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Abstract

Methicillin resistant Staphylococcus aureus harbouring other virulence factors in food is a serious threat
to food safety. Delayed detection of MRSA may lead to fatal consequences due to the challenging
treatment methods. To address the issue, early prognosis is prerequisite. We report one step QUEChERS
detection method wherein, a media with selective agents such as cefoxitin, cyanidin, lithium chloride
and methicillin (CCLM) was formulated for the specific cultivation and detection of MRSA within 5
hours. Direct application of the newly developed method was tested by screening food for MRSA and
its comparison with conventional biochemical and molecular characterization. Growth of MRSA in the
CCLM media was observed within 4 hours. This highly specific method is sensitive to detect 10°CFU/mL
visually and 10 CFU/mL spectrophotometrically. 25% of food samples harboured MRSA which points
to an immediate need of consideration by the authorities. The newly designed QUEChERS cyanin based
chromogenic detection system is unequivocal with the conventional and molecular method of MRSA
detection and can be of great use in diagnostic and in food safety laboratories.
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INTRODUCTION

Staphylococcus aureus is a common
opportunistic pathogen found on the skin,
nose and respiratory tract of humans and other
animals. They are contributory agents of small
skin infections to life threatening septic shocks.
They are armoured with numerous virulence
factors such as staphylococcal enterotoxins (SE),
leukocidin, exfoliative toxins, haemolysin, toxic
shock syndrome toxins (TSST) and less explored
staphylococcal enterotoxin like proteins (SE/)
that can trick the human innate and humoral
immune responses and cause numerous health
hazards in humans.'? Highly heat stable and low
pH resistant super antigenic enterotoxins are the
reason for food poisoning and toxic shocks.? In
1960’s, the antibiotic resistant strain of S. aureus
was first reported, which was nosocomial in origin
and termed as HA-MRSA (Hospital associated
- MRSA). Later, other lineages were identified
which showed higher invasive ability termed as
CA-MRSA (Community Associated-MRSA) and
LA-MRSA (Livestock associated-MRSA). Presently,
MRSA has emerged as a major pathogen that has
acquired pan-resistance to all antibiotics used to
treat microbial infections.* Indiscriminate use of
antibiotics is identified as the major root cause of
antibiotic resistance in various microorganisms
leading to increased public health problems,
morbidity, mortality and expensive treatment
methods.>® International travels and the global
food trading play a vital role in the transmission
of the bacteria across the world.” Dissemination
of USA 300, a CA-MRSA clone to Australia, Europe,
South America and Japan is an example.®*'°This
demands recurrent monitoring and surveillance
in every country.

The incidence of LA-MRSA is increasing
which can turn into a serious consequence
in contaminating the food products.'* The
uncontrolled and aggressive use of antibiotics as
medicaments, protection and feed additive are
the major reason for the achievement of antibiotic
resistance in the livestock and colonization with the
resistant strains (Joint Inter-agency Antimicrobial
Consumption and Resistance Analysis (JIACRA)
Report, 2017). Thus, animals reared for food
becoming colonized with the MRSA happen to be
a favourable ecological niche for the evolution of

more invasive strains which can lead to food borne
outbreaks.'> The contamination of food with MRSA
lineages other than LA-MRSA are reported from
various studies across the world.*>”

Based on the observation of Indian
Network for Surveillance of Antimicrobial
Resistance (INSAR), the prevalence of MRSA
throughout the country is calculated to be 42%.%
Incidence of MRSA in India has increased from
29% to 47% in recent years.® 74% of worldwide
S. aureus infections are turned out to be MRSA.
Till date, for the diagnosis of MRSA; phenotypic
methods such as culture and colony counting
methods have been in use; the immunological,
molecular approaches like polymerase chain
reaction (PCR), real time PCR (RT-PCR), flow
cytometry, mass spectrometry, microarrays,
fluorescence and electrochemical based methods
are also currently used. Unfortunately, these
methods are laborious and complex, as they
require laboratory facilities, sophisticated and
expensive instruments as well as specialized
personnel to perform the technique. Moreover,
these methods are not field deployable. On the
other hand, conventional phenotypic methods
yield results after 48h with an additional 24h of
enrichment. Therefore, there is a high demand
to develop new methods for rapid, sensitive and
economical detection of MRSA. In the present
study, we report QUEChERS (quick, easy, cheap,
effective, rugged and safe) method by development
of a new chromogenic CCLM (Cyanin, Cefoxitin,
Lithium Chloride, Methicillin) media for the rapid
detection of Methicillin-Resistant Staphylococcus
aureus (MRSA) within 5 hours. The CCLM media
contains four essential selective agents; cefoxitin,
lithium chloride, methicillin and sodium chloride
along with carbon, nitrogen and other nutrient
sources for the selective enrichment of MRSA.
Moreover, for the chromogenic identification, a
purple dye cyanidin-3-O-diglucoside-5-O-glucoside
(Anthocyanin) prepared from Brassica oleracea, a
red variety of cabbage turns purple to pink on the
growth of MRSA.

Another major focus of the study
was to evaluate the application of the newly
developed CCLM chromogenic system in laboratory
settings. Moreover, considering the fact that the
transmission of MRSA through food is less studied
area, several food items were investigated by
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conventional biochemical and molecular methods
for the incidence of MRSA. The study also focussed
on finding potential food poisoning enterotoxin
SEB, a CDC categorized bioweapon and pv/ gene, a
marker of CA-MRSA. The result was then compared
with the newly developed chromogenic media.
The media reported in the current study was
found to have immense importance for the rapid
detection of MRSA.

MATERIALS AND METHODS

Bacterial strains and growth conditions

Bacterial strains used in the study
are Staphylococcus aureus (ATCC 700699) and
Methicillin-resistant Staphylococcus aureus
(MRSA) from SDM Medical College and Hospital,
Sattur, Dharwad, Karnataka (Supplementary
data).'® Bacterial cultures were grown in Brain
Heart Infusion (BHI) broth (HiMedia, Mumbai,
India) at 37°C.

Formulation of new media for one step
identification of MRSA

A novel enrichment CCLM media with
carbon, nitrogen and other essential nutrients was
formulated. Sodium chloride at the concentration
of 5% and lithium chloride at 0.7% were used as the
selective agents to suppress the growth of other
interfering closely related organisms. The reported

concentrations of cefoxitin and methicillin (0.6
mg and 0.4 mg in 100 mL) were incorporated to
the media as selective agents to exclude MSSA
(Methicillin Sensitive Staphylococcus aureus).

Preparation of Anthocyanin dye indicator
incorporated CCLM media

Red cabbage (Brassica oleracea) was
purchased from BigBasket, Mysore. The red
cabbage leaves (100 grams) were taken in 200
mL of acidified methanol (0.1% of HCI) in a 500
mL flask. The mixture was incubated overnight
at room temperature. The resulting red cabbage
leaves extract was filtered and concentrated to %™
of volume by rotary evaporation and was stored
at -20°C for further use.?”

Optimization of the dye concentration and
sensitivity of media

To reduce the turnaround time, an
experiment was conducted in microtitre plate
where 5 ml CCLM media containing 25%, 10%
and 5% anthocyanin extract was poured in 8
individual wells. The serially diluted MRSA cultures
(10%-10®) were then inoculated into the media.
The microtitre plate covered and were incubated
for 4-18 hours at 37°C for the observation of
colour change at every one-hour interval. The
absorbance (A max of 530 nm) was read with a
UV-vis spectrometer (TECAN, India) to differentiate

Table 1. Samples used and the characterization with traditional and CCLM media

Sample No.of  Biochemical Culture Molecular CCLM positive
Sample positive positive positive (MRSA)
(S. aureus)  (S. aureus)
S. aureus MRSA

Pastries 10 7 7 7 5 5
Chicken 10 6 6 6 5 5
Mutton 8 5 5 5 1 1
Fish 6 4 4 4 1 1
Milk 6 4 4 4 1 1
Curd 2 0 0 0 0 0
Cheese 2 1 1 1 0 0
Prawns 1 1 1 1 0 0
Egg 3 1 1 1 0 0
Vegetables 12 1 1 1 0 0
Ready to 10 5 5 5 5 5
eat foods

Total 70 35 35 35 18 18
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the colour change which cannot be visualized by
the naked eye.*®

The images of dilutions of the CCLM
media were digitally analysed. All images were
analysed using Imagel software (National Institute
of Health) and the RGB mean was calculated. The
values were then used for calculating the E values
(distance or difference between two colours)
using an online platform Colormine.org (http://
colormine.org/delta-e-calculator).

Sample collection and Staphylococcus aureus
isolation

All food samples used in this study
were collected from various parts of Mysore city,
Karnataka, India. These samples were aseptically
transported to the laboratory in sterile bags or
bottles (Table 1). All samples were pre-enriched
in BHI broth overnight at 37°C. Serially diluted
(10*-10®) overnight cultures in peptone water
were then plated onto Baird Parker Agar (BPA)
plates supplemented with egg yolk-tellurite
emulsion (HiMedia, Mumbai, India) and were
incubated at 37°C for 24 - 48 hours.

Biochemical characterization

Further characteristic black centred
colonies with opaque zone of S. aureus grown
on BPA plates were biochemically characterized.
Presumptive colonies were subjected to the
Indole, Methyl Red-Voges Proskauer, Mannitol
fermentation, Coagulase, Catalase, Phosphatase
production and DNase test. The positive colonies
were then further screened with MeReSa agar

Table 2. List of primers

(HiMedia, Mumbai, India), which is a chromogenic
agar specific for the MRSA.

Genomic DNA isolation and PCR

Genomic DNA for this study was
isolated by DNASure mini kit according to the
manufacturer’s instructions (Genetix, India).
Extracted DNA was screened for the presence
of nuclease gene (nuc), Methicillin resistance
determinant gene (mecA), SEB toxin coding
gene (seb), and Panton-valentine leukocidin
S and F fraction encoding genes (lukF and [ukS)
(Table 2).%

Multiplex PCR (mPCR) optimization

A total of two multiplex PCR were
standardized for this study. First set of mPCR was
performed for the determination of MRSA with
nuc and mecA primers. It was then followed by
the second mPCR which was optimized with ukF,
lukS (pvl) and nuc primers for the characterization
of CA-MRSA. The reactions were optimized with
1X PCR buffer, 2.5 mmol I* MgCl,, 0.2 mmol I
dNTP mixture and 1.2 unit of Tag polymerase. The
primer concentrations were optimized to 0.5 pmol
I*of nuc Fand nucRand 0.6 umol I*of mec AF and
mec A R. For the second set of mPCR the primer
concentration was optimized to 0.7 umol I* of both
luk F and luk S primers and the concentration of
nuc primer was maintained the same as the first
set of mPCR.

Multiplex PCR conditions were optimized
as an initial denaturation for 4 minutes at 94°C
followed by 30 cycles of denaturation for 1 minute

Genes Primer Sequence 5'-3' Amplicon Accession

Targeted size (bps) No.

mec A For-GGATTGCTTCACTGTTTTG 800 bps JF778650.1
Rev-GAGTAGCACTCGAATTAGGC

Nuc For-GCTGGCATATGTATGGCAATT 385 bps DQ50738.1
Rev-GCTTCAGGACCATATTTCTCTAC

Luk-S For-GCAGCTCAACATATCACACC 191 bps AB532027.1
Rev-TGTTTCCAGCAGCTTTGAG

Luk-F For-CAGCTCAACATATCACACCT 623 bps AB532027.1
Rev-GAAGTTTTGTCCAGCATTTAAG

Seb For-CCAGATCCTAAACCAGATGAGTT 325 bps AB479119.1

Rev-GTTTTTCGTTTGTCAGTTTGATG
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at 94°C, annealing for 1 minute at 56°C, extension
for 1 minute at 72°C and a final extension for 8
minutes at 72°C.

Another PCR reaction was optimized for
the detection of seb gene. The amplification of
gene was found good at the primer concentration
of 0.6 u mol I of seb F and R. The reaction
condition was maintained as mentioned above.

Automated lIdentification and antibiotic
susceptibility (AST) studies

All the PCR positive isolates were then
loaded onto the BD PHOENIX M50 system installed
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Karnataka. Positive isolates were identified and
studied for their antibiotic resistance pattern
using this system. Various biochemical tests
were performed in the ID panel of appropriate
Gram stain. ID panels are embedded with several
chromogenic and fluorogenic substrates which
help in the identification of the cultures used. This
system determines the antibiotic susceptibility by
minimal inhibitory concentration (MIC). It uses
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in the Gram Positive/Negative panels to determine
the MIC.
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Figure 1. A: Optimization of NaCl concentrations. Growth of different microbial isolates in varying concentration of
NaCl. The cultures used are Escherichia coli, Salmonella typhimurium, Shigella sonii, Listeria monocytogens, Bacillus
cereus, Staphylococcus aureus and MRSA. B: Optimization of LiCl concentrations: Growth of different microbial
isolates in varying concentration of LiCl. The cultures used are Escherichia coli, Salmonella typhimurium, Shigella
sonii, Listeria monocytogens, Bacillus cereus, Staphylococcus aureus and MRSA
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Statistical analysis

Statistical analysis was carried out using
GraphPad Prism (GraphPad Software, Version
8.0.2). A two-way ANNOVA test was preformed
and a p-value < 0.05 was considered statistically
significant.

RESULTS AND DISCUSSION

In this study, we reported a novel natural
dye incorporated media; CCLM media, which can

25% Antho
Control

25% Antho
MRSA

reduce the turnover time of the MRSA detection.
Anthocyanin is a Food and Drug Administration
approved pigment, which is used as pH indicator
due to its ionic nature that changes colour based
on the pH.?*% They exist as red in acidic, blue/
purple in basic and green/yellow at higher pH
conditions.?” The advantages of using anthocyanin
are its low cost of production, easy preparation,
bio-compatibility, production of wide-ranging
colour spectrum and high stability at harsh
experimental conditions.?®

In the current study, a new media was
formulated with the optimized concentrations
of NaCl and LiCl. Lower concentrations of NaCl in
the range of 1.0 - 2.5% could not inhibit most of
the non-specific test organisms. Increasing the
concentration of NaCl to 3.0% and 0.5% of LiCl
also could not suppress the growth of Listeria
monocytogens, Salmonella typhi and Escherichia
coli. Faint growth was observed in all these.
Complete suppression of other organism and
selective growth of S. aureus (both MSSA and
MRSA) was observed at the concentration of 5%
NaCl and 0.7% LiCl (Figure 1). Further, cefoxitin
and methicillin were used to suppress the growth
of MSSA.

5% Antho
Control

5% Antho
+5g NaCl

V Tesmmwn

10% Antho
Control

3 10% Antho 10% Antho
+5 g NaCl +7.5g NaCl

)

Figure 2. A: Tubes with 25% of Anthocyanin + MRSA and Anthocyanin alone respectively. B: 1) 5% Anthocyanin
Control, 2) 5% Anthocyanin + 5gm Nacl, 3) 5% Anthocyanin + 7.5gm NaCl, 4) 10% Anthocyanin Control, 5)10%
Anthocyanin + 5gm NaCl, 6)10% Anthocyanin + 7.5gm NacCl; tubes 2, 3, 5 & 6 have MRSA. All the tubes were
incubated at 37°C overnight for the observation of color change
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Optimization of Anthocyanin concentration

To reduce the detection time of MRSA,
anthocyanin was incorporated in the CCLM media.
In order to obtain an optimal colorimetric signal,
the optimal concentration of anthocyanin was
investigated. A series of concentrations ranging
from 5% to 25% were tested with known cell
concentration of 10°CFU/ml of MRSA in the CCLM
media.

AE

10 —
0 Q
5o 1 2
83
£

Anthocyanin gets protonated as the
organism grows and utilizes mannitol, producing
acidinthe medium. At acidic pH, purple anthocyanin
turns to pink. As the growth increased with time,
the protonation of anthocyanin will give the
colour change. At 25% anthocyanin concentration
the colour couldn’t be differentiated (Figure 2A).
The colour differentiation was prominent in 10%
anthocyanin tubes. In 5% of the tubes, the colour

2nd b

- 4mhp

- 6"h

Dilutions of the culture (Log 10)

Figure. 3. A: Microtitre plate with 5 ml CCLM media in each well inoculated with 10 pul MRSA culture. The plate
was incubated at 37°C and was observed at 2nd, 4th and 6th hour. The overnight grown MRSA culture used was
serially diluted from 10 to 10® (L-R) plus 2 control (CCLM without culture & media without anthocyanin). A well
with CCLM control was also used to compare the color change observed. B: AE value is plotted in x-axis against the
dilution of culture used in Log 10 to evaluate the color change.
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was very faint to differentiate between the positive
and negative control (Figure 2B). Hence 10% of
anthocyanin concentration was employed for
further studies.

Cell concentration versus time of protonation of
anthocyanin

10! CFU/mL to 10% CFU/mL of MRSA
cells were inoculated in CCLM media with 10%
of anthocyanin. At the time of inoculation, the
colour of the media was purple. As the organism
reaches to its logarithmic stage of growth phase,
the change in the colour could be visualized which
took around 4 hours with cell concentration of
>10° CFU/mL and 6 to 7 hours with lower cell
concentration of 102CFU/mL (Figure 3). The colour
change is due to production of volatile compounds
by MRSA that reduces pH of the media. The colour
changes are due to the protonation of anionic
quinonoidal base to quinonoidal base.?*?* This
system is quick as changes can be visualized with
the naked eye within 4 hours of incubation.

Specificity of the CCLM media

Different closely related organisms
and common food spoilage and food borne
disease causing agents were inoculated in the
CCLM media incorporated with the natural dye
(Figure 4, Supplementary data). These non-specific

test organisms did not grow in these tubes and no
change in the colour of the broth was observed
in these tubes. The media remained purple even
after 48 hours of incubation indicating that, the
CCLM incorporated with anthocyanin will not
support the growth of other organisms except S.
aureus and the pigment is stable.

Comparison of CCLM media with the traditional
and molecular methods of MRSA cultivation and
confirmation

Atotal of 70 food samples were screened
for the presence of MRSA. Presumptive colonies
from BPA plates were subjected to different
biochemical tests. Of 70 samples 35 samples
were found to be harbouring S. aureus and the
results are depicted in the Table 1. The confirmed
S. aureus colonies were then streaked onto
MeReSa agar plates supplemented with MeReSa
supplement and cefoxitin. The light pink coloured
colonies were selected as it is ascribed to be
distinctive morphology of MRSA on this medium.

All these isolates were inoculated into
CCLM anthocyanin media and observed for the
growth and colour change (Figure 5). The detection
of MRSA by traditional culturing method takes
2-3 days but the CCLM media is quick as it can
detect MRSA in 6-7 hours and thus the delay in
prognosis can be avoided. Thus, the patients can

4

Figure 4. The overnight incubated cultures of 1. Bacillus cereus, 2. Escherichia coli, 3. Enterococci, 4. Klebsiella
pneumonia, 5. Listeria monocytogens, 6. Staphylococcus aureus, 7. Shigella sonii, 8. Salmonella typhimurium, 9.

Control (No culture added) in CCLM
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getimmediate attention and further infections can
be prevented.

The traditional method of identification
of the MRSA includes overnight pre-enrichment
of the samples with the brain heart infusion
broth and then streaking on to Baird parker agar
supplemented with egg yolk emulsion. Then
followed by the biochemical characterization like
DNase test, mannitol fermentation etc. Then Latex
agglutination is done for the characterization as
coagulase positive or negative S. aureus. Then
finally going for confirmation by PCR amplification.
MIC tests of different antibiotics are done in case
of MRSA. It takes almost 3-4 days of tedious work.

Whilst in a short span of 6-8 hours the
change in colour was observed indicating the
growth of MRSA. This newly formulated broth is of
immense help for the easy and early detection of
MRSA. This can even be used by a lay man under
field condition. Similar results were observed when
the spiked food samples after homogenization and

filtration was inoculated into CCLM anthocyanin
broth (Figure 6).

Further the genomic DNA was isolated
from the positive colonies and was amplified
using nuc, mecA, seb and pv/ genes. Out of 18
MRSA isolates, all were found to be nuc and
mecA positive (Figure 7A). Five isolates were
found to be harbouring pv/ gene indicating they
were CA-MRSA as pv/ genes are markers of the
CA-MRSA.?® (Figure 7B). Two isolates possessed
seb gene which specified they were potent
food poisoning agents (Figure 7C). This is highly
alarming with the existing COVID-19 situation as
the immuno-compromised/geriatric patients can
get the infection through food and the treatment if
delayed can turn fatal.?” The pvl positive S. aureus
were isolated from chicken, ready to eat foods and
confectioneries and seb was detected in ready
to eat food and pastry. Thus, the study gave us
a warning that both HA and CA MRSA are wide
spread in the community and the colonization is
getting transmitted to different host species.

Figure 5. M1, B. M2, C. M3, D. M4, E. M5, F. M6, G. M7, H. M8, |. M9, J. M10, K. M11, L. M12, M. M13, N. M14, O.
M15, P. M16, Q. M17 and R. M18 are the 18 isolates cultured in 5 ml CLMN media (after 8-12 hours of incubation)

Figure 6. Spiked food samples after 8-12 hours of incubation. Wells 1-3:-Cake, 4:-Mysore Pak, 5:- Chicken, 6:- Peda,

7-Milk, 8:- Negative Control ( Without any sample)
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The cultures from CCLM Anthocyanin  were positive for Staphylococcus aureus. The
media were identified with BD PHOENIX AST report showed that all were MRSA and
M50. The ID results showed all the 18 samples  most of them showed resistance to Amoxicillin,

M 12345 67 8 9 10 11 12 13 14 15 16 17 18

mecA, 800 bp

R i I i R ———

Bl \uc, 385 bp

" .

1500 bp

Mec A, 800bp
500 bp

Luk F, 325bp

200 bp Luk S, 191bp

500 bp +——

Seb, 325bp
200 bp ¢

75 bp

Figure 7. A: Agarose gel electrophoresis image of nuc and mec A gene duplex PCR: M-50bp DNA ladder (GeneRuler,
Thermo Scientific, India) 1-18:- M1-M18 isolates. B: Agarose gel electrophoresis image of mPCR product of pvl and
nuc gene in M3, M12 and M16:- M- 1 Kb molecular marker (GeneDirex, India), 1-M3, 2-M12, 3-M16. C: Agarose
gel electrophoresis image of seb gene (325bp) in isolate M5 and M13:- M- 1kb molecular marker, Gene (Ruler,
Thermo Scientific, India) 1- M5, 2- M13.
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Ampicillin, Cefazolin, Cefoxitin, Chloramphenicol,
Ciprofloxacin, Norfloxacin, Oxacillin, Penicillin G,
Erytromycin and Trimethoprin (Figure 8).

Anthocyanin is now widely investigated as
an indicator for spoilage in various food sources.?
The growth of many organisms releases acidic
compounds leading to the protonation of the
hydroxyl groups associated with the phenolic
rings of anthocyanin leading to the change in
conjugation pattern all the way through the
molecules resulting in the colour change.?®? The
pigment is safe, i.e. does not cause any harm to
the food products and to the environment, as they
are not toxic or are not involved in production
of any harmful by-products. The growth of non-
specific organisms is meagre in this medium.
As only with one medium we can confirm the
presence of MRSA, the method is Cheap. Another
advantage of the media is the ease of preparation;
the components are environment friendly,
involvement of less machinery and sophisticated
techniques, i.e. it is quick, easy, cheap, effective,
rugged and safe (QUEChERS).

In our study, almost 25% of the total
samples harboured MRSA although the sample
size was small. This is quite a frightening outcome

60
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as superbug load was significantly higher to the
size of area chosen for the study. Approximately
28% (5/18) of the total MRSA positive food
samples harboured pv/ gene and 11% (2/18)
carried seb gene. These were all protein rich
foods like chicken, sea food, mutton and dairy
products consumed daily. A recent study reviewed
the reported MRSA isolation from different pig,
milk, beef and poultry products both raw and
processed.*® The findings agree with the report
of EFSA, 2009 that the protein rich foods are
reservoirs of MRSA. The domesticated animals and
other animals used for food or even handling of
these animals harbouring the antibiotic strains can
get transferred or colonized in humans. Horizontal
gene transfer can happen from the resistant
strains of LA-MRSA genes to methicillin sensitive
Staphylococcus aureus (MSSA). Several studies
have even reported about Linezolid-resistant
S. aureus (LRSA). Though its prevalence is low
compared to other strains its risk of transmission
to humans through the animal handling and animal
derived foods cannot be neglected. This also points
to the significance of intensive monitoring of the
livestock and food.313233

PEN AMC AMP CEZ FOX CHL CIp ERY NOR OXA TMP GEN

Antibiotics

Figure 8. Resistance pattern in the MRSA isolates: Percentage is calculated by multiplying the fraction of N/T to 100,
where N is number of MRSA isolates resistant to particular antibiotic and T is the total number of MRSA isolates. PEN-
Penicillin, AMC- Amoxicillin-clavulanic acid, AMP-Ampicillin, CEZ-Cefazolin, FOX- Cefoxitin, CHL-Chloramphenicol,
CIP- Ciprofloxacin, ERY- Erythromycin, NOR- Norfloxacin, OXA- Oxacillin, TMP- Trimethoprim, GEN- Gentamicin
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When discussing about the presence of
MRSA with pvl, mecA and seb genes in the ready to
eat foods and processed food are mainly due to the
unhygienic handling post process practices during
packing, storage till it reaches the consumer and is
a major public health concern. The prevalence of
S. aureus strains capable of producing enterotoxins
and multidrug resistance together could pose a
major threat to human kind in near future and
food has become a major and easy vehicle of
antimicrobial resistance transmission which is
difficult to control and treat as well.>*38

In India, from past two decades
transmission of MRSA of various lineages (HA-
MRSA, CA-MRSA and LA-MRSA) through food has
been noticed.***! Although in India, the screening
of food for the presence of MRSA is not mandatory;,
the potential role of food in diffusing MRSA
lineages cannot be overlooked. Whilst in European
countries, EFSA (European Food Safety Authority)
recommends continuous monitoring of animals
reared for food especially intensively reared ones
accompanied with surveillance in humans to study
the inclinations of transmission and evolution of
zoonotically acquired MRSA in humans.*>4°

The outcome of our study was startlingand
rings alarm for scrutiny and proper characterization
of the infections. The unceasing screening of food
and food producing animals also is obliged to
be made mandatory to comprehend and study
the expansion of resistance in MRSA. The lack of
awareness of the MRSA infection and transmission
may help these superbugs in mounting new
virulence characteristics and transmissibility and
the currently available treatments may not work
as these superbugs have gained more armours.

CONCLUSION

In conclusion, the study is an effort to
screen the presence of MRSA and MSSA and their
virulence potential in food. The study has identified
18 samples as MRSA isolates, all were found to be
nuc and mecA positive. Five isolates were found
to be CA-MRSA and two isolates carried seb gene.
This study also focused on formulation of a natural
dye cyanidin-3-0O-diglucoside-5-O-glucoside
incorporated CCLM single step media to cultivate
and confirm the presence of MRSA within 6 to 8
hours. The volatile acidic compounds released by

the MRSA during growth will change the purple
colour of the media to pink. The method is rapid
and also simple as even a layman can detect the
presence of MRSA by observing the colour change.
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