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Introduction: Staphylococcus aureus including methicillin-resistant S. aureus (MRSA) has 

the propensity to form biofilms, and causes significant mortality and morbidity in the patients 

with wounds. Our aim was to study the in vitro biofilm-forming ability of S. aureus isolated 

from wounds of hospitalized patients and their association with antimicrobial resistance. 

Materials and methods: Forty-three clinical isolates of S. aureus were obtained from 150 

pus samples using standard microbiological techniques. Biofilm formation in these isolates was 

detected by tissue culture plate (TCP) method and tube adherence method (TM). Antimicro-

bial susceptibility test was performed using the modified Kirby–Bauer disk diffusion method 

as per Clinical and Laboratory Standards Institute guidelines. MRSA was detected using the 

cefoxitin disk test. 

Results: Biofilm formation was observed in 30 (69.8%) and 28 (65.1%) isolates of S. aureus 

via TCP method and TM, respectively. Biofilm-producing S. aureus exhibited a higher inci-

dence of antimicrobial resistance when compared with the biofilm nonproducers (P<0.05). 

Importantly, 86.7% of biofilm-producing S. aureus were multidrug resistant (MDR), whereas 

all the biofilm nonproducers were non-MDR (P<0.05). Large proportions (43.3%) of biofilm 

producers were identified as MRSA; however, none of the biofilm nonproducers were found 

to be MRSA (P<0.05). 

Conclusion: Both the in vitro methods showed that S. aureus isolated from wound infection 

of hospitalized patients have high degree of biofilm-forming ability. Biofilm-producing strains 

have very high tendency to exhibit antimicrobial resistance, multidrug resistance and methicil-

lin resistance. Regular surveillance of biofilm formation by S. aureus and their antimicrobial 

resistance profile may lead to the early treatment of the wound infection.
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Introduction
Biofilms are the aggregation of bacteria embedded in a self-produced extracellular 

matrix of exopolysaccharides (EPSs), proteins and some micromolecules such as 

DNA. They can form on both biotic and abiotic surfaces.1 Studies have confirmed 

using scanning electron microscopy and other molecular techniques that wounds are 

colonized by biofilms.2,3 Biofilm protects the microorganism from host defenses and 

impedes delivery of antibiotics which may cause impairment in wound healing.4,5

Staphylococcus aureus is an opportunistic pathogen implicated as the most common 

agent of skin and soft tissue infections. It exists in the nasopharynx, skin, eye, intestine 
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and urogenital tract as normal flora. However, it can breach 

the skin barriers through the wound or surgical incision and 

cause infection. Furthermore, it has the ability to adhere to 

and form a biofilm on tissues or medical indwelling devices. 

S. aureus initially adheres to a solid substrate, after which 

cell–cell adhesion occurs; the bacteria then multiply to form 

a multilayered biofilm encased in EPS. In fact, biofilm forma-

tion involves the production of polysaccharide intercellular 

adhesin,6 which depends on the expression of the intercel-

lular adhesion (IcaADBC) operon that encodes three mem-

brane proteins (IcaA, IcaD and IcaC) and one extracellular 

protein (IcaB).7 In addition, several surface proteins have 

been involved in the biofilm formation process, including 

biofilm-associated protein,8 S. aureus surface protein G,9 

fibronectin-binding proteins or staphylococcal protein A.10 

Biofilm formation by S. aureus can lead to a delay in reepi-

thelialization of the infected tissues, ultimately increasing 

healing time. S. aureus biofilms have been associated with 

chronic wounds like diabetic foot ulcer, pressure sores and 

venous ulcers.3 Detachment of matured biofilm of S. aureus 

is a prerequisite for the dissemination of wound infection.11

Methicillin-resistant S. aureus (MRSA) poses a great risk 

to patients with wounds; significant increase in both mortal-

ity and morbidity in humans has been reported in patients 

infected with MRSA due to the development of biofilms.12 

MRSA are frequently resistant to a wide variety of antibiotics, 

and this is more pronounced in those having ability to form 

a biofilm. The S. aureus infections and biofilm formations, 

in addition to an increase in the length of hospital stay, are 

associated with more clinically important pathologies such as 

pneumonia, polyarthritis, necrotizing fasciitis, endocarditis 

and septicemia. Therefore, our aim was to study the in vitro 

biofilm-forming ability of S. aureus isolated from wounds of 

hospitalized patients and their association with antimicrobial 

resistance.

Materials and methods
This cross-sectional observational study was conducted in 

the Department of Microbiology, Chitwan Medical College 

and Teaching Hospital (CMCTH), Bharatpur, Nepal. A total 

150 routine pus samples were obtained from wounds at vari-

ous body sites of patients admitted in CMCTH. The samples 

were inoculated onto nutrient agar, blood agar and mannitol 

salt agar. Of the total samples, 43 grew S. aureus, which was 

identified by a standard microbiological techniques including 

Gram stain, catalase, coagulase, phosphatase and DNAase 

tests.13 Biofilm formation by these isolates was detected by 

two in vitro methods: tissue culture plate (TCP) method and 

tube adherence method (TM).

TCP method
This quantitative, gold standard method for biofilm detec-

tion was carried out as described by Christensen et al.7 In 

brief, a colony of S. aureus was isolated from a fresh agar 

plate and inoculated in 2 mL of trypticase soy broth. The 

broth was incubated overnight at 37 °C. The culture was then 

diluted to 1:100 with fresh medium. A sterile individual plate 

with 96 flat-bottom polystyrene wells was filled with 200 

μL of the diluted culture. The control organisms were also 

processed in a similar manner. The plate was incubated at 

37 °C for 24 hours. After incubation, the contents of each 

well were removed by gentle tapping. The wells were washed 

with 200 μL of phosphate buffer saline (pH 7.3) to remove 

free-floating bacteria. Biofilms formed by bacteria adherent 

to the wells were fixed by 99% methanol and stained with 

0.1% crystal violet (CV). Excess stain was washed gently, 

and the plate was kept for drying. The optical density of 

the stained adherent biofilm was measured using a micro-

ELISA auto-reader (HUMAN) at a wavelength of 570 nm. 

The experiment was performed in triplicate. Interpretation 

of biofilm production was performed as per the criteria 

described by Stepanovic et al,14 and the bacteria were cat-

egorized into biofilm nonproducers, or weak, moderate or 

strong biofilm producers.

Tube adherence method 
The isolated organisms were inoculated in 5 mL trypticase 

soy broth in test tubes and incubated overnight at 37 °C 

along with the control organism.15 After incubation, the 

tubes were decanted, dried and stained with 0.1% CV. Sub-

sequently, the tubes were washed gently and placed upside 

down for drying. Visible lining of the wall and bottom of 

the tube by a film was considered as positive. The results 

were scored visually as nonproducers, or weak, moderate 

or strong biofilm producers.

S. aureus ATCC 25923 and S. aureus ATCC 35556 were 

used as negative and positive controls, respectively, for the 

biofilm assay.

Antimicrobial susceptibility test
Antimicrobial susceptibility tests of the clinical isolates 

against different antimicrobials were performed in Müller–

Hinton agar (MHA) using the standard disk diffusion tech-

nique (modified Kirby–Bauer method) and interpreted as 

per Clinical and Laboratory Standards Institute guidelines.16 

The following antimicrobial agents were tested: ampicillin 

(10 µg), cefoxitin (30 µg), ciprofloxacin (5 µg), chloram-

phenicol (30 µg), clindamycin (2 µg), cotrimoxazole (25 µg), 

doxycycline (30 µg), erythromycin (15 µg), gentamicin 
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(10 µg), minocycline (30 µg), rifampicin (5 µg), teicoplanin 

(30 µg), tetracycline (30 µg) and vancomycin (30 µg) (HiMe-

dia Laboratories, Mumbai, Maharashtra, India). S. aureus 

ATCC 25923 was used as the control organism.

Isolates were considered multidrug resistant (MDR) 

based on the guidelines recommended by the joint initiative 

of the European Centre for Disease Prevention and Control 

(ECDC) and the Centers for Disease Control and Prevention 

(CDC).17 According to those guidelines, the isolates show-

ing non-susceptibility to at least one agent in three or more 

antimicrobial categories were identified as MDR.

S. aureus isolates showing positive D zone test were 

considered as resistant to clindamycin.

Screening of MRSA
All the isolates identified as S. aureus were further screened 

for methicillin resistance using the cefoxitin disk.

Test inoculum (0.5 McFarland standards) was inoculated 

onto MHA by lawn culture. Cefoxitin disk (30 µg) was placed 

on the agar plate and incubated overnight at 37 °C. On the 

following day, the zones of inhibition were measured, and 

those ≤21 mm in diameter were considered to be MRSA.12

S. aureus ATCC 25923 and ATCC 43300 were used as 

negative and positive controls, respectively.

Ethical approval
This study was approved by the Institutional Review Com-

mittee (IRC) of CMCTH, Bharatpur, Chitwan, Nepal (Ref. 

No. CMC-IRC-64). Written informed consent was obtained 

from each of the patients from whom samples were collected.

Statistical analysis
SPSS software (version 17; SPSS, Chicago, IL, USA) was 

used for data analysis. Chi-square test was used for analysis 

of categorical data. A P-value of <0.05 was considered sta-

tistically significant.

Results
Detection of biofilm by two methods
Among 43 clinical isolates of S. aureus obtained from the 

wounds, biofilm formation was observed in 30 (69.8%) 

isolates by the TCP method and in 28 isolates (65.1%) by 

TM (Table 1). Of the total S. aureus isolates, 3 (6.97%) 

demonstrated strong biofilm production, 12 (27.90%) showed 

moderate production and 15 (34.88%) demonstrated weak 

biofilm production by the TCP method; on the other hand, 

the TM revealed strong production in 2 (4.65%) isolates, 

and moderate and weak production in 10 (23.25%) and 16 

(37.20%) isolates, respectively. The use of both methods 

revealed 2 (4.65%) strong, 10 (23.25%) moderate and 13 

(30.23%) weak biofilm producers (Table S1).

Considering TCP as the gold standard method, the 

sensitivity, specificity, positive predictive value, negative 

predictive value and accuracy were found to be 83.3%, 77%, 

89.3%, 66.7% and 81.4%, respectively.

Antimicrobial resistance patterns
As shown in Table 2, the biofilm-producing S. aureus were 

associated with higher incidence of antimicrobial resistance 

when compared to the nonproducers: ampicillin (86.7% vs 

76.9%, P=0.427), cefoxitin (43.3% vs 0%, P=0.007), cotri-

moxazole (66.7% vs 30.8%, P=0.029), ciprofloxacin (60% 

vs 23.1%, P=0.026), erythromycin (50% vs 0%, P=0.002), 

clindamycin (20% vs 7.7%, P=0.315), gentamicin (50% vs 

0%, P=0.002), tetracycline (10% vs 0%, P=0.237), chloram-

phenicol (3.3% vs 0%, P=0.505) and teicoplanin (6.7% vs 

0%, P=0.340). All the isolates were sensitive to doxycycline, 

minocycline, rifampicin and vancomycin.

Comparison of multidrug resistance and 
methicillin resistance in biofilm-positive 
and biofilm-negative S. aureus isolates
Of the total isolates, 26 (60.5%) were MDR; interestingly, 

out of 30 biofilm-positive isolates, 26 (86.7%) were MDR, 

whereas 4 (13.3%) were non-MDR. In contrast, no MDR 

isolates were noted among any of the biofilm nonproducers; 

in other words, all the biofilm nonproducers were non-MDR 

isolates (P<0.05; Table 3).

Furthermore, 13 (30.2%) of the total isolates were MRSA. 

Remarkably, 43.3% of biofilm producers were MRSA, 

whereas no MRSA isolates were noted among the biofilm 

nonproducers (P<0.05; Table 3).

Table 1 Detection of biofilm producers by two different methods

Tube adherence method Total, n (%)

Biofilm positive, n (%) Biofilm negative, n (%)

Tissue culture plate method Biofilm positive, n (%) 25 (58.1) 5 (11.7) 30 (69.8)
Biofilm negative, n (%) 3 (7.0) 10 (23.2) 13 (30.2)

Total, n (%) 28 (65.1) 15 (34.9) 43 (100)
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Discussion
In spite of the various antimicrobial therapies available, 

the management of bacterial wound infections remains 

problematic.3 In the present study, we detected the in vitro 

biofilm-forming ability of S. aureus isolated from wounds of 

hospitalized patients and their association with antimicrobial 

resistance.

In this study, the detection and comparison of biofilm-

forming ability were performed using two in vitro methods, 

TCP and TM, respectively. TCP has been used as a gold 

standard method, whereas TM is used as a screening test.18 

Although TM is one of the simplest methods used, the pres-

ence of visible errors should be considered with the method.19 

In the present study, the prevalence of biofilm formation was 

very similar in the two methods (69.8% and 65.1% biofilm 

formation was detected using the TCP and TM methods, 

respectively). In addition, we confirmed the accuracy of TM 

by measuring the sensitivity, specificity, positive predictive 

value and negative predictive value. Moreover, TM is cost 

effective and easily available which has to be taken under 

consideration in a developing country like Nepal. Therefore, 

TM may be used for the screening of biofilms during routine 

laboratory work at the general hospital.

Differences in the prevalence of biofilm formation have 

been reported, with data ranging from <50% to >70%.20–22 The 

prevalence of biofilm formation in the present study (69.8% 

was detected by TCP and 65.1% by TM) was in the higher 

range. Our data, using samples isolated from wound and pus, 

are similar to that of a previous report that showed 66.67% 

biofilm formation in the blood samples.23 The potential for 

biofilm formation in wounds and pus may be similar to that 

in the blood. Biofilm formation depends on many factors 

such as environment, availability of nutrients, geographical 

origin, types of specimen, surface adhesion characteristics 

and genetic makeup of the organism.24 These factors may 

have affected the data and contributed to the high prevalence 

observed in the present study. However, it is not known as 

to how these factors are involved. Biofilms can form on any 

wound when planktonic bacteria are not eliminated by the 

host’s immune system or by exogenous antimicrobial agents.25 

In addition, mutations in Ica and regulatory genes have 

been associated with reduced capacity of S. aureus to form 

biofilms.26 Taken together, these factors may have affected 

the results in the present study. Further studies are needed 

to clarify these phenomena.

Identification of the adherence property of S. aureus has 

shown associations between biofilm formation and degree of 

pathogenicity, wherein the virulence property of the organism 

was found to vary with its ability to adhere to the surface.27 

Therefore, the adherence property of biofilm producers was 

graded as strong, moderate and weak in both methods used 

in this study (TM and TCP). In the present study, 6.97% of 

the S. aureus were highly virulent showing strong adherence. 

Our result was consistent with another study from Algeria,28 

Table 2 Antimicrobial resistance pattern of Staphylococcus aureus

Antimicrobials BP (N=30) BN (N=13) P-value

n (%) n (%)

Aminoglycosides
Gentamicin (10 µg) 15 (50) 0 (0) 0.002*

Ansamycins
Rifampicin (5 µg) 0 (0) 0 (0) NA

Cephamycin
Cefoxitin (30 µg) 13 (43.3) 0 (0) 0.007*

Fluoroquinolones
Ciprofloxacin (5 µg) 18 (60) 3 (23.1) 0.026*

Folate pathway inhibitor
Cotrimoxazole (25 µg) 20 (66.7) 4 (30.8) 0.029*

Glycopeptides
Vancomycin (30 µg) 0 (0) 0 (0) NA
Teicoplanin (30 µg) 2 (6.7) 0 (0) 0.340

Lincosamides
Clindamycin (2 µg) 6 (20) 1 (7.7) 0.315

Macrolides
Erythromycin (15 µg) 15 (50) 0 (0) 0.002*

Penicillins
Ampicillin (10 µg) 26 (86.7) 10 (76.9) 0.427

Phenicols
Chloramphenicol (30 µg) 1 (3.3) 0 (0) 0.505

Tetracyclines
Tetracycline (30 µg) 3 (10) 0 (0) 0.237
Doxycycline (30 µg) 0 (0) 0 (0) NA
Minocycline (30 µg) 0 (0) 0 (0) NA

Note: *Statistically significant (P<0.05).
Abbreviations: BP, biofilm producer; BN, biofilm nonproducer; NA, not applicable.

Table 3 Comparison of multidrug resistance and methicillin resistance in biofilm-positive and biofilm-negative Staphylococcus aureus 
isolates

MDR, n (%) Non-MDR, n (%) MRSA, n (%) MSSA, n (%)

Biofilm producers (N=30) 26 (86.7) 4 (13.3) 13 (43.3) 17 (56.7)
Biofilm nonproducers (N=13)                0 (0) 13 (100) 0(0) 13 (100)
Total (N=43) 26 (60.5) 17 (39.5) 13 (30.2) 30 (69.8)

Abbreviations: MDR, multidrug resistant; MRSA, methicillin-resistant S. aureus; MSSA, methicillin-sensitive S. aureus.
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which showed 4 (8%) strongly adherent, 10 (20%) moderately 

adherent, 20 (40%) weakly adherent and 16 (32%) nonad-

herent strains. Environmental factors like sugars (glucose or 

lactose) or proteases present in the growth medium, surface 

area, type of surface (rough/smooth), porosity, charge of the 

surface and the genetic makeup of the S. aureus isolate affect 

biofilm formation.29 The genes that are essential for biofilm 

formation are a subset of those involved in the pathogenesis.28 

According to another report,30 IcaA-positive S. aureus can 

form a strong biofilm; however, MRSA isolates are Ica gene-

independent, and even IcaA-negative isolates demonstrate 

weak biofilm production.31

Biofilm infections are clinically important because 

bacteria in biofilms exhibit recalcitrance to antimicrobial 

compounds.32 The biofilm-producing S. aureus were more 

resistant to various antimicrobials than the biofilm nonpro-

ducers.19,33 To eradicate the biofilm producers, high concen-

trations of antimicrobials may be necessary. However, this 

may not always be practical in vivo due to the risk of toxicity 

and related side effects. Therefore, low-concentration combi-

nation therapies may be effective to eradicate biofilm-related 

staphylococcal infections, including those by MRSA.34 The 

early detection and screening of biofilm producers followed 

by their antimicrobial susceptibility tests is important for the 

selection of an appropriate antimicrobial agent.

In our study, biofilm producers were resistant to erythro-

mycin, gentamicin, tetracycline, cefoxitin, chloramphenicol 

and teicoplanin, whereas none of the biofilm nonproducers 

was resistant to these antibiotics (P<0.05). The resistant rates 

of biofilm producers to cotrimoxazole and ciprofloxacin 

were significantly higher than those of biofilm nonproducers 

(P<0.05). The higher rate of resistance in biofilm-producing 

Gram-positive bacteria toward erythromycin, cotrimoxazole 

and ciprofloxacin has been reported earlier.32 Our result pro-

vides support to those from a previous study in Nepal,35 which 

reported that resistance toward erythromycin and cotrimoxa-

zole was increased due to the excessive use of these drugs for 

the treatment of both minor and more serious staphylococcal 

infections. Therefore, the antimicrobial resistance seen in 

the present study was higher among biofilm-producing S. 

aureus than among the nonproducers. These results indicate 

that biofilm formation may be one of the crucial factors for 

increasing resistance toward commonly used antibiotics.

Vancomycin is reported to be the most effective antibiotic 

for Gram-positive bacteria, including MRSA.36 Accordingly, 

our data also showed that all the isolates including biofilm 

producers were sensitive to vancomycin. This finding is 

consistent with the previously proposed suggestion that 

vancomycin is the last reserve antibiotic and one of the most 

expensive drugs that is sparingly used in Nepal.37

The multidrug resistance to most of the antimicrobials 

used in wound infections caused by S. aureus is an increas-

ing problem.37 Therefore, surveillance of the antimicrobial 

resistance pattern of S. aureus is of utmost importance in 

the management of wound infections.35 According to the 

guidelines by the ECDC and CDC,17 we determined 86.7% of 

the biofilm-producing S. aureus as MDR. MDR was signifi-

cantly higher in biofilm producers when compared with the 

biofilm nonproducers (P<0.05). The mechanism of multidrug 

resistance in biofilm-forming organisms is described as a 

direct result of close cell–cell contact in the biofilm, which 

facilitates easy transfer of plasmids containing MDR genes 

among one another.38 According to our data, only the biofilm 

producers were MDR; nevertheless, further investigations 

should be conducted in a larger numbers of samples.

MRSA strains are one of the MDR organisms that pose 

a great risk to wounded patients.35 In Nepal, incidence of 

MRSA was reported to be 20–43.1% by previous studies 

conducted between 2001 and 2013.35 In the present study, 

30.2% of total S. aureus and 43.3% of biofilm-forming 

S. aureus were methicillin resistant which were recovered 

from wounds of hospitalized patients. The high incidence 

reported in this study may be attributed to the fact that MRSA 

is usually spread by direct contact via infected wound samples 

or contaminated hands of the health care providers.39

Another study showed that 3 of 11 biofilm-positive 

isolates obtained from indwelling medical devices were 

MRSA.18 The difference in the result between the two stud-

ies may be due to the limited number of samples used or the 

different sources of specimens in the previous study. In other 

study, 97.5% of biofilm producers from burn wound samples 

were MRSA.40 This may be due to the large area involved 

for the multiplication of S. aureus in burn wounds. Further, 

transmissions of MRSA are more common in burn wounds.

Conclusion
The clinical isolates of S. aureus recovered from wound 

infection of hospitalized patients exhibit a high degree of 

biofilm formation. Higher rate of antimicrobial resistance is 

demonstrated by biofilm producers than by biofilm nonpro-

ducers. The biofilm-positive strains have a higher tendency 

to exhibit multidrug resistance and methicillin resistance 

compared to biofilm-negative strains. This may lead to the 

high risk of impairment in the wound healing and dissemi-

nation of the infection enhancing morbidity and mortality 

of the admitted patients. Therefore, we recommend regular 
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surveillance of biofilm formation in S. aureus wound isolates 

and their antimicrobial resistance profiles. This may help us 

to formulate an effective antimicrobial policy for the early 

treatment of wound infection.
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Table S1 Grading of biofilm producers by two different methods

Tube adherence method

Biofilm positive Biofilm negative

S, n (%) M, n (%) W, n (%) S, n (%) M, n (%) W, n (%)

Tissue culture 
plate method

Biofilm positive 2 (4.65) 10 (23.25) 13 (30.23) 1 (2.32) 2 (4.65) 2 (4.65)
Biofilm negative 0 (0) 0 (0) 3 (6.97) 10 (23.25) 0 (0) 0 (0)

Abbreviations: S, strong; M, moderate; W, weak.
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