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INTRODUCTION

Staphylococcus aureus is the most frequently erieoceoh
pathogen isolated from clinical specimens. Staptodous aureus has the
ability to asymptomatically colonize the normal ptgiion either
persistently or transiently. 30% of humans arelyike be nasal carriers.
Person to person contact or contact with fomitesygpla role in its
transmission. Loss of normal skin barrier & presemd predisposing
factors such as diabetes and HIV complicates iitfect

Staphylococcus aureus causes variety of humantiofscranging
from minor skin diseases such as furuncles, cefiulabscesses to life
threatening infections like toxic shock syndromephlylococcal scalded
skin syndrome, endocarditis, pneumonia & septicemia

Penicillin was the drug of choice to which Stapleglocus aureus
developed resistance by producing the enzyme lotaat@se. So
methicillin ~ was introduced in1959. But methicillinresistant
staphylococcus aureus (MRSA) fastly appeared ipitais in 1961

Prolonged hospitalization, indiscriminate use ofikaatics, and
indwelling medical devices were the cause for thigearance and spread
of MRSA. The nosocomial multidrug resistant MRSA( -MRSA)
strains have a high effect on patient morbidity arattality .Community

associated MRSA(CA-MRSA) strains harbour PantoreXahe



leucocidin gene associated with fulminant infet$iosuch as necrotizing
pneumonia .

Betalactam agents bind to PBP in cellwall of staptgccus
aureus resulting in disruption of peptidoglycantbesis & bacterial cell
death. The mecA gene coding for PBP2A in cell waill MRSA
harboured by mobile SCCmec chromosome is resp@nfablmethicillin
resistance.

CA-MRSA possess a small SCCmectype IV, V, or Vihieh is
transferred easily by transduction than the lag@€mec types |, Il, and
Il in HA-MRSA*" %2,

Detection of MRSA can be performed by an oxaciimcefoxitin
disc diffusion test. Cefoxitin is a strong inducérmec A gene and thus
helps in detection of MRSA.

Alternatively the macrolide- lincosamide streptmgin B group of
antibiotics can be used for treating MRSA infectiglindamycin, a
lincosamide antibiotic has become an attractivaoapfor clinicians

because of its bioavailability both in oral & intemous formulations.

It has excellent tissue penetration.It is thettmest of option in
individuals with penicillin allergy and renal impament. Clindamycin
has been used to treat pneumonia, soft-tissue aunsculoskeletal

infections due to MRSA .It can be used both in &dahd childreh



However, fear of appearance of clindamycin resc#aduring
therapy has discouraged some clinicians prescribing

The mechanism of inducible clindamycin resistand€l(Sg ) is
due to target site modification mediated by ermegevhich can be
expressed by an inducer like erythromycin or aanstely (cMLSg ).
The overlapping binding sites of macrolides, lirmogles,and
streptogramins B in 23S rRNA accounts for the cressstance to the 3

classes of drugs

The D-test is performed by placing clindamycin angthromycin
discs at an edge-to-edge distance of 15 to 20mm laoking for
flattening of the clindamycin zone nearest the legmycin disc. If D-
test is positive it suggests the presence of angerme that could result in
clindamycin resistance.

Strains with inducible clindamycin resistance aiféatilt to detect
in the routine laboratory as they appear erythromyesistant and
clindamycin sensitive in vitro when not placed aéjat to each other. In
such cases, in vivo therapy with clindamycin magdeconstitutive erm
mutants leading to clinical therapeutic failure.tBuutations in the
promoter region of erm gene allows the productibmethylase without
an inducer. These mutants are stably erythromgoid clindamycin

resistant (Constitutive resistance).



MRSA constitute a major health care problem withsteong
potential for dissemination and high rate of matgahnd morbidity. So
the availability of sensitive and specific methdds detecting antibiotic
resistance in these pathogens accurately has bez@igmificant tool in
clinical diagnosis.

In PCR by amplification of the mecAgene, MRSA is
detected.PCR is highly, sensitive, and specifid. iBuequires advanced
equipments & moreover it is costly. So it is notsgible for routine
testing in clinical laboratories.Incidence of clamdycin resistance in
MRSA isolates varies widely by hospital and geobrapegion®.

Errors in the detection of methicillin resistanandave serious
adverse clinical consequences. False susceptibaigults may result in
treatment failure and the spread of MRSA if appiaiprinfection control
measures are not applied. Conversely, false rasstaesults may
increase healthcare cost following unnecessargtisol precautions and
may lead to overuse of glycopeptides.

For detection of methicillin & clindamycin resistze exactly and fastly
disc diffusion can be used as a screening toals ithportant to treat the
infected patients with correct antibiotic so thaRSK is controlled in the

hospital environment.
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AIMS AND OBJECTIVES

1. To isolate and identify staphylococcus aureus kgngstaining,
conventional culture methods and biochemical reasti

2. To screen for Methicillin Resistant Staphylococewseus by disc
diffusion method with cefoxitin and oxacillin discs

3. To determine the prevalence of inducible Clindamy@sistance
(iIMLSg) and constitutive clindamycin resistance (cM)LSin
Methicillin Resistant Staphylococcus aureus isalatesing
erythromycin and clindamycin discs in‘D’'test in ogeographic
area.

4. To compare inducible clindamycin resistance witstutive
resistance among MRSA.

5. To ascertain the relationship between MRSA anddalnycin

resistance.
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HISTORY

Von Recklinghausen in 1871 observed Staphylocockuman
pyogenic lesiorfs

Alexander Ogston a Scottish surgeon was the fospublish the
observations on Staphylococcal infections betwé&80knd 1882. He
recognized the role of staphylococci in abséess

Rosenbach in 1884 named Staphylococcal strains fpgogenic
lesions as Staphylococcus aureus as it producedemolellow
pigment. He separated the genus StaphylococcusStafzthylococcus
aureus and Staphylococcus albus.

Staphylococci and Micrococci were positioned ingeMicrococcus
by Zopf. But Flugge separated the genus Staphylococcugamas
Micrococcug.

A French medical student, Ernest Duchesne, in 1B86d that
Staphylococci aureus colonies could be lysed byrtbkl Penicillium
notatun.

The value of coagulase test to identify staphylocascaureus was
brought to attention by Von Daranyi in1925

Bacteriologist Alexander Fleming in 1929 published observation

on lysis of staphylococcus aureus in the vicingyRenicillium mold



which contaminated his culture at St. Marys hos$pahoratory in
Londor?.

In 1943, a large-scale production of the peniciiegan in the United
States of America

Kirby in 1944 described Penicillin resistant staplepccus aureus
(PRSA) for the first time®.

The drug vancomycin means "vanquished". In 19%0ag developed
from soil samples in the jungles of Borneo island

Evans et al in 1955 proposed separating Staphytochom
Micrococci on the basis of oxidation fermentatioastt The
Staphylococci is aerobic and facultative anaerobidereas
Micrococci is an obligatory aeroBfe

In 1956 erythromycin resistance emerged

In 1959, world's first semi-synthetic penicillin, theethicillin was
first marketed to counter the spread of PRSA foihmvwhich
different derivatives, like oxacillin were produced

Jevon$' first reported MRSA in 1961 in Englahd

Silvestry and Hill 1965 based on DNA compositioneasly
differentiated Staphylococci from Micrococti

McGehee et al in 1969, has reported the ineffengss of

clindamycin when treating erythromycin resistaraBylococci’*>



Cato and Stackebrandt in 1989 tentatively placegt8tiococci in the
family of Bacillaceae of the order Bacillafes

In the 1990s, semi synthetic Macrolides with im@ov
pharmacokinetics and tolerability develoged

InN1997, the Mu 50 first strain of Vancomycin intextdnate
Staphylococci aureus (VISA) was reported from Jdpan

Kuroda et al in 2001 first reported the whole geimosequences

of S.aureus” .

A disc diffusion method was described by Feibelketral in 2003
for detecting inducible clindamycin strains cdygtylococcus aureus
in clinical samples. This test was done by plaaingthromycin and
clindamycin discs in close proximity with the irdesc distance of 15-
26mm in Mueller-Hinton agar.

In 2005 Clincal Laboratories Standard Institutendtadized the test as

‘D’ zone test'®,



In the pre antibiotic era mortality due to Stapltglocus aureus
infection was high. The miracle drug penicillin whéntroduced had
good impact. But this did not last long, becausehaf emergence of
penicillinase producing Staphylococcus aureus. M#ith was
introduced in 1961.Soon both CA-MRSA and HA-MRSAchme a
growing problem to the general public in every o&gof the world.
Morphology

Staphylococcus aureus belongs to the family ofrdicccaceae.
Staphylococci means cocci occuring in grape likesters. (In Greek
Staphyle means bunch of grapes).This gram podacteria is 1um in
diameter and is non motile. It is an aerobe andlfaiive anaerobe. The
genome of Staphylococcus aureus is around 2.8 Mbcantains 2500

genes.

Staphylococcus aureus cell wall contains peptidmgly and
teichoic acid. Peptidoglycan has crosslinked polgmef N-acetyl
glucosamine and N-acetyl muramic acid. The adherenaf
Staphylococcus aureus to mucosal surfaces is blydiei acid. Moreover
it provides rigidity to cell wall’. Some strains produce exopolysaccharide
which helps in adherence of organism to host celd grevents

phagocytosis. It is occasionally capsulated.



Cultural characteristics
In nutrient agar, Staphylococcus aureus colonies laBmm in
diameter smooth, low convex, densely opaque wigmtae edge and of
butyrous consistency. Pigmentation ranges fromnerdaough buff to
gold and is characteristic. Pigmentation is enhanbg prolonged
incubation as well as when culture plates are déeftoom temperature.
Staphylococcus aureus tolerates the concentradibasdium chloride at

which other bacteria are inhibited.

In blood agar beta haemolysis is observed. In Mahsalt agar
colonies are of 1mm diameter surrounded by yeltowe due to acid
production from mannitol. The selective media aalg for isolating
staphylococcus aureus include Mannitol salt aggade— salt — mannitol
agar, Phenyl ethyl alcohol agar, Columbia Colistadidixic acid (CNA)

agar and Baird —Parker agar b¥s&€
Biochemical reactions

Catalase test, Slide coagulase and Tube coagukss are
positive. Staphylococcus aureiss the only species of staphylococcus
which ferments mannitol. Methyl Red and Voges Pkesa tests are
positive. Staphylococcus aureulBydrolyses DNA and produces

phosphatase. It reduces tellurite to form blackom@s in Potassium

10



tellurite medium. Urea is hydrolysed and gelatinigsiefied. Indole test

is negative®
Pathogenesis

The Peptidoglycan and teichoic acid in cell walé asirulence
factors. Staphylococcus aureus secretes toxingm@ngmes which plays a
role in virulence. Alpha, beta, gamma and deltan®xrovokes cell
destruction. Destruction of phagocytes is mediatetbucocidin.

Clumping factor, Coagulase and hyaluronidase helpsvasion
and existence in tissues. These virulence factoesrasponsible for
wound infections, as well as skin infections. Salexotoxins like Toxic
shock syndrome toxin, exfoliative toxin, and entexan are also
produced. These potent toxins cause systemic sffect
Clinical syndromes

MRSA is defined as the strains of staphylococcugiresistant
to the isoxazoyl penicillins such as methicillirxagillin, nafacillin and
flucloxacillin. Staphylococcus aureus infections arlassified as CA-
MRSA infections and HA-MRSA infections. CA-MRSA setes a toxin
Panton-Valentine leucocidin causing infections imalthy individuals.
CA-MRSA is frequently susceptible to a wide randeantibiotics than

hospital strains. According to Center for diseasetol and prevention

11



people who satisfy the following criteria, are seide infected with CA-
MRSA.
1. Diagnosed in the outpatient setting as MRSA infiécte
2. Culture for MRSA must be positive within 48 hourfsagimission
in the hospital.
3. No medical history of colonization, hospitalisatiosurgery or
dialysis.
4. No permanent indwelling catheters or medical des/g&ssing into
the body through the skin

Hospital acquired MRSA infection is defined as, weing in a
patient whose MRSA isolate was cultured more th8nhdurs after
admission or who has a history of hospitalizatisargery, dialysis or
residence in a long term health care facility withix months prior to the
culture date or had an indwelling intravenous lic&theter or any other
percutaneous medical device present at the tincaltfre.

CA-MRSA infections occur both in healthy person andthose
with known risk factors. Furuncles, impetigo, alsscand cellulitis are
some of the common skin and soft tissue infecti@esere illness like
necrotizing pneumonia is reported in patients whas hundergone
tracheostomy or in patients with prolonged intulrati Invasive

procedures and use of resistant antibiotics resmltsacteremia. Other

12



serious infections are endocarditis, septic arfhritosteomyelitis,
meningitis, and abscess in liver and spleen. Radedgemination to
urinary tract occurs through bloodstream or by adwy infection from
urethral meatus. Even pyelonephritis has been dented in some cases.
Toxin mediated food poisoning, toxic shock syndronmend
staphylococcal skin scalded syndrome can also occur

HA-MRSA infections can include above diseases hufisal
wound infections and bacteraemia associated wittavianous devices
are common. Infections associated with cerebrospiled shunts,
prosthetic joints and vascular grafts and ventilasociated pneumonia
are also seen with HA-MRSA infectioffs

Epidemiology

MRSA was 1st reported in United Kingdom and later foom
Japan, Europe, and Australia. Waness A. 2010 hasnuented that
MRSA has been prevalent in livestock animals aadigiiter houses in
countries like, Canada, Europe and Singapore. MR&Abeen found in
seawater in American beaches

In Europe highest prevalence of HA-MRSA was régabrin
Portugal (54%), followed by ltaly (43-58%) and Netlands 29%.
Prevalence rate ranges from 2% in Netherlands antt&land to 70%

in Japan and Honkorfg

13



Lahari Saikia et al 2009 has reported that in Irid& Prevalence
rate of MRSA is 31% and 38.56% in Tamil Nadu andwNBelhi
respectively. In some studies the rate is foundoéolow in Nagpur

(19.56%) & high in Indore (80.89 %) comparativély

Lakshman Swamy Parasa et al 2010 reported theeinocgd of
MRSA in India as 32.8%-51.6% during the period 604-2001. Some
studies have reported a prevalence of 39.50% ithséujarat, 38.44% in
a tertiary care hospital, North India. MRSA prevee has been reported
as 52.9% in Assam, 24% in Chandigarh, and 24% iok&*® The
prevalence of HA-MRSA in South India hasbeen reggbes 31.1% in the
study of Poonam Sood Loomba et al 26IThe prevalence varies by

geographical location, patient age, and bacteusdeptibility profile.

30% patients colonise MRSA on nose. In Mathan edtadly in
2009, out of 403 carriers the colonization siteMRSA were 78.5% in
nose alae, 85.6% in nose and throat and 98% ingen. Some, report
that children and young adults affected by skin soid tissue infections
were likely to be carriers. The carriage rate of 34Rin health workers,
inpatients, and outpatients was 1.8%, 15.6%, a8 3espectively. The

carriage of MRSA was more in inpatients. Overaltiege rate was. 5%.

14



According to some studies 6-50% of health workepsking in burns and
intensive care units are nasal carfigrs

William J Peppard et al 2009 has reported CA-MR8Athletes,
prison inmates, men who have sex with men, milifzagple, drug users
and children in day care centers, due to crowdaalgliconditions & poor
personal hygiené€hildren less than 2 years, adults more than 6Esy&a
age and homeless persons are prone for MRSA infecti

Tony Beavers May et al 2004 adds prior antimicrobse, HIV
infection and MRSA colonization of family members some of the
predisposing factof$.MRSA remains a major pathogen in nosocomial
infections in developing countries. Shantala eR@l1 has documented
32.5% MRSA isolates with inducible clindamycin stance. Different
places of India have reported inducible clindamyesistance in 30% to
64% of the MRSA isolaté$

Mukesh Patel 2006 states diabetes mellitus, remafudction,
postsurgical status and malignancy, are some afigioes of inducible
clindamycin resistance. Neutropenia, trauma, bamt organ transplant
also adds to predictors of inducible clindamycinsisance. The
prevalence of inducible clindamycin resistance &MRSA in children
Is decreasing over time. This may be due to theamsipn of MRSA

clones lacking genes responsible for inducibledeimycin resistancé

15



The spread of MRSA between patients is called erdsstion.
However, these patients may develop infectiontiéf MRSA enter the
body with breaks in their skin due to wounds, intliwg catheters,
contaminated equipment or via environment. EpideiRSA may also
spread between hospitals, presumably when colompaédnts or staffs

move from one hospital to another.

In India, spreading of CA-MRSA was probably due to
overcrowding and poor personal hygiene. Althoughainly manifests in
severe soft tissue and skin infections requiringisal drainage, it is now
becoming pronounced in bacteremia affecting nesnagpecially from
lower economic sections, and breast abscessestatife mothers. It is
becoming increasingly common in urban areas. Sheetena et al 2000
reports that MRSA is common in intensive care uaitsl burns urt
.MRSA accounts for 40% to 70% of staphylococcugasiinfections in
intensive care unit® P.U.Krishnan et al 2002, has documented 65
isolates of MRSA from patients and health workesrking in burns

units, at St.Johns Medical college Hospital Bangalndid™.

In addition to the United States CA-MRSA strainsvéhebeen
reported from Canada, Asia, South America, Austrelurope, Norway,

Netherlands, Denmark, and Finland. Globally, CA-MRS&rains show

16



remarkable diversity in the number of differentreds that have been
identified. The resistance to penicillin by CA-MRS¢¥as the first wave
of antibiotic resistance which began in mid 1940SA 400 clone, causes
community onset disease among Indigenous poputatiorAlaska and
the Pacific Northwest and was isolated from thed@dec cases prior to
2001. A second epidemic clone, USA300, emerged dmwi999 and
2001, and now causes the vast majority of CA-MR8#ations in the
United States. Among the MRSA clinical isolateshis archetypal strain
COL, isolated from a patient in Colindale, Unitedingdom in
1960.1berian and Rome clones constituted the tivagde of antibiotic
resistanc® .Marta aires et al in 2001 describes Iberian, Biea;
Pediatric, and Newyork-Tokyo clones in additioriraérnational leveét.
Phage typing is an important epidemiological innggdion to identify

MRSA, which is done by 23 internationally acceppedges®.
Mechanism of resistance

Staphylococcus aurels susceptible to most antibiotic. Resistance
to antibiotics is acquired by transfer of genesrfroutside sources, and
chromosomal mutation. Antibiotic selection is al&op be considered.
Genes responsible for resistance mechanism isreffesent on the

chromosome or on a plasmid. Antibiotic resistaninege can be
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transferred by Plasmid. Conjugation is the most mom method of
transfer of resistant genes. Transposon is a gefatior that carries
portions of plasmid from one organism to another.

The resistance mechanism is called constitutivie i expressed
continuously even if an inciting challenge is aablé or not. But in some
genes it must be induced by exposure to the cluplignsubstance.
Uniform expression of resistance is homogenousesgon. But if only a
small fraction of bacteria expresses the resistaitceis called
heterogenous resistance. It is very difficult tentfy this kind of
resistance in the clinical laboratory.

Methicillin:

MRSA is resistant to all currently used betalactantibiotics.
Betalactam antibiotics are penicillins,cephalosporand carbapenams.
They constitute same structure and mechanism obracBetalactum

antibiotics inhibit bacterial cellwall peptidoglyTaynthesis.

Methicillin, oxacillin and flucloxacilin are senysathetic
penicillins derived from 6-aminopenicillanic acidnda they are
penicillinase resistafit These bactericidal drugs are administered by
parenteral route and can’t be administered to pistiavith a history of

hypersensitivity reaction to penicillin.
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Cefoxitin is a cephamycin produced by Streptomytastum
durand’ .The cephamycins are similar to cephalosporins Haxte a
methoxy group at position 7 of the betalactum rofgthe 7 amino
cephalosporanic acid nucleus. This is a potentdedof mecA gerid .
Cefoxitin is a surrogate marker of methicillin #ance. Cefoxitin disc
diffusion tests and PCR have similar sensitivityd aspecificity. The
simple ‘D'test is mandatory for all clinical labdosies to detect
clindamycin resistanée

The expression of methicillin resistance in S.asm@we to acquired
penicillin binding protein PBP2a which is 78 KDatlwi668 aminoacids
possessing both transglycosylase, transpeptidazgmess involved in
disruption of final step of peptidoglycan synthesisacterial cellwaff.
PBP2a is encoded by mecA gene,origin of which iskmown. mec A
gene is located within larger region of chromosothe, staphylococcal
cassette chromosome mec region(SCCmec)(21-67kbhds$ie elements
of SCCmec are the mecRI- mec |-Pbp2a region and.ability of
SCCmec is conferred by ccrA and ccrB genes.Nos@tasolates are
multidrug resistant due to accumulation of plasmfd¢ransposons in
SCCmec .As they are larger in size not transfbyebacteriophagé's

SCCmec is classified into types I, II, Ill, IVa, tvVand V. Types I,

[I, 1l are found in nosocomial infections. Type IM found in CA-
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MRSA. Namita D’ Souza et al 2010 has classified 8€€ additionaly
into type VI, VIl,which are also found rarely. Tineec A gene complex,
cassette chromosome recombinase complex (ccr cajngtel junkyard
variation results in characterization of SCCmeaelet’’.

Other genes like fem (factor essential for methmcitesistance), aux
(auxillary gene), Blal gene which are involved imetformation of
Staphylococcus aureus cellwall also influence thgression of
methicillin resistancé

Disc diffusion test for detection of Methicillin resistance:

For detection of Methicillin resistance, cefoxitlisc diffusion test
and oxacillin disc diffusion test are used.0.5 Mdt&iad standard
suspension of the staphylococcus aureus isolatade and lawn culture
done on Muller Hinton Agar plate .A 30 p of cefaxitand 1 p of
oxacillin are placed and plates are incubated &tQ@G7or 24 hours and
zone size are measured . Oxacillin disc diffusiest tmust be read in
transmitted light.

In January 2007 CLSI published inhibition zone d&en for
Cefoxitin as follows. Zone diameter af 22mm is reported methicillin
susceptible and 21mm considered methicillin resistant and for akac
of >13mm is reported methicillin susceptible axtDh mm is considered

as methicillin resistanf. Poonam Sood Loombaetal 2010 explains that
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disc diffusion test using cefoxitin is easy to re#dgives clearer end
points than oxacillih Oxacillin is frequently misinterpreted as
susceptible due to haziness. False susceptibilityd.d% has been

reported with oxacillin disc diffusion te¥t

Environmental condition like B temperature and salt
concentration also decides the expression of miliithicesistancd”*°. In
R.Skov et al 2006 suggest that incubation temperanfluences zone
diameter and MIC for staphylococcal strains thatmaethicillin resistant
.Detection of MRSA by cefoxitin disc is not muchfeatted by
temperature variation. But for oxacillin the temgttere should not exceed
37°C. Incubation at 30 °© C was associated withefowccuracy.
Increasing the duration of incubation from 18 hotar224 hours did not
improve accuracy. Incubation temperature of 37°C for 24 hours srdi
diffusion test is trustworthly Isolates resistant to both cefoxitin and
oxacillin had an MIC 0.5-2ug/ml. As per CLSI crieeMIC less than

2ug/ml is interpreted as MSSA

So results of either cefoxitin disc diffusion or G1itests can be
used to predict mec A mediated oxacillin resistafidased on cefoxitin

results, oxacillin should be reported susceptibleesistant. Susceptibility
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or resistance to betalactam antibiotics may be cedifrom testing only

penicillin and either cefoxitin or oxacillth

K.B. Anand et al 2009 describes that the mecA gpositive
staphylococcus aureus isolates are expressed @th@omogenous or
heterogenous resistant strains. mecA gene is esgesn low level in
heterogenous resistance . On disc diffusion teghiege strains appears
as susceptible to oxacilffh The gene mecA is expressed only in lin
10°cells and its expression is rapid if betalactamdbio the surface

receptors for the derepression of mecA. (HennetRathdetal 20045 .

Cefoxitin disc diffusion test is a superior test dgacillin disc
diffusion test as it has higher sensitivity and cifigty®®. Anila A.
Mathews et al describes methicillin resistance aetk by oxacillin
diffusion test could be false positive due to hye¢alactamase
production. These isolates were sensitive to ceéfoxnd negative for
mecA gene. These isolates were named BORSA (Bardedxacillin
resistant Staphylococcus aureus). These strains enajve to fully

resistant ones in due course of time under antibivessuré>.

Oxacillin resistant strains are resistant to allnipdins,
cephalosporins, monobactam, other betalactamsladb&tmase inhibitor

combinations, and carbapenafsnicillin susceptible staphylococcus are
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also susceptible to other penicillins,beta lactata@blactam inhibitor
combinations, and carbapenam. Oxacillin resistaaphylococci are
resistant to all currently available betalactamaotics with exceptions

of newer cephalosporins with anti-MRSA activity.

Other than disc diffusion method, different methags available
for the detection of MRSA namely broth dilution tmed, agar dilution
method and epsilometry t&StMannitol salt agar medium supplemented
with oxacillin and MRSA select medium, are somdlaf culture media
available for MRSA detectidf*® In Oxacillin resistantscreening agar
medium Mueller Hinton agar supplemented with 4% Nacl &nay/ml of
oxacillin is used for detecting MRSA Immunochromatographic test and
Latex agglutination test is also used for detecBiBfP2 PCR detects mec
Agene but it is very costly. So it is not possitdeperform it as a routine
procedure in clinical laboratori®sSerhat Unal states that mecA can be
detected by DNA hybridization. Rapid cell lysis hamue was

established for the release of DNA from staphylccsdsolates.
Macrolide and Lincosamide

MRSA has left as with few therapeutic alternatitestreat.The
major alternative to penicillins and cephalosporsn® Macrolide —

Lincosamide- Streptogramin B (Mg} antibiotics for the treatment
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staphylococcus. Macrolides have been known for mgesgrs. The
evolution of the macrolide class has been marked,990s, especially
with  production of semisynthetic macrolides with piroved

pharmacokinetics and tolerability.

Macrolide and lincosamide antibiotics are chemycdifferent but
have a similar mode of action. They are active regjagram-positive
staphylococci. Macrolides have two or more aminom@utral sugars.The
sugars are attached to a lactone ring whereas skhmeaoles
(eg.,clindamycin and lincomycin) are devoid of actéme ring.
Clindamycin and macrolides act at sites which are dlose
proximity.Increasing knowledge of the molecular m@usms of
resistance to macrolides has led to the designetdlides which are
active against certain types of erythromycin resist organisms.
Macrolides and lincosamide antibiotics are bacgtaitic. They inhibit
protein synthesis by binding to 50s ribosomal umitsthe organism
reversibly.

Clindamycin is used to treat staphylococcus aumefgxtion as it
has excellent pharmacokinetic properties. Jameal @005 states that
clindamycin is an attractive option for skin andtsissue infections
because this drug is available in oral (90% bidabdity) and

intravenous formulations. Unlike beta lactam itnmt impeded by high
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bacterial burden at infection site. Staphylocodoadins and virulence
factors are inhibited by this drtfglt is advisable to use clindamycin in
necrotizing skin and soft tissue infections asai the capacity to reduce
toxin expressior’. Clindamycin has good penetration into variousugs
including bones except C8F

Clindamycin is a congener of lincosamin. It is aivhgive of the
aminoacid trans L- 4 —n-propyl hygrinic acid attedhto octose which
has sulfur. It binds to the 50 s ribosomal unibatterial ribosomes and
thus inhibiting bacterial synthesis. It is complgtabsorbed following
oral administration. Clindamycin palmitate is aralopreparation for
paediatric use.The phosphate ester of clindamycihenw given
parenterally is hydrolyzed in vivo to an active giriDrug crosses the
placental barrier.90% is bound to plasma proteliss accumulates in
inflammatory cells like leucocytes and macrophagfes. metabolized as
N-dimethyl clindamycin, and sulfoxide and finallycgeated in urine and
bile.MIC of clindamycin 0.25-8g/ml. MIC of clindamin <0.5 g/ml was
considered sensitive and MAg/ml was taken as resistant
Mechanism of Clindamycin resistance:

Resistance of staphylococcus aureus to Ma&tibiotics can occur

by different mechanisms.
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1. Macrolides Streptogramin resistance

The first involves macrolide active efflux and iglatively
common. A specific efflux pump is encoded by theneggansrA in
staphylococci .This energy dependent pump effegtiepels macrolides
from the bacterial cell before they can bind toirtharget site on the
ribosome. This mechanism of resistance createstaese, but only to
macrolides, azalides (e.g., Azithromycin and grdstreptogramins -
quinupristin) . Lincosamides (e.g., clindamycin dindomycin) are not a
substrate to this macrolide efflux pufrip
2. MLSg resistance ( Macrolide-Lincosamide-Streptogramin B

The second mechanism of resistance to macrolides
staphylococci involves modification of the drug diimg site on the
ribosome. This results in resistance to macrolidgand
azalides),lincosamides, and group B streptogramamg is commonly
referred to as “ML§ resistance” coded by the erm gene.Mlt&sistance
can be either constitutive (cMkp or inducible (IMLS). In vitro
staphylococcal isolates with constitutive resiséaace resistant to both
erythromycin and clindamycin , while isolates wittducible resistance

are resistant to, but appear to be susceptibléngeenycin®***2’
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3. P. Sireesha et al 2012 states that third mesimaoif resistance to
lincosamides in staphylococci is by rare Inu geréciv causes chemical
alteration resulting in inactivation of the dréiy

The inducible Clindamycin resistance and constieutlindamycin
resistance occurs through the second mechanismsitance involving
modification of the drug binding site on the ribos® as mentioned
above.

The MLS phenotype is encoded by erm (erythromycin ribosome
methylase) genes in staphylococci. The erm(A) ganesnostly present
in methicillin resistant staphylococcus aureus aack borne by
transposons related to Tn554, whereas erm (C) geviesh are present
in methicillin-susceptible staphylococcus aureus korne by plasmids
There is a single adenine in nascent 23S rRNA, wisigart of the large
(50S) ribosomal subunit. erm protein dimethylatas tadenine. The
A2058 residue is located within a conserved regibdomain V of 23S
ribosomal RNA. It plays a role in the binding olLBk antibiotics. As a
outcome of methylation, binding of erythromycinit®target is impaired.
The overlapping binding sites of macrolides, lirmogles,and
streptogramins B in 23S rRNA explains the crossstance to the 3

classes of drug$>*
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Expression of ML$ resistance can be constitutive or inducible. In
inducible resistance, the bacteria produce inactiRNA which is unable
to encode methylase .It is activated in the preserianacrolides which
are inducers ,but not by lincosamides and Streatogy B which are non
inducers. This leads to rearrangements of mRNAjchv allow
ribosomes to translate the methylase coding seglienc

The messanger RNA in its 5’ end constitutes leaeégtide along
with a set of inverted repeats. This forms a haitiie structure. This, by
base pairing sequesters the initiating sequencesaiing codon) for
methylation.The inducer macrolide binds to the sdome when leader
peptide is translated. Now there is destabilizatibhairpin like structure.
The initiating sequences are exposed to the ribesoand there is
translation of methylase According to Claire Daurel et al 2008 the
regulatory region of ermA is longer.There is onadier peptide and four
inverted repeats in the regulatory region of ernim@.fegulatory region of
ermA has two leader peptide and six inverted repéektis leads to the
difference in the structure of attenuator leads #merefore different
patterns of ML§ inducible resistance are obserV&d In constitutive
expression, active methylase mRNA is produced & dhsence of an
inducer®® .Additional changes in the 5’ upstreaequences by deletion,

duplication and mutation leads to constitutive sesicé”.
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Method of detection of Clindamycin resistance
D-test (Double-disk diffusion test)

The inducible Clindamycin resistance is not detkdig standard
broth microdilution method, automated susceptipiliesting devices,
standard disc diffusion test or E t€sSo the procedure for clindamycin
resistance testing was introduced in January 2@0d&tional committee
for Clinical Laboratory Standards Institute. (NowS2)>*,

In this disk diffusion test, for detecting clindaany resistance, the
truncated zone of inhibition to the drug clindanmycesembles the letter
‘D’. So this test was called as ‘D- test’ (Jamesle2005}>
Procedure:

Clindamycin (2 p) and erythromycin (15u) discs placed 15
mm (edge to edge ) apart on Mueller-Hinton agarltha been inoculated
with a standardized (0.5 MacFarland) suspensionstaphylococcus
aureus and incubated overnight at 37 °C. D test read in reflected

light®®.

Following were observed in disc diffusion results:
Inducible Clindamycin resistance (IMLS;):

It is very important to find out the emerging Clardycin
resistance patterns to institute proper manageneiiA-MRSA and

CA-MRSA.
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Staphylococcal isolates showing resistance to sgtiicin (zone size&
13mm) but sensitive to clindamycin (zone skz&€1 mm) shows two
distinct induction phenotypes.

1. Sensitivity to clindamycin results in a D-shapedriing of the
circular zone of inhibition around the clindamyciisc on the side
facing the erythromycin disc. A clear, D-shapedezohinhibition
round the clindamycin disc was designated as tpbadhotype.

2. D-shaped zone containing inner colonies growing tapthe
clindamycin disc was designated asT
N.Pal 2010 states that both D and\lRere considered positive for
inducible clindamycin resistante

MS phenotype:

The msrA gene confers the so called MS phenotygsstance to
erythromycin, inducible resistance to streptogranand susceptibility to
clindamycin) by efflux. Erythromycin resistazbfie size< 13mm) but
sensitive to clindamycin showing circular zone ahibition around
clindamycin with the zone size of > 21mm was called as MS
phenotyp#”.

Constitutive resistance (CMLS):

In constitutive resistance Staphylococcal isolatesthiows

erythromycin resistance (zone sigel3mm) & clindamycin resistance
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(zone size< 14 mm). Clindamycin leads to selection of constitl
mutants at frequency of %OFU® .According to P.Sireesha et al 2012 D

and D were considered as constitutive resistance
S (susceptible) phenotype:

Staphylococcal isolates sensitive to both erythmmy &
clindamycin. Strains showing higher MIC inspite lmfing sensitive to
both erythromycin & clindamycin shows heteroresistaas possibility.
Further studies are done to find out other mechasisf resistance

involved.
HD phenotype (Hazy D zonej®?

This type shows 2 different zones, one zone igla hazy growth
around clindamycin disc and the other is with hegrgwth in the shape

of letter ‘D’.

So at present, disc diffusion test is the prefemedthod for testing

staphylococcus aureisolates for inducible clindamycin resistance.

Feibelkorn et al 2003 has reported 100% sensitivityletecting
IMLSg resistance on performing disc diffusion test usiftg 26 mm

interdisc distance between erythromycin 30ug anddamycin 2 pg
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discs.Whereas only 97% sensitivity has been doctedemith 26-28 mm

interdisc distanc®.

Mathew V.N.O. Sullivan et al 2006 recommended ageeid edge
distance of 15mm in disc diffusion test for detegtiMLSg resistance.
This is because , on performing D-test an errta o0& 18.2% was found
with 22mm interdisc spacing betweemnythromycin and clindamycin
discs in MRSA isolates

G.S.Ajanta et al 200@®forms that ideal interdisc spacing between
the erythromycin and clindamycin is not yet cleBut false positivity
was not reported with 15mm of spacing. Clinical abdboratory
Standards Institute has suggested 15-26 mm of dister
spacing’’According to Clarece J. Fernandes 2007 when cordptre
genotypic analysis disc diffusion test have highsgevity and specificity
but if the disc separation distance is too widedategative results may

occurs.

Christine D Steward et al 2005 has stated thatdahmycin
resistance is effectively induced by erythromytiMukesh Patel et al
2006states that inducible clindamycin resistance exintp strains have
high rate of undergoing mutation to constitutiveiseance spontaneously.

D-test was done in 402 staphylococcal isolateghich 280 were MRSA
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and 122 were MSSA. Out of 280 MRSA, 139 MRSA shouvetlicible
clindamycin resistance. Likewise Out of 122 MSSA, MSSA showed
inducible clindamycin resistance. 56% HA-MRSA aridd% CA-MRSA
have contributed to positive D test. There was poevalence of iIMLS
resistance in CA-MRSA which has favoured the useliodamycin as

outpatient treatmenft.

Angel et al have not found any constitutive MLE&sistance in
staphylococcus aureus stfRitSireesha et al 2012 states HD phenotype is
considered as constitutive MkSresistance. Shailesh kumar et al
reported 2.9% of constitutive resistance in MRSAThis contrasts with
the Korean study where constitutive resistance ngpsrted in majority

(79%) in MRSAZ,

Dr.R.Vasanthi et al 2012 reported sensitivity ofelSt performed at
15 mm distance spacing correlated 100% with deteadf erm & msr
genes by PCR. Moreover iMkgSesistance is higher than constitutive
resistance in HAMRSA.. Inducible clindamycin resmta is higher in
MRSA(1.88%) than MSSA (3.5%).In the study by Adebayo et al 2006
constitutive MLS resistance was absent in MRSA and one was ideghtifi
in MSSA **. Dr.Mohanasundaram et al 2011, highlights that S¥IL

resistance is higher in MRSA (28%) than MSSA (1¥%VYhis is
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supported by the Study of Shantala et al 2011 wae d¢ocumented
32.3% of IMLS resistance in MRSA isolates & 15.38% in MSSA
isolate$’. Vidyapai et al reported 18.8% of iMgSesistance in MRSA

while in MSSA it was 3.59%.

V.Gupta et al 2009 has documented 66.67% of iMt&sistance
from community and 33.33% from hospffaSince higher incidence of
CAMRSA is being reported in outpatient clinic, thHeélindamycin
available in oral formulations has been frequemttgscribed. In India
Gadepelli et al has documented higher rate of datige resistance than
IMLSg resistance. 30% IMLS resistance in MRSA 10% iMLS
resistance in MSSA 38% constitutive resistance IRA al5%
constitutive resistance in MSSA .In the study bgWMpta et al 2009, 46%
of constitutive resistance and 20% of IML$esistance has been
reported in MRSA®. But in MSSA, iMLS; resistance (17.3%) was in
higher percentage than constitutive resistance JIU%d P Levin etal
2005 reports that in Houstan,among the childrafected with MRSA
2.2% of D test positivity was reported. But childnea Chicago infected

with MRSA showed 94% of positive result in D-t&5st

Clarece J. Fernandes 2007 has described anliagaon method

for the detection of inducible clindamycin resistann staphylococcus
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aureus® .Broth microdilution is also used as a methodetedt inducible

clindamycin resistanc@.
Other antibiotics of choice in MRSA

James S. Lewis etal 2005observed that multiple atigmt
antibiotic regimen of CA-MRSA had a narrow antilgotresistance
profile. It is sensitive to non betalactam drugge liclindamycin,
trimethoprim-sulfamethoxazole and tetracycline, \yayxline,

minocycline and fluroquinolon&s

Shaileshkumar et al states majority of MRSA isdatare
susceptible to clindamycin,vancomycin and linezdditt most of them

are resistant to trimethoprim -sulfamethoxazole @iptbfloxacirf™.

Tetracycline resistance is exhibited in staphyleosc aureus
through plasmid mediated tetk, gene encoding efflaechanism.
staphylococcus aureus can also be resistant toogiyicosides due to
modification of aminoglycosides by enzymes so tihay cant bind to

ribosome$®.

Usage of clindamycin & trimethoprim-sulfamethoxazolis
necessary as there is increase in vancomycin aasist (Hwan sublime

et al 2006Y.
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Wei Qi et al 2005 have reported that resistandein@ethoprim is
by mutation of chromosomal gene for dihydrofolaggluctase or by

transposon Tn4003 borne dfr géhe

In the study of Adebayo O Shittu et al, E test radtution method
was performed to find the resistance to vancomyama teicoplanin
among MRSA .But none of the MRSA isolates werestasi to both the
drugs. It was found penicillin and ampicillin wetlkee least effective
drugs to treat staphylococcus aureus which is anlding block for

antibiotic therapy'.

67% of IMLS resistant isolates were susceptible to
ciprofloxacin.28% of IML$ resistance isolates were susceptible to
linezolid and varr. Vancomycin is a glycopeptides which binds toEre
alanyl- D-Alanine of the peptidoglycan precursortla cell membrane
thus inhibiting crosslinking and polymerization péptidoglycan. First
strain of Vancomycin-intermediate S. aureus (VIS#gs identified in
Japan in 1998. The second strain of Vancomycin-intermediateuBeas
(VISA) JH 9 was isolated from a bacteremic pati@ntUnited States in
2000°. Both Mu 50 the homogenous strain and JH 9 heterogs strain
were resistant to oxacillif .Following that two additional cases were

reported from United States First clinical isolatevancomycin-resistant
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S. aureus ( VRSA) was reported from United Stare002 from a

patient in Michigar®.

Marilyn chung et al 2008 observed that MRSA isdatee often
resistant to penicillin,tetracycline and erythromm@RSA isolates were
resistant to betalactams and glycopeptides. Gipftole was effective
against vancomycin resistant MRSA.This new ceplpalos is the active
form of the prodrug Ceftobiprole medoctil Linezolid is a
oxazolidinone which is a bacteriostatic. PVL cytotois inhibited by
linezolid and clindamycin .Chromososmal mutationgene encoding
DNAgyrase and topoisomerase IV enzymes is resplensitor
fluroquinolone resistance. Dalbavancin is a sentistic lipo

glycopeptide with a long half life .So once weed#tysage is advised.

Skin and soft tissue infections can be treated with
clindamycin,trimethoprim-sulfamethoxazole,doxycwelj tetracycline or
linezolid. HA-MRSA is treated with intravenous diamycin,
vancomycin and linezolid. Clindamycin and linedare not advised if
there is infective endocarditis, or if there isaurge of endovascular

infection. (Catherine etal201?)

Quinopristin-dalfopristin are streptogramin anttimo used in

bacteremia and in complicated skin and soft tissfextion. But its use is
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limited because of the adverse reactions and iengienly when

conventional therapy is not used. In the samewg®cticline is also used
in complicated skin and soft tissue infection. [@apgcin is a lipopeptide.
It is bactericidal by disrupting bacterial cytoptas membrane in the
presence of calcium ions. Combination of daptomyeitih oxacillin &

Betalactam acts in synergy and so may be usefulreating MRSA

(Henneth H, Randetal 2004) Vancomycin, linezolid, quinopristin-
dalfopristin, daptomycin, tigecycline and teicoplaare used parenteraly.
Multiple antibiotics which are active against MR38Re telavancin, and
oritavancin are under development. Iclaprim a dibfjalate reductase

inhibitor is also under triat.

Nasal decolonization of MRSA in carriers is by aomi
mupirocin, body decolonization is done with chlodaine soap along
with oral antibiotics rifampicin in combination it trimethoprim-

sulfamethoxazole or ciprofloxacin

Therapeutic options for MRSA have been Ilimited dte
emergence and spread of multidrug resistant omgenisTherefore
sensible use of antibiotics is essential. Knowleadeprevalence of
MRSA & their antimicrobial susceptibility patters very important in

treating patients appropriately. In India where esolar methods are not
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feasible as routine, the disc diffusion tests heipsdetecting drug

resistance.
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MATERIALS AND METHODS



MATERIALS AND METHODS

Place of study

The present study was conducted in Coimbatore Médiollege

hospital, Coimbatore.

Study period

The study period was for one year from Septemb#id 20 August

2012.

Ethical consideration
Before starting the study the Ethical and Resealehrance was
obtained from Ethical committee of Coimbatore Metlollege hospital,

Coimbatore.

Sample

A total of 200 staphylococcus aureus isolates fetimcal samples
including, pus, sputum, blood, vaginal swab andeinvere included in
the study. Samples were received from outpatientsia patients who

attended Coimbatore Medical college hospital, Caitole.
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Processing of samples

The received samples were checked for proper lagelvith
Name, Age, Sex and |.P/ O.P No. of the patiente égand time of
collection of the sample and processed immediai@ect smears were
prepared from sample material like pus, sputummeuand vaginal swab
on a clean glass slide. Gram staining was done exiathined under
microscope. The findings were recorded.

Blood samples sent in brain heart infusion brotlesenincubated
forl8 -24hours and then subcultured. All the abogpecimens were
inoculated on to the nutrient agar plate ,blogdraand MacConkey
agar, and incubated at ¥7°for 18-24 hours aerobically and observed
after incubation.

All the suspected colonies were identified by cglomorphology,
gram staining was done and the organism subjectedvarious
biochemical tests to identify and characterize thEarther confirmation
was done by slide and tube coagulase test, andtlgmuwMannitol Salt

Agar.
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Identification tests

Microscopy

Gram stain

Colonies from 18 to 24 hour culture was taken ftbm agar plate
and a smear was prepared on a clean glass thee. it was air dried

and heat fixed.

The smear was overlaid with primary stain 0.5% rylgtblet and
kept for 1 minute and then washed with water. Thardant gram’s
lodine was applied to the smear and washed witlemaiterl minute.
This was decolorized with few drops of acetoneé washed with water

immediately.

The counter stain, 1:20 dilute carbol fuchsias flooded on the
smear , kept for 1 minute and then washed wwtter. The smear was
air dried and then viewed under oil immersion otiyec Gram positive

cocci arranged in clusters were observed.

42



Culture®®

Colony morphology

Nutrient agar

Golden yellow pigmented colonies, 1 to 3mm in ditenecircular,
smooth, low convex and densely opaque with butyammsistency was

seen.

Blood agar

Colonies surrounded by narrow zone of beta henmlygas

identified.

Mac Conkey agar

No Growth

Mannitol salt agar

This is a selective and indicator medium. The oigranwas
inoculated in mannitol salt agar which consists18 mannitol, 7.5%
sodium chloride, and phenol red. The plates wecahated at 37 °C for
18-24 hours and then examined. Staphylococcus symaduced yellow
colonies surrounded by yellow zone due to acid &iom (Mannitol
fermentation). Staphylococcus aureus ATCC 25923wgasl as positive

control.
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Biochemical reactions

Catalase test

The Staphylococcus aureus produces catalase enaimé will
split hydrogen peroxide into water and oxygen. BRsde of oxygen

produces the effervescence.
Procedure

One ml of 3% hydrogen peroxide was taken in arclest tube.
Few colonies of the test organism were taken frioenagar plate with a

sterile glass rod and immersed in the hydrogenxudgsolution.
Interpretation

Catalase test is positive if immediate and susthafervescence is

produced. In staphylococcus aureus Catalase tpesigve.
Coagulase test

This test confirms staphylococcus aureus isol&&sphylococcus
aureus produces the enzyme Coagulase which corflertsogen to
fibrin that causes plasma to clot. Two typescohgulase are produced
by staphylococcus aureus. The free coagulasdich  converts
fibrinogen to fibrin by activating coagulaseacting factor present in

plasma is detected by tube coagulase test.
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Bound coagulase (clumping factor) which conversifiogen to
fibrin with no involvement of clotting factor.lt cabe detected by

clumping as seen in the slide test.

Slide coagulase test

Two circles were drawn on a clean glass slide witx pencil.
With the help of the bacteriological loop the tegjanism was emulsified
in drops of saline kept on both the circles to foamsmooth milky
suspension. One suspension was kept as the canttdb the other, trace

of plasma was added by a flamed, cooled, straigiduilating wire.

Coarse clumping of organisms in suspension, vidibleaked eye
within 10 seconds was considered positive. Absef@umping in both
the suspensions was considered as negative.

Tube coagulase test

Staphylococcus aureus to be tested was grown im breart
infusion broth and was incubated overnight at G@7°To 1ml of this
culture, 0.5 ml of undiluted plasma was added. tResicontrol ATCC
Staphylococcus aureus and Negative controls ATCCN&Owere
included. All tubes were incubated at 37°C. Tubesewexamined at 1,2
and 4 hrs for coagulam formation by tilting the @¢ubt 90°. If no

coagulam is formed at the end of 4 hours, the tume reincubated at
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room temperature for the next 12-16 hours and raged for the
presence of a coagulam. Any degree of coagulam aibom was
considered as positive. If otherwise the the tess wonsidered as
negative.

Sugar fermentation test®

The test is used to determine the ability of aranigm to ferment a
specific carbohydrate which is incorporated in @abanedium and to
produce acid or acid with visible gas sugar medwith 1% mannitol

with, bromothymol blue as indicator was used.
Procedure

The test media was inoculated with the culturallaiso and

subsequently incubated at 37°C for 24 hours.
Interpretation

A positive test was shown by yellow colourationtbé medium

due to acid production.
Methyl red test (MR test) ™

This test is used to determine the ability of owigans to produce
acids by glucose fermentation through the emiixacid fermentation

pathway.
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Procedure

One drop from 24 hour brain heart infusion brothture was
inoculated in 5ml of MRVP broth.Incubated at-G¥or 48 hrs. After

incubation 5 drops of methyl red reagent was add&anl of broth.
Interpretation

Bright red colour indicates positive MR test. Altahylococcus

aureus isolates were MR positive.
Voges proskauer test: (VP test}’

VP test is used to determine the ability of organsigo produce

acetoin by glucose fermentation.
Procedure

The organism isolated from primary culturdatp was
inoculated in glucose phosphate peptone waigr imacubated for 48
hrs at 37C. To 1ml of MRVP broth 0.6ml of 5% alpha n#p#l and
0.2 ml of 40% KOH were added and shakenl.vserved for5

minutes.
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Interpretation

A positive test is indicated by the developmenteaf color due to

acetoin. All staphylococcus aureus isolates werdeéPpositive.

Modified Hugh and Leifsons test (O/F test}°

Procedure

Duplicate tubes of semisolid OF medium containiagoohydrate
with bromothymol blue as indicator are inoculateithvibacterial growth
from 18-24 hour culture by stabbing to a depth oinlOne tube was
overlaid with sterile liquid paraffin,and both tuevere incubated at

37°C for up to 7 days.
Interpretation

Staphylococcus aureus produce acid by fermentahooughout
the medium in both tubes indicated by yellow colouOxidising

organism produce acid in the aerobic tube only.

Indole test®
This test is done to find the ability of organisonsplit Tryptophan

to form the indole.
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Procedure

Tryptophane broth was inoculated with one drop fr@rd4 hour
brain heart infusion broth culture. Then it wasuipated at 37°C. After 48

hours 0.5 ml of Kovac’s reagent was added and gsh#dked.

Interpretation

Pink color ring appears if the test is positivéhié test is negative
there is no color change. Indole test is negativstaphylococcus aureus
isolates.

Urease test’

The organism produces the enzyme urease, whicmgeses the
urea in the medium by hydrolysis into ammonia aadandioxide. This

results in increase of pH, of the medium produguagple pink color.

Procedure

The colonies isolated from 18-24 hour culturaelavas heavily
inoculated over the Christensen’s urease agaeshmgol incubated at

37°C overnight.

Interpretation

All Staphylococcus aureus isolates were ureas@tsstive.
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Disc diffusion method®

Inoculum Preparation

Four to five colonies of the same morphology ieskd from an
agar culture plate. With a sterile bacteriologitadp, the growth was
inoculated into broth medium which was incubated3¥do 5 hours to
achieve a turbid suspension .This is compareth @i6 McFarland
standard.

0.5 McFarland Turbidity standard preparation

This is prepared by adding 0.05ml of 1% anhydroa€Ig to 9.95
ml of 1% H2S0O4 in a test tube, which is sealedlaaqt in refrigerator.
Inoculation and incubation

The sensitivity to common antibiotics was done hybi Bauer
disc diffusion method as recommended by CLSI. Gdrstirains used are
staphylococcal aureUsTCC -25923 and MRSA -43300.

A swab was submerged in bacterial suspension asdneaulated
into, Mueller Hinton Agar plate. The surface of thlate is swabbed in
three directions so that there is even and compldgribution of the
inoculum. Within 15 minutes of inoculation antibotiscs were applied
using a sterile forceps.

The antimicrobial discs used were procured from étlim. The

drugs oxacillin(lig), cefoxitin(3@g), penicillin(10u), linezolid(3Gug),
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vancomycin(3{g) , doxycycline (3Qg), amoxyclavulanic acid (3Q),
cephelexin(3(ig), cotrimoxazole(2&g), cefotaxime(30Q),
amikacin(3@g), ciprofloxacin(mg),were dispensed onto the surface of
the inoculated agar plate using sterile forceps.

Each disc was pressed down to ensure completectonmiitn the
agar surface. Then plates were inverted for incobats accumulation of
moisture leads to interference in test interprefati
Incubation is at 37°C for 24 hrs after which e tlzone of inhibition
was measured by using zone measuring scale nagighrieted as per
the CLSI standards. Transmitted light was useéxamine the light

growth of methicillin resistant isolates.

Interpretation of disc diffusion test
Disc diffusion test for detecting Methicillin resigance

Oxacillin disc diffusion test®

Zone diameter of 13mm or more was taken as semdil to
12mm was taken as intermediate sensitive andndDor less is

considered as MRSA.
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Cefoxitin disc diffusion test

Zone diameter of 22 mm or more was taken as seasind 21
mm or less was considered as resistant. Thesdargsisolates were

considered as MRSA.

‘D’ test3,55,56

A 0.5 McFarland suspension of staphylococci wasufeted on
Mueller Hinton agar plate. Clindamyciny@), and erythromycin (1),
discs were placed at an edge-to-edge distance ¢ 2O9mm, followed

by overnight incubation at 3.

Description of different types of phenotypes that wre looked for.

Inducible Clindamycin resistance: (IMLSg resistance)

Staphylococcal isolates showing resistance to esgikicin (zone
size < 13mm) and a clear, D- shaped zone of inhibitioantb the
clindamycin disc was designated as the induciblelamycin resistance

(D phenotype).

MS phenotype
In this phenotype Staphylococcal isolates were heoyhycin
resistant (zone siz€ 13mm) .But sensitive to clindamycin (zone size

21mm) showing circular zone of inhibition around it
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Constitutive resistance (CMLS resistance)
Staphylococcal isolates resistant to erythromydoné size<
13mm) and resistant to clindamycin (zone siz&4 mm) were brought

under this phenotype.

Susceptible phenotype(S phenotype)

Staphylococcal isolates sensitive to both erythmmyzone size>
23mm) and clindamycin (zone size21mm) were categorized in this

phenotype.
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Antimicrobials with interpretation of zone size

Antimicrobial agent (Q)

Inhibition zone in mm

Resistank | Intermediate| Sensitive
Oxacillin 1ug 10 11-12 13
Cefoxitin 3Qg 21 - 22
Erythromycin 15g 13 14-22 23
Clindamycin g 14 15-20 21
Linezolid 3Qug - - 21
Vancomycin 3Qug - - 15
Amikacin 3Qug 14 15-16 17
Doxycycline 30ug 12 13-15 16
Cotrimoxazole 2g 10 11-15 16
PenicillinG 10 units 28 - 29
Amoxyclavulanicacid 3(g 19 - 20
Cephelexin 3(g 14 15-17 18
Cefotaxime 3Qug 14 15-22 23
Ciprofloxacin 5ug 15 16-20 21
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Figl: Gram stain showing Staphylococcus aureus




Fig2: Beta Haemolysis on Blood agar

Fig3: Staphylococcus aureus colonies on Mannitol sa
agar




Fig4: Slide coagulase test

Fig5: Tube coagulase test




Fig6: Antibiogram of S.aureus isolates
g




Fig7: MRSA detection using cefoxitin and oxaciltirscs

Fig8: Constitutive Clindamycin resistance




Fig9: Inducible clindamycin resistance
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RESULTS

The study was performed during the period from &maper 2011
to August 2012 at department of microbiology, Camtooe Medical
College Hospital. This study was done to find theidence of MRSA
using oxacillin and cefoxitin disc diffusion metlod@nd to compare
inducible clindamycin resistance with constitutresistance.

The study included 200 staphylococcus aureus e®ldtom
samples like pus, blood, sputum,vaginal swab, wairegbody fluids.

Among 200 staphylococcus aureus isolates the samjde
distribution was as follows. Pus constituted 175%.%86), urine 10 (5%),
blood 6 (3%), sputum 4 (2%), vaginal swab 3 (1.5%)d synovial fluid
2 (1%), as given in Tablel and Chartl.

The above observation shows that staphylococcusuauwas
Isolated maximally from pus Samples (87.5%) any é&lv were isolated
from urine, blood, sputum, vaginal swab and otluehfifluids.

The resistant and sensitivity pattern of staphytcos aureus
isolates to different antibiotic groups is givenTiable2 and Chart 2.

Out of the 200 staphylococcus aureus isolates10@8% sensitive

to linezolid and 99% were sensitive to vancomycin.

77 % were sensitive to amikacin, 73%were sensitioe

doxycycline, 69% were sensitive to cotrimoxazok56% were sensitive
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to cephalexin, 66.5 % were sensitive to amoxy d&vigacid, 64 % were
sensitive to cefotaxime, 59 % were sensitive toafipxacin.

Staphylococcus aureus strains were highly sensitivéinezolid and
vancomycin. Moderate level sensitivity was seen amikacin,
doxycycline, cotrimoxazole, cephalexin, amoxy clawicacid,

cefotaxime and ciprofloxacin.

Table2 and Chart 2 lists the resistance patterstajfhylococcus
aureus isolates. Out of the 200 isolates 100% wesistant to penicillin
G, 33.5% were resistant to ciprofloxacin, 33.5 %euesistant to amoxy
clavulanicacid, 27.5 % were resistant to cephaleXm5% were resistant
to cotrimoxazole, 26.5 % were resistant to cefomexi 24.5% were
resistant to doxycycline, 20.5 % were resistardrtokacin and 1% were

resistant to vancomycin.

Staphylococcus aureus isolates were 100% resigtapenicillin
and 100% sensitive to linezolid. Moderate levelasistance were seen to
amikacin, ciprofloxacin, doxycycline, co-trimoxaeol cephalexin,
cefotaxime and amoxy clavulanicacid. Very minimalsistance was

noted in vancomycin.

As evident from Table 3 and Chart 3 among 200 tssleof

staphylococcus aureus, 26% were resistant and Tefé sensitive to
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cefoxitin whereas 24% were found to be resistadt% were sensitive
to oxacillin as determined by disc diffusion metl@efoxitin disc
detected higher percentage of methicillin resissaphylococcus aureus
by disc diffusion method.

Among 200 staphylococcus aureus isolates74% MSSA 2696
MRSA were observed as given in Table 4 and Chart4.

Age wise distribution as given in Table 5 and €Bashows out
of 200 S.aureus isolates taken for study, 15.508bween 1-12 years,
9.50% between 13-20 years, 42.50% between 2led&ldsy 19.50%
between 41-60 years and 13% more than 60 yeageof a

Out of 52 MRSA isolates 9.61% were between 1-12syetl.54%
were between 13-20 years, 51.92% were between 3d, 15.38%
were between 41-60 years, and 11.54% were moresthgrars of age.

From this it is inferred that maximum staphylocac@ureus and
MRSA isolates were from the age group between 2Yetis followed
by 41-60 years age.

Among 52 MRSA isolates sex ratio was found to be3&3%
Males and 34.61 % Females .This is given in Tablan@ Chart 6
indicating predominance of MRSA among males.

As listed in Table 7 and Chart 7 out of 200 Stdptgccal isolates

40 % were isolated from wound infection, 9 % fromtaneous ulcer, 8 %
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from abscess, 7.5 % from cellulitis, 7.5 % from pu@tive otitis media,
6 % from pyoderma, 5% from urinary tract infectigt?o from

osteomyelitis, 3% from burns, 3% from septicemf, f2om pneumonia
1.5 % from gangrene, 1.5 % from vaginal infectiéa from necrotizing

fascitis, and 1% from septic arthritis.

MRSA were isolated from 44.23 % of wound infecti@t.54 % of
cutaneous ulcer, 9.62% of abscess, 7.69 % of m|ulr.69 % of
pyoderma , 5.77 % of osteomyelitis, and 3.85 %uahary tract
infection. Burns, septicemia, gangrene, necrotizif@scitis, and

suppurative otitis media cases constituted 1.9¥%RSA each.

It is inferred from the above data that wound itifats constituted

higher percentage of MRSA.

Analysis of clindamycin Resistance in 52 MRSA isetashowed
42.30% of inducible clindamycin Resistance, 30.760f4constitutive
clindamycin Resistance, and 26.92% were sensibiv@th erythromycin
and clindamycin. MS phenotype was not observedian in Table 8

and Chart 8.

Above observation shows that, inducible clindamyasistance
was reported in a higher percentage than consgtutlindamycin

resistance.
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TABLE NO.1

FREQUENCY OF STAPHYLOCOCCUS AUREUS

ISOLATES IN DIFFERENT SPECIMENS

n-200
Total no of S.aureus
Samples Percentage
isolates
Pus 175 87.5%
Urine 10 5%
Blood 6 3%
Sputum 4 2%
Vaginal swab 3 1.5%
Synovial fluid 2 1%
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ANTIBIOTIC SENSITIVITY PATTERN OF

TABLE 2

STAPHYLOCOCCUS AUREUS
n=200
Intermediate
Drugs Sensitive N Resistant
sensitive

Linezolid 200 (100%) - -
Vancomycin 198 (99%) - 2 (1%)
Amikacin 154 (77 %) | 5 (2.5 %) 41 (20.5%)
Doxycycline 146 (73%) 5 (2.5%) 49 (24.5%)
Cotrimoxazole 138 (69%) 7 (3.5%) 55 (27.5%)
Cephalexin 137 (68.5%) 8 (4%) 55 (27.5% )
Amoxy clavulanic acid 133 (66.5%) - 67 (33.5%)
Cefotaxime 128 (64%) 19 (9.5%) 53 (26.5%)
Ciprofloxacin 118 (59% ) 15 (7.5%) 67 (33.5%)
penicillin G - - 200 (100 % )
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TABLE-3

DETECTION OF METHICILLIN RESISTANCE BY DISC

DIFFUSION TEST USING OXACILLIN AND CEFOXITIN DISCS

n=200
Oxacillin (1ug)
Discdiffusion test Cefoxitin(30y) disc
disc
Resistant 52 (26 %) 48 (24 %)
Sensitive 148 (74 %) 152 (76%)

TABLE 4

PREVALENCE OF MRSA AMONG STAPHYLOCOCCUS

AUREUS ISOLATES

Total isolates MRSA MSSA

200 52 (26%) 148 (74%)
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TABLE -5

AGE WISE DISTRIBUTION OF MRSA

Total no of S.aureus

Age in years MRSA(52)
isolates(200)

1-12 31 (15.50%) 5 (9.61%)

13-20 19 (9.50%) 6 (11.54%)

21-40 85 (42.50%) 27 (51.92%)

41-60 39 (19.50%) 8 (15.38%)
> 60 26 (13.%) 6 (11.54%)

TABLE.6

GENDER DISTRIBUTION OF MRSA

Sex Total (200) MRSA (52)
Male 120 34 (65.38 %)
Female 80 18 (34.61%)
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TABLE-7

DISTRIBUTION OF MRSA AMONG VARIOUS INFECTIONS

Diseases Total (200) MRSA (52)
Wound infection 80 (40 %) 23 (44.23 %)
Cutaneous ulcer 18 (9 %) 6 (11.54 %)
Abscess 16 (8 %) 5 (9.62%)
Cellulitis 15 (7.5 %) 4 (7.69 %)
Pyoderma 12 (6 %) 4 (7.69 %)
Osteomyelitis 8 (4%) 3 (5.77 %)
Urinary tract infection 10 (5%) 2 (3.85 %)
Suppurative otitis media 15 (7.5 %) 1 (1.92%)
Burns 6 (3%) 1 (1.92%)
Septicemia 6 (3%) 1 (1.92%)
Gangrene 3 (1.5 %) 1 (1.92%)
Necrotizing fascitis 2 (1%) 1 (1.92%)
Pneumonia 4 (2%) 0 (0%)
Vaginal infection 3 (1.5%) 0 (0%)
Septic arthritis 2 (1%) 0 (0%)
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Table.8: Clindamycin Resistant phenotypes of MR§Mktest

Percentage
Susceptibility pattern (phenotype) MRSA(52)
(26%)
ERY R, CLI-S (D -Test positive; iMLS) 22 42.30%
ERY-R, CLI-R ( cMLSg) 16 30.76%
ERY-S, CLI-S (S - Phenotype ) 14 26.92%
ERYR, CLI-S (D —Test negative;MS
Nil 0 %
Phenotype)
ERY- R: Erythromycin resistant.
CLI-R : Clindamycin resistant
CLI-S: Clindamycin sensitive
ERY-S: Erythromycin sensitive.
IMLS .- Inducible Clindamycin resistance
CMLS - Constitutive Clindamycin resistance
S — Phenotype: Susceptible phenotype
MS phenotype- Macrolide Streptogramin (type B) istasice.
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CHART: 1

FREQUENCY OF STAPHYLOCOCCUS AUREL

ISOLATES IN DIFFERENT SPECIMEN
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CHART: 2
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CHART: 3
DETECTION OF METHICILLIN RESISTANCE BY DIS!
DIFFUSIONTEST USING OXACILLIN AND CEFOXITIN DISCS
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CHART: 4
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AUREUS ISOLATES
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CHART: 5

AGE WISE DISTRIBUTION OF MRS,
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CHART: 6
GENDER DISTRIBUTION OF MRS,
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CHART: 7
DISTRIBUTION OFMRSA AMONG VARIOUS INFECTIONS
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CHART: 8:

RESISTANT PHENOTYPES OF MRSA BY-TEST

MRSA 52

B Inducible clindamycin resistance
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DISCUSSION

MRSA is a major cause of hospital and community uaeql
infections. Clindamycin is an excellent drug toatreéot only serious
infections like sepsis, endocarditis, osteomyeglitmeumonia, and
staphylococcal scalded skin syndrome caused by MR8Also MSSA.

It is less expensive compared to newer antibiotics.

As it can be given orally it can be used in ougattherapy. Drugs
like tetracyclines and fluroquinolones are not addifor treating children
and pregnant women due to side effects. But cliydamis a treatment
of option in childrenand it can also be used in penicillin allergic

individual~®2

It is very necessary to distinguish between stajpodci having
inducible clindamycin resistance from those with M3henotype.
Because MS Phenotype in staphylococcal strains maa®sult in failure

of therapy, whereas it occurs in inducible clindamyesistance

D test is a simple, reliable and significant t&snsitivity of D test
performed at 15mm disk spacing is 100% corelated detection of erm

genes by polymerase chain reaction

In the present study 200 samples were processedeanls were

analysed.
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In this study majority of the staphylococcus auraselates
,(87.5%) were from pus samples while 5%, were fuome, 2% were
from sputum, 3%, were from blood, 1.5% were frongimal swab and
1% were from synovial fluid. This is supported b tstudy olVidyapai
et al 2011who has isolated 181(76.3%) of staphylococcususuire pus
samples followed by 28(11.81%) from urine, 17(7.)7fdm respiratory
specimen, 9(3.79%) from blood and 2(0.84%) fromybtidids®®. This
also correlates with the study conducted Awwupurba et al 2003,in
which, they have reporte8B1(69.39%) of staphylococcus aureus in pus
samples followed by 59 (10.74%) from urine, 25(4%)5from high
vaginal swab, 27(4.91%) from body fluids, and sput@3(4.18%}’.
Lakari Saikia et al 2009 has reported 46.67% of staphylococcus

aureus from pus and 42.86% from spuffim

The present study showed multidrug resistant patterf
staphylococcus aureus as amikacin 20.5%, ciprofioxa33.5%,
doxycycline 24.5%, cotrimoxazole 27.5%, cephel&Xitb % cefotaxime
26.5 %, penicillin G 100%, vancomycin 1% and amalgvulanic acid
33.5 %.The present study showed 100% sensitivitflinezolid. In
accordance with present studyhilpa Arora et al 2010 has reported
antimicrobial resistance of staphylococcus auresisamikacin(22%),

ciprofloxacin (52.8%) , cephelexin (56.8%) and ip#im(78.4%).
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Staphylococcus aureus was 99.2% sensitive to limeznd 100%
sensitive to vancomycih Adebayo O Shittu et al2006 in his study of
227 staphylococcus aureus isolates has reported@hisolates (30.8%)
were resistance to cotrimoxazole, 68 isolates (30¢)e resistant to
tetracycling’. Vidhani S. et al 2001 has documented 87% of
staphylococcus aureus isolates resistant to amiaxylenic acid, 100%

resistant to penicillin and 78.5% resistant to tafme”.

The present study showed 26% of MRSA among 200
staphylococcus aureus isolates. Hhb@ve data correlates with the result
of Vidyapai et al 2011who has documented 29.1% MRSA This is in
accordance with study @upta V et al 2009who has documented 25%
of MRSA among 200 staphylococcus aureus isdfateal N 2010 has
documented 31.60% of MRSA, Oommen S.K 2010 has reported
28.7% of MRSA®. Jadhav Savita Vivek et al 201has reported 32.5%
of MRSA®.In contraryAnupurba S et al 2003has reported 54.8% of

MRSA in their study’.

Presence of predisposing factors such as prolohgsgdital stay
and antibiotic intake as evidenced Mwathanraj etal may be the reason
for high MRSA report among inpatiefitsinvasive procedures and use

of resistant antibiotics results in bacteremia FR3A’.
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By disc diffusion method the present study show&th 2f MRSA
using efoxitin disc,and 24% of MRSA by oxacillin disc.
Similarly Shilpa Arora et al 2010 have detected 46% of MRSA by
cefoxitin disc diffusion method and 40.4% of MRSA bxacillin disc
diffusion method .This shows that cefoxitin is stgeto oxacillin in

detecting MRSA®.

Maximum number of MRSA isolates in this study wamong 21-
40 vyears (51.92%) followed by 4480 vyears (15.38%).
Similarly Gayathri Naik et al 2011studies report maximum number of
patients belong to the to age group of 21- 30 yetlnes males being

25.9% and females 22.%%

In the Present study among MRSA isolates 65.38 %e waales
and 34.61% were females. In the studyShaileshkumar et al 20159
% of males and 41 % of females infected with MR&& been reported
®1 Waness A in 2010has mentioned that MRSA infections have male
predilectior. This may be attributed to the increased mobiftthe male

population.

In this study highest MRSA is reported in woundettions
(44.23%). Orthopaedic patients operated for open fractureswst

highest incidence of wound infection followed bygery and obstetrics
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and gynaecologyShilpa Arora et al 2010isolated 54.8% of MRSA from
surgical units, and 27.8% from orthopaedic wdrdsShaileshkumar et
al isolatedMRSA, commonly from surgical site infection, ortlamalic

infection and bone fracturés

Mathanraj et al isolated highest number of MRSA in orthopaedic
ward and dermatology ward. Patients with extenski lesions are
heavy shedders of MRSA .So the rate was high imopeedic ward and
dermatology wardit was due to big surface area of denuded skin with
large inoculam of organism that can easily be tratted to other patients

via hands of health care work&rs

The common complications following all operativeogedure is
surgical site infections. Pre operative care, thmeatre sterility,
postoperative care, overcrowding, and the typaigjexy are some of the
factors which determine the surgical site infedioBontamination from
the external environment is the most probable medso the wound
infection Gayathri Naik et al 2011)%% In a study at AIMS New Delhi
Arti Tyagi et al 2008 has reportedhigh intensity of MRSA in ICU and
surgical units due to greatest antibiotic usdgeThe increased incidence
of MRSA in wound infection is due to the productiohPVL by MRSA

which is associated with tissue necrosis, leucocgistructioft.
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Clumping factor, coagulase and hyaluronidase hetpsvasion and
existence in tissuésHigher rate of MRSA carriage has been reported in
the surgical, orthopaedic, obstetric and gyneceohgivards®>®® This
might be attributed to prolonged hospital stay daoefractures and
operative proceduresJ B Sarma, G.U.Ahmed in 2010reported that
surgery is a risk factor as prophylactically usetlkaotics is irrationally
continued for several days which may account fa #tquisition of

MRSA®,

Present study showed higher rate (42.30%), of iidiC
clindamycin resistance than constitutive clindamyesistance (30.76%),
among MRSA. SimilarlyCiraj AM et al 2009 has reported 38% of
inducible clindamycin resistance and 15.3% of atutste clindamycin
resistanc®. Likewise Bidya Shresthaet al 2009has reported higher
percentage (44.4%) of inducible clindamycin resiséathan constitutive
clindamycin resistance (39.7%)Angel MR et al 2008 %° and Sureerat
Chelae 2009° have reported 37%, 35.9% of inducible clindamycin
resistance respectivelywvasanthi R et alhas reported17.3% of inducible
clindamycin resistance and 9.6% of constitutivaddimycin resistance
% Deotale et al 201Chave reported 14.5% of inducible clindamycin
resistance and 3.6% of constitutive clindamycinistaacé’. Jadhav

Savita Vivek et al 2011have reported 24.8% of inducible clindamycin
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resistance and 8.2% of constitutive clindamycinistaacé®. Kavitha
prabhu et al 2011 have documented 20% of inducible clindamycin

resistance and 16.6% of constitutive clindamycsistance.

Ajanta GS et al have documented high rate (74%) of inducible
clindamycin resistanéé Amruthkishan Upadhya et al 2011 have
documented high rate (61.08%) of inducible clindamyresistance in
their study?®. Shailesh kumar et al 2012eported 75% MRSA isolates
found to be IML$, The low constitutive resistance was that the deug i
not commonly used and so there is less selectimesi$tant straing' .
Contrasting results were published Bupta V et al 2009 who has
documented high rate of constitutive clindamycisig@nce (46%) than
inducible clindamycin resistance (20%)Hwan Sublim 2006 has
reported high rate of 78% in constitutive clindamyesistance and 19%
inducible clindamycin resistance (20%)Mohamad 2007 has reported
47.6% constitutive clindamycin resistance and 22.G#@ucible
clindamycin resistan¢g Angel MR et al 2008has not reported any

constitutive clindamycin resistance in their stiidy

The present study haven’t found out any MS Phemolykewise
Sureerat Chelae2009 has reported only 1.1 % of MS Phenotypen

contrary 7.97% of MS Phenotype has been reporteArbguthkishan
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Upadhya et al 2011%. Clindamycin susceptible rates are higher than
erythromycin regardless of methicillin suscepttgiliThe difference in
percentage of IMLS resistance and constitutive resistance is exmaine
by the difference in bacterial susceptibility inrieas geographical areas

and varied antibiotic prescription by the clinics3h

Staphylococcus aureus has emerged as a major cafuse
nosocomial infections for quite some time. Clindamyis a very useful
drug in treating skin and soft tissue infectionnsan be used in penicillin
allergic individual. It is a promising therapeutiption in the era of drug
resistance. The costly antibiotics like vancomycan be reserved for
severe illness.The erythromycin resistant Staplodoal isolates will be
misidentified as clindamycin sensitive if D testnst performed. To
avoid prescribing clindamycin to those who exhibinducible

clindamycin resistance, D test must be done rolytine

Giving false report that patient is infected withREA will lead to
fatal consequences due to inadequate therapy, agyemongly labelling
the patient infected with MSSA as MRSA will leaduowanted usage of

costly drugs like vancomycin.
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SUMMARY



SUMMARY

Majority of staphylococcus aureus were isolateanffgus samples
(87.5%).

Staphylococcus aureus was highly sensitive to dihez(100%)
and vancomycin (99%).

Antimicrobial sensitivity results showed that stgplcoccus
aureus were 100% resistant to penicillin.

Moderate level of antimicrobial resistance werensteamikacin
(20.5%), ciprofloxacin  (33.5%), doxycycline (24.5%)
cotrimoxazole (27.5%) , cephelexin( 27.5 %), cefote (26.5 %),
and amoxy clavulanic acid (33.5 %).

Cefoxitin disc detected higher percentage (26%Y1IBISA by disc
diffusion method on comparison to oxacillin disfusion method
which detected (24%) of MRSA.

Sex distribution revealed predominance of males3@%) over
females (34.61%) among the 200 staphylococcus auselates.
Among 52 MRSA maximum number of isolates were fitbw age
group between 21-40 years (51.92%) followed by @lyéars
(15.38%).

Wound infections constituted higher percentage 2@8%) of

MRSA followed by cutaneous ulcer (11.54%) and abs(8.62%).
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 MS Phenotype was not reported in the present ftngljrromycin
and clindamycin sensitivity was noted in 26.92 O9ghdir
percentage of inducible clindamycin resistance 3@%)was
reported in MRSA  than constitutive  clindamycin

resistance(30.76% ).
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CONCLUSION



CONCLUSION

Among the 200 staphylococcus aureisolates 26% were
methicillin resistant. Analysis of clindamycin ance in 52 MRSA
isolates showed 42.30% of inducible clindamycinistesice. These
iIsolates are seemed to be susceptible to clindamyti vitro but,
treatment failure occurs when this drug is institlias invivo therapy.
MRSA infection in surgical site is commonly notédultidrug resistance
to commonly used drugs like ciprofloxacin, amikaadoxycycline and
cotrimoxazole are to be noted with concern.

Staphylococcus aureus is a leading cause of hbspiguired
infections including pneumonia, endocarditis, betea, and surgical
wound infections. The problem is exacerbated byathkty of the MRSA

to colonize the individuals years together andanteem frequently.

The increase in staphylococcus aureus infectioras asitcome of
organism's ability to adapt to a changing environinaad its capability to
spread. MRSA is a threat not only to immunocompsaai individuals,
but also to general public. Moreover emergencewd-tesistance among

MRSA is now a major concern.

So detection of methicillin resistance in staphgloous aureus is

very important for treating patients and to prevenspread.

75



Drugs like clindamycin are needed to stem the sever
consequences of MRSA. Use of clindamycin avoidglhgomtravenous
glycopeptides for treating MRSA. Clindamycin is@atment of option in
children. It can be used in penicillin allergic mdual. It has good oral
bioavailability. So it can be used by clinicians agpatient therapy as

well as to switchover after intravenous antibiotitgiospitalized patients.

The pattern of clindamycin resistance to MRSA \airedifferent
regions. When clindamycin is considered for therathe kind of
resistance (inducible or constitutive clindamya@sistance) which exists
to be detected.

‘D test’ is absolutely necessary in microbiologpdaatories. This
Is because it avoids misinterpretation of clindammyesistance by clearly
delineating inducible clindamycin resistance fromonstitutive
clindamycin resistance. Moreover it is simple, ca$tctive, and reliable.

So ‘D’ test is suggested along with routine anticisusceptibility
testing to detect inducible clindamycin resistanaed thus avoid

treatment failure. Hence this study was done.
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PROFORMA
Name
Age:
Sex
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Diagnosis of the patient
Specimen
Laboratory analysis:
Microscopy:
Culture:
Biochemical reactions:
Antibiomicrobial sensitivity:

Interpretation:

Details of Investigator:

Name:

Date:
IP /OP No:

Ward:
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PROTOCOL

Study Design — Prospective Cohort study
Study Materials — 200 Staphylococcus aureus isolate
Methodology-

All Clinical samples

l

Direct smear study culture isolation

Gram stain Biochemical identification
Stafgigpccus aureus
Antibiotic sensitivity test
MRSA
‘D’ Test

(Disc approximation test -Erythromycin,clindamydiisc )

Erythromycin resistant  Erythromycin resistant Erythromycin resistant Erythromycin sengtiv
Clindamycin sensitive  Clindamycin sensitive  Clindamycin resistant  Clindamycin sési

‘D’ Test positive ‘D’ Test negative

‘ | | |

Inducible Clindamycin MS phenotype Consivie resistance  No resistance

resistance



MASTER CHART



Type of

CD Susceptibility in
MRSA

S.NO | AGE SEX WARD DIAGNOSIS SAMPLE| ) R CR EcDS DRUG -S DRUG-IS DRUG -R
R P AMC
WOUND PUS MRSA LZ,VAN,AK,CIP,DO, ' '
1 26 F 0G INFEGTION - | CcrR - coT CN,CTX,
AMC,CTX, AK - P, CN,CIP
2 3 M/CH | SURGERY BURNS PUS MSSA - - - L7 VAN.DO,COT
FOURNIERS LZ,VAN,AK,CIP,DO, |- P
3 61 M SURGERY | G ANGRENE PUS MSSA | - | - - COT .CN.CTX,AMC
LZ,VAN,AK,CIP,DO, |- P
4 14 M SURGERY ABSCESS PUS MSSA | COT CN.CTX AMC
5 38 M ORTHO WOUND PUS MRSA | | E'gD' LZ VAN,AK, ) P.AMC, CIP
INFECTION DO,COT ,CN, CTX,
WOUND LZ,VAN,AK,CIP,DO, |- P,COT
6 34 F 0G INFECTION PUS MSSA ) ) ) CN,CTX,AMC
- P
LZ,VAN,AK,CIP,DO,
7 27 M MEDICINE FURUNCLE PUS MSSA| - - - COT CON.CTX AMC
8 34 M ORTHO WOUND PUS MSSA | - - - chc')VTAg’r\/? PéTC;(PA?A% - ]
INFECTION CNLGTA,
LZ VAN,AK,CIP,DO, |- P
9 25 M SURGERY ABSCESS PUS MSSA -|  COT ,CN,CTX,AMC
LZ VAN,AK,CIP,DO, |- P
10 5 M/CH ENT ASOM PUS MSSA| - - - COT ,CN,CTX,AMC
WOUND PUS P, AMC,AK,CIP,
11 50 M ORTHO INFEGTION MRSA | IR | - - LZ,VAN coT ON.CTX DD
23 WOUND LZ,VAN,AK,CIP,DO,
12 F 0G INFECTION PUS MSSA | - | - - COT .CN.CTX,AMC - P
13 44 F SURGERY CELLULITIS PUS MSSA| - - .| LZVANAKCIP,DO, - P

COT ,CN,CTX,AMC




P, AMC,AK,CIP,

14 29 M SURGERY| NECROTIZING PUS MRSA | IR | - ] LZ VAN ] CN,CTX,DO,CO
FASCITIS T
WOUND LZ,VAN,AK,CIP,DO,
15 37 F oG INFECTION PUS MSSA ) ) ) COT ,CN,CTX,AMC ) P
P, AMC, AK,CIP
WOUND PUS ' AR
16 35 M ORTHO INFECTION MRSA | IR - - LZ,VAN - CN,CT)_I(_,DO,CO
17 25 M ORTHO WOUND PUS MSSA - - - LZ,VAN,CIP,COT,CN AK P, AMC DO,CTX
INFECTION : il : : '
18 45 M SURGERY CELLULITIS PUS MRSA - . | BCD- LZ,VAN,AK,CIP,DO, - P,AMC,CTX
S CN,COT
WOUND PUS P,AMC,COT,
19 35 M SURGERY| |\ EECTION MRSA | IR - - LZ,VAN,AK DO, CTX, CIP.CN .
WOUND LZ,VAN,AK,CIP,DO,
20 23 F SURGERY| |\ FECTION PUS MSSA ) ) ) COT ,CN,CTX,AMC ) P
LZ,VAN,AK,CIP,DO,
21 62 M SURGERY ABSCESS PUS MSSA - COT .CN.CTX AMC - P
WOUND MSSA AK, DO,
22 58 M ORTHO INFECTION PUS - - - CN.CTX, VAN,LZ CIP P,AMC,COT
OSTEOMYELITI PUS LZ,VAN,AK,CIP,DO,
23 20 F ORTHO S MSSA - - - COT .CN.CTX AMC - P
WOUND PUS LZ,VAN,AK,DO,COT
24 4 M/CH SURGERY| |\ EECTION MSSA - - - CN.CTX AMC CIP P,
WOUND PUS LZ,VAN,AK,DO,COT
25 45 F ORTHO INFECTION MSSA - - - CN.CTX AMC CIP P
PUS LZ,VAN,AK,CIP,DO,
26 36 F SURGERY CELLULITIS MSSA - - - COT .CN.CTXAMC. - P
WOUND PUS LZ,VAN,AK,CIP AMC, P, COT,
27 80 M ORTHO INFECTION MRSA - | CR ) CTX ) DO,CN,




E,CD-
' LZ,VAN,AK,CIP,DO,
28 28 M SURGERY ULCER LEG PUS MSSA 1 s COT CNLCTX AMC - P
P,AMC,CN,AK
29 30 F NEggf;OL ULCiFF{z,\Fj'GHT PUS MRSA | - | CcR| - LZ, ] CIP, VAN.CTX,
DO, COT
PAEDIATR PUS LZ,VAN,AK,CIP,DO,
30 2 FCH e ASOM MSSA | - | - - COT CNLCTX AMC - P
31 45 F SURGERY| GANGRENE PUS MSSA | - | - - LZVAN.AK.DO.COT | ~b o1x P
CN, AMC
URINARY
32 30 F MEDICINE TRACT URINE MRSA | - | CR - LZ VAN,CN, CTX P*AE"S'CAgT’C'P
INFECTION ’
URINARY
33 32 F MEDICINE TRACT URINE MSSA | - | - - L(:Z(’)\#AE’Q*ETC;(PA?A% - P
INFECTION N A,
WOUND PUS LZ,VAN,AK,DO,COT
34 29 F 0G INFECTION MSSA ) ) ) CN,CTX,AMC ) P.CIP
URINARY
35 25 F MEDICINE TRACT URINE MSSA | - | - - LZ’Véﬁfﬁﬁg’CN' ; P.CIP,COT
INFECTION *
TRANSIENT P, AMC,
36 dgos FCH PAEIg'SATR NEONATAL PUS MRSA | - | CR - LZ,VAN,AK,CIP,DO, CTX,CN CoT,
y PUSTULOSIS
WOUND E,CD- LZ, AK, DO CIP
37 45 F ORTHO INFECTION PUS MRSA | - | - s 2ot ON oTx P, AMC VAN,
15 E,CD- LZ,VAN,AK,DO P, AMC
38 days | FCH | SURGERY ABSCESS PUS MRSA 1 s COT CTX S
MRSA
WOUND P,AMC,CN,CTX,
39 33 M SURGERY| |\ Fection PUS cO:>)<(-_FSe IR | - ; LZ VAN - AK CIP. DO.COT
P,AMC,CN,AK,
40 80 M SURGERY| ULCER FOOT PUS MRSA CR - CTX, \ZAN, ; b0, CIP. COT
ORAL MRSA LZ,VAN,AK,CIP,COT
41 40 M SURGERY| CARCINOMA PUS - | Ccr ; N ; P, AMC, DO,
WITH ULCER '




PUS

LZ VAN,AK,DO,COT

42 25 M ENT ASOM MSSA | - | - N T AMG ; P.CIP
WOUND PUS LZ.VAN.AK,DO
43 52 M ORTHO |  (V2UR2 MSSA | - | - RO AME cIp P.COT
CTX. CN.DO,
44 11 FCH | SURGERY| ULCER scaLp "YS MSSA | | . COT, LZ, VAN AK,
CIP.P,AMC
WOUND PUS MSSA CTX.CN.COT, P,
45 50 M SURGERY|  VOIND |- VAN,DO LZ AMC 1P AK.
46 35 M SURGERY ULCEERGLEFT PUS MSSA | - | - LZ.VAN.COT.CN.CTX AK’%'P’D P.AMC,
SUPPURATIVE
OTITIS PUS LZ VAN, CIP, COT
47 87 M ENT VAL MSSA | - | - N AV AK.DO P.CTX
OSTEOMYELITI | PUS MSSA LZ.VAN.AK,CIP.DO,
48 62 M ORTHO S ) ) COT ,CN,CTX,AMC P
WOUND PUS MSSA P. DO, COT, CIP,
49 80 F orTHO | | WOUNZ |- LZ VAN.AK,AMC CTX S
WOUND PUS MSSA
50 21 F 0G Rpcachy:y |- LZ VAN,AK .COT CTX.CN | P.AMC.CIP, DO
P.AMC
ORTHO WOUND PUS coT » AMC,
51 50 M Rpcachy:y MSSA | - | - LZ VAN AK CN,CTX CIP, DO
WOUND CIP,
52 50 M ORTHO |  (WVOURD PUS MRSA CR LZ.VAN. DO CoteTx | PrAMC, CNAK
WOUND P.CN,CTX AMC,
53 25 F OorTHO | | WOUNZ PUS MRSA | IR| - LZ. VAN ACCIP COr DO
URINARY P. AMC
54 15 M MEDICINE TRACT URINE | MRSA | IR | - LZ. VAN, DO,COT CN,CTX,
INFECTION AK_CIP
WOUND LZ.VAN.AK,CIP.DO,
55 23 M ORTHO |  (V2UR2 PUS MSSA | - | - N AMC CTX.COT p
28/36 PAEDIATR LZ.VAN.AK,CIP.DO,CO
56 . FCH e SEPTICEMIA | BLOOD | MSSA | - | - N CTX AMC p




PUS

LZ VAN,AK,CIP,DO,CO

57 50 F SURGERY BURNS MSSA - - T CN.CTX AMC P
WOUND PUS LZ,VAN,AK,CIP,DO,CO
58 32 M MEDICINE INFECTION MSSA ) ) T ,CN,CTX,AMC P
URINARY
59 29 F MEDICINE TRACT URINE | MSSA | - | - LZ'\4A('\§’[\|AE’TC)'(PA'E\)A%CO p
INFECTION = :
25 WOUND LZ,VAN,AK,CIP,DO,CO
60 M SURGERY INFECTION PUS MSSA ) ) T ,CN,CTX,AMC P
34 WOUND PUS LZ,VAN,AK,CIP,DO,CO
61 F SURGERY INFECTION MSSA ) ) T ,CN,CTX,AMC P
CELLULITIS PUS LZ,VAN,AK,CIP,DO,CO
62 50 M MEDICINE MSSA - - T CN.CTX AMC P
WOUND PUS LZ,VAN,AK,DO
63 20 F ORTHO INFECTION MSSA - - CN.CTX AMC COT,CIP P
64 WOUND PUS LZ,VAN,AK,CIP,DO,CO
35 F ORTHO INFECTION MSSA ) ) T ,CN,CTX,AMC P
Pl
65 20 M ORTHO AFI;ESLC\Z/EICS:S PUS MRSA | IR - LZ,VAN AMC,CN,CTX,
AK,CIP ,DO,COT
URINARY CTX.CIP
66 9 MCH SURGERY TRACT URINE MSSA - - LZ,VAN, DO,COT,AK oN P, AMC
INFECTION
P, AMC
67 18 M ORTHO lN";’ggﬁgN PUS MRSA | IR - LZ,VAN ,CN,CTX,
AK,CIP,DO,COT
M P, AMC
68 19 SURGERY ULCER PUS MRSA -| CR LZ,VAN CN,CTX,
AK,CIP,DO,COT
LZ,VAN,AK,CIP,DO,
69 51 M SURGERY CELLULITIS PUS MSSA - - COT .CN.CTX AMC P
WOUND P, AMC,
70 38 M ORTHO INFECTION PUS MRSA - | CR LZ,VAN,AK, CTX ,CN CIP.DO.COT,
P1
WOUND AMC,CN,CTX,
71 31 M ORTHO INFECTION PUS MRSA - | CR LZ,VAN AK CIP.

DO,COT




WOUND

PUS

LZ,VAN,DO,AMC

72 22 F oG INFECTION MSSA CTX, CN P,CIP,AK,COT,
PUS AK,
73 63 M MEDICINE FURUNCLE MSSA LZ,VAN,CN,CTX,AMC DO P
,COT,CIP
WOUND PUS LZ,VAN,AK,CIP,DO,
4 9 FCH ORTHO INFECTION MSSA COT ,CN,CTX,AMC P
DO
WOUND PUS LZ,VAN,AK,
75 25 F oG INEECTION MSSA CNLAMC CO'_I;_,)((:IP,C P,
WOUND PUS LZ,VAN,AK,CIP,DO,
76 13 F SURGERY INFECTION MSSA COT ,CN,CTX,AMC P
PUS LZ,VAN,AK,CIP,DO,
77 40 M SURGERY CELLULITIS MSSA COT .CN,CTX.AMC P
WOUND PUS LZ,VAN,AK,CIP,DO,
8 4YR MCH SURGERY INFECTION MSSA COT ,CN,CTX,AMC P
SEPTIC SYNOVIA LZ,VAN,AK,CIP,DO,
9 15 F ORTHO ARTHRITIS L FLUID MSSA COT ,CN,CTX,AMC P
TONSILLAR PUS LZ,VAN,AK,CIP,DO,
80 8 MCH ENT ABSCESS MSSA COT ,CN,CTX,AMC P
WOUND PUS LZ,VAN,AK,CIP,DO,
81 46 M ORTHO INFECTION MSSA COT ,CN,CTX,AMC P
LZ VAN,AK,CIP,DO
WOUND PUS ' P,
82 22 F oG INEECTION MSSA COT ,CN,CTX,AMC P
STUMP ULCER PUS LZ,VAN,AK,CIP,DO,
83 20 F ORTHO | WITH WOUND MSSA COT ,CN,CTX,AMC P
INFECTION
PUS LZ VAN,AK,CIP,DO,CO
84 75 F SURGERY ABSCESS MSSA T ,CN,CTX,AMC P
PUS LZ,VAN,AK,CIP,DO,CO
85 21 F ENT CSOM MSSA T.CN,CTX.AMC P
PUS LZ VAN,AK,CIP,DO,CO
86 12 F SURGERY BURNS MSSA T, CN,CTX,AMC P




PUS LZ VAN,AK,CIP,DO,CO
87 40 F SURGERY|  CELLULITIS MSSA | - T, CN,CTX,AMC P
MRSA P, AMC,
88 24 F SKIN FURUNCLE PUS | CX-R | IR LZ, VAN CN,CTX
OX-S AK,CIP,DO,COT
ABSCESS LEFT LZ,VAN,AK,CIP,DO,CO
89 50 M SURGERY THIcH PUS MSSA | - T CN.CTX AMG P
VAGINAL LZ VAN,AK,CIP,DO,CO
90 15 F MEDICINE|  VAGINITIS Swag | MSSA | - T, CN,CTX,AMC P
LZ VAN,AK,CIP,DO,CO
91 64 M SURGERY| ULCER FOOT MSSA - T, CN,CTX,AMC P
WOUND LZ VAN,AK,CIP,DO,CO
92 47 M ORTHO INEECTION PUS MSSA | - T, CN,CTX,AMC P
WOUND LZ VAN,AK,CIP,DO,CO
93 9 FCH | SURGERY|  Z=otion PUS MSSA | - T, CN,CTX,AMC P
LZ VAN,AK,CIP,DO,CO
94 70 M MEDICINE | PNEUMONIA | SPUTUM| MSSA| - T, CN,CTX,AMC P
LZ VAN,AK,CIP,DO,CO
95 2 FCH PAEIg'SATR IMPETIGO PUS MSSA | - T, CN,CTX,AMC P
WOUND P,CN,CTX,AMC,
96 24 F ORTHO | |\CECTION PUS MRSA | IR LZ, VAN AKCIP DO.COT
WOUND PUS LZ,VAN,AK,CIP,DO,CO
o7 55 F ©G INFECTION MSSA | - T, CN,CTX,AMC P
WOUND PUS LZ,VAN,AK,CIP,DO,CO
%8 43 M ORTHO INFECTION MSSA | - T, CN,CTX,AMC P
GLUTEAL PUS LZ,VAN,AK,CIP,DO,CO
99 17 M SURGERY|  rocrres MSSA | - T CN.CTX AMG P
LZ, VAN,AK,CIP,DO,CO
100 39 M MEDICINE | PNEUMONIA | SPUTUM| MSSA| - T, CN,CTX,AMC P




LZ,VAN,AK,CIP,DO,CO

101 45 F SKIN FURUNCLE PUS MSSA - - - T, CN,CTX,AMC p
LZ,VAN,AK,CIP,DO,CO
MILIARY MSSA : T
102 1 MCH SURGERY| 5 /sTULOSIS PUS - - - T, CN,CTX,AMC p
MSSA LZ,VAN,AK,CIP,DO,CO
103 12 M ENT CSOM PUS - - - T CN.CTX AMC p
HIGH MSSA LZ,VAN,AK,CIP,DO,CO
104 25 F oG VAGINITIS | VAGINAL - - - : A p
T, CN,CTX,AMC
SWAB
WOUND MSSA LZ,VAN,CIP,DO,COT,
105 65 M SURGERY| |\ FECTION PUS - - - CN.CTX AMC P,AK
PLASTIC MSSA LZ,VAN,AK,CIP,DO,CO
106 12 MCH 1 suRGERY BURNS PUS ) i i T, CN,CTX,AMC P
TROPHIC MSSA LZ,VAN,AK,CIP,DO,CO
107 32 M SKIN ULCER PUS ) ) ) T, CN,CTX,AMC P
AURAL MSSA LZ,VAN,AK,CIP,DO,CO
108 13 M ENT ASOM SWAB ) i i T, CN,CTX,AMC P
OSTEOMYELITI P AMC, CN,
109 28 F ORTHO S BOTH PUS MRSA | IR - - LZ,VAN,AK coT CTX CIP DO
CALCANEUM i
E,CD-
110 35 F SURGERY CELLULITIS PUS MRSA| - - S LZ’VAN’AKT’C'P’DO'CO P'Ag"%(c'\"
WOUND P,AMC, DO,
111 27 M ORTHO INFECTION PUS MRSA | IR| - - LZ,VAN CN, CTX, COT AK, CIP.
NEUROSU MSSA LZ,VAN,AK,DO,COT,
112 19 M RGERY BEDSORES PUS - - - CN.CTX.AMC P,CIP
WOUND MSSA LZ,VAN,AK,CIP,DO,CO
113 33 M ORTHO INFECTION PUS ) ) ) T, CN,CTX,AMC P
114 60 F SURGERY DIABETIC PUS MRSA - | CR - LZ,VAN,AK,COT CTX P.AMC,CIP,DO,
ULCER CN,
PAEDIATR SLE WITH LZ,VAN,DO,COT,
115 8 FCH ICS SKIN ULCERS PUS MSSA | - | - - CN.CTX.AMC cIP P, AK




WOUND PUS LZ.VAN.AK,CIP.DO, P. AMC.CN,
116 45 M SURGERY| 4002 MSSA | - | - ; Lo iy
MRSA E.CD-
117 20 F MEDICINE|  FURUNCLE PUS CXR | - | - S LZ'VAN’AKf'P'DO'CO CTX P.AMC.CN,
OX-S
OSTEOMYELITI | PUS LZ.VAN.AK,DO,
118 32 M ORTHO i\ MSSA | - | - ] N T MG P.CIP,COT
21day WOUND PUS MRSA P.AMC.AK,COT,
119 : MCH | SURGERY | | WOUNZ - | cr| - LZ.VAN.DO, cIp Ay
P AMC.AK.COT,
120 | 38 M ORTHO OSTEO&"YEL'T' PUS MRSA| | cr| - VAN,LZ CN,CTX.CIP,
DO,
P AMC.AK. CIP .
121 31 M ORTHO OSTEO&"YEL'T' PUS MRSA | |r ] VAN,LZ DO.COT,
CN.CTX,
PERITONITISA |  PUS MRSA P.AMC.COT.CN,
122 37 M ORTHO  oroa IR ] AK, VAN,LZ P00,
SEPTIC SYNOVIA AMC.AK, DO, CN,
123 71 M ORTHO | ,SETIE | SYNOWA | mssa | - | - ] AN P.CIP,COT,CTX
124 3[22” FCH PAEIg'SATR ABSCESS PUS MRSA| R | - - LZ, CIP,DO VAN cncTx | PAMCAK.COT,
P.AMC.,
125 62 M SKIN PYODERMA PUS MRSA | R | - ; LZ VAN, AK CIP,COT, DO,
CN,CTX,
P.AMC.AK, CIP
WOUND PUS MRSA AMC,AK, CIP,
126 21 M orTHO | VOO R | - ; LZ.VAN.COT DO CN,CTX,
OSTEOMYELITI |  PUS LZ.VAN.AK,CIP.DO,CO
127 39 M ORTHO A MSSA | - | - ; TON. Avie P.CTX
LZ.VAN.AK,CIP.DO,CO
128 61 M SURGERY| ULCER FOOT PUS MSSA ; N CTX AMC P
LZ VAN.AK.CIP.
129 24 F 0G lN";’SgﬁgN PUS MSSA | IR DO, CN, P.COT
CTX AMC
WOUND LZ.VAN.CIP,COT,
130 24 F 0G NeeenoN PUS MSSA N CTX AC P.AK,DO




LZ VAN,AK,CIP,DO,CO

131 56 MEDICINE | PNEUMONIA | SPUTUM| MSSA N CTY AME p
GLUTEAL LZ,VAN,AK,COT,
132 38 SURGERY|  SoJTEAC PUS MSSA N O A P.DO.CIP
POST
133 14 ORTHO | CELLULITIS PUS MSSA LZ,VAN.AK,CIP,DO,CO p
T. CN,CTX,AMC
ULCER
WOUND LZ VAN AK,
134 68 OrTHO | | WOURD PUS MSSA DO.EN CTx. COT. P. AMC CIP,
WOUND LZ,VAN,AK,DO.COT,
135 13 ORTHO | | WOURD PUS MSSA s P.CN.CTX.CIP
LZ VAN,AK.CIP.DO,CO
136 52 SURGERY|  CELLULITIS PUS MSSA Y A p
WOUND LZ VAN AK,
137 27 0G RSachel PUS MSSA CaeaX At P .DO.CIP,COT
WOUND LZ VAN,AK.CIP.DO,CO
138 40 ORTHO | \\FeCTION PUS MSSA T, CN,CTX,AMC P
LZ VAN,AK.CIP.DO,
139 50 MEDICINE BEDSORE PUS MSSA ot M Ty A p
53 LZ VAN,AK.CIP.DO,
140 ENT CSOM PUS MSSA ot e Ty A p
P AMC |
141 | 20 ORTHO WOUND PUS MSSA LZ.VAN,AK.CIP.DO CN.CTX.
INFECTION
COoT,
58 LZ VAN,AK.CIP.DO,
142 SKIN PYODERMA PUS MSSA ot oM Ty A p
55 OSTEOMYELITI LZ VAN,AK,COT,
143 ORTHO . PUS MSSA gy P, DO.CIP
60 LZ VAN,AK.CIP.DO,
144 MEDICINE | ULCER FOOT PUS MSSA ot o Ty A p
23 LZ.VAN,CIP,
145 MEDICINE | PYODERMA PUS MSSA s P.AK.DO ,COT
s | 36 ORTHO WOUND oUS VSSA LZ VAN,AK.CIP.DO, 5

INFECTION

COT, CN,CTX,AMC




WOUND

LZ VAN,AK,CIP,DO,

147 21 M ORTHO | \\FECTION PUS MSSA COT, CN.CTX,AMC P
LZ,VAN,AK,CIP,DO,
148 37 M SURGERY ABSCESS PUS MSSA COT. CN.CTX AMC P
WOUND MRSA LZ,VAN,AK,DO P ,AMC,CN,CTX
149 40 F 0G INFECTION PUS OX-S, | IR cIp cor
CX-R
150 23 F ENT CSOM PUS MSSA LZ’VAN’(’?S*TC'P’DO' CTX P, AMC, CN,
WOUND MSSA LZ,VAN,AK,CIP,DO,
151 22 F 0G INFECTION PUS COT, CN,CTX,AMC P
152 45 M SKIN CELLULITIS PUS MSSA LZ, VAN, DO, AK P,AMC, COT,CIP
CN,CTX,
MSSA LZ,VAN,AK,CIP,DO,
153 42 F SURGERY| ULCER FOOT PUS ONLCTXAMC P .COT
PAEDIATR MSSA LZ,VAN,DO,
154 2 FCH e SEPTICAEMIA | BLOOD COT. N CTXAMC P AK,CIP
PAEDIATR MRSA P, AMC
155 | 5dayS M e SEPTICAEMIA | BLOOD ECDS LZ VAN, AK CN,CTX,COT.D
0,CIP
MSSA LZ,VAN,AK,CIP,DO,
156 70 M MEDICINE | SEPTICAEMIA | BLOOD COT. CNLCTX AMC P
MSSA LZ,VAN,AK,COT,
157 60 M MEDICINE | SEPTICAEMIA | BLOOD CNLCTX AMC P, DO,CIP,
URINARY
158 dffs M NICU TRACT URINE | MSSA LZ’\4A2;\‘|\E*TC)'(PA’?A%CO P
y INFECTION LN,
URINARY
159 77 M MEDICINE TRACT URINE | MSSA éﬁgﬁ)ﬁ'mc P,DO,CIP,COT
INFECTION ke
URINARY
160 24 F 0G TRACT URINE | MSSA LZ'V’é'\(')’ﬁKA(I:’A'g'DO' P, CTX ,CN
INFECTION '
PAEDIATR MSSA LZ,VAN,AK,CIP,DO,CO
161 5 MCH e SEPTICAEMIA | BLOOD T CN.CTX AMC P




MSSA

LZ VAN,AK,CIP,DO,CO

162 21 F ENT CSOM PUS N G AMC p
CSOM WITH MSSA LZ VAN,AK, DO,
163 28 F ENT A PUS N TR ANC P.CIP,COT
MSSA LZ,VAN,AK.CIP.DO,CO
164 40 M SURGERY|  CELLULITIS PUS N G AMC P,
BREAST MSSA LZ.VAN,AK, DO.COT,
165 24 F SURGERY| AT PUS AN P. CTX.CN .CIP
MSSA LZ VAN,AK.CIP.DO,CO
166 64 M MEDICINE | FURUNCLE PUS N G AMC p
167 23 M ENT ASOM pus | MSSA LZ,VAN,AK,CIP,DO, P.AMC,COT
CN.CTX
MSSA LZ,VAN,AK,CIP.DO,CO
168 30 M SURGERY UTI URINE N G AMC p
WOUND PUS MSSA LZ.VAN,AK.CIP.DO,CO
169 5 MCH | SURGERY| |\ rEcTION T, CN,CTX,AMC P
WOUND PUS MSSA LZ VAN,AK,CIP.DO,CO
170 5 MCH | SURGERY|  WOUND N AMC P.CTX
171 WOUND PUS LZ. VAN, DO.COT,
30 M ORTHO NeEanoN MSSA N G ANC P.AK.CIP
1721 g4 M SURGERY | CELLULITIS PUS MRSA E.CD- 1| 7 VAN, DO.COT P, AMC, CIP.AK
S CN.CTX
P.AMC.CIP.
173 65 M ORTHO INVI\:/I(E)CLZJ'N(D)N PUS MRSA | |r LZ VAN .AK COT.DO
CN.CTX
174 WOUND PUS MRSA E.CD- P. AMC, AK, CIP
28 F 0G INFECTION S LZ, VAN, DO,COT CN,CTX
P, AMC .CN,
51 o3 F 0G INVI\:’Sg#gN PUS MRSA E'gD' LZ. VAN, AK CTX,
COT.DO.CIP
176 WOUND PUS LZ VAN,AK.CIP.DO,
35 M ORTHO RSachel MSSA ot oN P.AMC .CTX
P, AMC,
L M SURGERY GA:;'SSENE PUS MRSA | |r LZ. VAN, AK COT.DO

CN,CTX, CIP




P, AMC ,CN,

178 23 F ENT CSOM PUS MRSA CR LZ. VAN CTX,
COT.DO.CIP AK
PUS LZ VAN,AK.CIP.DO,
179 65 F SURGERY BURNS MSSA o e P.CN.CTX
P AMC.COT
180 21 M ORTHO INVI\:’SgﬂgN PUS MRSA ECD-S LZ VAN DO.CIP AK
CN.CTX,
WOUND PUS LZ VAN,AK.CIP.DO,
181 2 FCH | SURGERY| \\rECTION MSSA COT, CN,CTX,AMC P
P AMC.COT DO,
182 1 44 M SKIN TSEgEHFLC PUS MRSA E'gD' LZ VAN CN, CTX ,
CIP.AK
183 WOUND PUS LZ VAN, AK.CIP
25 M ORTHO INFECTION MSSA DO,COT, CN.CTX,AMC P,
P AMC.COT DO,
184 1 64 M SURGERY | CELLULITIS PUS MRSA CR LZ,VAN CIP AK,
CN,CTX
185 PUS LZ VAN,AK,COT,
63 M SURGERY | CELLULITIS MSSA N o A P, DO.CIP
P. CN, CTX
186 | 44 M SURGERY ABSCESS PUS MRSA E'gD' LZ.VAN, CIP COT.DO AK AM
C
LZ VAN, .DO.
187 1 44 M MEDICINE | PNEUMONIA | SPUTUM | MSSA COT, CN, P'CAlpK
CTX.AMC :
188 WOUND PUS LZ VAN,AK.CIP.DO,
35 F ORTHO INFECTION MSSA COT, CN,CTX,AMC P
LZ VAN.AK.CIP.DO,
189 | o3 F 0G VAGINITIS | YAGINAL | \issa CN.CTX .AMC P,
SWAB
coT
PUS LZ VAN,AK.CIP.DO,CO
190 61 M ENT CSOM MSSA oy A p
VENOUS PUS MSSA LZ VAN,AK.CIP.DO,CO
191 s1 M MEDICINE | ) cER PUO T, CN,CTX,AMC P
10 48 . T csom PUS MSSA LZ VAN,AK.CIP.DO,CO 5

T, CN,CTX,AMC




WOUND

PUS

LZ VAN,AK,CIP,DO,CO

193 20 M ORTHO | | WOURD MSSA ¥ CN,CTX.AMC.P
PUS LZ VAN,AK.CIP.DO,
194 45 M SURGERY ABSCESS MSSA o oM ST AME p
NECROTISING PUS LZ VAN,AK,COT,
195 40 M sUrRGERY| NECROTIST MSSA N o A P, DO.CIP
10mo WOUND PUS LZ VAN,AK.CIP.DO,
196 | “hihs | FCH ORTHO INFECTION MSSA COT, CN.CTX,AMC P
WOUND PUS LZ VAN,AK.DO
197 12 | MCH | SURGERY|  JVOUND MSSA RN P.CIP.COT
P.AMC.COT.DO,
198 18 M ORTHO INVI\:/ISCLZJ'”(D)N PUS MRSA | |r LZ VAN.CIP AK
CN,CTX
199 51 M SURGERY BURNS PUS MRSA ECD- 1| 7vaN, DO,COT P, AMC, CIP.AK
S CN.CTX
200 A CH ORTHO WOUND PUS MSSA LZ VAN,AK.CIP.DO, 5

INFECTION

COT, CN,CTX,AMC




Compar ative study of inducible and constitutive clindamycin

resistance among methicillin resistant staphylococcus aureusisolates

ABSTRACT

INTRODUCTION: Staphylococcus aureus is the commonly encountegdtbgen
isolated from clinical specimens.Methicillin Resist Staphylococcus aureus
(MRSA)causes variety of human infections resultinghigh rate of mortality and
morbidity.Clindamycin, lincosamide antibiotic isgaod option for clinicians to treat
MRSA infectionsAIMS AND OBJECTIVES:The aim of the study was to screen for
MRSA by disc diffusion method with cefoxitin andamwillin discs and to determine
the prevalence of inducible clindamycin resistarmeel constitutive clindamycin
resistance in MRSA and compare theATERIALS AND METHODS:200
staphylococcus aureus were isolated from samptesplus, blood, sputum, vaginal
swab, urine and body fluids received in microbigladepartment of Coimbatore
Medical College Hospital.They were confirmed by rag8copy,culture and
biochemical reaction.Then MRSA were detected by difusion test using Cefoxitin
(30ug) and Oxacillin(lig) discs. Clindamycin resistance were detecteddnfopming
D-test by placing erythromycin 1§ and clindamycin 29 discs at 15-20mm interdisc
distance. RESUL TS:Majority of staphylococcus aureus were isolatedmfrpus
samples (87.5%). Staphylococcus aureus was highisitsve to linezolid (100%) and
vancomycin (99%) and 100% resistant to penicil@®foxitin disc detected higher
percentage (26%) of MRSA than oxacillin disc(24%nalysis of clindamycin
resistance in 52 (26%) MRSA isolates showed 42.38%nducible clindamycin
resistance, 30.76 % of constitutive clindamycinstasice and 26.92% were sensitive

to both erythromycin and clindamyci@ONCL USION:Detection of MRSA is very



important for treating patients and to preventsigead. MRSA isolates exhibiting
inducible clindamycin resistance are seemed tauseeptible to clindamycin in vitro
but resistant invivo resulting in treatment failugo‘D’test is suggested along with
routine antibiotic susceptibility testing to detewucible clindamycin resistance.

Key words: Inducible clindamycin resistance, cdnstre resistance



