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Abstract

Background: Pigs are unique reservoirs for virus ecology. Despite the increased use
of improved biosecurity measures, pig viruses readily circulate in Chinese swine
farms.

Objectives: The main objective of this study was to examine archived swine oral secre-
tion samples with a panel of pan-species viral assays such that we might better describe
the viral ecology of swine endemic viruses in Chinese farms.

Methodology: Two hundred (n = 200) swine oral secretion samples, collected during
2015 and 2016 from healthy pigs on six swine farms in two provinces in China, were
screened with molecular pan-species assays for coronaviruses (CoVs), adenoviruses
(AdVs), enteroviruses (EVs), and paramyxoviruses (PMV). Samples were also screened
for porcine circovirus (PCV) 3, porcine reproductive and respiratory syndrome virus
(PRRSV) and influenza A virus (IAV).

Results: Among 200 swine oral secretion samples, 152 (76.0%) were found to have at
least one viral detection. Thirty-four samples (17%) were positive for more than one
virus, including 24 (70.5%) with dual detection and 10 (29.5%) with triple detection.
Seventy-eight (39.0%) samples were positive for porcine AdVs, 22 (11.0%) were pos-
itive for porcine CoVs, 21 (10.5%) were positive for I1AVs, 13 (6.5%) were positive for
PCV, 7 (3.5%) were positive for PMV, six (3.0%) were positive for PRRSV and five (2.5%)
were positive for porcine EV.

Conclusion: Our findings underscore the high prevalence of numerous viruses among
production pigs in China and highlight the need for routine, periodic surveillance for

novel virus emergence with the goal of protecting pigs.

KEYWORDS
China, coinfection, detection, ecology, phylogeny, pigs, virus

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2022 The Authors. Veterinary Medicine and Science published by John Wiley & Sons Ltd.

1982 wileyonlinelibrary.com/journal/vms3

Vet Med Sci. 2022;8:1982-1992.


https://orcid.org/0000-0001-7646-4125
mailto:gcgray@utmb.edu
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/vms3

UMARET AL.

WILEY 12

1 | INTRODUCTION

Pigs are considered important reservoirs for multiple pathogens and
provide unique environments for virus ecology. In the past decade, the
world has experienced the emergence and spread of a number of novel
pig viruses that occasionally spill over to humans. The rapid expansion
of the commercial swine industry has contributed to the emergence
and rapid spread of swine viruses that could be a major threat to the
pig industry worldwide, including China. A high prevalence of swine
viruses is found in large herds, and new variants are routinely being
discovered (Hause & Scheidt 2016; Ramesh et al., 2021). Recently, a
review article (VanderWaal & Deen, 2018) summarised publications
during the last 50 years and identified pigs as hosts harboring many
viruses. Mounting evidence suggests that coinfections are more preva-
lent in modern swine farms than single pathogen infections (Anderson
et al., 2018; Gray & Baker, 2011; Guo et al., 2020; Ma et al., 2015;
Ma et al,, 2018; Saade et al., 2020; Sun et al., 2015). Although several
studies have explored swine virus ecology, such studies have seldom
examined virus ecology in Chinese swine farms (VanderWaal & Deen,
2018), and fewer still have examined viral coinfections among Chinese
pigs.

Among swine pathogens, a variety of infectious agents are shed in
oral fluid, including many of the most economically important. Oral
fluid sampling is a non-invasive and simple method to study swine
pathogens at the herd level (Prickett et al., 2008). In this study, we
examined archived swine oral secretion samples collected for influenza
A virus (IAV) surveillance (Anderson et al 2018) with a panel of pan-
species viral assays such that we might better describe the viral ecology
of swine endemic viruses in Chinese farms.

2 | MATERIALS AND METHODS

2.1 | Study design

This study was approved by the institutional review boards of Duke
University and the Beijing Institute of Microbiology and Epidemiology.
During March 2015, as part of an ongoing 5-year prospective epidemi-
ological study to assess IAV ecology, six Chinese swine farms (three
each in Jiangsu and Shandong Provinces) were visited on a monthly
basis to collect samples from pigs at different stages of production
(growers, finishers, sows and boars). The enrolled farms varied in size
(0.6-4 km2), the average number of pigs on-site per day (310-2500)
and the number of swine houses (3-27) (Anderson et al., 2018; Ma
et al., 2018). Briefly, data captured for each specimen included the
location, age and gender of the pigs in each pen (Table 1). Pig oral secre-
tion (POS) samples were collected using a hanging rope method where
three-strand braided unbleached 100% cotton ropes, with 5/8” diam-
eter, were pre-soaked with a 5% sterile glucose solution and placed
in swine pens (Anderson et al., 2018; Ma et al., 2018). Ropes were
attached to a rod or pole and placed 40 cm above the ground for 20
to 30 mins during which time the pigs would chew on the rope. At the
conclusion of the sampling, oral fluids were manually and aseptically

expressed from the rope into a sterile sampling bag (Cat. No. EPR-4590,

Labplas, Inc.). Samples were transported under cold chain methods to
Chinese public health laboratories where processing and initial 1AV
molecular assays were conducted.

2.2 | Sample selection and laboratory analyses

At Duke Kunshan University, a total of 200 samples were selected from
a database of 2700 original samples using random number generat-
ing software (https://www.random.org/). Simultaneous viral DNA and
RNA extraction were performed using QlAamp MinElute Virus Spin
Kits (Qiagen) following the manufacturer’s recommendations. Positive
and negative controls were used during each extraction to validate the
extraction procedure and reagent integrity. The total genomic extrac-
tion of each sample was assessed using gel-based PCR assays with the
Platinum Tag DNA Polymerase Kit (Thermo Fisher Scientific, Inc.) for
the detection of pan-species adenovirus (AdV; Gray et al., 2021) and
porcine circovirus 3 (PCV3); Palinski et al., 2017). The viral RNA of each
sample was assessed with gel-based Reverse transcriptase-polymerase
chain reaction (RT-PCR) assays using the SuperScript Il Platinum One-
Step RT-PCR System with Platinum Tag DNA Polymerase (Thermo
Fisher Scientific, Inc.) for the detection of pan-species enterovirus (EV),
pan-species coronavirus (CoV), pan-species paramyxovirus (Gray et al.,
2021; Xiu et al., 2020) and porcine reproductive and respiratory syn-
drome virus (PRRSV; Xie et al., 2013). In addition, the viral RNA of
each sample was screened for 1AV by a gRT-PCR assay targeting the
influenza matrix genome segment using a one-step RT-PCR kit (Cat.
No. 56046, TaKaRa) on an Applied Biosystems 7500 real-time PCR
platform (Life Technologies) as previously described (Ma et al., 2018).
All PCR runs had a negative template control (nuclease-free water) and
a corresponding synthetic positive control sample included.

2.3 | Sequencing and phylogenetic analyses

Partial genome sequencing of positive samples was performed by
a commercial sequencing company (Genewiz). Assembly and analy-
sis of sequence data were conducted using BioEdit Software version
5.0.9. This program was also used to edit the sequencing electro-
pherograms and to exclude nucleotide ambiguity. Multiple sequence
alignments were performed using ClustalW (Thompson et al., 1994).
Sequences were submitted to national center for biotechnology infor-
mation (NCBI) GenBank under the following accession numbers CoV:
MZ271775-MZ2271786, AdV: MZ271787-MZ271793, EV species G
(EV-G): MZ271794-MZ271798, PCV3: MZ271799-MZ271806 and
PRRSV: MZ271807-MZ271808. To understand the molecular epi-
demiology of identified viruses in this study, closely related sequences
(based on identity score) from viruses in GenBank were downloaded
to infer the overall detected virus phylogeny. The NCBI’s basic local
alignment search tool application and BioEdit 7.1.9 (Ibis Biosciences)
were employed. Sequences were aligned using the neighbour-joining
method in MEGA X (Kumar et al., 2018). A bootstrap analysis was per-
formed to assess the confidence limits of the branching with 1000

replicates.
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UMARET AL.
Molecular results of swine oral secretion samples collected from six Chinese swine farms in 2015
Infection status
Farm number Collectiondate Sample number Pigtype Pig age (weeks) Site number CoV AdV PMV EV-G PRRSV PCV3 I|AV

1 July 2015 POS0962 Productionpig 10 28-N4 - + - - - + 4
1July 2015 POS0964 Productionpig 10 28-52 - + - - - o o
1 July 2015 POS0965 Productionpig 10 28-N5 - + - - - - +
1 July 2015 POS0967 Productionpig 10 28-N11 - + - - - - 4k
1 July 2015 POS0971 Productionpig 10 28-S6 - + - 4 - -
1 July 2015 POS0977 Boar 104 23-S2 - + - - - _
1 July 2015 POS0986 Productionpig 16 21-S1 - - - - - + _
1 July 2015 POS0987 Productionpig 16 21-S2 - - - - - - =
1 July 2015 POS0991 Production pig 8 27-S2 - - - - - -
1 July 2015 POS0992 Production pig 8 27-S3 - = = - - _
1 July 2015 POS0993 Production pig 8 27-N2 + + - - - + -
1 July 2015 POS0995 Production pig 8 27-54 - - - - = - -
1 July 2015 POS0999 Production pig 8 27-S6 - + - - - - -
6 July 2015 POS1007 Production pig 20 1-1 - a4t - = = - -
6 July 2015 POS1009 Productionpig 20 1-2 - + - - - + -
6July 2015 POS1010 Productionpig 16 1-7 - + - - = - -
6 July 2015 POS1012 Productionpig 16 1-5 - - - - - - +
6 July 2015 POS1013 Productionpig 16 1-4 - + - = = - -
6 July 2015 POS1014 Productionpig 16 1-4 - + - - - - -
6 July 2015 POS1016 Boar 76 4E-N3 - - - - = + -
6 July 2015 POS1018 Boar 104 4E-S2 - + - - - - _
6 July 2015 POS1022 Production pig 8 3-S5 - 45 = - - _ _
6 July 2015 POS1024 Productionpig 10 3-S7 - + - - - - +
6 July 2015 POS1026 Productionpig 10 3-59 - + - - - + =
6 July 2015 POS1029 Productionpig 16 1-5 - + - - - - -
6 July 2015 POS1030 Production pig 16 1-6 + + - = - -
6July 2015 POS1032 Productionpig 16 1-8 - + - - - -
6 July 2015 POS1033 Boar 156 4E-N6 - + - - - - =
6 July 2015 POS1037 Productionpig 12 1-12 - + - - - - -
6 July 2015 POS1039 Production pig 6 4W-S1 - + - 5 - =

6 July 2015 POS1041 Production pig 6 4W-N3 + + - - - -

6 July 2015 POS1046 Production pig 6 4W-S4 - b - b = =

6 July 2015 POS1048 Production pig 6 4W-N7 - + - - - _ _
17 July 2015 6 July 2015 Production pig 4 1 - 4= - = = . -
17 July 2015 POS1068 Production pig 4 1 - + - - - - -
17 July 2015 POS1070 Production pig 4 1 - a4k - = = -
17 July 2015 POS1071 Productionpig 24 3 - - - - - + -
17 July 2015 POS1072 Production pig 24 B - + - - = - -
17 July 2015 POS1076 Productionpig 24 3 - + - - - - -
17 July 2015 POS1077 Productionpig 24 & - + - = = - -
17 July 2015 POS1080 Productionpig 24 3 - + - - - - -
17 July 2015 POS1089 Productionpig 24 3 - a4k - = = - -
17 July 2015 POS1090 Production pig 24 3 - - - - - - -

WF04

(Continues)



UMARET AL.

TABLE 1

(Continued)

Farm number Collectiondate Sample number Pigtype
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Infection status
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CoV

+ + + 4+ + o+ + 4+

+

AdV PMV

EV-G PRRSV PCV3 IAV

+ - -
+ - -
- + -
- + -
+ = +
+ - -
+ - -

(Continues)
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TABLE 1 (Continued)

Infection status

Farm number Collectiondate Sample number Pigtype Pig age (weeks) Site number CoV AdV PMV EV-G PRRSV PCV3 IAV
SFO1 31 July 2015 POS1225 Productionpig 16 S2-4 + - - - - - -
SFO1 31 July 2015 POS1230 Production pig 20 S2-1 + - - - - - -
SFO1 31 July 2015 POS1239 Production pig 8 $2-11 - + - - - - -
SFO1 31 July 2015 POS1242 Sow 104 S1-7 + = = = = = =
SFO2 30 July 2015 POS1257 Productionpig 20 28-EN2 - + - - - - -
SFO2 30 July 2015 POS1259 Sow 104 18-S7 = = = = = = =
SF02 30 July 2015 POS1261 Production pig 20 28-WSs4 - + - - - - -
SFO2 30 July 2015 POS1262 Production pig 20 28-ES3 = = = = = = =
SFO2 30 July 2015 POS1263 Productionpig 20 28-ES4 - + - - - - -
SF02 30 July 2015 POS1265 Productionpig 20 28-EN4 = = = = = = =
SFO2 30 July 2015 POS1276 Boar 104 23-N2 + - - - - - -
SF02 30 July 2015 POS1282 Production pig 24 21-ES2 - + - - - - -
SFO2 30 July 2015 POS1283 Productionpig 24 21-EN3 - + + - - - -
SF02 30 July 2015 POS1286 Production pig 24 21-EN9 - - - - - - -
SFO2 30 July 2015 POS1287 Productionpig 24 21-S8 - - - - - - -
SF02 30 July 2015 POS1289 Productionpig 24 21-510 = = = = = = =
SF02 30 July 2015 POS1290 Production pig 24 21-S11 + - - - - - -
SFO3 31 July 2015 POS1301 Sow 104 2-N1 = = = = + = =
SFO3 31 July 2015 POS1306 Production pig 8 3-54 N + - - - N -
SFO3 31 July 2015 POS1307 Production pig 8 3-S3 = + + - = =
SFO3 31 July 2015 POS1311 Productionpig 14 1-7 - + - - - - -
SFO3 31 July 2015 POS1321 Productionpig 16 1-10 = + = = = = =
SFO3 31 July 2015 POS1330 Production pig 20 1-4 - + - - - - -
SFO3 31 July 2015 POS1331 Production pig 20 1-5 - + - - - - -
SFO3 31 July 2015 POS1339 Production pig 6 4W-N1 - + - - - - -
SFO3 31 July 2015 POS1344 Production pig 6 4W-S5 = + + = = = =
WF04 20 August 2015 POS1351 Production pig 4 1 - - - - - +
WEF04 20 August 2015 POS1352 Production pig 4 1 - - - - - -

WF04 20 August 2015 POS1359 Production pig 4 1 - - - - - -
WF04 20 August 2015 POS1360 Production pig 4 1 = = = = =

WF04 20 August 2015 POS1361 Production pig 4 1 - - - - - -

WEF04 20 August 2015 POS1366 Production pig 4 1 = + = = = = =
WF04 20 August 2015 POS1372 Productionpig 24 2 - - + - - - -
WF04 20 August 2015 POS1389 Production pig 20 15 = + = = = = +
WF04 20 August 2015 POS1390 Production pig 20 15 - + - - - - -
WF04 20 August 2015 POS1395 Productionpig 20 15 + [ ] = = = = =
WFO05 20 August 2015 POS1438 Production pig 20 PPP3 - + - - - - -
WF06 20 August 2015 PQOS1457 Production pig 28 PPP2 - - - - - - -
WF06 20 August 2015 POS1465 Production pig 28 PPP2 - - - - - - -
WF06 20 August 2015 POS1475 Production pig 12 PPP3 - + - - - - -
WF06 20 August 2015 POS1476 Productionpig 12 PPP3 - + - - - - -
WF06 20 August 2015 POS1492 Production pig 20 PPP5 - + - - - - -
WF06 20 August 2015 POS1496 Production pig 20 PPP5 - + - - - - -

Abbreviations: AdV, adenovirus; CoV, coronavirus; EV-G, enterovirus species G; IAV, influenza A virus; PCV 3, porcine circovirus-3; PMV, paramyxovirus; POS,
pig oral secretion; PRRSV, porcine reproductive and respiratory syndrome virus.
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TABLE 2 Summary of coinfection status for molecularly tested pig oral secretion (POS) samples collected in 2015

Infection status Virus
Single infection
1AV 7
CoV 9
AdV
EV-G
PRRSV
PCV3
PMV
AdV + CoV
AdV + PCV3
AdV + 1AV
AdV + EV-G
AdV + PMV
IAV + PMV
SIV + PRRSV
IAV + CoV
AdV + CoV+ PMV
AdV + EV-G + PCV3
AdV + PCV3 + 1AV
AdV + CoV + EV-G
AdV + CoV + IAV
AdV + CoV + PCV3
AdV + EV-G + |IAV
Totally 1AV
CoV
AdV
EV-G
PRRSV
PCV3 13
PMV 7

N
N

Dual infection

Triple infection

N BN RN R R R R P WR, U U NN DM OO

N NN
o U1 O N

Positive number

Infection status 200 POS samples

Percentage Total percentage
3.5% 37%
4.5%

23.5%

0%

2.5%

2%

1%

3.5% 12%
2.5%

2.5%

0.5%

1.5%

0.5%

0.5%

0.5%

0.5% 5%
0.5%

1%

0.5%

1%

0.5%

1%

10.5% 76%
11%

39%

2.5%

3%

6.5%

3.5%

Abbreviations: AdV, adenovirus; CoV, coronavirus; EV-G, enterovirus species G; IAV, influenza A virus; PCV3, porcine circovirus-3; PMV, paramyxovirus;
PRRSV, porcine reproductive and respiratory syndrome virus; SIV, swine influenza virus.

3 | RESULTS

Overall, 152 (76.0%) of the 200 POS samples had molecular evidence
of at least one virus. Seventy-eight (39.0%) samples were positive for
porcine AdV, 22 (11.0%) were positive for porcine CoV, 21 (10.5%)
were positive for IAV, 13 (6.5%) were positive for PCV3, 7 (3.5%) were
positive for paramyxovirus (PMV), 6 (3.0%) were positive for PRRSV
and 5 (2.5%) samples were positive for porcine EV-G. Multiple virus
coinfections were inferred. Twenty-four samples had evidence of dual
infection, and 10 samples had evidence of triple infection (Tables 1
and 2). Seven samples had detection of both CoV and AdVs, followed by
five with IAV + AdV and AdV + PCV3, three with AdV + PMV and one
eachwith AdV + EV-G, |AV + PMV, swine influenza virus (SIV) + PRRSV

and AV + CoV. Of the 10 samples with triple infection, two samples
each were positive for AdV + PCV3 + IAV, AdV + CoV + IAV or AdV +
EV-G + IAV, and one sample each was positive for AdV + CoV + PMV,
AdV + EV-G + PCV3, AdV + CoV + EV-G or AdV + CoV + PCV3.
Sequencing and phylogenetic analysis of specimens positive for
CoV (MZ271775-MZ271786), AdV (MZ271787-MZ271793), EV-G
(MZ271794-MZ271798), PCV3 (MZ271799-MZ271806) and PRRSV
(MZ271807 - MZ271808) revealed a close association with porcine
CoV, porcine AdV, porcine EV-G, PCV3 and PRRSV (Figures 1-5), all
of which have been previously reported in China. Unfortunately, pos-
itive specimens for paramyxovirus did not yield successful sequences.
Various types of porcine CoV, including porcine haemagglutinat-
ing encephalomyelitis virus (14/22), porcine respiratory CoV (4/22)
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WV MZ271781.1 PEDV/POS-1222/2015/Swine/China
WV MZ271782.1 PEDV/POS-1290/2015/Swine/China
WV MZz271780.1 PEDV/POS-1221/2015/Swine/China
W MZ271779.1 PEDV/POS-1135/2015/Swine/China
MG837012.1:PEDV-CHN/SH-2016-4/2016
61, MK409659.1:PEDV-ZJ15XS0101-P120
MK409657.1:PEDV-ZJ15XS0101-P16
MK140814.1:PEDV-CH/TP-4-4/2018
10041 MH061343.1:PEDV-strain CH/SCMY/2018
MK702008.1:PEDV-SNJ-P
MK690502.1:PEDV-HM2017
8 37] MF346935.1:PEDV-CH/JLDH/2016
231 MF375374.1:PEDV-CH/JXJA2017
40' KR153326.1:PEDV-CH/GDZHDM/140
97 MT438699.1 HCoV-229E/USA/ACRI 0246/2017
A MZ271775.1 PRCV/POS-1030/2015/Swine/China
A MZ271777.1 PRCV/POS-1230/2015/Swine/China
A MZ271776.1 PRCV/POS-1116/2015/Swine/China
A MZ271778.1 PRCV/POS-1242/2015/Swine/China
100 |~ KX900398.1:TGEV/USA/Minnesota141/2007
KX900399.1:TGEV/USA/NorthCarolina142/2007
DQ811787.1:PRCV-ISU-1
KT696544.1: TGEV-JS2012
DQ201447.1: TGEV-strain TS
100 MK937830.1 Infectious bronchitis virus strain M41
37 NC048214.1 Duck coronavirus isolate DK/GD/27/2014
MG837130.1 Porcine deltacoronavirus isolate KNU16-07-P5
MT226610.1 SARS-CoV-2/human/CHN/KMS1/2020
KY674943.1 HCoV-HKU1 strain N09-16058
63 100 ; MG977452.1 Human coronavirus OC43-TNP 12643
NC006213.1:HCoV-OC43 strain ATCC VR-759
JX860640.1:Canine respiratory coronavirus strain K37
DQ811784.2:Bovine coronavirus DB2
@ MZ271785.1 PHEV/POS-1164/2015/Swine/China
i MZ271786.1 PHEV/POS-1166/2015/Swine/China

86
48

F_1° ¢

532

MZ271784.1 PHEV/POS-1041/2015/Swine/China
MZ271783.1 PHEV/POS-993/2015/Swine/China
DQO011855.1:PHEV-VW572
MW165134.1:PHEV-strain PHEV/67N/US/1970
MF083115.1:PHEV-CC14

KY994645.1:PHEV-JL/2008

KY994645_.1:PHEV-strain JL/2008

KY419103.1:PHEV-CoV/swine/USA/15TOSU25049/2015
99 1 KY419103.1:PHEV-CoV/swine/USA/15TOSU25049/2015
— KY063618.2:Canine coronavirus-HLJ-073
100 KY406735.1:PRCV/USA/Minnesota-46140/2016
KX900400.1: TGEV/USA/lowa143/2008

0.050

KC529648.1:Human adenovirus 43-1309-USA
JN226755.1:Human adenovirus 30-USA/BP-7-1/1959/30 P30H30F30
MF416150.1:Human mastadenovirus D strain HuW/PAN/P309886/2011/84
AY530876.1:Simian adenovirus 22 strain ATCC VR-591
55 FJ025931.1:Simian adenovirus 18
KP274050 1:Porcine adenovirus 3-PGAH389
» U34592 1.1:Porcine adenovirus 3
AB026117.1:Porcine adenovirus 3
100 ————— MN986925.1:Guinea pig adenovirus-AUS96
NC 002501.1:Frog adenovirus 1
100 U77082.1:Canine adenovirus type 2
54 Y07760.1:Canine adenovirus type 1
NC 002685.2:Bovine adenovirus D

U40839.3:Ovine adenovirus 7

MK377452.1:1-1274 Porcine adenovirus-HuN02 C3
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FIGURE 1 Phylogenetic analysis based on
RNA-dependent RNA polymerase of
coronavirus (CoV) strains using the
neighbour-joining tree method and p-distance
model using MEGA version 10
(http://www.megasoftware.net). Bootstrap
values were calculated on 1000 replicates

FIGURE 2 Phylogenetic analysis based on
DNA polymerase of HAdV strains using the
neighbour-joining tree method and p-distance
model using MEGA version 10
(http://www.megasoftware.net). Bootstrap
values were calculated on 1000 replicates
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FIGURE 3 Phylogenetic analysis based on
the capsid gene of porcine circovirus 3 (PCV3)
strains using the neighbour-joining tree
method and p-distance model using MEGA
version 10 (http://www.megasoftware.net).
Bootstrap values were calculated on 1000
replicates
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MGO014375.1:Porcine circovirus 3 isolate DE53.8
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KY996342.1:Porcine circovirus 3 isolate PCV3/KU-1606
MF805724.1:Porcine circovirus 3 isolate 4332-7 Denmark 2017
KY865243.1:Porcine circovirus 3 isolate CHN Shanghai 0708 2016
MF805721.1:Porcine circovirus 3 isolate 32941 Italy 2016
MF805720.1:Porcine circovirus 3 isolate 737-8 Spain 2017
MH410563.1:Porcine circovirus 3 isolate PCV3 CN Hebei0613 2016
MH410564.1:Porcine circovirus 3 isolate PCV3 CN Jiangxi0114 2016

[3

w

100 ] MH410562.1:Porcine circovirus 3 isolate PCV3 CN Guangxio610 2015

MG310152.1:Porcine circovirus 3 strain PCV3/Thailand/PB01/17
MG372491.1:Porcine circovirus 3 strain PCV3/CN/Henan/2/2016
MF769810.1:Porcine circovirus isolate PCV3/Pig/CN/HeNan170279-3
KY778777.1:Porcine circovirus 3 strain PCV3/CN/Shandong-2/201703
KX898030.1:Porcine circovirus 3 strain PCV3-US/MN2016
MK934768.1:Porcine circovirus 3 strain PCV3/India/Mumbai/AB10/2018
KY924472.1:Porcine circovirus 3 isolate PCV3-CN/FuJian-512-2016
@ MZ271803 Porcine circovirus 3 /POS-1016/2015/Swine/China

@ MZ271804 Porcine circovirus 3 /POS-1026/2015/Swine/China

%1 @ MZ271802 Porcine circovirus 3 /POS-1009/2015/Swine/China

@ MZ271801 Porcine circovirus 3 /POS-993/2015/Swine/China

@ MZ271800 Porcine circovirus 3 /POS-971/2015/Swine/China

B

S

5

—

and porcine epidemic diarrhoea virus (4/22), were detected in our
study. The sequencing results for AV were previously published (Ma
et al,, 2018) showing the presence of swine-lineage HIN1, H3N2 and
A(H1IN1)pdmO9-like viruses in the study farms.

4 | DISCUSSION

Our findings are consistent with the high prevalence of swine
pathogens found in the limited other related studies conducted in
China. Chen et al. (2019) reported singular infections (32.7%), dual
infections (15.72%) and multiple infections (3.1%) caused by CSFV,
PRRSV, PCV and PCV3. Other studies have shown that PRRSV and
PCV2 coinfection rates are 21.9%-52.3% (Ge et al., 2012; Liu et al.,
2013). The detected prevalence of PCV2 and PCV3 coinfection ranged
from 6.8% to 39.4% among swine samples (Zhang et al., 2018). The
prevalence of CSFV and PRRSV coinfection varied from 0% to 7.7%
in different regions of China (Liu et al., 2011). PRRSV and PCV3
coinfection in China has also been previously detected (Chen et al,,
2017). Furthermore, CSFV, PRRSV and PCV2 coinfection was also
observed in previous studies, with prevalence rates ranging from
2.5% to 3.6% (Liu et al., 2013; Xu et al., 2012). A more recent study
demonstrated that 12.9%, 36.0% and 1.8% of PRRSV-positive pigs

@ MZ271805 Porcine circovirus 3 /POS-1070/2015/Swine/China
@ MZ271806 Porcine circovirus 3 /POS-1103/2015/Swine/China
@ MZ271799 Porcine circovirus 3 /POS-962/2015/Swine/China
48 (- MK562418.1:Porcine circovirus 3 strain CN/Xinjiang-TA36/2018
MK562413.1:Porcine circovirus 3 strain CN/Xinjiang-AL15/2018
KY354047.1:Porcine circovirus 3 strain PCV3/CN/Liaoning-12/2016
MF589112.1:Porcine circovirus 3 strain PCV3/CN/Guangdong-China
MH184563.1:Porcine circovirus 3 isolate HeNYC-12

were coinfected with PCV2, PRRSV and CSF, respectively (Zhou et al.,
2020).

We also performed phylogenetic analysis of sequence data to
understand the diversity of each virus. The identity of the nucleotide
sequence of porcine AdV (PAdV serotype 5, species C), compared
with previously reported sequences from China, varied from 96.9% to
97.2%. The percent identity of the porcine CoV nucleotide sequence
varied from 97.3% to 99.4%. The percent identity of the PCV3 (geno-
type PCV3b) nucleotide sequence varied from 98.9% to 99.2%. The
alignment of the sequences among the PRRSV strains in this study
showed 99.6% to 100% nucleotide similarity for the ORF5 gene.
Alignment of the sequences among the EV strains revealed EV-G
(86%-96%). EV-G is prevalent and widespread in the general pig pop-
ulation in middle and eastern China, and infections tend to occur early,
usually within the first week after birth (Miet al., 2021).

None of the PMV-positive samples was successfully sequenced.
Therefore, PMV genotyping was unable to be assessed. Sequencing
results revealed the detection of swine-lineage HIN1 and H3N2 and
A(H1IN1) pdm09-like viruses, which were closely related to viruses pre-
viously identified in China. The re-assortment between HIN1pdm09
and SIVs has drawn attention, as coinfection of pigs with SIV and
avian/human-source influenza strains can contribute to the evolution

of new influenza viruses with pandemic potential for humans (Ding
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FIGURE 4 Phylogenetic analysis based on
the ORF5 gene of porcine reproductive and
respiratory syndrome virus (PRRSV) strains
using the neighbour-joining tree method and
p-distance model using MEGA version 10
(http://www.megasoftware.net). Bootstrap
values were calculated on 1000 replicates

FIGURE 5 Phylogenetic analysis based on
the VP1 gene of enterovirus species G (EV-G)
strains using the neighbour-joining tree
method and p-distance model using MEGA
version 10 (http://www.megasoftware.net).
Bootstrap values were calculated on 1000
replicates
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et al., 2021). Similarly, all other viruses (PCV3, EV, PRRSV, AdV) in
the current study showed close association with previously reported
viruses from China, indicating that these viruses have now become
endemic and continuously circulate in Chinese swine farms. Our phylo-
genetic analyses are consistent with previously published reports from
China (Chen et al,, 2017; Chen et al., 2019; Jiang et al., 2020; Zhang
etal.,, 2018; Zheng et al., 2020).

This study had several limitations. We did not test for PCV2 or
African swine fever virus and lacked case comparisons for pathogenic-
ity. We also did not assess the seasonality of swine viruses. In addition,
virus isolation for this study was not attempted, making it difficult
to know if our molecular detections represented viable viruses. In
convenient sampling, we assumed that the pigs that did not chew
the rope were not sampled and considered for the analysis. Sam-
ples were archived for further characterisation, including infectivity
experiments. Additionally, positive specimens for PMV could not yield
sequencing data, possibly due to the low concentration of RNA in the
samples.

In conclusion, this study supports the notion that pigs in China are
often coinfected with multiple viruses, a number of which are known
to have pathogenic potential to pigs. This study identified different
patterns of coinfection along with singular infection. In addition, phy-
logenetic analyses suggested that the detected viruses were enzootic
in multiple herds at different locations in China. Overall, these data
reinforce the premise that viral pathogens are highly prevalent among
China’s swine herds. These findings highlight the need for routine, peri-
odic surveillance for novel virus emergence in Chinese swine farms
with the goal of protecting swine herds.
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