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ABSTRACT  

Accessory gene regulator (agr) operon is the central transcriptional global regulatory system of Staphylococcus aureus; 
the agr locus is perceived as a part of the center genome of the S. aureus chromosome, responsible of controlling the 
virulence factors and cell-wall components. Considered the important quorums sensing system of S. aureus, agr activity is 
critical for skin and soft tissue infections; depending on its reported role in human and animals infections throw the up, 
down-controlling S. aureus infection advancement since up-control of virulence factors via agr is vital for disease 
advancement in some cases of intense infection, such infective endocarditis, skin and soft tissue infections for that there 
is global concern to develop drugs targeting this quorum sensing system. The objective of the study is typing the 
accessory genes regulator polymorphisms in Baghdad clinical isolates and its relation with the bacterial cassette types. 
Eighty seven isolates were collected from different sources and characterized by original biochemical tests and there 
susceptibility were tested toward several types of antimicrobial agents then they applied to molecular diagnosis to confirm 
characterization of S. aureus isolates by nuc gene with agr types, SCCmec types also several virulence factors and mec 
gene. It was found all isolates were community acquired harboring SCCmec type IV and one isolate have SCCmec type V 
also about 68.96% of the isolates were MRSA, most of isolates 75.86% were agr type I. Most MRSA isolates that isolated 
from Baghdad hospitals was CA-MRSA considering to they; Harboring SCCmec type IV and V., carrying accessory gene 
regulator (agr) type I., Have pvl gene, showed low susceptibility toward Vancomycin antibacterial agent, Also the studied 
isolates shown high similarity depending on their cassette type and accessory gene regulator polymorphisms.  The most 
common virulence factors in local clinical isolates of S. aureus were clfA gene (61.6%) followed by pvl gene (32.55%), hlg 
gene (31.39%), icaA gene (27.58%), tsst-1 gene (24.41%) and eta gene (17.44%). 
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INTRODUCTION 

Staphylococcus is a gram positive cocci, non-spore forming, 
non motile, 0.5-1.5μm in diameter have genome size of 
2.8Mbp with low (G+C) content, can form golden colonies by 
cause of producing carotenoids over growth, view in irregular 
clusters like grapes as a result of its three planes dividing 
capacity [1], capable of infect all tissues, Divide into two main 
types; methicillin sensitive S.aureus (MSSA) and methicillin 
resistance S.aureus (MRSA) [2] which developed from MSSA 
via receiving SCCmec complex containing mecA gene that 
responsible for extra penicillin binding protein that provided it 
with strong resistance to all ß-lactam antibiotics as long as 
other types in some cases [3]. MRSA isolates based on types 
of SCCmec can divide into two types; HA-MRSA and CA-
MRSA strains. Types I, II, and III are most abundant with HA-
MRSA, whereas types IV and V are found within CA-MRSA 
strains [4]. 
Accessory gene regulator (agr) operon is the central 
transcriptional global regulatory system of S.aureus; the agr 
locus is perceived as part of the center genome of S.aureus 
chromosome not a pathogencity island. With 3.5 kb content 
and comprises of two unique separate transcriptional units, 
RNAII and RNAIII, that translation is forced by the P2 and P3 
promoters, individually [5]; responsible of controlling the 
virulence factors and cell-wall components by action of RNAII 
and RNAIII. It considered as one of the quorums sensing 
system of S.aureus .Many reports suggested that agr activity is 
critical for skin and soft tissue infections; depending on its 
reported role in human and animals infections for that there is 
global concern to develop drugs targeting this quorum sensing 
system [6]. As [7,8] reported the (up, down)-controlling of agr 
system is effecter in S.aureus infection advancement since up-
control of virulence factors via agr is vital for disease 
advancement in some cases of intense infection, such infective 
endocarditis, skin and soft tissue infections [9,10], pneumonia 
[11], and septic arthritis and osteomyelitis. The agr operon 
Sequencing is not similar in all S.aureus strains, four general 
variants, designated agr I to IV [12]. Furthermore, the agr type 
I–IV polymorphisms were assessed as a variable that inclines 
the lastingness and survival of MDR S.aureus clinical isolates 
amid nosocomial or hospital-acquired infections [13]. The agr 
controlling expression of virulence factors is energy-consuming 
mechanism and recently some reports demonstrating that this 
should be adjusted with the expression of antibiotic resistance 
in antibiotic- resistant strains specially using of antibiotics sub-
inhibitory concentration results enhancing agr activity [14,15].   
The aim of present study is evaluating the molecular diagnosis 
of clinical isolates, agr polymorphisms and its relation with the 
bacterial cassette types. 

MATERIALS and METHODS 

Collection of clinical Specimens 

Eighty seven clinical samples were obtained from different 
clinical specimens such as urine, blood, wound and nose that 
collected from local different hospitals obtained from different 
age’s male and female patients with Urinary Tract Infection, 
Bacterimia, Wound Infection, Burns, and Nasal Infection. All 
isolates were identified by standard microbiological techniques 
then characterized by molecular analysis. Collected swabs 
were streaked on BHIA, mannitol agar, blood agar; they were 
incubated at 37C° for 24 h; the suspected colonies depending 

on the morphological bases were selected for further 
diagnostic tests. 

Antimicrobial susceptibility test 

Susceptibility of S. aureus isolates toward several 
antimicrobials was determined by Kirby-Bauer disk diffusion 
method to survey the evaloated resistance of the S. aureus 
isolates to more antimicrobial agents that used as traditional 
therapy. 

Genomic DNA extractions and measuring 

Genomic DNA of the bacterial isolates was extracted using 
Exiprep Genomic DNA kit supplied by (Bioneer/Korea),The 
concentration and purity measured using nanodrop provide by 
ACT Gene\Korea. The DNA samples integrity was tasted using 
gel electrophoresis method. 

Molecular analysis of genomic DNA using 
multiplex PCR technique  

The molecular diagnosis was done using Thermo Cycler 
Machine (Multigene\USA) with primers supplied by 
(Promega\USA, KAPA\USA). The reaction mixture was set up 
as follows: (1X) of GoTaq®Green Master Mix (promega/USA) 
which contain Taq DNA polymerase, MgCl2, (dNTP), reaction 
buffer with two dyes, different concentration of each used 
primer (10 pmol) (Table 1), 100 ng of DNA template and sterile 
distilled water was added to reach the final volume, under cold 
aseptic conditions in laminar air flow cabinet (Techne\UK). 
After the amplification (10 μl) of PCR amplified products were 
separated by electrophoresis in 2.5 %( w/v) Agarose gel in 1X 
TBE buffer. Gel was run at 90 V for 60 min after staining with 
Ethidium bromide they visualized under UV illumination, and 
imaged by gel documentation apparatus (ATTO\Korea). The 
products size was estimated by comparing with marker 100 bp 
DNA ladder provided by (KAPA\USA). 

RESULTS 

Susceptibility Test 

Results of antimicrobial susceptibility profiles showed that 
study isolates were multidrug resistance (MDR) that resist at 
least seven antibiotics using disk diffusion method susceptib-
ility test of eighty seven isolates were done toward 26 
antimicrobial drugs of different groups; ß-lactam group 
(Ampicillin, PencilinG, Oxacillin, Methicillin, Ampicillin\ 
Cloxacillin, Cefaclor, Cefoxitin, Ceftriaxone, Cephalothin, 
Bacitracin) which showed resistance in percentage 100, 100, 
81,74, 100, 100, 100, 6, 53, 17%, respectively, Amino-
glycosides group, Amikacin, Gentamicin, Streptomycin, 
Tobramycin, Kanamycin, Neomycin were 92,92,61,53, 63, 84 
%, respectively. Macrolides group, Erythromycin, Azythromycin 
and Clarithromycin were 70, 75 and 66%, respectively. 
Quinolones group, Ciprofloxacin and Norfloxacin were 9 and 
46 %, respectively. Glycopeptides group, Vancomycin was 
14%. Whereas toward Carbapenem group, Imipenem was  100 
% susceptible. That agrees with the local study of Abdul-
Wahhab (2014) that mention Baghdad S. aureus were MDR. 

Molecular Diagnosis of S.aureus Isolates Using 
Multiplex PCR Technique 

Molecular Diagnosis of nuc and mecA Genes 

Results of the duplex PCR reaction showed that MRSA (60 
isolates) appeared with two bands one with molecular weight  
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Table 1. Primers used in the current study and their sequences 

prime

r 

Sequence 5'……3' Amplicon 

size 

Referenc

e 

nuc-F GCGATTGATGGTGATACGGTT 276 bp  

 
 

 

 
Zhang et 

al.,(2005) 

nuc-R AGCCAAGCCTTGACGAACTAAAGC 

mecA-
F 

GTGAAGATATACCAAGTGATT 147 bp 

mecA-

R 

ATGCGCTATAGATTGAAAGGAT 

Type 

I-F 

GCTTTAAAGAGTGTCGTTACAGG 613 bp 

Type 
I-R 

GTTCTCTCATAGTATGACGTCC 

Type 

II-F 

CCATATTGTGTACGATGCG 398 bp 

Type 
II-R 

CGAAATCAATGGTTAATGGACC 

Type 

III-F 

CCATATTGTGTACGATGCG 280 bp 

Type 
III-R 

CCTTAGTTGTCGTAACAGATCG 

Type 

IVa-F 

GCCTTATTCGAAGAAACCG 776 bp 

Type 

IVa-R 

CTACTCTTCTGAAAAGCGTCG 

Type 

IVb-F 

TCTGGAATTACTTCAGCTGC 493 bp 

Type 

IVb-R 

AAACAATATTGCTCTCCCTC 

Type 
IVc-F 

ACAATATTTGTATTATCGGAGAG
C 

200 bp 

Type 

IVc-R 

TTGGTATGAGGTATTGCTGG 

Type 
IVd-F 

CTCAAAATACGGACCCCAATACA 881 bp 

Type 

IVd-R 

TGCTCCAGTAATTGCTAAAG 

Type 

V-F 

GAACATTGTTACTTAAATGAGCG 325 bp 

Type 

V-R 

TGAAAGTTGTACCCTTGACACC 

Pan 

agr  

ATGCACATGGTGCACATGC 441 bp  

 
Gilot et 

al., 

(2002) 

agr I GTCACAAGTACTATAAGCTGCGAT 

agr II TATTACTAATTGAAAAGTGGCCA
TAGC 

575 bp 

agr III GTAATGTAATAGCTTGTAAAAAG

TGGCCATAGC 

323 bp 

agr IV CGATAATGCCGTAATACCCG 659 bp 

clfA-F ATTGGCGTGGCTTCAGTGCT 292 bp Tristan et 
al., 

(2003) 
clfA-R CGTTTCTTCCGTAGTTGCATTTG 

eta-F ACTGTAGGAGCTAGTGCATTTGT 190 bp  
Jarraud et 

al., 

(2002) 

eta-R TGGATACTTTTGTCTATCTTTTTCA

TCAAC 

hlg-F GTCATAGAGTCCATAATGCATTTA

A 

535 bp 

hlg-R CACCAAATGTATAGCCTAAAGTG 

pvl-F ATCATTAGGTAAAATGTCTGGAC
ATGATCCA 

433 bp 

pvl-R GCATCAAGTGTATTGGATAGCAA

AAGC 

tsst-1-

F 

GCTTGCGACAACTGCTACAG 559 bp Monday 

and 
Bohch,(1

999) 
tsst-1-

R 

TGGATCCGTCATTCATTGTTAT 

icaA-F AAACTTGGTGCGGTTACAGG 750bp Szczuka 

et al., 
(2012) 

icaA-R TCTGGGCTTGACCATGTTG 

of 267 bp of positive amplified for specific primer of nuc gene 
and a second band of 147bp for mecA gene specific primer. In 
the time that MSSA (27 isolates) appear with solo band of 
molecular weight about 267 bp of nuc gene specific primer 
amplifying with absent of mecA gene. 

Molecular Diagnosis of Cassette Typing and 
Sub-typing of S. aureus Isolates by Detection of 
SCCmec Genes 

Multiplex PCR reaction was done for detected the SCCmec 
types of the 60 studied MRSA isolates (68.96%) with two 
separate reactions; the founds showed absence of types (I, II, 
III, IVb, IVd) among the study isolates which are divided into; 
one (1.66%) was type V and 10 isolates (16.66%) was subtype 
IVc and the 49 isolates (81.66%) was subtype as IVa (Fig 1). 

Molecular Diagnosis of Accessory Genes 
Regulatory system Typing of S.aureus Isolates 

Typing the accessory gene contain of the studied isolates done 
via detection the agr type in du-PCR reactions and the results 
were 66, 3, 1 and 3 of agr types I, II, III and IV, respectively; 
and fourteen isolates (16.09%) showed no existence of any agr 
polymorphisms (Fig 2). 
As a result of the expected amplicon size; founds shown 
existence of agr distant polymorphisms as follows: among 60 
MRSA isolates 45 isolates was belong to agr type I, 3 isolates 
was agr type II, none of isolates was agr type III, 2 isolates was 
agr type IV and 10 isolates showed no existence of agr genes. 
While the MSSA isolates showed that 21 isolates among the 
27 isolates were belong to agr type I, none of the isolates was 
agr type II, 1 isolate of each agr type III and agr type IV finally 
4 isolates was absence of agr genes. The distribution of 
accessory genes polymorphisms with the SCCmec types 
among the 87 S. aureus isolates was as the following: 36 
isolates have SCCmec type IVa were positive for agr I, eight 
isolates was SCCmec type IVc and agr I finally one isolate of 
SCCmec type III was agr I. While, agr II polymorphism was 
appeared in 3 isolates that shown SCCmec type IVa, none agr 
II detect in each SCCmec types (IVc and III). agr type IV was 
detect in two isolate; one in SCCmec type IVa and one in 
SCCmec type IVc. While, the agr type III polymorphism was 
absent in all MRSA isolates (Fig. 3). 

Molecular Diagnosis of Some Selected 
Virulence Factors of S. aureus Isolates 

Molecular diagnosing of the S. aureus isolates under study 
shown that the most virulence factor existing is clfA gene in 53 
isolates followed by pvl gene in 28 isolates, hlg gene found in 
27 isolates, icaA gene in 24 isolates, tsst-1 gene in 21 isolates 
and eta gene in 15 isolates. Finally, only 6 isolates showed 
absence of all selected virulence factors (Fig. 4). 

Cluster analysis 

A dendograme was constructed based on dice coefficient 
genetic similarity of information by using UPGMA cluster 
analysis (Rohlf, 1998) showing the similarity of community 
acquired S.aureus isolates based on the genetic relationship 
among agr, SCCmec and virulence factors (Fig 5). 

DISCUSSION 
The results hinted that all isolates of S. aureus (87 isolates) 
that previously characterized with conventional biochemical 
tests were successfully amplified by the nuc gene but not the 
S. epidermidis that used as negative control which mention the  
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Fig 1. Agarose gel electrophoresis of PCR amplification products of S.aureus isolates SCCmec genes;Using Ladder of molecular size (100-

10000bp) line(5),lines (1,2,3,4,6,7,8,11) represent SCCmec type IVa, with band (776bp) and lines (9,10,12,13,15,16) present isolates with 

SCCmec type IVc with band (200bp) and line (14) represent SCCmec type V with band (325bp);separated on 2% Agarose gel (80V, 1X TBE 

buffer) for 1h. 

specify of nuc gene for S. aureus among other staphylococcus 
spp. [17,18]. From 60 MRSA 44 isolates showed methicillin 
resistance in susceptibility test and 16 isolates showed 
methicillin sensitivity. That due to for sometimes, mecA gene 
was in-vivo expression gene; in addition, the expression of 
mecA is lower in planktonic bacterial cells than the others [19]; 
or it as a result of their inefficiency to deliver enough PBP2a 
[20]. 
At the same time, the 27 MSSA isolates that not carry mecA 
gene; ten of them showed methicillin resistance in 
susceptibility test which referred they have another alternative  
 

mechanisms instead of mecA gene such as: additional genetic 
components can be available like, plasmids and some 
acquired chromosomal resistance genes toward ß-lactam 
agents and heavy metals [21], overdone generation of ß-
lactamase in these isolates or development of normal PBP2 
proteins with changed capacity for connection or production of 
alternative PBP2a protein [22]. plus, the resistance of the 
isolates by cause of the exit of blaZ gene expression and 
trans-membrane proteins that expressed by MecR1 and BlaR1 
genes [23]. In the other hand, there are a few environmental 
conditions can in like manner effect the methicillin resistance,  

 

Fig 2. Agarose gel electrophoresis of PCR amplification products of S.aureus isolates agr accessory genes (440bp agr I gene, 572bp agr II 

gene, 406bp agr III gene, 588bp agr IV gene); Using Ladder of molecular size (100-10000bp) line (10), lines (1- 9) represent agr I and lines 

(11,12,13) present isolates with agr IV polymorphism, line (14) present agr III, lines (15,16,17) present agr II and lines (18, 19, 20) present 

isolates free of agr genes; separated on 2.5% Agarose gel (90V, 1X TBE buffer) for 1h visualized using U.V. light after staining with ethidium 

bromide. 
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as the temperature, pH and level of NaCl contain in media [24], 
for all reason above, it cannot depend only on phenotype 
screening to detect MRSA isolates. 
Current study reported that agr I is the most frequent 
accessory gene polymorphisms in both MRSA and MSSA 
isolates which is similar to previous study [25], it was showed 

that the agr I is the most frequent polymorphism in Iranian 
isolates flowed by agr II and closely to previous study [26] that 
showed from 106 Egyptian isolates (74.4%) of the isolates was 
agr I, (15.4%) agr II, (10.2%) agr III and none of agr IV also this 
finding is closely to results of previous study [27], which 
reported that most of the Belgium isolates (72.1%) were agr I. 

 
 
Fig 3. Relationship between accessory genes and Cassette in S. aureus. 
 
Multiplex PCR showed that the most present virulence factors 
in Baghdad S. aureus clinical isolates was clfA gene (61.6%) 
followed by pvl gene (32.55%), hlg gene (31.39%), icaA gene 
(27.58%), tsst-1 gene (24.41%) and eta gene (17.44%). This 
foundation is in agreement with reports from different places 
over the world that showed the lack of classical risk factors in 
MRSA isolates from patients have SCCmec IV [28]. Still, the 
clinical CA-MRSA isolates showed more resistance activity  

than the screening SCCmec IV as reported previously [29]. 
Summation of the study results suggests that all 87 S. aureus 
isolates were CA-MRSA. Since pvl gene existence in genotype 
of MRSA considered as marker for CA-MRSA infections, that 
Presence in around 33% of the isolates support the idea that 
the studied isolates are CA-MRSA [30] proved; despite the fact 
that there are reports on CA-MRSA without pvl. In addition to 
the fact that SCCmec IV is a marker for CA-MRSA [31,12],

 

  
Fig 4. Relationship between accessory genes polymorphism and virulence factors. 
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which reported that most CA-MRSA isolates over world are 
contain agr I plus the most of the isolates showed high 
susceptibility toward Vancomysin antibiotic, so, all these reaso-
ns enhance that the Baghdad studied S.aureus isolates are 
CA-MRSA. Most of Baghdad methicillin resistant S. aureus 
isolates was CA-MRSA considering to they; Harboring 
SCCmec type IV and V., Carrying accessory gene regulator  

(agr) type I., Have pvl gene, showed low susceptibility toward 
Vancomycin antibacterial agent. The studied isolates showed 
high similarity depending on their cassette type and accessory 
gene regulator polymorphisms. Most common virulence factors 
in Baghdad S. aureus clinical isolates was in fact clfA gene 
(61.6%) followed by pvl gene (32.55%), hlg gene (31.39%), 
icaA gene (27.58%), tsst-1 gene (24.41%) and eta gene (17.44%). 

 

 
Fig 5. Dendrogram of genetic relationships among S.aureus isolates based on Dice coefficient genetic similarity. 
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