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Klebsiella pneumoniae cause several serious infections, pneumonia, 

urinary tract infections and bloodstream infections, especially in a 

immune-compromised patient. There has been rise in antibiotics resistant 

K. pneumoniae in recent years. This study aimed detection and expression 

of blaKPC-2 and fimH genes in carbapenemase producing K. pneumoniae 

that can form biofilms in clinical samples. A total of 608 clinical samples 

were processed for K. pneumoniae using standard microbiological 

procedure. Antibiotic resistance was checked using the modified Kirby-

Bauer disc diffusion method, and carbapenemase production was tested 

using a modified carbapenem inactivation method in conjunction with 

EDTA modified carbapenem inactivation method. In order to detect the 

presence and expression of resistant genes, bacterial DNA and RNA were 

extracted.  A total of 30 isolates were positive for K. pneumoniae among 

which 21 (70%) were multi-drug resistant and 18 (85.71%) were 

carbapenemase producers in MDR isolates. A total of 14 isolates (66.67%) 

produced biofilm, of which 6 (28.57%) were strong, 6 (28.57%) were 

moderate and 2 (9.52%) were weak. Both blaKPC-2 and fimH genes were 

detected in 19 isolates (90.47%) and were actively expressed in 16 

(76.19%). These findings show the blaKPC-2 and fimH genes are common 

in clinical isolates and are actively being expressed. In conclusion, there is 

urgent need to control highly resistant K. pneumoniae.  
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Introduction 

Klebsiella pneumoniae is a Gram-negative pathogenic 

bacterium that causes different infections such as 

pneumonia, urinary tract infections, wound infections, 

bacteremia and sepsis. The infections can be serious 

particularly in immune compromised individuals 

(Mohamudha et al., 2016; Paczosa & Mecsas, 2016). 
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Infections by multi-drug resistant (MDR) strains of K. 

pneumoniae are increasing global threats evident by 

limited available treatments (Pitout et al., 2020). In a 

meta-analysis done in Nepal, a pooled prevalence of 

64% MDR K. pneumoniae was reported, which is 

alarming issue (Odari & Dawadi, 2022). Misuse, 

overuse and underuse of antibiotics in humans and 

animals, in addition to unregulated prescription of 

antibiotics and lack of well-equipped hospitals and 

clinics may be the driving factors for increasing 

antimicrobial resistance rates in Nepal (Dahal & 

Chaudhary, 2018; Acharya & Wilson, 2019; Pokharel & 

Adhikari, 2020; Rijal et al., 2021). Different 

mechanisms such as biofilm formation, production of β-

lactamases, enzymatic modifications, efflux pumps and 

reduction of membrane permeability are responsible for 

developing multi-drug resistant K. pneumoniae (Li et 

al., 2024).  

Carbapenems are the most common lastline drug to treat 

infections caused by MDR K. pneumoniae. However 

increasing rate of carbapenem resistant strains of K. 

pneumoniae is of great concern (Nordmann et al., 2009; 

Pitout et al., 2015). In 2017, WHO listed carbapenem 

resistant K. pneumoniae in high priority (critical) for 

which development of new antibiotics is required.  K. 

pneumoniae become resistant to carbapenems because 

of three mechanisms: production of K. pneumoniae 

carbapenemase, efflux pumps and reduction in cell 

membrane permeability particularly due to ompK35 and 

ompK36 porins mutation. Carbapenemase enzymes 

belong to ambler class A (KPC), class B (NDM, IMP, 

VIM) and class D (OXA-48) (Alizadeh et al., 2020; Li 

et al., 2025).  

Mere detection of resistance genes like blaKPC-2 and 

blaVIM, as well as virulence factors such as fimH and 

rmpA, do not show the real impacts of antibiotic 

resistant strains (Bush & Bradford, 2016; Flores-

Mireles et al., 2015). How these strains act clinically 

depend on gene expressions? In fact, the expression of 

several genes affects the virulence and resistance level. 

Hence, we can’t ignore the gene expression as it could 

compromise identification of clinical risk and limit the 

definite prediction of treatment outcomes (Rasko & 

Sperandio, 2010).  

In addition, the co-expression of resistance and 

virulence factors, have not been studied enough. This 

lack of data has constrains on the development of 

targeted effective infection control and treatment 

methods (Hall-Stoodley et al., 2004; World Health 

Organization, 2023). This study aims to detect 

expression of blaKPC-2 and fimH genes in 

carbapenemase producing K. pneumoniae. 

Materials and Methods 

Study site and duration 

This study was conducted at the Department of 

Microbiology of the Annapurna Neurological Institute 

and Allied Sciences (ANIAS) and the Department of 

Molecular Biology of Annapurna Research Center 

(ARC), Maitighar, Kathmandu from April to October 

2025. Ethical approval was obtained from the 

Institutional Review Committee (Reg no: 2025/04) at 

Annapurna Neurological Institute. Written informed 

consent was obtained from all participants. 

Identification of Klebsiella pneumoniae from clinical 

samples  

A total of 608 non-duplicate samples including sputum, 

urine, wound swab, cerebrospinal fluid (CSF) and 

endotracheal tubes were processed and cultured using 

standard microbiological techniques. K. pneumoniae 

isolates were identified by studying characteristics on 

blood agar and MacConkey agar, performing Gram 

staining and biochemical tests (catalase test, oxidase 

test, urease test, triple sugar iron agar test and IMViC 

test). 

Antibiotic sensitivity testing 

Modified Kirby Bauer Disc diffusion technique was 

used for antibiotic sensitivity testing of isolated K. 

pneumoniae. In this study, following antibiotics were 

used: Amikacin (AK), Levofloxacin (LE), Cefixime 

(CFM), Cefepime (CPM), Cotrimoxazole (COT), 

Cefotaxime (CTX), Ofloxacin (OF), Gentamicin 

(GEN), Meropenem (MRP), Piperacillin + Tazobactam 

(PIT), Doxycycline (DO), Polymyxin B (PB), 

Clindamycin (CL), Tigecycline (TGC), Ciprofloxacin 

(CIP), Ceftazidime (CAZ), Linezolid (LZ), Ceftriaxone 

(CTR) and Nitrofurantoin (NIT). MDR is acquired non-

susceptibility to at least one agent in three or more 

antimicrobial categories (Magiorakos et al., 2012). 

Identification of carbapenemase producers 

Meropenem resistant isolates were screened for 

carbapenemase production modified carbapenem 

inactivation method (mCIM) in combination with 

modified EDTA carbapenem inactivation method 

(eCIM) described by Tsai et al. (2020). 

Biofilm formation test 

Isolates forming biofilm were screened using the Congo 

red agar (CRA) method (Freeman et al., 1989). 
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Extraction of nucleic acid 

Alkaline hydrolysis method was used for the extraction 

of plasmid DNA from isolates (Sambrook & Russell, 

2001). The extracted plasmid DNA was subsequently 

used as templates for amplification of blaKPC-2 gene. 

For the amplification of fimH gene, chromosomal DNA 

was extracted using the Quick-DNA/RNA Miniprep Kit 

(ZYMO Research, USA). Finally, total RNA was 

extracted from the isolates using Vision Purify Viral 

RNA Extraction Kit (Vision Biotechnology, Turkey) to 

detect gene expression. 

Gene identification 

blaKPC-2 and fimH genes were amplified by PCR using 

primers, forward: 5'-GATACCACGTTCCGTCTGG-3' 

and reverse: 5'-GCAGGTTCCGGTTTTGTCTC-3' 

(Hindiyeh et al., 2008) for blaKPC-2 gene, and forward: 

5’-GTGCCAATTCCTCTTACCGTT-3’ and reverse: 

5’-TGGAATAATCGTACCGTTGCG-3’ (Hojati et al., 

2015) for fimH gene.  

For amplification of each gene, 5 µl DNA template was 

added to 10 µl mixture containing 6.5 µl master mix, 2.5 

µl nuclease free water and 0.5 µl each of respective 

reverse and forward primers. PCR was performed in 

Proflex Thermocycler using optimized conditions 

(Table 1).  

The PCR products were resolved by agarose gel 

electrophoresis in 1.5% agarose gel stained with 

ethidium bromide run at 70 V for 40 minutes, followed 

by analysis in gel doc system. 

cDNA synthesis and gene expression 

The cDNA from isolated RNA was synthesized using 

the Vision cDNA Synthesis Kit (Vision Biotechnology, 

Turkey), following manufacturer’s instructions. cDNA 

was used as a template for amplification of blaKPC-2 

and fimH genes using specific primers and optimized 

conditions as explained above. The amplified products 

were documented using agarose gel electrophoresis and 

gel doc system. 

Table 1: Optimized conditions for amplification of blaKPC-2 and fimH genes. 

Gene 
Optimized conditions for PCR Length of PCR 

product (bp) Initial denaturation Denaturation Annealing Extension Final extension 

blaKPC-2 94°C for 3 min 
94°C for 1 min 

(35 cycles) 

60°C for 1 min 

(35 cycles) 

72°C for 1 min 

(35 cycles) 
72°C for 5 min 246 

fimH 96°C for 3 min 
96°C for 30 sec 

(35 cycles) 

64°C for 1 min 

(35 cycles) 

72°C for 1 min 

(35 cycles) 
72°C for 5 min 164 

Results and Discussion 

Out of 608 total clinical samples, 150 were cultured 

positive among which 30 (20%) samples tested positive 

for K. pneumoniae. In a subset of 30 isolates, 21 (70%) 

K. pneumoniae  were found to be MDR and 18 (85.7%) 

isolates were confirmed to be carbapenemase producers 

by mCIM and eCIM methods.  Consistent with our 

study finding, the recent study conducted in Nepal 

reported 73.5% MDR K. pneumoniae (Neupane et al., 

2025). Meanwhile, Pyakurel et al. (2021) reported 

77.6% carbapenemase producing K. pneumonia, which 

is higher than our findings.   

Out of 21 MDR isolates, 14 (66.67%) showed biofilm 

production on CRA, which is lower than finding of 

Pradhan et al. (2019) (Figure 1). Among the 21 isolates, 

19 (90.47%) isolates were found to be harbouring fimH 

gene. fimH gene was detected in 6 strong biofilm 

forming isolates, 5 moderate and 2 weak biofilm 

forming isolates. Meanwhile, fimH gene was also 

detected in 6 non-biofilm forming isolates (Figure 2). 

Presence of fimH genes only does not necessarily 

produce biofilms, there are so many other genes 

responsible for it. These results showed a significant 

role of fimH genes in production of biofilms, which is 

consistent with several other studies (Alwan et al., 2024; 

Ashwath et al., 2022). However, no statistically 

significant association was observed between biofilm 

formation strength and either fimH gene detection (p = 

0.710) or fimH gene expression (p = 0.660) (Table 2). 

These findings suggest that although fimH is widely 

distributed among clinical isolates, its expression alone 

may not determine biofilm phenotype, highlighting the 

involvement of additional virulence determinants in 

biofilm formation. 

Among 21 MDR isolates of Klebsiella pneumoniae, the 

blaKPC-2 gene was detected in 19 (90.47%) isolates, 

while 16 (76.19%) demonstrated gene expression. 

Phenotypic carbapenemase production was observed in 

18 isolates, whereas 19 (90.47%) and 16 (76.19%) were 

positive for blaKPC-2 gene detection and expression 

respectively. This detection rate is higher than the recent 

report in Nepal (Khadka et al., 2025). No statistically 

significant association was observed between 
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carbapenemase production and the presence of the 

blaKPC-2 gene (p = 0.544), indicating that gene 

carriage alone does not necessarily correspond to 

phenotypic resistance. However, a significant 

association was found between carbapenemase 

production and blaKPC-2 gene expression (p = 0.001), 

suggesting that transcriptional activation of this 

carbapenemase gene plays a crucial role in resistance 

phenotype (Table 3). These findings indicate that while 

the gene is widely distributed among Klebsiella 

pneumoniae isolates, blaKPC-2 expression is strongly 

correlated with phenotypic carbapenemase activity, 

highlighting the importance of transcriptional regulation 

in antimicrobial resistance.  

 

Figure 1: Biofilm Production on CRA:  A: Positive control 

(E. coli ATCC 25922), B: Negative control (Distilled water), 

C&D: Samples (Strong category). 

The co-existence of blaKPC-2, and fimH expression 

and biofilm formation highlights a concerning 

convergence of resistance and virulence factors in K. 

pneumoniae isolates. Such findings could assist 

infection control efforts, antimicrobial resistance 

regulation, and therapy. 

 

Figure 2: Gel image showing fimH gene expression. 1: 

Ladder (100 bp); 2: Negative control; 3: Positive control; 4, 5, 

6 & 8: Samples (fimH +ve); 7: Blank

Table 2: Pattern of fimH gene detection, gene expression on congo red test (Biofilm production).

 fimH gene detection fimH gene expression 

 Positive Negative Total p-value Positive Negative Total p-value 

Congo 

Red Test 

Strong 6 0 6 

0.71 

4 2 6  

Moderate 5 1 6 5 1 6  

Weak 2 0 2 1 1 2 0.66 

No-biofilm 6 1 7 6 1 7  

Total 19 2 21 16 5 21  

Table 3: Pattern of carbapenemase production test for blaKPC-2 gene detection and expression. 

  blaKPC-2 gene detection blaKPC-2 gene expressionn 

  Positive Negative Total p-value Positive Negative Total p-value 

Carbapenemase 

production test 

Positive 16 2 18 

0.544 

16 2 18  

Negative 3 0 3 0 3 3 0.001 

Total 19 2 21 16 5 21  

Conclusion 

This study investigated blaKPC-2 and fimH genes 

expression in carbapenemase producing K. pneumoniae. 

The study revealed high prevalence of both genes and 

most of the gene-positive isolates were also found to 

possess active expression of both genes, along with co-

expression in a majority of isolates. In addition, 

carbapenemase production was also common among 

these isolates, and nearly all of them were also 

multidrug-resistant. The association of resistance and 
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virulence genes along with a high prevalence of 

carbapenem resistance and biofilm formation ability 

among these isolates indicates a serious clinical problem 

and highlights the need for strict infection control and 

judicious use of antibiotics in Nepal. 
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