Original Article

Detection of Biofilm Production and Its Impact on Antibiotic
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Background: Microorganisms are known to be involved in the formation of biofilm. These biofilms are often seen in chronic wound
infections, surgical site infections, implants etc., These are capable of causing recalcitrant infections and most of them are also known to
possess high antibiotic resistance. Objectives: This study was conducted to detect the biofilm formation in bacterial isolates from chronic
wound infections. Materials and Methods: In the present study, ninety two isolates from chronic wound infections were identified by
MALDI-TOF-MS (bioMerieux) and VITEK-2-MS (bioMerieux). These isolates were further screened for biofilm formation by three methods
i. e., Tissue Culture Plate method (TCP), Tube Method (TM) and Congo Red Agar (CRA) method. Impact of biofilm production was correlated
with the antibiotic resistant pattern. Statistical Analysis: Statistical analysis was done for all three methods considering TCP as Gold Standard
and parameters like senitivity and specificity of TM i.e. 47.2 and 100% respectively. Results: Out of 92 isolates, biofilm formation was seen
in 72 isolates (78.2%) by TCP method. 64 isolates were strong biofilm producers, 8 isolates were moderate biofilm producers and 20 isolates
were nonbiofilm producing. High prevalence of biofilm formation was seen in nonhealing ulcers infected with Staphylococcus aureus followed
by Klebsiella pneumoniae. Conclusion: Among three screening methods used for detection of biofilm production, TCP method is considered
to be a standard and most reliable for screening of biofilm formation in comparison to TM and CRA.
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INTRODUCTION recurrent infections especially in patients with diabetes.™ Both
pathogenic and nosocomial bacteria have been observed to
exist as biofilms producers in natural environment as well
as in infected tissues as polymicrobial communities.!"! The
biofilm formation found to be the main cause of many chronic
infections such as diabetic foot ulcers, cellulitis, necrotizing
fasciitis which lead to the re-emergence of multidrug resistant
strains and result in treatment failure.™ Biofilms have a huge
impact on the health care settings and associated with 65% of

Biofilm is defined as the microbial population consisting of
groups of bacterial cells which are adherent to a surface and
are enclosed within a self-produced extracellular matrix.™
Biofilm acts as an important virulence factor and provides
protective environment for the organisms to survive. The
adaption of organisms to the surface attached growth within
a biofilm is accompanied by significant changes in protein
metabolism and gene expression which leads to resistance
in antimicrobial therapy and host immune response.”! The Address for correspondence: Dr. Vishnu Prasad Shenoy,
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other physiological changes that occurs during the growth of
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nosocomial infections.?! Polysaccharide intracellular adhesin
is the gene product of icaADBC which mediates cell to cell
adhesion and regulates the biofilm formation by expressing
itself.l¥

The chronic wound is a wound that is arrested in the
inflammatory phase of wound healing and cannot progress
further. The presence of necrotic tissue, foreign material and
or bacteria regulates the ability of wound to heal by producing
excessive neutrophils and proinflammatory cytokines. This
environment allows the bacteria to proliferate and colonize
the wound forming biofilms. Biofilm plays a significant role
in nonhealing of chronic wounds. About 90% of chronic
wounds suggest the formation of biofilm whereas only 6%
of acute wounds are known to harbor the biofilm producing
bacteria.[’? These chronic wounds or ulcers are commonly
known to harbor infections with Gram-positive organisms like
S. aureus, Enterococcus species and Gram-negative organisms
like Pseudomonas aeruginosa, Escherichia coli, Klebsiella
pneumoniae, Proteus mirabilis, and Acinetobacter baumannii
complex.’) The aim of the present study was to screen for
biofilm production and its impact on antibiotic resistance
profile of isolates from chronic wound infection.

MareriaLs AND MEeTHODS

Place and duration of the study

The study was conducted in Department of Microbiology,
Kasturba Medical College, Manipal, Karnataka from February
2017 to April 2017.

Selection of isolates

A total of 92 isolates were tested for the detection of Biofilm.
Organisms were selected based on the following criteria:
bacterial isolates from chronic wound infections for over a
period ranging from 1 to 3 months. All the patients included
in the study were above 18 years of age.

Isolates obtained from the chronic wounds were identified
by MALDI-TOF- Vitek MS followed by antimicrobial
susceptibility profile by VITEK 2 system (BioMérieux, Inc,
Durham, NC).

Reference strain of strong biofilm producer S. aureus MTCC
1430 and nonbiofilm producing strain E. coli ATCC 25922
were used as controls.

Table 1: Interpretation of biofilm production based on
optical density values of Tissue Culture Plate method

Average 0D value* Biofilm production

<0.17 Negative
0.17-0.34 Weak positive
0.35-0.68 Moderate positive
>0.68 Strong positive

*ODc=Average OD of negative control + 3 x SD of negative control.
OD: Optical density, ODc: OD cut off value, SD: Standard deviation

Ethical committee approval

Institutional ethical committee approval was obtained from
Kasturba Hospital, Manipal (Reference number — IEC
138/2017). Patient’s Informed consent was taken prior to
collection of the data and clinical isolates. Biofilm detection
was done by following methods:

Tissue Culture Plate method

Tissue Culture Plate (TCP) assay as described by Christensen’s
et al., 1995 is the most widely used method and is considered
as the standard method for detection of biofilm formation.®
The isolates from fresh agar plates were inoculated in 5 ml of
Trypticase soy broth and were kept for incubation at 37°C for
24 h. The cultures were diluted in 1:100 with fresh medium.

Individual wells of 96 well-flat bottom polystyrene TCPs
(Thermo Fisher Scientific, Shanghai, China) were filled with
0.2 ml aliquots of diluted culture. The uninoculated broth was
added to the wells to check sterility and nonspecific binding
of the media. The plates are then incubated at 37°C for 24 h
and after the incubation, contents were removed from plates
by tapping gently. Plates were washed twice with 0.2 ml of
phosphate buffer saline (pH 7.2) and incubated at 37°C for
an hour. The plates were stained with 0.2 ml of 0.1% crystal
violet for 10 min.™!

Excess stain was removed by washing twice with deionized
water and the plates were kept for drying. 200 ul of 33%
glacial acetic acid was added to the wells. Optical density (OD)
of the isolates were determined using micro ELISA auto
reader (BIORAD 680) at a wavelength of 570 nm (OD
570 nm). The experiment was performed in triplicates. Biofilm
formation was classified into Strong, moderate and weak/
nonbiofilm producers as shown in Table 1. The interpretation
of biofilm production was done according to criteria of
Stepanovic et al.l'”

Tube Method

This is a qualitative method used for the detection of biofilm as
described by Christensen et al., 1995.1%1 5 ml of Trypticase soy
broth was inoculated with a loopful of organism and incubated

e — r
Figure 1: Screening of biofilm producing organisms by Tissue Culture
Plate method
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for 24 h at 37° C. Tubes were then decanted and washed with
phosphate buffer saline (pH 7.2) and were allowed to air dry.
Tubes were then stained with (0.1%) crystal violet for 10 min
and washed with deionized water. The tubes were then left to
air dry in inverted position.

The scoring of biofilm formation was done based on the control
strains used. The organisms were considered to be biofilm
producing when there is formation of visible layer on walls
and at the base of the tube while the formation of ring at the
interference of the liquid medium indicated that the organism
was nonbiofilm producing. The experiment was performed in
triplicates. The amount of biofilm formed was scored as (1)
negative; (2) weak positive; (3) -moderate positive; (4) strong
positive.

Congo Red Agar method

Freeman et al., 1989 described a simple qualitative method
to detect the biofilm formation by Congo Red Agar (CRA)
method.!"! This method involves use of special media that is
Brain Heart Infusion (BHI) agar with Sucrose and Congo red in
the following composition: BHI agar-52 g/L; sucrose-36 g/L;
agar-10 g/L; congo red-0.8 g/L. Congo red was prepared as
concentrated solution and autoclaved. It is added to the medium
when agar is cooled to 55°C and poured into petriplates. Plates
were inoculated and incubated for 24-48 h at 37°C. Black
colonies with dry crystalline morphology was considered
positive for biofilm producing organisms while weak or
nonbiofilm producing organisms appeared to be pink in colour.
The experiment was performed in triplicates.

ResuLts

Among 92 bacterial isolates from chronic wounds, the
standard method TCP detected 64 (69.5%) isolates as strong
and 8 (8.6%) isolates as moderate biofilm producers and
remaining 20 (21.7%) isolates were nonbiofilm producing
bacteria [Figure 1]. By Tube Method (TM), the number of
organisms that showed strong biofilm formation was 13 (14%)
and 21 (23%) organisms showed moderate and about 58 (63%)
isolates showed weak or no biofilm formation [Figure 2].

Only 51 (55%) isolates were biofilm producers by CRA
method [Figure 3 and Table 2].

Statistical analysis was done for all the three methods to assess
the sensitivity and specificity of these tests for detection of
biofilm among bacterial isolates. TCP method was considered
as Gold Standard for this study.®® Comparative statistical
analysis was done between TM and CRA with TCP. The
parameters like sensitivity, specificity, positive predictive
value, negative predictive value and accuracy were calculated
for both TM and CRA method. True positives were biofilm
producers by TCP, TM and CRA methods [Table 3]. False
positive were biofilm producers by TM and CRA methods and
not by TCP method. False negative were the isolates which
were nonbiofilm producers by TM and CRA but were biofilm
producing by TCP method. True negatives are those which
were nonbiofilm producers by all the three methods.

Sensitivity and specificity of TM were 47.2% and 100%
respectively, while the sensitivity and specificity of CRA were
56.9% and 50% respectively.

Majority of biofilm producing organisms were S. aureus (37.5%),
followed by K. pneumoniae (33.3%), P. aeruginosa (25%)
and A. baumanii (8%). These organisms were isolated from
diabetic foot ulcers (18.4%), nonhealing ulcers (38%),
necrotizing fasciitis (16.3%), Fournier’s gangrene (8.7%),
miscellaneous (18.4%) [Tables 4 and 5]. Strong biofilm
producing S. aureus were sensitive to cotrimoxazole,

Table 2: Screening of 92 bacterial isolates for biofilm
formation by Tissue Culture Plate, Tube Method and
Congo Red Agar methods

Biofilm production TCPR, n (%) ™, n (%) CRA, n (%)
Strong positive 64 (69.5) 13 (14) 51(55)
Moderate positive 8 (8.6) 21 (23) -
Weak positive 11 (12) 33 (36) -
Negative 9(10) 25(27) 37 (40)

TCP: Tissue Culture Plate, TM: Tube Method, CRA: Congo red

Figure 3: Screening of biofilm by Congo Red Agar method
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tetracycline, vancomycin and linezolid [Table 6]. Among
biofilm producing Gram-negative bacteria, K. pneumoniae
was sensitive to colistin and tigecycline which were isolated
from the patients having nonhealing ulcers [Table 7]. We
have observed increased antimicrobial resistance in biofilm
producing bacteria than nonbiofilm producing bacteria.

Discussion

Bacteria are known to cause a variety of infections in
humans. The pathogenicity of most of these bacteria is due
to certain virulence factors they are known to possess. These
virulence factors include pili, fimbriae, toxin production,
biofilm formation etc., Out of all these virulence factors, the
biofilm formation is responsible for most of the recalcitrant

infections and it is found to be difficult to eradicate as the
organisms involved in biofilm formation are highly resistant
to antimicrobial agents.”’

There are different methods that can be used for screening
the biofilm formation. In the present study, 92 bacterial
isolates from chronic wound infections were screened for
biofilm formation using TCP, TM and CRA method. We
have found that majority of biofilm producing bacteria were
from nonhealing ulcers (38%). In TCP method, number of
isolates showing biofilm formation was 72 (78.2%) and non
or weak biofilm producers were 20 (21.7%). Addition of
1% Glucose to Trypticase Soy Broth enhances the biofilm
production.>!2131 This was also reported by Mathur et al.,
and Bose et al.l%!¥

Table 3: Diagnostic parameters of Tube Method and Congo Red Agar method for biofilm detection

Screening methods  Sensitivity (%)  Specificity (%)  Positive predictive value (%) Negative predictive value (%)  Accuracy (%)
Tube Method 472 100 100 34.4 58.6
CRA 56.9 50 80.3 243 55.4

CRA: Congo Red Agar

Table 4: Correlation of biofilm production of Gram-positive isolates and the antibiotics resistant pattern with the patient’s

clinical conditions

Organism Clinical condition Number of Biofilm formation Antibiotic Resistance Pattern
isolates (m) % Strong positive ~ Moderate positive

Staphylococcus Nonhealing ulcer 12 12 - Ciprofloxacin, Erythromycin

aureus (n=27) Diabetic foot ulcer 8 7 1 Ciprofloxacin, Erythromycin, Oxacillin
Necrotizing fasciitis 2 2 - Ciprofloxacin
Fournier’s gangrene 1 1 - Ciprofloxacin, Erythromycin, Gentamicin
Cellulitis 1 1 - Ciprofloxacin, Oxacillin, Erythromycin
Folliculitis 1 1 - Ciprofloxacin
Venous ulcer 1 1 - Ciprofloxacin, Oxacillin, Erythromycin
Furunculosis 1 1 - Ciprofloxacin

Table 5: Correlation of biofilm production of Gram-negative isolates and the antibiotic resistant pattern with the patient’s

clinical conditions

Organism Clinical condition Number of isolates Biofilm formation Antibiotic Resistance
Strong positive  Moderate positive Pattern
Pseudomonas Nonhealing ulcer 8 7 1 Ciprofloxacin, Meropenem,
aeruginosa Diabetic foot ulcer 2 1 1 Cefoperazone - Sulbactum
Gangrene 2 2 NA
Necrotizing fasciitis 3 3 NA
Cellulitis 4 4 NA
Klebsiella pneumoniae ~ Nonhealing ulcer 8 5 3 Amoxicillin - Clavulanic acid,
Diabetic foot infection 5 4 Ceftriaxone, Amikacin
Necrotizing fasciitis 2 2 NA
Gangrene 4 4 NA
Cellulitis 2 2 NA
Acinetobacter Necrotizing fasciitis 2 2 NA Amoxicillin - Clavulanic acid,
baumanii Nonhealing ulcer 2 1 1 ciprofloxacin
Diabetic foot ulcer 1 1 NA
Cellulitis 1 1 NA
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TM detected 37% of isolates as biofilm producers and 63%
as nonbiofilm producers. By this method, none of the isolates
gave false positive results but 38 (41.3%) isolates have given
false negative results. The sensitivity of TM was found to
be 47.2%, specificity was 100% and accuracy was 58.7%
for biofilm detection. This method correlated well with TCP
in identifying strong biofilm producers, but it was difficult
to differentiate between moderate, weak and nonbiofilm
producers. We have observed that most of the P, aeruginosa and
K. pneumoniae isolates have shown strong biofilm production
in TCP method where as they were observed to be weak or
nonbiofilm producers by TM and CRA methods.

With CRA method, 51 isolates were found to be biofilm
producing whereas 41 isolates were nonbiofilm producers.
CRA method has shown a significant correlation with other
two methods of Gram-positive isolates when compared
to the Gram-negative isolates. Other parameters such as
sensitivity (57%), specificity (50%) and accuracy (55%) were
low compared to TM and TCP. By this method, only 10 isolates
were found to be false positive while 31 isolates were found
to be false negative. Knobloch et al., didn’t recommend the
CRA method for biofilm detection in their study.''> Out of
128 isolates of S. aureus, CRA detected only 3.8% as biofilm
producing as compared to TCP method which detected 57.1%
as biofilm producing bacteria.>!%!

Studies suggest that 4%—10% of foot ulcers are seen in patients
with diabetes mellitus. These ulcers if left untreated can lead
to severe complications and amputation. In our study, 29% of
the isolates were Gram-positive isolates while 70.6% were
Gram-negative isolates. This data correlates with Bansal et al.,
in which 76% isolates were Gram-negative while only 24%

Table 6: Antibiotic resistance pattern of biofilm producing
Staphylococcus aureus

Antimicrobial agent  Biofilm producing Staphylococcus aureus

(%)
Ciprofloxacin 89
Erythromycin 41
Co-trimoxazole 4
Clindamycin 14
Gentamicin 14
Cefoxitin 55

were Gram-positive.>' In the present study, S. aureus (29%)
and K. pneumoniae (26%) were most commonly isolated
organisms followed by P. aeruginosa (20%).

Inourstudy,among Gram-positive isolates, 55% methicillin-resistant
S. aureus (MRS A) and 45% methicillin-sensitive S. aureus (MSSA)
were obtained where both MRSA and MSSA were equally
involved in biofilm formation. MSSA exhibited high level
resistance to ciprofloxacin (88.8%). There was a lower level of
resistance to other antibiotics (erythromycin, co-trimoxazole,
gentamicin etc.) that were tested. These S. aureus strains were
susceptible to linezolid and vancomycin. Prevalence of MRSA
strains in our study was higher which is similar to others studies in
which it ranged from 40% to 69.8%.>1¢1"-19 The MRS A displayed
high level of resistance to erythromycin (66%).

In our study, 78.2% isolates showed biofilm production which is
similar when compared to prior studies in which it ranged from
73%to 77.1%.1221With reference to Gram-negative bacteria, 43%
of the organisms were extended-spectrum (3-lactamases (ESBL)
producers, with highest production by K. pneumonia 19
isolates (29%) out of which 17 isolates (89.4%) showed biofilm
formation. This is in parallel with preexisting studies in which
44.7% to 57.4% are ESBL positive.l'*!8] The biofilm forming
Gram-negative organisms showed a high level of resistance to
piperacillin—tazobactum (80%), cefoperazone — sulbactum (75%),
meropenem (71%) while nonbiofilm producing organisms
showed high level of resistance to ciprofloxacin (95%),
cotrimoxazole (60%) and ceftriaxone (75%). The high
degree of drug resistance to piperacillin — tazobactum,
cefoperazone — sulbactum and meropenem could be due to
prolonged hospitalization with mechanical ventilation and these
strains could be hospital acquired.

We have observed that among 9 multidrug resistant isolates,
8 isolates were showing biofilm formation. Swarna et al.,
reported that 80.39% of multidrug resistance (MDR) isolates
were biofilm formers and it is significantly larger number as
compared to present study.?” The mechanism of multidrug
resistance in biofilm forming organisms is believed to be a
direct result of close cell-cell contact in the biofilm, which
allows for easy transfer of plasmids containing MDR genes.>??

ConcLusion
In this study we found that the biofilm formation might be one

Table 7: Antibiotic resistance pattern of biofilm producing Gram-negative bacteria

Antimicrobial agent

Biofilm producing Gram-negative organisms (%)

Nonbiofilm producing Gram-negative organisms (%)

(n=45) (n=20)
Ciprofloxacin 53 95
Co-trimoxazole 33 60
Piperacillin - Tazobactum 80 25
Amikacin 22 15
Ceftriaxone 46 75
Cefoperazone - Sulbactum 75 30
Meropenem 71 15
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of the factors responsible for nonhealing of ulcers and their
chronicity. The formation of biofilm might also be the reason
for the emerging resistance of antimicrobial agents in patients
with nonhealing ulcers and Diabetic foot ulcers.
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