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ABSTRACT
Clinical sampling carried out between December 2013 to April 2014. One hundred Staphylococcus aurease isolates were
obtained from 220 clinical specimens. The sample included of patients in referring various hospital in Baghdad (nose,
wound, burn, ear swabs and sputum) .The production of viscous layer in S. aureas was investigating by used congo red
agar (CRA), showed that 56% of S. aureas produce viscous layer and also been screening the ability of isolates to biofilm
formation using the microtitter plate, the result appear 57% of isolates produce biofilm. The extraction of DNA was
subjected to polymerase chain reaction (PCR) technique in a monplex and multiplex to amplify the virulence factor (clfA,
fnbA and can)gene .The result of this investigation showed that (56% ,56% ,81%) respectively .
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INTRODUCTION
Staphylococcus aureus represents one of the most serious
gram-positive bacterial infections in nosocomial and
community settings [1]. The pathogenicity of S. aureus is
caused by the expression of an arsenal of virulence factors,
which can lead to superficial skin lesions, or to more
serious infections, such as pneumonia, mastitis, urinary
tract infections, osteomyelitis, endocarditis, and even
sepsis. In very rare cases, S. aureus causes meningitis[2].
The first step in S. aureus infections is attachment to
various surfaces and colonization of host tissues. For this
purpose, S. aureus carries several surface adhesions
(microbial surface components recognizing adhesive
matrix molecules (MSCRAMMs)[2]. Many MSCRAMM
proteins interact with various human or animal tissues,
serum proteins, and polypeptides of the extracellular
matrix, these interactions allow Staphylococci to adhere to
a variety of cell lines and promote the invasion and
apoptotic death of infected epithelial cells. For example:
protein A, clumping factors ClfA and ClfB, and fibronectin
binding proteins; FnbA and FnbB[3]. The ability of S.
aureus to adhere to plasma and extracellular matrix (ECM)
proteins deposited on biomaterials is a significant factor in
the pathogenesis of device-associated infections. Several
specific adhesions are expressed on the surface of S.
aureus, which interact with a number of host proteins, such
as fibronectin, fibrinogen, collagen, vitronectin and
laminin[4], and have been designated MSCRAMMs
(microbial surface components recognizing adhesive
matrix molecules)[5].The biological importance of
MSCRAMMs and their roles as virulence determinants are
still being elucidated. To be classed as a MSCRAMM, the
molecule of interest must be localized to the bacteria cell
surface, and must recognise a macromolecule ligand found
within the host’s ECM. These ligands include molecules
such as collagen and laminin, which are found exclusively
in the ECM, and others such as fibrinogen and fibronectin,

that are part-time ECM molecules but are also found in
soluble forms such as blood plasma[5].

MATERIALS & METHODS
Samples collection
Two hundred -Twenty clinical samples were collected
during the period from December 2013 to April 2014. The
clinical samples were collected from different patients
attending the three hospitals in Baghdad city. The
specimens included: nasal swab, wound swab, burn swab,
abscess and ear swab, urine and blood culture. Sterile
gloves were worn while collecting samples to prevent skin
bacterial contamination. Samples from nose (both anterior
nares), and ear-swab were collected using sterile swabs,
placed into a transport medium and transported to the
laboratory immediately.
Bacterial isolates and phenotype identification
One hundred S.aureus strain were isolated from patients
and used in this study. Isolates were identified
morphologically and biochemically by [6] .The coagulase
and DNase test were preformed for discrimination of S.
aureus from coagulase negative staphylococcus negative
staphylococci. After conventional methods, VITEK2 were
employed for the result confirmation.
Slime forming colony
This test was used to evaluate slim formation in S. aureus
strain on Congo-red agar (CRA), as previously described[7]

pink colonies were recorded as nonbiofilm producers while
the black colonies were recognized as biofilm producers .
Biofim assay
The overnight culture (S. aureus), grown in Tryptic Soya
broth (TSB) at 37ºC, was diluted to 1:100 in TSB
supplement with 2% (w/v) glucose. A total of 200 μl of
cell suspensions was transferred in a U-bottomed 96-well
microtiter plate. Wells with sterile TSB alone were served
as negatives controls. The plates were incubated
aerobically at 37ºC for 24h. The cultures were removed
and the microtiter wells were washed twice with
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phosphate-buffered saline to remove non adherent cells.
Adherent bacteria were fixed with 95% ethanol and stained
with 1% crystal violet for 5 min. The wells were washed
three times with sterile distilled water and air-dried; the
experiment was repeated three times separately for each
strain. The optical density of each well was measured at
570 nm (OD570) using an automated Multiskan reader
(GIO. DE VITA E C, Rome, Italy). Biofilm formation was
interpreted as followed: highly positive (OD570 ≥1), low
grade positive (0.1 ≤ OD570 < 1), or negative (OD570 <
0.1)[8].
Bacterial DNA extraction
Bacterial genomic DNA was extracted from isolates using
DNA kit (Geneaid Kit- Korea) following the
manufacturer’s protocol. The resultant DNA extract with a
final elution volume of 100 μl was frozen at - 20°C until
use.
PCR and agarose gel electrophoresis
The purpose of using simplex and multiplex PCR was to
determine the distribution of 3 biofilm genes in 100
different clones of S. aureus isolates .Total chromosomal
DNA was extracted from the isolates using a Geneaid Kit-

Korea). All the 3 genes were amplified by simplex PCR.
The distribution of biofilm genes in different clones of
S. aureus isolates was examined by multiplex PCR
method. All primer sets for adheasion and biofilm
genes were described in the table (1).The reaction mixture
of PCR was  25 µL in total volume containing 12.5 µL
of master mix, 1.0 µL of primers (forward 0.5 µL and
reverse 0.5 µL), 2 µL genomic DNA, and 9.5 µL

of distilled water (dH2O). PCR was carried out with an
initial denaturation step of 5 min at 94◦C, followed by 25
cycles of denaturation (1 min at 94◦C) , annealing (1 min

at 55◦C), and extension (1 min at 72◦C); the reactions
were finalized by polymerization  for 10 min at 72◦C.

Multiplex PCR was carried out using  the Geneaid
Multiplex PCR kit , the method as described program
reaction , mixtures containing 1 µg chromosomal DNA,
25 µL of master mix with 3 mMMgCl2, 5 µL of

primer mix (2 µM in TE buffer for each primer), and
RNase-free water in a final volume of 50 µLwas prepared.
The PCR amplicons were visualized using UV light after
electrophoresis in a 2% (w/v) agarose gel.

TABLE 1: PCR target genes and primer used in this work
Primer name Primer sequence Size of product (bp)
clfA F/5-CCGGATCCGTAGCTGCAGATGCACC-3

R/5-GCTCTAGATCACTCATCAGGTTGTTCAGG-3
1000

fnbA F/5-GATACAAACCCAGGTGGTGG-3
R/5-TGTGCTTGACCATGCTCTTC-3

191

cna F/5-GTCAAGCAGTTATTAACACCAGAC-3
R/ 5-AATCAGTAATTGCACTTTGTCCACTG-3

423

RESULT & DISCURSION
Staphylococcus aureus identification depended of
Microscopic examination (isolates demonstrated gram-
positive purple colour spherical cells or cocci arranged in
irregular grape-like clusters ), cultural examination
(slightly yellow, flat, large circular in Nutrient agar and
opaque, while the colonies on Blood agar plates appeared
large, round, golden-yellow to creamy/buff colored
colonies, producing complete clear zones of β-hemolysis.
Then, the isolates were cultured on mannitol salt agar
(MSA), after incubation at 37°C for 24 hours; the colonies
appeared golden-yellow along the lines of streak. The
colonies were large, convex, elevated, shinning, opaque
and circular in appearance and Biochemical tests (Catalase
test was performed for all isolates which gave positive
reaction as suspected for all Staphylococcus species; the
positive reaction indicated by the formation of gas bubble
after mixing hydrogen peroxide solution with little amount
of bacterial growth , coagulase test was also performed for
all Staphylococcus isolates, the results marked the
formation of clot when the tube method was applied while
the presence of agglutination within 10 seconds indicated
positive reaction when slide method was applied, and all S.
aureus isolates were positive in both methods. One
hundred isolates gave a positive result as coagulase
positive, mannitol fermenters and DNase positive were
diagnosed as S. aureus; The result of VITEK2 were
employed for the result confirmed the primary
identification of S. aureus isolates collected throughout the
study. The ability of S.aureus strains to adhere and form
multilayered biofilms on host tissue and other surfaces is

one of the important mechanisms by which they are able to
persist in the diseases[9]. The results from workers showed
a high percentage of up to 77 isolates of 100 S. aureus
isolated produce slime positive in Congo red agar. This
result agreed with the study by[10] who found that 77.8%
of S. aureus isolates showed strong slime layer on the
Congo red agar.
The Microtiter Plate Method result showed 57 of 100(57%)
S. aureus were biofilm-positive, that 14(14%) strains were
highly biofilm-positive (OD570 ≥ 1), 43(43%) were low-
grade biofilm   and 43(43%) were biofilm-negative. This
result  agree with the study of (Mathur et al., 2006), 57.8%
of staphylococcal clinical isolates displayed a biofilm-
positive phenotype and 14.47 and 39.4% exhibited high
and moderate biofilm formation, respectively; while 46%
were weak isolates with no biofilm detected .
Specific primers were used to determine the (clfA, can and
fnbA) genes in this study; the optimal conditions for
identified in Tabl (2). Several experiments have proven the
purpose of reaching these conditions. This study was found
81 out of 100 S. aureus (81%) have the adhesions clfA
gene; this result was nearly with another study which
found that 91.3% of the tested strains were clfA positive
(12). While 56 out of 100 strains (56%) have the adhesions
clfA gene.  This result was agreement with another report
which found that 56% of the tested strains were fnbA
positive[13].
The collagen adhesion plays an important role in the
pathogenesis induced by S. aureus , therefore In this
study, showed  56 out of 100 strains (56%) have the
adhesins cna gene, Our result was nearly with another
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report which found that 52% of the tested strains were cna positive [14].

Table 2: The PCR program for the ( clfA, fnb and can) genes amplification
No. Step Temperature(°C) Time No. of Cycles
1. Initial denaturation 94°C 5 min. 1
2. Denaturation 94°C 1 min.

25
3. Annealing 55°C 1 min
4. Extension 72°C 1 min
5. Final extension 72°C 10 min. 1

In this  study was  used three genes (clfA, fnb A and cna),
frirstly we tested the ability of each primer pair to detect a
specific target DNA sequence within clfA, fnbA, can genes

respectively (Fig1, 2, 3), then co-amplifications using
different combinations of two, and finally all three primers
pairs mixed together with samples of DNA extracted.

FIGURE 1: Agarose gel electrophoresis of PCR amplification products of S. aureus, clfA gene (2% agarose, TBE buffer
(1X), 5V/Cm, 2hr.). M: The DNA molecular weight marker (100 bp ladder); lanes (1-15) positive amplification of 1000 bp
for clfA gene. N is a PCR product of negative control.

FIGURE 2: Agarose gel electrophoresis of PCR amplification products of S.aureus ,cna gene (2 % agarose, TBE buffer
(1X), 5V/Cm, 2hr.). M: The DNA molecular weight marker (100 bp ladder), lanes (1-15) positive amplification of 423 bp
for cna gene. N is a PCR product of negative control.

FIGURE 3: Agarose gel electrophoresis of PCR amplification products of S. aureus ,fnbA gene (2% agarose, TBE buffer
(1X), 5V/Cm, 2hr.). M: The DNA molecular weight marker (100 bp ladder), lanes (1-15) positive amplification of 191 bp
for fnbA gene. N is a PCR product of negative control.

The results of the present study showed three, clfA, fnbA,
can genes band detected at (1000bp, 423bp, 191bp
respectively)  only36%isolated strains were produced three
gene (1000bp,423bp,191bp) band. All the components
were adjusted to give an excellent product for the two
genes which were mixed together to be used as a single

step for the more precise test for the detection of our
bacterium in different samples under study. 10 μl of the
reaction mixture was put on an argarose gel of 2 %
(wt/vol) for electrophoresis and visualization of the
product after staining with ethidium bromide on a UV
transilluminator as seen in figure (4).
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FIGURE 4 : Gel electrophoresis of amplified PCR products of clfA (1000bp), fnbA (191bp), can(423bp) genes of S.
aureus isolates in multiplex PCR technique a garose (2%), TBE buffer (1X), 5V/Cm for 2 hrs. stained with ethidium
bromide. M: The DNA molecular weight marker (100 bp ladder); Lane 1-4 a positive result.
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