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Abstract:

Introduction: Staphylococci are increasingly being recognized for their biofilm forming capacity leading to chronic infections
and treatment failures. Owing to their burden on healthcare services, the choice of the method of biofilm detection in a routine
diagnostic laboratory needs to be established.

Methods: Institutional Ethics Committee approval was obtained before study initiation. Clinical isolates of Staphylococcus
aureus(n = 100) and of Coagulase negative Staphylococci (CoNS, n = 100) were tested for their biofilm forming capacity. The
methods employed were congo red agar method (CRA), tube method (TM) and tissue culture plate method (TCPM) with TCPM
as the gold standard reference.

Observations and Results: Twelve out of 100 S aureus & sixteen out of 100 CoNS were found to be biofilm producers.
Amongst the CoNS species, highest production of biofilm was observed in strains of S. epidermidis(10/24). Isolates (viz CoNS)
obtained from medical devices showed higher rates of biofilm formation. Higher percentage of biofilm producers were
methicillin resistant(20/28). Out of the 28 isolates detected as biofilm producers by TCPM, 24 were detected by Tube method &
only 18 by CRA method. Thus, CRA method had low sensitivity (64.28%) as compared to tube method (85.17%).

Conclusion: Medical devices should be used only when indicated and removed on the first indication to do so. Due to its higher
accuracy and ease of testing, tube method can be easily incorporated in a routine diagnostic laboratory for detecting biofilm
forming capacity in Staphylococci isolated from clinical specimens.
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Introduction:

Biofilm formation is a process Wwhereby
microorganisms irreversibly attach to and grow on a
surface and produce extracellular polymers that
facilitate attachment and matrix formation.'The
biofilm-forming ability helps bacteria to resist the
conditions of the surrounding environment with high
levels of tolerance reported to antibodies, antibiotics,

disinfectants and phagocytic inflammatory cells.” It is

estimated that biofilms are associated with about 65%
of nosocomial infections.” Many bacteria such as
Pseudomonas species, Enterococci and Staphylococci
are associated with biofilm formation.*

Staphylococci are one of the most important human
pathogens and a major cause of morbidity and
mortality ~ worldwide.  Among  staphylococci,
Staphylococcus aureusis regarded as the most

virulent species due to its large variety of expressed
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virulence factors. The coagulase-negative
Staphylococci (CoNS), once considered innocuous
has gained notoriety for causing infections of the
urinary tract, skin and wound infections, native heart
valves and foreign body.” Studies have shown that
the ability of staphylococci to form biofilm is an
important virulence factor in the pathogenesis of
infections caused by them. However, studies carried
out so far deal with Staphylococci species as a whole
and not at individual species level.*’

A number of tests are available to detect biofilm
production. However, these methods are often subject
to severe analytical limitations and are unable to
detect bacterial adherence accurately. The 3
phenotypic methods, congored agar method (CRA),
tube method (TM) and tissue culture plate method
(TCPM) were selected for the study because of the
ease of performance and these have been widely
reported in literature.**This study was undertaken to
help us estimate the biofilm producing capacity of
Staphylococcus aureus& clinically relevant CoNS,
their antibiotic susceptibility test, along with
determination of the most suitable screening method
for biofilm formation.

Materials and methods:

The study was initiated after obtaining approval from
the institutional ethics committee (EC/110/2009).
Materials:

A total of 200 consecutive, non-duplicate strains (100
clinical isolates of Staphylococcus aureusand100
clinical isolates of CoNS isolated from clinical
specimens during the period July 2010 to December
2010were tested for their ability to form biofilms and
their antimicrobial susceptibility profile was
determined. Species identification was undertaken
using standard microbiological procedures. For

biofilm formation, S. epidermidis ATCC 35984 &

ATCC 12228 procured from LGC Promochem India
Private Limited, Bangalore were used as standard
positive and negative control strains respectively. For
antimicrobial susceptibility  testing, ATCC
Staphylococcus aureus 25922 was used as control
strain. Antibiotic discs and E test strips were
procured from HiMedia Laboratories Pvt. Ltd, India
and were used after Quality Control testing.
Methods:
A. Detection of biofilm formation:
The test methods were standardized with
positive and negative control strains prior to
tests on clinical isolates. All the tests were
performed in triplicate and repeated thrice to
reduce the error due to subjectivity.
i.  Congo Red Agar method (CRA,
Figure 1):
The test was carried out and
interpreted as  described by
Freeman et al. (1989) and Mathur
et al. (2006).>°
ii.  Tube Method (TM, Figure 2):
This method was carried out and
interpreted as  described by
Christensen et al. (1982) and
Mathur et al. (2006).%'°

iii.  Tissue Culture Plate Method
(TCPM, Figure 3): (gold standard)
This method was carried out as
described by Christensen et al.
(1982) and Mathur et al. (2006).°
Strains were interpreted based on
their OD values as described by
Mathur et al. (2006). An OD value
of <0.12 was interpreted as non-
biofilm producer while >0.12 was

associated with biofilm production.
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B. Antimicrobial susceptibility testing for the
clinical isolates:
Antimicrobial susceptibility testing of all
isolates was determined by Kirby Bauer disc
diffusion method / E test as per CLSI
standard.'' The antibiotic discs used were
penicillin (10 units), ciprofloxacin (5 pg),
cefazolin (30  pg).erythromycin (15
|g),cotrimoxazole (1.25/23.75 ne),
gentamicin (10 pg), clindamycin (2 pg),
linezolid (30 pg), and teicoplanin (30 pg).
For vancomycin, E test (Ezy MIC™ Strip)
was used. Cefoxitin (30 pg) disc was used as
a marker for resistance to methicillin.
Statistical analysis:
The comparative statistical analysis for all methods
of biofilm detection was done by using 2x2 tables
where applicable. Parameters like sensitivity,
specificity, negative predictive value and positive
predictive value were determined from these tables.
Chi square test was used to analyze the data. A P
value 0f<0.05 was taken as significant.
Results:
Of the 200 strains tested, 40 of S aureus and 46 of
CoNS were isolated from medical devices (Table 1).
Samples from medical devices were obtained from
central lines, endotracheal tubes, and intercostal
drainage. A higher incidence of biofilm formation
was observed with CoNS in the samples obtained
from biomedical devices. Methicillin sensitive strains
were 156, while 44 strains were methicillin resistant
(Table 2). Biofilm production was strongly associated
with methicillin resistant as compared to methicillin
susceptible strains(20/44 VS 8/156;
P<0.001).Amongst the species of staphylococci,
highest biofilm production was observed with S.

epidermidis at 41.66 % (10/24).

A total of 28 samples were found to be biofilm
producers by the TCPM, while TM and CRA
detected 24 and 18 biofilm producers respectively
(Table 3).All the biofilm producing strains detected
by CRA were also detected by TM and TCPM.
Neither TM nor CRA method detected any additional
biofilm producer as compared with the TCPM.
Congo red agar method demonstrated a sensitivity of
64.28%, specificity of 100%, and a positive
predictive value of 100% and negative predictive
value of 94.5% (Table 4). On the other hand, the tube
method had a higher sensitivity of 85.17% and a
specificity of 100% with a positive predictive value
of 100% and a negative predictive value of
97.2%.The antimicrobial susceptibility pattern of the
biofilm producing and the non biofilm producing
strains is depicted in Figure 4. Biofilm producing
strains were more resistant to antibiotics when
compared to the biofilm non producers (for
ciprofloxacin, cefazolin, and clindamycin P < 0.05)
except for tetracycline (P = NS).

Discussion:

Twelve strains of S.aureusandsixteen strains of CoNS
were detected to be biofilm producers. This is much
lower in comparison to the published data (57.8 to
82%) “*'* which maybe because of the difference in
the source of the isolates. Studies reporting higher
rates of biofilm forming Staphylococci were strains
isolated from medical devices, whereas in the present
study only 43% (86/200) strains were from medical
devices. The biofilm forming rate amongst the
clinical samples and medical devices were same
(14%). Also, no distinction was made as to the origin
of infection whether community or hospital acquired.
A hospital acquired infection tends to be chronic &
persists for longer periods of time and also is more

likely to be caused by a drug resistant especially
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methicillin resistant staphylococcal strain increasing
the likelihood of biofilm production."

Amongst the CoNS species, highest production of
biofilm was observed in strains of S. epidermidis
(41.66%, i.e.10/24). The results are similar to those

7,8,14,15 .
S Considered

reported by other authors.
previously as an innocuous organism; S.epidermidis
is now a recognized opportunistic pathogen
especially with the use of removable medical devices.
The capacity to adhere to polymer surfaces and
consequent biofilm production are the main virulence
factors of CoNS, especially S. epidermidis.'®"”

It was observed that strains that were
biofilm producers had higher rates of methicillin
resistance when compared to the non-biofilm
producers. Methicillin susceptibility of
Staphylococcal species has been shown to influence
the biofilm formation.”® In our study, biofilm
formations were associated with greater antibiotic
resistance (Figure 4). The increased resistance of
biofilm producing strains to antibiotics may be
because the biofilm bacteria exhibit a slow rate of
metabolism and divide infrequently resulting in
decreased sensitivity to antibiotics targeted at cell
wall synthesis.'*"

Considering the higher rates of resistance to
antimicrobials in biofilm forming strains, as observed

1821 .
their

in this study and those reported in literature,
detection should move from research to routine. The
tissue culture plate method is considered as gold
standard phenotypic method as it has been found to
be accurate, reliable and reproducible having high
sensitivity and specificity, with no subjective errors
as the reading is with an ELISA reader.®'
However, as a routine method in a diagnostic

laboratory, it may not pass the test of user

friendliness as the facility for ELISA reader may not

be available at all laboratories. It was therefore
decided to determine, which of the other two
commonly used phenotypic detection methods would
compare well with TCPM.

The Congo red agar method was found to be rapid
and reproducible method. It has the advantage that
colonies remain viable on the medium. However, it is
considered slightly imprecise in the identification of
positive isolates when compared to molecular
analysis of the genes involved in biofilm
production.”>  Congo red agar method detected
eighteen out of the twenty eight biofilm producers
thus demonstrating a sensitivity of 64.28%,
specificity of 100%, positive predictive value of
100% and a negative predictive value of 94.5%.This
finding of specificity is consistent with the findings
of most other authors from India and abroad
(Specificity range 67.65% to 100%).>"'*'"* The
reported sensitivity of this method varies over a wide
range. Mathur et al. (2006) and Bose et al. (2009)
have demonstrated a low sensitivity of 6.8 & 8.25%
respectively whereas Oliviera & Cunha (2010) &
Khan et al. (2011) have demonstrated a higher
sensitivity of 89 & 89.13%.°'> The higher
sensitivity in some studies maybe due to the use of a
5-colourreference scale (bright black-BB, dry opaque
black — OB classified as biofilm producers, whereas
red, pink and bordeaux colonies were classified as
negative).” In the present study, only those colonies
with black crystalline consistency were labeled as
positive for biofilm.

In comparison, the tube method had a higher
sensitivity of 85.17% and a specificity of 100%. The
sensitivity and specificity of the tube method varies
from 73.6% to 100% and 92.6% to 100%
respectively in various studies reported in literature.®

12 The tube method of biofilm detection is easy to

316

www.ijpamr.com P ISSN: 2250-284X, E ISSN : 2250-2858



Indian Journal of Basic and Applied Medical Research; June 2015: Vol.-4, Issue- 3, P. 313-323

set up, does not require additional media and simple
to perform. It is the better of the three methods that
can be used for the routine detection of biofilm
production in Staphylococcus species. It is also low
cost and produces reliable results with excellent
sensitivity and specificity.

Limitations: Though spectroscopy and molecular
methods for detecting the genes encoding biofilm
production are considered the gold standard, due to
resource constraints, tissue culture plate method was
considered as the reference standard. Recording the

outcome of patients with respect to infection with a

biofilm producing strain would have added to the
strength of the present study.

Conclusion:

In conclusion, isolates obtained from medical devices
were more likely to produce biofilm; with a higher
percentage of biofilm producers were methicillin
resistant. Hence, devices should be used only when
indicated and removed on the first indication to do
so. Due to its higher accuracy and ease of testing,
tube method can be easily incorporated in a routine
diagnostic laboratory for detecting biofilm forming
capacity in Staphylococci isolated from clinical

specimens.

Table 1: Comparison of biofilm producing capacity of Staphylococcal species (n = 200) isolated from different

specimens (TCPM method)

S. aureus CoNS

Specimen

Tested Positive Tested Positive
Device (n=86; positivity=13.95 %)
Central line tip 28 4 30 6
Endotracheal tube 10 0 12 2
Inter-costal drainage 2 0 4 0
Sub-total 40 4 46 8
Non-device (n=114; positivity=14.03%)
Pus 16 2 4 0
Wound swab 22 4 6 2
High vaginal swab 4 0 16 2
Blood 12 2 24 2
Urine 4 0 2 2
Sterile body fluid 2 0 2 0
Sub-total 60 8 54 8
Grand Total 100 12 100 16

TCPM: Tissue culture plate method, CoNS: Coagulase negative Staphylococci
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Table 2: Biofilm production and Methicillin resistance in different species of Staphylococci

MS MR Total positive
Tested Biofilm formation Tested Biofilm formation
S. aureus(n = 100) 76 02 24 10 12
S. epidermidis(n = 24) 16 04 8 06 10
S. warnerii(n = 14) 14 0 0 0 0
S. lugdunensis(n = 18) 14 0 4 02 02
S. hemolyticus(n = 44) 36 02 8 02 04
Total (n = 200) 156 08 44 20 28
[ MS — methicillin susceptible, MR — methicillin resistant ]
Table 3: Detection of biofilm formation by CRA, TM & TCPM
Biofilm formation
Method Total tested
Present Absent

CRA 18 182 200

™ 24 176 200

TCPM 28 172 200

CRA: congo red agar method, TCPM: tissue culture plate method, TM: tube method

Table 4: Comparison of CRA and TM with TCPM as gold standard

Test Sensitivity Specificity PPV NPV Accuracy
CRA 64.28 100 100 94.5
™ 87.17 100 100 97.72

CRA: congo red agar method, TCPM: tissue culture plate method, TM: tube method

PPV-—positive predictive value; NPV-negative predictive value
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Figure 1: Congo Red Agar Method

Figure 1 (a): Positive Control Figure 1(b): Negative Control

Figure 2: Detection of biofilms by tube method

A B

POSITIVE NEGATIVE
CONTROL CONTROL
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Figure3: Tissue culture plate method

POSITIVE
CONTROL

NEGATIVE
CONTROL

96 well, flat bottom tissue culture plates

(Becton Dickinson, Falcon no. 3072, USA)
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Figure 4: Antimicrobial susceptibility pattern of biofilm producers vs. non-biofilm
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