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Abstract

This study evaluates the effectiveness of cefoxitin disk
diffusion as a method to detect methicillin-resistant
Staphylococcus aureus (MRSA), comparing with
HiCrome MRSA screening agar and PCR-based mecA
gene detection. Both PCR and the cefoxitin disk diffusion
test exhibited 100% sensitivity and specificity, while
HiCrome agar showed slightly lower sensitivity (90%)
and specificity (95.24%) out of 72 Staphylococcus aureus
isolates. The MRSA detection rate was found to be
41.66%, with femB and PVL genes present in 86.6%
and 13.3% of MRSA isolates, respectively. Cefoxitin could
serve as a reliable substitute marker for MRSA detection,
particularly in settings with limited resources.

Introduction

Staphylococcus aureus, a Gram-positive bacterium,
isknown for causing various infections. Its resistance to
antibiotics has been a growing concern since the
introduction of penicillininthe 1940s[1]. Thisled to the
development of methicillin, but methicillin-resistant
S. aureus (MRSA) emerged shortly after itsintroduction
in 1959 [2]. MRSA's resistance is mainly due to the
acquisition of a mobile element called Staphylococcal
cassette chromosome encoding methicillin resistance
(SCCmec), which carries crucial genes including
mecA. These genes alter the bacterium’s response to
antibiotics[3,4].

Thetraditional gold standard for identifying MRSA
involves PCR detection of themecA gene, but thismethod
can be expensive and technically demanding [5,6].
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Alternative methods like oxacillin disc diffusion have
limitations. Cefoxitin, apotent inducer of themec complex,
has shown promise as a cost-effective and reliable
alternative, often producing clear distinctions between
MRSA and methicillin-sensitive S. aureus (MSSA).
Furthermore, cefoxitin-resistant S. aureus tends to be
resistant to various B-lactam antibiotics, reinforcing its
valueasan MRSA marker [7].

HiCrome rapid MRSA agar is another method that
utilizes selective growth conditions and specific
chromogenic reactionsto distinguish MRSA colonies[8].
The current study aims to assess the effectiveness of
cefoxitin disc diffusion and HiCrome MRSA screening agar
in comparison to PCR for detecting MRSA. Thegoal isto
identify the most accurate phenotypic method for MRSA
detection, whichiscrucial for effective antibiotic treatment
and infection management.

Moreover, the study aimsto determinethe prevalence
of thefemB and Panton-Valentine L eukocidin (PVL) genes
inMRSA isolates. Thisgeneticinformationisrelevant for
understanding MRSA strainsand their potential virulence
factors. Additionally, the study considerspractical aspects
such as turnaround time and cost-effectiveness, crucial
factorsin choosing routine MRSA detection methodsfor
diagnostic labs.

Methods

A total of 107 clinical isolates taken from wound
swabs, blood, tracheal secretionsand urinereceived from
the Department of Microbiology, Colombo South
Teaching Hospital, Sri Lanka, from 1% February 2018 to
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1 April 2018. All isolates were cultured on blood agar,
chocolate agar, and MacConkey agar and incubated at
35°C for 24 hours. S. aureus isolates were identified by
Gram staining and positive results for the catalase test,
dlide coagulase test, tube coagulase test, mannitol salt
agar (MSA) test and DNase agar test methods. Methicillin-
sensitive S aureus (M SSA) ATCC 25923 and methicillin-
resistant S aureus (MRSA) ATCC 43300 standard strains
were used as hegative and positive controls, respectively,
throughout the study.

CEY GEN Bacto-Spin D™ Bacterial DNA extraction
kit (column based) wasused for DNA extraction. Multiplex
PCR was carried out for the detection of mecA, femB and
PVL genes. The genes were amplified using the primer
sequencesand PCR was performed described by Jonaset al.
(2002) and Linaet al. (1999), and givenin Table 1. Cefoxitin
disc diffusion and HiCrome™ rapid MRSA test were
performed according to the CL SI guidelines.

Statistical analysis

Sensitivity, specificity, positive and negative
predictive values were calculated manually using PCR
identification of strains as the standard and values were
computed. IBM SPSS version 25 (SPSS Inc. Chicago,
USA) wasused for other statistical tests such as Friedman
test was used to calculate the p-value to identify which
method(s) ig/are statistically more accurateinidentifying
MRSA. Significance level (o)) was considered as 0.05.
Accuracy of thethree setsbeing identical was considered
as the null hypothesis.

Results

Of the 107 clinical isolates 72 wereidentified as
S. aureus by initia tests (growth on MacConkey agar,
catalase test, slide coagulase test, tube coagulase test,
mannitol salt agar (MSA) test and DNase agar test). Of
the 72 samples, 30 were positive for the mecA by PCR.

PCR resultsfurther indicated that 22 samples carried both
mecA and femB genes while only 4 samples carried al
three tested genes. Gene distribution of these 30 samples
is depicted in Figure 1. PCR, which is considered the
golden standard for MRSA identification, revealed that
the overall percentage of MRSA was 41.66% (30 out of
72 samples) whiletheremaining 42 isolateswereregarded
asMSSA.

Percentage of MRSA by cefoxitin disc diffusion and
HiCromerapid MRSA agar was41.66% (30/72) and 37.5%
(27/72), respectively. Sensitivity, specificity, positive
predictivevalue (PPV) and negative predictivevaue (NPV)
of the methods are given in Table 2. Overall accuracy of
cefoxitin disc diffusion was 100%, whereasit was 93.06%
for the Hicromerapid MRSA agar test. An overview of the
test results between PCR, cefoxitin disc diffusion and
HiCrome rapid MRSA agar tests relative to identifying
MRSA aregiveninFigure 2.
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Figure 1. Distribution of mecA, femB and PVL
genes in MRSA samples (n=30) as observed from
multiplex PCR results.

— mech
— femB

— PVl

Table 1. Primer sequences used for the single-tube multiplex-PCR analysis of mecA,
femB and PVL gene amplifications [9,10]

Gene Primer sequence Amplicon
MecA1l 5-GTAGAA ATG ACTGAACGTCCGATAA-3 310bp
MecA2 5-CCA ATTCCACATTGTTTCGGT CTA A-3

FemB1l 5-TTACAGAGTTAACTGTTACC-3 651 bp
FemB2 5-ATACAA ATCCAGCACGCTCT-3

Luk-Pv-1 5-ATCATTAGGTAA AAT GTCTGGACATGATCCA-3 433bp
Luk-PV-2 5-GCATCA ASTGTATTGGATAGCAAA AGC-3
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Figure 2. Comparison of sensitivity, specificity, PPV, NPV and accuracy results between PCR, cefoxitin
disc diffusion and HiCrome rapid MRSA agar tests.

Table 2. Comparison of phenotypic methods for MRSA detection

Method Sensitivity Specificity PPV NPV
(at 95% ClI) (at 95% ClI) (at 95% ClI) (at 95% ClI)
Cefoxitin disc diffusion 100.00% 100.00% 100.00 100.00%
(88.43-100.00) (91.59-100.00) - -
HiCrome rapid MRSA agar 90.00% 95.24% 93.10% 93.02%
(73.47-97.89) (83.84-99.24) (77.64-98.13) (81.97-97.51)

Cl — confidence interval

Friedman test was used to calculate whether there  the efficiency of a method in relation to its cost. In the
was asignificant difference between the accuracy of used study, the cost per samplefor each method was cal cul ated.
PCR, cefoxitip di'?_: diffusion and I;HCrome rapid MRSA The cost per sample for PCR was Rs. 3915/=, and the

. Signifi v . w rv
?r?c?i‘r ca:t?it; az gnifi (t:::rr;[c; ff:jr;?cg be(tJv(\)lgen ?ﬁec;ziir agj cefoxitin diS(:‘, .diff.usi o.n tes.t was R§ 2'39/.:.. This suggests
of tested methods. The cost analysiswas doneto compare that the cefoxitin disc diffusion test issignificantly chesper
the two methods. Cost-effectivenessinvolves evaluating per sample compared to PCR.

Cefoxitin disc diffusion method Cost per sample PCR method Cost per sample
Muller hinton agar 5009 Rs. 23.27 CEY GEN Bacto-Spin D™

(plates 364) = Bacterial DNA extraction kit (column based) Rs. 360

Rs. 8473.20 Rs. 36,000/100

Cefoxitin 30 mecg (50 dsc) 1 vial Rs. 27.84 PCR master mix Rs. 3479.70
Rs. 1392 Rs.173,985 = 50 Nos.

Culture swabs 500 Rs. 22.00 Primers Rs. 75.30

= Rs. 11,000 1343 x 6 = 8058

Cation adjusted muller Rs. 15.89

hinton broth 250g =

Rs. 10,764

Total Rs. 89.00 Rs. 3915.00
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Discussion

In the present study, sensitivity and specificity of
cefoxitin disc diffusion testing was found to be 100%,
which wasin complete concordancewith the PCR results.
Detection of mecA geneby PCR isthe gold standard for
MRSA confirmation. Considering these cost and time,
cefoxitin disc diffusion testing is a cost-effective,
reproducible, practical method for resource-constrained,
developing countries such as Sri Lanka and can be used
asareplacement for PCR for MRSA screeninginalarge
population or during an outbreak. The cost per PCR
sample was Rs. 3,915/= and cost per cefoxitin disc
diffusion per sample was Rs. 89/= at the time of this
study. Therefore, cefoxitin can be used as an accurate
surrogate marker for the detection of MRSA. Hence
cefoxitin disc diffusion can be used as an alternative for
thetechnically demanding PCR, in resource-constrained
settings.
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