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5,55 Wy A FUR AL RN 98 58 T AR AR I FE N A1 B kfu BC ST 25 BAR S PERE ST 65

Z o AUV X KP T ) 5 25 T & pE A
V) W S B 1 7 R DA 55 i 25 PR O A G P B OC L 2L
PRIt , i TS0 A 0 2 A A B 2 A 4 R ) ik
e, G BRI 3] 0 5 21 Y 68 Bk KP I Bk , 73 B KP
B 7 B A 55 TR 24 1 22 [8] R AR 5GP , AT 42 4l 5C B 25
JIED DUBIE R KP 195 91 S5 2544, SR S04
FUBRA BB 16 B AL ) 251 0T S 3R (IR ARk A

1 bR i

1.1 FERF SN

TCRE A FER K, W 0GRS 245 B A BR 2
] ; Mueller-Hinton 358 , 14 F 75 & = B Tl fel X
WA B ARG PR W] 5 29840 7, W A B s
YR FAT PR B 40 RNA $EBGRFI &, CCK-8 41
B TR & L 2 X TagMasterMix (DyePlus) , 4 11
FI P 2t 1A E R A R B A BR /A | 5 SOD G 4R
ey AL ) MDA (75 ) ALP (P s 1% 1 )
T PG IR ) £ A0 T.—-18/11L-6/ TNF - Jif B 4 93¢
W R AGE IAR) £, 0 B VR s R A R A BR
NFELALT/AST W RN R & B e ot i ks
W) TR W5 Br A R 28 7l 5 GibcoDMEM/F12 1 3%
R EEAB-EDTA (w=0.25%, & By 21 ) i AL A
PBS 2% vff , ¥ A A st B AR r im B A R
DNAMarker 1l GoldView | BUAZ R 4e 7], ¥ H
Fa N R E DR A BR A s 2 D1 6E PCRSCRISE B
e B PCRAYL, 1 H 38R /R BHE (R D 5 FR
/3w SPARK Z g Bt , W F 143 B 1R
FABRA R SPX-150 A4k 553548, [ g RE A
R R A H]
1.2 ZHBE GRXIE BN B SR IR

WA JE AR FLAR L B2 40 i (pbMEC ) Sk 5 F A 51
5 =5 130 40 B CRAF 0 4N B R 5 SPE 2% ICR B, 1 A
P K2 U B 2 B e s Py bt o VL5638
Hi X 4 A7 R AE 1 208 631 R / B bk L IR R W ke
Hi 1551 68 HRKP.
1.3 K-BZEXE

it 1 A B AR K TC ) 0.5 2 [RGB (19 KP 43 25 bk
PRIV, FH G AR 4 A IR 38 20 U A T Mueller—
Hinton B 3R M , & I #f & 3~5 min. X5 11
Fh2GEAC R, 0 A IR R (TCY, 30 pg) HER F
(STR, 10 pg) K K E (CN, 10 pg) A H W 2
(CIP, 5 pg) . B 75 % K (AZM, 15 pg) . Ik I 2

(NIT, 300 pg) .3k fBE Wy (KF, 30 pg) . & % K
(PEN, 10 pg) P S FE AR (AMX, 20 pg) . KX Kim
(MEM, 10 pg) FWRHL PG AR (PIP, 100 pg) o H2hf%
4R T aE R AL R, R FRE 15 min, & T
37 ‘ClEIE T4 598 16~18 ho fdi FH¥fhs - R &
O B AR IE Sk o MR CLSI(2020) b ™) 5
it 4 B A1 TR 8 R ) 245 W OB AR TR R Sl R
AT ATCC25922,

1.4 SFHER&EN

R S B Sk [8 ]~ Sk [10]Hh B B £ 19 11
T KP 485415 (14285 71 3L X« JE M2 AH SC 3L X (rmp A
weaG) PR R L FL RN (allS) TR N
(kfuBC .ybrA .iucB.iroNB) W& BEAH LA (fimH) |
N Z WA EE R (ureA uge wabG) , 515 BILE 1,
IR S PCRIEXT H Y B BEEAT I 34, H w=
1% 114 352 IR A6 e FhL Uk AG 00 7 184 7= 0, AR 4 AR 1+
DU S B ) SRR R B TR
1.5 FSHERSWMA%NEXSH

LA Spearman #H5¢ R £ () 1F Ry S e 2 4> 78 1t 1]
FHOCRREE WAE S B b, KA T —1~1. FIH
SPSS 26.0 A4, 3 12 R 5 4 5 F Spearman #HC 5
BT BT a3 R S i 24 e AL AH
1.6 qRT-PCR¥yE5EE

DA S 56 2= 6 A B Y 68 Bk il 4& 7 1A B
cDNA AR, 8B 16SIRNA 18 514 L KAk #45
F1 3 (BfuBC) 51 4T gqRT-PCR, Fl] F 27 22¢ 3
T3 RuBC 5& R B AH X 2 3K & , >Rk JH GraphPad-
Prism 9.0 {4 v 5 3 37 BE AR TG 5607 40 M 24 7] 2%
S,

1.7 KP{ZE#pbMEC® &

HR 4 PCR & 5t 25 S AL PR BE 1 AuBC 1R ik
(KP27 KP46 .KP57) fk#i5(KP10 . KP25.KP26) L
K AFIK (KP22 KP37 . KP60) (1) KP 4 g gupsi Y |

D CCK-8 A& kil . 7E LR HEAET KR
I pbMEC $ B ALZARFA R 100 pLl 1 L 1T 96
FLBR s AR S BT 37 CHR MBS F: 48 vh UG 55
24 ho WS pL 5 B4 KP B 2 fL AR (434K KP
[R5 A R A W =B I i i % = e 8 EE | D E R
G55 2 3T CHIMIE A4 R F7 6 ho BUh T 5%
SE LAY 96 FLAR , B FLMA 10 uLCCK-8Solution, 7F
37 CHNMusE A FR 4 ho R BRI AE 450 nm
SR A A5 A 7 P R {1 LA 000 240 3% )
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Tab.1 Primers used in this study

EIRE/EA S l1YFHI(5'—>3") T EE /bp
16SrDNA27 F:AGAGTTTGATCCTGGCTCAG 1500
16SrDNA1492 R: TACGGCTACCTTGTTACGACT N
F:ACTGGGCTACCTCTGCTTCA
rmpA 516
R:CTTGCATGAGCCATCTTTCA
F.GGTTGGKTCAGCAATCGTA
weal 169
R:ACTATTCCGCCAACTTTTGC
F:CCGTTAGGCAATCCAGAC
allS ) 1090
R: TCTGATTTATCCCACATT
F:GAAGTGACGCTGTTTCTGGC
kfuBC o o ] ) 797
R: TTTCGTGTGGCCAGTGACTC
F:ATGACGGAGTCACCGCAAAC
ybtA 960
R: TTACATCACGCGTTTAAAGG
o F:ATGTCTAAGGCAAACATCGT 918
e R: TTACAGACCGACCTCCGTGA
F:GGCTACTGATACTTGACTATTC
iroNB 992
R:CAGGATACAATAGCCCATAG
F:GCTCTGGCCGATACCACCACGG
fimH ] 423
R:GCGAAGTAACGTGCCTGGAACGG
A F:GCTGACTTAAGAGAACGTTATG 437
e R:GATCATGGCGCTACCTCA
F:GATCATCCGGTCTCCCTGTA
uge 534
R: TCTTCACGCCTTCCTTCACT
F:CGGACTGGCAGATCCATATC
wabG 683

R:ACCATCGGCCATTTGATAGA

2) 40 R ARG . 3 S ELISA J7 gk i 4% 21
i 35 W P A IR T TL-18 . TL-6 M2 TNF-a (55
TR DR S e KP B T 5| A i) S i A 1 AR A )
LD BRI T , ) FH it £ SORS DU 4% FLAE 450 nm Ak 7Y
WOCAE I 2 Hl bRt 4k
1.8 KPIE/MRIXE

ICR FRAE B MR A o8 vh )iz I, JHE Al
(595 R G0, RETE A TR IR e ok 78 rh B AL Y 4
PERN o WA ICR BURA B4 Byt 4 e P —
vk, HLHGE N Ve, BB 70 AN [ PR T F IR B2 E
A BRARAS | 3t A7 B T 02 A1 DR 22 % i e
(A2, £ = 00 B 1 T b . AR B ICR
SUVE M al e s A . W50 pll $k 9 #k KP
DR R AEFN T R SR 5 h ik T 2 ety 3%  F
KP B T AR B KA B 22 1< 10° CFU-mL

HEATHCREY, #4338 FA i iy £t B HLAAR T i AH T 1Y
SPF 2% ICR FFEHLA B 114~/ (A~K 4, BF4H
3 R gy Ko . Hh AR C4gr

BT KP22 KP37 . KP60 W , D 2 F 4143 91l 1 5
KP10 . KP25 KP26 B, G 2 14143 7)1 4 KP27 .
KP46 . KP57 W& , J 417 59 55 1 Jo ol A B KRR
ISP P % R, K2 e 5 46 Ml 4% v A1 1 AT CC 4352
A B XS BE

1) My FE PR . X Zeag /)N BRUHR BE B , K R
ERMBEAEZRFHEAOmn)g T4 CEHET
2 000X g &5.0> 10 min B35 % W03 , 43 o T
—20 ‘CPRAF . IR 1138 = RAYIE AR A BRA 7 &
A ) TR AR S P A R 2 R A R
ol A B I 52 /N BRI H SOD GRS AL s AL T )
MDA (7§ [ ) \ALP (5B ) \ALT (2 2
IR MG) AST (RITA AR DI ) 17
T, DU M KP YL F 5 | e A 5 L

2) /IR B2 5 o 3 3k S0 R A B /N BR
TCHRAE 10 41/ BB IFIE S5 Al 2, 22 th Bl 45
AR LR SRR BRY) e, 225 i — 20 /N R
JHF I 55 M P 9 A5 A7 450 o
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5,45 WA FUIR AL RN 98 ve T AR AR I FE N A1 B kfu BC ST 25 (AR S PERE ST 67

1.9 SEMFEITFESH

IG5 E 28534, A ] GraphPad Prism
9.0 FR\FH BB ST A THREES S 2 2R 7 22 Wi T
AN kfuBC F k4 B (22 53 (P<<0.05 FR £ 7 HA S
R P<<0.01 R R A m BRI EE ).

2 LERE5T

2.1 KPH BB Z M4
2% 2 vl 0, 68 Bk KP 43 55 #k 6 56 58 B i) 6

O MO PrA R R A FEREE N2y . IrA
KP XFERPT VD B IR 2 DK RN 56 27 B R N 25 5% R 0%,
IR EURE s KP X 7 B 2 25 % e, O 85.3%
(58/68) , H: YR X Bif B G AR M 25 R 4 i , A 67.6%
(46/68) s AL T IR KB % (5.9%) , KP X #5585 R 1Y
it 25 3R 8 5, o 41.2% (28/68) ; KP X 3k 71 1 Wy
(11.8% ) FIWR 47 PG AR (10.3% ) 1% 2 Fb 5 — N Bk e 2 bt
A R R I AR i 257K

®2 KPHmzZyRE St

Tab. 2 Statistics of drug resistance phenotypes in KP strains

5k UK A fiif 24
KP/#k i /% KP/#k A /% KP/#k i /%

PUFRZE TC 49 72.1 7 10.3 12 17.6
HERFE STR 35 51.5 5 7.4 28 41.2
JRK#EZE CN 63 92.6 1 1.5 4 5.9

WNTP A CIP 68 100 0 0 0 0
W& % AZM 51 75.0 13 19.1 4 5.9

IR K NTT 68 100 0 0 0
kAL ERY KF 60 88.2 0 8 11.8
HEZPEN 0 0 10 14.7 58 85.3
P2 PG AR AMX 3 4.4 19 27.9 46 67.6

EB i MEM 68 100 0 0 0
WRH7 VG AR PIP 61 89.7 0 7 10.3

22 KPHBEH®RENEERZEER

R JH PCR J5 2%t 11 Rt I KPR A0 45 21 I
223, 45 5 WIRTE 68 Bk KP 43 B v AR A I H aliS;
I fimH , ureA | uge . wabG #& K K H R S 100%:;
rmpA weaG A 138500 2 4.4% F 11.8%;
kfuBC ., ybtA . iucB. iroNB & P 1 K H 2 43 51 8
50.0%.23.5%.52.9% .4.4%. 68 Bk KP 43 & ¥k [ i
iy 2R )R, DU 1, 43 B ik b e [R5 A
AP BN i 2 AT 8 g Ty BRI e K 2

40 36

#£ 20 18

H 4 4
[ [

4 Fp 5 Fift 6 fl 7 Fh 8 Filt
771 3 R
E1 KPHBE#ERERSMENERGR

Fig.1 Co-occurrence of multiple virulence genes

among KP isolates

KUOKP [R] #5175 FhRg JI B
®3 KPHBEKRBHNEERNE RS

Tab.3 Statistics of virulence genes in KP isolates

A S HH KP/kk B EEEK /%
I rmpA 3 4.4
e 2 b

wea 8 11.8

PRE#EE allS 0 0.0

kfuBC 34 50.0

- YybIA 16 23.5
L7 AUN

iucB 36 52.9

iroNB 3 4.4

[LEE fimH 68 100.0

ureA 68 100.0

EEZ uge 68 100.0

wabG 68 100.0

23 MREEBEEKRSHERSHAENXER
Hy 26 4 A6 5 0TS0, AfuBC 3N 5 KP i 245 % 5

W AN (—0.318) o rmpA iroNBFER 4514

I F It 2P S A 53 IEAH 56 (0.336) o AfuBC 3k
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PRI 5 DU A 2% A i 24 1 S A I 2 A DG (—0.463) , 5
T R M2 PE R B2 TG (—0.305) , SURFLPUAR
FRTIES 245 P 5 B 2 7R 5 (—0.242) o iueB AR 5 7Y
x4 FHEESWHHAEXESIT
Tab. 4 Correlations between virulence genes and

the number of antimicrobial resistance
B I
rmpA  weaG  RuBC  ybtA  iucB  iroNB
Mi25%C 0.221 —0.152 —0.318" 0.128 0.304 0.221
TE R AR L FEHIE

it 2454k

IR HEE N 24P B IE A O (0.445,
0.356) .
24 MREEEESHEBEMuBCRIEER
MG KP 3 )1 3 [H kfuBC 5 Z R i v 25 W it 25
P I 3 R 563X — IR, 0 1 A BC BEAT R —2F
WEGE . ARG £fuBC (75 B 455 K 68 1k KP 43 25 Bk
Gy R AR ARHRIE A R IRAL, I T AL L
Phik 3 MR TEOR TR K . 2 R T A5 L B AL
R 3 1R KP 43 B HRHE 7 19 AfuBC 5E R 5% 5K V-1
5. HKP22,KP37,KP60 H kfuBC R FE4 ;

x5 BHERESWMARBEMBEXMESRIT

Tab.5 Correlations between virulence genes and antimicrobial resistance phenotypes

R BE DG B OB ) /6 3 (% )

e E]
DL ES Y] rmpA weaG kfuBC ybtA iucB iroNB
R 2(16.67) 1(8.33) 0(0.00) 2(16.67) 11(91.67) 2(16.67)
. S 0(0.00) 7(14.29) 32(65.31) 12(24.49) 19(38.78) 0(0.00)
PIIRER TC
P 0.017 0.504 0.000 0.803 0.001 0.017
r 0.336™ —0.134 —0.463" —0.025 0.445" 0.336"
3(10.71) 1(3.57) 9(32.14) 8(28.57) 21(75.00) 3(10.71)
- S 0(0.00) 6(17.14) 23(65.71) 7(20.00) 12(34.29) 0(0.00)
HEFER STR
P{H 0.106 0.211 0.027 0.714 0.005 0.106
r 0.184 —0.137 —0.305" 0.071 0.356™ 0.184
0(0.00) 0(0.00) 1(25.00) 0(0.00) 2(50.00) 0(0.00)
S 3(4.76) 8(12.70) 33(52.38) 16(25.40) 33(52.38) 3(4.76)
KRB CN
P1H 0.883 0.698 0.343 0.436 0.634 0.883
r —0.060 —0.103 —0.171 —0.156 0.043 —0.060
0(0.00) 0(0.00) 4(100.00) 0(0.00) 0(0.00) 0(0.00)
S 1(1.96) 4(7.84) 26(50.98) 14(27.45) 28(54.90) 1(1.96)
B 1 ¢ 2R AZM
P{H 0.099 0.055 0.051 0.342 0.084 0.099
r 0.225 0.234 —0.069 —0.150 —0.036 0.225
R 0(0.00) 1(12.50) 2(25.00) 3(37.50) 3(37.50) 0(0.00)
N S 3(5.00) 7(11.67) 32(53.33) 13(21.67) 33(55.00) 3(5.00)
Sk AEW) KF
PH 0.518 0.945 0.132 0.321 0.352 0.518
r —0.078 0.008 —0.183 0.120 —0.113 —0.078
3(5.17) 7(12.07) 29(50.00) 15(25.86) 33(56.90) 3(5.17)
S 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00)
HEEPEN
PlE 0.462 0.851 0.633 0.275 0.116 0.462
r —0.089 —0.023 0.000 —0.132 —0.191 —0.089
3(6.52) 5(10.87) 20(43.48) 13(28.26) 27(58.70) 3(6.52)
. S 0(0.00) 0(0.00) 2(66.67) 1(33.33) 2(66.67) 0(0.00)
B 5L P AR AMX
P{H 0.472 0.694 0.296 0.284 0.245 0.472
r —0.107 0.095 0.126 —0.189 —0.201 —0.107
0(0.00) 0(0.00) 1(14.29) 3(42.86) 3(42.86) 0(0.00)
S 3(4.92) 8(13.11 33(54.10) 13(21.31 33(54.10 3(4.92
U ST A PIP ) (5 ) (54.10) (4.92)
P{H 0.548 0.308 0.046 0.203 0.573 0.548
r —0.073 —0.124 —0.242" 0.154 —0.068 —0.073

T P<<0. 05 3R 22 5 AT Gt 243 X P<<0. 01 F/R 22 5 BLAT = BE e v 12 78 S + 3R Bt A AH G, R Sl s 35 A G
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KP10, KP25, KP26 & kfuBC % % ik 4 ; KP27,
KP46,KP57 1 kfuBC KA 4 . 3 HKP itk Z
[i1] kfuBC B[R 3235 5 1 25 5 ¥ B m BE G4 i X
(P<<0.01),

sk

80 7
70 4 %
60

50 4
40 A

30 4
20 A

kfuBC mRNA ik /K-

FELSELEEE
TR 22 5 HoA s BE G 4 L (P<<0.01)
2 KPHBE#kkfuBCEREFRKTEER

Fig. 2 Differences in kfuBC transcript levels

among KP isolates

2.5 FRZEFEE X ppbMEC i& /189201

Hi /&1 3 AT, 3 2H KP 43 15 £k 43 1 & 4 pbpMEC
6 h 57 pbMEC BIAFTR G &L . 4 kfuBC fm ik 2H KP
SRR I ) A0 LA S S I T AfuBC R R A 41N
FFIKH(P<0.01),

£

1
sk
100 - ok —DL ]
N
< 801 T‘t‘. =l
% -:l :::
R 60 famf o
ans a"al [a"a R —
N
& 40 an "
] wial e
= unl [a"s
=20 T o wn
0 .I.. = T T T
WA Q Q \e) o N (SN
VD QY Y Y DX H
L EIEEEEE

T o U R W 25 S HAT B JE e L (P<<0. 01).
3 KP4 BE#Xt pbMEC & A1 1200
Fig.3 Effects of KP isolates on pbMEC viability
2.6 AEEFRNER
FH &1 4 AT 1 3 20 KP Jge pbMEC Ji5 45 2H 4 e 5%
FEWH RAE N T TL-6 1L~18 . TNF-a i ¥ B Y

il AfuBC R RIAH RAEH F 1L-6 ' TNF-a i i
W B 2 R TR 5 R R A (P<0.05) , B A
Geihf 72 S5 A5 2R AE P TL-18 T vk 119 22
SARASIEE L (P>0.05)
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Fig. 4 Concentrations of pro—inflammatory cytokines in

the cell culture supernatants of each group

27 MiBERKENER

FH 1 5 A RNACRE f &2/ INBRUAL T Y SOD MDA |
ALP ALT J AST 0%t . AfuBC R FRIiE4 KP K
BE MY I H SOD & it 5 H A 241 4 b 1 35 F (P<<
0.05) ,MDA .ALP  ALT I AST &8 Hifth 211
ETHE(P<<0.05) o G55 AR AfuBC FEH Feik &
(1) KP 3 B R SR P X I i A [ A ) 46345
28 MREFBEEXN/NRHEFER

TG TR 2R B A~T 20 /N LR JHF I 5 G e 4 2 A 7
IR HE B I KPP, BT 45 A~T41/N R
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Fig.5 Serum indicator levels in mice

JHFIE 55 MGUIEZH 21, g 300 e 5 SR AN 81 6 s, P 9]
P X 8k JC B A R K A B 5 BE X Ry il 4%
TR ATCC 4352 4bBREL ; (— )N AfuBC FEH A3
A KP AL FRLL 5 (+ ) A AfuBC 3K R 1) KP 4k
PRA; (++) 0 kfuBC JEH B A0 KP AR B , 7
BRI, SR 55 REUE 2H 2L B R A PR s o 32
BT LSS5 M 1 8 B R s BAS AL 2R A . X T

JFHEZH 2, LA b A0 45 I 52 e I S 440 it 72 7 LA
L PRI 18] J5 484 A o 98 AE 20 IR0 o % T IR 2
WL AR LA R0 -5 206 5 BRI 11 i, i 8 A= S

ey

RO

JIFAE

[

E6 /NRAFAEREBEFIEY A E (H. E. £8,40X)

=)

Lo BA YU R PI7E e B LSS, AR s BILRAALE
FrAARLAEE , PRUEMLES Y A E A F A 1 o 45
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Fig. 6 Histopathological sections of mouse liver and spleen (H. E. staining, 40)
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Distribution of virulence genes and association of kfu BC with antimicrobial
resistance in Klebsiella pneumoniae isolated from bovine mastitis
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Abstract: Klebsiella pneumoniae (KP) is one of the major pathogens causing bovine mastitis. To characterize the virulence genes
and antimicrobial resistance of KP and further investigate the relationship between them, PCR was used to detect 11 common
virulence genes in KP isolates. Based on the results of the Kirby—Bauer disk diffusion test and the correlation analysis between
virulence genes and antimicrobial resistance, the virulence gene kfuBC was selected for further investigation, and its transcript
levels were determined using reverse transcription quantitative PCR (RT-qPCR). Three KP isolates each with high, low, or
undetectable AfuBC expression were randomly selected to infect primary bovine mammary epithelial cells (ppMECs) and to
establish a mouse infection model. These in vitro cell and in vivo mouse challenge models were used to evaluate the pathogenicity of
the isolates. The results showed that the KP isolates simultaneously harbored multiple virulence genes. The expression level of
kfuBC was significantly or highly significantly negatively correlated with both the number of antimicrobial agents to which the
isolates were resistant and their resistance phenotypes for multiple antimicrobial agents. The cell and mouse experiments indicated
that &fuBC expression levels affected ppMEC viability, pro-inflammatory cytokine levels, and serum indices to varying degrees.
Severe liver injury in mice challenged with KP isolates exhibiting high 4uBC expression indicated that these isolates were more
pathogenic. This study revealed associations between the distribution of virulence genes and antimicrobial resistance in KP and
suggests that AuBC may serve as a key virulence-associated gene for modulating KP virulence and antimicrobial resistance. These
findings provide a theoretical basis for guiding the rational use of antimicrobial agents on dairy farms and for the prevention and
control of bovine mastitis.
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