Detection of Methicillin Resistance in Staphylococcus Aureus
by Polymerase Chain Reaction and Conventional Methods:
A Comparative Study
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ABSTRACT

Background: Methicillin-resistant Staphylococcus aureus (MRSA) is a major nosocomial pathogen worldwide, which has
emerged over the past 30 years as a leading cause of both nosocomial and community-acquired infections. Accurate and
rapid identification of MRSA in clinical specimens is essential for timely decision on effective antimicrobial chemotherapy.
Aim: The present study was conducted to compare two conventional phenotypic methods, oxacillin disk diffusion (ODD)
method and mannitol salt agar (MSA) with oxacillin, with polymerase chain reaction (PCR) for mecA gene (as standard).
Materials and Methods: A total of 165 consecutive clinical isolates of S. aureus received at the Department of
Microbiology in our tertiary care teaching hospital were included in the study. All the isolates were subjected to ODD (1 ug)
method, culture in MSA with oxacillin, and PCR for mecA gene.

Results: The sensitivity and specificity of ODD test were found to be 93.5% (86.4-97.3%) and 83.5% (79.2-85.8%),
respectively, and that of MSA with oxacillin were found to be 87.1% (79.5-92.3%) and 89.3% (84.8-92.5%), respectively.
The time taken for diagnosing MRSA by conventional methods is 48-72 h, which is more as compared to PCR which
takes 18-24 h.

Conclusion: This study recommends advocating PCR for mecA gene on a regular basis for detecting methicillin
resistance in S. aureus isolates isolated from sterile body fluids or from special units such as intensive care units.
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INTRODUCTION MRSA is a major nosocomial pathogen worldwide

which has emerged over the past 30 years as aleading

y taphylococeus anreus is one of the major resistant
. pathogens in clinical practice. The reservoir of
methicillin-resistant . aureus (MRSA) is infected and
colonized patients, and the major mode of transmission
from patient to patient is through the contaminated
hands of healthcare workers.!'! MRSA was first detected
in Britain in 1961 and is now “quite common” in
hospitals.”’ MRSA is defined as a strain of S. aureus
that is resistant to a large group of antibiotics called
[-lactams, that includes penicillins and cephalosporins.
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cause of both nosocomial and community-acquired
infections.®! Methicillin resistance is caused by
the presence of mecA gene, which encodes an
additional 78 kDa low-affinity penicillin binding
protein (PBP)-2a or PBP2” which has a low
affinity for B-lactam antibiotics.”! There has been
a steady increase in the prevalence of MRSA all
over the world.”! In a meta-analysis of 31 studies,
Cosgrove et al. reported that MRSA bacteremia is
associated with increased mortality as compared
with methicillin-sensitive S. axreus (MSSA)
bacteremia.ll The treatment of MRSA infections
is entirely different from that of MSSA infections.
Accurate and rapid detection of MRSA permits
timely implementation of effective antimicrobial
therapy, preventive infection control strategies like
immediate patient isolation (and occasional ward
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closure), screening of the patient contacts and staff, and
appropriate disinfection measures which in turn reduce
the costs.® An additional concern is the emergence of
vancomycin-intermediate S. awreus (VISA) and, more
recently, vancomycin-resistant S. aureus (VRSA),
one of the main reasons assumed to be due to the
injudicious use of vancomycin for wrongly diagnosed
MRSA (false-positive MRSA).

Laboratory diagnosis and susceptibility testing are crucial
steps in treating, controlling, and preventing MRSA
infections. Discrepancies in detection have an adverse
effect on patient management, thereby highlighting the
importance of accuracy in detection. Hence, methods
used to detect MRSA in clinical samples should have high
sensitivity and specificity and, most importantly, the result
should be available within a short time. Various methods
have evolved for rapid detection of methicillin-resistant
staphylococci, but the optimal method for the detection
remains controversial. The most commonly used method
in the laboratories is culture and antibiotic sensitivity
test (AST) [oxacillin disk diffusion (ODD)]. Other methods
available for diagnosing MRSA include mannitol salt
agar (MSA) with oxacillin (agar screening method), minimum
inhibitory concentration (MIC) tests, agar dilution tests etc.,
All these tests are the conventional phenotypic methods of
MRSA identification.'>"”! Genotypic (molecular) method
is the polymerase chain reaction (PCR) based method for
detecting mec gene, which remains the “gold standard”
for diagnosing MRSA. %1314

The present study was conducted to compare two
conventional phenotypic methods

1. ODD method (culture and sensitivity method) and

2. MSA with oxacillin

with PCR for mecA gene.

This study would give us a definitive idea or would
recommend the most appropriate test for diagnosing
methicillin resistance in S. awurens with utmost accuracy
and speed which is very much needed to avoid false
positives and false negatives, as well as for eatly diagnosis.
This in turn helps to prevent the emergence of new
antibiotic-resistant strains as well as the spread of MRSA.

MATERIALS AND METHOD

It is a hospital-based observational study. Duration of the
study was 1 year and 6 months (January 2009-June 2010).
The study was started after getting the ethical clearance
from the Scientific Research Committee of the institution.

An informed written consent was obtained from all the
subjects. A total of 165 consecutive, non-duplicated,
clinically significant MRSA isolates were collected in
Department of Microbiology at our tertiary care hospital,
between January 2009 and June 2010.

Bacterial identification and antimicrobial susceptibility
testing

The clinical specimens were inoculated on 5% sheep blood
agar and MacConkey’s agar (HiMedia, New Delhi, India),
incubated at 37°C for 24-48 h, and examined for bacterial
growth. S. anreus was identified using standard methods
based on colony morphology, Gram’s stain, catalase test,
mannitol fermentation, and coagulase test. A total of 165
isolates were confirmed as S. aureus. They were tested for
methicillin resistance based on modified Kirby—Bauer
disk diffusion method using oxacillin disks (1 ug) on
Mueller-Hinton agar in accordance with the Clinical and
Laboratory Standards Institute (CLSI) guidelines using
the criteria of standard zone sizes of inhibition to define
sensitivity or resistance.l™ The S. awreus strains were
processed by the following three techniques for diagnosing
MRSA:

(1) ODD method, (2) Culture in MSA medium containing
oxacillin (at a concentration of 6 pug/ml of media) and 4%
NaCl, and (3) PCR for the detection of mecA gene. Two
standard strains, one MRSA ATCC (43300) and one MSSA
ATCC (29213), were included in each batch of testing by
all methods

Polymerase chain reaction for detection of mecA gene

A crude extract of bacteria (DNA template) was prepared
by microwave lysis method,!"”l where a large colony of the
organism was suspended in 10 pl of TE buffer (pH 8) in
a microfuge tube. Bacteria were lysed by irradiation in a
microwave oven using seven pulses of 60 s each with a 60
s interval in between. Then snap cooling at 4°C followed
by centrifugation at 10,000 rpm for 30 s was done. The
crude extract thus obtained was used for PCR as the DNA
template. No further DNA extraction was carried out. The
mecA gene was amplified using the primers, as described
by Geha ez al,'" and is given in Table 1.

The DNA template (crude extract) was amplified by PCR

Table 1: Primer and its sequence!'”!

Primer Sequence Position Product size (bp)

Forward 5'-GTA GAAATG ACT GAA 318-342 310
CGTCCGATAA-3’

Reverse 5-CCAATT CCACATTGT 603-627

TTCGGT CTAA-3’
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in 100 wl of a reaction mixture containing 200 WM (each)
deoxynucleoside triphosphates, 2.5 UM (each) primers, 2.5 U
of Taq DNA polymerase (Bangalore Genei), 50 mM KCI,
10 mM Tris-HCI (pH 8.3), 1.5 mM MgCI2, and 0.01% gelatin.
The procedural steps were as follows: Pre-denaturation for
4 min at 94°C, denaturation for 45 s at 94°C; annealing
for 45 s at 55°C; and primer extension for 1 min at 72°C.
Each step was repeated 30 times. Twenty microliters of
the reaction mixture was loaded onto a 1.0% agarose gel
with ethidium bromide. The band of amplified DNA was
visualized under UV transilluminator. A 310 bp amplicon
corresponds to mecA gene which is shown in Figure 1.

Oxacillin disk diff usion test

Disk diffusion test was performed on all isolates of
S. aureus with 1 mg of oxacillin per disk on 25 ml of
Mueller-Hinton agar without NaCl 2incubation at 37°C.
The zone size was interpreted according to the CLSI as
follows: "ISusceptible, 13 mm; intermediate, 11-12 mm;
and resistant, 10 mm [Figure 2].

Culture in mannitol salt agar containing oxacillin
(oxacillin agar screen)

Weigh 11.1 g of MSA base into 100 ml of distilled water
in a conical flask and autoclave it. After autoclaving, when
the temperature reaches around 50°C, add oxacillin solution
into the autoclaved medium so that the final concentration
of oxacillin becomes 6 ug/ml of medium. Allow the
medium to set. Streak the MSA plate with the sample
and incubate at 37°C overnight (24 h). Any growth in the
medium is taken as MRSA [Figure 3].

Statistical analysis

Comparative statistical analysis was done using R
commander software. The ODD and the MSA method
results were compared with the zec1 PCR results using
two-way contingency table analysis.

RESULTS

One hundred and sixty-five S. aurens isolates were included
in the study. Out of the total 165 . awureus isolates,
131 (79.39%) were pus samples, 23 (13.93%) were urine
samples, 7 (4.24%) were blood samples, 3 (1.81%) were
car swab samples, and 1 (0.6%) was umbilical swab.
The percentage of MRSA in the S. aureus isolates was
found to be 37.5% in the present study. Of the total
165 samples tested, mecd PCR detected 62 (37.57%)
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Figure 1: Results of mecA polymerase chain reaction

Figure 2: Oxacillin disk diffusion plate showing methicillin-resistant
Staphylococcus aureus

Figure 3: Mannitol salt agar plate with oxacillin showing methicillin-
resistant Staphylococcus aureus

MRSA and 103 (62.43%) MSSA. Out of the 62 true
MRSA samples, 49 (79%) were pus samples, 10 (16.12%)
were urine samples, 2 (3.23%) were blood samples, and
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1 (1.6%) was an umbilical swab sample. The conventional
microbiological method, culture and sensitivity using
oxacillin antibiotic disk (ODD), detected 75 (45.45%)
MRSA. MSA with oxacillin (oxacillin screen agar method)
detected 65 (39.39%) MRSA. Four of the PCR-positive
samples were detected as MSSA (not detected as MRSA)
by ODD method. Of the 103 PCR-negative samples,
17 samples were detected as MRSA by this method. Eight
of the PCR-positive samples were detected as MSSA (not
detected as MRSA) by oxacillin screen agar method. Of
the 103 PCR-negative samples, 11 samples were detected
as MRSA by oxacillin screen agar method.

The ODD and the MSA method results were compared
using two-way contingency table analysis. All the tests
were compared for different parameters like speed, cost
of treatment, sensitivity, and specificity with PCR for mzecA
gene, which is considered gold standard. The sensitivity
and specificity for ODD method was found to be 93.5%
and 83.5%, respectively, and that of MSA with oxacillin
was 87.1% and 89.3%, respectively. PCR was found to be
rapid as compared to the other methods [Tables 2 and 3].

DISCUSSION

The present study revealed that ODD or AST was found
to have sensitivity and specificity of 93.5% (86.4-97.3%)
and 83.5% (79.2-85.85), respectively, and that of MSA
with oxacillin was found to be 87.1% (79.5-92.3%) and
89.3% (84.8-92.5%), respectively. These findings revealed
by our study are similar to those of many studies conducted
in different parts of the world. Abu Hujier ¢f 4/ in their
study reported a sensitivity and specificity of 90% and
95.8%, respectively, for ODD.I" Similar results were
reported by Swenson ¢# al. ' Skov et al.,*" and Anila ez a/!'"

The specificity is very low as compared to the PCR for nzecA
gene which is considered the “gold standard.” Both the
sensitivity and specificity of AST are not acceptable. The
lower levels of the confidence intervals of both sensitivity
and specificity are far below 90%, which cannot be accepted
for a method used for diagnosing methicillin resistance
in 8. aureus. The sensitivity of 93.5% means out of 100

true positives, only 93.5 will be diagnosed as positives
and the remaining 7 will be misdiagnosed. Misdiagnosing
seven MRSA isolates is not acceptable because if these
isolates are not diagnosed as MRSA, the treatment pattern
changes. The patient, instead of receiving vancomycin, will
be prescribed other line of treatment normally given for
MSSA. So, the patient does not get cured. More alarming
situation is that by this time, MRSA would have been
spread to other patients or health personnel. Finally, the
patient will be forced to be given vancomycin. Ultimately,
the cost of the whole treatment increases and the spread
of MRSA in the hospital as well as the community will
result. So, on comparison, the expenses due to the wrong
diagnosis (missing MRSA) will be far more than the cost
of PCR. Similatly, the specificity and accuracy of ODD
were found to be 83.5% and 87.3%, respectively, which is
far below the acceptable limits.

In our study, out of the 62 mecd PCR-positive isolates,
only 58 were found positive by ODD method and 54 were
found positive by MSA with oxacillin method. Four isolates
were detected as MSSA by ODD test (phenotypically
methicillin-susceptible strains) and eight isolates by MSA
with oxacillin method.

The reason for these four to eight MRSA isolates detected
as MSSA by the conventional methods can be attributed
to the fact that accurate determination of methicillin
resistance in staphylococci by conventional tests is
subject to variations in inoculum size, incubation time,
medium pH, medium salt concentration, etc.'") These
factors emphasize the need for a rapid, standardized,
accurate, and sensitive method for detection of
methicillin resistance in staphylococci, which is not
dependent on growth conditions. Studies have reported
that the heterogeneous nature of methicillin resistance in
S. anrens limits the accuracy and reliability of phenotypic
methods such as disk diffusion, broth and agar dilution
tests.!! Another important reason for these few MRSA
isolates being detected phenotypically as MSSA is
the over-expression of mecR and mecl genes which are
co-repressors of mecA gene ! Of the 103 meeA
PCR-negative isolates, only 86 were found to be negative
by ODD and the rest of the 17 isolates was diagnosed

Table 2: Comparison of various parameters among oxacillin disk diffusion, mannitol salt agar
with oxacillin, and polymerase chain reaction for mecA gene methods for detection of methicillin

resistance

Method Sensitivity Specificity Accuracy Positive predictive value Negative predictive value
PCR Gold standard

OobD 93.5% (86.4-97.3) 83.5% (79.2-85.8) 87.3% (81.9-90.1) 0.773 (0.71-0.80) 0.956 (0.91-0.98)

MSA with oxacillin 87.1% (79.5-92.3) 89.3% (84.8-92.5)

88.5% (82.8-92.4)

0.831(0.76-0.88) 0.920 (0.87-0.95)

PCR: Polymerase chain reaction, ODD: Oxacillin disk diffusion, MSA: Mannitol salt agar
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Table 3: Comparison of speed and cost
effectiveness among three methods

Method Time taken Cost of treatment
(h) of 165 patients (Rs.)

ODD 48 1,389,650

MSA with oxacillin 48 1,401,000

PCR for mecA gene 18 1,122,000

Cost of treatment=cost of diagnosis+cost of medicines, total cost of
treatment=cost of treating true positives+cost of treating false positives+cost of
treating true negatives+cost of treating false negatives

as MRSA by ODD method. MSA with oxacillin method
detected 92 MSSA and 11 MRSA.

The reason for this phenomenon (17 false positives)
has been ascribed to the heterogeneous expression of
methicillin resistance in many strains. Most of these
isolates expressed resistance at the borderline of the
inhibition zone and were thus termed “moderately resistant
S. aurens” (MODSA). Under some test conditions, low-level
resistance may also be seen in isolates which produce large
amounts of penicillinase (penicillinase hyper producers),
and these isolates have been referred to as “borderline
oxacillin- resistant S. awrens” (BORSA).2*#! It may be
difficult to distinguish them from true resistant strains that
carry the mecA gene, by routine tests.

MRSA isolates are either heterogeneous or homogenous
in their expression of resistance. With homogenous
expression, virtually all cells express resistance when
tested by standard 77 vitro tests. However, testing of
hetero-resistant isolates may result in some cells that
appear susceptible and others resistant. Often only 1 in
10* to 1 in 10® meeA positive cells in the test population
express resistance and heterogeneous expression results in
isolates that appear to be borderline. The clinical problem
posed by such isolates is that during chemotherapy with
B-lactam antibiotics, production of PBP-2a may be
induced, converting them into oxacillin-resistant strains.
Hence detection of mecA gene is indispensable for precise
differentiation of MRSA, and thus the PCR is a useful
technique in clinical laboratories.

The PCR technique has many added advantages over the
conventional techniques. The false-negative results of
the conventional methods can be picked up by the PCR
at a very early stage of the disease. PCR could accurately
demonstrate the presence of mec gene within 5 h of
bacterial isolation and is a useful tool for rapid and
unequivocal identification of MRSA. The expenses and
workload of single PCR exceed the demand of testing
one clinical specimen for the presence of MRSA. But
if the daily number of MRSA screening tests increases,
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the workload per PCR decreases and finally outweighs
the expenses for molecular reagents The time taken for
diagnosing MRSA by conventional methods is 48-72 h,
which is more as compared to PCR which takes 18-24 h.
The cost of PCR is high as compared to the conventional
phenotypic methods. But statistical analysis of the cost
effectiveness revealed that PCR is the best option.

Our study concludes that the commonly used phenotypic
tests are not completely reliable for the detection of
methicillin resistance in S. aureus owing to their low
sensitivity and specificity which are below the acceptable
limits. Hence, PCR for mecA gene is the best method for
detecting methicillin resistance in S. aurexss with respect to
accuracy, sensitivity, specificity, speed, and cost effectiveness.
Increasing the number of samples for PCR on a regular
basis will decrease the cost of a single PCR. This study
advocates PCR for mec1 gene on a regular basis for detecting
methicillin resistance in S. azrens isolates from sterile body
fluids or from special units such as intensive care units.
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