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Abstract

Early detection of methicillin-resistant Staphylococcus aureus (MRSA) is critical
for both the management of infected patients, and the timely institution of appropriate
infection control measures. Although detection of the mecA gene by polymerase chain
reaction (PCR) remains the gold standard, this technology is inaccessible for many
laboratories. Therefore, this study sought to evaluate seven phenotypic methods and
compare them with PCR. A total of 135 S. aureus were collected from 343 clinical
samples between August 2012 and January 2013 from several clinical sources that
were randomly selected from patients in three main hospitals in Al-Najaf city. MRSA
isolates were identified using PCR with primers specific for the mecA gene. PCR was
used as the reference method, thus, the prevalence of MRSA in Najaf hospitals was 64
(47.4%) and the remaining 71 (52.6%) isolates were mecAnegative methicillin
sensitive S. aureus (MSSA), and all MRSA isolates were tested for comparison using
cefoxitin and oxacillin disc diffusion, oxacillin and methicillin HiComb E-test,
oxacillin screen agar, BBL™ CHROMagar™ MRSA, HiCromeMeReSa agar. The
findings of this study revealed that FOXDD had a high accuracy (97.8%) comparative
to other phenotypic methods tested for detection of MRSA followed by OX (E-test),
CHROMagar, HiCrome agar (97%), OXDD (96.3%). The OXSA (93.3%) and MET
E-test (88.9%) had the lowest concordance with PCR results. Finally, FOXDD
method may be preferred in this study and in other clinical laboratories because it is
highly accuracy, easy to perform, low cost, and does not require special equipment.
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2013 from several clinical sources including
the urine, skin, burn, wounds, sputum, diabetic
foot wulcer, nares and vagina that were
randomly selected from patients in Al-
Zaharaa, Al-Hakeem and Al-Sader hospitals in
Al-Najaf city. Isolates were identified
depending on the morphological features on
culture medium and biochemical tests
according to the classification of Bergey’s
manual © and MacFaddin . PCR
amplification of the coa gene was performed
for all isolates as confirmatory detection by
molecular method.

Detection of MRSA isolates

1. phenotypic methods
A. Cefoxitin Disc Diffusion Test
(FOXDD)

All the isolates were subjected to cefoxitin
disc diffusion test using a 30 pg disc
(Himedia, India). A 0.5 McFarland standard
suspension (Fluka, Switzerland) of the isolate
was made and lawn culture done on Muller-
Hinton agar (MHA) plate (Himedia, India).
Plates were incubated at 35°C for 18 hr and
zone diameters were measured. Positive result
was considered as mecA meditated oxacillin
resistance &%,

B. Oxacillin Disc Diffusion Test
(OXDD)

A direct colony suspension of each S. aurcus
isolate was prepared to a 0.5 McFarland
standard and plated on MHA containing (4%)
NaCl (BDH, England). An oxacillin 1 pg disc
(Himedia, India) was placed on the surface
and incubated at 35 C for 24 hr ©.

C. Oxacillin Screen Test (OXA)
Oxacillin salt agar medium [NaCl (4%) and
oxacillin (0.6 mg, Alembic, India) was added
to MHA] was inoculated from a direct colony
suspension equivalent to a 0.5 McFarland
standard by using a swab, expressing excess
fluid as for the disc diffusion test and spotting
an area at 15 mm in diameter. The plate was
incubated at 35°C for 24 hr -9

50

Introduction

From the time when the first detection of
MRSA in 1961, MRSA has spread
worldwide and causes serious problems in
clinical settings. MRSA is a major nosocomial
pathogen causing significant morbidity and
mortality . Since MRSA strains are resistant
to all B-lactam antibiotics and a wide range of
other antimicrobial agents as well as the
treatment options are limited significantly ©.
The overall frequency of health care facility
associated infections caused by MRSA has
increased during the last decade in Iraq, where
the recent frequency of MRSA among patients
is estimated to be 37.8% in Najaf @,
Therefore, detection of MRSA is important for
patient care and wuse of appropriate
antimicrobial  therapy. Rapid, accurate
identification of patients with MRSA is
important in preventing its transmission and
enabling  early  therapeutic  decisions.
Phenotypic methods as disc diffusion and
microdilution techniques are employed in few
Iraqi laboratories for the detection of
methicillin  resistance.  However, these
methods are often not entirely reliable at
detecting some strains that harbor the mecA
gene . In recent years, PCR detection of the
mecA gene has become the gold standard for
MRSA detection but this is an expensive
method, and use of this assay is restricted to
reference centers and is not routinely carried
out in vast majority of Iraqi clinical
laboratories. The present study was undertaken
to compare seven phenotypic methods for the
detection of MRSA. This investigation would
give us a definitive idea or would recommend
the most appropriate phenotypic tests for
diagnosing MRSA in a routine diagnostic
laboratory with utmost accuracy, which is very
much needed to avoid false positives and false
negatives, as well as for early diagnosis. This
in turn helps to prevent the spread of MRSA in
Iraqi hospitals.

Materials and Methods

Bacterial isolates
A total of 135 S. aureus isolates were
isolated between August 2012 and January
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acrobically at 35°C for 48 hr. Colonies of
MRSA were appeared bluish to green on the
HiCrome agar medium.

2. Molecular Method
Polymerase chain reaction (PCR)
protocol

The DNA was extracted directly from
overnight colonies according to the
manufacturer's instruction of DNA extraction
kits (Promega, USA, Geneaid, USA). The
DNA extract of S. aureus isolates were
subjected (coa and mecA) genes listed in Table
(1) by monoplex PCR. The protocol used
depends on manufacturer's instruction. All
PCR components assembled in PCR tube and
mixed on ice bag under sterile condition as
shown in Table (2). PCR mixture was
circulated in thermal cycler instrument that
was programmed as shown in Table (3). All
genomic DNA and all amplified PCR
products were visualized following
electrophoresis in 1% agarose gels run at
70 V with ethidium bromide staining (USA,
Sigma), and comparison to standard
positive control (Monterial, Alpha). coa
gene and mecA gene positive strains
yielded an amplify ication product of
shining band with (100 bp) DNA marker
(ladder) (Promega, USA and Bioneer, Koria).
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D. Methicillin and Oxacillin HiComb
E-test  MET, OX E-test)

The inoculum was standardized to 0.5
McFarland turbidity and plated on MHA
supplemented with (2%) NaCl. HiComb™
MIC strips for methicillin and oxacillin
(Himedia, India) were applied on the MHA
surface with MIC scale facing down wards.

Plates incubated at 35°C and examined after
24 hr.

E. Chromogenic Screen Test

The samples were inoculated onto a
BBL™CHROMagar™MRSA (CHROMagar,
Becton and Dickinson, France) plate before
antimicrobial agents had been administered,
and streaked for isolation, or sub cultured on
MHA and incubated overnight. A colony
suspension in brain heart infusion (BHI) broth
with a turbidity equivalent to a 0.5 McFarland
standard was made from the pure subculture
on MHA. Plates were incubated at 35 C for 24
hr in an inverted position in dark incubator
because light may reduce recovery and/or
coloration of isolates. Colonies of MRSA will
appear pink to mauve on the CHROMagar
medium  ”.  While for testing on
HiCromeMeReSa Agar (HiCrome agar,
Himedia, India), all of the clinical samples
were directly streaked. Plates were incubated
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Table 1. Primers for Detection of S. aureus and MRSA (Bioneer, Koria)

Primer Oligonucleotide Sequence (5'-3') Size (bp) Reference
F CGAGACCAAGATTCAACAAG
Coa 810 (11)
R AAAGAAAACCACTCACATCAGT
F AAAATCGATGGTAAAGGTTGGC
mecA 533 (12)
R AGTTCTGCAGTACCGGATTTTGC

F, forward; R, reverse; A, amplicon; bp, base pair.

Table 2. Protocols of monoplex PCR reaction mixture volumes

(Promega, USA) protocol = (Bioneer, Koria) protocol
PCR reaction mixture
(Final volume 25pl) (Final volume 20pl)

Master mix 2X 12.5 10 ul
Primer forward (10 pM) 2.5ul 1wl
Primer reverse (10 pM) 2.5ul 1wl
DNA template Sul S5ul
PCR grade water 25wl 3ul

ul, microliter; pM, micromole.

Table 3. Programs of PCR thermocycling conditions for detection of
monoplex genes

Temperature °C / Time
Cycle
Gene Initial Cycling Condition Final
no.
Denaturation Denaturation = Annealing Extension Extension
Coa 95/2 min 95/30 sec 55/30sec  72/90sec.  72/5min 35
mecA 95 /5 min 95/1 min 63/Imin @ 72/lmin = 72/5min 30

°C, celsius; sec, second; min, minute.
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tested and divided by total number of
positives and negatives results of both
(mecApositive and mecAnegative).

Results and Discussion
Polymerase chain reaction
amplification of the coa gene was
performed for all 135 isolates. All the
isolates expressed S. aureus specific
band in their PCR products of 810 bp
size, which confirmed the assumption
that all these isolates were S. aureus
(Figure 1), and all of them were
detected by assessed for the presence
of mecA by PCR. The mecA specific
PCR product of 533 bp was seen in 64
isolates (MRSA). Thus, the prevalence
of MRSA in Najaf hospitals was
47.4%. The remaining 71 (52.6%)
isolates were mecAnegative (MSSA),

(Figure 2).
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Statistical Analysis

Sensitivity of a certain method
was calculated as the number of
resistant S. aureus isolates determined
using this method, divided by the sum
of mecApositive strains. Specificity
was calculated as the number of MSSA
strains determined by this method,
divided by the sum of mecAnegative
strains. To calculate the positive
predictive value (PPV), the number of
true positives (mecA positive) was
divided by the number of positive
results by the other tests; and to
calculate negative predictive value
(NPV), the number of true negatives
(mecA negative) was divided by the
number of negative results by the other
tests. While the accuracy (ACC) was
calculated by the sum of true positive
(mecA positive) and true negative
(mecA negative) results which were
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Figure 1. An ethidium bromide-stained gel demonstrating the typical
banding patterns observed with the monoplex PCR assay, PCR
amplification of the coa gene from S. aureus, with the amplicon size
810 bp. DNA amplification products were separated by
electrophoresis in an (2%) agarose gel. The electrophoresis was
performed at 70 volt for 1.5 hr. (A) Lane 1, marker DNA ladder (100)
bp, lane 2, negative coa gene, lane: 3-21 S. aureus carrying coa gene;
(B) Lane 1, marker DNA ladder (100) bp, lane 2 negative coa gene,
Lane 3-15 positive coa gene; (C) Lane 1, DNA ladder (100) bp, lane 2-
20 positive coa gene.
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Figure 2. An ethidium bromide-stained gel demonstrating the typical
banding patterns observed with the monoplex PCR assay. PCR
amplification of the mecA gene from S. aureus, with the amplicon size
533 bp. DNA amplification products were separated by electrophoresis
in an 2% agarose gel. The electrophoresis was performed at 70 volt for
1.5 hr; Lane 1 and 21, marker DNA ladder (100) bp, lane 2, 13 and 22:
negative mecA gene, Lane 2-12, 14-20 and 23-40, S. aureus carrying
mecA gene.
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(2.2%) gave false positive. The present
study revealed that FOXDD was found
to be highly sensitive (100%) and
specific (95.8%), (Table 4). The results
showed that FOXDD 1is a better
method of MRSA detection compared
with other methods tested the current
result in accordance with those of
several studies "> ' This means that
disc diffusion testing using cefoxitin
disc is far superior to most of the
currently recommended phenotypic
methods and is now an accepted
method for the detection of MRSA by
many reference groups and various
workers 7 This higher sensitivity
to cefoxitin can be explained by the
increased expression of the mecA

Table (4) shows the results of the
comparison of conventional
phenotypic testing methods for MRSA
using the mecA gene detection test as a
reference standard. The sensitivity and
specificity of each test were
determined in an attempt to find out
the most suitable method for detection
of MRSA in a routine diagnostic
laboratory in Najaf hospitals.

Cefoxitin, a cephamycin, is a more
potent inducer of the mecA regulator;/
system than are the penicillins 7.
Several groups of investigators have
reported that the results of cefoxitin
disc diffusion (FOXDD) test correlate
better with the presence of mecA than
do the results of disc diffusion tests

encoded protein PBP2a, cefoxitin using  oxacillin, OXDD G:1415)
being an inducer of the mecA gene FOXDD testing showed that 64
leading to more accurate detection of (47.4%) 1isolates were MRSA, 68

the heteroresistant MRSA .

(50.4%) isolates were MSSA and 3

Table 4. Evaluation of seven phenotypic tests for detection of
methicillin resistance as compared with PCR in 135 S. aureus isolates

Phenotypic mecA+ve mecA-ve

test n= 64 n="71 TPR SPC PP NPV ACC
T+ve F-ve T-ve F+ve

FOXDD test = 64 0 68 3 100 958 955 100 97.8
OXDD test 64 0 66 5 100 93.0 928 100 963
OX (E-test) 64 0 67 4 100 944 941 100 97.0
MET (E-test) 62 2 58 13 969 81.7 827 96.7 889
OXSA test 57 7 69 2 89.1 1 972 97 90.8 933
CHROMagar 61 3 70 1 953 98.6 984 959  97.0
HiCrome agar =~ 60 4 69 2 969 972 969 972 970

FOXDD, cefoxitin disc diffusion; OXDD, oxacillin disc diffusion; OX (E-test), oxacillin (HiComb E-test); MET
(E-test), methicillin (HiComb E-test); OXSA, oxacillin screen agar; CHROMagar, BBL ™CHROMagar ™ MRSA;
HiCrome agar, HiCromeMeReSa Agar; T, true; F, false; +ve, positive; -ve, negative; TPR, sensitivity or true
positive rate; SPC, specificity or true negative rate; PPV, positive predictive value; NPP, negative predictive

value; ACC, accuracy.

Of the 135 S. aurcus isolates, 64
(47.4%) and 66 (48.9%) were confirmed
using OXDD test as MRSA and MSSA,

respectively. The results emphasized 5
(3.7%) non-MRSA  isolates  were
misidentified as MRSA (false positives).
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comparison with mecAbased PCR
method are given in Table (4).

The reason for these two to seven
MRSA isolates detected as MSSA (false
negative) by the MET (E-test), OXSA
CHROMagar and HiCrome agar test may
be attributed to the fact that accurate
determination of MRSA by conventional
tests is subject to variations in inoculum
size, incubation time, medium pH,
medium salt concentration and type of
agar used can also influence the above
findings @Y. These factors emphasize the
need for a rapid, standardized, accurate,
and sensitive method for detection of
MRSA, which is not dependent on growth
conditions. Studies have reported that the
heterogeneous nature of methicillin
resistance in S. aureus limits the accuracy
and reliability of phenotypic methods such
as disc diffusion, broth, and agar dilution
tests. Swenson et al. “ noted that
sensitivity decreased when heterogeneous
resistant strains were tested and specificity
decreased with strains having borderline
MIC. 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 ). Other
authors ** reported that false-negative
results might occur with MRSA isolates
with low oxacillin MICs (4 or 8 pg/ml)
due to production of smaller amounts of
PBP2a or the failure to express the gene
phenotypically. Additionally, some of
these methods require oxacillin powder
and skilled laboratory staff for its
implementation and as, it cannot easily be
implemented in routine laboratories. The
present study shown that false negative
susceptibility results may lead to
treatment failure and the spread of MRSA,
especially appropriate infection control
measures are not applied in Najaf
hospitals.
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The sensitivity and specificity was found
to be 100% and 93%, respectively. This
finding is similar to those of many studies
conducted in different parts of the world
(18), while Jain et al. ! found the
sensitivity equal to (100%), but the
specificity is low (58.3%) as compared to
the PCR for mecA gene. Many labs still
prefer using oxacillin for detection of
MRSA, because oxacillin maintains its
activity during storage better than
methicillin, and more likely to detect
heteroresistant strains '*. Oxacillin is less
resistant to hydrolysis by staphylococcal
B-lactamases so problems with hyper
producers of penicillinase are reduced
with methicillin and this may explain why
present study get 5 isolates gave false

positive results with oxacillin. The
oxacillin disc  diffusion test  has
previously been found to be less

reliable, with high numbers of both false-
susceptible and false-resistant results ?”.
However, in this study, specificity of
FOXDD test was found to be better than
OXDD, this relatively implies that the
FOXDD test is an available alternative to
the OXDD for routine antibiotic
susceptibility testing in hospitals.

All these S. aureus isolates were
also subjected to MRSA detection by
another five phenotypic methods, which
resulted in detection of 64 isolates as
MRSA (47.4%) by oxacillin HiComb E-
test [OX (E-test)], while 62 MRSA
(45.9%) were identified by methicillin
HiComb E-test [MET (E-test)], (Figure 3).
Oxacillin screen agar (OXSA) test gave
lower result compared with other tests,
detecting 57 (42.2%) MRSA isolates.
However, CHROMagar and HiCrome
agar (Figure 4) methods showed 61
(45.2%) and 60 (44.4%) MRSA isolates.
Sensitivity, specificity, PPV, NPV and
ACC of the five phenotypic tests in
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Figur 3. Detection MIC of methicillin and oxacillin against MRSA
isolates by HiComb E-test. (A) Positive result, isolate NJ-99
[(MET)-MIC = 240 pg/ml]; (B) Positive result, isolate NJ-88
[MET)-MIC 30 pg/ml]; (C) Positive result, isolate NJ-78 [(OX)-
MIC 64 pg/ml]; (D) Positive result, isolate NJ-79 [(OX)-MIC 32
pg/ml]; (E) Negative result, isolate N-5a [MET)-MIC 1 pg/ml]; (F)
Negative result, isolate N-16a [(OX)-MIC 0.256 pg/ml].
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Figure 4. The appearance and color of the MRSA colonies in the
chromogenic media. (A), MRSA colonies of NJ-47 isolate appear
bluish green on HiCrome agar; (B), MRSA colonies of NJ-18 isolate
appear mauve to pink on CHROMagar.

resistance at the borderline of the
inhibition zone and were thus termed
“moderately resistant S. aureus”
(MODSA) as described by Pillai et al.
@D Under some test conditions,
resistance may also be seen in isolates
which produce large amounts of -
lactamases, and these isolates have
been referred to as “borderline
oxacillin-resistant S. aureus”
(BORSA), Y and these can be
difficult to distinguish from resistant
isolates that carry the mecA gene by
routine tests (Figure 5).
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It is noted that some of the 71
mecAnegative isolates (such as NJ-
A23, Figure 5) were resistant to
methicillin, cefoxitin, and/ or oxacillin
(false positive). The study found that
false positive rates for FOXDD,
OXDD, OX (E-Test), MET (E-Test),
OXSA, CHROMagar and HiCrome
agar were 3, 5, 4, 13, 2, 1, 2 isolates,
respectively (Table 4). The reason for
this phenomenon may be due to
heterogeneous expression of
methicillin resistance in these isolates.
Most of these isolates expressed
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Figure 5. Identical phenotypic expression in both MRSA and
borderline oxacillin-resistant S. aureus (BORSA) isolates. (A),
Represent MRSA phenotypic expression by NJ-A23 isolate according
to CLSI @; (B), Represent BORSA phenotypic expression by NJ-A23

isolate MSSA (NJ-A20).

Conclusion

detection of MRSA followed by OX
(E-test), OXDD, OXSA and MET (E-
test). The study create that FOXDD
method can be preferred in clinical
microbiology laboratories because it is
easy to perform, do not require special
technique, its cost effective and finally
it can be used as an alternative to the
technically demanding PCR.
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Finally, there was no significant
difference (p<0.05) in the detection
rate of the MRSA isolates among
molecular technique and phenotypic
methods. In Najaf province where
molecular techniques are not feasible
as a routine, the findings of this study
revealed that FOXDD had a high
accuracy  comparative to  other
phenotypic  methods  tested for
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