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ABSTRACT

Introduction: Methicillin Resistant Staphylococcus aureus
(MRSA) is one major healthcare associated infection. Prevalence
of MRSA and its antibiotic susceptibility changes from time
to time. Disc diffusion method remains the most widely used
antibiotic susceptibility method in routine clinical laboratories
but MIC detection is essential for checking susceptibility to
Vancomycin.

Aim: To detect MRSA isolates both by disc diffusion method
and Minimum Inhibitory Concentration (MIC) method using
E-test, their susceptibility to common antibiotics.

Materials and Methods: A cross-sectional study was
conducted on different samples for culture and sensitivity in the
microbiology laboratory of a tertiary care centre for six months.
Antibiotic susceptibility testing was done in Staphylococcus
aureus isolates by disc diffusion method in Mueller Hinton
agar. Cefoxitin and Vancomycin MIC of different isolates

were detected. Frequencies of MRSA isolates from different
clinical samples and their susceptibility to various common
antimicrobial agents such as Penicillin (10 units), Cefoxitin
(80 pg), Erythromycin (15 pg), Clindamycin (2 pg), Cotrimoxazole
(1.25/23.75 pg) and Linezolid (30 pg) were determined. Data
were analysed using the IBM SPSS version 23. Descriptive
statistics were used.

Results: Total 353 S.aureus isolated over six months period,
100 were Methicillin Resistant (28.3%). A 66% were from males
and 34% were from females. MIC50 of Cefoxitin was found to
be 16 while the Vancomycin MIC50 was 0.38 and Vancomycin
MIC90 was 0.25.

Conclusion: Percentage of MRSA out of S. aureus isolates was
28.3%. Pus swabs were the major sample. All the MRSA isolates
had a Vancomycin MIC <1.5 pg/mL. E-test has the advantage of
detecting even minor changes in MIC.
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INTRODUCTION

The MRSA is one major bug causing healthcare associated
infections. Many factors contribute to MRSA infection and
colonisation in patients with history of recent hospital admission
especially in ICUs, chronic skin condition, diabetes, presence of
open wound and placement of central line [1,2]. Prevalence of
MRSA and its antibiotic susceptibility changes from time to time. It
varies regionally also.

From worldwide data, the Community Acquired-MRSA (CA-MRSA)
carriage prevalence ranges from 0% to 23.5% and India with the
highest prevalence (16.5%-23.5%), followed by Vietnam (7.9%) and
Taiwan (3.5%-3.8%) and in hospital settings, it is 0.7% to 10.4% [3].

In hospital settings of India, it is around 29-46% [4,5]. MRSA are
considered to be resistant to all Penicilinases-stable Penicillins
including Oxacillin, Methicillin, Nafcillin, Cloxacillin, and Dicloxacillin.
In addition, they are resistant to all other beta lactam agents and
have become resistant to Aminoglycosides and Fluoroquinolones.
Multidrug resistant MRSA poses serious infections which are difficult
to treat. Therapeutic options for MRSA include Glycopeptides
(Vancomycin, Teicoplanin) Lipopeptides (Daptomycin), fifth
generation Cephalosporins and Oxazolidinones (Linezolid). The
first isolate with reduced susceptibility to Vancomycin was reported
from Japan in 1997 [6]. Emergence of Staphylococcus strains with
full resistance to Vancomycin (VRSA) has given rise to serious
problem worldwide.

Disc diffusion method remain the most widely used antibiotic
susceptibility method in routine clinical laboratories. Mueller Hinton
Agar (MHA) medium is commonly used for disc diffusion assay. For
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detection of methicillin resistance, some commercial automated
methods are increasingly used [7]. MIC detection using E-test can
also be used to detect MRSA isolates [8,9]. Disc diffusion method
is not much reliable for Vancomycin testing [10]. Based on the
MIC of the isolate for Vancomycin, either Vancomycin or any other
anti MRSA drugs should be used [11]. There are many methods
for Vancomycin MIC detection. Vancomycin MIC for MRSA
isolates differ with different susceptibility methods [12]. E-test
is a convenient method of antimicrobial susceptibility testing. It
directly detects MIC values of an antibiotic. E-test comprises a
predefined gradient of Vancomycin which is used to determine
the MIC (ug/mL) of the antibiotic against microorganisms on agar
media after an overnight incubation [13]. Because of its high cost,
it is not used routinely in laboratories and not many studies [14-
16] are conducted based on it especially in Southern part of our
country [17,18].

So, this study was aimed to detect MRSA isolates both by disc
diffusion and E-test, their susceptibility to common antibiotics,
also their Vancomycin MIC with E-test from samples received in
Microbiology lab in a tertiary care centre in Southern India.

MATERIALS AND METHODS

Study Design

The cross-sectional study was conducted in Government Medical
College, Thrissur, Kerala, India from January, 2015 to June, 2015
for a period of six months, after obtaining ethical clearance. (B6-
15426/2014/MCTCR dt.23.2.15 Date of ethical board review:
29.05.2015).
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According to previous study of Chaterjee A et al., [19], prevalence
of MRSA reported was 52%. Therefore, minimum sample size
calculated for 95% significant level with relative precision of 20% of
‘p’ was 92 (rounded to 100).

All samples (pus aspirates, pus swabs, urine etc.,) received in the
Microbiology lab over the six month period were included in this studly.
After antibiotic sensitivity testing, isolates which were sensitive to
Cloxacillin (MSSA) were excluded from further study. Patients included
paediatric population to old aged and severely ill like patients in ICU,
chronic renal disease, chronic liver diseases and trauma cases. Only
one isolate per patient was included in the study. Informed consent
was taken from the patients before proceeding with the isolates.

Study Procedure

Clinical samples were sent from patients with discharge from fracture
wound, surgical site infection or infected implant. The samples were
inoculated to blood agar and MacConkey agar. Manual identification
methods were used as per lab Standard Operating procedures [20].
The isolates were identified as Staphylococcus aureus by Gram
staining of the colony smear (Gram positive cocci in clusters), and
biochemical reactions (slide coagulase and tube coagulase test
both positive). Antibiotic susceptibility testing was done in these
isolates by disc diffusion method in Mueller Hinton agar as per CLSI
guidelines [21]. The discs used were Penicillin (10 units), Cefoxitin
(80 pg), Erythromycin (15 pg), Clindamycin (2 pg), Cotrimoxazole
(1.25/23.75 pg) and Linezolid (30 pg). Induced Clindamycin
resistance was also checked by Erythromycin and Clindamycin discs
spaced 15 mm apart as mentioned in CLSI guidelines [21,22]. Al
the isolates resistant to Cefoxitin were considered as MRSA. These
isolates were again subjected to antimicrobial susceptibility testing
by E-test method to determine the MIC against micro organisms
as tested on agar media for Cefoxitin and Vancomycin together
[14]. Here, a dual E-test (Vancomycin-CefoxitinEzy MIC™ Strip from
Himedia) was used which comprised of a predefined gradient of
both Cefoxitin (0.5-64 mcg/mL) and Vancomycin (0.19-16.0 mcg/mL)
both in one strip, so the MIC s of both antibiotics could be detected
simultaneously. Cefoxitin and Vancomycin MIC of different isolates
were detected. Quality control of the strip was also done with
standard ATCC cultures (S.aureus ATCC 25923) recommended by
CLSI on suitable medium incubated appropriately [21].

STATISTICAL ANALYSIS

Data were analysed using the IBM SPSS version 23. Descriptive
statistics were used to determine the frequencies of MRSA isolates
from different clinical samples, their susceptibility to various
antimicrobial agents, MIC’s of Cefoxitin and Vancomycin.

RESULTS

In a six month period, 100 (28.3%) MRSA strains were isolated from
353 different samples received in Microbiology laboratory Sixty six
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(66%) were from males and 34 (34%) were from females. Maximum
number of patients was in the age group 41-50 (29/100). Mean age
was 40.89+.22. New borns were five and children less than 10 years
were nine in number [Table/Fig-1]. Hundred samples received were
from various specialities like surgery, orthopaedics, paediatrics and
super specialities like neurosurgery and paediatric surgery [Table/
Fig-2]. High vaginal swabs were sent from women who had rupture
of membranes at 35-37 weeks of pregnancy (2/100). Pus swabs
were maximum, 72% of total samples (72/100). Maximum strains
were isolated from Orthopaedic department (35/100). MRSA was
isolated from umbilical swabs taken from two new borns (2/100).
Though pus aspirates are better specimens than swabs, we received
more swabs as specimens as it is easier to collect.

Age group Male Female Percentage
New born 3 2 5.0
Less than 1 year 1 0 1.0
1-10 years 4 4 8.0
11-20 years 2 2 4.0
21-30 years 10 5 15.0
31-40 years 7 6 13.0
41-50 years 22 7 29.0
51-60 years 6 4 10.0
61-70 years 10 3 138.0
71-80 years 1 1 2.0
Total 66 34 100.0

[Table/Fig-1]: Distribution of age and gender.

Over a period of six months, 353 strains of S. aureus were isolated.
Among these isolates, 100 (28.3%) were Methicillin Resistant and
253 (71.6%) were Methicillin sensitive (MSSA) by cefoxitin disc
diffusion method.

The results of antibiotic susceptibility tests were studied in
detail [Table/Fig-3]. Out of these 100 isolates, all of them were
susceptible to high end antibiotics like Vancomycin and Linezolid.
Oxacillin resistant S.aureus are considered resistant to other
beta lactam agents, Beta Lactam combination agents, Cephems
and Carbapenems. Erythromycin and Clindamycin are poorly
concentrated in urine. So, they were not checked routinely in
urine isolates. Linezolid is a reserve antibiotic for urinary tract
infections caused by Vancomycin Resistant Enterococci (VRE).
Hence, it was not checked for the MRSA strain isolated from urine
here. Sensitivity to Clindamycin and Cotrimoxazole were around
50% for pus swabs and aspirates. Out of the 100 MRSA isolates,
47 were susceptible and 52 were resistant (one urine isolate not
checked) to Clindamycin. Among the resistant population, 32/52
had resistance induced by Erythromycin which was detected by
D zone testing [22] [Table/Fig-4].

Samples
High vaginal Ear and nasal Umbilical Conjunctival Throat

Department Pus swab Pus aspirate swab Urine swab swab swab swab Total
Surgery 12 10 0 1 1 0 0 0 24
Orthopaedics 31 4 0 0 0 0 0 0 35
Paediatrics 6 1 0 0 2 2 2 0 13
Dermatology 11 0 0 0 0 0 0 0 11
Obstetrics and gynaecology 8 0 2 0 0 0 0 0 10
ENT 0 0 0 0 1 0 0 0 1
Neurosurgery 2 0 0 0 0 0 0 0 2
Paediatric surgery 1 1 0 0 0 0 0 0 2
Radiation oncology 1 0 0 0 0 0 0 1 2
Total 72 16 2 1 4 2 2 1 100

[Table/Fig-2]: Type of samples received from different departments.
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[Table/Fig
*Out of the
TIncludes high va

roat swab

No. of isolates Penicillin Erythromycin Clindamycin* Cotrimoxazole Linezolid Vancomycin
Pus swab 72 0 5 (6.9%) 35 (48.6%) 37 (51.4%) 72 (100%) 72 (100%)
Pus aspirate 16 0 1(6.3%) 9 (56.3%) 9 (56.3%) 16 (100%) 16 (100%)
Urine 1 0 Not checked Not checked 1 (100%) Not checked 1 (100%)
Otherswabs' 11 0 0 3 (27.3%) 8 (72.7%) 11 (100%) 11 (100%)

by Erythromycin which was detected by D zone testing

o W =

[Table/Fig-4]: D-test showing induced clindamycin resistance.

Cefoxitin and Vancomycin MIC values were obtained with E-test
[Table/Fig-5-7]. All had Cefoxitin MIC of 8 and above, 49% had an
MIC value of >64. MIC50 was 16. Vancomycin MIC was 1.5 and
below for all isolates. MIC ranged from 0.19 to 1.5. Vancomycin
MIC50 is 0.38 and Vancomycin MIC90 is 0.25. Maximum MIC was
1.5 found in one isolate, which is again in the susceptible range.

Cefoxitin MIC (ug/mL) Percentage
8 29.0

12 15.0

16 6.0

24 1.0
>64 49.0
Total 100.0

[Table/Fig-5]: Cefoxitin MIC checked in MRSA isolates.

Vancomycin MIC (ug/mL) Percentage
0.19 9.0
0.25 10.0
0.38 37.0
0.50 29.0
0.75 13.0
1.00 1.0
1.50 1.0
Total 100.0
DISCUSSION

In a six month period, out of 353 S. aureus isolated, 100 were
Methicillin Resistant (28.3%). Overall prevalence of MRSA in India
was found to be 30 to 80% [13-15]. A study by Anupurba S et al.,
shows a prevalence of 54.8% of MRSA in Eastern Uttar Pradesh
[23]. In another study by Joshi S and Ray P which was conducted
in 15 Indian tertiary care centres during a two year period, the
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[Table/Fig-7]: Cefoxitin and Vancomycin combined E-test for MIC detection.

overall MRSA prevalence was 41% [24]. A study from South
Western India by Chatterjee A et al., shows an MRSA prevalence
of 52% [19]. Different International and National studies show
that around 20 to 30% of S.aureus is MRSA [25-27]. Study by
Stirenburg E, Rajaduraipandi K et al., and Dar JA et al., shows
an MRSA prevalence of 15-20%, 31.1% and 35.1%, respectively
[25-27]. This study correlates with the world statistics. MRSA was
more common in males (66%) than females (34%). Majority of the
samples were pus swabs (72/100). Maximum number of MRSA
isolates was from Orthopaedic department (35/100). Samples were
taken from discharge from fracture wound, surgical site infection or
infected implant.

Regarding the antibiogram of MRSA isolates using disc diffusion
method, all were susceptible to Linezolid. 55% of isolates were
susceptible to Cotrimoxazole. Erythromycin susceptibility was much
lower, only 6 out of 99 isolates (not tested in one sample of urine) were
susceptible. Clindamycin also was not checked in urine isolate but 47
isolates from other samples were susceptible. Out of 52 Clindamycin
resistant isolates, 32 had induced Clindamycin resistance. So out of
100 MRSA isolates, 32 had induced Clindamycin resistance (32%).
This is in accordance with the study of Gadepalli R et al., which
showed it as 30% in MRSA [28]. Other studies like Yimaz G et al.,
and Rahabar M and Hajia M showed 24.4% and 22.6% in MRSA,
respectively [29,30]. On the contrary, Levin TP et al., showed an
inducible Clindamycin resistance of only 12.5% in MRSA [31].
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Regarding the MIC detection with E-test, all had Cefoxitin MIC of 8
and above. So the MRSA isolates detected by disc diffusion method
were confirmed as the same with MIC method also. Vancomycin
MIC was 1.5 and below for all isolates which were in the susceptible
range. Vancomycin MIC50 is 0.38 and Vancomycin MIC90 is 0.25.
In a study conducted by Chaudhari CN et al., 92% of MRSA strains
had a Vancomycin MIC of <2 ug/mL [10]. A 5.6% and 1.7% isolates
had MIC in the range of 2.5-3.5 and 4 ug/mL, respectively. MIC50
and MIC90 of these isolates by E-test were 0.75 and 2 pg/mL,
respectively.

According to the study of Song KH et al., in which they compared
Vancomycin MIC’s by E-test and broth microdilution method, the
numbers of isolates with high MIC (>1.5 mg/litre) were 19.5% by
E-test and 8.5% by broth microdilution [32]. In a study by Kumari J
et al., Vancomycin MIC as detected by E-test ranged from 0.75-4
pg/mL [33]. A 4.1% of the studied MRSA strains were Vancomycin
intermediate (VISA, Vancomycin MIC 4 pg/mL). MIC90 and MIC50
by E-test were 3 pg/mL and 2 pg/mL respectively. They concluded
that E-test can be used to determine Vancomycin MIC in the
intermediate zone even minor changes in MIC and study “MIC
creep”. MICO0 and MIC50 were higher compared to the present
study.

Overall, the prevalence of MRSA according to this study correlates
with national and international statistics [Table/Fig-8] [10,14,16-
18,32,33]. Induced Clindamycin resistance, also is routinely tested
in the laboratory by the D zone test, as missing of this type of
resistance may lead to therapeutic failure by Clindamycin. There
were no Vancomycin intermediate or Vancomycin resistant strains
obtained in this study which could easily be found out with the
E-test method used here.

Vancomycin Vancomycin
MIC of MRSA | MIC of MRSA
isolates isolates
No. of minimum value maximum
Author, Place samples pg/mL value pg/mL
Chaudhari CN et al., Pune, India [10] 232 <2 4
Katiyar R et al., Lucknow, India [14] 62 0.75 3
Niveditha N and Sujatha S
Pondicherry, India [16] 200 0125 s
Moses V et al., Telangana, India [17] 115 0.5 32
Amperpet R et al., Pondicherry, 500 0.25 5
India [18]
Song KH et al., South Korea [32] 673 <1 2
Kumari J et al., Karnataka, India [33] 98 0.75 4

[Table/Fig-8]: Comparative study of Vancomycin MIC [10,14,16-18,32,33].

Limitation(s)
Only one method was used to detect the MIC values due to high
cost of tests and could not be compared with other methods.

CONCLUSION(S)

From the present study, it was concluded that the percentage of
MRSA out of S. aureus isolates was 28.3%. Pus swabs were the
major sample. All the MRSA isolates had a Vancomycin MIC <1.5
ug/mL which was determined by using Vancomycin E-test. All the
isolates were in susceptible range. Using an E-test has the advantage
of detecting even minor changes in MIC. It is recommended that there
should be a continued surveillance to detect the changing patterns of
reduced Vancomycin MIC among MRSA isolates from clinical samples
to evaluate the clinical outcomes of serious MRSA infections.
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