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ABSTRACT 
 

 
Background and Objectives: Staphylococcal infections are one of the major infectious diseases affecting globally in spite 

of advances in development of antimicrobial agents. Knowledge and awareness about the local pattern and prevalence of 

MRSA infections plays a key role in treatment. The aim of this study was to identify MRSA strains by phenotypic and ge- 

notypic methods and to analyze the antibiotic susceptibility pattern of MRSA strains from patients attending a tertiary care 

hospital. 

Materials and Methods: This study was conducted over a period of 1 year, where 296 isolates of Staphylococcus aureus 

were isolated from various clinical specimens. The isolated strains were examined for antibiotic susceptibility by the modi- 

fied Kirby Bauer disc diffusion method. Methicillin resistance was detected by cefoxitin disk diffusion test. 

Results: A total of 104 isolates were found to be MRSA and 192 were found to be MSSA. Among the 104 MRSA isolates, 

10 strains that were multidrug resistant were subjected to 16S rRNA gene sequencing analysis. All the 10 strains had a 99% 

match with S. aureus strains that were responsible for causing some serious biofilm mediated clinical manifestations like 

cystic fibrosis and device mediated infections. The biofilms were quantified using crystal violet staining and their ability to 

produce biofilms was analyzed using scanning electron microscopy and matched with the Genbank. 

Conclusion: Hence these phylogenetic analysis aid in treating the patients and combating resistance to antibiotics. 

 
Keywords: Staphylococcus aureus; Pyogenic infection; Methicillin-resistant Staphylococcus aureus; Biofilm; Multi drug 

resistance; Penicillin binding proteins; Healthcare associated infections 

 
INTRODUCTION 

 
Staphylococcal infections are one of the major in- 

fectious diseases affecting globally in spite of advanc- 

es in evolution of various antibacterial agents. Of the 

various species of staphylococci, Staphylococcus au- 

reus is the highly pathogenic species which can cause 

nosocomial and community acquired infections (1). 

Moreover, S. aureus is known to cause septicemia, 

skin and soft tissue infections, respiratory tract in- 

fections,  urinary  tract  infections,  bone  infections 

and vaginal infections (2). Alterations in the antibi- 
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otic susceptibility profile of the bacteria, makes the 

management  of  infections  difficult (3).  Increasing 

resistance patterns in the susceptibility profile of S. 

aureus to beta lactam antibiotics especially penicillin 

and cephalosporins have been reported (4). Various 

resistance mechanisms have been established for the 

occurrence of MRSA, namely synthesis of unique 

penicillin binding proteins with decreased likeness 

to beta lactam antibiotics determined by structural 

genes (mec R1, mec I), penicillin binding proteins 

with altered affinity to beta lactam antibiotics and 

production of penicillinase enzyme (5). 

The pyogenic infections of MRSA may range from 

infections affecting skin and soft tissue, pneumonia, 

pyogenic endocarditis, bone and joint infections, 

toxic-shock syndrome, staphylococcal scalded skin 

syndrome (6) and otitis media (7). The occurrence of 

MRSA infections scales between 13% and 74% glob- 

ally (8). The occurrence of MRSA in Europe ranges 

between 0.9% to 56% in 2014 (9). The Centre for Dis- 

ease Control estimated approximately 50% of methi- 

cillin resistance among S. aureus causing health care 

associated infections in the high risk units like ICU’s 

(10). 

Management of MRSA cases is quite challenging. 

Vancomycin, linezolid and daptomycin are the com- 

monly used anti-MRSA agents (11). Currently, treat- 

ment of MRSA infections is often associated with 

higher risks imposing a challenge to the treating phy- 

sicians. MRSA infections are global threat causing 

economic burden to a country when compared with 

MSSA infections (11). Knowledge and awareness 

about the local pattern and prevalence of MRSA in- 

fections would be helpful for the treating physicians, 

microbiologists, public health care officials and work- 

ers in the particular region. The information would be 

helpful in proper management of cases, formulating 

the hospital infection control policies and designing 

appropriate control measures. So, the main objective 

of the present study was to determine MRSA strains by 

phenotypic and genotypic methods and to assess the 

antibiotic susceptibility profile of the MRSA isolates. 
 

 
 

MATERIALS AND METHODS 

 
Strain isolation and characterization of its drug 

susceptibility pattern. The study was conducted in a 

tertiary care centre, Sree Balaji Medical college and 

Hospital for a period of 1 year between May 2021 

to April 2022, after obtaining ethical clearance. 296 

Staphylococcus aureus isolates of various clinical 

samples like pus, tissue fluids, skin, soft tissue and 

blood were included in the study. The isolated strains 

were tested for its drug susceptibility by the modified 

Kirby Bauer disc diffusion method against antibiotic 

discs (HiMedia; Mumbai) as per the CLSI (Clinical 

and Laboratory Standards Institute) guidelines rec- 

ommended for Gram positive cocci (7). The follow- 

ing antibiotic discs were used; Penicillin (10 units), 

ciprofloxacin (10 µg), cotrimoxazole (25 µg), eryth- 

romycin (5 µg), clindamycin (2 µg), linezolid (30 µg), 

rifampin (5 µg), chloramphenicol (30 µg), tetracycline 

(30 µg) and gentamycin (120 µg). For detecting meth- 

icillin  resistance, cefoxitin  disk  diffusion test was 

done. Cefoxitin (30 µg) disc was used for the test and 

the interpretation of results were done based on latest 

CLSI guidelines (12). If the zone of inhibition of the 

S. aureus strains were ≤21 mm then it was considered 

to be methicillin resistant. If the zone of inhibition of 

S. aureus strains were ≥21 mm then it was considered 

to be sensitive (13). The results were also confirmed 

by Vitek-2 compac. 10 strains of MRSA that showed 

multi  drug  resistance were  selected  for  genotypic 

analysis. 

 
Molecular  identification of  MRSA  strains by 

16S rRNA gene sequence analysis. Identification of 

MRSA isolates were confirmed by 16S rRNA gene 

sequence analysis. The strains were grown in Soy- 

bean casein Digest (SCD) broth overnight at 37°C. 

The broth was rotated and the pellet was resuspend- 

ed in sucrose TE. Lysozyme was additionally mixed 

to get a final concentration of 8 mg ml-1. It was then 

incubated for about an hour at 37°C. 100 µl of 0.5 M 

EDTA (pH 8.0), 60 µl of 10% SDS and 3 µl of protein- 

ase K from 20 mg ml-1 were added to the tube and was 

further incubated at 55°C overnight. The supernatant 

was extracted twice with phenol: chloroform (1:1) and 

once with chloroform: isoamyl alcohol (24:1) and eth- 

anol precipitated. The DNA pellet was resuspended 

in sterile distilled water. Eubacterial specific prim- 

ers (forward primer 24f—5’-AGAGTTTGATCCT- 

GGCTCAG-3’) and (reverse primer 1492r—5’ AC- 

GGCTACCTTGTTACG ACTT-3’) were used to 

amplify 16S rRNA genes. PCR fragments were pu- 

rified and sequencing of the rRNA gene was carried 

out. The full-length sequences that resulted were 

matched with the closest associated strain which were 

acquired by BLAST searches (14). 

http://ijm.tums.ac.ir/


CHARACTERIZATION OF STAPHYLOCOCCUS AUREUS ASSOCIATED WITH PYOGENIC INFECTIONS 

445 http://ijm.tums.ac.ir IRAN. J. MICROBIOL. Volume 16 Number 4 (August 2024) 443-449 

 

 

 

 
 

Biofilm quantification of MRSA strains. A crys- 

tal violet (CV) staining method was used for quan- 

tifying the biofilm forming ability of the 10 strains. 

All 10 strains were raised overnight and measured 

for an absorbance of 0.3. 1ml of SCD broth and 100 

ul of each strain of bacterial culture was added in 

10 test tubes with triplicates was incubated at 37°C 

and 50 rpm conditions for 24 hours for young bio- 

film quantification and repeated for further 24 hours 

incubation by removing the spent medium and add- 

ing 1 ml of fresh SCD broth to the wells of 24 well 

plate for mature biofilms. 0.4% of CV is used to stain 

the biofilms and 70% ethanol is used to solubilize the 

biofilms formed on the sides of test tubes. A spectro- 

photometer was used to measure absorbance of 595 

nm (10). Visual confirmation of the biofilm formation 

was done by growing biofilms over 1 × 1 cm kept  in 

24 well microtiter plate for 24 hours. It was viewed 

under the light microscope. 

 
Scanning electron microscopy analysis. The po- 

tential of some selected methicillin-resistant Staphy- 

lococcus aureus to produce biofilms was studied by 

using Scanning Electron Microscopy (SEM). The 

strains included were selected based on the source of 

the closest match in the Genbank. The biofilms were 

cultured on  top of the glass slides of 1 × 1 cm which 

were kept on the 24-well microtiter plate. The plates 

were incubated for the first 24 hours and repeated by 

replacing the spent media with fresh SCD media and 

further incubation was done for another 24 hours. Af- 

terwhich the slides containing the samples were lay- 

ered with gold and examined (15). 
 

 
 

RESULTS 

 
Of the 296 Staphylococcus aureus isolated from var- 

ious clinical samples, 104 were found to be resistant 

to methicillin (MRSA) and the remaining192 isolates 

were found to be sensitive to methicillin (MSSA). The 

antibiotic susceptibility pattern of the MRSA isolates 

is shown in Fig. 1. 

Most of the MRSA strains were isolated from pus 

(42.72%) samples. 16s rDNA sequence analysis re- 

vealed that all the strains had a closest match to S. au- 

reus of various clinical samples. A majority of strains 

(LS1, LS2 and LS5) had a closest match with pus or 

wound isolates (Table 1). The sample distribution is 

shown in Fig. 2. 

 
 
Fig. 1. Antibiotic profile among MRSA isolates 

 
Visualization of biofilm formation by MRSA 

strains. Biofilm assay on 24 well microtiter plate 

showed the ability of all 10 selected MRSA strains 

to form biofilms. Amongst all, LS8 with mean absor- 

bance of 2.357 measured at 595 nm showed the max- 

imum biofilm formation (Fig. 3). Light Microscopic 

visualization also authenticated the biofilm forming 

ability of all the clinical isolates as there was a cluster 

of bacterial cells (Fig. 4). 

 
SEM  analysis  of  MRSA  strains. Five  MRSA 

strains were selected based on their closest match 

in the Genbank, each strain representing a different 

source. SEM images revealed that all the five strains 

showed a thick conglomeration of cocci which might 

be due to the presence of exopolysaccharide layer 

produced by the biofilm matrix. 
 

 
 
DISCUSSION 

 
The infections due to S. aureus and the preva- 

lence of MRSA are major threats to the healthcare 

systems worldwide. Community acquired S. aureus 

(CA-MRSA) infections have been on the rise in the 

recent decades. The CA-MRSA is an alarming threat 

worldwide because of the multidrug resistant genes. 

The MRSA is a rising global threat due to the ca- 

pability of the Staphylococcus strains to acquire the 

resistant genes overtime. 

A highly sensitive and specific detection method of 

MRSA is much needed by the clinicians as well as 

microbiologists. The antimicrobial resistance action 

plan devised by World Health organisation (WHO) 

involves many approaches to battle the AMR includ- 

ing novel methods for identification of pathogens 

(16). Mec A gene identification by PCR is the gold 

standard in identification of MRSA (17). 
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Table 1. 16s gene sequence analysis of MRSA strains isolated from pus samples based on BLAST analysis 

 

Strain GenBank 

accession number 
Most closely related hit in GenBank Source of the closest match 

LS1 OP010186 Staphylococcus aureus (MK346033) Pus 
LS2 OP010187 Staphylococcus aureus (MK346033) Pus 
LS3 OP010202 Staphylococcus aureus (MZ462056) Ear swab 
LS4 OP010912 Staphylococcus aureus (LN899816) Biofilm former on medical device 
LS5 OP012468 Staphylococcus aureus (MK346033) Pus 
LS6 OP012475 Staphylococcus aureus (OK285211) Wound 
LS7 OP012476 Staphylococcus aureus (MF144453) Sputum of cystic fibrosis patient 
LS8 OP012510 Staphylococcus aureus (OP364883) Human Blood Samples 
LS9 OP012702 Staphylococcus aureus (KR232862) Cord blood unit 
LS10 OP072205 Staphylococcus aureus (MF144453) Sputum of cystic fibrosis patient 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Distribution of samples among MRSA isolates 

 

 
 

Fig. 3. Biofilm quantification of various MRSA strains. 
 
 

 
 

Fig. 4. Biofilm forming ability of various MRSA strains vi- 

sualized by light microscopy. 

The occurence of MRSA has been shown to be 

due to acquisition of mec A gene which is an import- 

ant part of staphylococcal cassette chromosome mec 

(SCCmec). The penicillin binding protein (PBP2a), a 

peptidoglycan transpeptidase is coded mec A which 

holds beta lactam antibiotics resistant drugs like pen- 

icillins, cephalosporins and carbapenems (18). The 

presence of mec A or PBP 2a can be diagnosed us- 

ing methicillin or oxacillin, hence the name MRSA 

is being used commonly (19). This study is done to 

analyse the presence of MRSA among Staphylococ- 

cus aureus isolates from both inpatients and outpa- 

tients of Sree Balaji Medical college and hospital, 

Chennai, India. 

Since early times, MRSA is considered as a pre- 

cursor of multidrug resistance and Hospital acquired 

infections in healthcare settings (20). Hence sepsis 

caused by MRSA are challenging to treat because of 

the multi drug resistance nature of S. aureus causing 

failure of treatment and adds to the complications 

(21). Recent decades show remarkable rise in MRSA 

percentage with emergence of healthcare-associated 

MRSA (HA-MRSA). It has emerged as an endemic 

in many countries causing high mortality and mor- 

bidity due to bloodstream infections and respiratory 

infections including pneumonia (20). Though there 

are newer development of antibiotics, adequate sur- 

veillance efforts and increased importance given to 

infection prevention, MRSA still seems to be a prom- 

inent pathogen and a leading cause of mortality (22). 

According to our data, 296 S. aureus isolates were 

obtained from various clinical samples. MRSA iso- 

lation rate was found as 35.1%. There was no signif- 

icant connection found among the Gender and the 
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MRSA isolation levels. However, majority of the 

strains (80%) analysed genotypically were between 

the age group of 30-59 years. 

Studies show that the commonly used method 

currently employed in identification of MRSA is by 

cefoxitin disc diffusion test. It is superior to disc dif- 

fusion test using oxacillin disc and is found to be 

the surrogate marker of mec A gene. Cefoxitin disc 

is now being a routinely used technique in identifica- 

tion of MRSA strains and a good alternative to PCR 

in resource limited settings (23). 

Many studies reported the presence or absence of 

MRSA (24-26). Staphylococcus aureus is regarded 

as a common causative agent of infectious diseases. 

Since it is usually a normal skin commensal, it has 

the ability to enter the body through cut wounds, 

abrasions, burns, surgical incisions and may cause 

pyogenic infections.This study shows that S. aureus 

was mostly isolated from pus samples, which was 

similar to studies by Onemu and Ophori (27). Which 

showed a prevalence of 72.7%. Another study, in Al- 

geria showed 64.28 % (28), but its higher than results 

obtained by our study which showed 42.7% of pus 

samples hence this is comparable to a study in Ma- 

roc 19% (29). As expected, majority of the isolates in 

our study had a closest match to strains isolated from 

wound and pus samples. Moreover, it is noteworthy 

that all the 10 strains produced a prodigious amount 

of biofilms (Fig. 3). 

Biofilm formation is a major hurdle in treating 

wound infections as the chronic wounds do not heal 

easily (30). The composition of the biofilm i.e., ex- 

tracellular matrix (ECM) plays a major role in me- 

diating drug resistance among the pathogens. The 

present study also show that some selected strains 

formed a thick exopolysaccharide (EPS) layer. The 

EPS layer helps to attach the bacterial strains to the 

surrounding tissue which helps in the aggregation of 

bacterial cells (Fig. 5). It is important to note that the 

strain LS4 which produced a robust aggregation had 

a closest match to an S. aureus strain (LN899816) 

which was a biofilm former isolated from a medical 

device. Aggregation is an important property among 

strains involved in device mediated biofilm infection 

as a stable aggregation is the base form biofilms to 

develop in mature biofilms (27). This further thick- 

ens the EPS layer which in turn prevent the entry of 

antimicrobials thereby mediating drug resistance. It 

was interesting to note that 2 strains (LS7 and LS10) 

had a closest match to S. aureus strains recovered 

from the sputum of patients with cystic fibrosis 

(Table 1). 

Recent studies show that S. aureus is the second 

most common next to Pseudomonas aeruginosa re- 

ported in cystic fibrosis patients. Pathogens present 

in the air way passage adapt to the hostile niche by 

producing a biofilm and myriad of virulence factors 

to  overcome  the  host immune  response,  antibiot- 

ic therapy and the competition with coinfection of 

pathogens (31). Wound infections are also one such 

environment where biofilm formation protects the 

pathogens from conditions that are unfavourable to 

them. Overall, it is clearly evident that biofilm for- 

mation is crucial virulence factor in S. aureus strains 

across  different clinical  conditions  which  stresses 

the need for an antibiofilm therapy rather than mere 

 

 
 

Fig. 5. Scanning Electron Microscopic images of biofilms formed by selected MRSA strains. 
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administration of antimicrobials. Moreover, as Quo- 

rum sensing (QS) has a major role in cell aggrega- 

tion causing assembly of biofilms. Quorum sensing 

inhibitors (QSI) or quorum quenchers (QQ) should 

be formulated as topical agents to treat wound in- 

fections.  Extensive  knowledge  about  prevalence 

and incidence of MRSA strains in the local area is 

an important pre requisite for developing appropri- 

ate control and surveillance measures. In the present 

study, phenotypic antimicrobial susceptibility tests 

shows higher sensitivity to linezolid (100%), rifam- 

picin (94.23%) and chloramphenicol (94.23%) which 

resembles a previous study by Gitau et al. (32) which 

shows high sensitivity to linezolid. Our study shows 

high levels of resistance to benzyl penicillin (100%) 

and erythromycin (82.69%) which is comparable to 

few Kenyan and African studies (32-34). 
 

 
 

CONCLUSION 

 
The present study throws light into the diverse dis- 

tribution and resistance pattern of MRSA. Though 

the study is limited by lesser numbers of isolates, 

it furnishes a base for monitoring the occurrence 

of S. aureus and observing the resistance patterns 

that aids to analyse risk factors for S. aureus in- 

fections. The study will further intensify our basic 

knowledge  of  interactions  among  pathogen-drug 

and pathogen-host in case of MRSA infections. Fur- 

ther in-depth studies are required in newer areas of 

drug development wherein focus should be more on 

anti-infective agents to cope with the challenges of 

these life-threatening infections. 
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