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Purpose: The data on pediatrics with Multidrug-Resistant (MDR) Klebsiella pneumoniae infections are scarce. This study aims to
investigate the molecular epidemiology of MDR Klebsiella pneumoniae, detect the mechanism of drug resistance, and determine the
clinical risk factors for carbapenem-resistant Klebsiella pneumonia (CRKP) bloodstream infections (BSIs) in a children’s hospital.
Methods: A total of 62 strains were collected from Tianjin Children’s Hospital. Carba NP and polymerase chain reactions (PCR) were
performed to detect MDR mechanisms. Multilocus sequence typing (MLST) was used for analyzing strain homology. Clinical data
were collected and logistic regression was used for BSI risk factors.

Results: ST11 was the principal ST among the CRKP isolates clinically, accounting for 56.45% (35/62); there were also 57.14% (20/
35) ST11 CRKP strains co-carrying blaxpm.s and blaxpc.,, which were resistant to most of the tested antibiotics, being susceptible
only to cotrimoxazole and tigecycline. The clinical data showed that 72.73% (40/55) of children with CRKP infection had serious
underlying diseases; 20.00% (11/55) patients developed BSIs with the potential to cause multiple organ failure, shock and death. The
logistic regression showed that the risk of BSIs caused by CRKP strain infections in children with hematological malignancies after
chemotherapy was 7 times that of other children (95%Cl: 1.298-45.415, P=0.025).

Conclusion: ST11 was the prevalent clone in our hospital. The emergence of ST11 CRKP co-carrying blanpm.s and blaxpc., should
be a cause for alarm as they were resistant to most of the tested antibiotics. CRKP strain infections are mainly occurring in young
immunocompromised patients and the chemotherapy for hematological malignancies is an independent risk factor for BSIs.
Keywords: carbapenem-resistantKlebsiella pneumonia, blaxpc.o, blanpm.s, ST11, children, bloodstream infection

Introduction
Klebsiella pneumonia is a kind of gram-negative bacillus pathogen that causes a wide range of hospital- and community-
acquired infections, mainly in immunocompromised individuals. The inappropriate use of antibiotics has attributed to the
emergence of multidrug-resistant (MDR) Klebsiella pneumoniae worldwide.

In the decades since, MDR Klebsiella pneumoniae has spread globally and causes a variety of infections, such as
pneumonia, urinary tract infections, surgical site or wound infections, and bloodstream infections (BSIs) associated with
high morbidity and mortality."> Carbapenem has the characteristics of broadest antibacterial spectrum, which is always

considered as the last resort for the treatment of the infections caused by multidrug-resistant strains.> However, with the
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rapidly increasing numbers of carbapenem-resistant Enterobacterales (CRE), the Centers for Diseases Control and
Prevention (CDC) classified them as an urgent threat to public health.*> The World Health Organization released the
Antimicrobial Resistance: Global Report on Surveillance 2014, which identified that carbapenem-resistant Klebsiella
pneumonia (CRKP) infection is spreading worldwide.® Data relating to CRKP in the China Antimicrobial Resistance
Surveillance Network (CHINET) report 2019 were analyzed: CRKP strains account for 72.4% of clinical CRE infections
in China and the meropenem resistance rate in Klebsiella pneumoniae increased from 2.9% in 2005 to 26.8% in 2019.”
Although the majority of patients infected with CRKP were adults, approximately 1-5% of CRE infections occurred in
children. Alejandro Diaz et al considered that CRKP infections in children were increasing worldwide.®

Carbapenemase can be divided into the Ambler molecular class A (ie, KPC, GES), or D (ie, OXA-48-like) serine [3-
lactamases and B (ie, NDM, VIM, IMP, GIM, SPM, SIM, DIM) metallo-B-lactamases (MBLs).>'® Although the
mechanisms of carbapenem resistance are heterogeneous, the production of carbapenemase which can hydrolyze
carbapenems was considered to be more transmissible. This was because the spread of carbapenemase gene is frequently
through horizontal transmission such as nosocomial infection rather than membrane impermeability or active drug efflux
frequently through excessive antibiotic exposure.'' Besides, the patients with carbapenemase-producing (CP)-CRE tend
to be more associated with poorer, more outcomes as well as more virulent spread than non-CP-CRE.'” The research
conducted by Hovan et al showed that the hazard of death for CP-CRE at 30 days after bacteremia onset was 2.4 times
that for non-CP-CRE bacteremia. '

BSIs mainly occur in intensive care units (ICUs) as well as being associated with high rates of morbidity and
mortality.'* Liu et al observed a 30-day all-cause mortality rate of 52.1% in patients with CRKP BSIs.'> A systematic
review reported that the mortality rate of CRKP BSIs ranged from 42% to 84%.'® The study conducted by Yuanyuan Li
showed that the proportion and mortality of CRKP BSIs has increased significantly, with the percentage of Klebsiella
pneumoniae in BSIs increasing from 7 to 12% from 2014 to 2019.'7 Young people, who have immature immune systems,
infected with CRKP tend to develop severe pneumonia and higher mortality, perhaps as a result of the limited antibiotic
options remaining, which brought heavy burdens on families and children.® The risk factors for BSIs explored in adults
are helpful to provide guidance for the prevention and reasonable treatment of hospital infections, which includes B-
lactam/fB-lactamase inhibitor combinations exposure, carbapenems exposure, solid organ transplantation, gastric tube
indwelling, lower Hb, cholinesterase and so on."®!” However, the data of pediatrics with CRKP infection are scarce.

This study aimed to assess the independent risk factor for BSIs of CRKP in children and characterize MDR Klebsiella
pneumoniae clinical isolates, considering the following objects: 1) to determine the drug resistance, 2) to detect the
carbapenemase genes, 3) to describe the STs of CRKP; epidemiology characteristics and drug susceptibility profiles are
indispensable to appropriate and in-time antibiotic therapy, and critically important to the outcome.

Materials and Methods

Clinical Isolates and Antimicrobial Susceptibility Testing

A total of 62 clinical MDR Klebsiella pneumoniae strains (obtained from the guardian after informed consent) were
collected from Tianjin Children’s Hospital in 2019, and all strains were stored in —80°C. Ethical approval was given by
the medical ethics committee of Tianjin Children’s Hospital, with the following reference number: 2021-KY-05. The
study complies with the Declaration of Helsinki. MDR Klebsiella pneumoniae species and antimicrobial susceptibility
testing were performed by VITEK2 compact system. Results were interpreted according to the interpretive standards of
Clinical and Laboratory Standards Institute.

Carba NP Test

Carba NP test was used for the detection of carbapenemase-producing MDR Klebsiella pneumoniae from clinical isolates
through the visible change in color of phenol red, which is a kind of pH indicator. The protein of MDR Klebsiella
pneumoniae strains was extracted with a B-PER™ Bacterial Protein Extraction Reagent (Thermo Scientific, USA).
100 pL extracted protein was added in A and B solution, respectively, and then Incubated at 37°C. The A solution
contained 0.05% phenol red (pH=7.8+0.1), 6 mg/mL Imipenem (Solarbio, Beijing, China), and 0.1 mmol ZnSO,. The
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B solution contained 0.05% phenol red (pH=7.8+0.1). If the color of solution A changes from red to orange or yellow
and the color of solution B is not changed, it can be regarded as positive.

Molecular Analysis of Carbapenem-Resistant Genes

DNA of MDR Klebsiella pneumoniae strains was extracted with a Rapid Bacterial Genomic DNA Isolation Kit (Sangon
Biotech, Shanghai, China). Polymerase chain reactions (PCRs) were performed to detect the carbanemase resistant genes
that include class A B-lactamases (blaxpc and blaggs), class B metallo-B-lactamases (blapvp, blaviv, blanpm, blagivs,
blap, blaspy, and blaspyy), and class D B-lactamases (blapxa.ag). With reference to publications (blaspn, blasiv,
blanpm, blagiv and blapi. ' blages, blagxa.as, blapp, and bZaKpc;9 blaVIMZO), the primers and reaction of conditions
are shown in Table 1. PCR products were sequenced to confirm and the obtained sequences were aligned using BLAST
in GenBank.

Multilocus Sequence Typing Analysis (MLST)

Seven housekeeping genes-gapA (glyceraldehyde 3-phosphate dehydrogenase), infB (translation initiation factor 2), mdh
(malate dehydrogenase), pgi (phosphoglucose isomerase), phoE (phosphorine E), #poB (B-subunit of RNA polymerase),
and tonB (periplasmic energy transducer), are internal fragments for MLST of Klebsiella pneumoniae, which were
amplified and sequenced. The sequences were aligned in the Klebsiella PasteurMLST database (https://bigsdb.pasteur.fr/

klebsiella/klebsiella.html) to obtain the unique allele of each housekeeping gene and the STs were determined by the

combination alleles of 7 housekeeping genes. MLSTs were analyzed by PHYLOViZ on the website (https://online.
phyloviz.net/index).

Statistical Analysis
Statistics were analyzed by SPSS 19.0. Normally distributed data were expressed as meantstandard deviation. Chi-
square test or Fisher’s exact test were used for comparing categorical variables and unconditional logistic regression was

Table | Primers and Reaction Conditions Used for the Detection of Carbapenem Resistance Genes

Ambler Class Primer® Sequence (5’-3°)° Gene Product Size Annealing Temperature

A KPC-F CATTCAAGGGCTTTCTTGCTGC blakpc 538bp 55°C
KPC-R ACGACGGCATAGTCATTTGC

A GES-F AGTCGGCTAGACCGGAAAG blages 399bp 57°C
GES-R TTTGTCCGTGCTCAGGAT

B IMP-F TTGACACTCCATTTACDG blaymp 139bp 55°C
IMP-R GATYGAGAATTAAGCCACYCT

B VIM-F GTTTGGTCGCATATCGCAAC blayim 389bp 54°C
VIM-R AATGCGCAGCACCAGGATAG

B NDM-F GGTTTGGCGATCTGGTTTTC blanpm 621bp 52°C
NDM-R CGGAATGGCTCATCACGATC

B GIM-F TCGACACACCTTGGTCTGAA blagim 477bp 52°C
GIM-R AACTTCCAACTTTGCCATGC

B DIM-F GCTTGTCTTCGCTTGCTAACG blapim 699bp 52°C
DIM-R CGTTCGGCTGGATTGATTTG

B SIM-F TACAAGGGATTCGGCATCG blasim 570bp 52°C
SIM-R TAATGGCCTGTTCCCATGTG

B SPM-F AAAATCTGGGTACGCAAACG blaspm 271bp 52°C
SPM-R ACATTATCCGCTGGAACAGG

D OXA48-F GCTTGATCGCCCTCGATT blaoxa-48 281bp 57°C
OXA48-R GATTTGCTCCGTGGCCGAAA

Notes: °F: Forward Primer, R: Reverse Primer. D=AorGor T,Y=CorT
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performed to analyse the risk factors for BSIs with CRKP. The p-value <0.05 is considered to be a statistically significant
difference.

Results

Drug Resistance Detection of MDR Klebsiella Pneumoniae

The MDR Klebsiella pneumoniae clinical isolates were highly resistant to carbapenem antibiotics. The drug suscept-
ibility results of the MDR Klebsiella pneumoniae strains are shown in Table 2. The resistance rates of ertapenem and
meropenem were 96.72% (59/61) and the imipenem resistance rate was 93.44% (57/61). In addition, the penicillin,
cephalosporin antibiotics, such as ampicillin, cefazolin, ceftriaxone resistance rates were 100.00% (61/61). The resistance
rates of glycosides amikacin and tobramycin were 37.70% (23/61) and the resistance rate of gentamicin was 49.18%
(30/61). Tigecycline is a new kind of glycine acyltetracycline antibiotic, whose resistance rate was only 8.20% (5/61).

Carbapenemase-Resistant Genes
The production of carbapenemase was the principal mechanism of MDR Klebsiella pneumoniae clinical isolates. The
results of Carba NP test showed that carbapenemase-producing Klebsiella pneumoniae accounted for 90.32% (56/62).
Then PCR screening revealed that blaxpc., belongs to the class A KPC-type B-lactamases, accounting for 51.61% (32/
62). The class B metallo B-lactamases (MBLs) identified in isolate CRKP strains were mainly NDM, as well as blaypwm.-s,
and accounted for 54.84% (34/62); blanpm.1 accounted for 17.74% (11/62).

It is noteworthy that there were 20 ST11 strains co-carrying KPC-2 and NDM-5, and 12 ST11 CRKP strains carrying
only blaxpc., resistance gene. blanpp.s-resistant genes were carried by ST20, ST35, ST6094, ST571, ST1565 and
57.14% (20/35) ST11. STs carrying blanpwm.i-resistant genes were ST716, ST2715, ST5295, ST1569, and ST534.

MLST
ST11 was the principal ST among the CRKP isolates clinically, accounting for 56.45% (35/62), followed by ST20 8/62
(12.90%), ST716 (5/62, 8.06%), and ST1565, ST2715, ST571 3.23% (2/62), respectively. The remaining ST1569,
ST193, ST347, ST35, ST5295, ST534, ST6094, ST65 each had only 1 strain. The ST type distribution is shown in
Figure 1.

Table 2 Results of Antimicrobial Susceptibility of MDR Klebsiella pneumoniae

Type of Antibiotic | Antibiotic Resistance Rate (%) | Mediation Rate (%) | Sensitivity Rate (%)
Penicillin Ampicillin 100.00 (61/61) 0.00 (0/61) 0.00 (0/61)
Amoxicillin/clavulanate 96.72 (59/61) 1.64 (1/61) 1.64 (1/61)
Cephalosporins Cefazolin 100.00 (61/61) 0.00 (0/61) 0.00 (0/61)
Ceftriaxone 100.00 (61/61) 0.00 (0/61) 0.00 (0/61)
Cefepime 88.52 (54/61) 9.84 (6/61) 1.64 (1/61)
B-lactams/Penicillin Piperacillin/tazobactam 96.72 (59/61) 1.64 (1/61) 1.64 (1/61)
Carbapenems Ertapenem 96.72 (59/61) 0.00 (0/61) 3.28 (2/61)
Meropenem 96.72 (59/61) 0.00 (0/61) 3.28 (2/61)
Imipenem 93.44 (57/61) 3.28 (2/61) 3.28 (2/61)
Monoamides Aztreonam 90.16 (55/61) 1.64 (1/61) 8.20 (5/61)
Quinolones Levofloxacin 59.02 (36/61) 6.56 (4/61) 34.43 (21/61)
Ciprofloxacin 63.93 (39/61) 11.48 (7/61) 24.59 (15/61)
Aminoglycosides Gentamicin 49.18 (30/61) 0.00 (0/61) 50.82 (31/61)
Amikacin 37.70 (23/61) 0.00 (0/61) 62.30 (38/61)
Tobramycin 37.70 (23/61) 29.51 (18/61) 32.79 (20/61)
Sulfonamides Cotrimoxazole 27.87 (17/61) 0.00 (0/61) 72.13 (44/61)
Glycylcyclines Tigecycline 8.20 (5/61) 1.64 (1/61) 90.16 (55/61)
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Figure | The minimum spanning tree constructed from the MLST results in this study.

Differences in Drug Resistance Between Several STs

ST11 CRKP strains co-carrying blanpm.s and blaxpc., were resistant to most of the tested antibiotics, being susceptible only to
cotrimoxazole and tigecycline. The resistance rates of ST11 strains co-carrying blanpn.s and blagpc., to penicillins, cephalos-
porins, penicillins/B-lactams, carbapenems, monoamides, quinolones and aminoglycosides were 100.00% (20/20). Compared
with ST11 co-carrying blanpm.s and blaxpc.,, the gentamicin and amikacin resistance rates of ST11 strains carrying blaxpc.,
were only 25.00% (3/12), the tobramycin sensitivity rate was 58.33% (7/12), and the intermediate rate was 16.67% (2/12). The
differences in drug resistance between ST11 co-carrying blaypc., and blanpm.s and ST11 carrying blaxpc_, only are shown in

@@ ST11 Co-carrying KPC-2 and NDM5
SXT @8 ST11 Carrying KPC-2

Q o 8 > \QQ
Resistance rate(%)

Figure 2 Differences in antibiotic resistance between ST 11 Co-carrying blakpc., and blanypm.s and STI | carrying blakpc., only.
Abbreviations: AMP, Ampicillin; AMC, Amoxicillin/clavulanate; KZ, cefazolin; CRO, Ceftriaxone; CPM, cefepime; TZP, Piperacillin/tazobactam; ETP, Ertapenem; MEM,
Meropenem; IPM, imipenem; ATM, Aztreonam; LEV, Levofloxacin; CIP, Ciprofloxacin; GEN, Gentamicin; AK, amikacin; TOB, Tobramycin; SXT, cotrimoxazole; TGC, tigecycline.
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Figure 2. Besides, five tigecycline-resistant strains were isolated clinically, among which ST20 accounted for 60.00% (3/5);
42.86% (3/7) ST20 strains were resistant to tigecycline. The sensitivity rates of ST20 to gentamycin and amikacin were 100.00%
(7/7) and the intermediate rate to tobramycin was 85.71% (6/7); the sensitivity rate was 14.29% (1/7). The characteristics of
different STs varied.

Clinical Characteristics of Children Infected with CRKP

After excluding some patients from the analysis of clinical characteristics due to the incomplete clinical data offered,
there were 55 patients infected with CRKP in children’s hospital in 2019, and they were from the neonatology
department (29.09%, (16/55), respiratory department (20.00%, 11/55), infectious diseases department (18.18%, 10/55),
hematology department (14.55%, 8/55), pediatric intensive care unit (9.09%, 5/55), nephrology department (5.45%,
3/55), and gastroenterology department (3.64%, 2/55), respectively. The median age of hospitalized children infected
with CRKP was 3 months (1, 9). Proportion of infants from 0—3 months was 52.73% (29/55), followed by young children
from 3 to 12 months, accounting for 32.73% (18/55) of the total cases, as shown in Table 3. Younger patients were more
likely to be infected with CRKP strains.

The clinical data showed that 72.73% (40/55) of children with CRKP infection had serious underlying diseases, such
as leukemia, primary immunodeficiency disease, Hirschsprung’s disease, malformations of the genitourinary system,
congenital heart disease, spinal muscular atrophy and so on. Among them, 74.55% (41/55) of patients had respiratory
symptoms and 69.09% (38/55) were diagnosed with pneumonia. The incidence of urinary tract infections was 30.91%
(17/55). Besides, 20.00% (11/55) of patients developed BSIs, which had the potential to cause multiple organ failure,
shock and death.

Risk Factors for BSls in Children with CRKP

The BSI risk of patients treated with chemotherapy for hematological malignancies would increase significantly. The rate
of BSIs in CRKP-infected children over 3 years was 66.67 (4/6), and only 13.79% (4/29) in those aged 0-3 months and
16.67% (3/18) in those aged 4—12 months. A significant statistical difference can be seen between the different age
groups (x°=5.906, p<0.05), as shown in Table 3. Infection with CRKP strains was evident in seven hospitalized children
with hematological malignancies, and 57.14% (4/7) had BSIs. Chi-square test revealed that there was a statistical
difference between children who received chemotherapy for hematological malignancies and those who did not
(*=4.512, p<0.05). The logistic regression revealed that the risk of BSIs caused by CRKP in children with hematological
malignancies after chemotherapy was 7 times that of other children (95%Cl: 1.298—45.415, p=0.025).

Table 3 Risk Factors for BSls in Children with CRKP

Number of CRKP Infected, n (%) | Number of BSls, n (%) | Positive Rate of BSIs (%) | z* p-value
Gender
Male 35 (63.64) 7 (63.63) 20.00 <0.001 1.000
Female 20 (36.36) 4 (36.36) 20.00
Age
0-3 Months 29 (52.73) 4 (36.36) 13.79 5.906 0.015
4-12 Months 18 (32.73) 3 (16.72) 16.67
-3 Year 2 (3.64) 0 (0.00) 0.00
>3 Year 6 (10.91) 4 (36.36) 66.67
Premature 12 (21.82) 2 (18.18) 16.67 <0.001 1.000
Pneumonia 38 (69.09) 5 (45.45) 13.16 3.597 0.058
Urinary tract 17 (30.91) 1 (9.09) 5.88 3.636 0.057
infection
Chemotherapy 7 (12.73) 4 (36.36) 57.14 4512 0.034
Operation 15 (27.27) 4 (36.36) 26.67 0.143 0.705
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Discussion

In the last few years, the rapid spread of MDR Klebsiella pneumoniae worldwide is particularly worrying because it is
the most important threat to public health and presents great trouble to clinical treatment.>' * In 2019, a total of 62 non-
replicated clinical MDR Klebsiella pneumoniae strains were isolated from clinic and the detection of drug resistance
showed that MDR Klebsiella pneumoniae strains are highly resistant to antibiotics widely used in clinic, such as
penicillin, cephalosporin, monoamine, etc. It should be also noted that the resistance rate of ertapenem and meropenem
was 96.72% (59/61) and the imipenem resistance rate was 93.44% (57/61). The high resistance rates of carbapenems
requires special concern, since these agents are always considered as the last line of effective therapy available for the
treatment of infections caused by MDR Klebsiella pneumoniae.**

Resistance to carbapenems in Klebsiella pneumoniae is linked to different mechanisms. The results of Carba NP test
and PCR screening revealed that the occurrence of blanpym and blagpc carbapenemase genes was the important cause of
carbapenems resistance. MDR Klebsiella pneumoniae isolates harbour these enzymes are capable of breaking down
a broad spectrum of beta-lactams. Several researches confirmed CRKP was a looming threat in clinical settings, causing
much higher mortality than CSKP. The study conducted by Xu et al suggested that patients infected with CRKP have
higher mortality than those infected with CSKP.'® According to a matched case-control in Eastern China, resistance to
carbapenem was associated with higher mortality (35.1%).%° In New York (USA), patients infected with CRKP had an
in-hospital mortality rate of 48%, which was significantly higher than those infected with CSKP.%¢

In our study, the MLST of Klebsiella pneumoniae with carbapenemases includes ST11, ST20, ST716, ST1565,
ST2715 and ST571, etc, implying the genetic diversity of CRKP. Besides, our findings in MLST of CRKP clinical
isolates clearly indicate that ST11 strains producing KPC, which is closely related to ST258, were prevalent in Tianjin
Children’s Hospital, consistent with several relevant reports about the molecular epidemiology of CRKP in China.>’ 2 It
should be noted that our results showed that 57.14% (20/35) of ST11 carbapenemases in Klebsiella pneumoniae isolates
clinically co-harbored blaxpc., and blanpm.s, Which were resistant to most of the tested antibiotics, being susceptible
only to cotrimoxazole and tigecycline. Co-occurrence of blanpn.s and blagpc., in ST11 carbapenem-resistant Klebsiella
pneumoniae had been reported by Hu et al. They revealed that the genetic characterization of Klebsiella pneumoniae co-
harbouring blanpn.s and blagpc., was not only 25 resistance genes and a large number of virulence factors, but also
various mobile genetic elements (MGEs) such as plasmids and genomic islands.>® Accordingly, we considered the
transmission model of the CRKP in the hospital as complex and the ST11 carbapenemases in Klebsiella pneumoniae co-
harboring blaxpc., and blaypy.s Was partly due to the spread of MGEs or clonal expansion and partly acquired through
exogenous exposure during hospitalization. The emergence of CRKP co-carrying blanpm.s and blaxpc., in pediatrics is
alarming and should be treated according to strict standard guidelines.

Several studies had confirmed that the history of intensive care unit (ICU) hospitalization was an independent risk
factor for MDR Klebsiella pneumoniae strain infection.'**'>* However, data in our study showed that 29.09% (16/55)
of MDR Klebsiella pneumoniae strains were collected from the neonatology department, while the pediatric intensive
care unit (PICU) accounted for 9.09% (5/55), implying that newborns and children have a high risk of MDR Klebsiella
pneumoniae infection owing to their immature immune system. The results in our study confirmed that infections were
mainly occurring in young immunocompromised patients with severe chronic comorbidities.

BSIs are associated with high mortality and morbidity. The data from a systematic literature review conducted by
McNamara et al showed that the pooled risk ratio of death at one year was significantly higher for patients with BSI when
compared to the matched cohort (RR 4.04 [95% CI 1.84-8.87]).** More attention should be focused on assessing the
independent risk factors for BSIs for those children facing fewer therapeutic options. Our findings on the incidence of
BSIs were 20.00% (11/55) in CRKP clinical isolates, and logistic regression revealed that the risk of BSIs caused by
CRKP strain infections in children with hematological malignancies after chemotherapy was 7 times that of other
children (95%Cl: 1.298-45.415, p=0.025). These findings may contribute to the implementation of appropriate BSI
controls in young patients.
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Conclusion

In this study, we hold the view that ST11 is the prevalent clone in our hospital and the emergence of ST11 CRKP strains
co-carrying blanpwm.s and blaxpc., should be alarming because it is resistant to most of the tested antibiotics and might
spread through horizontal transmission including MGEs, clonal expansion and exogenous exposure during hospitaliza-
tion. Although risk factors for BSIs have been reported, the majority of research has focused on adults. We proposed that
newborns and infants with a high risk of developing MDR Klebsiella pneumoniae infection and receiving chemotherapy
for hematological malignancies is an independent risk factor for BSIs. There are also some limits in this study. First, the
hypervirulent genes of clinical isolates were not discussed in this article, while the mechanisms of carbapenem resistance
are complicated. Second, it is a single-center retrospective study and the patients and MDR Klebsiella pneumoniae
isolates are limited. In the future, more study is needed to explore MDR in children.
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