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ABSTRACT

Staphylococcus aureus (SA) is a species of thesg8mphylococcus that is found everywhere, inctudnthe
respiratory tract and on the skin of many adultsl ahildren, and that is considered one of the ngaEithogens in
nosocomial and community acquired infections. Thenler of Methicillin-Resistant Staphylococcus asreu
(MRSA) strains has increased globally over the past decades. Determining the frequency of meck gei®A
that represent MRSA in hospitalized children anchparing it upon hospital admission and dischargeréifiore
appear essential. The present cross sectional stiedyconducted in children hospitalized in ImamaReaspital in
Kermanshah, Iran in 2012. Nasal specimens weresct@tl from the 500 children at time of admissi@msidered
as community acquired Staph aureus and those whirssenasal culture was negative were included $econd
culture at time of discharge, considered as hos$pitauired Staph aureus. After identifying Staphghrus aureus
by common laboratory tests, methicillin resistamees determined using Oxacillin screening plates aret -A
gene. The prevalence of community acquired Staptuawnasal carriers was estimated as 4.6% and teegtence
of its hospital-acquired type as 5.6%. The prevadeaf mecA gene was 17/4% and 37% in two grouggjesting
no statistically significant differences betweee tWwo groups. The resistance to Erythromycin, GefpxMupirocin
and Clindamycin was 30/4%, 8/7%, 4/3% and 30/4%éadmission group and 40/70%, 7/4%, 7/4% and%3f5
the discharge group, suggesting no statisticalyngicant differences between the two groups. dldamples were
sensitive to Vancomycin and Linezolid and no instanof resistance to these antibiotics were obseriée
increase in the prevalence of MRSA is caused byweeuse of antibiotics, which facilitates the aoiation of
MRSA. Moreover, the increase in the resistanceotarnonly-used antibiotics is a warning for a morasenable
prescription of sensitive antibiotics such as Vangoin, so as to prevent the emergence of multidesgstant
MRSA.
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INTRODUCTION

After the first strains of Methicillin-resistant&thylococcus aureus [MRSA] were detected in 196&pal increase
was observed in the prevalence of nosocomial MR8éctions and their associated mortality ratesdBfjnition,
Methicillin-resistant Staphylococcus aureus araist of Staphylococcus aureuses that either caegy Angene or
exhibit a minimum inhibitory concentration of 4 pd/to oxacillin [1]. Resistance to Methicillin andther
derivatives of the3-lactam family of antibiotics is caused by the prese of mec A genes with a length of 2.1 kb
[3]. In spite of the presence of mecA gene, MRSAiss may have different MICs; in fact, strainshwétn MIC of
4-8 pg/ml and no mecA gene are not rare. PCR iefitie considered the best standard method of ifglient
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mecA gene [4]. Staphylococcus aureus have eithaorbe or are becoming resistant to all known tydgwactical
antibiotics such ag-lactamse, Glycopeptides, Aminoglycosides, Quinsjoetc. [1]. In the past, Methicillin-
resistant Staphylococcus aureus strains or theal®dchospital-acquired MRSA [HA-MRSA] were limitetd
hospitals [3]. With the advent of Methicillin-retst strains in the community, the resistance tehidélin became
a critical issue. The so-called community-assodiat#RSA [CA-MRSA] strains are resistant to Methicill
however, their pattern of drug sensitivity to aittiles other tharp-lactams is similar to in Methicillin-sensitive
Staphylococcus aureus [MSSA] strains [4]. Furtheemanlike HA-MRSA, these strains do not requireentying
risk factors such as hospitalization, chronic digsarenal dialysis, drug use or HIV infection [BA-MRSA stains
are often cause mild infections of the skin and $isBues; however, severe and life-threateningasich as
necrotizing pneumonia, necrotizing fasciitis, mycnesis and sepsis are also emerging [6]. The peagal of
MRSA, which has increased in the recent decada isnportant factor for increase in treatment casig hospital
mortality rates. MRSA infections are currently respible for about 19,000 hospital mortalities ie thS, which is
equal to the total number of deaths caused by kibgrculosis and viral hepatitis in the US [8]. Tgrevalence of
MRSA varies in different countries and even frone drospital to another [7]. The strains are mordlgroatic in
closed communities such as barracks, kindergarfgmsyns and similar institutions in which peoptle @ close
contact with each other for prolonged periods wkt{9]. Infection with Methicillin-resistant Staplogoccus aureus
circulating in the community has dangerous consecgs especially since there are no effective nralic
therapies to treat the infection. Given the impactaof CA-MRSA and the need for the evaluationt®fprevalence
across the community and the lack of adequaterirdtion available on the subject in Iran, the prestudy was
conducted to give a more accurate estimation otthieent prevalence of MRSA in the community andhie age
group that is less contact with hospital settings.

MATERIALSAND METHODS

The present study was conducted on 500 childrepitadiged in Imam Reza hospital in Kermanshah getéc
through census sampling in 2012. Nasal swab sargemas performed on the samples upon hospital abmisand

discharge. The samples cultured in specific medieevisolated and their strains were detected. Qixastreening

plates were used according to the Clinical and taooy Standards Institute [CLSI] guidelines sa@sletermine

the resistance to Methicillin. Patients with a digt of antibiotic use one week or corticosteroie i&o weeks
before hospitalization, immunodeficiency, a histofyhospitalization one month before presentinght® hospital,

those with chronic systemic diseases such as digbeenal failure or Staphylococcus aureus infacivere

excluded from the study and all the other hospiéalipatients were included in the study. If thellteof samples of
patients that were included at time of admissiomewmositive they were considered as community aedustaph

aureus [CASA]. They were excluded from samplingirae of discharge. If the result of samples wergatiee at

time of admission but positive at discharge tiniegonsidered as hospital acquired staph aureus[HABeér the

sampling stage, a cotton swab soaked in a stetlileessolution was pushed into the patients’ aotembstrils and

rotated five times in each. The swabs were culteredlannitol Salt Agar media on the site of sanplamd were

then transferred to the School of Medicine withimaximum of two hours and were incubated at 356rC2#-48

hours. Yellow colonies [Mannitol yeast] suspectédstaphylococcus aureus were cultured on blood agatium

for subsequent tests. Colony morphology, gram istgjrcatalase test, slide coagulase test, tubeutase test and
DNase test used to identify the bacterium. IsolafeStaphylococcus aureus were inserted into culioedia with

the minimum number of subculture and were then keghie fridge until PCR and antibiotic suscepttpitest were

performed.

DNA Extraction

DNA extraction was performed by boiling method. Toecteria kept in the freezer were cultured onientragar
plates and incubated at 37° C for 18-24 hours.op lvas removed from the first culture zone andadvesl in 250
UL of sterile injectable distilled water and thecteaiial suspension was then incubated for 10 méaté0° C (in a
90° C bain-marie). The suspension was centrifugetb@0 rpm for 5 minutes. The solution containing DNA
was transferred to an empty micro tube.

Deter mining the DNA concentration

The DNA sample was diluted 1:100 and a spectropheter was used to read its optical absorption aeileagths
of 280 and 260 nm. The first wavelength shows tlie @D the protein and the second wavelength the ®he
DNA. The OD read at 280 nm is used to calculateQRe260: OD 280 ratio, as the presence of protailicates
impurity in the extracted DNA. The closer is théado 1:8; the higher is the DNA purity.

PCR geneidentification
After extracting the DNA from the bacteria, PCR&formed through the following method:
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A total of 5 pL of the boiled DNA extract, 0.5 purafithe primer, 1.5 mmol of MgCI2, 0.2 mmol of dNBRd 0.25
unit of Tag enzyme were used. The thermal cycld irsenlved:

45 seconds at 94° C

30 cycles of 20 seconds at 94° C
15 seconds at 57° C

15 seconds at 70° C

2 minutes at 72° C

I dentification of the PCR product

A horizontal electrophoresis system and agarosevgslused to identify the molecular weight of tl@&RPproduct.
The 1x buffer TBE used was diluted from stock solutA 1.5% agarose gel was prepared from dissgl0i3 gr of
agarose in 20 mL of TBE 1x buffer. After dissolvitite agarose over low heat and allowing it to amivn and
reach an approximate temperature of 40-50° C, & eest on gel support frame with comb in placeeAthe gel
was solidified, the comb was removed and the ged placed in an electrophoresis chamber containiBg Ix
buffer. The comb and the tray were washed in advahie chamber was then connected to a power sdpplye.
The negative poll of the device was connected ¢owtblls. The device was first set on 60 V/20 mid #ren on 45
V/70 min. The DNA was poured into the wells wittbading buffer solution.

To detect DNA segments under UV light, an EthidiBnomide solution with a final concentration of 0.Q&/ml
was used, which can be poured directly into thebgédre it is solidified or the gel can be pourstbian Ethidium
Bromide solution with the same concentration aftiectrophoresis is complete and can then be takémfothe
solution within a few minutes to be seen under igtitl Ethidium Bromide solution is available asGrg/pl stock
solution. Safety precautions should be observednwherking with Ethidium Bromide and the skin shouddt
touch the substance. A Gel Doc was used for imatfiaggel. The antibiotic susceptibility test waerttperformed
with a number of antibiotics including Linezolid,efoxitin, Erythromycin, Clindamycin, Vancomycin and
Mupirocin using the Kirby-Bauer method (21). Oxhnildisks were used for all the Staphylococcus asisamples.
The results obtained were then investigated toraéte the degree of colonization by SA in the comityuand in
the hospital and to compare patients in terms efpitesence of mecA gene. The data collected wexgyzad in
SPSS using the Chi-square test and Fisher’s easicat a significance level of P<0.05.

RESULTS

Nasal swabs were taken from 500 hospitalized aildmpon their hospital admission and discharge. children
with positive results upon admission were refertedas cases of community-acquired Staphylococcusuau
(CASA) and those with negative result at time af@sion but positive results upon discharge comsitlas cases
of hospital-acquired Staphylococcus aureus (HASA&nva case of CASA or HASA was resistant to oxaci
had mec A gene considered as CA-MRSA and HA-MRSpeetively. A total of 61 samples were infectedhwit
Staphylococcus aureus, 23 of which were Staphymeoa@ureus positive upon admission and 38 only upon
discharge. Of the 38 cases that were positivesahdrge time, 11 were also positive upon admissiwhwere thus
classified as CASA and deducted from the 38 cadesremaining 27 Staphylococcus aureus positivgpkemirom
the total of 477 children without positive resuitpon admission were classified as HASA. The presaundy
estimated the prevalence of nasal carriers of CASMRs 4.6% and the prevalence of nasal carrietllfoMRSA

as 5.6%. Oxacillin resistance was observed in thefsamples who were SA-positive upon admission Idhof
those who turned out SA-positive upon discharge,oflwhom carried mecA gene (MRSA). There were no
differences between the results obtained throughQkacillin disks and the PCR. A total of 4 of g@mples that
were SA-positive upon admission carried mecA geaastituting a prevalence of 0.8% of MRSA in thetime(
prevalence of CA-MRSA). As for the samples thahéal out SA-positive upon discharge and negatiaslatission
time, 10 carried mecA gene, constituting a prevadeaf 2% (the prevalence of HA-MRSA). The mean afe
participants was 56+48/7 in the CASA samples and59/9in the HASA samples, suggesting the lack of
significant differences between the two groupshéiigh most cases were male but no meaningful diffdvetween
them were observed. The prevalence of mec A gesel®W@% in the CA-MRSA and 37% in the HA-MRSA group
showing the lack of a statistically significantfdience between the two groups. The resistanceitr@&mycin,
Cefoxitin, Mupirocin and Clindamycin was 30/4% &8/d@%, 4/3% and 30/4% in the CA-MRSA group and 40/7%
714%, 7/4% and 18/5% in the HA-MRSA group, suggestio statistically significant differences betweha two
groups. All the samples were sensitive to Vancomyeid Linezolid antibiotics and no instances ofstasce were
observed.
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Table 1: The mean age of the patientsin the CA and HA groups

Number | Mean | Standard Deviation | P-Value
Community 23 56.00 48.735 0.98
Hospital 27 36.15 29.915 )

Table 2: Thefrequency distribution and relative frequency of the gender variablein the CA and HA groups

Gender Group P-Value
Community Hospital 0555
Female | 10 (43.5%) | 14 (51.9%) ’
Male 13 (56.5%) | 13 (48.1%)

Table 3: Thefrequency distribution and relative frequency of the mecA gene variablein the CA and HA groups

Group Total P-Value
mecA Community | Hospital
Negative | 19 (82.6%) | 17 (63.0%)| 36 (72.0%)| 0.123
Positive | 4 (17.4%) | 10 (37.0%)| 14 (28.0%)

Table4: Thefrequency distribution and relative frequency of antibiotic resistancein the CA and HA groups

Community Hospital P-Value
Erythromycin | Sensitive| 16 (69.9%) | 16 (59.3%) 0.449
Resistant| 7 (30.4%) | 11 (40.7%) )
” Sensitive| 21(91.3%) | 25(92.6%)
Cefoxitin Resistant]  2(8.7%) | 2(7.4%) | +9°
— Sensitive| 22(95.7%) | 25(92.6%)
Mupirodn — posistant]  1(43%) | 2(7.4%) | 10
. | Sensitive] 16(69.6%) | 22(81.5%)
Clindamycin - = cotant] 7(30.4%) | 5(18.5%) | 0°2°
DISCUSSION

The early diagnosis and treatment of MRSA infei@re crucial measures for preventing the spreathef
infection and reducing the mortality risks assaddatvith it. In addition to Methicillin an@-lactam, MRSA strains
are even more resistant to other antibiotics [1P-IBe present study reported the prevalence gbytacoccus
aureus nasal carriers as 4.6% in the community5a8ib in the hospital group and the prevalence afAngene as
17/4% and 37% in CASA and HASA respectively. A stubnducted by Moghadami et al. [2010] investigated
isolates of SA from CA-MRSA and HA-MRSA samplestarms of their drug and epidemiologic resistandee T
isolates were collected from seven hospitals araltath4% were MRSA [14]. The results of the presgtody
showed a 37% prevalence of mecA gene in hospitplieed Staphylococcus aureus strains, which idaino the
prevalence of the strains in large hospitals int&east Asia [15 and 16] and less than in hospitalsorthern
Europe and the Middle East [except for large haspin Saudi Arabia]; [17-21]. A study conductedHan reported
the prevalence of CA-MRSA as 18% [22]. In a stugyWen, the prevalence of Staphylococcus aureusl nasa
carriers decreased from 28% in 2004-2006 to 23200v-2009, while the prevalence of MRSA identifidmecA
gene PCR increased from 8% to 15/1% during the gaaried [23], which is in line with the results thie present
study. The results reveal that, in spite of theuotidn in the prevalence of community-associateap®ylococcus
nasal carriers, the prevalence of CA-MRSA has m&ed in proportion to it, which could be due to ¢veruse of
antibiotics that eradicate Methicillin-sensitivea@iylococcus and facilitate MRSA colonization. Instudy
conducted in Kashan, 150 Staphylococcus aureusleaiigolated from clinical [urine, blood, etc.] spaens were
analyzed by PCR, 87 [58%] of which were found tacheiers of mecA gene, with 34 [39%] of the 87&sts being
hospital-acquired and 53 [60.9%] community-assedatalf of the strains carried mecA gene while entiran
60% were community-associated [CA-MRSA]; [24]. Tlesults of this study are not consistent with thdihgs of
the previous study, perhaps due to the exclusiarhibdren with underlying diseases, who might thelvss be one
of the major carriers of community-associated Sgigaoccus aureus. The resistance to ErythromyceafpxXitin,
Mupirocin and Clindamycin was calculated as 30/8%6%, 4/3% and 30/4% in the CASA group and as 40/7%
714%, 7/4% and 18/5% in the HASA group. While &k tgroups were sensitive to Vancomycin and Linezalie
resistance to Erythromycin, Clindamycin and Mupinoalso increased. No instances of resistance trcdfaycin
and Linezolid were observed. Alborzi et al. exardii®6 cases of MRSA in terms of the mecA gene bpe
reported mecA Il as the most common type of theegavhile mecA IV was observed in the HA-MRSA saaspl
All the MRSA samples were sensitive to Vancomydieicoplanin, Linezolid, Mupirocin and Folic Acidptvever,

a reduced sensitivity was observed among them tanRRin, Co-trimoxazole, Clindamycin, Cephalexin,
Tetracycline, Ciprofloxacin, Erythromycin and Geaniein [25]. The first VRSA strain was reported Q2 in the
US and the first strain with a reduced Vancomyeisistance was reported in 1997 in Japan, whil&JteFrance
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and the US later reported the spread of VRSA strfdB, 27]. The various studies conducted to datiean have
reported different rates of prevalence for Vancomyesistant Staphylococcus strains. In Iran, thgistance to
Vancomycin was in the range 3% to 18.1% in manpmsg28-29]. Comparison of the data obtained enshbject
in Iran with the data obtained in other countriesvgs a low resistance to Vancomycin across thedyavhich
makes the results of the present study on SA strhilty compatible with the global findings. Comjpay the
antibiotic resistance pattern obtained in this gtwith the patterns obtained in similar studiesdwmted on MRSA
strains shows that the strains are quite resistanentibiotics such as Penicillin, Amikacin, Genteim
Ciprofloxacin, Tobramycin, Erythromycin and Tetralizge and therefore do not provide effective treatiroptions,
which could be due to their overuse in treatingatibns caused by different bacteria in the courfigcording to
the results obtained of our study, 30.4% of MRS@lates were resistant to Clindamycin, so this aotiib is not
suitable for treatment of this organism. None & #pecimens collected in the present study welstaes to
Vancomycin. A screening program for identifying MR§/pes that were associated with a decreasedtséysio
Vancomycin was implemented in 1996 in Japan aci®steaching hospitals. Of the 970 cases of MRS, 1
[1.3%] showed a reduced resistance to Vancomyddh [Biwary et al. [2006] reported six VISA straiirs their
study [31]. These findings are not consistent \ilih results of the present study. It can therelf@reoncluded that
there is still no resistance to Vancomycin in Ir&dl. the strains examined in 2005 by Sancak in Byrkvere
sensitive to Vancomycin [32], which is consisteiftiwthe results of the present study.

According to a survey by mec/A gene method in Najeall isolated Staph A from nose of healthy coflegere
sensitive to clindamycin that is in accordance wf study that30.4% of isolates were resistancditol@mycin ,so
in Nigeria we can use clindamycin as first lineilaiotic therapy but in our region not [33] .

Vidya Pai and co workers in India showed that iidey hospital [34] the prevalence rate of MRSAsW20.1%
which is relatively in accordance of our study tB@to of our HASA were MRSA. Among their MRSA 18.8%re
resist ant to clindamycin but as mentioned previptise clindamycin resistant rate in our study v@¥6 that
higher than Indian study. Generally resistant bodaimycin is higher in our study than all abovelsts.

According to a survey in Taiwan based on the ciihind molecular definition [mec], 57.6% of Stamgtgccus
Aureus ocular infection was MRSA that is highernthaur study [35]. In Taiwan study difference of ibiutic
susceptibility pattern between CA-MRSA and HA-MR®As statistically meaningful. In our study although

Antibiotic susceptibility pattern of CA-MRSA and HWRSA was different but not meaningful. Resistant t
clindamycin was lower than our study. In a molecuépidemiology survey [mec/A] in Spain 38.7% of
Staphylococcus aureus a university hospital were MRSA that is in cordance with our study [36].

CONCLUSION

The increase in the prevalence of MRSA is causetthé®yveruse of antibiotics, which facilitates tiwdonization of
MRSA. Moreover, the increase in the resistanceoctmmonly-used antibiotics is a warning for a morasmable
prescription of sensitive antibiotics such as Vangoin, so as to prevent the emergence of multidasistant
MRSA.
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