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Abstract

Background: Biofilm has a remarkable impact in the field of infectious diseases. They confer advantages to the
biofilm forming bacteria, such as protection from antimicrobial agents. A crucial factor in the persistence and
treatment failure of bacterial infections is biofilm formation. Biofilm formation is recognized not only as a
virulence factor but also as a significant contributor to multidrug resistance

Objectives: To assess the impact of biofilm formation on multidrug resistance among Gram-negative clinical
isolates. Also to correlate biofilm-forming capacity with antimicrobial resistance profiles among them.
Materials and Methods: The present prospective study was conducted over a period of one year. All the Gram-
negative isolates recovered from various clinical specimens were included. The antimicrobial susceptibility
performed by Kirby Bauer disc diffusion method. The isolates were subjected for ESBL and MBL detection by
standard tests and biofilm production by tube adherence method and Congo red agar method.

Results: A total of 450 non-repetitive gram-negative bacterial isolates recovered from various clinical specimens.
Escherichia coli constituted 40% (180) followed by Klebsiella spp. 22% (99), Acinetobacter spp. 18% (81) and
Pseudomonas spp.12% (54). Citrobacter species exhibited less resistance compared to other GNBs. A total of
280 (62.22%) isolates were biofilm producers and highest rate of 77.77% and 73.73% noted among Pseudomonas
spp. and Klebsiella spp. respectively.

Conclusion: Biofilm producing isolates show higher antimicrobial resistance as compared to biofilm non
producers. Early biofilm formation detection by routine incorporation of detection methods will be helpful in
assisting the clinicians to initiate appropriate empirical antimicrobials for the treatment.

Keywords: Antimicrobial resistance, Biofilm, ESBL, MBL, Tube adherence method
Introduction

For the past few years, microbial biofilms have been
emerging as a significant threat to the modern
healthcare system, and their prevalence and antibiotic
resistance threat gradually increase daily among the
human population. * The biofilm has a remarkable

assembly of microbial cells formed by single or a
mixture of bacterial species that are irreversibly
associated with a surface and enclosed in a matrix of
polysaccharide materials that allow the growth and
survival in hostile environments. Biofilms confer

impact in the field of infectious diseases.! These are an advantages to the biofilm forming bacteria, such as —
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protection from antimicrobial agents, exchange of
nutrients and metabolites, and/or genetic exchange
between organisms. 22

Biofilm impact all facets of human life, from public
health to industrial concerns, and impact the
economy.® Many human diseases and colonization of
medical devices of are linked to microorganisms
growing in biofilms and these microorganisms are
very resistant to antimicrobial treatments.®

Many human diseases and colonization of medical
devices of are linked to microorganisms growing in
biofilms and these microorganisms are very resistant
to antimicrobial treatments.?

Multidrug-resistant (MDR) organisms, including
Acinetobacter ~ baumannii,  methicillin-resistant
Staphylococcus aureus (MRSA), and extended
spectrum beta-lactamase (ESBL) producing Gram-
negative bacteria, are frequently implicated as the
causative agents of acute and chronic infections
contributing significantly to patient morbidity and
mortality, as well as increased health care costs
associated with treatment.* Adaptation to surface
attached growth within a biofilm is accompanied by
significant changes in gene and protein expression, as
well as metabolic activity which confers resistance to
antimicrobial therapy and host mechanisms of
clearance.* The biofilm formation and beta-lactamases
production synergistically contribute for extensive
dissemination of multi-drug resistant strains of Gram-
negative bacilli.®> A crucial factor in the persistence and
treatment failure of bacterial infections is biofilm
formation.! Biofilms are implicated in up to 65-80%
of chronic and device-associated infections.? Biofilms
present a diagnostic and therapeutic challenge. These
bacteria can display up to 100-1000-fold higher
resistance to antibiotics compared to their
counterparts, due to reduced drug penetration, slowed
growth rates, and enhanced tolerance to antimicrobial
agents.? Biofilm formation is recognized not only as a
virulence factor but also as a significant contributor to
multidrug resistance (MDR).12

Clinically important Gram-positive bacteria, including
Staphylococcus aureus and Enterococcus species, are
capable of robust biofilm formation. Gram-negative
bacteria, including E. coli, K. pneumoniae, P.
aeruginosa, and Acinetobacter baumannii, are also
notorious for their ability to form resilient biofilms.®
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The clinical implications of biofilm-associated
multidrug resistance are profound. Biofilm-related
infections tend to be persistent, recurrent, and
refractory to conventional antibiotic therapy.

Despite growing recognition, comparative studies
examining the impact of biofilm formation on
multidrug resistance among both Gram-positive and
Gram-negative clinical isolates remain limited.

Hence, the present study was undertaken to assess the
impact of biofilm formation on multidrug resistance
among Gram-negative clinical isolates. By correlating
biofilm-forming  capacity  with  antimicrobial
resistance profiles, this study elucidates the complex
interplay between biofilm production and the
development and persistence of MDR phenotypes.

Materials And Methods:

The present prospective study was conducted at the
Department of Microbiology over a period of one year
from Jan 2025 to December 2025. All the Gram
negative isolates recovered from the various clinical
specimens (blood, urine, pus, CSF, endotracheal tube,
tracheal aspirate, fluids, genital swab, catheter tips,
and sputum) submitted to the microbiology laboratory
for routine culture and sensitivity testing were
included. All specimens were inoculated on 5% sheep
Blood agar and MacConkey agar as per the standard
bacteriological procedures and incubated at 37 °C for
24-48 hours. The growth of bacteria identified on the
basis of colony morphology, pigmentation, odour, and
their unique biochemical tests by battery of reactions.
;

The antimicrobial susceptibility test performed on
Mueller Hinton agar by Kirby Bauer disc diffusion
method. The representative antibiotics among all
classes were used for sensitivity testing. Bacterial
isolates demonstrating resistance to at least one agent
each, in three antibiotic classes were considered as
Multi Drug resistant (CDC MDRO/CDI, module,
2014). & The isolates were subjected for ESBL
production and MBL detection by standard tests [7].
The results interpreted as per CLSI guidelines 2023. °

The biofilm production was detected by

1. Biofilm formation by tube adherence method: The
growth of the isolate was inoculated onto
trypticase soy broth and incubated for 24 h at
35 °C. After discarding the supernatant, the tube
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was washed with phosphate buffer saline(PBS)
and was treated with 0.1% crystal violet(CV) for
staining and then washed with water and air dried.
The appearance of visible biofilm lining the
bottom and wall of the tube considered positive.*°

2. Congo red agar method: The isolates were
inoculated on Congo red agar plate (Hi media
laboratories, Mumbai) and incubated at 37 °C for
24 h. Biofilm producing bacteria exhibited black
crystalline, dry, rough colonies, whereas non
biofilm producers showed smooth, reddish
coloured colonies. A 5point colour reference scale
was applied for the quantification of biofilm
production. Biofilm producers were regarded as
BB Bright black or OB Opaque black. Anything
between pink, red to Bordeaux was taken as non
biofilm producer strains. 8

Results

A total of 450 non-repetitive gram-negative bacterial
isolates recovered from various clinical specimens
received for aerobic bacterial culture and sensitivity
were included in the study. Out of these, 40% (180)
were Escherichia coli followed by Klebsiella spp. 22%
(99), Acinetobacter spp. 18% (81) and Pseudomonas
spp.12% (54). A small portion were of Enterobacter
spp. 4% (18) and 2% (9) each of Citrobacter spp. and
Proteus species. Among all the isolates, Citrobacter
species exhibited less resistance compared to other
GNBs. In the present study Pseudomonas species
showed a resistance rate of 21.25% to Piperacillin—
Tazobactam, however resistance to other tested
antibiotics was between 30.58% to Imipenem &
Ofloxacin, around 33. 84% to Ceftazidime.

Table 1: Distribution of biofilm formers and ESBL and MBL producers

Organisms Total Biofilm Biofilm Biofilm Biofilm ESBL, MBL
isolates formers ESBL MBL Both CRE and
(%) no. (%) producers producers | ESBL and biofilm
no. (%) no. (%) MBL producers no.
producers (%)
no. (%)
Escherichia coli | 180(40) | 102(56.66) | 60(58.82) 14(13.72) 5(4.9) 4(3.9)
Acinetobacter 81(18) | 42(51.85) | 15(35.71) 20(47.62) 2(4.76) 2(4.76)
spp.
Klebsiella spp. 99(22) | 73(73.73) 20(27.4) 20(27.4) 4(5.48) 4(5.48)
Pseudomonas 54(12) | 42(77.77) | 11(26.19) 15(35.71) 3(7.14) 3(7.14)
spp.
Enterobacter 18(4) 12(66.66) 3(25) 4(33.33) 2(16.66) 1(8.33)
spp.
Citrobacter spp. 9(2) 5(56.66) 3(60) 0(00) 0(00) 0(00)
Proteus spp. 9(2) 4(44.44) 1 (25) 2(50) 0(00) 0(00)
Total 450(100) | 280(62.22) | 113(40.36) | 75(26.78) 16(0.57) 14(0.50)

Among the Enterobacteriales, 14.22% of Escherichia coli were resistant to Amikacin, followed by 19.34% to
Piperacillin—Tazobactam, and 20.49% to Imipenem. Whereas resistance to other antibiotics tested ranged between
50.24% t0 61.23%. (Table No.3) Highest resistance was observed among Klebsiella spp. About 75.23% of isolates
were resistant to Ceftazidime, 50.01% to Imipenem, 41.81% to Amikacin and 43.82% to Piperacillin—
Tazobactam. Half of the isolates were noted to be multidrug resistant having resistance to more than three groups

of antibiotics tested.
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Table 2: Detection of biofilm production

Organisms Total Biofilm Tube Congo red
isolates (%) | formers no(%) adherence agar method
method
Escherichia coli 180(40) 102(56.66) 73(71.56) 29(28.44)
Acinetobacter spp. 81(18) 42(51.85) 34(80.95) 8(19.05)
Klebsiella spp. 99(22) 73(73.73) 61(83.56) 12(16.44)
Pseudomonas spp. 54(12) 42(77.77) 32(76.19) 10(23.81)
Enterobacter spp. 18(4) 12(66.66) 9(75) 3(25)
Citrobacter spp. 9(2) 5(56.66) 3(60) 2(40)
Proteus spp. 9(2) 4(44.44) 3(75) 1(25)
Total 450(100) 280(62.22) 211(75.35) 69(24.65)
Table 3: Antibiotic resistance among all GNB
Antibiotic | Escheri | Acinetob | Klebsiell | Pseudomon | Enterobact | Citrobact | Proteus
tested chia acter a spp. as spp. er spp. er spp. spp.
coli spp.
Amikacin | 14.22% | 40.44% | 41.81% 32.21% 32.33% 12.52% | 40.56%
Gentamicin | 20.97% | 50.40% | 42.94% 34.24% 44.14% 23% 62%
Ofloxacin 61% 50.04% | 51.14% 30.58% 37.53% 17.5% 61%
Levofloxaci | 50.24% | 49.38% | 52.14% 31.46% 22.63% 25% 58%
n
Ceftazidime | 61.23% | 70.02% | 75.23% 33.84% 50.85% 53% 41%
Cefepime 52% | 71.26% | 53.18% 32.84% 41.44% 51% 39%
Imipenem | 20.49% | 32.68% | 50.01% 30.58% 32.03% 13% 62%
Piperacillin | 51.19% | 51.56% | 62.27% 33.58% 40.44% 62.5% 61%
Piperacillin | 19.34% | 40 % 43.82% 21.25% 31.33% 25% 43%
Tazobactam
Colistin 0% 0% 0% 0% 0% 0% N/A
Polymyxin 12.2%
B
Tobramycin 30.5%
Carbenicilli 33.9%
n
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Out of 450 isolates, 280 (62.22%) isolates were
biofilm formers. More than 50% of all species were
biofilm producers except Proteus spp. Highest rate of
77.77% and 73.73% was noted among Pseudomonas
spp. and Klebsiella spp. respectively. However,
56.66% of Escherichia coli and 51.85% of
Acinetobacter spp. too produced biofilms. (Table
No.2). Amongst the two methods for biofilm
detection, tube adherence method revealed a detection
rate from 71.56% to 83.56%, where as Congo red agar
method identified from 16.44% to 40%. (Table. No 2)

According to the number of antibiotic families to
which the isolates were resistant, they were classified
into multidrug resistant (MDR), those with resistant to
three or more antibiotic families and extensively drug
resistant (XDR); non-susceptible to at least one agent
in all but two or fewer antimicrobial categories. ! In
the present study MDR was extensively noticed
among biofilm producers.

Among 102 biofilm producing Escherichia coli, 60
(58.82%) were ESBL producers and 14 (13.72%)
MBL producers. Those producing both ESBL & MBL
were 5 (4.9%) and however 4 (3.9%) were ESBL,
MBL & CRE producers.

However, among Klebsiella spp. the frequency of
ESBL, MBL & CRE production was less compared to
Escherichia coli as shown in Table nol. Among
biofilm producing Acinetobacter spp. ESBL
production was 35.71% and MBL was 47.62%.
Whereas among Pseudomonas spp. it was 26.19% and
35.71% respectively.

Discussion:

Infections caused by Gram-negative microorganisms
are a significant cause for both community and
nosocomial  settings. = The  emergence  of
microorganisms resistant to multiple antibiotics used
in the treatment of infections has become an important
health problem worldwide.

In the present study, Escherichia coli was the
predominant isolate accounting for 40% (180/450)
followed by Klebsiella spp of 22% (99/450) which is
in concordance with a study by Dumaru et al & Fatima
etal. 81012

Overall biofilm production rate among all GNB in the
present study is 62.22% (280/450) which is in
concordance to 61.4% reported by Sanchez et al. * A
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study at Telangana reported a similar biofilm rate of
54% among MDR isolates in nearing to present study.®

However, biofilm rate of 47% was noted among
urinary isolates, predominance in Pseudomonas
aeruginosa of 51.7% & only 44.32% in Escherichia
coli. 2 A study in Indonesia found 85.63% of Klebsiella
pneumoniae to be biofilm producers, which is almost
similar to this study. 3

Various studies have with different methods for
detection of biofilm production have noted varying
rates from 11.62% to 63.6% by tissue culture methods
to and 39.3 % to 49% by tube adherence methods *?,
however in the present study it was 75.35% by tube
adherence methods and 24.65% by congo red agar
method. This could be because of varying sensitivity
rate of different methods in their detection and
methodology. A study at Dharan, have reported
62.73% biofilm production, similar to present study
but noted only 26.75% of ESBL and 16.24% of MBL
production among them in contract to present study.
However, E.coli was the most prevalent isolate of 38%
identical to present study. 14

Reported biofilm production of 19.57% to 24.29% by
different methods and 32.72% Klebsiella pneumoniae
and 28.44% of Escherichia coli. *2

However, detection of biofilm-forming genes may be
a good tool for the evaluation of biofilm production,
which will help in prompt and better management.®

Although the molecular method is more sensitive and
specific, phenotypic methods are comparatively less
expensive and easier to perform in resource
developing nations.

A study at Jodhpur reported maximum isolates to be
resistance to ampicillin (93.27%) followed by
amoxiclav  (87.46%), ceftazidime (74%) and
Ciprofloxacin (71.25%) and were sensitive to
meropenem  (70.34%),  piperacillin-tazobactam
(68.20%) and cefepime (55.05%), which is similar to
the present study. 2

Acinetobacter  baumannii  and  Pseudomonas
aeruginosa are commonly causing hospital acquired
infection and were many a times found to be multidrug
resistant.

Present study noted 40.36 % ESBL, 26.78% MBL ¥

rates among biofilm producers but Agarwal et al.
reported 12.66% and 8.44%, they also noted highest
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among Klebsiella pneumoniae of 19.26% which is in
contrast to present study where 56.66% of Escherichia
coli were biofilm producers. This could be because of
different geographical area and population types. ?
High rates of biofilm-producing K.pneumoniae have
been reported in MDR strains, mainly Extended
Spectrum Betalactamases producers harbouring
blaCTX-M genes.!

No resistance was observed against colistin in the
present study, which is similar to many other studies.
It’s the last viable option for MDR strains whether
being biofilm non producers or producers of ESBL,
MBL and biofilm.*

However, a study highlights variability in biofilm
formation among Carbapenem Resistant clinical
isolates and underscores the differences between the
bacteria found as carriage versus infection. They also
concluded that bacterial species and environmental
factors variably influence biofilm formation.

A higher proportion of antibiotic resistance in biofilm
producers in comparison to non-producers has also
been documented in many studies. The multicellular
bacterial biofilm is a key player for the development
of antibiotic resistance. These biofilms’ multi-layered
resistance against antibiotics is made possible by their
sluggish growth rate, decreased penetration, and
persisted cell presence. For many years conventional
antibiotic resistance mechanisms among bacteria are
because of excessive overuse, abuse, and
disproportionate underuse of antibiotics. There has
been a significant shift in the field of antibiotics since
the discovery.!’

The acquisition of specific antimicrobial resistance
among these Gram negative bacteria can compromise
or enhance biofilm formation in several species.

The notable occurrence of biofilm among MDR
organisms provides a glimpse of upcoming threat.
Biofilm-related infections are subject to develop
recurrences and MDR may increases mortality.
Biofilm production may play a crucial role in the
infection severity and persistence. ® Detection of
biofilm is crucial for the prevention of treatment
failure.

Conclusion:

Antimicrobial resistance is an issue of global concern,
and biofilm producing isolates show higher
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antimicrobial resistance as compared to biofilm non
producers, as is evident in the present study. Early
detection about the biofilm formation by the infecting
pathogen, by routine incorporation of detection
methods in the laboratories, will be helpful in assisting
the clinicians in initiation of the appropriate empirical
antimicrobial for the treatment.*

References

1. Datta S, Nag S, Roy DN. Biofilm-producing
antibiotic-resistant bacteria in Indian patients: a
comprehensive review. Infect Dis (Lond).
2024,56(6):403-422.
doi:10.1080/03007995.2024.2305241.

2. Rajmane A, Joshi PA, Shikhare V, Ramteerthakar
M, Kulkarni V. A study of biofilm production and
antimicrobial susceptibility pattern among urinary
isolates. Indian J Microbiol Res 2021;8(4):268-
273.

3. Sharma, S.; Mohler, J.; Mahajan, S.D.; Schwartz,
S.A.; Bruggemann, L.; Aalinkeel, R. Microbial
Biofilm: A Review on Formation, Infection,
Antibiotic Resistance, Control Measures, and
Innovative Treatment. Microorganisms 2023,
doi.org/ 10.3390/microorganisms11061614

4. Sanchez Jr CJ, Mende K, Beckius ML , Akers KS,
Romano DR , Wenke JC, Murray CK. Biofilm
formation by clinical isolates and the implications
in chronic infections. . BMC Infectious Diseases
2013, doi:10.1186/1471-2334-13-47.

5. Dumaru R , Baral R, Shrestha LB. Study
of biofilm formation and antibiotic resistance
pattern of gram-negative Bacilli
among the clinical isolates at BPKIHS, Dharan.
BMC Res Notes 2019. 1 to 6.
Doi.org/10.1186/s13104-019-4084-8.

6. Mackie TJ, collee J.G. McCartney. Mackie &
McCartney practical medical microbiology 14th
edition. New York: Churchill Livingstone. 2006.

7. Singh B, Mehta S, Asare-Amoah J, Appiah PO,
Chauhan S, Amponash RD. Biofilm-associated
Multidrug Resistant Bacteria Among Burn Wound
Infections: A Cross-sectional Study. Mediterr J
Infect Microb Antimicrob. 2024;13:24179.15.

8. Fatima S, Prasanthi K, Nagamani K. Comparative
evaluation of biofilm production in multidrug

()

oo

©
Ay



10.

11.

12.

13.

resistant and sensitive Gram negative clinical

isolates. Int J Curr Microbiol App Sci.
2015;4(6):918-926.

Clinical and Laboratory Standards
Institute. Performance Standards for

Antimicrobial Susceptibility Testing. 33rd ed.
CLSI supplement M100. Clinical and Laboratory
Standards Institute; 2023.

Dumaru R, Baral R, Shrestha LB. Study of biofilm
formation and antibiotic resistance pattern of
gram-negative Bacilli among the clinical isolates
at BPKIHS, Dharan. BMC Res Notes.
2019;12(1):1-6. doi: 10.1186/s13104-019-4084-8

Cepas V, Lopez Y, Mufioz E, Rolo D, Ardanuy C,
Marti S, et al. Relationship between biofilm
formation and antimicrobial resistance in Gram-
negative  bacteria. Microb  Drug Resist.
2019;25(1):72—79. doi:10.1089/mdr.2018.0027

Agarwal R, Gupta E, Rathore RS, Ashopa V,
Gupta E, Prakash P. To study drug resistance &
biofilm production in gram negative isolates from
clinical samples. Indian J Microbiol Res
2022;9(3):200-206.

Nirwati H, Sinanjung K, Fahrunissa F, Wijaya F,
Napitupulu S, Hati VP, et al. Biofilm formation
and antibiotic resistance of Klebsiella pneumoniae

© 2026 IJMSCR. All Rights Reserved

14.

15.

16.

17.

isolated from clinical samples in a tertiary care
hospital, Klaten, Indonesia. BMC Proc.
2019;13(Suppl 11):20. doi:10.1186/s12919-019-
0176-7.

Achmit M, Ait Mhand R, Zerouali K, Mellouki F,
Rhallabi N. Comparison of three methods for the
detection of biofilm formation by clinical isolates
of Staphylococcus aureus isolated in Casablanca.
Int J Sci Res. 2016;5: 1156-59

Kabir RB, Ahsan T, Rahman MF, Jobayer M,
Shamsuzzaman SM. Biofilm-producing and
specific  antibiotic  resistance  genes in
Pseudomonas aeruginosa isolated from patients
admitted to a tertiary care hospital, Bangladesh.
1JID Reg. 2024;11:100369.

Vintila, C.; Coseriu, R.L. Mare, A.D.Ciurea, C.N.
Toganel, R.O. Simion, A. Cighir, A. Man, A.
Biofilm Formation and Antibiotic Resistance

Profiles in Carbapenemase-Producing Gram-
Negative Rods—A  Comparative  Analysis
between Screening and Pathological Isolates.
Antibiotics 2024, 13, 687.

doi.org/10.3390/antibiotics13080687

Sharif S, Yadav AK. Bacterial biofilm and its role
in antibiotic resistance. Microbe. 2025;7:100356.
d0i:10.1016/j.microb.2025.100356.

()

oo

©
Ay



