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[Abstract] Objective To analyze the current status of anti-bacterial activity of carbapenem-resistant Klebsiella
pneumoniae and Escherichia coli clinically isolated from hospitalized patients, detect their related resistance genes, and provide
reference for the clinical treatment of carbapenem resistant Enterobacteria (CRE) infections and the rational use of antibiotics.
Methods A total of 400 non-repetitive isolates of Klebsiella pneumoniae and Escherichia coli isolated from clinical specimens of
Punan Branch of Renji Hospital, Shanghai Jiao Tong University School of Medicine from January 2022 to December were
collected. The minimum inhibitory concentrations of these strains against commonly used antibiotics were determined by the broth
microdilution method. The carbapenemase and related resistance genes of CRE were detected by drug resistance phenotype testing
and PCR. Results Among the 400 strains, 51 strains were identified as CRE, accounting for 12.75%. Among these, 49 strains
produced carbapenemases, with 41 strains (80.39%) being CR Klebsiella pneumoniae and 10 strains (19.61%) being CR
Escherichia coli. Among the CRE strains, 34 strains (66.67%) carried blagpc, 13 strains (25.49%) carried blaypy, and 2 strains
(3.92%) carried blagx,.4g- Conclusion Compared with other commonly used antibiotics, colistin and tigecycline exhibited good
in vitro antibacterial activity against carbapenemase-producing Klebsiella pneumoniae and Escherichia coli. In addition, there was
good concordance between drug resistance phenotype testing and genotyping. Clinical microbiology laboratories could continuously
monitor the drug resistance phenotype and genotype of CRE and develop appropriate treatment plans based on actual conditions.

[Key words] carbapenem-resistant enterobacteriaceae; phenotype of carbapenemase; carbapenemase resistance gene;

resistance
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1000 bp
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1:: DNA Marker(100 ~ 2 000 bp), H & H B 882 bp.
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1 000 bp
750 bp
500 bp

250 bp
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2 13 %k blaypy EFEEKEE
14:: DNA Marker(100 ~ 2 000 bp), H & H-Be 2 813 bp.



WIS 2024410 H25 H 428 10
Journal of Pharmaceutical Practice and Service, Vol. 42, No. 10, October 25, 2024 443
2 3 [ 5%£3#)
<ZC <ZC [1] BRINK A J. Epidemiology of carbapenem-resistant Gram-nega-
2000 bP S A tive infections globally[J]. Curr Opin Infect Dis, 2019, 32(6):
! 328 Eg — 609-616.
500 bp i (2] Jaiede, 8 B, X8, 45, M R Sk 7 A/ 4 L 7

250 bp
100 bp

3 2 ** blaOXA—‘lS %@.57?%
71:: DNA Marker(100 ~ 2 000 bp), F i A B¢k 743 bp.

2016 ~ 2018 4EXF 4 [H 24 NETTRY 36 FKE Bl sE
#] 935 tkAEE X CRE Wk 454 CR-Kpn
7= blagpe 64.6%, 1= blaypy 9.5%, 7= blagys.ag 4.88%
WA RTE], AT RE S AT Y CRE #5415 1 ik 75 2%
s B i 2 36 DR A7 A DX I 22 S e G . ARG Aok
U 25 W U R 56 45 R WK, CRE #) 5 £ 5 i
2, X SR AU R 2 L B R M 2 L I v A T
2y, ZFWEE B, IMA R M — LG T 225
JE/DRATBEXS CRE fREFIGHM AW Z — . AWBFSE
(25 BRI R X A5 CRE BB AT B 4r 1
BT I PR, UM 19>95%, CR-Kpnkt £ % 1 %
B U R 89.74%, BEAR T 2021 4F CHINET il
4, M CR-Eco X 2 A 2 B HUSBAE A 100%.
BB 25 W R E CRE T R 58 I A 0 T 1%
P, 41 CR-Eco XJ B K B Ul 90%. 1 ik
T B M SN 24 0 =% [ TR A A T I IR & L T 24
Wi 2, FLRTBURSLIG RIATT BE R 25 AT R, 2
Il PRAR YA 41 25 Wy UM B0 25 SR A 24,
MRS AR R ZFE R B, (HEINH R
MZFE R B W RIGITRCR ] 225 (1 SR D,
B PRARYE S PRGN WrR G T I % -

AR AR S LA R Z AL, B %, AT 2
PB% CR-Kpn, CR-Eco #I, HAh 7 AT 5 H 41 i 3 &
YA HYKk, CRE i 24 3 K Y n e [R] i #5707 — Fh ok
Z i AmpC il FlHE 3% B- PN ok e i), A J iy
FEPRIRY S N TR RIAHLHIA T T2

i LR, BN E . ZHEE B SREEEE
1 B BT B T M, KPC-2 2 AR g CRE 1) = BL il 7Y
TR FHAS [ Bk 75 85 s BB 147 245 0 % AN [ ke 75 %
s B ) A VR AN TR, R0k, %o I PR 43 25 O ik 7
BRI 25 I AT T H 20 TA, S99 = W T e b 1 2 M
it 2 750 s i R A G I - A TR DR AR A o e PR
R A T A 0 52 9 2 245 ) et R e 75 8 A T -
S REEB A HIX CRE i 24 3 PR B J3 A7 4 5, il
IRYT RGBT e, A P2

(3]

(4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

43 JE B-PAUTE i A T L A 4 AR 1 B IRV AR (0] o
FHiAE Z A4, 2021, 46(8): 784-788.

HOANG C Q, NGUYEN H D, VU H Q, et al. Emergence of
new Delhi metallo-beta-lactamase (NDM) and Klebsiella pneu-
moniae Carbapenemase (KPC)production by Escherichia coli
and Klebsiella pneumoniae in southern Vietnam and appropriate
methods of detection: a cross-sectional study[J]. BioMed Res
Int, 2019, 2019: 9757625.

WA, SRRE, ACHBIR, 45, 2021 4F CHINET #4114 it 245 1
{7 PR A%, 2022, 22(5): 521-530.
MAJY,SONG X R, LIMC, etal. Global spread of carbapenem-
resistant Enterobacteriaceae: Epidemiological features, resis-
tance mechanisms, detection and therapy[J]. Microbiol Res,
2023, 266: 127249.

SHARIFIPOUR E, SHAMS S, ESMKHANI M, et al. Evalua-
tion of bacterial co-infections of the respiratory tract in COVID-
19 patients admitted to ICU[J]. BMC Infect Dis, 2020, 20(1):
646.

ABDELAZIZ S M, ABOSHANAB K M, YAHIA I S, et al.
Correlation between the antibiotic resistance genes and suscepti-
bility to antibiotics among the carbapenem-resistant gram-nega-
tive pathogens[J]. Antibiotics, 2021, 10(3): 255.

N, 220 . T B 7 R 2 I A TR A T 24 AL K S
B (7] PR L 44, 2020, 41(16): 2011-
2016.

Clinical and laboratory standards institute. Performance stan-
dards for antimicrobial susceptibility testing, 32nd edition
[S].http://standards/products/microbiology/companion/using-
m100/[2022-03-09].

Centers for Disease Control and Prevention (CDC). Facility
guidance for control of carbapenem-resistant Enterobacteri-
aceae (CRE)[EB/OL]. (2020-07-01)[2022-01-10]. https://www.
cdc.gov/hai/pdfs/cre/cre-guidance-508.pdf.

WA 3, AR, §AT I, 45, 23018 2R 25 W U A T R T
IRAREE & AR [T]. BIVRIEE 22438, 2020, 11(5): 559-570.
RANJBAR R, ALAM M. Antimicrobial Resistance Collabora-
tors(2022). Global burden of bacterial antimicrobial resistance
in 2019: a systematic analysis[J]. Evid Based Nurs, 2024,
27(1): 16.

GANDRA S, BURNHAM C A D. Carbapenem-resistant enter-
obacterales in the USA[J]. Lancet Infect Dis, 2020, 20(6): 637-
639.

HANSEN G T. Continuous evolution: perspective on the epi-
demiology of carbapenemase resistance among enterobacterales
and other gram-negative bacteria[J]. Infect Dis Ther, 2021,
10(1): 75-92.

255, WUk DT . BT RIS 25 1 A IR RN R A 5 TRAT R


https://doi.org/10.1097/QCO.0000000000000608
https://doi.org/10.1016/j.micres.2022.127249
https://doi.org/10.1186/s12879-020-05374-z
https://doi.org/10.3390/antibiotics10030255
https://www.cdc.gov/hai/pdfs/cre/cre-guidance-508.pdf
https://www.cdc.gov/hai/pdfs/cre/cre-guidance-508.pdf
https://www.cdc.gov/hai/pdfs/cre/cre-guidance-508.pdf
https://www.cdc.gov/hai/pdfs/cre/cre-guidance-508.pdf
https://www.cdc.gov/hai/pdfs/cre/cre-guidance-508.pdf
https://www.cdc.gov/hai/pdfs/cre/cre-guidance-508.pdf
https://doi.org/10.1136/ebnurs-2022-103540
https://doi.org/10.1016/S1473-3099(20)30066-9
https://doi.org/10.1007/s40121-020-00395-2

444

2R S

2024410 H25 H #H42% 10l

Journal of Pharmaceutical Practice and Service, Vol. 42, No. 10, October 25, 2024

[16]

[17]

TEWFFE LR (0], ThAR B A W2 T 28 Ak, 2019, 39(4):
306-310.

CASTANHEIRA M, DESHPANDE L M, MENDES R E, et al.
Prevalence of carbapenemase genes among carbapenem-nonsus-
ceptible Enterobacterales collected in US hospitals in a five-
year period and activity of ceftazidime/avibactam and comparator
agents[J]. JAC Antimicrob Resist, 2022, 4(5): dlac098.
PORRECA A M, SULLIVAN K V, GALLAGHER J C. The
epidemiology, evolution, and treatment of KPC-producing or-
ganisms[J]. Curr Infect Dis Rep, 2018, 20(6): 13.

[18]

[19]

HAN R R, SHI Q Y, WU S, et al. Dissemination of carbapene-
mases (KPC, NDM, OXA-48, IMP, and VIM) among car-
bapenem-resistant Enterobacteriaceae isolated from adult and
children patients in China[J]. Front Cell Infect Microbiol, 2020,
10: 314.
RER, W, besr, . 204 PR T BT 25T A
AR 251 ST (). K R 27, 2023, 38(1): 60-65.
[fmB#] 2023-0926 [fEEIEH] 2024-06-08
[ARXHmE] M

(L% 438 M)

[10]

[11]

[12]

[13]

DE JONG F J M, WINGELAAR T T, VAN HULST R A. Pul-
monary oxygen toxicity in occupational diving[J]. Occup
Med(Lond), 2023, 73(5): 231-232.

ALVA R, MIRZA M, BAITON A, et al. Oxygen toxicity: cellu-
lar mechanisms in normobaric hyperoxia[J]. Cell Biol Toxicol,
2023,39(1): 111-143.

FISHER A B, FORMAN H J, GLASS M. Mechanisms of pul-
monary oxygen toxicity[J]. Lung, 1984, 162(5): 255-259.
ZHANG Q Y, WU D, YANG Y, et al. Dexmedetomidine Alle-

viates hyperoxia-induced acute lung injury via inhibiting NL-

[14]

[15]

RP3 inflammasome activation [J]. Cell Physiol Biochem: inter-
national journal of experimental cellular physiology, biochemis-
try, and pharmacology, 2017, 42(5): 1907-1919.
MIAO Y, CHEN Y W, XUE F, et al. Contribution of ferropto-
sis and GPX4’s dual functions to osteoarthritis progression[J].
EBioMedicine, 2022, 76: 103847.
KANG R, ZENG L, ZHU S, et al. Lipid peroxidation drives
gasdermin D-mediated pyroptosis in lethal polymicrobial Sep-
sis[J]. Cell Host & Microbe, 2018, 24(1): 97-108.
[WimAHA] 2023-10-25 [fEEIEH#I] 2024-05-15
[ARXHmE] FHEE


https://doi.org/10.1093/jacamr/dlac098
https://doi.org/10.1007/s11908-018-0617-x
https://doi.org/10.3389/fcimb.2020.00314
https://doi.org/10.1093/occmed/kqad043
https://doi.org/10.1093/occmed/kqad043
https://doi.org/10.1093/occmed/kqad043
https://doi.org/10.1093/occmed/kqad043
https://doi.org/10.1093/occmed/kqad043
https://doi.org/10.1007/s10565-022-09773-7

	1 实验材料
	2 实验方法
	2.1 细菌鉴定和体外药敏试验
	2.1.1 抗菌药物配制
	2.1.2 接种菌量
	2.1.3 培养条件
	2.1.4 结果阅读与判断
	2.1.5 质控菌株

	2.2 碳青霉烯酶耐药表型检测
	2.3 碳青霉烯酶耐药基因检测
	2.3.1 细菌DNA样本提取
	2.3.2 PCR检测
	2.3.3 基因测序

	2.4 统计学处理

	3 结果
	3.1 CRE来源的标本类型及科室分布
	3.2 CR-Kpn、CR-Eco体外药物敏感性试验结果
	3.3 CRE体外药物敏感性试验结果
	3.4 酶型检测结果

	4 讨论
	参考文献

