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Abstract

Aims: Methicillin resistant Staphylococcus aureus (MRSA) is a major nosocomial pathogen in hospitals with hospital based
outbreaks world-wide. The resistance to antimicrobial agents among Staphylococci is an increasing problem. The present study
was carried out to estimate the prevalence of MRSA isolates in clinical specimens and to investigate the sensitivity pattern of
those isolates against various antibiotics used for treating hospitalized patients. Attempt was also done to find out the percentage
of Staphylococcus aureus having inducible clindamycin resistance (iMLS B) in our geographic area using D-test. We tried to
ascertain the relationship between the isolates of Methicillin-resistant Staphylococcus aureus (MRSA) and inducible clindamycin
resistant Staphylococcus aureus.Place and Duration of the Study: An ongoing study (July 2013- June 2014) in the Department of
Microbiology, KIMS. Methodology: A total of 529 isolates of S. aureus were identified by standard laboratory procedures
including catalase test, slide and tube coagulase tests, β- haemolysis on blood agar and growth on mannitol salt agar.
Subsequently antibiotic sensitivity pattern of S. aureus were determined by Kirby Baeur’s disc diffusion method. Conclusion:
Findings presented in this study indicated a high level of resistance to widely used therapeutic agents. An appropriate knowledge
on the current antibiotic susceptibility pattern of MRSA is essential for appropriate therapeutic scenario. Total no. of samples
7371, Staphylococcus aureus isolated 529 (7.17%), MRSA isolated-190 (36%). Out of 74 CL sensitive MSSA, 45 (23.6%)
showed D test positive, indicating inducible resistance and 29 (15.2%) showed D test negative which are truly CL sensitive. Out
of 31 CL sensitive 9(2.6%) were D test positive indicating inducible CL resistance and 23(6.7%) were D test negative indicating
true CL sensitivity.
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Introduction

Methicillin resistant Staphylococcus aureus (MRSA)
is a major nosocomial pathogen causing severe
morbidity and mortality at many hospitals world-wide.
Once these organisms are introduced into a hospital,
eradication may be difficult or impossible [1]. S.
aureus is a leading cause of hospital acquired infection
(HAI) and over the past 50 years it has acquired
resistance to previously effective antimicrobials
including the penicillinase resistant ones like
methicillin [2]. These infections are associated with
longer duration of hospital stay, greater use of health

resources and higher treatment cost [3]. In recent
years, the increase in the number of bacterial strains
that show resistance to methicillin has become a
serious clinical and epidemiological problem because
this antibiotic is considered as the last option in the
treatment of the staphylococci infection, and resistance
to this antibiotic implies resistance to all beta lactam
antibiotics [4]. Staphlococcus aureus is one of the
most prevalent and clinically significant pathogen
causing wide variety of infections ranging from mild
skin and soft tissue infections to serious life
threatening infections (5) Multidrug resistant strains of
S.aureus have been reported with increasing frequency
worldwide. Life-threatening sepsis, endocarditis, and
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osteomyelitis caused by MRSA have also been
reported. [5] Since resistance to multiple antibiotics
among MRSA isolates is very common, there is a
possibility of extensive outbreaks, which may be
difficult to control. MRSA is now one of the
commonest nosocomial pathogens, and
asymptomatically colonized healthcare workers are the
major sources of MRSA in the hospital environment.
Early detection of MRSA and formulation of effective
antibiotic policy is essential to prevent spread of
MRSA in tertiary care hospitals. The emergence of
MRSA has posed a serious therapeutic challenge. The
Methicillin resistance requires the presence of the
chromosomally localized mecA gene. The mec A gene
is part of a mobile genetic element called SCCmec.
MecA gene in MRSA is responsible for the synthesis
of altered penicillin binding protein (PBP-2a)
resulting in a loss of target affinity. Staphylococcus
aureus continues to be a dangerous pathogen for both
community-acquired as well as hospital-associated
infections. Methicillin resistant S. aureus (MRSA) is
now endemic in India. The incidence of MRSA varies
from 25 per cent in western part of India [6] to 50 per
cent in South India. [7] The increasing prevalence of
methicillin resistance among Staphylococci is an
increasing problem. [8] The drug of choice for MRSA
is Vancomycin but increasing prevalence of MRSA
has led to the renewed interest in the usage of
Macrolide Lincosamide Streptogramin B (MLSB)
antibiotics, to treat S.aureus infections, with
Clindamycin due to its excellent pharmacokinetic
properties. . [9,10]  The resistance to macrolide can be
mediated by msr A gene coding for efflux mechanism
or via erm gene encoding for enzymes that confer
inducible or constitutive resistance to macrolide,
lincosamide and Type B streptogramin. [11] This
resistance mechanism can be constitutive, where
rRNA methylase is always produced (cMLS B) or can
be inducible where methylase is produced only in the
presence of an inducing agent (iMLS B ). ERY is an
effective inducer whereas CLI is a weak inducer. In
vitro Staphylococcus aureus isolates with constitutive
resistance are resistant to both ERY and CLI whereas
those with inducible resistance are resistant to ERY
and appear sensitive to CLI (iMLS B ).[12] If
clindamycin is used for treatment of such an isolate
(iMLS B), selection for constitutive erm mutants
occurs which may lead to clinical failure. Thus
necessitating the need to detect such resistance by
simple D test on routine basis.

Aims and Objectives

The emergence of MRSA has posed a serious
therapeutic challenge.

Our aim is to study

The prevalence and antibiotic susceptibility pattern of
MRSA isolates.

To detect inducible clindamycin resistance by D test
from the total Staphylococcus aureus isolates which is
of paramount importance from the epidemiological
point of view.

Materials and Methods

The ongoing study (July 2013- June2014) in the
Department of Microbiology, KIMS includes a total
of529 isolates of S. aureus. These strains were
obtained from various clinical samples like pus,
sputum, urine, blood, and body fluids from the
inpatients of our hospital. The specimens were
cultured on blood agar and Mac Conkey agar plates
and incubated aerobically at 37°C for 48 hours. The
isolates were identified using standard tests like
catalase, slide and tube coagulase, and growth on
Mannitol salt agar. A suspension of each S. aureus
isolate was prepared to a 0.5 McFarland standard and
plated on Mueller Hinton agar.

Antibiotic sensitivity testing was performed for the
following antibiotics: These antibiotic discs were
obtained from Hi- Media, Mumbai.  Antibiotic
sensitivity testing was performed by Kirby–Bauer’s
disc diffusion method for the following antibiotics like
Amikacin (30 μgm), ciprofloxacin (5 μgm),
clindamycin (2 μgm), gentamicin (10 μgm),
erythromycin (15 μmg), netilmycin (30 μgm),
penicillin (10 units), Linezolid and vancomycin (30
μmg), S. aureus ATCC 25923 was used as a standard
control.

Cefoxitin disk screen test

By definition, all methicillin-resistant S. aureus
(MRSA) isolates carry the mecA gene, which confers
resistance to all beta-lactam antibiotics, including
cephalosporins and carbapenems. Apart from using
molecular methods to detect the mecA gene directly,
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the most accurate phenotypic test for the presence of
the mecA gene in S. aureus is the cefoxitin disk
diffusion test. Cefoxitin is used because it is a more
potent inducer of mecA expression than other agents
such as oxacillin and the test results are relatively easy
to interpret. The test involves incubating a lawn of the
test isolate on Mueller Hinton agar, 2% sodium
chloride under standardized conditions with a 30 mcg
cefoxitin disk. According to the Clinical and
Laboratory Standards Institute (CLSI), a zone of
growth inhibition around the cefoxitin disk of ≥22 mm
rules out MRSA; a zone size <22 mm indicates that
the mecA gene is present and the isolate should be
reported as MRSA [13]

Clinical and Laboratory Standards Institute (CLSI)
recommends the double disk diffusion test (D-test) to
detect inducible clindamycin resistance. The
erythromycin (15 μgm) disc was placed at a distance
of 15 mm (edge-to-edge) from clindamycin (2 μgm)
disc on a Mueller–Hinton agar plate previously
inoculated with 0.5 McFarland bacterial suspensions.
Following overnight incubation at 37°C, flattening of
zone (D-shaped) around clindamycin in the area
between the two discs shows inducible clindamycin
resistance. [14].

Results

Total no. of samples processed were 7371 out of
which Staphylococcus aureus isolated   were 529
(7.17%) and MRSA were 190(36%). Out of 190
MRSA, 84 (44.2%) were both CL and ERY sensitive
and 32(16.84%) were constitutively resistant to CL.
Out of 74 CL sensitive MRSA, 45(23.6%) showed
D test positive, indicating inducible resistance and 29
(15.2%) showed D test negative which are truly CL
sensitive. Out of 339 MSSA, 286(84.3%) were both
CL and ERY sensitive and 21(6.1%) were
constitutively resistant to CL. Out of 31 CL sensitive
MSSA 9 (2.6%) were D test positive indicating
inducible CL resistance and 23 (6.7%) were D test
negative indicating true CL sensitivity. So, both
constitutive and inducible CL resistance is more in
MRSA than MSSA .Out of the total isolates showing
inducible clindamycin resistance [54/529 (10.2%)],
45/190(23.6%) were MRSA and 9/339 (2.65%) were
MSSA.

Maximum no. of samples included in our study were
urine (5151) followed by pus (1063) and blood (554).
Staph. aureus were isolated maximum from pus
sample  275 (51.98%) followed by urine  118(22.3%).
MRSA were also isolated maximum from pus sample
90 (47.3%). (Table-1)

Table -1

ISOLATION OF MRSA FROM DIFFERENT
CLINICAL SAMPLES

Type of sample No. of sample No. of staph
.aureus isolates

MRSA

Pus 1063 275(51.98%) 90(47.3%)

Blood 554 82(15.5%) 23(12.10%)

Catheter tip 188 30(5.67%) 10(5.2%)

Sputum 415 24(4.5%) 6(3.10%)

Urine 5151 118(22.30%) 61(32.10%)

Total 7371 529(7.17%) 190 (36%)
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Table. 2

Susceptibility to Erythromycin and Clindamycin
among all S.aureus isolates

Susceptibility Pattern(Phenotype) Number of
Isolates

Percentage

ERY- S , CL-S 370 69.9%

ERY- R ,  CL-R (Constitutive MLSB) 53 10.01%

ERY- R ,  CL-S (D-Test positive, iMLSB) 54 10.20%

ERY- R ,  CL-S (D-Test negative, MS) 52 9.82%

TOTAL 529 100

ERY- Erythromycin, CL- Clindamycin, S- Sensitive, R- Resistant,
Constitutive MLSB-C ERY- R ,  CL-S (D-Test negative, MS)
onstitutive MLSB phenotype, iMLSB –inducible iMLSB phenotype
MS-MS Phenotype

Out of 529 Staph. aureus isolates, 370 (69.9%) were sensitive to both Erythromycin and Clindamycin and 53
(10.01%) were constitutively resistant. D test was positive among 54 (10.2%) Staph. aureus isolates and negative in
52 (9.82%) clindamycin sensitive isolates.

Maximum resistance of MRSA isolates were seen for Penicillin, Erythromycin, Cefpodoxime and Azithromycin .
100% sensitivity was seen for Linezolid and Vancomycin (Fig.1)

Fig: 1

RESISTANCE PATTERN OF MRSA ISOLATES

96% 93% 93%
78%

63% 60% 59% 56% 55% 55% 53% 49%
30%

6% 2% 0% 0%

Resistance
Resistance

Discussion

There is a growing concern about the rapid rise in
resistance of S. aureus to antimicrobial agents. [15]. In
our study most of MRSA isolates are resistant to
Penicillin(96%), erythromycin(93%), cefpodoxime
(93%), cefadroxyl (63%), amoxyclav (60%),
cotrimazole (59%), Ciprofloxacin (56%) ceftriaxone
(55%) and cefuroxime (49%)  but these MRSA are

sensitive  to clindamycin ( 70% ) and Amikacin
(94%), Nitrofurantoin (98%), and 100% sensitive  to
linezolid, and Vancomycin. whereas Kaur et al
reported isolates of MRSA showed 100% resistance to
penicillin, oxacillin, ciprofloxacin and levofloxacin
followed by trimethoprim-sulfamethoxazole (91.3%),
erythromycin (47.8%), gentamicin (43.5%),
moxifloxacin (42.9%), Less resistance was observed
against tetracycline (30.4%) rifampicin (13.6%) and



Int. J. Adv. Res. Biol.Sci. 2(1): (2015):9–15

13

clindamycin (4.8%). However, none of theMRSA
isolates were found to be resistant to vancomycin,
linezolid, nitrofurantoin andquinpristin/ daflopristin.[
16].

Most common reason for multi drug resistant MRSA
is indiscriminate use of antibiotics without drug
sensitivity testing which may be due to lack of
advanced laboratory facilities or negligence on the part
of medical practitioners or patients poor economic
status. There is a difference between antibiogram of
MRSA and MSSA isolates and routine testing of
methicillin resistance should be done using cefoxitin
disc which at present is the most sensitive method
.The prevalence of MRSA varies in different parts of
India and is not uniform. Reports from a Delhi
hospital showed a prevalence rate of 51.6% in 2001,
whereas it was reported as 38.44% in the same
hospital in 2008 [17].

In our study the isolation of MRSA from various
clinical samples is 36%. Anupurba et al reported
prevalence of 54.85% of MRSA in various clinical
samples. [18] Anila A. Mathew has also reported a
prevalence rate of MRSA of about 34% in clinical
specimens. [19] In our study maximum number of
MRSA were reported from pus samples (47.3%)
which is same as the findings of Tiwari et al (17) and
Anupurba et al [18]. However study carried out by
Mehta et al reported 33% isolation of MRSA from pus
and wound swabs [20]. Qureshi from Pakistan also
reported a high isolation rate of up to 83% of MRSA
from pus. [21].

In Our study out of 190 MRSA, 84 (44.2%) were both
CL and ERY sensitive and 32 (16.84%) were
constitutively resistant to CL. Out of 74 CL sensitive
MRSA, 45 (23.6%) showed D test positive, indicating
inducible resistance and 29 (15.2%) showed D test
negative which are truly CL sensitive. Out of 339
MSSA, 286 (84.3%) were both CL and ERY sensitive
and 21 (6.1%) were constitutively resistant to CL. Out
of 31 CL sensitive 9 (2.6%) were D test positive
indicating inducible CL resistance and 23 (6.7%) were
D test negative indicating true CL sensitivity. So, both
constitutive and inducible CL resistance is more in
MRSA than MSSA he finding which is closely similar
to the study carried by Deotale V (22) et al and Prabhu
K et al (23). It is kept as a reserve drug and is usually
advocated in severe in-patient MRSA infections

depending upon the antimicrobial susceptibility
results. Further, by using clindamycin, use of
vancomycin can be avoided. However, expression of
inducible resistance to clindamycin could limit the
effectiveness of this drug. In such cases, vancomycin
and linezolid are the drugs which are considered for
therapy. There are reports of decreased vancomycin
susceptibility amongst MRSA i.e. VISA (vancomycin-
intermediate Staphylococcus aureus) and VRSA
(vancomycin-resistant Staphylococcus aureus). In our
study we did not find any isolate showing resistance to
vancomycin and linezolid. Currently, VRSA is not
widespread, but it could well be the next "superbug".
[24].

Conclusion

The periodic evaluation of rates for MRSA infection is
crucial to both infection control monitoring and
decisions regarding empirical therapy. A common
method of documenting and monitoring MRSA rates
is the antibiogram that reports periodically the rate of
antimicrobial susceptibility for each bacterial
organism and antibiotic. Generally, an antibiogram is a
cumulative profile of antimicrobial susceptibility
results for a given time period [25]. When properly
prepared, antibiograms are important sources of
information for healthcare providers. Multi-drug
resistant organisms are harder to treat, poor clinical
outcome, longer hospital stay, increased risk of
transmission of infection to new patients, increased
cost.

The percentage of isolation of MRSA from various
clinical samples is 35.91%. 45 (23.6%) from 190
MRSA isolates showed D test positive indicating
inducible clindamycin resistance. Linezolid and
Vancomycin showed 100% susceptibility to MRSA.
Clindamycin should be kept as a reserve drug and is
usually advocated in severe in-patient MRSA
infections depending on the antimicrobial
susceptibility results. However, expression of
inducible resistance to clindamycin could limit the
effectiveness of the drug. The study showed a high
level of MRSA in our country. There is a need to
study epidemiology of such infections. Robust
antimicrobial stewardship and strengthened infection
control measures are required to prevent spread and
reduce emergence of resistance.
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