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Abstract

: Biofilm formation is one of the most important mechanisms of
survival and pathogenicity of Escherichia coli, especially in antibiotic-resistant
isolates. Beta-lactamase-producing isolates (ESBL) can pose a serious threat to
patients with colorectal cancer due to increased drug resistance and the ability to
form biofilms. This study aimed to investigate the biofilm production of ESBL
isolates and the pattern of drug resistance.

: A total of 46 stool samples from colorectal cancer
patients were collected. The isolates were identified using standard biochemical
tests. The production of ESBL was phenotypically identified using the Disk
diffusion method according to CLSI guidelines. Phenotypic identification of
biofilm was performed using the microtiter plate method. The presence of fimH
and Luxsl genes was assessed using polymerase chain reaction (PCR).

: The results showed that 65.2% were capable of forming biofilms. Based
on optical density in the microtiter plate test, 19.5% formed strong biofilms,19.5%
formed moderately strong biofilms, and 26% formed weak biofilms. Additionally,
34.7% were unable to form biofilms. In the genotypic analysis using PCR, the
fimH and luxsl genes were evaluated, and the results indicated that a total of 46
isolates possessed the fimH and luxs1 genes.

: The results of this study indicated that biofilm formation in ESBL-
producing E. coli isolates in colorectal cancer patients is common and may play an
important role in increasing antibiotic resistance.
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Introduction

Biofilm formation represents one of the most
significant  survival ~mechanisms among
bacterial pathogens, particularly in isolates
associated  with antibiotic resistance.
Escherichia coli (E. coli), as a leading cause of
opportunistic infections in
immunocompromised individuals, including
cancer patients, is capable of forming biofilms
that enhance its resistance to antimicrobial
agents and facilitate persistent infections.
Extended-spectrum beta-lactamase (ESBL)-
producing E. coli isolates are of critical clinical
importance due to their ability to hydrolyze a
wide range of beta-lactam antibiotics, including
third-generation cephalosporins. This
resistance, combined with biofilm formation,
contributes to treatment failures and increased
morbidity and mortality, especially in patients
undergoing chemotherapy or radiotherapy for
colorectal cancer.
Colorectal cancer patients are especially
vulnerable due to their immunosuppressive
status and frequent hospitalizations, which
expose them to nosocomial pathogens.
Furthermore, the gastrointestinal tract serves as
a reservoir for E. coli, making colonization and
infection a common phenomenon in these
individuals.

Understanding the phenotypic and genotypic
characteristics of biofilm-forming ESBL-
producing E. coli isolates is vital for infection
control and the development of -effective
therapeutic strategies. This study aimed to
investigate the ability of ESBL-producing E.
coli isolated from colorectal cancer patients to
form biofilms to evaluate the presence of
biofilm-associated genes (fimH and luxS), and
to assess the relationship between biofilm
formation and antibiotic resistance profiles.

METHODOLOGY

This cross-sectional study was conducted on 46
stool samples obtained from colorectal cancer
patients admitted to a tertiary care hospital.
Standard microbiological techniques were
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employed for the isolation and identification of
E. coli isolates. Initial identification was based
on colony morphology, Gram staining, and
conventional biochemical tests. Phenotypic
confirmation of ESBL production was
performed using the disk diffusion method
according to the Clinical and Laboratory
Standards Institute (CLSI) guidelines, with
cefotaxime, ceftazidime, and their respective
combination disks containing clavulanic acid.

The ability of the isolates to form biofilms was
assessed using the microtiter plate assay, a
well-established quantitative method based on
crystal violet staining. Biofilm formation was
categorized as “strong”, “moderate”, “weak”,
or “none”, based on the absorbance readings.
For genotypic analysis, DNA extraction was
carried out using a standard boiling method.
Polymerase chain reaction (PCR) was used to

detect the presence of two biofilm-associated

genes: fimH (encoding type 1 fimbrial
adhesion) and luxS (involved in quorum
sensing and biofilm regulation). Specific

primers were employed, and PCR products
were  visualized using  agarose  Qel
electrophoresis. Antibiotic susceptibility testing
for the isolates was also conducted using the
Disk diffusion method to identify resistance
patterns and evaluate potential correlations
with biofilm formation.

RESULTS

Among the 46 ESBL-producing E. coli isolates
analyzed in this study, 65.2% demonstrated the
ability to form biofilms. Based on the optical
density values obtained from the microtiter
plate assay, 19.5% of the isolates formed strong
biofilms, 19.5% formed moderately strong
biofilms, and 26% exhibited weak biofilm
formation. The remaining 34.7% of the isolates
were classified as non-biofilm formers.

PCR analysis revealed that all 46 isolates
harbored both the fimH and IuxS genes,
indicating a strong genotypic potential for
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biofilm formation. Notably, the presence of
these genes was observed regardless of the
phenotypic biofilm-forming capacity,
suggesting  that  additional regulatory
mechanisms may influence gene expression
and phenotypic manifestation.
Antibiotic susceptibility testing showed a high
level of resistance among biofilm-forming
isolates compared to non-biofilm formers. The
majority of strong biofilm producers exhibited
multidrug resistance (MDR), particularly
against fluoroquinolones, aminoglycosides, and
trimethoprim-sulfamethoxazole. This
observation supports the hypothesis that
biofilm formation contributes significantly to
antimicrobial resistance, likely due to the
protective extracellular matrix and the presence
of dormant cells within the biofilm structure.

DISCUSSION

The findings of this study emphasize the high
prevalence of biofilm formation among ESBL-
producing E. coli isolates in colorectal cancer
patients. The co-existence of ESBL production
and biofilm-forming capacity represents a
serious therapeutic challenge, particularly in
immunocompromised hosts. Biofilms not only
hinder the penetration of antibiotics but also
enable Dbacteria to evade host immune
responses, facilitating chronic infections.

The universal presence of fimH and luxS genes
among the isolates highlights their potential
role in biofilm development. The fimH gene is
known to mediate the initial attachment of
bacteria to epithelial cells and abiotic surfaces,
while luxS is involved in the synthesis of
autoinducer-2 (Al-2), a quorum sensing signal
molecule that regulates biofilm maturation.
However, the discordance between gene
presence and phenotypic expression suggests
that biofilm formation is a complex process

influenced by multiple environmental and
regulatory factors.
The strong association between biofilm

formation and antibiotic resistance underscores
the importance of considering biofilm-related
phenotypes in  clinical  microbiology.
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Traditional susceptibility testing may not
adequately reflect the in vivo efficacy of
antibiotics against biofilm-embedded bacteria.
Therefore, incorporating biofilm assessments
into routine diagnostic procedures may aid in
tailoring more effective treatment regimens.

CONCLUSIONS

In conclusion, this study demonstrates a high
prevalence of biofilm formation among ESBL-
producing E. coli isolated from colorectal
cancer patients. The detection of biofilm-
associated genes in all isolates indicates a
widespread genetic potential for biofilm
formation, although phenotypic expression
varies. A clear association was observed
between biofilm formation and increased
antibiotic resistance, highlighting the need for
integrated approaches to manage infections
caused by such pathogens.

Given the clinical implications, it is crucial to
develop targeted strategies for preventing and
disrupting biofilms in hospital settings,
particularly in oncology wards. Future research
should focus on the molecular regulation of
biofilm-related genes and explore novel anti-
biofilm therapies to combat multidrug-resistant
bacterial infections effectively. Understanding
the prevalence and molecular basis of biofilm
formation in ESBL-producing E. coli isolates
can guide the implementation of more stringent
hygiene practices in oncology units. These
practices may include enhanced screening
protocols for colonized patients, better
disinfection strategies for medical equipment,
and improved patient isolation procedures to
prevent horizontal gene transfer and cross-
contamination.

Moreover, the findings support the integration
of molecular diagnostics into routine clinical
practice. Rapid detection of biofilm-associated
genes such as fimH and luxS can provide
clinicians with early indicators of potential
biofilm-related complications, allowing for
timely intervention. Incorporating molecular
tools in diagnostic laboratories would enhance
the speed and accuracy of microbial
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characterization, leading to more personalized
and effective treatment plans for vulnerable
patients.

Furthermore, this research contributes to the
growing body of evidence emphasizing the
need for alternative therapeutic approaches,
such as the use of biofilm-disrupting agents,
bacteriophages, or quorum sensing inhibitors.
These strategies, either alone or in combination
with conventional antibiotics, hold promise in
overcoming the limitations posed by biofilm-
mediated resistance. Continued research into
these areas, along with surveillance of
resistance trends, is essential to mitigate the
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public health threat posed by multidrug-
resistant organisms in cancer care settings.
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