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Aim: We investigated the clonal diversity of carbapenemase-producing Klebsiella pneumo-
niae isolates from the Shenzhen Children’s Hospital, China, and drew conclusions on the
clinical and public health impact of these isolates as multidrug-resistant.

Methods: From January 2014 to December 2018, a total number of 36 unique carbapene-
mase-producing clinical isolates of Klebsiella pneumoniae were collected out of 900 clinical
isolates in paediatric patients from the Shenzhen Children’s Hospital, China. After carbape-
nemase production confirmation, antimicrobial susceptibility, resistance determinants and
phylogenetic relationship were determined.

Results: The isolates showed resistance to ceftazidime, ertapenem, ampicillin, cefazolin, cef-
triaxone, cefotetan, ticarcillin, cefaclor, cefpodoxime, azlocillin, cefcapene, mezlocillin and ampi-
cillin-sulbactam. Of the 36 Klebsiella pneumoniae carbapenemase genes coding isolates, blanpm
was the mostly detected 50% (n=18) followed by blaypc and blapp 19% (0=7), blay 17% (n=6),
blaoxaasike 8% (n=3) and blagyg 5% (n=2), whereas extended-spectrum [B-lactamase (blasyy)
was predominantly detected 92% (n=33) followed by blactxa 53% (0=19) and blacny 28%
(n=10). Pulsed-field gel electrophoresis typing showed eight different patterns, and twenty-five
distinct sequences types were observed with ST307 being predominantly identified 11% (n=4),
followed by ST2407 8% (n=3). Plasmid replicon typing results indicated that IncFIS, IncHI2,
IncFIC and IncFIA plasmids carry blacrx.m, blasyy and blaypy genes.

Conclusion: This study reports on the occurrence and spread of carbapenemase and
extended-spectrum PB-lactamase encoding genes co-existence in sporadic Klebsiella pneumo-
niae ST307 in paediatric patients from the Shenzhen Children’s Hospital, China.
Keywords: Klebsiella pneumoniae, carbapenemase, ESBLs, antimicrobial susceptibility,
molecular characterization

Introduction

The rise and spread of antimicrobial resistance bacteria are universal symbolic challenges
for healthcare due to the restricted treatment choices.' In the past year, carbapenem-
resistant Klebsiella pneumoniae (CRKP) infections have become a growing of global
public health concern, particularly in paediatric patients, due to high morbidity and
mortality.? Carbapenemase enzymes encoded by alleles of the blaxpc gene, depict one
of the five substantial carbapenemase families, others being the VIM, IMP and New
Delhi metallo-B-lactamase (MBPL) (NDM), also, the OXA-48-like oxacillinases have
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been reported worldwide.** The commonness of each carba-

penemase differs geographically, and its resistance profiles

vary.>®

(KPC) outbreaks were reported in Brazil, Argentina, Poland,

Several Klebsiella pneumoniae carbapenemase

Germany, France, Spain and China (J iangsu),7 whereas NDM
producing Klebsiella pneumoniae is highly prevalent in
Canada, Greece, Belgium, Sweden, Norway, India, Pakistan,
Bangladesh, Korea and China.® Thus, OXA-48-like oxacilli-
nases producing strains are widely spread in Turkey, Morocco
and France, and the VIM is highly spread in Greece.’ In China,
despite the considerable dissemination of KPC-producing
strains, NDM-producing K. prneumoniae are the type mainly
found in children, and are seldom reported in adults.'® The
CHINET data report of 2005-2014 reported that the detection
rate of CRKP isolates in paediatric patients has increased from
5.3% to 15.9%."! Recently, K. pneumoniae isolates producing
OXA-232, OXA-163 and OXA-405 carbapenemase were
in Children’s Hospitals
China.'*"* Carbapenem antibiotics are the foremost alterna-

reported globally including
tive to treat conditions caused by multidrug-resistant (MDR)
bacteria due to the side effects of other drugs, such as fluor-
oquinolones and aminoglycosides.'* This has led to an expo-
nential increase in carbapenem resistance among pathogenic
bacteria. Despite the fact that CRKP has spread globally and
has serious clinical outcomes in pediatric patients, there are
insufficient data available on the susceptibility and genetic
platform of carbapenemase production of K. pneumoniae in
China. CRKP has been significantly increased in China, of
particular concerns is the emerging multiple carbapenemase
encoding genes in single isolates or co-existence extended
spectrum [B-lactamase (ESBLs), and the recently discovered
colistin resistance plasmid-born mcr-1; which results in highly
drug-resistant strains (Pan-drug-resistant strains) that are prob-
ably untreatable.'> Carbapenemase encoding genes detection
significantly aids in targeted drug use, and helps to prevent
further dissemination. Thus, this study aimed to investigate the
resistance gene profile, molecular epidemiology, and clinical
characteristics of CPKP isolates obtained from paediatric
patients in the Shenzhen’s Children Hospital in China.

Materials and Methods

Clinical Sample, Bacterial Isolation and
|dentification

Thirty-six unique (one isolate from one patient) clinical iso-
lates of K. pneumoniae were collected from January 2014 to
December 2018 from Shenzhen Children’s Hospital,
Shenzhen, China. Among the 36 CRKP isolates, 61%

(n=22) were from male and 39% (n=14) were from female
patients with ages ranging from one month to twelve years.
The clinical isolation type of specimens was as follows: urine
44% (n=16), sputum 25% (n=9), blood 12% (n=4) and
catheter-associated secretion (CAS) 6% (n=2), while the
cerebral-spinal fluid (CSF), throat swab (TS), pus, and
abdominal fluid or secretion each had 13% (n=1). This
study was conducted in accordance with the declaration of
Helsinki.

All isolates were primarily identified by API20E
(Biomerieux, Ref. N0.27530/275660) automated system and
further confirmed by using 16s RNA gene sequence primers.

Phenotypic Detection of CRKP
Carbapenemase production was confirmed by using a newly
developed carbapenem inactivation method (CIM) as deli-
neated in the year 2015.'° To carry out the CIM, an anti-
biotic susceptibility-testing disc of 10-pug meropenem
(MEM) was incubated for 2 hrs in an aqueous suspension
of a K. pneumoniae. The disc was removed from the sus-
pension and placed onto a Mueller-Hinton agar (MHA)
plate, seeded with an ATCC25922 indicator organism, fol-
lowed by overnight incubation. The zone of inhibition was
measured to determine whether the MEM had been hydro-
lyzed (growth of the indicator organism close to the disc), or
still active (a large zone of inhibition around the disc). The
positive control strain was selected from the collected iso-
lates characterized from our laboratory.

Phenotypic Detection of ESBLs

Production

The ESBLs determined by using
VITEK@2 compact system (Biomerieux, Ref.
No. 27530/275660). We used a control strain that was
characterized from our laboratory, while ATCC25922
was used as a negative control strain. The ESBLs produc-

production was

tion result was analyzed according to the Clinical and
Laboratory Standards Institute (CLSI) guideline.'”

Antimicrobial Susceptibility
Antimicrobial susceptibility was performed by using
VITEK@?2 compact system (Biomerieux, Ref. No. 27530/
275660) for 25 antimicrobial agents, namely ampicillin/sul-
bactam, piperacillin, ertapenem, amikacin, levofloxacin, nitro-
furantoin, ampicillin, cefazolin, ceftazidime, ceftriaxone,
cefepime, imipenem, cefotetan, tobramycin, gentamicin, ticar-
cillin, cefaclor, azlocillin,

cefpodoxime, cefcapene,

3582 "

Dove!

Infection and Drug Resistance 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Patil et al

mezlocillin, trimethoprim, aztreonam, and ciprofloxacin.
Colistin susceptibility was performed by the disc diffusion
method. To further ascertain the antimicrobial susceptibility,
we used CIM disc to detect carbapenemase enzyme, where the
disc was removed from the suspension and placed onto
a Mueller-Hinton agar (MHA) plate, seeded with an
ATCC25922 indicator organism, followed by overnight incu-
bation. The results were construed according to the Clinical
and Laboratory Standards Institute (CLSI) guideline (CSLI,
2019)'® and EUCAST 2016.'®

Detection of Carbapenemase Encoding

Genes

The standard PCR was used to detect the presence of carba-
penemase encoding genes. Class-A includes blang, blaggs,
blagye and blaxpc, while Class-B consists of blanp, blayi,
blagim, blagn and blanpy and Class-D made up of blagxa-as
like using specific primers as previously described.'” ' In
addition, PCR assay was carried out for other B-lactamase
encoding genes: blactx-m-variantyy Plasuvs blacmy, blatem
and blaypg by using specific primers as described earlier.?
Control strain, which was selected from the characterized
strain collection of our laboratory. The private company
(Sangon Biotech-Shanghai, China) sequenced the purified
PCR products. DNA sequences were analyzed using the fol-
lowing URLs https://blast.ncbi.nlm.nih.gov/Blast.cgi, http:/
www.bldb.eu:4567/ and https://bigsdbpasteur.fr/klebsiella/
klebsiella.htmL.

PFGE and Multi-Locus Sequence Typing
(MLST)

We performed PFGE to check whether there is a presence

of any clonal transmission within the Hospital.
Furthermore, we used the MLST to assess the genetic

relatedness of the identified isolates.

DNA Extraction Details

Post-extraction DNA was digested with 45U Xbal (Takara
Biotech) for 2 hours at 37°C. We used CHEFDRIII apparatus
(Bio-Rad Laboratories, Hercules, CA, USA) to perform
PFGE for
described.”® PCR assay was performed to amplify internal

K. pneumoniae isolates as previously
portions of the seven housekeeping genes of K. pneumoniae
(gapA, infB, mdh, pgi, phoE, rpoB, and tonB) with specific
primers.”* Amplified products were sequenced from private

enterprise (Sangon Biotech-Shanghai, China http://www.pas

teur.fr/recherche/genopole/PF8/mlst/Kpneumoniae) and

were referred to assign sequence types (STs).

Plasmid Transferability

Streptomycin-resistant E. coli Cgoy Was used as the reci-
pient strain in conjugation experiments to analyze the
horizontal genes transformation of plasmid-borne B-lacta-
mase encoding genes in CRKP isolates, using liquid mat-
ing assay as previously described.'* Transconjugants were
selected using Luria Bertani agar containing streptomycin
2000 (png/mL), ampicillin (100 pg/mL) and cefotaxime (32
pg/mL). Therefore, we further tested them using PCR for
B-lactamase encoding genes after performing a phenotypic
combination disc test.

PCR-Based Replicon Typing

PCR-based replicon typing was performed for both plas-
mids from parental and transconjugant isolates. The Inc
(incompatibility) groups were determined by using
a specific primer as previously described by Carattoli
et al 2005.%

Results
Antimicrobial Resistance Profile of

K. pneumoniae

All the 36 isolates were identified as K. pneumoniae using
API20E (Biomerieux, Ref. No. 27530/275660) automated
system and were further confirmed using 16s RNA gene
sequencing. Antimicrobial susceptibility tests were found in
all the 36 CRKP isolates (100%) and were all resistant to
ceftazidime, ertapenem, ampicillin, cefazolin, ceftriaxone,
cefotetan, ticarcillin, cefaclor, cefpodoxime, azlocillin, cef-
capene, mezlocillin and ampicillin-sulbactam. However,
aztreonam showed 89% (n=32), piperacillin 86% (n=31),
cefepime 83% (n=30), imipenem 80% (n=29), nitrofurantoin
47% (n=17), trimethoprim 44% (n=16), ciprofloxacin, gen-
tamicin, levofloxacin 30% (n=11), tobramycin 25% (n=9),
amikacin 11% (n=4). All isolates were susceptible to colistin
(Figure 1), and the 36 CRKP isolates showed a multi-drug
resistant phenotype, hence designated as “superbugs”.

Molecular Analysis of Drug Resistance

Genes

All the 36 CRKP isolates were carrying carbapenemase
encoding genes, with the most common being blanpm
50% (n=18) which include blanpm.1 (n=13), blanpm-s
(n=3) and blanpm.s (n=2); followed by blapp 19%
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Figure | Antimicrobial resistance patterns of 25 commonly used antibiotics against 36 carbapenemase-producing Klebsiella pneumoniae isolates from paediatric clinical cases.

(n=7) including blapypzs (n=5) and blapyp.qa (n=2),
blaxpco 19% (n=7), blaym., 17% (0=6), blaoxa-as
8% (n=3) each. Additionally,
existences of other fB-lactamases encoding genes were

and blagye.; co-

detected in blasyy 92% (n=33), contains blagyv.11

(n=15), blasuy., (n=13), blasuy.a7 (n=3), blasnv.ze
(n=1), blactxm (0=19), blacrxm3
(n=11), blactx-m1s (0=5), blactx-m-14, 26, 40, (n=1
each), blacmy., 28% (n=10) (Figure 2). The blap,

blaggs, blagiv, blasyy carbapenemase encoding genes

and blaSHv_33

(36 entries)
g TR Cpon ey, e Date of Carbapenemase encoding ~ Conjugants ESBLs encoding genes
Isolation Department  Sources STs  genes replicon
. 2 8 8 % 8 8 2 8 8 Ky Type (In)
07/01/2016 Neonatology ~ CAS 11 blages FIC Blacrs a0, Dlasyry.1s
10/05/2017 Cardiology Secretion 147 blayoy, FIC blacyy., blaggy.y
02/07/2016 Res. Dis. Sputum 36 blagys ND blagyy.,
04/09/2017 Urology Urine 355 blapgss Dlagyas blaypyy  FIC.K blacr s, Dlagyp.s
18/11/2016 Neonatology ~ Blood 147 blaggps blaggss blagpy,, P, FIC Blacr s, blagy.zr blagyy.s
26/12/2016 Urology Urine 327 blagpy, ND blacry s, Blagy.i blacyy.n
27/08/2016 Neonatology ~ Abd. Fluid 485 blagyas blaypys P blaggy.r
SpSCHge 04/112018 Neonatology Sputum 2823 blaygy, HI2
01/12/2015 Res. Dis. Sputum 3247 blagpy, FIS blagyy.s
21/08/2017 PICU Sputum 76 blaypys FIC,FIS  blagyy.
18/08/2018 Oncology Urine 36 blagy FIS blacry yy 15, blagay 1y
12/11/2018 Oncology Urine 369 blagy, FIA Blacry s blagiy.i;
04/01/2016 Gen. Sur. ThroatSwab 2407 blagpe, P Blacry s, Dlasiy.yy, Blacyy.»
21/05/2016 Urology Urine 76 blage.s ND blagyy.,
17/10/2018 Urology Urine 48 blagpe.s ND Blacry s, Dlasgyys
07/12/2016 Neonatology ~ Blood 485 blaypy, FIS blacrgas, blaguy.i; blacyy.s
01/06/2017 Oncology Urine 105 blayy, FIS blacygaris, blasyy.is
01/112018 Oncology Urine 1672 blagec, FIS blacry yys, blaggy. 1, blacyy.»
5PsCHa02 13/11/2018 PICU Sputum 631 blayys blaypys ND blagyy.,
03/01/2017 Urology Urine 11 blaypy FIA blagyy.,
—{ 15/11/2018 Oncology Urine 2407 blayyp blaypus ND Blacryars, blagy.y
§ 22/03/2017 Oncology Urine 20 blage.s FIS blagyy.; blacyy.»
. 09/05/2017 Urology Urine 687 blagpus FIA blaggy.; blacyy.,
25/05/2015 Gen. Sur. Sputum 2407 blayy, ND blaggy.y
07/07/2014 Res. Dis. Urine 17 blayy.s FIA blaggy..;
12/12/2014  Neonatology Sputum 64 blaypys FIA blagyy. s
02/07/2015 Medicine Sputum 134 blagec, FIA Blacry 14, sy 1y
26/07/2014 NICU cAS 307 blaygss FIA blacry s blagiy.y
25/07/2014 NICU Blood 307 blaygss FIA blacry s, Dlagy
18/09/2014 Res. Dis. Sputum 307 blaygs FIA,FIS  blacyyys Dlagy. blayy.r
20/07/2017 NICU Blood 778 blagye, FIA blacry s Dlaggy.
31/08/2014 NICU CSF 307 blapgss P blacry s, blaggy.
23/12/2014 Gen. Sur. Pus 2263 blaypy.s FIS blaggy..;
25/09/2015 Urology Urine 276 blagye, blaypys FIA blacry yy26 blagyy 2
01/07/2014 Oncology Urine 2263 blagpys HI2 blacry s, blagy.
28/05/2018 Urology Urine 300 blagyy, FIB

Figure 2 Dendrogram of the 36-PFGE-X-bal identified CRKP isolates collected from
of isolation, sources of specimen, sequences types, replicon type, resistant determinants and clonal relatedness.

paediatric patients showing their genetic relatedness by date of isolation, department
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and ESBLs encoding genes blargm, blayes were not
observed in this study. It is interesting that approxi-
mately 53% (n=19) of CRKP strains co-harbouring
ESBLs encoding genes blactx-M-variant Were found in
blasyv.variant, With this, at least 50% of strains were

carrying blaNDM—variant~

Multi-Locus Sequences Typing and PFGE
Extensive diversity of MLST was recorded from CRKP
isolates. In 25 different STs, we found that ST307 isolates
(11%) were recovered from the neonatal intensive care unit
(NICU). ST2407 (8%) was found to be highly prevalent and
were collected from the general surgery department (GSD).
In addition, we found that CRKP ST307 was dominant in
NICU and in a reservoir of blactxaz and blagyy.ii.
However, ST2407 was predominantly in GSD, which is
a key transporter for blacrx.am.1s, and blagyy.;; gene and
ST2263 a key transporter for blaypm.s- Nevertheless, bla-
kpc-2 Was reported in diverse STs (Figure 2). Our particular
concern is that the CRKP co-harbouring ESBLs encoding
genes blacrx-movariant and blasyy.yarane Were reported in
seventeen different STs in this hospital. This observation
suggests that CRKP strains carrying ESBLs encoding genes
might have spread to the Shenzhen region and may be wide-
spread in Southern China. These 36 CRKP isolates were
allocated to eight distinct PFGE clusters, sharing > 80% of
similar bands. The PFGE results showed that the clonal
transmission was often observed within different depart-
ments of the Hospital (Figure 2).

Plasmid Profiling

In total, 18 out of 36 successful transconjugants were
selected using Luria Bertani agar. PCR-based replicon
typing assay results showed that Inc plasmids groups
lead was IncFIA 55% (n=10), followed by IncFIS 50%
(n=9), IncFIC 27% (n=5), IncP 22% (n=4), IncHI2 11%

(n=2), while IncK and IncFIB showed 6% (n=1)

(Figure 2).

Discussion

CRKP is a serious threat in paediatric patients, particu-
26,27

larly newborns, due to limited therapeutic options.
This pathogen is now considered as a reservoir for
virulent and resistant genes, due to the acquisition of
B-lactamase (carbapenemase and ESBLs) and the
recently reported colistin resistance mcr-I encoding
genes; which make it a serious threat to human and

animal.** > These data revealed for the first time that
NDM carbapenemase is widely spread among CRKP,
while CTX-M and SHV were the most prevalent [-
lactamase in same isolates in Shenzhen’s children
Hospital, China. So far, there are no data available on
molecular analysis of CRKP in paediatric clinical cases,
particularly those caused by IMP or NDM co-production
of CTX-M and SHV. Here, we first explored the genetic
background of CRKP isolates obtained from the paedia-
tric samples. Data showed that CRKP isolates were
highly resistant to commonly used antibiotics, except
for colistin. We also found that IMP-38 producing
K. pneumoniae isolates are significantly sensitive to
Imipenem, which is in agreement with studies reported
in Australia, however further investigation is required.’'
blaypym. was found to be the leading genotype of car-
bapenemase followed by blaxpc.o, blaviv-a, blamp.a,
blanpm.s, blagme-1, blaoxa.as, blapvp2, and blanpm.s.
A previous study reported the presence of NDM-1
dominant carbapenemase in carbapenem-resistant
K. pneumoniae over China, which is comparable to our
results.’*> There were no cases with co-harbouring bla-
~pM-1 and blapp.4 strain, which is in contrast with Liu
et al's finding.>® Interestingly, nineteen CRKPs were
found to contain blactx.m encoding determinants. To
the best of our knowledge, this is the first report on an
MDR CRKP isolates co-harbouring blanpm, blactxm
and blagyy has flagged concerns about the spread of
such superbugs in the Shenzhen region, China; but
also, studies have reported similar results from other
provinces of China, Chongqing and Shanghai.**>> The
MLST results revealed that K. pneumoniae ST307 and
ST2407 were highly dominant in Shenzhen area, which
encodes carbapenemase and ESBLs genes. Several
countries such as Italy, Korea, USA, Mexico, and
China have reported CRKP ST307 with ESBLs
production.***° No study has yet reported that the iso-
late CRKP belonged to ST307 in the Southern region of
China. The emergence of this isolate indicates the rapid
spread of this isolate. Also, studies have reported the
existence of CRKP belonged to ST2407. Data also
report the presence of CRKP belonged to ST2407; to
the best of our knowledge, no study has yet reported the
presence of CRKP ST2407 isolates that exist with

ESBLs in Southern China. Our finding of CRKP

Infection and Drug Resistance 2021:14
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Clonal dissemination within the hospital corresponded
with a previous study by Tian et al 2018 in Shanghai
Province, China.*' We did not analyze isolates from other
hospitals to observe whether there was clonal transmission
between the hospitals. Plasmid replicon typing and conjuga-
tion experiment results conferred that IncFIA, IncFIS,
IncFIC, IncHI2, IncFIB, IncK and IncP replicons existed
in the transconjugants and carbapenemase coding genes
(blagpc.o, and blanpmvariants) cO-transferred with ESBLs
encoding genes (blactx-movariant a0d  blaspy.variand). NO
apparent relationship between replicon and sequence type
was observed in the current isolates. Also, data of Figure 2
show the presence of some previously published isolates
with co-production of carbapenemases, which requires
further analysis as these isolates could be of clinical con-
cern. Previously published study has done successful clone
for KPC such as the clone group GC258,** nevertheless
from our 36 KPC isolates reported in our study, none of
them corresponded to the clone group GC258. And we did
not find the dissemination of any particular clones at the
hospital in Shenzhen, China. Our finding stresses out the
importance of continuous monitoring to detect multi-drug
resistant isolates to promote therapeutic strategies for infec-
tions in paediatric patients. Future studies may assess the
presence of other resistance-related determinants by using
WGS, such as the outer-membrane permeability and to
augment sample size from different areas for the molecular
study. It is also worth reporting here that although the
methods used in our study are adequate, one of the potential
limitations of this study is the lack of use of broth micro-
dilution susceptibility testing method or the Clinical and
Laboratory Standards Institute recommended disk elution
method for colistin.

Conclusion

This study reports, for the first time, the emergence of
CPKP ST307 co-producing CTX-M with SHV and KPC
in paediatric patients from the Shenzhen’s Children
Hospital in China. Also, our results identify the occurrence
of CRKP ST2407 belongs to co-producing CTX-M with
SHV and KPC. The emergence of CPKP in our study
highlights a substantial global concern, both within hospi-
tals and the wider community. Continued appraisal of
clinical experience and monitoring of the spread of
CPKP will provide further important information on the
emergence of CPKP ST307.
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care unit; Gen. Sur., general surgery; NICU, neonatal
intensive care unit; CAS, catheter associated secretion;
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