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AL RPN E R N T ROl ik IR 2019 2 1—12 A ERBE VAP B T IEME R A o3 B i R H 4L
fifi 46 7 F5 A B (KP) , L #% CRKP 41 5 5 5 2 5 36T 25 KP 41 (nCRKP 21 8 e 58 3 116G IR 45 AF R T 2440 L 2 07 5%
B 53 HEWE i 4y BIRL I 25 5, 40T CRKP 3 5 R FHHH 00 L IR M. 868 L0csE 56 #k KP, b 60. 7%
(34 #)k CRKP, CRKP 4 & & A ICU H 8 =>20 d. 36T K H 3l H Be B4 B9 E 6l 85 F nCRKP 41 (3 P<
0.05), CRKP 20 Bk %5 FH0 B 25 Wit 25 2 55 F nCRKP 41 (¥ P<<0. 05), CRKP F£ 3 (97. 1 %) #7 blagpe, 5
B L3RR 2 LSNP 25 i 25 % . 82. 4% 19 CRKP J& F ST11 %, K64 Jy F EIER I (50. 0%) 545, 4% (1
nCRKP J§ F ST11 ®, S DL K47 2 3 (40. 926 ; K64 B ¥k 78 CRKP B # o (1 L 6] 75 7 nCRKP B #k (P<<
0.01), CRKP ## £ #1%% Jj I+, pLVPK-like Tk A F 105 J1 A F rmpA2.iucA J% iroN £ 2 i K64-ST11 %l
CRKP #77 , H PFGE 43 #7458 /R Ko4-ST11 % CRKP fA7E e 5% . 4518 VAP FIFIREE bR A 7 8 19 CRKP
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Clinical and molecular epidemiological characteristics of CRKP isolated
from lower respiratory tract of patients with ventilator-associated

pneumonia
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China)

[Abstract] Objective To analyze the clinical characteristics, genotypes and major virulence factors of carbapenem-
resistant Klebsiella pneumoniae (CRKP) isolated from lower respiratory specimens of patients with ventilator-asso-
ciated pneumonia (VAP). Methods Non-repetitive Klebsiella pneumoniae (KP) isolated from lower respiratory
tract specimens of VAP patients in a hospital from January to December 2019 were collected, clinical characteristics,
antimicrobial resistance, multilocus sequence typing and capsular wzi typing of patients were compared between
CRKP group and non-CRKP (nCRKP) group, carrying status and homology of virulence factors of CRKP were ana-
lyzed. Results A total of 56 strains of KP were collected, 60.7% (n=234) of which were CRKP. The proportion of
patients with intensive care unit (ICU) stay>20 days, death and discharged voluntarily in CRKP group were all
higher than those in nCRKP group (all P<C0. 05). Resistance rate of CRKP group to commonly used antimicrobial
agents was higher than that of nCRKP group (all P<Z0.05). Most CRKP (97.1%) carried blagpc» gene, resistance
rates to antimicrobial agents other than tigecycline were high. 82. 4% of CRKP were ST11 type and K64 was the
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main capsule type (50. 0% ); 45.4% of nCRKP were ST11 type and K47 was the main capsule type (40.9%); pro-

portion of K64 type in CRKP was higher than that of nCRKP strain (P<Z0.01). CRKP carried a variety of virulence

factors, virulence factors rmpA2, iucA and iroN mediated by pLVPK-like plasmid were mainly carried by K64-
ST11 CRKP, PFGE analysis showed that there was clonal transmission of K64-ST11 CRKP. Conclusion CRKP

isolated from VAP lower respiratory tract specimens shows multiple resistance, and its main molecular type is K64-

ST11, this type carries a variety of plasmid-mediated virulence factors and has clonal transmission, clinical epidemic

trend should be closely monitored.
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0.5X TBE.14°C .6 V/cm £k PE# I 5~35 5,22 h,
et JiA% )5 18 BioNumerics #0470 #7 . PFGE [
TEAH LM > 90% & LK [F] — 43 A (Pulsotype,
PO,

1.8 w4t ZHUR I %S RN WHONET 5. 6
BAFHEAT 4 B, HoAdL G811 N SPSS 21, 0 %R 4 i
7. Shapiro-Wilk Jy i #E 47 1E 25 VA 5, 1E 7840 A1
PR 7+ s FRoR . P E B B ECR T ¢
Ao 55 P2 A A SR ) 1 b AR R O R g, DL P<<
0.05 HEFAGEITFEL.

2.1 e REAHFIE AHFS 56 Bk KP H, CRKP
34 ¥k (60. 7% . CRKP 41), nCRKP 22 ¥k (39. 3%,
nCRKP 41), CRKP 41 3% P13 32 (70. 620,
TR (62.3£16.4) %, CRKP 2H 5 3% 15 I IR
P45 454 HAE WP B ACU_AL 13 #k,
38.2%) . MF W E AE M PR 5 (ICU _ R, 8 #%,
23.5%) . & A AE W P % 5 B (ICU LB, 6 #4,
17.6%) AR (3 Bk, 8. 8%) . &4 12 T 4E W 4 i
J5 (ICU_E, 2 #k,5. 9 %) KWWy BFFLVE BF (551 Bk
2.9%), 5 nCRKP 414 k. CRKP 41 {35 76 4F i
PERN 2 52 HMBET AR HUBHE R ) B 5 il 5 995 7 THD
ZRWY TG % HE XL, H CRKP 4 A4 ICU H %k
=20 d W EF nCRKP 4. [7 08T % 3 4 B
BEB L T nCRKP 4 (¥ P<<0.05) 3857 Wi
154757 K T nCRKP 41 (P<<0.01), W# 1,

%1 CRKP % nCRKP 41 VAP &% lifs Pk 5 A 43 A
Table 1  Basic clinical characteristics of VAP patients in

CRKP and nCRKP groups

CRKP 4] nCRKP 4

- 7 2
BT (=3 (=229 X/t P

(Y TES) 62.3+16.4 62.0£13.9 0.059 0.953
P LB %) ]

5 24(70.6) 17(77.3) 0.304 0.581

gl 10€29.4)  5(22.7)
SEFFAR LHIC%)] 21(61.8)  12(54.5) 0.288 0.592
AME ICU H$=>20 d 24(70.6)  9(40.9) 4.861 0.027
[HCY%)]
HLbGE S B $=7d 25(73.5) 12(54.5) 2.147 0.143
[ Y]

el (1]

PG A Kl 28 R GE G 13(38.2)  11(50.0)  0.755 0. 385

5 i 34 B 5(14.7)  3(13.6)  0.012 0.911
W PR 3(8.8) 2(9.1)  0.001 0.973
AL i 1(2.9) 3(13.6)  2.304 0.129
At B - 5(14.7)  3(13.6)  0.012 0.911
i R 7 [0 ]

i 6(17.6)  15(68.2) 14.554 <<0.001
B 3 B 17(50.0)  5(22.7)  4.165 0.041
BET= 11(32.4)  2(9.1) 4,055 0.044
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2.2 AR R AHKm ER RN R B 45
F 7R, CRKP 21 B B I 90 16 245 W g 2 2% 8 T
nCRKP 4] (# P<C0.05), CRKP X3k b6 & 28 &
T 75 B 0 S B A2 2R W T 24 3R 24 Oy 100, 024, A% &
i e T 24 %R 971 %0 W RIS U0 8L e A2 SRR TP L Tt
2RIy 941 V0 s KEBIOK R B A R R KK
Z 2534 9k 70. 6% .94, 1% .94, 1%, K
AR R AR, IR 2, 4 mCIM fil eCIM
K, 97. 1% (33 #) CRKP B # mCIM it 3 >4 FH
P.2.9% (1 B Witk eCIM g BHPE, PCR £ I %
W], mCIM BH P B R B35 blakec» » eCIM BH PR Bk 5

% blaxpmi o

% 2 CRKP 4] % nCRKP 41 5t Xt b 5 25 ¥ ifif 245 % ( V0)
Table 2 Resistance rates of CRKP and nCRKP isolates to

antimicrobial agents (%)

ST23 & group founder, ST218 5 ST1265 ¥ K
ST23 ) SLVs, ST111 F1 ST412 #4 ST23 1y
TLVs, ST23 il ST218.,ST1265 3L |6 # g CC23,
WE 1, #t—iE i PEGE 73 #r B8, 34 #k CRKP
4R 26 4~ PT #, Howp PT05,PT15,PT16,PT18
1 PT20 BB bR B4 2.3.4.2.2 bk, H PT15 K&
PT16 By fEbk 3250 i /e ICU_A JHIX . WL 2,

%3 CRKP 4] % nCRKP 4] #k MLST 455
Table 3 MLST results of CRKP and nCRKP isolates

CRKP 4 (n=34) nCRKP 4 (n=22)

CRKP 241 nCRKP 4

LB (n=34) (n=22) 4 P
R TR/ FF 100. 0 40.9 26.17  <<0.001
IR 37 PG bR/t male 2 3H 100. 0 4.5 51.93  <<0.001
Sk 10 il # 100. 0 36. 4 28.85  <C0.001
S 7 Al e 100. 0 13.6 44,44 <0.001
Sk At 0t i 100. 0 13.6 44,44 <0.001
=k TELUR A / 7 B 3 100. 0 9.1 48.08  <<0.001
A rg 97.1 31.8 27.86  <<0.001
IV JHe 5 100. 0 0.0 56.00  <<0.001
B 100. 0 0.0 56.00  <<0.001
JE At 5 7 100. 0 0.0 56.00  <<0.001
[ S N 70. 6 4.5 23.57  <<0.001
PN+ 94. 1 31.8 27.86  <<0.001
ZHHER 94. 1 18.2 33.55  <<0.001
B S 0.0 0.0 - =
BINISRU Y 94. 1 18.2 33.55  <<0.001
LE R R 94. 1 13.6 36.91  <<0.001

MLST
/314 F R L (20) HreAL HI R HE (00D

ST11 28 82. 4 10 45.5
ST15 2 5.9 4 18.2
ST14 1 2.9 0 0.0
ST147 1 209 0 0.0
ST290 1 2.9 0 0.0
ST340 1 2.9 0 0.0
ST412 0 0.0 2 9.1
ST111 0 0.0 2 9.1
ST23 0 0.0 1 4.5
ST65 0 0.0 1 4.5
ST218 0 0.0 1 4.5
ST1265 0 0.0 1 4.5

2.3 MLST % PFGE 4 # MLST 453 g/~ ,34
e CRKP @tk 3432 6 4> ST A, 2 ST11
(82.4%) ;22 ¥k nCRKP F bkl 8 4~ ST #I, F 8L
 ST11(45. 4%), W3 3. GoeBURST 4 # 1]
0L, CRKP B #k ", ST11 M ST15 #J i sub-group
founder,ST340 2 ST11 By SLVs,ST14 25 ST15 (1§
SLVs, H ST15 3% ST11 1y TLVs;nCRKP Btk .

TE R AR — A ST B4 SR/ 5% ST BB R H0R R
b, Y SN group founder, 43 {645 5 O sub-group founder, 4%
K4 common node, 5 i [ # (L SR P ST AL SLVs |
LR DLVs K6 3 & 328y TLVs, K& R i% ST &
HHAMR2ER KT 3 A ALsi.

B 1 CRKP & # (A) & nCRKP B #k (B) ST Bl 1) goe-
BURST 43 #7 E

GoeBURST analysis of sequence type of CRKP

and nCRKP isolates
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2.4 ERwzi pBEAFEHNRTF >N KWW wzi 4
AIA] DL, CRKP B Ak 35 o 5 Fp 2l Y, DL Ko4 #Y
3 (50, 0%) , Hyk ky K47 % (38.3%) ; nCRKP 1
BRI 4328 7 B, LA K47 S 3 (40.9%0) . K64 B #
7E CRKP & # (19 L ] 5 7 nCRKP & #k (P <<
0.01), H PT05.PT15 }% PT16 % CRKP 15k 3 i
¥iJE T Ko4 A, 8 Jy K745 25 53 R , CRKP [

RG22 A8 1 7, Herh pLVPK-like 5k &
(7 I3 T rmpA rmpA2.iucA K iroN Ky Hi 553
BIK17.6% 44, 1% 44 1% J 47.1% T rmp A2,
iucA K iroN B R 8 T nCRKP Btk (3 P<
0.05), F3RBURA 519 3 1 W 5 £ % Ko4-ST11
B CRKP bR . W3k 4.4 2,

PFGE-Xbal
SRS -NEECRERS § Strain No.(Date*/Dept.) PT ST Serotype Carba VF mediated by pLV
iy [0 ] CRK_V02(02-03/ICU_B) 01 11 K64 KPC-2  iucA,iroN,rmpA2
5.6 1 ‘ CRK_V30(11-16/ICU_A) 02 11 K64 KPC-2 iucA,iroN,rmpA,rmpA2
el || ' CRK_V32(11-14/ICU_R) 03 11 K47 KPC-2 ND
' I CRK_V34(12-04/ICU_R) 04 15 K19 KPC-2 ND
09| CRK_V06(02-21/ICU_A) 05 11 K64 KPC-2 ND
49.6| 59.6 CRK_V05(02-21/ICU_A) 05 11 Koe4 KPC-2 ND
- CRK_V28(10-151CU_E) 06 11  KI9 KPC-2  ND
" 78.6 CRK_V13(04-14/ICU_R) 07 11 K64 KPC-2 iucA,iroN,rmpA,rmpA2
‘ CRK_V26(08-31/Resp) 08 11 K64 KPC-2 iucA,iroN,rmpA,rmpA2
618 CRK_V21(06-09/ICU_R) 09 340 K47 KPC-2 ND
CRK_V31(11-18/ICU_A) 10 11 K64 KPC-2 iroN,rmpA,rmpA2
CRK_V01(01-11/ICU_B) 11 290 K21 KPC-2 ND
CRK_V03(02-14/ICU_R) 12 11 K47 KPC-2 ND
CRK_V10(03-11/ICU_A) 13 11 K47 KPC-2 ND
CRK_V14(04-18/ICU_A) 14 15 K47 KPC-2 ND
CRK_V19(06-06/Orth) 15 11 K64 KPC-2 iucA,iroN,rmpA2
CRK_V16(04-28/ICU_A) 15 11 K64 KPC-2 iucA,iroN,rmpA2
CRK_V17(05-13/ICU_A) 15 11 K64 KPC-2 iucA,iroN,rmpA2
CRK_V23(08-05/ICU_A) 16 11 K64 KPC-2 iucA,iroN,rmpA?2
CRK_V25(08-28/ICU_A) 16 11 K64 KPC-2 iucA,iroN,rmpA2
CRK_V24(08-08/ICU_A) 16 11 Ko4 KPC-2 iucA,iroN,rmpA2
CRK_V22(06-12/ICU_A) 16 11 K64 KPC-2 iucA,iroN,rmpA2
CRK_V09(03-02/ICU_B) 17 11 K64 KPC-2 iucA,iroN,rmpA2
CRK_V11(03-18/Neuro) 18 11 K47 KPC-2 ND
CRK_V15(04-24/ICU_B) 18 11 K47 KPC-2 ND
CRK_V18(05-18/Neuro) 19 11 K47 KPC-2 ND
CRK_V04(02-16/ICU_B) 20 11 K47 KPC-2 ND
CRK_V07(02-22/ICU_B) 20 11 K47 KPC-2 ND
CRK_V33(11-18/Neuro) 21 11 K47 KPC-2 ND
CRK_V20(06-07/ICU_A) 22 14 K2 NDM-1  jucA,iroN,mpA,rmpA2
CRK_V27(10-07/ICU_R) 23 11 K47 KPC-2 iucA,iroN,rmpA2
CRK_V29(10-17/ICU_R) 24 11 K47 KPC-2 ND
[N CRK_VI2(04-10CU_E) 25 11 K64  KPC-2  jucA,iroN,mpA
i CRK_V08(02-26/ICU_R) 26 147 K64 KPC-2 ND

7F :Carba & carbapenemase; ND 24 no detection; Neuro 24 neurosurgery; Orth J§ orthopedics; pLLV 2§ pLVPK-like plasmid; PT i

pulsotype; Resp 2}y respiratory medicine; ST 2} sequence type; VF Jjy virulence factor; * Date H1 H W% =, MM-DD,

2 CRKP W#k PFGE &0
Figure 2 PFGE cluster analysis on CRKP isolates
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% 4 CRKP K nCRKP [tk 3% 5 43 8 Ko 55 I3 R4 ) 285
Table 4 Capsular serotype and virulence factor analysis on

CRKP and nCRKP isolates

CRKP  nCRKP
T 2 P
o (n=34) (n=22) x

SRR [k (00 ]

K1 0¢0.0) 209. 1) 3.205 0.073
K2 1(2.9 1(4.5) 0. 100 0.752
K19 2(5.9)  4(18.2) 2.112 0. 146
K21 1(2.9)  3(13.6) 2.304 0.129
K27 0¢0.0) 1(4.5) 1.574 0.210
K47 13(38.3)  9(40.9) 0. 040 0. 841
Ko4 17(50. 0) 2(9.1) 9.972 0.002
wHHEF O]
rmpA * 6(17.6)  4(18.2) 0.003 0. 959
rmpA2* 15(44. 1)  4(18.2) 4.008 0. 045
iucA* 15(44.1)  4(18.2) 4. 008 0. 045
iroN* 16(47.1)  4(18.2) 4. 851 0. 028
entB 33(97.1) 22(100.0) 0. 659 0.417
magA 0¢0. 0) 2(9.1) 3.205 0.073
mrkD 30(88.2) 21(95.5) 0. 856 0. 355
K fu 19(55.9) 10(45.5) 0.582 0. 446
ybtS 18(52.9)  9(40.9) 0.774 0.379

¥ * f pLVPK-like Fki N S 098 AT,
3 3tig

VE A G DK B UL 4% 1 B0 1 - KP % T 3R 453 S0 3
1 245 35 R O 11 B 245 2 Y, 2 R e SRR QL T 9 4 1
Z H W25 R, MR 4 B A0 25 W S
et BoR R E CRKP £ SR AEZE T, ) 2013
AR 4.9 ETFE 2018 4511 10 1% I R AT 3
Ty R . AWESE 56 #k KP Hr, CRKP 1) [ 3 & ik
60. 7% , 5L B H I FEAE ICU R A 56, 53
3 = W 2 2018 4F ICU CRKP i JK 43 & 3% Hy
63.7 % » H AR IR F I W38 bR A (0 BiF 72 45 R 5
A5, AAEHR T CRKP 4% A ICU H
=20 d (¥ & T nCRKP 41, i — 54278 ICU 2
CRKP W47 #5 80 & s =

MEICU B8 K2 A ™ B AR, — B4k
% CRKP &Y AEEWGE AR, BFste £, ke
CRKP 56 5 300 v T B e AR 25 bk iR . AR F
i, CRKP 405 nCRKP 4 VAP & & 754 . 1k
o0 B ity P 28 TG 25 S TR S 2R B L AL

FET- e B gl B 8 L B & T nCRKP 41,

CRKP %azﬂ%ﬁﬁﬁ%i%ﬂ,ﬁ%%ﬁﬂﬁﬁzﬁl\
4 BT A I R 8 T T 25 W Tt 24 2 4 v T 70065 By
TR 38 77 0k 7 B M . HLDL KPC-2 . KPC-2 &
T A K2 ETR BN T M 1t G PR A AT 3 [l e )

. W BUORL BE H 7E B AT R H AR ) K P
PR e FORLH () I 485 4 22 Rt 24 25 PR 5 3

CRKP bk 4300 2 T 1 25 . 4 16 DK 01 4 34 97 4
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