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Introduction 

Urinary tract infections (UTIs) are one of 

the most prevalent bacterial infections worldwide, 

accounting for approximately 40% of nosocomial 

infections [1]. Every year, more than 400 million 

people are afflicted with UTIs, causing about 150 

million deaths globally [2]. Between 1990 and 2019, 
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A B S T R A C T 

Background:  Urinary tract infections (UTIs) are a prevalent global health issue and are 

intensified by the rise of antibiotic resistance and biofilm formation. Analyzing 18 studies 

published between 2019 and 2024, this review aims to evaluate the antibiotic resistance 

patterns and biofilm-forming abilities of UTI-causing bacteria, identify the most prevalent 

species, and discuss contributing prevalence factors to inform future mitigation strategies. 

The current review found a high prevalence of resistance to commonly used antibiotics, 

especially penicillin, among Enterobacterales, with Escherichia coli and Proteus vulgaris 

exhibiting significant multidrug resistance (MDR). Nitrofurantoin's effectiveness was also 

reduced in certain biofilm-forming bacteria, with susceptibility rates as low as 15%. 

Conversely, most isolates in the studies were consistently found to be susceptible to 

imipenem (89% to 100%) and meropenem (70.3% to 100%). Furthermore, biofilm 

formation rates ranged from 36.5% to 100%, with a median prevalence of 75.5%. E. coli 

was the most frequently isolated bacteria (66.7%), displaying varying biofilm formation 

rates influenced by external factors and strain diversity. Other significant biofilm 

producers, such as Pseudomonas aeruginosa, Staphylococcus aureus, Staphylococcus 

saprophyticus, Proteus mirabilis, P. vulgaris, and Klebsiella pneumoniae, were also 

noted. 61.11% of the studies revealed a strong association between biofilm formation and 

MDR. Notably, P. mirabilis exhibited the highest proportion of strong biofilm producers 

and MDR prevalence, which was linked to specific resistance genes. Similarly, S. aureus, 

K. pneumoniae, and E. coli showed substantial MDR due to biofilm formation, particularly 

resistance to β-lactams, cephalosporins, and fluoroquinolones. P. aeruginosa and P. 

vulgaris, despite lower strong biofilm formation rates, presented significant resistance 

mechanisms, including efflux pumps and extended spectrum β -lactamase (ESBL) 

production. These findings emphasize the challenges in treating biofilm-mediated UTIs, 

highlighting the need for the continuous monitoring of resistance trends and further 

research on new therapeutic approaches. Future research should investigate the long-term 

evolution of bacterial resistance and the genetic adaptations of biofilms to inform strategies 

for mitigating resistance and improving UTI treatment outcomes. 
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https://creativecommons.org/licenses/by/4.0/
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the prevalence of UTIs has risen by 60% in the 

general population, suggesting that UTIs are a 

widespread public health concern that is yet to be 

eradicated [3].  

A critical factor contributing to the high 

rates of recurrence in UTIs is the ability of most 

UTI-causing bacteria to form biofilms. Biofilms are 

structured communities of bacteria that adhere to 

surfaces, including urinary tract tissues and medical 

devices, such as catheters. Studies indicate that 

biofilm-forming bacteria are implicated in 

approximately 80% of all UTIs, particularly 

catheter-associated UTIs (CAUTIs) [4]. Encased in 

a matrix of polysaccharide materials, biofilms are a 

cluster of microbial cells composed of one or more 

bacterial species that remain permanently fixed to a 

surface and enable growth and survival in harsh 

conditions [5]. These biofilms are known to provide 

a protective environment that enables bacteria to 

evade both host immune responses and the effects of 

antibiotics, leading to persistent infections [6].  

Antibiotic resistance has rendered some of 

the routinely used medications for UTIs ineffective, 

increasing the risk of more serious disease, 

hospitalization, and death, while also raising 

healthcare expenses [2]. UTIs comprise about 15% 

of all antibiotic prescriptions, highlighting their 

clinical significance and the necessity for innovative 

treatment strategies [6]. With the increasing rate of 

antibiotic resistance, this poses a formidable 

challenge in managing these drug-resistant 

infections effectively.  

Biofilm formation by UTI-causing bacteria 

significantly enhances their resistance to commonly 

used antibiotics, contributing to the escalating 

persistence and recurrence of infections. It is 

hypothesized that biofilm-forming bacterial species 

exhibit more robust resistance mechanisms, thereby 

diminishing treatment efficacy and posing increased 

challenges for effective UTI management. With 

numerous research articles centered on the isolation 

and analysis of bacteria causing UTIs, there is a need 

for the further understanding of these studies that 

each exhibit different results and new information.  

To further investigate the antibiotic 

resistance and biofilm-forming abilities of UTI-

causing bacteria, the study seeks to answer this 

question: 

How do biofilm-forming bacteria 

contribute to antibiotic resistance and the ongoing 

prevalence of UTIs, and which species are most 

commonly implicated? 

Thus, this systematic review aims to 

present the antibiotic resistance patterns and 

biofilm-forming abilities of UTI-causing bacteria, to 

identify the most prevalent species, and to discuss 

contributing prevalence factors—to help synthesize 

evidence needed to mitigate biofilm-mediated UTIs. 

METHODS  

Eligibility Criteria 

The research utilized a qualitative research 

design that involved an in-depth literature search, 

selection, and review of studies. An eligibility 

criterion was applied to ensure suitable and relevant 

studies were selected.  

Inclusion criteria: 

 Focused on biofilm-forming pathogenic

bacteria of UTIs.

 Used human specimens.

 Specified the biofilm detection method and

formation rates.

 Detailed the antibiotic resistance profile of

biofilm-forming bacteria.

 Published in the English language.

 Published between 2019 to 2024, to ensure

updated information as antibiotic

resistance may change within at least two

to three years [7].

 Original research articles, case studies, or

cohort studies published in peer-reviewed

journals or the Scopus database.

Exclusion criteria:

 Studies centered on non-biofilm-forming

bacteria associated with UTIs.

 Classified as reviews, editorials, opinion

articles, and conference abstracts.

 Vague and inconsistent report on the

antibiotic resistance data of biofilm-

forming bacteria.

Search Strategy and Quality Assessment 

In identifying and gathering potentially 

relevant studies, four reviewers independently 

conducted a literature search across PubMed, 

Scopus, and ScienceDirect. Specific filters such as 

open access articles published from 2019 to 2024 

were applied. The search was further specified by 

using the keywords “urinary tract infections 

(UTIs),” “biofilm-forming bacteria,” and “antibiotic 
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resistance” combined with Boolean operators 

(AND, OR). 

Once generated, the studies were imported 

to Mendeley, a reference management software, to 

manage and remove duplicates. Four independent 

reviewers proceeded to perform the title and abstract 

screening to confirm eligibility, followed by a full-

text screening of the entire article to verify its 

relevance and comprehensiveness. In the event of a 

debate on whether to include an article, another 

author was consulted to reach a consensus. The 

PRISMA guidelines were applied in documenting 

the selection of studies. This included a four-phase 

flow diagram outlining the process of identifying, 

screening, and assessing the eligibility criteria of 

reports in a systematic review [8]. The reviewers 

subjected the selected studies for quality assessment 

using the Joanna Briggs Institute (JBI) appraisal 

checklist to assess the relevance of the study, quality 

of results and eliminate the risk of bias. 

Supplementary File 1 details the entire search 

strategy process and presents the complete JBI 

appraisal checklist results. 

Data Extraction 

To ensure a synonymous and structured 

review, four reviewers collected relevant 

information from the studies and imported it onto a 

spreadsheet (Google Sheets). The data extracted 

consisted of general information, such as authors, 

publication year, study design, and country of the 

included studies. Extracted data from the 

methodologies consist of the samples used and their 

quantity, number of isolates, biofilm detection 

method, number of biofilm producers, and 

antibiotics tested. In relation to this current review’s 

objective, the data extracted from the studies were 

the antibiotic resistance profile, bacteria recovered 

and their biofilm-formation, treatment challenges, 

and contributing factors to the prevalence of UTIs.  

Ethical Consideration 

This review utilized reliable and publicly 

available journal articles, studies, and literature. 

Approval from the Far Eastern University (FEU) 

Center for Learning Enrichment and Research for 

Students (CLEARS) hereby confirms that ethical 

guidelines were followed throughout the study, thus 

strengthening this paper’s legitimacy. Proper 

citation of all data sources and databases used was 

also ensured. 

RESULTS AND DISCUSSION 

Study Selection 

The initial search generated 889 studies 

published between 2019 to 2024 across the three 

databases. After removing 72 duplicates in 

Mendeley, four reviewers screened 817 studies for 

their title and abstract. A total of 695 studies were 

excluded, while 122 studies underwent full-text 

screening. Excluded studies were not written in 

English, had no full access, had insufficient data, 

were out of scope, and used animal isolates. Only 18 

studies met the eligibility criteria and were included 

in the review for data extraction. Figure 1 

summarizes the selection process following the 

PRISMA guidelines. 

Study Characteristics  

Presented in Figure 2 is the geographical 

distribution of all 18 articles selected for systematic 

analysis. South Asia leads with six articles, 

reflecting a strong research presence that may be 

potentially relevant to the region. Africa and the 

Middle East each contribute four articles, indicating 

a significant scholarly focus in these areas. Europe 

and South America have a smaller representation, 

each with only two articles. This distribution 

highlights global research engagement, suggesting 

potential regional differences in interest and topical 

relevance. 

The studies collected mostly midstream 

clean-catch urine specimens, urinary catheters, and 

other clinical specimens from patients who were 

either diagnosed or suspected of UTIs. A total of 

2,955 bacterial isolates were tested for biofilm 

production across all studies. Gram-positive 

bacteria accounted for 27.8% of the studies, whereas 

Gram-negative bacteria dominated with 88.9%. 

Escherichia coli vastly emerged as the most 

frequently investigated and most isolated bacteria, 

as evidenced by its presence and focus in 66.7% of 

the articles that were part of this review. 

With a variety of biofilm detection 

techniques, the most widely used method was found 

to be the Microtiter Plate (MTP) method via crystal 

violet staining, as it is the gold-standard approach 

[19], comprising ten out of eighteen studies (10/18, 

55.6%). Two studies (11.1%) purely employed the 

Congo Red Agar (CRA) method, whereas three 

articles (16.7%) used a combination of both MTP 

and CRA to detect biofilm formation. Meanwhile, 

two studies (11.1%) utilized the Crystal Violet 
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Tube-Adherence Method, and only one study 

(5.6%) applied the Tissue Culture Plate method.  

Most of the bacteria isolated were 

determined to be a part of the Enterobacteriaceae 

family, which are commonly found in nosocomial 

infections. Some of the most common isolates 

obtained across all the studies include uropathogenic 

E. coli (UPEC), Klebsiella pneumoniae, 

Pseudomonas aeruginosa, Proteus spp., and 

Staphylococcus spp., among others.  

Antibiotic resistance profile results for 

each bacterium have been divided into two tables: 

undifferentiated (Table 1) and confirmed biofilm-

producing bacterial isolates (Table 2). 

As seen in both tables, most studies 

highlighted the antibiotic resistance profile of 

UPEC, proving it to be one of the most resistant 

bacteria in existence. Providing up-to-date 

information regarding its resistance profile, as 

shown in Figure 3, allows humanity to be informed 

of its current effectiveness against UTIs. 

Most isolated bacteria have shown a 

significantly high susceptibility to imipenem and 

meropenem, namely E. coli, K. pneumoniae, P. 

aeruginosa, and Proteus vulgaris. Across all 

studies, susceptibility rates for imipenem ranged 

from 89% to 100%, while meropenem susceptibility 

rates ranged from 70.3% to 100%. Among 

confirmed biofilm producers, imipenem had a 

consistently high susceptibility rate, ranging from 

96% to 100%, with meropenem ranging from 87.4% 

to 100%. 

A different source found imipenem to be a 

more effective drug than meropenem against E. coli, 

P. aeruginosa, Enterococcus spp., Klebsiella spp., 

and S. typhi upon using urine, blood, and pus 

samples. Meropenem only showed 40.59% 

sensitivity, whereas imipenem showed a staggering 

84.15% sensitivity. Imipenem was also found to be 

more susceptible to urine specimens and E. coli 

compared to other isolates. Nonetheless, the study 

still concludes imipenem and meropenem are both 

equally effective in the treatment of critical illnesses 

[27].  

As one of the most commonly used drugs 

in treating UTIs, nitrofurantoin was once the most 

effective drug against Gram-positive and Gram-

negative bacteria [28]. However, it was found in this 

current review that the effectiveness of 

nitrofurantoin began to decrease as the bacteria 

started to produce biofilms. The susceptibility of 

nitrofurantoin went as low as 15% in biofilm-

forming K. pneumoniae and 24% in biofilm-forming 

E. coli [9] with varying rates of increasing resistance 

in other studies [19, 23]. Another study discovered 

that nitrofurantoin had a resistance rate as high as 

91.2% against E. coli tested for biofilm production 

[29]. 

Furthermore, the present study showed a 

growing pattern of increasing resistance among 

Enterobacterales to penicillins. Ampicillin proved to 

be the most frequent antibiotic to have a high 

resistance rate among both biofilm and non-biofilm 

producers in UPEC isolates, ranging from 22% to 

100%. Amoxicillin also showed fluctuating rates of 

antibiotic resistance to UPEC, ranging from 8% to 

100%. Additionally, results manifested an 

increasing resistance to 

trimethoprim/sulfamethoxazole, ciprofloxacin, and 

amoxicillin/clavulanic acid in E. coli and Klebsiella 

spp., aligning with other previous studies [30, 31]. 

Since ampicillin has a high level of resistance, it 

should no longer be used to treat UTIs caused by 

Gram-negative bacteria [32].  

Alarmingly, in one included study that 

identified the presence of biofilm-producing P. 

vulgaris, every antibiotic tested (amikacin, 

amoxicillin/clavulanic acid, ampicillin, 

ciprofloxacin, cefixime, ceftriaxone, cephalexin, 

erythromycin, gentamicin, and 

trimethoprim/sulfamethoxazole) yielded 100% 

resistance to the bacteria with the exception of 

imipenem and meropenem that each produced 100% 

susceptibility. This shows that the emergence of 

multidrug-resistant (MDR) P. vulgaris has grown to 

be a threat to even UTI patients. A previous study 

revealed that MDR P. vulgaris exhibited a higher in 

vitro pathogenicity, as evidenced by enhanced 

biofilm formation and swimming motility [33]. 

Based on the included study, P. vulgaris was second 

in producing the most biofilm out of the five bacteria 

recovered [20].  

Variations in the resistance pattern of the 

bacterial isolates may be due to differences in 

geographic region, variety of strains, the availability 

of antibiotics in different countries, variations in 

antibiotic prescription methods among medical 

practitioners, the year when the study was 

conducted, and differing clinical practices. 

Results indicate a high prevalence of 

biofilm formation among isolated bacteria. Table 3 

presents the formation rates ranging from 36.5% to 
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100%, indicating a varied production rate with a 

significant median prevalence of 75.5%. Samples 

from confirmed or suspected UTIs had high biofilm 

production. This suggests biofilm has a key role in 

the manifestation and recurrence of infection.  

This aligns with another study that found 

biofilm as a leading cause of persistent and recurrent 

infections [34]. Other studies also showed disparate 

values yielding 27% to 100% formation rates of 

bacteria, such as E. coli [35, 36]. 

Bacteria Recovery 

E. coli was the predominant pathogen 

recovered from studies with multiple bacteria 

profiles as it showed a 24% [9], 47% [24], and 71% 

[17] recovery rate. 

These are backed by studies that found E. 

coli as the most recovered pathogen in catheter-

associated UTIs (CAUTIs) at 53% [37] and in 

overall UTIs at 85% [38]. However, one of the 

included studies also identified Pseudomonas 

aeruginosa to be the most isolated associated with 

infection [20]. Hence, the pathogen may differ 

depending on environmental and geographical 

factors. 

Biofilm formation of recovered bacteria 

E. coli produced the most biofilm across 

studies with multiple bacteria profiles, following 

24% [9], 51.5% [24], 70.9% [25], and 100% [17] 

formation rates. In studies with only E. coli isolates, 

there was disparate biofilm formation rates from 

43.2% to 97.2% [11, 12, 14, 16, 19, 21, 22, 24, 25].  

Other sources found that while E. coli was 

most recovered, Enterobacter cloacae, P. 

aeruginosa, and Proteus spp. had a higher biofilm 

formation [37, 39]. Formation rates from the 

included studies were consistent with other sources 

that had 27% to 99% biofilm formation of E. coli 

[35]. Variability was affected by environmental 

conditions and differences in strains, which 

indicates the genetic and adaptive diversity of the 

bacteria.  

Another included study found P. 

aeruginosa to produce more biofilms with 34 out of 

38 isolates (89.5%) biofilm formation [20]. This is 

indicative of its high potency in causing UTIs. 

A meta-analysis of P. aeruginosa biofilm 

formation supports these findings with a calculated 

average rate of 86.5% [40]. While other studies 

emphasized E. coli to have a higher biofilm 

formation that can reach 100% [36], various sources 

highlighted the high biofilm formation of P. 

aeruginosa with 92% [41], along with Proteus spp. 

as a major biofilm-forming bacteria [39]. Virulence 

genes such as blaNDM, blaSPM, blaVIM-VIM2, and blaKPC 

genes recovered from these bacteria amplify 

resistance, especially towards carbapenem 

antibiotics, while toxA and lasB genes are involved 

in impairing host response [41]. 

In this review, Staphylococcus aureus and 

Proteus mirabilis were both discovered to have 

100% biofilm formation [10, 15, 23]. 

However, other sources indicate that 

formation rates of S. aureus are only as high as 70% 

and have been determined to cause low percentage 

and frequency as a UTI pathogen compared to other 

bacteria [42]. Findings for P. mirabilis were 

corroborated by a study that also recorded 100% 

biofilm formation of all samples and strains they 

tested [43]. P. mirabilis causes more complicated 

UTIs due to its ureolytic biomineralization that 

forms crystals in its biofilm [44]. 

Biofilm formation within these bacteria 

served as a protective defense mechanism and 

hindered successful antibiotic action. Even though 

certain bacteria, such as E. coli, were mostly isolated 

and had an expansive range of biofilm formation 

rates, other bacteria can also cause challenging 

infections due to their virulence factors and biofilm-

forming mechanisms. 

Intensity of Biofilm Formation Among Biofilm-

forming Bacteria 

The data extracted from all 18 studies 

revealed considerable variation in the proportion of 

bacteria exhibiting strong, moderate, and weak 

biofilm formation. All 18 studies provided data on 

biofilm formation intensity, but only 13 provided 

quantifiable data, making direct comparisons 

challenging. Across these studies, classification 

varied slightly, using terms like “obstinate” 

categorized as strong [9]. Despite these variations, 

moderate biofilm formation (38.73%) was the most 

frequently observed phenotype. 

A study reported that 134/183 (73.2%) P. 

mirabilis isolates were strong biofilm producers, 

47/183 (25.6%) were moderate, and 2/183 (1.1%) 

were weak [15]. Another study found that among 40 

P. mirabilis isolates, 30% were strong biofilm 

producers, 50% were moderate, and 20% were weak 

[23]. On average, 51.6% of P. mirabilis isolates 

were strong biofilm producers, 37.8% were 

moderate, and 10.6% were weak. Another study 

with 60 clinical isolates observed that 35% were 
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strong biofilm producers, 31.67% were moderate, 

30% were weak, and 3.33% were non-biofilm 

producers [45]. These findings reinforce P. 

mirabilis’ role in chronic and recurrent UTIs. 

Similarly, K. pneumoniae had a significant 

proportion of strong biofilm producers. One study 

reported that 56.3% of 154 isolates were strong 

biofilm producers, 25.7% were moderate, and 

10.2% were weak [26]. Another study with 102 

isolates found that 19.69% were strong biofilm 

producers, 33.07% were moderate, and 27.55% 

were weak [13]. On average, 46.5% of K. 

pneumoniae were strong biofilm producers, 33.3% 

were moderate, and 20.3% were weak. 

E. coli also exhibited variations in biofilm 

production, with moderate biofilm producers being 

the most prevalent overall. One study with 211 

isolates found that 42% were moderate biofilm 

producers, 39% weak, and 19% strong [9]. Another 

study with 168 isolates found moderate biofilm 

producers comprised 49%, 28% weak, and 23% 

strong [12]. Other studies reported similar trends, 

with an average of 20.1% strong biofilm producers, 

48.5% moderate, and 31.4% weak [11, 14, 19]. 

S. aureus also demonstrated high biofilm 

formation. A study found that 35% of 20 isolates 

were strong biofilm producers, 55% moderate, and 

10% weak [10]. S. saprophyticus showed a similar 

trend, with 35% strong, 32% moderate, and 32% 

weak biofilm producers [18]. 

P. aeruginosa and P. vulgaris exhibited 

lower proportions of strong biofilm producers. One 

included study found that only 17.6% of 34 P. 

aeruginosa isolates were strong biofilm producers, 

while 26.5% were moderate and 55.9% were weak 

[20]. Among 21 P. vulgaris isolates, 14.3% were 

strong, 38.1% were moderate, and 47.6% were weak 

biofilm producers [20]. Despite these findings, 

another study reported that among twenty P. 

vulgaris isolates, 45% were strong biofilm 

producers, 55% were moderate, and 0% were weak 

[43]. These discrepancies may be attributed to 

differences in clinical sources, environmental 

conditions, strain variations, and methodologies. 

Association of Biofilm-forming Bacteria to 

Antibiotic Resistance 

A strong link between biofilm formation 

and multidrug resistance (MDR) was found, with 

61.11% (11/18) of studies showing a positive 

correlation. 

Many studies found high MDR prevalence 

in biofilm-forming isolates. One study reported 

90.1% MDR among UPEC isolates [14], an increase 

from 81.1% four years earlier [46]. Another study 

found 82.5% MDR in biofilm-producing P. 

mirabilis, with strong biofilm producers showing 

91.6% [23]. Similarly, MDR rates were higher in 

biofilm-producing E. coli (79.5%) than in non-

biofilm producers (62.0%) [25]. MDR was observed 

in 75.4% of isolates [26], while another study 

reported MDR rates of 61% and 39% in biofilm-

forming and non-biofilm-forming UPEC, 

respectively [24]. 

Other studies reinforced these findings, 

reporting substantial MDR rates among biofilm-

forming isolates [13, 18, 21]. MDR was observed in 

55% of S. aureus strains [10] and 46% of UPEC 

isolates [11]. Another study found MDR prevalence 

ranging from 56.6% to 88.9% [22]. Higher antibiotic 

resistance was confirmed in biofilm-producing E. 

coli, with significant correlations (p<0.05) for most 

antibiotics except amoxicillin and nitrofurantoin 

[47]. 

Moreover, several studies also explored 

bacterial resistance mechanisms. Pan-drug resistant 

E. coli and extensively drug-resistant Klebsiella spp. 

and Pseudomonas spp. were identified [9]. Extended 

spectrum β -lactamase (ESBL)-producing E. coli 

and K. pneumoniae showed cephalosporin 

resistance [17]. High resistance to cephalosporins 

(53.8%) and fluoroquinolones (61.5%) in UPEC 

isolates was linked to virulence factor genes [12]. 

Sulfonamide resistance genes (sul1, sul2) were also 

identified [15]. ESBL production and biofilm-

related protein mutations were found to impact 

antibiotic resistance [16]. MDR-associated 

resistance genes (blaTEM, blaCTX-M) and integrons 

(intI1, intI2) were identified in P. mirabilis [23]. The 

presence of the blaVIM gene, linked to carbapenem 

resistance, was also noted [19]. Additionally, 85.5% 

of ESBL-producing isolates were MDR, with efflux 

pump and biofilm-associated genes identified [26]. 

Biofilm resistance mechanisms include 

reduced antibiotic penetration, enzymatic 

degradation, genetic adaptation, and resistance gene 

exchange [20, 21]. MDR was linked to efflux 

pumps, beta-lactamase production, and outer 

membrane alterations [14]. In S. saprophyticus, 

MDR was associated with the mecA gene [18]. 

Other studies linked MDR to virulence factors such 

as hydrophobicity, colicin production, gelatinase 

6028



Ferrer AA et al. / Microbes and Infectious Diseases 2025; 6(3): 6023-6042 

activity, biofilm formation, and siderophore 

production [22]. 

Treatment Challenges of Biofilm-Mediated UTIs 

Biofilm-forming bacteria possess an 

enhanced resistance against antibiotics and the 

immune system of the host [15, 17]. 73.2% of the P. 

mirabilis isolates produce strong biofilm leading to 

persistent infection and treatment failure [15]. This 

can further result in chronic UTIs, particularly in 

individuals who are catheterized or have urinary 

tract physiological abnormalities. Other studies 

further confirm this, demonstrating that pneumoniae 

and coli are hypervirulent pathogens that have 

become a persistent burden in the medical 

profession due to their strong biofilm production, 

which reduces the effectiveness of treatment [12, 

13]. 

A high level of MDR to the treatment 

associated with biofilm-mediated UTIs plays an 

extensive role in the treatment challenges. One study 

showed that in Nepal, Nitrofurantoin is the only oral 

drug left to treat UTIs as it was once accompanied 

by ciprofloxacin [25]. Moreover, K. pneumoniae is 

an ESBL-producing bacteria, which allows it to 

steadily increase in multiple antibiotics, leading to 

MDR and adding to the complexity of UTI treatment 

[17]. Methicillin-resistant S. aureus (MRSA) resists 

beta-lactams, macrolides, and tetracyclines 

complicating the treatment of UTIs [10]. P. 

mirabilis usually colonizes in urinary catheters of 

patients, forming a crystalline biofilm that worsens 

treatment, particularly with long-term use [15].  

Excessive and inappropriate use of 

antibiotics leads to difficulty in treatment [20]. This 

is evident in Uganda where there are no regulations 

about the use of antibiotics, and patients have access 

to over-the-counter prescriptions, leading to 

increased antibiotic exposure and MDR [48]. 

Factors Affecting the Prevalence of UTIs 

E. coli has been constantly recognized as a 

common causative agent relevant to all ages [9, 25]. 

The prevalence of E. coli has been associated with 

its ability to form a biofilm, protecting the bacteria 

that develops an increased antibiotic resistance [25]. 

Other bacteria that have contributed to the 

prevalence of UTIs are K. pneumoniae and P. 

mirabilis [17].  

In hospital settings, the prevalence of 

pathogens arises from a specific environment. 

Pseudomonas spp. is frequent in the ICU due to 

long-term use of invasive devices. Enterococcus 

spp. commonly thrives in the ward [9]. S. aureus 

was observed in elderly patients who are 

catheterized and experiencing bacteremia [10]. 

Although S. saprophyticus does contribute to UTI 

cases, especially in developing countries, more 

comprehensive studies on its biofilm formation have 

yet to be conducted [18]. 

Women are more likely than men to suffer 

from a UTI [17, 24, 25]. Females have a 40.3% 

higher prevalence of UTIs than males who only have 

a 20% prevalence [9]. Some logical and anatomical 

reasons for this include the proximity between the 

anus and the vagina [9, 15]. and the hormonal 

differences between males and females, especially 

during pregnancy and the menopausal stage [20].  

UTIs are also very common among the 

elderly population, affecting 29.5% of the 

population [25]. This is probably due to changes in 

immune function and the number of comorbidities 

[49]. Likewise, a high prevalence of UTIs can also 

be associated with other risk groups, notably infants, 

pregnant women, catheterized and diabetic patients, 

and immunocompromised patients as these 

conditions reduce the defenses of the host, freeing 

the bacteria to colonize the urinary tract [9, 15, 16]. 

UTIs can be triggered by family history 

and a history of UTIs from childhood till the 

premenopausal period [50]. Immunosuppression, 

diabetes, and chronic kidney disease are among the 

underlying conditions that reduce the host’s 

defenses, making it easier for bacteria to colonize 

the urinary tract [15, 16]. In fact, a study found that 

UTIs are more common in diabetic patients (42.9%) 

than in non-diabetic patients (17.4%) [25]. 

Lifestyle factors such as frequent sexual 

intercourse, use of contraceptives, and poor hygiene 

are associated with the prevalence of UTI due to the 

risk of damaging the normal flora allowing 

opportunistic bacteria to grow [9].  

In healthcare settings, catheterization and 

other medical devices have been known to act as the 

surfaces for the growth and colonization of bacteria 

[16]. Furthermore, most P. mirabilis isolates from 

patients who had catheterization for 10 to 15 days 

exhibited moderate to strong biofilm formation, 

whereas isolates from patients who were 

catheterized for only 7 days exhibited weak biofilm 

formation [23]. This indicates a correlation between 

the length of time and the development of biofilm in 

catheters that raises the risk of UTIs. 
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Ultimately, the misuse of antibiotics is an 

unquestionable factor that only worsens the 

prevalence of UTIs and contributes to the growth of 

MDR bacteria and strains, further complicating UTI 

treatment [17, 18]. 

Antibiotic Activity of UTI-Causing Bacteria 

Table 1. Antibiotic resistance profile of bacterial isolates from each study. 

Author and Year 

of the Study

Bacterial Isolates (n) Susceptibility Rates Resistance Rates 

1. Arafa et 

al. (2022) [11] 

Uropathogenic Escherichia 

coli (UPEC) (n = 50) 

- Norfloxacin (82%) 

Ampicillin (60%) 

Trimethoprim/Sulfamethoxazole (44%) 

Cefepime (38%) 

Ceftazidime (38%) 

Ciprofloxacin (28%) 

Gentamicin (12%) 

Amoxicillin (8%) 

Nitrofurantoin (8%) 

Piperacillin/Tazobactam (4%) 

Amikacin (0%) 

Ertapenem (0%) 

Imipenem (0%) 

Meropenem (0%) 

2. Baldiris

-Avila et al. (2020) 

[12] 

Uropathogenic Escherichia 

coli (UPEC) (n = 190) 
Doripenem (95.8%) 

Ertapenem (95.8%) 

Amikacin (91.6%) 

Ceftriaxone (91%) 

Meropenem (90.5%) 

Cefoxitin (89.5%) 

Ceftazidime (88.9%) 

Nitrofurantoin (88.9%) 

Piperacillin/Tazobactam (86.3%) 

Gentamicin (72.6%) 

Tobramycin (62.6%) 

Cefotaxime (55.8%) 

Aztreonam (54%) 

Ciprofloxacin (50.5%) 

Piperacillin (51.1%) 

Trimethoprim/Sulfamethoxazole (49.5%) 

Cefazolin (48.4%) 

Cefepime (45.8%) 

Ampicillin/Sulbactam (38.4%) 

Ampicillin (12.6%) 

Ampicillin (88.4%) 

Cefepime (54.2%) 

Trimethoprim/Sulfamethoxazole (50.5%) 

Ciprofloxacin (49.5%) 

Cefazolin (45.8%) 

Piperacillin (45.2%) 

Cefotaxime (44.2%) 

Ampicillin/Sulbactam (42.6%) 

Aztreonam (33%) 

Gentamicin (27.4%) 

Tobramycin (24.2%) 

Ceftazidime (11.1%) 

Nitrofurantoin (11.1%) 

Meropenem (9.5%) 

Amikacin (8.4%) 

Cefoxitin (6.3%) 

Piperacillin/Tazobactam (5.8%) 

Ceftriaxone (5.3%) 

Doripenem (4.2%) 

Ertapenem (4.2%) 

3. Ballen 

et al. (2021) [13] 

Klebsiella pneumoniae (n = 

127) 
Colistin (98%) 

Imipenem (89%) 

Chloramphenicol (87%) 

Fosfomycin (86%) 

Gentamicin (83%) 

Piperacillin/Tazobactam (79%) 

Cefepime (76%) 

Aztreonam (71%) 

Trimethoprim/Sulfamethoxazole (65%) 

Ceftazidime (63%) 

Amoxicillin (61%) 

Ciprofloxacin (59%) 

Ciprofloxacin (41%)

Amoxicillin (39%)

Ceftazidime (37%)

Trimethoprim/Sulfamethoxazole (35%)

Aztreonam (29%)

Cefepime (24%)

Piperacillin/Tazobactam (21%)

Gentamicin (17%)

Fosfomycin (14%)

Chloramphenicol (13%)

Imipenem (11%)

Colistin (2%) 

4. Gajdacs 

et al. (2021) [16] 

Escherichia coli (n = 250) - Ciprofloxacin (43.6%) 

Trimethoprim/Sulfamethoxazole (34.4%) 

Third-generation cephalosporins (19.6%) 

Fosfomycin (18.8%) 

Gentamicin (11.6%) 

Nitrofurantoin (11.2%) 

Meropenem (0%) 

5. Hashem

zadeh et al. (2020) 

[18] 

Staphylococcus saprophyticus 

(n = 43) 
Linezolid (100%) 

Nitrofurantoin (100%) 

Quinupristin/Dalfopristin (100%)  

Vancomycin (100%) 

Rifampin (95%) 

Trimethoprim/Sulfamethoxazole (90%) 

Cefoxitin (74%) 

Chloramphenicol (74%) 

Tetracycline (74%) 

Erythromycin (58%) 

Clindamycin (46%) 

Gentamicin (37%) 

Ciprofloxacin (34%) 

Cefoxitin (25%) 

Chloramphenicol (25%) 

Tetracycline (25%) 

Trimethoprim/Sulfamethoxazole (9%) 

Rifampin (4%) 
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Ciprofloxacin (65%) 

Gentamicin (62%) 

Clindamycin (53%) 

Erythromycin (41%) 

Linezolid (0%) 

Nitrofurantoin (0%) 

Quinupristin/Dalfopristin (0%) 

Vancomycin (0%) 

6. Katong

ole et al. (2020) 

[21] 

Uropathogenic Escherichia 

coli (UPEC) (n = 200) 

- Amoxicillin (93%) 

Trimethoprim/Sulfamethoxazole (93%) 

Gentamicin (87%) 

Cefuroxime (84%) 

Nalidixic acid (79%) 

Amoxicillin/Clavulanic acid (62.5%) 

Ciprofloxacin (62%) 

Ceftriaxone (55%) 

Ceftazidime (54%) 

Chloramphenicol (28%) 

Nitrofurantoin (25.5%) 

Imipenem (0.5%) 

7. Kumar 

et al. (2023) [22] 

Uropathogenic Escherichia 

coli (UPEC) (n = 346) 
Chloramphenicol (88.4%) 

Meropenem (70.3%) 
Ampicillin (63.4%) 

Nalidixic acid (63.4%) 

Cefotaxime (62.1%) 

Amikacin (N/A) 

Chloramphenicol (N/A) 

Ciprofloxacin (N/A) 

Ceftazidime (N/A) 

Amoxicillin/Clavulanic acid (N/A) 

Ceftriaxone (N/A) 

Cefepime (N/A) 

Cefuroxime (N/A) 

Gentamicin (N/A) 

Kanamycin (N/A) 

Imipenem (N/A) 

Meropenem (N/A) 

Nitrofurantoin (N/A) 

Norfloxacin (N/A) 

Trimethoprim (N/A) 

Trimethoprim/Sulfamethoxazole (N/A) 

Piperacillin/Tazobactam (N/A) 

8. Swedan 

et al. (2024) [26] 

Klebsiella pneumoniae (n = 

167) 
Ertapenem (85.0%) 

Aztreonam (57.5%) 

Amoxicillin/Clavulanic acid (54.5%) 

Levofloxacin (53.9%) 

Cefepime (50.9%) 

Cefpodoxime (47.3%) 

Ciprofloxacin (44.9%)  

Cefotaxime (40.1%) 

Amikacin (30.5%) 

Gentamicin (28.7%)  

Nitrofurantoin (15.0%)  

Azithromycin (12.6%) 

Azithromycin (87.4%) 

Ciprofloxacin (46.1%)  

Cefepime (44.9%) 

Aztreonam (35.3%) 

Amoxicillin/Clavulanic acid (25.7%) 

Gentamicin (25.1%)  

Levofloxacin (23.4%) 

Amikacin (15.6%) 

Chloramphenicol (15.6%)  

Ertapenem (13.2%) 

Imipenem (13.2%) 

Bold texts indicate the highest susceptibility and resistance among the tested antibiotics; Studies that only 

reported the number of susceptible or resistant isolates were converted to percentages.   
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Table 2. Antibiotic resistance profile of biofilm-producing bacterial isolates from each study. 

Author and Year 

of the Study

Biofilm-forming Bacterial 

Isolates (n) 

Susceptibility Rates Resistance Rates 

1. Almalk

i & Varghese 

(2019) [9] 

Biofilm-producing 

Uropathogenic Escherichia 

coli (UPEC) (n = 55/211) 

(Produced the most biofilm) 

Imipenem (96%) 

Norfloxacin (89%) 

Ofloxacin (87%) 

Ciprofloxacin (82%) 

Cefuroxime (80%) 

Ampicillin (78%) 

Amikacin (71%) 

Cefepime (71%) 

Piperacillin (60%) 

Nalidixic acid (29%) 

Tetracycline (25%) 

Nitrofurantoin (24%) 

Oxacillin (20%) 

Vancomycin (20%) 

Oxacillin (80%) 

Vancomycin (80%) 

Nitrofurantoin (76%) 

Tetracycline (75%) 

Nalidixic acid (71%) 

Piperacillin (40%) 

Amikacin (29%) 

Cefepime (29%) 

Ampicillin (22%) 

Cefuroxime (20%) 

Ciprofloxacin (18%) 

Ofloxacin (13%) 

Norfloxacin (11%) 

Imipenem (4%) 

Biofilm-producing Klebsiella 

pneumoniae (n = 40/211) 

(Second that produced the 

most biofilm) 

Cefepime (100%) 

Ciprofloxacin (100%) 

Imipenem (100%) 

Norfloxacin (97.5%) 

Ampicillin (95%) 

Amikacin (93%) 

Cefuroxime (90%) 

Tetracycline (87.5%) 

Piperacillin (78%) 

Nalidixic acid (27.5%) 

Ofloxacin (18%) 

Nitrofurantoin (15%) 

Oxacillin (2.5%) 

Vancomycin (0%) 

Vancomycin (100%) 

Oxacillin (97.5%) 

Nitrofurantoin (85%) 

Ofloxacin (83%) 

Nalidixic acid (72.5%) 

Piperacillin (23%) 

Tetracycline (12.5%) 

Cefuroxime (10%) 

Amikacin (8%) 

Ampicillin (5%) 

Norfloxacin (2.5%) 

Cefepime (0%) 

Ciprofloxacin (0%) 

Imipenem (0%) 

2. Aniba 

et al. (2023) [10] 

Biofilm-producing 

Methicillin-resistant 

Staphylococcus aureus 

(MRSA) (n = 11/20) 

- Fusidic Acid (100%) 

Penicillin G (100%) 

Erythromycin (72.73%) 

Fosfomycin (72.73%) 

Tetracycline (72.73%) 

Tobramycin (54.55%) 

Teicoplanin (45.45) 

Gentamicin (36.36%) 

Levofloxacin (27.27%) 

Tigecycline (27.27%) 

Clindamycin (27.27%) 

Trimethoprim/Sulfamethoxazole (9.09%) 

Vancomycin (9.09%) 

Linezolid (0%) 

Biofilm-producing 

Methicillin-susceptible 

Staphylococcus aureus 

(MSSA) (n = 9/20) 

- Penicillin G (88.89%) 

Tetracycline (55.56%) 

Fusidic Acid (44.44%) 

Teicoplanin (22.22%) 

Vancomycin (22.22%) 

Clindamycin (11.11%) 

Erythromycin (11.11%) 

Fosfomycin (11.11%) 

Gentamicin (0%) 

Levofloxacin (0%) 

Linezolid (0%) 

Tigecycline (0%) 

Tobramycin (0%) 

Trimethoprim/Sulfamethoxazole (0%) 

3. Dawadi 

et al. (2022) [14] 

Biofilm-producing 

Uropathogenic Escherichia 

coli (UPEC) (n = 69) 

Meropenem (87.4%) 

Nitrofurantoin (78.9%) 

Gentamicin (76.1%) 

Amoxicillin/Clavulanic acid (67.6%) 

Cephalexin (67.6%) 

Ceftriaxone (67.5%) 

Cefepime (64.8%) 

Ciprofloxacin (57.8%) 

Trimethoprim/Sulfamethoxazole (25.4%) 

Ampicillin (11.3%) 

Ampicillin (85.9%) 

Trimethoprim/Sulfamethoxazole (71.8%) 

Ciprofloxacin (39.4%) 

Cefepime (32.4%) 

Amoxicillin/Clavulanic acid (29.6%) 

Cephalexin (29.7%) 

Ceftriaxone (29.7%) 

Gentamicin (21.1%) 

Meropenem (9.8%) 

Nitrofurantoin (18.3%) 

4. de 

Oliveira et al. 

(2020) [15] 

Biofilm-producing Proteus 

mirabilis (n = 183) 
Ertapenem (100%) 

Meropenem (100%) 

Piperacillin/Tazobactam (100%) 

Amikacin (99.5%) 

- 
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Amoxicillin/Clavulanic acid (99.5%) 

Cephalothin (97.8%) 

Cefepime (98.4%) 

Ceftriaxone (98.4%) 

Cefuroxime (98.4%) 

Ciprofloxacin (96.7%) 

Norfloxacin (96.7%) 

Gentamicin (94.5%) 

Nalidixic acid (94.5%) 

Ampicillin (80.3%) 

Trimethoprim/Sulfamethoxazole (78.1%) 

5. Hasan 

et al. (2020) [17] 

Biofilm-producing 

Uropathogenic Escherichia 

coli (n = 5/7)  

Amikacin (100%) 

Gentamicin (100%) 

Imipenem (100%) 
Amoxicillin/Clavulanic acid (80%) 

Aztreonam (60%) 

Cefepime (60%) 

Trimethoprim/Sulfamethoxazole (60%) 

Ciprofloxacin (40%) 

Cefotaxime (40%) 

Ceftazidime (40%) 

Ceftriaxone (40%) 

Amoxicillin (0%)  

Amoxicillin (100%) 
Cefotaxime (60%) 

Ceftriaxone (60%) 

Aztreonam (40%) 

Ceftazidime (40%) 

Ciprofloxacin (40%) 

Trimethoprim/Sulfamethoxazole (40%) 

Cefepime (20%) 

Amikacin (0%) 

Amoxicillin/Clavulanic acid (0%) 

Gentamicin (0%) 

Imipenem (0%) 

Biofilm-producing Klebsiella 

pneumoniae (n = 2/7)  
Amikacin (100%) 

Amoxicillin/Clavulanic acid (100%) 

Ciprofloxacin (100%) 

Gentamicin (100%) 

Imipenem (100%) 
Trimethoprim/Sulfamethoxazole (50%) 

Amoxicillin (0%) 

Aztreonam (0%) 

Cefepime (0%) 

Cefotaxime (0%) 

Ceftazidime (0%) 

Ceftriaxone (0%)  

Amoxicillin (100%) 
Aztreonam (100%) 

Cefotaxime (100%) 

Ceftriaxone (100%) 

Ceftazidime (100%) 

Cefepime (50%) 

Trimethoprim/Sulfamethoxazole (50%) 

Amoxicillin/Clavulanic acid (0%) 

Amikacin (0%) 

Ciprofloxacin (0%) 

Gentamicin (0%) 

Imipenem (0%) 

6. Hassun

a et al. (2024) [19] 

Biofilm-producing 

Uropathogenic Escherichia 

coli ST131 (n = 79) 

- Cefazolin (100%) 

Levofloxacin (87.3%) 

Ceftazidime (84.2%) 

Tetracycline (84.2%) 

Nitrofurantoin (83%) 

Cefoxitin (64%) 

Ampicillin/Sulbactam (58.2%) 

Meropenem (40%) 

7. Kar & 

Devnath (2021) 

[20] 

Biofilm-producing 

Pseudomonas aeruginosa (n = 

34/93) 

(Produced the most biofilm) 

Imipenem (100%) 

Meropenem (100%) 

Amikacin (61.8%) 

Gentamicin (41.2%) 

Ciprofloxacin (32.4%) 

Amoxicillin/Clavulanic acid (8.8%) 

Erythromycin (8.8%) 

Ceftriaxone (8.8%) 

Trimethoprim/Sulfamethoxazole (0%) 

Cephalexin (0%) 

Cefixime (0%) 

Ampicillin (0%)  

Ampicillin (100%) 

Cefixime (100%) 

Cephalexin (100%) 

Trimethoprim/Sulfamethoxazole 

(100%)  

Ceftriaxone (91.2%) 

Erythromycin (91.2%) 

Amoxicillin/Clavulanic acid (91.2%) 

Ciprofloxacin (67.6%) 

Gentamicin (58.8%) 

Amikacin (38.2%) 

Imipenem (0%) 

Meropenem (0%) 

Biofilm-producing Proteus 

vulgaris (n = 21/93) 

(Second that produced the 

most biofilm) 

Imipenem (100%) 

Meropenem (100%) 

Amikacin (0%) 

Amoxicillin/Clavulanic acid (0%)  

Ampicillin (0%) 

Ciprofloxacin (0%) 

Cefixime (0%) 

Ceftriaxone (0%) 

Cephalexin (0%) 

Erythromycin (0%) 

Gentamicin (0%) 

Trimethoprim/Sulfamethoxazole (0%) 

Amikacin (100%) 

Amoxicillin/Clavulanic acid (100%) 

Ampicillin (100%) 

Ciprofloxacin (100%) 

Cefixime (100%) 

Ceftriaxone (100%) 

Cephalexin (100%) 

Erythromycin (100%) 

Gentamicin (100%) 

Trimethoprim/Sulfamethoxazole 

(100%)  

Imipenem (0%) 

Meropenem (0%) 

8. Mirzaei 

et al. (2021) [23] 

Biofilm-producing Proteus 

mirabilis (n = 40) 

Ampicillin-sulbactam (95%) Tetracycline (95%) 

Nitrofurantoin (92.5%) 

Trimethoprim/Sulfamethoxazole (75%) 

Ciprofloxacin (45%) 

Cefotaxime (42.5%) 

Ofloxacin (40%) 
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Ampicillin (35%) 

Meropenem (30%) 

Norfloxacin (25%) 

Cefixime (22.5%) 

Amoxicillin/Clavulanic acid (22.5%) 

Amikacin (15%) 

Aztreonam (15%) 

Ceftazidime (7.5%) 

Ampicillin/Sulbactam (2.5%) 

9. Mlugu 

et al. (2023) [24] 

Biofilm-producing 

Uropathogenic Escherichia 

coli (UPEC) (n = 34) 

- Ampicillin (79.41%) 

Trimethoprim/Sulfamethoxazole 

(79.41%) 

Amoxicillin/Clavulanic acid (64.71%) 

Ciprofloxacin (44.12%) 

Nitrofurantoin (38.24%) 

Ceftriaxone (35.29%) 

10. Raya et 

al. (2019) [25] 

Biofilm-producing 

Uropathogenic Escherichia 

coli (UPEC) (n = 34) 

- Amoxicillin (93.2%) 

Ciprofloxacin (75.3%) 

Ceftriaxone (69.9%)  

Trimethoprim/Sulfamethoxazole (68.5%) 

Piperacillin/Tazobactam (35.6%)     

Tetracycline (26.0%)   

Amikacin (12.3%) 

Nitrofurantoin (12.3%)   

Imipenem (9.6%) 

Bold texts indicate the highest susceptibility and resistance among the tested antibiotics; Studies that only 

reported the number of susceptible or resistant isolates were converted to percentages. 

Biofilm-forming Bacteria Causing UTIs 

Table 3. Biofilm formation of UTI-causing bacteria from each study. 

Author and Year of 

the Study 

Number of 

Isolates 

Bacteria Isolated (n, %) Biofilm 

Producers 

(n, %) 

Non-biofilm 

Producers 

(n, %) 

Bacteria 

Producing the 

Most Biofilm 

1. Almalki & 

Varghese (2019) [9] 

585 Escherichia coli (24%) 

ESBL Escherichia coli (2%) 

Klebsiella pneumoniae 

(19%) 

Enterococcus faecalis (8%) 

Staphylococcus aureus (3%) 

Proteus mirabilis (18%) 

Pseudomonas aeruginosa 

(17%) 

Citrobacter spp. (9%) 

211, 36.06% 374, 63.9% Escherichia coli 

(24%) 

2. Aniba et al. 

(2023) [10] 

20 Staphylococcus aureus 

(100%) 

20, 100% 0, 0% Staphylococcus 

aureus (100%) 

3. Arafa et al. 

(2022) [11] 

50 Uropathogenic Escherichia 

coli (UPEC) 

22, 44% 28, 56% UPEC (44%) 

4. Baldiris-

Avila et al. (2020) [12] 

190 Uropathogenic Escherichia 

coli (UPEC) 

168, 88% 22, 12% UPEC (88%) 

5. Ballen et al. 

(2021) [13] 

127 Klebsiella pneumoniae 102, 80% 25, 20% Klebsiella 

pneumoniae (80%) 

6. Dawadi et al. 

(2022) [14] 

71 Uropathogenic Escherichia 

coli (UPEC) 

69, 97.2% 2, 2.8% UPEC (97.2%) 

7. de Oliveira et 

al. (2020) [15] 

183 Proteus mirabilis 183, 100% 0, 0% Proteus mirabilis 

(100%) 

8. Gajdacs et al. 

(2021) [16] 

250 Escherichia coli 108, 43.2% 142, 56.8% Escherichia coli 

(43.2%) 

9. Hasan et al. 

(2020) [17] 

7 Escherichia coli (5, 71%) 

Klebsiella pneumoniae (2, 

29%) 

7, 100% 0, 0% - 

10. Hashemzade

h et al. (2020) [18] 

43 Staphylococcus 

saprophyticus 

28, 63% 15, 37% Staphylococcus 

saprophyticus 

(63%) 
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11. Hassuna et 

al. (2024) [19] 

166 Escherichia coli 79, 88% 11, 12% Escherichia coli 

(88%) 

12. Kar & 

Devnath (2021) [20] 

131 Pseudomonas aeruginosa 

(38, 29%) 

Escherichia coli (31, 24%) 

Proteus vulgaris (24, 18%) 

Klebsiella pneumoniae (21, 

16%) 

Staphylococcus aureus (17, 

13%) 

93, 71% 38, 29% Pseudomonas 

aeruginosa (36.5%) 

13. Katongole et 

al. (2020) [21] 

200 Uropathogenic Escherichia 

coli (UPEC) 

125, 62.5% 75, 37.5% UPEC (62.5%) 

14. Kumar et al. 

(2023) [22] 

232 Uropathogenic Escherichia 

coli (UPEC) 

145, 62.5% - UPEC (62.5%) 

15. Mirzaei et al. 

(2021) [23] 

40 Proteus mirabilis 40, 100% 0, 0% Proteus mirabilis 

(100%) 

16. Mlugu et al. 

(2023) [24] 

141 Uropathogenic Escherichia 

coli (UPEC) (47%) 

Pseudomonas aeruginosa 

(17%) 

Proteus mirabilis (14.2%) 

Klebsiella pneumoniae 

(11.4%) 

Non-identified Gram-

negative bacilli (9.9%) 

UPEC 

34/66, 51.5% 

UPEC 

32/36, 48.5% 

UPEC (51.5%) 

17. Raya et al. 

(2019) [25] 

238 Enterobacterales 

Escherichia coli 

Klebsiella spp. 

Enterobacter spp. 

Citrobacter spp. 

Proteus spp. 

Morganella morganii 

Non-Enterobacterales  

Pseudomonas aeruginosa 

Acinetobacter spp. 

Gram-positive non-

hemolytic Streptococci 

Coagulase-negative 

Staphylococcus 

103, 43.3% 135, 56.7% Escherichia coli 

(70.9%) 

18. Sweden et al. 

(2024) 

167 Klebsiella pneumoniae 154, 92.2% - Klebsiella 

pneumoniae 

(92.2%) 

Figure 1. Study Selection Flowchart 
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Figure 2. Geography of the 18 chosen articles for systematic review 

Figure 3. Antibiotic resistance rates of biofilm-producing UPEC across 18 studies 
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Figure 4. Intensity of biofilm formation among biofilm-forming bacteria 

Conclusion 

This systematic review highlights the 

alarming rise of antibiotic-resistant, biofilm-

forming bacterial pathogens in UTIs, emphasizing 

their significant role in persistent and recurrent 

infections. The findings confirm that uropathogenic 

E. coli (UPEC), K. pneumoniae, P. aeruginosa, and 

P. mirabilis are among the most prevalent biofilm-

forming pathogens, exhibiting high resistance to 

commonly prescribed antibiotics. Carbapenems, 

particularly imipenem and meropenem, 

demonstrated the highest efficacy against these 

resistant bacteria, though growing resistance trends 

remain a concern. 

The ability of UTI-causing bacteria to form 

biofilms serves as a critical survival mechanism, 

enhancing their resistance to antibiotics and host 

immune responses. Biofilm formation intensity 

varied across bacterial species, with P. mirabilis and 

K. pneumoniae exhibiting strong biofilm-producing 

capabilities. The association between biofilm 

formation and MDR further complicates UTI 

management, necessitating the urgent need for 

alternative treatment strategies. 

Factors such as prolonged catheterization, 

frequent antibiotic misuse, female anatomy, 

underlying health conditions, and hospital-acquired 

infections contribute significantly to the persistence 

of UTIs. The findings underscore the necessity of 

stringent antibiotic stewardship programs, improved 

infection control measures, and the development of 

innovative therapeutic approaches, including anti-

biofilm agents and bacteriophage therapy. 

Future research should focus on novel 

treatment alternatives targeting biofilm disruption, 

rapid diagnostic methods for early detection of 

resistant strains, and personalized medicine 

approaches to optimize UTI treatment. Addressing 

these challenges is crucial in mitigating the global 

burden of biofilm-associated UTIs and enhancing 

patient outcomes. 
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