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ABSTRACT

Background: Methicillin-resistant S. aureus (MRSA), a major nosocomial pathogen is a challenge in treatment as it is ineffective
to most antibiotics. So quick and accurate detection of MRSA is essential to avoid treatment failure and to contain the spread of
this organism.
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Objective: This study aims to compare the conventional cefoxitin disc diffusion method with MRSA Chrom agar method for
detection of MRSA and to note the resistance pattern of the organisms.

Methods: In this prospective study S.aureus identified using conventional methods for the pus, nasal swabs and blood samples
as a part of surveillance by hospital infection control unit. All S.aureus were screened for methicillin resistance by cefoxitin disk
diffusion, MIC (by Vitek 2) and MRSA Chromagar.S.aureus ATCC strains were used for quality control. Antibiotic sensitivity was
done by Kirby Bauer’s disc diffusion method using CLSI guidelines. Data maintained in Microsoft office Excel was analyzed with
statistical tools such as the Chi Square test for significance.

Results: Out of 125 S. aureus isolated, 48 (38.4%) were MRSA. By cefoxitin disk diffusion method the sensitivity and specificity
were 100% and 100% respectively when compared with Vitek2 MIC while, the sensitivity and specificity of Chromagar-MRSA
were93.75% and 97.36%, respectively. The earliest turnaround time for MRSA identification with the conventional method was
48 hours (37.5%) only while by Chrom agar detection 91.11% were identified in the first 24 hours itself. Al MRSA isolated were
susceptible to Vancomycin, Linezolid and resistant to commonly used antibiotics.

Conclusions: Cefoxitin disk diffusion method is having higher sensitivity and specificity for MRSA detection than the Chrom
agar MRSA method. As the later is having good sensitivity, specificity and can detect the majority of MRSA with a significantly
less TAT, it can be used for screening of MRSA.
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INTRODUCTION MRSA screening is important for epidemiologic and thera-
peutic reasons. To identify these strains in clinical samples,
screening methods should have high sensitivity and speci-
ficity and early reporting is of paramount importance to
reduce its further spread. A solution for this is by use of se-
lective media and chromogenic agar media containing ce-
foxitin which can be useful for identification ofStaphyloc-
cus aureus and MRSA in one step from clinical samples.®So

this study was designed to know the best method for early

Staphylococcus aureus is a common human commensal
well as a pathogen causing widespread infections.! Infec-
tion caused by S. aureus specially Methicillin resistants.
aureus(MRSA) is associated with significant morbid-
ity and mortality.? The incidence of nosocomial as well
as community-acquired infections caused by MRSA is
increasing worldwide.? This further promotes to the over-

use of anti-MRSA drugs which has led to the emergence
of vancomycin-resistant and intermediateS. aureus.* Pre-
ventive strategies include hand hygiene practices properly
with cleaning and disinfection and timely identification and
isolation of MRSA from colonized or infected patients.’ So

MRSA detection and its prevalence by comparison of chro-
mogenic agar (MeReSa chrome agar) with other conven-
tional detection methods. One of the MRSA preventive
strategies is also proper & effective treatment of MRSA
infected patients. So to choose the appropriate antibiotic or
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for empiric therapy knowledge of the resistance, the pattern
is of utmost importance.

MATERIALS AND METHODS

Sample collection

This prospective study was performed in the Microbiology
Department of IMS and SUM hospital from January to June
2020. The samples included were the surveillance culture of
the hospital infection team which consisted of blood, pus or
wound swabs and nasal swabs of indoor patients with sep-
ticemic or pyogenic infection. In the study period, 414 total
samples i.e. 299 pus samples, 45 blood culture and 70 nasal
swabs were received by the hospital infection control unit.

Isolation of S. aureus

Nasal swab &pus samples were cultured on 5%sheep blood
agar (BA), MacConkey’s agar(MCA). Blood sample col-
lected in blood culture bottles was cultured by the automated
blood culture system (BacT/Alert, Bio Merieux). The speci-
men signalling growth were subcultured on above media and
incubated at 35°C in 5%CO2for 18-24 hours. Opaque, beta
haemolytic colonies having positive for catalase, slide &
tube coagulase test, growth on mannitol salt agar and Gram-
positive cocci on microscopy, were identified as S.aureus.

Detection of MRSA by cefoxitin disc method

On Mueller—Hinton agar plates all strains of S. aureus with
a suspension of 0.5 McFarland were tested with 30 pg ce-
foxitin discs (Hi-Media). After 16-18 h of incubation at
37°C it was interpreted according to CLSI (2017) criteria as
per the size of the zone of inhibition; susceptible if >22 mm
and resistant if it is <21 mm.’Oxacillin sensitive S.aureus
ATCC 29213 and resistant S.aureus ATCC 43300 were used
as quality control for all procedure.

MRSA Chrom agar method

It was prepared by adding MeReSa selective supple-
ment and cefoxitin supplement to chromagar base. All
the samples on receipt were directly inoculated on MRSA
ChromAgar(HiCromeTMMeReSa Agar)at parallel along
with the conventional inoculation. For blood culture, the
sample was inoculated on the chromogenic media after re-
ceipt of positive signal from the automated blood culture
system.MRSA Chromagar was incubated at 37°C. The speci-
men showing bluish-green colour colonies in 18-24 hours of
incubation were considered as the MRSA. The culture plates
were incubated for another 24 hours if no colour change ob-
served in 1st 24hours.

MRSA detection by Vitek 2
Methicillin resistance was cross-checked by automated

method (Vitek2, Biomeriux) for all the MRSA strains de-
tected by chromagar and the disc diffusion methods. Though
the molecular method of detecting mec4 gene by PCR is
considered as the gold standard for MRSA detection; due to
its limited availability, an alternative method Vitek 2 system
was used for this purpose which uses both the cefoxitin and
oxacillin to detect methicillin resistance by the MIC method,
better than the single cefoxitin disc diffusion method.® Anti-
biotic susceptibility testing was done for the isolated MRSA
strains by modified Kirby Bauer’s disc diffusion method as
per CLSI Guidelines.’

Ethical issues

As the samples were submitted for surveillance purpose by
hospital infection control team with no direct involvement of
the patient in our study ethical committee approval was not
essential.

Statistical analysis
Data was entered in excel format and analysis was done us-
ing standard statistical methods.

RESULTS

A total of 414 nasal swabs, pus and blood culture specimens
were collected. (Table 1)Nasal swabs were collected from 70
patients among which Staphylococcus aureus was isolated in
31 samples out of which 12 (38.7%) were MRSA and rest 19
were MSSA. Of the 299 collected pus samples, S.aureus was
isolated in 79 specimens, out of which 26(8.7%) were MRSA
and 53 were MSSA. Other organisms isolated were CoNS
12, Gram-positive cocci in pairs 7, Gram-negative bacteria
108 and only one Candida. There was no growth in 97 sam-
ples. Similarly, from 45 blood cultures, 10 samples showed
MRSA (22.22 %) and 5 samples showed MSSA (33.33%)
(Table 1). So the MRSA collected from nasal swab was
12/70(17.14%), pus 26/299 (8.7%) and blood culture were
10/45(22.22%). Thus 38.4% of all S.aureus were MRSA.

All the S. aureus isolated from different samples were dif-
ferentiated to MSSA or MRSA by Cefoxitin Disc diffusion
method (Figure 1). By chromagar method the bluish-green
colour colonies were presumed as MRSA (Figure 2). Time
taken for isolation and identification of MRSA by both
methods was compared. By conventional culture techniques,
in some pus samples and nasal swab specimen, S. aureus
growth was interspersed with the normal flora, thus report-
ing was delayed for up to 72 hours or more. The earliest
turnaround time for MRSA identification with the conven-
tional method was 48 hours. 18 isolates (37.5%) were re-
ported in 48 hours, 20 isolates (41.6%) in 72 hours, 8 isolates
(16.6%) in 96 hours and 2 isolates (4.1%) even in 120 hours.
On the other hand on using Hi-CromMeReSa™ Agar total
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of 47 MRSA detected by seeing green coloured colonies. 41
isolates (41/45,91.11%) of these were identified in 24 hours.
The remaining 6 MRSA were identified at 48 hours (4/45,
8.89%)of which 2 isolates were excluded as MSSA after
confirmation by Vitek 2 (Table 2).

The MRSA detected by both the methods were reconfirmed
with the Vitek 2 system. By conventional method 48 isolates
were read as MRSA and 77 as MSSA which was imperfect
linearity as Vitek 2 results. But 3 isolates of MRSA, as noted
by Vitek 2, were not detected by Chrom agar method. Simi-
larly, out of 47 MRSA detected by Hi-CromMeReSa™, 45
isolates were MRSA on confirmation and 2 were detected as
MSSA (Table 3).

Sensitivity and specificity of different methods are illustrat-
ed in Table 4. The sensitivity of the chromogenic and the
conventional method was 93.75% and 100% respectively,
whereas the specificity by these two was 97.4% and100%
respectively (Table 4). The two methods had almost perfect
agreement(95% confidence interval is from 0.842 to 0.988)
as calculated by the kappa value of 0.915. The Pearson Chi-
square value for this is104.71. The two-tailed ‘P-value’ is
less than 0.0001indicating that the difference between the
two methods for MRSA detection to be statistically signifi-
cant.

The result for all the 48 MRSA strains, susceptibility test-
ing to different antibiotics is shown in Figure 3. All these
MRSA were sensitive to vancomycin & linezolid. These are
resistant to most of the antibiotics such as erythromycin, cip-
rofloxacin, imipenem and the meropenems. The MRSA iso-
lated from nasal swab had similar resistance pattern as those
isolated from clinical samples.

DISCUSSION

The emergence of methicillin resistance in Staphylococci
is a great challenge for the treatment of many communities
and hospital-acquired infections caused by it. Rapid screen-
ing of MRSA in clinical specimens is therefore essential for
time management with appropriate antibiotics and instituting
isolation measures. So, it is necessary for evaluating an ac-
curate, sensitive and simple cost-effective method to be used
in Microbiology lab for early MRSA detection.

In this study, different methods were used for the detection
of MRSA. Total 125 number of S. aureus (MRSA & MSSA)
was isolated from 414 different samples & MRSA was
48/125(38.4%). The finding was like the range of MRSA
(38.23%, 32%, 41.6%) isolated by other workersrespective-
ly.9,10,11

In the present study, for the detection of MRSA, we assessed
two different phenotypic methods. A total of 125 S. aureus
isolated from different clinical samples were processed for

methicillin resistance detection. By the cefoxitin disc diffu-
sion test, 48 (38.4%) of these were observed as Methicillin-
Resistant S. aureus (MRSA). By chrom agar method 47 were
detected as MRSA. The result of cefoxitin disc diffusion
method &chrom agar was cross-checked byMIC determina-
tion by Vitek method and we observed the same 48 strains
as MRSA as was by cefoxitin disc diffusion method. So, the
cefoxitin disc test was having 100% sensitivity and 100%
specificity with 100% positive and negative predictive val-
ue. With the cefoxitin disc diffusion, method other workers
had also reported 100% sensitivity and 100% specificity.'>!?
But in the present study, out of 47 MRSA strains detected by
chrome agar method, 45 were the MRSA, 2 were MSSA with
93.75% sensitivity and 97.4% specificity, similar to a find-
ing of 98.07% sensitivity and 97.80% specificity by an au-
thor.!* For detection of methicillin-resistant Staphylococcus
aureus(MRSA), Clinical and Laboratory Standards Institute
has replaced oxacillin with cefoxitin as cefoxitin disk dif-
fusion method is a better than the disk diffusion tests using
oxacillin and the former is supported by a molecular study of
MRSA detection by PCR for mecA gene.'?

Time taken for isolation and identification of MRSA by both
these methods was compared. The earliest turnaround time
for MRSA identification with the conventional method was
48 hours. 18 isolates (37.5%) were reported in 48 hours, 20
(41.6%) in 72 hours, 8 (16.6%) in 96 hours and 2 4.1%) in
120 hours.

By chromagar method, 41 isolates (41/45, 91.11%) were
identified in the first 24 hours. The remaining 6 MRSA of
which 2 excluded as methicillin-sensitive Staphylococcus
aureus MSSA after confirmation of all isolates by Vitek2
were identified at 48 hours (4/45, 8.89%). The finding is
similar to the studies®'* where90% &88.88% were detected
in 24 hrs while 10% and 11.11% were detected in48 hrs re-
spectively.

In this study, 91.11 % strains of MRSA were detected by
Chromagar within 24 hrs directly. This was highly significant
than the cefoxitin disc diffusion method for early detection
with a P-value of <0.0001 and sensitivity, specificity, PPV
and NPV of 93.75%, 97.36 %, 95.7& 96.1 % respectively.
The early detection is a highly necessary step to spread trans-
mission of the bug.

A nasal swab was used as a sample to evaluate the usefulness
of Chrom agar method when the sample has a propensity
to contain associated commensal flora which can influence
isolation. But the Chrom agar method proved useful in early
identification of MRSA even in large loads of contaminating
bacteria.

In this study, the MRSA show a higher level of resistance
to commonly used antibiotics. All of them were sensitive to
vancomycin and linezolid. This result was comparable to the
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studies carried out by other workers.'*'7 In the present study
the MRSA isolated from nasal swab had a similar resistance
pattern as those isolated from clinical samples. It strongly
indicates the nasal carrier might be the source for nosoco-
mial infection. So MRSA surveillance, proper health practice
&regular screening with local treatment of the nasal carriers
is essential for preventing transmission of this dangerous in-
fection especially in the high-risk zone in the hospital.

An early detection method by Chrom agar can be
chosen replacing the time taking multistep con-
ventional method which will benefit the patient by
early treatment & further preventing transmission
of MRSA strains.

CONCLUSION

In this study, cefoxitin disc diffusion is the most
accurate method for methicillin-resistant Staphylo-
coccus aureus detection. But the main demerit is
that it is time-consuming. So a highly specific and
sensitive single step Chrom agar method can be a
better option for routine and timely identification &
rapid screening of MRSA from the clinical samples
particularly in high-risk wards and ICUs to aid in
early diagnosis and further to prevent the transmis-
sion of MRSA strains.
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Table 1: MRSA & MSSA Distribution from various specimens

Total samples S.aureus MRSA (%) MSSA(%) MRSA (%) from all S aureus
Nasal Swab 70 31 12(17.14) 19(24.67) 12/31(38.7)
Pus 299 79 26(8.7) 53(68.83) 26/79(32.91)
Blood 45 15 10(22.22) 5(6.49) 10/15(66.67)
Total 414 48 48(11.59) 77(18.6) 48/125(38.4)

Table 2: Comparison of TAT required for MRSA detection

Time of Reading 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs
Chrom Agar 4 4 - - -
Cefoxitin Disc diffusion Method - 18 20 8 2

Table 3: Comparison of two methods for MRSA detection

Cefoxitin Resistant (MRSA) Cefoxitin Sensitive (MSSA) Total
Chrom agar positive 45 2 47
Chrom agar negative 3 75 78
Total 48 77 125

Table 4: Comparison of sensitivity & specificity of MRSA by different methods

Method Total No. of False -Ve False +Ve Sensitivity (%) Specificity (%)

MRSA
Vitek 2 48 0 o 100 100 100 100
CHROMagar 47 3 2 93.75 97-4 95.7 96.1
Cefoxitin Disk Diffusion 48 o o 100 100 100 100

Figure 2: Chrom agar plate showing green colonies of MRSA.

Figure 1: MRSA detection by cefoxitin disc diffusion test. Antibotics Susceptibility of MRSA isolates (%)
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Figure 3: Sensitivity pattern of MRSA isolates (n=48).
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