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Abstract

Staphylococcus aureus (S. aureus) a noted versatile facultative commensal with pathogenic potential.
This facultatively anaerobic cocci lives a commensal lifestyle in about a quarter of the world’s population
awaiting a breach in the immune barrier to establish as a debilitating pathogen. This bacterium produces
biofilms which acts as adhesive molecule enhancing the bacterial virulence and gives it an ability to
withstand antibiotics, thereby causing tremendous burden on the healthcare community in terms of
patient mortality and morbidity. This study assesses the biofilm producing ability among clinical isolates
of staphylococci in comparison to colonizing staphylococci isolated from anterior nares of healthcare
personnel. The present cross-sectional observational study was conducted in a tertiary care hospital
in Mysore, India. In this study, 50 pathogenic isolates of S. aureus were assessed for phenotypic
biofilm production. Additionally, 100 healthcare personnel were screened for nasal colonisation with
S. aureus and the colonizing isolates were also screened for phenotypic biofilm formation. Phenotypic
biofilm formation was evident among 22% of the pathogenic isolates. 23% of clinical S. aureus isolates
demonstrated methicillin resistance (MRSA). There was no significant association of MRSA status with
biofilm production (p > 0.05). Out of the 100 healthcare professionals screened for nasal carriage of
S. aureus, 30% were colonized with S. aureus. Biofilm production among colonizing S. aureus isolates
was found to be 26.6%. Methicillin resistance was a whopping 40% among the colonising strains. MRSA
carriage was found to be highest among those healthcare personnel who had worked for an average of
20-30 years in the hospital environment. The Present study showed no significant association of biofilm
production with the pathogenic potential of the S. aureus isolates (p > 0.05). Additionally, there was
no significant association of methicillin resistance with the pathogenicity of the isolate. In conclusion,
the interplay of virulence genes, biofilm forming ability, drug resistance of the isolate in coordination
with the host immune status dictate the fate of the colonising as well as clinical isolates of S. aureus.
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INTRODUCTION

Staphylococcus is a diverse genus of
bacterium that encompasses both harmful
pathogens and benign commensals. Among these,
S. aureus stands out as a frequently encountered
complex pathogen capable of causing severe
morbidity in individuals with varying degrees
of immune competence.'S. aureus commonly
inhabits the skin and nasal passages without
causing harm. However, breaches in the skin
barrier can lead to serious infections or even
fatalities, highlighting the potential danger posed
by this organism. As a pathogen, this bacterium is
accountable for an assorted range of thousands to
millions of invasive infections globally.?S. aureus
produces an array of virulence factors along
with factors responsible for immune evasion®*
resulting in acute, recurrent, chronic, or persistent
infections.

The role of this bacteria as one of
the foremost opportunistic pathogens can be
attributed to its frequent human colonisation.®
Particularly concerning is the role of nasal
conveyance of Staphylococcus among personnel
working in healthcare setting, serving as a major
source of infection and contributing to documented
outbreaks worldwide. S. aureus colonisation in
the anterior nares further increases the infection
risk associated with this bacterium. Colonisation
with S. aureus among Health Care Workers
(HCWs) increases the chances of transmission
and infection with antibiotic resistant hospital
acquired S. aureus strains.® MRSA was identified in
the year 1961 from England. MRSA development
involves horizontal transfer of staphylococcal
cassette chromosome (SCC).” Until the 1990s,
MRSA was predominantly a hospital-associated
pathogen. Healthcare workers act as reservoirs
as well as victims of resistance cross-transmission
given their workplace exposure.® However, cases
of community-acquired MRSA infections have
emerged worldwide affecting individuals without
any history of hospitalization.® In the present
day healthcare setting, community-acquired
S. aureus infections resistant to methicillin present
as moderately severe infections. Notably, healthy
adults without predisposing conditions can also
be infected. Today, both hospital-acquired and

community-acquired MRSA have become a global
concern.®

Notable among the virulence factors of
S. aureus is the biofilm production, which enables
host intracellular adhesion.’ Compared to their
planktonic formsS. aureus cells encased by biofilms
show higher rates of antibiotic resistance, and
differences in phenotypic characteristics such as
cell size, growth rate, gene expression and protein
production.!* These biofilms facilitate chronic
infections and bolster bacterial resistance against
host defence mechanisms, posing significant
challenges in treatment. The Present study
discerns presence of biofilm forming capacity
among clinical S. aureus isolates in comparison to
colonising commensal S. aureus isolated among
HCWs.

METHODOLOGY

This Cross-sectional study was done in
1,800 bedded hospital. In the present study, 50
clinical S. aureus isolates were phenotypically
characterised & studied for biofilm forming
ability. Subsequently, 100 HCWs were screened
for S. aureus colonisation in their anterior nares.
The isolates thus obtained from HCW were
phenotypically identified and studied for biofilm
production.

Phenotypic identification of clinical S. aureus
isolates

Patient samples like pus, exudate, urine,
endotracheal secretions, and blood samples sent
for culture and sensitivity were subjected to Gram
staining and culture identification by VITEK-2
system and antibiotic susceptibility testing in
accordance with the National Accreditation Board
for Laboratories (NABL) standards. Demographical
data & Clinical data was fetched through the
Laboratory Information system.

Screening of HCW for nasal colonization of S.
aureus

The HCWs were screened for S. aureus
colonisation after obtaining a written informed
consent. Demographic information, such as age,
sex, designation, and number of years spent in
hospital environment was documented.
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Samples were obtained from both
the anterior nares using sterile swabs. Labelled
swabs were sent to the microbiology laboratory
for bacteriological analysis. Swabs obtained were
inoculated on sterile Blood Agar and incubated for
48 hours at 37°C.

Screening of S. aureus isolates for biofilm
production & methicillin resistance

All S. aureus isolates included in the
study were phenotypically screened for methicillin
resistance and biofilm formation.

Methicillin resistance determination
was performed by disc diffusion method using
cefoxitin disc (30 pg). In brief, a lawn culture of
the test organism was made on Mueller-Hinton
agar (MHA) plate, inoculum was standardised to
McFarland’s 0.5 standard, a cefoxitin disc (30 ug)
was placed on the agar surface and lightly pressed.
After incubation, for 24 hours at 37°C the zone of
inhibition was documented. The quality controls
were MSSA ATCC 25923 and MRSA ATCC 43300.

Interpretation

Isolates with inhibition zones of <21 mm
in diameter were classified as MRSA, while those
with zones diameter of 222 mm was classified as
MSSA.12

Phenotypic method of Biofilm detection

The biofilm producing capacity of the
isolates were screened by 3 methods: 1. Congo
red agar (CRA) method, 2. Tube method (TM),
3. The gold standard-TCP method.*®

CRA method

Sucrose supplemented Brain Heart
Infusion (BHI) agar was prepared. Autoclaved
Congo red dye was inoculated at a temperature
of 55°C. Next, the test strains were inoculated
onto this and incubated aerobically for 24 hours at
37°C.

Interpretation: Positive test
Development of black coloured colonies.

Negative test
Development of red coloured colonies.

Tube Method

1% glucose-supplemented Trypticase soy
broth (TSB) was inoculated with the test organism.
After 24 hour incubation at 37°C, the washed
tubes were air-dried. Upon staining with Crystal
violet (0.1%) tubes were dried in inverted position.
Triplicate assay was performed and observed for
biofilm formation.

Interpretation

Lining of the tube inner surface was
considered as positive biofilm formation. Results
were graded as strong (+++), moderate (++), weak/
none (-) based on the intensity of the stain taken
by the organisms in biofilm.

TCP Method

This is a micro-titre plate quantitative
assay. The test organism from fresh culture
was inoculated into 1% glucose-supplemented
Trypticase Soy Broth (TSB) which after 24 hour
incubation at 37°C was diluted hundred-fold
(1:100) with fresh TSB. Next, 200 pl of this prepared
specimen was inoculated into polystyrene, flat-
bottom tissue culture wells. After incubation, at
37°C for 24 hours the contents of each well were
gently removed by pipetting and slowly tapping
the plates. The wells were washed at a pH of 7
and then air dried. Subsequently, using 2% sodium
acetate and 1% crystal violet the wells were fixed
& stained. Micro-ELISA auto reader was used to
determine the optical density (OD) of stained
adherent bacteria at 570 nm. Experiments for each
isolate was performed in triplicate and biofilm
production was detected & characterised based
on OD reading

Biofilm production was categorised based
on the optical density (OD) readings of adhering
cells.”3

RESULTS

Screening of Healthcare workers for nasal
colonization of S. aureus

A total of 100 healthcare workers were
screened during the study period. Swabs yielding
white beta-haemolytic colonies on blood agar
(Figure 1) were identified biochemically by catalase
and coagulase test & further confirmed by Vitek 2
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system as S. aureus isolates. Among the HCWs 97
were staff nurses and 3 were nursing interns. 85%
of the HCWs were females and 15% were males.
S. aureus colonisation was found in 30% of HCWs.
Metbhicillin resistance (Figure 2) was
evident among 12 (40%) isolates. Maximum
number of MRSA were isolated from HCWs
with >20 years of exposure to the healthcare
environment as depicted in Figure 3.

Figure 1. Swab inoculated on blood agar plates after
incubation showing beta-lytic colonies

Clinical Isolates

Among the 50 S. aureus isolates, 34 were
obtained from pus, 11 from blood, and 5 from
urine samples. Methicillin resistance was seen
among 23 (46%) of the clinical isolates of S. aureus.

Biofilm production among clinical & colonizing S.
aureus isolates by TCP method

Among the 50 clinical isolates of
S. aureus, 11 (22%) isolates were biofilm producers
of which 4 were strong & 7 were moderate biofilm
producers.

Among the 30 colonizing S. aureus
isolates, obtained from HCWs 8 (26.67%) were
biofilm producers of which 3 were strong & 5 were
moderate biofilm producers. Large proportion
of biofilm producing S. aureus were isolated
from HCWs with >20 years of exposure to the
healthcare environment. Present study showed no
significant association of biofilm production with
the pathogenic potential of S. aureus (p > 0. 05).

Among the 80 S. aureus were isolated
in the present study, 50 were clinical isolates and
30 were colonisers. Among the 50 clinical isolates
of S. aureus, 23 (46%) were MRSA and 27 (54%)
were MSSA. Among the 30 colonisers, 12 (40%)
were MRSA and 18 (60%) were MSSA as depicted
in Figure 4.

Figure 2. Methicillin resistance determination by disc diffusion

Table 1. Biofilm production using the TCP method

Samples Strong Moderate Weak/non
Biofilm Biofilm biofilm
producers
Clinical isolates [50] 3 8 39
Commensal isolates [30] 4 4 22
Total and percentage (%) (7)8.75%  (12) 15%  (61) 76.25%
Journal of Pure and Applied Microbiology 2553 www.microbiologyjournal.org
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Comparison of biofilm detection by different
phenotypic methods

The 50 clinical isolates & 30 colonising
S. aureus isolates were screened by 3 different
phenotypic methods for biofilm which yielded the
following results:

TCP method

19 (23.75%) isolates showed biofilm
production (Figure 5). 7 isolates were strong and
12 were moderate biofilm producers as listed in
Table 1.

Table 2. Biofilm production using the Tube method

Tube method

Out of the 80 isolates which were
screened for biofilm production by tube method,
17.5% showed biofilm formation (Figure 6) as
depicted in Table 2.

Congo Red Agar method

The CRA method detected 16.25%
of biofilm production (Figure 7) as depicted in
Table 3.

Samples Strong Moderate Weak/non
Biofilm Biofilm biofilm
Clinical isolates [50] 3 4 43
Commensal isolates [30] 3 4 23
Total and percentage (%) (6) 7.5% (8) 10% (66) 82.5%

20-30 years

10-20 years

1-10 years

<1 year

0 1 2 3

5 6

Figure 3. MRSA distribution in HCW with years of experience in health sector

m Clinical MRSA isolates

Biofilm producing Clinical

= Colonizing MRSA isolates MRSA

Biofilm producing Colonizing
MRSA

Figure 4. MRSA distribution and biofilm formation among MRSA isolates
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Comparative analysis of Biofilm detection
Considering TCP as the gold standard

detection method**the statistical parameters were

as follows: The Tube method showed a sensitivity
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Figure 5. TCP method showing strong, moderate, weak/
none biofilm.

Figure 6. Tube Method showing A: No-Biofilm.

B: Moderate-Biofilm. C: Strong Biofilm

of 79.17% with 100% specificity. The negative
predictive value of the tube method was 92.42%
with an accuracy of 94.12%. The CRA method
showed a sensitivity of 76% and 100% specificity.
The negative predictive value of CRA was found to
be 91.04% with an accuracy of 93.02%. The ROC
curve is depicted in Figure 8. Both the tests had
an excellent positive predictive value of 100% in
comparison to the gold standard test.

DISCUSSION

In our study, the clinical S. aureus isolates
were studied to assess their MRSA status &
biofilm-forming ability. Synchronously, HCWs were
screened for carriage of S. aureus in their anterior
nares which were also looked for MRSA status &
biofilm forming potential.

Figure 7. CRA showing dry crystalline black biofilm
producing colonies and red non biofilm producing
colonies

ROC curve analysis

10
5

0

Biofilm by TCP
Biofilm by Congo
red

» Clinical isolates(50)

Figure 8. ROC analysis for phenotypic bio-film detection

HCW isolates (30)

Clinical isolates(50)

Biofilm by tube

method

™ HCW isolates (30)
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Table 3. Biofilm production using the Congo Red Agar
method

Samples Positive Negative
Clinical isolates [50] 6 44
Commensal isolates [30] 7 23

Total and percentage (%) (13) 16.25% (67) 83.75%

The clinical S. aureus isolates showed
an MRSA rate of 46%. A study done in Nepal
showed a similar 46% prevalence of MRSA rate
from clinical isolates.?® Our study showed 30%
S. aureus carriage with 40% methicillin resistance
among the colonising isolates. A study in Ethiopia
by Mekuriya et al. showed 27.1% MRSA carriage
among HCWs with S. aureus colonization.* A study
in Brazil showed 16.8% MRSA carriage among
HCWSs.Y” A study in Nepal showed 35.3% metbhicillin
resistance.'® All of the above studies saw the
MRSA prevalence among different sectors of HCW
including nurses, interns, doctors & other auxiliary
hospital staff. In our study, the maximum enrolled
HCWs were nurses working in close quarters for
long hours in patient care which explains the
higher rate of MRSA carriage encountered in this
study.

Biofilm production rate was similar with
no significant difference among clinical & colonising
S. aureus isolates in this study. The study had 19
phenotypic biofilm forming S.aureus isolates
among which 9 were MRSA (47.3%). A study in
Hungary showed 39% MRSA isolates produced
biofilms.* Of the 3 methods used for phenotypic
biofilm detection the yield of TCP method was the
highest with 23.75% biofilm detection. A study
by Knobloch et al.,* have defied the use of CRA
method for biofilm detection among S. aureus
isolates. The present study also finds that CRA
had only 76% sensitivity in comparison to the
tube method which had a sensitivity of 79.17%.
Under optimised conditions the TCP method
yielded 23.75% biofilm formation with 57.89%
being clinical isolates & 42.10% being commensal
isolates therefore highlighting the biofilm-forming
capacity of commensal isolates. Literature shows
conflicting evidence in terms of the association of
biofilm production with MRSA status. The Present
study did not show any significant association with
52.7% of isolates being MSSA in agreement with
results published by Arslan et al. & Senobar et

al.**This study shows an increasing rate of MRSA
colonisation with the increase in the number of
years of exposure to the health care environment
among HCWs, therefore, highlighting the need for
eradication of colonising S. aureus among HCWs
in addition to timely monitoring of carrier status.
This can reduce Healthcare associated S. aureus
infections to a great extent while promising better
health to our HCWs.

CONCLUSION

S. aureus is an exceptionally adaptable
multifaceted pathogen capable of biofilm
production and adaptable to both natural
environment as well as clinical situations. The study
deduces no concrete association of methicillin
resistance with biofilm formation. Biofilm-
formation among S. aureus isolates irrespective
of methicillin resistance status is a cardinal step in
the pathogenesis and establishment of chronicity.
Comparative analysis of the three phenotypic
methods used for biofilm detection showed higher
detection rates by the gold standard TCP method.
The tube method and CRA showed lower yield in
comparison to the gold standard test.

Our study was a cross-sectional study
hence it carried the limitation of selection bias
and only phenotypic biofilm detection was done
in the present study. However, the study provides
insights regarding the metbhicillin susceptibility &
biofilm-formation among commensal S.aureus
with relevance to the clinical counterpart isolates.
In conclusion, the interplay of virulence genes,
biofilm forming ability, drug resistance of an isolate
in coordination with immune footing of the host
dictates the fate of the colonising or clinical S.
aureus isolate.
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