E AT EF 2% 2024 5 11 A% 45 %% 22 8 Int ] Lab Med, November 2024, Vol. 45,No, 22 o 2773 -

i

-
TMNE=ZREEMGKEERXMAEEAEMARSNEEASH

2 Bl REIE.G R L.EAB.BREFS
1. RESE P EREBA. S A7 M 510095;2. 7 M F FBRA&BZ, 7 47 M 510900

i ZE.HN AtRARKRETEHREM XL FTHACRKP A d %, 54 CRKP ¥ 2 &/ 5 AR A& h
AR THEBREARS T ATRFNE., HiE SB RSN 2020—2023 7 A EH P ER(THIZER)
CRKP # i &, 50k £ % 1% 2022 45 7— 12 A &3t 84 #k CRKP, %t B4kl R T4, PCR ¥ 3¢ 40 & &b 25 X A &
HFHAER, aiWi%%ﬁbfmmmumﬁ%%m»ﬁ; Wb, 5 2020—2023 FizkF CRKP # i 45,
¥ >46.00% ;0 4k 2022 F 7—12 Rk 8 84 #1dEE A CRKP Bk, "+ B8 R BRAHAR S, & 55.95%,. 8%
DARBIAH £, 5 34.52% ;5 HAXB R T SRR RAART # B ARKES N HENH, 41%%#%%
B 5B EE SNESABM; mCIM KB e & H 84, 52%(71/84), H 4 15. 48 % 25 F A b hk, K A8 5] w7 52
EEBREEWRE, 3HREEEFTRETESBEAR. L 86.90% . %% & 4 AL B A, blaKPC,blaNDM, blaIMP,
blaOXA-48 #9455 31 4 83.33%.2.38%.1.19% .1.19% ; = 1 % F 8 4% % blaKPC & blaNDM # A , F
it % AP B A BRAE B, blaSHV, blaTEM, blaCTX-M-9, blaCTX-M-1 # # & % 5 % 4 96.43%.78. 57% .
64.29%.2. 38%,5 # & 5 % B blaiucA. blarmpA2, blairoB. blapeg-334 . blarmpA # & % 5 %] 4 42.86% .
41.67%.27.38%.3. 57/\2 38R BT 3 AP A LA ARG A E LA 17.85%(15/84), &k #E Tk
CRKP # s 4 3 w2 0L =R . wt 25 K B A X 5 548 1 3% 5 B B (KPC) A £ 5 8 I & b4 o9 &b 3% &
EHESHFIMELFTMACRWKP) A . BREGEEARERN, it —F wRREAREHEE A F5H
MR,

KER .- WHEFEHEMELETMHE; WHAR; FHALAE; H>TFRABRF
DOI:10. 3969/j. issn. 1673-4130. 2024. 22. 017 FEED LS R446.5
NEYHS:1673-4130(2024)22-2773-06 XEkPRERD A

Carbapenem-resistant Klebsiella pneumoniae drug resistance and virulence gene
analysis of a Three-A hospital in Guangzhou”
LI Ran' ,.LIANG Yuyi®,SU Xin' ,MAI Dongmei' . TAN Junging'®
1. Department o f Clinical Laboratory ,Guangdong Provincial Second Hospital of Traditional
Chinese Medicine ,Guangzhou ,Guangdong 510095,China ;2. Department of Cliical Laboratory ,
Guangzhou Nanfang College ,Guangzhou ,Guangdong 510900, China
Abstract: Objective  To analyze the detection rate of carbapenem-resistant Klebsiella pneumoniae
(CRKP) in Guangdong Provincial Second Hospital of Traditional Chinese Medicine (the hospital) and analyze
the main drug resistance genes and virulence genes of CRKP,s0 as to understand the molecular epidemiologi-
cal mechanism of its infection strains. Methods The detection rate of CRKP infection in the hospital from
2020 to 2023 was retrospectively analyzed,and a total of 84 strains of CRKP were collected from July to De-
cember 2022 in the hospital. The clinical data of the strains were collected,and the corresponding drug resist-
ance genes and virulence genes were amplified by PCR. The modified carbapenem inactivation method (mCIM)
was uesd to detect carbapenemase. Results The detection rates of CRKP in the Guangdong Provincial Second
Hospital of Traditional Chinese Medicine from 2020 to 2023 were relatively high,and were higher than 46.
00%. 84 non-repeated CRKP strains were collected from July to December of 2022, and most samples were
from respiratory tract,accounting for 55. 95%. The patients were mainly from acupuncture and rehabilitation
departments,accounting for 34. 52%. Drug sensitivity tests showed that CRKP was highly resistant to various

cephalosporin and extended spectrum beta lactam drugs,and only showed high sensitivity to tigecycline and
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polymyxin. The positive rate of mCIM test was 84.52% (71/84) ,and the other 15. 48% results were neutral,
which failed to determine whether they produced carbapenemase. A total of 73 strains were detected with car-
bapenemase gene, accounting for 86. 90% , involving 4 genotypes. The detection rates of blaKPC, blaNDM,
blaIMP,and blaOXA-48 were 83. 33%,2.38%.1.19% ,and 1. 19% , respectively. One of them carried both
blaKPC and blaNDM genes, and multiple B-lactamases were detected. The detection rates of blaSHV, bla-
TEM, blaCTX-M-9,and blaCTX-M-1 were 96.43% ,78.57% ,64.29% ,and 2. 38% ,respectively. The detection
rates of five virulence genes, blaiucA, blarmpA2. blairoB, blapeg-334, and blarmpA , were 42.86%,41.67%
27.38%,3.57% ,and 2. 38% ,respectively. The proportion of strains carrying three or more virulence genes
was 17.85% (15/84). Conclusion The detection rate of CRKP in the hospital is relatively high,and the drug
resistance situation is serious, with Klebsiella pneumoniae carbapenemase (KPC) as the main drug resistance
gene., A high proportion of Carbapenem-resistant hypervirulent Klebsiella pneumoniae (CR-hvKp) strains is

found,and the infection prevention and control situation is not optimistic. It is necessary to further strengthen

the hospital infection control measures and standardize the scientific and reasonable drug use.
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Tk EP & v, M35 100 CHE/K# 10 min, 12 000
r/min .0 10 min J&5 W E L 4% B8 8 R DU SRS )
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TEM, balCTX-M-1, balCTX-M-9 #EAT Y 175 Al B X RO AKRMA 10 pl. Taq #, 1 pL BIE 59,1 pL
/13N balrmpA . balrmpA2 ., baliucA . baliroB.bal- B 54,4 pL FN 4 DNA Fl 4 pL TCHE 7&K,
peg-334 YEATY . SIWFH) Y AE R 1 B4 PR SR A 1 Y0 B IR R i L VK T

*®1 PCR¥EEASIWFETIFKE

Primer 44 # %5 RGO HEHEEZCO PRI (bp) (5" —3D

F:GAGTAGTTAATAAATCAATAGCAAT

rmpA 1 50 50 332
R:CAGTAGGCATTGCAGCA
F.GTGCAATAAGGATGTTACATTA
rmpA2 2 50 50 430
R:GGATGCCCTCCTCCTG
F.GCTTATTTCTCCCCAACCC
iucA 3 59 59 583
R: TCAGCCCTTTAGCGACAAG
F:ATCTCATCATCTACCCTCCGCTC
iroB 4 59 59 235
R:GGTTCGCCGTCGTTTTCAA
F.CTTGAAACTATCCCTCCAGTC
peg-334 5 53 53 508
R:CCAGCGAAAGAATAACCCC
F.CGTCTAGTTCTGCTGTCTTG
KPC 6 54 55 798
R:CTTGTCATCCTTGTTAGGCG
F.CATGGTTTGGTGGTTCTTGT
IMP 7 54 55 528
R:GTACGTTTCAAGAGTGATGC
F:GGTTTGGCGATCTGGTTTTC
NDM 8 57 60 621
R:CGGAATGGCTCATCACGATC
F.CCGGGTTATTCTTATTTGTCGCT
SHV 9 61 56 1079
R: TAGCGTTGCCAGTGCTCG
F:ATAAAATTCTTGAAGACGAAA
TEM 10 54 55 1079
R:GACAGTTAGCAATGCTTAATCA
F:AAAAATCACTGCGCCAGTTC
CTX-M-1 11 61 52 415
R:AGCTTATTCATCGCCACGTT
F:AAAAATGATTGAAAGGTGGT
CTX-M-9 13 61 56 1242
R:GTGAAGAAGGTGTTGCTGAC
F.GATGGTGTTTGGTCGCAT
VIM 14 54 54 390
R:CGAATGCGCAGCACCAG
F.CCTACAATCTAACGGCGACC
SPM 15 54 54 649
R: TCGCCGTGTCCAGGTATAAC
F:GCGTGGTTAAGGATGAACAC
OXA-48 16 7 57 438

R:CATCAAGTTCAACCCAACCG

HF R LW . R AT WS KPC i 48 5 5 10 1 ik 75 5506 B .

1.4 Gitefabd KA EXCEL 8L BGE M (X7 =37.80,P<C0.000 1), L% 2,

BdE, R H SPSS22. 0 G5 T 2f 5k 4 k47 s 4 M. 4 %2 AR 20202023 &£ CRKP #H &
MR RH X . L P<<0.05 NERA ST P LALLLES CRKP BRAL LR S
—‘{E'EX AR VRE GO (n) %)
2020 714 334 46.78
2 4 R
21 20202023 4 CRKP Kot A0 56 47 2021 1118 679 60. 73
: . S - oL N 2022 1208 692 57.28
AP 2020 — 2023 AF. A B CRKP i i 5 3 58 T 2023 1042 611 58. 64

46.00% , AR Al R L4, 2 R B FH I HE S
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A B g7
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3170 53 15 4 4 4.76
Jif Y62 38 5 TR 2 2.38
JHe W 2 2.38
il ST 1 1.19
R 1 1.19
e
R R 29 34.52
f& T B2 2 R 21 25. 00
I 0 21 25. 00
S 7 8.33
Lo 1L 5 3 3.57
i g6 2 2.38
AL 2 2.38
i B 1 1.19
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70.24% ;=3 WiR AVEERAER A 27 B, 4 32, 1400
HRPTEZY =3 R A 39 B, i 46. 43 %,

2.4 84t CRKP X% WYL 25 P Bt 25 1% &l 84
Pk CRKP B AEX 22 R VD 2 i 25 =95, 00 %, Xf £
Flow DL Sk R R Sk E G KW 2 R >
92. 00 Y0 X BT K~ B R0 A0 E / Tk e Y T i 2 5%
FEAK (B =>78. 00 %0 , B 1A 522 B 5 T 24 3 A0E , X o
W L fbre /PI4ECH R ZHHE E2BEEMN
T MR L LR 4

x4 84 ¥k CRKP I E AWM A R (1)

U 259 R S

W 1% r 97.62 1.19
JE A R 97. 62 1.19
P 96. 43 2.38
WR 32 75 bR/ Al s 2 3 98. 1 1.9

S FELUR R /&7 12 30 98. 81 1.19
Sk f1 Al g 98. 81 1.19
3k f i 7 97. 62 2.38
3k fe ik 92. 86 0. 00
S 76 il A 92. 86 3.57
Al ¥ 96. 43 2.38
Vi =N R 96.43 1.19
By oK R B 79.76 17. 86
F AU E /58 g P W e 78.57 21.43
B R 14.29 85.71
3K 76 Al E /BT 24 11 30 1.19 98. 81
ZHWHE 0. 00 100. 00

IE:ROATIZY .S IR RPA T,

2.5 Bk R A I T 24 3% R DN 4 84 fi CRKP
Etk mCIM R 55, PR R 84.52% (71/84) , H4x
15. 48 %6 (13/84) 45 5 g v M, oA R H1 T 2 75 7= filk 7 %%
S 0 = 5 Bk KPC R BH

2.6 MHAFEFKM LR 84 #] CRKP W #1T PCR
T a2 5 DR ARG N L LG 73 Bk R T R T B O
A, & 86. 90% ., H& ¥ K 4 Ff 3 [ &, blaKPC,
blaNDM, blaVIM, blaOXA-48 & ¥ i & 7 % K
83.33%.2.38%.1.19%.1. 19% ; K H blaIMP }
blaSPM %t K, H 1 #k [6 B 4 4 blaKPC J
blaNDM 3t [A, [7] B & 2 3 P9 BE He Bl 3% 1A,
blaSHV . blaTEM, blaCTX-M-9., blaCTX-M-1 145 i
AP 96.43%.78. 57% . 64. 29% . 2. 38% , T A
blaSHV & A FH P4 19 1 # . blaKPC £ A 100. 00 % FH
£, [7 i blaKPC, blaSHV , blaCTX-M-9 FH 4 4 #k It
7151 Bk, i 60.71%.

2.7 BEIREINEE R KGIR(E RS X 84 Bk CRKP I§
¥RHEAT 5 AP A J7 3 A blaiucA . blarmpAZ2 ., blairoB, bla-
peg-334. blarmpA £ W, F &y 2 4 5 Ry 42,86 % .
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41.67%.27.38% 3. 57% M 2. 38% s I 21 B B ¥k 5¢
SRK I FRFE IR, G 25.00% , AR 1~
4 B EREE S S RS 3 R K DL R EE
FMR S o 17, 85% (15/84), I 36 #k 4 221X 56 FH
P b 42,86 %0 Fir 23R K 5 7 S 5L H 2 (] A9 56 R L3k
5. #EA A R YL L SR 12 A 1 B K

x5 84 ¥k CRKP SN ERE R £ LW IFREIW
REHESRHERF
- BRERIHRAC  Kuih iR PR B HO e B
() % (n) )
blaiucA 36 42. 86 16 6
blarmpA2 35 41. 67 18 8
blairoB 23 27.38 17 6
blapeg-334 3 3.57 1 1
blarmpA 2 2.38 0 0
= 3 F K UL 15 17.85 — —

T — R T HE .

3 i3 i©
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B RAFAE R K 22 B0 T A A A0 T TR 24 W ) %
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AN AREGE R CRKP B R REAS SR UR AT 3 07 439
PV PRI I, G o I T R A 55,9500, R
o A £ B L 5 e 0 R 2 T R BB R L 3 F
FERARA L. R UL, BEAS R R B A % Tl fig O JE 5 Bk
Bt CRKP A H R 55w 1 5 A

V6 EEBEWFSE ok CRKP BEAS 32 8243 2 [ 0P
B ICU™ , W A BF5E h CRKP 43 B R LLEE R N
o BB SRR T R T RS ROE T R
1M R B RHE A BE— KAR R R, B2 BHE I R B =
SR 33.30% i KT HALEBE . HEEE BHEH
Z J v AUE BNRAT 8h AN K &k 3, 7 K A B iR
7+ 5y 33 CRKP & A, [F] B 309 Bib IR B B 2 s 2 3
TG KU R R 2 — . DRI 58 30 ok i ] i R &
A BE CRKP K R 5 w2 —

A ICU Ff e b2 5 8 CRKP 84S 1 il 37 XL
B R Y, HAE ICU Y BB £ 0 1 8L SRS
75, 5 330 CRKP YL ol 8 A8, AR BF 58 25. 00%
B F AR ICU, H 84 Bl & L 4F I 69 %,
FHARBF ™ X 1] B JE SR B CRKP K i 4%

fe P DA, (R s KR PLAGE R B
FIRE FE R AEBRAE S8 B FH CRKP 1 8% 4 K
K6 AR BESE h A B CRKP L H 3% 22 50h 1= 22 Pk 1%
VB — 5 T2 28 M 45 0T BB 2 45043 86 B, 1 3K 286 i Bt
B4R FH . 95— 5 T CRKP A DLE A8 76 5 8 P BE , AT
SEBE R B ARBESE T CRKP B & A B #5
A g AR e A R S bt g L A S
FEWI N e B M 38 2 A 1S  CRKP e KU, B it
S HEDN X B0 B A BRI A AR DG T 25 R B B
F7E CRKP [ 22 A o s e, 7] 6 2 5 80A B¢ CRKP
B R R R R 2 —

AW R .84 ] CRKP 18 bk A& 1 245 S 5, %
I PR 5 FH L35 Sk A0 B8 28 28 L M A I 2% L B AR I L S S
2 BT B I IS R e 2 B A 24 0 Y S R B T 2
PEAOTBEINA R X L2 R F E AR = SUSE, X
5 N A g A R — B, BT T I R R
3697 W AT s R 20 T B e 1 i 3 EE P 25 9 . (H
CRKP i th Z B AT, i R B ) T I R FH 245, %
HEAEE MR  ZEWEE E W & Xt ik 5 %
o7 Tt o T OB 400 B 9 A 50 245, {8 ) ) A7 A 22 o 22
I T 4 B T Lt AT e

CRKP T# Pk /Y Bk 75 55 M W 25 8 B # e 7 HOR
JP T A B D 2SR Y B AR X Sk At B /] 4t
ELHH 100. 00 Yo fUEK L 17 7= B 25 NDM 11 B A% % 3k 461
i /BT 2k L AH 100, 00 % i 25, fH ATM 1] /K i 4 )&
ity , 1 2% R A 24 . AW 5T b #5475 5 0 2 Sk
AR LA A KT B B blaKPC Oy 32, A& = g 2
4 JE W blaNDM, [R]FEA 30T [R) BF 7 F R 9 b i 114
TR PR X 5 P 5 A A A i e s SR AL (RR [T
Wi hn 75 20 B 5% b DL blaNDM S L 3 AT fE 5 R
A e AN TR) Hb IR A T RRAS TR K

CR-hvKP #Fx R 35 J1 55T 24 ¥ 45 5 T 6l 1% #8 24
YT, H S EOT E IR WS L e T, 7 5 R I IR E A
B E AL AT R PR BE e B B R
TS AR EME T A EERRE.
AREFE AL L B 63 MG B 1 LR CRKP & Bk
Kt % R 75,0 00%, 2 & T E b B B A 1
KU HHEH 3 R LA b SRR A 15 Rk
17.85% » CR-hvKP [ = K H 502 7 5 MK 3 A7 76 B
SR R I T B AR I — B 06T, A ST R,
blarmpA2 FEPF 7 T8 J) Bk p-LVPK ks 2 4 5 [
b HA R SRR A RN v 2 R A B VB L blarm-
pA2 FH P B T IE B 23 /D € BB 7= A o AT
TR A 7= e A g X 88 % B B blarmpA2 FE A
A= AN A (R = R ol O R
blaiucA 7 F i R 5w HAAE 5 1 mok L. E K&
hvKP fl cKP B8t & bRic . 75 i 7 1 R p & 5 3 5%
AR AR T P R 1 £ R blaiucA | blarmpA2 £
HR2RRE X b 7 g i DR v U B 48 A K R ) T
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PR ) R T BEAEAE T 2 AL 55 454 A [5) 55 ) 3k R 1
R B4 [R) VR AT A R i — 2B ST

AW 5% MG AR G RE T 24 35 R R 35 ) 3% X 22 i
XFBE N CRKP 43 8 #k 47 43 Br ik 5%, B8 1T B N
CRKP #6: H % K it 26155 B, & UG Fb # B L 1 6E S 45
B RAEIRIT AN AR A T BE 2 5 20 CRKP
R R R A i A i 2 3 4T DL KPC oA 3, CR-
hvKP A 8 m K 5, TR B R YL i 45 . [HAR
WIS M AFAE LA R R BR : (1) £ X # A BB CRKP
TR L5 4 B 18 AT 0 95 (2) Z BR T3 &
B, KX CRKP Bk (1 3 P43 M sk — 25 0F 5, AT
AF B AS ] B AR 22 1) %) TR R K S I PR 22 AF 5%
(75 1] 5 LhitE— 25 B 8 CRKP 451F , T 5K AR H 4y 5
RITTIE,

&% ik
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