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Abstract: [Objective] Porcine circovirus type 3 (PCV3) is associated with the development of
reproductive disorders in sows, piglet dermatitis, and myocarditis. However, due to the difficulty in
stably passaging PCV3 in vitro, the animal infection model construction and specific pathogenicity
of PCV3 remain to be investigated. This study aims to solve the above problems. [Methods] A
PCV3 strain (PCV3-HK) was successfully isolated by inoculating PK-15 cells with lymph node
samples from PCV3-positive weaned piglets. The strain was identified using PCR, indirect
immunofluorescence assay, and transmission electron microscopy, and its complete genome was
sequenced. The whole genome of the strain was sequenced. The pathogenicity of the strain was
evaluated based on the clinical symptoms, body weight changes, virus excretion, and pathological
changes of 21-day-old non-weaned piglets after inoculation with the 15th-passage viral cell culture
at a dose of 10°* TCIDsy/mL. [Results] PCV3-HK had a genome length of 2 000 bp and belonged
to PCV3c subtype. The viral particles were spherical, non-enveloped, about 15-20 nm in diameter,
and capable of reacting specifically with the monoclonal antibody against PCV3 Cap protein. The
results of infection in piglets showed that the PCV3-HK infected pigs developed obvious
symptoms such as dermatitis, slow weight gain and even wasting, as well as anatomical changes
such as lymph node edema and interstitial pneumonia. The viral nucleic acid was detected in oral
swabs and anal swabs on day 7—-21 post infection, and viremia was observed. The virus infected
multiple organs, including the heart, lungs, kidneys, and lymph nodes. Notably, inflammatory cell
infiltration and aggregation of necrotic cells were observed in the kidneys and lymph nodes.
[Conclusion] We isolate a PCV3 strain with classical circovirus morphology and establish a piglet
infection model, which provides key materials for pathogenic mechanism study and vaccine
development regarding PCV3.

Keywords: PCV3; isolation and identification; transmission electron microscopy; clinical
symptom; pathological changes

$% R #1995 2 (porcine circovirus, PCV) K fE 4 ML . PCVI, PCV2. PCV3 Fl PCV4,
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P ¥ JR (porcine circovirus-associated disease,
PCVAD) i £ 2 5, 5 EW U5 £ R4
I Uy 2F A 1iE (postweaning multisystemic wasting
syndrome, PMWS) S ¥ F7 498 Al i 25 S 1k (porcine
dermatitis and nephropathy syndrome, PDNS) ©*!,
2 Bk IR ™ 2 TR, 2016 4
Phan S5 F1] H 7 R ZH R A PDNS S 58 i fig
B = IG LA g b et Pev3l B SR 1%
TRTE S BR (10 4 I AR ka1

PCV3 755 R IE A AEAE A AL 95
AEIOSBL B3 PCV3 RSP ARGI 12 11 e &
&, TEARTIFAGIL. ONLRBER . B R 50 WL
A L R DL S sk e B A6 A R rh A
M PCV3, 7EIGIKF I I, PCV3 J& PDNS,
LR . £ RGN RE R AT AY 3 2 R RIS
IbE S EIEEERG . EYE . WP RS MM A RS
Pt &2 2019 4E, Jiang 52V AL
SLREPRE PCV3, ShSCsn M 4 JH e A4 I
JE AT s 40%, 8 J& 14 1 3L PDNS;
PCV3 WFEARR AL MR E 51 R R WAL, T
HM AR B T MRS, R R E RS
IR &3, PCV3 Cap & i) Ras GTP i
G %4558 M 1 (ras GTPase-activating protein-
binding protein 1, G3BP1) 5 {5 5 &% T F1 ¥4 S %
i Al F 2 (signal transducer and activator of
transcription 2, STAT2)AMH HAEF, #ii] IFN-B £
SRYSER e, BRI, G
o B XU, s AR R M RE L B R R A
FET2% . WAk, KUK dA: HH PCV3 R,
RERIEHIET X PCV3 Jr R iR FIA T 5045 7 T
PGB 7R, PCV3 IR FAHaH ., g
PCV3 ghy iR guteinl | [ UIEE0RM:, XHEmBh
PERRHE 4y BIFRAN R SR AT MR B 15
PRI A A BE T ) BERE , RTTT PCV3 4 3 B 4%
FAR . MELARRE B SR 2 1 R A, e
H PCV3c W T WT 5114 1 TR T 12 5K
DLARIA .

ABESEAEGA TG 27 P A BE A b xF PCV3 #ET
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IYESYE, SR PCV3-HK #RANIE T2 LN
TSR A S i AR A A, e i RS R 5 R
PR A VPG Lot . AT I PCV3 B0k
B B v il B AL i 244

1AL

1.1 ##

1.1.1 &R

JBERAE A 2019 40 B A H AL A8 ) &
WTIAEAE , IR FR I AT & . AT
JE R L PR RE . PR RS U A
PRSI EE I 5 FAG L 4 B Uk 2 285 S5 i o
IR ZS AR A4 . B K S . 28k i PCR £
M PCV2 M. PCV3 BHM:, RAEMAE. BE.
AT EL LS A, B -80 CCIR-ATAS
1.1.2  “Afm

PK-15 48 (JC PCV1, PCV2, PCV3 j51Y)
W 1 I A2 [ MU B S s o o
1.1.3  FERXF

Premix Ex Tag™ (Perfect Real Time). & [
fiff K. DL2000 DNA marker, r7ag DNA &
dNTPs. 278G PCR iXH &, 4 T
(KA R/ ; Hank’s W, FIFHERGAY T
FEA FRA ] JHEEE, Difco AT D-Z 5L %
(D-glucosamine), DNA i # 42 B 5], Sigma-
Aldrich A7) ; 2K FITC-F4i84 1gG, i
A F ARG R F] ; PCV3-Cap 8 R 21
B v BEBUAAR A L8 % i 45 TR AE s DMEM K
FH, Gibco 2~ HF; BRI, B4R
(BB A BRA T
1.2 fRRLEE

ToH RN LY, DIICH A B K vk
3K, FHHES A DMEM A 10% 20415
W, SRR 3 Y, 5000 r/min B0 25 min i
BB, 2820.22 pm JERETIERR TR, E-80 °CIR
feee o
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1.3 SHEIt5E K

H & NCBI PCV3/CH/HB/XY/2018 (GenBank
o5 MH607133.1) 2% 7 41 e s A
FLNLHMF M TagMan 2¢65E f PCR 5143 1),
HH AR A TR () et A BR S w5 1
1.4 REIHAZ0 DNA $2EU PCR #30

B 900 pL fFAG KRS T 2 mL B.O4, A
300 uL 74 1k ¥ (255 pL TNE; 15 pL 10% SDS;
30 pL 20 mg/mL & F i K), 56 °C/KiF 3 h; LA
SRR By 0 S N EE(25:24:1, IRFHR L) Hli 48
3 YK, 12000 r/min 250> 10 min, B3, /2 4%
PAFRIC/K ZE-20 °CHLHE 30 min, 12 000 r/min %
O 10 min, 25 B I 75% ZFEEE:, 7500 r/min
B0 10 min, 5L 50 uL TE %f#, il RNA
fiti 37 °CIH4k 30 min, E-20 °CI#1F

PCR ¥ HifK % . DNA f5idk 3 uL, . Tif
5] %) (10 umol/L) 4 1 uL, 10xBuffer 5 uL,
dNTPs (2.5 mmol/L) 4 L, WZE/K 35 uL, Taq fii
(5U/uL) 1 pLo PCR X W F2J¥ : 94 °C il A8 Pk
5min; 94 °CAE1E 60's, 55°CiEk 60s, 72 °CIE
fiff 1.5 min, 3t 30 ME; 72 CCALEA 8 min.
PCR 721K i 1.5% BrlE SR FE Pk ARG .
1.5 ®ENSE

2% PCR il BHAE R RHR i, LA 10% [7]
SRR RN ALY PK-15 4110, 37 °CH53% 24 h;

=1 PCV3HEMN., £EFEENFERKALEEPCRS|H)

A0 2R 28 RS, #% Tischer 2121 )7 vk A
300 mmol/L D- 24 5 % %5 BF b 3, 37 °CH5 3%
30 min, F#K D-ZIEMAE, AT 2% Hiad4
1ML 7% /) DMEM 4k 25 4% 3% 48 h, W3R 55,
-20 °CEFE(KIM-80 °C).
1.6 8 # % & K X
(immunofluorescence assay, [FA)

P R RS PK-15 4IMETR A, $ERh 96 1L
(100 uL/fL), 37 °CHiF% 24 h; LA 300 mmol/L
D-Z I A 30 min, pH 7.4 AY 10 mmol/L
JCIA PBS VU 2 Ik, HeAERRR Ak IR, T
WGTEN IR . 55 3% 48 h 5 FF L AN 4ERF T, PBS
PEVE, ¥ IK CBEEE 30 min, BT KB
FEMY 96 FLHH PBS ¥k 3 WK, £FYK 5 min, HR
T R FL A BEFL R 2 4 ST N 100 pL
PCV3-Cap & [ 5 EHTAR(0.1 pg/mL), 37 °CIE
1 1h, PBS P 3 ¥(5 min/ik). [a]JgefL AN}
HEFL 593 i PBS 1E 1:50 f5#6 B FITC-£41
M 1gG, 50 uL/AL, 37 °CYEH 30 min, PBS #i
3K, FIFEIE DO B WAL
1.7 REBREME

PCV3 &4t PK-15 4H 4 48 h J5 Jx & Uk il
3K, N 30% R, 30 000 r/min B H L 2 hy
FEk LG, PBS HA, FUCHME.OUERIEE.
U UE DL SE R B PBS M BE, 3 0T 7 R K

1

Table 1 Primers for PCV3 detection, genome sequencing and qPCR primers
S EM LB s 19751 /5N
Objective Primers name  Primer sequences (5'—3') Product length (bp)
kR oAUl PCV3-F TTAGAGAACGGACTTGTAACGAATCCA 645
Virus detection PCV3-R ATGAGACACAGAGCTATATTCAGAAGAAGAC
FERH Y1 PCV3-F1 TAGTATTACCCGGCACCTCGGAACC 1257
Whole genome amplification  pcy3-R1] ACAGGTAAACGCCCTCGCATGTGGG
PCV3-F2 TTGCACTTGTGTACAATTATTGCG 1075
PCV3-R2 ATCTTCAGGACACTCGTAGCACCAC
PCV3 % & PCR K] PCV3-gF TAAACGAATGGGAAACTGCC 179
Quantitative PCR detection of PCV3-qR TTCCGCATAAGGGTCGTCT
PCV3 PCV3-Probe  CACTCAGCCCTGTAAT

http://journals.im.ac.cn/actamicrocn
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5min W EZ R, FERNXT; DL 2% B
fiR(pH 7.2)f1 4% 2 min, 84U EYLEM, =T
i, 200 kV B ST HLBTIILE
1.8 PCV3-HK ¥iE{EEL DR

M¥ 3545 ORF2 J¥4 )5, #IH MEGAX 5
GenBank PCV3 2% J7 41 LUl e, JFRAERK
18K ¥ (maximum likelihood, ML)¥J & R 5t & H

1.9 ATREDIERIE

A 15 3k 21 B PCV1/2/3 HLJ5 K iR F
YA, BERL O M WLEEAL . WL+ S 4 A RE
4, a5k, B 1S W BEAREERY
(10%* TCIDso/mL) FH T YL . WLEL B3k 3k
FHEBWLEE 5 mL; WL+ B 20 4 k30 & S L
% 2.5 mL; XM B Sk i B R WLTE JC B PBS

B4, bootstrap 1 000 YK A5 46 15

SHEEMERIE 2.

=2 PCVIBEZEEHKER
Table 2

Information of PCV3 reference strains

B[ EEME S PCV3

2.5mL, ALK shYgrErm s 0 TR, T
0. 7. 14, 21 d R, MARTE , 102K E Rk

GenBank 5% K BHRA R Y B FERE Y
GenBank accession number Origins Strain name Separatist year  Genotype
NC031753 JEFE USA 29160/2018/PCV3a 2018 PCV3a
MN698795 1 [E| Korea K-2010-1/2010/PCV3a 2010 PCV3a
KY996338 i [# Korea KU-1602/2016/PCV3a 2016 PCV3a
MF611876 #fi[E Korea 1701/2016/PCV3a 2016 PCV3a
MN725087 Lok Py iV Malaysia  KG194L/UPM/MY015/2020/PCV3a 2020 PCV3a
MH603543 JE[FE USA KSU-IA-2017-PCV3-27/2016/PCV3a 2016 PCV3a
MG870103 1 [E China PCV3-China/JL17-45/2018/PCV3a 2018 PCV3a
MW167063 PEHEA Spain PCV3-52/2020/PCV3a 2020 PCV3a
0Q469802 1[E China SDAU-HZ/2023/PCV3a 2023 PCV3a
MF769805 #1[E China Pig/CN/Hebei/2017/PCV3a 2017 PCV3a
MF589107 1 [E China CN/Jiangxi-B1/2017/PCV3a 2018 PCV3a
MZ890322 JinE= K Canada 70-0004/2021/0ON/2023/PCV3a 2023 PCV3a
MG372483 1 [ China CN/Heilongjiang/2017/PCV3a 2017 PCV3a
KY421347 1 [E China CHN/GD/2016/PCV3a 2016 PCV3a
MG727539 71 [E China PCV3/CH/HB/CZ-1/2017/PCV3a 2017 PCV3a
MF084994 1 [E China CN/Anhui-14/2016/PCV3a 2016 PCV3a
MF162298 BRAF| Italy IT/CO/2017/PCV3c 2017 PCV3c
MF069116 1 [ China CN/GDHE2/2016/PCV3c 2016 PCV3c
MG250179 1[E China GXNN2016-4/2016/PCV3c 2016 PCV3c
MF677835 #1[E China JX-1/CH/2016/PCV3c 2016 PCV3c
0OP948027 1 [E China CN-LuZhou/2023/PCV3c 2023 PCV3c
MG868941 1 [E China HBWH-201703/2017/PCV3c¢c 2017 PCV3c
MK580468 1 [ China CN-Nanjing/2017/PCV3c 2017 PCV3c
MG250176 1 [E China GXYL2009-1/2017/PCV3c 2017 PCV3c
MH491016 #1[E China GDDH1/2018/PCV3c¢ 2018 PCV3c
MG372488 1 [E China CN/Hunan/2/2006/PCV3b 2006 PCV3b
MG372490 1 [E China CN/Hunan/1/2006/PCV3b 2006 PCV3b

>4 actamicro@im.ac.cn, 7 010-64807516
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IR JRYLH 28 HFRE . SR . D7 ILAE
JEHA, BORME, L. PRAER LA, 4% £
R E , i s0w ) A5 i it HE Je @il
55 ARWFFTI B S g 22 i DU AR W BBy A
PR w S2 86 sh e A e 3R Lottt s
SOR-AR-002,

2 BRE5AM

21 PCV3nEZER

DA PRI EHZ IR iR , 514 PCV3-F/R
47 PCR, 714 H %) 645 bp i) PCV3-ORF2 %
SRR B, MFIESSE PCV3 . WAl 1
Fim, PKIE 1-10 23 5 NAS [ 5537 B AN TR 2H 40
B R, 55 9 SAEA HK-I I 45 45417 e 1 Il
PEORINBE B fe i, PG RE A A T S 2

BT

bp M1 2 3 45 6 728 9101112

2000

1000
750

500 <645 bp

250

Bl1 I&KBRAPCV3 PCREZE . kil M:
DL2000 DNAAXS G T Bt s ifE s ¥k 1. XS-Jiff;
Uki2: XS-'¥; JKIE3: AL-fifi; Jkid4: AL-;
UKiES: AL-fili; VkiH6: SX-fifi; JKiE7: XS-¥;
UKIES8: XS-ff; ¥KiH9: HK-#k L4 ; ¥KiH 10:
SX-Jifi; VKIE11: PCV3PHMEALER X B s ki 12:
SRR Ol

Figure 1 PCR Identification of PCV3 in clinical
samples. Lane M: DL2000 DNA marker; Lane 1: XS-
Lung; Lane 2: XS-Kidney; Lane 3: AL-Lung; Lane 4:
AL-Kidney; Lane 5: AL-Lung; Lane 6: SX-Lung;
Lane 7: XS-Kidney; Lane 8: XS-Intestine; Lane 9:
HK-Lymphatic node; Lane 10: SX-Lung; Lane 11:
PCV3 positive nucleic acid control; Lane 12:

Negative control.

2.2 PCV3-HK #REIZERERALEE

HUBH PR R HK-IRELSE , 2 b FR 0 s
FERD PK-15 4, 255 3 {051 MOI=0.01 4%
Fl PK-15 #iffl, 37 °CH55% 48 h, 45yt
il 7R, PCV3-Cap & A 5 5o e fi Ak 5 BH
PE, BRGNP T WL SR B, AT
HRIEZOL(A 2).
2.3 BHHERER

PCV3-HK k2 JE W 5 B2 68 T 2500 Wk 45 8
L5, SRR GGy, HBET Al L B OR R
£, BEJE. TR, HAAHN 15-20nm (K 3),
2.4 PCV3-HK # £ & E]F M4 & 1% 17 i
153 #hr
24.1 2EFBAZERREIRMELL ST

L PCV3-HK ¥k DNA K Hitk , H 5l W
PCV3-F1/R1 #11 PCV3-F2/R2 #4743 K4 PCR
P, RRDCEREY A R A RNT . B
152 % % %1 1% 2 NCBI GenBank (% 5% 5k
MW767462), fir 4 & PCV3-HK., MegAlign 43
Mritss, PCV3-HK th 5 2% Btk B A% 1
fi—2hE R 86.0%-99.3% (I 4).
2.42 PCV3-HK % ORF2 EFEMARFELAE
SR

DL RAUSRIEFEE ORF2 RN ARG LK B,
45 7% PCV3-HK 5 HBWH-201703, JX-1/CH
BT F—53 b, BABOERRGXRR, HR
PCV3c WHI(K] 5).
2.5 =hISLLE
2.5.1  IfaRER

Y ARG B e B AL L THE L R
B R RARER ;s Ik DL RE B8 bk B 45K
Jif B S, S A S E RN R K L R o AR
(B 6A) XF HRZH i BeyB bk B 45 R /N &, Jidi e
JorH (El 6B),
252 RRREFHENAEETH

TR R 7 d FREIFIE % ZR TR A 7),
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Figure 2
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Figure 3
observation of PCV3-HK.

Transmission electron  microscopy

X IR AP AR R I I de DR, LEE R S Ik,
WUEA R 787 d i, DUEHEZR) S5
LE i o AL (L0 20 MR B IR O e 22 5, (EAE
14d #0121 d i, JUELAAFRE A B RAR T I0E
i S R A R A4 o
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200 um 200 pm

Identification of PCV3-HK by indirect immunofluorescence assay.

253 RERFHEAHIET K

KT f# PCV3-HK #E7E B Y AT 5 1) HE 75 1%
B, Ko, 7. 14, 21 d REMORK T LT
KI5 #7960 B PCR K, 255 R, L
A AL+ SR A R RS 7 RS 14 K
arfE O . ATECE LU R 2 PCV3
SRTEAZIR , L9 2 []— i) [ o5 5 B 2 AT
{HAESE 21 RITAFESL 9SO E i PCR Rl 2553
TN B o X R A A A i A ) ) A A T )
PCV3-HK #Ji iR

Xof T G S A [) B R] A 57 R o R AT ARG
45K —H PCV3 WUTE S HE A e — 4
PCV3 WL+ S R TR S 7 IR B &
M, A2 14 K, (HRAEH 21 K
L34 i P ARG I B A TR, 8 B IMLE 52 49 %
(IO R RT3 W = 151 <5 17 S TV -
JiE(E 8)s
254 (AARIBYIRNE

PR LU S 1T HE Jefa, EE AN
TG 4 () 2 S0 PRAR AL B R AR TE O E . FTE



TR & | R, 2025, 65(10)

4413

Percent identity

1 2

3

1 [l 977 910

4

5

909917

6
918

7 .

91.0

9

909 909 |

10
817

[11
924

1213 [ 14
90.9 (911922

15
90.3

16 |17 | 18
288911919

19

286 (910913 /008 | 1 MG372490-PCV3b

23 [N 207

907 1914

915

907

907 |90.6

914

920

90.6 /908 |91.9

89.9

284 (908 |916 284 90.5 MG372488-PCV3b

.Sav
89 | 91
87 | 91

o1 N

|02
02

998 [99.1 |
I oo
04 [N 997

86 | 89
|87 a1
|89 01
.8gv

88 | 91

92 |

|04

05
[03
01
02

06
0.7

04

03 |
03 |

0.2

989
987

[0+ N
[05]02
05 |
03 |

0.8
05
04

996
99.4
989

997 |100.0|

[99.7 008

98.8 |99.1

992
99.0
998

[082
|s80
99.1

99.3 /992 1987
99.1/99.0 | 985
98.8 |98.7 |99.6

97.2
97.0
97.9

317995 088 |
317 [99.3 (986 |
318990 (996

323
322
323

992 |
990 |
985

MH491016-PCV3c
MG250176-PCV3c
MK580468-PCV3c

991

05
04

|98.7 98,9 |
[ B
08 [N 997

05

997
98.9
98.9

|04 [N 991

X
|98
[o79
[982

o2 [l sse

985983 992
991989 984
99.0 (989 984
993991986
986985 994

97.7
97.0
96.9
972
98.0

316987 993
316 (993085 |
317 [99.2 985 |
317 (995 988 |
31.7 |98.8 |994

321
322
322
322
323

989 |
99.4 |
99.0 |
992| 9
98.6

MG868941-PCV3c
MF677835-PCV3c
MG250179-PCV3c
MF069116-PCV3c
MF162298-PCV3c

.90 +
.Sg +
87

84

9.0

02 |

11
07
09

13

11

09 |

0.9

05 |

07

13
09
1.0

14

10 |

11

14
10
12

12 |

os |

09

09

11

07 |

14
15

979 [97.9 991
Il 992 94
09 [N 93

97.0
96.7
96.5

315982092 |
317 [99.3 (084 |
317993 (984

319
323
322

077 |
983 |
986

MF084994-PCV3a
MG727539-PCV3a
KY421347-PCV3a

82 | 85

07

0.9

05

08

0.9

1.0

0.7

07

1.0

10

1.0 [l 975

31.7 (987 |995 | 322 98.1 MG372483-PCV3a

[102
[127
856

Divergence

107
1141

21
25
0.5

23
27
07

21

[24]

03

23
3.0
07

23
28
08

24

[27

08

21

[27]

0.6

20
25
05

[30
[33
14

26 |
25 |
07

25
[ 25
07

I 205 069 |
56 [ 318 |

24

308 975 |
317 (903

22 [l %87 323

312 9.6 | - OP948027-PCV3c
MZ890322-PCV3a

MHG607133-PCV3a

[os
|08
[07

14
|18

0.7

17

09 |
09 |
16 |

04

06 |
05 |
13

14

0.8
13
08
19
20

09
11

09 |
17 |

1.9

[ o8

09
10

17

|08 |

09 |

[o7]
16 |

16 |
a7

06
08

07 |

14
1.6

[ o8
20
12
| 24
32

09 |
08 |
09 |
17 |
13

|08
09
o7
13
[ 20

25
41
26
48
50

25 [ 06 [ 322
24 06 0o
270608 | 11
32 [13[16 [ 16
32 (17 |20 [17

MF769805-PCV3a

- 0Q469802-PCV3a
MW167063-PCV3a
MG870103-PCV3a
MN725087-PCV3a

|08
[07
08

08

08

09 |

04

05 |

07
08
0.7

08

09 |

09
10

|07

06 |

06

[07

[12
[ 08
(X4

07 |
10 |
09

|07
05
04

25
26
25

28 (05|07 [08
27 [07 |04 [ 11
28 0313

- MH603543-PCV3a
MF611876-PCV3a
KY996338-PCV3a

05

07

07

12

04 08

24

24 07 |06 MN698795-PCV3a

|07
|08
3

0.9

4

10|

|09
| 04
6

[ o8
[17
1

10 [11]05
13 [ 1412
12 14 )1

27
27

32 070416  NC031753-PCV3a

37 (1112 [ 19

[MW767462-PCV3-HK-PCV3(|

5 |16 18 | 19

El4 PCV3-HK¥ 2 EFEEZE LR M XS

Figure 4 PCV3-HK strain whole genome nucleotide homology comparison.
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Figure 6 Clinical and necropsy observations of PCV3-HK-infected piglets. A: PCV3-HK infected group; B:

Blank control group.
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Figure 7 Variation in body weight of PCV3-HK-
infected piglets.
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Figure 9 Pathological changes in PCV3-HK infected piglets (HE staining).

AR PCV3 4r ST AE 7 TARIC . ABEIEH AR IR R SR T R0 TARiL.

PCV3-HK ¥k 54k (1) ORF2 X E5 R R, % PCV3 55 BEFR R AT T 22 R GEJAE BT
SrESWRTESS 24 ROABETR(V), 5527 filfia R UM AR MT, IR T
MR(K), RHEKBEWIIPORILIA0N PCV3e 7350, 38 A1 E REHE L8 21 DL 3h ik i 7 14 [l 48 S 4R
AWFFEE— AR T Cap EE11 V24 FIK27 74 RAGMALRTHUE L gesh, A BFFER R 1)

P4 actamicro@im.ac.cn, 7% 010-64807516



TR & | R, 2025, 65(10)

4417

WAL & B PCV3 A3 I i B S N
F--1 (HIF-1)fF 530 6 . I DL S i s Ak
P2 W) -7 R (AGE/RAGE) 5 53 % 51 & R AE X
B, BE— W T PCV3 S R GE 09 B
BB,

Mora-Diaz Z5351F 2020 4 8 M Bl 7= 1 )%
A B R DGR B 4 5 ) PCV3 i EE, JRAE(R
S (PK-15 41 i) 5 4K 9 (B 72 AN IR BT FLAT 5%
CD/CD ) R GiA #l TR YA AL, X B 19 52 il
FEUERBUR ST TR ERAE . 25 R ER, &
ey 8 kAP A 4 Sk RA DR Z RSN
BB % . Kedkovid P 73 4 il — 5 75 2= [H
FRIE S %% K W5 VT IR G 09 275 i (PRDC) FR A
HPCV3 &Yy, R PCV3 AT 21 TH K
W, JERTRES | AP R GEHE0

UEAh, Gao ZECTViE 5 3 W L S JEL {4 A 7
G RS S NI R A, T S
BEUKIE: PCV2 MW T4 22 R G iR 45 A E
(PMWS) &g ALl rh g s I R 2 — . I,
PCV3 J& 7[RRI e e il & FEBOm e . LA
KA BEIRTS 59 A8 ™ AR 2 A2 75 7 7 OB
P ge—E0r9% . HET PCV3 JEYL Y &AL ] i
AR, PCV3 R FEE RS RIE N AR
PR e A R AR R () St b A TER ABIFSR -

ABFFEAENE YA PCV3 SR BRI 57
(LAl 1 PSR )y 43 B O AR A — R A e M Y
PCV3c B #R(PCV3-HK). %7 k4 PCR FljE] %
GPEDS LRI S e, FFa i S H T I B
SEHMA P e ok 254 . FIFZEERR, 565 1518
o BRI LA L T SR S B 5 =L 21 HR AT
W, WERE TR A ERCR S5 R ) & e
J1 o BEYATHREAEL 7-14 K IR 25 00E Jf 434k
Heds, RBUBPLBMAEL . W99 . 2RI RAE
Ko AL AERR, O i, BF. ke
GEAE AN E A% & A JE FIRSERGAE . T A
AT R SIE S 96 2 Al M AME Y, PR 1% 5
WREA — . LR RERY, RIFFRA
{LSEEL T PCV3c FERRIY TN 40 B R AE , iR

ST RS BRY I PR 3 I A A R L Ry
AL PCV3 BYRGEBIAS  EURBILA] B2 wi it
KA T IR, o

1B STk = A

FEAZR T S R R, R
Wl S A, Bl b, R SCE; BRI
Wbk, Biintr, #ECE, ENEN;
BIN: SCEBN; . WEROCE; 00k
LR ueit, BdEotr, WSCE, WEE
il i . SEg It WEDIEE, BT,
BB

1B A 25 v RANTF

VR 75 WA AEAT o] AT RE 23 5 M AR SCR i
B TARME AT sl AR

S 3k

[1] FRANZO G, LEGNARDI M, TUCCIARONE CM,
DRIGO M, KLAUMANN F, SOHRMANN M,
SEGALES J. Porcine circovirus type 3: a threat to the pig
industry[J]. The Veterinary Record, 2018, 182(3): 83.

[2] OUYANG T, NIU GY, LIU XH, ZHANG XW, ZHANG
Y, REN LZ. Recent progress on porcine circovirus type
3[J]. Infection, Genetics and Evolution, 2019, 73:
227-233.

[3] TISCHER I, MIELDS W, WOLFF D, VAGT M, GRIEM
W. Studies on epidemiology and pathogenicity of porcine
circovirus[J]. Archives of Virology, 1986, 91(3): 271-276.

[4] TISCHER I, GELDERBLOM H, VETTERMANN W,
KOCH MA. A very small porcine virus with circular
single-stranded DNA[J]. Nature, 1982, 295(5844): 64-66.

[5] WELTI S, SYDLER T, WIEDERKEHR D, POSPISCHIL
A, HASSIG M, BURGI E, SIDLER X. Postweaning
multisystemic wasting syndrome (PMWS) and porcine
dermatitis and nephropathy syndrome (PDNS) in
Switzerland in the years 2003-2006[J]. Schweizer Archiv
Fur Tierheilkunde, 2012, 154(10): 417-427.

[6] BAO F, MI S, LUO Q, GUO H, TU C, ZHU G, GONG
W. Retrospective study of porcine circovirus type 2
infection reveals a novel genotype PCV2{[J].
Transboundary and Emerging Diseases, 2018, 65(2):
432-440.

[7]1 PHAN TG, GIANNITTI F, ROSSOW S, MARTHALER
D, KNUTSON TP, LI LL, DENG XT, RESENDE T,
VANNUCCI F, DELWART E. Detection of a novel
circovirus PCV3 in pigs with cardiac and multi-systemic
inflammation[J]. Virology Journal, 2016, 13(1): 184.

[8] SUKMAK M, THANANTONG N, POOLPERM P,

http://journals.im.ac.cn/actamicrocn



4418

YAN Weidong et al. | Acta Microbiologica Sinica, 2025, 65(10)

(]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

BOONSOONGNERN A, RATANAVANICHROJN N,
JIRAWATTANAPONG P, WOONWONG Y, SODA N,
KAMINSONSAKUL T, PHUTTAPATIMOK S,
WAJJWALKU W. The retrospective identification and
molecular epidemiology of porcine circovirus type 3
(PCV3) in swine in Thailand from 2006 to 2017[J].
Transboundary and Emerging Diseases, 2019, 66(1):
611-616.

FENAUX M, OPRIESSNIG T, HALBUR PG, MENG
XJ. Immunogenicity and pathogenicity of chimeric
infectious DNA clones of pathogenic porcine circovirus
type 2 (PCV2) and nonpathogenic PCV1 in weanling
pigs[J]. Journal of Virology, 2003, 77(20): 11232-11243.
KWON T, YOO SJ, PARK CK, LYOO YS. Prevalence of
novel porcine circovirus 3 in Korean pig populations[J].
Veterinary Microbiology, 2017, 207: 178-180.
STADEJEK T, WOZNIAK A, MILEK D, BIERNACKA
K. First detection of porcine circovirus type 3 on
commercial pig farms in Poland[J]. Transboundary and
Emerging Diseases, 2017, 64(5): 1350-1353.
TOCHETTO C, LIMA DA, VARELA AM, LOIKO MR,
PAIM WP, SCHEFFER CM, HERPICH JI, CERVA C,
SCHMITD C, CIBULSKI SP, SANTOS AC, MAYER
FQ, ROEHE PM. Full-genome sequence of porcine
circovirus type 3 recovered from serum of sows with
stillbirths in Brazil[J]. Transboundary and Emerging
Diseases, 2018, 65(1): 5-9.

YE XY, BERG M, FOSSUM C, WALLGREN P,
BLOMSTROM AL. Detection and genetic
characterisation of porcine circovirus 3 from pigs in
Sweden[J]. Virus Genes, 2018, 54(3): 466-469.
KEKARAINEN T, McCULLOUGH K, FORT M,
FOSSUM C, SEGALES J, ALLAN GM. Immune
responses and vaccine-induced immunity against porcine
circovirus type 2[J]. Veterinary Immunology and
Immunopathology, 2010, 136(3/4): 185-193.

FACCINI S, NIGRELLI AD, FRANZINI G,
ROSIGNOLI C, BARBIERI I, ALBORALI GL,
BONIOTTI MB. Effects of DNA extraction method on
porcine circovirus-2 real-time polymerase chain reaction
quantification in swine lymph node samples[J]. Journal
of Veterinary Diagnostic Investigation, 2011, 23(6):
1189-1196.

FACCINI S, BARBIERI I, GILIOLI A, SALA G,
GIBELLI LR, MORENO A, SACCHI C, ROSIGNOLI
C, FRANZINI G, NIGRELLI A. Detection and genetic
characterization of porcine circovirus type 3 in Italy[J].
Transboundary and Emerging Diseases, 2017, 64(6):
1661-1664.

[17] YUZHAKOV AG, RAEV SA, ALEKSEEV KP,

GREBENNIKOVA TV, VERKHOVSKY OA,
ZABEREZHNY AD, ALIPER TI. First detection and full
genome sequence of porcine circovirus type 3 in
Russia[J]. Virus Genes, 2018, 54(4): 608-611.

[18] KU X, CHEN F, LI P, WANG Y, YU X, FAN S, QIAN P,

[19]

WU M, HE Q. Identification and genetic characterization
of porcine circovirus type 3 in China[J]. Transboundary
and Emerging Diseases, 2017, 64(3): 703-708.

SHEN H, LIU X, ZHANG P, WANG L, LIU Y, ZHANG

>4 actamicro@im.ac.cn, 7 010-64807516

(20]

[21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

L, LIANG P, SONG C. Genome characterization of a
porcine circovirus type 3 in South China[J].
Transboundary and Emerging Diseases, 2018, 65(1):
264-266.

CHEN GH, TANG XY, SUNY, ZHOU L, LI D, BAT Y,
MAI KIJ, LT YY, WU QW, MA JY. Development of a
SYBR green-based real-time quantitative PCR assay to
detect PCV3 in pigs[J]. Journal of Virological Methods,
2018,251: 129-132.

SIRISEREEWAN C, THANAWONGNUWECH R,
KEDKOVID R. Current understanding of the
pathogenesis of porcine circovirus 3[J]. Pathogens, 2022,
11(1): 64.

JIANG HJ, WANG D, WANG J, ZHU SS, SHE RP, REN
XX, TIAN JJ, QUAN R, HOU L, LI ZX, CHU J, GUO
YX, XI YY, SONG HQ, YUAN F, WEI L, LIU J.
Induction of porcine dermatitis and nephropathy
syndrome in piglets by infection with porcine circovirus
type 3[J]. Journal of Virology, 2019, 93(4): e02045-18.
SHEN HQ, LIU XH, ZHANG PF, WANG SY, LIU YL,
ZHANG LY, SONG CX. Porcine circovirus 3 Cap
inhibits type I interferon signaling through interaction
with STAT2[J]. Virus Research, 2020, 275: 197804.

SUN WC, WANG W, XIN JL, CAO L, ZHUANG XY,
ZHANG C, ZHU YL, ZHANG H, QIN YH, DU Q, HAN
ZX, LU HJ, ZHENG M, JIN NY. An epidemiological
investigation of porcine circovirus 3 infection in dogs in
the Guangxi from 2015 to 2017, China[J]. Virus
Research, 2019, 270: 197663.

TISCHER 1, PETERS D, RASCH R, POCIULI S.
Replication of porcine circovirus: induction by
glucosamine and cell cycle dependence[J]. Archives of
Virology, 1987, 96(1/2): 39-57.

ZHU Y, LAU A, LAU J, JIA Q, KARUPPANNAN AK,
KWANG J. Enhanced replication of porcine circovirus
type 2 (PCV2) in a homogeneous subpopulation of PK15
cell line[J]. Virology, 2007, 369(2): 423-430.

FENAUX M, OPRIESSNIG T, HALBUR PG,
ELVINGER F, MENG XIJ. A chimeric porcine circovirus
(PCV) with the immunogenic capsid gene of the
pathogenic PCV type 2 (PCV2) cloned into the genomic
backbone of the nonpathogenic PCV1 induces protective
immunity against PCV2 infection in pigs[J]. Journal of
Virology, 2004, 78(12): 6297-6303.

FUX R, SOCKLER C, LINK EK, RENKEN C, KREJCI
R, SUTTER G, RITZMANN M, EDDICKS M. Full
genome characterization of porcine circovirus type 3
isolates reveals the existence of two distinct groups of
virus strains[J]. Virology Journal, 2018, 15(1): 25.

LI GR, HE WT, ZHU HN, BI YH, WANG RY, XING G,
ZHANG C, ZHOU JY, YUEN KY, GAO GF, SU S.
Origin, genetic diversity, and evolutionary dynamics of
novel porcine circovirus 3[J]. Advanced Science, 2018,
5(9): 1800275.

[30] FU X, FANG B, MA J, LIU Y, BU D, ZHOU P, WANG

H, JIA K, ZHANG G. Insights into the epidemic
characteristics and evolutionary history of the novel
porcine circovirus type 3 in Southern ChinalJ].



TR & | R, 2025, 65(10)

4419

Transboundary and Emerging Diseases, 2018, 65(2):
€296-¢303.

[31] PALINSKI R, PINEYRO P, SHANG PC, YUAN FF,

GUO R, FANG Y, BYERS E, HAUSE BM. A novel
porcine circovirus distantly related to known circoviruses
is associated with porcine dermatitis and nephropathy
syndrome and reproductive failure[J]. Journal of
Virology, 2017, 91(1): e01879-16.

[32] FNERI, BRIBEHT, BRI, FABEL, Tkt R, Bk, &

RS, PR AR, A7) o . A R P A 2 AR 3 AR G R
g1 Y B A B B 2R 0], R R, 2022,
49(10): 3982-3993.

SUN QS, CHEN YH, YAO L, SUN Q, YU XX, WU H,
RUAN SN, LEI MK, YAN WD, HE QG. Diagnosis and
treatment of reproductive disorders in sows caused by
co-infection of PCV2 and PCV3[J]. China Animal
Husbandry & Veterinary Medicine, 2022, 49(10):
3982-3993 (in Chinese).

[33] ARRUDA B, PINEYRO P, DERSCHEID R, HAUSE B,

BYERS E, DION K, LONG DE, SIEVERS C, TANGEN
J, WILLIAMS T, SCHWARTZ K. PCV3-associated
disease in the United States swine herd[J]. Emerging
Microbes & Infections, 2019, 8(1): 684-698.

[34] CHANG CC, WU CY, WU CM, WU CW, WANG YC,

LIN GJ, CHIEN MS, HUANG C. Cytotoxicity effect and
transcriptome analysis of PCV3-infected cells revealed
potential viral pathogenic mechanisms[J]. Microbial

[33]

[36]

[37]

[38]

Pathogenesis, 2024, 192: 106715.

MORA-DIAZ J, PINEYRO P, SHEN HG, SCHWARTZ
K, VANNUCCI F, LI GW, ARRUDA B, GIMENEZ-
LIROLA L. Isolation of PCV3 from perinatal and
reproductive cases of PCV3-associated disease and in
vivo characterization of PCV3 replication in CD/CD
growing pigs[J]. Viruses, 2020, 12(2): 219.

KEDKOVID R, WOONWONG Y, ARUNORAT J,
SIRISEREEWAN C, SANGPRATUM N, LUMYAI M,
KESDANGSAKONWUT S, TEANKUM K,
JITTIMANEE S, THANAWONGNUWECH R. Porcine
circovirus type 3 (PCV3) infection in grower pigs from a
Thai farm suffering from porcine respiratory disease
complex (PRDC)[J]. Veterinary Microbiology, 2018, 215:
71-76.

GAO YY, WANG Q, LT HW, ZHANG S, ZHAO J, BAO
D, ZHAO H, WANG K, HU GX, GAO FS. Genomic
composition and  pathomechanisms of  porcine
circoviruses: a review[J]. Virulence, 2024, 15(1):
2439524.

PETBAN, Tor4e, INIEL, 2=y, sk A8, B0, F, (7
Jt i B B BT 3 R 03 B R O R T (D). B R
B4R, 2023, 54(4): 1568-1578.

KU XG, YU XX, SUN Q, LI PP, ZHANG MJ, LUO R,
QIAN P, HE QG. Isolation and pathogenicity analysis of
porcine circovirus type 3[J]. Acta Veterinaria et
Zootechnica Sinica, 2023, 54(4): 1568-1578 (in Chinese).

http://journals.im.ac.cn/actamicrocn



