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WE: [ B ] B7EBEST HAR T BN 25 28 B A 1A T PR VS 7 78 (PEDV ) —f /R 35 S AR5 7 (PDCoV ) R R 28
T R RO R B 0 L (D72 10 42 d SPF it B B BRUAat it Aokt , LARERD H OB % FR 28 (NG
), o3 BITEREAL FOR TSI EM 55 25 B (EM 2D A R0 2F f0F B (Bac 2H) (FLRRAT IS (Lac 1) , 723055 1 F 14 d, 4
XTI B G PEDV—PDCoV e IR BEE , K 4347 7, 14, 21,28 d/NEUALI HH PEDV #1 PDCoV (i FRFIHTIA S
ML G PR F 7K SF-, 168 rRNA fRi 38 5 I 77 43 A7 i T8 R A 22 5%, A S b R I 0 L Bess A8k [ 45 58 ] (1) S5 4
REZH (NC 2H) AR EE , 4RI A 18] 25 A B/ BUIL TS A PEDV A PDCoV i R FIBT A K P34 A R FEREHE r , Hoh EM 21
/NI 3 o PEDV # PDCoV 1Y H AT A /K - 22 W] Bl 8 T I Ath 2H (P<0.01) 5 (2) IfiL ¥ %o 3% Rl F- 3R 3k 43 B &
P, EM 2H /)N B P TNF—a  IFN—vy  IL-1B . IL-5 . IL-6 . IL-10, CXCL1 ik i ) # B 3 5 T NC 20 (P<0.01) ;
() HIEIE SR R | £ A BRI 4 i 90 B K 1 35 K T NC 41 (P<0.05) ,EM A A EKE R EFK
T H A 3 2H (P<0.05) , NC 21 25 7 [ 53 TR 1 2 R Tl 4 (P<0.05) 5 (4) 40T 16S rRNA g i I 17 3 4 A 31
AN 28 A T /N U T8 AR T 4R 32 8T (OTU ) B e NC 41 S B8 g ka3, o EM 4159 OTU B0 F 34 7 5
5/ B IE 80% LA L 1) TR B & T IR BEAT | ] (Firmicutes ) FIHLLFT B ] (Bacteroidetes ) o 1] M 25 A= B 4H 14 d /)
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Influence of Different Probiotics on the Immunization and Gut
Microbiota of Mice Vaccinated with Porcine Epidemic Diarrhea
Virus and Porcine Deltacoronavirus Inactivated Vaccine

YAN Yang',ZHANG Yu',WU Qi',HAN Ruyi', LIU Linping',
GAO Shuxia', YE Yizhe', YE Yu'”,HUANG Dongyan'”,
DING Zhen'?, TANG Yuxin"*,SONG Deping"*

(1.College of Animal Science and Technology, Jiangxi Agricultural University, Nanchang 330045, China;
2.Jiangxi Provincial Key Laboratory for Animal Health , Nanchang 330045, China)

Abstract: [ Objective |In the present study , we aimed to evaluate the effect of probiotics on the immune ef-
fect of porcine epidemic diarrhea virus (PEDV ) and porcine deltacoronavirus (PDCoV ) duplex inactivated vac-
cine and the influence of host gut microbiota. [ Method | The 42 day old female specific pathogen free (SPF)
mice were used as experimental materials and randomly divided into 4 groups : negative control (NC) , EM, Bac
and Lac groups.Among them, NC group was fed with basic diet, EM group was fed with basic diet supplemented
with effective microorganism, Bac group was fed with basic diet supplemented with Bacillus subtilis, and Lac
group was fed with basic diet supplemented with Lactobacillus. All of the mice were immunized with PEDV and
PDCoV combined inactivated vaccine on the 1st and 14th days of the experiment.On the 7th, 14th, 21th and
28th days, the blood and feces of mice in each group was collected.The serum was used for the detection of im-
mune factors and neutralizing antibodies against PEDV and PDCoV , and the feces were used for comparing the
composition and diversity of intestinal microflora by 16S rRNA high—throughput sequencing.On the 28th day,
the mice were killed and the villi and crypts of intestinal epithelial cells were observed. [ Result] The results
showed that the titers of serum neutralization antibodies against PEDV and PDCoV in probiotic fed mice were
increased in varying degrees on the 28th day when compared with that in the NC group, and the antibody titers
against PEDV and PDCoV in EM—treated mice were higher than those in other groups.Analyses on the expres-
sion of serum cytokines showed that the expression level of tumor necrosis factor— o (TNF—a) , interferon vy
(IFN-v) ,interleukin 18 (IL-1B),IL-5,IL-6,IL-10 and C—X-C motif chemokine ligand 1(CXCLI1)were sig-
nificantly higher than those in NC group (P<0.01).For the intestinal morphology , the average lengths of ileal vil-
li in the three probiotics—treated groups were significantly longer than those in the NC group (P<0.05) , while
the ileal villi length of EM—treated mice were significantly longer than that in mice from the other three groups
(P<0.05).Furthermore , crypt depth of jejunum in NC mice was significantly deeper than those in mice from pro-
biotics—treated groups (P<0.05).Analyses on the 16S rRNA high—throughput sequencing of gut microbiome in-
dicated that the numbers of operational taxonomic unit (OTU) in mice treated with probiotics were increased
when compared with that in the NC mice.The average number of OTU in EM group was the highest. More than
80% of the gut microflora of all mice were belonged to phyla Firmicutes and Bacteroidetes.The compositions and
abundances of gut microflora of mice supplied with probiotics changed starting from the second week.At the end
of the experiment, the genera of Lactobacillus and Prevotella in the gut of EM group were significantly higher
than those in the other three groups, and the genera of Akkermansia in EM group and lac group were significant-
ly higher than those in the other two groups (P<0.05).[ Conclusion | The results indicated that supplementation
of probiotics had positive effect on the antibodies resulted from PEDV and PDCoV duplex inactivated vaccine,
promoted the levels of host immune cytokines and protected the morphology of intestinal epithelial cells, and
supplementation of probiotics can adjust the structure of intestinal microbial community and increase the abun-

dance of probiotics in intestinal bacteria.The results will provide basis for the clinical application of PEDV and
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PDCoV duplex inactivated vaccine and promote the antibody level in its target animals.
Keywords: probiotics; porcine epidemic diarrhea virus; porcine deltacoronavirus; immunization; gut

microbiota

(W17 2 S VG AT R VS s 2 ( porcine epidemic diarrhea virus, PEDV ) FIRE 5 SR 3 5: k95 35 (Porcine
deltacoronavirus , PDCoV ) J& ™ 1if T2 (49 2R MR VS B e SR, 304 T 65 PEDV % 1 i Jm PRI Aok
PR AR 252 I ) R 1 X LR AE R L el e B A AR AR ST R A PR A RS R B, A 2R T T LGS £
TH TARE A G922 7K, DT 3K B A1 928 v B4 K P BORICR™ . & A U 3 PEDV F PDCoV i B H 2L
R0 i 2B DR AR T I R o (TR k€ JPEDV Al PDCoV 44 )8 T & 205 H (Nido-
virales) &R 22 B (Coronaviridae ) , H:H PEDV N o ARG T /B (alpha coronavirus VG, PDCoV K 8 i
MRG58 (delta coronavirus) It o 2010 4F, =8 1 1Y PEDV A8 S8k 5 | A 14 8 75 92 17 Tk 7 4 [ 4545 T #
FERR A, B B MBI i e AR R AN RE S 40 , PED 2N =AM 5 KN, 20124F, [ & il o
R SRR P A R PDCoVY. 2014 4F, SEEIFERR % PED JEHEAE il -P AN I 53 5 it PDCoV , I
SEURZILY/n N Ao PA eI B e G 2y R |7 i i V= o L X N Tl | NI ST 2 e S ES N 165D
Y 2 [ A 4K i T8 PEDV Il PDCoV 51 B B IS 215", 7RI R L, PEDV F1 PDCoV £ R 3 Ji 4% 45 % [ B
R UGS |, LI AR AT A8 00 R A A die Ry 7 i, 2B AR AT A BB T 5N o AT o
R R, 8 5Bk PEDV 7EZ VS HE & v 1 G HH 38 1T 609% , PDCoV S 1 e 45 00T 30% , 32 48 ot Ho A g 5
FAOCHRE AUAR 0 T AT PEDV v BTl i L (H L PEDV Sy 32 205 Jat 5 | S (4 R 15 S AR SR ¢
SEAFAE , TR DR AT R 5 B R I PTAR KPR, SRR I TR A5G, PR, ] i v 2 B PR P
JEREAE R BB A A A AT PEDV I PDCoV I UL e . 5 2E T (Probiotics ) JE 48 X LIRS — Ml 2
P a5 AE T — 2R3 AT ROMFTE S N IR IS EAE T H AR S A K8 W IGE | A 58 E
BB JR™ PSR B, f AR T RO AR Tz, A kSO Y PR B A TR A £ 0 SR B
W HEBTAMRBUE Y AR, BARDLR I I, 32 s e SR Mt AR Bl id i A 57 AR 0y
FR AR B IR B (AN BE AR TR T R (N R AR ) KA MBI A K 4 R0 SR 7 LA, AT 38 35 BILAA S 782
TRE , JUH R 8 S e 4 AE TR VA T S 2 S A A AR L 0 A, 1 SR AR L A AN A B 4 i
AT 7, AT RS BORH S 20 Bt PR 7, i P 40 4 2% 2 (interleukin 2, 11L-2) (IL-10 8 PR3 K T o (tumor ne-
crosis factor—a, TNF—at) ; £5 A= 8 0] A2 FEH LA G e BREE 1 89 A8 B, A0 e 2 Bk 2 7 M (immunoglobulin M, IgM )
Mg BRE H A(immunoglobulin A, IgA)“(’JO

(AR RO | 4 A= TR s LA™ W 0T — 3 3 782 1 2 AT S ORI B2 e i 7K B
PR SR BVE Y™, Inatomi 55 & BRI ZEF AT B8 ( Bacillus subtilis) . T BRI ( Clostridium butyricum )
FZEWBKTE (Enterococcus faecalis ) 41 Y 5 G % A TR AT S 35 £ 15 3% PEDV 55 8 8 1 M 22 BEJE (1) 1gA Tl
IgG /K-, [ of -t P4 i3 e 7 A7 118 A TR 58 o Jin S0 28 W 3 A F A8 AR W FLIR A 1T (Lactobacillus) I
LML Yk E 1 R K 5 (transmissible gastroenteritis virus, TGEV ) £ i , KB AT i 2R = 1 PP TGEV
IgG 7K o Tsolauri 25! & B 7E 56 R 98 5 5 15 P AT 88 ZLAT B (Lactobacillus casei) 7 I 35 41 5 1 5 M
IgM F S A1) R 78 3 3 SCRERAE T 52 4 i A T ] MR DB W A48, 300 T 9 S 2 o BRI % 48 100985 v
IL-6 A TNF-a /Ko DL WF58 2 B 4 25 T AT i o 82 v A e (AR 7 i ERY SR E DBE . BT X241 PEDV
SEMETS I EEE W BUAACE AR ORI 7 55 09 [, B 5 A= TR — RV A 22 100 1 28T B [0k ke 1y G
(] R ] AW 5 LA SPF it B B B i A ), 400 L B B — 152 4 2 42 TR X PEDV FT PDCoV B B LA
i FRPER T KA IE IS 8 GERE R 2 B2 Ak, DU AG 65 28 TR0 i A sh Wt e g /e oy
fifi FeX§ PEDV F1 PDCoV —HR K {7 4 i 412 UM 20 ) 4 A B S A1 RV A

1 #M¥57E

1.1 iRIe A
1.1.1 X304 Jo4RE R JFAAK (specific pathogen free, SPF) 2% M F B R 32 H, 6~8 JE] % , A 5 & 18~
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22 g, FH M e 3 v 5k S8 sh WA RS IR L (5286 s W 2 7= VP nTHiE SRS : SCXK (1) 2021-0002)
.12 RKEZABEEY BEHAEW A EY (effective microorganism, EM) (2.0x10° cfu/mL) g 7T.
PO AR K 2 T o5 5 1 2 52 36 224l 48 AR 3L | 60 46 ZLIR 1 (Lactobacillus , 84.02% ) FUKT B (Bacteroides ,
1.89% )% 5 FF 28 N JE M Z R AN ™ Al F ZE A B (6.0x10° cfu/mL) FIFLER AT (2.0x10° cfu/mL) Hi 111
RERFEAY TR A BR A F S, 0B R AT RS W (PEDV) & 8 &R 5 (PDCoV) —
I I RE B (JXO1 BR+IGSO1 B ) B VL VG ARl R 2 T B 45 1 2 S 56 2 1fil 25 CK G 1T PEDV .PDCoV % i ¥4
KT 10" TCID, /mL) .
1.2 RIEiET

BB 32 R RS 4 41, B2 8 o 7RI 50 1 R AR 14 K& /N T 3280 PEDV-PDCoV
THRIIEEE T (JX01 BR+JGS01#£)0.2 mL. 3 ZH/NR A AR ISR 5 1 RIFUGHEE EM 25 4E 78 0.3 mL/ H (EM
20 ) AL FEZEAFF B (Bacillus subtilis)0.3 mL/ . (Bac 4H) FIFLERFT & ( Lactobacillus )0.3 mL/ 2 (Lac 24H ) , 25 PY
ZH A RIS A HRR A B2 (NC 4) o
1.3 MEmMBES5AZ
1.3.1 B8R ARI RS RN R, IR NRS I E SHiERA ., M43 ]
INRCREEZE W B 25 2~3 em A EBRERK T RBE LN EY)G B T 4% ZRP R E 48 h, S
B AR T AT U) i A CHE YL, S5 BRIBECE S0 7 A 4 B 4% B4 (villus height, VH) |
FUES IR IE (erypt depth, CD) BB K B /FRES IR EE (VH/CD) .
132 kR FEIREREE 1,7, 14,21, 28 K REFA/NRBYM T . 2 W8S 5l 1 /N B
1fL3% T PEDV A PDCoV H AIHTAA , {872 71528 PR 1 L2 19 Vero81 4t i JBE I 1k WX = FH DMEM iR
5] F AL 3x10°~5x10° A~ 21 L35 T 96 FL A M 3% 524, F57 20 B < 386 155 0.01 mol/L PBS (pH {H 7.2) ¥
V2K o FRRLINLYE 56 “C/K IR TG 30 min, £ HH 5 76 96 FLANMI S T2 AR I, FH & 10 pg/m L R ) G 1ML 1)
DMEM 41 fifd 55 77 WOR FR R 078 G S5 FURR B . AN 124 2 10128, AR B M 4 A A, 4941 50 pl;
FH 2 10 wg/mL JBE i B9 JC M7 DMEM 55 3% 10K 35 7 B S 200 TCID,,/0.1 mL, 4R J& hin A % it 7 # B¢ L
o, BRFL 50 L, 5% CO, 37 CIEE 1 hJE INA T U 96 FLARMIAR I , 1514 B BE H2F 4 £, 5L 0.1 mL;
37 CH% 5% CO, MY REFRAH W B 1 b, W 5 B2 Pl i, [R] B 388 A 10 37 25 M 0T R 25 X JEURIT I 5 40 i Xof B
H L2 I 10 5% 40 0 0% 22 (CPE) 1 I, 96~120 h J5 % Reed—Muench 32 13 9% 46 1ML 7 H A1 0 AR o
PDCoV H FIHLAAZ il 52 J7 e [5] PEDV , ELI 52 FH 40 it & LLC-PK 1 40 fits
1.3.3 o if gz B Rl 2 SRR S A R Luminex LabEx 2 K F 45l R 48 LX-MultiDTM-
10(Bio—Rad 22 &) K1l EM F1 NC 2H /)N UM 5 TNF-a .y T3 Z (interferon v, IFN-v) | 14 % 1B (inter-
leukin 1B, 1L-1B) .IL-2 . IL-4 . IL-5 . 1L-6 . IL-10 . IL-12p70 . # 1k A T B A& 1 (C=X~C motif chemokine
ligand 1,CXCL1) 7K, B i AR £ SEA T 4 A= B AR A BR A 7l 58 i
134 Jpid WAL HEE 5 (DRSS IR 1, 14,28 RRESL/NRIERE S, 45
JUNBUREE 3~4 Fi28H, BT 1.5 mL EPE 1, -20 CAAAF™,

(2) By . RAE/DN IR 28 d 3 A5, FIFH QIAamp Stool DNA Extraction Kit(Cat#51504, QIA-
GEN)HUDNA , HUNA ARAF BHAA PR 7% Nlumina MiSeq R GEHE 71424 168 rRNA V4 X

) AEYFEE 25301 H Hlumina Miseq 715 8 5 4GB0 56 2800 T w2k 58 P T i 2397 : Cutadapt
At T £ BR reads H (1 adapter J3 81 45 BY reads 7K ¥ [T & /N T Q20 AOBEIE . fi FH FLASH i $2 Miseq
Pair—end P ¥%i Reads , IR E barcode {5 B UE 7088 , IR W55 | 0 1 barcode , 253/ 75 barcode FIH it
S A, 1580 A BOFFIR F QUIME 2.0 AT i AR A 7404 , BT RE S IR AR A2 vk
14 S ESR

K HI SPSS 25.0 # A X B E S T Ge 24 43 A L /INERUMLY TG B i % B < P8 Ao o U B 5 >R P o
P& 5 22357 (ANOVA) , P<0.05 3675 22 5 1L 3%, P<0.01 /R 25 5/ W% . % JH Mann—Whitney U A5 %F
i T8 TR AFE o 22 W1 5 R 8 i 3 B A P 22 5 W B PEEA T 0T o SR Graphpad 5.0 3P HEA TH LA K - 4L
PER
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2 HERSSM

21 AE#mERMNBERSERSTERREKENZ D

FEIRR 28 d P, TCiR & X 2 (NC 2H) i 2 1) M 25 A= TRT4H (Lac . EM Al Bac ) /N R o PEDV A1 PD-
CoV H I K- 2 5 ETHia$ 28 —RGE (14 ) Ja B T ST BT 45 5 (R L RnE 2) . S X
FEZH (NC) AR, 3006245 A A4 M 25 A T /0N BRUML S T PEDV AT PDCoV R I A /K S5 AN [R) R 4 iy, e
EM 41/ FRUALTE H PEDV F1 PDCoV H AT K -2 B i v F A 4

50 80

—&— Vuc —— Nc
-=+O- Lac
—v- IM

60 —A - Bac %
-~
-
Ve

PEDV IgG
PDCoV IgG

Bf[a)/d Day Bf[a)/d Day
B ASIE] G5 A2 O /NEL PEDV SR 7K S 1 520 B2 Al A BN B PDCoV LA /K-y 52
Fig.1  Effect of different probiotics on antibody Fig.2 Effect of different probiotics on antibody
titers against PEDV in mice titers against PDCoV in mice

2.2 A E XTI E 40 A B TR B
X PEDV 1 PDCoV H A4 7K - 17 205 58 5 B i 1) EMS 28 5 % BEZH /) BRI 5655 28 TR I IfiL 7 v 928
AH & 40 i IR 1 2KOSF- 20 M 2 B, EM 4 Y TNF-a JJFN—y \IL-18 . IL-5 .IL-6 . IL-10 . CXCL1 -4 & 43 51 Ky
(19.58+0.99), (3.21+0.12) , (1.93+0.11) , (5.60+0.46) , (0.12+0.03) , (2.55+0.29) , (37.87+1.93) pg/mL, ¥
W2 52 v T BEZE R O DR 9 B 5 10 TL—4 T~ 12p70 A EE 43 514 (0.15£0.03) , (2.1920.24) pg/mL, 14
e 21 T ) B 2L I R v B 5 TL—2 WU AE EM 4R BB A TE 25 5 (32 1),
#£1 EM#4E3/NRIEHRES FHEM

Tab.1 Effect of EM probiotics on serum immune cytokines in mice

HF 2 Fx K FHeE/(pg-mL™") Concentration Bipfee s

Cytokines EM NC Statistical analysis
a [l IR F TNF-a 19.58+0.99 0.56+0.13 0.000™
vy THEE TFN-y 3.2120.12 2.77+0.25 0.004™
HAZE 1B IL-1B 1.930.11 1.31+0.21 0.000""
HANE2 IL-2 0.93+0.08 0.93+0.20 0.994
HNER4 114 0.15+0.03 0.57+0.28 0.005™
&S 1L-5 5.60+0.46 2.67+0.56 0.000™
A& 6 1L-6 0.12+0.03 0.03+0.05 0.006"
HA# 6 1L-10 2.55+0.29 1.11+0.27 0.000™"
WA Z 12 1L-12p70 2.19+0.24 22.25+4.31 0.000™
B TR T CXCLL 37.87+1.93 21.13+3.70 0.000™

TNF-c: o JIRE IR SEE F IFN=y:y TR R  IL-1B: AR 18, IL-2: (AN 2, IL-4: AN K 4,1L-5: A K 5,1L-6:
MK 6,IL-10: HA-FK 10,1L-12p70: T PE A28 12, CXCLI LR FEAR 1, #RR8 22 53 5% /K- i B, # KR 22 57 1% K
- s e RN 2557 0.19% KT 3

TNF-a: tumor necrosis factor o, IFN=vy:interferon—y, IL-1B : interleukin—18, IL-2: interleukin-2, IL-4 : interleukin—4, IL.—
5:interleukin—5, [L-6: interleukin—6, IL-10: interleukin—10, IL-12p70: interleukin—12p70, CXCL1 : Chemokine (C—X—C motif)
Ligand 1,SD:standard diviation, * significance at 0.05 level, ** significance at 0.01 level, *** significance at 0.001 level.
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23 ARHF4ABEX/DMNRFERSHEIE

Xt 23 g AR By AL 2000 7 UL ER  BAs  L AIE S (B R E MRS IREAE 25 (KE3).
EM 4 %5 I 98 6 K 35 R F Hofth 341, 5050 41 [ i 90 & K8 3 8 35 K F NC 41 (P<0.05) (£2) .
R ss TR B 5 TED, NC 2H 25 i B s TR B I 35 K TR 41, 10 NC 2 8] i B s VR 1 35 /T Lac 1l Bac 4
(P<0.05) .

3 [ ik BN B T AT T 25

Fig.3  Morphology of jejunum and ileum in mice under different treatments

x2 AELEINNBRBAE.ESRENZN
Tab.2 Effect of different treatments on intestinal villus height(VH)and crypt depth(CD)in mice

o B e 240 4151 Group
Intestine Parameter NC Lac EM Bac

7] HERKE/um 190.49+24.24¢ 130.23+21.15" 235.63+34.73" 140.13+49.57°

Jejunum W 55 VR B /m 73.00+12.63" 59.87+9.07° 42.67+10.61" 39.52+7.48"
VH/CD 2.60 2.17 5.52 3.54

Q)7 HERKE/um 103.0721.70° 132.53+30.97" 137.26+37.37" 164.03+32.35"

lleum st R pum 50.16+11.49" 67.24+11.73 50.72+12.98" 73.92+8.125°
VH/CD i 2.59 1.97 2.70 222

/NG FRERIR 22 A .35 (P>0.05) , AN RIVING PR3 /R 22 7 8 3 (P<0.05) o

The same letters indicate no significance (P>0.05) , different small letters indicate significance at 5% level (P<0.05).
24 AEIEEEX/NRFIE R EEENZID
2.4.1 165 tRNA &id 20l 5448 AR 36 G RFEASL A2 T 3 576 606 5% pair—end Y i IR K
(raw read) ¥4I, H] QUIME 2.0 854 x5 B A 7 B kB A i & R B8 53R4T 3 326 988 A7 ki<
(clean read) , ¥R MHEA 92 416 %% . M T AT AR K 5 Greengenes 3045 FEHEAT LLXT , M4 T 51 97% 4
RIPESEAT OTU R 43, 2o &l 504 3 743 AR E OTUS (2 3) o Fifi 25 1000 B [l 348 o, % o 25 4= v /D BB 3
PRE OTU £t B i 3 bk NC 21/ BRI B OTU £ inka 34 o B IR, EM 4119 OTU B F 35 i o
G TTHAIT (0 d) 2 40/ U T T RE OTU %kt & alpha #8800JC .35 25 5514 d I, EM & 2H Observed species
TEECS NC AR AP 183 22 57 (P<0.05) , R B 25 /N BN THE MR EM T BE A% 02 Ho 18 N B A A 28
5 EMZAH L Lac 2 . Bac 2 Observed species F8 50 7E i 35 22 5, SR W45 /N RN T DR [m] B A0 H: g 1 TN
BRI AR AR . 28 dB, EM 2H Observed species #8805 NC 44 M HEAFAE i 3 22 55 (P<0.05) , R 45
NN THE R EM T RE 8 2508 HU 18 TN T 2R 5
242 TIRFEBS A SRS AFSA B ITARI (0 d) 2 2H /N BURHE2H T 2 22 57, 1) W 45 7
TR 00 B D) R A% 2 2F R 2H =2 (D A 0 55 14 R I TR A 0 A A0 BE AP AR 22 570 & /N RO 6 T i
2255 28 K45 AN i 3 TR 5 B S AR Al R, b A e /) B R R SR B D A
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5 44 %

JRE S T Y O TR B T 1) 0 R EE R IS I R A S i A LD B B R TR T Y B T L T

B 4) .
&3 16S rRNA SEENF/MNRIZEREE OTU K Alpha SRS
Tab.3 OTU numbers and alpha diversity indexes of mice intestinal microbiota
sequenced by 16S rRNA highthroughput sequencing
KEud A5 OTUXuE  ACESE%t  FidER Fades Chaol 51 Yy rh g

Day Group  OTU number ACE Shannon Simpson Chaol Observed species
0 EM 1 145+139 1.00+0.00 5.29+0.93" 0.88+0.05 1 348.28+159.08 1343.07+176.31
Bac 988+123 1.00+0.00 4.75+0.62 0.86+0.03 1243.83+173.23 1224.11+£202.42

Lac 1 091+59 1.00+0.00 4.15+0.43" 0.88+0.05 1 348.28+159.08 1343.07+£176.31
NC 935+336 1.00+0.00 4.50+0.48" 0.84+0.00 1 214.34+426.55 1 223.07+446.25
14 EM 1 5554460 1.00+0.00 6.65+0.73 0.97+0.01 1 846.35+467.14" 1 834.09+424.15
Bac 1212+139 1.00+0.00 6.75+0.58 0.97+0.02 1 465.80+150.06" 1487.67+139.65

Lac 1203+111 1.00+0.00 6.16+0.30 0.96+0.01 1 394.52+120.50" 1391.56+94.98
NC 1 110£350 1.00+0.00 6.06+0.83 0.95+0.02 1.507.99+343.29" 1483.33+335.46
28 EM 1 603+217 1.00+0.00 6.16+0.38 0.94+0.01 1 693.30+217.56" 1 693.80+200.60
Bac 1 429+360 1.00+0.00 5.82+0.55 0.93+0.02 1 493.04+277.56" 1 496.54+274.65
Lac 1560+152 1.00+0.00 6.20+0.57 0.95+0.02 1 877.00+139.37" 1 890.40+120.59
NC 1260+160 1.00+0.00 5.63+0.52 0.91+0.04 1525.14£169.13" 1 508.72+142.33

AHF R RN 252 AN B35 (P>0.05) , RRIVING F1EF0R 25 5 8 2 (P<0.05) o

The same letters indicate no significance (P>0.05) , different small letters indicate significance at 5% level (<0.05).

A6 A [+] i B 2 18] g 3 TR A 0 B & B, 485 14 R/ B 38 TR J3 > 19 R B R 32 8 JRR BE TR )
(Firmicutes) fHUFF ] (Bacteroidetes ) iUZEAT B 1] (Actinobacteria) A8 i ] (Proteobacteria ) , Fo /1 80%
DL TR BE AT TR REFT B T TAAUAT A 1] (38 4) 0 Bac 25 EM 4 AL EM 415 Lac 41 2 0] JERER ] 3=
JE LA 125 22 53 (P<0.05) s Bac 20 5 HA 3 41, Lac 5 0f BEZEAEAUFT 1T 1] = B2 HAT 1 35 22 5 (P<0.05) o i
B ZE RN, 45 20 R R N JRERE R ] AP IR ] IR TRV IE BT T o EM AR AT 1T AR F 3%
Tt SFT IR T I AR B 2 TR (3R 5) . XTHRZH 5 Bac ZHFNEM 41, EM 405 Lac ZHAE i R 11 B A
B2 EMA SR RATE AR FERA B ER, Bac 4l 5 EM AL R 2 B A % 2%
ST S 3R IS H A PERF T T (Verrucomicrobia) 32 8 LA 35 25 7 (P<0.05) .
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4 AR AR RO /N SR T8 11K B 2 BE A2 IR

Comparison of microbiota abundances at phylum level during the experiment
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x4 ARBEENNRBETKETHAZEHFEERNZNT

Tab.4 Distribution of dominant microflora at phylum level at 14 d

ISP Xof B2 IREGL Test group

Bacteria NC EM Bac Lac
JERER T Firmicutes 40.37+4.56" 32.34+7.09" 59.55+1.87" 53.33+10.86"
PIFFETT Bacteroidetes 55.69+5.53° 50.16+6.78" 23.60+2.67° 38.76+8.91"
W #T Actinobacteria 0.32+0.12 5.07+5.10 5.15+0.48 1.54+0.86
TR HT] Actinobacteria 0.04+0.03 0.12+0.14 0.13+0.04 0.10+0.04
W5 ] Cyanobacteria 0.26+0.17 0.55+0.30 0.38+0.07 0.53+0.25
BRERFTHE ] Deferribacteres 3.17+0.87 10.80+7.50 8.17+3.13 3.69+0.93
AFJE R ] Proteobacteria 0.000.00 0.74+0.40 2.63+1.90 1.77+1.94
T™M7 0.0120.00° 0.08+0.05" 0.26+0.19" 0.16+0.06"
JKEER] Tenericutes 0.000.00 0.000.00 0.09+0.08 0.1120.10
PEMM# 1T Verrucomicrobia 40.37+4.56" 32.34%7.09" 59.55+1.87" 53.33+10.86"
BT Actinobacteria 55.69+5.53 50.16+6.78" 23.60£2.67" 38.76+8.91"

A T BRI 22 53 A8 35 (P>0.05) , AR/ NG P RE R IR 22 57 .35 (P<0.05)

The same letters indicate no significance (P>0.05) , different small letters indicate significance at 5% level (P<0.05).

x5 TRAZEFX28 d/NRFERFHI TKETHABEHEENZIN

Tab.5 Distribution of dominant microflora at phylum level at 28 d

TR 44 B X B REGZH Test group

Bacteria NC EM Bac Lac
JERER T Firmicutes 24.52+3.29 37.30+5.39 34.97+6.16 39.37+9.89
PIFFET] Bacteroidetes 47.28+6.62° 16.61+8.91° 32.8247.14° 32.86+5.87°
TRRHIT] Actinobacteria 3.72+0.73" 33.04+9.82" 24.35+5.10b° 16.08+6.07*
WE#E] Cyanobacteria 0.39+0.31 0.02+0.01 3.26+4.11 0.19+0.25
JRERFFEET] Deferribacteres 0.37+0.10° 1.14+1.53" 0.07+0.07* 0.64+0.87"
AFF1H 1] Proteobacteria 6.57+1.27" 11.41+5.00° 3.18+0.78" 10.06+3.53"
T™M7 0.04+0.02 0.33+0.29 0.22+0.09 0.65+0.61
TKEETE ] Tenericutes 0.12+0.05 0.10+0.11 0.03+0.01 0.14+0.03
PEI R 1] Verrucomicrobia 16.95+8.64° 0.00+0.00" 1.04£1.27" 0.01+0.01"
fUFFIE T Bacteroidetes 24.52+3.29 37.30+5.39 34.97+6.16 39.37+9.89
L] Actinobacteria 47.28+6.62° 16.61+8.91" 32.82+7.14° 32.86+5.87"
BT Cyanobacteria 3.72+0.73" 33.04£9.82" 24.35£5.10b° 16.08+6.07*
JEERFTE ] Deferribacteres 0.39+0.31 0.02+0.01 3.26+4.11 0.19+0.25

A FEERIR 22 53 A8 .35 (P>0.05) , AR/ NG FRE R IR 22 57 1.3 (P<0.05)

The same letters indicate no significance (P>0.05) , different small letters indicate significance at 5% level (P<0.05).
243 RBAKFEBS A HRB AR SN TEIEAKCE B LU T 5 A2 AL/ B IE B3R 1R R (Bacteroi-
des) FUETLEE (Verrucomicrobia) 3 FE . Z KT NC 41l . EM 41/ 8 LR F & (Actinobacteria ) T8 T
1 J& (Proteobacteria) 4= J& v T Ho AW 20 , 18] M 25 A= T 2H 19 52 BE T & (Firmicuteria) ~F & ¥ & T % IR
H(E6).

R4 28 d B, EM 4H/N U8 N FLER F & (Lactobacillus ) N 55 7K B 7 & (Prevotella ) 4 7 BY -F & 5.3
= T HAD 3 4H , EM ZH 1 Lac ZH 1Y Akkermansia J& 18 = . 25 5 T HAW P4 (P<0.05) (£7) . NC LAY Bacte-
roides J& Y5 =F B 25 5 T EM 201 Lac 2, NC 21 1) Corynebacterium Jg& 78 7 & . % I T Bac 41 Fl EM 41, Bac
ZH 1 Lac 4119 Staphylococeus J& B i 3 = T EM LRI NC 41 .
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F6 ARAZERMN U ANRFERHBKFETHNRBEHEENZI

Tab.6 Distribution of dominant microflora at genus level at 14 d

Y 2 PR oy RIS Test group

Bacteria NC EM Bac Lac
JEBETH R Firmicuteria 24.52+3.29 37.30+5.39 34.97+6.16 39.37+9.89
TR R/ Actinobacteria 3.72+0.73" 33.04+9.82" 24.35+5.10b" 16.08+6.07*
UFFEJE Bacteroidetes 47.28+6.62 16.61+8.91 32.82+7.14" 32.86+5.87"
WEHETE Cyanobacteria 0.39+0.31 0.02+0.01 3.26+4.11 0.19+0.25
WREAFTFE Deferribacteres 0.37+0.10" 1.14+1.53" 0.07+0.07" 0.64+0.87"
AL # B Proteobacteria 6.57+1.27" 11.41+5.00" 3.18+0.78" 10.06+3.53"
T™7 0.04+0.02 0.33+0.29 0.22+0.09 0.65+0.61
WRKEEW Tenericutes 0.12+0.05 0.100.11 0.030.01 0.1420.03
P Verrucomicrobia 16.95+8.64° 0.00+0.00" 1.04+1.27" 0.01+0.01"

AR TR 227 AR (P>0.05) , ANFING TR IR 25 57 3% (P<0.05)

The same letters indicate no significance (P>0.05) , different small letters indicate significance at 5% level (P<0.05).
x7 AEIEEI28 d/NRFERBKETHABEFFENZIT

Tab.7 Distribution of dominant microflora at genus level at 28 d

A 44 FR X HE 2] 1452 Test group

Bacteria NC EM 4] Bac 4 Lac 4
FLEAH Lactobacillus 11.65+6.453 19.18+16.36 8.073+5.623 14.95+12.77
PUFFIJE  Bacteroides 12.17+5.187" 12.76+5.573* 4.132+1.640" 9.131+3.352*
FERFF# 8 Corynebacterium 0.004+0.002" 0.002+0.002" 2.700+5.021° 0.005+0.001"
HRIKIKHE Prevotella 2.688+1.217" 7.606+1.790° 2.573+3.493" 2.696+2.498"
WA R )E  Staphylococcus 0.068+0.078" 0.067+0.011" 4.691+2.915" 0.319+0.275"
BENERJR Oscillospira 1.157+1.726 2.882+2.055 5.493+4.597 5.619+3.398
S HERB B Ruminococcus 15.69+5.931° 1.725+2.127" 2.469+1.794" 4.479+2.068"
BIFTTE)E Parabacteroides 8.511+6.731° 3.464+0.656" 1.050+0.330" 1.703+0.511"
HA T TIEFF IR )& Helicobacter 0.489+0.260 7.097+9.548 2.552+1.925 1.691+1.730
Akkermansia 0.000+0.000 0.112+0.124 0.090+0.102 0.112+0.124
Flexispira 0.003+0.002" 0.009+0.007" 0.420+0.228" 0.033+0.028"

MR TR 22T AL E (P>0.05) , AFING TR IR 22 57 3% (P<0.05)

The same letters indicate no significance (P>0.05) , different small letters indicate significance at 5% level (P<0.05).

3 FitEitig

PEDV H1 PDCoV & 4 Hii 5 BUHT A A48 VS AAE T 1) 20 I, H AT T HiBi PEDV 1 £ Z2F- B hyi%
B AEUI R % B B DU A ACEAR B S8R A R o g B R — A ISR (RIS N7, W]
T AR T I TR 1 B T A A, T AR B e IR RIA S R SR R E R S ek
IR, o m T AVE R s B i6 = S i) vz A, SRR £ A R PEDV FIPDCoV 22 1 /R L A
TR HXE T A2 G 2 A TR (EMD) FHEAF 5 A= TR Ol RE 2R FLFT 2 RN FL R AT ) X PEDV Fl PDCoV 3R G S 1 1Y
USSR o 5 5R R, G802 A6 BRI rh P s 22 LK T, 526 4 A TROWHIT AR KT g 4
FHRCRE T 2R s AR B . AR R, 35 11 5 R I e e B, 3l i s oy =R T e R o 7
HERE SN LA K Bt P A R FIAAC TR B e ™ F A, A3 rh T 4 26 T T e AR 1 E R e KM
PERNZ0ME AT S , TG A59E 357228 TSR AU4T PEDV A PDCoV SN , AL RE T 5 B BT A A 1

L & B2 i ARe S 2 A R DA R 1T 1 R 51 R B2 SR, R S 2 A W 4 1 0 N A LR £ 0 1, v
XU AT TRT R 6% 1 5 Tg A 114 20, A2 A /DN i BT %) b 8 40 6 1% e B B8 B8, 03006 10 SR 7% 40 At L 5
WAL, 2B B TL—~1  IL~6 \IL~12  TNF—a A TFN 55 40 i 55~ , S0 kG IS 0002 ZR 40, 10 AILAAR Ay fe 2 vy 2%
M G SE AR G RE S AR L WS T EM 25 4 B A/ BRUMLYE H TNF-o JFN=v IL-18 1L-5 . 1L-
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6. 1L-10 KC ¥ B 4% 5 25 2 TR NIl o e MERE Y59 SRR 32242 28 1 b Bz 4L, v] 5 RS o i 4 s v
2 W A 553 R, o A TR AT LA BB T b B AR, AT 7 17 2 285 B 9% T A A, B i — T R B
FHAS M7 A 0 S AR ALY TL-6 TNF—ou N BE 3R 558 T4 SO 646 05 , H B IHE R ML AL T 5 1
PBOIRAS WP R BT, AR b IR S i A LR 53 004 () A A B AR e Il b 25 AR TRUE A T
W 25 2B TR 5 R g R0 22 TR e B A DG R, T AR 0 45 S 5 A= B0 ol FH o] i BmL Ak S e
RGE, BT RPBER ST, T e FEPTAK 1 52 T AHHBAR S HLR A 5 20— 2D Y . R b
ST, g A5 TR SR MLAAR G 28 1) 3 A28 T2 B S 0 i 0 90 20 400 o 2 i, 34 56 K 28 400 R RN RR N B 41 B 9 3
1, T PEATLAAR G e 2R 2R 1 A9 A, A T A Tg AP 303 25 A= 1% o i 7] 2 0 UF B LA 5 R IR e iA
P EAERT o Kaila 55T 5L B AT Tl A4 T35 T i 5500 60 35 il 00T 28 e R 7 R T8 B9V T, 45 SRR BT i ol
FBE RS B2 TH A TR 75 17 S M Tg A UM 225, I KIS BRI BE o ASBIFIE & BRES I #5274 14 d 5 B — 3K
524 2 A TR ATOR R B2 b 42 TH PEDV AT PDCoV —IRE I I B KT, 5 Inatomi™ Fl Jin Z>#E PEDV |
TGEV £ ERYBFF G AL, PRI, T80 4 A= BRSNS B 2 17 1 PN 4 A= TR 1 AL [) R, P 3 i AL
(8 B 28 S, DA TR SR T HTAA AT

TR0 38 ok LS 25 2H /N BRI 25 I A R i R i 2 B B B TR BB KRR s R EE (R B, EM
W2 HOR B B E K T HAD 34 NC Az I 9B B RBR s TR 5 At 3 ZH 3 35 25 5 s Bac 411
B A B 0 K T AL 3 2H s NC 2H [ 806 K B2 5 HoAh 3 ZH 24 1 25 25 57 s NC 4L A EM ZH B s TR 5
Lac 20 5 Bac I .5 22 5 o 4 SRR W] 1l FH 4 A2 TR n] DA E I a8 b B 40 i g e, 3 T R 5 4 A TR
AT LA HE 55 R I A , 2% i 1 T 200 ML 1, 4455 1 T R S 254 58 2 ) R A 6

P BEPENE S 23 S BUGE RS 8 N PR ZE L 1 AR T8 R 5 B D B L 45 ) 1 AUk
YL R e ST . AS T BAR HL 80 AT St PEDV B35 4% 38 B RERY A8 4k , & PR YL PEDV ),
Jr 38 PN B AR AR 2R/, 5 A S BB (AN LR AT B OBUEE AT B 45 ) 2 B R R RAAIK , T S50a 1 v 2 2 3% I
Tt , =S IEWER R ( Clostridium perfringens) %™, ARE B & 5 AW R A4S AR E M L E & 25
Az T R 2 A e BB ] 2 B, SRR BT R B s 5 2 AT LU 25 AE T 2H Chaol $8 5008 3 AR 45
RO 22 5, R W] 25 28 TR 52 6 W ) 390 AT BT Sl AR a0 g 10 TR IR R AR R/ UV S TR 2 R R A . R
BRAERHT T S A A TR X BT AR R PR R A/ U T TR I 3N 0, R B s A AR TR AR
Chaol 7544  ACE #5 80U 3% AR A8 8O0 W] W 25 57, S 0 4 A= T 20 208 R 100 = 5 AR AR 205 B SRS 2 A
U . 1, e W1 25 AR B TR R0 T 7E — 8 RRE DA T8 R O A A AN B S R AR AT . i
VS0 g5 A2 /N B T TR OTU 250 L NC 2 238 i iy a3  EM ZH 1 OTU i V34 e i o iR BR AT T A /s
U IE 80% L b B BIRE 3 A7 TR RERE G T VRIS R 1), DAERS 14 KT 4 i) MR i A T 20 /)N B0 18 TR 2H ik
A FEIAAAE U . IS5 I, EM 2/ B 38 N ZLIR RS 5 IR G 8 1 0 3 s T HA 3 41, EM
ZH Fl Lac 20 1) Akkermansia 17 )& .35 = T AL . ZLIR R & — 2SR oK A6 & 9 7 A= LR ) o =2 [P
PR, REECHIRETR . VR NSRS 738 5 e FLER T T ARG s i 18 b Bz 4 0% B B T e
VSRR AN TgA B 73008 , DTSR 38 14 i i 5 TR Ao e FIARAT M e B A8 5 AR R IR 3
AEiE B 2 R HEAT TR, 45 50 2R R A, RZH0EH T D IERIGIE 228 F 2 LW h &
TR ANGEFATR S /b i 5 T IR S MR AN FLIR™ b , 3535 IR T U2 il N i 4842 3 B1(Vitamin B1,
VBL) G 8IA , IM VB LR =R IRE R 1t FE v il i i B R -, AT AW 4 B A B A g o i £l KRS , AT
FIF B AN /A=A 3 A, SR PR = A, Akkermansia B )@ & — 28R4, TGz sh iY@ THERLBE T T/
== QAR 38 AR T2 B2 Akkermansia W] BEZR W REMRZ B0, T B0 8 B B D e s . 1% & B T
BN g 2 T d5 Ry S BH 2i A T D 2 — TR A R 2L (AT e R T IR D AT ) i 1 AR A | Sy A
ZRARAT PR A5 5 T EA BRI AT 5 BT A0 45 R i) M 25 A TS DA B 3R AL R - Y
I, HENX LE TR AT B82S T I e R S A R S R T A A TR B AR
SN 2 DA AT 38 L VR Y G DR e A ) R T SR E R G TG SR TR UK T

HAR AN EM 25 4= B AT 2 #F PEDV . PDCoV Mk I P2 P HoAA 7 26 Ko b RIAE O S IR 1, D 4 i i
b R AR A VA 18 M R R A RS N ELER IR (Lactobacillus ) T35 75 1K [GTA (Prevotella ) 55
At W I FE . WA A N4 S PEDV (PDCoV % 1 S RO FNA 15 18 £ 7 8 i AE P 4 il g0 4K i
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