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B E: [ %] 8% M H (Haemophilus parasuis, HPS)2% ¥ 35 % K % (Glasser’s disease) 4 7
AR, BATAEMIZROAGIET, b TR AEZ A0 A B R E R G2 XL SRR
71, BAFFRITG T ERMAX A, [B 6] HA AR mE A HPS 4#4K4 4% @ A (TbpA)rf ik
RO R LR FtRP M, AR —F T H TR XA LA s, [FE]1 RA HPS iF A 4. 13 o
14 A 40 ThpA vA 0.1 mg/R. 2 2K &A% 20 d 8 2 a/E, AN F R i 1gG ke ta o B T
(IL-2. IL-5. IL-8. IFN-y. MCP-1. TNF-a)/K-F; v HPS s A 4. 13 F= 14 & 4k 5 LDso 71 2K
Bk, BB RBMEF TR L S BRI E, [£R] HPS oFR 4. 1342 14 & F 28 ThpA 34t
FEFRR T AR GK PRI 196, FEmE T2 E95. HPS fif R 4, 134 14 R F40
TbpA /£ %55 ¥ fest R R™ £ R I L BARY, £ HPS i A 13 A ThpA %R 4469 X A R AR
FRG, ddFA 4, 14 A HPS 3 50.0%, x40 feif A HPS 64 % & fR 47 49k &, 23] 83.3%,
FRILLARFH B R T HPS i A 4. 14 A ThpA %z 2848k, 13 A ThpA % Z 469404840 K w32
TG KA RBAZ A EZFFRD, [446] HPS iFA 4. 13 4= 14 & ThpA 39 4655 KA R R
Jo i AeAl K B F ek, AR RBESLRY S, LF HPS A 13 A Top A 69 X & %tk
AR, TAEA —AF AT eI G AEL IR .
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Protective effects of Haemophilus parasuis serotype 4, 13 and 14
TbpA on cross-immunity in guinea pigs

CHEN Zhang HU Zhen ZHANG Nai-Jia WEI Jian-Zhong SUN Pei

LIU Xue-Lan LI Yu

College of Animal Science and Technology, Anhui Agricultural University, Hefel, Anhui 230036, China

Abstract: [Background] Haemophilus parasuis (HPS) is the pathogen of Glasser’s disease. Currently in
the prevention and control of the disease, due to antibiotic resistance and the lack of cross-immunity
protection of inactivated vaccines, new methods are urgently needed to solve this problem. [Objective]
The aim of this study was to explore the cross-immunoprotective properties of different serotype HPS
transferrin-binding protein A (TbpA) in guinea pigs for further research in piglets. [Methods]
Recombinant TbpA of HPS serotypes 4, 13 and 14 were immunized at 0.1 mg with 20-day interval and
then detected the serum antibody (1gG) and cytokines (IL-2, IL-5, IL-8, IFN-y, MCP-1 and TNF-a) by
ELISA. HPS-BZ, HPS-LJ3 and HPS-SZ strains were dosed at 5 LDsg by intraperitonea injection. Then,
the pathological changes and immune protection rate were examined. [Results] Recombinant TbpA of
HPS serotypes 4, 13 and 14 could induce high levels of antibody (IgG) and cytokines, and provide
cross-immunity protection to guinea pigs. Among them, the HPS serotype 13 TbpA immunization group
had the highest cross-immunity protection rate, both serotype 4 and 14 HPS were 50.0%, and the highest
immune protection rate against the same serotype HPS was 83.3%. The pathological examination showed
that compared with HPS serotype 4 and 14 TbpA immunization group, the difference between the
pathological changes of HPS serotype 13 TbpA immunization group and the challenge control group was
more significant. [Conclusion] Recombinant TbpA of HPS serotypes 4, 13 and 14 can induce the humoral
and cellular immune responses in guinea pigs, among which HPS serotype 13 TbpA has the strongest
cross-immunity protection and can be used as a new vaccine candidate antigen.

Keywords: Haemophilus parasuis,
Cross-immunity protection

Serotype, Transferring-binding protein A, Guinea pigs,
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XK B AC B R PR, e — 20 AT HE T
FAOCHIFY 25 HE it
1 MRS H®
1.1 FEFRFABR

E. coli Rosetta [#itk. 4k pET-SUMO-
topA® | HPS I iEH 4 T E4Y B bR (HPS-BZ) |
13 BI040 B bk (HPS-LI3) Al 14 T 22 8000y B bk
(HPS-SZ) ¥4 iy 2 Al R 2= s W FH 2 Be sh W 1%
1.2 KGN

40 H IR, (KT 150-200 g, 1
TLRBERIR 2RI S 0 .
1.3 EZERFIFLE

LB W . 0.6%[E Bk 5 bW ik K & W7
(TSB-YE) . 0.6% ¥ £} & & B & kK & 3t 5
(TSA-YE), HUM iAot BRA w5 ARk e i e
W T RAFRR(NAD), AT AW TR (EE) RO AR
AL BT 196G Hiik . HRP ARG 19G Bt
&, TMB Bk, Sigma Awl; SEkNE-p-D-Fift
LFURE(IPTG) | 3l FR S8 AR IS A T8 A7,
RARAABHL ) A RA R 6 FhdifRF-(1L-8.
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# £, Rapidbio AT,

R P U A AR, R T SERR X ae A PR
Al BT, Bio-Rad /2] ; 8 fLAHE £ Smkk
#, V&P Scientific 24wl 5 XUZ Al g fE i R 5 s 57
Fo, RHERGHAE A A BRAF
1.4 ELB ThpA BMRIAR 4L

BRI N B R T2 TR
PET-SUMO-tbpA %41k % E. coli Rosetta &3z 2541 il ,
PRIBCEA T e T4 50 pg/mL Amp 19 LB W A5 35
K, 37 °C. 150 r/min #3555 5% 12 h. #%H 4] 1:100
B IR R 2 100 mL Y LB Wik ss gR 3,
37 °C. 150 r/min % ¥ 15 77 2 X 504 K (ODgoo 1
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45 min), 7 5%liAs Wik PBS £+ 37 °C
M2 h, ZBILUKE BT HPS 755 4, 13 Fi1 14 AU
TbpA FHE I3 (1:500 Fi k) h—4t, 37 °CHFH 1h,
VRIS AP IK Bl HRP-1gG (1:5 000 i )b — 47t
37°CW¢H 1h, i/ DAB B iR & w0,
1.6 HPS&#k LDsoME

%14 Reed-Muench 7%, fiiizk HPS kB
f#EIKEL 30 K, BbL A 5 4, B 6 H.
55 1-5 40K U I BeEsrl i e o 101, 100,
10°, 10° 1 10" CFU/mL ., 3 1 55, iCRIKR Y
ARG SACT ORI I A 7 DS o R
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¥ 96 2 HPS HT A B M- i R K B BE BIL 53
16 (455330 A1, Az. As. As. Bi. By. Bs.
Bs. Ci. Co. C3. C4. Dy, Dy, D3, Dy, H4
6 H. A As. AgZHARE HPS IR Y 4 7 ThpA,
0.1 mg/H ;B1.B,.Ba 21 f% HPSIfiL % %Y 137 ThpA,
0.1 mg/H ;C;.Cy. CoZl H% HPSIfiLIE %Y 14 7 ThpA,
0.1 mg/H; Dy, Dy, Da41iH: 4t PBS VEMREXTHE
A4, By, Cu. DHIFHT PBSYE NS AXTIE . )i
RYIRET R T 2 59, %Ehl &l 0.2 mL (M
b 05mg/mL), HfRs 2 vk, GeElEfmEet Ry 20d,
Horp B IRSE 0, i Rk
e 4 20d J5, LA 5LDsp 5 HPS-BZ . HPS-LJ3
Il HPS-SZ Xt a8 2 A0z Xof R A K R 43 1 A 7
MRS TR, 28 O BRI RBUC I PBS.
1.8.3 [I3& 19G Hixieiml

H—M =5 10d 5, MOMERBENKER M,
HES 4 000 r/min B5.00 5 min A3 ES I, (RAET
—20 °C. H| 4k it 8 4H ThpA fU g BFAR AR Y ELISA
DA T I 190G PLiA , FALHRK F 4 ThpA
Fi e, 10 pg/mL, 4 °C ALBFbRAR 12 ho Pt 3 1
J5, A 2%i1 BSA 37 °C £ 2h, ik 3
MIEFRBEEM 1:25 FkZE 1:819 200 (2 fiskhEEE
17), 37 °CIi 1 hy Btk 3, MMARBUKER
HRP-1gG, —HififEh 1:1500, 37 °C J2hi 1h,
etk 3 WJE, A TMB Bk 37 °C #tR @
10 min, AIA HySO, %% 1k 2% 1 i 8 52 vy -
OD 5o {1 o FRARETF 46 1L 7 OD(P)/BHME ML OD(N)>2.1
SRR R B, THERRF DN I 3 BTSN
1.84 M;EHBEEFHM

H—%M % 10d 5, MO BRI,
FrEJG 4 000 r/min B.0 5 min I, AT
—20 °C ¥ IR 41 MR+ ELISA H il it i 4532
ATAnA A F(IL-2. 1L-5. IL-8 . IFN-y . TNF-a., MCP-1)
TR o
1.85 SEFRIFENE

2L 14 d WETF LR B0eE 5 KBRS RS
REBRIAFIETE O, [RIF AAS- I 2R I 25 R A 3 A

F TSA-YE Bifighs st 37 °ClHIRE; % 24-36 h,
X AT S Y UEA T YL A AT PCR S5 , 11341056
KR T /A2, e R =I5 K A
UaE K B %<100%.
186 FRIBALFRE

SRAEAAX IR B FIE . REUE . A . i <5
PIE &R B SR R C S FAR L, ITEA RS A,
HE Jefa, ek Pigl #7281k
19 HESH

KH SPASS 19.0 # R TR ARRE, P>0.05
KREFARE, P05 ERESFEF., EH
Graphpad Prism 6.01 FA71E R, Bt & LI
Y b5 1E 22 (meant SD) 7R .

2 BRS40W
21 =i ThpA HIFESTRIERANK
211 EH ThpA HIESRIE
PET-SUMO-tbpA 1L % E. coli Rosetta /&% 7%

4Hft, T4 E. coli Rosetta ik H 255 IPTG Y1417
SRR, 4 SDS-PAGE BEicHL K/ #r, 7E 110 kD
Ab BT PR S A (R 1)

110 kD

18
14.4

1 E53RIA TopA # SDS-PAGE %

Figure 1 SDS-PAGE analysis of induced expression of
ThpA

e M. BEAERE; L. RIESPHEHWRE™Y; 2. HPS
MR 4 7 ThpA 37745 3: HPS %Y 13 A ThpA 5
P 4. HPSIMSEAL 14 %Y TopA iS4,

Note: M: Protein Marker; 1: Uninduced expression products of
recombinant bacteria; 2: HPS serotype 4 TbpA induction products;

3: HPS serotype 13 ThpA induction products; 4: HPS serotype 14
ThbpA inducible products.
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2.1.2 EH TbpA WIZEL
i1 Ni-His-resin X} TbpA A r4lifk, 45
TESMEMHNENR, ZRE AU E A
ThpA ¥ N 1.2 mg/mL (& 2).
2.2 E4H TbhpA Western blotting i M43 M4 E
A& H. Western blotting % & 25 1 B/ 4lifk i) HPS
MyEAY 4, 13 F1 14 RUFEZ ThpA 7E 110 kD 4b34 i
PR R 457, MM RO B, Rk
=R S HPS IR 4. 13 1 14 &I ThpA
PR I3 & A PR T AR kg S, B R
NS 3).

kD M 1 2 3
116.0 — S f—— iy e — 110 kD

66.2 —(i—

45.0 —_—_—-
35.0 ——-

25.0 — .-

18.0 —
144 —

# 2 %4k TbpA BJ SDS-PAGE #3#f

Figure2 SDS-PAGE analysisof purified ThpA

M SEERRE; 1: HPS AT 4 7Y ThpA 4ifkiE; 2: HPS
1M 13 7 TopA ZifkZEA; 3: HPS IR 14 % ThpA 4ifkiEr.
Note: M: Protein Marker; 1: Purification of HPS serotype 4 ThpA

protein; 2: Purification of HPS serotype 13 TbpA protein; 3:
Purification of HPS serotype 14 ThpA protein.

kb M 1 234 5 6 7 8 9 101112
10—

100 - : -— -~ —110kD
70_-

55 N

40 — s

35 -

3 #hi{t/FEL ThpA BIZH Western blotting £
Figure 3 Interactive Western blotting identification of
recombinant ThpA after purification

e M AR 1, 5. 9: HPSIMIER 4, 13, 14 % ThpA
B M5 +4 %Y ThpA; 2., 6, 10: HPS (3% 4, 13, 14 &I ThpA
FHPEMLHE+13 & ThpA; 3. 7. 11: HPS [MigAY 4, 13, 14 #!
ThpA FHIEIM I +14 B TopA; 4. 8. 12. [HM:X] A,

Note: M: Protein Marker; 1, 5, 9: HPS serotype 4, 13, 14 ThpA positive
serun+serotype 4 ThpA; 2, 6, 10: HPS serotype 4, 13, 14 ThpA

positive serum+serotype 13 ThpA; 3, 7, 11: HPS serotype 4, 13, 14
ThpA positive serum+serotype 14 ThpA; 4, 8, 12: Negative control.

2.3 HPSEE LDsollZE

23, HPSBZ kXK BL Y LDsy M
3.16x10° CFU/mL, HPS-LJ3 #XFIKEH LDso M
2.19x10° CFU/mL, HPS-SZ #kXFIKELI LDso
2.07x10° CFU/mL .,
2.4 HPSIIER! 4, 1370 14 BIELR ThpA BI%
R ARIPIAIE
241 I3 1gG Hiktmss R

I FH ELISA J7 3246 I BRI I 109G HLiAK
41 LA HPS Il 4. 13 1 14 BUEE2H ThpA 1E 1
WP, HPS LAY 13 5 ThpA s 2H i — Al
TABUASUNMES s, 43R 1:1600, 1:1600.,
1:1 600 F1 1:3 200, 1:12800. 1:12800 (&l 4).
2.4.2 [M;EHAEEFHENLE

—4fJ5 HPS IS5 4, 13 1 14 7Y ThpA fuiesd
YRR FoK 528 G A 2 (]2 55 2 3 (P< 0.05) ;
T HPS IfyER 4, 13 Fil 14 K ThpA g4
H K5 — G EM B FTHP<0.05), 3 415
2 2 [E) 2 L R 7KF-22 AN i 2 (P> 0.05) (1] 5).

o Serotype 4 TbpA

@ Serotype 13 TbpA

2000 ¢ Serotype 14 TbpA
1 800 -
1600 -
1400
1200
1000 -
800 |
600
400 +
200 F
0

4 13 14
HPS serotypes in ThpA immunized group
DSerotype 4 ThpA

BSerotype 13 TbpA

16 000 BSerotype 14 TbpA

14 000

10 000
8000 |
6000
4000
2000

0

Antibody titer after first immunization

| .4 . 13 } 14
HPS serotypes in ThpA immunized group
4 FARIES 19G fuikkF
Figure4 Levelsof 1gG antibody to guinea pigs

Antibody titer after second immunization
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OHPS serotype 4 TbpA immunized group
@HPS serotype 13 TbpA immunized group
@HPS serotype 14 TbhpA immunized group
Blank control group

o HPS serotype 4 TbpA immunized group
@ HPS serotype 13 TbpA immunized group
@ HPS serotype 14 ThpA immunized group

300, 100, ©Blank control group
2 E
£ 250 +
élz g 80
5207 £ 60l
150 | 5
5 g 40
% 100 + £
Q
S sl q 2
= =
~ 0 J— =
First immunization = Second immunization First immunization ~ Second immunization
Immune times Immune times
C . . D . .
0 HPS serotype 4 TbpA immunized group oHPS serotype 4 TbpA immunized group
G HPS serotype 13 TbpA immunized group BHPS serotype 13 ThpA immunized group
HPS serotype 14 TbpA immunized group BHPS serotype 14 TbpA immunized group
400 - B Blank control group ~ 250 . BBlank control group
z £
200
2300 e
= £
g 3 150
£ 200 - g
5 S 100
g 8
:.o) 100 - ;_?_, 50
= zZ
0 J— &= 0 s g
First immunization ~ Second immunization First immunization Second immunization
Immune times Immune times
E . . . .
0HPS serotype 4 TbpA immunized group o HPS serotype 4 TbpA immunized group
@ HPS serotype 13 TbpA immunized group o HPS serotype 13 TbpA immunized group
mHPS serotype 14 TbpA immunized group m HPS serotype 14 TbpA immunized group
@ Blank control group Blank control group
100 ~ 150 ¢
2 E
£ )
% 80 2
5 100t
£ 60 2
£ 2
5 0
§ g 50t
> 20 ::
E @)
=) =

First immunization  Second immunization

Immune times

First immunization Second immunization

Immune times

5 BXRILE - mpaEFKFE
Figure5 Levelsof cytokine production to guinea pigs
Note: A: IL-2; B: IL-5; C: IL-8; D: TNF-q; E: IFN-y; F: MCP-1.
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A1, Ax. Az LRI 66.7%. 50.0%.
16.7%; Bi. B, Bz A4 %4554 50.0%. 83.3%.
50.0%; Cy. Cp. Cadl A %5351°h 50.0%. 33.3%.
66.7%; Di. Do. DsAIKF2ERIET, 1M As. Ba.
Ca. Dy KR AETAENE (£ 1)

244 BROZIKEFIEALFRE

PR E I, SRS TR X RE A AE T K U i
A B, ML ZATIE , IR 4E R
fELI S . IRAE, [RIEhC IR e 528
P X BEZH A7 178 K SRR L B 2 R R AR

I BEZH S22 G A (] 6) R R -

(1) 25 O REZH KRR DE (BT 6A) JC B I g AR
b5 BCEEXS HRZF K BUITIE (B 6B) S B4, JilifE
JEE N, A RIEANMIS T SR L A K U )
J( 6C)H B A PEARHE, Mili/NHER i i, BE
T U (] 6D)AT R PEZm =, M dnffeiz .

(2) 25 FIXT REZH I BRUMUIE (T 6E) JC I g iR AR
ks TR HEZE A BRI (151 6F) I/ IMA TR R AT 2

*1 BEABRREFRFERUESER

Tablel Guinea pigsprotection ratetest resultsin each group

BER L, A RKE RS A KR
(B 6G) A e vEnf, Fofut, FET- K BUELE
(B 6H)A RAEAMIZE, mAnfEE .

(3) 75 FIXT HRALIK FRURFE (& 61) TG B g B AR
b5 TegeExs BRI BRUTHIE (B )i, AT 4040 iz
{5 SBELH A7 I BRI (18] 6K)JC I i BEAZ 1L,
FET- IR ERUFIE (] 6L) A /i e A, el amn

(4) A LRAAEEIKENGER(E 6M . O)JCH 2
S ERARAL, FET- KRN (I 6N, PV A RAYEAIIIR T
3 Wig

VT4, [N Glasser’s disease FYUiA T3 A i
WA, HAREERHAYR YT R e i) g ik
10t . (R FHUERMMAHE T HPS (Wi 2
T, AT HPS S RARZ , &4 ik 18l A B0 1
HA 225, BN JOGZE AN 5 ) HPS (X Rk
A3 AR )7, 1% 45 Glésser’s disease (B
R TR RAEDS I, B A SRR
JE TR B AP PE BT LR 3 A HPS B

I A SRl BRI JEGL HPS MG AL 5 BET- 5 FETHE R

Groups Immune component Immunedose Number of  Infected with HPS Infectivedose Number of Rateof  Rateof
infection serotypes death death (%) protection (%)

A ThpA (Serotype 4) 0.1 mg 6 4 5 LDsy 2 333 66.7

A, ThpA (Serotype 4) 0.1 mg 6 13 5 LDsy 3 50.0 50.0

As ThpA (Serotype 4) 0.1 mg 6 14 5 LDsy 5 83.3 16.7

A, PBS 200 pL 6 / 200uL PBS O 0 100

B, TbpA(Serotype13) 0.1 mg 6 4 5 LDso 3 50.0 50.0

B, TbpA(Serotype13) 0.1 mg 6 13 5 LDso 1 16.7 83.3

Bs ThpA(Serotype13) 0.1 mg 6 14 5 LDsy 3 50.0 50.0

By PBS 200 pL 6 / 200puL PBS O 0 100

C TbpA(Serotype14) 0.1 mg 6 4 5 LDsy 3 50.0 50.0

C TbpA(Serotype 14) 0.1 mg 6 13 5LDsg 4 66.7 333

Cs TbpA(Serotype 14) 0.1 mg 6 14 5 LDso 2 333 66.7

C, PBS 200 pL 6 / 200puL PBS O 0 100

D, PBS 200 pL 6 4 5 LDso 6 100 0

D, PBS 200 pL 6 13 5 LDso 6 100

D3 PBS 200 pL 6 14 5 LDsp 6 100 0

Dy PBS 200 pL 6 / 200uL PBS O 0 100
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Blank control group Challenge control group  Survival in immune group  Death in immune group
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Figure6 Histological aspect of main organsfrom guinea pig of various groups (H-E staining, 40x)
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Note: A, E, I, M: Pathological tissues of lung, spleen, liver and brain of guinea pigsin blank control group; B, F, J, N: Pathological tissues of

lung, spleen, liver and brain of guinea pigs in challenge control group; C, G K, O: Pathologica tissues of lung, spleen, liver and brain of

surviving guinea pigs in immune group; D, H, L, P: Pathological tissues of lung, spleen, liver and brain of dead guinea pigs in immune group
(black arrows show lesions).
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BRIl BAWSEIESE, HPS (1) ThpA . 4iffusit
&7 % (cytolethal distending toxin, CDT). #ME#E
[ (outer membrane protein, OMP)ZEH)a] /F K il
HPS VB 1 BT, (HLSk B8 (1 e 74
JE SR A REEHIHUA A 75 A HPS RSy, B RTIA M
R B SERET . ABFSEAE kAo ORI
fii b, 2240 T HPSILE AL 4,13 F1 14 7 ThpA
XF IR S B AR R4 ERT, ThpA &R ITELR Y AH
A ML 3% A HPS Bk i[RI, XEASIRLIME AL HPS 14
drt A RIS, A E— 20 R TR SR AE DG
58 B85 HeAil

AREFEH, AL HPS IR 4, 13 1 14 7Y
TbhpA fEA MBS TR, 25 R ER, 5%
HE, —%fE HPSIMLER! 4, 13 A1 14 &I ThpA 4
FEA R A EACE T 196G, E W] HPS I A 4, 13
1 1474 ThpA P BERI ML A= 550 1 R P AR
B BER Y, [RlAT4E 458 . Western blotting % 5 4%
R AT AR RV R T o iR AT
EHRAL . A B A e S e R AE T Rg,
TNF-o Fl IFN-y 2 Thl 20077 4=, I TAHiihan
Fa e oY s IL-8. IL-5 1 1L-2 FE i Th2 41
PR, ATEATIE I, SRR, REAS ) B
M R, SRR S NG s MCP-1 ) H 32
X Thl, Th2 4k BA EEAEH . Mk
PE IR BUR B4R A - (IL-2., IL-5. 1L-8. MCP-1,
IFN-y. TNF-o)faZ5 R 278, HPS ImiER! 4, 13
F1 1471 ThpA Fefie 20— S 140 5 4l R 5K 5
SENRAZMZEREE, —REMEE KT
—HfEM R FF, RUPRFEIMGE R ThpA ¥fE
ARG b 75 LA AR Sy FVRE DGR M IR 2R3k

YEAE LI SISt 2 — i LA A Sy = e Bk
TR, RAEANN AT 7E R AE AL R & e VA
WEAEF, & S0RE ROV e SRR AL, 2 R AE B
YERH R EBEFRT BE) 45 R R, R
FETE KBRS RS P 2R D BH (8 i AR Ak, Scagxd
FRZ KB A I | I L e R AR A0 A A St 1 T 4

0B AR AR, X HPS gAY 4, 13
1 14 7 TopA Gy AT KR, [RIBV R AR RERT
JOCBRNBLATE « JFFFFE L e R S 5 i R/ 4 o, 240
B AR IR, AR SRR, HPS
ML 4 RIF 14 5 ThpA Fo728 28 52 B S 9E S i Al
ZH AR )% 13 7Y ThpA s g i, ix 5%
A ThpA & {4 X6 AH 7] L3 7R AN [R] I35 78 HPS 5 [
Y SEAE S A B O B A HEHT/E T, B HPS I
THT 13 B ThpA M#T 4 BIAI 14 7 ThpA HATH
SRS H ARSI T

G FEIA IR LS R s, HPSILYEAY 4, 13 il
147 ThpA fE41xd 3R % A HPS & J5 I {3
% Wk 16.7%-66.7% . 50.0%-83.3% .
33.3%-66.7%, 8] HPS IfiLiF 7Y 4,13 Fl 14 7 ThpA
BIReS IR B 4 RAFI e %, XIKREA 2
H AR ER o ANRLILIE T HPS Toas (1) e Sy
R AHE SR, ol RE & T HPS A [H] L5 7
ThpA M IERR 2 55 Ry o, Joik
TRt i e it Hidh HPS iR 13 Y
ThpA XFAH[A LA HPS B 8: s iy R i 1
4 TUF 14 B ThpA, 157 83.3%, XA MiLii A HPS
YR (0 SR PR AL RE IR 3] 50%, — G fl — )5l
PR A1 19G PR B, R ZEk A
R HPS M58 13 % ThpA %K B 62 5 25085
5| E AL B 4 5E 20 AZH S AL eIk, e B
HPS IfiL% %4 13 7 ThpA (58 B A4 1 ek, 1fE
W Arg2s AL T 4 FUFN 14 0, ATREJS R HPS
ANFEMLIER ThpA &2 [RIFY 5 25 520 T Hrlat
s R AR L R 4 % HPS-BZ
B IK LY LDso & 3.16x10° CFU/mL, i i %!
13 % HPS-LJ3 #kJy 2.19x10° CFU/mL, Ifiif %!
14 % HPS-SZ #k 4 2.07x10° CFU/mL , HPS-SZ #4114
BN fs, Mm% ThpA & FIHAS B ARy
LT HPSLI Bk, HPS 1 SHo 52 FAH
S B 2 ) 25 55 R S 25 SR L LA
Wi AR L 2 AR A A 52 U D L Ak, ABIFSE
HPS M%7 13 7 ThpA XK U A TR A9 28 B e s
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