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Effect of porcine circovirus type 2 on cecal immune function
and flora in piglets

LIU Xuewei”, LI Xinxin", WU Zihan, WANG Jianfang, ZHOU Shuanghai, LI Huanrong"
Animal Science and Technology College, National Demonstration Center for Experimental Animal Education,
Beijing University of Agriculture, Beijing 102206, China

Abstract: [Background] Enteritis is one of the clinical signs of pigs infected with porcine circovirus
type 2 (PCV2), and it has an impact on pig performance. It can lead to reproductive failure. The cecum
is an essential digestive organ in monogastric animals, and the impact of PCV2 infection on it should be
investigated. [Objective] The purpose of this study was to look into the immunological activity and
flora of the cecum after PCV2 infection. [Methods] Twelve healthy weaned piglets were randomly
assigned to the control (#n=6) or infection (n=6) groups. Piglets in the infection group received the virus
via oral delivery (5 mL) and intramuscular injection (5 mL), for a total of 10 mL/piglet. The control
group was similarly injected with PK15 cell culture. The viral nucleic acid load and antibody dynamics
were identified 56 days post-infection (dpi), and micromorphology, viral antigen distribution, immune
function, and microbial ecology in pig cecum contents were also examined at 21 and 56 dpi. [Results]
PCV2 antigen signal was greater at 21 dpi than at 56 dpi, and viral nucleic acid load and antibody in
serum were both at high levels. PCV2 antigen was mostly dispersed in the epithelial cells and lamina
propria of the cecum mucosa. While the ability of T cells to proliferate was greatly increased, the
amount of SIgA in cecal secretions was significantly reduced. Pigs with the infection experienced
significant cecal epithelial cell loss and intestinal gland atrophy. Diversity and quantity of the cisternal
vegetation  were  greatly  diminished. Beneficial  bacteria  like = Butyrivibrio  and
Ruminococcaceae-NK4A214-group were noticeably reduced, whereas conditional harmful bacteria like
Alloprevotella were noticeably elevated. The viral nucleic acid load decreased to 7 dpi at 56 dpi,
whereas the antibody level remained high. Other indicators essentially reverted to control group levels.
[Conclusion] PCV2 infection causes immune dysfunction in the piglets’ cecum, which damages the
cecum mucosa and results in an increase in conditionally pathogenic bacteria and a decrease in

beneficial bacteria. These changes are connected to the viral content.

Keywords: porcine circovirus type 2; piglets; cecal immune function; bacterial flora

YRR RE 2 B (porcine circovirus type 2,
PCV2)75 |2 145 [ A5 55 90 A 4 1Y — A S gz 41
w5 SEUE R R IRY, fGEFRIE
A PCV2 F 25 R IBIIMTI 2 RGEBLA1E,
W AT B RGN &R RD, FBUNMG R
hEeZEEL, Ammd  AFEREZ, el 1T
R A,

B R s B R S B0 S A A
B, HRCEY AR Sh P R B A
[7 [N 2R AT 5 1L 5 M Sl e W R A A AN — , XS 309
BRI ZIAE A1, Gk e 4 . T 2y
FIAEY) V22 ARSI S5 2 R 5 S 5 W A 4
Homng S, fegEshprA R, AR E R E
T2t DU ] 2R S8 P A AR W 2 A R AR,
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HoAFEWHME, RS ERe . ISk,
H R ARG RGN — 0, KA Ak e s
GEIENE SEt SroElEs i W Ei R S s
EERIE, PRI B IR, BA AR E Fi ik
i get,

CA W RY], PCV2 RG] 5 R 25 W A
SRR IS, W BRI SE W
L5 S INREEST: , ADTTEN PCV2 UG H
BT Zs 5 DU | SRR RS A L A
JERHT AT SRR, LIIN5EE PCV2 Eoiil
B PR T BRI S DR A A B A 0 ) TR S
7 it ) i S R LS B K

WL

1.1 ##
1.11 RE

PCV2 SD/2008 #k (GenBank % 3% 5 A
GQ174519)%% 3 AR, >k AW Jbfl K7 3)
AL e S 2
1.1.2 Xz

12 3k 35 HS Wi R K F <ok 14438 —ot
o, W BAESUEME Y PCV2, R RN
I % (porcine circovirus type 1, PCV1)., J& 40/
7 (porcine parvovirus, PPV). & thiE R % B
(pseudorabies virus, PRV), Vg %(classical
swine fever virus, CSFV)F1J&FEWE 5 525 Sk
Jii B (porcine
syndrome virus, PRRSV)AZ R 2 A B3k
PCV2 FLAKEI S BAYE o
113 EFZRXFFLR

DNA $& U &, RARAWFRHECA PR 7
SYB Green Realtime PCR Master Mix, TOYOBO
ATl PCV2 PR BLISA 557 &, IRYISF
AR A RA A, H-E Jeaikfl g, bR
HKERHA R /NPT PCV2 BT, BT
A A B B F S BE A ST T S s A Y B B

reproductive and respiratory

W g Sy Wb AU A BE PR B 1 A (secretory
immunoglobulin A, SIgA) ELISA, U 3EE:
FRAEWRHCA PR A F] . QuantiFluor™-ST #5 4,58
e i A4, Promega /A Fl; Illumina MiSeq
platform, Illumina 23],

1.2 &

1.2.1 ik ie R Al &

12 KB A 758 BEAL 2 kXt B ZH R sk e
T 6 3k, FRESATE, HBREMYOK, Bd
HeRhigAe  CUIRFILE , BRI 510 S mL,
HR R 10 mL/Sk o XFREZL R A G 7729
B, ERRA AR IR A — B AT
Yefg 3. 7. 14, 21, 28, 35, 42, 49, 56 d X%
I, S0 XL TR s FEA% B 2k et S TR K B AR
.21 d 1 56 d 43 I SE 6 SATHE OV R4 3 3k,
YA 3 3k), SRAEMNIAES . LS Ak g
RS AT S S ) A TR

KAE 34 cm EMHEEE T 4% RH
o, A TF IR KK - 21 Y2 4 (hematoxylin  eosin
staining, H-B)FI THC Wi&S; & L MEEBER LA 1:5
BT PBS H', 8 000 r/min E.L> 10 min J -4
it SIgA Kl ; REFMNED 3-5 ¢ TR
RIS
1.2.2 PCV2 BREEAEMEMERHREHE
B AF SRk 48

FH DNA $2HUGAF S4B i s DNA, DA
HEAARR , SR 5 SCHR[4]HINE PCV2 RYRZIRR )7 i2:
BTSN SO PCR U4 . B MR 3 A,

Z R PCV2 U I A 6 fif FH 150 B 43 48
Vi, XEASTRI B BE IV A S A 7 e S b AR
1.2.3 H-E $aMBEARLEE

B 4% Z RPEERE 24 h EMAHN, &
K A Yl P BREIAL S pm JEA Y F,
H-E e, o2k Bl e B A 20 B AR 1L
RAER 1 E A LURBRTE S PR B
WAl A TP SY o
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=1 EFEARERGITESSEIRE
Table 1

Reference standard for cecal tissue pathological damage score

£ 21 FEAER P I8 Wiy
Grade Description of characteristic pathology Score
EHR A ZH AL ES, BN . B8, BRI HEA 0
Normal The structure of the cecum is normal in all layers, the mucosa is smooth and intact, and the

cecum glands are neatly arranged

R R bR MR B IR IE, B IR AR = A, MBS, AR RS Uk ]

Mild %5

Slightly detached necrotic epithelial cells in the mucosal layer, slight atrophy of the cecum
glands, more evenly distributed, more evenly distributed lymphoid tissue in the lamina propria

T BhIE)Z b R I v s B2 SRk ok, H I IRAZE A N —, AR ALUE 2 2

Moderate
increased lymphoid tissue in lamina propria

Loss of epithelium or partial absence of mucosal layer, atrophy of cecum glands of variable size,

HJE B2 BRI . H AL SR, BRI TR, LA BIg 2 3

Severe

Large area of mucosal layer missing and detached, destruction of cecum tissue structure,

diffusion between cecum glands, marked increase in lymphoid tissue

W E TR AR 2 pm JERA YR,
FE HAP IR T AR e, S RRGEESE
HEHZR PCV2 H s AitE DL , FHI M Image J F1f it
TR AT, 115 PCV2 BRIV LEAi
124 ERFERHEERMMR. EEEHEMNDE

SR A T, X W iE
. BAEMMHETT . A 10%JCH 4L
RPMI1640 & AT, LGl iEgaits, #
AN B 2 1x10°4/mL, T JELL5L5,
1.2.5 TihEBpaiEsER LR

B 9 % v (1 10° AN /mL) B 1 28 s
JZRIEAZ SR, PLFL 200 pL (2x10° 4
i) TR 96 fLbld, BAMFEER 3 AL,
PAJI G251 A (condulin protein, ConA)YE A3l
Y1, F37°C. 5% CO, JF-A4H i H 72 he
MTS GGVl e, & SOy fLEALE ST E
7# 100 pL, A 20 pL MTS il PMS ISV,
37 °C.5% CO, K5 F54H 1 4 h, BEHR AR I ODago
{B, 275 SCHR[A]3 550k O 240 L 5 7 1% Bl s 4
(stimulus index, SI).

1.2.6 EFFES LT RERER A (SIgA)H
Rt
e Elabscience HYRE/M MBI ERE T A

(secretory immunoglobulin A, SIgA) ELISA Kit,
Foe BT FH U8B 5400 5 W 1 3 W) v SIgA 1Y
ERIBIEOL, WA A R E
1.2.7 EEE MiSeq M F

BHWHETE MiSeq Iy £ h HiFEFHFAY
A 5E. S5Z%CIRSIP T —2, K
FOLIRINE - IRBCE AP A Y DNA, 1%
B B I P DRI 2 75 455 5 0 225K R 24
16S rRNA JE[H ) V4-V5 X787 PCR 4714,
Iy 3890, {8 QuantiFluor™-ST i {1 &t
ARG HATRGI AR BEARE Ty %8, 7 Illumina MiSeq
V- b DL SRR SR FIIC X A il i (2% 250) & I 4l
3G 7 . MIEESCRHTIHE, 275
ST IS DL RE A, F5R ] Mothur 44
XF ¥ 8 i 4T 4y 25 #: /E B JC (operational
HEATRE A 18] ) AH
IPES AT, hiFe R4, THERE R
o ZHEME, I HTRIREEAL.
1.3 #FESH

it ]I SPSS 18.0 #4714t/ #rs FIH
GraphPad Prism 5.0 {2zl SR FHEA
r K gt W R, Hrh B R OR
H+F7R1E2(SEM), P<0.05 HZEF R, LUER,

taxonomic unit, OTU)ZEZE,
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2.1 RERBHESMBENAENSTEN
Y PCV2 Ji5 7 d RIS S P, 3k
2.8 Logyo (copies/mL), M HFE 14-28 d 1 FFh#&#, 28 d
I EEAZ IR S =, M 4.58 Log) (copies/mL);
28 d e BRI TREEHEY, 78 56 d Wk ae Hid i
7 d 7K, A 2.78 Logio (copies/mL) (K 1),
SRR A6 LTS PCV2 FrtEbUiR IR 2 h
A, JRULZHAE 7 d IPEERIFYE, 7ERL)S 14d
Mg, 21-56 d BAM] MG BT KP- 2 5 8
THEa# BT R 2),
22 EELARETUR PCV2IEST
XFHRALAFAE B IR TEIEA S 21 d B R
e . SR, B MR S TR R E

Log,, (PCV2 copies/mL)

1 1 1 1 1

3 7 14 21 28 35 42 49 56
Time post inoculation (d)

0 ¢ 1 1

1 FREREEMEHRESHIRNE

Figure 1 Kinetics of PCV2 viral load in sera of piglets.
1.0 - -e-Control group
- [noculation group
0.8
- 0.6 |
Q
C 04t
0.2 -
0.0
0 3 7 14 21 28 35 42 49 56

Time post inoculation (d)

B2 FRERERMEPIRENTENR
Figure 2 Kinetics of PCV2-specific antibody in
serum of piglets.

R UL T 2 2 B 7 U2 (K] 3A) . IR
21 dpi BV H A s RIAFRENE L s, &
WA Z T, HEPIZEEL, B IR REL,
WL Z (& 3B); XTHRAAFRE 0 e
FhE 56 d LA D B 5 04 41 20 B A9 i 28 (1
3C). 56 dpi BFZEME bR B8ORS, A2
WAL, BRI NEREE, 54y
(1 3D). kR | B A LURES TS
AR, ¥ 21 dpi 1 56 dpi BEEELH 50 IELH B
AAREE AT, P340 R 21 dpi (FHEE
1 B9 BLZH 2P 3 BH g v X BR . (P<0.000 1),
Il 56 dpi 1144 B M 20T Bkt s T
XTRAZE, [HIE B E R (P<0.003 5) (Bl 4). H]
W, B S PCV2 A —E X R,

200 pm

200m

B 3

b

i

b

3 PCV2 RERFHE 21 5 56 d BRAALRIES
T AFBAR 21 d X R ARG I
L CH D AN 56 d H IR AR Y41 E
M. HOHELRCRIE F R REFEIRICH D
FEN

Figure 3 Pathological changes of cecal tissues in
piglets infected with PCV2 for 21 and 56 days. A and
B represent the cecum tissue of control group and
infection group at 21 day, respectively; C and D
represent the cecum tissue of control group and
infection group at 56 day, respectively. White arrows

mark the mucosal epithelium; black arrows mark the
cecum glands.
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A PCV2-infected group

4 - e Control
e

A A

—
T

|

1

0 | csee-! boed-
21 56
Time post inoculation (d)

4 PCV2 BAF3E21 d 556 d EEMALRE
B AR 15y

Figure 4 Average score of cecal tissue pathological
damage in piglets infected with PCV2 for 21 and 56
days.

W ARG PCV2 U5, 45 H 4Nl 5
FiioR o XFRRZH 21 dpi B 2P ARk 2] PCV2
PR (I 5A); 21 dpi B4y 2l Ap g ta 3 m) Il fH
YE(SS, M H PCV2 $it )it F 2 A 7E B Rl -
B A0 AN A 2 TR (8 5B), RFIRZH 56 dpi B
HA P AR F] PCV2 HUE(E 5C), TMiEye2H
56 d i BHM:AS 528 55(1%] SD). FJFH Image J #{40k
TIPS A5, 45540 SE FR, 21 dpi
YL H AN PCV2 BRI Y Lo ) 8 3 = T
S HEZH (P<0.000 1); 56 dpi J&YL4H H N PCV2
BRI 20 Y B, 4 2 v TR REH (P<0.000 1), {H
PCV2 BHYELIA EL BT 21 dpi B9 PCV2 (/& 5F).
2.3 TiHEAEEERE Tk

MTS Jrikkill G il bz . BA 2T T
WREL AN AR TG 1 . S5 BoR, 21 dpi i, JR
Yo B AR - 2 T tkEdiffng S
ERTARA, BAEZPN S EA LEEES
AN 5 56 dpi B H AREEE 1 R )2 T Ik B 20 g v
A ST LR, AR STRE, (BTG
FRMER2).

24 BRI SIgA EEEN

R A7) B U B AR A, Ao 2 e R4

LB EN R S ap
Mean score for histopathological damage
[\

(R)H 0.996, LeMESCHRKAF. 7821 dpi Byt
HIAFHE SIgA 7 a2 IL T X HRZH (P<0.054,
43314 (5.720.104) ng/mL F1(7.67+0.161) ng/mL;
15 56 dpi I, JBYL2H SIgA & BRI TR R4
A3 (7.27£0.577) ng/mL F1(7.60+0.087) ng/mL,

{HZFAR B E(P>0.05),

2.5 PCV2 BEAWNEEMHARYEEEE
5Z# MR

2.5.1 ML

PCV2 J&YL 21 d F1 56 d B REI: i 42t 3
YT (K 6A. 6B), UlWTI AR 2
K, ATUARBAEEA R HAEYIE R
252 EEHFESZHEMSN

R 3 Al 0L, SXFREZHAREL, 7E 21 dpi AN
56 dpi &Y Chaol #5641, Shannon A1+
BIYPREAR, M Simpson ZFEMEFEECY M, 1 H.
21 dpi BG4 4 Chaol $5%UF Simpson 24445
HE 5 8.2 (P<0.05), 2R YL RF £
FEPE i 25 R
253 [TKFELEGEBESERNSH

B R P A B 0L 2% 4 5%
WA, B Wil E AR B
(Firmicutes) . fUFF &1 1 (Bacteroidetes). "FIE | ]
(Proteobacteria) MR EE | ] (Spirochaetae) 4 -],
Hpsi g TIERER T VR 102 & S F 50
95%, s B MR P LA 1K 1, 21 dpi
NG Z G AR ] . 2B TE R T TR e R ], [
IR RRRERR ], H22 RN 1 56 dpi B 4 Fil
I 2, URREET) 22 5% 8.4 (P<0.05).

254 BKFELERERERNSH

H13R 5 AT 0L, 21 dpi IR GL 20 3% 25 IR [ AT s
(Alloprevotella)y #1 3w H Hr B £ J&
(Christensenellaceae-R-7-group) . & 1 &
(P<0.05), T FRYKE & (Butyrivibrio) F¥E & B &
(Ruminococcaceae-NK4A214-group) ‘i & [ K
(P<0.05); 56 dpi BFBR T RRING & A4 H4h, H
AR 3 Rl HE X B
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E F 56 dpi
100 - A60‘ *k sk k
3 80| g@ °
= o 2 o
S;E 31*540-
22 60 22
S o
ESlN g
E9Q 40 =22
N~ B NS:
> % 2520
&5 x5
£ 20 F £
g 2
& e
-9 0 A~ 0
N N
{\60 Q\"@ QéoQ,Q
P P S
;\@0
>
OA’\»
2\ e

5 FREERP PCV2 IR RREXRN AR B 21 d BFXF A FURRA FHAL; C
D 2351 56 d WX IR ARG E IZHEL; EFIE 205008 21, 56 d A REAL5 8L i) PCV2 [
P4 LB T EEIEL T P<0.000 1

Figure 5 Immunohistochemical staining of PCV2 antigen in the cecal tissues of piglets. A and B represent the
cecum tissue of control group and infection group at 21 day, respectively; C and D represent the cecum tissue of
control group and infection group at 56 day, respectively. Comparison diagram of the proportion of PCV2
positive cells in the control group and the infection group at 21 d and 56 d, respectively.  : P<0.000 1.

*2 BEREATHRERERIEEREL

Table 2 Kinetics of stimulation index (S/) of lymphocytes in the tissues of caecum.

FG AL EZH ST (21 dpi) SI (56 dpi)

Histological structure X1 41 JRYL Xof AR 2 JRYL

of cecum Control group Infection group Control group Infection group
FhIE | 7 0.94+0.003 0.98+0.003" 0.96+0.036 1.02+0.034
Mucosal epithelium

Az 0.86+0.050 0.90+0.055 0.95+0.090 0.93+0.009

Lamina propria
Note: : P<0.05.
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A Rarefaction curves B Rarefaction curves

£ 400 § 500 — All
§ ‘g Others
T S 400 | ——

& r g —

s £ 300 =

2 200 2

g E 200

= 5]

.2 100 =

5 :“: 100

® 2

< 0 S 0 N L s

~ 5000 10000 15000 20000 = 10 000 20 000 30 000

Number of reads sampled Number of reads sampled
El6 MHMABBRMMZ A 21d R, M9, M23. M25 XA ; M1, M3, M22 AR ;
B: 56d HUFERHHZE, & gt IRAL, Lhn sl
Figure 6 Rarefaction curves for each sample. A: Rarefaction curves of 21 day, M9, M23, M25 were the
control group; M1, M3, M22 were the infected group. B: Rarefaction curves of 56 day, gray is the control group,
green is the infected group.

*3 EMEENFEMSENE

Table 3 The richness and diversity of caecal bacteria

R 21 dpi 56 dpi
Index X e 2l YL X e 2] YLl
Control group Infection group Control group Infection group
Chao 1 FEEFE %L 282+5.03 267+5.51° 476.86+6.66 463.14£9.56
Chao 1 richness estimation
Shannon Z A MEFREL 4.08+0.80 3.90+0.42 3.98+0.28 3.59+0.11
Shannon index for diversity
Simpson Z MR 4L 0.04+0.00 0.07+0.02" 0.05+0.02 0.08+0.01
Simpson diversity index
Note: ": P<0.05.
F4 [TKFELPCV2 BREFREMERAMK
Table 4 Composition of cecal flora in piglets infected with PCV2 at phyla level
(=1 21 dpi 56 dpi
Phyla X HRZH VR | papiistiil g |
Control group Infection group Control group Infection group
HUFFPAT ] Bacteroidetes 0.549+0.032 0.589:0.099 0.233+0.072 0.288+0.144
JEEERR ] Firmicutes 0.4210.027 0.373£0.075 0.618+0.187" 0.723+0.027
IE ] Proteobacteria 0.018+0.009 0.022+0.003 0.022+0.002 0.05120.021
W WER ] Spirochaetae 0.005+0.004 0.009+0.001 0.011+0.003 0.026+0.022
Note: ": P<0.05.
x5 BAKELPCV2 REFREREMRARFEAR
Table 5 Composition of cecal flora in piglets infected with PCV2 at genus level
J& 21 dpi 56 dpi
Genus X HE A YL X R JERYL A
Control group Infection group Control group Infection group
IR R & Alloprevotella 0.005+0.003 0.03340.010" 0.051+0.003 0.052+0.004
TERINE & Butyrivibrio 0.015+0.003 0.001+0.000" 0.000+0.000 0.000+0.000
e LI e R T 0.010+0.004 0.044+0.006" 0.006+0.004 0.008+0.002
Christensenellaceae-R-7-group
98 R 0.021+0.001 0.007+0.002" 0.003+0.001 0.004+0.002

Ruminococcaceae-NK4A214-group

Note: *: P<0.05.
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3 wE&#

PCV2 A5 R, HEA 5 s Fh 4
CD8" T 4ifiL b3 . SIgA Wi/b&Ag Xl gy
7S AR IR ZHEE IS & A W LR T s O i
BEL, AERBRREE DD,
SR M D RE -5 2 I Al Bz A8 58 2 — 30, AR
W58 o, PCV2 B [FIFE W] 5 RATHE B R
B, BRI SIgA fri NI, B
2 T WhEL4n Mg sERE SR, fERERER S
1) 21 dpi I ZZ R 2%, iX 5 PCV2 AT R 25 W
(A AL R AR — B (AR 2 R B B P
fiX, FE0REEHIRICHE B &S, A iEm
WEE . TERINEE . 7 E W R R &R, 52
TR AL PIARTR], X AT RES B W 155 B RE4LAL
MIIReA X H4h, WEpEim TRAMKE, B
WA EE AR, W2 S F TR %
5, WA XTI . R PCV2 i H
P ZE RS54 | Sy DI Re S W TR AL — K
F o WSS SR 0] R I R TR 51697 PCV2 Jikiy
SN I IE SAE , LA S OMGE PCV2 B S 30 AT
FaE T PERERE IR LS

SIgA TEMAZEEI Sy b k4556 FEAEH], 78
9o R 5 | 7 %) A S P 2 TP R A AN TR AR R A
FH, WL 8 5 0 IR 1 AT 55 STgA Y,
A B b 24 R R i W B R RS R TP A %
AT EESE A BATE B RAIURE , A ) T R BB o 2
PRURL, (AP I A H ThEENY . BbAh, SIgA f5
FIFIEH WP A R , iR A 9 2 )
BGRB8l P T A AR A
5 BoR, PCV2 YL FEE I SIgA /KRR,
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77— R B AU B8 1] b 0 5 O ER T R B ] 4
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FEPAH T HALRTVE T B R ELANAR . T kA0
JAT Treg 41, S5 NRBER, KiEH
RAEFRPY, ARWF5EHh T AEIGFERE 3G, 1
Te ANHUECEIEINCR BoR), #EW PCV2 JERYEH
17 v A0 7 P A PRI 5, in 22 SRR R R R
A, AT RERZ M AT RE T 2T 4 2 A A, T S8
SCFA J=WIREAIK, IR R KA

RIS 2, PCV2 YL AT 51 B ATH H M B
s, BEEANIAY) SIgA T, T bk 40 g se
RE ISR, PRI B W e DR R AR L

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



R B FE R R 2 BR85S R T RE 5 A R 5275

SEGUNE T T R 22 RV RN 2 B A, 25 P B0 T4

2l

T HIRRHEBIY S, A AR . T IRINEE .
o TR REAIC , T L AR Ak 5 R A R Y 7
ﬁﬁﬁf*ﬂi?é/%o

REFERENCES

[1] Ramamoorthy S, Meng XJ. Porcine circoviruses: a
minuscule yet mammoth paradox[J]. Animal Health
Research Reviews, 2009, 10(1): 1-20

[2] Segalés J. Porcine circovirus type 2 (PCV,) infections:
clinical signs, pathology and laboratory diagnosis[J].
Virus Research, 2012, 164(1/2): 10-19

[3] Resendes AR, Segalés J. Characterization of vascular

lesions in pigs affected by porcine circovirus type

2-systemic disease[J]. Veterinary Pathology, 2015, 52(3):

497-504

[4] Shi FY, Li QM, Zou ZM, Wang Y, Hou XL, Zhang YH,
Song QY, Zhou SH, Li HR. The changes of
immune-related molecules within the ileal mucosa of
piglets infected with porcine circovirus type 2[J]. Journal
of Veterinary Science, 2020, 21(5): €78

[5] AHksk, i7 R, 486, 7T, EEW;, BH g
BT 2 BURGLR A 2 A R AR D). Bl
iH#z, 2017, 44(12): 2951-2957
Zhu LL, Wu ZH, Zou ZM, Yang N, Wang JF, Li HR.
Change of the jejunum fora from PCV,-infected piglets[J].
Microbiology China, 2017, 44(12): 2951-2957 (in Chinese)

[6] Smith BN, Fleming SA, Wang M, Dilger RN. Alterations
of fecal microbiome characteristics by dietary soy
isoflavone ingestion in growing pigs infected with
porcine reproductive and respiratory syndrome virus[J].
Journal of Animal Science, 2020, 98(6): skaal56

[7] Niederwerder MC, Constance LA, Rowland RRR, Abbas
W, Fernando SC, Potter ML, Sheahan MA, Burkey TE,

RA, Cino-Ozuna AG. Fecal

transplantation is associated with reduced morbidity and

Hesse microbiota
mortality in porcine circovirus associated disease[J].
Frontiers in Microbiology, 2018, 9: 1631

[8] WuM]J, YiD, Zhang Q, Wu T, Yu K, Peng M, Wang L,
Zhao D, Hou YQ, Wu GY. Puerarin enhances intestinal
function in piglets infected with porcine epidemic
diarrhea virus[J]. Scientific Reports, 2021, 11: 6552

[9] Jiang N, Liu H, Wang P, Huang J, Han H, Wang QF.

IMlumina MiSeq sequencing investigation of microbiota
in bronchoalveolar lavage fluid and cecum of the swine
infected with PRRSV[J]. Current Microbiology, 2019,
76(2): 222-230

[10] Laurin M, Everett ML, Parker W. The cecal appendix:
one more immune component with a function disturbed
by post-industrial culture[J]. Anatomical Record:
Hoboken, N J: 2007, 2011, 294(4): 567-579

[11] Suzuki T, Ainai A, Hasegawa H. Functional and
structural characteristics of secretory IgA antibodies
elicited by mucosal vaccines against influenza virus[J].
Vaccine, 2017, 35(39): 5297-5302

[12]Tagliabue A, Nencioni L, Villa L, Keren DF, Lowell GH,
Boraschi  D.
antibacterial activity of intestinal lymphocytes with
secretory IgA[J]. Nature, 1983, 306(5939): 184-186

[13] Corthésy B. Multi-faceted functions of secretory IgA at

Antibody-dependent  cell-mediated

mucosal surfaces[J]. Frontiers in Immunology, 2013, 4:
185

[14] Bollinger RR, Everett ML, Palestrant D, Love SD, Lin
SS, Parker W. Human secretory immunoglobulin A may
contribute  to
Immunology, 2003, 109(4): 580-587

[15] Liu BH, Piao XH, Niu W, Zhang QY, Ma C, Wu T, Gu
QC, Cui TF, Li SD. Kuijieyuan decoction improved

biofilm formation in the gut[J].

intestinal barrier injury of ulcerative colitis by affecting
TLR4-dependent PI3K/AKT/NF-xB
inflammatory signaling and gut microbiota[J]. Frontiers
in Pharmacology, 2020, 11: 1036

[16] Panasevich MR, Wankhade UD, Chintapalli SV, Shankar

K, RS. Cecal versus fecal microbiota in ossabaw swine

oxidative and

and implications for obesity[J]. Physiological Genomics,
2018, 50(5): 355-368

[17] Wang CS, Li WB, Wang HY, Ma YM, Zhao XH, Yang
H, Qian JM, Li JN. VSL#3 can prevent ulcerative
colitis-associated carcinogenesis in mice[J]. World
Journal of Gastroenterology, 2018, 24(37): 4254-4262

[18] Shang P, Wei MB, Duan MQ, Yan FF, Chamba Y.
Healthy gut microbiome composition enhances disease
resistance and fat deposition in Tibetan pigs[J]. Frontiers
in Microbiology, 2022, 13: 965292

[19] Goodrich JK, Waters JL, Poole AC, Sutter JL, Koren O,
Blekhman R, Beaumont M, Van Treuren W, Knight R,
Bell JT, et al. Human genetics shape the gut
microbiome[J]. Cell, 2014, 159(4): 789-799

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



5276 (YIS Gk Microbiol. China

[22] Wang ZY, Bai Y, Pi Y, Gerrits WJJ, De Vries S, Shang
LJ, Tao SY, Zhang SY, Han DD, Zhu ZP, et al. Xylan

alleviates dietary fiber deprivation-induced dysbiosis by

[20] Bindelle J, Pieper R, Montoya CA, Van Kessel AG,
Leterme P. Nonstarch  polysaccharide-degrading

enzymes alter the microbial community and the
selectively promoting Bifidobacterium pseudocatenulatum
in pigs[J]. Microbiome, 2021, 9(1): 227

[23] Dengler F, Kraetzig A, Gibel G. Butyrate protects
porcine colon epithelium from hypoxia-induced damage
on a functional level[J]. Nutrients, 2021, 13(2): 305

[24] Maslowski KM, Vieira AT, Ng A, Kranich J, Sierro F,
Yu D, Schilter HC, Rolph MS, MacKay F, Artis D, et al.

fermentation patterns of barley cultivars and wheat
products in an in vitro model of the porcine
gastrointestinal tract[J]. FEMS Microbiology Ecology,
2011, 76(3): 553-563

[21] Kelly CJ, Zheng L, Campbell EL, Saeedi B, Scholz CC,
Bayless AJ, Wilson KE, Glover LE, Kominsky DIJ,

Magnuson A, et al Crosstalk  between

microbiota-derived short-chain fatty acids and intestinal
epithelial HIF augments tissue barrier function[J]. Cell
Host & Microbe, 2015, 17(5): 662-671

Regulation of inflammatory responses by gut microbiota
and chemoattractant receptor GPR43[J]. Nature, 2009,
461(7268): 1282-1286

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



