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Abstract Background Staphylococci are responsible for life-threatening infections in hospitals
and community. Their ability to produce multiple virulence factors and antibiotic
resistance is an important reason of highmortality in staphylococcal infections. Biofilm
production by these organisms makes it difficult to treat. Most of the treating
antibiotics are failing and making it a matter of concern.
Aims This study aims to detect the increased antibiotic resistance in biofilm-produc-
ing Staphylococcus and to compare the performance of three potential methods of
detection.
Methods A total of 81 isolates of staphylococci including coagulase negative
staphylococci (CoNs), methicillin resistant S. aureus (MRSA), and methicillin sensitive
S. aureus (MSSA) are included in this study. After the identification, an antibiotic
sensitivity test was performed. Biofilm detection was done by three different methods:
Congo red agar method, tube adherence method, and microtiter plate method.
Result Out of the 81 samples, 37 CoNs, 17MRSA, and 27MSSAwere identified. Out of
them we got 43 (53%) biofilm producers by Congo red agar method, 40 (49%) by tube
adherence method, and 52 (64%) producers by tissue culture plate/microtiter plate
method. Most of the biofilm producers showed multiple drug resistance.
Conclusion We found out that the microtiter plate method is sensitive and reliable as
compared with the other two methods. Antibiotic resistance was found to be very
common in biofilm producers. This was due to the resistance developed as a result of
the matrix that does not let the antibiotic bind with the organisms. This can make the
treatment of Staphylococcus very difficult in the future as the rate of drug resistance is
faster as compared with newly emerging antibiotics.
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Introduction

Staphylococcus aureus is a pathogen that can infect human as
well as animals. The infections can range from skin and soft
tissue infection to serious life-threatening illnesses like
endocarditis, septicemia, and toxin-mediated shock syn-
drome in human, and skin infections and mastitis caused
by S. aureus are reported in animals.1 Staphylococcus aureus
has many virulence factors that help the organism survive
and initiate infection inside the host. These factors act in
different ways to colonize, invade, and spread themselves.
This is the primary reason for S. aureus being able to attack
immunologically competent hosts.2 The ability of the organ-
ism to develop biofilm enhances the severity of infections
caused by S. aureus as well as increases the antibiotic
resistance.3 The steps of biofilm formation involve adhesion
of the organism to the surface, which is aided by the
expression of various microbial surface components that
recognize adhesive matrix molecules. These molecules can
bind to various extracellular matrix components, including
elastin, fibronectin A and B, laminin, collagen, fibrinogen,
and clumping factors. These proteins can connect to the cell
wall or other surfaces by using similar signal sequences. They
can cover medical equipment and start the creation of
proteins like biofilm matrix proteins in a bacterial matrix.4,5

Several Staphylococcus species now exhibit significant viru-
lence traits due to the production of biofilm.5 The biofilm
serves as a protective cover that provides a favorable envi-
ronment to the bacteria and allows them to survive against
adverse conditions.6 In addition to its ability to form biofilm
on medical devices, which leads to the removal of devices, S.
aureus can form biofilm inside the human body. This leads to
infection associated with resistance to antimicrobial agents
and failure of the treatment resulting in removal of the
infected tissue to control the infection.7 The resistance
caused by biofilm is due to the presence of bacteria inside
the biofilm; they remain dormant during the antimicrobial
therapy and later emerge as resistant strains. Another mech-
anism that leads to resistance to antibiotics is the inability of
antimicrobials to penetrate through the layers of biofilm.8

Numerous coagulase negative staphylococci (CoNs) species,
including S. epidermidis, have emerged as the primary car-
riers of nosocomial infections, particularly those that affect
newborns, people with immunological disorders, and
patients receiving care in the intensive care unit who utilize
catheters or other prosthetic devices.9 Catheter-associated
infections may be caused by CoNs that produce biofilm that
affects immunocompromised patients, including premature
infants, neutropenic cancer patients, elderly people with
serious underlying diseases, hospitalized patients undergo-
ing invasive procedures, and people with permanent plastic
devices.10 Methicillin resistant S. aureus (MRSA) is largely
found to be resistant to common available antibiotics. One of
the common reasons for high mortality and morbidity in
MRSA infections are biofilm producers.11 In hospitals, the
biofilm-producing pathogens are becoming a serious con-
cern, and the existing antimicrobial agents are failing to treat
these pathogens. The increase in multidrug-resistant organ-

isms with biofilm is weakening the health care policy.12

Therefore, the development of clinically applicable
biofilm experimental modalities is urgently required since
biofilm plays a significant role in the slow healing of
wounds.13

In our study, 81 isolates belonging to the genus Staphylo-
coccuswere investigated for the presence of biofilm forming
activity by three different methods such as the tube adher-
ence method, Congo red agar method, and tissue culture
plate method. Antibiotic resistance was compared between
the biofilm producers and nonproducers. We found that the
multidrug resistance was common among the biofilm pro-
ducers and not all the strains showed presence of biofilm by
all the methods used in this study.

Materials and Methods

Sample Collection
A total of 81 strains of staphylococci isolated from various
clinical samples were collected. We included organisms that
were clinically significant pathogens and not contaminants
or those with insignificant growth. The samples included
were pus, throat swab, urine, nasal swab, tracheal secretion,
ear swab, vaginal swab, etc.

Identification of Staphylococcus Species
Gram staining and other biochemical tests such as slide and
tube coagulase tests, catalase test, and other identification
tests were used to distinguish between different species of
staphylococci. After an overnight incubation, S. aureus is
recognized by its golden yellow β-hemolytic colonies on
blood agar, catalase production, and coagulase production.
Staphylococci that are coagulase negative are CoNs andwere
further identified up to the species level.14 All the S. aureus
strains were further tested for the identification of MRSA
using Cefoxitin disc (30 mcg) by the Kirby–Bauer disc diffu-
sion method. The results were given as per the CLSI (Clinical
laboratory Standard Institute) guidelines.15

Antibiotic Sensitivity Testing
The antibiotic sensitivity test was performed by the Kirby–
Bauer disc diffusion method and interpreted based on the
CLSI guidelines. The antibiotic discs tested were gentamycin
(G), erythromycin (E), tetracycline (TE), ciprofloxacin (CIP),
trimethoprim/sulfamethoxazole (TS), linezolid (L), teicopla-
nin (TE), tetracycline (TE), ampicillin (AM), cefuroxime
(CXM), clindamycin (CD), levofloxacin (LV), amoxicillin-clav-
ulanic acid, ceftazidime [CFT], nitrofurantoin [NF], tigecy-
cline [TG] and doxycycline [DX], cefoxitin (Cx). The test was
performed on Mueller–Hinton agar (Himedia India).

ATCC 25923 and ATCC 43300 were used as the controls
for methicillin sensitive S. aureus (MSSA) and MRSA,
respectively.15–17

Detection of Biofilm
The detection of biofilm production was done by three
different methods to detect their efficacy and also to com-
pare the findings along with the antibiotic resistance.
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Congo Red Agar Method
The detection of biofilm by the Congo red agar method was
done by using the method given in a previous study. The test
organisms are inoculated into a specialmedia prepared using
brain–heart infusion medium supplemented with sucrose
(5%) and Congo red dye. After the inoculation, the plateswere
incubated at 37°C for 24 to 48 hours. The test was interpreted
positive for biofilm if the colonies were black in color with
dry crystalline consistency. Weakly positive showed pink
colonies with occasional black color in the center of the
colonies (►Fig. 1A).18

Tube Adherence Method
Thebacterial suspension of the test organismswas incubated
at 35°C in glass test tubes containing brain–heart infusion
broth for 48 hours. After the incubation was over, the super-
natant was discarded and the glass tube was stained with
0.1% of safranine solution. The tube was washed three times
with distilled water and then air dried. Any material adher-
ing to the test tube surface was considered as positive and
presence of only a ring was considered negative (►Fig. 1B).19

Microtiter Plate Method/Tissue Culture Plate
Method
The detection of biofilm was also done by the tissue culture
plate method using the procedure given by Christensen et al
in 1995.20 Fresh growths of the test isolates were inoculated
into 5mL of Trypticase soy broth and then incubated for
24 hours at 37°C. After 24hours of incubation, the culture
was further diluted to 1:100 using fresh Trypticase soy broth.
A 96-well polystyrene plate was used; each well was filled
with 0.2mL of the bacterial inoculums and incubated for
24 hours at 37°C. After the incubation the bacterial suspen-
sion was removed from all the wells by gently tapping the
plate. The wells were washed two times using phosphate-
buffered saline (pH 7.2) and then allowed to incubate for
1 hour at 37°C. After that the wells were stained for
10minutes using 0.2mL of Crystal violet (0.1%).21 Any excess
amount of stain is removed by washing with distilled water
twice. After washing the plates were kept to dry. Then 200 µL
of glacial acetic acid was added to each well and then the
optical density of the isolate was determined by an ELISA
Microtiter plate reader (Alere AM2100) at 570nm wave-
length and the interpretation of the result was done as
strong, moderate, and weak or nonbiofilm producers

(►Fig. 1C). This interpretationwas based on a previous study
conducted by Stepanović et al (►Table 1).22

Result

In this study we included 81 isolates of Staphylococcus
isolated from various clinical samples. The distribution of
S. aureus and CoNs among the different types of samples is
shown in ►Fig. 1. Of the 81 samples, S. aureus was isolated
from 44 (54%) samples and CoNs from 37 (45.6%) samples.
Staphylococcus aureus was mostly isolated from pus
(n¼17) and CoNs were present mostly in the nasal swabs
(n¼17).

Out of the 44 S. aureus found 27 were MSSA and 17 were
MRSA and out of the total 37 CoNs, 18 were identified as S.
epidermidis, 16 as S. haemolyticus and 3 as S. saprophyticus
(►Fig. 2).

Table 1 Interpretation of the biofilm production by optical
density (OD)17

OD value (average) Biofilm production

<0.17 Negative

0.17–0.34 Weak positive

0.35–0.68 Moderate positive

>0.68 Strong positive

Fig. 1 (A) Biofilm producers show black metallic colonies on Congo red agar. (B) Biofilm producers show material adhering to the bottom.
(C) Tissue culture plate method.

Fig. 2 Distribution of staphylococci isolated from various clinical
samples.
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Antibiotic Resistance Pattern
The antibiotic resistance pattern of the isolates was deter-
mined by Kirby–Bauer disc diffusion method. The resistance
pattern of the isolates against antibiotics is given in►Table 2.
Many strains of MRSA, MSSA, and CoNs showed multiple
drug resistance.

Biofilm Formation
The biofilm detection of all the strains was done by total
three methods. The findings of presence of biofilm by
different methods are given in ►Table 3.

The table above shows the numbers of strains showing
biofilm production by different methods used. All the 81
strains of S. aureus were subjected to testing for biofilm by
three methods. The tissue culture plate method was one of
the most promising of the three methods, since it showed
a large number of isolates (n¼52) that are positive for
biofilm followed by Congo red agar (n¼43), and tube
adherence (40). Many strains showed positive by one
or two methods only. Only 13 CoNs, 9 MRSA, and 13
MSSA were positive by all the three methods used in
this study.

Discussion

Staphylococcus aureus is present on the skin and mucous
membrane of the nasal cavity of human beings. It can cause
multiple infections like septicemia, pneumonia, urinary tract
infection, and skin infections in human. Production of bio-
film by them is an important virulence factor that allows the
bacteria to adapt to the adverse conditions and difficult to
treat. This is also responsible for antimicrobial resistance.
This calls for the need of removal of biofilm-producing
organisms from medical devices and for the detection of
biofilm-producing ability of the organism.21

In our study, we included 81 isolates of Staphylococcus
species. The isolates were tested for their ability to produce
biofilm as a virulence factor by three different methods.
With regard to these three techniques, the Congo red agar
method detected 43 (53%) biofilm producers among the
isolates and 38 nonproducers; the tube adherence method
detected 40 (49%) positive biofilm detections and 41 non-
producers, and the tissue culture plate method detected 52
(64%) producers and 29 nonproducers. Looking at the
positivity rate given by various methods, the microtiter
plate method is highly efficient. In a study conducted by
Amita Jain in 2009, the microtiter plate method is used as
the gold standard test for biofilm to evaluate the sensitivity
and specificity of Congo red agar method.23 Tube adherence
on the other hand has given the least rate of positivity; this
could be due to weak biofilm producers which fail to adhere
well to the tube. Most of the biofilm positive strains showed
resistance to multiple antibiotics. CoNs have shown resis-
tance against many antibiotics like clindamycin, levoflox-
acin, and trimethoprim-sulfamethoxazole. MSSA and MRSA
also showed significant degrees of resistance to antibiotics
like ciprofloxacin, erythromycin, and amoxicillin- clavu-
lanic acid. Ta
b
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Conclusion

Clinically isolated strains of S. aureus recovered from infec-
tion in hospitalized patients show high levels of biofilm
formation. Higher rates of antibiotic resistancewere demon-
strated by biofilmmanufacturers comparedwith nonbiofilm
manufacturers. The biofilm formation of S. aureus, MRSA,
and CoNs can lead to high rates of antibiotic resistance,
making treatment difficult. Biofilm screening must be
done to prevent it. This study detects the phenotypic ability
of Staphylococcus species to produce biofilm; a genotypic
detection of associated genes can give better results.
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