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ABSTRACT

Introduction: The emergence of carbapenem-resistant Klebsiella pneumoniae (CRKP) is due to presence  
of the bla

NDM-1
 gene that expresses the NDM-1 enzyme. As antibiotic resistance is a threat to  

public health, it is important to determine the prevalence of CRKP isolated from patients at a teaching  
hospital in the east coast of Peninsular Malaysia and understand the demographical trend of the bacteria  
in patients to keep infection at bay. Methods: A total of 213 Klebsiella pneumoniae isolates from  
the year 2017 to 2019, of non-repetitive clinical specimens of patients were tested for sensitivity against  
carbapenems using the disc-diffusion method. Phenotypic detection of carbapenemase was performed  
using the modified Hodge test and polymerase chain reaction was used to detect the presence of bla

NDM-1  

from bacterial DNA. Results: Isolates with bla
NDM-1

 gene was present in 93.4% (n=199) of 213 samples, with  
the highest number in blood (20.7%, n=44) and urine samples (20.7%, n=44). CRKP isolates producing  
NDM-1 enzyme were found to be the highest in male patients (56.8%, n=113) and in those aged between  
61 and  80 years (49.7%, n=99), although it was not significantly associated. Conclusion: This study identified  
the presence of bla

NDM-1
 in a large proportion of CRKP isolates obtained from samples at the teaching  

hospital. This may require the formulation of protocols to screen for CRKP and reduce the risk of infection,  
especially among elderly males. The Ministry of Health may need to implement screening protocols to reduce  
infection risk.
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INTRODUCTION

Carbapenem-resistant Klebsiella pneumoniae (CRKP) is  
a notorious multidrug-resistant pathogen commonly 
acquired in a hospital setting. Its resistance is due 
to the production of carbapenemase enzymes like  
metallo beta-lactamase, which allows the bacteria 
to hydrolyse the β-lactam ring in antibiotics except 
aztreonam (1). Carbapenems belong to the β-lactamase 
class of antibiotics, and its action is similar to  
penicillin, which inhibits the synthesis of bacterial  
cell wall. However, it has a broader spectrum of 
antibacterial activity and is quite effective in the 
treatment of multi-drug resistant bacteria. However, 

over the past decades, resistance to this vital antibiotic 
is emerging at a rapid rate (2). As more CRKP is isolated 
in the hospital setting and from the community,  
research focus is now concentrated on controlling 
its infection. Hospital protocols on CRKP detection 
is therefore very important in treating and preventing  
the increase of resistance currently encountered (3).

Our previous review reported that the prevalence of 
CRKP in several hospitals in Malaysia was increasing 
and the most commonly found carbapenemase gene  
in CRKP was  bla

NDM-1
 (4). For example, Zainol  

et al. (5) reported the prevalence of positive NDM-1  
gene was 29% (n=18), and 89% (n=16) were  
Klebsiella pneumoniae. Zaidah et al. (6) reported 
95% (n=388) of the isolated Carbapenem resistant 
Enterobacteriaceae (CRE) in their study was   
Klebsiella pneumoniae and 82% (n=112) showed  
positive detection of NDM-1 gene. Hence, the aim  
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of this study was to investigate the prevalence of  
bla

NDM-1
 positive CRKP isolated from different clinical  

specimens and associate it with the sociodemographic 
data of patients at a teaching hospital in Kelantan, a 
northeastern state in Peninsular Malaysia, within the 
recent three years. As part of the medical faculty of 
a renowned public university, the teaching hospital 
(located at a suburban area in the state capital of  
Kota Bharu) is one of the primary referral hubs for 
medical cases in the east coast of Peninsular Malaysia. 
This study has updated the previous knowledge of 
CRKP that reported very low prevalence of CRKP in 
Malaysia and the need for more research in this area 
toward understanding the underlying mechanism for 
carbapenem resistance because carbapenems are 
considered as the last option when treating infections 
due to multidrug-resistant microorganisms in hospital 
settings.

MATERIALS AND METHODS

Samples and isolates 
This retrospective descriptive study involved the 
retrieval of CRKP strains collected in the stock culture 
laboratory at the Department of Medical Microbiology 
and Parasitology of the hospital. All patients’ data  
pertaining to the organisms isolated was retrieved 
from the hospital Laboratory Information System 
(LIS) databases available in the department and 
ethical approval was obtained from Human 
Research Ethics Committee, Universiti Sains 
Malaysia (reference no: USM/JEPeM/19110715).  
Non-repetitive CRKP isolates from blood, urine, 
sputum, endotracheal intubation, tracheal aspirates 
and other samples collected between 2017 and 
2019 were retrieved and identified based on growth  
characteristics before being subjected to basic 
biochemical testing and confirmed using  the Vitek 
GNI card in the Vitek2 automated identification  
system (bioMe´rieux Vitek, Durham, North Carolina, 
USA).

Antibiotic susceptibility tests
The susceptibility of  isolates against meropenem, 
imipenem and ertapenem were tested using the  
disc-diffusion method. The interpretation of sensitivity 
results were referred to the Clinical and Laboratory 
Standards Institute (CLSI) criteria for carbapenems 
(7). The disc zones of inhibition ≤19 mm indicated  
resistance; 20 to 22 mm indicated intermediate 
resistance; and ≥23 mm indicated sensitivity. Bacterial 
colonies were considered as suspected carbapenemase 
producers when showed a zone of inhibition  
≤18 mm in diameter for ertapenem and ≤19 mm for 
meropenem/imipenem. Colonies  that  demonstrated  
reduced susceptibility towards ertapenem, imipenem  
or meropenem were further tested for minimal  
inhibitory concentration (MIC) using the E-test  
method.

Detection of carbapenemase
The modified Hodge test (MHT) was used for   
phenotypic detection of carbapenemase in bacterial 
colonies. The MHT was performed according to the  
CLSI guidelines (8). Klebsiella pneumoniae (positive 
control strain: ATCC BAA-1705; negative control 
strain: ATCC BAA-1706) was resuspended in 0.5 
ml MacFarland’s suspension and was diluted with 
sterile saline at a ratio of 1 to 10. The diluted  
bacterial suspension was inoculated on Mueller  
Hinton agar and left to dry for five minutes. An   
imipenem disc (10 μg) was then placed on the centre  
of the agar. A few colonies of Klebsiella pneumoniae 
were picked and streaked in a straight line, from the  
edge of the disc up to a distance of at least 20 mm.  
The plates were incubated at 370C for 24 hours 
and examined. Inoculated plates were checked for  
enhanced growth around the intersection of the  
streak (clover-leaf indentation) (9). 

Detection of blaNDM-1 gene
Boiling method was used for the genomic 
deoxyribonucleic acid (DNA) extraction as described 
by Oliveira et al. (10). Two fresh colonies of  
Klebsiella pneumoniae were mixed and suspended 
in 300 μL distilled water. The suspension was heated 
at 1000C for 10 minutes. After cooling down to  
room temperature, the suspension was centrifuged 
at 15,000 g for five minutes and the supernatant  
was used as a source of DNA template. Polymerase 
Chain Reaction (PCR) amplification was carried out  
on the extracted DNA to detect the  bla

NDM-1
 gene  

using published  primers stated in Table I (11). 

All amplifications of PCR were conducted using 
the exTen 2x master mix (ready-to-use). Each PCR  
reaction consisted of 1 μL of each primer, 10 μL 
exTen 2x ready to use master mix, 6 μL nuclease-free  
water and 2 μL DNA sample with a final reaction  
volume of 20 μL. The following amplification  
conditions were used: initial denaturation at 94°C  
for three minutes, followed by 30 cycles of 
denaturation at 94°C for one minute, annealing  
at 55°C for one minute, and a final extension at  
72°C for five minutes. 

The amplified PCR products were subjected to gel 
electrophoresis [1.0% gel stained with florosafe  
DNA stain (0.5 μg / ml)] at 70 V for 45 minutes. The  
gel was placed in an image analyser (Syngene,  
Cambridge, UK) and the Genesnap software was  
used to record images and analyse the bands. Bands 
with a size of 439 bp were considered positive for  
the bla

NDM-1 
gene.

Statistical analysis
Data was compiled and analysed using IBM SPSS  
Version 26 (IBM Corp, Armonk, NY, USA). Descriptive 
analysis such as frequency and percentage was 
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Table I : Primer sequences used for the detection of blaNDM-1 in Klebsiella pneumoniae isolated from patient samples

Targeted 
gene

Sequence (5’ to 3’) Length  
(bases)

Amplicon 
size (bp)

TM (°C) Concentration 
(pmol/µL)

bla
NDM-1

Forward TAAAATACCTTGAGCGGGC 19 439 52 15 

Reverse AAATGGAAACTGGCGACC 18 439 52 15 
Source: Mlynarcik et al., (8) 

Table II : Socio-demographic data of patients 

Demography Frequency, n Percentage, (%)

Gender

        Male 122 57.3

        Female 91 42.7

Age range (years)

      ≤ 20 9 4.2

       21- 40 28 13.1

       41- 60 57 26.8

       61- 80 109 51.2

       ≥ 81 10 4.7

Ethnicity

      Malay 205 96.2

      Chinese 5 2.5

      Others 3 1.5

Figure 1 : Distribution of carbapenem resistant  
Klebsiella pneumoniae according to the type of  
specimens.

Table III : Detection of carbapenem resistance and carbap-
enemase in bacterial isolates 

Test Frequency (%)

Positive Negative

Carbapenem Resistance

Imipenem 200 (93.9) 13 (6.1)

Ertapenem 213 (100.0) 0 (0)

Meropenem 189 (88.7)  24 (11.3)

Modified Hodge Test 183 (86.1)  30 (13.9)

Figure 2 : Agarose gel electrophoresis of bla
NDM-1 

gene. 
M represents 100bp DNA marker ladder, P is posi-
tive control, N is negative control and the lines 1-5 
represent samples.

performed for all variables. Pearson’s Chi-Squared 
test was used to determine if there were significant 
associations between socio-demographic variables  
and the presence of bla

NDM-1
 (p < 0.05).

RESULTS
  
Sociodemographic characteristics and sample 
distribution
The sociodemographic data of patients whose clinical 
specimens were recruited for this study are shown 
in Table II. Most of the samples in this study were  
collected from Malay patients (96.2%, n=205) who 
were males  (57.3%, n=122) ranging from 61 to  
80 years old (51.2%, n=109). Figure 1 shows the 
distribution of  CRKP isolated from various clinical 
samples, where the most common sources were   
blood  (20.7%, n=44), followed by urine (20.7%,  
n=44), endotracheal intubation (16.4%, n=35) and 
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tracheal aspirates (9.4%, n=20). Other clinical  
specimens comprised 10.8% (n=23), which included 
bile, pleural fluid, bone tissue etc.

Antibiotic susceptibility and carbapenemase detection
The result of carbapenem resistance revealed 
susceptibility to ertapenem, imipenem and meropenem, 
with ertapenem having the highest susceptibility  
at 100%, imipenem at 94% and meropenem at 89%. 
All isolates of CRKP that tested positive to carbapenem 
susceptibility were subjected to confirmatory test  
using MHT. Out of 213 isolates, a total of 183 (86.1%) 
were MHT positive and 30 (13.9%) were MHT  
negative (Table III).

PCR results of blaNDM-1 gene 
Over the period of this study, the bla

NDM-1
 gene  

was detected in 199 (93.4%) of 213 CRKP 
isolates. Figure 2 shows an example of agarose gel  
electrophoresis with bands of bla

NDM-1
 gene amplicons. 

Isolates from males, 113 (56.8%) had a higher  
frequency of bla

NDM-1
 than isolates from females, 86 

(43.2%). The bla
NDM-1

 gene of CRKP isolates were  
found to be highest in patients aged between 61 to 
80 (49.7%, n=99). However, no association was found  
between any of the socio-demographic variables  
and the presence of bla

NDM-1
 (p>0.05) (Table IV).

DISCUSSION

The high prevalence of bla
NDM-1

 gene among CRKP 
isolates in this study was found to be similar to the 
rates reported by previous studies (5, 6, 12). One 
of the studies detected 16 (89%) bla

NDM-1
 positive 

Klebsiella pneumoniae isolates out of the 18 samples 
in their study (6). Whereas, Yeow (12) reported  
majority of isolated samples in his study were  
New Delhi metallo-β-lactamase (NDM)-producing 
carbapenem-resistant Enterobacteriaceae (CRE) (59.3%, 
102/172). Data from the national surveillance report 
on antibiotic resistance, Malaysia (2016) showed 
that the rate of resistance of Klebsiella pneumoniae 
to carbapenems had increased from 3.2% to 4.0% in  
2015 and 3.7% to  4.4% in 2016 (13). Thus, the 
significant rise of  CRKP prevalence rates underscored  
the need for controlling further spread the bacteria.  
NDM is an enzyme that is capable of hydrolysing 
the β-lactam rings in penicillin- and cephalosporin-
based antibiotics, rendering them ineffective in treating 
infections. NDM-1 was first discovered in a strain 
of Klebsiella pneumoniae isolated from a Swedish  
patient, who was hospitalised in 2008 in New Delhi, 
India (14).

Most of the CRKP isolates in this study were from blood 

Table IV :  Association between sociodemographic characteristics and blaNDM-1 detection 

Demography Frequency (%) of blaNDM-1 detection p-value

Positive Negative 

Gender

        Male 113 (56.8 %) 9 (64.3) 0.781

        Female 86 (43.2 %) 5 (35.7)

Age range (years)

      ≤ 20 9 (4.5) 0 (0) 0.746

       21- 40 27 (13.6) 1 (7.1)

       41- 60 55 (27.6) 2 (14.3)

       61- 80 99 (49.7) 10 (71.4)

       ≥ 81 9 (4.5) 1 (7.1)

Ethnicity

      Malay 191 (96.0%) 14 (100) 0.508

      Chinese 5 (2.5%) 0 (0)

      Others 3 (1.5%) 0 (0)

Statistical test – Pearson Chi square
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infection. This can also be accomplished thorugh a 
signaling system at the hospital by establishing active 
surveillance to collect epidemiological data, the 
establishment of a ward for CRKP positive patients,  
and the formulation of regulations for new antibiotics

CONCLUSION

The prevalence of bla
NDM-1

 gene among CRKP isolates 
is high and increasing, highlighting the need for 
control measures. Blood and urine samples have the 
highest number of isolates, and older patients are 
more susceptible. All CRKP isolates in this study were 
susceptible to ertapenem. Socio-demographic factors  
do not appear to be a significant risk factor for CRE 
infection. More study is needed to determine the role 
of patients’ education level. Despite the increasing 
prevalence of bla

NDM−1
-positive CRKP in Malaysia 

as obtained in this study, there is a lack of sufficient 
epidemiological data in the hospital to understand 
the factors contributing to its high transmission rate  
in hospitals. Hence, there is an urgent need for  
further research involving multiple hospitals and 
detailed patient information, including income 
level, occupation, and area of residence, to better  
understand the extent and underlying mechanisms of 
this resistance.
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