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Received: 25 May 2024 BACKGROUND: Microorganisms adhere to surfaces, creating biofilms
G\c_c_epted : 25 June 2024 with polysaccharides, fostering drug-resistant pathogens. These biofilms
18_'48047/”355_6_12_2024_899_914 on surfaces and implants lead to persistent infections. Our study aims to
detect biofilm formation and their antibiotic susceptibility pattern,
shedding light on the development of chronic and challenging infections.
MATERIAL METHODS: This cross-sectional study is carried out in the
department of Microbiology Integral Institute of Medical Science &
Research Lucknow. Totalsamples collected were 300 from various clinical
samples and processed as per standard protocolsand identification of
biofilm production was done using Congo Red Agar and Tube Method.
RESULTS: Out of 300 positive samples 142 were gram positive and 158
were gram negative. In this study most frequently isolated organism
wasE.coli followed by CONS, Staphylococcus aureus, Klebsiella sp.,
Enterococcus sp. and Pseudomonas sp. Biofilm detection by CRA method
and Tube Method shows the result 47.7% and 50.3% respectively.
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INTRODUCTION:

Biofilm constitute microbial communities wherein cells adhere to surfaces and are enveloped
within a self-produced matrix commonly known as extra cellular polymeric matrix.'They poses
major challenges in various fields both in medical settings such as persistent infection, recurring
infection as well as medical device related infection and in non-medical settings like industrial
environments, causing issues like biofouling in water systems and contamination in food
processing.
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Bacteria present in biofilm are stationary and drive most activities within the biofilm
environment.? The stationary bacterial biofilm groups undergo various changes in growth, gene
expression, and rates of transcription and translation. These traits develop as they adapt to
environments with limited nutrients, increased cell density and higher osmolarity. As a result, the
biofilm structure becomes highly elastic, displaying a rubbery behaviour.®Most common bacteria
found in biofilm includeStaphylococcus epidermidis, Staphylococcus aureus,Streptococcus
viridans,Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa,
Klebsiellapneumoniae,and Proteus mirabilis.*Staphylococci are diverse group of Gram-positive
bacteria commonly present on mucosa of mammals and their skin. These bacteria, making up
about 80% of infections from implanted devices in humans, play a significant
role,>6.789101L1213Acoording to a recent NIH study, 70% of human microbial infections arise
from biofilms, contributing to various diseases like chronic wounds, osteomyelitis, periodontitis,
meningitis, cystic rhinosinusitis,endocarditis, kidney infections, fibrosis, and infections related
to prostheses and implantable devices.>!4151617.1819.20A1though great care is taken to ensure the
sterility of implantable devices during manufacturing, contamination during or after implantation
can lead to severe device-related infections. Such infections may necessitate device removal and
can even be fatal.
PATHOGENIC MECHANISM:
Various ways in which biofilms can cause harm have been suggested. These include:?
1. Attachment to Surfaces: Biofilms let microorganisms stick to different surfaces.
2. Evading Host Defenses:They can escape the body's defense mechanisms, like
phagocytosis.
3. High Microorganism Density: Biofilms help in gathering a lot of microorganisms in
one place.
4. Gene Exchange:Biofilms can facilitate the exchange of genes, leading to the creation of
more harmful microorganism strains.
5. Toxin Concentration:Biofilms have the capability to generate significant quantities of
toxins.
6. Shielding Against _Antimicrobial _Agents:Biofilms provide protection against
substances that kill microorganisms.
7. Transmission to Other Sites:Microbial groups within biofilms can break away and
spread to other locations.
In simple terms, biofilms make it easier for harmful microorganisms to stick to surfaces, avoid
our body's defenses, gather in large numbers, exchange harmful genes, produce lots of toxins,
resist antimicrobial substances, and move to other areas.
Biofilms resist antibiotics in a few ways:
1. Trapping Antibiotics: The slimy substance in biofilms acts like a barrier, preventing
antibiotics from reaching the bacteria inside. This makes the antibiotics less effective because
their concentration gets diluted before reaching individual bacterial cells.?%23
2. Immune System Escape:Bacteria in biofilms can escape the immune system's antibodies.
Biofilm-producing bacteria avoid the damage caused by the host's immune response.?
3. Quorum Sensing and Genotyping Adaptations:Bacteria in biofilms communicate with each
other through chemical signaling, known as quorum sensing. They release molecules that induce
specific gene transcription in the bacterial population. This communication decreases the
bacteria's growth rate, making them less susceptible to antibiotics.
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In simple terms, biofilms resist antibiotics by creating a barrier, escaping the immune system,
and using communication systems that slow down bacterial growth and make treatment less
effective.
MATERIAL AND METHODS:
The investigation was undertaken at the Department of Microbiology, Integral Institute of
Medical Science & Research, Lucknow, India from January 2022 to 2023.The test group
comprised patients from various departments of the hospital. A total of 300 positive samples
were collected without regard to age, gender, occupation, religion, or ethnicity.
SAMPLE COLLECTION:
Over the course of one year, 300 positive samples were collected from various hospital wards.
These samples varied and could include sputum, urine, blood, endotracheal tips and secretions,
pus and swabs, suction tips, stents and valves, and various bodily fluids. Each sample was
collected carefully to maintain cleanliness and prevent contamination, then promptly transported
to the laboratory under ideal conditions for analysis.
PHENOTYPIC ASSAY OF BIOFILM DETECTION:
The isolates underwent biofilm detection using two distinct methods:

e Congo Red Agar Method

e Tube Method
CONGO RED AGAR METHOD:
Congo Red (ori):
A special solid medium called Brain Heart Infusion broth (BHI) was prepared supplemented
with sucrose 5% and Congo red dye wasprepared. Preperation of congo red is done separately
from the other medium and then autoclave at 121°C for 15 min it is prepared as concentrated
solution and add slowly when the agar had properly cooled to 55°C.
Following the preparation of the plates, they were subsequently inoculated with the desired
microorganisms and allowed to incubate for a duration of 24 hours at 37°C under aerobic
conditions. This whole process was done twice to ensure consistency and accuracy in the results.
A quintuple-color reference scale was employed for precise discernment of all color variations
exhibited by the colonies. Isolates demonstrating dual shades of black—bright black (BB) and
opaque black (OB)—were categorized as affirmatively indicative of biofilm production, whereas
colonies displaying hues of pink, red, and Bordeaux were classified as negative.?®
Congo Red (mod):
A modified version of Congo red agar (CRAmod) was developed to address limitations observed
in the original CRAori, particularly regarding inconsistencies in black pigment formation, which
affected the accuracy of biofilm identification. This modification involved several adjustments to
the agar constituents to enhance the reliability of the method.
Firstly, Congo red dye concentration was reduced to 0.4 g/L. Secondly, sucrose was replaced
with glucose at a concentration of 10 g/L. Finally, instead of using BHI and agar no. 1, an
alternative agar, blood agar base-2 (BAB-2), was employed at a concentration of 40 g/L.
These modifications were aimed at optimizing the conditions for biofilm identification by
minimizing variability in pigment formation and providing a more consistent and reliable
medium for the detection of biofilms.?” 28
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Figure 1:Variability in Biofilm-Producing Isolates Evidenced by Congo Red Agar Method

TUBE METHOD:

The Tube Method (TM) described by Christensen et al. is a qualitative assay used to detect
microorganisms that produce biofilms. In this method, isolates are introduced into polystyrene
test tubes with 2ml Tryptic Soy Broth (TSB) and then incubated at 37°C for a period of 24-48
hours. After incubation, removal of any planktonic cells by rinsing the test tubes twice with
phosphate-buffered saline (PBS), pH 7.2. Next, the sessile isolates, which have developed
biofilms on the walls of the polystyrene tubes, are stained with safranin/crystal violetfor a
duration of 1 hour. The safranin-stained test tube is rinsed twice with PBS to remove excess
stain. Once the rinsing process is complete, the test tube is allowed to air dry. The presence of a
visible film lining the walls and bottom of the tube indicates the production of biofilm by the
microorganisms being tested.>>Two observers independently scored biofilm formation in tubes
on a scale of 0 to 3 (0 = absent, 1 = weak, 2 = moderate, 3 = strong). The experiment was
conducted in duplicates and repeated twice for reliability.
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Figure: 2Tube Adherence method. A & C non-adherent, E weakly adherent,D moderately
adherent, and B strongly adherent
RESULT:
Throughout the study period, a total of 300 samples exhibiting substantial bacterial growth were
collected.Out of which 142 sample showed growth of Gram-positive and 158 samples showed
growth of Gram-negative.(Figure.3)Among 300 isolated organisms, 143 were BP by CRA
method and 151 by TM.

DISTRIBUTION OF ORGANISM

GRAM POSITIVE = GRAM NEGATIVE

Figure 3
Various sample received during the study included blood (14 samples), pus (86 samples), urine
(152 samples), respiratory secretions such as sputum (22 sample) and others (15 samples)
included fluid, swab, ET tube. Among these the highest growth of gram negative bacilli was
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observed in urine sample, while gram positive cocci were predominantly isolated from
pussample.(Figure.4)

DISTRIBUTION OF SAMPLE

mURINE mBLOOD PUS mSPUTUM OTHERS

Figure 4
In this study, two methods were employed to assess biofilm production:The Tube method
identified 151 (50.3%) isolates as biofilm producers and 149 (49.7%) as non-producers.(Table.1)
On the other hand, the CRA method, utilizing two variants (CRAori and CRAmod), showed
variations in identifying biofilm producers. CRAori classified 135 (45%) isolates as biofilm
producers and 165 (55%) as non-producers, while CRAmod identified 143 (47.7%) isolates as
biofilm-producers and 157 (52.3%) as non-producers.
Comparing the performance of these methods, the Tube method demonstrated higheraccuracy,
sensitivity and specificity compared to the CRA method. Overall, the Tube method appears to be
more effective in detecting biofilm production.

TABLE 1:Distribution of Biofilm Formation PercentagesUsing Different Detection Methods

Phenotypic Method BP: Biofilm detected in %  NBP: No Biofilm detected
in %

CRA 47.7 52.3

™ 50.3 49.7

The Table.2 shows biofilm production among various bacterial isolates by Gram staining and
screening methods. Around 58.45% ,61.27% and 64.79% of Gram-positive isolates tested
positive for biofilm production in CRA original, modified and Tube Method screenings,
respectively. In Gram-negative isolates, approximately 32.91%,64.56% and 37.34% exhibited
biofilm formation in CRA original and modified as well as Tube Method screenings,
respectively. These findings highlight the diverse biofilm-forming abilities and genetic traits
across bacterial species.

TABLE 2: Distinctive Breakdown of Biofilm Producers (BP) and Non-Biofilm Producers
(NBP) by Organism

BIOFILM PRODUCTION

ISOLATES TOTAL CRA ori. CRA mod. ™

+ - + - + -
GRAM-POSITIVE | 142 83 59 87 55 92 50
CONS 68 58 10 60 8 60 8
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S. AUREUS 41 23 18 25 16 27 14
ENTEROCOCCI 33 02 31 02 31 05 28
GRAM- 158 52 106 56 102 59 99
NEGATIVE

E.COLI 91 35 56 37 54 42 49
KLEBSIELLA 40 0 40 02 38 0 40
PSEUDOMONAS 27 17 10 17 10 17 10
TOTAL 300 135 165 143 157 151 149

In the present investigation it has been noted that among the Gram-negative isolates, Escherichia
coli(91) emerges as the predominant organism, succeeded by Klebsiella (40) and Pseudomonas
(27). (Figure.5) Conversely, among the Gram-positive counterparts, coagulase-negative
Staphylococcus (68) emerges as the predominant species, trailed by Staphylococcus aureus (41)
and Enterococcus (33). (Figure.6)

DISTRIBUTION OF GRAM
NEGATIVE ORGANISM

3

PSEUDOMONAS KLEBISELLA KLEBISELLA
AERUGINOSA PNEUMONIAE OXYTOCA

Figure 5 Distribution of gram- negative organisms
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DISTRIBUTION OF GRAM
POSITIVE ORGANISM

44

MRCONS ENTEROCOCCUS MRSA

Figure 6 Distribution of gram-positive organisms
In this study the antibiotic susceptibility test outcomes of both slime-producing and non-slime-
producing Klebisella strains, gathered from diverse clinical specimens, are delineated in
(Figure.7) most of the strains shows higher resistance towards ciprofloxacin, followed by
levofloxacin, ceftriaxone, ampicillin/sulbactam whereas higher sensitivity towards tigecycline.

ANTIBIOTIC RESISTANT PATTERN
OF KLEBISELLA
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Figure 7

This study shows the antibiotic susceptibility test outcomes of both biofilm-producing as well as
non-biofilm-producing e.coli strains, collected from various clinical specimens, are shown in
(Figure.8) E.coli is the most commonest organism found in this study both biofilm producing and
non producinge.coliisolates shows higher resistance towards ciprofloxacin, followed by
levofloxacin, ciprofloxacin, cefepime, ceftazidime, ceftriaxone, ampicillin/sulbactam whereas
higher sensitivity towards tigecycline.
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Figure 8
This study shows the higher sensitivity rate of pseudomonas towards colistin, polymixin-B
whereas highest resistance shown among biofilm-producer as well non biofilm-producer
levofloxacin, followed by ceftazidime, ciprofloxacin, imipinem.(Figure.9)

ANTIBIOTIC RESISTANT PATTERN
OF PSEUDOMONAS

W RESISTANT SENSITIVE  ® INTERMEDIATE

Figure 9
The antibiotic susceptibility test outcomes of both slime-producing and non-slime-producing
Enterococcus strains, gathered from diverse clinical specimens, are delineated in (Figure.10) A
notable trend of heightened resistance is evident in th group of the biofilm-producing and non-
biofilm producing strain, the highest resistance is directed towards ciprofloxacin succeeded by,
levofloxacin, high level gentamycin and tetracycline. Conversely, all strains exhibited 100%
susceptibility tolienzolidfollowed by vancomycin and teicoplanin.
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ANTIBIOTIC RESISTANT PATTERN
OF ENTEROCOCCUS
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Figure 10
The antibiotic susceptibility test outcomes of both biofilm-producing and non-biofilm-producing
CONS strains, gathered from diverse clinical specimens, are shown in (Figure.11) A notable
trend of heightened resistance is evident among biofilm-producing isolatescompared to their
non-biofilm-producing counterparts. Predominantly, the highest resistance is directed towards
ciprofloxacin succeeded by, levofloxacin, cefoxitin, erythromycin and clindamycin. Conversely,
Moststrains exhibited susceptibility to vancomycin, linezolid and teicoplanin.
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Figure 11
The antibiotic susceptibility test outcomes of both slime-producing and non-slime-producing S.
aureus strains, gathered from diverse clinical specimens, are delineated in (Figure.12) A notable
trend of heightened resistance is evident among biofilm-producing staph.strains compared to
their non-biofilm-producing counterparts. Predominantly, the highest resistance is directed
towards ciprofloxacin succeeded by, levofloxacin, cefoxitin, erythromycin, clindamycin and
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tetracycline. Conversely, most of the strain shows sensitivity towards vancomycin, teicoplanin
and exhibited 100% susceptibility to linezolid.

ANTIBIOTIC RESISTANT PATTERN IN
STAPHYLOCOCCUS AUREUS

TE DO VA TEI LZ GEN TOB

B RESISTANT SENSITIVE B INTERMEDIATE

Figurel2

DISCUSSION:

Biofilm-producing bacteria pose a significant challenge in combating infections, exhibiting
notable resilience and resistance to eradication attempts. Their robust defense mechanisms
include hindering antibiotic penetration into the biofilm matrix, reducing growth rates, and
enhancing expression of resistance genes. These sophisticated strategies collectively bolster the
bacterial community within the biofilm, rendering conventional antibiotic therapies ineffective
and underscoring the imperative for innovative therapeutic modalities.?®

In our investigation, among the isolates with positive cultures, the majority were GNB (52.7%),
outnumbering GPC (47.3%). These findings mirror those of previous studies by Suneet T, et al.
(60% and 38.80%) and Khosravi, et al. (64.5% and 33.5%).303!

Gram-positive isolates demonstrated an augmented proclivity towards biofilm formation, a
phenomenon corroborated by Sarangi et al.*’Pseudomonas aeruginosa, Klebsiella pneumoniae,
and E. coli are identified as the principal biofilm producers within gram-negative isolates,
aligning with findings from the research conducted by Harika et al.3®* This underscores the
critical imperative of addressing infections associated with biofilms.

In our research, we noted a notable increase in resistance levels among bacterial isolates capable
of forming biofilms compared to those that cannot. This resistance was particularly evident
against commonly prescribed drugs at our institution, including penicillins, cephalosporins,
fluoroquinolones, aminoglycosides, and tetracyclines. Additionally, biofilm-producing gram-
negative isolates exhibited a higher prevalence of resistance to carbapenems such as Meropenem
and Imipenem. While Gram positive isolates shows higher sensitivity towards vancomycin,
linezolid.***?Dumaru et al.'s study also revealed a comparable resistance pattern among gram-
negative isolates capable of producing biofilms.®*Cepas et al.®*® and Asati et al.*® similarly
identified a parallel resistance pattern in gram-negative isolates that produce biofilms.
Additionally, Harika et al.'s®® study demonstrated that biofilm producers exhibited a highest
prevalence of resistance to commonly used antibiotics.
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In numerous articles, a strong association is observed between biofilm formation, resistance
patterns and pathogenicity especially with strong or moderate biofilms. This suggests a pivotal
role for biofilm formation strength in influencing resistance.®”*83%4°DevangaRugupathi et al.*°
revealed a stronger correlation between robust biofilm formation and carbapenem resistance
compared to moderate or weak biofilm formation, implying that an organism's susceptibility
pattern may hinge on the biofilm's strength it forms. Several scientific inquiries have postulated
that biofilm formation impedes the effective diffusion of antibiotics, leading to a notable
reduction in bacterial exposure to antimicrobial agents and subsequent antibiotic efficacy.

Our observed high antimicrobial resistance pattern may be attributed to the tertiary care nature of
our center, as we receive numerous referrals from primary centers where patients are already
undergoing extensive antibiotic treatment. The injudicious use of antibiotics further exacerbates
this issue, leading to selection pressure that favors the acquisition of resistance among
microorganisms, including the formation of biofilms.

CONCLUSION:

This study underscores that microorganisms possess a propensity to form biofilms on various
clinical sites. This biofilm formation process is linked with heightened resistance to
antimicrobial agents, potentially attributable to their role as persistent sources of infection.
However, routine administration of antimicrobials often proves insufficient for treating such
infections due to poor drug penetration. Therefore, there is a pressing need to develop methods
for both preventing biofilm formation and removing existing biofilms. Additionally, there is a
necessity to routinely identify strains that produce biofilms. This would enable healthcare
providers to devise effective patient management strategies.
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