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Abstract

MRSA causes nosocomial and community based infections. It is associated with significant mortality
and morbidity. Resistance in MRSA is encoded by mecA gene. Anterior nares are the ecological niche
of Staphylococcus aureus. HCWs who are colonized with MRSA, act as agents of cross contamination
of hospital and community acquired MRSA. Treating MRSA infections is a therapeutic challenge as it
is resistant to beta lactam group of drugs. Therefore, there is a need for rapid and accurate detection
of MRSA carriage in HCWs and to understand its antibiotic susceptibility pattern. The objective of the
present study is to estimate the occurrence of MRSA in HCWs, using phenotypic and genotypic methods.
A prospective study for six months was conducted after obtaining Institutional Ethical Committee
clearance. Anterior nasal swabs of those HCWs who gave informed consent were taken processed
for culture and sensitivity as per standard protocol. To detect MIC for oxacillin, E-strip method was
used. mecA gene detection was done by PCR. A total of 300 HCWs were sampled.14.66% (44/300) of
the isolates were identified as Staphylococcus aureus, of which 10 isolates were detected as MRSA.
The overall isolation rate of MRSA is 3.33 %(10/300). MRSA carriage was high amongst nurses (5/59,
8.47%), followed by doctors (4/105, 3.80%).Antibiotic sensitivity pattern showed that highest resistance
was to penicillin (75%) followed by amoxiclav (70.45 %). 9 MRSA isolates were detected as mecA gene
positive by PCR. MRSA carriers were decontaminated successfully with 2% mupirocin ointment and
2% chlorhexidine shampoo. This study reiterates the need for rapid and accurate identification of
HCWs who have nasal colonization with MRSA, for reinforcing hospital infection control measures and
decontamination protocol. This will help prevent the spread of MRSA in our community.
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INTRODUCTION

Staphylococcus aureus is an established
pathogen, which can cause a broad spectrum
of infection as it has many virulence factors.
It has been observed that 50% of the adult
population is either persistent or intermittent
carriers of Methicillin resistant Staphylococcus
aureus (MRSA).*One of the commonest cause of
community based and nosocomial infections is
MRSA. It is known to cause significant mortality
and morbidity. One of the challenges that clinicians
face with infections caused by MRSA is that there
are limited therapeutic options, as resistance to
beta lactam antibiotic, means that the organism
is resistant to beta lactam group of drugs.?

Resistance in MRSA is due to the presence
of Penicillin binding protein (PBP2a) which is
encoded by mecA gene. The mecA gene is present
on the Staphylococcal Cassette Chromosome
(SCC). Detection of the mecA gene by PCR is rapid,
accurate and is considered the gold standard. 3

Infections caused by MRSA are associated
with prolonged hospital stay, higher cost of
treatment and worst outcomes. “Several studies
have observed that the anterior nares are the
ecological niche of Staphylococcus aureus and
that these cause invasive infections.* *The main
sources of MRSA in a hospital setting are the
asymptomatically colonized patients and HCWs. *
&7Health care workers (HCWs) form the interface
between the hospital and the community. HCWs
can act as agents of cross contamination of
hospital acquired and community acquired MRSA.
8The reason for this being, poor compliance to
hand hygiene by the HCWs. °° The rate of MRSA
nasal carriage in HCWs ranges from 6.0% to 17.8
%.°

Early identification of HCWs colonized
with MRSA combined with appropriate hand
hygiene and other precautions can control the
spread of MRSA.'Therefore, there is a need for
rapid and accurate detection of MRSA carriage
in HCWs and the susceptibility pattern of the
isolated MRSA strain. This will help the hospital
to strengthen its infection control practices and
initiate decolonization in HCWs who are MRSA
positive. As a result, the spread of MRSA can be
controlled. Hence, we undertook this study to
detect nasal carriage rate of MRSA in our HCWs,
rapidly and accurately. We also looked in to the

antibiotic susceptibility pattern of the isolates, so
that we could initiate decolonization in such HCWs
and strengthen the infection control practices in
our teaching hospital.

Objectives

1. To estimate the occurrence of MRSA in HCWs
working in our teaching hospital using phenotypic
and genotypic methods.

2. To understand the antibiotic susceptibility
pattern of the isolated Staphylococcus aureus.

3. To initiate appropriate decolonization and
infection control measures.

MATERIAL AND METHODS

The study protocol was submitted to the
Institutional Ethical Committee and necessary
permission was obtained to conduct this study.
A prospective study for a period of six months
was conducted in our teaching hospital. Informed
consent was obtained from HCWs before taking
nasal swabs. Only those HCWs who gave informed
consent were included in this study. Those HCWs
who suffered from fever, upper respiratory tract
infections, who had a history of recent nasal
surgery and who were on topical nasal medication
were excluded from this study. 2

The swabs were inoculated on to
Mannitol salt agar, blood agar, Mac Conkey agar
and BHI broth (HiMedia, Mumbai).

These were incubated at 37°C for 24
hours. Metbhicillin resistant Staphylococcus aureus
gives yellow colonies on mannitol salt agar. These
yellow colonies were further processed as per
standard protocol (Gram stain, catalase test,
urease test, anaerobic fermentation of mannitol
and tube coagulase test) to identify them as
Staphylococcus aureus. >3
Antibiotic sensitivity testing

The antibiotic sensitivity testing was
done using Kirby Bauer disc diffusion method.
The following antibiotic were used: amoxyclav
(30 ug /10 pg), cefoxitin (30 pg), chloramphenicol
(30 pg), ciprofloxacin (5 pg), clindamycin (2 pg),
cotrimoxazole ( 1.25/23.75 ug), doxycycline (30
pg), erythromycin (15 pg), gentamicin (10 ug),
linezolid ( 30 pg),oxacillin(1 pg ) and penicillin ( 10
units), vancomycin(30 pg ) and teicoplanin(30 pg).
The interpretation of zone diameters into sensitive,
intermediate, and resistant was done as per the
Clinical and Laboratory Standards 2019. 415

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Rahman & Kashid | J Pure Appl Microbiol | 15(2):787-796 | June 2021 | https://doi.org/10.22207/JPAM.15.2.32

The following methods were used to detect
methicillin resistance
Oxacillin disc diffusion

The Staphylococcus aureus isolates
were inoculated on Mueller Hinton agar plates
(HiMedia, Mumbai) with 4% NaCl. The inoculum
was standardized to 0.5 McFarland units. An
oxacillin disc of 1 pg (HiMedia, Mumbai) was
placed on the inoculated plate. The inoculated
plates were incubated at 35°C for 16-29 hours. A
zone diameter lesser than or equal to 10 mm is
considered as resistant to oxacillin (MRSA positive),
as per the CLSI guidelines. Quality control was
done using ATCC strain Staphylococcus aureus
25923, 1617
Cefoxitin disc diffusion

The Staphylococcus aureus isolates were
inoculated on Mueller Hinton agar plates (HiMedia,
Mumbai). The inoculum was standardized to 0.5
McFarland units. The inoculated plates were
incubated at 37°C for 16-18 hours. To detect
MRSA, we used a cefoxitin disc (30 pg, HiMedia,
Mumbai). Cefoxitin disc diffusion results are more
sensitive and easy to detect when compared to
oxacillin disc diffusion. A zone diameter of lesser
than or equal to 21 mm is considered resistant to
cefoxitin (MRSA positive). Quality control was done
using ATCC strain Staphylococcus aureus 25923. ¢
17
E-strip method

MIC for oxacillin was tested using Hi Comb
MIC strip (HiMedia, Mumbai) .This test was done
on Mueller Hinton (HiMedia, Mumbai) agar plates
with 2% NaCl. The inoculum was standardized to
0.5 McFarland units. The MIC applicator was used
to place the E- strip on the inoculated plate. The
inoculated plates were incubated at 35°C for 24
hours. The MIC lesser than or equal to 2 microgram
was considered sensitive and and greater than or
equal to 4 microgram was considered resistant.?’
mecA gene detection by PCR

The 10 MRSA isolates were subjected to
a triplex PCR. The targets for the triplex PCR are:
1. 16S rRNA (Staphylococcus genus specific),

2. nuc(Staphylococcus aureus species specific) and
3. mecA (gene for methicillin resistance)

To detect the 16S rRNA, which is
genus specific, forward primer Staph756F
with the oligonucleotide sequence
AACTCTGTTATTAGGGAAGAACA was used. The

reverse primer Staph750R with the oligonucleotide
sequence CCACCTTCCTCCGGTTTGTCACC was
used.

To detect the nuc gene, which
is species specific, forward primer Nuc
F with the oligonucleotide sequence
GCGATTGATGGTGATACGGTT was used. The
reverse primer with the oligonucleotide sequence
AGCCAAGCCTTGACGAACTAAAGC was used.

To detect the mecA gene, which
detects methicillin resistance, forward primer
MecAl F with the oligonucleotide sequence
GTAGAAATGACTGAACGTCCGATAA was used. The
reverse primer MecA2 R with the oligonucleotide
sequence AGCCAAGCCTTGACGAACTAAAGC was
used. The composition for a 25 pl reaction mixture
for PCR consisted of : PCR master mix 2X(12.5 pl),
Staph756F primer - 20 uM(1 pl), Staph750R primer
- 20 uM(1 pl), Nuc F primer - 10 uM(1 ul), Nuc R
primer - 10 uM(1 pl), MecAl F primer - 10 pM(1
ul), MecA2 R primer - 10 uM(1 pl), DNA template
100 -200 ng (2 pl)and Nuclease free water(4.5
pl).Thermal cycler conditions for triplex PCR are
as follows: 1 cycle of initial denaturation at 942C
for 5 minutes. The next cycle of denaturation was
done at 949C for 1 minute, annealing at 60°C for 1
minute and extension at 722C for 2 minutes (all put
together 30 cycles).The final extension was done
at 729C for 10 minutes (I cycle).A 2% agarose gel
containing 10 pg/ml ethidium bromide was used
to capture the amplicons. The amplicon sizes for
16S rRNA, nuc gene and mecA gene are 756 bp, 279
bp and 310 bp respectively. Primers from Sigma
Company were used. The PCR master mix that
was used was from Takara Company, Japan. For
the agarose gel electrophoresis, the gel image was
captured using gel documentation system (G:BOX,
system Syngene).181920
Statistical analysis

Data entry was done using Microsoft Excel
sheet. The data was analysed using SPSS version
22. Percentage analysis of the data was given.

RESULTS

A total of 300 health care workers were
sampled. The sex distribution among the health
care workers who were sampled, is as follows:
were 30% were males (90/300) and 70% (210/300)
were females (Table 1).
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The highest numbers (42%, 126/300) of
healthcare workers who were sampled were in the
age group of 21-30 years, followed by 31-40 years
age group (32.3%, 97/300).15 %( 45/300) of the
HCWs belonged to the 41-50years age group. 6.6
%(20/300) of the HCWs belonged to the > 50 years
age group and 4% (12/300) of the HCWs belonged
to the 18-20 years age group. (Table 2)

Among the health care workers who were
sampled 35% (105/300) were doctors,32%(96/300)
were housekeeping staff, 19.6%(59/300) were

Table 1. Sex distribution among the health care
workers who were sampled.

Sex Number (n=300) Percentage (%)
Male 90 30
Female 210 70
Total 300 100

Table 2. Age distribution among the health care
workers who were sampled

Age Total Number Percentage
Group (n=300) (%)
18 - 20 years 12 4.0
21 -30vyears 126 42.0
31-40years 97 32.3
41 - 50 years 45 15.0
> 50 years 20 6.6
Total 300 100

nurses, 7%(21/300) were technicians and 6.3%
(19/300) were office staff .(Table 3)

Of the 300 nasal swabs, 14.66% (44/300)
of the isolates were identified as Staphylococcus
aureus. Of these 44 isolates, only 10 isolates were
detected to be MRSA positive. So the isolation rate
of MRSA, from the Staphylococcus aureus isolates
is 22.72 %( 10/44). The overall isolation rate of
MRSA is 3.33 %( 10/300). (Figure 1)

Out of the 300 healthcare workers
screened 90 were males and among them 1(1.1%)
was an MRSA carrier. Of the 210 females, 9(4.2%)
were MRSA carriers. (Table 4)

In our study, MRSA carriage was high
among the nurses (5/59, 8.47%), followed by
doctors (4/105, 3.80%) and housekeeping staff
(1/96, 1.04%). No MRSA was isolated in the
technicians and the office staff. (Table 5)

Of the 300 HCW screened, 4 MRSA
carriers were from labour OT (3 female nurses

Table 3. Distribution of health care workers
who were sampled

Category Total Number  Percentage
(n=300) (%)
Doctors 105 35.0
Nurses 59 19.6
Technicians 21 7.0
Office staff 19 6.3
House keeping 96 32.0
Total 300 100

Fig. 1. Overall isolation rate of MRSA

B Totalno.of samplas
mNo.of MRSA isolated
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and 1 male nurse). 1 female nurse from casualty
was detected to be a MRSA carrier. Amongst the
doctors, who were detected as MRSA carriers,
2 female doctors were from the Department
of Biochemistry, 1 female doctor from the
Department of Anaesthesia and 1 female doctor
from the Department of Pathology. Amongst the
housekeeping staff, 1 female housekeeping staff
from special ward was reported to be a MRSA
carrier. (Table 6)

Antibiotic sensitivity pattern of the 44
Staphylococcus aureus isolates, 70.45 %(31/44)

Fig. 2. Yellow coloured colonies of MRSA on Mannitol
Salt Agar

Table 4. Gender distribution among the MRSA carriers

were resistant to amoxiclav, 22.73% (10/44)
were resistant to cefoxitin,4.55% (2/44) were
resistant to chloramphenicol, 47.73% (21/44)
were resistant to ciprofloxacin,15.91%(7/44)
were resistant to clindamycin,52.27%(23/44)
were resistant to cotrimoxazole,25%(11/44)
were resistant to doxycycline,34.09%(15/44)
were resistant to erythromycin,43.18%(19/44)
were resistant to gentamicin,9.09%(4/44)were
resistant to linezolid, 20.45%(9/44) were resistant
to oxacillin,75%(33/44) were resistant to penicillin,
4.55% (2/44) were resistant to vancomycin and,

Fig. 3. Cefoxitin resistance displayed by MRSA

Gender Number No. of MRSA Percentage of MRSA
screened carriers carriers (%)

Male 90 1 1.1

Female 210 9 4.2

Table 5. Isolation rate of MRSA in different
professional categories

Profession MRSA MRSA
number (%)
Doctors (n=105) 4 3.80
Nurses(n=59) 5 8.47
House Keeping(n=96) 1 1.04
Technicians(n=21) 0 0
Office staff(n=19) 0 0

25% (11/44) were resistant to teicoplanin. (Fig. 5)

The various areas of our hospital, from
which Metbhicillin resistant Staphylococcus aureus
(MRSA) were isolated is as follows:4 MRSA
carriers were from labour OT and 1 each from
Department of Anaesthesia and Pathology, 2 from
the Department of Biochemistry and 1 each from
Special ward and Casualty. (Table 6)
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In our study, the PCR detected only
one MRSA isolate as mecA gene negative. The
remaining 9 MRSA isolates were detected as mecA
gene positive. (Figure 6)

DISCUSSION

Several studies have observed that
detection of MRSA carriage among HCWs is
important, as they act as potential reservoirs of
nosocomial infections. They help in the spread
of MRSA not only to patients and inanimate
surfaces, but also to other HCWs and their family
members.*5

In our study, the nasal carriage of
Staphylococcus aureus in HCWs is 22.72 %. The
nasal carriage of MRSA in HCWs is 3.33%.

In our study, 10 % of the MRSA carrier
were males (1/10) and 90% of the MRSA carriers
were females (9/10).This is in contrast with other
studies where a male preponderance in the MRSA
carriers has been reported. 2However, further
studies need to be undertaken to ascertain this,
as the sample size and number of male and female
HCWs were not matched.

In our study, nasal carriage of MRSA was
high among nurses (8.47%), followed by doctors
(3.80%) and the housekeeping staff (1.04%). This
finding is similar to a study done Mondal et al® in
their study, the nasal carriage amongst the nurses
was 25% and 18.8% carriage rate in doctors.
Several studies have observed that the nasal
carriage of MRSA is high among nurses, followed
by doctors. &8

Table 6. Professional category, gender and department wise

distribution of MRSA carriers

Category Gender Department No. of
MRSA carriers
Doctors F Anaesthesia 1
Doctors F Pathology 1
Doctors F Biochemistry 2
Nurse F Labour OT 3
Nurse M Labour OT 1
Nurse F Casualty 1
House Keeping F Special ward 1

The difference in the nasal carriage rate
noted in various studies can be attributed to the
differences in the sample size, study design and
the MRSA detection methods that were used.
“Various studies report different isolation rates.
(Refer Table 7)

Table 7. Isolation rate of MRSA in different studies

S.  Study Rate of isolation
no. of MRSA (%)
1. Present study 3.33

2. Kausalya et al.,2015 1.33

3. Radhakrishna M et al.,2013 17.5

4.  Gargi- Dangre- Mudey et al., 2015 2.08

5. Agarwal L et al.,2015 14.0

6. Nabil Abdullah El Aila et al., 2017 25.5

Fig. 4. E Strip method for MIC, for oxacillin using
Hi Comb MIC strip

Journal of Pure and Applied Microbiology

792

www.microbiologyjournal.org



Rahman & Kashid | J Pure Appl Microbiol | 15(2):787-796 | June 2021 | https://doi.org/10.22207/JPAM.15.2.32

Antibioticresistance of Staphylococcus aureus
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Fig. 6. In this PCR image from (left to right), lane 1 is the 100bp DNA ladder, lane 2 is positive control, lane 3 to
8 are mecA gene positive, lane 9 is negative sample, lane 10 is mecA gene negative, lane 11 to 13 is mecA gene

positive and lane 14 is negative control

In our study, 5 nurses were detected as
MRSA carriers. Of these 5 nurses, only one was a
male nurse. 4 nurses were from the Labour OT and
1 was posted in Casualty. In our study, 4 doctors
were detected as MRSA carriers. All the 4 doctors
were females. 3 doctors were from the Central
Lab (1 from Pathology, and 2 from Biochemistry).
Several studies have identified HCWs from
Central Lab to be carriers of MRSA. Our study
is in agreement with them. The reason for this

could be that HCWs who are from the Central Lab
are exposed to a large number of patients. They
also handle large number of infected samples. °In
our study, only 1 female housekeeping staff was
detected as a MRSA carrier. She was posted in
Special ward.
Antibiotic sensitivity pattern of the Staphylococcus
aureus isolates

In our study, the highest resistance was
seen to penicillin (75%). Most of the studies
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report 100% resistance to penicillin. The second
highest resistance was observed to amoxyclav
(70.45%). With regards to ciprofloxacin, we
observed a resistance of 47.73%. This is similar
to the ciprofloxacin resistance (50%), reported by
Agarwal L et al study. ® Resistance was observed
to cotrimoxazole (52.27%),doxycycline (25.00%),
erythromycin (34.09%) and gentamicin (43.18%).

Over the last decade, there are reports
of glycopeptide and vancomycin resistance.
®In our study, we observed 4.55% resistance to
vancomycin. In a study conducted by El Aila et al.,
in 2017, reports 15.7% resistance to vancomycin .8
In our study, 2 MRSA isolates showed resistance to
vancomycin. These two isolates belonged to two
female labour OT nurses. Good sensitivity was
seen to chloramphenicol (95.45%), vancomycin
(95.45%) linezolid (90.91%) and clindamycin
(80.09%).

The multidrug resistance pattern that
is observed in this study can be attributed to
overuse/misuse/irrational use of antibiotics and
poor compliance to hospital antibiotic policy.
However these causes need to be thoroughly
looked into.

Several studies have proved that cefoxitin
disc diffusion correlates better with the presence
of mecA gene. In our study, out of the 44
Staphylococcus aureus isolates, 9 isolates (9/44,
20.45%) were detected as MRSA by oxacillin disc
diffusion, whereas 10 isolates (10/44, 22.72%)
were detected as MRSA by cefoxitin disc diffusion.
However, all 10 (10/44, 22.72%) isolates detected
as MRSA cefoxitin disc diffusion, had a MIC greater
than 4 microgram by the E-strip method.

The gold standard for the detection
of MRSA is PCR. It detects the mecA gene. The
PCR results are available within 24 hours. when
compared to traditional culture or phenotypic
techniques which take 48 hours. This can help the
clinician in initiating accurate and early treatment.
Therefore, PCR is preferred over the phenotypic
methods.

In our study, out of the 10 MRSA isolates,
one isolate was mecA gene negative on PCR. The
reason for one isolate to be mecA gene negative
on PCR could be:

i. mecA gene expression levels could differ for
every10*® to 10° cells.

ii. due to the absence of the penicillinase plasmid.
This plasmid maintains the stability and phenotypic
expression of the mecA gene.?

iii. due to mutations in the primer binding sites,
within the gene.®

The one isolate which was mecA gene
negative on PCR, belonged to the male nurse, who
was from the Labour OT.

It has been observed that HCWs with
nasal colonization of MRSA are at a fourfold high
risk to get infection. They also transmit multidrug
resistant strains not only to other HCWs, patients
and family members, but also to the community
at large. Therefore, it is important to initiate
the decontamination protocol. In our study, we
identified 10 HCWs who had nasal colonization
with MRSA. All the 10 MRSA carriers were
identified and contacted personally by us. We
scheduled a time and place in our Microbiology
Department to meet each one of them individually.
We maintained confidentiality and privacy when
we broke the news to them, that they were
identified as MRSA carriers. The laboratory reports
were shown to them and the same was discussed
with them. They were counseled to take up
the decontamination protocol. All the 10 MRSA
carriers agreed to take up the decontamination
process. They were educated and instructed to
apply 2% mupirocin ointment, twice daily to each
of their nostrils. They were also instructed to
shampoo daily, for a week, using 2% chlorhexidine
shampoo. 2After this, two sets of cultures were
performed with 72 hours apart. All the 10 MRSA
carriers were negative, after the completion of
the decontamination protocol. The findings of this
study were placed and discussed with the Hospital
Infection Control Committee of our teaching
hospital, to further initiate appropriate infection
control measures.

Limitations

All the HCWs could not be swabbed. It is
important that all HCWs are screened for MRSA
especially the ones working in critical care units.
The vancomycin resistance that was observed
in this study, could not be confirmed by other
phenotypic (agar or broth dilution for MIC) or
genotypic methods (PCR). In this study, we could
not investigate further, on that one isolate which
was detected as mecA gene negative, as it was
beyond the scope of this study.
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CONCLUSION

This study reiterates the need for rapid
and accurate identification of those HCWs who
have nasal colonization with MRSA, to prevent its
further spread in the health care setting as well as
in the community. This study also presses the need
for reinforcing hospital infection control measures
like hand hygiene and use of personal protective
equipment (mask and gloves).It is also important
that all health care settings should implement an
ongoing surveillance programme to detect and
decontaminate HCWs who are identified as MRSA
carriers. This should be combined with awareness
programmes conducted for all categories of HCWs.
This multi-pronged approach will help prevent the
spread of MRSA in our community.
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