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Prevalence and genotypic diversity of canine coronavirus in
Shandong Province

ZHANG Chuanmei”, LI Wenfeng®, ZHANG Lubin, LIU Jiahui, SHAN Hu', YANG Haiyan"
College of Veterinary Medicine, Qingdao Agricultural University, Qingdao 266109, Shandong, China

Abstract: [Objective] To learn the prevalence and genotypic diversity of canine coronavirus (CCoV)
in healthy and diarrhea dogs in Shandong Province. [Methods] We collected 199 anal swabs from
healthy and diarrhea dogs in pet markets, stray dog centers, kennels, and pet hospitals in Shandong
Province since 2017. CCoV was detected and genotyped by PCR method, and then the amplified M and
S genes were sequenced and analyzed. [Results] Among the 199 anal swabs, 79 were CCoV-positive.
The positive rate of CCoV was 40.2% (33/82) in healthy dogs and 39.3% (46/117) in diarrhea dogs. The
positive rates of CCoV-I and CCoV-II were 78.8% (26/33) and 51.5% (17/33) in healthy dogs, and
39.13% (18/46) and 80.4% (37/46) in diarrhea dogs, respectively. CCOV-I had the highest single
infection rate (48.5%, 16/33) in healthy dogs, while CCoV-II had the highest single infection rate
(47.8%, 22/46) in diarrhea dogs. The M gene sequences of 48 strains were determined by sequencing
analysis. Phylogenetic analysis showed that 11 out of the 12 CCoV-I strains were isolated from healthy
dogs. Among the 36 CCoV-II strains, 7 strains were isolated from healthy dogs and the rest from
diarrhea dogs. The 3 strains with whole S gene and obtained from diarrhea dogs all belonged to
CCoV-II. [Conclusion] The high positive rate of CCoV in the dogs in Shandong Province indicates that
the virus is widely prevalent. Multiple infections exist in both healthy and diarrhea dogs. The main
prevalent CCoV type is CCoV-I in healthy dogs and CCoV-Ila in diarrhea dogs.

Keywords: canine coronavirus; genotype; M gene; S gene; sequence analysis
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PCR F=itA r#E e LUK , FL R 150 'V, FEL K 20 min,
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Table 1 Sequence of the primers

Primer Sequence (5'—3") Length/bp Reference
CCoV-CENPIF CTCGTGGYCGGAAGAATAAT 280 [12]
CCoV-CENPIR GCAACCCAGAMRACTCCATC

CCoV-IF CAAGTTGACCGTCTTATTACTGGTAG 346 [4]
CCoV-IR TCATATACGTACCATTATAGCTGAAGA

CCoV-1IF TGCATTTGTGTCTCAGACTT 694 [4]
CCoV-IIR CCAAGGCCATTTTACATAAG

CCoV-IIaF GGCTCTATCACATAACTCAGTCCTAG 758 [13]
CCoV-IIaR GCTGTAACATAKTCRTCATTCCAC

CCoV-IIbF GGCTCTATCACATAACTCAGTCCTAG 499 [13]
CCoV-IIbR CAACATGTAACCTTTGTCTGTGATC

CCoV-MF CTCGTGGYCGGAAGAATAAT 835 [14]
CCoV-MR GCAACCCAGAMRACTCCATC

CCoV-S1F ATGATTGTGGTTACATTGTGCC 1 640 [15]
CCoV-S1R CCTCTACGCTTCATACCAAGAT

CCoV-S2F TCTTGGTATGAAGCGTAG 1581 [15]
CCoV-S2R TATCTGCTGGTTCTTGTTC

CCoV-S3F GAACTGTTAGATCTAACACATTGGA 2 080 [15]
CCoV-S3R CCGAATTCAGTGAACATGC

#GE: RNA, fdifi] Prime Script" II Ist Strand
cDNA Synthesis Kit 5% 5% J5 17 PCR #7744 S1.
S2. S3 LKA M HH, PCR % AR ™
WAE i B R R A RN, IR T R 5 PF
o ¥R E S M P45 GenBank
S5 741 L (3R 2). FIH DNAStar #4443k
155 50 0 A% R T 2 R I iR AT R P e
. I MEGAT #A4R FIAB 01 AH 4B (neighbor-
jioning), bootstrap BEH 1 000 IREE , 4l &R
GLiF AL

2 BERXR504

2.1 PR+ & PCR &ML R

RT-PCR #"14J5755 24 280 bp () DNA H
B, 5 HEE R/ N—3 B IR R D (B 1)
SRR, 199 etdb . A 79 1 PHAYERE
i, fHERER H CCoV A H FHAERE i 33 1y, #6:
HE N 40.2% (33/82), MEIG R CCoV FHM:AE
fh 46 1y, K Eh 39.3% (46/117).
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22 BERAREMEERY CCov nBILER

CCoV FHTEEEM A RT-PCR A, 75 ]
CCoV-I, CCoV-II, CCoV-Ila #l CCoV-1Ib H Y
F Bk 346, 694, 758 Fil 499 bp, kA K
N5 — 3 2). CCoV HrAIZs R,
fat B R AFNETE R A 7E 2 R gL i fE o, fg
R R CCoV-TRI BHYEAS H F ol 78.8% (26/33),
CCoV-IIAI FHPEAS 1 # 8 51.5% (17/33), Hr
CCoV-la BHH:AG H % 51.5% (17/33),CCoV-IIb
FHMERS 2R 15.2% (5/33); METE R CCoV-1
YA A H 2k 39.13% (18/46), CCoV-IT%E![H
PEAS H % 80.4% (37/46), Hirh CCoV-1la BHE
1 1%k 80.4% (37/46), CCoV-IIb FHPERS %
H19.6% (9/46) (K 3).

CCoV 4% J& [K 7Y iy BH A 5 BIORN B 2853 Ar
SRR, il R R h BpUR  CCoV-1 B [h 38
B, N 48.5% (16/33); METE R R
CCoV-lla bR i m, A 47.8% (22/46) (K 3).
AWFFE T, FE AR R RS K 35 R & Bk
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Table 2 Isolates used in this study

Virus Accession No. Country Year Host Genotype
CCoVK378 KC175340 USA 1978 Canine I
CCoVINSAVC-1 D13096 UK 1992 Canine I
CCoVBGF10 AY342160 UK 2003 Canine I
CCoVCB/05 KP981644 Italy 2005 Canine I
CCoV1-71 JQ404409 Germany 1971 Canine 1T
CCoV/TN-449 JQ404410 USA 1980s Canine I
CCoV/fcl AB781790 Japan 2013 Canine II
CCoV/NTU336 GQ477367 Taiwan, China 2008 Canine 11
CCoV430/07 EU924790 Italy 2007 Canine II
CCoV174/06 EU856362 Italy 2006 Canine I
CCoV341/05 ACJ63236 Italy 2008 Canine I
CCoV68/09 HQ450377 Greece 2010 Canine II
CCoV/HCM47 LC190907 Viet Nam 2015 Canine I
CCoV/NJ17 AY704917 China 2004 Canine I
FCoVUU20 HQ392471 Netherlands 2007 Feline I
FCoVUU31 HQO012371 USA 2008 Feline I
FCoVDE-2 JQ408981 USA 1981 Feline il
CCoV23/03 KP849472 Italy 2003 Canine I
CCoV259/01 AF502583 Italy 2003 Canine I
TGE Purdue DQ811789 USA 1952 Porcine

J&YL CCoV-IIb Fl CCoV-I/CCoV-IIb IR &8 YL i

W], {HEHNF] CCoV-1/CCoV-IIa/CCoV-IIb

—E YR

2.3 CCoV WIS, M E£HERERREM S
L RT-PCR #3153 %] CCoV 1y S1., S2,

bp - M 1 2 3 4
2 000

1 000
750
500
250
100

1 CCoV RT-PCR ¥/ #8458

Figure 1 RT-PCR result of CCoV. M: DNA
marker DL2000; —: negative control; lanes 1—4:
clinical samples.

S3 f H A F B2 1M 1 640, 1 581 F1 2 080 bp,
M ALY 1 H 4 835 bp, A% K/
S — 80 AR S Y (B 4).

W FEJ5 445 3 45 4362 bp B S D FEHF 41
Fl 48 54K 798 bp 9 M &3[R F41, RIE
W AT 1R P A0 4 S 1 FLAR D 2 B R 7 4 o v
DNAStar #4455 B il 77 51 5 |5 N 4h FCoV .
CCoV. TGEV ZH EHRilb A7 MM Lh . 455%
WK 4 FF7s , 48 Bk CCoV bk M LK 2 i) & 5
E NS H Rz R A SRR R IR R R 3tk
CCoV #ifk S H PR HL R [F] P 5 CCoV-11EIFI
FCo V-1 2 7%tk 2 ] 22 5L W2 [W] IV 55 e (43 9l
i 82.3%-95.8%F1 92.4%93.9%), 5 CCoV-I
RIF FCoV-17 225tk 2 ] 4 SL 1R [A] U8 1 A1
(47.8%—47.9%H1 46.2%47.3%), {H5 TGEV £
7% Pk (DQ811789) 2 [A] 24 K& FR [A] 5 1 1 ¢
(81.2%-82.2%) (K 5).
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750 <758 bp 750
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100 100

2 CCoV-I. CCoV-II. CCoV-IIa #1 CCoV-IIb £ [F %! RT-PCR # 1#4 R

Figure 2 RT-PCR results of CCoV-I, CCoV-II, CCoV-Ila and CCoV-IIb. M: DNA marker DL2000; lanes
1-7: samples; —: negative control.

90.0
26/33 37/46
80.0
70.0
60.0
ES
.% 50.0 16/33 22_/46
o
2 400
£
30.0 8/33
2040 o 6/46
43B 6/46
10.0
0.0
CCoV-|CCoV- CCoV-|CCoV-|CCoV- CCoV-|CCoV-|CCoV-|CCoV-
1 11 1 Ila 1Ib I/lla | I/IIb |IIa/llb |I/I1a/11b
mHealthy dog/% 78.8 | 51.5 485 | 12.1 | 0.0 242 | 0.0 9.0 6.1
oOSick dog/% 39.1 | 80.4 19.6 | 47.8 | 0.0 13.0 | 0.0 | 13.0 6.5

3 CCoV HERAEMIT B APAMHFmEBLHELZR
Figure 3 Number of positive samples and frequency of CCoV genotypes/subtypes.
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A) by

2 000

1000
750

500

250
100

4 CCoVM 1S EHE RT-PCR ¥ 145 R

835 bp

1581 bp

Figure 4 RT-PCR results of CCoV M and S gene. A: M: DNA marker DL2000; lanes 1-5: positive samples;
—: negative control. B: M: DNA marker DL5000; lane 1: S1 segment 1 640 bp; lane 2: S2 segment 1 581 bp;

lane 3: S3 segment 2 080 bp.

120 ¢

100 |

80

60

40 1

Percentage of homology/%

20t
0
Between |Reference
M strains
genes
B Minimun percentage/% 86.0 84.2
O Maximun percentage/% 100.0 100.0

5 CCoVM. S £ERRRMDH
Figure 5 Homology analysis of M and S gene.

24 CCoV HIM. S &EREMIELH LD
45 GenBank H (12 2% 741, F| i MEGA7

A RGN . KA 3 Bk S B
(MT166674, MT166675. MT166676), #E{bH
SN, 3 BRIEVS R CCoV PRIk RIS )E T

Between | CCov-I | CCov-11 | FCov-I | FCov-1I | TGEV

S reference |reference | reference | reference | reference
genes strains | strains | strains | strains strains
97.2 47.8 82.3 46.2 92.4 81.2
99.8 47.9 95.8 473 93.9 82.2

CCoV-lla WA, JEM— XIS 19330, 5
H AR AT#E CCoV/fel S BRI 34 5 & (] 6).

AT 48 Kk M EER(MT136057-MT136104),
LI T s, Hrp 12 #& CCoV-1RIEE b
TR C1 A C2 BN ERE, C1 WEHEIE A%
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Figure 6 Phylogenetic analysis of S gene of CCoV. e represent the CCoV strains identified from diarrhea in
this study; genetic distances were constructed using p-distance model; horizontal bar: genetic distance of 0.1.
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Figure 7 Phylogenetic analysis of M gene of CCoV. @ represent the CCoV strains from diarrhea in this
study; A represent the CCoV strains from health in this study; genetic distances were constructed using
p-distance model; horizontal bar: genetic distance of 0.01.
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