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Background: Urinary tract infections (UTIs) are a public health concern worldwide, with Escherichia coli (E. coli) being the primary
cause. Biofilm-forming E. coli increases bacterial resistance to antibiotics, leading to significant morbidity and mortality among
patients with UTIs. This study was conducted to determine biofilm formation potential and assess antimicrobial susceptibility patterns
of E. coli isolated from adults with suspected UTIs attending Ruhengeri Level Two Teaching Hospital (RLTTH), Rwanda.
Methods: A cross-sectional laboratory-based study was conducted between April and June 2025 on 151 adults with suspected UTIs.
A questionnaire was used to record sociodemographic characteristics and risk factors contributing to UTIs among the participants.
Midstream urine samples were collected, cultured, and biochemically analyzed to identify E. coli in urine samples. Antimicrobial
susceptibility profiles were determined using the disc diffusion method. Biofilm production in E. coli isolates was detected using
Congo Red Agar (CRA) method.

Results: Of 151 adults, 64.2% were female and 35.8% male, and the majority of participants were in the age group of 29-39 years
(34.4%). E. coli accounted for 37/151 (24.5%) isolates, of which 16 (43.2%) were confirmed biofilm producers. High resistance was
observed for amoxicillin (100%), trimethoprim-sulfamethoxazole (93.8%), nitrofurantoin (87.5%), ampicillin (87.5%), cefixime
(56.2%), gentamycin (50%), and ceftazidime (37.5%). Ciprofloxacin and meropenem were effective. Age was the only risk factor
associated with biofilm production by E. coli in the study population (p — 0.000).

Conclusion: This study highlights the critical role of E. coli in biofilm production in adults with UTI at RLTTH. A high prevalence of
drug resistance was observed among biofilm-producing strains. Intervention strategies, such as frequent biofilm screening, continuous
surveillance, and enhanced antimicrobial stewardship programs, are needed.
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Introduction

Urinary tract infections (UTIs) affect approximately 150 million people globally each year, ranking among the most
common infections in primary care.' UTIs occur when pathogenic bacteria invade and multiply in the urinary tract,
disrupting normal kidney and urinary function.” Although they affect individuals of all ages and sexes, women are
disproportionately affected due to anatomical differences such as a shorter urethra.® Multiple risk factors have been
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identified, including age, sex, race, circumcision status, HIV, diabetes, catheterization, anatomical abnormalities, preg-
nancy, and hospitalization.*

Bacteria associated UTI is the second leading cause of illness and the most prevalent worldwide.” Between 20% and
50% of patients present repeated infections, while between 50% and 80% of people, particularly women, get UTIs at
some point in their life every year, almost 150 million people globally receive a UTI diagnosis, which costs more than
6 billion dollars across all age categories.” Globally, according to estimates, UTIs cause up to 8.3 million visits to
outpatient treatment centers, 1 million to emergency department, and 100,000 hospital admissions yearly.°

In developing countries, the study done in Uganda revealed a prevalence rate of UTIs at 32.2% with E. coli being the
most prevalent bacterial uropathogen at 41.9%.” The overall incidence of UTIs considering a study carried in Ethiopia
was 90.1% and the mostly isolated uropathogen being E. coli (39.3%).® Another research carried out in Kenya indicated
a prevalence of UTIs that was 54.1%.°

E. coli, a gram-negative enteric bacterium, is the predominant uropathogen accounting for 80-90% of community-
acquired and 30-50% of hospital-acquired UTIs.'® Uropathogenic Escherichia coli (UPEC) causes bladder infections by
attaching and entering epithelial cells through type 1 and P pili, thus obtaining the property of resisting urine flow and
host mechanisms of defence. The UPEC adherence may then build biofilms and intracellular bacterial communities that
protect them from the effects of antibiotics and the immune response leading to recurrent or chronic infections.'' In
addition, the bacteria produce capsules, siderophores and a variety of toxins all of which assist them in causing tissue
injury, obtaining nutrients and survival in the urinary tract. Finally, many UPEC also carry antibiotic resistance genes
which complicate therapy and increase recurrence rates.'

One of the most troubling factors relevant to UTI management has been the rising reports of antimicrobial resistance
(AMR) from uropathogens.'® One way E. coli can resist antibiotics is by using biofilm formation as a survival
mechanism; biofilms protect bacteria within an extracellular matrix and allow them to escape immune responses and
antibiotics.'*'> Biofilms are highly organized, three-dimensional communities of microorganisms encased in a self-
produced extracellular polymeric substance (EPS) matrix, able to stick to both inert surfaces and biological tissues.'®
Biofilm EPS physically limits antibiotic penetration and creates microenvironments including nutrient/oxygen gradients
that drive slower growth and phenotypic tolerance (persister cells), which protects bacteria from host defenses and
antibiotics thereby contributing to therapeutic failure.!” Moreover, biofilms enhance co-selection of resistance integrons,
plasmids, and horizontal gene transfer, contributing to the sustained spread of antimicrobial resistance in UPEC.'®
Biofilm-embedded bacteria can have resistance 100—1000 times higher than their free-living counterparts.'® This
resistance leads to persistent and recurrent infections, making E. coli an important target for UTI control.'®'

The prevalence rate of E. coli-related UTIs varies between 20% and 40% globally. In Africa, strains often show high
levels of biofilm production and antibiotic resistance, with multidrug resistance (MDR) rates ranging from 50% to 80%.%°
In Eastern Africa, challenges such as limited diagnostic capacities and inconsistent antibiotic stewardship further
complicate the management. For instance, a study in Tanzania reported E. coli in 47% UTI cases, with over 85% of
isolates resistant to ampicillin and co-trimoxazole, and 51.5% exhibiting a biofilm-forming ability.' Similarly, research
in Uganda revealed that 62.5% of uropathogenic E. coli were biofilm producers, with 78% showing MDR, especially
against amoxicillin, trimethoprim-sulfamethoxazole, and gentamicin.'” In Rwanda, reports on antimicrobial resistance
trends show that resistant pathogens are becoming a bigger problem in the nation.** According to recent studies, AMR,
especially in Gram-negative bacteria like E. coli and Klebsiella species, is a growing public health concern in Rwanda.
Available evidence shows that Rwanda has a significant AMR burden with patterns comparable to neighboring East
African countries however comparisons are limited by heterogenous surveillance coverage, variable study settings and
methodologies.”> Most of these infections are still susceptible to amikacin and carbapenems, but they frequently show
resistance to fluoroquinolones and third-generation cephalosporins. Between 2020 and 2024, hospital-based surveillance
found a significant frequency of isolates that produced extended-spectrum B-lactamase (ESBL) and were resistant to
many drugs, making empirical therapy more difficult.>* In response, Rwanda has put its National Action strategy on
AMR (2020-2024) into action and has created a new strategy for 2025-2029 that focuses on boosting laboratory
capacity, One Health surveillance, and antibiotic stewardship. Effective AMR management is still hampered by
inadequate diagnostic infrastructure and unreliable reporting.”> However, to the best of our knowledge, the relationship
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with biofilm production has not yet been investigated. This study aimed to assess the biofilm formation potential and
antimicrobial susceptibility profiles of E. coli isolated from adults with suspected UTIs attending the Ruhengeri Level
Two Teaching Hospital (RLTTH), Rwanda.

Materials and Methods
Study Design and Study Population

This cross-sectional study was conducted between April and June 2025 at RLTTH, located in Musanze City, Northern
Province, Rwanda. RLTTH is a major referral and training health facility that serves several hundred thousand people in
Musanze and neighboring districts around. The hospital started in 1939 and has 320 beds though it is continuously
growing at an unprecedented rate to attain 550 beds. It provides comprehensive medical, surgical, maternity, and teaching
services. Using convenience sampling method, a total of 151 participants above 18 years of age who were suspected of
having UTIs experiencing UTI-like symptoms, such as back pain, frequent urination, abdominal pain or a burning
sensation when urinating were recruited. All participants, including hospitalized and non-hospitalized patients, provided
signed informed consent and midstream urine specimens were collected from each consenting participant. Participants
who had undergone antibiotic treatment were excluded from the study. This study was approved by both INES-Ruhengeri
and RLTTH (Ref 369/ RL2TH/ DG/2025). However, Data confidentiality and right to privacy were respected in

compliance with the declaration of Helsinki.

Urine Culture and Bacterial Identification

Approximately 10 pL of urine samples were inoculated on MacConkey agar and Cystine lactose electrolytedeficient
(CLED) agar media using a sterile calibrated plastic loop and incubated for 18-24 hours at 37°C. Based on colony
characteristics, MacConkey agar plates revealed smooth round pink (lactose fermenting) colonies while yellow, spherical,
smooth and moist colonies were observed on CLED agar plates with a colony count of bacterial growth greater than 10°
Colony Forming Units (CFU)/mL considered as significant UTI cases. Microscopic identification after Gram staining
showed short gram negative (red) rods, and biochemical tests including Triple sugar Iron (TSI) test, citrate utilization
test, Sulfide Indole Motility (SIM) test, urease test, Methyl Red (MR) test, Voges-Proskauer (VP) test were performed for
identification and confirmation of bacterial isolates.*

Detection of Biofilm Formation and Antimicrobial Susceptibility Testing
Phenotypic biofilm production was assessed using the Congo Red Agar (CRA) method. CRA medium was prepared
using brain-heart infusion (BHI) agar (52 g/L), sucrose (50 g/L), and Congo Red (8 g/L). The CRA medium was
prepared by mixing BHI agar with sucrose in 800 mL of distilled water in one container, and Congo red stain was
prepared in another container as a concentrated aqueous solution (8 g in 200 mL of distilled water) and autoclaved
(121°C for 15 minutes) separately from the other medium constituents. It was later added to BHI medium mixed with
sucrose after cooling at 55°C, pooled into sterile Petri dishes, and allowed to solidify. The prepared CRA plates were
later inoculated with E. coli isolates and incubated at 37°C for 24 hours under aerobic conditions. E. coli colonies
showing a black dry crystal-like consistency were considered biofilm-formers. Colonies that retained a smooth red color
were identified as non-biofilm- formers. E. coli ATCC 25922 and Staphylococcus aureus ATCC 25932 were used as the
positive and negative controls, respectively. In addition, results were interpreted independently by multiple observers.
Antibiotic sensitivity tests were performed on pure isolates following the Kirby-Bauer disc diffusion method on
Mueller Hinton agar as suggested by Clinical Laboratory Standards Institute (CLSI) guidelines. Antibiotics tested for
included the commonly used antimicrobial agents: cefixime (5ug), ceftazidime (30pg), amoxicillin (25pug), ciprofloxacin
(5pg), amoxicillin/clavulanic acid (30 pg), meropenem (10pg), nitrofurantoin (100pg), trimethoprim-sulfamethoxazole
(25 pg), gentamycin (10 pg), and ampicillin (10 pg).'’ E. coli ATCC 25922 was used as a positive reference strain and
susceptibility interpretations were carried out following CLSI guidelines. Raw data for demographic characteristics,
bacterial isolates, antimicrobial susceptibility and biofilm formation results are provided in Supplementary Table S1.
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Statistical Analysis

Clinical and demographic information was obtained using a data collection questionnaire. Data were analyzed using
SPSS version 21. The chi-square statistical test was used to determine the association of risk factors with biofilm
production status, with significance set at p < 0.05.

Results

Demographic Characteristics of Study Participants

As shown in Table 1, the majority of participants were in the age category of 29-39 (34.4%), and female participants
(64.2%) were more prevalent than males (35.8%). A large number of study participants had primary education (36.4%),
and the majority of study participants were married (69.5%).

E. Coli Biofilm Production Rate

Out of 151 examined urine specimens, 37 (24.5%) had E. coli, 94 (62.25%) had no growth, while other bacteria formed
the remaining 20 (13.24%). The identified 37 (24.5%) E. coli were then subjected to biofilm production detection using
the CRA method. Nearly half (43.2%) of the E. coli isolates were able to form biofilms (Table 2).

Table | Socio-Demographic Characteristics of
Study Participants
Variable Category Frequency n (%)
Age (years) 18-28 45 (29.8)
29-39 52 (344)
40-50 23 (15.2)
51-61 12 (7.9)
> 6l 19 (12.6)
Gender Female 97 (64.2)
Male 54 (35.8)
Education level | Non-educated | 38 (25.1)
Primary 55 (36.4)
Secondary 18 (11.9)
University 40 (26.4)
Marital status Divorced 5@3.3)
Married 105 (69.5)
Single 34 (22.5)
Widowed 7 (4.6)
Total 151 (100)

Table 2 Biofilm Production Rate of E. Coli Isolated from Patients at

RLTTH
Culture results | Biofilm Status N (%) Total N (%)
E. coli Biofilm producers 16 (43.2)
Non-biofilm producers | 21 (56.8) | 37 (24.50)
Others NA NA 20 (13.24)
No growth NA NA 94 (62.25)
Total participants 151

Abbreviations: NA, Not Applicable; %, Percentage.
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Figure | Antimicrobial susceptibility profile of biofilm and non-biofilm producing E. coli.
Abbreviations: |, Intermediate; R, Resistant; S, Sensitive.

Antimicrobial Susceptibility Profile of Biofilm and Non-Biofilm Producing E. Coli

In this study, antimicrobial susceptibility testing was performed on all 37 E. coli isolates by using antibiotic discs, as shown in
Figure 1. Biofilm producing isolates showed very high resistance rates to commonly used antibiotics, including amoxicillin
(100%), trimethoprim-sulfamethoxazole (93.8%), ampicillin (87.5%), and nitrofurantoin (87.5%), compared with non-biofilm
-forming strains, with 76.19%, 47.61%, 76.19%, and 66.66%, respectively. Meropenem as well as ciprofloxacin showed 100%
susceptibility in both biofilm and non-biofilm groups, highlighting their effectiveness in UTI treatments.

Risk Factors Associated with Biofilm-Production in E. Coli Among Patients at RLTTH
Biofilm formation in E. coli among patients with UTI was evaluated in relation to demographic and clinical factors,
including age, sex, marital status, previous history of UTIs, underlying (chronic) conditions, hospitalization, catheter use,
use of antiseptics in genital organs, and pregnancy. As shown in Table 3, the association between biofilm formation by

Table 3 Risk Factors Associated with Biofilm-Production in E. Coli Among Adult Patients

Risk Factors Biofilm Non-biofilm p-value
K Formation (%) Formation (%)
Variable Category
Age (years) 18-28 1 (6.25) 3 (14.28) 0.000
29-39 3 (18.75) Il (52.38)
40-50 2 (12.5) 4 (19.04)
51-61 3 (18.75) 0 (0.00)
262 7 (43.75) 3 (14.28)
Gender Female 11 (68.75) 14 (66.66) 0.881
Male 5 (31.25) 7 (33.33)
(Continued)
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Table 3 (Continued).

Risk Factors Biofilm Non-biofilm p-value
R Formation (%) Formation (%)

Variable Category

Marital status Divorced 0 (0.00) 1 (4.76) 0.075
Married 16 (100) 17 (80.95)
Single 0 (0.00) 2 (9.52)
Widower 0 (0.00) | (4.76)

History of UTls Yes 5(31.25) 3 (14.28) 0.325
No 11 (68.75) 18 (85.71)

Underlying condition Diabetes 1 (6.25) 1 (4.76) 0.14
Hypertension 2 (12.5) 1 (4.76)
Kidney disease 2 (12.5) 2 (9.52)
None 11 (68.75) 17 (80.95)

Hospitalization Yes 6 (37.5) 5 (23.80) 0.344
No 10 (62.5) 16 (76.19)

Catheter use Yes 2 (12.5) 0 (0.00) 0.194
No 14 (87.5) 21 (100)

Antiseptic use Yes 2 (12.5) 5 (23.80) 0.241
No 14 (87.5) 16 (76.19)

Pregnancy Yes 5 (31.25) 7 (33.33) 0.730
No I'l (68.75) 14 (66.66)

E. coli and various patient-related risk factors revealed that only age (p = 0.000) showed a statistically significant
association with biofilm formation, suggesting a demographic influence on the prevalence of biofilm-producing strains.
Adult patients >62 years had the highest proportion of biofilm producing infections (43.75%), compared to only 14.28%
in the same group without biofilm production. The majority of factors did not show any statistical significance, but some
trends were noteworthy because patients with a history of UTIs, for instance, had a higher percentage of biofilm-positive
cases (31.25%) than biofilm-negative cases (14.28%).

Discussion

Biofilm-forming bacteria are a predominant cause of complicated and recurrent UTIs, which are associated with MDR
microorganisms.'® E. coli is one of the species most commonly implicated in biofilm-associated infections and plays
a significant role in UTIs. The emergence and spread of antimicrobial resistance, particularly in bacteria, are currently
regarded as a major global health risk. Bacteria living in biofilms can resist antibiotics up to several times compared to
their free-living counterparts and can evade the host’s immune response. Treatment of biofilm-related infections is
therefore extremely challenging.'® To our knowledge, this is the first study in Rwanda to assess the profile of biofilm
formation and antimicrobial susceptibility patterns of E. coli among adults with suspected UTIL.

In this study, the majority of participants were in the age category of 29-39 (34.4%). This age group is frequently
linked to increased UTI risk because of increased sexual activity and reproductive health factors.”?” Adults >61 years
(12.6%) are less common but still clinically significant because comorbidities like diabetes, hypertension and kidney
diseases can alter UTI presentation and outcomes.

Nearly two-thirds (64.2%) of participants were female (Table 3), which is in line with findings from Al-Gasha’a et al,*®
and related literature reflects the well-established greater UTI susceptibility in women associated with anatomical and
behavioral factors. Studies have emphasized the contribution of social determinants in UTIs.* The varied education profile
(primary 36.4%), university (26.4%), and non-educated (25.1%) indicates varying levels of hygiene awareness, health-
seeking behavior, and antibiotic use.

While the single (22.5%) and widowed (4.6%) groups offer comparative strata for behavioral and exposure
differences, the vast majority were married (69.5%), which is in line with a study showing that sexual activity within
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stable marriages was linked to UTTI risk.>® Overall, the demographic profile supports prior research showing that UTI risk
is influenced by age, female gender, education, and marital/behavioral characteristics in a variety of contexts.>'~*

The study results indicated that E. coli was responsible for 37 (24.50%) of the UTIs observed among adult patients at
RLTTH, which supports the worldwide finding that £. coli remains the most common causative organism of UTIs. The
prevalence of E. coli noted in this study was higher than the 13.3% reported by Chelangat et al'® but lower than the
33.33% and 47% reported by Al-Gasha’a et al'’ and Mlugu et al,'* respectively. Such variability could be due to
differences in the local healthcare systems, diagnostic methods, and populations. Odoki et al'® and Gbadamosi'’
mentioned that its prevalence was also dependent on age, sex, catheter use, diabetes, and poor hygiene.

The observed high “No growth” rate could be due to previous antibiotic use, low bacterial loads, or non-bacterial
causes, factors which can lower culture positivity. Despite these variations, E. coli continues to be the most common
cause of UTIs because of its virulence characteristics, including biofilm formation and resistance to host defenses, which
enhance its survival and colonization of the urinary tract."”

Biofilm formation in E. coli among UTI patients is still a major clinical concern, and there is high variation in biofilm
production worldwide. Among 37 isolated E. coli subjected to biofilm production, 16 (43.2%) of them were biofilm
producers and 21 (56.8%) were non-biofilm producers. This showed that nearly half of the E. coli isolates could form
biofilms, underscoring the importance of biofilm formation as a major virulence factor in UTIs. The biofilm production
rate in this study was lower compared to that reported in other regions, such as the studies done in Egypt®® and Uganda, "
with 58.5% and 62.5%, respectively.

This finding is also relatively lower than the results reported in Indonesia,”* Iran,?® and Ethiopia,>>~*® with 83.3%,
72.8%, and 85.3%, respectively. These differences across studies may be due to population demographics, variation in
biofilm detection methods, sample size or the geographical location of the clinical settings.

When compared to similar studies, the biofilm production rate of 43.2% in this present study is consistent with
findings from global reports, which indicates that Uropathogenic E. coli (UPEC) biofilm production varies globally
between 13.3% and 99%.* These results are in line with a study done in India which showed a biofilm production
proportion of 49%.%” Similar results were obtained in Egypt,*® Hungary®® and Tanzania,”' with 45.5%, 47,6% and
51.5%, respectively.

The discovery of antibiotics was crucial in the twentieth century for the treatment of microbial diseases, and, in recent
decades, antimicrobial resistance brought on by the wide range of antibiotics available for use as well as their abuse and
overuse has posed a global public health concern for health systems.' In this study, the antimicrobial susceptibility profile
of all E. coli isolates was carried out on biofilm-producing and non-biofilm-producing E. coli. The biofilm-producing
isolates exhibited higher resistance rates to amoxicillin (100%), trimethoprim-sulfamethoxazole (93.75%), nitrofurantoin
(87.5%), and ampicillin (87.5%), with no susceptible strains, followed by cefixime (56.25%), gentamycin (50%),
ceftazidime (37.50%), and amoxicillin/clavulanic acid (37.50%). This study emphasizes the role of biofilm formation
in antimicrobial resistance.

Similar findings were reported in Tanzania where all isolated strains had maximum resistance to cotrimoxazole and
ampicillin; indicating that the medications may be less effective at treating UTIs and should be given less consideration
in the treatment plan.”' By generating protective extracellular matrices that prevent antibiotic penetration and host
immunological clearance, biofilm development increases E. coli’s ability to survive in harsh environments, such as
bladder epithelium and urinary catheters.'® This is consistent with the widely accepted theory that biofilms serve as
a barrier of defense, preventing the penetration of antibiotics and promoting horizontal gene transfer.*!

While remaining resistant, non-biofilm strains showed partial susceptibility to certain treatments (19.04% to
trimethoprim, 23.8% to nitrofurantoin), indicating reduced but not completely lost of treatment options. The reduced
susceptibility of non-biofilm strains may be due to the availability of resistance markers other than biofilms, such as
Extended Beta-lactamase enzymes. Additionally, biofilm-producing UPEC showed significantly lower susceptibility rates
to cephalosporins, such as cefixime, ceftazidime, and B-lactam/B-lactamase inhibitor combinations (amoxicillin/clavu-
lanic acid) than non-biofilm strains, which is in line with the findings of Alshaikh et al*® and Abo-alella et al,”*> who
suggested that the decreased cephalosporin efficacy against E. coli embedded in biofilms is probably due to modified
porin expression or beta-lactamase concentration in the biofilm matrix.
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Interestingly, both biofilm and non-biofilm isolates were 100% susceptible to ciprofloxacin and meropenem, regard-
less of biofilm status showing that fluoroquinolones and carbapenems remain highly efficient against these isolates. This
could be attributed to their ability to penetrate biofilms or to target active bacterial functions. However, care must be
taken because biofilms can promote biofilm-specific resistance that does not always correlate with planktonic minimum
inhibitory concentration (MIC) values, according to Ballén et al'® and Behzadi et al,>® whose studies highlighted that
biofilm-mediated protection may still result in treatment failure.

In comparison to non-biofilm strain’s susceptibility (95.25%), gentamicin was significantly less effective against
biofilm isolates (43.75% susceptibility). This is consistent with findings on biofilm-induced aminoglycoside
resistance.***" These results underline the necessity for cautious antibiotic selection and resistance monitoring as well
as the obstacle biofilms present in the successful treatment of UTIs. Although most isolates have significant levels of
resistance to several antibiotics, biofilm-forming organisms had higher MDR rates (defined as resistance to at least three
antibiotics of different classes) than non-biofilm-forming organisms. These findings were consistent with the hypothesis
that biofilms are associated with increased antibiotic resistance. These findings are in line with a study carried out in
Australia that noted that biofilm forming UPEC strains exhibited higher levels of drug resistance than non-biofilm
isolates.*” Similar findings were reported in Uganda, where resistance to various antibiotics was observed among E. coli
isolates; biofilm producing strains appeared to have more MDR (64%) compared to non-biofilm producers.'®

The present study demonstrated that biofilm formation by E. coli is significantly associated with age (p = 0.000),
emphasizing the influence of advanced age on the prevalence of biofilm production. Patients >62 years of age had the
highest rate of biofilm-positive infections (43.75%) compared to 14.28% in the biofilm-negative group. This is in line
with the studies of Abo-alella et al** and Ballén et al,'® which indicates that comorbidities, frequent hospital exposure,
and age-related immunosenescence make advanced age a risk factor for biofilm-forming E. coli. Gunardi et al** further
highlighted that older patients are at a higher risk of biofilm formation because they are more likely to require longer
hospital stays, repeated antibiotic exposure, and catheterization.

Females were more frequently affected in both the biofilm and non-biofilm formation groups, which is consistent with
global epidemiological reports.>** However, sex was not significantly associated (p = 0.881). The shorter female urethra
makes it easier for germs to ascend and facilitates colonization. Marital status revealed that all biofilm-positive patients
were married despite the non-significant association (p = 0.075). As Demir et al** noted in their social determinant
discussions, this may reveal socio-behavioral or co-habitation hygiene behaviors impacting UTI exposure, although the
direct biological link is not well known.

Although their greater proportions in the biofilm-positive group suggest potential therapeutic relevance, the history of
UTIs and the presence of underlying diseases such as diabetes, hypertension, and renal disease were not statistically
significant. Diabetes and renal impairments have been shown to compromise immunological defenses, increasing
bacterial survival and biofilm development.*>**

The study did not show any statistically significant association between hospitalization and catheter use (p = 0.344
and p = 0.194, respectively) and biofilm formation; however, they were more prevalent in the group that produced
biofilms. This is clinically significant given that biofilm formation is frequently linked to nosocomial infections and
foreign body insertion. According to Abo-alella et al’>® and Katongole et al'® catheter-associated UTIs are particularly
susceptible to biofilm-forming E. coli, making them more difficult to treat and frequently multidrug-resistant.

Patients in the biofilm-negative group were more likely to use antiseptics (23.80%) than those in the biofilm-positive
group (12.5%) (p = 0.241), which may indicate that antiseptic hygiene helps prevent the production of biofilms. This
confirms the results of studies demonstrating that good hygiene practices lower the risk of resistance development and
chronic colonization.'***

Pregnancy is a known risk factor for UTIs, although biofilm-specific connections are still unknown and may be
influenced by immunological modulation and gestational age.*>*® There was no significant difference in pregnancy (p =
0.730), but the proportions in the biofilm and non-biofilm groups were comparable.
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Conclusion

The current study showed that E. coli was significantly present (24.5%) in adults with UTI at RLTTH, and nearly half
(43.2%) of the isolates had the ability to form biofilms. The high prevalence of drug resistance to amoxicillin,
trimethoprim-sulfamethoxazole, nitrofurantoin, ampicillin, cefixime, gentamycin, ceftazidime, and amoxicillin/clavulanic
acid makes the treatment of these infections challenging, especially among biofilm producers. Age and biofilm produc-
tion were significantly correlated, indicating that certain age groups were more vulnerable to chronic or difficult-to-treat
UTIs. These results have significant implications for regional and local infection control highlighting the critical and
immediate need for age-specific intervention strategies, implementation of appropriate antibiotic stewardship initiatives
and regular biofilm screening protocols in laboratory workflows where capacity allows so as to tackle effectively
antimicrobial resistance issues.

Of important note, this study was limited to the use of CRA only as a biofilm detection method which is simple, less
sensitive and prone to subjectivity but cost-effective and suitable for resource-limited laboratory settings compared to
highly sensitive and quantitative methods such as Microtiter plate assays and molecular detection methods that could
come up with much more significant results. On the other side, the small sample size may have affected the statistical
power leading to lack of statistical significance in some variables. Future studies with larger sample sizes and improved
methodologies are recommended.
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