
account of high positive rate of PKV and its potential important role in diarrhea disease, complete genome sequences of three
PKYV positive samples were further sequenced and genetic evolution were established. Sequences analysis indicated that three
PKV-positive samples, designated as PD-PKV, JS-PKV and CM-PKYV, respectively, were classified into the porcine kobuvirus
genus. The genomic homologies of three viruses were 88.1%-89.1%. CM-PKV had the highest homology with a kobuvirus
JS-02a-CHN/2013 reported in 2013, while JS-PKV and PD-PKV were most closed to a kobuvirusv K-30-HUN/2008/HUN
reported in Hungary in 2008. This illustrated the significant genetic differences were existed among the PKV isolates in Shanghai.
The relationship between the difference among the PKV isolates and the viral pathogenicity still needs to be explored. This

research provides references for understanding the prevalence of PKV and its role in swine diarrhea disease.

Keywords: multiplex RT-PCR, porcine kobuvirus, complete genomic sequences, evolution analysis
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Table 1 Multiplex PCR primers of the seven porcine diarrhea-associated viruses

Name Primer sequences (5'-3") Product length (bp)* Location (nt)*
PTV-F ATGGGACTCTAGATCTCGT 45074 525
PTV-R ACGCCTCTGTAGTTCTCTCTT 176 4 662-4 682
PAstV-F GGATTTACAGTTGGCCCAGAT . 3 785-3 805
PAstV-R CCTGTCCATCTGCCTTTCTGT 4013-4 033
PKV-F ATGCTGCTTGGTGGACTCATT . 7 065-7 064
PKV-R ACGTCTCGTTGCCAAAGACAT 7 324-7 343
P-SaV-F CGAGGCTAAAGGGAAAAACAAACGT S 2 808-2 832
P-SaV-R ACTGTCGTAGGTGTCTGCTTTT 3 126-3 147
PToV-F CTTTTACACCTTGCCATCC o 23 234-23 253
PToV-R TGCTTCACCTCTACACTGTT 23 640-23 659
PDCoV-F ACTTATTCTGCTTTGGCTGCT - 23 157-23 178
PDCoV-R GAAGTGGTTATGGTGTGAAGTC 23 639-23 661
PSV-F GATGTGGCGCATGCTCTT o 316-334
PSV-R TGCTGCCTCCTGTGTTGTTAT 919-940

*Primer locations and lengths are listed according to the strain PTV (AF231767), PAstV (JX556692), PKV
(EU787450), PSaV (KT922089), PToV (GU196786), PDCoV (KJ769231) and PSV (HQ875059), respectively.
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Fig. 1
porcine diarrhea-associated viruses. M: 100 bp DNA
marker; 1: PTV 3D fragment; 2: PAstV ORF2 fragment;
3: PKV 3D fragment; 4: PSaV ORF1 fragment; 5:
PToV S fragment; 6: PDCoV M fragment; 7: PSV
5'UTR fragment.
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Fig. 2 Development of the multiplex RT-PCR. M:
100 bp DNA marker; 1: multiplex RT-PCR for PTV and
PSV; 2: multiplex PCR for PTV, PDCoV and PSV; 3:
multiplex RT-PCR for PTV, PToV, PDCoV and PSV; 4:
multiplex RT-PCR for PTV, PSaV, PToV, PDCoV and
PSV; 5: multiplex RT-PCR for PTV, PKV, PSaV, PToV,
PDCoV and PSV; 6: multiplex RT-PCR for PTV, PAstV,
PKYV, PSaV, PToV, PDCoV and PSV; M: marker.

M

3 %E RT-PCR BB AR E iFik
Fig. 3 Temperature screening of the multiplex RT-PCR.
1-4: T, 52 C, 55 °C, 58 'C and 61 ‘C; M: marker.
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Fig. 4 Specificity and sensitivity of the multiplex
RT-PCR. M: 100 bp DNA ladder; 1: multiplex RT-PCR
used PTV, PKV, PDCoV, PSV, PSaV, PAstV and PToV
as the templates; 2: multiplex RT-PCR used PEDV as
the template; 3: multiplex RT-PCR used TGEV as the
template; 4: multiplex RT-PCR used BVDV as the
template; 5: multiplex RT-PCR used CSFV as the
template; 6: multiplex RT-PCR used SIV as the
template; 7—12: sensitivity detection of the multiplex
RT-PCR with the plasmids of 107'=10°°.
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Table 2 Infection rate of the porcine diarrhea-associated viruses during 2015 to 2016

Infection rate (%)

1297

Year Total Coinfection rate of PKV and
samples  pry  pTov PDCoV PKV  PSaV PAstV  PSV Gilher TITESES

2015 63 3.17 635 15.87 2698 19.05 17.46 15.87 9.52

2016 356 6.46  1.69 421 4579 1292 2697 18.26 18.54
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Fig. 5 PCR amplification of the complete genomic
sequence of PKV.
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Table 3 Reference strains of the phylogenetic tree based on the complete genomic sequences

Strains Origins GenBank No.

Aichi virus Chshc7 China FJ890523.1 (2008)
Aichi virus kvgh99012632/2010 Taiwan, China JX564249.1 (2010)
Aichi virus D/V12359/2004 Germany GQ927705.2 (2004)
Aichi virus Goiania/GO/03/01/Brazil Germany DQO028632.1 (2006)
Bovine kobuvirus U-1 Japan AB084788.1 (2008)
Bovine kobuvirus SC1 Scotland KT003671.1 (2013)
Mouse kobuvirus M-5/USA/2010 USA JF755427.1 (2010)
Canine kobuvirus UK003 UK KC161964 (2008)
Canine kobuvirus CH-1 Hubei, China JQI911763.1 (2011)
Canine kobuvirus US-PC0082 USA JN088541.1 (2010)
Canine kobuvirus B103 Germany KMO068051.1 (2010)
Canine kobuvirus AN211D/USA/2009 USA JN387133.1 (2009)
Feline kobuvirus FeKoV/TE/52/IT/13 Italy KM091960.1 (2013)
Feline kobuvirus FK-13 Korea KF831027.1 (2011)
Porcine kobuvirus JS-02a-CHN/2013 Jiangsu, China KP260507.1 (2013)
Porcine kobuvirus JS-01-CHN/2013 Jiangsu, China KP144318.1 (2013)
Porcine kobuvirus K-4/2012/CH Gansu, China KC424638.1 (2012)
Porcine kobuvirus JY-2010a Beijing, China GU292559.1 (2010)
Porcine kobuvirus ch-kobu/2008/China Jiangsu, China KF695124.1 (2008)
Porcine kobuvirus WB-1-HUN/2011/HUN Hungary JX177612.1 (2011)
Porcine kobuvirus K-30- HUN/2008/HUN Hungary GQ249161.1 (2008)
Caprine kobuvirus 12Q108 South Korea KF793927.1 (2012)
Sheep kobuvirus TB3/HUN/2009 Hungary GU245693.2 (2009)

http://journals.im.ac.cn/cjben
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Fig. 6 Phylogenetic tree based on the complete genomic sequences of PKV.
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Fig. 7 Identity analyzation of the complete genomic sequences of PKV.
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Fig. 8 Phylogenetic tree based on the VP1 genes.
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TGEV ~ PoRV RT-PCR
[1,17-21] 3 RT-PCR 4 RT-PCR
7
RT-PCR
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0.32 036 041 0.18 0.39

0.43 pg/L RT-PCR [22-26]
PKV 180 PTV
PDCoV 25  PToV 10  PAstV
108  PSV 75  PKV
72 PCR
7  RT-PCR
PKV
3 PKV
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