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ABSTRACT 

Background & objective: Multidrug-resistant (MDR) Enterobacteriaceae, particularly Escherichia coli and Klebsiella 
pneumoniae, pose a critical global health threat owing to the limited therapeutic options. Increasing β-lactamase-
mediated resistance requires local surveillance to inform treatment and control strategies. 

This research was carried out to determine the prevalence, antibiotic resistance patterns, and biofilm production of 
MDR Enterobacteriaceae in patients with urinary tract infections (UTI) across healthcare facilities in Al-Hilla, Iraq. 

Methodology: From September 2024 to April 2025, 215 bacterial isolates were collected from hospitalized and 
outpatient patients with known UTI in Al-Hilla. Species identification was performed using MacConkey agar, eosin 
methylene blue (EMB) agar, biochemical tests (IMViC), and the VITEK 2 system. Antibiotic susceptibility testing (16 
antibiotics) was performed according to CLSI (2024) disk diffusion guidelines. Biofilm production was assessed using 
Congo red agar (CRA). 

Results: The results of our research show that E. coli (53%, 114/215) and K. pneumoniae (27%, 60/215) were the 
predominant pathogens. High rates of resistance were observed for ampicillin (E. coli, 99.1%; K. pneumoniae, 98.3%) 
and ceftazidime (E. coli, 70.2%; K. pneumoniae, 75%). Carbapenems showed low resistance (imipenem: E. coli, 
12.3%; K. pneumoniae 20%). Biofilm production occurred in 52.6% of E. coli isolates (strong/moderate: 42.1%) and 
68.3% of K. pneumoniae isolates (strong/moderate: 53.3%). 

Conclusion: MDR Enterobacteriaceae exhibiting significant β-lactam resistance and biofilm formation are prevalent 
in Al-Hilla UTI cases, underscoring a critical public health challenge. The correlation between biofilm production and 
MDR necessitates enhanced stewardship and the development of alternative therapeutic strategies. 

Abbreviations: E. coli, Escherichia coli; K. pneumoniae, Klebsiella pneumoniae; MDR, multidrug resistance; ESBL, 
extended-spectrum β-lactamase; UTI, urinary tract infection. 
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1. INTRODUCTION  

The Enterobacteriaceae family (phylum Proteobacteria) 

encompasses diverse gram-negative genera, such as 

Escherichia, Enterobacter, and Klebsiella. While 

typically present at low abundance in healthy human 

intestines,1 several species are prominent causes of 

difficult-to-treat multidrug-resistant (MDR) nosocomial 

infections.2 Therapeutic limitations often compel the use 

of broad-spectrum antibiotics against MDR 

Enterobacteriaceae.3 β-lactamase production is a key 

resistance mechanism in these bacteria, contributing 

significantly to the burden of community-onset and 

healthcare-associated infections, particularly urinary 

tract infections (UTIs).4 The alarming global increase in 

antimicrobial resistance (AMR) among gram-negative 

bacteria, with Enterobacteriaceae being a primary focus,5 

necessitates localized epidemiological studies on β-

lactamase prevalence. These investigations are crucial 

for determining effective empirical therapy and 

strengthening infection prevention and control 

protocols.6,7 

Recent global surveillance data have revealed alarming 

trends in multidrug-resistant Enterobacteriaceae 

infections. In US hospitals from 2013 to 2017, 12.05% 

of over 1 million Enterobacteriaceae isolates were 

extended-spectrum β-lactamase (ESBL) producers, 

1.21% were carbapenem-resistant, and 7.08% showed 

multidrug resistance. The rates of ESBL and 

carbapenem-resistant Enterobacteriaceae increased 

significantly during this period, with ESBL infections 

rising at an average slope of 0.0089 per quarter.4 This 

situation is even more concerning in developing 

countries. A study from rural southwestern Uganda 

showed that 19.2% of 2,371 patients with UTI symptoms 

tested positive for uropathogenic Enterobacteriaceae, 

25.05% exhibited multidrug resistance, and 10.77% 

showed pan-drug resistance. These organisms showed 

the highest resistance to tetracycline (89.5%) and 

varying degrees of resistance to other antibiotics, 

including carbapenem-resistant strains.8 

Members of the Enterobacteriaceae family are known to 

form biofilms, which contribute significantly to their 

clinical persistence and resistance. These structured 

assemblages, in which bacteria reside within an 

extracellular polymeric substance (EPS) matrix,9 

demonstrate enhanced tolerance to antimicrobial drugs. 

The increasing prevalence of drug-resistant pathogens 

combined with biofilm-mediated protection 

substantially diminishes antibiotic effectiveness, thereby 

elevating the treatment complexity.10 This has 

necessitated the development of new therapeutic 

platforms effective against biofilm-associated 

infections.11 This study was conducted to assess the 

prevalence and diversity of β-lactamases expressed by 

urinary isolates of E. coli and Klebsiella pneumoniae 

from hospitals and health centers in Al-Hilla Province. 

2. METHODOLOGY 

2.1. Isolation and cultivation of bacteria 

This study was conducted between September 2024 and 

April 2025. A total of 215 urine samples were collected 

from 102 hospitalized and 72 non-hospitalized UTI 

patients in the selected health facilities of AL-Hilla, 

Babylon province, Iraq, Al-Hilla Teaching Hospital, Al-

Hashimiya General Hospital, Al-Imam Al-Sadeq 

Hospital, Merjan Medical City for Internal Medicine and 

Cardiology, Babel Maternity and Children, and the Al-

Kadhya Health Care Center. MacConkey agar and eosin 

methylene blue agar were prepared according to the 

manufacturer’s instructions and used as the culture 

media. Urine samples were cultured in these media and 

incubated at 35  2ºC for 18 h. Different colonies were 

subcultured by streaking for purification, and the VITEK 

2 system was used for further identification.   

2.2. Morphological characterization 

2.2.1. Microscopic examination  

Microscopic examination was performed using a 

commercially prepared Gram staining kit (Schuchardt, 

Germany) to differentiate and observe morphological 

characteristics of the bacterial specimens. 

2.2.2. Biochemical tests 

The IMViC test consists of four different tests designed 

to differentiate gram-negative intestinal bacilli 

(Enterobacteriaceae). Indole production and methyl red, 

Voges-Proskauer, and Citrate utilization tests were 

performed according to the manufacturer’s instructions. 

2.2.3. Antibiotic susceptibility test  

Specimens were tested for 16 antibiotics using the disk 

diffusion method (Kirby-Bauer) according to the CLSI 

guidelines (CLSI, 2024). A sterile cotton swab was 

dipped into a standardized bacterial suspension adjusted 

to a McFarland turbidity standard of 0.5. The swab was 

used to evenly inoculate the entire surface of the 

Mueller-Hinton agar by streaking in three dimensions to 

ensure uniform lawn growth. After the surface was dried 

for 3–5 min, commercial antibiotic discs were aseptically 

placed on the agar using sterile forceps. Plates were 

incubated at 35-37°C for 18 h, and antibacterial activity 

was expressed as the mean inhibition zone diameter in 

millimeters (mm) (CLSI, 2024). The zone size was  
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measured and classified as sensitive or resistant 

compared to the standard zone, according to CLSI. 

2.2.4. Biofilm formation  

All samples taken from hospitalized and non-

hospitalized UTI patients were cultured on Congo red 

agar, and biofilm capacity was assessed using the Congo 

red agar (CRA) modified method.  

3. RESULTS 

A total of 215 specimens that have been collected from 

hospitalized and non-hospitalized UTI patients, 

(114/215) 53% of these specimens were identified as E. 

coli, and (60/215) 27% were identified as K. pneumoniae 

by culturing on EMB and MacConkey agar. On EMB 

agar, E. coli gave a green metallic sheen due to the 

vigorous lactose and/or sucrose fermentation ability of 

E. coli (4), while Klebsiella, a lactose fermenter, 

compared to E. coli, does not cause the same level of dye 

precipitation (less vigorously), so colonies appear pink 

to purple without green sheen (1) (Figure 1). 

Biochemical characterization of the urine isolates was 

conducted using the IMViC test series, designed to 

distinguish members of the Enterobacteriaceae family, 

notably E. coli and Klebsiella pneumoniae. This series 

comprises of four assays: indole production, methyl red, 

Voges-Proskauer, and citrate utilization. The results 

indicated the presence of both E. coli and K. pneumoniae 

in the urine samples from the study. Indole Test: This 

assay detects tryptophan degradation. A positive result, 

indicated by red ring formation after adding Kovac's 

reagent, signifies the production of indole by 

tryptophanase. E. coli (indole-positive) showed this 

reaction, whereas K. pneumoniae did not. Methyl Red 

(MR) Test: This test identifies stable acid end-products 

from glucose fermentation. A positive MR result (red  

color) occurred at pH ≤ 4.4, which is characteristic of E. 

coli. In contrast, K. pneumoniae produces neutral end 

products (e.g., acetoin), maintaining a pH > 6.0, yielding 

a negative MR result (yellow-orange). Citrate Utilization 

Test (Simmons' citrate): This test determines an 

organism's ability to use citrate as its sole carbon source. 

K. pneumoniae demonstrated a positive result, as 

evidenced by bacterial growth and a color change of the 

medium from green to blue. E. coli was citrate-negative, 

showing no growth, and leaving the medium green. The 

combined IMViC profiles are listed in Table 1. 

 

Antibiotic susceptibility tests were performed according 

to the method outlined by CLSI (CLSI, 2024). The 

results demonstrated that A significant proportion of the 

isolates exhibited multidrug resistance (MDR), defined 

as resistance to at least one agent in three or more 

antimicrobial categories (Figure 2). All 114 E. coli 

isolates showed a high resistance rate to all antibiotics, 

except for imipenem and meropenem, which showed a 

resistance rate of less than 11%. For Klebsiella isolates, 

the resistance rates to the antibiotics used were also very 

high, except for imipenem and meropenem, which 

showed resistance rates of less than 20% (Table 2)) 

Figure 3). 

 

    

Table 1: Biochemical test for E. coli and K. 
pneumonia 

Biochemical test E. coli 
result 

K. pneumoniae 
result 

Indole test Positive  Negative  

Methyl red (MR) Positive  Negative  

Simmon’s citrate Negative  Positive  

Voges-proskaure 
(VP) 

 Positive  

A                                       B                                      C                                      D 

     
 
Figure 1: A: K. pneumoniae on macConkey agar, B: E. coli on macConkey agar, C: E. 
coli on EMB agar, D: K. pneumoniae on EMB agar  
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Figure 2: Multidrug resistance pattern in E. coli and K. pneumoniae  

A                            B                            C                           D 

 
 Figure 4: Biofilm production, A: strong biofilm production, B: moderate biofilm production, C: weak 
biofilm production, D: non-biofilm producer  

 

Figure 3: Antibiotic resistance pattern in E. coli and K. pneumoniae  
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The results from all samples cultured on Congo red agar 

were compared to the control samples. The biofilm 

production capability was evaluated for both E. coli and 

K. pneumoniae. Colonies exhibiting black pigmentation 

accompanied by a dry, crystalline texture were classified 

as strongly positive biofilm producers. Weak slime 

producers typically retain a pink color, although central 

darkening is occasionally noted. Colonies displaying 

darkening without characteristic dry crystalline 

morphology were categorized as indeterminate (Figure 

4). The proportions of the producer and non-

producer isolates are presented in Table 3. 

4. DISCUSSION  

Beta-lactam antibiotics were found to have a high 

level of resistance. These findings indicate the 

widespread  presence of MDR phenotypes among 

K. pneumoniae and E. coli strains, highlighting 

the critical need for ongoing surveillance and 

prudent antibiotic use. Moreover, a high 

percentage of biofilm production, especially in E. 

coli isolates, is clearly associated with repeated 

UTI cases. as biofilms help bacteria to survive 

longer and resist antibiotics. Obaid and Hasson 

(2021) reported that 46.6% of K. pneumoniae 

isolates were strong biofilm producers, 30.6% 

were non-producers, and the rest of the total 

number ranged between weak and moderate 

producers.12 

Biofilm formation is a critical virulence factor 

that enhances antimicrobial resistance in 

Enterobacteriaceae. Studies have demonstrated 

that biofilm-producing strains show increased 

resistance to multiple antibiotics, with minimal 

inhibitory concentrations 10–10 times higher than 

those required for planktonic cells.13 Research on 

cancer patients with UTIs found that 62.7% of 

coliforms were biofilm formers, and biofilm 

formation was significantly higher in patients 

with urinary catheters (83.3%) and diabetes 

mellitus (77.8%).14 

Studies in Iraq have revealed patterns of 

antimicrobial resistance in the 

Enterobacteriaceae. Research from Nasiriyah, 

Iraq, showed the presence of E. coli (44.71%) and 

K. pneumoniae (38.57%).15 A comprehensive 

surveillance study from Iraq analyzing 11,592 

clinical records found that K. pneumoniae 

(30.1%) and E. coli were among the most 

common gram-negative bacteria in adults, with 

high rates of multidrug resistance.16 In the Al-Hillah 

River in Babylon Province, Iraq, E. coli isolates showed 

the highest resistance to β-lactam antibiotics, followed 

by fosfomycin, and aminoglycosides. This study 

revealed a high prevalence of multidrug resistance 

among E. coli isolates from all sampling sites, indicating 

widespread antimicrobial resistance in the 

environment.17 

Franklin et al (2021) reported that 198 of 203 Klebsiella 

pneumoniae isolates (97.5%) were regarded as biofilm 

producers. And 83.3% of Klebsiella spp,18 were biofilm-

Table 2: Antibiotic resistance profiles of E. coli and K. 
pneumoniae isolates  

 

Antibiotics  

Resistant E. 
coli isolates 

[n  (%)] 

Resistant K. 
pneumoniae  

Isolates [n  (%)] 

Cefoxitin (FOX) 61 (53.5) 42 (70) 

Ceftazidim (CAZ) 80 (70.17) 45 (75) 

Ampicillin (AM) 113 (99.1) 59 (98.33) 

Pipracillin- 
tazobactam (TPZ) 

103 90.35) 29 (48.33) 

Azithromycin (azm) 93 (81.57) 52 (86.66) 

Meropneme (MEM) 13 (11.40) 11 (18.33) 

Imipneme (IPM) 14 (12.28) 12 (20) 

Trimethoprim-
sulfamethoxazole 
(SXT) 

55 (48.24) 29 (48.33) 

Amoxicillin-
clavulanate (AMC) 

71 (62.28) 47 (78.33) 

Cefepime (FEB) 103 (90.35) 28 (46.66) 

Netlimicin (NET) 33 (28.94) 24 (0) 

Aztreonam (ATM) 23 (20.17) 22 (36.66) 

Ciprofloxacin (CIP) 75 (65.78) 46 (76.66) 

Chloramphenicol (C) 77 (67.54) 35 (58.33) 

Gentamicin (CN) 68 (59.64) 38 (63.33) 

Table 3: The proportions of the producer and non-
producer isolates 

Characteristics of 
biofilm production 

E. coli 
isolates 

[n (%)] 

K. pneumoniae 
isolates 

[n (%)] 

Strong 19 (16.66) 11 (18.33) 

Moderate  29 (25.43) 21(35) 

Weak 12 (10.52) 9 (15) 

Non-producing 54 (47.36) 19 (31.66) 

Total 114 60 
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forming in urine samples tested on Congo agar in 

Nepal.19 A study done by Kadhum et al. (2021) showed 

that all E. coli 33 isolates produced biofilms (100%), Out 

of 33 isolates, 14 were strong biofilm producers. 

Moderate biofilm-producing isolates were found in 

8/33(24.24%) isolates, whereas weak biofilm-producing 

isolates were found in 11/33 (33.33%) isolates. All K. 

pneumoniae isolates (100%) produced biofilms. Of the 

isolates, 5/8 (62.5%) were moderate biofilm producers 

and the remaining 3/8 (37.5%) were weak biofilm 

producers.20 

In parallel with our study, multiple studies have 

highlighted antibiotic resistance in urinary pathogens. 

High resistance rates in E. coli were observed by Jalil et 

al. (2022) for ceftriaxone (89%), ampicillin (86.6%), 

levofloxacin (82.9%), and cefotaxime (79.3%),21 

whereas Iqbal et al. (2021) reported ≥90% resistance to 

cefixime and cefuroxime and ≥80% non-susceptibility to 

numerous other agents, including ciprofloxacin and co-

trimoxazole.22 K. pneumoniae isolates in Jalil et al. 

(2022) exhibited strong resistance to piperacillin 

(81.6%), levofloxacin (78.9%), ampicillin (76.3%), and 

cefotaxime (73.7%).21 Both studies noted lower 

resistance to carbapenems (imipenem: 2.4% for E. coli 

and 13.2% for K. pneumoniae) and variable resistance to 

ciprofloxacin (35.4% for E. coli and 36.8% for K. 

pneumoniae) and cefepime (34.1% for E. coli and 50.0% 

for K. pneumoniae).21 This widespread resistance 

contributes to the high MDR prevalence, particularly in 

E. coli (53%), as reported by Shretha et al. (2021), along 

with significant MDR rates in E. faecalis (22%).23 

ESBL production is one of the most significant 

resistance mechanisms in the Enterobacteriaceae. A 

comprehensive study from Isfahan, Iran, involving 1,564 

isolates, found that among hospitalized patients, 41.7% 

of E. coli and 51.5% of K. pneumoniae isolates were 

ESBL producers. In outpatient samples, ESBL 

production rates were 25% and 40% for K. pneumoniae.5 

This study also identified CTX-M-15 as the predominant 

β-lactamase enzyme type (79.3%) in community-onset 

UTIs caused by ESBL-producing K. pneumoniae.24 

Research from Northern Thailand demonstrated that 

approximately 42.5% of E. coli and 30.2% of K. 

pneumoniae isolates were classified as ESBL 

producers.25 The prevalence of ESBL increased 

significantly between 2004 and 2008, plateauing at 

approximately 30-40% per year, with recurrent UTI 

episodes showing significantly higher ESBL rates 

(46.5%) than the first episodes (27.3%).26 

Antibiotic resistance rates among bacteria causing UTIs 

demonstrate considerable inter-study variation 

attributable to differences in patient demographics and 

geographic origin. The escalation of resistance is 

strongly linked to the indiscriminate consumption of 

antibiotics, frequently without prescriptions. This 

practice selects resistant mutants that may acquire traits 

such as reduced drug permeability and enhanced 

survival. Empirical evidence has confirmed that the 

resistance profiles of predominant uropathogens have 

shifted temporally in multiple countries.27  

5. CONCLUSION 

The present study demonstrated a high prevalence of 

MDR E. coli and Klebsiella pneumoniae among patients 

with UTI in Al-Hilla, Iraq. A significant proportion of 

isolates exhibited extensive resistance to β-lactam 

antibiotics (e.g., ampicillin and ceftazidime) and other 

antimicrobial classes, although carbapenems (imipenem 

and meropenem) retained relatively higher efficacy. 

Notably, biofilm production was observed in E. coli and 

K. pneumoniae isolates, correlating with enhanced 

antimicrobial resistance and potential for recurrent 

infections. 
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