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Graphical abstract  14 

 15 

Abstract  16 

Klebsiella pneumoniae is an important cause of healthcare-associated infections, with 17 

antimicrobial resistance posing a significant challenge to effective treatment. This study 18 

characterized the phenotypic antimicrobial susceptibility patterns of clinical K. pneumoniae 19 

isolates and investigated the occurrence of selected β-lactamase and carbapenemase genes, with 20 

particular attention to genotype-phenotype discordance. A total of 280 clinical specimens, 21 

including sputum, blood, urine, and pus, were processed using standard microbiological methods. 22 

Bacterial isolates were characterized using culture characteristics, staining, biochemical tests, and 23 

          

                    

                             
                   

                                  
           

                                
        

                            
                   

                                                  
                        

                      

            
         

              
            

             
              

   
                  

                        
              
                  
    

         
         
       
       

                              

                                                             

                                              
                            

                              

        
           

   
            
        
         

    
        

              
            

                                         



antimicrobial susceptibility testing. Polymerase chain reaction (PCR) was performed to detect 24 

selected resistance genes in 50 isolates exhibiting reduced susceptibility to third-generation 25 

cephalosporins. Overall, K. pneumoniae was recovered from 180/280 specimens (64%; 95% 26 

confidence interval [CI]: 58-70%), with the highest isolation rates observed in sputum (88%) and 27 

pus (80%). High resistance was observed against cephalosporins, ampicillin, tetracycline, and 28 

trimethoprim–sulfamethoxazole, whereas all isolates were phenotypically susceptible to imipenem 29 

and susceptibility to gentamicin was high. Among the 50 isolates analyzed by PCR, blaCTX-M 30 

was the most frequently detected gene (86%), followed by blaTEM (60%), blaNDM-1 (40%), and 31 

blaSHV (6%). Notably, blaNDM-1 was detected in 40% of these isolates despite 100% phenotypic 32 

susceptibility to imipenem, revealing a genotype-phenotype discrepancy that requires further 33 

investigation. These findings demonstrate the value of integrating phenotypic susceptibility testing 34 

with molecular detection of resistance determinants and support confirmatory carbapenemase 35 

testing, molecular surveillance, and evidence-based antimicrobial stewardship in clinical settings. 36 
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 40 

Introduction 41 

Antimicrobial resistance (AMR) is recognized as one of the top ten global public health threats 42 

facing humanity, as highlighted in the most recent World Health Organization (WHO) global 43 

action reports.1 The WHO has designated Klebsiella pneumoniae (K. pneumoniae) as an AMR 44 

bacterium of concern because it demonstrated propensity to develop resistance to various β-lactam 45 

antibiotic classes, including cephalosporins, penicillin’s, and quinolones, which are frequently 46 

used to treat K. pneumoniae infections.1 2 
47 

K. pneumoniae  is a highly infectious human bacterium that causes a number of disorders, 48 

including respiratory and urinary tract infections, blood infections, and liver abscesses.2These 49 

infections are frequently caused by multidrug-resistant strains carrying ESBL and carbapenemase 50 

genes, which drastically limit therapeutic options and increase morbidity and mortality globally.3 51 

K. pneumoniae strains are broadly categorized into two main groups: hypervirulent strains (hvKP) 52 

and classical strains (cKP). Classical K. pneumoniae (cKP) is typically associated with nosocomial 53 

infections in immunocompromised patients or those undergoing invasive procedures, such as the 54 



use of intravascular devices, endotracheal tubes, or surgical interventions. In contrast, 55 

hypervirulent K. pneumoniae (hvKP) can cause severe, disseminated infections even in 56 

immunocompetent individuals and is characterized by enhanced virulence.4 57 

Within healthcare environments, K. pneumoniae can be transmitted through patient-to-patient 58 

contact or, less frequently, through contaminated environmental surfaces. K. pneumoniae is not 59 

transmitted through air.5    60 

CTX-M type enzymes are now the most common kind of ESBL globally, replacing TEM- and 61 

SHV-type β-lactamases.6 These enzymes are linked to multidrug-resistant phenotypes and provide 62 

resistance to third-generation cephalosporins.7 The occurrence and spread of blaCTX-M harboring 63 

K. pneumoniae have been largely reported in South Asia, including Pakistan due to unchecked 64 

antibiotic usage and inadequate molecular surveillance. Region-specific data integrating molecular 65 

characterization and phenotypic resistance patterns remain limited.8  66 

Since carbapenems are regarded as last-line treatment drugs, the emergence of K. pneumoniae 67 

strains that produce carbapenemase, especially those that have blaNDM-1 gene, poses serious 68 

threat to public health.9 Treatment choices and infection control strategies must be directed by the 69 

early identification and molecular characterization of these resistance genes.10 70 

Antimicrobial resistance among K. pneumoniae strains has emerged and spread quickly, 71 

highlighting the significance of surveillance for both antimicrobial susceptibility profiles and 72 

molecular detection of resistance determinants, which can help infection prevention and control 73 

measures. Molecular surveillance facilitates the early detection of high-risk clones and aids in 74 

directing targeted treatments including improved antimicrobial stewardship policy, isolation 75 

precautions, and improved hygiene practices.11 76 

Despite multiple regional reports, published molecular studies on antibiotic resistance in K. 77 

pneumoniae from Faisalabad, Pakistan is still limited. The rapid dissemination of blaCTX-M and 78 

blaNDM-1 genes  has been associated with mobile genetic elements and horizontal gene transfer 79 

in previous studies, highlighting the importance of molecular surveillance of these determinants.12 
80 

The main objective of this study was to identify β-lactamase and carbapenemase resistance genes 81 

among selected K. pneumoniae isolates by examining the antibiotic resistance patterns of K. 82 

pneumoniae isolated from clinical human samples from 10 tertiary care hospitals in Faisalabad, 83 

Pakistan. To promote antimicrobial stewardship initiatives and stop the development of AMR, such 84 



studies help to close the knowledge gap on antibiotic resistance that currently exists in Faisalabad 85 

local health care systems.  86 

Materials and methods  87 

Ethical Consent 88 

The study was permitted by Graduate Studies Research Board of the University of Agriculture 89 

Faisalabad (Approval No. DGS 21249-52 dated 08-05-2024) which is authorized to review and 90 

approve research involving human participants. Informed consent was obtained from the 91 

participants in accordance with the approved study protocol. Participants’ confidentiality was 92 

maintained throughout the study. 93 

Study Design and Sample Collection  94 

This cross-sectional study was done at the Institute of Microbiology, Faculty of Veterinary 95 

Sciences, University of Agriculture, Faisalabad, from August 2025 to January 2026. Clinical 96 

samples (blood, sputum, urine and pus) were taken from patients having clinical bacterial infection 97 

from the tertiary care hospitals in Faisalabad. A total of 10 tertiary care hospitals, including both 98 

public and private healthcare facilities, were involved in the study. A total of 280 clinical 99 

specimens (70 sputum, 70 blood, 70 urine, and 70 pus samples) were collected using aseptic 100 

techniques. Samples were collected in ice boxes and immediately processed upon receipt in the 101 

laboratory. Inclusion criteria comprised clinical specimens submitted for routine microbiological 102 

analysis from patients presenting signs and symptoms of infection. Only the first isolate from each 103 

patient was included, resulting in 180 isolates from 180 unique patients and minimizing potential 104 

duplication bias. Samples with insufficient volume or showed evidence of contamination were 105 

excluded. The sampling strategy allowed for the evaluation of antimicrobial resistance patterns at 106 

various anatomical sites such as bloodstream infection, respiratory tract infection, urinary tract and 107 

soft tissue infections. 108 

 Isolation and Identification of K. pneumoniae 109 

All these samples were streaked across MacConkey and Blood agar.  On MacConkey agar, K. 110 

pneumoniae colonies are often big, mucoid, and pink. K. pneumoniae forms very small, grey, moist 111 

colonies on blood plates which are typically mucoid and nonhemolytic. Universal 16S rDNA PCR 112 

was performed as a molecular confirmation of bacterial identity at the genus level in the 113 

presumptive K. pneumoniae isolates. Universal bacterial primers were used: Forward: 5’-114 

AGAGTTTGATCTGGCTCAG-3’, Reverse: 5' - AAGGAGGTGWTCCACC-3' which amplifies 115 



a ~1500 bp fragment.13 The results were viewed on the 1.5% agarose gel stained with ethidium 116 

bromide, and the presence of the expected size band was an indication of successful amplification 117 

of the product.  118 

Antibiotic susceptibility testing: 119 

For the determination of antimicrobial susceptibility of K. pneumoniae following antibiotic discs 120 

(Oxoid, UK) were used, Amoxicillin (10 μg), Tetracycline (30 μg), Piperacillin (100 μg), 121 

Ciprofloxacin (5 μg) Gentamicin (10 μg), Imipenem (10 μg), Cefotaxime (30 μg), trimethoprim-122 

sulphamethoxazole (1.25μg/23.75 μg), Chloramphenicol (30 μg). Zone diameters were interpreted 123 

according to the Clinical and Laboratory Standards Institute (CLSI) M100, 34th edition, 2024 124 

guidelines and measured using a calibrated scale. Isolates exhibiting reduced susceptibility to third-125 

generation cephalosporins, including cefotaxime according to CLSI M100, 34th edition, 2024 126 

criteria, were considered eligible for subsequent molecular analysis. To further resolve the 127 

observed phenotypic-molecular discordance, minimum inhibitory concentration (MIC) 128 

determination for imipenem and meropenem (by broth microdilution or E-test) and phenotypic 129 

carbapenemase confirmation using modified carbapenem inactivation method (mCIM) and 130 

EDTA-carbapenem inactivation method (eCIM) are recommended as additional confirmatory 131 

steps in future studies. 132 

 133 

Molecular Detection of β-Lactamase and Carbapenemase Genes 134 

Genomic DNA was extracted from 50 K. pneumoniae isolates exhibiting reduced susceptibility to 135 

third-generation cephalosporin cefotaxime according to CLSI M100, 34th edition, 2024 criteria. 136 

These isolates were selected from the total 180 K. pneumoniae isolates using stratified sampling 137 

across the four clinical specimen types (blood, sputum, urine, and pus). Polymerase chain reaction 138 

(PCR) was performed for the detection of β-lactamase and carbapenemase genes, including 139 

blaCTX-M, blaTEM, blaSHV, blaNDM-1, blaKPC, blaIMP, blaVIM, and blaGIM, using 140 

previously published and validated primers (Table 1). PCR was carried out using a standard 141 

thermal cycling method. Each PCR reaction was performed in a 25 µL reaction mixture containing 142 

template DNA (2µL), forward and reverse primers (1µL each, 10pmol), 2× master mix DreamTaq 143 

PCR Master Mix (Thermo Fisher Scientific, USA), and nuclease-free water. Applied Biosystems 144 

VeritiTM 96-Well Thermal Cycler, USA was used for thermal cycling. The amplification protocol 145 

included an initial denaturation step, followed by 30–35 cycles of denaturation, annealing (based 146 



on primer-specific temperatures), and extension, with a final extension step. Positive and negative 147 

controls were used in every PCR run to verify the accuracy and reliability of PCR results. 148 

 149 

 150 

 151 

Table 1. Primer sequences, PCR conditions, and amplicon sizes of antimicrobial resistance genes detected in 152 

clinical K. pneumoniae isolates from 10 tertiary care hospitals in Faisalabad. 153 

 154 

Gene 

 

                          Primer Sequence  

 

Annealing 

temp (°C) 

 

Amplicon 

size (bp) 

 

References 

16S rDNA  Forward: 5′-AGAGTTTGATCTGGCTCAG-3′ 

Reverse: 5′-AAGGAGGTGWTCCACC-3′ 

51 1500 13 

blaCTX-M  Forward:5′-GGATATCGTTGGTGGTGCCATA-3′ 

Reverse: 5′-TTTGCGATGTGCAGTACCAGTAA-3′ 

57 544 14 

blaTEM     Forward: 5-TCAACATTTCCGTGTCG-3′ 

Reverse: 5-CTGACAGTTACCAATGCTTA-3′ 

56 860 15 

blaSHV   

Forward: 5′-ATGCGTTATATTCGCCTGTG-3′ 

Reverse: 5′-AGATAAATCACCACAATGCGC-3′ 

 
 

56 896 16 

blaNDM-1 Forward: 5′-TGCCCAATATTATGCACCCGG-3′ 

Reverse: 5′-CGAAACCCGGCATGTCGAGA-3′ 

60 292 17 

blaKPC Forward: 5′-TGCAGAGCCCAGTGTCAGTTT-3′ 

Reverse: 5′-CGCTCTATCGGCGATACCA-3′ 

52 880 18 

blaIMP Forward: 5′-GGAATAGAGTGGCTTAATTCTC-3′ 

Reverse: 5′-CCAAACCACTACGTTATC-3′ 

55 624 19 

blaVIM Forward: 5′-GATGGTGTTTGGTCGCATA-3′ 

Reverse: 5′-CGAATGCGCAGCACCAG-3′ 

52 390 20 

blaGIM Forward: 5′-TCGACACACCTTGGTCTGAA-3′ 

Reverse: 5′-AACTTCCAACTTTGCCATGC-3′ 

52 477 21 



 155 

 156 

 157 

 158 

Data Analysis and Statistical Considerations 159 

SPSS v26.0 was used for data analysis. Categorical variables, including resistance and prevalence 160 

percentages, were summarized as frequencies and percentages. Comparisons between categorical 161 

variables were performed using the Chi-square test or Fisher's exact test, as appropriate. A P-value 162 

< 0.05 was considered statistically significant. As the study variables were categorical, assessment 163 

of data normality was not applicable. The prevalence of K. pneumoniae and blaCTX-M positive 164 

isolates among the molecularly analyzed isolates was reported with 95% confidence intervals (CI) 165 

using Wilson score method. K. pneumoniae isolates exhibiting reduced susceptibility to 166 

cefotaxime was selected by stratified sampling from four clinical specimen types. A total of 280 167 

clinical specimens were collected for phenotypic analysis. 168 

Quality Control and Biosafety  169 

DNA was extracted using Thermo Scientific GeneJET Genomic DNA Purification Kit, according 170 

to the manufacturer's instructions. The purity and concentration of DNA was measured by 171 

Nanodrop spectrophotometry, and A260/A280 ranges from 1.8-2.0 were deemed suitable for 172 

further processing for PCR analysis. All laboratory procedures were carried out following 173 

Biosafety Level 2 (BSL-2) guidelines. The culture media was tested for sterility prior to use. The 174 

standard reference strains K. pneumoniae (ATCC 70060) and Escherichia. coli (ATCC 25922) 175 

was used as quality control organisms for antimicrobial susceptibility testing (AST). All lab staff 176 

received training in safe handling of pathogenic microorganisms, waste disposal, and infection 177 

control. The data of the participants were anonymized for analysis, and all records are kept 178 

according to the institutional data management guidelines. 179 

Results 180 

Occurrence of K. pneumoniae from clinical isolates 181 

Of the 280 clinical samples, 180 were recognized as K. pneumoniae, using morphological and 182 

biochemical characteristics. Universal 16S rDNA PCR was subsequently performed as a molecular 183 

confirmation of bacterial identity, which accounted for 64% (180/280) of the clinical samples. The 184 



prevalence varied across sample types: sputum (n=62/70, 88%), pus (n=56/70, 80%), blood 185 

(n=31/70, 44%), and urine (n=31/70, 44) (Figure 1).  186 

 187 

 188 

 189 

 190 

Fig.1. Prevalence of K. pneumoniae in different clinical samples collected from tertiary care hospitals in 191 

Faisalabad 192 

 193 

K. pneumoniae produced creamy, white, round, smooth, raised, mucoid colonies measuring 194 

approximately 2–3 mm in diameter on nutrient agar (Figure 2A). On MacConkey agar, the isolates 195 

produced large, pink, mucoid, lactose-fermenting colonies. (Figure 2B-C). On the blood agar, the 196 

colonies were smooth, grayish-white, mucoid, and non-hemolytic (Figure 2D). 197 

 198 

 199 

 200 

 201 

 202 

 203 



 204 

 205 

 206 

 207 

 208 

 209 

Fig. 2. (A) K. pneumoniae produced creamy-white, round, smooth, raised, mucoid colonies on nutrient agar. (B) 210 

large, pink, mucoid lactose-fermenting colonies on MacConkey agar. (C) mucoid colonies on MacConkey agar. 211 

(D) smooth, grayish-white, mucoid, non-hemolytic colonies on Blood agar. 212 

 213 

Antimicrobial Susceptibility Pattern of K. pneumoniae from clinical isolates  214 

The results of antimicrobial susceptibility testing showed high levels of resistance for ampicillin, 215 

tetracycline, cefotaxime and trimethoprim–sulfamethoxazole in all sample types. In contrast, all 216 

isolates exhibited 100% susceptibility to imipenem and a high susceptibility to gentamicin. 217 

Statistical analysis using chi-square test demonstrated a significant association between sample 218 

type and antimicrobial resistance patterns for ciprofloxacin, with sputum isolates showing 219 

significantly higher resistance compared to urine and blood isolates. A significant association was 220 

also observed for chloramphenicol resistance across sample types (P<0.05). For remaining 221 

antibiotics including ampicillin, tetracycline, cefotaxime, trimethoprim-sulfamethoxazole, and 222 

imipenem resistance or susceptibility patterns were uniform across all sample types and statistical 223 

comparison was not applicable. Variable susceptibility patterns were observed for ciprofloxacin, 224 

chloramphenicol, and piperacillin depending on the sample type (Figure 3A–B). Overall, 225 

piperacillin demonstrated 44% resistance among the 50 molecularly analyzed K. pneumoniae 226 

isolates, whereas ciprofloxacin and chloramphenicol exhibited intermediate levels of resistance.   227 

 228 

      

      



 229 

 230 

Fig. 3. (A) Zones of inhibition produced by K. pneumoniae isolates against gentamicin, ciprofloxacin, 231 

piperacillin, amoxicillin, tetracycline. (B) Zones of inhibition produced by K. pneumoniae isolates against 232 

amoxicillin, chloramphenicol, piperacillin, imipenem, ciprofloxacin, gentamycin.  233 

Of the 180 K. pneumoniae strains, 50 isolates exhibiting reduced susceptibility to the third-234 

generation cephalosporin cefotaxime were selected for molecular analysis. These results are 235 

summarized in (Figure 4). 236 
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Fig. 4. Overall antimicrobial resistance profile of ESBL-producing K. pneumoniae isolates (n=50). Complete 238 

resistance was observed against ampicillin, tetracycline, cefotaxime, and trimethoprim-sulfamethoxazole. 239 

Piperacillin exhibited 44% resistance, while chloramphenicol (21%) and ciprofloxacin (15%) showed moderate 240 

resistance rates. No phenotypic resistance was detected against gentamicin or imipenem. 241 

 242 

Molecular Detection of Resistance Genes of K. pneumoniae from tertiary care hospital 243 

A total of 50 molecularly analyzed isolates were subjected to PCR analysis for the detection of β-244 

lactamase and carbapenemase gene. Of these isolates, blaCTX-M was the most common gene, 245 

detected in 43/50 (86%) isolates, followed by blaTEM 30/50 (60%), blaNDM-1 20/50 (40%), and 246 

blaSHV  03/50 (6%) (Figure 5). No amplification was observed for blaKPC, blaIMP, blaVIM, or 247 

blaGIM. Despite the detection of blaNDM-1 in 40% molecular analyzed isolates by PCR, 248 

phenotypic resistance to imipenem by disk diffusion was not observed in this study. This 249 

discordance between genotypic detection and phenotypic susceptibility warrants further 250 

investigation using quantitative MIC testing and sequence verification. The overall prevalence of 251 

K. pneumoniae was 64% (95% CI: 58–70%). The frequency of blaCTX-M among the molecularly 252 

analyzed isolates was 86% (95% CI: 73–94%). 253 

 254 

 255 

 256 

Fig. 5. Agarose gel electrophoresis images showing PCR amplification of β-lactamase and carbapenemase genes 257 

in clinical K. pneumoniae isolates. (A) Amplification of blaSHV gene showing PCR product of 896 bp and 258 

      
        

          
   

  

           

      
      

              
                 

                                       
       

  

 

               
        
       

        
       

  

              
                 

      
                 

                      

      

      

            

      

   



blaNDM-1 gene showing PCR product of 292 bp in positive isolates. Lanes 1-6 represent positive clinical 259 

isolates; M: 1kb DNA ladder (Thermo Fisher™) for blaSHV and blaNDM-1; N: negative control. (B) 260 

Amplification of blaCTX-M gene showing a PCR product of 544bp in positive isolates; M:2 kb DNA ladder. 261 

(C) Amplification of blaTEM gene showing PCR products of 860 bp in positive isolates; M: 1kb DNA ladder 262 

Lanes 1–6 represent positive clinical isolates, followed by the negative control (N) 263 

 264 

Discussion 265 

AMR is a global health problem linked with rising morbidity and mortality rates and financial 266 

burden on the health care system. It is also an important root cause of therapeutic failure in 267 

infectious diseases. AMR is estimated to result in more than 700,000 deaths every year.22 268 

Klebsiella infections are typically caused by K. pneumoniae and arise in sick patients undergoing 269 

treatment for various ailments resulting in antibiotic resistance, and several cases of nosocomial 270 

infections have been reported.23 During their hospital stay, patients are frequently exposed to a 271 

variety of pathogenic agents, increasing their risk of bacterial colonization and their chance of 272 

contracting infections from several multidrug-resistant bacteria.24 A major opportunistic pathogen, 273 

K. pneumoniae causes a variety of clinical illnesses, such as septicemia in immunocompromised 274 

patients, infections of the skin and soft tissues, blood, digestive tract, and urinary tract, as well as 275 

pneumonia contracted in hospitals.25 276 

In this present study, K. pneumoniae clinical isolates from 10 tertiary care hospitals in Faisalabad 277 

exhibited high resistance to commonly used β-lactam antibiotics, which was similar with the 278 

regional and global data of ESBL mediated resistance. Similar reports from clinical settings in 279 

Pakistan and surrounding regions, where ESBL-producing K. pneumoniae has been linked to 280 

multidrug-resistance and reduced susceptibility to first-line therapies, including widespread 281 

resistance to cefotaxime, ampicillin, tetracycline, and trimethoprim-sulfamethoxazole.26 282 

All 50 K. pneumoniae isolates exhibiting reduced susceptibility to cefotaxime were molecularly 283 

characterized, with the most prevalent ESBL gene, blaCTX-M, being found in 86% of the isolates. 284 

This finding is consistent with results from a larger surveillance investigation conducted in Sindh, 285 

Pakistan, where 60% of isolates harbored the CTX-M-15 genotype and no carbapenem resistance 286 

was observed.8 blaCTX-M was the most frequently detected β-lactamase gene among the 287 

molecularly analyzed  clinical K. pneumoniae, as evidenced by its high incidence, in line with 288 

broader epidemiological patterns seen in the Middle East and Asia.27, 28 289 

The detection of blaTEM and blaSHV among the molecularly analyzed clinical isolates further 290 

indicate the presence of multiple β-lactamase determinants in K. pneumoniae, commonly reported 291 



in Enterobacteriaceae, which can make empirical treatment decisions difficult and create complex 292 

resistant profiles.7, 29 293 

The blaNDM-1 gene was detected in 40% (20/50) of the molecularly analyzed K. pneumoniae 294 

isolates; however, all isolates remained susceptible to imipenem by disk diffusion.   The observed 295 

genotype–phenotype discordance should be interpreted cautiously because imipenem 296 

susceptibility was assessed by disk diffusion only. MIC determination and sequence verification 297 

were not performed in the present study. These methods are therefore recommended in future 298 

investigations to resolve the observed phenotypic–molecular discordance. The detection of 299 

blaNDM-1 in this study is consistent with previous reports of NDM-1-producing K. pneumoniae 300 

in Pakistan.30, 31 The detection of blaNDM-1 despite imipenem susceptibility highlights the need 301 

for further confirmatory investigation of genotype–phenotype discordance. 302 

Recent studies on environmental and clinical surveillance have shown that MDR organisms that 303 

produce carbapenemase are common in clinical wards and can spread through contaminated 304 

surfaces and healthcare personnel. This emphasizes the importance of strict infection control 305 

procedures in preventing cross transmission.32 306 

Moreover, it has been shown that combining rapid molecular diagnostics with antimicrobial 307 

stewardship programs can drastically shorten the time for optimal and successful treatment of 308 

bloodstream infections caused by ESBL and carbapenemase producing Enterobacterales such as 309 

K. pneumoniae. This emphasizes the importance of strict infection control procedures in 310 

preventing cross transmission.33 
311 

Some interventions aimed at combating carbapenem resistant K. pneumoniae (CRKP) which have 312 

been shown to reduce transmission and improve outcomes in hospital settings include improved 313 

hand hygiene, patient cohorting, education, surveillance and implementation of antimicrobial 314 

policies.34 315 

The severe β-lactam and multidrug resistance profiles observed among our human clinical isolates 316 

in Faisalabad are mirrored in the veterinary sector 35, 36.The high prevalence of resistance genes in 317 

our study underscores the evolutionary adaptability of K. pneumoniae. This adaptability is not 318 

limited to human hosts; rather it represents a one health challenge which spans around 319 

environmental and animal interfaces as well.  320 

Universal 16S rDNA PCR was used to assist bacterial identification at the genus level, whereas 321 

species-level identification was primarily based on conventional microbiological and biochemical 322 



methods. Although higher-resolution sequencing approaches may provide greater taxonomic 323 

resolution, the techniques employed in this study are in accordance with general practice in many 324 

clinical microbiology laboratories. 325 

Although this study was strong in several aspects such as having a relatively large sample size and 326 

combining molecular and phenotypic analyses, some limitations must be noted. The molecular 327 

epidemiology was performed on all four specimen types (sputum, blood, urine, and pus) but 328 

molecular characterization was conducted only on a subset of 50 K. pneumoniae isolates exhibiting 329 

reduced susceptibility to cefotaxime, which may restrain the generalizability of the genetic 330 

findings.  Also, it is not possible to evaluate temporal trends in antimicrobial resistance in a cross-331 

sectional design. The results underscore the importance of implementing regular molecular 332 

monitoring for resistances, evidence-based infection control measures and improved antimicrobial 333 

stewardship programs to prevent the spread of MDR K. pneumoniae in hospitals. 334 

 Conclusion 335 

This study demonstrates a high frequency of reduced susceptibility to cefotaxime among the 336 

clinical K. pneumoniae isolates investigated. Among the 50 molecularly analyzed isolates, the 337 

blaCTX-M gene was the most common resistance determinant (86%), while blaTEM (60%), 338 

blaNDM-1 (40%) and blaSHV (6%) were less frequent. The antimicrobial stewardship policies 339 

and susceptibility testing should guide empirical therapy and surveillance of carbapenemase 340 

resistance in clinical settings. Whole genome sequencing, plasmid replicon typing, and MLST 341 

should be included in the future studies to complete the characterization of the molecular 342 

epidemiology of K. pneumoniae in this area. Sustained antimicrobial stewardship programs, 343 

enhanced molecular surveillance, and strengthened infection prevention measures are essential to 344 

curtail the spread of MDR K. pneumoniae in Pakistani healthcare settings. 345 
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