Onyeji et al. BMC Infectious Diseases (2024) 24:970 BMC Infectious Diseases
https://doi.org/10.1186/512879-024-09869-x

Molecular detection of OXA-48 and NDM- @
1 carbapenemase genes among clinical

isolates of Klebsiella pneumoniae recovered

from patients attending a private tertiary

hospital in Southwestern Nigeria

Chisom Blossom Onyeji'®, Seyi Samson Enitan' ®, Olalekan Ademola Kemiki?, Abigail Chinyere Igwe’®,
Akinbobola Ayokunle Adeniyi*®, Michael Unata Iduh*®, Grace Eleojo Itodo®®, Ayomide
Oluwatobiloba Okuneye'®, Precious Oluwatosin Adamson'® and Mofeoluwa Favour Kolawole'

Abstract There have been increasing reports of Klebsiella pneumoniae resistant to 3-lactam antibiotics. This study
aimed to determine the prevalence of some selected carbapenemase genes among clinical isolates of Klebsiella
pneumoniae recovered from patients attending a private tertiary hospital in Southwestern Nigeria. The study was
conducted over two months (February-March 2024). A total of 50 clinical isolates of Klebsiella pneumoniae from
different clinical specimens were obtained from the Medical Microbiology Department, Babcock University Teaching
Hospital (BUTH). The clinical isolates were then characterized using standard microbiological procedures and were
tested for susceptibility to meropenem and other classes of antibiotics according to Clinical and Laboratory Standards
Institute (CLSI) guidelines. Polymerase Chain Reaction (PCR) detection for OXA-48 and NDM-1 carbapenemase genes
was performed on the 50 clinical isolates. PCR analysis showed that 9 (18%) clinical isolates were positive for the
OXA-48 gene, 22 (44%) were positive for the NDM-1 gene, 4 (8%) possessed both the OXA-48 and NDM-1 genes,

and 23 (46%) possessed neither the OXA-48 nor NDM-1 genes. Antibiotic Susceptibility Testing (AST) revealed that

all the clinical isolates were resistant to meropenem. In conclusion, this study demonstrates the presence of OXA-48
and NDM-1 genes in clinical isolates of Klebsiella pneumoniae recovered from patients attending a private tertiary
hospital in Southwestern Nigeria, highlighting the role of ESBL (extended-spectrum beta-lactamase) as a major
resistance mechanism alongside other mechanisms. Population-based surveillance programs should be implemented
to monitor the prevalence and epidemiology of Klebsiella pneumoniae infections at the community level, facilitating
early detection of outbreaks and identification of emerging antimicrobial resistance patterns.

CoreTip This study highlights the significant prevalence of NDM-1 and OXA-48 carbapenemase genes among
Klebsiella pneumoniae clinical isolates in a private tertiary hospital in Southwestern Nigeria, with 44% and 18% of
isolates harboring these genes, respectively. Notably, 46% of isolates were resistant to carbapenems despite lacking
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these genes, suggesting alternative resistance mechanisms. The findings underscore the urgent need for enhanced
surveillance, infection control measures, and antibiotic stewardship programs to combat the spread of multidrug-

resistant Klebsiella pneumoniae in healthcare settings.
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Introduction

Klebsiella pneumoniae is a Gram-negative pathogen
often acquired in the hospital settings despite being part
of normal flora. It is commonly present in the environ-
ment, such as in soil and water, and has been implicated
in pneumonia, urinary tract infections and bloodstream
infections [1, 2]. Klebsiella pneumoniae is a significant
contributor to healthcare-associated infections, compris-
ing about 8% of all nosocomial infections and up to 14%
of primary bacteremia cases [2—5]. The organism plays a
substantial role in the spread of antimicrobial resistance
among Enterobacteriaceae, posing challenges in clinical
settings [6—8]. Over the past decade, the appearance of
strains with decreased susceptibility or resistance to car-
bapenems has become a therapeutic challenge. Identify-
ing its virulence genes is crucial for potential therapies
[9-13].

Carbapenem resistance in Klebsiella pneumoniae is
primarily driven by the production of carbapenemases,
which fall into three categories: (1) metallo-p-lactamases
(e.g, NDM-1, IMP, VIM) of molecular class B, which
hydrolyze all B-lactams, except monobactams and inhib-
ited by EDTA, but not clavulanic acid; (2) The second
type of resistance mechanism involves serine beta-lac-
tamases, including GES and KPC, which are not inhib-
ited by clavulanic acid and (3) OXA-48 carbapenemases
which hydrolyze monobactams (and thus monobactam
antibiotics are ineffective against bacteria expressing this
resistance mechanism).These unique characteristics are
used for laboratory identification [14—21]. Carbapen-
emases, often obtained through mutations or horizontal
gene transfer, include common types such as NDM-1
(produced by the blaNDM gene) and OXA-48 (produced
by the blaOXA48-like gene) [9, 22-24].

Infections caused by carbapenem-resistant Klebsiella
pneumoniae present significant complications associ-
ated with various hospital-related risk factors. The preva-
lence of CRKP isolates in invasive Klebsiella pneumoniae
infections varies globally. For example, in India, carbape-
nem resistance rates increased from 9% in 2008 to 44%
in 2010, a surge of 35% in two years, while in Italy, the
rates dramatically rose to 60% in 2013 from non-detect-
able levels in 2008 [25-27]. In a multicenter retrospec-
tive study in India, involving 344 Klebsiella pneumoniae
isolates from eight centers, the bJlaOXA48-like gene was
found in 73.2% of the isolates, followed by blaNDM-1/5
in 24.4%. However, in several other studies, NDM was
identified as the primary cause of carbapenem resistance,

with the OXA-48-like group following [9, 28]. NDM is
recognized as the most prevalent carbapenemase, and
co-production of NDM-1 with other carbapenemases has
been observed in Enterobacteriaceae isolates in various
regions [26—30].

The rise of carbapenem-resistant K. pneumoniae poses
a significant obstacle for antimicrobial treatment [31, 32].
In Nigeria, the epidemiology of antibiotic resistance has
become alarming, with a notable increase in carbape-
nem-resistant infections. Several studies have reported
the prevalence of carbapenemase-producing Enterobac-
teriaceae (CPE) in various regions of the country, under-
scoring the critical public health threat posed by these
pathogens. For instance, in Jos (North-Central Nigeria),
a study by Nkup et al. [33] reported a CRKP prevalence
of 42.1% from clinical specimens, with the highest occur-
rence in urine samples (62.5%). In another study carried
out in Enugu (South-eastern Nigeria) by Maduakoret al.
[34]. , 27.7% of the Klebsiella pneumoniae isolates were
resistant to imipenem, with a significant portion produc-
ing metallo-beta-lactamases (MBLs). Similarly, in Minna
(North-Central of Nigeria), 20.9% of isolates from wound
surfaces were carbapenem-resistant [35]. Studies from
Lagos and other southwestern regions of Nigeria also
indicate high resistance rates, underscoring a national
concern [36-38]. The resistance mechanisms of CRKP
in Nigeria are diverse, involving various carbapenemase
genes and other determinants. In a study carried out in
Enugu State (South-eastern, Nigeria), the presence of
MBL-producing K. pneumoniae indicates a significant
role of MBLs in carbapenem resistance [34]. Whole-
genome sequencing in South-West Nigeria identified
multiple resistance genes, including blaOKP-B-1 and
fosA5 [39], highlighting the complexity of the resistance
landscape.

CRKP isolates in Nigeria exhibit high levels of multi-
drug resistance, complicating treatment options. In Jos
(North-Central Nigeria), isolates showed high resis-
tance to gentamicin, ceftriaxone, amoxicillin/clavulanic
acid, ciprofloxacin, and cefepime, with some resistance
to meropenem [33]. Studies from Lagos (South-West
Nigeria) [37] and Kano (North-West Nigeria) [40, 41],
also reported significant resistance rates to meropenem
and imipenem, with co-production of carbapenemase
and extended-spectrum [-lactamases being common.
This resistance extends to other antibiotic classes, lim-
iting available treatment options. A national perspec-
tive by Olalekan et al. [36] noted a high proportion of
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carbapenemase-producing K. pneumoniae among ESBL-
producing Enterobacteriaceae, with 27.4% being carbape-
nem-resistant. A systematic review and meta-analysis
by Irekeola et al. [42] revealed a progressive increase in
carbapenem resistance across Nigeria, with pooled
prevalence estimates for resistance to various carbapen-
ems ranging from 11.2 to 37.9%. These findings high-
light the growing challenge of carbapenem-resistant K.
pneumoniae in Nigeria and call for urgent, coordinated
efforts.

Rationale of the study

The OXA-48 and NDM-1 carbapenemase genes are criti-
cally important due to their capacity to rapidly dissemi-
nate and induce high-level resistance to carbapenems,
which significantly limit treatment options for infec-
tions caused by Klebsiella pneumoniae. Surveillance data
from tertiary hospitals in Nigeria indicate a rising trend
in carbapenem resistance, highlighting the urgent need
for effective monitoring and control strategies to address
the spread of these resistant strains. Despite the grow-
ing concerns, there is a notable absence of published
research focused on the molecular detection of these
carbapenemase genes in Klebsiella pneumoniae clinical
isolates from patients at Babcock University Teaching
Hospital, Ilishan-Remo, Ogun State, Nigeria. This gap in
the literature underscores the necessity of this study to
provide critical insights into the prevalence and distribu-
tion of OXA-48 and NDM-1 genes in this specific health-
care setting, ultimately contributing to more targeted and
effective infection control measures.

Significance of the study

The molecular detection of carbapenemase genes in K.
pneumoniae isolates will guide the empirical treatment
of infections caused by this drug-resistant pathogen.
Moreover, the findings will be invaluable for govern-
mental and non-governmental agencies, the academic
community, healthcare workers, and other stakeholders
in the health sector, providing diagnostic and treatment
services for patients suffering from K. pneumoniae infec-
tions. The significance of this study lies in its focus on the
molecular detection of OXA-48 and NDM-1 carbapen-
emase genes among clinical isolates of K. pneumoniae
from patients in a private tertiary hospital in Southwest-
ern Nigeria. By identifying the prevalence and distribu-
tion of these carbapenemase genes, the study will provide
valuable epidemiological data that can inform local and
national antimicrobial resistance strategies. The findings
can guide infection control policies and antibiotic stew-
ardship programs to curb the spread of these formidable
pathogens within healthcare settings. Given the global
nature of antimicrobial resistance, data from this study
will contribute to the broader understanding of resistance
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patterns and facilitate international efforts to combat the
spread of carbapenem-resistant Klebsiella pneumoniae
(CRKP).

Aim of the study

The aim of this study is to determine the prevalence of
selected carbapenemase genes among clinical isolates of
Klebsiella pneumoniae recovered from patients attending
a private tertiary hospital in Southwestern Nigeria.

Methodology
Study design
This is an analytical and epidemiological study.

Study area

This study was carried out at the Medical Microbiology
Laboratory, as well as the Molecular and Tissue Culture
Laboratory at Babcock University Teaching Hospital
(BUTH), Ilishan-Remo, Ogun State. BUTH is a private
hospital with over 400-bed capacity and is the only ter-
tiary hospital within the community, whereas Ilishan-
Remo is one of the geo-political wards in Ikenne Local
Government Area of Ogun State.

Study duration
The study lasted for a period of 2 months (February-
March, 2024).

Sample size

A total of 50 non-duplicate clinical isolates of Klebsiella
pneumoniae (chosen based on meropenem-resistance
within the duration of the study) recovered from the
specimens (urine, blood, sputum, pus, tracheal aspirate,
and ascitic fluid) of patients attending Babcock Univer-
sity Teaching Hospital (BUTH), Ilishan-Remo, Ogun
state, Nigeria, who presented with pneumonia, urinary
tract infection, bloodstream infection, and meningitis,
stored in separate sterile Bijou bottle containing nutrient
agar slant were used for the study.

Laboratory analysis

Culture of clinical isolates of Klebsiella pneumoniae

The clinical isolates were sub-cultured from different
media onto differential media, including MacConkey
agar (MCA), Eosin Methylene Blue (EMB) agar and Cys-
tine Lactose Electrolyte-Deficient (CLED) agar (Oxoid,
LabMal Malaysia), and were re-identified biochemically
using standard methods.

Identification of clinical isolates of Klebsiella pneumoniae

Standard methods (macroscopy and microscopy) for
identifying Klebsiella pneumoniae isolates were adopted.
Colony morphological features such as size, shape, tex-
ture, elevation, pigmentation, margins and opacity were
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recorded. Gram staining was performed to illustrate
their morphology. Their biochemical characteristics were
determined by carrying out catalase test, coagulase test,
oxidase test, indole test, citrate test and urease test. Also,
the isolates were placed on Chromogenic agars to help
further identification. ESBL-producing Klebsiella pneu-
moniae formed red and metallic blue colonies on CHRO-
Magar ESBL and CHROMagar Klebsiella (Sigma-Aldrich,
United States of America), respectively.

DNA extraction

Genomic DNA isolated from bacterial cells was used for
epidemiological or diagnostic purposes. Genomic DNA
was extracted using a DNA pure extraction kit (Zymo)
according to the manufacturer’s recommendations. The
amount and purity of the extracted DNA was measured
using a NanodropNDJacoby, 20,090 spectrophotometer
(Thermo Fisher Scientific, Waltham, MA USA).

DNA extraction procedure

Sample preparation

A colony of each clinical isolates of Klebsiella pneu-
moniae was inoculated into a Brain Heart infusion broth
contained in a properly labelled Bijou bottle.

Reagent preparation
1,040 pl of Proteinase K storage buffer was added to
20 mg of proteinase K tube prior to use. It was stored at
-20 °C after mixing.

Sample processing

The Brain Heart Infusion (BHI) broth containing the
sample was dispensed into Eppendorf tube. The sample
was centrifuged at 500 xg for 2 min. The supernatant was
decanted by sharp inversion. The bottom of the Eppen-
dorf tube was tapped to re-suspend the sediment. 20 pl
of DNA elusion buffer was added to the cell pellet (sedi-
ment). It was mixed using a vortex machine for 10 s.
200 pl of sample mixture was added to another eppen-
dorf tube. 200 pl of Biofluid and cell buffer and 20 pl of
Proteinase K was added to the Eppendorf tube. The con-
tent of the tube was mixed using the vortex machine for
10 s and incubated in a heat block at 55 °C for 10 min.
420 ul of Genomic Binding Buffer was added to the
digested sample. It was mixed using a vortex for 10 s.
The mixture was transferred to a Zymo-spin™ IIC-XLR
Columnin a collection tube. It was centrifuged at 12,000
xg for 1 min and the flow through and collection tube
was discarded. 400 ul DNA pre-wash buffer was added to

Table 2 PCR thermal cycling conditions [43]
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Table 1 Primers sequences used for the molecular detection of
Klebsiella pneumoniae carbapenemase genes [43]

Primer name  Sequence (5'to 3') Product Anneal-
size (bp) ingtem-

perature
(°C)

OXA-48-F GCGTGGTTAAGGATGAACAC 438 52

OXA-48-R CATCAAGTTCAACCCAACCG

NDM-1-F GGTTTGGCGATCTGGTTTTC 621 52

NDM-1-R CGGAATGGCTCATCACGATC

the spin column in a new collection tube. It was centri-
fuged at 12,000 xg for 1 min and the collection tube was
emptied. 700 pl of g-DNA wash buffer was added to the
spin column. It was centrifuged at 12,000 xg for 1 min
and the collection tube was emptied. 200 ul of g-DNA
wash buffer was added to the spin column. It was centri-
fuged at 12,000 xg for 1 min and the collection tube and
flow through were discarded. The spin column was trans-
ferred to a new Eppendorf tube. 50 ul of DNA elution
buffer was added directly on the matrix. It was incubated
for 5 min at room temperature. It was centrifuged at
maximum speed (14,000 xg) for 1 min to elute the DNA
which was used for molecular-based applications.

Primer design

The primer sequences and optimization protocols uti-
lized in this study for the detection of OXA-48 and
NDM-1 genes in Klebsiella pneumoniae isolates were
adapted from a previously published work by Poirel et al.
[43]. These primers have been validated for their efficacy
in identifying these genes among clinical isolates of Kleb-
siella pneumoniae. The primer sequences can be found in
Table 1.

PCR amplification with uniplex assays

Briefly, from the extracted genomic DNA of Klebsiella
pneumoniae, OXA-48 and NDM-1 genes were amplified
using primers listed in Table 1. The amplification reaction
was carried out in a 0.5 ml microcentrifuge tubes loaded
into a DNA thermocycler (Eppendorf Mastercycler AG
22331, Hamburg, Germany). Each tube contained 20 pl
reaction mixture. A known positive sample was used as
positive control while asterile distilled water was used as
negative control. The samples were subjected to different
cycling conditions (Table 2) using a PCR machine sup-
plied by Hangzhou Bioer Technology Company Limited
(Zhejiang, China). Afterwards, agarosegel electropho-
resis was carried out. At the end of the run, the gel was
viewed under UV blue light to determine the band sizes

Gene Initial denaturation No of cycles Denaturation Annealing Extension Final extension
OXA-48 94 °C for 10 min 36 cycles 94°Cfor30s 52°Cfor40s 72°Cfor50s 72 °Cfor 5 min
NDM-1 94 °C for 10 min 36 cycles 94 °Cfor30s 52°Cfor40s 72°Cfor50s 72 °Cfor 5 min
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of the amplicons. Using the primers listed belowr, OXA-
48 and NDM-1 genes were expected to have a band size
of 438 bp and 621 bp, respectively.

Results

The data presented for this research are in two steps.
The first step is the presentation of the primers’ opera-
tion with Klebsiella pneumoniae. Results show that the
designed primers for the OXA-48 gene and NDM-1 gene
operated well with the Klebsiella pneumoniae. The OXA-
48 and NDM-1 genes were amplified from the genomic
DNA of Klebsiella pneumoniae clinical isolates by

M P N
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uniplex PCR. The generated amplicons for OXA-48 gene
and NDM-1 gene were 438 bp and 621 bp respectively
(Figs. 1 and 2).

The second step involves the samples and the specimen
types. The results of this phase are presented in a chart
representing the frequency of the specimen types used. It
was observed that Klebsiella pneumoniae was most fre-
quently isolated from urine specimens, accounting for 24
(48%) of the cases, followed by blood, sputum, pus, tra-
cheal aspirate, and ascitic fluid, which accounted for 8
(16%), 7 (14%), 7 (14%), 3 (6%), and 1 (2%) of the cases,
respectively (Fig. 3). A total of 50 Klebsiella pneumoniae

Fig. 1 PCR amplification of Klebsiellapneumoniae for the detection of OXA-48 gene on gel electrophoresis with a generated amplicon of 438 bp.Uniplex.
Lane M: DNA Ladder; (100 bp). Lane P: Positive control. Lane N: Negative control. Lanes 1, 2, 4 and 5 were positive for OXA-48 gene. Lanes 3,6, 7, 8,9, 10,
11 and 12 were negative for OXA-48 gene
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Fig. 2 PCR amplification of Klebsiella pneumoniae for the detection of NDM-1 gene on gel electrophoresis with a generated amplicon of 621 bp.Uniplex.
Lane M: DNA Ladder; (100 bp). Lane P: Positive control. Lane N: Negative control. Lanes 1,2, 3,9, 10, 11 and 12 were positive for NDM-1 gene. Lanes 4, 5,
6, 7 and 8 were negative for NDM-1 gene

clinical isolates were sub-cultured and re-identified using
biochemical tests. These isolates were obtained from dif-
ferent infection sites including 24 urine samples (48%),
8 blood samples (16%), 7 sputum samples (14%), 7 pus
samples (14%), 3 tracheal aspirates (6%) and 1 Ascitic
fluid sample (2%) (Table 3).

The results showed that the uniplex PCR assay for
the detection of the OXA-48 gene was positive for 9
samples (18%) and 22 samples (44%) were positive for
the NDM-1 gene (Fig. 4). OXA-48 gene was positive in
9 (18%) clinical isolates of Klebsiella pneumoniae in dif-
ferent specimen types. The urine specimen had the high-
est number of positive cases, with 5 (10%), followed by

blood, sputum, and pus with 2 (4%), 1 (2%), and 1 (2%)
positive cases, respectively. The OXA-48 gene was not
detected in Klebsiella pneumoniae clinical isolates from
tracheal aspirate and ascitic fluid specimens (Fig. 5).

NDM-1 gene was positive in 22 (44%) clinical isolates
of Klebsiella pneumoniae in different specimen types.
The urine specimen had the highest number which was
11 (22%) followed by sputum, blood, pus and Ascitic fluid
which was 5 (10%), 3 (6%), 2 (4%) and 1 (2%) respectively.
The NDM-1 gene was not detected in Klebsiella pneu-
moniae clinical isolates from tracheal aspirate specimens
(Fig. 6).
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Fig. 3 Bar chart showing the number of different specimen types in the clinical isolates of Klebsiella pneumoniae

Table 3 Distribution of clinical isolates of Klebsiella pneumoniae

Clinical specimen Frequency (N) Percentage (%)
Urine 24 48
Blood 8 16
Sputum 7 14
Pus 7 14
Tracheal aspirate 3 6
Ascitic fluid 1 2

There was significant association between the car-
bapenemase genes among clinical isolates of Klebsiella
pneumoniae and the sites of infection (Fig. 7). Both OXA-
48 gene and NDM-1 gene were detected in 4 (8%) clinical
isolates of Klebsiella pneumoniae in different specimen
types. Blood specimen had the highest number of isolates
with both genes, with 2 (4%), followed by sputum and pus
with 1 (2%) each. Neither urine specimens, tracheal aspi-
rates, nor ascitic fluid specimens contained both genes
(Fig. 8).

Not all clinical isolates of Klebsiella pneumoniae pos-
sessed either the OXA-48 or NDM-1 genes. A total of
23 (46%) clinical isolates of Klebsiella pneumoniae from

25
20

15

18%

Frequency

10

different specimen types possessed neither the OXA-48
gene nor the NDM-1 gene. The urine specimen had the
highest number of such cases, with 8 (16%), followed by
blood, sputum, pus, and tracheal aspirates, with 5 (10%),
2 (4%), 5 (10%), and 3 (6%) cases, respectively (Fig. 9).

The results of the Antibiotic Susceptibility Testing
(AST) performed on the clinical isolates of Klebsiella
pneumoniae showed that all the 50 (100%) clinical iso-
lates of Klebsiella pneumoniae were resistant to merope-
nem. 9 (18%) clinical isolates of Klebsiella pneumoniae
were resistant to azithromycin. 3 (6%) clinical isolates of
Klebsiella pneumoniae were resistant to ciprofloxacin. 1
(2%) clinical isolate of Klebsiella pneumoniae was resis-
tant to amoxicillin. 1 (2%) clinical isolate of Klebsiella
pneumoniae was resistant to ceftriaxone. 1 (2%) clinical
isolate of Klebsiella pneumoniae was resistant to levoflox-
acin. 1 (2%) clinical isolate of Klebsiella pneumoniae was
resistant to cefepime. There was no resistance observed
to ceftazidime, cefuroxime, gentamicin, piperacillin-
tazobactam or amikacin (Table 4).

44%

m OXA-48

Genes

Fig. 4 Bar chart showing the comparison of the number of the number of positive samples for each gene
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Fig. 5 Bar chart showing the number of positive OXA-48 carbapenemase genes of Klebsiella pneumoniae present in each cultured specimen type
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Fig. 6 Bar chart showing the number of positive NDM-1 carbapenemase genes of Klebsiella pneumoniae present in each cultured specimen type
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Fig. 7 Bar chart showing the number of specimen types that were positive for each gene

Discussion

Carbapenem-resistant Enterobacteriaceae (CRE) fre-
quently cause infections in immunocompromised
patients, leading to prolonged hospital stays and
increased mortality [3, 15, 24]. Despite the introduc-
tion of new antibiotics for CRE infections, combat-
ing antibiotic resistance remains challenging due to
the limited availability of effective treatments and the

lack of comprehensive clinical data from large ran-
domized controlled trials. Diagnosing, treating, and
preventing CRE infections are significant challenges.
Notably, carbapenem-resistant Klebsiella pneumoniae
(CRKP) is identified as a critical-priority pathogen
among CREs [39]. The principal resistance mechanism
of CRKP involves the production of carbapenemases,
such as Klebsiella pneumoniae carbapenemases (KPC),
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Fig. 9 Bar chart showing the number of specimen types that had neither OXA-48 gene nor NDM-1 gene

Table 4 Antibiotic susceptibility pattern of clinical isolates of
Klebsiella pneumoniae

Antibiotics Number Sensi- Inter- Re-
of isolates  tive N mediate sis-
tested N (%) N (%) tant
(%) N (%)

Ceftazidime 50 (100) 38(76) 12 (24) -

Amoxicillin 50 (100) 37 (74) 12 (24) 1)

Ceftriaxone 50 (100) 38 (76) 11(22) 12

Cefuroxime 50 (100) 40 (80) 10 (20) -

Gentamicin 50 (100) 41 (82) 9(18) -

Ciprofloxacin 50 (100) 32 (64) 15 (30) 3(6)

Piperacillin-Tazobactam 50 (100) 49 (98) 1) -

Meropenem 50 (100) - - 50

(100)

Amikacin 50 (100) 43 (86) 7(14) -

Levofloxacin 50 (100) 35 (70) 14 (28) 12

Cefepime 50 (100) 32 (64) 17 (34) 12

Azithromycin 50 (100) 29 (58) 12 (24) 9(18)

New Delhi metallo-p-lactamase (NDM), imipenemase
metallo-pB-lactamase (IMP), Verona integron-encoded
metallo-p-lactamase (VIM), and oxacillinase-48-type
carbapenemases (OXA-48) [15, 28, 30, 40, 41].

This study aimed to detect OXA-48 and NDM-1 car-
bapenemase genes in clinical isolates of Klebsiella
pneumoniae from patients attending a private tertiary
hospital in southwestern Nigeria. Our results show an
OXA-48 positivity rate of 18% and an NDM-1 positiv-
ity rate of 44% among Klebsiella pneumoniae isolates.
This contrasts with findings from Odewale et al. [44],
who reported a higher prevalence of OXA-48 at 28.9%,
suggesting regional variations in prevalence. Our detec-
tion rate for NDM-1 is consistent with Olalekan et al.
[19], where 62.5% of isolates were positive for blaNDM,
although the presence of NDM-1 in our study was lower.
This discrepancy might be attributed to differences in
local epidemiological factors and healthcare practices.
We found that 8% of the isolates possessed both OXA-
48 and NDM-1 genes, predominantly in blood, sputum,
and pus samples. This contrasts with Olowo-okere et al.
[45], who reported a rare co-existence of carbapenemase
genes. This variation could indicate a potential for gene
co-expression that might be specific to our study region.

Furthermore, our study identified the highest preva-
lence of both carbapenemase genes in urine specimens,
which aligns with the findings of Nkup et al. [16], who
also reported a high prevalence of Klebsiella pneumoniae
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in urine samples. This observation underscores the
importance of urine as a significant source of resistant
isolates in Nigeria. Our study observed that 46% of the
isolates were negative for both genes, which is consis-
tent with findings from Doko et al. [18] and Oduyebo et
al. [46]. This suggests that while carbapenem resistance
is prevalent, not all resistant strains carry the tested car-
bapenemase genes, highlighting the presence of other
resistance mechanisms or undetected genes. The absence
of OXA-48 and NDM-1 in some isolates, as seen in Doko
et al. [18], indicates that resistance might be mediated
by other mechanisms or genes not covered in our study.
Additionally, the lower detection of OXA-48 in our study
compared to others might reflect differences in molecu-
lar techniques or the specific strains circulating in our
region.

Beyond the borders of Nigeria, the 44% prevalence of
the NDM-1 gene observed in this study was higher than
the 17.6% reported in South India by Remya et al. [47] but
lower than the 66% reported in Iran by Ghanbarinasab et
al. [48]. These discrepancies could stem from differences
in sample size or methodology. Conversely, the 18% prev-
alence of the OXA-48 gene found in this study was lower
than the 55% reported in Croatia by Suto et al. [49], the
66.7% in South India by Remya et al. [47], and the 52%
and 100% in Egypt and Iran, respectively, reported by El-
Domany et al. [50] and Ghanbarinasab et al. [48]. These
variations may be due to differences in sample size, study
population, or geographical location. Furthermore, both
genes co-occurred in 8% of the isolates, unlike the 41.3%
reported by Al-Zahrani et al. [27], possibly due to sample
size differences.

ElFeky et al. [51] found a high dissemination of both
NDM-1 and OXA-48 co-producing Enterobacterales
in Egypt, indicating similar resistance patterns. These
findings are consistent with our study, underscoring the
predominance of these resistance mechanisms in the
region. Studies in Bosnia and Herzegovina and India also
reported similar resistance trends, highlighting the need
for global surveillance and control measures [52—54].
Our observation of 100% meropenem resistance among
all isolates reflects the broader challenge of multidrug
resistance observed in various regions. This resistance
rate is slightly higher than the 93.2% reported by Wang
et al. [6] in China and significantly higher than the 29%
reported by Suto et al. [49] in Croatia. The lower resis-
tance rates in these studies may be due to differences in
the presence of resistance genes.

In this study, Klebsiella pneumoniae demonstrated
high susceptibility to third- and fourth-generation cepha-
losporins: 76% to ceftazidime, 76% to ceftriaxone, and
64% to cefepime. These susceptibility rates are higher
than those reported by Suto et al. [49] in Croatia and
Wang et al. [6] in China, where susceptibility rates were
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significantly lower. The discrepancies might be due to
the presence of additional resistance genes in the isolates
studied.

Aminoglycoside antibiotics showed high efficacy, with
82% and 86% susceptibility to gentamicin and amikacin,
respectively. These rates were higher than those reported
by An et al. [55] in Eastern China and Ghanbarinasab et
al. [48] in Iran. The higher susceptibility rates in our study
could be attributed to the absence of other resistance
genes. Piperacillin-tazobactam showed 98% susceptibil-
ity, higher than the 80.27% reported by Remya et al. [47]
in South India and the 7.5% reported by Wang et al. [6] in
China. The high resistance reported by Hosseinzadeh et
al. [56] in Iran and Alhazmi et al. [2] in Jeddah contrasts
sharply with our findings. These differences could be due
to variations in the presence of other resistance genes.

Our study demonstrated a 74% susceptibility rate to
amoxicillin, significantly higher than the rates reported
by Wang et al. [6] in China and Argente et al. [57] in
Catalonia, who found much lower susceptibility rates.
While the high sensitivity rate to amoxicillin observed in
this study is unconventional, it highlights the potential
for unique resistance profiles in specific bacterial popu-
lations. It is possible that the Klebsiella pneumoniae iso-
lates in our study harbor genetic mutations or variations
that could impact their typical resistance profiles. Such
variations might include the loss or alteration of the genes
encoding penicillinases or other resistance mechanisms,
leading to unexpected susceptibility to amoxicillin. While
Klebsiella pneumoniae is known to possess chromosomal
SHV-type beta-lactamases, it is possible that some of the
isolates in our study acquired plasmid-borne beta-lac-
tamase genes. These plasmid-encoded beta-lactamases
may contribute to resistance against beta-lactam antibi-
otics. However, the observed susceptibility to amoxicillin
in a minority of the isolates could be due to other factors,
such as variations in gene expression or the presence of
alternative resistance mechanisms that do not completely
inhibit the effectiveness of the antibiotic.

Klebsiella pneumoniae is a highly adaptable organism
with significant genetic diversity. Mutations or deletions
in the genes encoding the SHV-type beta-lactamases
could lead to variations in resistance patterns. Such
genetic variability among clinical isolates could explain
the unexpected susceptibility to amoxicillin observed in
our study. Whole-genome sequencing of these isolates
could further elucidate these genetic differences. The
phenotypic expression of antibiotic resistance can vary
among different isolates, even within the same species.
Environmental factors, selective pressures, and genetic
background can influence the expression of resistance
genes. This phenotypic heterogeneity could account for
the observed variation in amoxicillin susceptibility. The
ecological niche and evolutionary pressures faced by the
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clinical isolates may have led to differential expression of
resistance mechanisms. In a clinical setting, the selec-
tive pressure exerted by the use of various antibiotics
can shape the resistance profile of bacterial populations.
The isolates we tested might have been exposed to selec-
tive pressures that favored the retention or loss of cer-
tain resistance traits, including those against amoxicillin
[58—60].

Our study was conducted in a specific geographical
region (Southwestern Nigeria) where local epidemio-
logical factors might influence the resistance profiles of
bacterial populations. These factors could include differ-
ences in antibiotic usage patterns, infection control prac-
tices, or the presence of unique bacterial strains. We also
observed susceptibility to quinolones: 64% to ciprofloxa-
cin and 70% to levofloxacin, significantly higher than the
rates reported by Wang et al. [6] in China and Argente
et al. [57] in Catalonia. Again, these differences could
be attributed to regional variations in the prevalence of
resistance genes or local healthcare practices.

The susceptibility rate to carbapenems in our study was
20%, slightly higher than the rate reported by EI-Domany
et al. [50] in Egypt, who found a 13% susceptibility rate.
These rates underscore the challenge of treating infec-
tions caused by carbapenem-resistant Klebsiella pneu-
moniae. Interestingly, our study showed that 42% of the
isolates were susceptible to colistin, a stark contrast to
the 0% reported by Olowo-okere et al. [45] in Nigeria.
This difference might be due to variations in local colistin
usage patterns or resistance mechanisms.

The high isolation rate of CRKP from urine samples in
our study (46%) was similar to the 52% reported by Rojas
et al. [61] in the United States and consistent with the
findings of Satlin et al. [62] and El-Sayed et al. [63]. How-
ever, studies in Poland [6] and South Africa [64] reported
higher isolation rates from sputum and bloodstream
infections, respectively. This variation underscores the
need for regional surveillance and tailored interventions.
Overall, this study highlights the alarming prevalence
of carbapenem-resistant Klebsiella pneumoniae due to
OXA-48 and NDM-1 genes, reflecting global trends. Car-
bapenemase genes are often located on integrons with
other cassette genes, contributing to multidrug resis-
tance (MDR). The widespread nature of these resistance
genes underscores the urgent need for comprehensive
surveillance, robust infection control practices, and inter-
national cooperation to mitigate the spread of these for-
midable pathogens [65-68].

In the context of One Health, the global interconnect-
edness of ecosystems plays a crucial role in the dissemi-
nation of antibiotic-resistant bacteria and their genetic
elements. Resistant strains and their genes can be trans-
ported across ecosystems through water, air, and soil.
Contaminated water sources in one region can carry
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resistant strains to distant areas. Wildlife, livestock, and
pets can also spread resistant bacteria and genes across
borders. Animals traveling between regions or countries
can introduce new resistant strains into different ecosys-
tems. Human activities through global travel and trade
facilitate the movement of resistant bacteria. Patients
traveling for medical treatment, as well as international
shipping and trade, can spread resistant strains across
continents [65, 69].

Furthermore, antibiotic use in agriculture can select
for resistant strains, which then spread through food,
waste, and environmental contamination. Cross-border
healthcare activities, including patient transfers and
international medical collaborations, can contribute to
the spread of resistant bacteria and genes. These inter-
connected pathways highlight the importance of global
surveillance and cooperative strategies to address antimi-
crobial resistance [69, 70]. Understanding these dynam-
ics is crucial for developing effective interventions and
control measures to combat the spread of carbapenem-
resistant strains like those detected in our study.

Limitations of this study

The limitations of this study include: (1) A small number
of clinical isolates were used for the study due to the high
cost associated with molecular detection of the resistance
genes of interest in this research setting. (2) The study
was conducted over just two months. This short duration
may not fully capture the variability in antibiotic resis-
tance patterns over time. (3) While the study detected
the presence of carbapenemase genes, it did not investi-
gate their actual expression levels. Gene expression pro-
files could provide insights into the functional relevance
of these genes in the resistance of Klebsiella pneumoniae
strains to carbapenems, and (4) The study focused on two
specific carbapenemase genes (OXA-48 and NDM-1).
Other resistance genes that contribute to Klebsiella pneu-
moniae resistance were not explored due to the high cost
of investigation.

Recommendations

Based on the limitations identified in the study, the fol-
lowing recommendations are proposed to address these
shortcomings and enhance the robustness and applica-
bility of future research: (1) Increase the sample size to
obtain a more representative sample of clinical isolates,
enabling more accurate estimation of the prevalence
and distribution of OXA-48 and NDM-1 genes among
Klebsiella pneumoniae strains. Larger sample sizes can
enhance the statistical power of analyses and facilitate
subgroup analyses by patient demographics, infection
sites and antimicrobial resistance profiles. (2) Future
studies with longer durations are necessary to provide
a more robust and comprehensive analysis of resistance
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trends. (3) Conduct longitudinal studies to elucidate tem-
poral trends in the prevalence and genetic diversity of
Klebsiella pneumoniae strains, allowing for the assess-
ment of changes in resistance gene expression over time
and their association with clinical outcomes. Longitudi-
nal data can provide valuable insights into the dynamics
of Klebsiella pneumoniae infections and inform targeted
intervention strategies. (4) Expand the scope of molecu-
lar analysis to include other antimicrobial resistance
determinants and genetic markers associated with Kleb-
siella pneumoniae resistance. Whole-genome sequenc-
ing and functional genomics approaches can provide
a comprehensive understanding of the genetic basis of
Klebsiella pneumoniae antimicrobial resistance, guid-
ing the development of novel therapeutics and diag-
nostics. (5) Implement population-based surveillance
programs to monitor the prevalence and epidemiology
of Klebsiella pneumoniae infections at the community
level, facilitating early detection of outbreaks and iden-
tification of emerging antimicrobial resistance patterns.
(6) Collaboration between healthcare institutions, pub-
lic health agencies, and academic research centers can
enhance data sharing and facilitate collaborative research
efforts to combat Klebsiella pneumoniae infections effec-
tively. By implementing these recommendations, future
research endeavors can address the limitations identified
in this study and advance our understanding of Klebsiella
pneumoniae antimicrobial resistance and clinical man-
agement strategies, ultimately improving patient out-
comes and public health outcomes.

Conclusion

In conclusion, Carbapenemase genes (OXA-48 and
NDM-1) were present in varying degree (18% and 44%
respectively) in the clinical isolates of Klebsiella pneu-
moniae recovered from various sites of infections of
patients attending a private tertiary hospital in south-
western Nigeria. The detection of different carbapen-
emase genes of Klebsiella pneumoniae isolates suggests
that they are associated with resistance accompanied by
serious implications for patients and healthcare workers.
The outcome of this study underscores the results of pre-
vious studies and contributes significantly to the under-
standing of resistance of Klebsiella pneumoniae, offering
insights into gene distribution and the potential for tar-
geted interventions in the clinical setting. The combina-
tion of molecular methods and clinical data provides a
holistic view of Klebsiella pneumoniae infections in the
studied population. The findings offer valuable insights
into the diversity of gene distribution among speci-
men types and the potential of molecular techniques in
Medical Microbiology. This study serves as a foundation
for future research and underscores the importance of
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continued vigilance and proactive measures in managing
Klebsiella pneumoniae infections in healthcare settings.
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