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Abstract

Staphylococcus aureus causes a plethora of infections owing to the varied armamentarium of virulence factors
including various toxins and enzymes. This study was done to determine the antibiotic susceptibility profile, the
prevalence of MRSA and MSSA, as well as compare the methods of detection of MRSA. Of 24,877 different
clinical specimens studied, 698 i.e. 2.8% specimens were positive for staphylococci by culture, out of which 257
i.e. 6.8% were confirmed to be Staphylococcus aureus. Of these, 228 isolates were positive for bound coagulase;
256 isolates were positive for free coagulase and 257 for latex agglutination test. As compared to the latex
agglutination test, slide coagulase test showed a sensitivity of 88.7% while that for tube coagulase test was
99.6%. Latex slide agglutination test appeared as a reliable and rapid method for identifying S. aureus in the
clinical laboratory. Total 40% of isolates i.e. 103 isolates were MRSA as determined by detection of mecA gene
by PCR; cefoxitin disc test was 100% sensitive and specific while oxacillin screen agar test was 93.2% sensitive
and 100% specific as compared to PCR for mecA gene. Cefoxitin disc test appeared to be not only sensitive but
also a reliable test for detection of oxacillin resistance. High resistance to penicillin was seen, with only 6
isolates (2.3%) being susceptible to it; susceptibility to moxifloxacin was 94.2% and 66.9% to ciprofloxacin in
MSSA strains. High level of susceptibility was noted with netilmicin both for MRSA and MSSA. Almost all
isolates (99.6%) were susceptible to mupirocin, except one.
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mecA protein, methicillin resistant staphylococcus aureus, Antibiotics.

This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under
the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0) and the Budapest Open Access
Initiative (http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium,
provided original work is properly credited.

Introduction

Antimicrobial resistance is a natural biological
response of the bacteria to the selective pressure of
the use of antibiotics. The resistance pattern varies
according to geographical areas and in different
populations.  Staphylococcus —aureus, a gram
positive, facultative anaerobic pathogen, is often
found as a commensal on the skin, skin glands and
mucous membranes, particularly in the nose of
healthy individuals.[1] It is also commonly isolated
from community and hospital settings. It is a
versatile human pathogen causing infections
ranging from relatively mild skin and soft tissue
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infections to life threatening sepsis, pneumonia,
osteomyelitis, endocarditis as well as toxin
mediated syndromes such as toxic shock syndrome
and food poisoning. About 60% of humans are
intermittent carriers and 20% become persistent
carriers.[2] In most instances, resistance to multiple
antimicrobial agents in the staphylococci is driven
by the acquisition of discrete genetic 'accessory'
elements comprising plasmids, transposable genetic
elements (insertion sequences and transposons) and
genomic islands. Such elements incorporate
preformed antimicrobial resistance genes and are
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exchanged via horizontal gene transfer (HGT)
between inter-related bacterial strains and even
between different species and genera. The
conventional microbial HGT mechanisms of
transduction, transformation and conjugation have
all been demonstrated in the staphylococci.[3] Our
study was undertaken to determine the antibiotic
susceptibility profile of S. aureus strains isolated
from patients of our hospital, to determine the
prevalence of Methicillin Resistant Staphylococcus
aureus (MRSA) and to compare the three methods
of detection of MRSA; Cefoxitin disc diffusion
test, Oxacillin screen agar test and detection of
mecA gene.

Materials and Methods

The present prospective study was carried out in
the Department of Microbiology in Santiniketan
Medical College, Bolpur, West Bengal, a tertiary
care teaching hospital which serves the population
of eastern India. Different clinical specimens were
first inoculated onto blood Agar, MacConkey Agar
and CLED Agar (for urine isolates only) and
incubated at 37°C overnight.

Colony morphology and cultural characteristics
were observed followed by staining with gram
stain. When gram positive cocci were observed,
identification of the same was done with the
standard biochemical tests. Staphylococci were
differentiated from streptococci on the basis of
catalase test and the former was differentiated from
micrococci by modified oxidase test. S. aureus was
identified by detection of coagulase enzyme and
confirmed by detection of the same with latex
agglutination test. Slide coagulase test was
performed for detection of ‘clumping factor’ and
tube coagulase test was performed for detection of
free coagulase.[4]

Commercially available antibiotic discs (Hi-media
Ltd., Mumbai, India) of 6 mm. in diameter were
used to determine the susceptibility pattern of S
aureus. The discs were stored in sealed containers
with a desiccant at 4°C as stock. At the time of use,
the discs were taken out from refrigerator, left at
room temperature to minimize condensation of
moisture. After inoculation the plates was kept at
35+2°C for16-18 hrs. Then readings were taken and
results were interpreted as sensitive, intermediately
sensitive or resistant according to the zone of
inhibition seen around each discs as per the CLSI
guidelines 2016.[5]

Methicillin resistant strains were identified by
using cefoxitin disc diffusion test, oxacillin screen
agar test and finally confirming by detection of
mecA gene by PCR. All isolates which were
resistant to cefoxitin (i.e. <21mm) were screened
for resistance to oxacillin by oxacillin screen agar
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test. Polymerase chain reaction was done to detect
the presence of mecA gene. Staphylococcal DNA
was isolated using classical chloroform:phenol
extraction method.[6] Primers described by
Siripornmongcolchai et al., 2002 were used and the
amplification product was separated on 2% agarose
gel electrophoresis and visualized by ethidium
bromide staining, where 100 bp DNA ladders were
used as DNA molecular weight standards.[7]

Statistical calculations were done using Statistical
Package for the Social Sciences (SPSS) Windows
version 16.0 (SPSS Inc., Chicago, IL, USA) and
Microsoft ~ Excel  spreadsheets  (Microsoft,
Redmond, WA, USA). Categorical variables
between the groups were compared by chi-square
test. Continuous variables were analysed using the
two-tailed unpaired t test. A p value of <0.05 was
considered statistically significant.

Results

Total 24,877 different clinical specimens (including
blood, urine, pus and swabs, CSF, sputum, venous
catheter tip, endotracheal tubing’s, patient
associated devices and sterile body fluids like
pleural fluids, synovial fluids etc.) from different
departments (OPDs and wards), were studied for
staphylococci, of which 698, (2.8%) specimens
were positive for staphylococci. Out of the above
number of staphylococcal isolates, 257, (36.8%)
samples were confirmed to be Staphylococcus
aureus.

Tests for detection of Staphylococcus aureus: All
gram-positive cocci isolated from the samples were
initially tested for catalase (3% H202) test. All
isolates collected gave a positive result. This test
was followed by microdase/modified oxidase
reagent. This helped in exclusion of gram-positive
cocci other than staphylococci. These were also
tested for susceptibility to furazolidone and
resistance to low level bacitracin by disc diffusion
method, thereby excluding the non-staphylococcal
catalase positive gram-negative isolates. All 257
strains were negative for modified
oxidase/microdase, susceptible to furazolidone and
resistant to bacitracin.

Comparison of the tests used for detection of
Staphylococcus aureus: Further all isolates were
tested for bound coagulase (slide coagulase test),
free coagulase (tube coagulase test) and latex
agglutination  test for  confirmation  of
Staphylococcus aureus. 228 isolates were positive
for bound coagulase while all 256 isolates were
positive for free coagulase. Latex agglutination
tests were also positive for all 257 samples. As
compared to the Latex Agglutination test, Slide
coagulase test showed a sensitivity of 88.7% while
that for tube coagulase test was 99.6% (Table 1).
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Table 1: Comparison of the tests used for detection of S. aureus.

Test used Positive isolates Negative isolates Sensitivity
Slide coagulase 228 29 88.7%
Tube coagulase 256 1 99.6%
Latex agglutination 257 -

Tests used for the detection of Methicillin
Resistant Staphylococcus aureus: Detection of
methicilin resistance was done with cefoxitin
screen test by disc diffusion, oxacillin screen agar
test and detection of the presence of mecA gene by
PCR. Out of the 257 Staphylococcus aureus
isolates, 103 strains were resistant on cefoxitin
discs diffusion testing. But only 96 samples grew
on oxacilin screen agar with 6ug/ml oxacillin. All
103 samples which were positive for cefoxitin disc
diffusion were also positive for mecA gene on PCR
(Table 2). With the primers MR1 and MR2, 54
tested positive with 154 bp amplicon. Rest 49
isolates were tested with primers MR3 and MR4,
which tested positive with 533 bp amplicon (Fig 1,
2). Thus, cefoxitin disc diffusion test was 100%

sensitive as compared to oxacillin screen agar
which was 93.2% sensitive. On analyzing the
percentage agreement between the results of the
cefoxitin disc diffusion test and the results of
detection of mecA gene by PCR, the kappa value
was found to be 1, which is greater than the kappa
value observed on comparison of the results of
oxacillin screen agar test with detection of mecA
gene by PCR, which is 0.943 (Table 2).

Although the cefoxitin screen test detected all the
MRSA isolates oxacillin screen test failed to detect
6.8% of the isolates. Thus, cefoxitin disc diffusion
test not only has a higher sensitivity but also has a
higher agreement with detection of mecA gene as
compared with oxacillin screen agar test (Fig 3).

Figure 1: Gel image of electrophoresis of the amplicons after PCR with primers MR1 &MR?2 for
detection of mecA gene.

e Lane 1- 1000 bp ladder.

e Lane 2- positive control with Staphylococcus aureus ATCC 33591 with 154 bp amplicon.

e Lane 3- negative control with Staphylococcus aureus ATCC 25923 without 154 bp amplicon.
e Lane 4, 5 and 6- three isolates positive for mecA gene with 154 bp amplicon.

o Lane 7 and 8- two isolates negative for mecA gene without 154 bp amplicon.

-

-
300

Figure 2: Gel image of electrophoresis of the amplicons after PCR with primers MR3 & MR4 for
detection of mecA gene.
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e Lane 2- positive control with Staphylococcus aureus ATCC 33591 with 533 bp amplicon.

e Lane 3- negative control with Staphylococcus aureus ATCC 25923 without 533 bp amplicon.

« Lane4,5,6,7,8,9 and 10- seven isolates positive for mecA gene with 533 bp amplicon.

e Lane 11 and 12- two isolates negative for mecA gene without 533 bp amplicon.

Table 2: Comparison of the tests used for the detection of MRSA.

Test used Positive isolates | Negative isolates | Sensitivity | Specificity | Kappa value
Cefoxitin disc diffusion 103 154 100% 100% 1
Oxacillin Screen Agar 96 261 93.2% 100% 0.943

93.2%

100% \

e  Oxacillin screen agar
e Cefoxitin screen test
e mecA detection

Figure 3: Venn diagram showing the results obtained for detection of MRSA by the three methods used,
Oxacillin screen agar test, Cefoxitin screen agar test and detection of mecA gene by PCR.

Distribution of different types of samples which
were positive for Staphylococcus aureus and
MRSA by culture: Based on the different
categories of the clinical specimens that were
received in the Department of Microbiology, we
observed that a major portion of the samples which
yielded Staphylococcus aureus were pus and swab,
66.5%. The next contributor was blood (23.3%).
Sputum, ETT, urine and body fluids were the other

samples with 7%, 2.7%, 3.5% and 3.1%
respectively. CSF was the least contributor with
only 0.7% of the samples (Table 3). About half,
54.3%, of the MRSA isolates were obtained from
pus samples. A major portion was also contributed
by blood, 36.8%. Sterile body fluids including
pericardial fluid, pleural fluid and urine samples
were paltry, each contributing only 1.9% of the
total samples (Fig. 4, 5).

Table 3: Distribution of different types of samples which were positive for Staphylococcus aureus and

MRSA by culture.
Type of sample Number of samples positive for | Number of samples positive for
S. aureus (%) MRSA (%)
Pus and Swab 171 (66.5) 61(59.2)
Blood 60 (23.3) 38 (36.8)
Urine 9 (3.9 2(1.9)
Body fluids 8.1 2(1.9)
Sputum & ETT aspirates 72.7) 0
CSF 2 (0.7) 0
Total 257 (100) 103 (100)
Pal et al. International Journal of Current Pharmaceutical Review and Research

336




International Journal of Current Pharmaceutical Review and Research

e-ISSN: 0976-822X, p-ISSN: 2961-6042

78

Number of samples positive for Staphylococcus aureus (%)

EBlood ®mCSF mPusand Swab ®Sputum & ETT aspirates mBody fluids ® Urine

Figure 4: Pie chart showing the distribution of the various samples from which Staphylococcus aureus
was isolated.

Number of samples positive for MRSA (%)

EBlood ®Pusand Swab @O Body fluids ®Urine

Figure 5: Pie chart showing the distribution of the various samples from which Methicillin Resistant
Staphylococcus aureus (MRSA) was isolated.

Susceptibility pattern of all staphylococcal
isolates: Antimicrobial susceptibility tests showed
high susceptibility against linezolid, 100%,
netilmicin (97.2%), moxifloxacin (94.2%) and
rifampicin (82.1%). Moderate sensitivity was seen
with tetracycline (54.8%), clindamycin (63.7%)
and ciprofloxacin (66.9%). Low Ilevel of
susceptibility was seen with erythromycin (44.3%),
gentamicin (42.8%) and co-trimoxazole (31.9%).
High resistance was seen with penicillin (97.7%);
(Table 4, Fig 6).

Antimicrobial susceptibility tests of all the MRSA
isolates shows high susceptibility against linezolid
(100%), netilmicin (96.1%), moxifloxacin (89.3%)
and rifampicin (83.4%). Moderate to low
susceptibility was seen with tetracycline (55.3%),
ciprofloxacin  (42.7%), clindamycin (38.8%),
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cotrimoxazole (26.2%), gentamicin (22.3%) and
erythromycin (18.4%). All isolates were resistant to
penicillin and to cefoxitin (Fig 7).

Antimicrobial susceptibility tests of all the MSSA
isolates shows high susceptibility against linezolid
(100%), netilmicin (98%), moxifloxacin (97.4%),
rifampicin (86.3%), ciprofloxacin (83.1%) and
clindamycin (76.7%). Moderate sensitivity is seen
with erythromycin (61.72%), gentamicin (57.1%)
and tetracycline (54.5%). Low level of
susceptibility is seen with cotrimoxazole (35%).
High resistance was seen with penicillin (3.9%);
(Fig 8).

Thus clindamycin, ciprofloxacin, rifampicin,
moxifloxacin and gentamicin were significantly
more effective for MSSA than MRSA (p<0.05).
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Table 4: Susceptibility pattern of all staphylococcal isolates.

Antimicrobials Susceptible S. | Susceptible MRSA | Susceptible MSSA | p
aureus isolates (%) isolates (%) isolates (%) value
Penicillin 6 (2.3) 0 6.9 p>0.05
Erythromycin 114 (44.3) 19 (18.4) 95 (61.7) p>0.05
Sulfamethaxazole- 82 (31.9) 27 (26.5) 55@35.7) p>0.05
trimethoprim
Clindamycin* 109 (63.7) 21 (34.4) 88 (80) <0.05
Linezolid 257 (100) 103 (100) 154 (100) p>0.05
Ciprofloxacin 172 (66.9) 44 (42.7) 128 (83.1) <0.05
Netilmicin 250 (97.2) 99 (96.1) 151 (98) p>0.05
Moxifloxacin 242 (94.2) 92 (89.3) 150 (97.4) <0.05
Rifampicin 211 (82.1) 78 (75.7) 133 (86.3) <0.05
Gentamicin 110 (42.8) 23 (22.3) 88 (57.1) <0.05
Tetracycline 141 (54.8) 57 (55.3) 84 (54.5) p>0.05

*Clindamycin was tested only on isolates obtained from the pus and swab samples, 171 overall samples of
which 61 were MRSA and 110 were MSSA.

120
100

@ Susceptible isolates  EResistant isolates

Figure 6: Susceptibility pattern of all the isolates. (*Clindamycin was tested only on isolates obtained
from the pus and swab samples.)
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Figure 7: Susceptibility pattern of all the MRSA isolates. (*Clindamycin was tested only on isolates
obtained from the pus and swab samples.)
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Figure 8: Susceptibility pattern of all the MSSA isolates. (* Clindamycin was tested only on isolates
obtained from the pus and swab samples.)

Multiple Antibiotic Resistance Index of the
isolates.

MRSA isolates having a MAR index of 0.53. Out
of the 257 isolates 218 (84.8%) had MAR index

Multiple antibiotic resistance indexes showed a
very high value of 0.39 of all the isolates with

>0.2, while all of the MRSA isolates (100%) had
index >0.2 (Table 5, Fig 9).

Table S: Multiple Antibiotic Resistance Index of the isolates.

MAR Index | No. of isolates (%) | No. of MRSA isolates (%) | No. of MSSA isolates (%)
0 2 0.8 0 - 2 1.3
0.08 7 2.7 0 - 7 4.5
0.17 30 11.7 | 0 - 30 194
0.25 54 21 5 4.8 49 31.8
0.33 49 19.1 | 11 10.7 | 38 24.7
0.42 35 13.6 | 21 204 | 14 9
0.50 32 12.5 | 23 223 |9 5.8
0.58 19 7.4 15 146 | 4 2.6
0.67 12 4.7 11 10.7 |1 0.6
0.75 13 5 13 127 | 0 -
0.83 4 1.6 4 3.9 0 -
0.92 0 - 0 - 0 -
1 0 - 0 - 0 -
Average 0.39 - 0.53 - 0.31 -

60

50 N\

. / AN
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Figure 9: Line diagram showing Multiple Antibiotic Resistance Index of the isolates.
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Discussion

Rapid identification of the bacterial pathogen is of
utmost importance for quick initiation of specific
treatment thereby reducing not only the morbidity
and mortality of the patients, but also reducing the
overall cost of treatment. During the period of this
study, a total of 24,877 different clinical specimens
were collected and tested for Staphylococcus
aureus. Total 698 (2.8%) specimens were positive
for staphylococci by culture. In a study done by
Tiwari et al, they had reported 6.83% of the
samples being positive for staphylococci by
culture.[8] Though the incidence of infections
caused by a particular organism varies with the
geographical area and the population, there is a
slight decrease in the total number of
staphylococcal isolates found in the present study
as compared to the former one. The plausible
explanation is the rise in number of cases of
infections caused by gram negative organisms not
only in the hospital environment but also in the
community.

Further the isolates identified as staphylococci were
tested for slide coagulase, tube coagulase and latex
agglutination test. As some of the non-aureus
staphylococci also give a positive reaction for slide
coagulase (S lugdunensis, S intermedius and S
schleiferi subsp. schleiferi) and tube coagulase (S
hyicus, S intermedius and S schleiferi subsp.
coagulans), they were also tested with Latex
agglutination test (Hi-media Ltd., Mumbai, India).
The latex agglutination kit used in this study uses
fibrinogen bound with latex particle along with
human IgG, whose FC fragment binds with protein
A of the organism. Coagulase test is considered as
the single most reliable characteristic for
identifying  Staphylococcus  aureus.  Strains
deficient in clumping factor usually produce free
coagulase; hence slide coagulase negative strains
should be confirmed by tube coagulase.[9][10] In
an article by Doern, it was reported that slide
coagulase test although has 100% specificity and
positive predictive value, it only has 83.5%
sensitivity and 91% negative predictive value.[11]

In the present study, 28 strains were to be deficient
for clumping factor but which produced free
coagulase. 228 isolates were positive for bound
coagulase while 256 isolates were positive for free
coagulase. Latex agglutination tests were positive
for 257 samples. Thus, out of the above 698
samples, 257 (36.8%) were confirmed to be as
Staphylococcus aureus. Slide coagulase test and
Tube coagulase test were able to detect 88.7% and
99.6% of all the S aureus isolates. Based on the
observations of their study, Dickinson and Marples,
in their article concluded that tube coagulase is
more sensitive than slide coagulase and human
plasma is a good alternative to rabbit plasma for
human strains, but not for animal strains and that

Pal et al.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

latex method has results comparable with tube
coagulase with greater sensitivity than the slide
test, therefore may be more helpful in a clinical
laboratory.[12] Thus, for rapid detection of S
aureus, slide coagulase followed by Latex
agglutination test appears to be best choice. Many
studies showed almost 100% efficacies in
identification of the organism concluding in most
instances, the latex slide agglutination test is a
reliable method for identifying S. aureus in clinical
laboratory.[13][14][15]

In our study, all the staphylococcal isolates were
screened for MRSA by oxacillin screen agar
testing, with cefoxitin susceptibility by disc
diffusion and finally by testing for the presence of
mecA gene by Polymerase Chain Reaction (PCR).
Of the 257 Staphylococcus aureus isolated, 103
(40%) strains were resistant by cefoxitin disc
screen testing. But only 96 samples grew on
oxacilin screen agar with 6ug/ml oxacillin. All 103
samples which were positive for cefoxitin disc
screen test were also positive for mecA gene on
PCR. Though PCR provides a specific method for
mecA gene, no specific oligonucleotide primers
have been suggested. The synthetic oligonucleotide
primers of nucleotide 179 to 798 and 332 to 312
(MR1-MR2) have been used in some studies, while
nucleotides 1282 to 1303 and 1814 to 1793 (MR3-
MR4) have also been used in some studies.[16][17]
One study has showed a higher sensitivity by the
use of MR3-MR4, hence, the use of both the
primers enhances the detection of mecA gene.[18]

Thus, cefoxitin disc diffusion test was 100%
sensitive as compared to oxacillin screen agar
which was 93.2% sensitive, while when the
detection of mecA gene is considered to be as a
gold standard. The percentage agreement between
the cefoxitin disc test with mecA PCR (xk=1) was
higher than that between oxacillin screen test with
mecA (k=0.94). The cefoxitin screen test appears to
be not only sensitive but also a reliable test for
detection of oxacillin resistance and hence can be
used routinely. A study in New Delhi also showed
that detection of methicillin resistant strains was
better with cefoxitin disc test (54.54%) as
compared to oxacillin agar screen (50.32%).[19] In
a study, Anand et al. also concluded that, taking
PCR as reference method for mecA detection,
cefoxitin disc diffusion has 100 % sensitivity and
specificity.[20] But, Bautiba-Ben et al. had stated a
sensitivity and specificity of 100 % and 96.5 %
respectively for cefoxitin with reference to PCR for
mecA.[21] Couwelier et al. also opined that the
cefoxitin disc diffusion test is the preferred test.[22]

Total 7 MRSA isolates did not grow on oxacillin
screen agar (sensitivity 93.2%). The isolates were
proved as MRSA (heterogeneous) by cefoxitin
screen test and confirmation of presence of mecA
gene presence. Oxacillin screen agar test detects
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intrinsically oxacillin resistant S aureus but does
not usually detect borderline oxacillin resistant S
aureus. Present isolates were not categorised as
Borderline Oxacillin Resistant S. aureus (BORSA)
as they harboured mecA gene. BORSA lack mecA
gene and are usually not multiple resistant. Thus, as
per the present finding, oxacillin screen agar cannot
be used as a reliable test as compared to cefoxitin
disc screen test. Different authors have stated
varying sensitivity and specificity of this test.
Chambers in 1997 and Soloaga et al., in 2004 have
reported 100% sensitivity and specificity of this
test method.[23][24] However, Felten et al., 2002
reported 94 % sensitivity, while, Anand et al., 2009
and Shariati et al., 2010 have reported sensitivity
and specificity of 96.8 % and 100 %, and 98 % and
99 % respectively.[25][26]

The multiple antibiotic resistance index (MAR) of
an isolate is defined as ‘a/b’ where ‘a’ represents
the number of antibiotics to which the isolates were
resistant and ‘b’ represents the number of
antibiotics to which the isolates were subjected
to.[27] Bacteria having a MAR index >0.2
probably originate from an environment where
several antibiotics are used.[28] MAR index is a
very sustainable method of monitoring not only for
the increasing resistance pattern in the bacterial
species but also gives a reflective picture of the use
of antibiotics not only in the hospital set up but also
in the community.

Overall, a high resistance to penicillin was seen,
with only 6 isolates (2.3%) being susceptible to it.
All isolates characterized as MRSA were resistant
to penicillin. Among the MSSA only 3.9% were
susceptible to penicillin. In a study done by
Anupurba et al. reported that MRSA strains were
resistant to Penicillin (100%) and cephalexin
(88.7%).[29] But the INSAR study has reported
76.4% of the methicillin sensitive strains to be
susceptible to penicillin, where two
fluoroquinolones were tested for susceptibility,
moxifloxacin and ciprofloxacin; results showing
MSSA strains significantly more susceptible to
both the fluoroquinolones compared to the MRSA
strains and a high susceptibility to moxifloxacin
(94.2%) and a moderate susceptibility to
ciprofloxacin (66.9%), including the MRSA
strains.[30] Among aminoglycosides, gentamicin
and netilmicin was tested. High level of
susceptibility was noted for netilmicin both for
MRSSA and MSSA. Anupurba et al reported more
than 80% of MRSA strains to be resistant to
gentamicin while Bouchiat et al reported a low
level of susceptibility (36%) to gentamicin.[29][31]
They also reported that MRSA strains were
significantly more resistant as compared to MSSA
strains. Among other drugs which were tested for
are erythromycin, sulfamethaxazole-trimethoprim,
tetracycline and rifampicin. Overall susceptibility
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for erythromycin was low especially in the MRSA
isolates (18.4%). MSSA strains were moderately
susceptible. Anupurba et al also reported that >80%
of the MRSA isolates were resistant to
erythromycin, sulfamethaxazole-trimethoprim and
tetracycline.[29] Low level of susceptibility was
seen in our study with sulfamethaxazole-
trimethoprim both for MRSA and MSSA. Bouchiat
et al. reported that erythromycin and
sulfamethaxazole-trimethoprim was resistant in
around 60% of MRSA isolates.[31]

Rifampicin showed in our study high level of
susceptibility for both MRSA and MSSA isolates
but MSSA strains were significantly more
susceptible as compared to MRSA (p<0.05). A
possible explanation is the fact that this drug
reserved mainly for antitubercular therapy,
staphylococcal resistance to it is very low.
However, in our country with high level of
endemicity for tubercular infections and the rising
number of cases of multidrug resistant tuberculosis,
this agent should not be used for staphylococcal
infections.

Clindamycin was tested only on isolates obtained
from the pus and swab samples. The drug was
susceptible in a high number of isolates 94.2%.
MSSA isolates were significantly more susceptible
to clindamycin than MRSA isolates (p<0.05.)
However low-level susceptibility was noted with
MRSA isolates. Saikia et al. has reported 90%
MSSA and 43.75% of MRSA strains were
susceptible to clindamycin.[32] All isolates were
susceptible to linezolid. This is in concordance to
the reports of the INSAR study where they have
reported 100% susceptibility to linezolid.[30]

Two mupirocin-resistant phenotypes, low level
(MuL) and high level (MuH), have been identified
with MICs in the range of 8 to 256 pg/mL and 512
pg/mL, respectively.[33] Rajkumari et al. in 2014
reported 100% susceptibility to mupirocin while
Chaturvedi et al. in 2014 reported mupirocin
resistance in 15 (18.3%) isolates, of which, §
(53.3%) isolates were high-level resistant (MuH)
and 7 (46.7%) isolates were low-level resistant
(MuL).[34][35] Oommen et al. reported high level
mupirocin resistance in 2% of MRSA isolates and
28% methicillin resistant coagulase negative
Staphylococci.[36] Gadepalli et al. reported high-
level and low-level mupirocin resistance detected
in 10 (5%) and 2 (1%) S. aureus strains,
respectively.[37] In the present study all isolates
(99.6%), except one, were susceptible to
mupirocin, by micro broth dilution at 256 pg/ml.
Based on the above finding, mupirocin can be
safely used for the purpose of nasal decolonization
of MRSA. However continuous monitoring of
mupirocin susceptibility should be done.
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Conclusion

Total 36.8% of all staphylococcal infections were
caused by S. aureus, of which 40% were MRSA.
Latex agglutination test, with higher sensitivity
than slide coagulase test and similar to tube
coagulase test appears as a reliable and rapid
method to identify S. aureus in clinical laboratory;
Cefoxitin disc test was found to be not only
sensitive but also a reliable test for detection of
MRSA and hence can be used routinely. Isolates
were  susceptible to  linezolid, netilmicin
moxifloxacin, rifampicin and ciprofloxacin (in
MSSA) strains; had variable susceptibility to
tetracycline, clindamycin, and low susceptibility to
erythromycin, gentamicin and cotrimoxazole and
were highly resistant to penicillin; Isolates were
highly susceptible to mupirocin.

Ethical Approval: This study was approved by the
Clinical ~ Research ~ Ethics = Committee  of
Santiniketan Medical College, Bolpur.
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