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il R va i A 52 135 5 TLR4 238 1 MG YRR 5E
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HE BB IR T (KP) B RE 7 e A L i 24 1
G3AT BFFE R RE D R 5 T (AT (hvKP) 55 48 M fiti 48 52 5 A1
T (cKP) B iy i 48 52 % Toll A£3Z 4K 4 (TLR4) 7€ .7 Mz 41
MK 25 I TLRE S IRTUG FAHSCE, Ak IdE
FEE VR B LI , 0 D0 T e 7 Ty B R i 24 o4 o WA 4 i
PRI hvKP 415 ¢cKP 4, ELISA J7 A6 I 8 2 138
1Y) TLR4 /K, HA 4% 4 TLR4 3k 10 22 55 K 5 F & If PR il
RIPAF A, 3T 3T hvKP 5 cKP bk 2 5145 e A
R4 A549, qRT-PCR 5 54l TLR4 Y mRNA RikK
e, R hWwKP AT ST kfu rmpAl  rmpA2 [ H R
B, 4y M35 100% .87. 8% .80. 5% , hvKP ZH i Ifil 5 TLR4
HOEAEE cKP 20 B8 S T8, 76 401 mRNA 7K S 460 21 ]
g5 It H TLR4 /KF- 5116 K TS (19 PST 3143 . CURB-65 #1-4)
BIEM K, 818 mmpAl, mpA2 K magA 3 H K52 W
hvKP HERf M3 7, hvKP G 5]k 1 i 22 44 fd 7K SF TLR4 7Y
T RFIE, TLRA 7K 5 1 PR UG 3 43 2 1E A 5 M, 1 v
TLR4 /K REVE N KPN S35 JEHJZ hvKP BYL i 12 W
KR BRI

KR MR TR 8 B ) Toll BEAZ Ak 4,
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fiti & 5 B 1A T ( Klebsiella pneumoniae , KP) JE41:
DR A R I B o J e i i AL 1 2 22 BT PR T, A
RS IR 5 6. 8% F16.69% ), KP HUHETE F1 4%
SURT 43Ry 2 it 4% 5 T /AT ( classic K. pneumoniae
cKP) FlE 8 J1 i ¢ 52 8 A& (hypervirulent K. pneu-
moniae ,hvKP) . hvKP 55 /] {2 3 & T cKP, 7] L)
RFAER IR, BRI 3% ~32% ", H
HIWFIE 28 S22 5 AR SE L =2 A BH PR a2k
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(CNE

ARG K =3 DM IHPER KP EHRE L h
hvKP'' il 1 B2 40 i 7T LA 43 3 Toll B 32 44 ( Toll
like receptors, TLRs) ") 4 fifd X %5 LA g Xof fili ¢ 5
AT 2 (K. pneumoniae pneumonia, KPN) , TLRs
PR AR WY BC A5 5 1 )3 3 R Ui 9B S, H
H TLR4 22 540 S5 N AL L L 1755 20
T25F B ATRES | K BE (Y A R IZ AT S AL
L AT PR T R B 7 e R A5 At A 7 4 R ALE , 2 1T
B hvKP Kz cKP JR 3% i) A8 255 A P4 B8 40 i 7K °F TLR4
(BRI B 5 Im PR U 1 22 57, 24 KPN [ e R
W SRTT S B HRE

1 ST

1.1 #F#

1.1.1 JR#FH 1EH2020 4 10 —2021 4F 10
H B BRI 55 — B B2 B i 1) 85 4] KPN
R IF IS R A WSCIA 1 55 9] M A fRE 3 A kg X
MR WA IR B KPR bk 65 Bk, JFICEE A i KP
SRR ML 5 0 O 7 B

1.1.2 ZAAFE F58 P B B XA 1 il
RIGRIFRIERE) 7 FER I IR S E U T
GV NN N (Wi R RS N ol i 3 v 1) A N
SN FE 1 ( C-reactive protein, CRP) ¥4 &, 45 & &
X Zeay, CT K Ar, BfIZ W KPN,

1.1.3 SRS BRA 4 [ S 4l i (%
Biomerieux 23 Al ) ; A% @46 ( J1HHAN AR LA
PR D) 5 4B 22 2R (35 [ Interscience A H]) 5
A HliE 0V (polymerase chain reaction, PCR) {X
7 ( 1% [E Bi-ometra 2\ F) ) ,@%H’I&@Eﬁ(( | S5 Ny
FRAHE]) sPCR 519 ( g TA WA W] ) 5 WK g
We Fft i % ( enzyme-linked immunosorbent assay,
ELISA ) 130G & (BB ST A AT IR A w1 ), il
I 1 B2 AR AS49 Sk A ERERBE (L) o

1.2 FHi&

1.2.1 AR EAR JH R4 IS R
DNA, >R H] PCR J7 A6 10 8 Bl 7R ™) 4 d . D
JEREE 22 8 G BRI % AH DG JE ) rmpA 1 rmpA2 | ma-
g&@@%ﬁﬁﬁ%?ﬁ*ﬁﬂé% iucA kfu . iroN .iroB; @
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WA O B mekDP % S 5T
ISR, KR PCR =Y 3EATBEIR VKA 10
REERIFIEATHRT

*1 KPEHEERPCREHWFES

ElLy P J#51(5'3") BIRE(CC)  bp
rmpAl F; GAGTAGTTAATAAATCAATAGCAAT

R: CAGTAGGCATTGCAGCA 50 516
rmpA2 F: GTGCAATAAGGATGTTACATTA

R: GGATGCCCTCCTCCTG 50 535
iucA F; AATCAATGGCTATTCCCGCTG

R: CGCTTCACTTCTTTCACTGACAGG 59 239
iroN F: GCTTATTTCTCCCCAACCC

R: TCAGAATGAAACTACCGCCC 58 829
I F; GAAGTGACGCTGTTTCTGGC

R: TITCGTGTGGCCAGTGACTC 55 797
iroB F: ATCTCATCATCTACCCTCCGCTC

R: GGTTCGCCGTCGTTTTCAA 65 235
magh F: GGTGCTCTTTACATCATTGC

R: GCAATGGCCATTTGCGTTAG 59 1282
mrkD F: TICTGCACAGCGGTCCC

R: GATACCCGGCGTTTTCGITAC 64 340
1.2.2 #h#ekE USR5S I3 E I R

SCYS ZE bR EALZE 512 (Clinical and Laboratory Stand-
ards Institute , CLSI) M100-S26 SC{4: 2018 4F-4ft Hi )]
BEARAEDT SR FH B S AR B 1 0 5 A Rk X T 1S
Tl i FHAC TR 245 400 1) S AR BT
1.2.3 ELISA %% BB SN, i 5
SEDIRGINKE S5 6 5243 A cKP 415 hvKP 41, {d
MK LT A S filt RS BB 4, SR A ELISA 5 ik /8
WS B0 2H T ) HE2H A0 R LTS TLR4 Y 32 357K -, K
38 R 347 A e B0 G U 5 S A SR R e e i
(i
1.2.4 KP/Z% A549 @523 AS549 4HMH&FH
10% A= G A 85 R - #EH E M 1640 Ji LT
37 °C 5% CO, #ih¥EFE, MAMAK E 80% ~
90% %5 BERT Bl 12 FLAR , T4 AN S BB i s R 2
S I IR 85 77 5 8 1Y hvKP | cKP 7 i R
PR, 4 5 BRSO it AR AR i AR KR SR
BAEVET LB B350 37 CIRA PRSNGSR, 4
JEIEEE T 600 nm MG =0. 35, ILAT 4R TR AL T
A KAEE0 10 000 r/min B0 15min, JC T 4 BRER
ARG VR E A 3 R TR AR T TR A B, 7E AS49
A 12 FLARH, BELIMA 4wl B, WA MOT =
100 : 1,
1.2.5 qRT-PCR 7£ 12 fL#x 1 ffi i hvKP  cKP 43
SR YY AS49 2, 1 37 A B YL Y 25 A0 R X R

4,78 CO, ¥ FRA R 6 h Ja , WA 4n e, i TR-
Tzol 177 42 B4 . RNA, TLR4 519551, b3 5'-
AATCTAGAGCACTTGGACCTTTCC-3", F i 5'-
GGGTTCAGGGACAGGTCTAAAGA-3', £ 10 ul &
DR Z A 1wl &L RNA #5947 qRT-PCR O, K
FLCBBEIE A (CT) 7, it iR 5 W S 5 K
GAPDH HAERA & H 1Y 3R 1Y Rk K-, R4
SLEE 3K,

1.2.6 GRS EREATGHFS WIEERKT
FRERBUR N ARG B S I R4 % AR ik
P AT L PH LR 2 8 | AN 2140
L LA SR8 e A SR 2 3R R4S AR I IR PSI
P41 J CURB-65 43" %t KPN (& A7 43 4%,
GBI TLR4 7K 5511 PR A 48 743 22 1] (1) 41
Kotk o AWFFE O AR LB R 50 i B2 B i 2
% ot

1.3 Zit=43E R SPSS 25.0 Ak T4t
M1 , Shapiro-Wilk J7 ik 47 1E S PERE 56, BT 48 K4
Pha +s R, AL EBIRI LR « ki 56, 2
Y REAR 22 S LU AT FH O 22 408, A A8 = 22 Al 1Y
LR R IR g0, S5 90AH X 43 Bk FH Spearman £5;
5 ,P<0.05 NERA G EE L,

2 #HR

2.1 BHERRMNER hKP 475 5K HE
R ET 3 Fl R kfu (100% ) , rmpAl (87.8% ) ,
rmpA2(80.5% ) , 5 cKP 41 L, 5 S ELH A Geit
295 T2 rmpAl (P =0.000) ,rmpA2 (P =0.000) ,
magA(P =0.000) ,ironB( P =0.000) , A3 K 5
ERIG 5 X, BAE hKP 2 Y SR R 3 5
F KP4 (F2), hvKP K cKP &K Hi ik 4517 45
TLET,

%2 hvKP 1 cKP EAERFLLE [ n(%) ]

BIHEA HE WKP (n=41) cKP (n=44) ¥*fi Pfi
rmpAl 43(50.6) 36 (87.8) 7(15.9)  43.888  0.000
rmpA2 45(52.9)  33(80.5) 12(27.3)  24.124  0.000
iucA 36(42.4)  19(46.3) 17(38.6)  0.516  0.473
iroN 11(12.9)  6(14.6) 5(11.4)  0.201  0.654
Ifu 85(100)  41(100) 44(100) - -
iroB 25(29.4)  21(51.2) 4(9.1)  18.143  0.000
magA 17(20) 17(41.5) 0 22.805  0.000
mrkD 81(95.3)  40(97.6)  41(93.2)  0.908 0.341

2.2 ZAERWER  HER BN AR B P i it
RS AFF RO IR R i U, R 97. 6%
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%3 hvKP fl cKP I EZHRELLR[n(%) ]

2 AR hvKP(n =41) cKP(n =44) eI P
BN 83(97.6) 39(95.1) 44(100) 2.198 0.138
B A 68(80.0) 38(92.7) 30(68.2) 7.963 0.005
R PG A/ fth s 1 45 60(70.6.) 38(92.7) 21(47.7) 20.202 <0.001
BT B VG AR/ S hr e TR 62(72.9) 37(90.2) 25(56.8) 12.014 0.001
Sk 40(47.1) 26(63.4) 14(31.8) 8.505 0.004
S Al bg 55(64.7) 35(85.4) 20(45.5) 14.803 <0.001
KA AL 45(52.9) 32(75.6) 13(29.5) 20.014 <0.001
Skt 5 56(65.9) 34(82.9) 22(50.0) 10.237 0.001
KT T 51(60.0) 33(80.5) 18(40.9) 13.853 <0.001
Sk Ik S iR 40(47.1) 26(63.4) 14(34.1) 8.505 0.004
JEXikzae] 60(70.6) 39(95.1) 21(47.7) 22.963 <0.001
W B R 59(69.4) 37(90.2) 22(50.0) 16.189 0.000
LEERE 57(67.1) 37(90.2) 20(45.5) 19.274 0. 000
=R 1 58(68.2) 29(70.7) 29(65.9) 0.228 0.633
Sk AR /&7 O30 61(71.8) 37(90.2) 24(54.5) 20.512 0. 000

FLUR SR BT -R B NPT B PG AR/ e 4ERR , USSR 533
780.0% F2 72.9% . £ hvKP % 3 i 3 & B i
T R A 95. 1% , cKP Bk f i i | JeAh s R |
k=8 R S 0 L/ il N VAT WA Y g
it 2504 B 5 5 T hvKP( 3R 3)

El1 KPEZHERBRZFFER
A hvKP E@Ej]%[ﬁ,%%, B:cKP ﬁj}%wﬁ?%, M Marker; 1 ;
rmpAl ;2 :rmpA2 ;3 siucA ;4 1iroN ;5  kfu ;6 1 iroB ;7 :magA ;8 :mrkD

2.3 ELISA ZWER @ X KP # bk EE )5 B
RN o T 4 1) I PR I3 43S hoKP 20 )2 eKP 4,
M7 TLR4 A ELISA Z5R BIr, 0L cKP 4, hvKP
2 MY TLR4 7KSF- B 5 i 1l B X iR (&1 2)
EZRAGIHFE L (P<0.05),

2.4 gRT-PCR EZWHR  RT-PCR EA I IR,
A EEF 25 4l xS B 78 hvKP /232 6 h J5 [ A549
A, TLR4 ) mRNA 23K /K B S 7 &, i 7
cKP RY 4N TLR4 FHE AR WL (#3) , 25 A
Bt E L (P <0.05),

2.5 IGARMRIFEFFUSSHT X KPN B ERIEIG
PRI 498 DF 40 E AT 0 R , 45 9 i s & 1LY TLR4
IR PSIAFA3 52 IEAR G, PST 24388 5 ) 2B

B2 hvKP.cKP BRI EERIERIEKE
MmiEs TLR4 HIREE
SRR A * " P <0.01;5 hvKP 4114 # P <0. 01

3 TLR4 7£ mRNA 7k _FHFRIZE
SRR . P <0.01 ;5 hvKP 4 Foi . # P <0. 01

M4 TLR4 7KSFA 45 (] 4A) ; 7E CURB-65 114>
W2 BRI TLRA KEm T 0 ~1 A1
(B 4B), ZRAGit¥E L (P <0.05), M
Spearman A & a3 B s, 1L 1% TLR4 7K °F 5 PSI
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4 1% TLR4 7k E5 &M% ISR <
A R[E] PST PF43 9 U LT TLR4 K3 B R [H] CURB PF4r BB LT TLR4 /K55 1 43 L. * P <0.05,* * * P <0.001;5 2 4y L.
#p<0.01," P <0.001;553 3 H#: %P <0.01;,50~1 4345 24P <0.01,222 P <0.001

CURB P4 AF7E IEAH R &R (r:0. 692 .0. 466 ; P <
0.001) .,

3 itig

KP J& 5 N 2K R % U — Rl 2 1 2Us
B FE ST BR KT 1 AR v S R BRI R B
CPS \LPS %5 ZFh Jy A, AT LL5 R DARF W ok
2L G, . BT, 1697 KPR YL w 259
AT B S (I e s me , 6 B K e ) L N R B
8 R v i A 2 A5 {H I AE R KP Y T 24 28 32 i T
R AN hvKP JER S (1 55 S RS B A A7 TE
gk 1%, If H H AT hvKP B B4 12 B 32 24K
SELR TR IR S PRGN | 75 AR B I TR] 5 PR
Jr iR T IR APk K . hvKP 1] 7 A KR Y S
2, HIA SR bt A s E LA R BORwE T,
AL 3E A0 B I DA R I R g, 2 B 2 M
hvKP 2135 ) R, 32 S50 0 L 05 20 A e
FH AT BRI S 1 O T 5 B 40 o e g ik it
H AT hvKP 1953 45 & 92 Wi AT A7 76 4 3, A B 58
A 3 TSR 1 I R T ik 1 7 S AR, R e
pAl .rmpA2 J magA F R B G 12 W hvKP 148 5P
FAERR T R, PTAE A I PR hKP A I 1 8 %2 53 1
bR,

NG SR VST S PN e Do i R SR Y DR e st
TERILTR X B 20 PR i % A S S, BR T R
P AT WA A A0 A1, it b R 40 A 3R T Y TLR4 12 5]
o IR e, T LA AR AR b PR 0 B S5 RS S
JORi™ AR HE CRP 45 19 433, TLR4 7K - Tt
FEASZ B, 5 PR (Y 98 1 2 A% U0 0 G HK

ABFGEUESE hvKP 2 % 1) Al 1 Kz 21 ft b TLR4
PR BRI, R R L R A X hvKP 1 %
Yufbierh BN I3 3k TLR4A A 5 B35 I v 25 %) 47 Ja

WX KPN K IS H TLR4 7K A,
755 hvKP YL 2 TLR4 KSEAH L, oKP YL Y
R R A B W T, $27R TLR4 7] fig
ERE RPN F TS5 T hKP BEREGE A R Y
Bt F AR X R I PR TS 1) il 98 43 3 4%,
2E L R LT TLR4 7K-F5 PSI T4 & CURB-65 T
ST IEAHDCHE  TLR4 7K V-8 g 14 8 FR 1743 T )
Il RIS 175 08 22 | 3 7R TLR4 W] A Sy iy 2 3 1A
PR R S R BE (R 46 A, IILE TLR4 7K-F- W] BEAR
9 hvKP G 1 RIS WP AL T B0 AR AR b
BY . I HAEW, B TLR4 BT DA R LA
T RAE A R 405, (A7 iE— 25 SE I 5 7 )
FEPR 55 28 1 2 ] R DA R B PR B AL
il o

o

o ik
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Correlation between virulence genes of Klebsiella pneumoniae

and TLR4 expression
Wang Heming, Liu Zhou, Wang Shanshan, Tang Wei, Zhou Qiang
( Dept of Clinical Laboratory, The Second Hospital of Anhui Medical University, Hefei 230601 )

Abstract Objective To analyze the distribution of virulence genes and drug resistance of Klebsiella pneumoniae
(KP), and to study the correlation between the difference of TLR4 expression in serum and cell levels of patients
infected with hypervirulent K. pneumoniae (hvKP) and classical K. pneumoniae (¢cKP) and clinical prognosis.
Methods The strains and serum of patients with KP were collected, the virulence genes were detected by PCR am-
plification, and the drug susceptibility was detected ; Strains were divided into the hvKP group and cKP group. The
expression level of TLR4 in serum was detected by ELISA. A549 human alveolar epithelial cells were infected with
hvKP and cKP. The expression of TLR4 was determined by quantitative PCR. Results The derection rates of kfu,
rmpA1l and rmpAZ2in virulence genes of hvKP group were the highest, reaching 100% , 87. 8% and 80. 5% respec-
tively. The serum TLR4 level was significantly higher in the hvKP groups than that in the control and ¢KP groups,
which was positively correlated with PSI score and CURB-65 score about clinical prognosis. The expression of TLR4
mRNA was significantly higher in the hvKP groups than that in the control and ¢KP groups. Conclusion The com-
bination of rmpAl, rmpA2and magAgenes has higher accuracy in diagnosing hvKP infection. Higher expression of
TLR4 in serum and cells induced by hvKP infectiong, and TLR4 level positively correlated with the clinical severity
of infected KP, suggesting that TLR4 may be involved in the pathophysiological process of hvkp infection. Serum
TLR4 can be used as an detection index for the diagnosis and prognosis of patients with KPN, especially patients
with hvkp infection.

Key words Klebsiella pneumoniae; virulence gene; hypervirulent; toll-like receptor 4; A549



