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ABSTRACT  

     Klebsiella pneumoniae is a pathogenic Gram-negative bacterium belonging to the Enterobacteriaceae family. Multidrug-

resistant (MDR) bacteria are a significant global issue in human medicine due to the high occurrence of these organisms, making 

them a major economic issue. Carbapenems are the last line of defense against infections caused by Multi Druge Resistance (MDR)   

Klebsiella pneumoniae isolates, but overuse can result in the emergence of antimicrobial resistance isolates. The carbapenemase 

enzymes (KPC) and (OXA 48), which produce from bacteria K. pneumoniae today, have emerged as one of the β-lactamase enzymes 

that can inactivate the last line of carbapenems. The study aims to detect blaKPC, blaOXA48, genes from Klebsiella pneumonia 

which isolated from different clinical samples in Kerbala province. Sixty-eight Klebsiella pneumoniae isolates were collected from 

pateints with different infections, and isolates were identified by Vitek 2 automated system. Antibiotic susceptibility was measured 

using the disc diffusion method. Following phenotypic detection of multidrug resistance, and finally the blaKPC and blaOXA48 

genes were detected. All isolates of K. pneumoniae which used in this study based on by susceptibility testing with used 10 

antimicrobial, K. pneumoniae isolates were highly resistant to Carbapenem and Cephems antibiotics, intermediate to Cefipeme, 

and sensitive to Sulfonamide. 
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ت بكتريا الكلبسيلا الرئوية المعزولة من مصادر سريرية مختلفةالمقاومة متعددة الجراثيم في عزلاالكاربنيمز  الكشف الجزيئي عن جينات  

 Klebsiella pneumoniae  هي بكتريا ممرضةةةا بةةةابغا برةةةغنا يرال  عتمي اب   ا  اEnterobacteriaceae  و عد هذه ابغكتريا متعددة ابمقاوما لادويا (MDR) 

بعدوى ابتي ادااع الأ عر ضةةةد قضةةةعا  ابمعا م ما اي ابال ابغ ةةةر  بنةةةغل الابت ةةةاه ابكغعر ب ذه ابكا عاه   مما ياع  ا م ةةةك ا اقترةةةاديا يغعرةي ابكاهبابعععماه هي    اب

  وبكن الإاراط اي ابةةةةةتادام ا يمكن دي يلد  هب  ع لاه   لاه مقاوما بمضةةةةةاداه  (MDR) ابمقاوما بلأدويا ابمتعددة Klebsiella pneumoniae  نةةةةةغغ ا   لاه

ابتي يمكن  β-lactamase يلااحدة من هب يماهابر لايا ابعلال     ي غنعلا   ابتي  عتج من بكتعريا (OXA 48) و carbapenemase (KPC) ابمعكروباهي ع ره هب يماه

وابتي  م   ب ا من  Klebsiella من الابت اب ابر لا  blaOXA48 و blaKPC   دف ابدهابةةا هب  ابك ةة   ن تععاه  .carbapenems ندي  عال ابنةةار الأ عر م

ابمرابا بابت اباه مات فا   و م ابتعرف      pateints من Klebsiella pneumoniae  ععاه بريريا مات فا اي محااظا يربلاءي تمعت ثمابعا وبتلاي   با من بلاع

الآبي   و م قعاس ابحنةةةابةةةعا ب مضةةةاداه ابحعلايا بابةةةتادال طريقا الابت ةةةاه ابقرنةةةيي بعد ابك ةةة   ن ابعم  ابظاهر  بمقاوما الأدويا  Vitek 2 ابع لاه بلاابةةةاا بظال

ابتي ابةةةةتادمت اي هذه ابدهابةةةةا بعاءت     ا تغاه ابحنةةةةابةةةةعا   K. pneumoniae تمعع   لاهblaOXA48 و blaKPC ابمتعددة   واي ابع ايا  م ايت ةةةةاف تععاه

 Cephems و Carbapenem شديدة ابمقاوما ب مضاداه ابحعلايا K. pneumoniae   يابت   لاه CLSI 2022 حنةل  ع عماه مضةاداه ب معكروباه 01بابةتادال 

قضةةةعا  ابمعا م ما اي ابال ابغ ةةةر  بنةةةغل الابت ةةةاه ابكغعر ب ذه ابكا عاه   مما ياع  ا م ةةةك ا اقترةةةاديا يغعرةي  يب نةةة فلابامعد  وحنةةةابةةةا  Cefipeme   وبةةةعاا ب ةةةةةةةة

ام ا   وبكن الإاراط اي ابةةةتاد (MDR)ابمقاوما بلأدويا ابمتعددة  Klebsiella pneumoniae ابكاهبابعععماه هي    ابدااع الأ عر ضةةةد ابعدوى ابتي  نةةةغغ ا   لاه 

ابر لايا ابعلال    .K  ابتي  عتج من بكتعريا (OXA 48)و  carbapenemase (KPC)يمكن دي يلد  هب  ع لاه   لاه مقاوما بمضةةاداه ابمعكروباهي ع ره هب يماه 

من  blaOXA48 و blaKPC   دف ابدهابةةةا هب  ابك ةةة   ن تععاه   .carbapenemsابتي يمكن دي  عال ابنةةةار الأ عر من   β-lactamaseيلااحدة من هب يماه 

 من   Klebsiella pneumoniaeوابتي  م   ب ا من  ععاه بةةةريريا مات فا اي محااظا يربلاءي تمعت ثمابعا وبةةةتلاي   با من بلاع  Klebsiella الابت اب ابر لا  

pateints  ابمرةةةةابا بابت اباه مات فا   و م ابتعرف     ابع لاه بلاابةةةةاا بظالVitek 2  الآبي   و م قعاس ابحنةةةةابةةةةعا ب مضةةةةاداه ابحعلايا بابةةةةتادال طريقا الابت ةةةةاه

ابتي   K. pneumoniaeتمعع   لاه  blaOXA48و blaKPC ابقرنةةةيي بعد ابك ةةة   ن ابعم  ابظاهر  بمقاوما الأدويا ابمتعددة   واي ابع ايا  م ايت ةةةاف تععاه 

شةةديدة   K. pneumoniae  يابت   لاه  (CLSI 2022حنةةل  ع عماه )ه مضةةاداه ب معكروبا 01ابةةتادال ابةةتادمت اي هذه ابدهابةةا بعاءت     ا تغاه ابحنةةابةةعا ب

 .  وحنابا ب ن فلابامعد Cefipeme  وبعاا ب   Cephemsو  Carbapenem ابمقاوما ب مضاداه ابحعلايا 

1.INTRODUCTION    

    Klebsiella genus is a member of Enterobacteriaceae family Gram-negative, facultatively anaerobic, rod-shaped, 

nonsporulating, and immobile. It is named after German scientist Edwin Klebs (1834–1913)[1]. Is classified as rendering to the 

following. It is also known as Friedlander's bacillus, a German pathologist who hypothesized that this bacterium was the cause 

of tuberculosis etiological factor for pneumonia[2]. In the late 19th century, K. pneumoniae was first isolated and was initially 

termed Friedlander's bacterium. Gram-negative bacteria, particularly Enterobacteriaceae, are frequently responsible for both 

community- and hospital-acquired infections, including those of the bloodstream, lower respiratory tract, and urinary tract. These 

microbes can obtain genes encoding several strategies for resisting antibiotics, including extended-spectrum β-lactamases 
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(ESBLs), ampCs, and carbapenemases[3]. In the pre-antibiotic era, it was an important cause of community-acquired pneumonia, 

especially in alcoholics and diabetic[4].  

     Multi-drug resistant (MDR) K. pneumoniae became established in hospitals as a prominent cause of healthcare-associated 

infections during the antibiotic era. K. pneumoniae has a large auxiliary genome made up of plasmids and chromosomal gene 

loci[5]. Since the mid-1980s, it has been identified as the source of extremely persistent community-acquired illnesses, 

accounting for about one-third of all Gram-negative infections[6]. It has acquired multidrug resistance by horizontal transfer of 

antimicrobial resistance genes mediated by mobile genetic components such as integrons. Multiple nosocomial epidemics caused 

by K. pneumoniae with multiple treatment resistance have been observed globally[7] . Over the last 20 years, the incidence of 

K. pneumoniae infections has increased considerably, coinciding with extended-spectrum beta-lactamase (ESBL) spread, which 

is attributed to the pathogen's pathogenicity and virulent factors[8]. Pathogenicity refers to the capability of a pathogen to cause 

disease, while virulent factors refer to the degree of pathogenicity; generally. These lesions caused by K. pneumoniae may be 

attributed to the pathogen's pathogenicity and virulent factors[9]. This organism accounts for about one-third of all Gram-

negative infections for instance, urinary tract infections, cystitis, pneumonia, surgical wound infections, endocarditis and 

septicemia[10]. MDR was defined as the acquisition of resistance to at least one drug from three or more antibiotic classes[11]. 

The rise of carbapenem resistance in gramme-negative bacteria has been documented globally in recent years. The primary 

carbapenem-hydrolyzing β-lactamases in Enterobacteriaceae are the Ambler class A β-lactamases (KPC) and the class D β-

lactamase OXA-48[12].Carbapenems are becoming increasingly important in treating serious infections, but care must be taken 

to avoid overuse to avoid emerging resistance[13].  

2. MATERIALS AND METHODS 

    Two hundred and seventy-five specimens were isolated from various clinical samples (blood, sputum, urine, wounds, burns, 

high vaginal swab (HVS), pharyngeal swab, and ear swab) from patients in distinct Karbala hospitals. All collected specimens 

grown, separately, on MacConkey agar and blood agar after that incubated for 24 hours at 37°C[14] . After incubation and 

depending on their colonies morphology (shape, size, color and texture), isolates suspected to belonging to Klebsiella genus 

were taken for identification[15]. Mucoid growth Lactose fermenting colonies on MacConkey agar and non-hemolytic mucoid 

colonies on sheep blood agar are gray, white[16] and we used vitik-2 system for identification. The susceptibility of K. 

pneumoniae to 10 antibiotics agents for 7 classes Carbapenem antibiotics including Meropeneme and Imipenem, Cephems group 

including Cefipeme and Cefotaxime, beta lactam antibiotics group including Ceftazidime, Aminoglycoside including 

Gentamicin, Monobactam including Aztreonam, Fluoroquinolone including Levofloxacin and Ciprofloxacin, Sulfonamide 

(folate pathway) including Trimethoprim-sulfamethoxazole ,it was determined by the Kirby-Bauer disk diffusion method 

according to (CLSI 2022)[17] instructions. Activation of isolates was performed using MacConkey Agar plate culture for 24 

hours at 37°C and the growth was transferred to a tube containing 3 ml of normal saline, the turbidity was adjusted to 0.5 

McFarland tube equal to 1.5×10⁸ CFU/ml standard, and then spread on Muller Hinton agar by a sterile cotton swab[18] . The 

inhibition zone diameter was read and interpreted as a sensitive, intermediate or resist. Carbapenem resistant K. pneumoniae 

isolates were defined as carbapenem non-susceptible [19]. The carbapenemase gene blaKPC and blaOXA48 were detect by using the 

Polymerase Chain Reaction PCR were performed to amplify the target DNA using particular primer pairs. Single plex was used 

in this study. 12.5 µl of master mix, 2 µl of each primer, 5 µl of template DNA and 3.5 µl of Nuclease free water mixed in 25 µl 

of total reaction volume. 

3.  RESULTS AND DISCUSSION 

3.1 Bacterial isolates:  Sixty-eight K. pneumonia isolates (blood, burn, urine, sputum, wound, urine, HVS , pharynx swab 

and ear swab) were collected from various clinical sources in Karbala during the period from September 2022 to December 

2022. Females had a higher isolation rate than males (35:33). Klebsiella pneumoniae isolates were identified based on 

morphological characteristics of the colonies on MacConkey agar and Blood agar. The VITEK 2 automated identification system 

was used to confirm Klebsiella identification at the species level and to eliminate variability in biochemical test findings[20]. 

Sixty-eight of K. pneumonia isolates were isolated from different clinical samples such as 22/68(32.35%) isolates from sputum, 

16/68(23.52%) isolates from urine, 8/68(11.76%) isolates from wound, 5/68(7.35%) isolates from burns, 6/68(8.82%) isolates 

from blood, 6/68(8.82%) isolates from higher vagina swab (HVS), 3/68(4.41%) isolates from pharynx,2/68(2.94%) isolates from 

ear swab as shown in figure. The survey validated the prevalence of K. pneumoniae in Karbala hospitalsي  
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              Figure1: Percentage of Klebsiella pneumoniae isolates from different clinical samples. 

3.2 Antibiotic Susceptibilities: The results of antibiotic susceptibility tests showed that K. pneumoniae isolates were highly 

resistant to Carbapenem antibiotics including Imipenem (88%), and Cephems group including cefotaxime (74%), Ceftazidime 

(66%), Aztreonam (57%), Cefipeme (56%), Ciprofloxacin (55%), Gentamicin (51%), Meropenem (41%), and 

Trimethoprim/sulfamethoxazole (43%). The results also, have indicated that K. pneumoniae isolates were intermediate to 

Cefipeme (15%), meropenem (12%) and imipenem (4%), Gentamicin (9%), Ceftazidime (6%), Trimethoprim-sulfamethoxazole 

(3%), Ciprofloxacin and aztreonam (1  % ( .The results of antibiotic susceptibility tests indicated that K. pneumoniae isolates were 

highly sensitive to Sulfonamide (folate pathway) including Trimethoprim-sulfamethoxazole (55%), Levofloxacin (51%) 

Ciprofloxacin (44%), Gentamicin (40%), Meropenem (47%), Aztreonam (41%), Cefipeme (29%) cefotaxime and Ceftazidime 

(26%), as shown in table 1 below 

                Table1: Antimicrobial susceptibility test of Klebsiella pneumoniae isolate. 

        

Antibiotics Sensitive Intermediate Resistance Total 

Cefotaxime 30mg 18 (26%) - 50 (74%) 68 

Levofloxacin 5mg 35 (51%) 3(4%) 25 (37%) 68 

Cefipeme 30mg 20 (29%) 10(15%) 38(56%) 68 

 Trimethoprim/sulfamethoxazole 

25     mg 

37(55%) 

 

2(3%) 29 (43%) 68 

Ceftazidime 30mg 18(26%) 5(6%) 45(66%) 68 

Meropeneme 10mg 32(47%) 8(12%) 28 (41%) 68 

Imipenem 10mg 5 (7%) 3(4%) 60(88%) 68 

Gentamicin 10mg 27 (40%) 6(9%) 35 (51%) 68 

Ciprofloxacin 5mg 30 (44%) 1(1%) 37(55%) 68 

Aztreonam 30 mg 28 (41%) 1(1%) 39(57%) 68 
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                  Figure 2: Antimicrobial susceptibility test of Klebsiella pneumoniae isolates.  

     Among sixty-eight K. pneumoniae isolates 40/68 (59%) were diagnosed as multi-drug resistant (MDR) K. pneumoniae, 

28 /68(41%) non MDR.In this study K. pneumoniae isolates as MDR were resisted to 3 antibiotics up to 10 antibiotics for 7 

classes, its resistant to 7 classes were the highest present with 20/40 also considered extensively drug-resistant XDR 50% 

followed by 4, 6 classes MDR 7/40 (15%), 3 classes MDR 4/40(10%), and 5 classes MDR 2/40 (5%) as table2 below. 

                  Table: Resistance patterns among Klebsiella pneumoniae isolates. 

Classes MDR Phenotype No. % 

 
 

3 

Cephems /Carbapenem /Fluoroquinolone 1  
 

10% Cephems /Carbapenem / beta lactam 2 

Cephems / beta lactam / Sulfonamide 1 

 
 

4 

 

Monobactam / Cephems / beta lactam / Fluoroquinolone 1  

 
15% Monobactam / Carbapenem/ Aminoglycoside /Fluoroquinolone 1 

Monobactam /Carbapenem/ Beta lactam / Cephems 5 

 
5 

 Beta lactam/Monobactam/Carbapenem/ Sulfonamide /Fluoroq    

uinolone 
1 

 
5% 

 Beta lactam / Sulfonamide / Monobactam / Cephems /        

Fluoroquinolone 

1 

 
Cephems / Monobactam / Carbapenem / Fluoroquinolone /  

Am inoglycoside/ Beta lactam  
4  

     6 
Monobactam /Carbapenem/ Beta lactam / Fluoroquinolo  

Aminoglycoside / Sulfonamide 
1 20% 

 
 Cephems /Carbapenem/ Beta lactam / Fluoroquinolo  

 Aminoglycoside / Sulfonamide 
2  

7 
  Monobactam /Carbapenem/ Beta lactam / Fluoroquinolo  

 Aminoglycoside / Sulfonamide / Cephems 
20 50% 

Total 40  

  

    The current investigation found that all K. pneumoniae isolates were multidrug resistant to at least one antibiotic in three or 

more of the 7 antimicrobial classes tested in this study. Multi-resistant isolates were categorized as MDR, perhaps XDR, or 
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possibly PDR based on this criterio[21].  The reason may be attributed to this: efflux pump systems and enzymatic degradation 

are important in the spread of multidrug-resistant K. pneumonia [22]. 

3.4 Genotypic Detection of Carbapenemases enzymes: The results showed that 18/40 (47.5%) of the isolates have 

blaOXA48 gene and 1/40 isolate have blaKPC gene, while 21/40 (52.5%) of the isolates did not have both. 

                 
Figure2: Agarose gel (1.5% in TBE) electrophoresis for K. pneumoniae blaKPC amplicon (798bp) primer for carbapenem-resistant 

K. pneumoniae, L is 100bp DNA ladder, 1/40(2.5%) lane 19 isolate positive blaKPC genes, at Voltage 75 volts for 90 min. 
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Figure 3: Agarose gel (1.5% in TBE) electrophoresis of amplified product of 281bp blaOXA-48 gene for K. pneumoniae isolates. 

For 90 min at 75 volts. Lane L is 100bp DNA ladder; 18/40(45%) Lanes 1, 2, 5, 7, 8, 9, 10,11,12,14,15,16,17, 18, 24, 25, 32 and 

33 positive blaOXA-48 gene.   

   In this study, found that the prevalence of KPC-producing K. pneumoniae was relatively low compared to OXA-48 gene. K. 

pneumoniae isolates expressing KPC-type carbapenemases are among the most troublesome multiple antibiotic-resistant 

infections to emerge in recent years, attributable to their XDR phenotypes and propensity for rapid diffusion in hospitals, with a 

significant effect on mortality[23]. Klebsiella species are the major source of mortality and morbidity due to endemic, epidemic, 

and nosocomial diseases[24]. Based antimicrobial susceptibility assay, PCR and carbapenemase gene typing, substantial 

prevalence of highly virulent MDR K. pneumoniae isolates were present in clinical specimens. Due to the multidrug resistance 

produced by the emergence of drug-inactivating enzymes, particularly beta-lactamases. The carbapenemase enzyme is 

increasingly being identified in bacteria that cause nosocomial infections[16]. 

CONCLUSION 

   We have shown that increasing trends of K. pneumoniae isolates from different clinical samples (blood, sputum, urine, 

wounds, burns, higher vagina swab, pharynx swab and ear swab) from patients in separate hospitals in Karbala. The antibiotic 

susceptibility indicated that K. pneumoniae isolates were resistant to Cefotaxime, Levofloxacin, Cefipeme, 

Trimethoprim/sulfamethoxazole, Ceftazidime Meropeneme, Imipenem, Gentamicin, Ciprofloxacin, Aztreonam. It was 

diagnosed as multi-drug resistant (MDR) K. pneumoniae. This study found that blaKPC was the most common carbapenemase 

gene that found in1/40 (2.5%) isolates followed by blaOXA-48 18/40(45%) isolates. As a result, the K. pneumoniae strains that 

produce OXA-48 and KPC are an emerging threat in this medical center and should be targeted for early identification and 

stringent control of infections brought on by K. pneumoniae.  

ACKNOWLEDGMENT 

  Gratitude to everyone who helped me conduct the current study. 

REFERENCES 

1.  Kurittu, P. (2022). Extended-Spectrum Beta-Lactamase-producing Enterobacteriaceae through the lens of One Health 

in the Whole Genome Sequencing Era. 

2. Stefanović, C., Hager, F. F., & Schäffer, C. (2021). LytR-CpsA-psr glycopolymer transferases: essential bricks in gram-

positive bacterial cell wall assembly. International Journal of Molecular Sciences, 22(2), 908. 

3. Lutgring, J. D., & Limbago, B. M. (2016). The problem of carbapenemase-producing-carbapenem-resistant-

Enterobacteriaceae detection. Journal of clinical microbiology, 54(3), 529-53442, 104-111. 

4. Piperaki, Evangelia-Theophano, et al. "Klebsiella pneumoniae: virulence, biofilm and antimicrobial resistance." The 

Pediatric infectious disease journal 36.10 (2017): 1002-1005.  

5. Martin, R. M., & Bachman, M. A. (2018). Colonization, infection, and the accessory genome of Klebsiella pneumoniae. 

Frontiers in cellular and infection microbiology, 8, 4. 

6. Vasaikar, S., Obi, L., Morobe, I., & Bisi-Johnson, M. (2017). Molecular characteristics and antibiotic resistance profiles 

of Klebsiella isolates in Mthatha, Eastern Cape province, South Africa. International journal of microbiology, 2017. 

7. Peykov, S., & Strateva, T. (2023). Whole-Genome Sequencing-Based Resistome Analysis of Nosocomial Multidrug-

Resistant Non-Fermenting Gram-Negative Pathogens from the Balkans. Microorganisms, 11(3), 651. 

8. Peirano, G., & Pitout, J. D. (2019). Extended-spectrum β-lactamase-producing Enterobacteriaceae: update on molecular 

epidemiology and treatment options. Drugs, 79, 1529-1541. 

9. Qin, S., Xiao, W., Zhou, C., Pu, Q., Deng, X., Lan, L., ... & Wu, M. (2022). Pseudomonas aeruginosa: pathogenesis, 

virulence factors, antibiotic resistance, interaction with host, technology advances and emerging therapeutics. Signal 

Transduction and Targeted Therapy, 7(1), 199.Navon-V enezia, S., Kondratyeva, K., & Carattoli, A. (2017). Klebsiella 

pneumoniae: a major worldwide source and shuttle for antibiotic resistance.  FEMS Microbiology Reviews, 41(3), 252–

27). 

10. Sweeney, M. T., Lubbers, B. V., Schwarz, S., & Watts, J. L. (2018). Applying definitions for multidrug resistance, 

extensive drug resistance and pandrug resistance to clinically significant livestock and companion animal bacterial 

pathogens. Journal of Antimicrobial Chemotherapy, 73(6), 1460-1463. 

11. Dong, N., Yang, X., Chan, E. W. C., Zhang, R., & Chen, S. (2022). Klebsiella species: Taxonomy, hypervirulence and 

multidrug resistance. EBioMedicine, 79, 103998.  



60 
 

12. Karampatakis, T., Tsergouli, K., & Behzadi, P. (2023). Carbapenem-Resistant Klebsiella pneumoniae: Virulence 

Factors, Molecular Epidemiology and Latest Updates in Treatment Options. Antibiotics, 12(2), 234. 

13. Shakib, P., Kalani, M. T., Ramazanzadeh, R., Ahmadi, A., & Rouhi, S. (2018). Molecular detection of virulence genes 

in Klebsiella Pneumoniae clinical isolates from Kurdistan Province, Iran. Biomedical Research and Therapy, 5(8), 

2581-2589. 

14. Patel, S. S., Chauhan, H. C., Patel, A. C., Shrimali, M. D., Patel, K. B., Prajapati, B. I., ... & Patel, M. A. (2017). 

Isolation and identification of Klebsiella pneumoniae from sheep-case report. Int J Curr Microbiol App Sci, 6(5), 331-

4. 

15. Sharma, S.K.; Mudgal, N.K.; Sharma, P. and Shrngi, B.N. 2015). Comparison of phenotypic characteristics and 

virulence traits of Klebsiell pneumoniae obtained from pneumonic and healthy camels (Camelus dromedarius). Adv. 

Anim. Vet. Sci. 3(2): 116-22. 

16. Pourgholi, L., Farhadinia, H., Hosseindokht, M., Ziaee, S., Nosrati, R., Nosrati, M., & Boorman, M. (2022). Analysis 

of carbapenemases genes of carbapenem-resistant Klebsiella pneumoniae isolated from Tehran heart center. Iranian 

Journal of Microbiology, 14(1), 38. 

17. CLSI, Performance Standards for Antimicrobial Susceptibility esting.The Clinical & Laboratory Standards Institute 

M100 32h Edition 2022 

18. Ferreira, R. L., Da Silva, B. C., Rezende, G. S., Nakamura-Silva, R., Pitondo-Silva, A., Campanini, E. B., ... & 

Pranchevicius, M. C. D. S. (2019). High prevalence of multidrug-resistant Klebsiella pneumoniae harboring several 

virulence and β-lactamase encoding genes in a Brazilian intensive care unit. Frontiers in microbiology, 9, 3198. 

19. Ramadan, R. A., Bedawy, A. M., Negm, E. M., Hassan, T. H., Ibrahim, D. A., ElSheikh, S. M., & Amer, R. M. (2022). 

Carbapenem-resistant Klebsiella pneumoniae among patients with ventilator-associated pneumonia: Evaluation of 

antibiotic combinations and susceptibility to new antibiotics. Infection and Drug Resistance, 3537-3548. 

20. Hamam, S. S., El Kholy, R. M., & Zaki, M. E. (2019). Study of various virulence genes, biofilm formation and 

extended-Spectrum β-lactamase resistance in e isolated from urinary tract infections. The Open Microbiology Journal, 

13(1). 

21. Iskandar, K., Murugaiyan, J., Hammoudi Halat, D., Hage, S. E., Chibabhai, V., Adukkadukkam, S., ... & Van Dongen, 

M. (2022). Antibiotic discovery and resistance: the chase and the race. Antibiotics, 11(2), 182. 

22. Sundaramoorthy, N. S., Shankaran, P., Gopalan, V., & Nagarajan, S. (2022). New tools to mitigate drug resistance in 

Enterobacteriaceae–Escherichia coli and Klebsiella pneumoniae. Critical Reviews in Microbiology, 1-20.  

23. Di Pilato, V., De Angelis, L. H., Aiezza, N., Baccani, I., Niccolai, C., Parisio, E. M., ... & Rossolini, G. M. (2022). 

Resistome and virulome accretion in an NDM-1-producing ST147 sublineage of Klebsiella pneumoniae associated with 

an outbreak in Tuscany, Italy: a genotypic and phenotypic characterisation. The Lancet Microbe, 3(3), e224-e234. 

24. Russo, A., Fusco, P., Morrone, H. L., Trecarichi, E. M., & Torti, C. (2022). New advances in management and treatment 

of multidrug-resistant Klebsiella pneumoniae. Expert Review of Anti-infective Therapy, 1-15. 

 

 


