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Abstract

Background: The current study aims to evaluate biofilm production among clinical isolates of Methicillin-
Resistant Staphylococcus aureus (MRSA) in a Tertiary Care Hospital in Central India. This goal was
accomplished by focusing on the isolation and prevalence of S. aureus in various clinical samples. as well as the
detection and prevalence of Methicillin-Sensitive Staphylococcus aureus (MSSA) and MRSA isolated from
clinical samples.  Methods: This is an observation-and-description-based research project. Index Medical
College Hospital & Research Centre in Indore approved the research project's ethics.Pus, urine, blood, sputum,
urethral swab, CSF, and pleural fluid were obtained and processed at the hospital's microbiology laboratory for
culture and antibiotic susceptibility testing.  Results: Highest number of samples we procured are from the
Pus. The next samples we procured from the urine.The number of cases susceptible and resistant to Methicillin
bacteria through Cefoxitin (30ug) disc diffusion method when performed on total 170 samples.Anti-microbial
susceptibility as well as resistant in MRSA subjects. We observed 100% susceptibility in terms with cefoxitin and
0% resistant in MRSA subjects. Next highest susceptibility was seen in Vancomycin and Linezolid anti-
microbials. The least susceptibility was observed in anti-microbials such as Cotrimoxazole and Penicillin.
Conclusion: Cefoxitin was discovered to be useful in providing accurate detection of MRSA. Hospitals
absolutely need to have antibiotic policies and infection control programs in place if they want to prevent and
get a handle on hospital-acquired infections like MRSA.
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. Introduction:

In hospitals, penicillin-resistant Staphylococcus aureus strains began to show up in the 1940s and have
since reached anywhere from 75 to 95 percent prevalence [1-3]. MRSA strains have been linked to infections of
the skin, soft tissue, endovascular tissue, urinary tract infections, lung infections (such as pneumonia), heart
infections (such as endocarditis), and septic shock [2,3]. MRSA has spread to a significant number of hospitals
and other health care facilities around the world [3]. It is the pathogen that is found the most frequently all over
the world, making it the most resistant to antimicrobial treatment. In India, the rate of MRSA infection is
anywhere between 30 and 70 percent of the population [4,5]. With the discovery of methicillin in the 1960s, it
became possible to effectively treat infections brought on by Staphylococcus aureus, which is responsible for
the production of the penicillinase enzyme [6.7]. In 1961, MRSA strains containing PBP-Pencillin Binding
protein were found, altered, and eventually appeared. These strains rapidly spread across the world and the
resistance can be traced back to the modified form of PBP2a [8,9].

Community Acquired MRSA is a strain of MRSA that has emerged in hospitals and the general public
alike, and it is the source of problems in a large number of Asian countries as well as the United States and the
United Kingdom (HA-MRSA and community-acquired MRSA) [1,2]. Over the past twenty years, there has
been a rise in the incidence of MRSA in many countries and it is contingent on a number of epidemiological
factors and variables [9]. It is currently more difficult and expensive to treat infections caused by MRSA, which
has been caused by a small number of epidemic strains of MRSA, than it is to treat infections caused by MSSA
[5-8].The current study aims to evaluate biofilm production among clinical isolates of Methicillin-Resistant
Staphylococcus aureus (MRSA) in a Tertiary Care Hospital in Central India. This goal was accomplished by
focusing on the isolation and prevalence of S. aureus in various clinical samples. as well as the detection and
prevalence of Methicillin-Sensitive Staphylococcus aureus (MSSA) and MRSA isolated from clinical samples.
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Il.  Materials & Methods:

This is an observation-and-description-based research project. Index Medical College Hospital &
Research Centre in Indore approved the research project's ethics.Only 170 specimens received at the
microbiology laboratory of Index Medical College Hospital & Research Centre in Indore were included in this
study. Standard microbiological sampling procedures were used [10].

Pus, urine, blood, sputum, urethral swab, CSF, and pleural fluid were obtained and processed at the
hospital's microbiology laboratory for culture and antibiotic susceptibility testing [11]. Kirby—Bauer disk
diffusion was used to test each isolate's antibiotic susceptibility. CLSI recommends this method. The Mueller-
Hinton agar surface was swabbed with a sterile cotton swab and compared to the McFarland 0.5 turbidity
standard. Antibiotic discs included tetracycline, ciprofloxacin, gentamycin, clindamycin, cotrimoxazole,
erythromycin, vancomycin, linezolid, and penicillin. The plates were incubated overnight at 37°C. After a set
time, the zone diameter organism was classified as resistant, intermediate, or sensitive. Multidrug-resistant
(MDR) bacteria were resistant to three or more antibiotic classes.

MRSA detection using Cefoxitin Disc-Diffusion: S. aureus susceptibility to cefoxitin (30 g) was determined
using a modified Kirby—Bauer disc-diffusion method. MRSA-resistant S. aureus strains (isolates with a 21-mm
zone of inhibition) were screened for MRSA[12].

Statistical Analysis:

All gathered data was entered into SPSS (22.0) and will be analyzed. Between MRSA and MSSA, antibiotic
susceptibility, MRSA, and biofilm formation were compared.

I11.  Results:

Table 1 depicts the specimen distribution from which tissue we got the samples. Highest number of
samples we procured are from the Pus. The next samples we procured from the urine.Table 2 show the number
of cases susceptible and resistant to Methicillin bacteria through Cefoxitin (30ug) disc diffusion method when
performed on total 170 samples.Table 3 shows the anti-microbial susceptibility as well as resistant in MRSA
subjects. We observed 100% susceptibility in terms with cefoxitin and 0% resistant in MRSA subjects. Next
highest susceptibility was seen in Vancomycin and Linezolid anti-microbials. The least susceptibility was
observed in anti-microbials such as Cotrimoxazole and Penicillin.

IV.  Discussion:

It has emerged as a significant pathogen that can be found in hospitals as well as the general
public[13,14]. The infections that it can cause range from superficial skin and soft-tissue infections to systemic
infections that can be fatal. The increasing prevalence of bacteria that are resistant to methicillin is making an
already challenging situation even more so. Two of the most important antibiotic classes for treating
staphylococcal infection, cephalosporins and monobactams, have been found to be resistant to this antibiotic
resistance [15].Studies [14-17] found that preventing the spread of MRSA in hospitals was associated with
significant financial costs as well as concerns regarding patient safety. As a consequence of this, it is absolutely
necessary for clinical microbiology laboratories to accurately identify the organism. With the help of this data,
we will be able to determine the most effective antimicrobial therapy.

Index Medical College & Hospital in Indore had a 38 percent prevalence of Methicillin-resistant S.
aureus in our prospective study. Both Amritsar-based Oberoi et al. (2012) [18] and Kathmandu-based Khanal et
al. (2018) [19] found similar rates of isolation. While Kumari et al. (2008) [20] reported a prevalence rate of
26.4%, the current study found a lower prevalence rate of 26.3 percent. Anupurba et al. [21] conducted a study
in Uttar Pradesh in 2003 and found that MRSA prevalence was 54.85 percent.

Among the participants in this study, MRSA was found in those older than 60 years (30 percent) and
MSSA was found in those between the ages of 51 and 60 years. In other words, the majority of those affected
were between the ages of 31 and 40. However, Sharma et al. (2011) [22] and Dar et al. (2006) [23] report that
people between the ages of 45 and 65 are most likely to experience symptoms.

Females (36%) were more affected than males (64%) in a comparative sex study of MRSA prevalence,
with a female:male ratio of 29:34. Cugati et al., 2017 reported a different female-to-male prevalence ratio
(62:38), as did Sharma et al., 2006. MRSA isolates were primarily isolated from pus (56%) and urine (18%);
similar findings were reported by Anupurba S et al., 2003 [21]. However, Sasirekha et al. (2012) [24] reported
71.42 percent.

In this particular study, MRSA did not exhibit any resistance to the antibiotics vancomycin or linezolid.
Both Oberoi et al. (2012) [18] and Arora et al. (2008) [25] discovered that these medications exhibited a
sensitivity level of one hundred percent in the course of their research that was carried out in Punjab and
Haryana.

An investigation was conducted to determine how resistant MRSA isolates are to a set of different
antimicrobials. Isolates of MRSA demonstrated a high level of resistance to penicillin (91.8 percent),
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cotrimoxazole (90.2 percent), ciprofloxacin (70.2 percent), and erythromycin (100 percent) (50.2 percent ).
According to research [21,22], there is also a high level of resistance to penicillin, erythromycin, and
ciprofloxacin. In this study, a high percentage of amikacin sensitivity was discovered (98 percent), whereas in
another study, a high percentage of amikacin resistance was discovered (78.57 percent) [24].

When molecular methods are not routinely used, the Cefoxitin disk diffusion test is an excellent
substitute marker for detecting methicillin resistance [26]. Oxacillin screening agar and disc diffusion are the
two most commonly recommended methods for MRSA testing, but this method outperforms both of them [27].
According to the results of this study, no strain was resistant to vancomycin or linezolid [28]. In contrast,
vancomycin-resistant MRSA strains have recently been discovered in various parts of the country[29].

Penicillin, cotrimoxazole, and ciprofloxacin all showed statistical resistance patterns to MRSA. MRSA
detection using the cefoxitin disc diffusion method was found to be both accurate and affordable. Compared to
oxacillin as an MRSA indicator, cefoxitin outperforms oxacillin.

This study discovered a prevalence of MRSA that was lower than the average, falling between 40 and
69.8 percent [30,31], but it was comparable to a study conducted in Malaysia [32]. Eighty percent of strains of
MRSA tested positive for resistance to at least one antibiotic, including clindamycin, erythromycin, penicillin,
cotrimoxazole, and ciprofloxacin (90 percent). 92 percent of the total. The winner received 76.2 percent of the
vote. The number given for the percentage is 76.2 percent. All of the pathogens were Killed by the antibiotics
penicillin (100 percent), vancomycin (100 percent), and linezolid (100 percent), respectively, at the same rate
(100 per cent). Rani et al., 2014 [33] made the discovery that gram-positive bacteria have developed a complete
resistance to the antibiotics Vancomycin, Linezolid, and Cefoxitin.

V.  Conclusion:

The specimen showed that pus was the most common source of the isolated bacteria, followed by urine
and least from semen. These strains exhibited a moderate level of resistance to cefoxitin, in contrast to their high
level of resistance to cotrimoxazole, penicillin, and ciprofloxacin. Both vancomycin, and linezolid were found to
have a one hundred percent success rate. Cefoxitin was discovered to be useful in providing accurate detection
of MRSA. Hospitals absolutely need to have antibiotic policies and infection control programs in place if they
want to prevent and get a handle on hospital-acquired infections like MRSA.

References:

[1]. Zhang X, Manukumar HM, Rakesh KP, Karthik CS, Prasad HN, Swamy SN, Mallu P, Mohammed YH, Qin HL. Role of AgNPs in
Bap-dependent multicellular behavior of clinically important methicillin-resistant Staphylococcus aureus (MRSA) biofilm
adherence: a key virulence study. Microbial pathogenesis. 2018 Oct 1;123:275-84.

[2]. Church NA, McKillip JL. Antibiotic resistance crisis: Challenges and imperatives. Biologia. 2021 May;76(5):1535-50.

[3]. Vanamala K, Tatiparti K, Bhise K, Sau S, Scheetz MH, Rybak MJ, Andes D, lyer AK. Novel approaches for the treatment of
methicillin-resistant Staphylococcus aureus: Using nanoparticles to overcome multidrug resistance. Drug Discovery Today. 2021
Jan 1;26(1):31-43.

[4]. Guo Y, Song G, Sun M, Wang J, Wang Y. Prevalence and therapies of antibiotic-resistance in Staphylococcus aureus. Frontiers in
cellular and infection microbiology. 2020 Mar 17;10:107.
[5]. Mahros MA, Abd-Elghany SM, Sallam KI. Multidrug-, methicillin-, and vancomycin-resistant Staphylococcus aureus isolated from

ready-to-eat meat sandwiches: An ongoing food and public health concern. International journal of food microbiology. 2021 May
16;346:109165.

[6]. Farooq M, Siddique I, Ullah Z. Antimicrobial Resistance Leading to Develop Livestock-Associated Methicillin-Resistant S. aureus,
and Its Impact on Human, Animal, and Environment. Insights Into Drug Resistance in Staphylococcus aureus. 2021 Dec 8:207.

[7]. Larsen J, Raisen CL, Ba X, Sadgrove NJ, Padilla-Gonzalez GF, Simmonds MS, Loncaric I, Kerschner H, Apfalter P, Hartl R,
Deplano A. Emergence of methicillin resistance predates the clinical use of antibiotics. Nature. 2022 Jan 5:1-7.

[8]. Chalmers SJ, Wylam ME. Methicillin-Resistant Staphylococcus aureus infection and treatment options. Methicillin-Resistant
Staphylococcus Aureus (MRSA) Protocols. 2020:229-51.
[9]. Namgoong S, Jung SY, Han SK, Kim AR, Dhong ES. Clinical experience with surgical debridement and simultaneous meshed skin

grafts in treating biofilm-associated infection: an exploratory retrospective pilot study. Journal of Plastic Surgery and Hand Surgery.
2020 Jan 2;54(1):47-54.

[10]. Tong SY, Davis JS, Eichenberger E, Holland TL, Fowler VG. Staphylococcus aureus infections: Epidemiology, pathophysiology,
clinical manifestations, and management. Clin Microbiol Rev. 2015; 28: 603-61

[11].  Stackebrandt E. Koch, C. Gouzdiak, O and Schumann, P. Taxonomic dissection of the genus Micrococcus; Kocuria gen. nov. Int J.
Syst. Bacteriol 1995, 45, 682 — 92.

[12].  CLSI, Clinical and Laboratory Standards Institute (CLSI). Performance Standards for Antimicrobial Susceptibility Testing: Twenty
Fifth Informational Supplement Edition; Document M100-S29; CLSI: Wayne, NE, USA. 2019.

[13]. Choudhary D, Garg PK. Skin and Soft Tissue Infections in Pregnancy. InInfections and Pregnancy 2022 (pp. 547-557). Springer,
Singapore.

[14]. Barbier F, Timsit JF. Risk stratification for multidrug-resistant bacteria in patients with skin and soft tissue infection. Current
Opinion in Infectious Diseases. 2020 Apr 1;33(2):137-45.

[15]. Leme RC, Bispo PJ, Salles MJ. Community-genotype methicillin-resistant Staphylococcus aureus skin and soft tissue infections in
Latin America: a systematic review. Brazilian Journal of Infectious Diseases. 2021 Apr 28;25.

[16]. Russo A, Trecarichi EM, Torti C. The role of Gram-negative bacteria in skin and soft tissue infections. Current Opinion in
Infectious Diseases. 2022 Apr 1;35(2):95-102.

[17].  Jahanshahi A, Zeighami H, Haghi F. Molecular characterization of methicillin and vancomycin resistant Staphylococcus aureus
strains isolated from hospitalized patients. Microbial Drug Resistance. 2018 Dec 1;24(10):1529-36.

DOI: 10.9790/0853-2110035760 www.iosrjournal.org 59 | Page



Prevalence of Staphylococcus aureus resistance from the isolates of clinical cases obtained from ..

[18].
[19].
[20].
[21].
[22].

[23].

[24].
[25].
[26].

[27].

[28].
[29].

[30].

[31].
[32].

[33].

Khanal LK, Adhikari RP, Guragain A. Prevalence of methicillin resistant Staphylococcus aureus and antibiotic susceptibility pattern
in a tertiary hospital in Nepal. Journal of Nepal Health Research Council. 2018 Jul 5;16(2):172-4.

Oberoi L, Kaur R, Aggarwal A. Prevalence and antimicrobial susceptibility pattern of methicillin-resistant staphylococcus aureus
(MRSA) in a Rural Tertiary Care Hospital in North India. SURGERY. 2012;21:21-65.

Kumari N, Mohapatra TM, Singh Y. Prevalence of methicillin-resistant Staphylococcus aureus (MRSA) in a tertiary-care hospital
in Eastern Nepal. J Nepal Med Assoc. 2008 Apr 1;47(170):53-6.

Anupurba S, Sen MR, Nath G, Sharma BM, Gulati AK, Mohapatra TM. Prevalence of methicillin resistant Staphylococcus aureus
in a tertiary referral hospital in eastern Uttar Pradesh. Indian journal of medical microbiology. 2003 Jan 1;21(1):49-51.

Sharma S, Mall A. The prevalence, antibiogram and characterization of methicillin resistant Staphylococcus aureus among the
patients from the Doon Valley hospitals. African Journal of Microbiology Research. 2011 Oct 9;5(21):3446-51.

Dar JA, Thoker MA, Khan JA, Ali A, Khan MA, Rizwan M, Bhat KH, Dar MJ, Ahmed N, Ahmad S. Molecular epidemiology of
clinical and carrier strains of methicillin resistant Staphylococcus aureus (MRSA) in the hospital settings of north India. Annals of
clinical Microbiology and antimicrobials. 2006 Dec;5(1):1-5.

Sasirekha B, Usha M. S., Amruta A. J., Ankit S, Brinda N, Dviya R. Evaluation and Comparision of different phenotypic tests to
detect Methicillin Resistant Staphylococcus aureus and their Biofilm Production. Int J. Pharm Tech Res. 2012 ;4 (2) : 532 - 541.
Arora B, Prabhat Ranjan K, Arora DR. Prevalence of methicillin-resistant Staphylococcus aureus in post operative infections in a
referral hospital in Haryana, India. J Infect Dis Antimicrob Agents. 2008;25:123-7.

Raheema RH. Rapid methods for detection of methicillin-resistant staphylococcus aureusinwasit province, iragq. Plant Archives.
2020;20(2):6131-4.

Alfeky AA, Tawfick MM, Ashour MS, EIl-Moghazy AN. High Prevalence of Multi-drug Resistant Methicillin-Resistant
Staphylococcus aureus in Tertiary Egyptian Hospitals. The Journal of Infection in Developing Countries. 2022 May 30;16(05):795-
806.

Faezi NA, Hasani A, Soltani E, Valizadeh V, Hasani A, Khabbaz A, Rezaee MA, Varschochi M. Plausible challenges of methicillin
and clindamycin resistance detection in Staphylococcus aureus. Gene Reports. 2021 Sep 1;24:101179.

Tiwari HK, Sen MR. Emergence of vancomycin resistant Staphylococcus aureus (VRSA) from a tertiary care hospital from
northern part of India. BMC Infectious diseases. 2006 Dec;6(1):1-6.

Turhan V, Mutluoglu M, Acar A, Hatipoglu M, Onem Y, Uzun G, Ay H, Oncul O, Gorenek L. Increasing incidence of Gram-
negative organisms in bacterial agents isolated from diabetic foot ulcers. The Journal of Infection in Developing Countries. 2013
Oct 15;7(10):707-12.

Viswanathan V. Epidemiology of diabetic foot and management of foot problems in India. The international journal of lower
extremity wounds. 2010 Sep;9(3):122-6.

Raja NS. Microbiology of diabetic foot infections in a teaching hospital in Malaysia: a retrospective study of 194 cases. Journal of
microbiology immunology and infection. 2007 Feb 1;40(1):39.

Rani V, Nithyalakshmi J. A comparative study of Diabetic and Non-diabetic wound infections with special reference to MRSA and
ESBL. IntJ CurrMicrobiol App Sci. 2014;3(12):546-.

Table 1: Specimen distribution of MSSA & MRSA in subjects of the study

Specimen MSSA MRSA Total
Pus 57 38 95
Urine 15 16 31
Blood culture 8 3 11
High vaginal swab 3 2 5
Sputum 6 1 7
Swab culture 7 1 8
Tissue culture 8 1 9
Semen C/S 1 0 1
Pleural fluid 2 1 3

Total 107 63 170

Table 2: Results of Methicillin Resistance in S.aureus by Cefoxitin (30 pg) Disc Diffusion Method (N=170)

Pattern of Resistance No. of Cases Percentage
Susceptible 107 63%
Resistant 63 37%
Total 170 100%

Table 3: Anti-microbial Susceptibility & Resistant Pattern of MRSA Subjects

Susceptible Resistant
Antibiotics No. of Isolates No. of

% Isolates %
Tetracyclin 42 66.6 21 33.3
Ciprofloxacin 20 31.7 43 76.2
Gentamycin 60 95.2 3 4.8
Clindamycin 40 63.4 23 36.5
Cotrimoxazole 7 11.11 55 90.2
Erythromycin 32 50.7 31 50.2

Vancomycin 63 100 0 0

Linezolid 63 100 0 0
Penicillin 7 11.11 56 91.8

Cefoxitin 63 100 0 0
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