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] ABSTRACT
Corresponding Author Background. Wound infection is one of the most common hospital-acquired
Dr Mohamed Javeed Ather infections. Different bacteria cause infection, of which Staphylococcus aureus is one
Tutor department of microboology  Of the known bacteria in causing infection with increased drug-resistant isolates.
csmss medical college chh Objective. To assess the prevalence and antimicrobial susceptibility pattern of
sambhaji nagar (Aurangabad) methicillin and inducible clindamycin-resistant Staphylococcus

aureusamongpatientswithwoundinfectionsattending a tertiary care centre in
maharashtra.Methods. Afacility-basedcross-sectionalstudywas conducted from April
to June 2017. A pretested questionnaire was used to collect demographic data and
clinical characteristics. Wound swabs were cultured and identified by standard
techniques. Antibiotic susceptibility tests were performed by the Kirby—
Bauerdiscdiffusionmethod.Methicillinresistancewasdetectedusingthecefoxitin(30ug)a
Article Accepted: 18-12-2024 ntibioticdiscwhileinducible clindamycinresistancewasdetectedbytheD-
zonetest. ThedatawereanalyzedusingStatisticalPackageforSocialScience, versionpvalue<
0.05wasconsideredstatisticallysignificant.Results.Atotalof161patientswereenrolledanda
majorityofthemwere
female(90,50.9%).Amongthecollectedsamples,79(49.7%)werepositiveforS.aureus;oft
his,methicillinresistanceaccounted for 65 (82.3%). Out of 22 (27.8%) erythromycin-
resistant isolates, 19 (24.1%) showed inducible clindamycin resistance. Methicillin-
resistant
S.aureusshowedhigherresistanceagainsttetracycline(72.3%)followedbycotrimoxazole(4
3.1%)and100%
sensitivitytovancomycin.Theoverallprevalenceofinducibleclindamycinresistanceamo
ngmethicillin-resistantisolateswas16  (24.6%). Conclusion. The increasing
prevalence of methicillin-resistant S. aureus and the coresistance against other
therapeutic
optionslikeclindamycinisbecominganobstacleinthetreatmentofinfectionswhichneedatt
entionfromconcernedbodie
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INTRODUCTION

Wound infection is one of the known hospital-acquired infections responsible for significant human mortality and
morbidityworldwide[1].Woundinfectionresultsinsepsis, disfiguring, amputation, limb loss, long hospital stays, and
higher costs [2,3]. Infections of wounds can be caused by different microorganisms, like Staphylococcus aureus (S.
aureus),Pseudomonasaeruginosa(P.aeruginosa),Escher- ichiacoli(E.coli),andEnterococcus[4,5].Staphylococcusaureus is a
Gram-positive bacterium which is a major causative agent of different skin infections such as surgical site infections,
burns, and wounds [6,7].Methicillin-resistant S. aureus (MRSA) is a highly in- fectious strain of the ordinary S. aureus
bacteria that is able to withstand the curative ability of commonly used anti- biotics. Methicillin resistance of S. aureus is
due to the acquisitionofmecAgenethatencodesforpenicillin-binding
protein2a,whichhaslowaffinitytomethicillin.Methicillin- resistantS.aureusisaseriousconcernnotonlybecauseofresistant to
methicillin but also because of developing re- sistant to other commonly used antibiotics in the hospitals that limited
therapeutic options to few expensive drugs like vancomycin[7-9].

Theincreasingincidenceofmethicillinresistanceamong Staphylococci has led to renewed interest in the usage of
macrolide-lincosamide-streptograminB(MLSB)antibiotics to treat S. aureus infections, with clindamycin being the
preferable agent due to its excellent pharmacokinetic properties [10,11]. However, widespread use of MLSB antibiotics
has led to an increase in the number of Staph- ylococcal strains acquiring resistance to MLSB antibiotics [12-14].

Methicillin-resistant S. aureus is found worldwide with an estimated colonization rate ranging from 11 to 40% in
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specificpopulationswithmorethan50%oftheseestimated to develop the infection [8,15,16]. Methicillin-resistant S. aureus
infection kills more Americans each year than HIV/ AIDS, Parkinson’s disease, emphysema, and homicide combined in
USA [15]. Despite the advances in modern medicine, wound infection still poses a risk of increased morbidity and
mortality to patients. Even though many studies have analyzed the prevalence and antimicrobial susceptibility pattern of
MRSA, there is still an increasing prevalenceofMRSA[17].Therefore,thisstudywasaimedto assess the prevalence and
antimicrobial ~ susceptibility =~ pat- tern  of  methicillin  and induced  clindamycin-resistant  S.
aureusamongpatientswithwoundinfectionattendingArba Minch Hospital.

MATERIALSANDMETHODS

StudyDesign,Area,andPeriod.Ahospital-basedcross-  sectionalstudywasconductedatArbaMinchHospital, from  April to
June 2017. Arba Minch Hospital in Arba Minch town, GamoGofa Zone, is situated 505km south of Addis Ababa at an
elevation of 1285meters above sea level. The hospitalgivesserviceformorethan100thousandpeoplein Arba Minch and
surrounding woredas.

Sample Size Determination and Sampling Technique. The sample size was obtained using sample size de- termination
formula for the estimation of the single pop- ulationproportion.pvalueof0.12forMRSAwastakenfrom
thepreviousstudy[10]with95%confidenceinterval (z€ 1.96)and 5%marginalerror(d€» 0.05).Thefinalsample size was 180
which includes 10% nonresponse rate. Sys- tematicsampling techniquewas usedto select patients with wound infection
during the study period using K" interval.  Thefirstpatientwasselectedbythelotterymethodfromthe
firstthreepatients,andtherestofthestudyparticipantswere selected in every 3 patients.

DataCollection,SampleCollection,andTransportation.A  pretested structured questionnaire was used to collect
sociodemographic data and clinical factors. Open wound swabswereasepticallyobtainedafterthewoundimmediate
surfaceexudatesandcontaminantswerecleanedoffwith moistened sterile gauze and sterile normal saline solution. Dressed
wounds were cleansed with sterile normal saline afterremovingthedressing.Thespecimenwascollectedon sterile cotton
swab by rotating with sufficient pressure. The samples were transported to Medical Microbiology and Parasitology
Laboratory of Arba Minch University within thirty minutesafter collection using Amiestransportmedia.

Inoculation and Identification. The collected samples were immediately processed for bacteriological analysis.
SwabscollectedwerestreakedonMannitolsaltagarbyusing aswabcontainingthesampleonone-sixthofthemediaand then spread

throughout the media by sterile inoculation loop. The plates were incubated at 37°C for 24-48hours. Preliminary
identification of bacteria was based on colony characteristicsoftheorganismslikegrowthonMannitolsalt
agar,gramreaction,andcatalaseandslidecoagulaseandtest tube coagulase for slide coagulase-negative test results.

DetectionofMRSA.Methicillin-resistant ~S.  aureus was identifiedphenotypicallybasedonitsresistancetooxacillin
(1ug)andcefoxitin(30ug)(Oxoid,Basingstoke, UK)bythe disc diffusion method performed on modified Muller- Hinton
agar (Oxoid, Basingstoke, UK). Based on theCLSI, 2016 guideline, the zone of inhibition is interpreted and grouped into
methicillin-sensitive and methicillin- resistant S. aureus [18].

DetectionoflnducibleClindamycinResistance.Alawn culture of the isolates adjusted to 0.5 McFarland’s turbidity was
made on a Mueller-Hinton agar plate, and discs of clindamycin (2pg) and erythromycin (15ug) (Oxoid,
Basingstoke,UK)wereplacedatadistanceofl5mmapartas per the Clinical Laboratory Standard Institute (CLSI, 2016)
recommendations, along with routine antibiotic suscepti- bility testing. This interpretation was done only for
erythromycin-resistant S. aureus strains. Induction test re- sults were read at 16 to 18h.

D phenotype (inducible MLSB) erythromycin (ERY) resistant(R),clindamycin(CLI)sensitive(S)(blunted, D-shaped clear
zone around CLI disk proximal to the ERY disk); D* phenotype (inducible MLSB) ERY R, CLI S (blunted, D-shaped
zone around CLI disk proximal to the ERY disk and small colonies growing to CLI disk in oth- erwise clear zone); Neg
phenotype (MSB) ERY R, CLI S (clear zone around CLI disk); HD phenotype (constitutive
MLSB)ERYR,CLIR(twozonesofgrowthappeararound CLIdisk:onezoneislight,hazygrowthextendingfromthe CLI disk to
the second zone where the growth is much heavier;theinner,hazyzoneisbluntedproximaltotheERY
diskasinphenotypeD;Rphenotype(constitutiveMSB):no hazyzone,growthuptoCLIandERY disks;Sphenotype(no
resistance)ERYR,CLIS(clear,susceptiblezonediameters). All isolates showing positive induction test results (i.e., a blunted
or “D-shaped” zone) and a subset of isolates with other induction test results were read again at 24h [18].Antimicrobial
Susceptibility Testing. Antimicrobial susceptibility testing was performed by Kirby—Bauer disk diffusion technique
according to the criteria set by CLSI (2016). Twotofivepurecoloniesweretransferredintoatube containing 5ml nutrient broth
and mixed gently until it forms a homogenous  suspension.  Then, turbidity of the
suspensionwasadjustedtotheopticaldensityofMcFarland

0.5tubesinordertostandardizetheinoculumsize.Asterile cottonswabwas thendipped intothe suspension.The swab was then
used to distribute the bacteria suspension evenly over the entire surface of Mueller-Hinton agar. Antibiotics
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(Oxoid,Basingstoke,UK)whicharefoundaroundthestudy area and recommended by CLSI for susceptibility test were
erythromycin(15png), ciprofloxacin (30pg), chlorampheni- col(30png),trimethoprim-sulfamethoxazole(cotrimoxazole)
(1.25/23.75png),amikacin(10pg),clindamycin (2pug),tet- racycline(30pug), gentamicin (10pg), and vancomycin (E- test for
MIC) (Oxoid, Basingstoke, UK). Then, the in- oculated plates were left at room temperature to dry for3-

5minutes.Usingasterileforceps, theantibioticdiscswere placed on the inoculated plates and then incubated at 37°C for 18—
24hours. The diameter of the zone of inhibition around the disc was measured to the nearest millimeter
usingaruler,andtheisolateswereclassifiedassensitiveand resistant using CLSI standard [18].

Data Quality Control. Data quality was ensured from data collection up to final laboratory identification by fol- lowing
the prepared standard operating procedure (SOP). Fivepercentofthequestionnairewaspretestedpriortodata collection in
Arba Minch Health Center and modified ac- cordingly. Data collection process was monitored on daily
basis,andincompletelyfilledquestionnaireswerediscarded. The performance of the prepared media was checked by
inoculatingcontrolstrainS.aureusATCC29213,whichwas obtained from Ethiopian Public Health Institute (EPHI). Culture
media were prepared according to the manufac- turer’s instruction, and the sterility was checked by in- cubating 5% of

prepared media at 37°C overnight and observingbacterialgrowth. Thosebatchesofthemediathat show the growth was
discarded and reprepared. The per- formance of antibiotic discs was checked by using Entero-
coccusfaccalisATCC29122andcotrimoxazoledisc,andit should measure the inhibition zone greater than 19mm.

Data Analysis. Data were collected, entered, cleaned, and analyzed using SPSS version 20 software according to the
study objectives. The descriptive summaries were pre- sented with text, tables, and figures. Binary logistic re- gression
analysis was made to obtain odds ratio and confidence interval of statistical associated variables. All
variableswithp<0.25inthebivariateanalysiswereincluded inthefinalmultivariateanalysis.pvaluelessthan0.05was
consideredasstatisticallysignificant.Finally,themagnitude of association between different variables in relation to the
outcome variable was measured by odds ratio with 95% confidence interval.

RESULTS

OverallSociodemographicandClinicalCharacteristicsof = StudyParticipants.A total of 161 patients were enrolled in
thisstudywithanonresponserateof11.6%.Themajorityof  thestudyparticipantswerefemale(90,55.9%).Accordingto  age
category, patients in the age range of 15-30years ac- count the most (80, 49.7%). The mean age of the study participants
was  23.8years  (sd£l11.24). The  majority  of  studyparticipantswereurbandwellers(96,59.6%),whereas
105(65.2%)wereliterate.Studyparticipantswhodeveloped wound infection after surgery were 53 (32.9%), and more than
90% of the study participants had the history of pre- vious antibiotic usage for the last one year (Table 1).

Prevalence of MRSA among Sociodemographic and ClinicalCharacteristics.From161cultivatedsamples,atotal of 79
(49.7%) isolated S. aureus isolates were isolated and screenedformethicillinresistanceasdescribedinSection2.
Ofthis,methicillin-resistantS.aureusaccounts65(82.27%) isolates, while the remaining isolates were methicillin- sensitive
Staphylococcus aureus (MSSA). Majority of the MRSA isolates were recovered from male participants (35, 53.84%),
urban dwellers (45, 69.23%), in the age range of 16-30years (30, 46.15%). The participants who had a skin lesion and
surgery showed a greater acquisition of MRSA (19,29.23%)and(20,30.54%),respectively(Tables2and3).
PrevalenceofMRSAandAssociatedFactorsin different sociodemographic factors were assessed for possible association with
MRSA infection among the study participants. The results of the study showed that
53.8%0fmaleand46.6%femaleparticipantswerefoundtobe infected with MRSA. The prevalence of infectionwith MRSA
hasaninitialassociationwiththesexoftherespondents (p€0.041,COR:0.514,95%CI(0.271-0.975)).However,the
associationwasnotsignificantafteradjustingforconfounders using multivariate logistic regression (p€0.117). Study
participantsresidinginurbanareawerefoundtohaveahigh percentage(69.2%)ofinfectionascomparedtoruralarea. The association
between residence and MRSA infection was statistically significant (p€»0.042, COR: 0.504, 95% CI (0.260-0.976)).
However, after adjusting for possible con- foundersbymultivariatelogisticregression,theprevalenceof infection was not
found to be statistically significantly dif- ferent among urban and rural residents (p€0.172). Gen- erally, there was no
statistically significant association between the prevalence of MRSA and associated
factors. Antimicrobial SusceptibilityPattern.ldentifiedisolatesofS.aureusweretestedagainstnineantibioticsaspresentedin
Table4.Bothmethicillin-resistantandsusceptibleS.aureus showed 100% susceptibility to amikacin and vancomycin.
Furthermore, methicillin-sensitive S. aureus showed an ad- ditional100%susceptibilitytoclindamycinandgentamycin. On
the other hand, all isolates showed greater resistance againsttetracycline(56,70.9%),cotrimoxazole(31,39.2%),and
erythromycin (22, 27.8%). Specifically, MRSA strains showed the high resistance of tetracycline (72.3%), cotri-
moxazole (43.1%), erythromycin (29.2%), and chloram- phenicol(27.7%)andleastresistancetoclindamycin (3.1%).

PrevalenceofinducibleClindamycinResistance.From 79S.aureus isolates tested for determination of inducible clindamycin
resistance, 65 (82.3%) were MRSA and 14 (17.3%) isolates were MSSA (Table 3). Sensitivity to both erythromycin and
clindamycin was significantly higher in MRSA compared to MSSA isolates. Resistance to methicillin,
erythromycin,andclindamycinwasobservedin65(82.3%), 22 (27.8%), and 2 (2.53%) of the isolates, respectively. In-
ducible clindamycin resistance was determined in 19 (24.1%) isolates (D-test positive, Figure 1).

inducible MSLg phenotype pre-
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dominated(24.69%6MRSA;21.4%MSSA)followedbycMLSg(3.1%MRSA;0%MSSA)andMSphenotypes(1IMRSA;0  MSSA).
PrevalenceofMultidrug-Resistantlsolates.Inthisstudy, multidrug-resistant (MDR) status of S. aureus was tested
against9classesofantibiotics.Accordingly,theoverallrate ofMDR(threeandgreaterthanof S. aureus isolates was 27.8% and
29.2% for MRSA. In additiontothis,20%0fMRSAisolatesshowedresistanceto oneantibiotic classand16.9%weresensitive
to allchecked antibiotic classes

DISCUSSION

Methicillin-resistant S. aureus has long been recognized as an important pathogen in human disease and is the most
common cause of nosocomial infections [19]. The devel- opment of resistance against the therapeutic options for
treatment of infection caused by MRSA is an emerging problem [1,2,7]. Therefore, this study was aimed to assess the
prevalence and antimicrobial susceptibility pattern of methicillin-resistant and inducible clindamycin-resistant S. aureus
among patients with wound infection.This study showed that the recovery rate of MRSA was greater in male (35,
53.84%) patients with surgery (20, 30.54%) followed by patients with an infection after skin
abrasion(19,29.23%).0therstudiesperformedin reported the same result as in the
presentstudy. Thismaybeattributedtothefactthatmenare mainlyinvolvedinoccupationsthatmostlikelyleadto infections

Out of 65 MRSA isolates, 30 (46.23%) were recovered frompatientsintheagerangeof15—30years.Thisisinline with a study
conducted in Bangalore, India [14]. Patients who werehospitalizedfor morethanlweekharbored moreMRSA isolates and
those who took antibiotics previously within the last one year were found to be high and isolation of MRSA was also
high. This is in agreement with the re- search performed in Cameroon [22] and India [14]. How-
ever,therewasnostatisticallysignificantassociation between the prevalence of MRSA and associated factors in this study.
This may be due to the smaller sample size in- cluded in our study.

Regarding associated factors assessed in the present study, wound infection was not associated with associated factors
like use of antibiotics and previous wound infection known to predispose to infection. This finding is in agree- ment with
the previous study performed in Greece [23] and Ethiopia[24].Similarly,sociodemographicfactors(age,sex, and
educational status) did not show statistically significant association with wound infection which is in line with the study
performed in Hawassa[25] and DebreMarkos[24].In the present study, the overall prevalence of S. aureus
was79(49.7%)whichwasinagreementwiththestudydone in Hatay, Turkey [9], Kumasi, Ghana [26], and Yekatit 12
Hospital, Addis Ababa, Ethiopia [27]. Studies conducted in Nepal[28]andKenya[29]showhigherprevalencethanthe
presentstudy.Ourresultishigherwhencomparedwithin this study, out of 79 isolated S. aureus isolates, 65 (82.28%) were
MRSA isolates. It is comparable to studies performed in Southwest Ethiopia [32] and Nairobi, Kenya [29]. However, it
is higher than the research report from Amhara,Ethiopia[24]Turkey[9],India[33-35],Nepal[28],Jordan [20], and Pakistan
[36].  Furthermore, different studies in Africa too have depicted variations in the prev-
alenceratesofMRSAindifferentcountries[10,22,30,31, 37]. This might be due to the variation in the pop-
ulationstudiedandthepracticeofantibioticsusage,sample size, sample type, and infection control practices.

Since the treatment of wound infection is on an empirical basis with first-line broad-spectrum antibiotics and the
increase of drug resistance among pathogens causing woundinfectionespeciallyS.aureusexists,continuouslyupdated data
on antimicrobial susceptibility patterns would bebeneficialforthetrendofempiricaltherapy.Inthisstudy, susceptibility of
isolates was done on nine selected antibi- oticsbythediskdiffusiontechniquewhichshowedthat MRSA tends to be resistant
to a wider range of antibiotics. Inthisstudy, MRSAisolateswereshowinghigherre-
sistancetotetracycline(72.3%),cotrimoxazole(43.1%),and erythromycin (29.2%). This was consistent with reports in
Ethiopia [27] and elsewhere [7,10]. The same isolate was highlysensitivetoamikacin(100%),vancomycin(100%),
clindamycin(96.9%),andgentamycin(94%)whichisalsoin agreementwiththeresearchdoneinTanzania[31]that reported 100%
sensitivity to vancomycin and clindamycin, respectively.Remarkablesusceptibilitytovancomycin, amikacin, and
gentamicin may be due to lesser use of these antibiotics as a result of their less availability and low cost.
Inthisstudy,vancomycinwas100%effectiveagainst both methicillin-resistant and-sensitiveS. aureus.The present study
revealed that out of 79 isolated S. aureus tested for inducible clindamycin resistance, 19 (24.1%) were positive (D*- and
D-test  positive).  This is  comparable with a study conducted in  Mwanza, Tanzania
(28.8%)[31].But,itishigherthanthatofastudyconducted in Nigeria (11.2%) [10] and Bangalore, India (9.15%) [14],
howeverlowerthan astudyconducted inindiashowing the prevalence of 47.12% and 41.3%, respectively
[33,35]. Theoverallprevalenceofinducibleclindamycinresistance among MRSA isolates were 16 (24.6%), whereas among
MSSA, only 3 (21.4%) isolates showed inducible clindamycin resistance. This is supported by other studies performed in
Andhra, South India (23, 28.04%) [34]. On the other hand, therewasahigherprevalenceof61%][31],87.8%[33],and 54.5%
[35] of MRSA exhibiting inducible clindamycin re- sistance in Tanzania and India, respectively.

In this study, the remaining MRSA isolates showed another phenotype like no resistance phenotype (46,
70.8%),cMLSg(2,3.08%),andMS(D-negative)(1,1.54%). Constitutive phenotype prevalence was in agreement with the
study conducted by Mshana et al. in Tanzania [31] and higher than that of the report by Parasaet al. [34] and Vivek et al.
[33] performed in India. In general, it may be risky to use clindamycin when eryth- romycin testing shows resistance or
intermediate  even though the bacteria are sensitive to clindamycin. For this reason,routineD-
testingmighthelpclinicianstoretain confidence in using clindamycin when erythromycin re- sistance is observed [13].In
this study, the prevalence of MDR rate of S. aureus isolateswas27.8%.Thisprevalencewasslightlylowerthan that of the
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study from Ethiopia reporting 34% [38] and 32.1% in Ghana [26] and more lower than that of the report
fromJimma,Ethiopia(86.3%)[32]. Thepossiblereasonsfor the prevalence differences may be attributed due to type of
study population and study period and MDR definition disparity may also be probable reason.

CONCLUSION
TheprevalenceofMRSAwasfound to be high. It is an alarming result which needs a due at- tention and intervention to
control the spread of drug- resistantorganisms.Amikacinandvancomycinwere

100%effectivedrugsagainstbothMRSAandMSSAisolates. However, high level of resistance was observed to tetracy- cline
and cotrimoxazole among MRSA isolates. The incidence of inducible clindamycin resistance was also found to be too
high. This may limit the therapeutic options and may lead to treatment failure. In this case, it may be very important to
evaluate the susceptibility pattern of MRSA periodically
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