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Abstract
Background and Objective: MRSA strains and their resistance are increasing worldwide. The aim of this study was to find the

prevalence of MRSA strains isolated from clinical specimens and to evaluate their resistance pattern. Development of intrinsic (ho-

mogenous and heterogenous) and extrinsic (borderline) resistance in S. aureus to methicillin with decrease susceptibility to AMAs
(anti microbial agents). Additionally we compared the phenotypic and genotypic methods for detection of methicillin resistance.

Materials and Methods: In this cross-sectional study, a total of 500 isolates of S. aureus were collected from various clinical speci-

mens from January 2017 to January 2018 at teaching hospital (PMCH) in Udaipur, Rajasthan region. All isolates were identified at the
species level by standard biochemical tests. The methicillin resistance was evaluated using three methods: PCR for mecA gene, agar
dilution for determination of oxacillin MIC and disk diffusion test to detect methicillin, oxacillin and cefoxitin resistance. Antimicro-

bial resistance patterns were determined by disk diffusion method according to CLSI (Clinical and Laboratory Standards Institute)
guidelines.

Results: The results identified 210 (42%) out of 500 isolates as MRSA. Most of the MRSA strains (65.4%), intermediate or borderline

(BORSA) 06(2%) susceptible (MSSA) 284 (56%) were isolated from patients. All isolates were susceptible to vancomycin, mupirocin
and linezolid. Among other antibiotics co-trimoxazole was more active against MRSA isolates. Using PCR as reference method all the
phenotypic tests showed 100% specificity. 193(92%) were homogenously resistant and 17 (8%) were heterogenic resistant.

Keywords: Methicillin Resistant Staphylococcus aureus (MRSA); Methicillin Sensitive Staphylococcus aureus (MSSA); Borderline

Oxacillin Resistant Staphylococcus aureus (BORSA); CLSI (Clinical And Laboratory Standards Institute); MIC (Minimum Inhibitory
Concentration); Amas (Anti Microbial Agents)

Introduction
Staphylococcus aureus is one of the most common pathogens

causing a variety of infections ranging from relatively benign skin

infections to life threatening systemic illness such as pneumonia,

endocarditis, septic arthritis, subcutaneous or visceral abscesses
[1].

BORSA [5]. Some CA-MRSA strains express additional virulence factors that enable them to causes more serious diseases [6].

Some CA-MRSA strains express additional virulence factors that

enable them to causes more serious diseases [6]. Currently, MRSA
strains account for many of staphylococcal infections and reports
of MRSA strains are increasing worldwide [7]. There are also sev-

Before the introducion of penicillin in the late 1940s, Staphy-

eral reports from Iran showing the prevalence of methicillin re-

infection [2]. However, penicillin resistant strains were discovered

average prevalence rate of MRSA isolates among clinical specimens

lococcal septicemia was associated with an extremely high mortality rate. Penicillin dramatically improved the prognosis of this

shortly and penicillin became ineffective both in the hospital and
community settings [3,4]. Clinically, infections caused by HA-MRSA

strains are associated with higher mortality and morbidity with

sistance among clinical isolates of S. aureus [8-9]. A meta-analysis
study recently carried out in Iran by Askari., et al. showed that the

were 52.7% [10]. Understanding the prevalence, antibiotic resis-

tance patterns and information on accurate and reliable detection

methods of MRSA as mentioned in CLSI guideline are necessary
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for appropriate antibiotic treatment and effective infection control. The current study was performed to find the prevalence and

evaluate the antimicrobial resistance profile of MRSA strains iso-

lated from clinical specimens in Udaipur, Rajasthan. Additionally

we compared the phenotypic and genotypic methods for detection
of methicillin resistance in S. aureus strains.

The World Health Organization (WHO) recommends continu-

ous surveillance as a means of controlling the spread of diseases

caused by resistant pathogens. Such systems of tracking diseases
are lacking in most developing countries like India [11].

Materials and Methods
Study location

The present study was a hospital-based cross-sectional study

conducted on both in and out patients attending the Pacific Medi-

cal College and Hospital from January 2017 to January, 2018. This
hospital is a multi-speciality hospital located in Udaipur. It serves
patients from all over the district and adjacent area.
Ethical considerations

Ethical clearance for this study was obtained from the Institute

ethics committee (IEC) human studies. All participants were is-

sued consent forms and only those who consented were enrolled
into the study.

Specimen Collection
A total of 500 consented participants who presented with vari-

ous infectious were included into the study. Specimens such as pus,
ear discharges, urine, genital and throat swabs, CSF, ET secretion,

body fluids, blood, were collected aseptically and process within
2hour duration in Microbiology laboratory.
Laboratory analyses

Isolation and identification of S. aureus
Each sample was inoculated onto mannitol salt agar (MSA),

blood agar (BA) and nutrient agar (NA) the plates were incubated

at 37°C for 24 hours. Plates were observed for characteristic yellow colonies on MSA and beta (β) hemolysis on BA. Isolates were
examined by Gram staining, catalase and coagulase tests. Methicil-

lin resistance was assessed by determining the resistance profile
of S. aureus isolates to oxacillin according CLSI guidelines.
Determination of methicillin resistance

Methicillin resistance was evaluated using three methods:
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1.

Disk diffusion test using 30 μg cefoxitin disk (≤ 21mm indi-

2.

Polymerase chain reaction (PCR) for the detection of mecA

cated MRSA), 1 μg oxacillin disk (≤ 10 mm indicated MRSA),
and 5 μg methicillin disk (≤ 9mm indicated MRSA).
gene (positive indicated MRSA) [12,13].

Antibiotic disks were obtained from Himedia (Himedia Labora-

tories, Pvt. Ltd., Mumbai, India). All tests were compared for sensitivity and specificity with PCR for mecA gene as reference method.
Sensitivity was calculated by dividing the number of mecA-positive

isolates detected as resistant using phenotypic methods by the total number of mecA-positive strains (ether susceptible or resistant).

Specificity was calculated through dividing the number of mecA

negative isolates classified as sensitive based on phenotypic criteria
by the total number of mecA-negative isolates [14].

Antibiotic sensitivity testing and interpretation
The antimicrobial susceptibility testing of all S. aureus isolates

to different antibiotics were carried out according to the guidelines

of Clinical and Laboratory Standards Institute (CLSI) by Kirby-

Bauer disc diffusion method [15]. The 10 antibiotics tested were
Oxacillin (OX-1μg), penicillin (P-10μg), Ciprofloxacin(CIP, 5µg),

Cefotaxime (30µg, CT), Tetracycline (30µl), Cephalexin (30µg, CP),
Cotrimoxazole (23µg, COT), Gentamicin (GM-10μg), Erythromycin

(EM-15μg), amoxicillin-clavulanic acid (AMC-30μg), Lincomycin

(LN- 15μg), Pefloxacin (5µg, PF), Amikacin (AK-30μg), Roxythromycin (15µg, RXT), Ofloxacillin (OFX-5μg) and Vancomycin(VA-30μg).
PCR amplification of mecA gene

Total bacterial DNA was extracted from S. aureus using DNP™

Genomic DNA Extraction Kit DNeasy Blood and Tissue Kit by qia-

gen. Oligonucleotide primers [15]: 5’- AAAATCGATGGTAAAGGTTG-

GC-3’ (forward) and 5’- AGTTCTGCAGTACCGGATTTGC-3’ (revers)
were synthesized by QIAGEN’s GeneReader NGS System. PCR was

performed in a 20 × μL Accu Power™ PCR Pre Mix (Bioneer) with

10 pmol of each primers under the following conditions: initial de-

naturation at 95°C for 5 min, followed by 34 cycles of 95°C for 1
min, 55°C for 1 min and 72°C for 1 min, and a final incubation at

72°C for 5 min. The amplified DNA fragments (PCR product: 533
bp) were separated on 1% (w/v) agarose gel, stained with ethid-

ium bromide and visualized under ultraviolet light. S. aureus ATCC

29213 and ATCC 33591were used as mecA negative and positive
controls respectively [16,29].
Statistical analysis

Chi-Square test at a 95% confidence level. P < 0.05 was consid-

ered statistically significant and compare the prevalence of MRSA
and MSSA.

Citation: Kuldip., et al. “Prevalence and Antimicrobial Resistance Pattern of Methicillin Resistant Staphylococcus aureus (MRSA) Strains Isolated from
Clinical Specimen in Udaipur, Rajasthan". Acta Scientific Microbiology 2.10 (2019): 43-48.

Prevalence and Antimicrobial Resistance Pattern of Methicillin Resistant Staphylococcus aureus (MRSA) Strains Isolated from Clinical
Specimen in Udaipur, Rajasthan
45

Incidence of homogenous and heterogenous resistant strains

Results

Prevalence of MRSA
Out of 2190 clinical samples analysed, S. aureus was isolated

From 500 (22.83%). MRSA identified from 500 S. aureus sample
were 210 (42%), BORSA 6 (1.2%), MSSA 284 (56.8%) (Figure1).

Homogenously resistant 193 (92%) Heteroresistant 17 (8%),

210 Out of 500 strains.

Figure 3

Incidance of borderline homogenous and heterogenous resistant strains
Figure 1: Isolation of S. aureus and evaluation
of resistance pattern.

Incidence of borderline resistant strains
Ampicillin/Sulbactam test for BORSA (Borderline Staphylococ-

cus aureus) a total of 6 borderline susceptible strains with oxacillin
disk diffusion tests. They were tested with Ampicillin/Sulbactam

susceptibility by disk diffusion method. All the strains were susceptible to Ampicillin/Sulbactam. These strains were not considered oxacillin/methicillin resistant but were taken as borderline
resistant strains, due to effect of hyperproduction of β lactamase

and not due to intrinsic methicillin resistance and were considered

as methicillin sensitive Staphylococcus aureus. Overall incidence of
susceptible, resistant and borderline resistant strains.

The overall incidence of borderline resistance is 2% (6 out

of 500). 5 (83.33%) strains were homogenous resistant and 1
(16.66%) heterogenous resistant out of 6 samples.

Incidance of MRSA strains in different samples

155 (47%) strains of MRSA were detected from 330 S. aureus

isolates from Pus, making (74%) of total MRSA. 30 (27%) strains of
MRSA were detected from 110 S. aureus isolated from blood culture
making (14%) of total MRSA. Rest 12% Were isolated from other
samples.

SAMPLE

No. of Staphylococcus aureus

No. of MRSA

Pus

330

155

Sputum

15

06

Blood Culture
Throat Swab

Urine
CSF

Vaginal Swab

110
20

05
01

01
00

06

03

11

06

Fluid

02

Total

500

Ear Swab

30

08

Table 1

01

210

Antibiotic Susceptibility Pattern of MRSA Strains
Total No. of strains tested 210. More than 80% of MRSA showed

resistance to cotrimoxazole (86%), Roxythromycin (83%) and GenFigure 2

tamicin (83%). and approximately, 79% of strain are susceptible

to pefloxacin, ofloxacin and ciprofloxacin. The strains are suscep-

tible to pefloxacin, ofloxacin and ciprofloxacin in descending order
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to ciprofloxacin (23%), Pefloxacin (21%) and ofloxacin (19%). All
strains were susceptible to Vancomycin.

Author
Anita Chakraworti

Rohini Kelkar

Thomas B. Pulimood

Present Study
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Year

Disk Diffusion Test
(%) MRSA

1988

45%

1990-91 1994
1996

2017-2018

45% 67%

Table 2

24%
42%

The present study correlates well with study of Rohini., et al.

having app same incidence rate of MRSA isolates from pus samples.

All the MRSA strains were uniform susceptible to Vancomycin. So
Vancomycin is the drugs of choice for MRSA, 45 Emergence of Vancomycin resistance have been reported in the world. K. Hiramatsu

in 1996 has reported a MRSA strain with reduced Vancomycin susFigure 4

Discussion
Incidence of MRSA
In the present study, 210 (43%) out of 500 were found to be

methicillin resistant. The incidence of MRSA reported by other
workers is shown in Table- In 1960 first 3 strains of MRSA were
identified in London. In 1965, incidence of MRSA in New Delhi was

11.84%. In 1965, incidence of MRSA was 6% in Melbourne. In Mel-

bourne, 53% of Staphylococcus aureus isolates from blood culture
was resistant to methicillin in 1981.

In 1991, 35% MRSA in Malaysia In 1992, the incidence of MRSA

was 44% in Paris. In China, incidence of MRSA was 50.7% in 1994.

ceptibility. In 1997, 2 MRSA having reduced Vancomycin susceptibility have been reported in USA. The mechanism for Vancomycin
resistance in staphylococci has not yet been identified though it
is different from Vancomycin resistance in enterococci. A few bio-

chemical and phenotypic changes have been noted from a study of
a few clinical and lab.
1.
2.
3.
4.
5.
6.
7.

Increased production of one or more proteins with no.
mass of 39k.

Modification in PBP2, a high molecular weight Penicillin
binding protein.

Alteration in structure of peptidoglycan cross linking
bridges.

Decreased capsule and phage type ability.

Increased in the cell wall thickness and size.
Decreased in coagulase activity.

Decreased in lysostaphin sensitivity.

IN 1995, high incidence of rate of MRSA (87%) was noted in Mum-

Conclusion

for clinical use in Europe because of a novel pharmacokinetic pro-

in our institution, but uniformly susceptible to Vancomycin. It in-

bai Vancomycin has been widely and successfully used for the

treatment of MRSA. More recently teicoplanin has been released
file and easier administration, but a few failure cases have been
reported following treatment with Teicoplanin.

PCR testing revealed the presence of mecA gene in all Isolates

which were determined as methicillin resistant by the phenotypic
methods.

In other study carried out by Anita Chakravarty, and colleagues

in 1998 showed 45% pattern of MRSA.44 In the present study

overall incidence of MRSA is 42% from maximum from pus isolates. Comparison of susceptibility tests was as follows.

MRSA are resistant to a number of antibiotics commonly used

dicates Vancomycinis the drug of choice for MRSA infection in our
institution. In future we have limited choices of drug to treat MDR
pathogens which commonly associated with the infection in hos-

pital acquired and also occasionally find in community. A proper
microbiologist suggested antimicrobial guideline essential for prevention further resistance development in microbes. Now we have

limited option of antibiotics in which some antibiotics have more

side effects. So we need a good and proper antibiotic guideline for
proper treatment.

Citation: Kuldip., et al. “Prevalence and Antimicrobial Resistance Pattern of Methicillin Resistant Staphylococcus aureus (MRSA) Strains Isolated from
Clinical Specimen in Udaipur, Rajasthan". Acta Scientific Microbiology 2.10 (2019): 43-48.

Prevalence and Antimicrobial Resistance Pattern of Methicillin Resistant Staphylococcus aureus (MRSA) Strains Isolated from Clinical
Specimen in Udaipur, Rajasthan

Bibliography
1.

2.
3.
4.
5.

6.
7.

8.

9.

Shanthi AM and Sekar AU “Antimicrobial susceptibility pattern of methicillin resistant staphylococcus aureus at sri ramachandra medical centre”. Sri Ramachandra Journal of Medicine 2.2 (2009).

Gardam MA. “Is methicillin -resistant Staphylococcus aureus
an emerging community pathogen? A review of literature”.
Canadian Journal of Infectious Diseases 11.4 (2000): 202-211.

Klein E., et al. “Hospitalisation and deaths caused by methicillin-resistant Staphylococcus aureus,United States,1999-2005”.
Emerging Infectious Diseases 13.12 (2007): 1840-1846.

Lowy F D. “Antimicrobial resistance: the example of Staphylococcus aureus”. Journal of Clinical Investigation 111.9 (2003):
1265-1273.
Cosgrove SE., et al. “Comparison of mortality associated with
methicillin-resistant and methicillinsusceptible Staphylococcus aureus bacteremia: a metaanalysis”. Clinical Infectious Diseases 36.1 (2003): 53-59.
Gordon RJ and Lowy FD. “Pathogenesis of methicillinresistant

Staphylococcus aureu infection”. Clinical Infectious Diseases
46.5 (2008): S350-S359.

Stefani S., et al. “Methicillin-resistant Staphylococcus aureus
(MRSA): global epidemiology and harmonisation of typing
methods”. International Journal of Antimicrobial Agents 39.4
(2012): 273-282.
Sadeghi J and Mansouri S. “Molecular characterization and
antibiotic resistance of clinical isolates of methicillinresistant
Staphylococcus aureus obtained from Southeast of Iran (Kerman)”. APMIS (2013).

Havaei SA., et al. “Isolation of Asian endemicand livestock associated clones of methicillin resistant Staphylococcus aureus
from ocular samples in Northeastern Iran”. Iranian Journal of
Microbiology 5 (2013): 227-232.

10. Hasani A., et al. “Methicillin resistant and susceptible Staphylococcus aureus: Appraising therapeutic approaches in the
Northwest of Iran”. Iranian Journal of Microbiology 5 (2013):
56-62.
11. World Health Organisation. The Burden of Health Care–Associated Infection Worldwide: A Summary (2010).

47

12. Clinical Laboratory Standard Institute. Performance Standards for Antimicrobial Susceptibility Testing. Twenty-first
informational supplement M100-MS21. Wayne [PA]: Clinical
and Laboratory Standards Institute (2011).
13. Murakami K., et al. “Identification of methicillin resistant
strains of staphylococci by polymerase chain reaction”. Journal
of Clinical Microbiology 29.10 (1991): 2240-2244.

14. Mulder JG. “Comparison of disk diffusion, the E test, and detection of mecA for determination of methicillin resistance in
coagulase-negative staphylococci”. European Journal of Clinical Microbiology and Infectious Diseases 15.7 (1996): 567-573.
15. Clinical and Laboratory Standards Institute (CLSI), Performance standards for antimicrobial susceptibility testing,
Twenty-Fifth Informational Supplement 35.3 (2015).
16. Dibah S., et al. “Prevalence and antimicrobial resistance pattern of methicillin resistant Staphylococcus aureus (MRSA)
strains isolated from clinical specimens in Ardabil, Iran”. Iran
Journal of Microbiology 6.3 (2014): 163-168.
17. Original Article, MRSA in a Malaysian Hospital, Medical Journal of Malaysia 49
18. Bombay Hospital Journal 39 (1997).

19. Hasani A., et al. “Methicillin resistant and susceptible Staphylococcus aureus: Appraising therapeutic approaches in the
Northwest of Iran”. Iranian Journal of Microbiology 5.1 (2013):
56-62.
20. Abbasi-Montazeri E., et al. “The prevalence of methicillin resistant Staphylococcus aureus (MRSA) isolates with high-level
mupirocin resistance from patients and personnel in a burn
center”. Burns 39.4 (2013): 650-654.
21. Keshari SS., et al. “Emergence of pristinamycin resistance in
India”. Indian Journal of Pharmacology 41.1 (2009): 47-48.
22. Verneuil L., et al. “Factors associated with emergence of pristinamycin-resistant Staphylococcus aureus in a dermatology
department: a case-control study”. British Journal of Dermatology 163.2 (2010): 329-333.

23. Majumdar D., et al. “Antimicrobial susceptibility pattern
among methicillin resistant Staphylococcus isolates in Assam”.
Indian Journal of Medical Microbiology 19.3 (2001): 138-140.

Citation: Kuldip., et al. “Prevalence and Antimicrobial Resistance Pattern of Methicillin Resistant Staphylococcus aureus (MRSA) Strains Isolated from

Clinical Specimen in Udaipur, Rajasthan". Acta Scientific Microbiology 2.10 (2019): 43-48.

Prevalence and Antimicrobial Resistance Pattern of Methicillin Resistant Staphylococcus aureus (MRSA) Strains Isolated from Clinical
Specimen in Udaipur, Rajasthan

24. Nagaraju U., et al. “Methicillin-resistant Staphylococcus aureus in community-acquired pyoderma”. International Journal
of Dermatology 43.6 (2004): 412-414.

25. Naimi TS., et al. “Comparison of community- and healthcareassociated methicillin-resistant Staphylococcus aureus infection”. Journal of the American Medical Association 290.22
(2003): 2976-2984.

26. Moran GJ., et al. “Methicillin resistant S. aureus infections
among patients in the emergency department”. New England
Journal of Medicine 355.7 (2006): 666-674.

27. Methicillin resistant Staphylococcus aureus” –Categories
Staphylococcaceae / Bacterial disease/Occupational safety
and health. Last modified (2008):1.
28. Herold BC., et al. “Community- acquired methicillin-resistant
Staphylococcus aureus in children with no identified predis-

posing risk”. Journal of the American Medical Association 279.8
(1998): 593-598.

29. Prakash M., et al. “Prevalence of methicillin-resistant Staphylococcus aureus in clinical samples collected from Kanchipuram town, Tamil Nadu, South India”. Journal of Applied Sciences Research 3.12 (2007): 1705-1709.

Volume 2 Issue 10 October 2019
© All rights are reserved by Kuldip., et al.

Citation: Kuldip., et al. “Prevalence and Antimicrobial Resistance Pattern of Methicillin Resistant Staphylococcus aureus (MRSA) Strains Isolated from

Clinical Specimen in Udaipur, Rajasthan". Acta Scientific Microbiology 2.10 (2019): 43-48.

48

