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Abstract
Purpose Carbapenem resistant Klebsiella pneumoniae is associated with nosocomial infections and can cause 
high mortality, which poses great threat to human health. This study was aimed at investigating the molecular 
epidemiology and antimicrobial resistance profiles of carbapenem resistant Klebsiella pneumoniae isolates and 
providing clues for management and control of carbapenem resistant Klebsiella pneumoniae infections.

Methods A total of 2324 Klebsiella pneumoniae strains were isolated from the First Affiliated Hospital of Guangxi 
Medical University from June 2018 to October 2020, and 103 carbapenem resistant Klebsiella pneumoniae strains 
from inpatients were collected, and the specimens mainly came from the sputum, urine, secretions, and blood. The 
antimicrobial susceptibility tests were performed using the VITEK 2 Compact system or the Kirby–Bauer disk-diffusion 
method. The resistance genes were detected by polymerase chain reaction and sequencing. The homology analysis 
of carbapenem resistant Klebsiella pneumoniae strains was performed by multilocus sequence typing.

Results Antimicrobial susceptibility results showed that the 103 carbapenem resistant Klebsiella pneumoniae strains 
were resistant to most common antibiotics. Resistance genes detection showed that the carbapenem resistant 
Klebsiella pneumoniae isolates mainly carried metallo-beta-lactamase, and the predominant gene was NDM-1. The 
homology analysis found that the major ST type were ST11, follow by ST15 and ST17.

Conclusion The carbapenem resistant Klebsiella pneumoniae isolates in our study shown resistance to most common 
antibiotics. Of the 103 carbapenem resistant Klebsiella pneumoniae strains, 91 strains (88.35%) carried carbapenemases 
genes, and NDM was the predominant carbapenemase gene detected. ST11 was the major ST typing of carbapenem 
resistant Klebsiella pneumoniae in our hospital. Our finding may play a role in control and management of the 
carbapenem resistant Klebsiella pneumoniae infections and guiding clinical antibiotic therapy. In addition, metallo-
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Introduction
Klebsiella pneumoniae (KP) is a gram-negative encapsu-
lated bacterium that resides in the environment, such as 
surface waters, soil, medical devices, human nasopharynx 
and gastrointestinal tract [1]. It can cause a wide range 
of infections, including respiratory tract infections, uri-
nary tract infections, liver abscesses and bacteremia [2]. 
Carbapenems antibiotics are commonly used in severe 
KP infections and thought to be the last line of defense 
[3]. However, exposure to carbapenems, admission to 
ICU and longer length of hospital stay may increase the 
chance of carbapenem resistant Klebsiella pneumoniae 
(CRKP) infections [4, 5]. In most cases, carbapenems 
were prescribed when empirical antibiotics like cepha-
losporins, fluoroquinolone, and β-lactam/β-lactamase 
inhibitor combination showed resistance to KP. With car-
bapenems widely used, CRKP infections have increased, 
which limit the choice of antibiotic therapy and related 
to high mortality [6, 7]. The resistance mechanisms of 
CRKP mainly include production of carbapenemases, 
upregulation of efflux pump systems, lower membrane 
permeability and alteration of penicillin-binding pro-
teins [8, 9]. Among them, production of carbapenemases 
is one of the most important mechanisms. The distribu-
tion of carbapenemases is distinct in different regions. To 
date, rare information about CRKP molecular epidemiol-
ogy from Nanning area. Therefore, our study investigated 
the molecular epidemiology and antimicrobial resistance 
profiles of CRKP in Nanning city, aiming at providing 
useful clues for infection control and rational antibiotics 
use.

Materials and methods
Bacterial isolation and identification
103 non-duplicate CRKP strain were collected from the 
inpatients from The First Affiliated Hospital of Guangxi 
Medical University from June 2018 to October 2020, and 
informed consent was obtained from the patients before 
collecting samples. The main source of the specimens 
were sputum, urine, secretions, and blood. The speci-
mens were collected by nurses and transported to the 
clinical laboratory, then inoculated on the appropriate 
plates based on their source. The plates were incubated at 
35℃ for 18-24 h, and the positive growth organisms were 
further identified. All CRKP strains were identified by the 
VITEK2 Compact system (bioMérieux, Marcy l’Etoile, 
France) or matrix-assisted laser desorption/ionization 
time-of-flight mass spectrometry (MALDI-TOF MS) 

(Autof ms1000, Zhengzhou Antu Biological Engineering 
Co., LTD).

Antimicrobial susceptibility testing
Antimicrobial susceptibility tests were performed using 
the VITEK 2 Compact system or the Kirby–Bauer disk-
diffusion method, except for polymyxin B, which was 
performed with broth microdilution testing, and the 
results were interpreted as recommended by the Clini-
cal and Laboratory Standards Institute (CLSI), version 
2023 [10]. Klebsiella pneumoniae (ATCC700603), Esch-
erichia coli (ATCC25922), and Pseudomonas aeruginosa 
(ATCC27853) were used as the quality control bacterial 
strains.

Carbapenemases phenotype experiment
All CRKP strains were performed by Modified carbape-
nem inactivation test (mCIM) and EDTA modified car-
bapenem inactivation test (eCIM) according to the CLSI 
guideline [10]. The procedures for the mCIM and eCIM 
were as follows: A 1-µL loopful of CRKP isolate was 
resuspended in two tubes containing 2 mL of TSB. One 
tube was supplemented with 20 µL of 0.5 mol/L EDTA, 
while the other tube remained free from EDTA (mCIM). 
Next, a meropenem disk was placed in each tube, and the 
tubes were further incubated at 35  °C for 4  h ± 15  min. 
Then the disks were removed from the tubes and trans-
ferred onto MH agar plates that were freshly inoculated 
with a 0.5 McFarland suspension of carbapenem-sus-
ceptible E. coli ATCC25922. The plates were incubated 
at 35  °C for 16 to 20  h before recording the zone sizes 
[11, 12]. The positive result of mCIM test revealed that 
the strain produced carbapenemases. Both mCIM test 
and eCIM test result were positive revealed that the 
strain produced metallo-beta-lactamase (MBL). While 
the positive result of mCIM test and negative result 
of eCIM test indicated that the strain produced serine 
carbapenemases.

Resistance genes detection
Carbapenemases genes including KPC, NDM, IMP, VIM, 
and OXA-48 were detected by PCR. The positive PCR 
amplicons were sequenced, and the nucleotide sequences 
obtained were analyzed and compared with those avail-
able in the National Center for Biotechnology Informa-
tion (NCBI) GenBank database (https://blast.ncbi.nlm.
nih.gov/Blast.cgi).

beta-lactamase should be served as a key target to be monitored in carbapenem resistant Klebsiella pneumoniae 
infection.
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Multilocus sequence typing (MLST)
MLST of CRKP was identified using seven conserved 
housekeeping genes (blagapA, blainfB, blamdh, blapgi, blaphoE, 
blarpoB and blatonB) according to the protocol available at 
MLST Pasteur website (https://bigsdb.pasteur.fr/klebsi-
ella/primers-used/). The housekeeping genes sequences 
presented within CRKP were assigned as distinct alleles 
representing the allelic profile or specific ST at the loci 
for each isolate.

Statistical analysis
Antimicrobial susceptibility results were analyzed using 
WHONET 5.6 software. Categorical variables were 
expressed as counts or counts/total (percentages).

Results
Bacterial isolation and identification
A total of 103 non-repetition CRKP strains were col-
lected. Among the 103 CRKP infection inpatients, 
there were 67 males (65.05%) and 36 females (34.95%); 
The inpatients predominantly came from intensive 
care unit (ICU) ( 29.13%, 30/103), traditional Chinese 
medicine department (16.50%,17/103), neonatology 

department(13.59%,14/103), and pediatric department 
(9.71%,10/103). Source of the isolates mainly included 
sputum (43.69%,45/103), urine (25.24%, 26/103), secre-
tions(9.71%, 10/103), and blood(6.80%, 7/103).

Antimicrobial susceptibility testing
The 103 CRKP isolates showed high resistance to most 
antibiotics, especially ertapenem, cefazolin, cefuroxime, 
cefotaxime, ampicillin/sulbactam, amoxicillin/clavu-
lanic acid, and ticarcillin/clavulanic acid (100%). Mean-
while, the resistance rates of meropenem, ceftazidime, 
cefepime, cefoxitin, cefoperazone/sulbactam, piperacil-
lin/tazobactam were higher than 90%. In contrast, the 
CRKP strains showed less resistance to tigecycline and 
polymyxin B, with a rate of 2.91% and 6.80%, respectively. 
As shown in Table 1.

Carbapenemases phenotype experiment and resistance 
genes detection
Of the 103 CRKP strains, 12 strains (11.65%) without 
producing carbapenemases, while 91 strains (88.35%) 
carried carbapenemases genes, of which 68 strains 
(74.73%) produced MBL, and 23 strains (25.27%) pro-
duced serinase. Among the 91 strains, 38 strains (41.76%) 
carried NDM-1, 25 strains (27.47%) carried KPC-2, and 
25 strains (27.47%) carried NDM-5. As shown in Table 2.

Multilocus sequence typing
A total of 84 CRKP strains obtained ST typing. The dom-
inant ST typing were ST11, follow by ST15 and ST17. 
Among them, 21 ST11 strains (25.00%) carried KPC-
2,15 ST15 strains (17.86%) carried NDM-5, and 11 ST17 
strains (13.10%) carried NDM-1. As shown in Table  3. 
Minimal spanning tree (MST) of CRKP strains is shown 
in Fig. 1.

Discussion
KP is one of the most common gram-negative pathogens 
that causes nosocomial infections, especially in immuno-
compromised patients. With the widespread use of car-
bapenems antibiotics, the incidence of CRKP infections 
has increased. According to the China Antimicrobial 
Surveillance Network (https://www.chinets.com/Data/
GermYear), the resistance rates of KP to imipenem and 
meropenem were 25.0% and 26.3% in 2018, and 22.6% 

Table 1 Antimicrobial susceptibility results
Antibiotic R (%) I (%) S (%)
ertapenem 103(100.00) 0(0.00) 0(0.00)

meropenem 94(91.26) 4(3.89) 5(4.85)

imipenem 91(88.35) 6(5.82) 6(5.83)

cefazolin 103(100.00) 0(0.00) 0(0.00)

cefuroxime 103(100.00) 0(0.00) 0(0.00)

cefotaxime 103(100.00) 0(0.00) 0(0.00)

ceftazidime 102(99.03) 1(0.97) 0(0.00)

cefepime 101(98.06) 2(0.94) 0(0.00)

aztreonam 91(88.35) 1(0.97) 11(10.68)

cefoxitin 102(99.03) 1(0.97) 0(0.00)

ampicillin/sulbactam 103(100.00) 0(0.00) 0(0.00)

amoxicillin/clavulanic acid 103(100.00) 0(0.00) 0(0.00)

piperacillin/tazobactam 96(93.20) 5(4.86) 2(1.94)

cefoperazone/sulbactam 102(99.03) 1(0.97) 0(0.00)

ticarcillin/ clavulanic acid 103(100.00) 0(0.00) 0(0.00)

gentamicin 52(50.49) 1(0.97) 50(48.54)

amikacin 36(34.95) 3(2.91) 64(62.14)

tobramycin 44(42.72) 10(9.71) 49(47.57)

minocycline 37(35.92) 15(14.57) 51(49.51)

levofloxacin 65(63.11) 28(27.18) 10(9.71)

ciprofloxacin 81(78.64) 11(10.68) 11(10.68)

moxifloxacin 69(66.99) 21(20.39) 13(12.62)

cotrimoxazole 68(66.02) 0(0.00) 35(33.98)

nitrofurantoin 33(32.04) 16(15.53) 54(52.43)

chloramphenicol 66(64.08) 5(4.85) 32(31.07)

tigecycline 3(2.91) 5(4.86) 95(92.23)

Polymyxin B 7(6.80) 96(93.20)  -
Note: data expressed as n (%). R, resistant; I, intermediate; S, sensitive. -: 
undefined

Table 2 Resistance genes of 91 CRKP strains
Resistance gene Strains Percentage
NDM-1 38 41.76%

NDM-5 25 27.47%

KPC-2 25 27.47%

OXA-181 3 3.30%

IMP-4 2 2.20%

VIM 0 0.00%

https://bigsdb.pasteur.fr/klebsiella/primers-used/
https://bigsdb.pasteur.fr/klebsiella/primers-used/
https://www.chinets.com/Data/GermYear
https://www.chinets.com/Data/GermYear
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and 24.2% in 2022, respectively. The resistance rates in 
China had slightly decreased over the past five years but 
remained at a high level. At present, the antibiotics that 
can be used for CRKP infections are limited, although 
colistin and tigecycline shown susceptibility in vitro, 
their usage in clinic were limited due to the toxicity and 
high economic burden [13]. The novel antibiotic ceftazi-
dime-avibactam is recognized as treatment alternative, 
however, when it came to MBL-producing CRKP, it was 

ineffective [13]. As lack of effective antibiotics, explored 
the resistance mechanism and molecular epidemiology of 
CRKP may contribute to the management and control of 
the prevalence of CRKP infections.

The 103 CRKP strains in our study mainly came from 
ICU, traditional Chinese medicine department and neo-
natology department. Patients from ICU usually had 
multiple underlying diseases and were critically ill, and 
commonly performed invasive procedures, and exposed 
to carbapenems, which increased the risk of CRKP infec-
tions [5]. Patients from neonatology department may 
suffer from prematurity, low birth weight, intrauterine 
infection, low immunity, invasive procedures, exposed 
to carbapenems, which increased the risk of CRKP infec-
tions [14]. In addition, we also found that traditional Chi-
nese medicine department had a high incidence of CRKP 
infection, maybe because of the admission of a consider-
able number of seriously ill patients with underlying dis-
eases to the Chinese medicine department, which was a 
distinctive characteristic of our hospital. As a result, the 
presence of such patients contributed to the high inci-
dence of CRKP infections.

Our study revealed that CRKP strains showed high 
resistance to most antibiotics, including carbapenems, 
cephalosporins, aztreonam, quinolones and β-lactam/
β-lactamase inhibitor combination. Previous reports 
revealed that two major types of resistance mechanisms 
related to CRKP drug resistance. One is the expression 
of AmpC enzymes or extended-spectrum β-lactamases 
(ESBLs) combined with upregulation of efflux pump sys-
tem or mutation of outer membrane proteins or altera-
tion of penicillin-binding proteins, which make CRKP 
resistant to cephalosporins and monobactams [9, 15]. 
The other one is the expression of carbapenemases, 
which pose even more challenge, and cause CRKP resis-
tant to almost all available β-lactams, including the car-
bapenems [2, 15].

In our study, among the 103 CRKP strains, carbapen-
emases genes were detected in 91 strains, and 68 strains 
(74.73%) produced MBL, indicated that the MBL was 
the main cause of KP resistance to carbapenems in our 
hospital, which was consistent with previous report in 
Chongqing, China [16]. However, it was different from 
the reports that KPC was the most prevalent enzyme 
in China [17–19]. Among the carbapenemases pro-
duced in 91 strains, NDM-1(41.76%) was found to be 
the most common gene, follow by KPC-2 (27.47%) and 
NDM-5 (27.47%). NDM-1 was first reported in a Swed-
ish patient traveled to New Delhi in 2008 [20], and has 
been disseminated worldwide since then [21]. In China, 
NDM-1-producing Enterobacter was first reported in 
2012 [22], and later mostly reported in children [23–26]. 
The CRKP strains in our study mainly came from neo-
natology department(13.59%, 14/103)and pediatric 

Table 3 ST typing and resistance genes of CRKP strains
ST Resistance gene Positive Strains Percentage
ST11 KPC-2 21 25.00

ST15 NDM-5 15 17.86

ST17 NDM-1 11 13.10

ST127 NDM-5 4 4.76

ST16 OXA, unknown MBL 3 3.57

ST76 NDM-1, NDM-5 3 3.57

ST307 NDM-1, NDM-5 3 3.57

ST580 NDM-1 3 3.57

ST1 KPC-2 2 2.38

ST14 NDM-1 2 2.38

ST278 NDM-1 2 2.38

ST20 NDM-1 1 1.19

ST36 NDM-1 1 1.19

ST147 NDM-5 1 1.19

ST273 NDM-1 1 1.19

ST281 NDM-1 1 1.19

ST322 NDM-1 1 1.19

ST617 NDM-5 1 1.19

ST831 NDM-5 1 1.19

ST1128 KPC-2 1 1.19

ST1466 NDM-1 1 1.19

ST1869 KPC-2 1 1.19

ST5502 NDM-5 1 1.19

untyped NDM-1、IMP-4 3 3.57

Fig. 1 Minimal spanning tree (MST) of CRKP strains. Each circle corre-
sponds to an ST, N1、N2、N3 represent untyped ST. The size of each cir-
cle is proportional to the number of strains. The numbers in red between 
two circles correspond to the numbers of allelic differences
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department (9.71%,10/103), which may made the NDM-1 
to be the main mechanism leading to carbapenems resis-
tance in our hospital. In addition, NDM-5 (27.47%) was 
also prevalent in our hospital. NDM-5 was first detected 
in a multidrug-resistant Escherichia coli ST648 isolate in 
the United Kingdom in 2011 from a patient with a recent 
history of hospitalization in India [27]. Since then, it has 
been spread worldwide [28–31]. Compared to NDM-1, 
NDM-5, with a 2-amino-acid mutation, shown elevated 
resistance to carbapenems and broad-spectrum cephalo-
sporins[27], and the IncX3 plasmids mediated the hori-
zontal transmission of blaNDM−5 gene [31–33].

In this study, we found that the major MLST typing 
of CRKP were ST11, follow by ST15 and ST17. ST11 is 
a single-locus variant (tonB) of ST258, and both them 
belong to the clone complex CC258 [15]. ST258 is preva-
lent in the United States and several European coun-
tries[34], while ST11 is the most common type in Asia, 
and accounts for up to 60% of CRKP in China [35, 36]. In 
addition, we found that NDM-1-producing CRKP ST17 
isolates had an outbreak in our hospital, and the isolates 
mainly came from neonatology department. Newborns 
are vulnerable to CRKP infections due to their low immu-
nity, and worse more, the choice of antibiotic therapy are 
relatively limited for them. To effectively control these 
CRKP infections, a comprehensive approach that com-
bines strict infection control measures and antimicrobial 
stewardship is essential. Here are some key measures to 
consider: raising healthcare staff awareness through edu-
cation and emphasizing the importance of proper hand 
hygiene before and after patient contact, implementing 
contact precautions for patients infected with CRKP, and 
ensuring appropriate disinfection of environmental sur-
faces and equipment [37]. In addition, strict antimicro-
bial stewardship is critical in reducing the emergence of 
antibiotic resistance, includes appropriate prescribing 
of antibiotics, and optimizing treatment duration and 
dosing.

Conclusion
The CRKP isolates in our study shown resistance to a 
variety of antibiotics. Different resistance genes asso-
ciated with antibiotics resistance in CRKP, and NDM 
was the predominant carbapenemase gene detected. 
ST11 was the major MLST typing of CRKP in our hos-
pital. Since the high resistance to most antibiotics, it 
is extremely necessary to take measures to control the 
spread of CRKP infections, timely investigation of epide-
miology should be performed, monitoring of antibiotic 
resistance mechanisms should be strengthened.

Authors’ contributions
All authors contributed to the study conception and design. XZW and QXL 
contributed to the writing-original draft preparation, experiment, statistical 
analyses, and interpretation of the results. YH and LLL collected the samples 

and data, performed the statistical analyses. SL contributed to the writing-
review and editing, project administration. TJL performed the experiment, 
participated in manuscript revision, provided consultation and interpretation 
of the results. All authors read and approved the final manuscript.

Funding
This work was supported by the Natural Science Foundation of 
Guangxi(2023GXNSFAA026184)and Guangxi appropriate technology 
development and application project(S2022122).

Data Availability
The datasets analyzed during the current study are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the principles of the Declaration 
of Helsinki.

Informed consent
was obtained from the patients and the study was approved by the Ethics 
Committee of the First Affiliated Hospital of Guangxi Medical University 
(Approval Number: 2023-E145-01).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Clinical Laboratory, The First Affiliated Hospital of 
Guangxi Medical University, Nanning, China
2Department of Clinical Laboratory, Joint Logistics Support Force of the 
Chinese People’s Liberation Army, 923 Hospital, Nanning, China
3Department of Clinical Laboratory, Wuming Hospital of Guangxi Medical 
University, Nanning, China

Received: 30 June 2023 / Accepted: 3 October 2023

References
1. Rock C, Thom KA, Masnick M, Johnson JK, Harris AD, Morgan DJ. Frequency 

of Klebsiella pneumoniae carbapenemase (KPC)-producing and non-KPC-
producing Klebsiella species contamination of healthcare workers and the 
environment. Infect Control Hosp Epidemiol 2014;35(4), 426–9.

2. Pitout JD, Nordmann P, Poirel L. Carbapenemase-producing Klebsiella pneu-
moniae, a Key Pathogen Set for Global Nosocomial Dominance. Antimicrob 
Agents Chemother. 2015;59(10):5873–84.

3. Logan LK, Weinstein RA. The epidemiology of Carbapenem-Resistant Entero-
bacteriaceae: the impact and evolution of a global menace. J Infect Dis. 
2017;215(suppl1):28–S36.

4. Liu P, Li X, Luo M, Xu X, Su K, Chen S, Qing Y, Li Y, Qiu J. Risk factors for 
Carbapenem-Resistant Klebsiella pneumoniae infection: a Meta-analysis. 
Microb drug Resist (Larchmont N Y). 2018;24(2):190–8.

5. Zhu WM, Yuan Z, Zhou HY. Risk factors for carbapenem-resistant Klebsiella 
pneumoniae infection relative to two types of control patients: a systematic 
review and meta-analysis. Antimicrob Resist Infect Control. 2020;9(1):23.

6. Gomez-Simmonds A, Greenman M, Sullivan SB, Tanner JP, Sowash MG, 
Whittier S, Uhlemann A-C, Carroll KC. Population structure of Klebsiella 
pneumoniae causing bloodstream infections at a New York City Tertiary 
Care Hospital: diversification of Multidrug-Resistant isolates. J Clin Microbiol. 
2015;53(7):2060–7.

7. Munoz-Price LS, Poirel L, Bonomo RA, Schwaber MJ, Daikos GL, Cormican 
M, Cornaglia G, Garau J, Gniadkowski M, Hayden MK, Kumarasamy K, 
Livermore DM, Maya JJ, Nordmann P, Patel JB, Paterson DL, Pitout J, Villegas 
MV, Wang H, Woodford N, Quinn JP. Clinical epidemiology of the global 



Page 6 of 6Wei et al. BMC Microbiology          (2023) 23:318 

expansion of Klebsiella pneumoniae carbapenemases. Lancet Infect Dis. 
2013;13(9):785–96.

8. Bush K, Fisher JF. Epidemiological expansion, structural studies, and clinical 
challenges of new beta-lactamases from gram-negative bacteria. Annu Rev 
Microbiol. 2011;65:455–78.

9. Patel G, Bonomo RA. Stormy waters ahead: global emergence of carbapen-
emases. Front Microbiol. 2013;4:48.

10. Performance CLSI. Standards for Antimicrobial Susceptibility Testing. 33 ed. 
Clinical and Laboratory Standards Institute; 2023.

11. Pierce VM, Simner PJ, Lonsway DR, Roe-Carpenter DE, Johnson JK, Brasso 
WB, Bobenchik AM, Lockett ZC, Charnot-Katsikas A, Ferraro MJ, Thomson RB, 
Jenkins J, Limbago SG, Das BM. Modified carbapenem inactivation method 
for phenotypic detection of Carbapenemase Production among Enterobac-
teriaceae. J Clin Microbiol. 2017;55(8):2321–33.

12. Sfeir MM, Hayden JA, Fauntleroy KA, Mazur C, Johnson JK, Simner PJ, Das S, 
Satlin MJ, Jenkins SG, Westblade LF. EDTA-Modified carbapenem inactiva-
tion method: a phenotypic method for detecting Metallo-β-Lactamase-
producing Enterobacteriaceae. J Clin Microbiol 2019, 57 (5).

13. Pop-Vicas Ya. Treatment for infections with carbapenem-resistant Enterobac-
teriaceae: what options do we still have?. Crit Care. 2014;18:229.

14. Reza Ghotaslou ZG. a. M.-R. N., Klebsiella pneumoniae in neonatal 
sepsis: a 3-year-study in the pediatric hospital of Tabriz, Iran. Jpn J Infect. 
2007;60:126–8.

15. Chen L, Mathema B, Chavda KD, DeLeo FR, Bonomo RA, Kreiswirth BN. 
Carbapenemase-producing Klebsiella pneumoniae: molecular and genetic 
decoding. Trends Microbiol. 2014;22(12):686–96.

16. Yan J, Pu S, Jia X, Xu X, Yang S, Shi J, Sun S, Zhang L. Multidrug Resistance 
Mechanisms of Carbapenem resistant Klebsiella pneumoniae strains isolated 
in Chongqing, China. Ann Lab Med. 2017;37(5):398–407.

17. Zhu J, Chen Y, Yang X, Resistance A. Molecular characteristics and risk factors 
of Carbapenem-Resistant Klebsiella pneumoniae in clinical isolates. Infect 
Drug Resist. 2022;15:6671–80.

18. Guo L, Wang L, Zhao Q, Ye L, Ye K, Ma Y, Shen D, Yang J. Genomic Analysis 
of KPC-2-Producing Klebsiella pneumoniae ST11 Isolates at the Respiratory 
Department of a Tertiary Care Hospital in Beijing, China. Frontiers in Microbiol-
ogy 2022, 13.

19. Wang B, Pan F, Wang C, Zhao W, Sun Y, Zhang T, Shi Y, Zhang H. Molecular 
epidemiology of Carbapenem-resistant Klebsiella pneumoniae in a paediatric 
hospital in China. Int J Infect Dis. 2020;93:311–9.

20. Yong D, Toleman MA, Giske CG, Cho HS, Sundman K, Lee K, Walsh TR. 
Characterization of a new metallo-beta-lactamase gene, bla(NDM-1), and 
a novel erythromycin esterase gene carried on a unique genetic structure 
in Klebsiella pneumoniae sequence type 14 from India. Antimicrob Agents 
Chemother. 2009;53(12):5046–54.

21. Khan AU, Maryam L, Zarrilli R. Structure, Genetics and Worldwide Spread of 
New Delhi Metallo-beta-lactamase (NDM): a threat to public health. BMC 
Microbiol. 2017;17(1):101.

22. Dai W, Sun S, Yang P, Huang S, Zhang X, Zhang L. Characterization of 
carbapenemases, extended spectrum beta-lactamases and molecular epide-
miology of carbapenem-non-susceptible Enterobacter cloacae in a chinese 
hospital in Chongqing. Infect Genet Evol. 2013;14:1–7.

23. Dong F, Lu J, Wang Y, Shi J, Zhen JH, Chu P, Zhen Y, Han SJ, Guo YL, Song WQ. 
A five-year Surveillance of Carbapenemase-producing Klebsiella pneu-
moniae in a Pediatric Hospital in China reveals increased predominance of 
NDM-1. Biomed Environ Sci. 2017;30(8):562–9.

24. Huang X, Cheng X, Sun P, Tang C, Ni F, Liu G. Characteristics of NDM-
1-producing Klebsiella pneumoniae ST234 and ST1412 isolates spread in a 
neonatal unit. BMC Microbiol. 2018;18(1):186.

25. Jin Y, Shao C, Li J, Fan H, Bai Y, Wang Y. Outbreak of multidrug resistant 
NDM-1-producing Klebsiella pneumoniae from a neonatal unit in Shandong 
Province, China. PLoS ONE 2015, 10 (3), e0119571.

26. Zhao J, Zheng B, Xu H, Li J, Sun T, Jiang X, Liu W. Emergence of a NDM-1-pro-
ducing ST25 Klebsiella pneumoniae strain causing neonatal sepsis in China. 
Front Microbiol. 2022;13:980191.

27. Hornsey M, Phee L, Wareham DW. A novel variant, NDM-5, of the New Delhi 
metallo-beta-lactamase in a multidrug-resistant Escherichia coli ST648 
isolate recovered from a patient in the United Kingdom. Antimicrob Agents 
Chemother. 2011;55(12):5952–4.

28. Lauren M, Brinkac RW, Roshan D’Souza, Nguyen K, Obaro SK, Fouts DE. Emer-
gence of New Delhi Metallo-β-Lactamase (NDM-5) in Klebsiella quasipneu-
moniae from Neonates in a Nigerian Hospital. mSphere 2019, 4 (2), e00685-18.

29. Howard JC, Creighton J, Heffernan H, Werno A. Evidence of transmission of 
an NDM-5-producing Klebsiella pneumoniae in a healthcare facility in New 
Zealand. J Antimicrob Chemother. 2017;72(3):949–51.

30. Bathoorn E, Rossen JW, Lokate M, Friedrich AW, Hammerum AM. Isolation 
of an NDM-5-producing ST16 Klebsiella pneumoniae from a dutch patient 
without travel history abroad, August 2015. Euro Surveill 2015, 20 (41).

31. Zhang F, Xie L, Wang X, Han L, Guo X, Ni Y, Qu H, Sun J. Further spread of bla 
NDM-5 in Enterobacteriaceae via IncX3 plasmids in Shanghai, China. Front 
Microbiol. 2016;7:424.

32. Kong Z, Cai R, Cheng C, Zhang C, Kang H, Ma P, Gu B. First reported nosoco-
mial outbreak of NDM-5-Producing Klebsiella pneumoniae in a neonatal unit 
in China. Infect Drug Resist. 2019;12:3557–66.

33. Krishnaraju M, Kamatchi C, Jha AK, Devasena N, Vennila R, Sumathi G, Vaidya-
nathan R. Complete sequencing of an IncX3 plasmid carrying blaNDM-5 
allele reveals an early stage in the dissemination of the blaNDM gene. Indian 
J Med Microbiol. 2015;33(1):30–8.

34. Chmelnitsky I, Shklyar M, Hermesh O, Navon-Venezia S, Edgar R, Carmeli Y. 
Unique genes identified in the epidemic extremely drug-resistant KPC-pro-
ducing Klebsiella pneumoniae sequence type 258. J Antimicrob Chemother. 
2013;68(1):74–83.

35. He Z, Xu W, Zhao H, Li W, Dai Y, Lu H, Zhao L, Zhang C, Li Y, Sun B. Epidemio-
logical characteristics an outbreak of ST11 multidrug-resistant and hyperviru-
lent Klebsiella pneumoniae in Anhui, China. Front Microbiol. 2022;13:996753.

36. Zhang R, Liu L, Zhou H, Chan EW, Li J, Fang Y, Li Y, Liao K, Chen S. Nationwide 
Surveillance of Clinical Carbapenem-resistant Enterobacteriaceae (CRE) 
Strains in China. EBioMedicine 2017, 19, 98–106.

37. Magiorakos AP, Burns K, Rodríguez Baño J, Borg M, Daikos G, Dumpis U, Lucet 
JC, Moro ML, Tacconelli E, Simonsen GS, Szilágyi E, Voss A, Weber JT. Infection 
prevention and control measures and tools for the prevention of entry of 
carbapenem-resistant Enterobacteriaceae into healthcare settings: guidance 
from the european centre for Disease Prevention and Control. Antimicrob 
Resist Infect Control. 2017;6:113.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Molecular characteristics and antimicrobial resistance profiles of Carbapenem-Resistant Klebsiella pneumoniae isolates at a tertiary hospital in Nanning, China
	Abstract
	Introduction
	Materials and methods
	Bacterial isolation and identification
	Antimicrobial susceptibility testing
	Carbapenemases phenotype experiment
	Resistance genes detection
	Multilocus sequence typing (MLST)
	Statistical analysis

	Results
	Carbapenemases phenotype experiment and resistance genes detection
	Multilocus sequence typing

	Discussion
	Conclusion
	References


