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1 OE: [F7]) BeRkE 4 A (Streptococcus suis serotype 4, SSHHr B R B HHA G, MHRA LI
ETAZAERTELE, BMHAAKEY SS4 A G, [B 6] HREKHE. R, BfEH
KA SS4EGEA. [HEY L 7T# SS4 5 BH(KRTH Al-AT) A LKA, BiLERENE
A AR F 4B F(LDso), ELISA ME %95 s R+ 1gG M, AR X &ﬁ&ﬁ‘\’b’$, vin
REDRIEBNRRLARF T, BEEERERZTKAK, 95 5F 10, 20, 30 KEARLAT
HomEA R ERE. [4R]) ALl-A7 Bkt R84 LDso 2% A4 2.19x10%. 1.76x10%. 1.83x10%.
1.01x10%. 4.05x10%. 1.19x10%#= 9.03x10" CFU. —% 7 d/&, Al. A2. A3. A4. A6. AT %4l
IgG M %1 A 1:1 600. 1:1 600. 1:3 200. 1:6 400. 1:3 200 F= 1:6 400, %IEFRI E 5 5] A
30%. 30%. 50%. 70%. 60%F= 80%, . E A4. A7 £yE4 ) RLAL R LA 4 HEEM, KIL
#ZE 30KE, A4 FARE) LDsy EF £ 3.81x10° CFU, IgG &AM THEZE 1:1 600, £EEZPETHERZE
40%, M1 A7 EHRH LDsy LFE 2.49x10° CFU, IgG 2 M-Fe o Btk 3pr FAEZARIE A 1:6 400 #=
80%, M H A7 %JER /N RS TR A4 faiaik. [44£] A7 (R4 %5 % HBgul8-4)
BA R R N o RAFOFR M, W LA MR —. 82, THEA SS4 41515 F k.

KRR ek 4R, AY ARK, BRRk; RN BR2K

BEWB: [HEEJGTHELTH(2014GAT710002); ZRUE A ARHEEES(1508085MC44); L3808 H b5 5T & itk
i _F X5 H (201904206020013) 5 ZRUE K = MEKGRHEEOCITH (1101¢0603065) 5 2258 A58 7l A R 2
G (WEAFH2016] 84 5)
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Screening of strains for inactivated vaccine against
Streptococcus suis serotype 4
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Abstract: [Background] The increasing isolation rate of Streptococcus suis serotype 4 (SS4) causes
serious harm to animal farming and public health, and there has been no effective vaccine for SS4 so
far. [Objective] The purpose of this research was to screen out SS4 vaccine strains with strong
pathogenicity and desirable antigenicity and genetic stability. [Methods] Seven SS4 isolates (code
A1-AT7) were selected as the tested strains. They were determined for the half lethal dose (LDs), the
IgG titer in serum of immunized mice and the immune protection rate by Reed-Muench method,
enzyme-linked immunosorbent assay (ELISA) and challenge assay, respectively. Meanwhile, the
histopathological changes of the mice organs were observed, and after continuous subculture, the 10th,
20th, 30th generations of the tested strains were subjected to pathogenicity and antigenicity tests.
[Results] The LDs, of A1-A7 for the mice were 2.19x10% 1.76x10%, 1.83x10%, 1.01x10°%, 4.05x10°",
1.19x10%, and 9.03x10” CFU, respectively. After 7 days of secondary immunization, the IgG titers of
Al, A2, A3, A4, A6, and A7 immune group were 1:1 600, 1:1 600, 1:3 200, 1:6 400, 1:3 200 and
1:6 400, respectively, and the immune protection rates were 30%, 30%, 50%, 70%, 60% and 80%,
respectively, with the pathological changes of A4 and A7 immune groups being milder than the other
immune groups. After in vitro passing to the 30th generation, the LDsy of A4 increased to 3.81x10° CFU,
and the IgG titer and the immune protection rate decreased to 1:1 600 and 40%. By comparison the LDs
of A7 elevated to 2.49x10® CFU, and the IgG titer and the immune protection rate remained stable at
1:6 400 and 80%. Additionally, the pathological changes of A7 were milder compared with those of A4.
[Conclusion] A7 (original number HBgul8-4) had strong pathogenicity and good antigenicity, with
uniform and stable genetic traits. It could be used as a candidate strain for SS4 vaccine.

Keywords: Streptococcus suis serotype 4; vaccine strains; pathogenicity; antigenicity; stability

Y& 5K T (Streptococcus suis, SS)IE=—FiHE
FUEMUMAE . 5K . iR A FC A AR A9 N
BRI . RS PR 28, SS
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iR A &Y SS4 i fil. 1988 4 Arends
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SS4; 2009-2012 4F Kerdsin 20 7R % H 40 5
B — k5 R A IMAER) SS4. AT 0L, il SS4
YL XE FRFH Ml K S AN N e T A e A Yy B

—H LK, SRR O B IR
BERRTAM 0 e F 2T Be o H AT E N RS 2

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



4226 (YIS Gk

Microbiol. China

SCHY SS B R AR R R BLE X SS2 Ml SS7, ik
Xt SS4 PR AR ERCT, i, At
LA 7 KRG PRA> 25 1Y SS4 BRiEkE A Hikk, i
REEORTE . BRI E PRI LR A TR E PR RE AL
RARER R, LUYIA SS4 4 i iF il SRt A
fiti#s, A RS B BR PR B 8 S

1 w577 %

1.1 &k
1.1.1 X EE

LRARN KA B E e 98 3 L. T
AT DI PR A Hh 4 2 3 19 Bk sS4, i
TE/INEREGE M IR (R 2.70x10° CFU)WI
AR 7 B 100%B0E/ NI SS4 SREEHRVE R
ZFERR, A% 58 AHshoul8-1, AHhuail8-
8 . AHhuail8-10 . JSxul8-4 . JSxul8-10 .
HBgul8-3 Fil HBgu18-4™, {t5H A1-A7,
1.1.2 EEH

KT WG SS4 bruEmitk, HEE A7 WARIE
HICEERRR, HX/NRAY LDso A 9.03x107 CFU,
FHYR T EP SS4 sBEZE K SHI 510,
JSYX1 611 il HA1 006",
1.2 EZERFIFNEE

0.6% ¥ B 1= 8 1 T R K 2 3508 (tryptic soy
broth, TSB), ZMFKAEAYFHEARAF; /D
A0, BRI AEYIA RS F] s ISA 201 47
YA R, FHw A El; HRP AR id £ 3 B
IgG, W HEAEY TRARAR; TMB 4
W, igEAREYHARERAT,

RIS R A, Hilg—ER = A B
oAl WERE RO, Beckman 3 HE; AR
P 20 B R A, T B RAE R PR A ]
PCR ¥, B A& R 2 A A PRA ] 5 BERK,
B &5, FlEREFHIARAA; 2EKZI
REREFRY, (AR PR ] .

1.3 KIE =4

926 HAAH 18-22 g. 6-8 JAlIE T M
EW BRIl B LR R E LI st
1.4 SS4 1R

YT ELISA {5 g 5 e K
RN I HF bk, 28 AS BdkGI&T
Ji. AT 100 mL TSB H, 37 °C. 150 r/min #&
R 12 he HIKZ 8 000 t/min 5.0 10 min, JH
KA PBS HEARA, Ve 3k, @M%
30%, TAE3 s, [A18k 4 s, 3£ 20 min) /R
FIARSR, —80 °CIRAE4S
1.5 Hmiitie

FA SRR AR X /N LDsoo BRRTE
W SAFIRA, BAFIRALH 10 H/NEL,
MERECEE 0.3 mL Bl 335 10 H/INRAEAxT i
A, FEHEERBRKEAPEE K, HEEWEE 7 d,
iea/NRAET DL, 5 LD
1.6 KGEEAEIE

PEIHEERY 7 bk SS4 sREEHR(A1-AT TWItKR) 5]
BERDT 5%/ TSB, 37 °CH;F%%E 6 h, 4l
FEREIGAHE . AP TEUS , S A BRI 5 PR VA
JEE 2.0x10° CFUML, MAZHKEE S 0.15%F H
TEVWE, 37 °C. 150 min JE7 5555 12 h Kik. i
KT PBS PR A 4 U, BUKIG AW 200 puL $£70
T 5%/NEIME TSA, 37 °CHiFR 36 he LR
HA&)E, BURTETEIEE 1:1 A ISA 201 4
AR, R IRGIRS], 2R E 4 °CIHRATF.
1.7 R MR
1.7.1 ELISA #&/\RIME IgG 8N

B/ NBEDL Y4, R4 16 K, 2% sk
o TCEE XS R AN BA X BR AL . Sl T
Z S VES AR TER 0.3 mL H TEGRA 6 bk
(A1, A2, A3, A4, A6 Fll A7 BHR)KIEHIA
(Bi 6x10° CFU), T 75 X} HE 25 A1 5H 4 o) B 20 4%
P ARUKEE PBS, 14 d JEhns®EsesE. 55T
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—fp 14 dJEM "R 7 d)E, HARPLEER 3 J/h
FUEA T HE T BRI AR ML, WRAE LG & . SS4
Pt B (10 pg/mL) f 8% 96 LB 5t , 4F fL
100 uL, 4 °CHi# 12 h, PBST ¥E¥ 3 g,
ABAE W3 (50 g/L), 4L 200 uL, 37 °CHtHA
2 ho PBST ¥E¥& 3 e, MARGHF B 1:50
FEREZ 1:51 200) 5/ AR BT SS4 s
AR REZH /N R, AFSL 100 uL, 37 °CHFF
& 1.5 h, PBST ¥t 3 KJINA HRP FricfF
P IgG (1:3 000), AfL 100 uL, 37 °CJ2hy
1 h, PBST ¥ 3 WS MA TMB B, HfL
100 puL, ZEild FESERY 10 min, AIAZ L
W, AL 100 pL, FHEGFR TR, S
ODyoo o M3 F8 £F M I 7&  ODaoo/ B P 1 75
ODaoo=2.1 [ SRR F A B, 5 00 A B O
1.7.2 WHRPIRE

“A 7 d 5, RIEAURIECE X R I
e SR AT WRE, RN S LDsy; B
PEXT BRZH I H2 R0 SR UK T PBS. Wi
F/NRIET G L
1.7.3 fRIBAERYI AR

Wi 14 dJ5, WEREHLEE/NR . BUEE
Xif B AL BE T /)N BB B X BE 2 /N RRGE A 735G
WM BFL REEL E BRRR R E A T BE AL 4L
gL,
1.8 FREMHIE
1.8.1 FE#kER

W O 1 ) PR BE SR R AT A4 RN AT TRIPREE
Fl 5%/N- LG TSA, 37 °CHi3% 12 h 5k
ISR, AL 30 1K,
1.8.2 R EHRILEBLEIE

P48 SS4 BAYRFSFIEIEN eps4K, Bilk A4
M A7TH 10, 20, 30 fREAR M M iE R,
1.8.3 R EHEH MR

SAIGE A4 FI AT 55 10, 20, 30 fREE
XF/INEY LDso

1.8.4 FREHEMIXE
3B A4 F AT 510, 20, 30 ARk

FIOE AR /N, ARBURPT SS4 My, B
1 BLISA i85 ; Wag/hRl, & i i 5
SR/ INBRAERF A T BRZL 20 7 SR

2 ZRE M

2.1 BfRMRIELER

7 ¥k SS4 1 LDy 75 9.03x10"-4.05%x10° CFU/H
TEREIN, FOMECE 1 RE D, BB IR
SRR 6 BR(AL. A2, A3, A4, A6, A7 k)
T R
2.2 MEMENER
2.2.1 /NRINFE IgG 3NN ELER

M—% 14 d 8 "4 7 d, /DRIMTEH 1gG
BN P ET . 7 dJa, A4 AT H
PRI 1gG &t feim, 28 1:6 400, HIZE A3
A6 FfEk, ¥ 1:3 200 (G 2).

2.2.2 WHFRPIAEL

AT TR S ORAP R 5 (80%), HIROE: A4
FFE(70%), A6, A3, A2 I Al TEFRAYGRERD
BRI, 910 60%. 50%. 30%F1 30% (& 2).
2.2.3 FRIBELATIFUERER

(1) Hili ik

X 25 A1 /N R A T Il R PR AL 2127 B, 45
RN Al A2 Qi iifk; A3 %
REA M PR B R, RIMGEiL; A4, A6
PZELH O PR R T FE I s AT SR yse 4 i HES 43 1
AL WEEXT RS Bfl, eE s, RYE
YNAEIRIE s FAPEXT REZH JCHH 8% A8 (F 3).

(2)

X 25 20 /N BRI AT I B A 2L 2 g, 45
REIR: AL A2 HSBE 203 o 240 i g s A2
P, D REANIEIRE ; A3 GeE 2 - K
A REAMMERE; A4, A6, AT P
FHAE T B2 o 5 7% 5 ORE R REZH JHE 4t it /K
WA, RAEANIEIRIE(E 4).
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100 100
_e-6.60x10' CFU e 8.46x10"° CFU
S 80F = 6.60x10°CFU & 80F = 8.46x10° CFU
§ 60 |- +-6.60x10°CFU £ 4oL . & 8.46x10° CFU
3 6.60x10 CFU & 8.46x107 CFU
2 40} = 40F
g ~-6.60x10°CFU 3 —— 8.46x10° CFU
[} [0}
=~ 20} =~ 20 u
O 1 1 L 1 1 | O 1 1 & 1 1 1 |
01 2 3 4 5 6 7 01 2 3 4 5 6 7
£ (d) D 1(d)
100 o 100 o
—e-1.12x10" CFU —e-1.55x10" CFU
S 80 = 1.12x10°CFU & 80 & 1.55x10° CFU
= & A = k
% 60 —4-1.12x10% CFU g 60 ‘ —4-1.55x10% CFU
@ 1.12x10 CFU @ . 4 ¥ 1.55x10' CFU
s 40 s 40
g ——1.12x10° CFU % ——1.55x10° CFU
&~ 20} ~ 20F
0 _I] 11 1 1 1 0 _Ij L1 1 1 1
01 2 3 4 5 6 7 01 2 3 4 5 6 7
£(d) . 1(d)
100 - 100
e 1.51x10" CFU —e-4.71x10° CFU
S 8o ¢t = 1.51x10°CFU & 80 _m4.71x108 CFU
§ 60 I -+ 1.51x10° CFU g 60 L, —-471x10CFU
E 1.51x10'CFU 2 4.71x10° CFU
£ 40 = 40}
2 —- 151x10°CFU 8 l a —+471x10° CFU
& 2t £ 20}
“j
O 1 1 1 1 1 ] 0 1 1 & 1 L 1 |
01 2 3 4 5 6 7 0 1 2 3 4 5 6 7
1(d) 1(d)
S 100 .

-o- 1.12x10° CFU
-#- 1.12x10% CFU
- 1.12x107 CFU

1.12x10¢ CFU
—— 1.12x10° CFU

3]
S
1

Percent survival (%)
S
(e
T

£ (d)
1 pREFHZ A Al FHiR; B: A2 Hfk; C: A3 EFk; D: A4 Hfk; E: AS Htk; F: A6
¥ G: A7 BBk

Figure 1 Mouse survival curves. A: Al strain; B: A2 strain; C: A3 strain; D: A4 strain; E: AS strain; F: A6
strain; G: A7 strain.
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F 1 7 ¥k SS4 XF/NERAY LDsy MELER
Table 1 LDsq of 7 SS4 strains to the mice
WAk BEEAE ETMEER)  AEARE(R) BRUETR(R)  RBEAEE(R)  BRUrTX LDs
Strain Dose (CFU) Mortality number Survival number Cumulative Cumulative Cumulative (CFU)
of the mice of the mice mortality number survival number mortality rate (%)
Al 6.60x10° 10 0 20 0 100 2.19%108
6.60x10° 6 4 10 4 71
6.60x107 3 7 4 11 27
6.60x10° 1 9 1 20 5
6.60x10° 0 10 0 30 0
A2 8.46x10° 10 0 22 0 100 1.76x10%
8.46x10% 8 2 12 2 86
8.46x107 4 6 4 8 33
8.46x10° 0 10 0 18 0
8.46x10° 0 10 0 28 0
A3 1.12x10' 10 0 24 0 100 1.83x10°%
1.12x10° 10 0 14 0 100
1.12x10% 3 7 4 7 36
1.12x107 1 9 1 16 6
1.12x10° 0 10 0 26 0
A4 1.55x10° 10 0 27 0 100 1.01x108
1.55x10° 10 0 17 0 100
1.55x10% 5 5 7 5 58
1.55x107 2 8 2 13 13
1.55x10° 0 10 0 23 0
A5 1.51x10° 10 0 21 0 100 4.05%x10%
1.51x10° 7 3 11 3 79
1.51x10% 3 7 4 10 29
1.51x107 1 9 1 19 5
1.51x10° 0 10 0 29 0
A6 4.71x10° 10 0 21 0 100 1.19x108
471x10% 7 3 11 3 79
471x107 4 6 4 9 31
471x10° 0 10 0 19 0
471x10° 0 10 0 29 0
A7 1.12x10° 10 0 21 0 100 9.03x107
1.12x10% 7 3 11 3 79
1.12x107 3 7 4 10 29
1.12x10° 1 9 1 19 5
1.12x10° 0 10 0 29 0

. BHE =R T 50%09 2RIET-FR-50)/(7 T 50%H9 BRI T-RAET 50%K) RFIET-FR);

FET = 110 7 o8 {0 850 0 o 850+ I i B A7) > TR A 20 10 X 4

lg (LDso)=1=F 50% 2

Note: Distance ratio=(Cumulative mortality rate above 50%—50)/(Cumulative mortality rate above 50%—Cumulative mortality
rate below 50%); lg (LDsp)=Logarithm of reciprocal dilution over 50% cumulative mortality+Logarithm of distance

ratioxdilution multiples.

2 6tk SS4 HYRGEE A &/ RFITE IgG BN
Table 2 Serum IgG titers of the mice immunized
with the inactivated bacteria of 6 SS4 strains

wtk  —f14d A 7d
Strain 14 d after the first 7 d after the second
immunization immunization

Al 1:400 1:1 600

A2 1:800 1:1 600

A3 1:800 1:3 200

A4 1:1 600 1:6 400

A6 1:1 600 1:3 200

A7 1:1 600 1:6 400

—
(=]
(=}

© [l

Protection rates (%)

S

80
6
401 30
2
v

c} S

o
Groups 0

100
i I H I H
.
&\yv <~‘
\ %\ c}‘{b é& &‘z’ \@Q %0% @

2 6 ¥k SS4 BV RGEE AT N RB R IRIFE
Figure 2 Protection rates of the inactivated bacteria
of 6 SS4 strains for the mice.
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B3 RENRIHIERIBALAFTMHE 6, 200x) A: ALF; B: A2HMk; C: A3FHtk; D: A4
Witks E: A6 BWitk; F: A7 1@bk; G: WEEXTIRAL; H: BAMEXTIRA . LL @8k Foniinabaig)s; e
Hi kR ZUE N ; RO K FR R IR Y

Figure 3 Histopathological changes of lung in each group of mice (HE staining, 200x). A: A1l strain; B: A2
strain; C: A3 strain; D: A4 strain; E: A6 strain; F: A7 strain; G: Infection group; H: Negative control group.
The red arrows indicate thickening of the alveolar septum; The yellow arrow indicates tissue hyperemia; The
black arrows indicate an inflammatory cell infiltrate.

4 EHENEITAEFRIBALNFTIMHE F8, 200x) A: AlFE; B: A2HMk; C: A3Htk; D: A4
Witks E: A6 Witks F: A7 &bk G: BCEEXTIRAL; H: BAMEXTHRZH . Z0 0N Sk FRom Han s i 22 1k ;
B SR AN BT K AR s BR AT SR R R RN IR 1

Figure 4 Histopathological changes of liver in each group of mice (HE staining, 200x). A: A1l strain; B: A2
strain; C: A3 strain; D: A4 strain; E: A6 strain; F: A7 strain; G: Infection group; H: Negative control group.
The red arrow indicates hepatocyte steatosis; The yellow arrows indicate vesicular degeneration of
hepatocytes; the black arrows indicate an inflammatory cell infiltrate.
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(3) M

X4 4N BREA T RS B ZE 2L 2 B, 4
REIR: AL, A2 REH /DR R IR ;
A3, A4, A6, AT HRELLFN B M X BE 2 JC B
Wa7AE 5 VORE T FRZA LT S RO L ik S 4
Mgt , R IR (E 5).

4) B

XA 2N BRGHEAT B I B2 2L 2 e, 4
REIR: AL, A2 FRREdH B/ NE b R 4 oK
Jif, D ERIEMMIENE; A3, A4, A6, AT R
PELH SRR I s MO B AL BN B R A
P KM, B, RV s BIPEXT
HEZH TG B S 22 (B 6)

(5) Mg

X% 20 /N BT T I B BRAEL 2 2 B, 45
WoR: Al A2 SR A M HED g, B2

Ji. BETUABRANGE; A3. A4, A6, AT LA
BFE X REZH TC ] S 7% 5 A0l HEL 2 g 24 A
BRI, JRTALURIE, RUEAIREIE 7).

(6) ki

Xif 45 2H /N R EAT i s BRAH 24058, 25
BoR: Al A2 e 41K 5 b 4 T 4 i A [
a4, DERIEMEIE; A3, A6 /b E
PR ICANMIAZ 45 ; A4 AT Hr s 28 APk %t
MEZ TG W A Mo X BRdl R Mg oo Ip
BE, R I A M R T AR (] 8).
23 BREMRKESER
2.3.1 EREKRMEREIFER

A4 Fl AT 45 10, 20, 30 QTR #E A
cps4K FEH, FRBIHM 75 Bs L Fa g (& 9).
2.3.2 ERERBFEEREER

TERAMER ST A4 FL A7 BERRSH/INERY

Bl 5 &4A/)DEBIERFRIEALAFTNHE LB, 200x) A: Al Ftk; B: A2 HFE; C: A3 FHkk; D: A4
Hikk; E: A6 HRR; F: A7 HHk: G: IEEXTIRAL; H. FAMEXTIEL], MAEET L Fm R4z

Figure 5 Histopathological changes of spleen in each group of mice (HE staining, 200x). A: A1 strain; B: A2
strain; C: A3 strain; D: A4 strain; E: A6 strain; F: A7 strain; G: Infection group; H: Negative control group.

The black arrows indicate an inflammatory cell infiltrate.
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Wtk; E: A6 Witk; F: A7 Wikk; G: WEpxfM4]; He FIPEXTIG4]. 200k 3o B/ME B R ALK
s BEEERFRAGUN I RO LR R IEIR T

Figure 6 Histopathological changes of kidney in each group of mice (HE staining, 200%). A: A1 strain; B:
A2 strain; C: A3 strain; D: A4 strain; E: A6 strain; F: A7 strain; G: Infection group; H: Negative control
group. The red arrows indicate edema of renal tubular epithelial cells; The yellow arrows indicate tissue
bleeding; The black arrows indicate an inflammatory cell infiltrate.

3
{3 3
z %
» A% >
Gt 6%, < s

B 7 RENFBBRFRIRALFTILHE 28, 200x) A: Al Ftk; B: A2 HMk; C: A3 Hitk; D: A4
Wbk; E: A6 Itk; F: A7 Wibk; G: BCHEEXTHRZH; H: BAMEXTRRZH . 20605 Sk 227 M J 4 A HE 51 i
Py RO SRR RN LR

Figure 7 Histopathological changes of thymus in each group of mice (HE staining, 200x). A: Al strain; B:
A2 strain; C: A3 strain; D: A4 strain; E: A6 strain; F: A7 strain; G: Infection group; H: Negative control

group. The red arrows indicate the loose arrangement of thymus cells; The black arrows indicate an
inflammatory cell infiltrate.
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8 HE/NRMKRIPERFEWMHE &, 200x)

A: Al FfE; B: A2 Hfk; C: A3 Hfk; D: A4

Ekk; E: A6 HFE; F: A7 BHFk; G: WEXIRAL; H. FHIPEXTHRA . 2068k RR g oo dn i

45 FROHETR IR RN 1Y

Figure 8 Histopathological changes of brain in each group of mice (HE staining, 200x). A: Al strain; B: A2
strain; C: A3 strain; D: A4 strain; E: A6 strain; F: A7 strain; G: Infection group; H: Negative control group.
The red arrow indicates nuclear pyknosis of the neuron; The black arrows indicate an inflammatory cell

infiltrate.
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9 10, 20. 301X A4 F1 A7 EHKHY cps4K £
PCR M4 R  M: DL2000 DNA Marker;
+: PHYEXTHE; — BHPEXTHE; 1-3. A4 %5 10,
20, 30 fUREtk; 4-6: AT 10, 20, 30 fREKE
Figure 9 PCR detection results of cps4K gene of
10th, 20th, 30th generations of A4 and A7. M:
DL2000 DNA Marker; +: Positive control; —

Negative control; 1-3: 10th, 20th, 30th generations
of A4; 4—6: 10th, 20th, 30th generations of A7.

LDsy ¥IAb T EFtas, RUIEEEEH TR, H
A7 JEARE R AL AR 1g (LDso) AR EZE
INT A4 THRR, RUITEEH LS A7 HbRIYE
WaPELL A4 PR AR E (B 10 F1 3).
2.3.3 RREKITEMENESR

(1) /NS TgG R e 25 1

M—% 14 d 8 4 7 d, DRILEF 1gG
MM B ETHEHE ., 5 7 A, A4 PR
R 1:6 400 FFEZHS 30 £LAY 1:1 600, A7
FREAZN 1:6 400(F 4).

(2) Yo fRpridmm st |

A4 AT IJEAREISE 30 A S ff
P REAUEHR, (HREF—XE AT Hik
X /1N BT B 2 A5 47 22 (70%—80%) IR 24 5 T A4
Rk (40%—70%) (K] 11).
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B 10 RRERBRNRERFHL A A4 10fCRK; B: A48 20 fUER; C: A4 5 30 fURITk;

D: A7 10REFE; E: A7%8 20 fREEFE; F: A755 30 /R

Figure 10 Survival curve of mice infected by passing strains. A: A4 10th generation; B: A4 20th generation;

C: A4 30th generation; D: A7 10th generation; E: A7 20th generation; F: A7 30th generation.
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F 3 50, 10, 20, 30 X A4 F1 A7 EHRXHNRAY
LDy,

Table 3 Oth, 10th, 20th, 30th generations of A4 and
A7 on LDsy of mice
Wtk LA

LDso (CFU) SD (lg (LDsp))

Strain  Number of passages

A4 0 1.01x10°  0.2347
10 1.35x10%
20 2.88x108
30 3.81x10%

A7 0 1.56x10%  0.0777
10 1.87x10%
20 2.25x108
30 2.49x108

F4 FE 0. 10, 20, 30X A4 T AT KEEBR
&NREILE 1gG 8
Table 4 Serum IgG titers of the mice immunized

with Oth, 10th, 20th and 30th generations of
inactivated A4 and A7
Wtk R —f14d “H7d
Strain Number of 14 d after the first 7 d after the second
passages  immunization immunization
A4 0 1:1 600 1:6 400
10 1:800 1:3200
20 1:800 1:3 200
30 1:400 1:1 600
A7 0 1:1 600 1:6 400
10 1:1 600 1:6 400
20 1:1 600 1:6 400
30 1:1 600 1:6 400
100 -o- A4 strain
— -m A7 strain
e 80I-—I\./I
PO
]
;‘3 60 i\\—<
=
2
5 40 -
2
A~ 20
0 ] 1 ]
0 10 20 30

Number of passages

Bl 11 250, 10, 20. 301X A4 F0 A7 RIEE AT
N B SR AR P AR

Figure 11 The immune protection rates of Oth, 10th,
20th, 30th generations of inactivated A4 and A7 to
the mice.
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(K 13),
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A4 %510 fUER; B: A4%5 20UA
B C: A4S 30 fRTAM; D: A74 10REMk; E: A755 20 fRE#E; F: A7 30 fRFIHE; G: HUdxtid
45 H: BITEXTIRAL. LLEELFORMERRE e, wOs kIRt ROk FR REAR

Figure 12 Histopathological changes of lung in each subcultured group of mice (HE staining, 200x). A: A4 10th
generation; B: A4 20th generation; C: A4 30th generation; D: A7 10th generation; E: A7 20th generation; F: A7

30th generation; G: Infection group; H: Negative control group. The red arrows indicate alveolar septum widening;
The yellow arrows indicate hyperemia; The black arrows indicate an inflammatory cell infiltrate.

B 13 EREREEE N RATAERRARFTMHE B, 2000 A: A4 101CE; B: A4% 20 fURE;
C: A4% 301UAMR; D: A755 10A0kK; E: A7 20 fRERE; F: A7 55 30 fGHK; G: Uapnfidd; H:
FAIVEXRA . LT R IR PRI AETE s B O RTINS s RO kIR RN
Figure 13 Histopathological changes of liver in each subcultured group of mice (HE staining, 200%). A: A4 10th
generation; B: A4 20th generation; C: A4 30th generation; D: A7 10th generation; E: A7 20th generation; F: A7 30th

generation; G: Infection group; H: Negative control group. The red arrow indicates hepatocyte steatosis; The yellow
arrows indicate vesicular degeneration of hepatocytes; The black arrows indicate an inflammatory cell infiltrate.
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B 14 EREKEREANREEREELAZTHE £8, 200<) A: A4 100EH; B: A45 20
fUER; C: A4%5 30URIRR; D: A7 10URIK; B: A7 20 fU&E; F: A755 30 fUEIRR; G: L
BEXTHRZH s He BAMEXTHRZH  2DEELFORRLL . AR AT BOFERRR R IR

Figure 14 Histopathological changes of spleen in each subcultured group of mice (HE staining, 200x). A: A4
10th generation; B: A4 20th generation; C: A4 30th generation; D: A7 10th generation; E: A7 20th generation;

F: A7 30th generation; G: Infection group; H: Negative control group. The red arrow indicates that the red and
white pulp of the spleen is not clearly demarcated; The black arrows indicate an inflammatory cell infiltrate.

Sah e

15 RREKRREEANRERIEAAFENHE RE, 2000) A: A45 10/0ER; B: A45 20 fUH
BRs C: A4%( 30 fUEMR: D: A7 45 10 fUEHR: B: A7 55 20 fU3EHK; F: A7 30 fRUEEMR: G: HBeaExiid
s H: MIEXIRA. DO hFoR B /NREES; W\ OFTRFOR BN BAN K BROETRFROR R
=i

Figure 15 Histopathological changes of kidney in each subcultured group of mice (HE staining, 200x). A: A4 10th
generation; B: A4 20th generation; C: A4 30th generation; D: A7 10th generation; E: A7 20th generation; F: A7 30th

generation; G: Infection group; H: Negative control group. The red arrows indicate glomerular atrophy; The yellow
arrows indicate renal tubules with loose edema; The black arrows indicate an inflammatory cell infiltrate.
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16 EREKERE ) RMRFRIZELFTRMHE LB, 200x) A: A4% 10RFEK; B: A4% 20
Rk C: A4%5 30 fURItK: D: A755 10 fURIk: E: A7 20 fUREI#k: F: A7 55 30 fUREI#k: G: I
TEXTHRAL; He FAPEXTREA . ZOEk IR e ; wOakZOoR IRl HA,; BREFLFR M
2 =

Figure 16 Histopathological changes of thymus in each subcultured group of mice (HE staining, 200x). A:
A4 10th generation; B: A4 20th generation; C: A4 30th generation; D: A7 10th generation; E: A7 20th
generation; F: A7 30th generation; G: Infection group; H: Negative control group. The red arrows indicate

lymphocyte osteoporosis; The yellow arrows represent adipose tissue; The black arrows indicate an
inflammatory cell infiltrate.
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e A B
.fbj_' E
G./

e

B 17 EREREEE/ D RNFREEAFETLHE RE, 200%)

A: A4 10fRERE; B: A4%8 2018

tk; C: A4%5 30 fUEkk; D: A7 10fCHHR; E: A7%5 20 REHE; F: A7 30Utk G: X
XL s He BITEXFIRZ . LD EESL R AoTa iz g SMOSkFoR g Tl ; BREFHKFRR

PR #

Figure 17 Histopathological changes of brain in each subcultured group of mice (HE staining, 200%). A: A4
10th generation; B: A4 20th generation; C: A4 30th generation; D: A7 10th generation; E: A7 20th generation;
F: A7 30th generation; G: Infection group; H: Negative control group. The red arrow indicates nuclear
pyknosis of the neuron; The yellow arrows indicate congestion; The black arrows indicate an inflammatory

cell infiltrate.
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