Acr AB EFFLUX PUMP ASSOCIATED CARBAPENEM RESISTANCE IN Klebsiella pneumoniae ISOLATED FROM TERTIARY CARE HOSPITAL IN KATHMANDU

ABSTRACT
Background: Antimicrobial resistance (AMR) poses a global threat to the rise of multidrug-resistant (MDR) Klebsiella pneumoniae. MDR in K. pneumoniae is attributed to carbapenemase activity along with the efflux pump mechanism in bacteria. Therefore, this study was designed to investigate AcrAB efflux pump (acrA and acrB genes)-associated carbapenemase resistance in K. pneumoniae isolated from heart patients at Sahid Gangalal National Heart Centre, Kathmandu, from 14th April, 2023, to 13th October, 2023.
Methods: Clinical samples were collected from heart patients at a hospital in Kathmandu over a period of six months. The obtained isolates were confirmed by microbiological/biochemical identification and subjected to an antibiotic susceptibility test via the disc diffusion method following CLSI guidelines. Phenotypic confirmation of carbapenemase production was performed via the modified carbapenemase inactivation method (mCIM). DNA was extracted via the boiling method, and genes were ultimately detected via the conventional PCR technique.
Results: Out of 304 (23.28%) bacterial isolates, 45 (14.8%) clinical isolates were K. pneumoniae, among which 68.8% (31) were multidrug resistant. Colistin (44, 97.8%) and polymyxin (40, 88.9%) were found to be effective antibiotics, followed by tetracyclines (26, 57.8%). Upon screening, 25 isolates were identified as carbapenemase producers, with only 14 (56%) being phenotypically confirmed. The overall prevalence of carbapenemase producers was 31.11% (14/45). The PCR procedure revealed that the blaKPC and blaOXA-48 carbapenemase genes were present in 2 (14.28%) isolates each. Additionally, the acrA and acrB efflux pump genes were prevalent in 10 (71.42%) and 13 (92.85%) isolates, respectively, with significant associations with phenotypic carbapenemase producers.
Conclusion: This study highlights the role of efflux pumps, particularly the acrA and acrB genes, in multidrug resistance alongside carbapenemase production in K. pneumoniae. Therefore, understanding these mechanisms is essential for devising effective strategies to combat antimicrobial resistance, with potential implications for the development of efflux pump inhibitors as adjuncts to antimicrobial therapy. Top of Form
Keywords: K. pneumoniae, blaKPC gene, blaOXA-48 gene, acrA and acrB efflux pump genes.

7

6

INTRODUCTION
Klebsiella pneumoniae is a gram-negative, facultative anaerobe that has become a leading cause of nosocomial infections, particularly in resource-limited settings (1,2). This opportunistic pathogen is responsible for severe infections such as pneumonia, urinary tract infections, and septicemia, especially in immunocompromised patients (3). The increasing resistance of K. pneumoniae to multiple antibiotics has escalated into a global health threat, primarily due to the ability of the organism to acquire and disseminate resistance genes, including those encoding carbapenemases and efflux pumps (4).
In K. pneumoniae, antimicrobial resistance (AMR) is mediated mainly by the production of carbapenemase enzymes and the activation of efflux pumps particularly the resistance-nodulation-division (RND) family such as the AcrAB system, which expels antibiotics from bacterial cells, limiting drug efficacy (5). Globally, carbapenem-resistant K. pneumoniae (CRKP) poses a significant challenge because of the limited treatment options and high mortality rates associated with infections (6). Carbapenems, often considered the last line of defense against MDR infections, are increasingly ineffective because of the rise of carbapenemase-producing bacteria, including K. pneumoniae (7). The rapid spread of carbapenemase genes in these bacteria such as blaKPC and blaOXA-48, along with efflux pump activity, has exacerbated resistance levels in both hospital and community settings (10).
In Nepal, multiple studies have reported the increasing prevalence of multidrug-resistant (MDR) K. pneumoniae and the presence of carbapenemase-producing isolates in recent years (11). The presence of carbapenemase in such isolates can be detected via phenotypic and advanced molecular techniques. Isolates can be phenotypically confirmed via the modified carbapenem inactivation method (mCIM) following the CLSI manual of 2018. Real-time polymerase chain reaction (PCR) can be a sensitive method for the detection/confirmation of carbapenemase genes; however, because it is expensive and has limited availability in many laboratories, especially in resource-poor settings, its use is limited (14). However, relatively less expensive conventional PCR can be an alternative for the detection of target genes from isolates.
Given the rising threat of CRKP and the limited effectiveness of traditional antibiotic therapies, understanding the molecular mechanisms underlying resistance is crucial. Therefore, this study investigated the role of the AcrAB efflux pump and carbapenemase production in K. pneumoniae isolates obtained from clinical samples at the Sahid Gangal National Heart Centre, Kathmandu. By assessing the prevalence of resistance genes and their phenotypic expression, this research aimed to provide insights into the mechanisms driving carbapenem resistance in K. pneumoniae and to contribute to the development of effective treatment strategies against MDR pathogens.
Materials and methods
Study design and setting: 
This hospital-based prospective study was conducted from April 14, 2023, to October 13, 2023, at Sahid Gangalal National Health Center (SGNHC), Kathmandu, with molecular work performed at the central Department of Microbiology, TU. In outpatients at SGNHCs of any age and sex within the study period were considered the population, and informed consent was obtained from the participants. The variables included sample type, antibiotic resistance frequency of Klebsiella pneumoniae and various carbapenemase and efflux genes (acr AB) in patients.   
Sample collection and processing:
A total of 1300 clinical samples (urine, blood, sputum, pus and body fluids) were processed. Samples were cultured on MacConkey agar, Blood Agar and CLED agar and then isolates were identified based on biochemical and cultural characteristics (11). 
Antimicrobial susceptibility testing
AST was performed by Kirby-Bauer disc disc diffusion on Muller-Hinton agar following CLSI guidelines (2018). Carbapenemase screening and confirmation: Potential carbapenem-resistant isolates were screened using meropenam discs. Phenotypic confirmation was performed via the modified carbapenem inactivation method (mCIM). Following the Kirby–Bauer disc diffusion method in Mueller–Hinton agar (MHA), AST was carried out with various antimicrobials, including tetracycline (30 μg), ciprofloxacin (5 μg), gentamicin (10 μg), aztreonam (30 μg), cotrimoxazole (25 μg), levofloxacin (5 μg), piperacillin/tazobactam (100/10 μg), ceftriaxone (30 μg), imipenem (10 μg) and meropenem (10 μg) (Oxoid, UK) and zone of inhibition around antibiotics disc were noted.  
[bookmark: _Toc160141049]Screening of carbapenemase producers
[bookmark: _Toc160141050]The imipenem and meropenem discs were included in the primary antibiotic susceptibility testing (AST) plate for screening potential carbapenemase producers. Isolates demonstrating resistance to at least one of the mentioned carbapenem discs with an inhibition zone of ≤ 19 mm were considered potential carbapenemase producers. These isolates underwent additional phenotypic and molecular confirmation tests for further validation (7).
Phenotypic confirmation of carbapenemase producers
The modified carbapenem inactivation method, as outlined in the CLSI manual of 2018, was followed. For this method, an overnight culture of the isolate (to be tested) on blood agar was emulsified in 2 ml of trypticase soy broth (TSB), which was then vortexed for 15 seconds. After that, a meropenem disk was immersed in the microbial suspension and allowed to incubate at 35 °C for at least 4 hours. Using the standard disk diffusion technique, a 0.5 McFarland suspension of E. coli ATCC 25922, prepared in saline, was subsequently inoculated on a Mueller–Hinton agar (MHA) plate. The meropenem disk was then removed from the TSB and placed on an MHA plate previously swabbed with the indicator strain of E. coli ATCC 25922. The plates were incubated at 35 °C in ambient air for a period of 24 hours. A positive result was indicated by an inhibition zone diameter of 6–15 mm or the presence of colonies within a 16–18 mm zone, whereas a negative result was characterized by a zone of inhibition ≥19 mm. Confirmed isolates for carbapenemase were preserved in 25% glycerol and then stored at −20 °C until further confirmation through molecular testing, along with the isolation of target genes (7).

Detection of carbapenemase and efflux genes
· DNA Extraction: DNA was extracted from subcultured bacteria via the boiling method (30).
· Gene amplification and electrophoresis: PCR was used to detect the blaKPC, blaOXA-48, AcrA, and AcrB genes with specific primers. The amplified products were analyzed by gel electrophoresis.
blaKPC
For gene amplification of blaKPC, approximately 300 ng of template DNA, 7.5 µl of master mix (Qiagen, Germany), 0.2 mM of each primer and nuclease-free water were added to a final volume of 15 µl. The primer pairs used to detect the blaKPC gene (798 bp) were blaKPC, F (CGTCTAGTTCTGCTGTCTTG) and blaKPC R (CTTGTCATCCTTGTTAGGCG). In a thermocycler, amplification was performed with the following cyclic parameters: initial temperature at 95 °C for 15 minutes, followed by 35 cycles of denaturation at 94 °C for 30 s, annealing at 58 °C for 90 s, extension at 72 °C for 90 s and a final extension at 72 °C for 10 minutes. Finally, the amplified products were subjected to gel electrophoresis in a 1.5% agarose gel after being stained with ethidium bromide, and the gel was transferred to a UV illuminator for photo documentation and analysis of the results (19).
 blaOXA-48  	
For gene amplification of blaOXA-48, 3 µl of plasmid DNA, 13 µl of master mix, 0.5 µl each of reverse and forward primers and 8 µl of nuclease-free water were added to make a final mixture volume of 25 µl. The primer pairs used to detect the blaOXA-48 gene (438 bp) were blaOXA-48 F (CCAAGCATTTTTACCCGCATCTACC) and blaOXA-48 R (GTTTGACCATACGTGACTGCG). The thermal cycling process consisted of an initial temperature of 94 °C for 10 min, followed by denaturation at 94 °C for 40 s, annealing at 60 °C for 60 s, extension at 72 °C for 1 min and a final extension at 72 °C for 7 min for 30 cycles. Finally, the amplified products were subjected to gel electrophoresis in a 2% agarose gel after being stained with ethidium bromide and analyzed under a UV illuminator for photo documentation (21).
Efflux genes (acrA and acrB)
For gene amplification of efflux pump genes, a 1 µl DNA sample, 5 µl master mix, 0.5 µl each of reverse and forward primers and 18 µl nuclease-free water were added to make a final mixture volume of 25 µl. The primer pairs used to detect the acrA gene (226 bp) were primer F (TGATGCTCTCAGGCAGCTTA) and primer R (GCCTGGATATCGCTACCTTC). Similarly, the primer pairs used to detect the acrB gene (219 bp) were primer F (CGTCTCCATCAGCGACATTAAC) and primer R (GAACCGTATTCCCAACGCGA). The PCRs were identical for both genes except for annealing. The thermal cycling process included an initial temperature of 94 °C for 5 min, followed by denaturation at 94 °C for 1 min, annealing at 58 °C for 1 min (acrA) and 59 °C for 1 min (acrB), extension at 72 °C for 1 min and a final extension at 72 °C for 5 min for 32 cycles. Finally, the amplified products were subjected to gel electrophoresis in a 1.0% agarose gel after being stained with ethidium bromide, and the gel was transferred to a UV-illuminator for photo documentation and analysis of the results (12).
 Interpretation
The molecular size of the amplified PCR products was estimated via a 100 bp DNA ladder (Solus Company). The 798 bp, 438 bp, 226 bp, and 219 bp bands were considered positive for the blaKPC, blaOXA-48, acrA and acrB genes, respectively.
[bookmark: _Toc160141054][bookmark: _Toc154141545]Quality control during antimicrobial susceptibility
Quality control was performed via K. pneumoniae 700603 ATCC for efflux pump genes and a reference laboratory isolate for the blaKPC and blaOXA-48 genes, with purity plates confirming the pure cultures.
[bookmark: _Toc160141055]Data analysis
The Statistical Package for Social Sciences (SPSS) software (Version 25) worksheet and Microsoft Excel were used to analyze the collected data, and the results are displayed in various tables and figures. The chi-square (χ2) test was used for statistical analysis to determine the associations between the variables. A p value of < 0.05 was considered statistically significant (11).

[bookmark: _Toc160141056]
Results
Bacterial Growth Pattern and Isolation of Klebsiella pneumoniae
[bookmark: _GoBack]A total of 1300 clinical samples, including urine (580), blood (305), sputum/endotracheal (ET) aspirates (220), wound/pus (176), and body fluids (19), were processed during the study period. Among these, 304 (23.38%) samples exhibited bacterial growth, with 45 (14.80%) K. pneumoniae isolates, while the remaining samples were positive for other gram-negative and gram-positive bacteria. Among the isolated bacteria, the gram-negative bacteria included Acinetobacter spp. 60 (19.7%), K. pneumoniae 45 (14.8%), E. coli 56 (18.4%), P. aeruginosa 13 (4.3%), K. oxytoca 4 (1.3%), Proteus spp. 3 (1%), Enterobacter spp. 2 (0.7%), and Citrobacter spp. 1 (0.3%). Among the gram-positive bacteria, Staphylococcus aureus 76 (25%), Enterococcus spp. 16 (5.2%) and CONS 28 (9.2%) were isolated (Figure 2). K. pneumoniae was predominant in the urine samples (n=23), followed by the sputum/ET aspirated samples (n=12), wound/pus samples (n=6) and blood samples (n=4).

                Figure 1: Frequency of bacterial isolates in clinical samples
Antimicrobial susceptibility patterns
The antibiotic susceptibility profiles of the 45 K. pneumoniae isolates were assessed via the disc diffusion method. Among the total isolates, 68.8% (31) were resistant to ciprofloxacin, followed by the same class of levofloxacin (62.2%; 28), i.e., quinolones and fluoroquinolones. Colistin (97.8%) and polymyxin B (88.9%) were the most effective antibiotics, followed by tetracycline (57.8%). Resistance to meropenem and imipenem was observed in 25 (55.56%) isolates, which were considered potential carbapenemase producers (Fig 2).
 
Fig 2: Antibiotic susceptibility pattern of the isolated K. pneumoniae

[bookmark: _Toc160141063]Distribution of multidrug-resistant K. pneumoniae isolates
Among the 45 K. pneumoniae isolates, 68.8% (31) were multidrug resistant (MDR), indicating resistance to at least three classes of antibiotics (Fig. 3).

 
             Fig 3: Distribution of multidrug-resistant K. pneumoniae isolates
Carbapenemase production and phenotypic confirmation
Phenotypic confirmation of carbapenemase production was carried out via the modified carbapenem inactivation method (mCIM). Among the 25 carbapenemase-producing isolates, 14 (56%) were confirmed phenotypically as carbapenemase producers. Thus, the overall prevalence of confirmed carbapenemase producers was 31.11% (14/45). These findings revealed a significant association between the frequency of multidrug-resistant K. pneumoniae and the phenotype of carbapenemase producers (Table 1).
Table 1: MDR and carbapenemase production profiles of K. pneumoniae isolates
	Isolates
	MDR
	Non-MDR
	Total
	P value*

	Carbapenemase producers
	14 (45.16% )
	0 (0.0%)
	14 (31.1%)
	0.002

	Noncarbapenemase producers
	17(54.83%)
	14 (100%)
	31(68.88%)
	

	Total
	31(100%)
	14 (100%)
	45 (100%)
	


               * Chi-square test
Prevalence of carbapenemase and efflux pump genes
PCR-based molecular detection revealed the presence of carbapenemase genes in the phenotypically confirmed isolates. The blaKPC and blaOXA-48 genes were detected in 2 (14.28%) isolates each. The prevalence of the efflux pump genes acrA and acrB was significantly greater, with acrA detected in 10 (71.42%) isolates and acrB detected in 13 (92.85%) isolates. Among the 14 carbapenemase-confirmed isolates, efflux pump genes (either acrA or acrB) were found in all the isolates (100%) confirmed to be carbapenem resistant (Table 2).
Table 2: Prevalence of efflux genes among carbapenemase producers
	Isolates
	Carbapenemase producers
	Noncarbapenemase producers
	Total
	P value*

	Efflux genes
	          14 (100%)
	21 (67.74%)
	35(77.77%)
	0.01

	Non efflux genes
	0 (0.0%)
	10 (32.25%)
	10(22.22%)
	

	Total
	14 (100%)
	31 (100%)
	45 (100%)
	


              *Chi-square test
[bookmark: _Toc160141070]Distribution of MDR and efflux genes in isolates
Among the 45 K. pneumoniae isolates, 68.8% (31) were multidrug resistant. All the MDR isolates of K. pneumoniae were efflux gene producers. There was a significant association between the frequencies of MDR and efflux genes in the isolates (Table 3).
Table 3: Prevalence of MDR and efflux genes in K. pneumoniae
	Isolates
	MDR
	Non-MDR
	Total
	P value*

	Efflux genes
	31(100%)
	    4 (28.57%)
	35 (77.77%)
	< 0.05

	Nonefflux genes
	0 (0.0%)
	10 (71.42%
	10 (22.22%)
	

	Total
	31 (100%)
	14 (100%)
	45 (100%)
	


* Chi-square test

Association of Efflux Pump Genes with Multidrug Resistance
A strong association was observed between the presence of efflux pump genes and multidrug resistance (MDR). Among the 31 MDR K. pneumoniae isolates, 26 (83.87%) harbored the acrB gene, whereas 19 (61.29%) carried the acrA gene. These findings suggest that the AcrAB efflux pump plays a critical role in conferring resistance to multiple antibiotics, including carbapenems, in these isolates.
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 Fig. 4: Venn diagram showing the distributions of carbapenemase activity and efflux.
genes among phenotypically confirmed carbapenemase producers
Among the 14 phenotypically confirmed carbapenemase producers, carapenemase and efflux genes coexisted in 28. In total, 57% (n=4) of the isolates were resistant to carbapenem, whereas the other factor responsible for carbapenem resistance was the efflux gene acrA and/or the efflux gene acrB in 71.42% (n=10) of the isolates. Among these 10 isolates, the highest number of efflux genes associated with carbapenem resistance was observed in the urine samples, i.e., 70% (7/10), followed by the sputum samples (20% (2/10)) and pus samples (10% (1/10)). Similarly, 100% of carbapenemase producers were isolated from inpatients, 50% from males (n=7) and 50% from females (n=7). All these carbapenemase producers were multidrug resistant.
[bookmark: _Toc160141073][bookmark: _Toc160141075]DISCUSSION
This study aimed to explore the prevalence and mechanisms of carbapenem resistance, with a focus on the role of the efflux pump (AcrAB) in K. pneumoniae isolates obtained from clinical samples. The study revealed that of 304 bacterial isolates, 45 (14.8%) were K. pneumoniae, a pathogen known for its role in nosocomial infections and multidrug resistance. The overall prevalence of gram-negative bacteria was consistent with studies from similar clinical settings, such as those by Thapa et al. (2021) and Yadav et al. (2018), where gram-negative organisms outnumbered gram-positive organisms. The predominance of Acinetobacter spp. and E. coli was also in line with findings by Karki et al. (2021), suggesting that K. pneumoniae continues to be a significant contributor to infections in clinical environments.
The resistance patterns of K. pneumoniae revealed alarmingly high levels of multidrug resistance (MDR), with 68.8% of the isolates being classified as MDR. The resistance to ciprofloxacin (68.8%) and levofloxacin (62.2%) highlights the reduced efficacy of quinolones and fluoroquinolones, which are widely used as first-line treatments. This pattern aligns with global reports of increasing resistance to these drug classes (7,29). Additionally, colistin and polymyxin remained the most effective antibiotics, with sensitivities of 97.8% and 88.9%, respectively, in agreement with other findings (7,31). However, emerging colistin resistance, as suggested by studies such as Ayoub Moubareck (2020), is a growing concern, with some regions reporting resistance due to misuse and overreliance on last-line antibiotics.
Among all the K. pneumoniae isolates isolated in this study, 68.8% (31) were multidrug resistant (MDR). This finding was somewhat consistent with the study conducted by Saud et al. (2022), in which the MDR was 60%, whereas in a study undertaken by Gurung et al. (2020), the value for MDR K. pneumoniae was much lower, i.e., 29.7%. However, in some of the studies in Nepal, a high prevalence of K. pneumoniae has been reported, with pathogen MDR patterns reaching 64%, which is an alarming scenario (32). Therefore, the concerned authorities must remain cautious to prevent worsening of the present situation of AMR. In K. pneumoniae, resistance to multiple drugs is due to the possession and production of various resistance and virulence genes, integrons, the synthesis of toxins and the mechanism of efflux pumps (Firoozeh et al., 2019; Li et al., 2013; Dehnamaki et al., 2020). Additionally, the reduced permeability of bacterial membranes and the overexpression of multidrug efflux pumps alone have the ability to cause MDR (33). Owing to the increasing prevalence of such resistant strains causing infections, the efficacy of existing antibiotics is declining. The therapeutic options for antibiotic-resistant organisms are notably limited, given that these organisms frequently exhibit a multidrug-resistant phenotype (34). Therefore, combination therapy with different antibiotics, such as carbapenems, tetracyclines, polymyxins, and fosfomycin, is commonly recommended to delay resistance in K. pneumoniae due to increasing AMR and CRKP cases (35).
Carbapenem resistance remains a critical issue, with 56% (14) of 25 screened carbapenem-resistant isolates confirmed to be carbapenemase producers via the mCIM method, which is more accurate than traditional methods such as the modified Hodge test (19,36). The carbapenemase production rate of 31.11% in this study was higher than that reported in studies from other hospitals in Nepal (24), highlighting the growing presence of carbapenem-resistant K. pneumoniae (CRKP). The detection of the blaKPC (14.28%) and blaOXA-48 (14.28%) genes is comparable to results from previous studies in Nepal and Ethiopia (19,37), although variations in sample sizes and geographical antibiotic use patterns may account for slight differences. Apart from carbapenemase genes, a significant finding of this study was the high prevalence of the AcrAB efflux pump system, with 71.42% of carbapenemase-confirmed isolates harboring the acrA gene and 92.85% carrying the acrB gene. This high occurrence suggests that the AcrAB efflux pump plays a critical role in mediating carbapenem resistance, particularly in isolates that are also MDR. Similar observations were made by Razavi et al. (2020), where the presence of efflux pump genes contributed to drug resistance. In addition to carbapenem resistance, the AcrAB efflux system confers resistance to other antibiotics, such as fluoroquinolones, tetracyclines, and β-lactams (13,38). The coexistence of carbapenemase and efflux genes in 28.57% of the isolates further underscores the complexity of resistance mechanisms in K. pneumoniae, as previously highlighted by studies (39).
Among the 14 carbapenemase-confirmed isolates, efflux pump genes (either acrA or acrB) were found in 100% of the carbapenem-confirmed isolates. These isolates were multidrug resistant. These findings are in accordance with previous studies (12,40). There was a significant association between the frequency of efflux pump genes detected in isolates and the phenotype of carbapenemase producers in this study. Some studies have suggested that the main reasons for carbapenem resistance in gram-negative bacteria (K. pneumoniae) include the ability to produce carbapenemase enzymes, the overexpression of efflux pumps, porin loss, and alterations in penicillin-binding proteins (41). In this study, many noncarbapenemase producers were also positive for efflux genes. The reason behind this is that the major efflux pump Acr AB is not only responsible for providing resistance to carbapenem antibiotics but also provides intrinsic resistance to fluoroquinolones, particularly ciprofloxacin, along with resistance to drugs, including tetracycline, trimethoprim, chloramphenicol, macrolides, and beta-lactams (13,38). These efflux pumps act as both virulence factors and adaptive mechanisms, providing antimicrobial resistance during infections by expelling antibiotics from bacterial cells, leading to drug resistance. In short, these systems help microbes regulate their internal environment by removing harmful substances such as metabolites, antimicrobial agents, and virulence determinants regulated by quorum sensing (13). Interestingly, in this study of confirmed carbapenemase producers, carbapenemase and efflux genes coexisted in 28.57% (n=4) of the isolates, whereas the efflux pump was solely responsible for carbapenem resistance in the remaining isolates, i.e., 71.42% (n=10). Among these isolates, the highest number of efflux genes associated with carbapenem resistance was observed in the urine samples, followed by the sputum and pus samples. This was in accordance with a study performed by Ahmed & Mawlood (2023), where the acrAB gene, encoding the efflux pump system, was detected in 100% of the urine samples.
The findings also indicated that K. pneumoniae isolates from inpatients were more likely to exhibit carbapenem resistance and efflux pump activity, likely due to the increased use of invasive medical devices and immunosuppressive therapies, which create environments conducive to MDR bacteria (4,42). The higher detection rate of efflux genes in isolates from urine samples also aligns with research suggesting that urinary tract infections are often complicated by efflux-mediated resistance mechanisms (39).
Overall, this study highlights the complex interplay of efflux pumps and carbapenemases in the development of resistance in K. pneumoniae. The significant association between the presence of efflux pump genes and MDR patterns, combined with the increasing prevalence of carbapenemase-producing isolates, has posed a major challenge for the clinical management of infections. As previously suggested by researchers (4,41), strategies such as combination therapies (e.g., carbapenems with tetracyclines or colistin) may offer some hope in delaying the progression of resistance, although ongoing surveillance and strict antibiotic stewardship are paramount in curbing the spread of resistant strains.
[bookmark: _Toc160141076]CONCLUSION
K. pneumoniae was the predominant gram-negative bacteria after Acinetobacter spp. and E. coli. On the basis of phenotypic confirmation by mCIM, the overall prevalence of carbapenemase producers was 31.11% (14/45). In this study, polymyxin and colistin were the most effective antibiotics. All the multidrug-resistant K. pneumoniae strains harbored genes encoding efflux pumps. Compared with that in outpatients, the percentage of K. pneumoniae in inpatients was greater. Carbapenem resistance was revealed owing to the presence of the efflux pump genes acrA and acrB.


[bookmark: _Toc160141013]LIST OF ABBREVIATIONS
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MA                  MacConkey Agar
BA                   Blood Agar
CLED             Cystine Lactose Electrolyte Deficient Agar
MHA		Mueller Hinton Agar
MDR               Multidrug Resistance
mCIM             Modified Carbapenem Inactivation Method
PCR		Polymerase Chain Reaction
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