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ABSTRACT
Staphylococcus aureusis one of the most frequent bacterial causes of infections including endocarditis, osteomyelitis and
abscesses.In addition, S. aureushas the capacity to adhere to catheters and other indwelling medical devices and form
biofilm.The antimicrobial susceptibility patterns by using disk diffusion test. The antibiotic susceptibility test revealed that
the presences of multi-resistant strains towards the 15 antibiotics, the resistance rate were: oxacillin (25%), cefoxitin and
cefipime (100%), erythromycin (50%), gentamycin (6.2%), tetracycline (56%), doxycycline (53%), clindamycin (3%),
trimethoprime (3%) All the strains were susceptible tomeropenem, imipenem, norfloxacin, chloramphenicol, rifampicin
and vancomycin. Phenotypic detection of biofilm by all isolates was assessed. Among the 32 clinical S. aureusisolates, 23
strains (74.3%) were biofilm-producers and the remaining 9 strains were non-producers. Molecular detection of ica operon
was performed by polymerase chain reaction technique. Twenty three S. aureusisolates were carrying icaA and icaD,
giving a 188-bp band for the icaA gene and a 198-bp band for the icaD gene. All of them phenotypically were biofilm
positive.In conclusion, the large amounts of S. aureus isolates responsible for skin infection cause severe damage to the
patient. Our results indicate that the determination of antibiotic susceptibility and biofilm production are a great importance
in epidemiological control of spread of multi-resistant isolates.
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INTRODUCTION
Staphylococcus aureusis one of the most frequent bacterial
causes of infections including endocarditis, osteomyelitis
and abscesses. The National Nosocomial Infections
Surveillance System has identified Staphylococcus and
coagulase-negative staphylococci as the major cause of
skin infections [1].Staphylococcus aureushas the ability to
produce several exoenzymes that contribute to its
virulence [2]. In addition, S. aureushas the capacity to
adhere to catheters and other indwelling medical devices
and form biofilm. Slime is a factor that enhances adhesion
to plastic or metallic surfaces. Strategies to prevent and
control the spread of methicillin resistant S.
aureus(MRSA) are of major importance in hospital
hygiene worldwide [3]. The most important strategies to
control MRSA include early identification of MRSA
strains, informing healthcare workers about the MRSA
problem and strict hand hygiene between patients to
prevent transmission[4]. Recently icaADBC genes
encoding for polysaccharide intercellular adhesion (PIA)
were identified in S. aureus[5,6]. Production of PIA is
currently responsible for staphylococcal biofilm
development [7,8]. It has been reported that the majority of
clinical S. aureusisolates contain the icaoperon[9]. Many
investigators reported that the slime factor increased
resistance to antibiotics[10].The aim of this study was to
determine the antibiotic susceptibility of clinical isolates
of S. aureus, biofilm production and presence or absence
of icaA, icaD gene.

MATERIALS AND METHODS
Sample collection
A total of 150 swabs were collected from patient’swith
skin infections who admitted to Al-Hilla General Teaching
Hospital and Merjan Hospital, Babylon-Iraq.All samples
were collected through a period from April to June 2013.
Pus was directly plated on mannitol salt agar and blood
agar plates. Identification was based on the colonial
morphology and coagulase production. All suspected
colonies were subjected to standard bacteriological
procedures to confirm identification.
Antimicrobial susceptibility testing:
The antimicrobial susceptibility patterns of isolates to
different antimicrobial agents were determined and
interpreted according to[11] recommendations by using disk
diffusion test. Fifteen antibiotics were tested: oxacillin,
imipenem, meropenem, cefoxitin, cefipime, gentamicin,
tetracycline, doxycycline, erythromycin, rifampicin,
chloramphenicol, clindamycin, trimerthoprime,
norfloxacin and vancomycin.
Determination ofbiofilm production
Biofilm formation was studiedby semi-quantitative
measurements of biofilm formation by using tissue
culture-treated, 96-well polystyrene plates and culturing
the isolates on brain heart infusion broth supplemented
with 1% glucose. The isolates were cultured on
polystyrene plate and incubated at 37 °C for 24 h under
aerobic conditions.Results were interpreted as biofilm
producer isolates if the absorbance is ≥0.17 and considered
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to be positive, while isolates that have a value less than
0.17 were classified as non-biofilm producing, as
described by [12].
Detection of icaA and icaD loci:
The presence of icaA and icaD genes was detected by
PCR using forward and reverseprimers for icaA and icaD.
The sequences of primers weretakenfrom[13].For icaA,
theforward primer had the following sequence: 5’-
ACACTTGCTGGCGCAGTCAA-3’; and the reverse
primer had the followingsequence: 5’-
TCTGGAACCAACATCCAACA-3’ giving a 188-bp. The
primer sequences for icaD were: forward, 5’-
ATGGTCAAGCCCAGACAGAG-3; and reverse, 5’-
AGTATTTTCAATGTTTAAAGCAA-3’ giving a 198-bp.
PCR was performed in a final volume of 20μl
contained10pmol forward and reverse primers, dNTP mix
(100 mMeachofdATP, dCTP, dGTP and dTTP), 1 U of
TaqDNA polymerase(Bioneer/ Korea), 5 μlmaster mix and
DNA template (5μl). PCR conditions included
initialdenaturation (94 °C for 5 min), followed by 30

cycles ofdenaturation (94 °C for 30 s), annealing (55 °C
for 30 s),and extension (72 °C for 45 s), followed at the
end of cyclingwith final extension (72 °C for 10 min).
PCR products (5 μl) wereanalysed on 1.5% (wt/v) agarose
gel stained with ethidium bromide (0.5 mg/μl), and
visualised under ultraviolet transilluminator

RESULTS
Among 150 swabs gathered from patients with skin
infections only 32 (21.3%) were positive for coagulase
positiveS. aureusisolates figure (1).Wenzel and Perl,
(1995)[14]found that, among healthy adults, carrier rates of
11-32% were detected in the general population, and a
prevalence of 25% was detected in hospital personnel.
Using pulsed-field gel electrophoresis (PFGE) for
molecular typing.Von Eiffet al.(2001) [15] found that, in
most patients with S. aureus bacteremia, the isolate from
the patient's blood is identical to that found in the anterior
nares. Persistent nasal carriage depends on host genetic
determinants [16].

FIGURE 1: The percentage of isolation of S. aureus.

The antibiotic susceptibility test results as shown in figure
(2) revealed that the presence of multi-resistant strains
towards the 15 previously cited antibiotics: the resistance
rates wereoxacillin (25%), cefoxitin and cefipime (100%),
erythromycin (50%), gentamycin (6.2%), tetracycline
(56%), doxycycline (53%), clindamycin (3%),
trimethoprime (3%) All the isolates were susceptible
tomeropenem, imipenem,chloramphenicol, rifampicin and
vancomycin. These results were in accordance with results
obtained by[17,18], who found that all S. aureusisolates were
resistant to oxacillin and susceptible to non β-lactam
antibiotics includingnorfloxacin, chloramphenicol,
rifampicin and vancomycin. The results of this study were
in accordance with the results obtained by Abdullahet
al.(2006)[19]who found that 61.8% of skin infection caused
by β-lactam resistant S. aureus.Staphylococcal resistance
to either oxacillin or methicillin occurs when the organism
including an altered PBP (PBP2A) that is encoded by the
mecAgene[20]. Oxacillin inhibition zone of resistant strains
in DD test were determined at ≤10mm (11). This result
was less than the result obtained by Al-Fu'adi,(2010)[21]

who found that the percentage of oxacillin resistance was
32.2% and more than the result obtained by Al-khudheiri,
(2008)[22] which was 22.5% in Najaf / Iraq.

Cephamycinsecefoxitin and cefepime(4thgeneration
cephalosporin) showed that percentages of S. aureus
isolates resistant were 100% for each (Figure 2).This result
was in accordance withthe results obtained by Al-
Hassnawiet al.(2010)[23]. Clindamycin was showed
resistance at rate 3%.  This result was lessthan the results
(35%) reported bySattleretal. (2002)[24].On the other hand,
all bacterial isolates exhibited high sensitivity (100%) to
carbapenems (imipenem and meropenem) Figure- 2.This
result was in accordance with the results obtained by [23].
Regarding the percent of resistance to erythromycin (50%)
which less than that obtained by[22, 25],(81.5%, 93%)
respectively, who isolated erythromycin resistance S.
aureus from hospital infections in Najaf and European
countries.In the present study, S. aureusisolates showed
high resistance rate (56%) to tetracycline. On the other
hand, results recovered by this study indicated that
doxycycline resistance rate was (53%). This result was in
disagreement with results obtained by[21] who found
resistance rate to tetracycline was (32.2%).As shown in
Figure (2), the percentage of resistance for gentamicin was
6.20%, This result was less than the result obtained
by[23]while in other study[26], found higher resistance rate
(19%).
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FIGURE 2: The Percentage of antibiotic resistance of S. aureus.

In relation to the resistance rate of trimethoprim 3%, this
result was in less than the results obtained by [22, 23], who
found resistance rates 13.6% and 42%, respectively.
Concern phenotypic detection of biofilm, the results
displayed that among the 32 clinical S. aureusisolates, 23
(71.9%) were biofilm-producers and the remaining 9

(28.1%) isolates were non-producers Figure (3), this result
was more than the result obtained by [23], who found 61%
of isolates were biofilm producers, but in accordance with
the results of [27], who found that 74.3% of MRSA isolates
were biofilm producers.

FIGURE 3:thepercentage of biofilm formation of S. aureus.

Detection of icaA and icaD genes:
Twenty threeS. aureusisolates were carrying icaA and
icaD, giving a 188-bp band for the icaA gene and a 198-bp
band for the icaD gene (Figure 4 and 5). All of

themphenotypicallywere biofilm positive.These findings
were in accordance with the result carried by [27], who
found that among the 35 icaA/icaD positive isolates, 26
were biofilm positive and nine were biofilm negative.

FIGURE 4:Agarose gel electrophoresis of PCR amplification of icaD genes. Lane M, 100 pb DNA molecular size marker;
lanes, S (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12) PCR amplification of icaD gene (198bp).

Biofilm former

Non biofilm former

I.J.A.B.R, VOL. 3(3) 2013:443-449 ISSN 2250 – 3560

445

FIGURE 2: The Percentage of antibiotic resistance of S. aureus.

In relation to the resistance rate of trimethoprim 3%, this
result was in less than the results obtained by [22, 23], who
found resistance rates 13.6% and 42%, respectively.
Concern phenotypic detection of biofilm, the results
displayed that among the 32 clinical S. aureusisolates, 23
(71.9%) were biofilm-producers and the remaining 9

(28.1%) isolates were non-producers Figure (3), this result
was more than the result obtained by [23], who found 61%
of isolates were biofilm producers, but in accordance with
the results of [27], who found that 74.3% of MRSA isolates
were biofilm producers.

FIGURE 3:thepercentage of biofilm formation of S. aureus.

Detection of icaA and icaD genes:
Twenty threeS. aureusisolates were carrying icaA and
icaD, giving a 188-bp band for the icaA gene and a 198-bp
band for the icaD gene (Figure 4 and 5). All of

themphenotypicallywere biofilm positive.These findings
were in accordance with the result carried by [27], who
found that among the 35 icaA/icaD positive isolates, 26
were biofilm positive and nine were biofilm negative.

FIGURE 4:Agarose gel electrophoresis of PCR amplification of icaD genes. Lane M, 100 pb DNA molecular size marker;
lanes, S (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12) PCR amplification of icaD gene (198bp).

0.00% 20.00%40.00%60.00%80.00%100.00%

Biofilm former

Non biofilm former

71.90%

28.10%

I.J.A.B.R, VOL. 3(3) 2013:443-449 ISSN 2250 – 3560

445

FIGURE 2: The Percentage of antibiotic resistance of S. aureus.

In relation to the resistance rate of trimethoprim 3%, this
result was in less than the results obtained by [22, 23], who
found resistance rates 13.6% and 42%, respectively.
Concern phenotypic detection of biofilm, the results
displayed that among the 32 clinical S. aureusisolates, 23
(71.9%) were biofilm-producers and the remaining 9

(28.1%) isolates were non-producers Figure (3), this result
was more than the result obtained by [23], who found 61%
of isolates were biofilm producers, but in accordance with
the results of [27], who found that 74.3% of MRSA isolates
were biofilm producers.

FIGURE 3:thepercentage of biofilm formation of S. aureus.

Detection of icaA and icaD genes:
Twenty threeS. aureusisolates were carrying icaA and
icaD, giving a 188-bp band for the icaA gene and a 198-bp
band for the icaD gene (Figure 4 and 5). All of

themphenotypicallywere biofilm positive.These findings
were in accordance with the result carried by [27], who
found that among the 35 icaA/icaD positive isolates, 26
were biofilm positive and nine were biofilm negative.

FIGURE 4:Agarose gel electrophoresis of PCR amplification of icaD genes. Lane M, 100 pb DNA molecular size marker;
lanes, S (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12) PCR amplification of icaD gene (198bp).

100.00%



ICA in Staphylococcus aureusisolates responsible for recurrent skin infections in Hilla city

446

FIGURE 5:Agarose gel electrophoresis of PCR amplification of icaA gene. Lane M, 100 pb DNA molecular size
marker;lanes,S (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12) PCRamplification of icaA gene (188bp).

DISCUSSION
The postulated sequence of events that leads to infection is
initiated with carriage of the organism. The organism is
then disseminated via hand carriage to body sites where
infection may occur (either through overt breaks in dermal
surfaces, such as vascular catheterization or operative
incisions, or through less evident breakdown in barrier
function, such as eczema or shaving-associated micro
trauma[28].
The hallmark of staphylococcal infection is the abscess,
which consists of a fibrin wall surrounded by inflamed
tissues enclosing a central core of pus containing
organisms and leukocytes.Persistent deep-seated infections
have now been linked to small-colony variants of the
organism. This population is more resistant to antibiotics
and grows slowly. These organisms have been described
in patients with cystic fibrosis and may contribute to the
persistence of S aureus in these patients [29].
The percentage of antibiotic resistance is flexible and
may be accredited to drug overuseor misuse.
Such high percentage may be due to frequently use β-
lactam antibiotics by patients, In the present studypatients
infected with recurrent skin infections, that increase the
chance of antibiotic resistance. This can be explained by
the fact that all staphylococcal isolates produce β-
lactamase which destroys the β-lactam ring resulting in
inactive products [30]. Resistance to cephalosporins mediated
by cephalosporinase production [31]. Furthermore; β-
lactamase produced by staphylococci excreted into the
surrounding environment by which the hyper production
of β-lactamase will give longer validity and surviving to
this bacterium, because the hydrolysis of β-lactams takes
place before the drug can bind to PBPs in the cell
membrane[31].The relatively high percentage of resistance
to these antibiotics was not attributed only to production of
β-lactamase enzyme, but could be due to the decreased
affinity of the target PBPs or decreased permeability of the
drug into the cell[32]. These organisms not only survive
penicillin therapy but can also protect penicillin-
susceptible bacteria from penicillin by releasing the free
enzyme into the infected tissue or pus[33]. Imipenem and
meropenem are broad-spectrum carbapenems antibiotics.
β-lactam rings of these antibiotics are resistant to
hydrolysis by most β-lactamases[34]. Imipenem inhibits
bacterial cell wall synthesis by binding to and inactivating
PBPs,and the activity of meropenem against most clinical
isolates was comparable with imipenem[35].For the
variations in clindamycin resistance rate, this is due to

differences conditions of tests used and type of techniques,
these factors may lead to differences in resistance levels
[36].
This study was revealed high ratio of resistance (56%,
53%) for tetracycline and doxycycline respectively, due to
the samples were taken from recurrent skin infections and
empirical prescription of these drugs by physicians and
overuse by patients.The variation between both antibiotics
can be assign to the popular administration of tetracycline
without physician's consulting and its availability in the
hospitals and pharmacies rather than doxycycline will be
elevating.Highly resistant to erythromycin in this study
agreed with many studies reported that transposon
Tn554[37], encoding resistance to macrolides
(erythromycin) was located in upstream of the mecI-
mecR1-mecA gene complex that carrying directly on
MRSA isolates, while the Plasmid pUB110, encoding
resistance for aminoglycosides (gentamicin), was inserted
between two insertion sequences IS431 (or IS257) at the
left of mecA gene[38].Trimethoprim was approved for the
treatment of SSTIs caused by S. aureus[39].This antibiotic
has moderate therapeutic effect, and could be used for the
treatment of infections caused byS. aureus that resist to
different types of antibiotics. Variations in sensitivity are
related to the frequency of usage of the individual
antibiotics. The results of vancomycin, chloramphenicol
and rifampin resistance agreed to expect, because the
resistance is very rarely reported [11,40]. This patternis
closely relatedto one pattern of the primary types causing
community acquired infectionsnationwide[41].Tissue
culture plate method was found to be most sensitive,
accurate and reproducible screening method for detection
of biofilm formation by S. aureus and has the advantage of
being a quantitative model to study the adherence of this
bacterium on biomedical devices [42]. Crystal violet is a
basic dye known to bind to negatively charged molecules
on the cell surface as well as nucleic acids and
polysaccharides, and therefore gives an overall measure of
the whole biofilm. It has been used as a standard technique
for rapidly accessing cell attachment and biofilm
formation in a range of Gram positive and Gram-
negativebacteria[43].S.aureus known to form biofilm on
various biomaterials [44]. It can persist and gain increased
resistance to antibiotics through biofilm formation that
appears to be a bacterial survival strategy [45]. S. aureus is
a common pathogen responsible for nosocomial and
community infection. It readily colonizes tissues forming
microbiotic communities termed biofilms

S2 S3
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in which S. aureusare protected from killing by antibiotics
and body’s immune system. For years, one mechanism
behind biofilm resistance to attack from the immune
system's sentinel leukocytes has been conceptualized as a
deficiency in the ability of the leukocytes to penetrate the
biofilm [46]. As an opportunistic pathogen, it can cause
infections that vary widely in their susceptibility to
antibiotic treatment. Many studies revealed that
Fibronectin-binding proteins (Fnbps), besides it's role in
binding to fibronectin, it could promote biofilm formation
in clinical MRSA isolates[13]. The expression of multiple
distinct surface proteins that mediate the binding of S
aureusto the cells, a substantially reduced ability to clear
the bacteria, and an inability to mount an adequate
immune reaction have been proposed to have a role in this
relation[47].The findings forica A, icaD operon could be
due to the fact that icaexpression is subject to
environmental conditions [48,49]. Furthermore, the ability
of staphylococci to adhere and proliferate may explain
their ability to colonize biomaterials in hospital. In
addition we found that slimeproducing strains were multi-
drug resistant. Most of the S. aureusisolates analyzed so
far contain the entire icagene cluster [5, 9, 50], but only a few
express the icaoperon and produce biofilms. The
investigation of environmental strains of Staphylococcus
epidermidisshows no correlation between the qualitative
biofilm production and the presence of icagene[51].Stimuli
such as high osmolarity (3% NaCl), growth in anaerobic
conditions,high temperature and sub inhibitory
concentrations of certain antibiotics are known to enhance
icatranscription and biofilm formation[48,49].
[5]Demonstrated that the deletion of the icaoperon in S.
aureusresulted in biofilm-negative phenotype.Many
investigators reported that the slime factor increased
resistance to antibiotics by hindering entrance of
antibiotics into the bacteria[10].In conclusion, the large
amount of S. aureusisolates responsible for skin infection
causes severe damage to the patient. Our results indicate
that the determination of antibiotic susceptibility and
biofilm productionare a great importance in
epidemiological controlof spread of multi-resistant isolates

REFERENCES

[1] Kluytmans, J., van Belkum, A. and Verbrugh, H.
(1997) Nasal carriage of Staphylococcus aureus:
epideemiology, underlying mechanisms, and
associated risks, Clin. Microbiol. Rev., 10: 505-520.

[2] Dinges M.M., Orwin P.M., Schlievert P.M. (2000)
Exotoxins of Staphylococcusaureus.Clin.
Microbiology Rev., 13: 16-34.

[3] Fluit A.C., Wielders C.L.C., Verhoef J., Schmitz F.J.
(2001) Epidemiology and Susceptibility of 3051
Staphylococcus aureus isolates from 25 university
hospitals participating in the European SENTRY
study. J. Clin. Microbiol., 39: 3727-3732.

[4] AyliffeG.A.J. (1996) Recommendations for the
control of methicillin- resistant Staphylococcus aureus
(MRSA).World Health Organization.

[5] Cramton S.E., Gerke C., Schnell N.F., Nichols W.W.,
G ِ◌tz F. (1999)The intercellular adhesion (ica) locus is
present in Staphylococcus aureus and is required for
biofilm formation. Infect. Immun., 67: 5427-5433.

[6] Mckenney D., Pouliot K., Wang V., Murthy V.,
Ulrich M., D ِ◌ring G., Lee J.C., Goldmann D.A., Pier
G.B. (1999) Broadly protective vaccine for
Staphylococcus aureus based on an in vivoexpressed
antigen. Science, 284: 1523-1527.

[7] Mack D., Fischer W., Krokotsch A., Leopold K.,
Hartmann R., Egge H., Laufs R. (1996) The
intercellular adhesin involved in biofilm accumulation
of Staphylococcus epidermidisis a linear- 1,6-linked
glucosaminoglycan: purification and structural
analysis. J. Bacteriol., 178: 175-183.

[8] McKenney D., Hubner J.E., Muller Y., Wang D.A.,
Goldmann D.A., Pier G.B. (1998)The icalocus of
Staphylococcus epidermidisencodes production of the
capsular polysaccharide/adhesin. Infect. Immun., 66:
4711-4720.

[9] 9-Arciola C.R., Baldassarri L., Montanaro L. (2001)
Presence of icaA and icaD genes and slime production
in a collection of staphylococcal strains from catheter-
associated infections. J. Clin.Microbiol., 39: 2151-
2156.

[10] Christensen G.D., Simpson W.A., Bisno A.L.,
Beachey E.H. (1982)Adherence of slime-producing
strains of Staphylococcus epidermidisto smooth
surfaces. Infect. Immun., 37: 318-326.

[11] Clinical and Laboratory Standards Institute (CLSI)
(2012) Performance standards for antimicrobial
susceptibility testing.Approved standard M100-
S20.Vol.32, No. 3.National Committee for Clinical
Laboratory Standards, Wayne, Pa.

[12] O'Neill, E., Humphreys, H.andO'Gara,J.P. (2009)
Carriage of both the fnbA and fnbB genes and growth
at 37 6C promote FnBP-mediated biofilm
development in meticillin-resistant Staphylococcus
aureus clinical isolates. J. Med. Microbiol., 58: 399–
402

[13] Rohde H., Knobloch J.K., Horstkotte M.A., Mack D.
(2001) Correlation of Staphylococcus
aureusicaADBC genotype and biofilm expression
phenotype. J. Clin. Microbiol., 39: 4595-4596.

[14] Wenzel RP, Perl TM. The significance of nasal
carriage of Staphylococcus aureus and the incidence
of postoperative wound infection. J. Hosp.  Infect. Sep
1995; 31(1):13-24.

[15] Von Eiff C, Becker K, Machka K, Stammer H, Peters
G. Nasal carriage as a source of Staphylococcus
aureus bacteremia. Study Group. N Engl J Med. Jan 4
2001;344(1):11-6.



ICA in Staphylococcus aureusisolates responsible for recurrent skin infections in Hilla city

448

[16] Ruimy R, Angebault C, Djossou F. (2010) Are host
genetics the predominant determinant of persistent
nasal Staphylococcus aureus carriage in humans?. J.
Infect.  Dis., 202(6):924-34.

[17] Al-Mohana, A.M., Al-Charrakh, A.H., Nasir, F.H.,
Al-Kudhieri, M. K. (2012) Community-Acquired
Methicillin-
ResistantStaphylococcusaureusCarryingmecA and
Panton-Valentine lukocidinPVLgenes That Isolated
From Holy shrine In Najaf, Iraq. J.Bacteriol.Res., 4
(2): 15-23.

[18] Al-Hassnawi, H.H., Al-Charrakh, A.H., Al-Khafaji,
G. K .(2012) Prevalence of Antimicrobial
susceptibility community-acquired methicillin
resistant Staphylococcus aureus (CA-MRSA) from
Hilla/Iraq.Kerbala J. Pharmaceutical Sci., 4:91-102.

[19] Abdullah, K., Haijing, L., Charles, W. (2006)
Antimicrobial susceptibility patterns and
staphylococcal cassette chromosome mec types of, as
well as by Panton-Valentine leukocidin occurrence
among methicillin resistant Staphylococcus aureus
isolates from children and adults in Middle
Tennessee. J. Clin. Microbiol., 44: 4436-4440.

[20] Weigelt, J.A.(2007) MRSA Informa Healthcare. USA,
Inc.

[21] Al-Fu'adi, A.H.H. (2010) Phenotypic and Genotypic
(mecA gene) of Methicillin Resistant Staphylococcus
aureus (MRSA) Isolates in Dewaniya City. M.Sc
thesis. Babylon university. College of medicine.

[22] Al-khudheiri, M.K. (2008) Bacteriological and
genetic study of methicillin-resistant Staphylococcus
aureus isolated from hospitals of Najaf City. MSc
thesis.College of education for girls.Kufa
University.(In Arabic).

[23] Al-Hassnawi, H.H., Al-Charrakh, A.H., Ai-Khafaji,
G.K. (2010) Prevalence community-acquired
methicillin resistant Staphylococcus aureus (CA-
MRSA) in Hilla/Iraq.J. ofZakho university. In press.

[24] Sattler,C.A., Mason, E.O., Kaplan, S. L. (2002)
Prospective comparison of risk factors and
demographic and clinical characteristics of
community-acquired, methicillin-resistant versus
methicillin susceptible Staphylococcus aureus
infection in children. J. Pediatr. Infect. Dis., 21: 910–
916.

[25] Schmitz, F. J.; Sadurski, R.; and Kray, A. (2000).
Prevalence of macrolide-resistance genes in
Staphylococcus aureus and Enterococcus faecium
isolates from 24 European university hospitals. J.
Antimicrob. Chemother., 45: 891-894.

[26] Al-Ubaidy,R.A. (2006) Study of virulence factor of
bacteria isolated from instruments used in premature
infants care unit.M.Sc thesis. College of Science.Al-
Mustansirya university.116 page.

[27] Zmantar,T., Chaieb, K., Miladi, H., Mahdouani,
K.andBakhrouf, A. (2006) Detection of the
intercellular adhesion loci (ica) in clinical
Staphylococcus aureus strains responsible for hospital
acquired auricular infection.  Ann. Microbiol., 56 (4):
349-352.

[28] Tuchscherr, L., Heitmann, V., Hussain, M., Viemann,
D., Roth, J., von Eiff, C.(2010) Staphylococcus aureus
small-colony variants are adapted phenotypes for
intracellular persistence. J. Infect.  Dis., 202(7):1031-
1040.

[29] Verkaik, N.J., Dauwalder, O., Antri, K., Boubekri, I.,
de Vogel, C.P., Badiou, C. (2010) Immunogenicity of
toxins during Staphylococcus aureus infection. Clin
Infect Dis., 50(1):61-68.

[30]Prince, A.S. (1998) Staphylococcal Infections. In:
katz, S.L., Gershon, A.A. and Hotez, P.J. Krugman’s
Infectious Diseases of Children. 10th ed. Mosby, a
Harcourt sciences company.

[31] Forbes, B.A., Daniel, F.S.,and Alice, S.W. (2007)
Bailey and Scott's diagnostic microbiology . 12th. ed.;
Mosby Elsevier company, USA

[32] Jacoby, G.A. and Munoz-Price, L.S. (2005)The new
β-lactamases. N. Engl. J. Med., 352: 380-391.

[33] Brook, I. (2002) Secondary bacterial infections
complicating skin lesions. J. Med. Microbiol., 51:808-
812.

[34] Barry, A. L., Jones R. N., Thornsberry C., Ayers L.
W. and Kundargi R. (1985)Imipenem (N.
forimidolythienamycin):in vitro antimicrobial activity
on β-lactamase stability. Diagno.Microbiol. Infect.
Dis., 3: 93-104.

[35] Goldman, E., H.G., lorrence (2009) Practical
Handbook of  Microbiology. 2nd. Ed. Taylor and
Francis Group.

[36] Brown, D., Edwards, D.I., Hawkey, P.M., Morrison,
D., Ridgway, G.L. (2005) Guidelines for the
laboratory diagnosis of and susceptibility testing of
methicillin-resistant Staphylococcus aureus (MRSA).
J. Antimicrob. Chemother., 56:1000-1018.

[37] Ito T, Katayama Y, Hiramatsu K (1999). Cloning and
nucleotide sequence determination of the entire mec
DNA of pre-methicillin-resistant Staphylococcus
aureus N315. Antimicrob.Agents Chemother., 43 :
1449-1458.

[38] Katayama, Y., Ito, T. and Hiramatsu, K. (2000) A
new class of genetic element, Staphylococcus cassette
chromosome mec, encodes methicillin resistance in
Staphylococcus aureus. Antimicrob.Agents
Chemother., 44: 1549–1555.

[39] Gorwitz, R., Jernigan, D., Powers, J., Jernigan, J., &
Participants in the CDC-Convened Experts' Meeting



I.J.A.B.R, VOL. 3(3) 2013:443-449 ISSN 2250 – 3560

449

on Management of MRSA in the Community (2006)
Strategies for Clinical Management of MRSA in the
community: Summary of an experts' meeting
convened by the Centers for Disease Control and
Prevention.

[40] Moise-Broder, P.A., Sakoulas, G., Eliopoulos, G.M.
(2004) Accessory gene regulator group II
polymorphism in methicillin-resistant Staphylococcus
aureus is predictive of failure of vancomycin therapy.
Clin. Infect. Dis., 38 : 1700-1705.

[41] Gemmell, C.G., Edwards, D.I., Fraise, A.P., Gould,
F.K. (2006) Guidelines for the prophylaxis and
treatment of methicillin-resistant Staphylococcus
aureus infections in the UK. J.Antimicrob.
Chemother., 57(4) : 589-608.

[42] Mathur, T,, Singhal, S., Khan,S., Upadhyay, D.
J., Fatma, T. and Rattan,A. (2006) Detection of
biofilm formation among the clinical isolates of
staphylococci: An evaluation of three different
screening methods. Ind.  J. Med. Microbial. 24(1):25-
29.

[43]Djordjevic, D., Wiedmann, M.and  McLandsborough,
L.A.(2002)Microtiter plate assay for assessment of
Listeria monocytogenes biofilm formation. Appl
Environ Microbiol.; 68:2950-2958.

[44] Gotz, F. (2002) Staphylococcus and biofilms. Mol.
Microbiol., 34: 1367-1378.

[45] Hall-Stoodley, L., Costerton, J.W., and Stoodley, P.
(2004) Bacterial biofilms: from the natural
environment to infectious diseases. Nature Rev.
Microbiol., 2:95-108.

[46] Jeff, G.L., Mark, E.S., Costerton, J.W., Stoodley, P.
(2002)Human Leukocytes Adhere to, Penetrate,and
Respond to Staphylococcus aureus Biofilms. Infect.
and Imm.,70(11): 6339-45

[47] Zetola, N., Francis, J. S., Nuermberger, E. L. and
Bishai, W. R. (2005) Community-acquired meticillin-
resistant Staphylococcus aureus: an emerging threat.
Lancet Infect. Dis., 5: 275–286.

[48] Rachid, S., Ohlsen, K., Wallner, U., Hacker, J.,
Hecker, M., Ziebuhr, W. (2000) Alternative
transcription factor sigma (B) is involved in
regulation of biofilm expression in a Staphylococcus
aureus mucosal isolate. J. Bacteriol., 182: 6824-6826.

[49] Cramton, S.E., Ulrich, M., G ِ◌tz, F., D ِ◌ring, G.
(2001) Anaerobic conditions induce expression of
polysaccharide intercellular adhesin in
Staphylococcus aureus and Staphylococcus
epidermidis. Infect. Immun., 69: 4079-4085.

[50] Martin-Lopez, J.V., Perez-Roth, E., Claverie-Martin
F., Diez Gil O., Batista N., Morales M., Mendez
Alvarez, S. (2002). Detection of Staphylococcus
aureus clinical isolates harboring the icagene cluster
needed for biofilm establishment. J. Clin. Microbiol.,
40: 1569-1570.

[51] Chaieb, K., Mahdouani, K., Bakhrouf, A. (2005)
Detection of icaA and icaD loci by polymerase chain
reaction and biofilm formation by Staphylococcus
epidermidis isolated from dialysate and needles in a
dialysis unit. J. Hosp. Infect., 61: 225-230.


