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ABSTRACT

The present study was aimed to investigate the presence of Escherichia coli
(E.coli) in raw chicken meat samples collected from retail shops, as well as the
biofilm-forming ability of field isolates, and to characterize different adhesion
genes. Out of 20 chicken meat samples, 17 (85%) were positive for E. coli.
Fifteen E. coli strains were characterized by PCR using the 16S rDNA primers
and all the isolates were positive which confirmed that all the isolates were
E.coli. Out of the 15 confirmed E.coli field isolates which were subjected to biofilm-
Jforming assay, 46% of them were found to be strong biofilm producers. While all the
isolates were screened for the presence of adhesion genes viz. luxS, csgA, fimH, fimA,
and papC, the adhesion gene luxS was detected in all the strains (100%). The other
adhesion genes csgA, fimH and fimA were detected in 93%, 93%, and 73% of the
isolates, respectively. The E. coli field isolates were screened blaTEM gene was detected
in only four strains, which was categorized under strong biofilm producers. This study
demonstrated the presence of biofilm forming E. coli in the raw chicken meat samples
as contaminants, causing spoilage and potentially posing risk to consumer s health and

safety.
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INTRODUCTION

Foodborne diseases affect over 200
million people globally each year and have
a significant impact on public health, the
economy, and society. These diseases arise
from contaminated food at any point in the
production, delivery, or consumption process,
caused by various forms of environmental
pollution, unsafe storage, and processing.
According to the World Health Organization,
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approximately 1 in 10 people worldwide is
affected by contaminated food, leading to
more than 420,000 deaths annually. Children
under the age of 5 are particularly vulnerable,
accounting for 125,000 deaths each year.

Escherichiacoli(E. coli)is abacterium
that is commonly found in the gastrointestinal
system
animals. Majority of strains are harmless,
a few are pathogenic causing intestinal or
extra intestinal infections of varying severity,
primarily transmitted via consumption of
contaminated food. Many strains of . coli are
known to produce biofilm.

of humans and warm-blooded

A biofilm is a structured colony of
microorganisms that stick to a surface and
form their own matrix, which is mostly made
up of proteins, polysaccharides, and DNA.
This matrix offers various advantages to the
bacterial community, including immune cell
protection and improved adherence, which is
assisted by bacterial adhesions (Sharma et al.,
2023; Galié et al., 2018).

Biofilms emerge in reaction to stress
and function as a defense mechanism to
help microorganisms survival. Biofilms play
animportant role in microbial pathogenicity
and genetic exchange, and can operate as a
barrier to shield the microbial community
from standard antimicrobial drugs used in the
food business, making them more resilient
and harder to eradicate (Vysakh et al., 2018;
Katongole et al., 2020; Bhardwaj et al,
2021). The development of acute and chronic
infections caused by gram negative bacteria
can be attributed, in part, to biofilm formation

and quorum sensing (QS) controlled virulence
factors, which are another interesting factor to
consider (Vysakh et al., 2018).

Antibiotic resistance is one of the
factors that determine biofilm production in
bacteria. Especially [-lactamases enzyme
production by certain bacteria that inhibits
the activity and mechanisms of [-lactam
antibiotics. Several studies have focused
on the prevalence of [-lactam antibiotic
resistance genes in E. coli, particularly in
organisms capable of transferring resistance
genes (Khalifa ef al,, 2021; Bhardwaj et al.,
2021).

Biofilm formation occurs in three
stages which includes bacterial
adhesion, quorum sensing, and biofilm biomass
formation (Thakur et al, 2016; Alshammari
et al., 2023). Several studies have reported a
series of genes involved in biofilm formation
by bacteria. The E. coli requires a set of
genes to facilitate initiation, attachment, and
maturation. The major genes involved encode
for flagella, type I fimbriae (fimH) (Barilli et
al., 2020) and P fimbriae gene (Katongole et
al., 2020).

main

The fimH gene is required to produce
fimbriae, which mediates the adhesion
mechanism and stimulates biofilm formation
(Alshammari et al., 2023). Curli fimbriae are
crucial components of the biofilm matrix of
E. coli and other Enterobacteriaceae species.
These fibrous surface proteins primarily
contribute to bacterial attachment, cell
accumulation, and biofilm formation (Ozdemi
and Arslan, 2021).
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The [uxS gene is a crucial component
in E. coli for the production of auto inducer -
2, which plays a significant role in the quorum
sensing mechanism by promoting biofilm
formation and controlling biofilm architecture
(Sharma et al., 2016).

The present study was aimed to
investigate the prevalence of E. coli in
chicken meat samples collected from retail
market. Among the isolates, the ability of the
strains to form biofilm was tested. Further, the
genes that encode for biofilm formation and
antibiotic resistance (gene PB-lactamase) were
assessed in E. coli.

MATERIALS AND METHODS
Chemicals and media

MacConkey agar, Nutrient broth,
Brain heart infusion (BHI) broth, biochemical
test kit for E.coli (Himedia: KBO010), crystal
violet, PCR Master mix (Amplicon) were used
for isolation and detection of E. coli.

Collection of food samples

A total of 20 chicken meat samples
were collected aseptically in separate
containers from the retail outlet in and around
Chennai, Tamil Nadu. The samples were
transported to Department of Food Safety and
Quality Assurance, College of Food and Dairy
Technology, Koduveli, Chennai — 600 052 for
further investigation.

Isolation and biochemical identification

About 25 g of sample was mixed with
225 ml of nutrient broth for enrichment at

37°C for 18-24 h. After enrichment, 100 pL of
the inoculum was placed on MacConkey agar.
The plates were incubated at 37°C for 18-24 h
(IS5887). Bacterial colonies with pink colour
were subjected to biochemical tests (Himedia:
KBO010). After biochemical confirmation, each
E. coli isolate was inoculated and incubated
in microtubes containing BHI broth medium
at 37°C for 24 hrs and subsequently stored at
-20°C in glycerol for further analysis.

Quantification of biofilm

Biochemically positive isolate was
grown in 10 ml of Brain Heart Infusion broth
and the turbidity of the bacterial cultures was
adjusted to 0.08 optical density (OD) at 600
nm. In each well, 180 pL of BHI broth and 20
uL of inoculum were transferred to microtitre
plate in triplicate, with wells containing only
BHI broth serving as a negative control. A 96-
well plate was incubated at 37°C for 48 h in
order to promote biofilm formation. After 48
hrs, the contents of each well were removed
and the wells were washed three times with
sterile distilled water to remove planktonic
cells. The plate was air dried for 15 min and
added with 200 pL of 0.1% crystal violet
solution, which was used to stain the cells
that were attached to the wells. The plate was
incubated at room temperature for 30 min
before the dye was removed by washing the
wells five times with sterile distilled water.
The plate was air dried for 15 min before 200
pL of a mixture consisting of 75% ethanol and
25% acetone was added to each well to resolve
the stained cells. The ability of each strain to
form biofilms was evaluated by measuring the
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Table 1. Primers used to study the adhesion-associated genes for biofilm formation in E. coli

Gene Nucleotide sequences (5'—3") A.mpllcon Annealing Reference
size (bp) temperature
rrsH/16s CGGACGGGTGAGTAATGTCT 200 570C (Bhardwaj et
rDNA CTCAGACCAGCTAGGGATCG al., 2021)
Type 1
. TGCAGAACGGATAAGCCGTGG o (Wang et al.,
fimbriae 508 55°C
} GCAGTCACCTGCCCTCCGGTA 2016)
(FimH)
Sggﬂ;irtnaj °" | GGTAATGGTGCAGATGTTG 188 s50C (Bhardwaj et
GTCACGTTGACGGAGGAGTT al., 2021)
(csgA)
luxS TTCTTCGTTGCTGTTGATGC 152 57°C
Regulation TGGAAGACGTGCTGAAAGTG (Bhardwaj et
of AI-2, cell al., 2021)
signaling
fimA ATCGTTGTTCTGTCGGCTCT 167 57°C
Type 1 GCGGTACGAACCTGTCCTAA .
. (Bhardwaj et
fimbriae
. al., 2021)
major
subunit
papC TGATATCACGCAGTCAGTAGC 480 5500 (Wang et al.,
P fimbriae CCGGCCATATTCACATAAC 2016)
blaTEM ATCAGCAATAAACCAGC
beta CCCCGAAGAACGTTTTC (Eid and Samir,
516 54°C
lactamase 2019)
gene

optical density at 597 nm using a microplate
reader (Obe et al., 2021). The biofilm forming
capacity of each isolate was then classified
into three categories based on their final OD
values: (1) weak biofilm producers with values
less than 0.3, (2) moderate biofilm producers
with values between 0.3 and 0.6, and (3) strong
biofilm producers with values greater than 0.6
(Obe et al., 2021).

Molecular identification and screening of
adhesion genes

Bacterial genomic DNA  was
extracted from FE.coli isolates using the
QIAamp DNA Mini kit (QIAGEN) according
to the manufacturer's instructions. All positive
colonies were confirmed with PCR using
rrsH/16S rDNA primers specific to E.coli.
Adhesion-associated genes for biofilm
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formation in E.coli were identified using
primers targeting [uxS, csgA, fimH, fimA,
and papC. E.coli isolates were subjected for
PCR to detect the presence of blaTEM gene.
Gene primers used in this study are listed in
Table 1. PCR was carried out using a thermal
cycler (QIAGEN). The PCR reaction mix (25
ulL) contained 2X PCR master mix 12.5uL,
forward and reverse primer each 0.5 pL and
luLof extracted DNA and 10.5pL nuclease
free water. PCR was performed with the
following conditions 95°C-3 min; 95°C-30 s;
72°C-1.5 min; 72°C-7 min and the annealing
temperature of different genes as mentioned
in the Table 1. The products were analyzed
using 1.8% agarose gel electrophoresis with
a molecular weight marker of 100bp and
documented with a UV light transilluminator.

RESULTS AND DISCUSSION

In the present study, out of 20
chicken meat samples used for isolation
and characterization of E. coli, 17 samples
were positive for E. coli, characterized by
typical pink colonies in MacConkeyagar,
which is a selective medium for isolation
and identification of E. coli from foods. Out
of 20 isolates, 15 isolates were found to be
positive for E. coli through biochemical
characterization. Hussain et al.(2017) reported
that 78% of broiler chicken meat specimens
from retail shops of India were contaminated
with E. coli.

Biofilm forming ability of the 15
isolates was carried out using crystal violet
assay and were categorized into three groups
based on the optical density value at 597 nm.

Seven isolates were strong biofilm producers,
four isolates were moderate, and four isolates
were weak biofilm producers. (Table 2 and
Fig. 1). Hussain et al, (2019) found that
100% of E. coli isolates produced biofilms,
and Senapati ef al. (2020) reported that 12.5%
of E. coli isolates produced strong biofilms
isolated from raw chicken meat samples.

Fig.1. Microtitre plate assay for biofilm
production.

A - Strong biofilm producer;
B - Moderate biofilm producer;
C - Weak or none biofilm producer

In the present study, 15 isolates were
used for screening of 16S rDNA specific to
E. coli. All the 15 isolates tested positive for
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rSH/16STDNA gene. Further investigation
was carried out for five genetic markers
targeting biofilm associated genes in E. coli
viz. uxS (100%), csgd (93%), fimH (93%)
and fimA (73%).All the isolates were negative
for papC gene. The results of the agarose gel
electrophoresis were presented in Fig.2, 3,4, 5
and 6.

All  biofilm producers harbored
luxS gene which is responsible for quorum
sensing properties of microorganisms. In
this study, strong biofilm producers were
not positive for all the genes but positive for
two genes (RCEIl) or three genes (RCEO6).
All the isolates were positive and possessed
biofilm producing genes, such as luxS, csgA,
fimH, and fimA. Similar results were reported
in a study conducted on retail meat products
(Barilli et al., 2020). The primary elements
to produce biofilm are csgA and fimH, which
respectively produce curli fimbriae and type 1
fimbriae are crucial for the initiation of biofilm
development.

The luxS gene was present in all the
isolates and this /uxSgene could also influence
biofilm development by producing Al-2
signaling molecule (Niu et al., 2013). The /uxS
gene plays a vital role to initiate cell to cell
communication at an early stage of biofilm
formation (Bhardwaj et al., 2021). All the
isolates were negative for papC gene, and
less frequency of papC was recorded by other
researchers(Stromberg et al., 2017; Crecencio
et al., 2020). E. coli strains potentially able to

form structured biofilm due to the presence of
curli fimbriae, cellulose, and type I fimbriae—
associated genes were isolated from meat
purchased at supermarkets, and a large number
of these were MDR (Barilli et al., 2020).

Out of a total of 15E.coli isolates
that were screened for antibiotic resistance
gene blaTEM, four isolates tested positive for
target gene. These four isolates that contained
the gene blaTEM, had the potential to form
strong biofilm. The result of the agarose gel
electrophoresis was presented in Fig.7.The
blaTEM gene was the most commonly
detected gene responsible for the antibiotic
resistance(Mohammedkheir ef al., 2024).

1000 bp
500 bp

200 bp

100 bp

Fig. 2. 1.8% agarose gel electrophoresis for
identification and confirmation of
E.coli field isolates by PCR (16S
rDNA). M- Marker 100bp, Lane 1 — 5
E. coli field isolates
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1000 bp

500 bp

188 bp
100 bp —» —

Fig. 3. 1.8 % Agarose gel electrophoresis for
PCR products for detection of biofilm
forming E. coli field isolates with
csgA gene. M- Marker 100bp, Lane 1
—5 E. coli field isolates

1000 bp

500 bp 508 bp

100 bp

Fig. 4. 1.8 % Agarose gel electrophoresis for
PCR products for detection of biofilm
forming E. coli field isolates with
fimH gene. M- Marker 100bp, Lane 1
— 2 E. coli field isolates

1000 bp

500 bp

2
E

100 bp 152 bp

Fig. 5. 1.8 % Agarose gel electrophoresis
showing PCR products /uxS gene of
E. coli.

M- Marker 100bp, Lane 1 — 5 E. coli
field isolates

1000 bp

500 bp

167 bp

100 bp

Fig. 6. 1.8 % Agarose gel electrophoresis fimA4
gene of E. coli M- Marker 100bp,
Lane 1 -5

E. coli field isolates
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1000 b

506 bp

10 bp

Fig. 7. 1.8 % Agarose gel electrophoresis
blaTEM gene of E. coli M- Marker
100bp, Lane 1 — 4

E. coli field isolates

CONCLUSION

Ahigh prevalence of E. coli in chicken
meat samples was observed, indicating
poor hygienic practices prevalent during
processing. Majority of the isolates were
strong biofilm producers. Our study confirmed
that /uxS, csgA, and fimH were responsible for
biofilm formation in E. coli isolates. Further
studies are required to investigate these genes
for better understanding and prevent the
biofilm formation in food industry. The strong
biofilm forming bacteria have more resistance
to antibiotics (B-lactamase).
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