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Background: OXA-232-producing carbapenem-resistant Klebsiella pneumoniae (CRKP) 
has the potential to become the “third epidemic” of carbapenem-resistant Klebsiella strain 
after KPC-2 and NDM in China. We investigated the first outbreak of CRKP in the First 
Affiliated Hospital of Wenzhou Medical University.
Methods: We collected 610 clinical isolates of CRKP from the First Affiliated Hospital of 
Wenzhou Medical University between January 2019 and September 2020 and screened them 
by Polymerase Chain Reaction (PCR). The multilocus sequence typing and pulsed-field gel 
electrophoresis were used to determine the genetic relatedness of the strains. The antimicro-
bial susceptibility test was performed to determine the drug resistance of the clinical isolates. 
The molecular mechanism underlying carbapenem resistance was elucidated by performing 
PCR and conjugation experiments. The virulence potential of the strains was determined by 
the string test, detection of virulence-associated genes and capsular serotypes, and Galleria 
mellonella larval infection model.
Results: Between September 2019 and May 2020, 26 OXA-232-producing CRKP were 
obtained from 12 patients in our hospital. Ten patients were hospitalized in the intensive care 
units (ICU) and the overall mortality of the inpatients involved in the outbreak was 50% (6/ 
12). Epidemiological investigations reported that all the OXA-232-producing CRKP strains 
belonged to the sequence type ST15 and can be clonally transmitted among the inpatients in 
the ICU. All the strains had low virulence and were resistant to commonly used clinical 
antibiotics except for ceftazidime/avibactam, colistin, and tigecycline. The OXA-232- 
producing CRKP was sensitive to triclosan and chlorhexidine, and its eradication from our 
hospital can be achieved by the use of disinfectants in the ICU.
Conclusion: In our study, OXA-232-producing CRKP isolates appeared to be clonally 
transmitted and the sequence type ST15 was responsible for the outbreak. Therefore, 
effective measurements for the infection control of CRKP are urgently needed to prevent 
its epidemic in the nearby region in the future.
Keywords: Klebsiella pneumoniae, carbapenem-resistance, virulence, OXA-232, outbreak

Introduction
Data from the global surveillance programs report that OXA-48-like carbapene-
mases are the most common carbapenemases among the Enterobacterales strains in 
various countries (eg, the Middle East, North Africa, and European countries such 
as Belgium and Spain).1–3 More than a dozen different variants of OXA-48-like 
carbapenemase have been reported and OXA-232 is currently the 3rd most common 
OXA-48-like derivative globally.1 OXA-232 was produced in the Escherichia coli 
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and K. pneumoniae strains isolated from three French 
patients traveling to India in 2013.4 Since then, along 
with the co-production of New Delhi metallo-beta- 
lactamase-1, the OXA-232-producing Enterobacteriaceae 
especially K. pneumoniae had spread to many hospitals 
around the world due to international travels, leading to 
a huge challenge in the clinical diagnosis and treatment.5–8

Since the initial isolation of OXA-232-producing CRKP 
in five neonatal patients in China in 2017, several nosoco-
mial outbreaks of the OXA-232-producing CRKP at a small 
scale have been reported in children and elderly patients.5,7 

The main sequence type (ST) in the OXA-232-producing 
CRKP from China is ST15; but recent studies have reported 
that the OXA-232 is also present in ST437 K. pneumoniae 
clinical isolates, a newly discovered clone of high-risk multi-
drug-resistant (MDR) CC11.5–7,9 Currently, a few studies 
have reported the virulence of OXA-232-producing CRKP. 
Although researchers from China have reported the OXA- 
232-producing CRKP with a plVPK-like virulent plasmid, 
its virulence level was not high.5 Mukherjee, S. et al reported 
a case of neonatal septicemia caused by the ST23 hyperviru-
lent K. pneumoniae (hvKP) producing OXA-232 carrying 
pLVPK-like plasmids in India, suggesting that the ST23 
hvKP strains may have obtained the resistance gene 
blaOXA-232 during evolution.10,11 Since K. pneumoniae has 
a remarkable ability to take up exogenous resistance- 
encoding and hypervirulence-encoding genetic elements, 
we need to inhibit the evolution of OXA-232-producing 
K. pneumoniae ST15 towards hypervirulence and high 
resistance.10

In the present retrospective study, we investigated the 
first outbreak of ST15 OXA-232-producing CRKP in 
a teaching hospital, which occurred from 
September 2019 to May 2020. The study was designed 
to explore the characteristics of clinical, microbiological, 
and molecular epidemiology of OXA-232-producing 
CRKP, and to provide the theoretical basis for controlling 
the transmission.

Materials and Methods
Bacterial Isolates
The study site was the First Affiliated Hospital of 
Wenzhou Medical University in Wenzhou, China. It is 
one of the largest healthcare centers in southern Zhejiang 
province that bears the responsibility for the medical care 
and treatment of critical and difficult diseases for an esti-
mated 30 million population, with approximately 3300 

hospital beds. From January 2019 to September 2020, 
a group of 610 CRKP isolates was collected from out-
patients or inpatients in the First Affiliated Hospital of 
Wenzhou Medical University. All isolates were tested for 
the presence of the blaOXA-232 by polymerase chain reac-
tion (PCR) amplification with primers suggested 
elsewhere.12 Then, the positive products were sequenced 
by the BGI Technology Co., Ltd. The sequencing results 
exhibited a total of 25 CRKP strains carried the blaOXA-232 

(Table S1). Isolates that were found to be positive for 
blaOXA-232 were further analyzed. Moreover, an OXA- 
232-producing CRKP (FK-LW) recovered from the first 
people’s Hospital of Longwan district in Wenzhou was 
included in this research for epidemiological investigation. 
The identification of all isolates was performed by 
employing the Matrix-Assisted Laser Desorption/ 
Ionization Time-Of-Flight Mass Spectrometry (MALDI- 
TOF/MS, Bruker Daltonics, US) as per the manufacturer’s 
instructions. The subjects of all subsequent experiments 
included these 26 OXA-232-producing CRKP clinical 
isolates.

Clinical Data Collection
Clinical data were acquired from the Electronic Medical 
Records of the inpatient including patient demographics 
data, brief hospital course, clinical diagnosis, type of 
infection, isolation site, ICU admission, antimicrobial 
treatment, invasive treatments, and the outcome of hospi-
talization. The study and consent procedure were approved 
by the Ethical Committee of the First Affiliated Hospital 
of the Wenzhou Medical University.

Molecular Epidemiology Analysis
The genetic relatedness of 26 OXA-232-producing CRKP 
strains was evaluated by molecular typing by using pulsed- 
field gel electrophoresis (PFGE). Plugs containing Xba 
I-digested genomic DNA were prepared and the DNA 
fragments were dispersed for 17.5 h at 6 V/cm at 14°C 
on the Bio-Rad® CHEF-Mapper XA machine (Bio-Rad, 
California, USA). The initial and final pulse times were 6 
s and 36 s, respectively. Salmonella enterica serotype 
Braenderup H9812 served as the marker. The reports- 
phylogenetic tree (UPGAMA) was established to deter-
mine the genetic level homology between the strains. 
The chromosomal DNA restriction patterns were expli-
cated by employing a previously built criteria,12 with 
a phylogenetic dendrogram analysis demonstrating 85% 
strain relatedness. Multilocus sequence typing (MLST) 
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was performed in the light of the protocols on the Pasteur 
Institute MLST website for K. pneumoniae (https://bigsdb. 
pasteur.fr/klebsiella/klebsiella.html).

Antibiotic Susceptibility Test
The minimum inhibitory concentrations (MICs) of com-
mon antibacterial drugs and disinfectants (triclosan and 
chlorhexidine)13 were tested by agar dilution method or 
broth microdilution method (ceftazidime/avibactam, tige-
cycline, and colistin). The breakpoints were set in the light 
of Clinical and Laboratory Standards Institute (CLSI 
2020)14 (except for colistin and tigecycline), European 
Committee on Antimicrobial Susceptibility Testing 
(EUCAST v.11.0) (http://www.eucast.org/) (for colistin), 
and the US Food and Drug Administration (for tigecy-
cline) recommendation. E. coli ATCC 25922 and 
Pseudomonas aeruginosa ATCC 27853 were adopted as 
the quality control strains.

Detection of Carbapenem-Resistance 
Genes and Virulence Genes
All isolates positive for blaOXA-232 were analyzed through 
PCR examination with particular primers and amplifica-
tion setups in order to identify the existence of carbapene-
mases (blaKPC, blaVIM, blaIMP, and blaNDM), ESBLs genes 
(blaCTX-M, blaSHV, blaTEM), and virulence genes (rmpA, 
rmpA2, iucA, wcaG, uge, magA, aerobactin, iucA, ybtA, 
iroN, kfuBC, iroB, mrkD, and ureA) as previously 
described.12 Subsequently, the positive PCR products 
were sequenced.

Plasmid Analyses
The transferability of blaOXA-232-encoding plasmids was 
assayed by conjugation. The donor for the conjugal transfer 
of blaOXA-232 gene was found to be OXA-232-producing 
CRKP, and the recipient was rifampicin-resistant E. coli 
EC600 or sodium azide-resistant E. coli J53. Donor or 
recipient strain was routinely grown at 37°C with shaking 
(180 rpm) in Luria–Bertani broth (10 g/L tryptone, 5 g/L 
yeast extract, 5 g/L NaCl) until they reached their exponen-
tial growth phase (OD600 = 0.4–0.6). Then, overnight 
cultures of donor and the recipient strains were mixed in 
a 1:1 ratio and incubated at 37°C for 16–20 h. After incuba-
tion, 100-μL of the sample was spread onto MH agar plates 
containing ertapenem (4 μg/mL) or ceftazidime (16 μg/mL) 
and rifampicin (600 μg/mL) or sodium azide (100 μg/mL). 

The blaOXA-232-positive transconjugants were confirmed 
by PCR.

Hyperviscous Phenotype Detection 
(String Test)
The experimental strain was inoculated on the plate and 
incubated in an incubator at 35°C for 18–24 h. The inocu-
lation ring gently touched the surface of a single colony 
and then pulled upward. If the mucus filament was formed 
and the length of the mucus filament was >5 mm, it was 
judged to be positive for the string test, that is, to indicate 
a hyperviscous phenotype.15

Determination of Capsular Serotype of 
K. pneumoniae
First, the gene wzi (wzi-For, 5ʹ-GTGCCGCGAGCGCT 
TTCTATCTTGGTATTCC-3ʹ; and wzi-Rev, 5ʹ-GAGAGC 
CACTGGTTCCAGAACTTGACCGC-3ʹ) of all tested 
strains were amplified by PCR and then sequenced. 
Then, the PCR sequencing results were submitted to the 
Pasteur Institute website for K. pneumoniae (https:// 
bigsdb.pasteur.fr/klebsiella/klebsiella.html) for comparison 
purposes, and the capsular serotype of K. pneumoniae was 
determined.

Galleria Mellonella in vivo Infection Model
Five experimental strains (ie, FK-LW, FK-7859, FK-7779, 
FK-8190, and FK-7853) were selected according to the 
PFGE results. A total of 26 strains of OXA-232-producing 
CRKP were categorized into four clusters (ie, A, B, C, and 
D). One strain of K. pneumoniae was randomly selected 
from cluster A, cluster B, and cluster C, and two strains of 
K. pneumoniae were randomly selected from cluster D. The 
virulence of OXA-232-producing CRKP was evaluated by 
the Galleria mellonella in vivo infection mode. Briefly, 
K. pneumoniae suspension at a concentration of 104 to 107 

CFU/mL was prepared in phosphate-buffered saline (PBS). 
Then, 10 μL of the bacterial suspension was injected into 
the larvae and maintained at 37°C in the dark. The number 
of dead larvae was recorded 24, 48, 72, 96, and 120 h after 
the injection. The experiments were repeated thrice using 10 
larvae in each group for each experiment.

Results
Outbreak Description
Between September 2019 and May 2020, a university 
hospital in the south Zhejiang province, China was 
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affected by an outbreak of OXA-232-producing 
K. pneumoniae. A total of 26 OXA-232-producing 
K. pneumoniae isolates were obtained from the 12 inpati-
ents. The complete hospitalization data of all the cases 
were available (Table 1). None of the patients had 
a recent medical history or a recent international travel 
experience. Of the 12 patients, two were female and 10 
were male, with a median age of 70.5 years (range: 42–89 
years). With the outbreak, all the patients reported clinical 
symptoms such as sepsis, pneumonia, or urinary tract 
infection with severe underlying diseases, which became 
a major concern for the infection control department in the 
hospital.

The cases were arranged based on the date when the first 
OXA-232-producing CRKP was isolated. A retrospective 
analysis of the clinical information of the 12 patients indi-
cated that the index patient (Patient 1) was a 56-year-old 
female who was in a comatose condition after 
a craniocerebral surgery because of intracerebral hemor-
rhage and had been indwelling a urinary catheter after 
discharge. On August 20, 2019, she went to a secondary 
hospital (the First People’s Hospital in Longwan district in 
Wenzhou, China) because of a urinary tract infection, and 
a strain of OXA-232-producing CRKP was isolated from 
the urine sample. Because it was difficult to control the 
infection, patient 1 was admitted to the Department of 
Urology in our hospital on September 1, 2019. On 
the second day of hospitalization, ST15 OXA-232- 
producing K. pneumoniae (FK-7253) was isolated from 
the urine sample. After a long-term antibiotic treatment 
(Amikacin, Fosfomycin, and Ceftazidime) and a transfer 
to the department of infectious disease for more advanced 
treatment, the patient recovered and was discharged. Patient 
2, a male, was admitted to the Hepatobiliary surgical ward 
on March 21, 2019, with the diagnosis of acute cholangitis 
after cholelithiasis. On the 24th day post-hospitalization, 
ST15 K. pneumoniae (FK-7589) was isolated from his 
bile sample. He was discharged after the administration of 
an effective antibiotic treatment. The subsequent patients 3– 
12 were admitted to the ICU ward, and the first OXA-232- 
producing CRKP was detected between the end of 
December 2019 and March 2020 in these 10 patients. 
Some patients received invasive procedures because of 
their condition (for example, endotracheal intubation, 
indwelling urinary catheterization, gastric intubation, thor-
acentesis, abdominal puncture, surgery, or some other pro-
cedure). Six of the patients lost their lives because of septic 

shock and multiple organ failure. Figure 1 presents the 
infection schedule of the patients.

An urgent infection control plan was adopted after the 
identification of the MDR strain, which was reported to the 
doctors and immediate actions were taken. As per the doc-
tor’s orders, the bedside warning signs and bedsheets of these 
patients were marked in blue. Waste generated by the 
infected patients was collected in a separate trash can and 
sealed before disposal. The hand hygiene of the medical staff 
and their families had been strengthened; the number of 
disinfectants in the nearby environment was increased; the 
courses for infection prevention and control had been 
rescheduled whenever necessary. Thus, the transmission 
was successfully controlled and no new cases were found 
after May 2020.

Genetic Relatedness of OXA-232- 
Producing CRKP
The clonal relatedness between CRKPs producing OXA- 
232 was analyzed by MLST and PFGE. Through MLST, 
we found that all the strains belong to the same clonal type 
ST15. In addition, PFGE results indicated that 26 strains 
were divided into four PFGE clusters (A, B, C, and D) 
with similar PFGE patterns (≥ 85% identity, Figure 2). The 
PFGE pattern showed a close genetic correlation between 
them. Cluster D accounted for 84.6% (22/26) of all iso-
lates, indicating that these strains were highly clonal.

Antibiotic Resistance in the Isolates
The antibiotic susceptibility test for 26 K. pneumoniae 
reported high resistance to cephalosporins, aminoglyco-
sides, and fluoroquinolones. The strains were sensitive to 
ceftazidime/avibactam, colistin, and tigecycline and 
showed different levels of resistance to different carbape-
nems (imipenem, meropenem, and ertapenem). All the 
isolates were resistant to ertapenem (MICs ≥8 μg/mL) 
but had different levels of resistance to meropenem 
(MICs ranged from 1 to >64 μg/mL) and imipenem 
(MICs ranged from 0.5 to >64 μg/mL). The preliminary 
results of the susceptibility testing to disinfectants (triclo-
san and chlorhexidine) did not report increased disinfec-
tant resistance (Table 2).

Carbapenem Resistance Genes and 
Plasmid Transmission
Among all the OXA-232-producing CRKP, eight strains 
showed ESBL-encoding gene blaCTX-M-15 (Figure 3). The 
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Figure 1 The timeline of OXA-232-producing CRKP outbreak in south-eastern China. Different wards are indicated in different colors. The black rectangle indicates that 
the outcome of this patient is death. The yellow triangle indicates the isolation of the OXA-232-producing CRKP strain.

Figure 2 PFGE and MLST typing of 26 OXA-232-producing CRKP isolates. PFGE and MLST typing of 26 OXA-232-producing CRKP isolates. Genomic DNA from each 
research strains was digested using Xba I and the digests were subjected to PFGE to generate diagnostic genomic DNA fragmentation fingerprints. The dendrogram of the 
PFGE profiles was clustered by the UPGAMA on the basis of the Dice similarity by the Quantity One software package 4.6.
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unsuccessful transfer of the plasmid carrying blaOXA-232 to 
the EC600 and J53 strains through conjugation experi-
ments showed that the plasmid carrying blaOXA-232 was 
not highly conjugative.

Virulence Characteristics of OXA-232- 
Producing CRKP
Only one strain FK-LW (isolated from the First People’s 
Hospital of Longwan district) was positive for the string 
test. The capsular type and virulence genes of OXA-232- 

producing CRKP were detected by PCR, and the results 
are presented in Figure 3. The results showed that the 
rmpA and aerobactin genes, which were closely related 
to the genes in hypervirulent and capsular type K1 and K2 
were not detected in the 26 OXA-232-producing CRKP. 
The capsular types of all the strains were K60. Among the 
26 OXA-232-producing CRKP, the rate of virulence genes 
rmpA, uge, iucA, ybtA, and ureA in the strains were 
between 50% and 100%, while the rate of virulence gene 
markD was relatively low, which was 15.4%. The survival 
curve of Galleria mellonella larvae infected with the 

Figure 3 Gene profiles of K. pneumoniae isolates. Virulence genes and drug-resistance genes identified by PCR-based profiling are indicated with colored dots.
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OXA-232-producing CRKP (FK-LW, FK-7859, FK-7779, 
FK-8190, and FK-7853) is presented in Figure S1. The 
lethality of the FK-LW strain to Galleria mellonella larvae 
was time and concentration-dependent. In addition, when 
the larvae of Galleria mellonella were infected with 106 

CFU suspension, the lethality of OXA-232-producing 
CRKP to Galleria mellonella larvae was close 
(Figure 4). The virulence level of all OXA-232- 
producing CRKP was low.

Discussion
In this study, we described the outbreak involving a total 
of 26 K. pneumoniae strains recovered from the patients in 
a teaching hospital and a secondary hospital in the 
Zhejiang province in southern China. This outbreak was 
caused by ST15 K. pneumoniae that produces OXA-232. 
Although OXA-232 producing K. pneumoniae is not as 
widespread as KPC-2 producing K. pneumoniae in China, 
their multi-drug resistance limits the treatment options and 
poses a potential threat to global public health.

Regarding the source of infection, several epidemiolo-
gical studies have reported that the hospital outbreak 
started from the patients themselves, whereas environmen-
tal reservoirs, such as hospital sinks/toilets, were the main 
places responsible for the spread of the infection; and also 
healthcare workers were potential vectors.16–18 According 
to our investigation, OXA-232-producing CRKP has 
appeared in our hospital for the first time. Its source, out-
break trajectory, and the reason for its sudden disappear-
ance are worth exploring for the effective management of 
the outbreak. According to the clinical data we collected, 
the prevalence of OXA-232 producing K. pneumoniae in 
our hospital originated from a secondary hospital because 
of the patient’s transfer. No large-scale clonal transmission 

of K. pneumoniae isolated from Patient 1 was observed. 
More than two months later, PFGE type B K. pneumoniae 
strain appeared in the bile of Patient 2 and antibiotics 
could eliminate it. The PFGE profiles of K. pneumoniae 
isolated from ICU Wards (Patients 3 to 12) were almost 
identical, indicating that the strains were transmitted via 
clonal spread in this area. A study has reported that the 
factors promoting the spread of CRKP strains in the hos-
pital environment include inefficient prevention and con-
trol measures, abuse of antibiotics, and improper sewage 
treatment.19 As we conducted a retrospective study, inves-
tigating the specific transmission route was difficult. 
However, a remarkable fact was observed that inpatients 
infected with OXA-232-producing CRKP had their beds 
very close to each other’s beds. We speculated that shared 
goods or improper disinfection of the patient area might 
lead to its spread. Among the cases of OXA-232 
K. pneumoniae infection, a total of 6 patients died because 
of severe infection (septic shock) or multiple organ failure 
and the mortality rate was higher than the previously 
reported mortality rate on OXA-232 in our country. No 
new case has been reported since March 2020. We specu-
lated that the use of antimicrobials in the ICU ward led to 
the disappearance of this strain and our antimicrobial 
susceptibility results for disinfectants are also consistent 
with this point (Table 2). Hand hygiene can effectively 
prevent healthcare-related infections and we suspect that 
the positive hand hygiene measures of health care 
workers play a certain role in controlling the dissemination 
and elimination of OXA-232-producing CRKP.20–22 

According to reports, factors such as invasive procedures, 
ICU admission, and antibiotic exposure increase the risk 
of infection to patients with CRKP infection.23 This is 
consistent with our results. Therefore, once there is a risk 
exposure, surveillance should be conducted as soon as 
possible.

Currently, in clinical practice, ceftazidime-avibactam 
and colistin are effective antibiotics against CRKP infec-
tion. In our present study, all OXA-232 producing strains 
were resistant to ertapenem, but some strains were sensi-
tive to imipenem and or meropenem. Even strains resistant 
to imipenem and/or meropenem showed different levels of 
resistance. These results were consistent with the results of 
another study.24 The differences in the MICs may be 
because of different levels of the beta-lactamase 
(OXA232).25 In some strains, ESBLs and CTX-M-15 
were detected, which might be the reason for the afore-
mentioned drug-resistant phenotype. Although all isolates 

Figure 4 The effect of 1×106 colony-forming units (CFU) of each OXA-232- 
producing CRKP strain on survival was observed in Galleria mellonella. The results 
do not have statistically significant by the Log rank test.
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producing OXA-232 that we detected in our study were 
sensitive to ceftazidime, tigecycline, and colistin, we still 
need to be wary of the long-term applications of these 
drugs that might lead to the emergence of relevant resistant 
strains. In our study, in cases of scarce treated options, 
a combination of two or more antibiotics was used to 
eliminate the drug-resistant strains and reduce the side 
effects of the drugs.26

The horizontal transmission of mobile elements such as 
plasmids, phages, integrations, conjugate elements, and 
insertion elements is a key factor in the outbreak of 
K. pneumoniae.27 Potron A. and colleagues found that 
the plasmid-mediated carbapenem-resistance gene 
blaOXA-232 was located on a small plasmid pOXA-232 of 
6,41 bp and carried a ColE-type backbone.4 The plasmid 
pOXA-232 was a non-conjugative plasmid because it 
could not be transferred through conjugation 
experiments.4,9,28 The plasmid in our experimental strains 
was similar to plasmids in other studies.4–7,9,28,29 The 
conjugation experiment failed to transfer this blaOXA-232 

into E. coli, indicating that it was a non highly conjugative 
plasmid. However, we found OXA-232-producing E. coli 
during the outbreak. The OXA-232-producing E. coli 
appeared in another ward and no correlation case was 
found. This showed that the prevalence of OXA-232 
Enterobacteriaceae in China has been underestimated. 
We speculate that the spread of blaOXA-232 via 
Enterobacteriaceae is because of the presence of mobile 
elements. Further exploration is needed for a better under-
standing of the spread of blaOXA-232.

For molecular characterization, whole-genome sequen-
cing (WGS) has become the new gold standard. The 
molecular characterization method used in our study is 
PFGE, and the PFGE data may not yield the level of 
discrimination required to differentiate intrafacility trans-
mission from the introduction of a closely related strain 
from another healthcare facility transmissions.30 However, 
some studies have confirmed that PFGE is still appropriate 
for the investigation of local outbreaks and is more eco-
nomic than WGS.31

pLVPK-like virulent plasmids often have a strong 
correlation with high hypervirulent phenotypes in ST23 
K. pneumoniae, including regulatory factors that 
encode capsule type (rmpA/rmpA2) and siderophores 
(iucABCD/iutA/iroBCDN clusters).32 The WGS of ST15 
K. pneumoniae carrying blaOXA-232 indicated that although 
K. pneumoniae positive for blaOXA-232 had pLVPK-like viru-
lence plasmid, its virulence level was low.5 We detected the 

related gene loci of pLVPK-like virulence plasmid by PCR 
and found that OXA-232-producing CRKP carried viru-
lence-related genes rmpA2 and iucA but its virulence level 
was low in Galleria mellonella in vivo-infection model. 
Although hypervirulent OXA-232-producing CRKP has not 
been found in China, K. pneumoniae has the potential to 
evolve to hypervirulent type.10 Hence, there is an urgent 
need to strengthen surveillance and take strict infection con-
trol measures to prevent the widespread of OXA-232- 
producing CRKP in China.

Conclusion
This study describes a nosocomial outbreak of OXA-232- 
producing CRKP in our hospital from September 2019 to 
May 2020. The OXA-232-producing CRKP isolates 
appeared to be clonally transmitted and ST15 was the 
clonal cluster leading to the outbreak. Therefore, effective 
infection control measures are urgently needed to prevent 
its epidemic in the region in the future.
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