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 The majority of common Escherichia coli species is related to humans 

and cause extra-intestinal infections. There is a link between majority of 

these infections and bacterial CTX-M. The present study was conducted 

to investigate the relationship between biofilm formation and CTX-M 

gene expression in clinical E. coli isolates. Thirty-five clinical isolates of 

E. coli were obtained from different clinical samples including urine, 

blood, wounds, and burns from four hospitals in Baghdad. Antibiotic 

susceptibility and biofilm formation tests were carried out. Polymerase 

chain reaction (PCR) and reverse transcriptase-PCR were used to detect 

and evaluate the expression of the CTX-M gene. The isolates were 

resistant to cephalosporins, aminoglycosides, and carbapenems with 

values of 94.3, 60, and 14.3%, respectively. There was a significant (p 

<0.01) relationship between biofilm formation and resistance to multiple 

antibiotics in the E. coli isolates. The PCR assay revealed that 94.3% of 

the isolates have the CTX-M gene, but no significant correlation 

between the biofilm values and the concentrations of the CTX-M gene 

expression. The findings of this study suggest that these antibiotics can 

be used in the empirical treatment of E. coli-caused infection-linked 

biofilm formation, and the antibiotic sensitivity pattern aids in antibiotic 

selection. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

E. coli is a group of microorganisms found in human flora as well as animal digestive tracts and symbionts 

that aid in the digestion and synthesis of certain vitamins, such as vitamin K [1]. The non-virulent strains of 

E. coli and the virulent strains that cause diarrhea are transmitted through ingestion of contaminated food or 

water, human-to-human transmission, or the oral-fecal route [2]. Antibiotic resistance is common in E. coli 

growing in biofilms. This resistance is frequently caused by mutations and repeated exposure to high levels 

of antibiotics [3], [4]. E. coli is a prime example of antibiotic resistance because it produces extended-

spectrum-lactamase (ESBL), which can cause life-threatening infections [5]. Because the enzymes are 

generally encoded on plasmids, the emergence and spread of ESBL producing Enterobacteriaceae are 

primarily driven by horizontal gene transfer, specifically by conjugation or mobilization [6]. The CTX-M -

lactamases play an important role in resistance to third-generation cephalosporins, particularly cefotaxime 
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[7]. 

 

Understanding the molecular mechanisms of resistance is critical for developing new strategies for 

preventing the spread of resistance determinants among bacteria [7], [8]. There is a link between CTX-M, 

which is produced in E. coli, and the majority of community and hospital-acquired infections, particularly 

urinary tract infections (UTI) and bacteremia [9], [10]. Phylogenetic studies of E. coli isolates producing 

CTX-M enzymes show that they mostly belong to phylogenetic group D [8]. Cefotaxime and ceftazidime 

can be hydrolyzed by CTX-M-type enzymes, which have been found in E. coli isolates from hospitals 

responsible for outbreaks in many countries [8], [11]. 

 

The present study was aimed at investigating the relationship between biofilm formation and CTX-M gene 

expression in clinical E. coli isolates. 

 

2. MATERIALS AND METHODS 

 

2.1 Sources and identification of bacterial strains 

One hundred E. coli isolates were isolated from clinical samples including urine, blood, wound, and burn 

from four hospitals (Al-Imam Ali Hospital, Fatima Al-Zahra Hospital, Ibn Al-Baladi Hospital, and Shahid 

Al-Sadr Hospital) in Baghdad, Iraq between November 2020 and April 2021. The bacterial isolates were 

identified by growing them on Eosin Methyl Blue agar, and the colonies have a characteristic green metallic 

sheen. However, the E. coli colonies on MacConkey agar appeared pink due to the fermentation of lactose. 

The VITEK-2 system (BioMerieux, France) was used for the identification of the isolates [12]. 

 

2.2 Antibiotic susceptibility testing 

VITEK-2 system (BioMerieux, France) was employed for performing the antibiotic susceptibility testing. 

The antibiotics tested include amikacin, gentamicin, tobramycin, ciprofloxacin, trimethoprim-

sulfamethoxazole, imipenem, aztreonam, cefepime, ceftazidime, cefotaxime, and ceftriaxone [13]. 

 

2.3 Biofilm formation by the microtiter plate method 

The biofilm formation test was done according to the procedure described by Musafer [14]. Minimal salt 

medium (M63) supplemented with magnesium sulphate (MgSO4), glucose, and casamino acids (CAA) were 

used. 

 

2.4 PCR amplification of the CTX-M gene 

A DNA extraction kit (Promega, USA) was utilized to isolate DNA from E. coli, which was then used as a 

template for polymerase chain reaction (PCR). The CTX-gene was PCR-amplified using the CTX-M gene 

universal primers. The nucleotide sequence of the forward primer is 5'-SCS ATG TGC AGY ACC AGT 

AA-3' and the reverse primer is 5'-CCG CRA TAT GRT TGG TGG TG-3'. The reaction volume was 10 μl, 

and the amplification program consisted of 1 cycle of initial denaturation at 95°C (5 min) and 30 cycles of 

denaturation at 95°C (30 sec), annealing at 57.5°C (30 sec), and extension at 72°C (30 sec), with a final 

extension at 72°C (7 min) [11]. 

 

The PCR products were electrophoresed on 1.5% agarose gel using TBE buffer (1X) at 100 volts for 60 

minutes. After the gel electrophoresis, the gel was stained with ethidium bromide and visualized on the gel 

imaging system. 

 

2.5 Reverse transcriptase-polymerase chain reaction (RT-PCR) 
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E. coli carrying the CTX-M gene was grown to the logarithmic phase at 37°C in nutrient broth containing 

M63 media. The RNA was isolated using the TRIzol™ reagent and converted to cDNA. Reverse 

transcriptase-polymerase chain reaction (RT-PCR) was performed using an RT-PCR system (Promega, 

USA). The reaction volume for the CTX-M gene was 10 μl, and the amplification program was 1 cycle of 

initial denaturation at 95°C (5 min), followed by 40 cycles of denaturation at 95°C (30 sec), annealing at 

57.5°C (30 sec), and extension at 72°C (30 sec), with a final extension at 72°C (7 min). The Pfaff method 

was used to analyze CTX-M gene expression by absolute quantification by the standard curve (SC). 

 

2.6 Statistical analysis 

Data from three independent experiments were presented as mean±standard deviations of the mean. 

Statistical analysis was performed using the correlation coefficient (r) and LSD0.01 was employed for data 

analysis using Pearson Correlation. 

 

3. RESULTS 

 

3.1 Specimen collection 

Thirty-five E. coli isolates were obtained from different clinical sources during this study. The most 

common source of E. coli was the urine specimen with a value of 19 (54.3%), followed by the blood 

specimen with a value of 12 (34.3%), and 2 (5.7%) for each wound and burn swabs.  

 

3.2 Evaluation of biofilm formation and antibiotic resistance  

Of the 35 (100%) biofilm-producing E. coli isolates, 27 (77.1%) were recorded as multidrug resistant 

(MDR). Antibiotic resistance is increasing, and MDR phenotypes are gaining popularity around the world. 

The antibiotic susceptibility patterns were determined in E. coli isolates, and the results obtained from the 

test of antimicrobial susceptibility against E. coli revealed that isolated bacteria are different in their 

susceptibility to antibiotic resistance. Table 1 depicts three antibiotic resistance patterns of E. coli isolates, 

with the first pattern indicating the greatest resistance to cephalosporin antibiotics with a value of 33 

(94.3%) and sulfamethoxazole-trimethoprim with a value of 25 (71.4%). The second pattern revealed 

antibiotic resistance to aminoglycoside with a value of 21 (60%) and fluoroquinolone at 13 (37.1%). The 

third pattern is antibiotic resistance to carbapenems which was 5 (14.3%), and monobactams, which was 15. 

(42.9%). Carbapenems are commonly used to treat diseases caused by infection by Enterobacteriaceae. 

 

Table 1: Biofilm and antibiotics resistance patterns of clinical E. coli isolates 

No. of 

isolates 

Biofilm values 

(A490 ± SDb) 

Antibiotic resistance patterns 

E. coli # 1 0.045±0.0021  

E. coli # 2 0.060±0.0058 STX, ATM, CPM, CAZ, CTX, CRO 

E. coli # 3 0.039±0.0078 CTX 

E. coli # 4 0.043±0.0031 GN, TOB, CTX 

E. coli # 5 0.041±0.0046 AK, GN, TOB, CIP, STX, IMP, ATM, CPM, 

CAZ, CTX 

E. coli # 6 0.043±0.0012 GN, TOB, STX, ATM, CPM, CAZ, CTX, CRO 

E. coli # 7 0.051±0.0026 GN, TOB, CIP, CPM, CAZ, CTX, CRO 

E. coli # 8 0.070±0.0023 GN, CIP, STX, ATM, CPM, CAZ, CTX, CRO 

E. coli # 9 0.054±0.0015 CIP, STX, ATM, CAZ, CTX 

E. coli # 10 0.046±0.0032 TOB, STX, CPM, CAZ, CTX, CRO 

E. coli # 11 0.052±0.0035 STX, CPM, CRO 
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E. coli # 12 0.039±0.0015 AK, GN, TOB, CIP, STX 

E. coli # 13 0.038±0.0025 STX, IMP, ATM, CPM, CRO 

E. coli # 14 0.057±0.0056 STX, CPM, CAZ, CTX, CRO 

E. coli # 15 0.042±0.0020 CIP, STX, IMP, ATM, CPM, CAZ, CTX, CRO 

E. coli # 16 0.040±0.0006 TOB, STX, ATM, CAZ, CTX, CRO 

E. coli # 17 0.042±0.0040 GN, CAZ, CTX 

E. coli # 18 0.046±0.0035 GN, TOB, CPM, CAZ, CTX, CRO 

E. coli # 19 0.035±0.0020 CIP, CPM, CAZ, CRO 

E. coli # 20 0.045±0.0025 AK, TOB, STX, ATM, CAZ 

E. coli # 21 0.099±0.0110 CIP, STX, CPM, CAZ, CTX 

E. coli # 22 0.052±0.0067 STX, CPM, CAZ, CTX, CRO 

E. coli # 23 0.040±0.0030 GN, STX, IMP, ATM, CAZ, CTX, CRO 

E. coli # 24 0.040±0.0040 AK, GN, TOB, CIP, STX, CPM, CTX, CRO 

E. coli # 25 0.046±0.0025 GN, TOB, STX, CPM 

E. coli # 26 0.057±0.0025 TOB, STX, CPM, CTX, CRO 

E. coli # 27 0.045±0.0040 GN, CIP, STX, ATM, CPM, CAZ, CTX, CRO 

E. coli # 28 0.044±0.0012 CIP, STX, ATM, CAZ, CTX, CRO 

E. coli # 29 0.052±0.0017 AK, GN, TOB, CIP, STX, CPM, CAZ, CTX 

E. coli # 30 0.049±0.0021 STX, IMP, CPM, CTX, CRO 

E. coli # 31 0.043±0.0059 GN, TOB, CIP, STX, ATM, CPM, CAZ 

E. coli # 32 0.052±0.0067 CRO 

E. coli # 33 0.036±0.0038 GN, STX, CPM, CAZ, CTX 

E. coli # 34 0.043±0.0001 GN, TOB, ATM, CPM, CAZ 

E. coli # 35 0.055±0.0052 TOB, ATM, CPM, CAZ, CTX, CRO 
 

AK: Amikacin; GN: Gentamicin; TOB: Tobramycin; STX: Trimethoprim-sulfamethoxazole; IPM: 

Imipenem; ATM: Aztreonam; CPM: Cefepime; CAZ: Ceftazidime; CTX: Cefotaxime; CRO: Ceftriaxone 

 

There was little research on the relationship between antibiotic resistance and biofilm formation, and it 

differed depending on the antibiotic agent. In this study, it was discovered that there is a significant (p 

<0.01) correlation between biofilm formation and resistance to multiple antibiotics. In E. coli, susceptible 

isolates had a lower capacity to form biofilm than resistant isolates. However, several studies found that 

antibiotic-resistant strains had a higher capacity to form biofilm. E. coli isolated from urinary tract 

infections demonstrated a significant (p < 0.05) relationship between antibiotic resistance and biofilm 

formation [15], [16]. The high percentage of resistance found among E. coli isolates in this study could be 

attributed to antibiotic misuse, which promotes resistance acquisition [18]. 
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Figure 1: The correlation between biofilm formation and antibiotic resistance 

** Correlation is significant at the 0.01 level 

 

3.3 The molecular detection of the CTX-M gene 

PCR was used to detect the CTX-M gene, which has a molecular weight of (550 bp). The results show that 

33 (94.3%) of bacterial isolates have a CTX-M gene, whereas E. coli # 3 and 16 isolates were negative for 

the CTX-M gene 2 (5.7%) as shown in Table 2. Various research conducted in many countries revealed 

varying results when studying the presence of CTX-M gene in E. coli isolates.  

 

Table 2: The percentage of CTX-M gene found in E. coli 

 

Gene 

No. of bacterial 

isolates that have 

CTX-M gene 

CTX-M gene 

percentage 

CTX-M + 33 94.3 

CTX-M - 2 5.7 

 

 

Figure 2: Gel electrophoresis of PCR-amplified CTX-M gene products. 

M: 1,500 bp marker; Lanes 1, 2, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 

27, 28, 29, 30, 31, 32 isolates number that showed positive results of CTX-M gene. 
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3.4 Relationship between the CTX-M gene and biofilm formation 

To investigate the role of the CTX-M gene in biofilm formation, E. coli #35, 14, 2, 8, and 21 of the 35 

isolates that were positive for the CTX-M gene were compared to E. coli #16 and 3 that were negative for 

the CTX-M gene (Figure 2). The results revealed that negative CTX-M gene isolates also formed biofilms, 

indicating that the CTX-M gene does not have any role in biofilm formation. 

 

 
Figure 3: Relationship between the CTX-M gene and biofilm formation 

Values are expressed as mean+standard deviation. Error bars represent standard deviations of the means 

from three independent experiments, compared to E. coli 25922 

 

It was determined that the presence of the CTX-M gene has no significant (p <0.01) effect on the ability to 

form biofilm. Thus, gene expression was used to determine the relationship between the concentration of 

the CTX-M gene and biofilm formation. Figure 4 depicts the results of an RT-PCR analysis for the CTX-M 

gene to determine the concentration of gene expression in E. coli isolates. 

 

 
Figure 4: RT-PCR curve after the amplification of CTX-M gene 

 

Table 3 revealed no significant relationship between biofilm formation and CTX-M gene concentration.  
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Table 3: Relationship between the CTX-M gene expression and biofilm formation 

 

No of isolate 

 

CTX-M 

 

Biofilm 

formation 

Calculated 

concentration 

(Copy/µL) 

E. Coli # 21 + 0.099 838.3 

E. Coli # 10 + 0.089 807.7 

E. Coli # 14 + 0.057 5.796x104 

E. Coli # 35 + 0.055 545.8 

E. Coli # 33 + 0.036 1.102x106 

E. Coli # 19 + 0.035 4.711x105 
 

4. DISCUSSION 

A resistance of sulfamethoxazole-trimethoprim could be attributed to the widespread use of these two 

antibiotics in the treatment of bacterial infections [15]. The lower resistance rate of fluoroquinolones could 

be due to a better understanding in UTI cases [15]. Furthermore, the CTX-M genes were typically located in 

large R-plasmids that also carried other genes that resulted in resistance to various antimicrobial agents such 

as fluoroquinolones and aminoglycosides [16]. Previous research has shown that imipenem has 100% 

sensitivity, that resistance to these antibiotics is related to the uncontrollable use of carbapenems and 

monobactams, and that many infections can be treated with these antibiotics [17]. When bacteria produce 

biofilm, they protect themselves from antibiotics and host defense mechanisms, which may result in the 

expression of various virulence factors and the development of antibiotic resistance [16]. These antibiotics 

can be used in the empirical treatment of infections caused by biofilm, such as urinary tract infections (UTI) 

caused by uropathogenic E. coli UPEC-linked biofilm formation, and antibiotic sensitivity pattern aids in 

the selection of the most appropriate antibiotic treatment [18]. The high percentage of resistance found 

among E. coli isolates in this study could be attributed to antibiotic misuse, which promotes resistance 

acquisition [18]. Two studies conducted in Iraq and Tunisia indicated that E. coli isolates had 78.7 and 

78.6%, respectively, of the CTX-M gene [19], [20]. The results of the present study are consistent with 

those obtained in the United Kingdom, with a value of (94.1%) [21] and Pakistan, with a value of 92.3% 

[22]. There is a close relationship between the CTX-M gene and the ability to form biofilm in bacterial 

isolates. There is a paucity of literature on biofilm levels and resistance gene expression during biofilm 

phases. [23] suggest a significant role in the increased prevalence of biofilm-associated infections and the 

third-generation cephalosporin-resistant CTX-M gene. The results also showed that the most significant 

variation was associated with the E. coli CTX-M-gene, as it conferred the highest biofilm density values in 

all growth media. To the best of our knowledge, this is one of the first studies that attempted to detect gene 

activity between biofilm formation and the CTX-M gene. 

 

5. CONCLUSIONS 

The findings of this study reveal that there is no significant relationship between CTX-M gene expression 

and biofilm formation. Based on this observation, the negative correlation may provide a more optimistic 

perspective on how the prescription is given to patients with a high E. coli infection. 
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