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Abstract

Staphylococcus aureus is a serious risk to public health as it triggers human infections ranges from wound abscess to life threatening states.
As involvement to the global effort the objectives of this study were to examine the incidence of Methicillin-resistant Staphylococcus
aureus (MRSA) in Taif region, Saudi Arabia. Moreover, this work aimed to estimate the relation between the phenotypic antibiotic
susceptibility patterns and the antibiotic resistance genes mong MRSA isolates. A total of 67 wound specimens were taken from patients.
Methicillin-resistant Staphylococcus aureus (MRSA) was selected by growing on Mannitol Salt Agar supplemented with methicillin
(5 mg/1). The prevalence of methicillin-sensitive S. aureus (MSSA) and methicillin-resistant (MRSA) wound carriage among patients
was 51 and 49 %, respectively. All MRSA isolated were resistant to penicillin, oxacillin and cefoxitin. However, 100% of MRSA isolates
were determined as sensitive to linezolid, teicoplanin, vancomycin, tigecycline, mupirocin and rifampicin. 78% of MRSA isolates were
multidrug resistant (MDR). The presence of resistance genes to methicillin (mecA) was mostly detected in the isolates. Macrolide-
lincosamide-streptogramin B (ermA) gene was detected in all isolates. Tetracycline (tetM) gene was mostly found in the isolates. The
genes responsible for tetracycline (tetK), Streptogramin A (vatABC) and macrolide-lincosamide-streptogramin B (ermC) were not
detected. mecA gene was detected in 86% MRSA isolates. Most isolates carried a plasmid of > 10 kb. Some isolates appeared to be
carried 4 plasmids with different sizes (2kb, 4kb, >10kb, >10kb). Linezolid, teicoplanin, vancomycin, mupirocin and rifampicin could
be the best drugs of choice in treating MRSA infection. Moreover, MIC of vancomycin should be performed routinely to screen out
vancomycin-intermediate S. aureus (VISA). Also, findings of this study might be helpful for developing an appropriate policy of hospital
antibiotic administration to reduce the chances of S. aureus associated infections in Taif region.
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Introduction

Staphylococcus aureus is a severe danger to public health as it causes human infections ranges from wound abscess to life threatening
situations [1]. Emergence of antibiotics resistant S. aureus especially methicillin-resistant S. aureus (MRSA) is a global problem in
both healthcare and community locations [2]. With the increase of MRSA associated infections, the use of glycopeptides (vancomycin
and teicoplanin) are also rising gradually. The unreasonable and random use of glycopeptides causes in the emergence of even
vancomycin resistance in S. aureus. Such resistance, however uncommon, but it is an emerging threat because of its possible to
distribute rapidly [3]. Methicillin-resistant S. aureus are resistant to all penicillins, including semi synthetic penicillinase-resistant
congeners, penems, carbapenems, and cephalosporins. The most important mechanism of resistance to penicillin is caused by the
acquisition of an exogenous gene, mecA, that encodes an additional B-lactam-resistant penicillin-binding protein (PBP), termed
PBP-2’ (or PBP-2a). Another gene involved in penicillin resistance in staphylococci is blaZ which encodes p-lactamase [4]. The
aacA-aphD gene, which encodes the bi-functional enzyme aminoglycoside-6-N-acetyltransferase/2-O-nucleotidyl transferase,
mediates resistance to all clinically used aminoglycosides except streptomycin and neomycin [5]. The ermA and ermC genes are
frequently responsible for the Macrolides, lincosamides and streptogramin B (MLSB) resistance in staphylococci coding for rRNA
methylases, which can be either constitutive or inducible. Clinical S. aureus strains carrying ermB are rather infrequent [6]. For
full resistance to the streptogramin combination quinupristin-dalfopristin, acetyltransferase vatABC genes are needed in bacterial
strains to carry additional resistance to streptogramin A compounds [6]. The main mechanisms conferring resistance to tetracycline
to bacteria are active efflux proteins, ribosomal protection proteins and enzymatic inactivation [7]. Molecular detection techniques
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continue to increase in utility in clinical routine screening of S. aureus isolates to determine antimicrobial susceptibility patterns.
MRSA can be transferred from person to person via skin or the sharing of contaminated items.

Antibiotic resistance is a significant threat to global health; it can affect anyone, of any age, in any country. Abuse of antimicrobial
agents is an important cause of antibiotic resistance, which leads to increased medical expenses and mortality [8]. Therefore, the
present study was aimed to investigate the incidence of MRSA in Taif region, Saudi Arabia. Also, it was aimed to investigate the
prevalence resistance genes of methicillin (mecA), aminoglycoside (aacA-aphD), tetracycline (tetKM), streptogramin A (vatABC)
and macrolide-lincosamide-streptogramin B (ermAC) among MRSA isolates.

Materials and Methods

Collection of Samples

Sixty seven samples of wounds were collected from patients at Taif province. Samples were taken by swabs and immediately
transported to the laboratory and processed immediately or refrigerated at -20 °C as soon as possible. The samples were taken by
the staffs of Microbiology Labs of hospitals.

Isolation and Identification of Methicillin-Resistant Staphylococcus aureus

The swabs were streaked on Mannitol Salt Agar plates (selective medium for Staphylococcus aureus). The plates were incubated
for 24-48 hours at 37x1 °C. The suspected Staphylococcus colonies-yellow colonies showing Mannitol fermentation were
selected and subject to further characterization. Suspected colonies were stored in 40% glycerol at -70 °C. Methicillin-resistant
Staphylococcus aureus was distinguished from methicillin-sensitive Staphylococcus aureus (MSSA) by culturing on Mannitol
Salt Agar supplemented with methicillin (5 mg/l). Mannitol Salt Agar with oxacillin (methicillin) is used for the isolation of
methicillin-resistant Staphylococcus aureus from clinical specimens [9]. Morphological and biochemical characteristics of bacterial
isolates were examined after incubation at 37 °C for 24h. The bacterial isolates were distinguished according to Bergey’s Manual of
Systematic Bacteriology [10].

Antimicrobial Susceptibility and Minimal Inhibitory Concentrations (MICs) Tests

Kirby Bauer Test (disc diffusion method) was used [11]. A standard concentration of an organism was plated onto Mueller
Hinton agar. Afterwards, paper discs containing fixed concentrations of antimicrobials were placed onto the surface of the media.
Susceptibility is visualized by a zone of inhibition around the disc and the MICs were detected with different concentrations of
antibiotics. The MICs were correlated to known MIC values of CLSI-defined breakpoints to determine whether the isolate was
susceptible, intermediate, or resistant [12]. The followings antimicrobial agents were used: penicillin P, oxacillin OX, cefoxitin
FOX, gentamicin GM, tobramycin TOB, levofloxacin LVX, moxifloxacin MXF, erythromycin E, clindamycin DA, linezolid
LNZ, teicoplanin TEC, vancomycin VA, tetracycline TE, tigecycline TGC, fosfomycin FOS, nitrofurantoin NIT, fusidic Acid FA,
mupirocin MUP, rifampicin RA and sulfamethoxazole/trimethoprim SXT.

Molecular Characterization of MRSA

Isolation of Chromosomal DNA: Isolation of chromosomal DAN from multidrug resistant MRSA isolates was performed by
Thermo Scientific Gene]ET Genomic DNA Purification Kit with some modifications. DNA samples were resolved by 1% agarose
gel electrophoresis and then stained with ethidium bromide. Molecular weight ladder, 1Kb DNA ladder RTU (Ready-to- Use,
GeneDirex) was employed.

16S rRNA Gene Analysis

Firstly PCR was achieved to amplify 16S rRNA gene. 20 pl-PCR reactions contained 2 ul of template DNA and 1X PCR master mix.
Universal primers, 27F (AGA GTT TGA TCM TGG CTC AG) and 1492R (TAC GGY TAC CTT GTT ACG ACT T), were used.
35 amplification cycles were performed at 94 °C for 45 s, 55 °C for 60 s, and 72 °C for 60 s. Amplified DNA fragments were ~ 1,400
bp. Unincorporated PCR primers and dNTPs were removed from PCR products by using Montage PCR Clean up kit (Millipore).
PCR-products were resolved by 1% agarose gel electrophoresis and then stained with ethidium bromide. Molecular weight ladder,
1Kb DNA ladder RTU (Ready-to- Use, GeneDirex) was usedutilized. The purified PCR products of approximately 1,400 bp were
sequenced by using two universal primers: 518F (CCA GCA GCC GCG GTA ATA CG) and 800R (TAC CAG GGT ATC TAA
TCC). Sequencing was achieved by using Big Dye terminator cycle sequencing kit (Applied BioSystems, USA). Sequencing products
were analyzed on an Applied Biosystems model 3730XL automated DNA sequencing system (Applied BioSystems, USA). Selected
sequences of other microorganisms with greatest similarity to the 16S rRNA sequences of bacterial isolates were extracted from the
nucleotide sequence databases and aligned using CLUSTAL W (1.81) Multiple Sequence Alignment generating phylogenetic tree.

Isolation of Plasmid DNA

Plasmid DNA was isolated from bacterial isolates by Thermo Scientific GeneJET Plasmid Miniprep Kit with some modifications.
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Plasmid preparations were resolved by 1% agarose gel electrophoresis and then stained by ethidium bromide. Molecular weight
marker, 1IKb DNA ladder RTU (Ready-to- Use, GeneDirex) were employed as a size standard.

Detection of Resistance Genes by Polymerase Chain Reaction (PCR)

The existence of genes related with resistance to Methicillin (mecA), Aminoglycoside (aacA-aphD), Tetracycline (tetKM),
Streptogramin A (vatABC) and Macrolide-lincosamide-streptogramin B (ermAC) were verified by PCR. The set of primers used
for each gene shown in Table 1 (Macrogen, Korea). GoTaq Green Master Mix kit (Promega, USA) was applied. PCR reactions were
achieved in a total volume of 25 pl, containing 12.5 pl Master mix, 2 pl Forward Primer (10 pM), 2 pl Reverse Primer (10 pM), DNA
Template 2 ul and 6.5 pl water. Amplification reactions were performed using a DNA thermocycler (Labnet International, Model:
Multigene Opti Max) as follows: 95 °C for 3 min, 35 cycles each involving of 94 °C for 30 sec, 55 °C for 30 sec and 72 °C for30 sec,
followed by a final extension step of 72 °C for 4 min. Amplified PCR produts were resolved by 1% agarose gel electrophoresis and
stained by ethidium bromide. Molecular weight ladder, 100 pb DNA ladder RTU (Ready-to-Use, GeneDirex), was used.

Target gene Encoding Oligonucleotide sequence (5°-3’) Amplicon size (bp)

aacA-aphD Aminoglycoside resistance (GEN) i?&’fcc AA(?FiéFGCiéfﬁzéjéi g%g 227

tetk Tetracycline resistance (OTE) ; (C};i (é(%g i(éﬁ ﬁ:{‘ﬁ GAi(E 1(\?’(1; Ié”([;: 360

tetM Tetracycline resistance (OTE) RFCIZS;F&”CFE?" CG g ”CF;C? g Eé”? 12;”? g ? A 158

vatA Streptogramin A resistance (SYN) II: ?gg:gg ggg::f :(1:::1? [;F ggé 268

vatB Streptogramin A resistance (SYN) 111 %’CFE} i(é% ‘:2:11: E%é igg i:{g ?%2 136

F: AAG GCC CCA ATC CAG AAG AA

vatC Streptogramin A resistance (SYN) R: TCA ACG TTC TTT GTC ACA ACC 467

ermA Macrolide-lincosamide-streptogramin B resistance F: AAG CGG TAA ACCCCT CTG A 190
(ERY, CLI) R: TTC GCA AAT CCC TTC TCA AC

ermC Macrolide-lincosamide-streptogramin B resistance F: AAT CGT CAA TTC CTG CAT GT 299
(ERY, CLI) R: TAA TCG TGG AAT ACG GGT TTG

mecA Methicillin resistance F: AAA ATC GAT GGT AAA GGT TGG C 532

(PEN, OXA) R: AGT TCT GCA GTA CCG GAT TTG C
- F: CAG CTC GTG TCG TGA GAT GT
16S rDNA Amplification control R: AAT CAT TTG TCC CAC CTT CG 420
Table 1: The primer sequences and predicted sizes used in the PCR
Results

Isolation and Characterization of Staphylococcus aureus

Wound specimens were got from 67 patients. Of the 67 Staphylococcus aureus isolates tested, 33 (49%) were positive for MRSA by
direct plating method on Minntol Salt Agar with methicillin. The MRSA isolates were designated as WO01, WO02, WO06, WOO08,
WO10, WO19, WO21, WO27, WO34, WO39, WO43, WO52, WO53, WO56, WO59, WO60, WO61, WO63, WO64, WOG65,
WO66, WO69, WO70, WO75, WO88, WO90, WO91, WO95, WO96, WO103, WO104, WO105 and WO112. All obtained isolates
were characterized morphologically and biochemically as Staphylococcus aureus. S. aureus forms golden or white colonies on blood
agar. All the isolates produce catalase, an enzyme which changes hydrogen peroxide (H,0,) to water and oxygen. The catalase test
is suitable to differentiate staphylococci from enterococci and streptococci. Most of these strains ferment mannitol and trehalose
anaerobically which, among other tests, may help to classify S. aureus.

Antibiotic Susceptibility Testing

Sixty seven isolates of Staphylococcus aureus isolated from wound swabs were screened for antimicrobial susceptibility test. The
MICs of these bacterial isolates against different antimicrobial agents were determined (Table 2). The obtained results were
interpreted according to CLSI guidelines 2016. As shown in Table 3, 49% of the isolates were detected as MRSA isolates. All MRSA
isolates were resistant to penicillin, oxacillin and cefoxitin. However, 100% of MRSA isolates were determined as sensitive to
linezolid, teicoplanin, vancomycin, tigecycline, mupirocin and rifampicin. All MRSA isolates were resistant to 3-11 antimicrobial
agents. 78% of MRSA isolates were MDR. Most of MRSA isolates were MDR bacteria. MRSA isolates WO01, WO10, WO27,
WO53, WO60, WO66 and WO70 were resistant to 10, 5, 7, 11, 10, 8 and 10 antimicrobial agents, respectively. Accordingly, these
MDR-MRSA isolates were selected to further study
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Iso- MIC values (ug/ml)

lates P OX | FOX | GM | TOB | LVX | MXF | E DA | LNZ | TEC | VA | TE | TGC | FOS | NIT | FA | MUP | RA | SXT
WO01 | <05 | <4 | <8 16 16 4 1 8 8 1 0.5 1 16 0.12 8 16 32 8 0.5 | 320
W02 | <05 | <4 | <8 4 2 4 1 0.25 | 0.25 2 0.5 | 0.5 1 0.12 8 16 0.5 2 0.5 20
W06 | <05 | <4 | <8 | 0.5 1 05 | 025 | 0.25 | 0.25 2 05 | 05 1 0.12 8 16 1 2 0.5 10
W08 | <05 | <4 <8 4 2 4 1 0.25 | 0.25 2 0.5 | 0.5 1 0.12 8 16 0.5 2 0.5 20
W10 | <05 | <4 | <8 8 4 4 2 0.25 | 0.25 2 05 | 05 1 0.12 8 16 0.5 2 0.5 | 160
W19 | <05 | <4 <8 0.5 1 0.25 | 0.25 | 0.25 | 0.25 2 0.5 1 16 0.12 8 32 32 2 0.5 10
W21 | <05 | <4 | <8 8 2 4 2 0.25 | 0.25 2 0.5 | 0.5 1 0.12 8 16 0.5 2 0.5 | 320
W27 | <05 | <4 <8 0.5 16 8 2 8 8 4 0.5 1 1 0.12 8 32 8 2 0.5 10
W34 | <05 | <4 | <8 16 8 0.25 | 025 | 0.25 | 0.25 2 0.5 | 05| 16 0.25 8 16 16 2 0.5 10
W39 | <05 | <4 | <8 16 16 | 0.25 | 0.25 | 0.25 | 0.25 2 05 | 05| 16 0.12 8 16 16 2 0.5 10
W43 | <05 | <4 <8 0.5 1 0.12 | 0.25 | 0.25 | 0.25 1 0.5 | 0.5 1 0.12 8 16 0.5 2 0.5 10
W52 | <05 | <4 | <8 | 0.5 1 0.25 | 0.25 | 0.25 | 0.25 2 0.5 1 16 0.12 8 32 8 2 0.5 10
W53 | <05 | <4 <8 16 16 8 2 8 8 1 0.5 2 16 0.12 8 16 32 8 0.5 | 320
W56 | <05 | <4 | <8 | 05 1 0.25 | 025 | 0.25 | 0.25 2 0.5 1 1 0.12 8 B9 8 2 0.5 10
W59 | <05 | <4 <8 8 8 4 1 1 0.25 2 0.5 | 0.5 1 0.12 8 16 0.5 2 0.5 | 320
W60 | <05 | <4 | <8 16 16 4 1 8 8 1 0.5 1 16 0.12 8 16 32 2 0.5 | 320
W6l | <05 | <4 | <8 4 2 4 2 0.25 | 0.25 2 05 | 05 1 0.12 8 32 0.5 2 0.5 80
W63 | <05 | <4 <8 0.5 1 0.25 | 0.25 8 0.25 2 0.5 | 0.5 1 0.12 8 16 8 2 0.5 10
W64 | <05 | <4 | <8 | 0.5 1 0.25 | 0.25 | 0.25 | 0.25 2 0.5 1 16 0.12 8 32 8 2 0.5 10
W65 | <05 | <4 <8 0.5 1 4 2 0.25 | 0.25 2 0.5 | 0.5 1 0.12 8 32 0.5 2 0.5 | 320
W66 | <05 | <4 | <8 | 05 16 2 2 0.25 1 2 0.5 1 2 0.12 128 16 32 8 1 320
W69 | <05 | <4 <8 1 2 4 1 0.25 | 0.25 2 0.5 | 0.5 1 0.12 8 16 0.5 2 0.5 10
W70 | <05 | <4 | <8 16 16 8 1 8 8 1 0.5 1 16 0.12 8 16 32 8 0.5 | 320
W75 | <05 | <4 | <8 | 05 1 0.25 | 0.25 | 0.25 | 0.25 2 0.5 1 1 0.12 8 32 0.5 2 0.5 10
W88 | <05 | <4 <8 0.5 1 0.12 | 0.25 | 0.25 | 0.25 2 0.5 | 0.5 1 0.12 8 16 0.5 2 0.5 10
W90 | <05 | <4 | <8 | 0.5 1 0.12 | 0.25 | 0.25 | 0.25 2 05 | 05 | 16 0.12 8 16 8 2 0.5 10
W91 | <05 | <4 <8 0.5 4 0.25 | 0.25 | 0.25 | 0.25 2 1 1 16 0.12 8 16 16 2 0.5 10
W95 | <05 | <4 | <8 | 05| 05 | 025 | 025 | 0.25 | 0.25 2 05 | 0.5 1 0.12 8 32 16 2 0.5 10
W9 | <05 | <4 <8 0.5 1 0.25 | 0.25 | 0.25 | 0.25 2 0.5 1 1 0.12 8 16 16 2 0.5 10
WI103 | <0.5 | <4 | <8 4 2 4 1 0.25 | 0.25 2 0.5 | 0.5 1 0.12 8 16 0.5 2 0.5 10
W104 | <05 | <4 | <8 4 2 4 2 0.25 | 0.25 2 05 | 05 1 0.12 8 16 0.5 2 0.5 20
WI105 | <05 | <4 | <8 | 0.5 1 0.12 | 025 | 0.25 | 0.25 2 0.5 1 1 0.12 8 16 8 2 0.5 10
WI112 | <05 | <4 | <8 | 0.5 1 0.12 | 0.25 | 0.25 | 0.25 2 05 | 05 1 0.12 8 16 0.5 2 0.5 10

*Penicillin P, oxacillin OX, cefoxitin FOX, gentamicin GM, tobramycin TOB, levofloxacin LVX, moxifloxacin MXE erythromycin
E, clindamycin DA, linezolid LNZ, teicoplanin TEC, vancomycin VA, tetracycline TE, tigecycline TGC, fosfomycin FOS,
nitrofurantoin NIT, fusidic Acid FA, mupirocin MUP, rifampicin RA and sulfamethoxazole/trimethoprim SXT.

Table 2: The MIC values of MRSA isolates from wound swabs

Isolates Antimicrobial agents
P |OX | FOX | GM | TOB | LVX | MXF | E | DA | LNZ | TEC | VA | TE | TGC | FOS | NIT | FA | MUP | RA | SXT
wo1 R | R R R R R I R R S S S R S S S R S R
wo2 R | R R S S R S S S S S S S S S S S S S
Wo6 R | R R S S S S S S S S S S S S S S S S S
Wwos R | R R S S R I S S S S S S S S S S S S S
w10 R | R R I S R R S S S S S S S S S S S S R
W19 R | R R S S S S S S S S S R S S S R S S S
w21 R | R R I S R R S S S S S S S S S S S S R
w27 R | R R S R R R R R S S S S S S S I S S S
W34 R | R R R I S S S S S S S R S S S I S S S
W39 R | R R R R S S S S S S S R S S S I S S S
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Isolates Antimicrobial agents
P | OX | FOX | GM | TOB | LVX | MXF | E | DA | LNZ | TEC | VA | TE | TGC | FOS | NIT | FA | MUP | RA | SXT
W43 R | R R S S S S S S S S S S S S S S S S S
W52 R | R R S S S S S S S S S R S S S I S S S
W53 R | R R R R R R R R S S S R S S S R S R
W56 R | R R S S S S S S S S S S S S S I S S S
W59 R | R R I I R I I S S S S S S S S S S S R
W60 R | R R R R R I R R S S S R S S S R S S R
Wwel R | R R S S R R S S S S S S S S S S S S R
W63 R | R R S S S S R R S S S S S S S I S S S
We4 R | R R S S S S S S S S S R S S S I S S S
W65 R | R R S S R R S S S S S S S S S S S S R
W66 R | R R S R I R S I S S S S S R R R S R
W69 R | R R S S R I S S S S S S S S S S S S S
W70 R | R R R R R I R R S S S R S S S R S R
W75 R | R R S S S S S S S S S S S S S S S S S
w88 R | R R R S S S S S S S S S S S S S S S S
W90 R | R R S S S S S S S S S R S S S I S S S
w1 R | R R S S S S R R S S S R S S S I S S S
W95 R | R R R S S S S S S S S S S S S S I S S
W96 R | R R S S S S S S S S S S S S S I S S S
W103 R | R R S S R I S S S S S S S S S S S S S
W104 | R | R R R S S R R S S S S S S S S S S S S
W105 R | R R S S S S S S S S S S S S S I S S S
W112 R | R R S S S S S S S S S S S S S S S S S

Table 3: Antimicrobial susceptibility of MRSA isolates from wound swabs

16S rRNA Analysis and Phylogenetic Tree

Staphylococcus aurens strain S33 R (NR_037007)
Staphylococcus aurens ATCC 12600 (NR_115606)
108 |\Staphylococcus aureus NBRC 100910 (NR_113956)
woo1
200wos3

65 [WOT0

160 1wo10

174

W60
W66
Loty w027
[ Micrococcus luteus ICM 3347 (AB088764)
Staplylococcus epidermidis ATCC 14990 (U02913)
E Streptococcus luteciac NEM1603 (AT297218)

1000 Streptococeus denfisani DSM 27089 (HG315102)
— Micrococcus sp. E2 (AM179888)

Figure 1: A phylogenetic tree of MRSA isolates from wound swabs based on the nucleotide sequences
of 16S rRNA genes was constructed by neighbor-joining method. The scale bar shows the genetic
distance. The number presented next to each node shows the percentage bootstrap value of 1000
replicates. The GenBank accession numbers of the bacteria are presented in parentheses

1000

1000
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For more characterization, 16S rRNA encoding genes of multidrug-resistant (MDR) MRSA isolates WO01, WO10, WO27, WO60,
WO66 and WO70 were studied. Initially, the chromosomal DNA was isolated from these isolates. A volume of 5yl of each preparation
was resolved by 0.7% agarose gel electrophoresis, confirming the presence of sufficing DNA for PCR reactions. PCR-amplification
(~1500 bp) of 16S rRNA encoding genes were achieved and sequenced. The 16S rRNA gene sequences of the MDR-MRSA isolates
from wounds were deposited in the DDBJ/EMBL/GenBank nucleotide sequence databases with the accession numbers: LC107794
(Staphylococcus aureus WOO01), LC107795 (Staphylococcus aureus WO10), LC107796 (Staphylococcus aureus WO27), LC107797
(Staphylococcus aureus WO53), LC107798 (Staphylococcus aureus WO60), LC107799 (Staphylococcus aureus WO66) and LC107800
(Staphylococcus aureus WO70). The nucleotide sequences of MDR bacterial isolates were compared to existing sequences in the
databases. A dendrogram demonstrating the results of 16S rRNA analysis was shown in Figure 1. Results showed highest matching
of isolates WO01, WO10, WO27, WO60, WO66 and WO70 to members of the Staphylococcus group. As demonstrated, the 16S
rRNA sequences of the Staphylococcus isolates are greatest closely associated to Staphylococcus aureus. These results are compatible
with the conclusions of the morphological and biochemical characterization. The 16S rRNA gene of isolates WO01, WO10, WO27,
WO60, WO66 and WO70 shares 99% similarity with that of Staphylococcus aureus ATCC 12600. These results suggest that the
isolates (WOO01, WO10, WO27, WO60, WO66 and WO70) are new isolates of the bacterium Staphylococcus aureus.

Antimicrobial Resistance Plasmids

Plasmids were isolated from the most MDR MRSA isolates WO01, WO10, WO27, WO60, WO66 and WO70 recovered from
wounds. A volume of 15ul of each plasmid preparation was analyzed by 0.7% agarose gel electrophoresis. As showing in (Figure
2 and Table 4), all isolates contained 1-3 plasmids. Most isolates carried a plasmid of > 10 kb. The isolates WO01, WO10, WO60,
WO66 and WO70 contained a plasmid of > 10 kb. The isolates WOO01 and WO60 appeared to be carried 4 plasmids with different
sizes (2kb, 4kb, >10kb, >10kb).

P2 2 K 2 8 8 B
Z .

E 9 © 9 9 9 o ©
a2 BB F B2 B B B

Figure 2: 1% Agarose gel electrophoresis of plasmids isolated from MRSA isolates
W01, WO10, WO27, WO53, WO60, WO66 and WO70 obtained from wound swabs
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Isolates plasmids patterns (kb) | Total number
WOo01 2kb,4kb, >10kb, >10kb 4
WO10 >10kb 1
w027 0 0
WO53 >10kb,>10kb. 2
WO60 2kb,4kb, >10kb, >10kb 4
WO66 3kb,4kb,>10kb 3
WO70 >1.5kb,4kb,>10kb 3

Table 4: Plasmid profiles of MRSA isolates from wound swabs

Antimicrobial Resistance Genes

Genes responsible for antimicrobial resistance were investigated in MDR-MRSA isolates (resistant to 5 or more antimicrobial
agents) WOO01, WO10, WO27, WO53, WO60, WO66 and WO70. The presence of genes responsible for resistance to methicillin
(mecA), aminoglycoside (aacA-aphD), tetracycline (tetKM), streptogramin A (vatABC) and macrolide-lincosamide-streptogramin
B (ermAC) were dtected by PCR (Figures 3 and 4) (Table 5). Also, 16S rDNA and S. aureus- specific sequence were determined
as amplification control. These genes were PCR amplified of the isolates WO01, WO10, WO27, WO53, WO60, WO66 and WO70.
A volume of 5 pl of each PCR reaction was analyzed by 0.7% agarose gel electrophoresis which confirmed the PCR-products were
of the expected sizes. These results revealed that the 16S rDNA and S. aureus- specific sequence were detected in all isolates. The
presence of resistance genes to methicillin (mecA) was detected in the isolates WO01, WO10, WO27, WO60, WO66 and WO70
except the isolate WO53. Macrolide-lincosamide-streptogramin B (ermA) gene was detected in all isolates. Tetracycline (tetM)
gene was found in the isolates WO01, WO53, WO60, WO66 and WO70 except isolates WO10 and WO27.The genes responsible for
tetracycline (tetK), streptogramin A (vatABC) and macrolide-lincosamide-streptogramin B (ermC) were not detected in all samples.
In this study, mecA gene was detected in 86% MRSA isolates.

!
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Figure 3: 1% agarose gel electrophoresis of PCR amplified resistance genes of isolates WO01, WO10, WO27 and WO53
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Figure 4: 1% agarose gel electrophoresis of PCR amplified resistance genes of isolates WO60, WO66 and WO70
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Table 5: The rates of antibiotic resistance genes in MRSA isolates from wound swabs

Discussion

Of the 67 Staphylococcus aureus isolates from wound specimens, 33 (49%) were positive for MRSA. S. aureus is able to coagulate
extracellular plasma, and can thus be distinguished from most other staphylococci as described by Bannerman [13]. In the present
study, the prevalence of MSSA S. aureus and MRSA wound carriage among patients was 51 and 49 %, respectively. Previous study
demonstrated that of the 1,353 S. aureus-positive encounters recorded, 431 (32%) grew MRSA and 922 (68%) wounds grew
methicillin-susceptible S. aureus [14].

All MRSA isolates were resistant to penicillin, oxacillin and cefoxitin. However, 100% of MRSA isolates were determined as sensitive
to linezolid, teicoplanin, vancomycin, tigecycline, mupirocin and rifampicin. Earlier results reported that 75%, 51.4% and 73.8%
from wounds, skin, and bed, respectively, were found to be methicillin-resistant Staphylococcus aureus (MRSA) using the disc-
sensitive test methods. The antimicrobial susceptibility pattern results showed the level of resistance to be ampicillin 100% in all the
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three sites, pefloxacin 90.9%, 72.2%, 66.7%, ceftriaxone 69.7%, 72.2%, 70.8%, gentamicin 54.5%, 52.8%, 37.5%, and ciprofloxacin
51.5%, 47.2%, 35.4% at the wound, skin, and bed sites, respectively [15,16]. These results confirmed that MRSA continues to pose a
threat to the hospitalized patients, especially those with bone and wound infections. The prevalence of MRSA was found to be 49%
in the present study which is lower than that with other reports. MRSA showed high resistance (100%) to penicillin and cefoxitin
followed by erythromycin (99%). However, MRSA exhibited 100% susceptibility to vancomycin and linezolid. They had also found
7 vancomycin intermediate sensitive S. aureus (VISA) isolates [17]. It is concluded that MRSA is potential threat to public health.
All MRSA isolates from different clinical samples were susceptible to linezolid, vancomycin, and teicoplanin [18]. Vancomycin and
linezolid could be prescribed as a drug of choice in treating MRSA associated infections.

In the present study, 78% of MRSA isolates were MDR. The multi-drug resistance in MRSA isolates has been a major problem
worldwide which leads to ineffective therapy and increase in treatment expenses [19]. The present study highlighted that high
number of MRSA were multi-drug resistant which is in line with the previous findings which reported high rate of multi-drug
resistance in MRSA [20]. We have found that all MRSA isolates tested in the present study were fully sensitive to vancomycin so
it may be used as the drug of choice for treating multidrug-resistant MRSA infections. Similar findings were reported by various
previous studies [21]. In addition, all isolates were sensitive to linezolid which is in line with other studies [22]. All MRSA isolates
were resistant to cefoxitin which is in line with other studies [23]. MRSA resistance to quinolones (ciprofloxacin) was also found to
be very high (80.19%) in the current study. This correlates with an earlier finding where it has been shown that MRSA was 86.59%
resistant to ciprofloxacin [24].

Plasmid profile has been reported as one of the techniques for typing MRSA and MSSA [25]. In this study, 86% MRSA isolates had
plasmids. Plasmid profile analysis appears to be of very low discriminatory capacity in the investigation of MRSA epidemiology
because of the non-detection of plasmids in 14% of isolates. Plasmid analysis of representative S. aureus isolates demonstrates
the presence of a wide range of plasmid sizes, with consistent rela—tionship between plasmid profiles and resistance phenotypes.
Previous study reported that the 19 non-multidrug-resistant isolates (NMR) that did not harbour plasmids were only resistant
to methicillin whereas all the NMR isolates harbouring at least one plasmid were resistant to at least one additional antibiotic.
We conclude that although plasmid carriage plays an important role in antibiotic resistance, especially in NMR-HA-MRSA and
CA-MRSA, the multidrug resistance phenotype from HA-MRSA is not associated with increased plasmid carriage and indeed is
characterized by an absence of plasmid DNA [26].

The presence of resistance genes to methicillin (mecA) was detected in all MDR-MRSA except the isolate WO53. Macrolide-
lincosamide-streptogramin B (ermA) gene was detected in all isolates. Tetracycline (tetM) gene was found in all MDR-MRSA except
isolates WO10 and WO27.The genes responsible for tetracycline (tetK), streptogramin A (vatABC) and macrolide-lincosamide-
streptogramin B (ermC) were not detected in all samples. In this study, mecA gene was detected in 86% MRSA isolates. Previous
results reported that PCR results indicated that 62 (92.53%) out of 67 MRSA isolates were positive for mecA whereas 7.46% remaining
oxacillin-resistant isolates (which was mecA negative) must be MRSA because of some other mechanisms [27,28]. Previous results
reported that the tetM/K, blaZ, aacA-aphD, ermC and mecA genes were detected in clinical isolates however ermA gene was not
found [29].

Conclusion

The present study highlighted moderate percentage of MRSA and their multidrug resistance of patients in Taif province. The MDR-
MRSA is a potential threat to the public health at Taif province as this bacterium can distribute in community causing severe clinical
conditions. Linezolid, teicoplanin, vancomycin, mupirocin and rifampicin could be the drugs of choice in treating MRSA infection.
Moreover, MIC of vancomycin should be performed routinely to screen out vancomycin-intermediate Staphylococcus aureus
(VISA). Extensive studies are needed in different geographical areas of the Taif province to better understand the epidemiology and
molecular mechanisms of drug resistance in MRSA.
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