
Al-Khazraji et al.                                                     Iraqi Journal of Science, 2026, Vol. xx, No. x, pp: xx 

                                                                               DOI: 10.24996/ijs.2026.67.1.13 
 

____________________________ 

* Email: mhogene79@yahoo.com 
 

 
Investigation of the genic variation in MrkA gene in forming and non-

forming biofilm isolates of Klebsiella pneumonia 
 

Shaymaa Fouad Rasheed Al-Khazraji, Mohammad Abdul Rahmman Mohammad Al-

Maeni* and Suaad Ali Ahmed 
Department of biology, College of science, University of Baghdad, IRAQ 

 
  Received: 28/9/2024      Accepted: 2/2/2024       Published: xx 

 
Abstract 

     Biofilm formation is a powerful strategy harbored by Klebsiella pneumonia 

isolates and helps them prevent antimicrobials from penetrating the cell and escaping 

the immune system. The aim of the study to correlate the genic variation of MrkA 

gene in isolates of constructing and non-constructing biofilm. The result showed that 

55% of isolates formed biofilm, and their Minimum Bactericidal Concentrations 

(MBC) were significantly higher than the MBC of non-forming biofilm isolates. In 

addition, the MBC mediating biofilm destruction was higher than the Minimum 

Inhibitory Concentration (MIC) mediating planktonic cell killing. This may indicate 

that the biofilm plays a significant role in the survival of K. pneumonia isolates in 

their host. Moreover, MrkA gene was only determined in several biofilm-forming 

isolates, which may indicate their role in forming biofilm. However, studying the 

genic variation revealed that MrkA gene was conserved, and no variation was detected 

at all through comparing DNA sequencing of MrkA gene between isolates and the 

reference genome. Finally, we think MrkA genes participate in biofilm formation, 

which helps isolates persist for a long time in their host.  
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الحيوية  الى الاغشية المكونة وغير المكونة  عزلاتالفي  MrkA في جين  التغاير الجينيدراسة 

 لبكتيريا كليبسيلا الرئوية 
 

 احمد  علي, سعاد  *محمد عبد الرحمن محمد ,شيماء فؤاد رشيد
 قسم علوم الحياة, كلية العلوم, جامعة بغداد, العراق 

 
 الخلاصة 

وساعدتها   الكَلِبْسية الرئوية ال   يعد تكوين الأغشية الحيوية استراتيجية قوية تؤويها عزلات الالتهاب الرئوي      
في منع مضادات الميكروبات من اختراق الخلية والهروب من الجهاز المناعي. كان الهدف من الدراسة هو  

. أظهرت النتائج أن  الأغشية الحيوية  المكونةوغير    مكونة في العزلات ال  MrkAبين التباين الجيني لجين    الربط 
المكونة    MBC% من العزلات شكلت الأغشية الحيوية وكان  55 العزلات غير  لديها أعلى بكثير مقارنة مع 

بوساطة  الحيوية  الأغشية  تدمير  كان  ذلك،  إلى  بالإضافة  الحيوية.  من   MBC للأغشية  الخلايا    تثبيطأعلى 
 قد يشير هذا إلى أن الغشاء الحيوي يلعب دورًا حاسمًا في بقاء عزلات الالتهاب الرئوي   MIC.العوالق بوساطة
الرئوية تم تحديد جينفي مضيفه الكَلِبْسية  في عدة عزلات تشكل الأغشية   MrkA ا. علاوة على ذلك،  فقط 

  الجين   الحيوية وهذا قد يشير إلى دورها في تكوين الأغشية الحيوية. ومع ذلك، أظهرت دراسة التباين الجيني أن
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MrkA  ولم يتم اكتشاف أي تباين على الإطلاق من خلال مقارنة تسلسل الحمض النووي لجينغير متغاير   
MrkA   أن نعتقد  أخيرًا،  المرجعي.  الجينوم  العزلات والعزلة مع  تكوين الأغشية     MrkAجين بين  تشارك في 

   .الحيوية التي تساعد العزلات على البقاء لفترة طويلة في مضيفها
 

Introduction  

     Klebsiella pneumonia  is one of the bacteria that behave as opportunistic pathogens in the 

host , and their presence is correlated with nosocomial infections by which it causes pyogenic 

liver abscess, urinary tract infections, and pneumonia. K. pneumonia becomes resistant to many 

antimicrobial agents with different classes, which are cephalosporins, aminoglycosides, and 

fluoroquinolones [1]. K. pneumonia possesses the carbapenemase genes that show tolerance to 

β-lactam antibiotics, and these genes can be easily transferred from environmental bacterial 

strains to pathogenic strains [2, 3]. Many genes mediating antibiotic resistance, such as ESBL 

and carbapenemases genes, are harbored on the plasmid; therefore, they are readily transferred 

among the bacterial strains community [4, 5]. One of the defense strategies of this bacterium 

is its capacity to construct a biofilm that is considered a barrier preventing antimicrobial agents 

from penetrating the community of bacterial cells; therefore, it is considered a multidrug 

resistance pathogens causing disease with a high mortality rate [6, 7].In general, investigation 

of the variation in the whole genome of isolates of different species is important to detect the 

type of scheme responsible for the persistence of these isolates in their host [8] .  K. pneumonia 

harbors different virulence factors that aid this bacterium in invading the host and escaping the 

immune system. These factors are polysaccharide capsule, pili, and lipopolysaccharides. 

However, biofilm is the major virulence factor enrolled in antibiotic and immune system 

resistance [9-11]. Genetic factors participate in the initiation and maturation of biofilm in K. 

pneumonia and are classified as type I fimbriae with fimH gene, polysaccharides and adhesins 

with pgaC gene, capsular polysaccharide with wza gene [12-15]. Adherence of K. pneumonia 

in tissue host is achieved by protein structures known as type 1 and type 3 fimbriae that 

participate in pathogenicity [16, 17]. MrkA gene encode to MrkA protein in K. pneumonia that 

form type 3 fimbriae and facilitate binding of the bacteria to host mucosal surfaces and 

formation of biofilm [18-20]. MrkA gene encode to Type 3 fimbriae while mrkD encodes the 

adhesin of Type 3 fimbriae [21, 22]. Most of studies achieved on MrkA gene was correlated 

with the prevalence of this gene among different isolates forming biofilm and resisting to 

bactericidal agents. However, detection the variation of MrkA gene among different strains 

rarely investigated by the researchers especially between isolates constructing and non-

constructing  biofilm. Therefore, the study aimed to investigate the variation in MrkA gene in 

biofilm forming and non-forming isolates. In addition, green tea contains Polyphenol EGCG, 

which is a powerful agent that inhibits biofilm formation through inhibition of the construction 

of fiber assembly by interacting with genes responsible for the formation of a matrix of polymer 

of biofilm [23]. Therefore, we intended to visualize the effect of green tea on biofilm formation 

in the current study. 

   

Materials and methods 

Isolates under the study 

     The  20 collected isolates of K. pneumonia from different hospitals in Baghdad city were 

diagnosed by plating the isolates in MacConkey agar and blood agar. In addition, indole 

production, urease test, hydrogen sulfide production, and motility were performed as chemical 

tests to differentiate between K. pneumonia and other bacterial isolates. Moreover, 16sRNA 

sequencing was conducted to ensure the identity of the K. pneumonia isolates. The ethics 

committees authorized this work under the reference number CSEC/1023/0093. 
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Protocol of biofilm construction assay  

     Inoculation of 20 K. pneumonia isolates in tryptic soy broth contains glucose (1% 

concentration) and left at 37 °C for 24 h and this time is sufficient for bacteria to engage with 

stages of biofilm formation. Then 200 μl of the mixture (including 180 μl of media and 20 μl 

overnight-bacterial culture ) was loaded on a microtitre plate handling 96 wells and hold at a 

temperature of 37 °C for 24 h. 0.2 ml of distilled water (DW) was used to wash the wells and 

kept in an inverted position on filter paper for the purpose of drying. Subsequently, 180 μl of 

crystal violet (0.1%) was added to the wells for staining, and then the destaining process was 

performed with the addition of acetic acid. ELISA was used to measure the OD of each isolate 

in the wells, and the reading was taken in triplicate at 570 nm wavelength for each well with a 

particular isolate, while the reading of negative control was represented by taking the OD of 

the medium without the isolate and reading of positive control represented by taking OD of 

isolates without media. Three standard deviations plus the mean OD of the negative control is 

referred to as ODc while subtracting the average OD of the triplicate of each isolate from the 

OD of control, which is referred to as ODi. Non-biofilm-construction, weak-biofilm-

construction, moderate-biofilm-construction, and strong-biofilm-construction were detected 

when ODi < ODc, ODc < ODi < or = 2*ODc, 2*ODc < ODi < or = 4*ODc, and 4*ODc < ODi 

respectively [24, 25].     

 

 Achievement of MBC on biofilm 

     After the construction of the biofilm, the planktonic cells were discarded from each well. 

Then, each well of biofilm with a particular isolate was treated with serial dilution of 

antimicrobial agents (ciprofloxacin :2.5-160 mg/ml, gentamicin :12.5-800 mg/ml, and 

Tobramycin:6.25-400 mg/ml) and kept for one day. Later, MBC was detected by culturing 

treated biofilm with antibiotics in each well on nutrient agar plates. The plate with no growth 

indicates MBC for the biofilm in each isolate.  

 

Effect of antibiotics on biofilm construction 

     The isolates that were detected previously as biofilm producers and non-biofilm producers 

were incubated with TSB containing glucose with 1% concentration to form bacterial broth. 

100 μl of bacterial broth was loaded to a microtitre plate containing 96 wells. Antibiotics with 

100 μl and serial dilution (ciprofloxacin :2.5-160 mg/ml, gentamicin :12.5-800 mg/ml, and 

tobramycin :6.25-400 mg/ml) were added to the 96 wells and mixed with bacterial growth. The 

wells within the microtitre plate were kept at 37◦C for 24 h. Then, DW was used to wash the 

wells that were stained using 180 μl volume of crystal violet (0.1%). Later, the stained wells 

were destained using acetic acid and were read using ELISA at 570 nm.  As mentioned in the 

protocol of biofilm construction assay, schemes of biofilm formation, which are non, weak, 

moderate, and strong biofilm producers, were detected.  

 

Detection MIC of planktonic cells  

     MIC was detected for planktonic cells using a two-fold broth dilution assay as follows: 100 

μl of planktonic cells mixed with 100 μl of serial dilution of antibiotics (As mentioned 

previously) and poured in 96 wells of microtitre plates. OD was determined for each well at 

wavelength 570 nm using ELISA after incubation of the microtiter plates at 37◦C for 24 h.  

 

Detection effect of green tea on K. pneumonia isolates 

     Well diffusion test was used to determine the effect of green tea on K. pneumonia isolates 

by making pore within Muller Hinton agar plate swabbed with 25 μl of inoculum, then 25 μl 

of green tea extract was poured in each well and kept for 24 h at 37 ºC. Recording the result 

through monitoring the inhibition zone.     
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Molecular investigation and sequencing  

     The DNA from three forming and three non-forming biofilm isolates was extracted using a 

Quick DNA extraction kit. Then, PCR was run using forward and reverse primers with 

`5CGGTAAAGTTACCGACGTATCTTGTACTG3` and 

5`GCTGTTAACCACACCGGTGGT AAC3`, respectively for MrkA gene amplification. The 

PCR reaction ran with 25 cycles that include 95 ºC for 30 s, 63 ºC for 30s, and 72 ºC for 90 s 

for denaturation, annealing, and extension, respectively, while the initial denaturation set up 

with 95 ºC for 5 min. ABI 3730 DNA Sequencer was used for sequencing the PCR product, 

and the reaction of sequencing was 4.5 μl for both D. W and Big dye while buffer was 10 μl 

and 0.5 μl,1μl volumes for PCR product and forward primer, respectively.   

 

Statistical test 

     The proportion of biofilm-constructing and non-constructing isolates was compared using 

a chi-squared test. In addition, the different numbers of isolates in different schemes were 

compared using two-way ANOVA hosted in prism. 

 

Results  

The result of the construction of biofilm for 20 isolates revealed that the OD of less than 0.18 

refers to a non-producer for biofilm with a percentage of 45%, while OD ranged between 0.18 

and 0.36 refers to a weak biofilm producer with a percentage of 30%. However, the moderate 

biofilm constructer had a percentage of 25% and an OD larger than 0.36 (Table 1).  The 

statistical test for comparison between isolates forming and non-forming biofilm showed that 

there was no significant difference with P-value P = 0.6645. In addition, a two-way ANOVA 

test was carried out, and it showed that there were no significant differences among the three 

categories of biofilm with a P-value equal to 0.9. There was  no significant difference in 

different schemes of biofilm, which may highlight that using biofilm as a virulence factor in 

isolates under investigation is less crucial in the defense strategies of bacteria.        

      

Table 1: percentage and ODs for isolates non-forming and forming biofilm with moderate and 

weak schemes 

strains % OD 

non-biofilm former 45 < 0.18 

weak biofilm former 30 > 0.18 - < 0.36 

moderate biofilm former 25 > 0.36 

 

 
Figure 1: Mean of ODs for different schemes of biofilm formation under study. 
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     The concentration that killed the biofilm-forming bacteria was referred to as MBC, and its 

result was detected as follows: for Tobramycin, there was no difference in MBC values 

between isolates forming and non-biofilm forming. However, there were significantly higher 

MBC values in isolates forming biofilm compared with isolates non-biofilm forming for 

Ciprofloxacin and Gentamicin. Moreover, for Tobramycin, no difference between MIC and 

MBC values was detected for isolates of non-forming biofilm and forming biofilm. However, 

a significant difference between MIC and MBC values was determined for isolates with non-

forming biofilm and forming biofilm for Ciprofloxacin and Gentamicin. This indicates the role 

of biofilm in preventing the antibiotics from penetrating and killing the bacterial cell, while 

green tea does not have any effect on biofilm (Table 2). We also detected that 60% of isolates 

were MDR and resisted all antibiotics, including Imipenem, Ceftazidime, Amikacin, and 

Colistin, and we think this resistance is due to the capacity of these isolates to construct biofilm 

(Figure 2). 

 

Table 2: MBC and MIC of different antibiotics for isolates forming and non-forming biofilm 

 Ciproflo

xacin 

Ciproflo

xacin 

Gentamici

n 

Gentamici

n 

Tobramyci

n 

Tobramyci

n 

Green 

Tea 

isolates 

MIC of 

cell 

without 

biofilm 

(µg/mL) 

MBC 

(Biofilm) 

(µg/mL) 

MIC of 

cell 

without 

biofilm 

(µg/mL) 

MBC 

(Biofilm) 

(µg/mL) 

MIC of cell 

without 

biofilm 

(µg/mL) 

MBC 

(Biofilm) 

(µg/mL) 

Appea

r or 

does 

not 

appea

r 

growt

h 

isolate-5: non-

forming biofilm 
5 2.5 12.5 12.5 6.25 6.25 growth 

isolate-7:non-

forming biofilm 
5 5 12.5 12.5 6.25 6.25 growth 

isolate-12: non-

forming biofilm 
5 2.5 12.5 12.5 6.25 12.5 growth 

Isolate-8: 

forming biofilm 
5 80 12.5 400 6.25 25 growth 

Isolate-14: 

forming biofilm 
5 20 12.5 400 6.25 6.25 growth 

Isolate-16: 

forming biofilm 
10 10 12.5 50 6.25 6.25 growth 

 

 
 

Figure 2: Percentage of MDR isolates that resist Imipenem, Ceftazidime, Amikacin, and 

Colistin antibiotics used under investigation  
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     The result of the effect of antibiotics and green tea on biofilm formation showed that in the 

presence of Tobramycin, Gentamicin, and Ciprofloxacin, 55%, 35%, and 40% of isolates 

inhibit the formation of biofilm, respectively. This indicates that Tobramycin may have a 

greater effect on biofilm than other antibiotics. Moreover, in the presence of green tea, 40% of 

isolates inhibit the formation of biofilm, and this may suggest that green tea does not have 

effect on biofilm formation (Table 3).   

For molecular detection of MrkA gene in isolates (No: 1, 2, 3) non-forming biofilm and isolates 

(No: 4, 5, 6) forming biofilm, PCR was carried out, and the result appeared that MrkA gene 

was determined in two biofilm-forming isolates (No: 5, 6), as shown in Figure 3.  
 

Table 3: The effect of different antibiotics and green tea on biofilm maturation. 

 (↓): inhibition, (↑): induction, (*) No effect  
Isolate NO Tobramycin Gentamicin Ciprofloxacin Green tea 

1 * * ↑ ↑ 

2 * ↑ ↑ ↑ 

3 ↓ * ↓ ↑ 

4 * ↑ ↑ ↑ 

5 ↓ ↓ ↓ * 

6 * ↑ * ↑ 

7 * ↑ * * 

8 ↓ ↓ ↓ ↓ 

9 ↓ ↓ ↓ ↓ 

10 * ↑ ↑ ↑ 

11 * ↑ ↑ ↑ 

12 ↓ ↓ ↑ ↓ 

13 ↓ * * ↓ 

14 ↓ ↓ ↓ ↓ 

15 ↓ * ↓ ↓ 

16 ↓ ↓ * ↓ 

17 ↓ ↓ ↓ ↓ 

18 ↓ * ↓ ↑ 

19 * ↑ ↑ ↑ 

20 * ↑ * ↑ 

 

 
Figure 3: Overall comprehensive gel electrophoresis was carried out on the PCR product of 

the MrkA gene. Line M: Ladder, while Lines 1, 2, 3, 4, 5, 6 are isolates. The size of the 

amplified band is 475 bp.   

MrkA gene 475 bp, 

bands appear 

within 5 and 6 

isolates 
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Sequencing of  MrkA gene showed that the sequencing pattern only appeared for isolates No 5 

and 6 for MrkA gene, and the alignment pattern showed that there was no difference between 

DNA sequence (Figure 4) and also there was no difference in DNA sequence for aligning DNA 

sequence of MrkA gene for isolate under study with DNA sequence of MrkA gene for reference 

genome (Figure-5).    

 
            10         20         30         40         50         60                 

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

5  TTACCTGTCT CCGGTAACCC TGACTGAAGT TAAAGCGGCA GCAGCGGATA CTTACCTGAA   

6  .......... .......... .......... .......... .......... ..........   

 

            70         80         90        100        110        120              

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

5  ACCGAAATCT TTCACCATTG ACGTCTCTAA CTGCCAGGCT GCTGATGGCA CTAAACAGGA   

6  .......... .......... .......... .......... .......... ..........   

 

           130        140        150        160        170        180           

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

5  TGACGTAAGC AAACTGGGCG TGAACTGGAC CGGCGGTAAC CTGCTGGCTG GCGCAACCAG   

6  .......... .......... .......... .......... .......... ..........   

 

           190        200        210        220        230        240           

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

5  CAAACAACAG GGCTACCTGG CGAACACCGA AGCTTCCGGT GCTCAGAACA TCCAGCTGGT   

6  .......... .......... .......... .......... .......... ..........   

 

           250        260        270        280        290        300           

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

5  GCTGTCTACT GACAACGCTA CCGCGCTGAC CAACAAAATC ATCCCGGGTG ACAGCACTCA   

6  .......... .......... .......... .......... .......... ..........   

 

           310        320        330        340        350        360           

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

5  GCCGAAAGCG AAAGGCGACG CTTCCGCTGT AGCTGATGGC GCGCGTTTCA CCTACTACGT   

6  .......... .......... .......... .......... .......... ..........   

 

           370        380        390        400               

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

5  AGGCTACGCC ACCAGCGCGC CGACCACGGT TACCACCGGT GTGGTTAA  

6  .......... .......... .......... .......... ........  

  
Figure 4: Aligning pattern of DNA sequence of MrkA gene for isolate No 5 and 6 that showed 

no difference in DNA pattern. 
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Figure 5: Aligning pattern of DNA sequence of MrkA gene for isolate under study with DNA 

sequence of MrkA gene for reference genome that showed identity with 100%. 

 

Discussion 

     Despite the biofilm can be considered a powerful strategy to overcome the problem of 

displaying the K. pneumonia isolates to different antimicrobial agents. In the current study, 

only 55% of K. pneumonia isolates formed biofilm. In controversy, 80% of isolates formed 

biofilm, as reported by [26]. In addition, 90% of isolates form biofilm, which is resistant to 

different antimicrobial agents [27]. In the present study, in spite of the percentage of the isolates 

forming biofilm was low compared with other studies. However, the concentration that killed 

the bacteria-forming biofilm (MBC) was significantly higher in biofilm-forming isolates 

compared with isolates non-forming biofilm. Moreover, the MBC mediating biofilm 

destruction was higher than MIC mediating planktonic cell killing. This result may indicate the 

biofilm is considered a strong barrier preventing antibiotics from penetrating the bacterial cells. 

Our result is in agreement with [28], which showed a low percentage of isolates forming 

biofilm, with 77%; however, most of the isolates forming biofilm were MDR. Antibiotics The 

effect of different antibiotics on biofilm maturation showed that Tobramycin may have a great 

effect on biofilm comparable with other types of antibiotics. In addition, green tea showed no 

significant effect on biofilm formation. However, [29] showed that most K. pneumonia isolates 

were sensitive to carbapenems and quinolones but were resistant to third-generation 

cephalosporins with 92%.  The MrkA gene (encoding for Type 1 fimbriae that help in the 

adhesion of the bacterial cells in epithelial and the construction of biofilm) was detected only 

in isolates forming biofilm; therefore, we think it has a direct effect on the formation of biofilm. 

Our result was compatible with [28], which showed that all isolates forming biofilm could 

harbore the MrkA gene. In addition, 90% of isolates harbored the MrkA gene, as reported by 

[19]. Sequencing results for MrkA gene showed there was no difference in DNA sequence 

between isolates No. 5 and 6, and this was because their phenotypic was identical by which 

both isolates were forming biofilm.  Zaborskytė et al.,  [30] showed that variation in MrkD 

gene contributes to the difference in ability of isolates to form biofilm.  In addition, Ochońska 

et al., [30]showed the genic variation in fimbrial genes may participate in attachment of 
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bacterial cells to surface effecting biofilm formation.  however, it is highly recommended that 

the number of isolates be increased in future studies on the same topic.     

 

Conclusion         

     Through the comparison between MBC and MIC for isolates forming and non-forming 

biofilm, respectively, we concluded that biofilm is a good tool for preventing antimicrobial 

killing strategy. MrkA gene was only detected among isolates forming biofilm with no genic 

variation through comparison of DNA sequencing.  

 

Conflict of Interest: 

 The authors state that they have absolutely no conflicts of interest.   

    
References 

[1] 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,” Ann Clin Microbiol 

Antimicrob, vol. 20, no. 1, pp. 13, Feb 15, 2021.doi: 10.1186/s12941-021-00418-x. 

[2] Y. Li, S. Kumar, L. Zhang, H. Wu, and H. Wu, “Characteristics of antibiotic resistance 

mechanisms and genes of Klebsiella pneumoniae,” Open Med (Wars), vol. 18, no. 1, 

pp. 20230707, 2023.doi: 10.1515/med-2023-0707. 

[3] T. Karampatakis, K. Tsergouli, and P. Behzadi, “Carbapenem-Resistant Klebsiella 

pneumoniae: Virulence Factors, Molecular Epidemiology and Latest Updates in 

Treatment Options,” Antibiotics, vol. 12, no. 2, pp. 234, 2023. 

[4] R. Abdelwahab, M. M. Alhammadi, E. A. Hassan, E. H. Ahmed, N. H. Abu-Faddan, 

E. A. Daef, S. J. Busby, and D. F. Browning, “Antimicrobial resistance and comparative 

genome analysis of Klebsiella pneumoniae strains isolated in Egypt,” Microorganisms, 

vol. 9, no. 9, pp. 1880, 2021. 

[5] H. I. Hussain, A. I. Aqib, M. N. Seleem, M. A. Shabbir, H. Hao, Z. Iqbal, M. F.-e.-A. 

Kulyar, T. Zaheer, and K. Li, “Genetic basis of molecular mechanisms in β-lactam 

resistant gram-negative bacteria,” Microbial pathogenesis, vol. 158, pp. 105040, 2021. 

[6] P. Hindieh, J. Yaghi, J. C. Assaf, A. Chokr, A. Atoui, N. Tzenios, N. Louka, and A. E. 

Khoury, “Emerging Multimodal Strategies for Bacterial Biofilm Eradication: A 

Comprehensive Review,” Microorganisms, vol. 13, no. 12, pp. 2796, 2025. 

[7] S. Sharif, and A. K. Yadav, “Bacterial Biofilm and Its Role in Antibiotic Resistance,” 

The Microbe, pp. 100356, 2025. 

[8] M. A. R. M. Al-Maeni, and S. F. R. AlKhazraji, “Investigation the Genome Variation 

of ST-253 of Pseudomonas Aeruginosa Isolates,” The proceedings is licensed under a 

Creative Commons Attribution-NonCommercialShareAlike 4.0 International License, 

permitting all non-commercial use, distribution, and reproduction in any medium, 

provided the original work is properly cited., pp. 24, 2021. 

[9] J. Azeredo, P. García, and Z. Drulis-Kawa, “Targeting biofilms using phages and their 

enzymes,” Current Opinion in Biotechnology, vol. 68, pp. 251-261, 2021. 

[10] 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. 

[11] J. Makhrmash, S. Al-Aidy, and B. Qaddoori, “Investigation of Biofilm Virulence Genes 

Prevalence in Klebsiella pneumoniae Isolated from the Urinary Tract Infections,” 

Archives of Razi Institute, vol. 77, no. 4, pp. 1421-1427, 2022. 

[12] Y. Hu, J. Anes, S. Devineau, and S. Fanning, “Klebsiella pneumoniae: prevalence, 

reservoirs, antimicrobial resistance, pathogenicity, and infection: a hitherto 



Al-Khazraji et al.                                                     Iraqi Journal of Science, 2026, Vol. xx, No. x, pp: xx 

 

unrecognized zoonotic bacterium,” Foodborne pathogens and disease, vol. 18, no. 2, 

pp. 63-84, 2021. 

[13] Y. Li, and M. Ni, “Regulation of biofilm formation in Klebsiella pneumoniae,” 

Frontiers in Microbiology, vol. 14, 2023. 

[14] F. Y. Öztürk, C. Darcan, and E. Kariptaş, “The determination, monitoring, molecular 

mechanisms and formation of biofilm in E. coli,” Brazilian Journal of Microbiology, 

vol. 54, no. 1, pp. 259-277, 2023. 

[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, pp. 2020.07. 03.186130, 

2020. 

[16] M. Sarshar, P. Behzadi, C. Ambrosi, C. Zagaglia, A. T. Palamara, and D. Scribano, 

“FimH and anti-adhesive therapeutics: a disarming strategy against uropathogens,” 

Antibiotics, vol. 9, no. 7, pp. 397, 2020. 

[17] R. Abbas, M. Chakkour, H. Zein El Dine, E. F. Obaseki, S. T. Obeid, A. Jezzini, G. 

Ghssein, and Z. Ezzeddine, “General Overview of Klebsiella pneumonia: 

Epidemiology and the Role of Siderophores in Its Pathogenicity,” Biology, vol. 13, no. 

2, pp. 78, 2024. 

[18] 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, no. 9, pp. 5805-5812, 2001. 

[19] R. Bakhtiari, A. Javadi, M. Aminzadeh, E. Molaee-Aghaee, and Z. Shaffaghat, 

“Association between presence of RmpA, MrkA and MrkD genes and antibiotic 

resistance in clinical Klebsiella pneumoniae isolates from hospitals in Tehran, Iran,” 

Iranian journal of public health, vol. 50, no. 5, pp. 1009, 2021. 

[20] Y. Li, and M. Ni, “Regulation of biofilm formation in Klebsiella pneumoniae,” Front 

Microbiol, vol. 14, pp. 1238482, 2023.doi: 10.3389/fmicb.2023.1238482. 

[21] M. S. Khonsari, P. Behzadi, and F. Foroohi, “The prevalence of type 3 fimbriae in 

Uropathogenic Escherichia coli isolated from clinical urine samples,” Meta Gene, vol. 

28, pp. 100881, 2021/06/01/, 2021.doi: https://doi.org/10.1016/j.mgene.2021.100881. 

[22] S. Venkitapathi, Y. H. Wijesundara, F. C. Herbert, J. J. Gassensmith, P. E. Zimmern, 

and N. J. De Nisco, “Conserved FimK truncation coincides with increased expression 

of type 3 fimbriae and cultured bladder epithelial cell association in <em>Klebsiella 

quasipneumoniae</em>,” bioRxiv, pp. 2022.04.27.489788, 2022.doi: 

10.1101/2022.04.27.489788. 

[23] D. O. Serra, F. Mika, A. M. Richter, and R. Hengge, “The green tea polyphenol EGCG 

inhibits E. coli biofilm formation by impairing amyloid curli fibre assembly and 

downregulating the biofilm regulator CsgD via the σ(E) -dependent sRNA RybB,” Mol 

Microbiol, vol. 101, no. 1, pp. 136-51, Jul, 2016.doi: 10.1111/mmi.13379. 

[24] M. A. R. Al-Maeni, “Detecting the Variation in the lasI Gene and Their Relation with 

Biofilm in Pseudomonas aeruginosa Isolates,” Iraqi Journal of Science, pp. 79-89, 

2024. 

[25] S. F. R. Al-Khazraji, “Study on tssC1 Gene Mediating Biofilm Antibiotics Resistance 

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

[26] D. Yang, and Z. Zhang, “Biofilm-forming Klebsiella pneumoniae strains have greater 

likelihood of producing extended-spectrum β-lactamases,” Journal of Hospital 

Infection, vol. 68, no. 4, pp. 369-371, 2008. 

[27] P. Subramanian, N. Shanmugam, U. Sivaraman, S. Kumar, and S. Selvaraj, 

“Antiobiotic resistance pattern of biofilm-forming uropathogens isolated from 

https://doi.org/10.1016/j.mgene.2021.100881


Al-Khazraji et al.                                                     Iraqi Journal of Science, 2026, Vol. xx, No. x, pp: xx 

 

catheterised patients in Pondicherry, India,” The Australasian medical journal, vol. 5, 

no. 7, pp. 344, 2012. 

[28] A. Mirzaie, and R. Ranjbar, “Antibiotic resistance, virulence-associated genes analysis 

and molecular typing of Klebsiella pneumoniae strains recovered from clinical 

samples,” AMB Express, vol. 11, no. 1, pp. 122, 2021. 

[29] 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, no. 1, pp. 15-24, 2014. 

[30] G. Zaborskytė, P. Coelho, M. Wrande, and L. Sandegren, “Rapid evolution of 

Klebsiella pneumoniae biofilms in vitro delineates adaptive changes selected during 

infection,” bioRxiv, pp. 2024.03. 16.585345, 2024. 

 


