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Abstract:  
Introduction: The number of cases of Klebsiella pneumoniae that are resistant to β-lactam medicines is rising. 
The objective of this investigation was to ascertain the frequency of specific carbapenemase genes in clinical 
isolates of Klebsiella pneumonia that were obtained from patients receiving care at a Southern Rajasthan private 
tertiary hospital. 
Materials and Methods: The present study was conducted in Pacific Medical College and Hospital. Udaipur, 
Rajasthan, India. 156 consecutive non-repetitive, clinically significant isolates of Klebsiella pneumoniae from 
various clinical specimens was included in the study. In systematic screening program for isolation of Klebsiella 
species clinical samples were collected from Inpatient Department (IPD) and Outpatient Department (OPD). In 
our study we included clinical samples i.e Urine, Bronchial aspirate, Sputum, Pleural fluid, Blood, and Pus. 
Clinical samples were collected aseptically and transport to Microbiology lab. 
Results: Results obtained from polymerase chain reaction showed OXA-48 gene was detected in isolates of 
Klebsiella pneumoniae resistant to carbapenem by polymerase chain reaction. The OXA-48 gene was found in 
all 10 (100%) isolates of carbapenem-resistant Klebsiella pneumoniae, according to the results of our investiga-
tion using polymerase chain reaction. Consequently, it was discovered that the polymerase chain reaction, which 
has 100% sensitivity, is the gold standard for identifying carbapenemases. The combined disc test has identified 
more carbapenemases than MHT among the phenotypic assays. 
Conclusion: This study shows that clinical isolates of Klebsiella pneumoniae obtained from patients visiting a 
private tertiary hospital have the genes OXA-48 and NDM-1. In order to track the prevalence and epidemiology 
of Klebsiella pneumoniae infections at the community level, population-based surveillance programs should be 
put in place. This will help with early outbreak detection and the identification of new patterns of antibiotic 
resistance. 
Keywords: Klebsiella pneumonia, genes OXA-48 and NDM-, Antibiotic resistance. 
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Introduction 

Carbapenem-resistant Klebsiella pneumoniae 
(CRKP) comprises a group of Gram-negative bac-
teria that cause serious hospital-acquired infections, 
such as pneumonia, meningitis, liver abscesses, 
wound, and urinary tract infections, especially in 
immunocompromised patients. The increasing 
prevalence of CRKP and the rise in multidrug re-
sistance are of critical concern. [1] According to 
the World Health Organization (2021), "CRKP is 
widespread worldwide, with the prevalence of 
CRKP in Klebsiella pneumoniae isolates exceeding 
50% in some patient groups". [2] Carbapenems are 
often considered the last line of defense against 
serious infections caused by multidrug-resistant 

(MDR) bacteria, including certain strains of 
Klebsiella pneumoniae. [3] The emergence of car-
bapenemases, such as KPC (Klebsiella pneumoniae 
carbapenemase), NDM (New Delhi metallo-beta-
lactamase), and VIM (Verona integron-encoded 
metallo-beta- lactamase), can inactivate car-
bapenems and other beta-lactam antibiotics, render-
ing them ineffective. [4] The synthesis of three 
types of carbapenemases is the main mechanism 
underlying carbapenem resistance in Klebsiella 
pneumoniae: Monobactam antibiotics are ineffec-
tive against bacteria that express this resistance 
mechanism due to three types of resistance mecha-
nisms: [5] metallo-β-lactamases (e.g., NDM-1, 
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IMP, VIM) of molecular class B, which hydrolyze 
all β-lactams except monobactams and are inhibit-
ed by EDTA but not clavulanic acid;6 serine beta-
lactamases, such as GES and KPC, which are not 
inhibited by clavulanic acid; and [7] OXA-48 car-
bapenemases, which hydrolyze monobac-
tams).Laboratory identification is based on these 
distinctive features. [8-15] Common forms of car-
bapenemases, such as NDM-1 (made by the 
blaNDM gene) and OXA-48 (produced by the 
blaOXA48-like gene), are frequently acquired by 
mutations or horizontal gene transfer. [16-19]  

Significant consequences from infections caused by 
Klebsiella pneumoniae that are resistant to car-
bapenem are linked to a number of risk variables 
related to hospitalization. Globally, there are differ-
ences in the prevalence of CRKP isolates in inva-
sive Klebsiella pneumoniae infections. For in-
stance, carbapenem resistance rates jumped by 35% 
in just two years, from 9% in 2008 to 44% in 2010, 
whilst in Italy, the rates sharply increased from 
non-detectable levels in 2008 to 60% in 2013.20-22 
A multicenter retrospective study conducted in 
India with 344 Klebsiella pneumoniae isolates from 
eight sites revealed that 73.2% of the isolates had 
the blaOXA48-like gene, whereas 24.4% had 
blaNDM-1/5. Nonetheless, NDM was found to be 
the main contributor to carbapenem resistance in a 
number of additional investigations, with the OXA-
48-like group coming in second. [16,23] The most 
common carbapenemase is known to be NDM, and 
isolates of Enterobacteriaceae have been found to 
co-produce NDM-1 with other carbapenemases in a 
number of different locations. [21-25] 

The primary mechanism of carbapenem resistance 
is the synthesis of carbapenemases, such as OXA-
48 (oxacillinase-48), NDM (New Delhi metallo-β-
lactamase), and KPC (Klebsiella pneumoniae car-
bapenemase). These enzymes break down the car-
bapenems' β-lactam ring, making them inactive. 
[26] 

Another concern is the phenomenon of hidden car-
bapenem resistance, where bacteria possess re-
sistance genes but do not exhibit resistance in 
standard phenotypic tests. This complicates the 
diagnosis and treatment of infections, as the bacte-
ria might appear susceptible to carbapenems de-
spite harboring resistance mechanisms. [27] The 
COVID-19 pandemic has exacerbated the problem 
of antibiotic resistance. Increased use of antibiotics 
during the pandemic, both for treating COVID-19 
complications and secondary infections, has con-
tributed to a rise in resistant strains. [28] 

Moreover, the pressure on healthcare systems 
has resulted in greater use of broad- spectrum 
antibiotics, which has further contributed to the rise 
of antibiotic resistance. [29] Klebsiella pneumoniae 
and Escherichia coli, both members of the Entero-

bacteriaceae family, are significant pathogens re-
sponsible for a variety of infections. Infections 
from carbapenem- resistant Klebsiella pneumoniae 
are difficult to treat and control in hospitals because 
they spread quickly and there are few effective an-
tibiotics. [30] It is very difficult to identify how 
these resistant strains are related and what makes 
them resistant in patients from hospitals. [31] 

It's important to assess how well current infection 
control and treatment programs work in the study 
group and to create better programs to reduce the 
spread of resistant germs. [32,33] This study fo-
cused on examining the carbapenemase enzymes 
and the clonal relationships of carbapenem-
resistant Klebsiella pneumoniae isolates in a ter-
tiary hospital. [34,35] 

Materials and Methods 

Study Design: The investigation was carried out at 
Pacific Medical College and Hospital's microbiolo-
gy department in Udaipur. 

The study was conducted on various clinical sam-
ples obtained from inpatients and outpatients. 
Comprehensive data about the patients, including 
their name, age, sex, date of sample collection, 
source of the specimen, and clinical history, were 
recorded. Different clinical samples, such as urine, 
bronchial aspirate, sputum, pleural fluid, blood, and 
pus, were collected using aseptic techniques in ster-
ile containers, except for blood, which was collect-
ed in blood culture bottles. 

Antimicrobial Sensitivity Test: For our research 
study we are use antibiotic disc of (HI-Media) for 
antimicrobial 

Inclusion Criteria: 

• Sample will be collected from the different 
OPD, ICU, and Wards in hospital. 

• Proper collection of the samples 
• Complete identification of the samples. 

Exclusion Criteria: 

• Any leakage samples or broken container/vials 
• Requested forms are incomplete. 
• If sample information and request form infor-

mation is mismatch. 
• Repetitive sample from same patient 

Isolation of Klebsiella species by adopting standard 
protocol:  

Screening of Clinical Samples: 

In systematic screening program for isolation of 
Klebsiella species clinical samples were collected 
from Inpatient Department (IPD) and Outpatient 
Department (OPD). In our research study we also 
consider age group i.e (0-20, 21-40, 41-60, >61) 
and Gender (Male & Female). In our study we 
included clinical samples i.e Urine, Bronchial aspi-
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rate, Sputum, Pleural fluid, Blood, and Pus. Clini-
cal samples were collected aseptically and transport 
to Microbiology lab. 

Sample Collection Method: 

Urine Sample Collection: Clean catch midstream 
urine was collected in a sterile, dry, wide-necked, 
leak proof container. In case of catheterized pa-
tients, the urine sample was collected after 30 
minutes of clamping the catheter, through a syringe 
and needle inserted proximal to the site of clamping 
under all aseptic precautions. 

Bronchial aspirate: Collect the fluid in leak proof 
sterile container and transport to microbiology lab. 

Sputum Sample Collection: Patients were instruct-
ed to take a simple mouthwash and sputum was 
collected by asking the patient to cough deeply and 
then expectorate into a sterile, dry, wide- neck, and 
leak proof container. 

Pleural fluid: Collect the fluid in leak proof sterile 
container and transport to microbiology lab 

Blood Sample collection: Using blood culture bot-
tles, 5 to 10 ml of blood samples were taken for the 
adult research; however, 2.5-10 ml and 0.5-5 ml of 
blood samples were used for the paediatric and 
newborn studies, respectively. 

Pus Sample Collection: Pus samples were 
collected from the affected site with all aseptic 
precautions using a sterile swab or aspirated with 
the help of disposable syringe and transported 
immediately to the laboratory. 

Microscopic Examination: Smears of every 
specimen were made, and Gram's stain was 
applied.  

Examining Gram's discoloured streaks; first under 
low power (10x objectives) to determine the 
presence and type of cells in the specimen and then 
observed under oil immersion lens and the relative 
number of microorganisms and their morphology 
was studied and recorded. Wet mount of urine was 
done to find out whether pus cells, red blood cells 
and epithelial cells are present. 

Culture: The samples were inoculated onto Nutrient 
agar, Blood agar and MacConkey agar plates. All 
plates were incubated aerobically at 37°C and 
observed for microbial growth at 24 and 48 hours. 

Quality control: Every culture medium was 
produced in accordance with the manufacturer's 
guidelines. Samples of the plate were incubated for 
24 hours at 37 °C to verify the sterility of the batch 
of produced medium. 

Gram Staining Method: Slides were flooded with 
crystal violet solution for up to 60 seconds and 
washed off briefly with tap water for 5 second. 
Slides were then flooded with grams iodine 
solution for about 60 seconds and washed off with 
tap water. To prevent the alcohol used for 
decolourisation from being diluted, extra water 
from the slide was wiped off and blotted. 
Following this, slides were submerged in 95% 
alcohol for ten seconds before being cleaned with 
tap water. Slides were flooded with safranin 
solution for 30 seconds. Washed off with tap water, 
drained and blot dry. All slides were examined 
under microscope. Bacterial cells that appeared 
purple referred to as gram positive and those 
appeared pink were designated as gram negative. 

Statistical Analysis: The	 obtained	 data	 were	
coded	 and	 entered	 into	 a	 database	 using	 an	
Excel	 spreadsheet	 and	 analyzed	 with	 Statistical	
Package	 for	 the	 Social	 Sciences	 (SPSS)	 version	
23.0.	 	

Descriptive	 analysis	 was	 performed	 to	 calculate	
frequencies,	 and	 categorical	 variables	 were	
expressed	 as	 proportions	 (%).	 Statistical	
significance	was	set	at	≤0.05.	[36] 

Results 

In our research study, we have analyzed 1000 dif-
ferent clinical samples, such as urine, bronchial 
aspirate, sputum, pleural fluid, blood, and pus. On 
nutritional agar, blood agar, and MacConkey agar 
plates, all clinical materials were streaked, and the 
plates were all incubated aerobically at 37 °C. 
Growth of the microorganism noted after 24 to 48 
hours.

 

Table 1: Morphology of Klebsiella species 
S.no Media Shape Size Color 
1 Nutrient agar Circular 2-3mm Creamy white 
2 Blood agar Large circular with convex elevation 1-2mm Pink to red 
3 MacConkey agar Round >3mm Grey 
 
We isolated 400 Klebsiella species based on morphological appearance among 1000 clinical specimens. 

Prevalence of Klebsiella species in various clinical samples: Our study indicates that 400 Klebsiella species 
have been isolated from various clinical specimens and the prevalence of Klebsiella species was 40%. 

Table 2: Prevalence of Klebsiella species in various clinical specimens 
No. of sample tested No. of isolates of Klebsiella species Prevalence 
1000 400 40 % 
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Number of isolated Klebsiella pneumonia from 
different types of clinical specimens: Our study 
clearly indicates that out of 156 isolates of 
Klebsiella pneumonia, 78 (50%) were isolated from 
urine samples, 18 (11.53%) were isolated from 

bronchial aspirate samples, 32 (20.51%) were 
isolated from sputum culture, 10 (6.41%) were 
isolated from pleural fluid, 10 (6.41%) were 
isolated from blood culture, 8 (5.12%) were 
isolated from pus culture. 

 
Table 3: Number of isolated Klebsiella pneumonia from clinical specimens 

S.No. Type of Clinical specimens Number of Isolated Klebsiella pneumonia Percentage 
1 Urine 78 50% 
2 Bronchial aspirate 18 11.53% 
3 Sputum 32 20.51% 
4 Pleural fluid 10 6.41% 
5 Blood 10 6.41% 
6 Pus 8 5.12% 
 

Table 4: Chi square test: 
S.No. Type of Clinical 

specimens 
Number of Isolated 
Klebsiella pneumonia 

Percentage Chi square (χ2) 

1 Urine 78 50%  
 
6.93 

2 Bronchial aspirate 18 11.53 
3 Sputum 32 20.51% 
4 Pleural fluid 10 6.41% 
5 Blood 10 6.41% 
6 Pus 8 5.12% 
 
Statistical analysis of ANOVA showed that the 'F' value was statistically significant. Mean and residual analysis 
clearly indicated that the isolation percentage of Klebsiella pneumoniae was very high in urine samples and very 
low in pus samples and the chi square goodness of fit (χ2 = 6.93) showed significant result. 
 

Table 5: Sequence Producing Significant Alignments 
Accession Description Max 

score 
Total 
score 

Query cover-
age 

E val-
ue 

Max 
ident 

NR_041155.1 Klebsiella pneumoniae 
strain NBRC 13964 

2435 2435 100% 0.0 100% 

AJ781344.1 Klebsiella pneumoniae, KPG 
18761 type strain 

2427 2427 100% 0.0 99% 

KF258816.1 Klebsiella sp. MJM10814 2412 2412 100% 0.0 99% 
AB448716.1 Klebsiella sp. TRI-7 2407 2407 100% 0.0 99% 
 
Accession Description Max 

score 
Total 
score 

Query cover-
age 

E val-
ue 

Max 
ident 

AJ002091.1 Klebsiella sp 2403 2403 100% 0.0 99% 
GU991343.1 Klebsiella sp. ZG634 2401 2401 100% 0.0 99% 
GU991342.1 Klebsiella sp. ZG628 2401 2401 100% 0.0 99% 
AB184804.1 Klebsiella sp, strain: 

NBRC 3841 
2401 2401 100% 0.0 99% 

NR_041070.1 Klebsiella pneumoniae 
strain NBRC 12796 

2401 2401 100% 0.0 99% 

AJ781323.1 Klebsiella pneumoniae, type strain 
LMG 19362 

2398 2398 100% 0.0 99% 
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Table 6: Distance Matrix: 
Sample 1  0.000 0.000 0.002 0.002 0.001 0.002 0.002 0.002 0.002 0.002 
NR_041155.1 2 0.000  0.000 0.002 0.002 0.001 0.002 0.002 0.002 0.002 0.002 
AJ781344.1 3 0.000 0.000  0.002 0.002 0.001 0.002 0.002 0.002 0.002 0.002 
KF258816.1 4 0.003 0.003 0.003  0.000 0.002 0.002 0.002 0.001 0.001 0.001 
AB448716.1 5 0.003 0.003 0.003 0.000  0.002 0.002 0.002 0.001 0.001 0.001 
AJ002091.1 6 0.002 0.002 0.002 0.005 0.005  0.001 0.001 0.002 0.002 0.002 
GU991343.1 7 0.003 0.003 0.003 0.006 0.006 0.001  0.000 0.002 0.002 0.002 
GU991342.1 8 0.003 0.003 0.003 0.006 0.006 0.001 0.000  0.002 0.002 0.002 
AB184804.1 9 0.004 0.004 0.004 0.001 0.001 0.006 0.005 0.005  0.000 0.000 
NR_041070.1 10 0.004 0.004 0.004 0.001 0.001 0.006 0.005 0.005 0.000  0.000 
AJ781323.1 11 0.004 0.004 0.004 0.001 0.001 0.006 0.005 0.005 0.000 0.000  
 
Results obtained from polymerase chain reaction showed OXA-48 gene was detected in isolates of 
Klebsiella pneumoniae resistant to carbapenem by polymerase chain reaction. 
 

Table 7: Genotypic detection of Carbapenemases in Klebsiella pneumonia 
 Restricted Gene Detected by PCR 

OXA -48 KPC 
Number of Isolates 10 0 
Percentage 100 0 
 
The OXA-48 gene was found in all 10 (100%) iso-
lates of carbapenem-resistant Klebsiella pneumoni-
ae, according to the results of our investigation 
using polymerase chain reaction. 

Consequently, it was discovered that the polymer-
ase chain reaction, which has 100% sensitivity, is 
the gold standard for identifying carbapenemases. 
The combined disc test has identified more car-
bapenemases than MHT among the phenotypic 
assays. 

Discussion 

In recent years, the rapid development of antimi-
crobial resistance has emerged as a serious health 
problem across various sectors, demanding globally 
coordinated interventions. Reports worldwide high-
light the alarming burden of infections caused by a 
wide range of bacterial pathogens that have become 
resistant to available antimicrobial treatments. [37] 

When treating hospital-acquired infections caused 
by Klebsiella pneumoniae, carbapenems are usually 
the recommended course of action. But as many of 
these bacteria are now resistant to the majority of 
other antibiotics as well, the issue of carbapenem 
resistance in Klebsiella pneumoniae has grown to 
be quite serious. [38] 

In our research study, we analyzed 1,000 different 
clinical samples, including urine, bronchial fluid, 
sputum, pleural effusion, blood, and pus. Among 
1,000 clinical specimens, we isolated 400 Klebsiel-
la species, and the prevalence of Klebsiella species 
was 40%. [39] On the basis of morphological and 
biochemical estimation, we identified 156 isolates 
of Klebsiella pneumoniae. Out of the 156 isolates, 
most Klebsiella pneumoniae strains were found in 
urine samples (50%). The distribution in other 

samples was as follows: sputum (20.51%), bron-
chial aspirate (11.53%), pleural fluid (6.41%), 
blood (6.41%), and pus (5.12%). This distribution 
aligns with findings from Morsi et al., who noted 
that After Escherichia coli, Klebsiella pneumoniae 
is the second most frequent bacteria that causes 
urinary tract infections. [39] 

This finding contrasts with the study by Manikan-
dan et al., in which most of the Klebsiella species 
were isolated from sputum samples. [40] Mean-
while, in another study by Valarmathi et al., nearly 
29.2% of Klebsiella spp. were isolated from pus 
samples. [41] 

For genotypic detection of carbapenemases, 
Klebsiella pneumoniae isolates with imipenem + 
EDTA MIC values ≥ 4 were tested using polymer-
ase chain reaction (PCR). Our results showed that 
the OXA-48 gene was present in all 10 (100%) 
carbapenem-resistant isolates, making PCR the 
gold standard for carbapenemase detection with 
100% sensitivity. This result highlights that CDT 
detected more carbapenemases compared to MHT. 
Similar findings were reported by Srinivasan et al. 
[42] in southern India, who identified only the 
NDM-1 gene, and by Cakirlar et al. [43] in Turkey, 
who found the bla VIM and bla OXA-48 genes. 
Shibl et al. [44] in Saudi Arabia reported bla VIM, 
bla OXA-48, and bla NDM-1, while Mohan et al. 
[45] in northern India also detected the NDM-1 
gene. 

KPC genes are less common in Asian countries 
than in Europe, so none of the above studies report-
ed KPC genes. The treatment of Klebsiella infec-
tions remains a significant challenge as resistance 
to aminoglycosides, cephalosporins, and quin-
olones has increased globally. Carbapenems are the 
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drugs of choice for MDR Klebsiella infections and 
ESBL- and AmpC- producing isolates, but re-
sistance through carbapenemase production limits 
treatment options. Current treatments for car-
bapenem-resistant Klebsiella isolates include car-
bapenem combinations, but monotherapy with 
these agents, including polymyxin B, often leads to 
treatment failure. 

New treatment options for carbapenem-resistant 
Klebsiella include polymyxin derivatives like 
NAB739 and NAB740, as well as combinations of 
β-lactamase inhibitors like clavulanic acid with 
cephalosporins. Therefore, early detection of beta-
lactamases, including carbapenemases, is crucial 
for selecting appropriate antibiotics and preventing 
the spread of MDR strains. 

Maintaining the clinical efficacy of carbapenems is 
vital because these last-resort antibiotics treat infec-
tions caused by multidrug-resistant bacteria. Early 
detection of carbapenemases is important since 
these enzymes can spread through transposons or 
integrons among Gram-negative bacteria in hospi-
tals. Understanding the epidemiology of car-
bapenemases in specific regions can help develop 
effective therapeutic strategies. Clinical isolates 
with multiple resistance mechanisms may still re-
spond to carbapenem treatment, but car-
bapenemase-producing Enterobacteriaceae often do 
not. Because high carbapenem MICs are not always 
visible, especially in OXA producers, new diagnos-
tic and testing strategies are essential for early de-
tection and patient management. 

Conclusion 

In the case of carbapenem-resistant Klebsiella 
pneumoniae, phenotypic approaches are often less 
accurate than genotypic methods in identifying 
carbapenemases. However, there are disadvantages 
to PCR-based molecular testing as well. These in-
clude the need for costly chemicals, equipment, and 
skilled personnel, all of which may not always be 
present in standard diagnostic laboratories. In this 
investigation, the most successful phenotypic ap-
proach for identifying carbapenemases was the 
Combined Disc Test. Screening patients is advised 
to stop the spread of carbapenem-resistant Klebsiel-
la pneumoniae, particularly in patients receiving 
extended hospital stays in critical care units. For 
containment, strong infection control measures are 
essential.  
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