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5 ZFE: [Be] FAHB 2T R D4ERE L JZ LAY (Streptococcus equi subsp. zooepidemicus,
SEZ) & F) R 3 AAT # (YLCDS88 A= HT222) 49 B R 4F 48 . &t 25 4% & . % 45 .5 5 5] & & (multilocus
sequence typing, MLST) A L 3 B 2B tb A o047, BA A% B 69 5 T HACALAE, AT 12 B 3R M Fe fit 25 14
KA R Fe R AR, KA SEZ 9BURE A, AHiZE e REHFIRE. [HE] A8 =
RN A 4 B AARBAT IR B AN 5, Fn 5848 5 4358 & F 8 77 #2 MLST X B A AR &
71 B F 345 E (https://www.mgc.ac.cn/VFs/) F= K B 40 74T & 5 F 8 #2458 & (http://genomicepidemiology.
org)*f H & A L B Aedt 25 3 F 5 A HAT AR, P2 B A K. BB AR K
VATHE M B A, AR BB DR, R RS e LR S, TR R R R Fe
PERELA R HEAT R BB F R AL FH AR R T hm i, [£R] NEF4E2 7, HI222 5
YLCD588 A B 28 K )~ 2 %] 24 2 105 005 bp #= 2 090 225 bp, % FIH 1995 /~F= 1 905 4445 X,
HT222 4 214 A& A A H, YLCD388 24 212 ANF A AR, HI222 &% H 235 Aat 2 A A,
YLCD588 3t 233 A~dt 25 2 B . YLCD588 4 —A~#1 49 ST & ST545, MLST 244X F M 2+
YLCD588 5.4, %R SEZ B A L9 F4% X %, m HT222 N5 KR SEZ R#L. YLCD588 *+ 6 #F
AR, HT222 b 4 A dA F b, 48 8 8k (P<0.05)F 3k £ B M35 & 9 YLCD588 A4
WMIE R/ B2 5T HT222, ™ HT222 8@ 4Rt SUEL 58 % (P<0.05) A 4 8 7 8 2 (P<0.01) 2 &
% F YLCD588, Hxt s w3 m =&, [£4]) 2HRAITHER TR AR EHIE. 52 o
7! (sequence type, ST). Z & Afedit 25448, HT222 b YLCD588 % & HAfedit 25 K H %, #mAA
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Comparison of the biological characteristics and whole genomes
between two donkey-derived isolates of Streptococcus equi
subsp. zooepidemicus

PENG Jingxuan, JIANG Xinyu, TIAN Yuhui, SONG Dandan, ZHANG Baojiang, SU Yan"

College of Veterinary Medicine, Xinjiang Agricultural University, Urumgqi, Xinjiang, China

Abstract: [Objective] To deeply understand the molecular evolution pattern, pathogenicity, and
drug resistance mechanism and provide a scientific basis for the prevention and control of
Streptococcus equi subsp. zooepidemicus (SEZ), we compared the pathogenicity, drug resistance,
and genome sequences of two SEZ strains (YLCD588 and HT222) isolated from donkeys in
Xinjiang. [Methods] Whole-genome sequences of the two strains were determined by next-
generation sequencing and a phylogenetic tree was constructed based on multilocus sequence
typing (MLST) of sequencing data and existing sequences in the database. The virulence factor
database (VFDB) (https://www.mgc.ac.cn/VFs/) and the center for genomic epidemiology (CGE)
(http://genomicepidemiology. org) were used for annotation of the virulence and drug resistance
genes of the two strains. The growth curves, antimicrobial susceptibility, and biofilm formation of
the two strains were examined and compared. Mice were challenged with these strains separately
and the pathogenicity of the strains was observed and evaluated. Then, histopathological changes
and bacterial loads in the lung and spleen tissues of the morbid mice were observed and determined.
[Results] Sequencing data showed that the genome sizes of YLCDS588 and HT222 were 2 090 225 bp
(1 905 coding sequences) and 2 105 005 bp (1 995 coding sequences), respectively. HT222 and
YLCD588 carried 214 and 212 virulence genes, respectively. HT222 and YLCDS588 had 235 and
233 drug resistance genes, respectively. YLCD588 was assigned to a novel sequence type (ST) 545
by MLST. The MLST phylogenetic tree indicated that YLCD588 was closely related to the goat-
derived SEZ strain, while HT222 was closely related to the canine SEZ strain. YLCDS588 displayed
resistance to six antibiotics and HT222 exhibited resistance to four. The crystal violet assay and
confocal laser scanning microscopy results showed that YLCD588 exhibited stronger biofilm
formation than HT222 (P<0.05), whereas HT222 caused higher mortality rate (P<0.05), higher
bacterial load (P<0.01), and severer pathological damage in mice than YLCD588. [Conclusion]
The two SEZ strains exhibit distinct genomic characteristics, sequence types, pathogenicity, and
drug resistance. HT222 possesses more drug resistance genes and virulence genes and exhibits
stronger pathogenicity than YLCD588, while YLCD588 showcases stronger biofilm formation and
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drug resistance than HT222. These findings broaden the understanding about the molecular
epidemiology, pathogenicity, and drug resistance of different SEZ strains from donkey and provide
references for the effective control of the infection and spread of SEZ and clinical treatment of SEZ

infection.

Keywords: donkey-derived Streptococcus equi subsp. zooepidemicus; genome comparison;
multilocus sequence typing; pathogenicity; drug resistance
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1 ME5FE

1.1 Bk

AW R 2 Bk Y IR SEZ (HT222 5
YLCD588)43 5l T+ 2023 4F 43 15 [ 7 45 i &5 AL
PR RLBLDP 70 O A 1 AR AR ZH 2 R ) B A AR
o 245 i 06 Jo 4 T bR 4 (5 ) BRI ATCC
29213 BT TR A R B ) B 27 e i A=
1.2 FEHFIFERE

20 T A PR 2 R AR & L e Il o) &
RIRAERHE LA BRA R 2h8ulat, Hul
AR PR, THB K577, MHB 1%
IRk, R R T R AE ARG BR A
1.3 S

6-7 JEHY SPF 2 ELBH F1/IN(20-25 2)IW A
R ER A S Y g G . AN RUE SR T A
RAFmagirh, AfRE LYok, A a
BN ) S 6 3 A R R A R S 5 S W A B
SAILHE, 5o 2023035,
1.4 SEEEMFK MLST

W 2 Bk 4 B K 3 A0 T Todd-Hewitt Broth
(THB)}i# %L, 37 °C. 180 r/min }55% % ODgoo
1.4, 6000 r/min 0> 2 min PCER A&, HEE
SLZH DNA, Z4€ Bilg 25 A W B 2R [R
o EV AT AR AR . d%e . KAk
41 e 945 T 2 GenBank (https://www.ncbi.
nlm.nih. gov) &4l 2, Jf38 ik NCBI A% 5 K 41
B PGAP X 20 % J i) JE DXV )7 90 e A 0
FE H i 751K FH Diamond 0.8.35 /4 X% [A] 5 25
F 840 /% (cluster of orthologous groups of proteins,
COG) (https://www.ncbi.nlm.nih.gov/COG/), F&H
HE53 B8 72 (Kyoto encyclopedia of genes and
genomes, KEGGQG) (http://www. genome. jp/kegg/
kegg2 htm)!"*1 2 AFICE 2 UEA T D RE ST -

W 4 N 41 P 9 A% 2 ) R Rak R
(virulence factor database, VFDB)!"¥ (version 4.0),
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XF 2 #kor B R YRR B AT 0, SRAR I
PRAHCTE DN TEE s HafNArs) be =
i A E i 25 B0 HE )% (comprehensive antibiotic
resistance database, CARD)!"* (version 1.1.3), I¥
B 2 RO B 5T B 25 5L 0

W 2 BREERIFER P 7 MEREEH (areC
tdk. tpi 1 yqil) ¥ ¥ 45 &
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org/szooepidemicus), i /& 43 B B bk HT222 5
YLCD588 4 ST &4, #E— 4% MLST %4l J%
B 2 BRYIR SEZ BHRS 1900 4F = 2023 4FR A
22 1~ E KX (UK, USA. Spain, New Zealand,
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nrdE. proS. spi.
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Arab Emirates) 1Y 20 k& A U5 2 123 #R A [R5 4
&R A I B )T 145 R SEZ
O3 ESERIEAT LEXT 208, SR FH MStree v2 Bk gt
GrapeTree #£1T MLST 434,
1.5 S EEAEIKHZINE

¥ SEZ HT222, YLCD588 43ill## T THB
Rrgegtrh, 37°C. 180 v/min 555, TG 4
B 2 h o SISO, DU ODeoo "WOGAE, BRIK
s 3 AEEN, LHaEAERK .
1.6 EYIIRAVF BN E

A YIS R RN R P 2 R TR 4 AR
e o, 1k AN O L R 2 B B BE (confocal laser
scanning microscopy, CLSM) Wi %2 vE:U8 ) i 735
PR A RS AT g a1, IO BRI R
100 pL finA 96 FLARMIRE TR, Z0lfE 6. 12,
20, 30, 40, 50. 60. 70 h HUFEAbEE, BRI
JEEFRHIT ] PBS VRV, BT AA 0.1% 25/
LLyu, FrE YL 30 ming R YIRS 5 H G
B PBS Yk 3 K, FH 95% ZEEM€5 30 min,
FE 595 nm JCEE(E

CLSM WL ik J& ¥ SEZ HT222. YLCD588
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K K-B 48 A BOAPOG I 2 bk 4y B
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TIPHAR . ERVIM . ks ls | Jufhii . 58
Piim., ThER. A5R. #HER. 45 %K.
MAHR., whiBR., ZHFR. £H5FX. 1T
W&, BNHER. Z450E. ERPE. m
BAA . MTER . WEREL . R0 R) B
B . B A1 A B MH B iR B 5R 2 L,
PR 25 AR MG ARG R S 3R 1T, 37 °CHEFR K
Je I A TR P Y AR, AR S I R A S g =
i T B0 1) 25 W R ) s v ) 3 5 T B
HT222. YLCD588 %t 2454 iUt .
1.8 /NRFHEN

¥ 30 JUNRBENL R 3 41, 205k HT222
41. YLCD588 4l Fixf 4], fdl 10 X, &4l
/INER T IR S F PP FE R 1107 CFU/mL Y B ViR
(1 mL), Hr HT222 ZHF1 YLCD588 2H 435l F
X IO 43 AR R VR, R IR 2H v S ZE R R A PBS,
FeRpE I S5/ 7 d N BIAETE S B0 S50k
A, SHl/NRAAFIZ . X K /)N B
FAE . RELAEZHEY, FHAR R SobR e, il A
YR, #E4T IR AKE - 21 4 £ (hematoxylin-eosin
stainin, HE) 4 (8, JF ML A0 BEAH 212 A8 Ak . HUR
[Fi) 2 /)N B i) fiti U L JDE 2 9%, I PBS Rk
107, WATE THB AR 255G E ki as
o PR AGI

FR1 FEHRSEZEHRE FLEYEE

1.9 Zitoth

N SPSS 19.0 BTGt o34, A Ak
/0@ 3, Bl A E (mean)£ b5 i 22
(SDYFErn, ZHIE] 22 55RO £ 46565

2 ER599

2.1 EEENFER

P~ SEZ 43 BRI SE AL RRAEUNER 1 R,
4 5 DR A1 00 I 45 R O TR BR YLCDS88 Al
HT222 () G+C & 543 318 41.44% F1 41.42%,
SRR W 2 090 225 bp AT 2 105 005 bp.
28 D2 R, T g A AR 11 5T Y I B 4 )
91905 A~F1 1995 A4, M F4iRE g R
GenBank 5 72 I A RAFAR R R8-S5
2.2 MLST 4R

A3 2 MR B LR 41 DNA U P45 1
WA 7T ANERIEH (areC. nrdE., proS. spi.
tdk . tpi T yqil)WI 75 o 2 BRI F I 3 )
J&F 2 AR A 51 B (ST) (36 2), YLCDS588
Jj ST545, HT222 y ST420, . ST545 Syt
R ST B, 5 2 #Rr Btk 5 HAth 143 BRAIR]
SRR ST B SEZ S Wby i fe /N2 il
R 1), 45R B8R, 145 BREE W 2 > FE 25
. ST40 43321 ST365 4332 . AMFFRH AT 2 B
PR 43 B Bk ST545 H1 ST420 2 J& T ST365 43
%o B/NMERW BN, AWFREE 2 BRI SEZ
Bk YLCDS588 (ST545)F1 HT222 (ST420) 434l
SN IR ST BRI R KL R, YLCDS588
(ST545) 5 11 3¢ J& SEZ (ST265). ' Ji SEZ
(ST533). I SEZ (ST278) ) 3% & X R Wit ,
HT222 (ST420)5 R i SEZ (ST318)., K SEZ
(ST327). i SEZ (ST300). AJE SEZ (ST194)

Table 1 Genomic characteristics of the two SEZ isolates

Strain name Genome size (bp)  Scaffold number  G+C content (%)  CDS number tRNA number  rRNA number
YLCD588 2090 225 37 41.44 1905 33 3

HT222 2 105 005 35 41.42 1995 39 3
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®2 MRSEZEMRBERERERSTE
Table 2 House-keeping genes and ST types of the

two SEZ strains

Strains name YLCDS588 HT222

ST 545 420

tdk 20 22

nrdE 11 64

proS 10 10

tpi 14 49

spi 82 45

arcC 12 12

yqil 11 12

ARG REGE, U] 2 BRANE ST 2491 SEZ

BA N SR LR E
23 [EiREESR
HT222 5 YLCD588 3[R 4 ity L2k [ A 2%
R, 247 Bk Z A7 DX A A% L R 5
£ (Bl 2A). HT222 H¢ A7 2 K £ & o 270 4,
YLCD588 i A FLH Ao 201 4>, 2 bRt A

LA 1 686 (18 2B), KRB 2 R B AT AR A5
PRIZH IS AL AIE o
2.4 COG X KEGG FREH#Hhr

W2y B Bk HT222 5 YLCD588 E’JJ? 5 5%
P e HEAT H X T BR (E-value<1x107°), 43 %Il A
1710 />l 1 669 A~ J [K 4% 7 B | 23 Fl' COG
UIRemr e, 2 PRI TH gt BIE . ORHIAZE 1
F A W & RY (translation, ribosomal structure and
biogenesis) A ¢ DI BE 1Y 3L N ¥ i e &2, 403
199 4>, HT222 4 % &2 il . &= H MK
(replication, recombination and repair) % J& [K 4 i
(112 /M) YLCD588 (96 14 % ; HT222 4% %
Bl 5L K2 MR B AR R 4% B F (mobilome,
prophages and transposons) [ 3 [F % & (39 M) kb
YLCD588 (22 M) % ; 1fii YLCD588 4 fith B £l [A]
+ (defense mechanisms) %) 3 A £ & (71 1) Lk
HT222 (59 1MZ (K 3).

HT222 1 YLCD588 43 Jill i 1 700 A~ Fil
1 668 i~ [ ¥ FE B 5 KEGG Thfgsrdeh . H

322

Animal
Horse 570 i@ 519 174 201
Human \ //234
Dog \ 190 248 1 )
Goat 37 ) 368 367 P 72 s A
I Donkey 176
Sheep 99 84
I Cow &140\ /
//285 92 807—369—1286
\71 \ 30 —56
320 409 365 \ \\234
_ 279—278// \194 364 \ @
236
272\271\268% / @
W 308
258 265 \ 300 @B
227 —~
/ /\ 178\ 400
376
< A YY /
\ / 38 | o ok \\so
& 63) X Y &
361 (13— 318
) ® ol
8 267 370 h
E1l ETOkmSZELMSTRA &R NE B
Figure 1  Minimum spanning tree constructed based on the ST types of Streptococcus equi subsp.
zooepidemicus.
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A HT222 B
YLCD588
HT222 YLCD588

70 270 1686 201

E2 SEHRERERS R
Figure 2 Homologous gene analysis of isolates. A: Homologous genes collinearity analysis of YLCD588 and
HT222; B: Homologous genes Venn diagram of YLCD588 and HT222.

A
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5 160
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40
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0 CDEFGHIJKLMNOPQRSTUVWX?Z 0 CDEFGHIJKLMNOPQRSTUVWX?Z
B C: Energy production and conversion B O: Posttranslational modification, protein turnover, chaperones
[ D: Cell cycle control, cell division, chromosome partitioning [l P: Inorganic ion transport and metabolism
[ E: Amino acid transport and metabolism [ Q: Secondary metabolites biosynthesis, transport and catabolism
B F: Nucleotide transport and metabolism [ R: General function prediction only
G: Carbohydrate transport and metabolism [ S: Function unknown
[ H: Coenzyme transport and metabolism B T: Signal transduction mechanisms
I: Lipid transport and metabolism [ U: Intracellular trafficking, secretion, and vesicular transport
B J: Translation, ribosomal structure and biogenesis 7] V: Defense mechanisms
B K: Transcription [ W: Extracellular structures
L: Replication, recombination and repair [ X: Mobilome: prophages, transposons
B M: Cell wall/Membrane/Envelope biogenesis B Z: Cytoskeleton

I N: Cell motility

El3 COGINEENKDHER
Figure 3 COG functional classification analysis results. A: HT222; B: YLCDS58S.
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i, 2 5 Hr B AT ] (metabolism) ¥ global and
overview maps %t K #{ & fx £, HT222 Al
YLCDS588 4347 416 1> 408 DAHICHER 5
W2 KA A W AR i (carbohydrate metabolism),
HT222 Hl YLCD588 735l 47 184 A~H1 178 4%
LA ; %% 32 (membrane transport)FH O H PR E5 &
G390 R 158 ASFI 155 (18] 4).

A

Cell growth and death @16
Cell motility {5
Cellular community-prokaryotes 69

Transport and catabolism 9
Membrane transport 158
Signal transduction 84
Folding, sorting and degradation | = 31
Information processing in viruses | 1
Replication and repair 46
Transcription } 5
Translation 83
Cancer: overview [ 13

Cardiovascular disease
Drug resistance: antimicrobial 7 34
Drug resistance: antineoplastic {5
Endocrine and metabolic disease } 5

Immune disease {2
Infectious disease: bacterial i 32
Infectious disease: parasitic |2
Infectious disease: viral {1
Neurodegenerative disease
Amino acid metabolism
Biosynthesis of other secondary metabolites
Carbohydrate metabolism
Energy metabolism
Global and overview maps
Glycan biosynthesis and metabolism
Lipid metabolism
Metabolism of cofactors and vitamins
Metabolism of other amino acids
Metabolism of terpenoids and polyketides
Nucleotide metabolism
Xenobiotics biodegradation and metabolism
Aging
Digestive system
Endocrine system
Environmental adaptation
Immune system |3
Nervous system 1

25 THARREFRER

Iy Bk HT222 5 YLCDS58S fit 4 5 [H 41 ¢
52 CARD (v3.2.9)%¥8 PE i &, i if BLAST
(E-value<1x107) 4t & B 11 KprE LB, {45
B-INMERES . A B S . KIFARZE . IR
e, TS . B WIS, MRRTIERSSS
B | A R ISR H R (K 5).

B

15
5
73
17
155
87
30

44

84

33

30

416 408

0 100 200

E4 9 EHRYLCD5SSFIHT222BKEGGEE i

1 1
300 400 0 100 200 300 400

Figure 4 KEGG annotation analysis of the isolates HT222 and YLCD588. A: HT222; B: YLCD58S.
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Macrolide Macrolide
antibiotic antibiotic
14.5% (34) ; 14.2% (33)
Peptide Peptide
antibiotic antibiotic
9.4% (22) 9.4% (22)
HT222 Tetracycline YLCD588  Tetracycline
antibiotic antibiotic
16) % (17)
. luoroquinolone Fluoroquinolone
GlyC(‘)p‘ep.tlde antibiotic = antibiotic
antibiotic 5.5% (13) Pleuromutilin \ 6.4% (15)
‘ ?.8% .(9) Lincosamide antibiotic Oxazolidinone
Disinfecting Oxazolidinone antibiotic 3.4% (8) ) antibiotic
agentsand ol 4.6% (1) Aminocoumarin Glycopeptide 4.7% (11)
antiseptics 43% (10) Aminoglycoside antibiotic [ incosamide antll:)lOth Disinfectipg agents
3.8% (9) Ami . antibiotic 34%(8)  antibiotic 270 (9)  and antiseptics
minocoumarin - o 4.3% (10)
antibiotic 4.3% (10) 3.9% (9)
4.3% (10)
Es Bk E T

Figure 5 Prediction of antibiotic resistance genes in isolates.

HT222 #5747 235 AN, 1) YLCD588 #5747
233 M2 EE R . 2 AR R Y 25 S I A
i HT222 #5407 B ARZE T 25 2L B vanXY, Y 1M
LCD588 47 Bl IR 2 it 25 FE Al vanY; HT222 it
= RIFNEEZST 253K mupA FIVUER 2R 20 25 3
tetA, T YLCD588 #5747 K FF P BEA Tt 24 55 A
mupA FIWUIRZ I 3L tetd (K 3).
26 SHERIRER

25 VFDB (v20240301) 504 4 1 B fil BLAST
FE X 43T (E-value<1 <107 L X5, 45 5 S 43

R3 DEMNMAEEER

Table 3 Drug resistance genes differences of isolates

HT222 YLCD588

mupA

Antibiotics Drugs

Macrolides Erythromycin
Clarithromycin
Azithromycin
Tetracyclines ~ Doxycycline tetA
Tetracycline

Tetracycline

Tigecycline

vanXY vanY

Glycopeptide ~ Vancomycin

IR HT222 FEpH 20 rhAeAa i ) 214 55 S 52
Sy R YLCDS88 J PR 2l Fp AL 3] 212 -3 77
FE, AR N B SRR Ab
FE . AL RS . FNEF . Y
A T AR 2R M (] 6)e 2 DRIk TP ALA
6 M I HAAEER, TEMUFEAERT
(pbpG F1 ctrD), EFACH F (pvd)). b5 R
(cIbN). FiM R ¥ (can. acm 1 spaPlpac). H=¥)
N IE 1% R 7 (fsrC) FT B A0 B (sak)o BRI &,
HT222 5t Z & 3R 73 A pvd) R P IE
WA CIER, HT222 ANF fsrC FEH; YLCDS8S
b= HNERIEA clbN FIANEEFE A sak (3 4).
2.7 PEHREEIZN E R E PR RR
fE

HT222 F1 YLCD588 (¥4 K i & 7 7k 2 5
(B 7)o 38245 f 52 G B LA I 2 FEd 9 2E P bk
EIE REAE (1K 8), AS[HIHHA] 1) 595 nm I K 4b
A AR, B B R A B 2 AR PR
AR RE T iR . BEIREE SO hIFF, 2 Bk
AT B A W e BT B 34738 31 i =i 7K SF-, YLCD588
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Motility 12¢
Fxoenzyme 9% () Invasion
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Stress survival 0.8
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modulation 8 0.6
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HT222 ook
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Effector 15.9% (34) :
delivery Exotoxin
system 9.4% (20) E7 MHREAE KL
9.8% (21) Figure 7 Growth curves of two strains.
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Xoenzyme | go; (4 127
3.3% (7) o) Invasion HT222 *
Others 0.5% (1) I YLCD588 *
4.7% (10) 0 N -
Stress survival 08t I_I
6.1% (13) o . ’ *
modulation g 0.6 ¥ ’_‘
3 25.5% (54) |—|
Regulation 04t i
6.6% (14) i ﬂ
*
YLCD588 0.2+ ] [
Nutritional/
Meta 00 L 1 1 L 1 1 1 L
bolicfactor 6 12 2 30 N 40 50 60 70
Effiegion Exotoxin 4
e 10.4% (22) I8 45 EERM2BRE M+ MRS
9.4% (20) Figure 8 Detection of biofilms of two isolates using

Ele MIRERSHERTM
Figure 6  Prediction of virulence genes of two

isolates.

*4 DENRSHERER

Table 4 Different virulence genes of isolates

Function HT222  YLCDS588
Immune pbpG ctrD
Nutritional/Metabolic factor pvdJ

Exotoxin cIbN

Adherence cna Acm, spaPlpac
Biofilm fsrC
Exoenzyme sak

P4 actamicro@im.ac.cn, & 010-64807516

crystal violet. *: 0.01<P<0.05.

()4 Y IOY A RE T 3 R T HT222 (P<0.05).
LB A T A S R, YLCD58S 1Y
AR RS H T O S (K 9A), T HT222 B4 9
BEEEEF AT B A (B 9B).
2.8 S ERREIT AEFE

YLCDS588 1 HT222 Btk X} 22 FiHL & 254
A 25O IR ZE R WL 5. YLCD588 XF 2 Pk |
BIZEPabk . Jofldim . TR, BER. I
BVb R 6 Pt A R 2y ; HT222 MR R .
figeR . LER. WA 4 TR,
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20 pm

El9 HEETEEMREUZ2RENE IR
Figure 9 Confocal scanning microscopy observation of biofilms of YLCD588 (A) and HT222 (B).

*®S5 APARER

Table 5 Results of antibiotic sensitivity tests

20 pm

Drugs Inhibition zone diameters (mm) Drug susceptibility
HT222 YLCDS588 HT222 YLCD588

T %5 Z Penicillin 36 36 S S
kAW i5 Cefquinaxime 36 37 S S
FZEVEHK Ampeilin 26 14 S R
JEA}5 RS Ertapenem 29 27 I R
5% B R Meropenem 32 37 S S
Pl B PE Ak Amoxicillin 27 8 S R
J7 i85 & Vancomycin 24 14 S R
%5 & Chloramphenicol 22 25 S S
BERE R Streptomycin 11 14 R R
Tiffi iz 1% e 4 Sulfadiazine sodium 20 24 S S
21 & Erythromycin 22 26 S S
e H & Clarithromycin 18 25 R S
P[4 %% 2% Azithromycin 26 28 S S
Z V43K Doxycycline 24 28 S S
PUFRZ Tetracycline 32 35 I I

+ %% & Tetracycline 15 24 R S
BN E Tigecycline 25 27 I I

FES I B Levofloxacin 29 32 I S
IR TP AL Oxyfloxacin 23 30 S S
TP B Gatifloxacin 8 13 R R
FRA]EE & Lincomycin 22 33 S S
Z=ih R Tamsulosin 20 21 S S

S: BUF; R: MHZy; 1. rhEERUR.

S: Susceptible; R: Resistant; I: Intermediate.
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29 DEBEHKRNEZINE

W53 B bk YLCDS588 il HT222 43l 42 Ffi /)N
BRUG, 2 ARG NRIAE 7d NIET, B
HT222 /MR G YLCDS88 (/)N BB T it [a]
(A T0A) o XTI /I SUMBLE 71 M e 210 7 22k 1
RGN 45 J 22 0, YLCD588 75 2k 4k i ik A gt
JIE ) 2 B K S 25T HT222 (& 10B). Ji )
RSN, SXTRAAIEL, HT222 A1 YLCDS588
JER BRI il L 40 B yf 3 ), Hod HT222
SRR SR s R A O B (K 10C T a—c).
HT222 1 YLCD588 & 5 14 I IE 20 2L 249 1 i

A 100
) —e— HT222

~ 80} . YLCDs88 —*
s —+PBS
é 60
£ 40
=] [
(0]
5 l
& 20t

0 1 1

@
—
N
w
N
(9]
(o))
]

E10
WL FLHEYL () (200%),

MAEY 5K, MSEFPUNS N 2, A
U Bl Zs ARk, H HT222 JEe LAY g 2 2
S8 [l YLCD588 2 fR i ™ (&1 10C Hr d-1),
Z2H] 2 k& SEZ B #R YLCDS8S8 il HT222 Xt /)N il
(B IR B 25 5

3 atik

A HIF 5 X0 B 5 A BR A 0 T A B kR
HT222 5 YLCD588 #4714 KL K 45 il & F11 ST
Ayl gERLEIH, YLCDS58S ¥ % E ATy ST
4 ST545, MLST £#4t &k & # 7~ YLCD588 5

B o HT222

= YLCD588

—
~ (o)) [e ) (e}

\S]

Bacterisl load (x10° CFU/g)

(=}

Lung Spleen

Figure 10 Virulence analysis of two isolates. A: Mice survival rate; B: Lung and spleen bacteria loads; C: The
HE staining result of lung and spleen of mice (200x). a: Spleen-PBS; b: Spleen-HT222; c¢: Spleen-YLCD588; d:
Lung-PBS control; e: Lung-HT222; f: Lung-YLCD588. *: 0.01<P<0.05; **: 0.001<P<0.01; ***: P<0.001.
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W5 SEZ #REG O R dwil, 1 HT222 W5 R
Ui SEZ #R R 2% R R L . HT222 tb YLCD588
oty o 22 0 75 ) RN 25 3 R, SRR HE B R 114 8K
J ks T YLCD588 [t HT222 HA Tk () A4 9
PEEIE LRE ), it 24 AT R

R ER T E A HAT ) iz s AR,
JE— P E A SR R R AT R
SEZ "J{E L AR . SEAIN, DL RFAZ )%
FEEP H AR R e X 2 5 A T 5 |
Wi RGN . Jara S50\ 56 (R 2 fl A8 M K R
AT R RE S B SEZ. ML Z R, E
SEZ EZEFEMEE R W, wn 5l S A
6] (R 4% 28, Preziuso 5BV 7 KR FIAS [6] Hi X i
TS SEZ 34T T 16S rRNA FEKH 741 He
M, KBR SEZ FIH 5 Bst L 2R

HF SEZ &Y fs 0 2 A, MLST il H
T 71 0 T TR A% 1 0 A A AR R 3 AR o
AN ZEB R R RGE TR SR X A3 B Y 2 kPR
SEZ, %55 ST420, FfxfHitAT T 25 WUkt
KA ERE T, RIEEXE 53 B AR 16S rRNA
FEH VI-V5 0] 28 XFET T AT, %o 2 i
BRIEAT T SeM F PR Ak 73t #1227 550751 43 7Y
(multilocus sequence typing, MLST), #F4f T HF
W FEALARAE . Cantelmi 25012 W 75 K Bi) A3 4544
H DX P g B M E T — BR B IR SEZ
ST525, INANYR SEZ B4 Y451 M Euw 5
L5 SEZ MMAFTE B E 22 5, Jfad et
DIy % 80T 9P SEZ Hp phy A AR I B3R 11 T I 1
PRI B TR mf2.

Bjornsdottir 2% vk 5 AT B 257 Bk TR
K By SEZ $EAT T MLST 43 #1, % ¥ SEZ
ST209 7Em A SR s T, &S RAe A A
i HA —E = X, Bisgaard 25 HTEXG A Y
¥ 7 & Ui SEZ ST173 F1 ST280, & ¥l & Ui
ST208 VR T Lh IR A ik o T /NG 5025 3 i b
X B85 2 #RYJE SEZ (ST179 F1 ST420)53
17 MLST 43, 153964 250k ST179 ki T
PIERATIO SR ST179. ABFFTH T 200 2574

O3 R4y % 5 PR SEZ (1) 2 R[] 3 R R
ST420 (HT222) 5 ST545 (YLCD588), J i,
ST420 57eHi 25 A AN ZKIGIRFEAR) ST194, K
Ji SEZ (ST318). Rk SEZ (ST327). ik SEZ
(ST300) 2 Blast LS OCHE, $P/Rix G N AL B A
TETE B NI RO AR . STS45 RARREEE
MIRT RN AL, XS5 e T 3R SEZ W0 41
RV, 88 1 SEZ myistfe Z 6%k M AE AR
XSRS ErhrY2E 5. A, ST545 511
I ST265 7> B3tk . 9" SEZ (ST533). i
SEZ (ST278) K4 K R, fE1E RS KT [FE
P, 87 T IHAEN R L S W b e AR 1 1
A TR SFARHIE

ARHBEFENT 2 Bk SEZ AIRIATHE K EF 1 3
PEAT HEAE A BT, 45 R R HT222 #7251 IA
THEH saK, 1 YLCD588 [# Mk A48 iZ 5L A .
SaK A Bl 5 I R 76 1m EARN P HL, (40
A i vk 3t R, DT 6 iR e 928 2k %R g
SEHL UGG P Wang ZEPOV% I 1 T
SaK 3 13 1R 145 4 B €07 2 BR A 1 21 U &R G- Al
FGERE SN, AT o Jgke e 1 R A 32 B4
Bio &R 5AWESE H HT222 L YLCD588 X
/0N BR PR 5 B0 4 B 7 IR 45 SR — B, HT222 J&K
/N FRL G R B il R s BRAR AL . ST ARNFIRAL
TER A K LR ), SR ia it —b
T R kA DG 1 SE A 753 B i

i 245 5 PR 2 20 1R 7 A 25 1 R ML 2 —
A FE H SEZ 43 8 ik 48 4 Jk IR A e 0t 2 BR
HAE 1 Ry E R LA, U3 B- N mEk
K. AAMHIE . RINERZE . AR, &
METRIZS . RIS REARTS . MRATEERESS |
BERAZS | F I B R ICREE M E IS, R
DN PP AN 23R g0 45 5, BSR YLCDSS88 fTif
2B H e HT222 /b, {H YLCD588 £ Fi i
Lt HT222 S5 T 2558 . 3 A He i B AT e
T FR 3 AR TR 24 35 R AS 22 390 0 AR X 7 ) i 2 2 78
SCAE T R i 24 356 BT A S A8 FL AL i A S i 24 3%
. Wang SEXF N XS LRSI R T B Uk
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Wi 24 55 IR 72 56 R 4] A 22 5 S el e o b, &
PRI 3 FhAEM4y AT 49.4% . 66.5% Fll 56.6%
i 253 R IR AP, AR I 4 Al 5 Z AT,
WiE—2 R T R F IR AT i A

B- N B2 2 W 1R T 7 B BR B R ) B bt
Rz —. WD B M T I I R R B
BREAXT B- N e ISP A 2 = R AU . ARk,
TEZ5 W B R BR TR ) N BEBR i % HZ 25 25 W it 25 %
BT /NG R B 2 BRI SEZ Hh
HT111 X} 6 F' B- LR 25 (BT SEPE Ak . 2%
PObR . SkAnkap | LBk, kBT, HE
)RR, M HT321 WX 4 Fp (BTG 4k |
LAk E | SRk L TR ) R BLH 2 1
R 2 DR T R B- BRI 245 W R 2E 1
WAy 2, AN A, HT222 kX
3 Fh B-INBEREZE 25 (BT 5P K . 2R PEAR . R
8% P B, T YLCDS88 Xfix 3 Fh2h 4ty 3
PR 20, 10 B T 24 3 5 55 i 24 2 A A 2L A
MM, (BWfEEES, S L EET GRS
YLCDS588 F1 HT222 Bt [8] 1 22 5 LA KA [A] X
B2 25 554 5. X TSR 2R i ER A Y
IR BR, 2 RRT 24 3 R 24— B0 26 A BR e it 24
KAV E 2SS . DARIEEN, SRR
J& Xt E SR 25 R BB AR 25, [HE
FEAHE T SR ST 25 3L R (AT AE 7T 51 % 1 7K STt
24100 ARBIFSE R 2 WK B AT TR R SR A ST
B, TEABOR I h Y R I 250, R4S
B5 FRiE—2.

2 TR A ) 40 B T T 2 6 TR PR D T 24 8 AR
FEA g R, R 24 5 PR B R SR R A A 22
5o DVHEBIZE B UE S B Bk T T A W
A 5 b L 25 W REN . AR 5T & PR 43 B Bk
YLCDS588 AW AT il fie 14 HT222 i, #E
M YLCDS588 [t HT222 &8 o i g fif 24 e 7Y,
5 AR B A= Py RO L RE 1A K

AW R BE R AR B TR R 2
—, WY BCRE T 5 43 B R B0 T 2 B
Kotk o AR H 4B YLCDS8S b HT222 &
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IR o ) A W Y R ), (R O P
HT222 fi%, Ml YLCD588 75 Ak My B st A
AT R G R B R G A T A TR
MO TE, RS S DAAE X B BR B I 5T &
PR AE Wy EOE e ) 5 8 ) R AL 2 B DG Y
gEpBE g,

4 Hik

ABFFEXT 2 #RYIR SEZ 4y B Rk HT222 5
YLCDS588 #E47 T 4 FL R ¥ . MLST #Efk 4
M. 29K . ARk EOE R e A/ BR B0
PRI %, /8 T HT222 #il YLCD588 5 [ 4
SNAESIYIIR SEZ BIZEGCHR, 0T T 2 tRiE
B S 2GRN R R 225, Rl RAT 3545
il SEZ WEHE . 1697 S AR N DR AR AL TS
B, It RIS 8FF R SEZ (F0%E F 25 WL oY
UL TSR

1B STk & WA

SIEEF . BRI, BES AT, R5 5
B ORORT BAE T, BEOCE; M.
B, B R B, %
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