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Abstract 

     Klebsiella pneumoniae is a notorious pathogenic bacterium, armed with multiple 

virulence factors, and is commonly associated with pneumonia infections. One of the 

virulence factors helps K. pneumonia to cause many diseases and escape immune 

system and antimicrobial effect is biofilm construction. Therefore, the overall aim 

was to investigate the genic profile for K. pneumonia that formed and non-formed 

biofilm. The result revealed that around half of the isolates did not form biofilm and 

this may because luxS gene was present in only two isolates forming biofilm and 

absent in others while fimH genes were absent in all other isolates. K. pneumonia 

isolates were sensitive to green tea, Imipenem, and Amikacin antibiotics.  The 

findings suggest that these compounds may have therapeutic potential against the 

specific strain of bacterium. Finally, genic variation was identified in the luxS gene 

between two isolates forming biofilm however, this variation was synonymous and 

no variation was detected in the amino acid sequence. This may indicate that the luxS 

gene is highly conserved among K. pneumonia isolates. The absence of luxS and fimH 

genes in most isolates appears to hinder their ability to form biofilms, making them 

susceptible to antibiotics such as green tea, Imipenem, and Amikacin. 
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للعزلات المكونة والغير المكونة للاغشية الحيوية   luxS جين  دراسة العلاقة بين 
   Klebsiella pneumonia لبكتريا

 *محمد عبد الرحمن ، شيماء فؤاد ، حسام محمود

 ، بغداد، العراق قسم علوم الحياة، كلية العلوم، جامعة بغداد
 الخلاصة 

هي بكتيريا مسببة للأمراض سيئة السمعة، مسلحة بعوامل ضراوة متعددة، وترتبط عادة  الكَلِبْسية الرئوية       
تساعد   الضراوة  أحد عوامل  الرئوي.  الالتهاب  الرئوية  بعدوى  الأمراض  الكَلِبْسية  من  العديد  في  التسبب  على 

والهروب من الجهاز المناعي والتأثير المضاد للميكروبات هو بناء الأغشية الحيوية. لذلك، كان الهدف العام  
.  لاغشية الحيوية التي شكلت الأغشية الحيوية وغير المشكلالكَلِبْسية الرئوية  هو التحقيق في الملف الجيني لـ  

كان موجودًا   luxS   كشفت النتيجة أن حوالي نصف العزلات لم تشكل أغشية حيوية وقد يكون هذا لأن جين
جينات  بينما كانت  في عزلات أخرى  فقط تشكلان أغشية حيوية وغائبًا  غائبة في جميع   fimH في عزلتين 

 و  Amikacinحساسة للشاي الأخضر والمضادات الحيوية  الكَلِبْسية الرئوية  العزلات الأخرى. كانت عزلات  
Imipenem  .تشير النتائج إلى أن هذه المركبات قد يكون لها إمكانات علاجية ضد سلالة معينة من البكتيريا .

بين عزلتين تشكلان غشاءً حيويًا، إلا أن هذا التباين كان   luxS أخيرًا، تم التعرف على التباين الجيني في جين
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محفوظ   luxS ولم يتم الكشف عن أي تباين في تسلسل الأحماض الأمينية. قد يشير هذا إلى أن جين  صامتا 
في معظم العزلات يعيق قدرتها   fimHو luxS يبدو أن غياب جينات.  الكَلِبْسية الرئوية  بدرجة عالية بين عزلات

الشاي الأخضر و الحيوية مثل  للمضادات   و  Imipenem على تكوين أغشية حيوية، مما يجعلها عرضة 
Amikacin.    

 
1.Introduction 

     One of the opportunistic pathogen that infects skin, urinary tract and respiratory tracts and 

causes pneumonia and sepsis is K. pneumonia [1, 2]. Klebsiella pneumoniae is a highly virulent 

bacterium, renowned for its capacity to produce a plethora of virulence factors, including 

enterotoxin and capsule antigens, which enables it to thrive and cause infection, further 

complicated by its ability to exhibit resistance to multiple antibiotics [3-5]. Quorum sensing 

play a crucial role in regulation of many functions in the bacterial cells through changing in 

population density that serves as a tool in bacterial adaptation for stressful environmental 

agents. Through quorum sensing, signaling molecules are produced by converting S-

ribosylhomocysteine to compound that is finally converted to AI-2 molecule, these molecules 

are called autoinducers and help in interspecies communication among community of bacteria 

[6-8]. Many virulence factors in K. pneumonia that represented by secretion systems and 

motility are regulated by the action of AI-2 [9-11]. K. pneumonia can resist several antibiotics 

such carbapenems, fluoroquinolones and cephalosporins. The mechanisms of antibiotics 

resistance in K. pneumonia include decreased in permeability of outer membrane, alteration 

the proteins that are responsible on binding in penicillin and overexpression of efflux pump 

[12-14]. K. pneumonia mediating resistance in carbapenems through their ability to form 

biofilm has mortality rate of 42% [15-17]. Many virulence factors play significant role in 

evading immune system of the host and in forming of biofilm, these factors are outer membrane 

proteins, capsule polysaccharide and all types of fimbriae [18-20]. Biofilm formation is 

controlled by many genetic factors, including the luxS gene which is responsible for quorum 

sensing activity, the pgaA gene, which produces polysaccharides production, and fimA and 

fimH for fimbriae formation [21-23]. It has been observed that luxS producing quorum sensing 

signaling molecules participate in construction of biofilm in K. pneumonia [9, 24, 25]. Biofilm 

is a sheath of extracellular polymeric substances that consists mainly of polysaccharides and 

has a role in protecting the community of bacteria from antimicrobial agents and immune 

system [26-28]. FimH gene encode for Type 1 fimbriae that correlated with UTI infection [29-

31]. Type 3 fimbria help K. pneumonia to bind with epithelial cells that found in urinary tract 

and respiratory tract and to construct biofilm [32, 33]. Binding to extracellular matrix is 

achieved by the action of MrkA protein encoded to Type 3 fimbriae and this accelerate biofilm 

formation in human endothelial and bladder cells [34, 35]. Initiation and maturation of biofilm 

mediated by the action of Type 3 fimbriae[36]. The study aimed to investigate the genic 

variation in quorum sensing luxS gene and type 3 fimbriae fimH gene and their correlation with 

biofilm construction in K. pneumonia.    

 

2. Materials and methods  

2.1 Strains collection 

     The 20 K. pneumonia strains were taken from different specimens (urine, sputum, wound, 

burn, vagina and ear) from patients in hospitals in Bagdad city. The strains were identified 

using morphological and biochemical approaches. The appearance of the isolates on 

MacConkey agar seems to be pink mucoid colonies with large size, while it showed non-

hemolytic characterization growing on blood agar. Hydrogen sulfide production, urease test, 

indole production, motility and other chemical tests were achieved to help in diagnosis the K. 

pneumonia isolates. 16sRNA sequencing was carried out for determination of all strains of K. 

pneumonia. 
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2.2 Susceptibility testing for antimicrobial agents  

     Regarding with CLSI; M100-S14 protocol, the disk agar diffusion approach was carried out 

using Mueller-Hinton agar plates for testing susceptibility of antibiotic for four different types 

of antibiotics which are gentamicin (10 μg), colistin (COL:10 μg), ceftazidime (CAZ: 30 μg), 

and tobramycin (10 μg) antibiotic. Multidrug resistance (MDR) isolates are defined at those 

resistant to three or more different antibiotics [20]. 

 

2.3 Susceptibility testing for green tea against isolates 

     Antimicrobial susceptibility testing of green tea was performed for the isolates as follows; 

Pour was created in plates containing nutrient agar and 100 μl of planktonic cells mixed with 

50 μl of green tea and added to the pour in the plates and kept at 37 ◦C for 24 h. Measuring the 

zone of inhibition was carried out and compared with standard using CLSI; M100-S14 protocol 

[4]. 

 

2.4 Biofilm formation protocol  

     The inoculum of K. pneumonia in tryptic soy broth was incubated, in addition to 1 % glucose 

at 37 °C for 24 h. Later, 200 μl of inoculum for each type of K. pneumonia among 20 isolates 

was poured into 96 well of microtitre plate and kept at 37 °C for 24 h. Washing the wells with 

0.2 ml of distilled water (DW) was conducted and subsequently the microtitre plate was 

inverted on filter paper for drying the wells. Later, the staining of the well with 0.1% crystal 

violet with 180 μl for 15 min was carried out and destained with acetic acid. 570 nm is the 

wavelength for reading all absorbance for 20 isolates on well and this was carried out in 

triplicate for each assay while the negative control represented by absorbance of the media 

without the inoculum. ODc represented by taking the mean of OD of negative control plus 

three of standard deviations while ODi indicated by subtracting OD of the control from ODs 

of each sample after taking their average from the triplicate. The detection of different schemes 

of biofilm construction was as (non_biofilm_construction: ODi < ODc), (weak_biofilm_ 

construction: ODc < ODi < or = 2*ODc), (moderate_biofilm_ construction: 2*ODc < ODi < 

or = 4*ODc), and (strong_biofilm_ construction: 4*ODc < ODi) [4].   

 

2.5 Molecular detection and sequencing 

     The PCR was performed to detect the presence of luxS gene in six isolates thereby three 

isolates were forming biofilm and three non-forming biofilms. The DNA was extracted using 

kit for extraction the DNA (Bioneer kit, Korea). The PCR reaction mixture had a total volume 

of 25 μL, containing 12.5 μL of master mix, distilled water of 10.4 μL, primer of 0.8 μL of 

forward and reverse primers, and finally 1 μL of extracted DNA. The PCR run with initiation 

cycle for denaturation with 94 °C and 5 min, then denaturation, annealing and extension was 

achieved with for 30 s at 95 °C, 53 °C for 60 s, and at 72 °C for 60 s respectively. The forward 

primer was GCCGTTGTTAGATAGTTTCACAG and reverse primer was 

CAGTTCGTCGTTGCTGTTGATG(luxS-4). The product of PCR was run on gel 

electrophoresis using 1% agarose gel and stained using ethidium bromide pigment [20]. The 

product of PCR was also sent for sequencing using ABI 3730 DNA Sequencer with reaction 

of sequencer that consists of PCR product, primer, D. W, sequencing mix that contains Big dye 

(4.5 μl) and sequencing buffer (10 μl) with 0.5 μl, 1 μl and 4.5 μl respectively. 

 

2.6 Statistical analysis 

     The statistical analysis was carried out on data under the study by calculating P-value using 

Chi-squared test (Campbell, 2007) 
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3. Results 

3.1: Concentration of biofilm 

     A significant proportion of isolates, specifically 55%, were found to be biofilm producers, 

with 30% of these classified as weak biofilm formers and 25% as moderate biofilm formers. 

However, biofilm non-producer isolates were 45% Figure 1. The result was not significant 

through comparison among biofilm and non-biofilm constructor with P = 0.6645. 

 

 
 

Figure 1: Percentage of isolates constructed biofilm for weak and moderate scheme and 

isolates non-constructed biofilm. 

 

3.2: Antimicrobial susceptibility testing  

     The result of antimicrobial sensitivity test revealed that all strains were sensitive to 

Imipenem and most of them were also sensitive to Amikacin with 90%. However, treating the 

bacterial cells with Colistin showed that most of isolates were resistance with 95%.  Moreover, 

Ceftazidime sensitivity testing appeared that the percentage of isolates were resistance were 

60% while only 30% of isolates were sensitive. In summary, the percentages of MDR were 

remarkably low, at just 5%. Further statistical analysis revealed significant differences in the 

resistance and sensitive isolates of Colistin and Ceftazidime. Specifically, P-values were 

significantly higher in resistance isolates with 0.0001 and 0.0597 compared with percentage of 

sensitive isolates for Colistin and Ceftazidime respectively. However, the percentages of 

sensitive isolates were higher with P-values 0.0001 and 0.0958 for Imipenem and Amikacin 

Table 1. 

 

Table 1: Percentage of resistance and sensitive isolates for antibiotics susceptibility 

Type of antibiotics  Percentage of isolates %  

 Resistance Intermediate Sensitive 

Colistin 19 (95%) 1(5%) non 

Ceftazidime 12(60%) 2(10%) 6(30%) 

Imipenem - - 20(100%) 

Amikacin 2(10%) - 18(90%) 

 

     The effect of green tea of K. pneumonia isolates showed that most of isolates were sensitive 

with 60% while both resistance and intermediate isolates were 20% for each one. The percent 
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of sensitive isolates were significantly higher than resistance isolates with P-value 0.0108. This 

indicates that the green tea is a good therapeutic agent against K. pneumonia isolates Figure 2. 

 
Figure 2: Schematic representation for the effect of green tea on K. pneumonia isolates 

 

3.3: Molecular detection and sequencing 

     Detection the presence and absence of luxS and fimH genes in three isolates non-forming 

biofilm (Isolates NO 1, 2, and 3) and three isolates forming biofilm (Isolates NO 4, 5, and 6) 

using PCR technique revealed that the availability of the luxS gene was detected in strains 

number 5 and 6, these are biofilm-forming isolates, while they are absent in other isolates (see 

Figure 3). However, fimH was not detected in any of the isolates, both biofilm-forming and 

non-forming (see Figure 4). 

 
 Figure 3: Visualization the bands of LuxS gene using gel documentation. Line 1: the ladder, 

Lines with numbers 1, 2, 3, 4, 5 and 6 are the isolates.  The size of LuxS band was 447 bp.   
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Figure 4: Visualization the bands of fimH gene using gel documentation. Line 1: the ladder, 

Lines with numbers 1, 2, 3, 4, 5 and 6 are the isolates. The size of MrkA band is 615 bp. No 

bands were detected  

 

     The sequencing results also confirmed that luxS gene was only presence in biofilm forming 

isolates No 5 and 6 and there was a difference in sequencing pattern in position 262 by which 

T replaced by G and in position 358 by which (C) replaced to (T) as shown in Figure 5. 

However, both mutations in position 262 and 358 where synonymous mutation therefore amino 

acids pattern were not changed Figure 6. 
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            10         20         30         40         50         60                 

   ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  

1  GAACACGCCG CATGGCGATG AAATCACCGT TTTCGATCTG CGCTTCTGCG TACCGAACCA   

2  .......... .......... .......... .......... .......... ..........   

 

            70         80         90        100        110        120              

   ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  

1  GGAAGTGATG CCGGAACGCG GTATCCACAC CCTGGAGCAT CTGTTCGCGG GCTTTATGCG   

2  .......... .......... .......... .......... .......... ..........   

 

           130        140        150        160        170        180           

   ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  

1  CGATCATCTG AACGGGAATG GCGTGGAAAT TATCGACATT TCGCCAATGG GCTGCCGCAC   

2  .......... .......... .......... .......... .......... ..........   

 

           190        200        210        220        230        240           

   ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  

1  CGGCTTCTAT ATGAGCCTGA TTGGTACGCC GGACGAGCAG CGCGTCGCTG ACGCCTGGAA   

2  .......... .......... .......... .......... .......... ..........   

 

           250        260        270        280        290        300           

   ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  

1  AGCGGCGATG GCCGATGTGC TTAAGGTGAA AGATCAGAAC CAGATCCCGG AGCTCAACGT   

2  .......... .......... .G........ .......... .......... ..........   

 

           310        320        330        340        350        360           

   ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  

1  CTACCAGTGC GGGACTTACA CCATGCACTC GCTGGAAGAG GCCCAGGACA TCGCTCGCCA   

2  .......... .......... .......... .......... .......... .......T..   

 

           370        380        390             

   ....|....| ....|....| ....|....| ....|.. 

1  TATCATTGAG CGCGATGTGC GCATCAACAG CAACGAC  

2  .......... .......... .......... .......  

  
Figure  5: Alignment pattern between isolate No 5 and 6 that showed the difference in position 

262 and 358. 

 

 
Figure 6: Alignment pattern for amino acids that showed all mutation were synonymous and 

no difference in amino acids 

 

Aligning the sequence of luxS gene in isolate under study with luxS gene of reference genome 

using BLAST tool showed that there was no any difference in sequencing pattern Figure 7. 
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Figure 7: Alignment of luxS gene of isolate under study with reference genome 

 

Discussion 

     Biofilm is the famous strategy constructed by the bacterial cells to face the killing effect of 

antimicrobial agents. The percentage of biofilm producers were 93.6% and 75% as reported by 

Shadkam et al. (2021) and Seifi et.al (2016) [20,51] respectively. However, in current study, 

low percentage of isolates was formed biofilm with 55%. The controversy between current 

study and previous studies in percentage of isolates forming biofilm return to many factors. 

Availability of luxS and fimH genes is considered as a one of the important factors that 

contributes in formation of biofilm. luxS is a quorum sensing gene that help in formation signal 

molecules engaged in formation of biofilm, in addition fimH encode for type 1 fimbriae that 

contributes in biofilm formation through binding with epithelial cells in lung and urinary tract 

system in our body. It has been reported that absence of luxS gene in isolates lead to reduce in 

colonization of bacterial cells hence reduce the possibility of strains to construct biofilm [52]. 

Furthermore, the absence of the fimH gene in the isolates was found to significantly impede 

the binding of bacterial cells to epithelial cells in both the lung and urinary tract systems, 

thereby compromising the isolates' ability to form biofilms [46].  In current study, low 

percentage of isolates form biofilm because luxS and fimH genes were absence in 70% and 

100% of strains respectively while Shadkam et al., (2021) showed that 98% of isolates 

harbored luxS gene therefore most of isolates form biofilm [20]. Hammad et al. (2020) showed 

that most of isolates with 75% harbored luxS gene were able to form biofilm compared with 

25% of isolates that were missing to luxS gene and were unable to form biofilm [4]. Shivaee et 

al. (2019) showed that most of isolates formed biofilm with 80% due the prevalence of fimH 

gene with 92% [53]. Shadkam et al., (2021) and Subramanian et al, (2008) revealed that most 

of isolates were resistance to antimicrobial agents were able to form biofilm [20,54]. However, 

in current study most of isolates were resistance to antimicrobial agents were unable to form 

biofilm, this resistance to antimicrobial in our isolates due to other mechanisms but does not 

relate with formation of biofilm. Shadkam et al., (2021) showed that resistance to antibiotics 

IPM, AN and CAZ were 34%, 10.4% and 43% while Moghadas et al. (2018) showed that 
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resistance to antibiotics IPM, AN and CAZ were 7.5%, 36% and 42% [20,55]. Resistance to 

antibiotics IPM, AN and CAZ were 0%, 10% and 60% in current study which was compatible 

with results of [20,55]. However, P-values were significantly higher in resistance isolates with 

0.0001 and 0.0597 compared with percentage of sensitive isolates for Colistin and Ceftazidime 

respectively and this due to other mechanisms but does not relate with construction of biofilm. 

The effect of green tea on biofilm formation showed that all isolates resistance to green tea 

were able to form biofilm however, percent of sensitive isolates were significantly higher than 

resistance isolates with P-value 0.0108. This indicates that the green tea is a good therapeutic 

agent against K. pneumonia isolates. However, Aponte (2018) showed that green tea has no 

significant effect on K. pneumonia isolates. Sequencing pattern for luxS gene showed that 

difference in DNA sequence between isolate No 5 and 6 were synonymous changes and does 

not lead to amino acid changes and we thing this was because both isolates were biofilm 

producer and we did not compare between sequencing of luxS gene in isolate forming and non-

forming biofilm.     

  

Conclusion 

    In the present study, it was concluded that the possibility of K. pneumonia strains to construct 

biofilm and resist different antimicrobial agents correlated with the availability of luxS and 

fimH genes. The luxS gene was highly conserved among K. pneumonia isolates when we 

compared their DNA sequence with sequencing of reference genome available database of 

NCBI. 

 
References 

[1] Y.-m. Wang, W.-l. Dong, K. A. Odah, L.-c. Kong, and H.-x. Ma, "Transcriptome analysis reveals 

AI-2 relevant genes of multi-drug resistant Klebsiella pneumoniae in response to eugenol at Sub-

MIC," Frontiers in Microbiology, vol. 10, p. 1159, 2019. 

[2] I. A. Ibrahim, "Study the Effect of some Medical Plants in Biofilm Formation and Antibiotic 

Sensitivity for Klebsiella Pneumoniae," Iraqi Journal of Science, vol. 58, pp. 971-983, 2017. 

[3] A. A. Hammad, J. A. Mohammed, S. A. Abdulrazzaq, and S. A. Jasim, "EVALUATE THE 

RELATION BETWEEN LUXS GENE AND THE BIOFILM PRODUCTION BY KLEBSIELLA 

PNEUMONIAE," PalArch's Journal of Archaeology of Egypt/Egyptology, vol. 17, pp. 7632-7639, 

2020. 

[4] A. Cruz-Córdova, V. Esteban-Kenel, K. Espinosa-Mazariego, S. A. Ochoa, S. Moreno Espinosa, 

A. de la Garza Elhain, E. Fernández Rendón, E. O. López Villegas, and J. Xicohtencatl-Cortes, 

"Pathogenic determinants of clinical Klebsiella pneumoniae strains associated with their 

persistence in the hospital environment," Boletín médico del Hospital Infantil de México, vol. 71, 

pp. 15-24, 2014. 

[5] G. A. Abdulhasan, "The biological effect of Rosmarinus officinelis L. essential oil on biofilm 

formation and some fimbrial genes (fimH-1 and mrkD) of Klebseilla pneumoniae," Iraqi Journal 

of Science, vol. 56, pp. 2553-2560, 2015. 

[6] L. Chen, J. J. Wilksch, H. Liu, X. Zhang, V. V. Torres, W. Bi, E. Mandela, J. Cao, J. Li, and T. 

Lithgow, "Investigation of LuxS-mediated quorum sensing in Klebsiella pneumoniae," Journal of 

medical microbiology, vol. 69, p. 402, 2020. 

[7] C. De Araujo, D. Balestrino, L. Roth, N. Charbonnel, and C. Forestier, "Quorum sensing affects 

biofilm formation through lipopolysaccharide synthesis in Klebsiella pneumoniae," Research in 

microbiology, vol. 161, pp. 595-603, 2010. 

[8] M. E. S. Guerra, G. Destro, B. Vieira, A. S. Lima, L. F. C. Ferraz, A. P. Hakansson, M. Darrieux, 

and T. R. Converso, "Klebsiella pneumoniae biofilms and their role in disease pathogenesis," 

Frontiers in cellular and infection microbiology, vol. 12, p. 877995, 2022. 

[9] D. Balestrino, J. A. Haagensen, C. Rich, and C. Forestier, "Characterization of type 2 quorum 

sensing in Klebsiella pneumoniae and relationship with biofilm formation," Journal of 

bacteriology, vol. 187, pp. 2870-2880, 2005. 



Al-Maeni et al.                                      Iraqi Journal of Science, 2025, Vol. 66, No. 10, pp: 4137- 4147 

 

4146 

[10] A. Vendeville, K. Winzer, K. Heurlier, C. M. Tang, and K. R. Hardie, "Making'sense'of 

metabolism: autoinducer-2, LuxS and pathogenic bacteria," Nature Reviews Microbiology, vol. 3, 

pp. 383-396, 2005. 

[11] S. M. Shafik, H. A. Abbas, N. Yousef, and M. M. Saleh, "Crippling of Klebsiella pneumoniae 

virulence by metformin, N-acetylcysteine and secnidazole," BMC microbiology, vol. 23, p. 229, 

2023. 

[12] C. Aurilio, P. Sansone, M. Barbarisi, V. Pota, L. G. Giaccari, F. Coppolino, A. Barbarisi, M. B. 

Passavanti, and M. C. Pace, "Mechanisms of action of carbapenem resistance," Antibiotics, vol. 

11, p. 421, 2022. 

[13] M. Chanbari, R. Mirnejad, and E. Babapour, "Evaluation of Resistance to Fluoroquinolones and 

its Relationship whit parC Gene mutation in Klebsiella pneumoniae Clinical Isolates," Iranian 

Journal of Medical Microbiology, vol. 14, pp. 270-289, 2020. 

[14] S. Shadkam, H. R. Goli, B. Mirzaei, M. Gholami, and M. Ahanjan, "Correlation between 

antimicrobial resistance and biofilm formation capability among Klebsiella pneumoniae strains 

isolated from hospitalized patients in Iran," Annals of Clinical Microbiology and Antimicrobials, 

vol. 20, pp. 1-7, 2021. 

[15] N. K. D. Ragupathi, D. P. M. Sethuvel, H. T. Dwarakanathan, D. Murugan, Y. Umashankar, P. N. 

Monk, E. Karunakaran, and B. Veeraraghavan, "The influence of biofilm formation on carbapenem 

resistance in clinical Klebsiella pneumoniae infections: phenotype vs genome-wide analysis," 

BioRxiv, p. 2020.07. 03.186130, 2020. 

[16] N. K. Devanga Ragupathi, D. P. Muthuirulandi Sethuvel, H. Triplicane Dwarakanathan, D. 

Murugan, Y. Umashankar, P. N. Monk, E. Karunakaran, and B. Veeraraghavan, "The influence of 

biofilms on carbapenem susceptibility and patient outcome in device associated K. pneumoniae 

infections: insights into phenotype vs genome-wide analysis and correlation," Frontiers in 

microbiology, vol. 11, p. 591679, 2020. 

[17] E. G. Di Domenico, I. Cavallo, F. Sivori, F. Marchesi, G. Prignano, F. Pimpinelli, I. Sperduti, L. 

Pelagalli, F. Di Salvo, and I. Celesti, "Biofilm production by carbapenem-resistant Klebsiella 

pneumoniae significantly increases the risk of death in oncological patients," Frontiers in cellular 

and infection microbiology, vol. 10, p. 561741, 2020. 

[18] S. A. Abdulateef, H. A. A. Owaif, and M. H. Hussein, "Importance of Virulence Factors in 

Bacterial Pathogenicity: A Review," International Journal Of Medical Science And Clinical 

Research Studies, vol. 3, pp. 765-769, 2023. 

[19] U. Dobrindt and J. Hacker, "Uropathogens and virulence factors," Urogenital infections, pp. 4-22, 

2010. 

[20] D. I. Johnson and D. I. Johnson, Bacterial virulence factors: Springer, 2018. 

[21] H. K. Tawfeeq, "The effect of D and L-amino Acids on Biofilm Formation in Different 

Microorganisms," Iraqi Journal of Science, pp. 570-575, 2016. 

[22] A. A. Ebraheem and S. A. Alwendawi, "Screening for in Vitro Biofilm Formation Ability of 

Locally Isolated Uropathogenic Escherichia coli (UPEC)," Iraqi Journal of Science, pp. 1310-

1314, 2015. 

[23] S. F. R. Al-Khazraji, "Study on tssC1 Gene Mediating Biofilm Antibiotics Resistance of 

Pseudomonas aeruginosa," Iraqi Journal of Science, pp. 4356-4365, 2023. 

[24] A. H. Farhood and R. L. Chelab, "Detection Of The Presence Of Quorum Sensing Genes In Clinical 

Samples Of Pseudomonas Aeruginosa And Klebsiella Pneumonia," NVEO-NATURAL 

VOLATILES & ESSENTIAL OILS Journal| NVEO, pp. 165-174, 2021. 

[25] J. E. Vidal, H. P. Ludewick, R. M. Kunkel, D. Zähner, and K. P. Klugman, "The LuxS-dependent 

quorum-sensing system regulates early biofilm formation by Streptococcus pneumoniae strain 

D39," Infection and immunity, vol. 79, pp. 4050-4060, 2011. 

[26] F. Bertoglio, N. Bloise, M. Oriano, P. Petrini, S. Sprio, M. Imbriani, A. Tampieri, and L. Visai, 

"Treatment of biofilm communities: An update on new tools from the nanosized world," Applied 

Sciences, vol. 8, p. 845, 2018. 

[27] P. Choudhary, S. Singh, and V. Agarwal, "Microbial biofilms," in Bacterial Biofilms, ed: 

IntechOpen, 2020. 

[28] N. A. B. Nor Amdan, "Investigation into mechanisms of biofilm formation by Klebsiella 

pneumoniae," UCL (University College London), 2018. 



Al-Maeni et al.                                      Iraqi Journal of Science, 2025, Vol. 66, No. 10, pp: 4137- 4147 

 

4147 

[29] S. G. Stahlhut, S. Chattopadhyay, C. Struve, S. J. Weissman, P. Aprikian, S. J. Libby, F. C. Fang, 

K. A. Krogfelt, and E. V. Sokurenko, "Population variability of the FimH type 1 fimbrial adhesin 

in Klebsiella pneumoniae," Journal of bacteriology, vol. 191, pp. 1941-1950, 2009. 

[30] D. A. Rosen, J. S. Pinkner, J. N. Walker, J. S. Elam, J. M. Jones, and S. J. Hultgren, "Molecular 

variations in Klebsiella pneumoniae and Escherichia coli FimH affect function and pathogenesis 

in the urinary tract," Infection and immunity, vol. 76, pp. 3346-3356, 2008. 

[31] E. V. Sokurenko, H. S. Courtney, J. Maslow, A. Siitonen, and D. L. Hasty, "Quantitative 

differences in adhesiveness of type 1 fimbriated Escherichia coli due to structural differences in 

fimH genes," Journal of bacteriology, vol. 177, pp. 3680-3686, 1995. 

[32] M. T. Mahmood and B. A. Abdullah, "The relationship between biofilm formation and presence 

of fimH and mrkD genes among E. coli and K. pneumoniae isolated from patients in Mosul," Mosul 

Journal of Nursing, vol. 3, pp. 34-42, 2015. 

[33] J. Langstraat, M. Bohse, and S. Clegg, "Type 3 fimbrial shaft (MrkA) of Klebsiella pneumoniae, 

but not the fimbrial adhesin (MrkD), facilitates biofilm formation," Infection and immunity, vol. 

69, pp. 5805-5812, 2001. 

[34] V. Solanki, M. Tiwari, and V. Tiwari, "Host-bacteria interaction and adhesin study for 

development of therapeutics," International journal of biological macromolecules, vol. 112, pp. 

54-64, 2018. 

[35] N. S. D. Panjaitan, Y.-T. Horng, S.-W. Cheng, W.-T. Chung, and P.-C. Soo, "EtcABC, a putative 

EII complex, regulates type 3 fimbriae via CRP-cAMP signaling in Klebsiella pneumoniae," 

Frontiers in Microbiology, vol. 10, p. 1558, 2019. 

[36] C. Schroll, K. B. Barken, K. A. Krogfelt, and C. Struve, "Role of type 1 and type 3 fimbriae in 

Klebsiella pneumoniae biofilm formation," BMC microbiology, vol. 10, pp. 1-10, 2010. 

 


