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ABSTRACT

Foodborne illnesses remain a major global
public health concern, with fish often acting
as a carrier of pathogenic bacteria such as
Escherichia coli (E. coli). The misuse of
antibiotics in aquaculture has further
increased the risk of antibiotic resistance,
making this issue more urgent. In the
present study, fish fecal samples were
collected from local markets in Ajmer,
Rajasthan, to isolate and characterize E.
coli. The isolates were identified using
EMB agar and confirmed through
biochemical (IMViC) tests, followed by
molecular  confirmation = with  PCR
amplification of the 16s rRNA gene.
Biofilm formation was observed among the
isolates, with different morphotypes
(RDAR, BDAR, SAW, PDAR) detected.
Antimicrobial susceptibility testing revealed
varied resistance patterns, with several
isolates showing resistance to commonly
used antibiotics such as ceftazidime and
ciprofloxacin, while others remained
sensitive to drugs like meropenem and
colistin. The findings highlight the presence
of biofilm-forming, multidrug-resistant E.
coli strains in fish, posing a potential health
risk to consumers. This study underscores
the need for stricter monitoring of antibiotic
use in aquaculture and better food safety
practices to prevent the spread of resistant
pathogens through the food chain.

Keywords: Foodborne illnesses, Biofilm
Formation, Multicellular Behavior,
Antimicrobial Susceptibility, E. coli.

INTRODUCTION

Foodborne diseases represent a persistent
and growing challenge to global public
health (Tauxe, et al., 2010). The World
Health Organization (WHO) has
consistently reported that millions of people
suffer from illnesses each year due to the
consumption of contaminated food and
water (Alijanzadeh, et al., 2023). Bacterial
pathogens are among the most common
culprits, and they are often transmitted
through animal-derived food products (Ali
& Alsayegh, 2022). Contaminated fish and
seafood have been identified as important
reservoirs of enteric bacteria, including
Escherichia coli (E. coli), which can pose a
direct health risk to consumers (Adedeji et
al., 2012). E. coli is widely recognized as
an indicator of fecal contamination in food
and water systems (Khan, 2020). While
many strains are harmless commensals,
pathogenic variants can cause severe
gastrointestinal infections and, in some
cases, systemic disease (Maier et al., 2024).
The consumption of fish carrying
pathogenic E. coli therefore represents not
only a food safety issue but also a broader
public health concern (Panel on Biological
Hazards, 2015). In India and other countries
where aquaculture plays a vital role in food
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supply, the risk of bacterial contamination is
compounded by widespread antibiotic use
(Okocha et al., 2018). Farmers often rely on
antibiotics to prevent infections in fish
stocks, enhance growth, and reduce
economic losses. However, this practice has
unintentionally accelerated the emergence
of antibiotic-resistant bacteria in aquatic
environments (Hossain et al., 2022).
Antimicrobial resistance (AMR) has been
recognized as one of the most urgent health
threats of the 21st century (Coque et al.,
2023). Resistant bacteria originating from
aquaculture can enter the human food chain
through consumption of contaminated fish,
handling of raw products, or contamination
of water sources used in farming (Yuan et
al., 2023). Once established, resistance traits
can spread rapidly across bacterial
populations, limiting treatment options, and
leading to higher morbidity and mortality in
affected individuals (Livermore, 2003). This
“farm-to-fork” pathway underscores the
importance of monitoring aquaculture
systems for resistant pathogens, including E.
coli (Brauge et al., 2024).

An additional factor that makes E. coli
particularly problematic is its ability to form
biofilms (Sharma et al., 2016). Biofilms are
structured microbial communities encased
in extracellular polymeric substances that
adhere to surfaces, including fish tissue,
equipment, and aquatic environments (Fish
et al., 2016). In this protected state, bacteria
become significantly less susceptible to
environmental stressors, disinfectants, and
antimicrobial agents (Rozman et al., 2021).
Biofilm-associated E. coli not only persist
longer in aquatic systems but also pose
greater challenges for eradication during
food processing (Rather et al., 2021).
Moreover, biofilm formation is closely
linked to antibiotic resistance, with biofilm-
associated bacteria often requiring much
higher concentrations of antimicrobials for
effective inhibition (Algburi et al., 2017).
Given this background, the present study
was designed to provide an in-depth
assessment of E. coli strains isolated from

fish samples collected in Ajmer, Rajasthan.

Specifically, the study sought to:

1. Isolate and characterize E. coli using
selective  culture and biochemical
assays.

2. Evaluate their ability to form biofilms
and identify associated morphotypes.

3. Assess antimicrobial  susceptibility
patterns  against commonly  used
antibiotics.

4. Confirm the bacterial identity at the
molecular level using PCR-based
methods.

By combining phenotypic, biochemical, and
molecular  approaches, this research
contributes to a better understanding of the
public health risks posed by E. coli in fish
sold in local markets. The findings are
expected to inform both food safety policies
and strategies to mitigate antimicrobial
resistance in aquaculture.

MATERIALS & METHODS

Sample Collection

Fish fecal samples were collected from local
markets near railway stations in Ajmer,
Rajasthan. A total of 21 samples were
obtained under aseptic conditions and
transported to the laboratory in sterile
containers within 2-3 hours of collection.
Samples were stored at 4 °C and processed
within 24 hours to minimize changes in
microbial composition.

Isolation and Identification of E. coli

The samples were streaked on Eosin
Methylene Blue (EMB) agar, a selective and
differential medium for E. coli. Colonies
showing the characteristic green metallic
sheen were presumptively identified as E.
coli. Pure isolates were further confirmed by
standard biochemical tests (IMViC: Indole,
Methyl Red, Voges-Proskauer, and Citrate
utilization). The IMViC pattern was
recorded and compared with reference strain
characteristics for E. coli.

Biofilm Formation Assay
Biofilm formation among E. coli isolates
was assessed based on colony morphology
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on Congo Red agar plates. The isolates were
categorized into different morphotypes:
RDAR (red, dry, and rough), BDAR
(brown, dry, and rough), SAW (smooth and
white), and PDAR (pink, dry, and rough).
Each isolate was incubated under identical
conditions, and morphotype expression was
documented.

Antimicrobial Susceptibility Testing

The antibiotic resistance profile of the
isolates was determined using the standard
Kirby—Bauer disk diffusion method,
following CLSI (Clinical and Laboratory
Standards  Institute)  guidelines.  The
antibiotics tested included:

* Meropenem (10 pg)

* Amikacin (30 pg)

* Colistin (10 pg)

» Levofloxacin (5 pg)

» Ceftazidime (30 pg)

» Ciprofloxacin (5 pg)

After incubation at 37 °C for 18-24 hours,
zones of inhibition were measured and
interpreted as Sensitive (S) or Resistant (R)
according to CLSI breakpoints.

Molecular Characterization

For molecular confirmation, DNA was
extracted from pure isolates using the
standard boiling method. Polymerase Chain
Reaction (PCR) was carried out targeting
the 16s rRNA gene with universal primers.
Amplified products were resolved on a
1.5% agarose gel stained with ethidium
bromide and visualized under UV
transillumination. A 100 bp DNA ladder
was used as a molecular weight marker.

STATISTICAL ANALYSIS
Descriptive  statistics were used to
summarize biofilm  morphotypes and

antibiotic  susceptibility  profiles. The
frequency and percentage of resistant
isolates were calculated for each antibiotic.

RESULT

Isolation and Identification of E. coli

Fish fecal samples collected from local
markets in Ajmer yielded multiple bacterial

colonies on EMB agar. Colonies showing
the characteristic metallic green sheen were
presumptively identified as E. coli (Fig. 1).
Pure cultures were obtained and subjected to
biochemical identification using IMViC
tests (Fig. 2). The isolates demonstrated
positive reactions for indole and methyl red
tests, and negative reactions for Voges—
Proskauer and citrate utilization, consistent
with the reference profile of E. coli (Figs. 3—
6).

—u BN

Fig. 3 Indole test result
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Fig. 5 Voges-Proskauer Test result
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Fig. 6 Citrate utilization Test result.

Biofilm Formation

The biofilm-forming ability of E. coli
isolates was evaluated on Congo Red agar.
A total of 21 isolates were analyzed and
classified into distinct morphotypes: RDAR
(red, dry, and rough), BDAR (brown, dry,
and rough), SAW (smooth and white), and
PDAR (pink, dry, and rough). RDAR was
the most frequently observed phenotype,
followed by BDAR, whereas SAW and
PDAR were less common.

Biofilm Formation

E. coli isolates | Morphology | E. coli isolates | Morphology
1 SAW 22 BDAR
2 SAW 23 RDAR
3 24 BDAR
4 25 PDAR
5 BDAR 26 BDAR
6 BDAR 27 SAW
7 RDAR 28 BDAR
8 RDAR 29 RDAR
9 RDAR 30 RDAR
10 BDAR 31 RDAR
11 RDAR 32 RDAR
12 BDAR 33 SAW
13 RDAR 34 BDAR
14 BDAR 35 RDAR
15 RDAR 36 PDAR
16 RDAR 37 BDAR
17 RDAR 38 BDAR
18 RDAR 39 BDAR
19 RDAR 40 RDAR
20 RDAR 41 RDAR
21 RDAR 42 SAW

Antimicrobial Susceptibility
Antimicrobial susceptibility testing of the

isolates  revealed variable resistance
patterns. High levels of resistance were
observed against ceftazidime and

ciprofloxacin, while most isolates remained
sensitive to meropenem, amikacin, and
colistin. Intermediate responses were seen
with levofloxacin in some isolates.
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Meropenem | Amikacin | Colistin | Levofloxacin | Ceftazidime | Ciprofloxacin
S 20 S 16 S 18 S22 R S23
S 23 S 18 S16 R S 15 S24
S 25 R S19 R R R
R S16 S15 R R R
S22 S18 S 20 R R R
S19 R S20 S16 R S22
S21 S18 S16 S 23 R S 25
S18 S16 S18 S18 S16 S24
S19 S17 S17 R R R
R S16 S18 R R R
S20 S19 S19 R R R
S21 S19 S20 S21 R S23
S22 S15 S20 S21 S14 R
S19 S17 S21 R R R
S21 S16 S16 S19 R S23
S23 S18 S19 R S15 S25
S19 R S21 R R R
S22 S19 S18 R R R
R S16 S15 R R R
S18 S17 S18 R R R
S21 S17 S16 S22 R S22
S24 S19 S17 S23 S16 R
S22 S18 S19 S19 S16 S24
S23 S16 S19 S17 R S21
S19 R S18 S21 R S25
S25 S18 S21 S22 R S23
S21 S15 S20 R R R
S22 S19 S18 R R R
S19 S17 S21 S18 S14 R
S20 R S19 R S16 R
S22 R S17 S22 R S24
S21 S18 S18 S20 R S21
S23 S17 S17 S19 S15 R
PCR Confirmation in all tested isolates, confirming their

Molecular identification of selected isolates
was carried out by PCR amplification of the
16s rRNA gene. The expected product size
(~1500 bp size]) was successfully amplified

1500bp
1000bLp
500 bp

100 bp

identity as E. coli. Gel electrophoresis
images showed clear bands for each isolate
compared to the reference strain (ATCC).

Fig.7: PCR of 16s gene of reference and samples, Lane M-100bp size ladder, lanel-ATCC, lane2- ECP1,
lane3-ECP2, lane4-ECP3, lane5-ECP4, lane6-ECPS5, lane7-ECP6
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DISCUSSION

The present study highlights the occurrence
of Escherichia coli in fish samples collected
from local markets in Ajmer and Jaipur and
provides important insights into their
biofilm-forming ability, antibiotic resistance
patterns, and molecular confirmation.
Together, these findings shed light on the
public health risks associated with the
consumption of fish carrying pathogenic
and resistant E. coli.

Prevalence of biofilm-forming E. coli

A notable proportion of the isolates
demonstrated biofilm-forming ability, with
RDAR and BDAR morphotypes being most
common (Nesse et al., 2020). The
predominance of these morphotypes
suggests that E. coli in fish possess strong
biofilm-forming potential, which may allow
them to persist in the aquatic environment,
on fish surfaces, and even within the food
supply chain (Rana et al., 2025). Since
biofilms confer a survival advantage by
protecting bacteria from environmental
stressors and antimicrobials, their presence
in foodborne E. coli represents a major
challenge for food safety and infection
control (Bai et al., 2021).

Antibiotic resistance trends

The antimicrobial susceptibility testing
revealed worrying resistance trends (Salam
et al., 2023). Resistance to commonly used
antibiotics such as ceftazidime and
ciprofloxacin was high, while sensitivity
was largely retained against meropenem,
colistin, and amikacin (Livermore et al.,
2023). These results are consistent with
global reports of rising resistance to
fluoroquinolones and third generation
cephalosporins in foodborne E. coli (White,
2021). The presence of multidrug-resistant
isolates in fish sold for human consumption
poses a serious public health threat, as
infections caused by such strains are more
difficult to treat and may require the use of
last-resort antibiotics (Mumbo, 2021).

Comparison with previous studies

Similar patterns of biofilm formation and
antimicrobial resistance have been reported
in India and internationally (Bhardwaj et al.,
2021). Studies from Cochin, Chennai, and
other parts of India have shown the presence
of pathogenic E. coli in retail fish with
varying degrees of resistance to commonly
used antibiotics (Shafeek, 2024). Globally,
research from Africa, Europe, and Southeast
Asia also supports the finding that
aquaculture environments act as reservoirs
of resistant E. coli, with biofilm formation
enhancing their persistence (Rana et al.,
2024). This consistency across studies
highlights the widespread nature of the
problem and the urgent need for global
surveillance.

Public health concerns

The findings carry several implications for
public health. First, the consumption of fish
contaminated with resistant E. coli may
serve as a direct transmission route of
antimicrobial resistance to humans. Second,
biofilm formation increases the survival of
these bacteria during food processing,
storage, and cooking, raising the likelihood
of infection. Third, resistant E. coli in
aquaculture environments may transfer
resistance genes horizontally to other
bacterial species, further compounding the
AMR crisis. The risk is particularly high in
communities where fish is a staple protein
source and antibiotic use in aquaculture is
poorly regulated (Lulijwa et al., 2024).

Possible sources of resistance

The resistance observed in this study is
likely linked to multiple factors, including
the prophylactic use of antibiotics in
aquaculture to prevent disease outbreaks,
contamination of aquatic environments
through sewage or agricultural runoff, and
the misuse of antibiotics in veterinary and
human medicine (Mo et al., 2017).
Together, these practices create selective
pressure that fosters the emergence and

persistence of resistant strains in fish
populations (Derome et al., 2017).
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Limitations and future directions

This study is not without limitations. The
sample size was relatively modest and
restricted to two geographic locations,
which may limit the generalizability of
findings. Additionally, while phenotypic
resistance was assessed, the specific
resistance genes were not identified. Future
research should focus on larger-scale
epidemiological surveys across multiple
regions and  incorporate = molecular
techniques such as sequencing to detect
resistance determinants. Such studies would
provide a more comprehensive
understanding of the genetic basis of
resistance and its potential for horizontal
transfer.

Hence, the study demonstrates that fish sold
in Ajmer and Jaipur markets harbor biofilm-
forming, multidrug-resistant E. coli. These
findings underscore the urgent need for
stricter regulation of antibiotic use in
aquaculture, improved hygiene in fish
markets, and routine monitoring of
foodborne pathogens to safeguard consumer
health.

CONCLUSION

This study demonstrated that fish sold in
local markets in Ajmer and Jaipur harbor
Escherichia coli strains with strong biofilm-
forming ability and concerning levels of
antimicrobial resistance. RDAR and BDAR
morphotypes were the most prevalent,
indicating a high potential for persistence in
aquatic and food environments.
Antimicrobial susceptibility testing revealed
multidrug resistance, particularly against
commonly used antibiotics such as
ceftazidime and ciprofloxacin, while
sensitivity to meropenem, colistin, and
amikacin was largely retained. Molecular
confirmation through PCR amplification of
the 16s rRNA gene further validated the
identity of the isolates.

The  presence  of  biofilm-forming,
multidrug-resistant E. coli in fish highlights
a significant public health risk, as these
pathogens can be transmitted through the
food chain and may compromise treatment

options in clinical settings. The findings
underscore the urgent need for systematic
monitoring of bacterial contamination in
aquaculture and retail fish markets. Stricter
regulation of antibiotic use in fish farming,
along with improved hygiene and food
safety practices, are essential to reduce the
spread of resistant pathogens and safeguard
consumer health.

Declaration by Author

Acknowledgement: None

Source of Funding: None

Conlflict of Interest: No conflicts of interest
declared.

REFERENCES

1. Adedeji, O. B., Okerentugba, P. O,
Innocent-Adiele, H. C., Okonko, I. O.,
Ojeniyi, S. O., Adejoro, S. A., & Mohamed,
S. A. (2012). Benefits, public health hazards
and  risks  associated  with  fish
consumption. New York Science
Journal, 5(9), 33-61. Retrieved from
http://www.sciencepub.net/newyork

2. Algburi, A., Comito, N., Kashtanov, D.,
Dicks, L. M., & Chikindas, M. L. (2017).
Control of biofilm formation: antibiotics
and beyond. Applied and environmental
microbiology, 83(3), ¢02508-16.
https://doi.org/10.1128/AEM.02508-16

3. Ali, S., & Alsayegh, A. F. (2022). Review
of major meat-borne zoonotic bacterial
pathogens. Frontiers in Public Health, 10,
1045599.
https://doi.org/10.3389/fpubh.2022.1045599

4. Alijanzadeh Maliji, B., Babayeemehr, A.,
Rohani, K., Mehrabani, S., & Aghajanpour,
F. (2023). Role of the World Health
Organization in Management of
Gastrointestinal ~ diseases  caused by
Contaminated Water in Children in the
Middle East: a review article. Journal of
Pediatrics Review, 11(1), 59-66.
http://dx.doi.org/10.32598/jpr.11.1.285.2

5. Bai, X., Nakatsu, C. H., & Bhunia, A. K.

(2021). Bacterial biofilms and their
implications in pathogenesis and food
safety. Foods, 10(9), 2117.

https://doi.org/10.3390/foods10092117

6. Bhardwaj, D. K., Taneja, N. K., Chakotiya,
A., Patel, P., Taneja, P., Sachdev, D., ... &
Sanal, M. G. (2021). Phenotypic and

International Journal of Research and Review (ijrrjournal.com) 140
Volume 12; Issue: 9; September 2025


http://www.sciencepub.net/newyork
https://doi.org/10.1128/AEM.02508-16
https://doi.org/10.3389/fpubh.2022.1045599
http://dx.doi.org/10.32598/jpr.11.1.285.2
https://doi.org/10.3390/foods10092117

Ashish Sahu et.al. Biofilm formation, multicellular behavior, and antimicrobial susceptibility of Escherichia coli
strains isolated from fish in Ajmer, Rajasthan

10.

11.

12.

13.

genotypic  characterization of biofilm
forming, antimicrobial resistant, pathogenic
Escherichia coli isolated from Indian dairy
and meat products. International Journal of
Food Microbiology, 336, 108899.
https://doi.org/10.1016/j.ijfoodmicro.2020.1
08899

Brauge, T., Mougin, J., Ells, T., & Midelet,
G. (2024). Sources and contamination
routes of seafood with human pathogenic
Vibrio spp.: A Farm-to-Fork
approach. Comprehensive Reviews in Food
Science and Food Safety, 23(1), ¢13283.
https://doi.org/10.1111/1541-4337.13283
Coque, T. M., Canton, R., Pérez-Cobas, A.
E., Fernandez-de-Bobadilla, M. D., &
Baquero, F. (2023).  Antimicrobial
resistance in the global health network:

known unknowns and challenges for
efficient  responses in  the  2lst
century. Microorganisms, 11(4), 1050.

https://doi.org/10.3390/microorganisms1104
1050

Fish, K. E., Osborn, A. M., & Boxall, J.
(2016). Characterising and understanding
the impact of microbial biofilms and the
extracellular polymeric substance (EPS)
matrix in drinking water distribution
systems. Environmental — science:  water
research & technology, 2(4), 614-630.
https://doi.org/10.1039/C6EW00039H
Hossain, A., Habibullah-Al-Mamun, M.,
Nagano, ., Masunaga, S., Kitazawa, D., &
Matsuda, H. (2022). Antibiotics, antibiotic-
resistant bacteria, and resistance genes in
aquaculture: risks, current concern, and
future thinking. Environmental Science and
Pollution Research, 29(8), 11054-11075.
Retrieved from
https://link.springer.com/article/10.1007/s11
356-021-17825-4

Khan, F. M. (2020). Escherichia coli (E.
coli) as an Indicator of Fecal Contamination
in Water: A Review. Retrieved from
https://www.preprints.org/frontend/manuscr
ipt/a590819835becdblafd0d5de71116d3e/d

ownload pub

Livermore, D. M. (2003). Bacterial
resistance: origins, epidemiology, and
impact. Clinical infectious
diseases, 36(Supplement 1), S11-S23.

https://doi.org/10.1086/344654

Livermore, D. M., Warner, M., Mushtaq, S.,
Doumith, M., Zhang, J., & Woodford, N.
(2011). What remains against carbapenem-

14.

15.

16.

17.

18.

19.

resistant Enterobacteriaceae? Evaluation of

chloramphenicol, ciprofloxacin, colistin,
fosfomycin, minocycline, nitrofurantoin,
temocillin and tigecycline. International

Jjournal of antimicrobial agents, 37(5), 415-
419.
https://doi.org/10.1016/j.ijjantimicag.2011.0
1.012
Lulijwa, R., Rupia, E. J., & Alfaro, A. C.
(2020). Antibiotic use in aquaculture,
policies and regulation, health, and
environmental risks: a review of the top 15
major producers. Reviews in
Aquaculture, 12(2), 640-663.
https://doi.org/10.1111/raq.12344
Maier, L., Stein-Thoeringer, C., Ley, R. E.,
Brotz-Oesterhelt, H., Link, H., Ziemert, N.,
& Peschel, A. (2024). Integrating
research on Dbacterial pathogens and
commensals to fight infections—an
ecological perspective. The Lancet
Microbe, 5(8). Retrieved from
https://www.thelancet.com/journals/lanmic/
article/PI1S2666-5247(24)00049-1/fulltext
Mo, W. Y., Chen, Z., Leung, H. M., &
Leung, A. O. W. (2017). Application of
veterinary antibiotics in China’s aquaculture
industry and their potential human health
risks. Environmental Science and Pollution
Research, 24(10), 8978-8989. Retrieved
from
https://link.springer.com/article/10.1007/s11
356-015-5607-z
Mumbo, M. T. (2024). Microbial Diversity
and Antimicrobial Resistance Profile of
Bacterial Isolates from Raw Nile Tilapia
(Oreochromis  niloticus) Marketed for
Human Consumption in Selected Sub-
Counties of Nairobi, Kenya (Doctoral
dissertation, JKUAT-COHES). Retrieved
from
http://localhost/xmlui/handle/123456789/63
35
Nesse, L. L., Osland, A. M., Mo, S. S,,
Sekse, C., Slettemeas, J. S., Bruvoll, A. E.
E., ... & Vestby, L. K. (2020). Biofilm
forming properties of quinolone resistant
Escherichia coli from the broiler production

chain and their dynamics in mixed
biofilms. BMC  microbiology, 20(1), 46.
Retrieved from

https://link.springer.com/article/10.1186/s12
866-020-01730-w

Okocha, R. C., Olatoye, 1. O., & Adedeji, O.
B. (2018). Food safety impacts of

International Journal of Research and Review (ijrrjournal.com)

141

Volume 12; Issue: 9; September 2025


https://doi.org/10.1016/j.ijfoodmicro.2020.108899
https://doi.org/10.1016/j.ijfoodmicro.2020.108899
https://doi.org/10.1111/1541-4337.13283
https://doi.org/10.3390/microorganisms11041050
https://doi.org/10.3390/microorganisms11041050
https://doi.org/10.1039/C6EW00039H
https://link.springer.com/article/10.1007/s11356-021-17825-4
https://link.springer.com/article/10.1007/s11356-021-17825-4
https://www.preprints.org/frontend/manuscript/a5908f9835becdb1afd0d5de71116d3e/download_pub
https://www.preprints.org/frontend/manuscript/a5908f9835becdb1afd0d5de71116d3e/download_pub
https://www.preprints.org/frontend/manuscript/a5908f9835becdb1afd0d5de71116d3e/download_pub
https://doi.org/10.1086/344654
https://doi.org/10.1016/j.ijantimicag.2011.01.012
https://doi.org/10.1016/j.ijantimicag.2011.01.012
https://doi.org/10.1111/raq.12344
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(24)00049-1/fulltext
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(24)00049-1/fulltext
https://link.springer.com/article/10.1007/s11356-015-5607-z
https://link.springer.com/article/10.1007/s11356-015-5607-z
http://localhost/xmlui/handle/123456789/6335
http://localhost/xmlui/handle/123456789/6335
https://link.springer.com/article/10.1186/s12866-020-01730-w
https://link.springer.com/article/10.1186/s12866-020-01730-w

Ashish Sahu et.al. Biofilm formation, multicellular behavior, and antimicrobial susceptibility of Escherichia coli
strains isolated from fish in Ajmer, Rajasthan

20.

antimicrobial use and their residues in
aquaculture. Public health reviews, 39(1),
21. Retrieved from
https://link.springer.com/article/10.1186/s40
985-018-0099-2

Panel on Biological Hazards. (2015). Public
health risks associated with
Enteroaggregative Escherichia coli (EAEC)

26.

in Fish and Shellfish from Cochin
Market (Doctoral dissertation, St. Teresa's
College (autonomous) Ernakulam)
Retrieved

from.http://117.239.78.102:8080/jspui/bitstr
eam/123456789/4473/1/LIMNA%20M.pdf
Sharma, G., Sharma, S., Sharma, P.,
Chandola, D., Dang, S., Gupta, S., &

as a food-borne pathogen. Efsa Gabrani, R. (2016). Escherichia coli
Journal, 13(12), 4330. biofilm: development and therapeutic
https://doi.org/10.2903/j.efsa.2015.4330 strategies. Journal of applied
21. Rana, M. L., Ullah, M. A., Hoque, M. N., microbiology, 121(2), 309-319.
Hassan, J., Siddique, M. P., & Rahman, M. https://doi.org/10.1111/jam.13078
T. (2025). Preliminary survey of biofilm 27. Tauxe RV, Doyle MP, Kuchenmiiller T,
forming antibiotic resistant Escherichia coli Schlundt J, Stein CE. Evolving public health
in fishes from land-based aquaculture approaches to the global challenge of
systems and open water bodies in foodborne infections. Int J Food Microbiol.
Bangladesh. Scientific Reports, 15(1), 7811. 2010 May 30;139 Suppl 1:S16-28. doi:
Retrieved from 10.1016/j.ijfoodmicro.2009.10.014.
https://www.nature.com/articles/s41598- 28. White, R. T. (2021). Escherichia coli:
024-80536-6 placing resistance to third-generation
22. Rather, M. A., Gupta, K., Bardhan, P., cephalosporins and fluoroquinolones in
Borah, M., Sarkar, A., Eldichy, K. S., ... & Australia and New  Zealand into
Mandal, M. (2021). Microbial biofilm: A perspective. Microbiology Australia, 42(3),
matter of grave concern for human health 104-110. Retrieved from
and food industry. Journal of Basic https://www.publish.csiro.au/ma/MA21031
Microbiology, 61(5), 380-395. 29. Yuan, X., Lv, Z., Zhang, Z., Han, Y., Liu,
https://doi.org/10.1002/jobm.202000678 Z., & Zhang, H. (2023). A review of
23. Rozman, U., Pusnik, M., Kmetec, S., Duh, antibiotics, antibiotic resistant bacteria, and
D., & Sostar Turk, S. (2021). Reduced resistance genes in aquaculture: Occurrence,
susceptibility and increased resistance of contamination, and
bacteria against disinfectants: A systematic transmission. Toxics, 11(5), 420.
review. Microorganisms, 9(12), 2550. https://doi.org/10.3390/toxics11050420
https://doi.org/10.3390/microorganisms9122
550
24. Salam, M. A., Al-Amin, M. Y., Pawar, J. S.,
Akhter, N., & Lucy, I B. (2023). How to cite this article: Ashish Sahu. Biofilm
Conventional methods and future trends in formation, multicellular  behavior, and
antimicrobial susceptibility testing. Saudi antimicrobial susceptibility of Escherichia coli
Jjournal of biological sciences, 30(3), strains isolated from fish in Ajmer, Rajasthan.
103582. International Journal of Research and Review.
https://doi.org/10.1016/j.sjbs.2023.103582 2025; 12(9): 134-142. DOL:
25. Shafeek, L. M. (2024). Prevalence And https://doi.org/10.52403/ijrr.20250914
Antibiotic Resistance of Pathogenic Vibrios
seskoskoskosksk
International Journal of Research and Review (ijrrjournal.com) 142

Volume 12; Issue: 9; September 2025


https://link.springer.com/article/10.1186/s40985-018-0099-2
https://link.springer.com/article/10.1186/s40985-018-0099-2
https://doi.org/10.2903/j.efsa.2015.4330
https://www.nature.com/articles/s41598-024-80536-6
https://www.nature.com/articles/s41598-024-80536-6
https://doi.org/10.1002/jobm.202000678
https://doi.org/10.3390/microorganisms9122550
https://doi.org/10.3390/microorganisms9122550
https://doi.org/10.1016/j.sjbs.2023.103582
http://117.239.78.102:8080/jspui/bitstream/123456789/4473/1/LIMNA%20M.pdf
http://117.239.78.102:8080/jspui/bitstream/123456789/4473/1/LIMNA%20M.pdf
https://doi.org/10.1111/jam.13078
https://www.publish.csiro.au/ma/MA21031
https://doi.org/10.3390/toxics11050420

