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Analysis of virulence of Klebsiella pneumoniae causing multiple site infections in the same patient”
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Abstract : Objective To analyze the distribution of serotype and virulence gene from Klebsiella pneumoni-
ae which caused multi-site infections, and help for clinical anti-infection treatment and nosocomial infection
prevention and control. Methods Klebsiella pneumoniae strains isolated from clinical blood culture and other
sites in Xuanwu Hospital from January 2017 to December 2018 were analyzed retrospectively. The virulence
phenotypes were preliminarily screened by string test. The serotypes and virulence-related genes of capsule
were amplified by PCR and the homology of the strains was analyzed by mass spectrometry. Results Total of
106 strains of Klebsiella pneumoniae (from 34 patients) was collected. The strains were mainly distributed in
ICU(72%) .forensic surgery(10%) and neurology(6%). The rates of sample from blood were 34 % , sputum
28 % surine 16 % , catheter 6 % ,wound 3% ,pus 3% ,drainage 3% ,bile 2% ,secretion 2%. cervix 2%, protective
catheter brushing 1% and ascites 1%. Patients aged 28 —91 years, with an average age of (66+5) years, of
which 70. 7% were males and 29. 3% were females. Hypermucoviscosity phenotype with string test positive
accounted for 22% (24/106) and string test negative were 78% (83/106). Virulence serotypes included K1
(15%),K2 (42%),K5 (4%),K54 (11%),K57 (9%) and un-typed (19%),and virulence factors carrying
rmpA (83%) ,aero (79%), mrKA (94%),fimH(80%) and WabG(98%),and 47% were multiple virulence
genes in the same isolate. The homology of mass spectrometry can be divided into type A (59%) and type B
(41%). Type A included type Al (40%) and type A2 (19%). The results of strain typing in the same patient
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were mostly the same,65% of the patients were of the same type. Conclusion The hypervirulent strains were

isolated from isolates of Klebsiella pneumoniae which caused multi-site infections in the hospital. There is less

homology among strains of multi-site infections caused by the same cloned Klebsiella pneumoniae.
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ol b 20 R R B R R B 43 S TR RRAE R B AR 6 4L
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1.2 AR5 alom 50 B IO A G R B AT )
B (MALDI-TOF MS) f i [ 1 £ 5 2 7] MAL-
DI Biotyper 3. 0 #&4it; ABI Veriti 96 L4 & 5L 4 1
10 2 ABI 2 AR L DDY-6C AU e 3k A i b 50 oS
— 4R 5 B B 0 ML Ceppendorf 5415D) | H i % &
FH 3 E Thermo 72 Al #2 4t . B4 bW 1 - A L o [

Klebsiella pneumoniae;

capsular serotype;  virulence genes;

WP MR Oxid 2 Al #2 it ; EXTaq B . DL2000 DNA
AT 6 X MAELE Wi, H H A Takara 28 & #2431,
R . N L o-f-4 IR TR (HCCA) Fl =3 4R
(TFA) th 78 = 15 & e A m Fe 4t

1.3 ik

1.3.1 HEMEIR AL KE 78 B Pl 36 2 A0 0
P o 8 A I a1 Al A <5 — A0, Bk ECER S TR T AR F i
b 35 °C 16~18 h 4 A (4l B %) HE 47 i 1% %
FE MR FE L. A K T A5 Jili R 5 2R 11 PR 7™ A i R
DU i 2 [ Il AR A 36 45 A IR ) 422 ol S AR R O S
i Ff MALDI Biotyper3. 0 Ji {17 % 5E .

1.3.2 Bl i A E2 Fh 2 P i ~F- A L A 20
PRV WA RE PR R 22 s B 22 K JE/NF 5 mm H]
S ST B, ki i) Zl 22 K T4 F 5 mm H
BHES S,

1.3.3 FHAMEHR FEEEN 51948 h L
ATARA L5 WP F W4 1. DNA B HEE . 500
mL JTCH K EP 45 v B — 18 3 3 7% TR 2, 100 °C 15
min,8 000 r/min, &> 5 min, F3E I DNA, PCR
P4 S LA T R M B S SR RO AR R R 25,0 pl
EX-Taq i 12. 5 pL 28K 5.0 pL 1E [ A1 9] 51 9
K 2.5 pL fFIEEA 5.0 pl, JR & 1F R 95 °C T
3 min.94 “CAEPE 40 s.43~60 "CiB k 30~60 s,
70 ‘CHEMH 60 s, 3t 30 ¥R )5 72 CHEMH 7 min, PCR
s = Ae 1 Y03 E A EE I FL YK 120 V30 min, 88
J A5 2 G LB 1

x1 PCRyEEHEESIYFTI
S 519751(5"-3) e LFE%I*I 519751(5"-3) JrBHRE
(bp) (bp)

K1 [ :GGT GCT CTT TAC ATC ATT GC 1283 mpA  iE[:ACT GGG CTA CCT CTG CTT CA 536
Rl :GCA ATG GCC ATT TGC GTT AG R1i:CTT GCA TGA GCC ATC TTT CA

K2 i :GAC CCG ATA TTC ATA CTT GAC AGA G 641 imH £ ATG AAC GCC TGG TCC TTT GC 683
FZI] :CCT GAA GTA AAA TCG TAA ATA GAT GGC FZI]:GCT GAA CGC CTA TCC CCT GC

K5 1, TGG TAG TGA TGC TCG CGA 280 Aero TE[7:GCA TAG GCG GAT ACG AAC AT 556
R1 :CCT GAA OCC ACC CCA ATC Rl :CAC AGG GCA ATT GCT TAC CT

K54 iE[]:CAT TAG CTC AGT GGT TGG CT 881 kA IE [ :CCG CTC GAG TTA CTG ATA AGT AAT TTC GTA AG 609
I :GCT TGA CAA ACA CCA TAG CAG 1 :CGC GGA TCC ATG AAA AAG GTT CTT CTC TCT G

K57 11 :CTC AGG GCT AGA AGT GTC AT 1037 abG  IEM:0GG ACT GGC AGA TCC ATA TC 683
Rl :CAC TAA COC AGA AAG TCG AG Rl : ACC ATC GGC CAT TTG ATA GA

K3 i TAG GCA ATT GAC TTT AGG TG 549

S : AGT GAA TCA GCC TTC ACC T
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min) J5 I 70 % R 1 L, [RIEHAN 1 p L B4 20 58 I 3 A
HEREN T EES, SRAGTHRETEM L oL
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HEATAE it B O R 48 R S S U3 S 2 M A A =0
% 60 Hz, REEMXS 70 F BT~ 2 000~20 000 1 1
BT IS . B I S AR S (A 2R 240 K
PO T ARAT R A B B I (E R & AR IE H X
A5 VB R B L, AR B S e 25 AR . i flexAnal-
ysis 7 B B 3R BUEE (1% {5 2. | MALDI Bioty-
per3. O B AT B2 K E oo Bt

1.4 GEit*#Ab 3 I K 53 A4 55 55 kR H] Whonet5. 6
A AT,

2 % ES

2.1 MRFEFRMAFEIEIRSAG ik Whonet5. 6 1
FEH 2017 4E 1 H & 2018 4F 12 H 6] — B 3 [\ 2 A
a0t gt B HAth B A A W 56 5 T AR B 106 BRAE R A 5Y
AR, SR H 34 7 B Y4 S Al PCR B g, il %
VR R E R A EAE I E 720(77/106) M &
WA 6% (6/106) . ZAFELE &R 4% (4/106) ' W R}
A% (4/106) FERF 4% (4/106) BB 4% (4/106) FIfiL
TRF 4% (4/106) 5 b5 A 32 Z R U8 F 1L ¥ 34 % (36/
106) W 28% (30/106) \ IR 16 % (18/106) 45 i
B A0 28~91 %, F R (66 £5) %, Hh 5
PEd 70, 7%, M 29.3% .

2.2 JliRFEEATEBIGIRFRAE 34 AL F PR IR R
PR T2y I 3L JE Y (60 %6) | il IR (70 %0) LW IR R
YL (40 %) JBRYL PEAR 5T (25 %) K s R e (8 %) L JiH
TEJRYE (590) 75 I S (590 F i Y R Y (5%, 34
5] £ 35 A3 ¢ 30 T %) I R A o0 4 AT F R S5 4R A
BAEF (8500 IR B B & (6500) RAE M H KA
EIHEHG8Y) HERRE QY HEGY ., &
BN APRE 5 43 %0 BENIRAE R 40%

2.3 Fhiw 2w A R 22X 55 % 24 B
(22%) JARA E R P T 1M (30 %) R (30%) LR
W17 Y0 M| W (820) s B 223X 15 1 14 & 82 14
(78%)

2.4 MRS F NG R AT 5 ANEHHE
IES I 3 R0 L A 4% K1 1596 (17/106) JK2 42 % (46/106) .
K5 4% (4/106), K54 11% (12/106), K57 9% (9/
106), He kg th & B 77 I3 A 88 Bk, oK 4r AU 18 Bk,
PCR 4" 1y 4G 0 21 4 Fp 35 ) B, 546 rmpA HEH
83% (88/106) , aero K 79% (84/106) , fimH & [A
80%(85/106) .mrkA FE X 94% (100/106) , WabG
98% (104/106), [a] B} 4 4 Z Fh 8 1 A 7 &
47% , PCR P 8845 5 WL & 1, 36 5 i 75 4 5 7 ) %
for i 25 3 oA WLk 2,

M 1 =2 3 4 56 7 8 9 10 11 12

.M 4 DNA FREY DL2000;1~6 I 75 8. 40 51 8 K1(1 283
bp) \K2(641 bp) \K57(1 037 bp) \K54(881 bp) \K5(280 bp) il K3(549
bp) ;7 R PIPEXT R 8~12 R EE S B E L 43 5128 rmpA (536 bp) . fimH
(688 bp) ,Aero(556 bp) .mrkA(609 bp) #l wabG(683 bp)

1 PCRYEER

®2 EENFRSFEHEERMERL(X%)]

iR n rmpA aero mrkA fimH WabG
K1/K2 63 57(90.5) 54(85.7) 61(96.8) 52(82.5) 63(100.0)
K54/Kk57 21 18(85.7)  17(81.0)  19(90.5)  15(71.4)  20(95.2)
K5 4 2050.00 1(25.00  3(75.0)  0(0.0)  3(75.0)
it 18 11(61.1)  12(66.7)  17(94.4) 18(100.0) 18(100.0)
&t 106 88(83.0)  84(79.0) 100(94.0) 85(80.0) 104(98.0)

2.5 ATRBRAS S A 35 78RN B 0 DR A A I
W RN AR I B 5 A B 07 R M I A K1.K2.K5,
K54 Fl K57, JR¥ P AR A H K1 A1 K5 i i &Y, 1 % .
PRBORN % H LA M i B D M vE R 82 MR. IR L IR W
FgE vh Yy R 2] 5 FhEE S A rmpA | aero, mrkA .
fimH fl WabG, %58 L3 3,

%£3 FERAPEEDFERMSAEERSAER(%)]

i H I % PR
1fiL 375 %0 43 7
K1 7(19) 6(20) 0(0)
K2 19(53) 12(40) 7(44)
K5 1(3) 4(13) 0(0)
K54 3(8) 2(7) 2(12)
K57 4(11) 4(13) 2(12)
E 2(6) 2(7) 5(31)
Gt 36(100) 30€100) 16(100)
El
rmpA 32(89) 24(80) 13(81)
aero 28(78) 19(63) 11(69)
mrkA 32(89) 29(97) 14(88)
fimH 33(92) 29(97) 15(94)
WabG 34(94) 30(100) 15(94)

2.6 [FIEMESPIEE R 106 Fk B AY BTIE R IR PE 4 R
AT B & 2 25, A B 62 k5 59%,B B 43 Bk 4
A1% , Horr A1 B 42 Bk 409 A2 E T 20 BE
19 %0, A — B 35 J8 Yo 1) B AR 43 R0 45 R K 6 oy — 2L,
65 %6 I B G N TRl — B0, fy [R]— o B 19 il % o 5 17 B
5| H2 22 v JE% Y T AR [ 1 ) D8 1 A DN
3 it it

ils 9% 5 B AT BR A e PN TR e 1) L R PR BORS TR &
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T W TE 6 PR T AR TE | I B B R B AU &
TRALIR YL AR oY ok S5 E i EE BE 2017 — 2018
AR A 8] & A 22 A Il 9% T ER AN B R G AR E 34 i,
Ay Bl A 58 A T B bR 106 Bk, MR LR AR R
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22 FRAV B G B A I e PR Rk S AT L A Al S [ B Uk
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B 5 B vk K e 1 S B 4R I R R 5 kS T AR,
hvKP Z7E To 2 A AE 5015 3 5 80 Gy, If nl 3
T b DA IV PP 43 R, SR 5 | R (R — AR i Y AT
JFE IR s Al hvKP 275 =2 A P B4R S SO0LAAR 2 15 57
W5 327 8 e 5 | A - AL R - 5 JE % L aff Y R AN B Y A
B2 kAR AYERAE G . BB 5> B i R Bk, &
A BE NG FE RN 40 %0 . B KA TE @I A ICU  H
i AR A A R IR IR T BRI 2 e
FEHE ARG,

B 223X G s R R e R A R AN Y 2290,
T 26 % 223000 B o 78 0 . 4R B 3 A S e i 3 o
B il A v TR AT TR LA AR R 2R AR D L JE B I v A
Kt T 4E K1.K2.K5.K54 F1 K57 16 4 1 2 F s 35
FIRG], HA DL K2 o 3 (42%) AN [l bR A g 46 2
AN TR) b 23 B S 5 i i AR R0 (3% 3) . 40 B Al 4% S R
HE N rmpA.aero.mrkA.fimH fl WabG % £ F
BESPFE RG] 3 Fh & L B 47 %, 1M
PR VBRN R Hp BRI HE 2 R B T T

[ Y5 1 43 A7 X AT S 2 R A B oy B
S, HRGHE B2 A i 35 B 43 8 05 3R A Bk o
N N A A=W R 2| B N VN = et e 1 s IS |
PCR Z» B FIFEHLY 15 DNA 2 S50 TR % T
B A2 IR HAE BT K A L B A BB AR M L S
P B[] 95 4> . MALDI-TOF MS J2 T 4E % &
R K T O B — i A A ) S e R L L e WA
[F] b J& A 9 O <7 2k 4% B9 ] A AT R O 4
YL AT AR L3 P S8 BN T BE 40 TR U SE 1Y [ s
HEAT RIS 20 BT AS SEBGAF 58 19 106 4% B8 A9 (] U8 4 43
Mr@as 43 W R BE, R I A B S0 oy G B A0 45
A1C40%) JA2C19 %) Fll B(41 %) 8, DA A Bk F 8%
Fikk . 6550 A — F 3 B G 1) TR bk 4 A 28 SR — 3%, (1
P 7] — 52 B 119 il 2% o B A1 TR 5| ke 22 3 A6 Ja G T R [
(1) TRD IR 5 /0N o TR B 45 it 245 B Ak [0 U5 A L A 4y
B R O R R A R s T I R e
D L4 a7 R A 45, 45 & B o8 B T 1 X0 AL B i
F190 2 4y RU P A RO B3R L R ok S B JER 4% T4 R i
PEAL S0 AR . R 5T % R R T AR R AR
BIor 26, 5580 BT i 22 3 T B8R o W A7 7 I i 2%
St MR A XS B D, T At Z E R R R LA

Bt AW gE & BB SR ) — HRE 2 AR AL AR 4 S
[F] ol 4% 15 98 v 75 A B o (EL TR Bk O AN — i W] 3 Bk R
I R ARG A 0 1A 28 %o SR g 1 3 A i 3L 1 IR 4l < N %
JE (7] — B 3 SRR e [m) b AN () B TR BR B R BE . PR L AR B
A=W AR A S 0 R Sy (] — el 4 TR T A W T 24
I, ZE I PR YA I7 b Al R 42 T 2% S BT 1A 25 ) 1 B
[7] &
4 £ it

ABE 53 B 1 8 2 A B G il AR v B AR o
SPAGAE ICU 95 b » K2 I ¥ 7 2 A B B 8 UL A % .
THAY, [A) ARG DU 3 22 Fh 3 0 . BROOR TRl — SR A I
FIVH A 37 15 AT 432 i il 98 v T A1 TR (H 48 B 7Y O 1
RUGINAEAE 22 5 T 245 G 4 B 1 ) D 4 0 A R HE At 48 A
LA FIWr . hvKP Z7E T AR s 1% 0L T 5 BU®
O ISR NN (R T R = i R (SR )7 SE =

2% 30k
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