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Article Information  ABSTRACT 
Received: 29th May 2023   Background: Staphylococcus aureus primarily inhabits the human anterior nares. Asymptomatic 

Methicillin-resistant Staphylococcus aureus (MRSA) nasal carriage in healthcare professionals makes 

them potential MRSA reservoirs. Since identification and decolonization would promote cross-

contamination reduction and curb communal transmission, this study was designed to identify MRSA 

nasal carriers among dental students and detect staphylococcal super antigenic determinants among 

them. Methods: Staphylococci isolates (n=52) from dental students(n=42) were investigated in the 

study. Following initial microbial speciation and antimicrobial susceptibility determination using 

standard identification methods, the MRSA strains were identified phenotypically using cefoxitin disc 

(30 µg). Genes encoding the virulence determinants, namely, TSST (test), enterotoxins (sea and seb), 

and cytotoxin (pvl), were looked for by PCR. Results: Only 15.09% of isolates were identified as 

Staphylococcus aureus, and all of them (n=8) were scored as MRSA using the cefoxitin disc diffusion 

method. None of the tested isolates showed the presence of virulence determinants in standard molecular 

techniques. Conclusion: Lower prevalence of S. aureus, MRSA, coupled with the absence of virulence 

determinants in the strains, suggests strategies for better surveillance. Tracking virulence-causing genes 

in nasal carrier S. aureus strains could enhance efforts to prevent infection outbreaks. 
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INTRODUCTION 
Staphylococcus aureus, a typical microbiota of humans, can 
occasionally act as an opportunistic pathogen causing less severe 
cases of infections of the skin and mucous membranes, can 
affect the respiratory system and cause pneumonia, and can also 
cause fatal infections like endocarditis and osteomyelitis [1,2]. 
S. aureus, a pathogen of global priority is known to colonize 
almost many parts of the human body such as the skin and 
vagina, the anterior nares seem to be the most frequent 
ecological niche [1,3]. Although several protensive researches 
revealed that around 50% of the population harbor S. aureus in 
their anterior nares, studies conducted in recent years made it 
clear that carrying this bacteria in the nasal cavity leads to the 
emergence of Community-acquired and Hospital-acquired 
Staphylococcal infections [4-8]. Healthcare workers bearing 
S.aureus in their anterior nares plays a key role in the 
epidemiology of the infections. Determination of the potential 
with which Staphylococcus aureus acquires resistant genes is the 
key part of the process of framing infection control protocols. 
The emergence of Methicillin resistant S. aureus (MRSA) 
strains that carry mecA gene and are also found to exhibit 
concomitant resistance to broad-spectrum beta-lactam 
antibiotics [6,8]. 
 
The global emergence of MRSA strains can be attributed to the 
heightened utilization of methicillin (a semi-synthetic penicillin 
introduced in 1959) to address beta-lactamase producing 
penicillin-resistant strains of S. aureus [9]. Initiation of MRSA 
infection was predisposed by factors such as admission to 
intensive care units(ICUs), recent hospitalization, extended 
antibacterial medications, and surgery. Till date only minimal 
statistical information concerning the prevalence of nasal 
carriage of MRSA among the HCWs and its subsequent 
virulence potential among the community is available in the 
literature [11,12]. An accelerated virulence potential exhibited 
by S.aureus is primarily due to the expression of virulence 
factors. S. aureus possesses various virulence factors, including 
hemolysins, Panton-Valentine leukocidin (PVL), exfoliative 
toxins (ETs), toxic shock syndrome toxin 1 (TSST-1), and 
staphylococcal enterotoxins (SEs) [6,13]. The release of PVL is 
responsible for severe infections such as necrotizing pneumonia, 
diffused cellulitis, and systemic conditions like osteomyelitis 
[6,14]. Furthermore, toxins such as TSST-1 and staphylococcal 
enterotoxins are part of the superantigen (Sag) family. TSST-1 
can lead to severe conditions like toxic shock syndrome, while 

staphylococcal enterotoxins cause staphylococcal food 
poisoning. Additionally, exfoliative toxins (ETs) are responsible 
for causing staphylococcal scalded skin syndrome. 
Nevertheless, the results of previous studies have stated the 
presence of about 20 divergent antigens in S.aureus and also 
estimated that nearly 80% of the strains carry a minimum of 
single virulence determinant [6, 15]. 
 
The ability of Staphylococcus aureus to cause a horde of fatal 
infections is most likely due to the secretion of wide range of 
virulence determinants such as enterotoxins, cellular adhesion 
proteins, staphylococcal superantigens such as proteins involved 
in bypassing immune response, and presence of various other 
virulence factors [1,10,16,17]. The possible solution to detect the 
transmission potential of S.aureus strains in the healthcare 
system depends upon understanding its key virulence 
determinants. To strengthen infection control policies, 
investigate suspected outbreaks, and prevent nosocomial 
transmission, the application of genomic analysis techniques, 
including molecular typing methods for S. aureus isolates, is 
crucial [3,18,19]. The study aimed to assess the nasal carriage 
frequency of methicillin-resistant Staphylococcus aureus, and to 
investigate the expression of key virulence determinants, 
including the toxic shock syndrome toxin gene (tst), enterotoxin 
genes (sea and seb), and cytotoxin-encoding gene (pvl) in S. 
aureus carrier isolates. 
 
MATERIALS AND METHODS 
This Cross-sectional study was conducted between October – 
March, 2021. The study protocol was examined and authorized 
by the Institutes Ethics Committee, Sree Balaji Dental College 
& Hospital, Chennai, India (Ref No: SBDCH/IEC/06/2021/1). 
Forty-two students (male n=18, female n=24) pursuing dental 
under-graduation or post-graduation at a private dental College 
Hospital in Chennai, India, were included as the study 
participants. The following criteria were used for the selection 
of the study participants. Inclusion criteria: Participants of both 
genders, diabetic and non-diabetic subjects. Exclusion criteria: 
Participants with a recent history of a respiratory illness, recently 
had nasal surgery, subjects with skin and mucous membrane 
infections, and those under medication over the past two months.   
Sterile pre-moistened cotton swabs were used to collect nasal 
swabs from both anterior nares of the participants and then those 
aseptically collected swabs were processed using standard 
microbiology identification methods. 
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Preliminary analysis 
MacConkey agar (Partially selective and differential medium) 
was inoculated with the aseptically collected nasal swabs and 
incubated aerobically at 37°C for 24hrs. After incubation, small, 
pink colored colonies grown on MacConkey agar suggestive of 
Staphylococcus species were sub-cultured on Mannitol salt agar.  
A total of 52 staphylococci were isolated from the samples. Pink 
colored colonies on MacConkey agar were scored as 
Staphylococcus aureus while yellow-colored colonies were 
scored as Coagulase-negative Staphylococcus species [Fig 1]. 
The S. aureus isolates were subjected to biochemical tests, O-F 
glucose fermentation and production of enzymes, catalase, and 
oxidase, coagulase tests (both slide and tube). 
 
Determination of antibiotic resistance pattern 
The Kirby Bauer disc diffusion method, following CLSI 
guidelines (2020), was performed to determine the susceptibility 
to antibiotics such as levofloxacin, ciprofloxacin, cotrimoxazole, 
erythromycin, clindamycin, tetracycline, tigecycline, linezolid, 
teicoplanin, and gentamicin. High-Level Mupirocin disc was 
used to assess mupirocin resistance [Fig 2], while the agar 
screening method was adopted to determine vancomycin 
(6µg/mL) resistance. Cefoxitin disc was a surrogate marker for 
detecting methicillin resistance, while inducible clindamycin 
resistance was assessed with the D-test. A standard control 
strain, S. aureus ATCC 25923 was included [19]. 
 
DNA extraction 
Briefly, 2-3 bacterial colonies were suspended in lysis solution 
containing 50 μL lysostaphin (150 mg/ml), 50 μL lysozyme (10 
mg/ml)and 10 μL RNase (10 mg/ml)(Sigma-Aldrich Chemical 
Co., St. Louis, MO). The tubes were incubated for 40 min at 
370C. Subsequently, 150 μL of tris buffer (0.1 M/pH 8.0) and 50 
μL of proteinase K (20 mg/ml) was added and was heated at 
60°C for 10 minutes in a water bath, followed by re-incubation 
at 95°C for an additional 10 minutes. The microfuge tubes were 
briefly centrifuged for 30sec at 10,000 g and the supernatant was 
kept frozen at -80°C until PCR [20,21]. 
 
Detection of virulence determinants 
The infection potential of Staphylococcus aureus isolates to 
initiate, and promote transmission was analyzed by screening for 
the existence of virulence-associated genes encrypting the 
staphylococcal superantigens like the toxic shock syndrome 
toxin gene (tst), the staphylococcal enterotoxin genes (sea and 

seb) and the cytotoxin gene(pvl) by PCR using previously 
described primers [21]. Known clinical isolates of S. aureus viz., 
IGB_SA_362, IGB_SA_365, IGB_SA_367, IGB_SA_124 were 
included as positive controls for virulence genes, tst, sea, seb and 
pvl respectively. 
 
Statistical analysis: 
Fisher’s exact test (Two tailed) was adopted to assess the 
statistical significance using GraphPad software. P value was set 
at 0.05 to assess significance.   
 
RESULT 
A total of 52 Staphylococci were isolated from the swabs 
collected from 42 study participants. Of the 52 Staphylococcal 
isolates, only 8(15.4%) were confirmed as S. aureus, and all the 
S. aureus(n=8) were scored as MRSA using the conventional 
cefoxitin Discs. All the MRSA isolates (100%) were found be 
susceptible to the glycopeptides, (vancomycin and teicoplanin) 
while only 25% of the MRSA isolates were susceptible to the 
fluoroquinolones (ciprofloxacin, levofloxacin) (Fig 1).  
 
Statistical analysis of the susceptibility rates between the 
antibiotic classes revealed a significant difference between 
glycopeptide susceptibility (100%) Vs fluoroquinolone 
susceptibility (25%) (p=0.007) while, no statistical significance 
was observed between the susceptibility rates of clindamycin 
(100%) Vs erythromycin (62.5%) (p=0.2) and vancomycin/ 
teicoplanin (100%) Vs linezolid (87.5%) (p=1.0). Its noteworthy 
that, none of the MRSA isolates that were screened for virulence 
determinants (tst, sea, seb, and pvl), were found to harbor these 
virulence genes. [Fig 3,4]. Nevertheless, only the known positive 
control sample showed a significant amplification of the 
virulence determinants.  
 
DISCUSSION 
Staphylococcus aureus can exist as part of the normal flora on 
the skin and mucous membranes, yet it also has the potential to 
cause severe and invasive infections, including pneumonia, 
bacteremia, and toxic shock syndrome [6]. Colonization with S. 
aureus, primarily in the anterior nares, the bacterium's most 
common ecological habitat, can be a significant predisposing 
factor for various systemic diseases, posing a potential threat to 
the human population [3]. Nasal colonisation has been linked to 
various infections, including hospital and community-acquired 
Staphylococcal infections [7,8]. 
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Figure 1: Colony morphology of S. aureus (yellow colonies) 
and Coagulase negative staphylococci (pink colonies) on 
MSA plate 

 
Figure 2: AST plate showing Cefoxitin resistance and 
susceptibility to High-level mupirocin. 
 
Staphylococcus aureus expresses various cell-associated and 
additional virulence determinants, including hemolysins, 

Panton-Valentine leukocidin (PVL), exfoliative toxins (ETs), 
toxic shock syndrome toxin 1 (TSST-1), and staphylococcal 
enterotoxins (SEs) that elevates destructive cellular mechanisms 
such as attachment to the cell structures, cellular invasion, 
bacterial proliferation and a poor immune status directly 
enhancing disease progression [13].A continuous hike in the 
occurrence of MRSA induced infections led to an urgent need 
for the invention of newer, faster, and dependable identification 
systems and typing methodologies. [22]. This study investigated 
Staphylococcus aureus isolates from nasal carriers among 
healthcare professionals by determining their antibiotic 
resistance patterns [Graph 1], and the presence of virulence 
genes such as tst, sea, seb and pvl among the tested pathogens. 
 
Fifteen percent of the study participants screened in the present 
study were found to be nasal carriers of S.aureus. The prevalence 
rate is different to those reported by other studies from different 
geographical locations, namely Iraq - 32.21% [23], China-24.7% 
[3], Turkey-17.3% [6], Iran-20.8% [1] and Columbia-38.5% [8]. 
Also, the incidence of MRSA isolates was reported as 15.4% in 
our study which is comparatively higher than that reported by 
Chen et al., 2017 (0.3%) [3], Dagi et al., 2015 (2.9%) [6], and 
Mustafa et al., 2023[22] & Perez et al., 2011[8] (4.8%). 
Nevertheless, a relatively higher incidence (25.8%) of MRSA 
had been reported by Nhan et al., 2011 [13]. Table 1 represents 
a comparative analysis of the antibiotic susceptibility patterns of 
the S. aureus isolates investigated in the relative studies. 

 
Figure 1: Antibiotic susceptibility profile of the S. aureus isolates 
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Table 2: Comparative analysis of AST patterns 

Antibiotics This Study Chen et al., 2017 Dagi et al., 2015 Mustafa et al., 2023 

Cefoxitin (30 µg) (Resistant - MRSA) 15.4% 1.4% 2.9% 31(48%) 
Mupirocin (200 µg) 100% S NP 96% S 84% S 
Vancomycin (6 µg) 100% S 100% S 100% S 88% S 
Clindamycin (2 µg) 100% S 86.3% S 3.12% S 48% S 
Teicoplanin (30 µg) 100% S 100% S NP 88% S 
Tigecycline (15 µg) 100% S NP NP 100% S 
Levofloxacin (5 µg) 25% S 100% S 98% S NP 
Tetracycline (30 µg) 75% S 82.2% S 96% S 52% S 
Cotrimoxazole (25 µg) 62.5% S < 10% R NP NP 
Linezolid (30 µg) 87.5% S - 100% S 92% S 
Gentamicin (30 µg) 62.5% S < 10% R 98% S 88% S 
Ciprofloxacin (5 µg) 25% S 4.7% R 98% S 60% S 
Erythromycin (15 µg) 62.5% S 56.2 % 88% S 68% S 

NP- Not performed, R- Resistant, S- Susceptible. 

 

  
Comparing the antibiotic susceptibility patterns of the current 
investigation with data from other researchers reveals that the 
strains have gradually developed resistance to commonly used 
antibiotics over time [3,6,22] however the majority of the 
Staphylococcal isolates examined in this study were susceptible 
to most of the tested antimicrobials. Previous reports have 

documented that, staphylococcal enterotoxin encoding genes, 
sea followed by seb and toxic shock syndrome toxin encoded by 
tst are the most common superantigens harbored by the nasal 
carrier isolates [23-25]. On the contrary, none of our study 
isolates were found to harbor super antigenic determinants, tst, 
sea, seb and pvl. 

M 1 2 3 4 5        6       7       8       9       10       11 12 

Figure 3: Gel picture of PCR for virulence genes 
Lanes: M: 100bp ladder, 1,2: tst negative, 3: tst 
Known positive control, 4: tst Known negative 
control, 5,6: sea negative, 7: sea  Known positive 
control, 8: sea  Known negative control, 9,10: seb 
negative, 11: seb Known positive control, 12: seb 
Known negative control. 

Fig 4: Gel picture of PCR for pvl gene: 
Lanes 1,2,3,4,5,6,7,8: pvl negative, M: 100bp DNA 
ladder, PC:pvl known positive control, NC: pvl 
known negative control 
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CONCLUSION 
MRSA nasal carriers among the healthcare professionals are a 
cause of concern due to their ability to actively transmit the 
infection within the hospital and among community. The overall 
prevalence of S. aureus in the nasal cavity of dental students was 
recorded as 15.4% in the present study. All the MRSA isolates 
demonstrated susceptibility to mupirocin, vancomycin, 
clindamycin, teicoplanin, and tigecycline. Clindamycin 
susceptibility exhibited by the MRSA isolates in this study is of 
clinical relevance as clindamycin is documented to disrupt 
bacterial protein synthesis, exerts increased intracellular levels 
in phagocytic cells, enhances opsonization, upsurges 
intracellular killing, decreases bacterial adhesion to host cells 
and also decreases/ reduces exotoxin secretion by Staphylococci. 
Notably, clindamycin is known to exhibit prolonged post-
antibiotic effect which may be attributed to persistence of the 
drug at the ribosomal binding site. Mupirocin remains the 
preferred decolonizing agent for carriers. None of the study 
isolates carried super-antigenic determinants tst, sea, seb, and 
pvl. 
 
Significant findings of the study 
1. In this study, 15.09% of the dental students were found to 

be nasal carriers of S.aureus. 
2. None of the methicillin resistant Staphylococcus aureus 

isolate exhibited High-level Mupirocin (HLM) resistance. 
3. Interestingly, none of the MRSA isolates expressed 

virulence determinants. 
 
Importance of the study 
The asymptomatic nasal carriage of MRSA strains presents a 
global threat, facilitating the transmission of both hospital-
acquired and community infections. When coupled with the 
expression of pathogenic toxin-producing genes by these 
isolates, the intensity of infection transmission is exacerbated. 
Therefore, obtaining crucial data on the antibiotic resistance 
pattern and the expression of virulence determinants by MRSA 
isolates is essential for enhanced management and control of 
MRSA carriage among healthcare personnel. 
 
Limitation of the study 
Only a smaller number of isolates from a single, specific 
healthcare settings were investigated in the study, which may 
introduce selection bias. Thus, a larger population from varied 

geographical locations and exposures could be investigated in 
future studies to draw final conclusion. 
 
ACKNOWLEDGEMENT 
Authors wish to thank DST-FIST (Ref No: SR/FST/College-
23/2017) Government of India, New Delhi for utilizing the 
funded research equipment facilities of Sree Balaji Dental 
College & Hospital. Chennai, Tamil Nadu, India. 600100. 
 
FINANCIAL ASSISTANCE  
Nil 
 
CONFLICT OF INTEREST  
The authors declare no conflict of interest 
 
AUTHOR CONTRIBUTION 
Kesavaram Padmavathy contributed in conceptualizing, data 
curating, statistical analysis, reviewing and editing the 
manuscript. Jebadass JasmineVinshia performed experimental 
work, collected data and performed statistical analysis, textual 
interpretation and drafting of the final manuscript. Jimson Sudha 
contributed in investigation and supervision of whole study. 
Baskaran Sathyapriya contributed in accessing resources and 
reviewing the manuscript. All authors read and approved the 
manuscript. 
 
REFERENCES  
[1] Fard-Mousavi N, Mosayebi G, Amouzandeh-Nobaveh A, 

Japouni-Nejad A, Ghaznavi-Rad E. The Dynamic of 
Staphylococcus aureus Nasal Carriage in Central 
Iran. Jundishapur J Microbiol 8, e20760 (2015) 

[2] Perez-Vazquez M, Vindel A, Marcos C, Oteo J, Cuevas O, 
Trincado P et al. Spread of invasive Spanish Staphylococcus 
aureus spa-type t067 associated with a high prevalence of 
the aminoglycoside-modifying enzyme gene and (4′)-Ia and 
the efflux pump genes msrA/msrB. Journal of antimicrobial 
chemotherapy 63(1), 21-31 (2009). 

[3] Chen BJ, Xie XY, Ni LJ, Dai XL, Lu Y, Wu XQ, Li HY, 
Yao YD, Huang SY. Factors associated with 
Staphylococcus aureus nasal carriage and molecular 
characteristics among the general population at a Medical 
College Campus in Guangzhou, South China. Ann Clin 
Microbiol Antimicrob 16, 28 (2017) 

[4] Wertheim HF, Melles DC, Vos MC, van Leeuwen W, van 
Belkum A, Verbrugh HA, Nouwen JL. The role of nasal 



Journal of Applied Pharmaceutical Research 11 (5); 2023: 52 – 58  Padmavathy et al.  
 

 
 Journal of Applied Pharmaceutical Research (JOAPR)| November – December 2023 | Volume 11 Issue 5 | 58 

carriage in Staphylococcus aureus infections. Lancet Infect 
Dis 5, 751-62 (2005) 

[5] van Belkum A, Verkaik NJ, de Vogel CP, Boelens HA, 
Verveer J, Nouwen JL, Verbrugh HA, Wertheim HF. 
Reclassification of Staphylococcus aureus nasal carriage 
types. J Infect Dis 199, 1820-6 (2009) 

[6] Dağı HT, Fındık D, Demirel G, Arslan U. Detection of 
Methicillin Resistance and Various Virulence Factors in 
Staphylococcus aureus Strains Isolated from Nasal 
Carriers. Balkan Med J 32, 171-5 (2015) 

[7] von Eiff C, Becker K, Machka K, Stammer H, Peters G. 
Nasal carriage as a source of Staphylococcus aureus 
bacteremia. Study Group. N Engl J Med 344, 11-6 (2001) 

[8] Rebollo-Pérez J, Ordoñez-Tapia C, Herazo-Herazo C, 
Reyes-Ramos N. Nasal carriage of Panton Valentine 
leukocidin-positive methicillin-resistant Staphylococcus 
aureus in healthy preschool children. Rev Salud Publica 
(Bogota) 13, 824-32 (2011) 

[9] Livermore DM. Antibiotic resistance in staphylococci. Int J 
Antimicrob Agents 16 Suppl 1, S3-10 (2000) 

[10] Li S, Skov RL, Han X, Larsen AR, Larsen J, Sørum M, Wulf 
M, Voss A, Hiramatsu K, Ito T. Novel types of 
staphylococcal cassette chromosome mec elements 
identified in clonal complex 398 methicillin-resistant 
Staphylococcus aureus strains. Antimicrob Agents 
Chemother 55, 3046-50 (2011) 

[11] Ben Slama K, Gharsa H, Klibi N, Jouini A, Lozano C, 
Gómez-Sanz E, Zarazaga M, Boudabous A, Torres C. Nasal 
carriage of Staphylococcus aureus in healthy humans with 
different levels of contact with animals in Tunisia: genetic 
lineages, methicillin resistance, and virulence factors. Eur J 
Clin Microbiol Infect Dis 30, 499-508 (2011) 

[12] Jarraud S, Mougel C, Thioulouse J, Lina G, Meugnier H, 
Forey F, Nesme X, Etienne J, Vandenesch F. Relationships 
between Staphylococcus aureus genetic background, 
virulence factors, agr groups (alleles), and human 
disease. Infect Immun 70, 631-41 (2002) 

[13] Nhan TX, Leclercq R, Cattoir V. Prevalence of toxin genes 
in consecutive clinical isolates of Staphylococcus aureus 
and clinical impact. Eur J Clin Microbiol Infect Dis 30, 
719-25 (2011) 

[14] Xu SX, McCormick JK. Staphylococcal superantigens in 
colonization and disease. Front Cell Infect Microbiol 2, 52 
(2012) 

[15] Chambers HF, Deleo FR. Waves of resistance: 
Staphylococcus aureus in the antibiotic era. Nat Rev 
Microbiol 7, 629-41 (2009) 

[16] Feng Y, Chen CJ, Su LH, Hu S, Yu J, Chiu CH. Evolution 
and pathogenesis of Staphylococcus aureus: lessons learned 
from genotyping and comparative genomics. FEMS 
Microbiol Rev 32, 23-37 (2008) 

[17] Enright MC, Robinson DA, Randle G, Feil EJ, Grundmann 
H, Spratt BG. The evolutionary history of methicillin-
resistant Staphylococcus aureus (MRSA). Proc Natl Acad 
Sci U S A 99, 7687-92 (2002) 

[18] Liu Y, Wang H, Du N, Shen E, Chen H, Niu J, Ye H, Chen 
M. Molecular evidence for spread of two major methicillin-
resistant Staphylococcus aureus clones with a unique 
geographic distribution in Chinese hospitals. Antimicrob 
Agents Chemother 53, 512-8 (2009) 

[19] Performance Standards for Antimicrobial Susceptibility 
Testing, 33rd ed. CLSI supplement M100. Clinical and 
Laboratory Standards Institute, 2020. 

[20] Al-Haqan A, Boswihi SS, Pathan S, Udo EE. Antimicrobial 
resistance and virulence determinants in coagulase-negative 
staphylococci isolated mainly from preterm neonates. PLoS 
One 15, e0236713 (2020) 

[21] Boye K, Bartels MD, Andersen IS, Møller JA, Westh H. A 
new multiplex PCR for easy screening of methicillin-
resistant Staphylococcus aureus SCCmec types I-V. Clin 
Microbiol Infect 13, 725-7 (2007) 

[22] Mustafa NR, Abdullah IT, Jabbar S. Phenotypic detection 
of virulence determinants and antibiotics resistance in 
Staphylococcus aureus from different clinical isolates in 
Kirkuk city. HIV Nursing 23(1), 891-9 (2023). 

[23] Bhowmik D, Chetri S, Das BJ, Dhar Chanda D, 
Bhattacharjee A. Distribution of virulence genes and 
SCCmec types among methicillin-resistant Staphylococcus 
aureus of clinical and environmental origin: a study from 
community of Assam, India. BMC Res Notes 14, 58 (2021) 

[24] Vaez H, Ghalehnoo ZR. Molecular characteristics of 
Staphylococcus aureus nasal carriage among health care 
workers at a Referral Hospital in Zabol, Iran. Pan Afr Med 
J 34, 196 (2019) 

[25] Pakbaz Z, Sahraian MA, Sabzi S, Mahmoodi M, Pourmand 
MR. Prevalence of sea, seb, sec, sed, and tsst-1 genes of 
Staphylococcus aureus in nasal carriage and their 
association with multiple sclerosis. Germs 7, 171-7 (2017) 


	Journal of Applied Pharmaceutical Research
	Volume 11 Issue 5, Year of Publication 2023, Page 52 – 58
	ABSTRACT
	INTRODUCTION
	Materials and Methods
	Result
	Discussion
	Conclusion
	Acknowledgement
	FINANCIAL ASSISTANCE
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTION
	REFERENCES

