ISSN : 0974 - 7427

BIOCHEMISTRY

Trade Science Ine.

Volume 5 Issue 2

A Judian Joaraal

— Regulor Peper

BCAIJ, 5(2), 2011 [96-103]

Prevalence and identification of toxic shock syndrome toxin
producing wound isolates of staphylococcus aureus
from Namakkal District of Tamil Nadu

V.Zambare**, M.Ponraj?, V.Rubeni?

1South Dakota School of Minesand Technology, Rapid City, SD 57701, (USA)
2Department of Microbiology, Vivekanandha College of Artsand Sciencefor Women,
Elayampalayam, Namakkal Digt, TN, (INDIA)
E-mail : vasuzambar e@gmail.com; goldking1977@gmail.com
Received: 16™ September, 2010 ; Accepted: 26" September, 2010

ABSTRACT

Nine- skin infection, eight- burn and nine- accident wound samples were
analyzed for theisolation of Staphylococcus aureus on selective Mannitol
salt agar (MSA) media and identified by biochemical tests. Out off 31
samples, 10 samples showed presence of S aureus and out of which burn
samples had highest (50%) prevalence of S. aureus. All S aureus showed
multiple antibiotic resistance especially against penicillin (100%), vanco-
mycin (90%), methicillin (80%) and oxacillin (60%). The lowest resistance
(30%) was against chloramphenical, erythromycin and trimethoprim. High-
est antibiotic resistance of 74, 56.6 and 33.3% were obtained from accident
wound samples, burn samples and skin infection isolates, respectively.
Among the 10 isolates, 5 isolates produced the toxic shock syndrome toxin
(TSST) gene and was confirmed by PCR amplification. TSST gene was
present only in skin infection samples and few burn samples but not in
accidental wound samples. All 5isolateswith TSST genewere also produc-
ing toxin TSST and was confirmed by SDS-PAGE. To the best of our knowl-
edge this is the first report on PCR detection of the TSST-1 gene in S
aureusfrom Namakkal District of Tamil Nadu, India.
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INTRODUCTION

SaphylococcusaureusisaGram positive, coagu-
lase positive cocci of the family Staphyl ococcaceze.
They are ubiquitous and form themaost common cause
of localized supparativelesionsand arethe most pre-
dominant members of the normal floraof the skin of

human beings. The genus Saphylococcus, iscurrently
composed of 32 species™ and 15 subspecies?? de-
pending on the cell wall composition, they may be
pathogenic commensalsor parasites. The pathogenic
staphylococci includes S. aureus, S. epidermis, S
saprophyticus, S. lugdunesis and S. haemolyticus.
The commensal sinclude Saphylococcus capitis. S
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aureusisthe only coagul ase positive human species.
All other human speciescollectively arereferredto as
the coagul ase-negative Saphylococci. S hominis, S
hemolyticusand S simulans and other species, toan
even lesser extent, account for asmall percentage of
infections. Saphylococci arewide spread in nature,
athough they aremainly found living ontheskin, skin
glandsand mucous membranesof mammasandbirds.
They are sometimesfound in themouth, blood, mam-
mary glandsand intestinal, genitourinary and the upper
respiratory tract. Saphylococcal diseaseis multifac-
torial and isusually dueto the production of severa
pathogenic factorslike peptidoglycan, teichoic acid,
capsular polysaccharide, protein-A, extracellular en-
zymeslikelipases, hydronidase, nucleases, proteinre-
ceptorsand coagul ase. Also, somecytolytictoxinslike
hemolysin and leukocidin, enterotoxins, toxic shock
syndrometoxin (TSST) and exfoliativetoxinwere pro-
duced by S. aureus?.

S aureusisthe causative agent of different oppor-
tunisticinfectionsinhumansand animag3. S aureusis
aprimary pathogen of nosocomial and community ac-
quired infections, endocarditis, bacterimia, superficia
infections and deep skin and soft tissueinfections. The
toxin mediated diseasesincludes gastro enteritis, sta-
phylococcal scalded skin syndrome and toxic shock
syndrome®8. S, aureus produces avariety of extra-
cdlular toxinsand virulencefactorsthat contributesto
its pathogenicity. A number of staphylococca entero-
toxins(SEs), classfiedasA,B,C,C,, C,,DorE, can
be produced by somestraind”. Most S. aureus strains
isolated from patientswith toxic shock syndrome (TSS),
causesasevereacuteillnessthat rapidly leadsto multi
organ systemfailure, by producing atoxin known as
toxic shock syndrometoxin-1 (TSST-1).

Antibioticsarewiddy used to treat infectiousdis-
easesin both humansand animals. But theemergence
of antibiotic resistance strain among bacterial popul a
tionisavery seriousthreat during therecent days. Re-
Sstanceto variousantibiotics can beacquired by means
of changesin the genetic code of housekeeping genes
or by uptake of foreign DNA containing antibiotic re-
sistance genes. Theemergence of antibiotic resistant
microorganismsand their spread isthrestening to medi-
cal community. Thisisparticularly trueincaseof S
aureuswhichisthemaost common agent of nosocomia
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infections. Itisof increasing concernthat the organism
isgaining drug res stancewhich often complicatestreat-
ment. Many isolates of S. aureus have been found to
beres stant to new semi synthetic betalactam antibiot-
icslikemethicillin, oxadllinandfludoxadllin. Theress-
tanceshown by S aureusto antibioticslikemethicillin
isduetothe presence of plasmid DNA and thisplas-
mid encodes resistance to gentamycin and chloram-
phenicol®. Methicillin resi stant Saphylococcusaureus
(MRSA) is also a serious threat to hospitalized pa-
tientsglobally and it representsachallengefor public
health; as community associated infections appear to
be on theincreasein both adultsand childreninvarious
regionsand countries®. Theoverdl incidenceof MRSA
isolates hasgradually increased around 30% or more
insomecountries®, It wasestimated that MRSA strains
accounted for 84% of hospital — acquired S. aureus
isolates and 45% of non hospital acquired S. aureus
isolatesin Taiwan, 1998, In Indian hospitals, MRSA
isoneof thecommon hospita acquiredinfectionindif-
ferent hospita swhich accountsfor 30 to 80% methicil -
lin resistance based on antibiotic sensitivity testg*2.
Nosocomid MRSA isolatesare mostly multidrug re-
sgtant. MRSA drainsareresistant not only to methicil-
linbut asoto al other betalactam antibiotics. There
aretwo basic mechanismsresponsiblefor theresis-
tance of S aureusto betalactam anti microbid agents.
The mechanism isthe production of betalactamases
and the presence of low affinity penicillin binding pro-
teinsthat make them resistant to anti staphylococcal
penicillinsincluding methicillin. S aureuscan devel op
resi stanceto antibioticswith amazing efficiency™.
Thereiscond derablegenetic heterogenecity through
natura populationsof S aureus. Many different tech-
niquesareavailablefor tracing the spread of single S
aureus strain of human and animal origin, such as
anti biotyping, the biochemo typing, the phagetyping,
and protein el ectrophoresis. SDS-PAGE of proteins
has been usingincreasingly concerning bacterial sys-
tematicsboth at genusand the specieslevel, and more
recently type determination. SDS-PAGE of whole-cdll
proteins providesadditiond criteriafor thestudy of the
epidemiology and evolution of S aureusstrains. Inthis
study our aim wasto characterizewholecell proteins
of TSST producing S. aureusisolatesfromwound in-
fection, which had common antibiotic susceptibil ity test
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results. The purpose of this study wasto investigate
isolation andidentification of multidrug resstancedrans
of S aureus containing toxic shock syndrometoxin
(TSST) genefor production of toxin protein TSST.

EXPERIMENTAL

Sudy population

A totd of 31 swab wound sampleswere collected
from patientsof various private hospitalsin and around
Namakkal area and categorized into three groups.
Group|, I and Il whichincluded 8, 9 and 9 samples
from skininfection, burn and accidental patients, re-
gpectively. Swab sampleswereimmediately inocul ated
into peptonewater. The sampleswereproperly labded
indicating the source, and the samplesweretransported
totheMicrobiology Laboratory for bacteriologica in-
vestigationswithin4-6 h of collection and preserved at
4-8°C until observed.

Isolation and identification of staphylococcus
aureus

Loopful of culturefrom peptonewater wasstresked
ontheMannitol salt agar (MSA) containing (g/L) 1-
peptone, 10-beef extract, 75.0-sodium chloride, 10-
mannitol, 15-agar, 0.025-phenol red (pH 7.4). The
plateswereincubated at 37°C for 24-48 hrs. Theiso-
lated colony from selective media of M SA was used
for further analysis. Thetest tubeswereincubated at
37°Cfor 16-24 hrsand then stored under refrigerator
for further study. Thedinicd isolateswereidentified on
thebasisof colony characteristics, Gram stain morphol-
ogy, and biochemicd testslike sugar fermentation (glu-
00, UCrose, lactosemaltose, mannital), triplesugar iron,
indoleproduction, methyl red, Voges-Proskauer, citrate
utilization, catd aseand oxidesetests®. All thestrainswere
preservedin MSA dantsat 4°C, till further use.

I n vitroantibiotic susceptibility

All thefindly identified S aureusstranswere sub-
jected toinvitro antibiotic susceptibility test by antibi-
otic disc diffusion method™. The nutrient broth was
prepared and sterilized at 121°C and inoculated with
theisolates, thenincubated at 37°C for 24 hrs. After
incubation period the broth cultureswereinocul ated
onto thesurface of Muel ler-Hinton agar platesand nine
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commonly used antibiotics discs (chloramphenical,
erythromycin, gentamycin, methicillin, oxacillin, penicil-
lin, tetracydlin, trimethoprim, vancomycin) of 30 ug con-
centration were placed, then the plateswereincubated
at 37°C for 18 to 20 hrs. The zone of inhibition and
resi stance was measured, recorded and interpreted ac-
cording totherecommendation of thedisc manufacture.

PCR amplification of TSST geneof S. aureus

Genomic DNA of all S aureusisolateswereiso-
lated according to the method described by Capaval et
a9 All isolates of S aureusweresubjectedin PCR
assay according to El-Ghodban et a.*9 procedurewith
somemodification for TSST geneamplification. The
primers for TSST gene amplification of 5’-
ATGGCAGCATCAGCTTGATA-3 and 5°-
TTTCCAATAACCACCCGTTT-*3 were purchased
from SigmaChemicas(USA) and used for PCR stud-
ies. Each PCR reaction mixture (20ul) contained 1 pl
of template DNA (Genomic DNA), 2ul of 10 X PCR
buffer, 0.5 ul of 2.0 mM of each primers, 1ul of 25
mM of each deoxynucleotidetriphosphate and 0.5ul
of Tag DNA polymerase (5U/ul) and 15.5ul of mo-
lecular gradewater. A brief soinwasgivento settledown
themateria sthen thetubeswerekept intheromocycler
(Gendl). After initid denaturation at 94°C for 5 min, the
samplesweresubjected to 30 cyclesof denaturation at
94°C for 2 min, annealing at 55°C for 2 min and exten-
sonat 72°C for 1 min. A final extension was performed
at 72°C for 7 min. Following PCR, the reaction mix-
tureswere anayzed by el ectrophoresison a2% agar-
osegd, containing ethidium bromide(0.2mg/ml), inthe
presence of an appropriate DNA molecular weight
marker. Then theamplified bandswere observed un-
der UV transilluminator and thegenetic diversity from
S aureuswas determined.

Preparation of wholecedll lysate

Wholecell proteinsof al strainswere extracted
and andyzed according to Kumar et d.*1. All clinica
isolatesof S. aureuswere plated on M SA platesand
incubated at 37°C for 24 hrs. A sweep of 4-6 colonies
from these plateswereinocul ated into flaskscontaining
10ml of M Shbroth and incubated at 37°C overnight in
an orbital shaker. Theresulting broth cultureswere cen-
trifuged at 10,000g for 15 min. at 4°C. The superna-
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tant was discarded and the pelletswerewashed twice
insterilePBS (pH 7.2). Thepdletswerefinaly resus-
pended inequal volume of sterile PBS and disrupted
by shakingwith glassbeadsfor 2-3 min under constant
cooling by liquid CQ, till 90% of the cellswere broken.
Theunbroken cellsweredeposted by centrifugation at
12,000g for 30 min. at 4°C and the supernatant was
preserved at —70°C till further use. The protein content
of the sampl eswas estimated by method of Bradford™®
and adjusted to giveafinal concentration of 2 mg/ml.

Sodium dodecyl sulphatepolyacrylamidegel elec-
trophoresis(SDS-PAGE)

Whole-cell protein profileof al S aureusisolates
wasanayzed by SDS-PAGE foll owing the di scontinu-
ous buffer system of Laemmlit*¥. Sampleswere pre-
pared for PAGE by mixingin proportionsof one part
sampleto three partsof samplebuffer andboilingfor 5
min. Solubilized samples (20ul) were applied to wells
ina4% acrylamide stacking gel over a10% acrylamide
separating gdl. Electrophoresiswasperformed usngan
€l ectrophores sapparatus (Genel, Bangdore). Thegels
wererun at congtant voltageof 60V until the bromophe-
nol blue dye had reached the bottom over aperiod of
45 min-1hr. Medium range mol ecular weight markers
(Genel, Bangd ore) were dso run for molecular weight
estimation of bands of interest. After the compl etion of
el ectrophoresi sthege swereremoved and stained with
Coomass eBrilliant Blue R-250. Thegelswere photo-
graphed and protein profilesof theisolateswere com-
pared.

RESULTSAND DISCUSSION

S aureusare Gram positivecocci inclusters. They
cause avariety of superficial and deep seated infec-
tions, in most caseswith pus-formationin man. They
arefrequently found as contaminantsin clinical speci-
menstaken from the body surfaces, for example, swab
from skin, nose, throat, wounds, burnsand bed-sores.
A total number of 31 patientswith different types of
woundswere collected during the study period. Out
off 31 wound samplesonly 10 samples(32.2%) showed
presenceof S aureus(Figurel).

Identification of S aureuswas confirmed by golden
growthon MSA (Figure 2) platesand wasfound to be
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positivefor sugar fermentation (glucose, sucrose, lac-
tose maltose, mannitol), methyl red, cata ase, negative
indole production, Voges-Proskauer, citrate utilization
and oxidasetestswith acid production on triple sugar
iron. Therewasadistribution of isolatesfrom thedif-
ferent types of wound infections, Burn wound infec-
tionswere 7 samplesand yielded 3 isol ates (42.8%);
Skin infection wound sampleswere 6 and yielded 2
isolates (33.3%); Accident wounds were 18 sample
andyielded 5isolates (27.7%) of S aureus (TABLE
1). Thisisin agreement with thefindingsof Pruitt et
a 12 and observed morethan 50% of injuriesby traffic
accidentsand flameburns. Also, Okesolaet a /> re-
ported 35% of S aureusisolated from infected wounds
in Ibadan.

Antibiotic susceptibility

All the confirmed S. aureus strains were subse-
guently tested for antibacterial drug resistance based
on Kirby-Bauer disk diffusonmethod. Thedrugresis-
tance patterns of S. aureus isolated from wound
sampleswerefound to be highly variable. AlImost all
the 10 strainswereres stant to oneor moreantibiotics
(TABLE1). Strainsof staphylococci with multipledrug
resistance are widespread. They appear and spread
rapidly after theintroduction of new antimicrobid agents.
However, asnglemutationd event resultsonlyinadight
increaseinresstanceto asingledrug, asisshownbyin
vitro studies?. The development of antimicrobial re-
sstance nearly dwayshasfollowed thethergpeutic use
of antimicrobia agents. Since antibiotic use became
widespread 50 years ago, bacteriahave steadily and
routinely developed resistance. Therefore monitoring
of norma microbid towardsantibiotic res tanceserves
important issuesinrel ation of emergence pathogens?®.
Among the 10 isolates of Saphylococcus, isolates Sa
8 and Sa9 showed highest resistance of 88.8%. Also,
isolates Sa4 and Sa 7 showed 66.6% resistancefol -
lowed by Sa2 and Sa4 (44.45%). The lowest antibi-
oticresistancewasobservedin Sal and Sa5 (22.2%).
Themultipleantibiotic resistance (MAR) index was
depicted in Figure3A. Among the9typesof antibiotics
used, thehighest resi stancewas seen against penicillin
(100%) and the second most was vancomycin (90%)
followed by methicillin (80%) and oxacillin (60%). The
lowest resistance pattern was against chloramphenical,
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Figurel: % distribution and occurrence of Saphylococcus
aureusfrom different wound samples

Figure2: S.aureusgrowth on Mannitol salt agar plate(M SA)
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Figure3: Antibioticresistance patter nsfor Saphylococcus
aureusisolates. (A)-% multiple antibiotic resistance of S.
aureusstrains, (B)-S. aureusstrain with antibiotic sensitiv-
ity and resistancepattern on agar plate

TABLE 1: Prevalenceand isolation of Staphylococcusaureus
fromwound samples

No Types of wound Isolates % occurrenceof S.
) samples code aureus
1 o ) 8SSal
Skin infection 222
2 SSa5
3 ‘BSal
4 BSa3
5 Burn BSa5 62.5
6 BSa7
7 BSa8
8 ‘ASa3
9 Accident wound ASa7 333

10 ASa9

aSSa S. aureus from skin infection wound sample; "BSa- S.
aureus from burn wound sample; “ASa- S. aureus from accident
wound sample

TABLE 2: Multipleantibioticresistancepatter nsof Saphy-
lococcus aureus

Isolatecode 9 °E ‘G M "Ox P T *Tr 'va
3ssal S S S S RS S R
SSa5 S S S R R RS I R
BSal S S SR S RS S R
PBSa3 S 1 R R R RR R R
BSa5 S SS S S RS R s
BSa7 S 1 R R R RS S R
BSa8 S RS R R RS R R
°ASa3 R RR R | RR R R
ASa7 R RR R R RR S R
ASa9 R I S R R R I | R

aS, aureus from skin infection wound sample; °S. aureus from
burn wound sample; °S. aureus from accident wound sample,
dChloramphenical, *Erythromycin, ‘Gentamycin, M ethicillin,
"Oxacillin, T'Penicillin, iTetracyclin, *Trimethoprim,
'Vancomycin, ™Sensitive, "Resistance
erythromycin and tobramycin (30%), (Figure3A). The
pattern of antibiotic sengtivity and resistanceisshown
infigure 3B. Sengitive strains showed clear zoneand
resi stance strains showed growth around theantibiotic
disc. S aureushad devel oped multidrug resistancein
many regionsof theworld?4, athough reported preva
lenceratesindicatethat widevariationsexist regionaly
and even from herd to herd. Penicillin often predicts
susceptibility to other B-lactamase-sensitiveantimicro-
bial agents, for exampleampicillin, and this hasbeen
used in severa studiesof S aureusresi stance.
InanArgentinian study, penicillinresistancewasre-
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Figure4: PCR amplification of TSST genefrom S. aureus
(Lane 1-SSa, Lane 2-SSa5; Lane 3-BSA1; Lane4-BSa3;
Lane5-BSa5; Lane 6-BSa7; Lane7-BSa8; Lane8-ASag3;
Laned-ASa-7; Lanel0-ASa9; LaneM-100bp DNA ladder)

ported tobe 30%%. In Finland, morethan 50% of the
S aureusisolaesarepenicillin-resstant®!, whichissig-
nificantly higher than datareportedfrom other Nordic
countries, for example, 30% in Denmark!? and 7%
(S aureusisolated from acuteclinica magtitis) in Swe-
den'®. Thehigh penicillinresistanceamongst S aureus
inFinlandislikey duetothewideuseof intramammary
preparations contai ning combinationsand broad-spec-
trum antibiotics. Cong dering thesomeof themgjor dis-
trictsof Tamilnadu state (India) therewere only one
report available on preva ence and antibiotic suscepti-
bility pattern of MRSA asnosocomia pathogen®. In
that case out of 906 strainsof S aureusisolated from
clinical and carrier samples, 250 (31.1%) and 39
(37.9%) werefound to bemethicillinres stant, respec-
tively. Almost al clinica MRSA strains(99.6%) were
resistant to penicillin, 93.6%to ampicillin, and 63.2%
towardsgentamicin, co-trimoxazole, cephaexin, eryth-
romycin, and cephotaxime. All MRSA strains (100%)
of carrier screening sampleshad resistanceto penicillin
and about 71.8% and 35.9% wereresi stant to ampicil-
linand co-trimoxazol e, respectively. Overadl multidrug
resistance was observed among 63.6% of clinical and
23% of carrier MRSA isolates?. InAssam, 34.78%
MRSA isolateswerereported by Saikiaet al.*%. All
MRSA isolates, showed 50% constitutive resistance,
9.38% inducibleresistance.

Amplification of TSST genefrom Staphyl ococcus
aureus

TSSisan acute multisystem di sease characterized
by high fever, hypotension, vomiting, diarrhea, myagias,
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Figure5: Protein profileof S. aureuson SDS-PAGE (Lane 1-
SSa, Lane2-SSa5; Lane3-BSAL; Lane4-BSa3; Lane5-BSa5;
Lane6-BSa7; Lane7-BSa8; Lane 8-ASa3; Lane 9-ASa-7;
Lane10-ASa9; LaneM - M ediumrangeprotein marker)

nonfoca neurologicabnormadities, conjunctiva hyper-
emia, strawberry tongue, and an erythematousrashwith
subsequent desquamation on the handsand feet. TSST-
1 hasbeen associ ated with wound infection, nasal pack-
ing, Snugitis, trachatis, pneumonia, empyema, aoscesses,
burns, osteomyelitisand primary bacteremids¥. Inthis
PCR assay, dl isolatesof S aureusweresubjected ac-
cording to the previous study. Among the 10 isolates of
S aureus, 5 isolates (50%) produced the TSST gene
and was confirmed by PCR. Thedistribution of toxic
genefrom skininfectionisolateshas 100% (2 isol ates)
and 60% (3 isolates) from burnsample (Figure4).

Similar correlation between methicillinresistance
and TSST-1 productioninclinica isolateshasbeenre-
ported by Kimuraet a.*2. The background of thisre-
lati onship was unknown, but we specul atethat tst and
the methicillin-resistant gene (rnecA) may be
coregulated, as TSST-1 production, Severd studies
have been reported on TSST-1 genefor prevalentin
methicillin-resstant S aureusthaninmethicillin-suscep-
tible S aureug®3,

SDSPAGE analysisof S. aureus

Recently, S aureusstrainshave been shownto have
an association tothetype of infection. Inorder to com-
parethewholecdl protein profileof S aureusstrains
associated with skin, burn and accidenta wound infec-
tion, wholecdll lysates of isolatesof al 10isolateswere
subjected to SDS-PAGE. Both deep and superficial
isolates showed amost identica protein profilewhich
consisted of 30-35 bands with magjor bands having
molecul ar weights of approximately 120, 92, 80, 66,
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55, 42, 36, 29, 24, 20, 16 and 14 kDa (Figure 5).
Likewiseprotein profile of wholecellsof S aureusin
patientswith deep-seated and superficia staphylococ-
cal infectionswereobserved by Kumar et .. Most
of theisolateshad similar bandspatternsbut lane2 and
lane 3 had polymorphic bands compared to others
lanes. The protein profiles of isolateswithin the same
groupweregrosdy smilar. Morethan 90% of the bands
werequditatively and quantitatively identicd with mi-
nor quantitativedifferenceintheintengty of theothers.
No significant inter strain variation wasfound among
theskin, burn and accidental wound isolatesregarding
their whole cell protein profile. Twoisolates of each
burn and accidental wound sampleswerenot showing
presenceof TSST protein bandinrangeof 22-24 kDa.

CONCLUSION

Totdl ten S aureuswereisolated and identified from
wound sampl es collected from hospitalsof Namakkal
District. Among them 50% of S. aureuswere produc-
ing TSST gene and itstoxin protein which was con-
firmed by PCR amplification and SDS-PAGE, respec-
tively. All isolateswereres stance to multiple antibiot-
ics. TSST gene producing S aureuswererepresented
from skininfected and burnwound samples. Thesefind-
ingswill hdpininhibiting or minimizing thegpread up of
suchinfectiousstrainsand dsoisapotentia tofind many
dternativeremedies.
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