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ABSTRACT

Background and Objectives: Methicillin-resistant Staphylococcus aureus (MRSA) is one of the most important
pathogens in hospitals. Hospital staffs can be one of the main sources of this organism in nosocomial infections.
Identification and control of colonized health care workers can reduce the incidence of methicillin-resistant
Saphylococcus aureus (MRSA). Mupirocin is a topical antibiotic and inhibits the activity of the most of gram-
positive Cocci. Mupirocin resistance emerges in a short time after taking this antibiotic. The main goal of this study
is to evaluate the prevalence of asymptomatic carriers of methicillin- and mupirocin-resistant Staphylococcus
aureus by Multiplex PCR method among Fasa Hospital Saffs, Fars Province, Iran. Materials and Methods: In this
study, 150 samples of Staphylococcus aureus isolated from the hospital staffs were analyzed and confirmed by
biochemical and microbial methods. Disk diffusion method was used to determine the level of strains susceptibilities
toward methicillin and mupirocin. Then the presence of mec-A, mup, nuc genes was examined using Multiplex PCR.
150 people were included in this study, including 120 women and 30 men. Results: Of the 150 studied people, 53
cases including 42 women and 11 men were Staphylococcus aureus carriers. Four individuals among 11 studied
men were resistant to methicillin and none of them was resistant to mupirocin. A number of 11 cases among 42
studied women were resistant to methicillin and 2 women were resistant to mupirocin. Conclusion: Prevalence of
methicillin- and mupirocin-resistant Staphylococcus aureus among Fasa Hospital Saffs was moderate and
relatively low. Permanent control of carriers and their treatment can prevent spread of the bacteria and those
infections caused by them.
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INTRODUCTION

Over the past 40 years, MRSA infections have becemdemic in hospitals of developed countries (¢hg. United
States and European countries), as well as dewgiamuntries. Among two million nosocomial infect&oin the
United States, 260,000 cases were cause@tdpnylococcus aureus. Unfortunately, the percentage of methicillin-
resistant strains is increasing, so that MRSA mstréimcreased from 14.8% in 1987 to 39.7% in 1998.[Zhis
problem has also arisen in Iran, so that a resestroltved that MRSA strains were included in 38.6%sofated
Saphylococcus from patients hospitalized in Dr. Shariati Hosp#ad in Children’'s Medical Center Hospital at
Tehran [12]. Staphylococcus structure is similar to other gram-positive baietend includes cytoplasmic membrane,
cell wall and extracellular materials, which plays important role in connection of the bacteriurthwthe host or
the environment. Thickness of bacterial cell walln the range of 18-25 nm and a capsule or aa@tular slime
layer made of carbon nitrate can be seen aroune sxanteriaSaphylococcus aureus cell wall is composed of
three parts, including peptidoglycan, teichoic aaitd protein A. The combination of these materfs$ps to
diagnoseStaphylococcus from Micrococcus and Staphylococcus aureus from Staphylococcus epidermidis [15].
Presence of coagulase is the basisStaphylococcus classification. High prevalence of antibiotic stance in
Saphylococcus aureus and in otherStaphylococcus strains is due to horizontal transfer of genedilamic and
metal resistance genes and pathogenesis-relateg)g&tecent studies show that the horizontal tearsdfgenes in

125



Houshang Jamali et al Int J Med Res Health Sci. 2016, 5(12):125-131

Saphylococcus is more than previously thought [2Baphylococcus aureus has gained and/or are becoming
resistant to all types of applied and known antibf such as beta-lactams, glycopeptides, aminogigies,
quinolones, etc [6]. MRSA was restricted to hodpita the past and called hospital-acquired MRSA-MRSA).

By emergence of methicillin-resistant strains icisbes, resistant to methicillin obtains much margortance.
The above strains which are commonly called as ocamitgrassociated MRSA (CA-MRSA) are resistant to
methicillin, but their pharmaceutical sensitivitgttern toward other antibiotics other than betaalas, is similar to
methicillin-sensitive Staphylococcus aureus (MSSA) [7]. CA-MRSA strains often create skin absses,
furunculosis, severe necrotizing pneumonia and IstiBt The study on prevalence of MRSA colonization
developing countries with no higher levels of hedlas great importance, since this bacterium cseskia and soft
tissue infections [9]. Resistance to penicillindraureus strains was reported by Rimmel and Kemp a year
discovery [4]. The resistance was toward beta-aat®, which its gene is encoded in a related pthdvhiicosa of
anterior part of the nose and the throat is thgimai place for establishment of organisms. Restgtdan MRSA is
due to protein PBP2A (penicillin binding protein RA&ncoded by mecA gene located on staphylococcal
chromosome cassette (SCCmec). Different types ofrB&t cassette have been studied extensively by PCR
techniques. Resistance mechanism includes altesatio defects caused by mutation on mecA genectieates
antibiotic resistance in organisms. These geneshaely resistant amon@aphylococcus aureus strains (5).
Mupirocin is a topical antibiotic that preventsrrdsolation of tRNAsynthetase and stops formatibrisoleusin-
tRNA ligase. Universal application of mupirocinvigdely for elimination ofS. aureus colonization and it is applied
as a mean to prevent staphylococcal infectionscagsad with health. Surgical area and blood vesséstions in
hemodialysis patients with increased MRSA assogiatéh mupirocin population are now used as casrier
prevention from common infections and in stoppipgead of MRSA-related skin infections [19]. Predissts for
diagnosis of bacterium and methicillin resistance faced with a problem due to non-uniform exp@ssif mecA
[8]. Mupirocin (pseudomonic acid A) is similar teoleucine and by its application the amino acidvation is
prevented by isoleucyltRNAsynthetase encoded b$ dene and as a result protein synthesis is predent
bacterium. This research was performed based doatian of phenotypic and genotypic mupirocin resise and
determination of ileS-1, mupA and mupB genes uSiGgR method. Finally, resistance to mupirocin ingtrains of
methicillin-resistantStaphylococcus aureus (MRSA), methicillin-sensitiveStaphylococcus aureus and coagulase-
negativeStaphylococcus was studied [10].

MATERIALSAND METHODS

In this study within 6 months, 150 staffs of ValAsr Hospital in the city of Fasa, Fars Provincan| were
examined in terms of antibiotic resistanceSnaureus. Sampling from the cases was performed from ateri
portion of the nose using a sterile swap. Each smagpplaced in Tryptic Soy Broth Medium. The ob¢airsamples
were transported to laboratory less than 2 houdsveere incubated for 48-72 hours at 37 °C on mahsiilt agar
medium. After growth of bacteria, they were idaatifusing Gram staining, catalase test, coagutsteahd DNase
test.

I dentification of Resistance to Methicillin and Mupirocin

Sensitivity test to antibiotics was performed bytKiBauer diffusion method. Disks were placed witceps on
mannitol-salt agar medium and by distinct distaand they were incubated for 24 hours in 37 °C. baeteria
growth inhibition zone diameter was measured thed,they were classified into three categoriesn§iive, semi-
sensitive and resistant after comparison with thedard Table (1).

DNA Extraction by Boiling Method

After identification ofS. aureus, DNAs of bacteria were extracted using boiling Imeet The method was easy, fast
and cheap and all contents of cell including, DN glasmid were removed from it by bacterial ly8acterial
remnants deposited by centrifugation and DNAs raeadin solution. The solution containing DNAs cobklused
for PCR reaction.

Molecular Methods

After identification of mupirocin- methicillin-resiantStaphylococcus aureus and using PCR reaction, set up steps
were primarily done and optimization was performEden, nuc, mecA, mup genes were simultaneoushpdeed
using Multiplex PCR.

PCR products were evaluated and observed in ths stigarose gel electrophoresis technique was tasedaluate
the products. Position and quality of bands becabservable and were evaluated by putting gel inilllvhinator
device and by help of ultraviolet radiation at wlawgth 254 nm. For further investigation on barghd, images
could be directly printed and/or recorded on flopgigks and be examined with Photoshop software.s,Thu
according to different patterns of antibiotic résige in each target area of this study, evaluaifoinequency of
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asymptomatic carriers of mupirocin- and methicili@sistantStaphylococcus aureus was performed among Fasa
Hospital staffs by Multiplex PCR method.

RESULTSAND DISCUSSION

ResistantS. aureus stains were identified using the following methdskam Staining, DNase, fermentation of

carbohydrate (sugar) and mannitol, catalase teagutase test as well as biochemical methods astddififusion

method. The study population was 150 cases inaidil0 women and 30 men. Among this populationc&ses

(42 women and 11 men) were carrierSodureus. Among 11 men with positive. aureus, 4 cases were resistant to

methicillin and no one was resistant to mupiroéimong 42 women with positiv8. aureus, 11 and 2 cases were

resistant to methicillin and mupirocin, respectydtatistical analysis using SPSS statistics).

« Binomial test showed that there was a significaffexence at 1% level in total number of the samapdbetween
studied women and men (P-Value=0.000).

« Binomial test showed that there was a significaffiéictnce at 1% level in total number of the sarmfletweers.
aureus samples and the others (n8raureus samples)(P-Value=0.000).

 Binomial test showed that there was a significaffeince at 1% level it&. aureus samples between studied
women and men (P-Value=0.000).

» Pearson Chi-Square test showed that there waggndicant difference in total number of the sampbetween
gender of the carriers a®laureus and nonS. aureus samples (P-Value=0.864).

Table 1. Standard Antibiograms

Antibiotic names Sensitive Semi-sensitive Resistanc
Methicillin >15 - <14
Penicillin >29 - <28
Ciprofloxacin >21 16-20 <15
Tetracycline =19 15-20 <14
Amoxicillin > 29 - <28
Rifampin =20 17-19 <16
Erythromycin >23 14-23 <13
Mupirocin 5 > 27 7-26 <6

Table 2. Relative frequency of staffswith positive Staphylococcus aureus on the basis of gender

Samples| Staphylococcus aureus Others Total
Gender
Women 42(28%) 78(52%) 120(80%)
Men 11(7.3%) 19(12.7%) 30(20%)
Total 53(35.3%) 97(64.7%) 150(100%)

It was found from Fisher's Exact Test that thereswa significant difference i8. aureus positive samples between gender of the carriedls an
resistant type (P-Value=0.818).

Table 3. Frequency of methicillin- and mupirocin-resistant genesin Staphylococcus aureus based on gender

Gender of carriers X, resistance
Samples| Methicillin Mupirocin Others Total
Gender
Women 11 (20.8%) 2(3.8%) 29(54.7%) 42(79.2%)
Men 4(7.5%) 0(0%) 7(13.2%) 11(20.8%)
Total 15(28.3%) 2(3.8%) 36(67.9%) 53(100%)
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Chart 1. Frequency percentage of gender in thetotal number of the samples
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Figure 3. Electrophoresisresults of set up PCR productsfor mup
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Figure 4. Electrophoresisresults of set up Multiplex PCR productsfor all three genes
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Figure5. Electrophoresisresults of Multiplex PCR productsfor all three genesand for all of the samples

Compared with HA-MRSA strains that are generallsisent to multiple drugs, CA-MRSA strains are ##resto
most antibiotics. For example, clindamycin, trinrmgdhim and sulfamethoxazole are medications usetréatment
of CA-MRSA [11]. Methicillin-resistant factor in MBA is mecA gene on bacterial chromosome and encades
protein called PBP2a. This protein has no or littiffinity to bind to methicillin. In methicillin-sasitive
Saphylococcus aureus that lacking this gene, methicillin has more affirto bind to PBP protein in bacterial cell
wall, and this causes lysis of the wall [19]. Vaisostudies have examined use of PCR techniquetéondiee the
prevalence of MRSA strains. In a study performedJi, 39 (8.2%) isolated samples of MRSA were idigedi
from a total number of 439 nasal swabs. The studyted out that molecular identification, due teaacy, speed
and high sensitivity, had high value to identify BR strains [14]. In another study from ThailandQ ifolatedS.
aureus obtained from nasal swaps were examined usingqtiagic and molecular methods (PCR, mecA gene). This
study noted that using phenotypic method, the pdigi of separation of methicillin-sensitive stnai which
produce large amounts of penicillinase enzyme was than MRSA strains and this group was considased
MRSA stains at first. So, it is necessary to exanthe presence of mecA, as the indicator of besgtance, using
molecular method [17]. A study conducted in Iraowbd that 88% of clinical isolates &f aureus are MRSASs.
This study emphasized that the prevalence of MR8Kan is rising [16]. It is noted that heterogemeexpression
of methicillin resistance amor aureus strains can produce serious challenges for evaluat resistance levels
using phenotypic method [20, 21]. So, detectionhef presence of mecA gene is considered as thestghdlard
[19]. Identifying the presence of mecA gene wa® alsed in the present study as a confirmatory noet
confirmed the results obtained from the phenotypéthod. Despite a number of reports on prevalefiddRSA,
few studies have been published in Iran about ttevgbence of MRSA in kindergartens. In the onlydstu
performed in this field, the prevalence of MRSAtite noses of children in Hamedan Child Care Cent&s
reported equal to 4.1% by Sedighi et al, in 201e Ftudies performed in Iran have indicated thatl#vel of
resistance in different parts of Iran includinghffan, Hamedan, Shiraz, Babol and other places hadelifferences
that are mentioned in the following: the prevaleaE®MRSA was reported 33.4% in a study conducte@iehran in
2001. This amount was reported 39% in another spaatformed in Tehran in 2003. The prevalence of MR&s
reported 50% in a study conducted in Hamedan. Téeapence of MRSASs in another study carried ouBaol in
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2006 was reported 42% and this amount was repdifegPo in a study performed in 2007 in Tehran. Abde
results imply that the prevalence of MRSA stainsaliso increasing in Iran over time [1]. Severaldss on
mupirocin resistance in methicillin-resisteé@iaphylococcus aureus, methicillin-sensitiveStaphylococcus aureus as
well as coagulase-negativataphylococci were done in all around the world and Iran. Dueatailability of
mupirocin since 1986, steady increase in the lefeésistance to it has been observed since 1990 A2nong 11
resistance strains identified by phenotypic metimod study performed by Hesami, ileS-1 was deteotdd in one
strain with low resistance using E-test. MupA gers recognized in 4 isolated strains with highstasice and this
indicated the presence of plasmid containing mupAhese resistant strains. In the study performedfun, agar
micro-dilution, PCR, and strains sequencing metheadse used respectively to determine minimum irbilyi
concentration, mupA gene and resistance to mupiracd succeeded [23]. Unlike the study of Seah. etoastrain
was observed in our study with very high resistatiat can encode mupB plasmid gene [22]. Threepyraf
strains were also evaluated in 2013 by Jayakumalr &imong 150 studied strains in this study, 3@mnupirocin-
resistant strains were detected. In a study peddrby Mohajeri in 2012%taphyl ococcus strains were evaluated for
resistance to mupirocin, and no resistance waseteSo, the antibiotic, due to lack of resistaimcEermanshah
similar to Arak, had the ability to be used [13fv8ral factors can influence on the prevalence opircin-
resistantStaphylococcus in different countries, including Iran. The factanclude various policies on infection
control programs, quality and level of antibioticegcription, population, dominant strain type, amge of
laboratory methodologies for detection of mupire@sistantStaphylococcus. According to increased resistance to
mupirocin in central area of Iran, particularly lvitegard to a study performed by Saderi et al.0i@92in Tehran,
mupirocin resistance increased from 5% to 7.3%.[18]

In summary, given effective role of mupirocin onshgram-positiveCocci, the antibiotic is of great importance in
treatment of patients and carriers. So, evaluatibnesistance on them could be an effective wagdlect an
appropriate treatment for these types of infectjags.

CONCLUSION

Investigation of antibiotic resistance helps ugptevent spread of resistant strains and/or trarcffeesistance to
sensitive strains in MRSA samples. Awareness abvequency of clinical strains in patients, sampdésnedical

personnel in hospitals and samples of healthy stdjprovide the possibility to perform treatmengineen

containing suitable MRSA strains to treat the patieand to control nosocomial infections. So, tesults of the
present study can be used by physicians to sefgrbpriate measures for treatment and control sboomial

infections with MRSA strains. The results can emeathe basic knowledge in the fields of microbigicand

epidemiology of infectious diseases in the regiod i the city of Fasa.
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