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A B S T R A C T   

Background: The incidence of carbapenem-resistant Klebsiella pneumoniae (CRKP) infections is increasing glob
ally. In India, around 65% of K. pneumoniae isolates are resistant to carbapenem antibiotics. The blaNDM is the 
predominant carbapenem-resistant gene in CRKP isolates. However, blaOXA-48 has also been reported to be 
increasing in recent days. 
Methods: K. pneumoniae strains isolated from the clinical specimens of patients attending a tertiary care hospital 
in Hyderabad from June 2021 to May 2022 were included in this study. Resistance to carbapenems and other 
antibiotics was screened using Kirby-Bauer’s disc diffusion method. Phenotypic tests such as the Carbapenemase 
Nordmann Poirel (CarbaNP) test, Modified Carbapenem Inactivation Method (mCIM), and EDTA Carbapenem 
Inactivation Method (eCIM) were used to detect the carbapenemase producers. The genes responsible for 
carbapenemase production were detected by the real-time polymerase chain reaction (RT-PCR) method. 
Results: Out of 1265 K. pneumoniae strains isolated, 241 (19 %) isolates showed resistance to any one of the 
carbapenem antibiotics tested. Phenotypic tests such as CarbaNP, mCIM, and eCIM revealed that 94.6 %, 97.1 %, 
and 95.4 % of CRKP isolates were carbapenemase producers, respectively. About 66.4 % of CRKP isolates 
harbored blaNDM, 17.4 % harbored blaOXA-48, and 16.2 % harbored both blaNDM and OXA-48 genes. None of the 
isolates tested positive for blaKPC, blaVIM, and blaIMP genes. 
Conclusion: In this study, blaNDM is the most prevalent carbapenemase gene in CRKP isolates. Furthermore, 
blaOXA-48 and the co-existence of both blaNDM and blaOXA-48 genes were also found. CRKP is emerging as a serious 
threat among drug-resistant bacterial pathogens which would complicate the treatment of bacterial infections 
with available antibiotics.   

1. Introduction 

Carbapenems are the last resort drugs used to treat multidrug- 
resistant (MDR) bacterial infections. The incidence of carbapenem 
resistance is increasing across the globe. Treatment failure and eventu
ally high mortality were reported among individuals with carbapenem- 
resistant bacterial infections (Falagas et al., 2014; Xu et al., 2017). In the 

clinical settings, high carbapenem resistance was reported in Klebsiella 
pneumoniae isolates (Veeraraghavan et al., 2017). In India, around 65 % 
of K. pneumoniae was reported for carbapenem resistance in 2016 (ICMR 
Annual Report, 2021). Due to their significant public health threat, the 
World Health Organization (WHO) declares that Carbapenem-resistant 
K. pneumoniae (CRKP) is one of the critical groups of drug-resistant 
pathogens for which new therapeutics need to be developed (World 
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Health Organization, 2017). According to the Ambler classification, 
K. pneumoniae carbapenemase (blaKPC) was classified as a Class A 
enzyme which is widespread in Greece, Italy, and the United States. 
Metallo-β-lactamases (MBLs), New Delhi Metallo-β-lactamase (blaNDM), 
Verona Integron encoded Metallo-β-lactamase (blaVIM), and Imipenem 
carbapenemase (blaIMP) are classified as class B enzymes which are 
frequently reported in India, China, Japan, Russia, and Australia. Oxa
cillinases (blaOXA-48) are class D enzymes that are endemic in Turkey and 
also reported in France, Belgium, and North Africa (Nordmann et al., 
2011). 

In India, blaNDM is the most prevalent carbapenemase gene, and now 
blaOXA-48 and co-expression of both blaNDM and blaOXA-48 genes are 
increasingly reported (Tilahun et al., 2021; Veeraraghavan et al., 2017). 
Timely detection of CRKP infection and epidemiology of carbapenem- 
resistant genes are vital to optimize antibiotic therapies and develop 
infection control policies. In this study, we aimed to determine the 
distribution of carbapenem-resistant K. pneumoniae in a tertiary care 
hospital in Southern India. 

2. Materials &Methods 

2.1. Samples and bacterial isolates 

This study was carried out in a tertiary care hospital in Hyderabad 
from June 2021 to May 2022. The ethical approval for this study was 
obtained (MRNH IEC/TS/75/2022). A total of 1265 K. pneumoniae 
strains isolated from clinical specimens (wound swabs, urine, blood, 
pus, sputum, endotracheal secretion, bronchoalveolar lavage fluid, and 
tracheal aspiration) were included in the study. Other bacterial strains 
isolated from the study samples were not included in the analysis. Stool 
samples were excluded from the study as they could contain 
K. pneumoniae as normal flora from the human intestine. 

Bacterial identification was done by standard culture and biochem
ical tests. Kirby-Bauer’s test was used to determine the antimicrobial 
susceptibility testing for cefotaxime (CTX, 30 μg), cefoxitin (CX, 10 μg), 
ceftazidime (CAZ, 30 μg), amikacin (AK, μg), piperacillin/tazobactam 
(PT, 100/10 μg), gentamicin (GM, 10 μg), ciprofloxacin (CIP, 5 μg), 
meropenem (MRP, 10 μg), imipenem (IMP, 10 μg), and ertapenem (ETP, 
10 μg) (Himedia, India) (Clinical and Laboratory Standards Institute, 
2020). K. pneumoniae isolates that exhibit resistance to any one of the 
carbapenems used in this study were considered as CRKP and they were 
further screened for phenotypic and genotypic confirmatory tests. 

2.2. Phenotypic confirmatory tests 

Phenotypic confirmatory tests such as the CarbaNP, Modified Car
bapenem inactivation (mCIM), and EDTA Carbapenem inactivation 
(eCIM) were used to screen carbapenemase-producing K. pneumoniae 
(Clinical and Laboratory Standards Institute, 2020). 

2.3. CarbaNP test 

In this test, 100 µL of lysis buffer (20 mM Tris-HCl) was added into 
two 1.5 mL microcentrifuge tubes (tubes A and B). Loopful colonies from 
the Muller Hinton Agar (MHA) plate were taken using a 10 µL inocu
lation loop and emulsified in lysis buffer. The 100 μL of phenol red so
lution (pH 7.8) containing 0.1 mmol/L ZnSO4 (HiMedia, India) was 
added in tube A and 12 mg/mL of imipenem/cilastatin was added along 
with phenol red solution in tube B. Both tubes were incubated at 37 ◦C 
for 2 h and color changes were observed every 15 min. If tube B turns 
yellow or dark yellow, while tube A remains red, the test is considered 
positive (Lee et al., 2022). 

2.4. mCIM and eCIM tests 

In these tests, bacterial culture suspension was made in two tubes 

containing 2 mL of Trypticase soya broth (TSB) (Himedia, India). In one 
tube, 0.5 mM EDTA was added (eCIM) and in another tube, it was not 
added. A 10 μg meropenem (MEM) disc was added into both tubes and 
incubated at 37 ◦C for 4 h ± 15 min. Then the discs were removed and 
placed on MHA plates containing lawn culture of E. coli ATCC 25922 
(carbapenem susceptible). The plates were incubated at 37 ◦C for 16 to 
20 h (Lee et al., 2022). Results were interpreted as follows: 

• mCIM: The zone of inhibition of 6–15 mm and the presence of col
onies were considered positive.  

• An inhibition zone of ≥ 19 mm was considered negative.  
• eCIM: Further increase in inhibition zone of ≥ 5 mm compared to 

mCIM was considered positive and an increase of < 5 mm was 
considered negative. Only positive isolates of mCIM were further 
tested using eCIM. 

2.5. Bacterial DNA extraction 

The bacterial DNA of CRKP isolates was extracted using the spin 
column method (Biopro, India). About 5–10 bacterial colonies from the 
MHA plate were emulsified in 1.0 mL of nutrient broth in a 1.5 mL 
micro-centrifuge tube and incubated overnight at 37 ◦C. After incuba
tion, the tube was centrifuged at 8000 rpm for 3 min and the supernatant 
was discarded. The pellet was suspended in 200 μL of phosphate buffer 
(pH 7.2) followed by the addition of 200 μL of lysis buffer and incubated 
for 10 min at 37 ◦C. Then, 350 μL of a binding buffer was added to 
precipitate DNA. The whole lysate was transferred to the spin column 
and centrifuged at 8000 rpm for 1 min and washing was done by adding 
600 µL of wash buffer and then centrifuged at 8000 rpm for 30 sec. 
Finally, the spin column was placed in a new 1.5 mL tube followed by 
addition of 100 μL of elution buffer and centrifuged at 8000 rpm for 30 
sec. Eluted DNA was stored at -20 ◦C for PCR amplification of target 
genes. 

2.6. Detection of carbapenem-resistant genes 

Extracted DNA was used for the amplification of carbapenem- 
resistant genes using a Hi-PCR carbapenemase multiplex real-time 
PCR kit (Himedia, India). The kit has two-tube PCR assays, in tube 
one, primers and probes for blaKPC, blaNDM, blaVIM, and blaIMP, and in the 
second tube, primer and probe for blaOXA48 were added. The test was 
conducted using a 25 μL reaction mixture (Master Mix: 20 μL and DNA 
template: 5 μL). The PCR thermal conditions used were 95 ◦C for 10 min 
for initial denaturation, 95 ◦C for 05 sec for denaturation, and 60 ◦C for 
1 min for annealing and extension with 45 cycles. 

3. Results 

Out of 1265 K. pneumoniae isolates, 241 (19 %) isolates were resis
tant to carbapenem antibiotics. The majority (n = 223, 92.5 %) of the 
CRKP strains were isolated from individuals admitted to the In-Patient 
Department (IPD). Table 1 shows the distribution of CRKP strains in 
various wards. About 76 % of the isolates were obtained from the age 
group of 41–60 years followed by 24 % from the 21–40 age group 
(Fig. 1). CRKP strains were majorly isolated from pus samples (31.5 %, n 
= 82) followed by urine (22.9 %, n = 64) (Table2). 

3.1. Antibiotic susceptibility profile 

In this study, all carbapenem-resistant isolates were resistant to 
cefotaxime, cefoxitin, amikacin, and gentamycin. (Fig. 2). The resistance 
rates for piperacillin-tazobactam, ceftazidime, and ciprofloxacin were 
97.9 %, 97.5 %, and 97.1 %, respectively. 
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3.2. Phenotypic detection of carbapenemase producers 

All the 241 isolates resistant to carbapenem antibiotics were tested 
for phenotypic screening of carbapenemase production. About 94.6 % 
(n = 228) of CRKP isolates showed positive for carbapenemase pro
duction by CarbaNP test. The mCIM and eCIM tests detected carba
penemase production in 97.1 % (n = 234) and 88.0 % (n = 206) of CRKP 
isolates, respectively. It was observed that the mCIM test has the highest 
sensitivity (97.1 %) followed by CarbNP (94.6 %) and eCIM (88.0 %) 
tests. All three tests showed 100 % specificity for the detection of 
carbapenemase producers (Fig. 3). 

3.3. Detection of carbapenemase encoding genes 

All 241 isolates showed positive for at least one carbapenemase- 
producing gene tested. The most predominant gene was blaNDM (n =
160, 66.4 %) followed by blaOXA-48 (n = 42, 17.4 %). Thirty-nine (16.2 
%) isolates carried both blaNDM and blaOXA-48 genes and none of the 
isolates carried blaKPC, blaVIM, and blaIMP genes. 

4. Discussion 

K. pneumoniae is one of the important bacterial species in the 

Enterobacteriaceae family and it shows a higher resistance profile to 
antibiotics, especially to carbapenem antibiotics. In this current study, 
about 19 % of K. pneumoniae were found to be resistant to carbapenem. 
In other studies, CRKP was reported as 17.6 % (Sood, 2014) and 27.5 % 
(Mohanty et al., 2017). We observed that the majority of isolates were 
obtained from in-patient samples (92.5 %). CRKP strains were isolated 
in more numbers among the hospitalized patients. In this study, an 
analysis was not done to differentiate community and hospital-acquired 
CRKP infections. A previous study from Mumbai, India reported that 19 
% of the carbapenem-resistant strains were isolated from out-patient 
samples (Qureshi et al., 2014). But in this study, it was only about 8 
% from out-patient samples. Furthermore, the majority of CRKP isolates 
were obtained from pus samples (31.5 %) followed by urine (22.9 %). 
However, in contrast to our study, a study reported that urine samples 
were the major source of CRKP strains (Nagaraj et al., 2012). 

The antibiotic profile showed that all the isolates were resistant to 
meropenem and ertapenem. Previous studies reported that the Ambler 
class B (blaNDM) enzymes had the highest carbapenemase activity with a 
wide range of hydrolytic activity against penicillins, cephalosporins, and 
carbapenems (Nordmann et al., 2012a). In this current study, the iso
lates carrying blaNDM were resistant to all tested antibiotics. Changes in 
the bacterial inoculum size, pH of the culture medium, incubation 
temperature, and multiple beta-lactamase production could affect the 
accuracy of the disc diffusion method (Birgy et al., 2012). Therefore, 
confirmatory testing is essential to detect carbapenemase- 
producing Enterobacteriaceae. 

Table 1 
Distribution of CRKP Isolates in Hospital Wards.  

S. 
No 

Ward No. of CRKP 
Isolates 

Percentage of CRKP 
Isolates 

1 Medical ward 71  29.5 
2 Surgical ward 18  7.5 
3 Orthopedics ward 13  5.4 
4 Pulmonology ward 18  7.5 
5 Emergency ward 8  3.3 
6 Post-operative ward 7  2.9 
7 OBG (Obstetrics & 

Gynecology) ward 
7  2.9 

8 OPD (Outpatient 
Department) 

18  7.5 

9 SICU (Surgical Intensive Care 
Unit) 

39  16.2 

10 MICU (Medical Intensive Care 
Unit) 

29  12.0 

11 CCU (Critical Care Unit) 11  4.5 
12 ICU (Intensive Care Unit) 2  0.8 
Total 241 100.0  

Fig. 1. Age-wise Distribution of CRKP Isolates.  

Table 2 
Distribution of CRKP Isolates in Clinical Samples.  

S. 
No 

Type of Sample No. of 
Isolates 
(n =
1265) 

No. of CRKP 
Isolates 
(n = 241) 

Percentage of 
CRKP Strains 

1 Pus 260 82  31.5 
2 Urine 279 64  22.9 
3 Sputum 169 35  20.7 
4 Wound swabs 158 19  12.0 
5 Endotracheal 

Secretion 
109 12  11.0 

6 Bronchoalveolar 
Lavage fluid 

112 12  10.7 

7 Blood 153 15  9.8 
8 Tracheal aspiration 25 2  8.0  
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In this study, CRKP isolates were further tested by CarbaNP test, 
mCIM, and eCIM to confirm the production of carbapenemase enzymes. 
CLSI recommends these tests and they are rapid, inexpensive, and have 
high sensitivity and specificity to detect carbapenem-resistant isolates 
(Nordmann et al., 2012b; Tamma and Simner, 2018). In this study, using 
the CarbaNP test, it was found that 94.6 % of K. pneumoniae isolates 
produced carbapenemases. The average detection time of carbapenem
ase producers using this method was 24.1 min. In a study, CarbaNP test 
showed 97.9 % sensitivity and 100 % specificity (Dortet et al., 2014). 
Furthermore, CarbaNP test identified all blaNDM, blaKPC, blaIMP, and 
blaVIM-positive isolates as carbapenem producers. However, CarbaNP 
test failed to detect four blaOXA-48-like gene-positive isolates (Dortet et al., 
2014). The low sensitivity was reported for CarbaNP test among 
blaOXA48 gene-harboring isolates (Armin et al., 2021). But in this study, 
all OXA-48 gene-positive isolates had shown positivity for carbapen
emase production by CarbaNP test. However, negative results were 

observed for the isolates carrying both blaNDM+OXA48 genes. 
The mCIM is a phenotypic test known for its high sensitivity and 

specificity in detecting carbapenemase producers (Van Der Zwaluw 
et al., 2015). In the current study using mCIM test, it was identified that 
97.1 % of carbapenem-resistant isolates were carbapenem producers. 
The mCIM test showed 93.3 % sensitivity and 100 % specificity in a 
study by Yıldız et al. (2017). It is important to monitor the carbapen
emase producers since this could complicate the selection of antibiotics 
for treatment. In India, carbapenem resistance is mainly due to blaNDM 
and blaOXA-48 enzymes. Other carbapenemase genes such as blaKPC, 
blaVIM, and blaIMP were rarely seen (Mohanty et al., 2017; Veerar
aghavan et al., 2017). 

Isolates carrying blaNDM are resistant to many antibiotic classes like 
β-lactams, fluoroquinolones, and aminoglycosides which were respon
sible for significant mortality ranging from 18 % to 67 % (Jaggi et al., 
2019; Nordmann et al., 2011) due to the treatment failure. In our study, 

Fig. 2. Antibiotics Resistance Profile of CRKP Isolates. CTX – Cefotaxime; CAZ- Ceftazidime; CX- Cefoxitin; AK- Amikacin; GM – Gentamicin; CIP- Ciprofloxacin; PT- 
Piperacillin/Tazobactam; IPM – Imipenem; MPM- Meropenem; ETP – Ertapenem. 

Fig. 3. Sensitivity and Specificity of Phenotypic Testes for Detection of Carbapenemases Production.  
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66.4 % of isolates harbored the blaNDM gene. We have not recorded the 
patient recovery status for this study. Mohanty et al. in 2017 reported 
that 65 % of carbapenem-resistant K. pneumoniae harbored the blaNDM 
gene. The blaOXA-48 has been the second most carbapenemase producer 
in recent years. This enzyme was first reported in 2004 in Istanbul, 
Turkey, and from there it was disseminated worldwide (Nordmann 
et al., 2011). In the current study, 17.4 % of isolates harbored the blaOXA- 

48 gene, and our results closely correlated with the results of Jaggi et al. 
(2019) who reported that 15.4 % of CRKP strains harbored the blaOXA-48 
gene. In another study, the blaOXA-48 gene was detected in 44.5 % of 
carbapenem-resistant isolates (Pawar et al., 2020). 

An isolate carrying multiple carbapenem-resistant genes is a major 
threat to public health since it could have a broad-spectrum resistance 
profile (Armin et al., 2021; Van Der Zwaluw et al., 2015). In the current 
study, co-harboring of blaNDM + OXA48 genes was observed in 16.2 % of 
CRKP isolates and these isolates had shown resistance to multiple classes 
of antibiotics which could be the major concern in treating patients with 
carbapenem-resistant bacterial infections. In another study by Veerar
aghavan et al. (2017), it was reported that 28 % of isolates produced 
both blaNDM and blaOXA-48. They also reported that CRKP infections were 
treated with colistin and tigecycline, in combination with meropenem. 
This aspect clearly shows that CRKP infections require a high class of 
antibiotics for treatment and sometimes a combination of drugs is 
required. It is a serious alarm in clinical settings that CRKP infections 
could limit the antibiotics for treatment and complicate the recovery of 
patients from the infections. Many studies reported hospital-acquired 
CRKP infections and their treatment failure. Infection Control Policies 
should be strictly implemented in hospitals to control the spread of in
fectious agents especially multidrug-resistant pathogens (Nagaraj et al., 
2012, Falagas et al., 2014, Qureshi et al., 2014, Aldali et al., 2023). 
Otherwise, these carbapenem-resistant genes can rapidly spread to other 
bacterial species in Enterobacteriaceae, which could lead to an increased 
incidence of carbapenem-resistant bacterial infections (Kamalakar et al., 
2023). 

5. Conclusion 

This study outcomes revealed that blaNDM is the most prevalent 
carbapenemase gene in CRKP isolates. Furthermore, blaOXA-48 and the 
co-existence of both blaNDM and blaOXA-48 genes are emerging in CRKP 
isolates. The infections caused by CRKP are a serious public health 
concern, especially in patients under treatment in hospital settings. 
Strict implementation of Infection Control Policies would reduce the 
carbapenem-resistant bacterial infections spreading to the community. 
Performing regular surveillance studies in hospitals is very important to 
identify the circulating genes among carbapenem-resistant bacteria 
which will help to overcome the therapeutic challenges in treating the 
patients infected with CRKP. 
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