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Abstract

* Objectives: Isolation and Identification of S.aureus and study their susceptibility to the production of virulence
factors.

* Methods: A total 50 clinical specimens of Staphylococcus aureus isolates were collected in AL- Najaf AL-
Asharaf governorate during the period of (10/10/2013-20/1/2014) by the cultural characteristic colonies,
microscopic for cells, biochemical tests, antibiotics susceptibility test to Staphylococcus aureus using an antibiotic
diffusion disc assay, in addition to studying the virulence factors produced from S.aureus .

* Results: The results show that the Staphylococcus aureus resistant to methicillin formed 70% and 30% of
isolates were sensitive to the same antibiotics. Tested 10 isolates to methicillin resistant for their efficiency in
forming the highest inhibitory areas for testing their sensitivity to other antibiotics used, the results show S.aureus
resistant to penicillin about 100%, while there is no resistance to CO-Trimethoprim because it was sensitive
completly 100%.

The susceptibility investigated of Staphylococcus aureus resistance methicillin isolates to the production of
biofilm and slime layer with using both tube method and growth on Congo red agar respectively. Ten isolates of
S.aureus were tested based on resistance to methicillin and their high susceptibility to the production of the
biofilm and the slime layer.

* Conclusion: So we conclusion, they have Staphylococcus aureus is highly resistant to 3- Lactam antibiotics and
the CO-trimethoprim is the most effective in the inhibiting growth of this bacteria. In addition to its ability to
produce virulence factors. The increase cause bacterial resistance to our local isolates may be due to the frequent
use of antibiotics, which allowed for increased bacterial resistance to various antibiotics.

1-Introduction:-

In recent years, there has been an alarming increase in hospital-related infections caused by multidrug-
resistant Staphylococcus strains, Shown some strains have no resistance to more than 20 antibacterial compounds,
including antiseptics[1]. Staphylococcus aureus is one of the most important pathogens that is capable of causing
various types of infections at multisite in human body, The pathogenesis is linked to its ability to produce many
virulence factors, which include the production of toxins, extracellular enzymes and other factors, which gives
bacteria the ability to multiply and spread within host tissues as well as the high resistance and multiple antibiotics,
especially belonging to the group B- Lactam and aminoglycoside, making it a major pathogen causing hospital-
nosocomial infection [2]. And that the transmittability of antimicrobial resistance between bacterial strains is a
health problem, including resistance to vancomycin, which is used as an alternative to beta-lactam antibodies to
gram-positive bacteria treated, particularly S.aureus [3]. Methicillin Resistance Staphylococcus aureus (MRSA)
has also caused many diseases, including endocarditis and chronic osteoarthritis [4]. Although, MRSA has many
mechanisms to increase pathogenicity and virulence, including biofilm production and host cell adhesion [5].
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Given for demonstrating bacteria S. aureus from resistance to many antibiotics, especially those resistant to
methicillin, so the study aimed to isolate and identification of S.aureus and study their susceptibility to the
production of virulence factors.

2-Materials and Methods
Specimen collection and culture:-

A total of 50 clinical isolates of Staphylococcus aureus were collected from different sources in Najaf
Governorate for the period from (10/10/2013-1/20/2014).

S. aureus were cultured on the Mannitol salt agar and incubated at 37 °C for 24 h to obtain the colonies,
then transferred and purified into individual colonies.

3-Studying the virulence factors produced from Staphylococcus aureus:-

1.3 Antibiotics sensitivity test :-

The antibiotic sensitivity test of S.aureus including (Ampicilin, Amoxicillin / Clavulanic Acid, Pencillin,
CO-Trimethoprim, Ticarcillin / Clavulanic Acid, Gentamicin, Ciprofloxacin, Ceftriaxone, Cefixime, Vancomycin,
Kanamycin Chloramphenicol and Methicillin) was used. The Muller Hinton agar is used by adding 0.3 ml of
bacterial implant and spread in the middle of the surface media by the spreader diffuser and stayed the dishes for
10-20 minutes to complete the implant absorption. The disc containing antibiotics were placed on the center
surface of the implant with sterile forceps with light pressure on the surface of the disc to fix it on the center
surface of the pelvis. The dishes were incubated with a temperature of 37 °C for 24h after reading the results is
determined by an enclosed ruler. The bacteria are sensitive and resistant, depending on the specifications in [6].

2.3 Slime layer production:-

Congo-red agar was used to investigate the ability of bacteria to the production of slime layer, culture S.aureus
on Congo-red agar and incubated for 24h at 37 °C. Growth was observed by observing microbial colonies and
changing their color to black to indicate slime layer production while colonies appear in the same color media
indicates that the inability of the bacteria to produce Slime layer [7].

3.3 Boifilm production:-

Brain heart infusion sucrose broth (BHI suc) was used to investigate the ability of bacteria to biofilm
production, this method was described by (8) and includes:

«Intake 10 ml of brain heart infusion broth with 2% sucrose, culture S.aureus and incubate at 37 °C for 24 hours.
« Dissolve the contents of the medium and wash using PBS with pH7.2.

+ Dry the tube and dye a with crystal violet at concentration 0.1% for 10 minutes. The dye is then removed from
the tube and washed with deionized water.

# Dry the tube and turn it to watch the biofilm composition at the bottom.

+ Biofilm formation is a positive result when the formation of a film layer is observed around the bottom wall of
the tube.

4.3 Capsule production detection:-

This test was performed using the Indian ink stain to detect the ability of the S.aureus to production of capsule.
By taking single colonies of bacterial implants and placing a drop of stain that mixed the colony with stain a well-
mixed and then covering the sample with the cover slide. It was then dried by air (at room temperature) and then
examined under the oil lens of the microscope to observe the capsule [9]

5.3 Gelatin hydrolysis test:-

This test was used to investigate the ability of the bacteria to the production of gelatinase enzyme, which
works to dissolve the gelatin. The bacteria were cultured in the Gelatin liquefaction medium and incubated 37 °C
for 24 h. The positive result was observed by the gelatin dissolve after being placed in a snow bath (ice) for 2 h.
The negative result was that the gelatin was not dissolved [10].
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6.3 Detection of the B-hemolysin production:

This test was conducted to investigate the ability of the bacteria to the production of beta toxin, which
completely dissolves the blood. Culture bacteria on blood agar incubated 37 °C for 24h, and the positive result was
observed when blood was analyzed [11].

3- Results and Discussion:-

Collect 50 samples of Staphylococcus aureus were isolated and diagnosed from different sources as shown in
Table (1) as follows:-

Table (1): distributed of S. aureus according to their sources of isolation

Source Number S.aureus Total

isolate Number

Urine

Ear swab

Seminal fluid

Vaginal swab

Wound & Burn

Nose swab

Growth S.aureus isolates on Mannitol salt agar aerobically by changing the color of the medium from pink to
yellow due to their ability to ferment mannitol sugar and some isolates did not change The color of the medium
due to inability to ferment mannitol sugar, which is consistent with [12] .

While showing the microscopic examination of S.aureus that its positive globular cells, gram positive and
agriculture with pairs or quadric or in the form bunches of grapes, which is consistent with the phenotypic
characteristics of [13]. As shown in Figure (1).

Figure (1):Cells bacteria S.aureus stained with Gram stain magnification (1000X)
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4- Biochemical Examination:-

Our study the results of the biochemical tests of Staphylococcus aureus obtained from different sources. The
results showed that all S.aureus isolates were positive for the catalase test because they are aerobic or facultative
anaerobic bacteria, which in this capacity can produce the catalase enzyme, which protects it from the toxic effect
of hydrogen peroxide produced during metabolic processes and its inability to produce oxidase. This result agreed
with [14] ,[15]. It also showed a positive result of coagulase enzyme.

5- Antibiotic sensitivity test:-

The susceptibility of all S.aureus isolates was investigated using the antibiotic sensitivity test for methicillin
and based on the methods given in [6]. The main objective of this test is to study the relationship between
resistance and sensitivity of antibiotic and the pathogenicity extent of the S.aureus to multiply resistant to
antibiotic by examining the similarities and differences in the resistance pattern between bacteria isolates of the
Isolated from different sources. That high levels of resistance to methicillin to ratio [35]70% and [15] 30% were
sensitive to methicillin as shown in Figure (2).

Figure (2): Percentage of Staphylococcus aureus isolates resistance and sensitive to the methicillin

These results agree with the study of [16] which recorded a resistance rate of about 80.3%, while 16.4% of
isolates were moderately resistant, while 3.3% were sensitive. [17] showed that the resistance ratio to about
90.90%.[18] showed that the resistance ratio was about 94.3%. These results not agreed with [19] found that about
51.4% of isolates were resistant to methicillin, while 48.6% were sensitive to figure (3).

In the present study and other studies the variation in resistance ratios may be due to the diversity of isolated
sources, including Staphylococcus aureus, and to the change in methicillin resistance genes of the same bacteria.

Figure (3): Resistance S.aureus to methicillin

Tested 10 isolates to methicillin resistant for their efficiency in forming the highest inhibitory areas for
testing their sensitivity to other antibiotics used in the study.

The results show the B- Lactam antibiotic , represented by Methicillin, Amoxicillin and Ampicillin high
resistance representatives (100%).

As for the antibiotic Penicillin (G) its resistance was 90 (9)%, while all isolates were resistant to
Ticarcillin100%.

The Cephalosporin group includes Cefixime, Ceftriaxone, was resistant to 100% as shown in Figure (4).
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Act B- Lactam antibiotics to inhibit the manufacturing of process the bacterial cell wall by interfering with the
manufacturing of process the peptidoglycan layer, the causes of this resistance may be due to the secretion of B-
Lactam enzymes, which may be plasmid or chromosome, or resistance may be due to the secretion of
bacteriostatic enzymes, which may be plasmid or chromosome, it is also used to neutralize the effectiveness of
beta lactam antibiotic by breaking beta lactam ring it into the group of penicillins and cephalosporins [20].
Antibiotics binding to proteins responsible for the cellular wall durability called Penicillin Binding Proteins, the
cause of the resistance may also be due to the presence of the mecA gene, which reduces the relevance of binding
antibiotic to the proteins responsible for the cell wall strength called Penicillin Binding Proteins [21]. The
Vancomycin was resistant to 100%, The vancomycin is considered Glycopeptides antibiotic decreased
susceptibility of S. aureus strains to vancomycin may be related to a change in the bacterial target. Studies have
documented thickening of the bacterial cell wall that traps the vancomycin molecules However, a decrease in
peptidoglycan cross-linkage and a high content of free D-alanine-D-alanine residues in the cell wall may increase
the resistance of the strain, a resistance resulting from the transmission of coded genes to the resistance
characteristic of this antibiotic and portable to conjugated plasmids or transposon genes from other strains and
species of bacteria S.aureus, giving it a resistance within a short period [22]. Although it is effective against
Staphylococcus aureus, it has been reported to be resistant to it, which may be due to increased cell wall thickness
and decrease cell wall sensitivity to the analyze enzymes [23]. This result is not agreed with [17] which found that
the resistance was 2.27%.

As for its resistance to Chloromphenicol antibiotic was [1]10%, and the resistance could be due to the
breakage of the drug by Chloramphenicol acetyl transferase [24].This bacteria not resistance to the CO-
trimethoprim because they were sensitive to it 100%. While antibiotics aminoglycoside group include Gentamycin
and Kanamycin have a resistance rate of 10 [1] and [4] 40%, respectively. The resistance of the bacteria may be
attributed to aminoglycoside antibiotics into three mechanisms: Modification of the antibiotic molecule by
adenylating, Phosphorylating, Acetylating or a chromosomal mutation such as a mutation in the encoded gene of
the target protein under the 30S ribosome causing the loss of the antibiotic to bind to the target protein and reduce
the cell's permeability to the antibiotic [25]. The resistance to Quinolones include Ciprofloxacin was 20% and that
the causes resistance of the isolates under study for the Quinolones was due to a change in the target site of the
binding antibiotic to the enzyme [26]. The change in GyrA, which is one of the building blocks of the DNA gyrase
[17].

Several studies have confirmed the resistance of Staphylococcus aureus to penicillin [16] which found that the
bacteria strain of penicillin resistant with ratio (100%), as well as the study by [27] Show result not found of
efficiency to the penicillin against S. aureus. [28] noted that the cause resistance of S. aureus to penicillin is due to
its production of penicillinase enzymes as shown in Figure (4).
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Figure (4): Antibiotic susceptibility test MRSA by disc diffusion method (n = 10)

CRO: Ceftriaxone AM: Ampicilin
CFM: Cefixim AMC: Amoxicillin /Clavulanic acid
VA: Vancomycin PG: PencillinG
COT: CO-Trimethoprim K: Kanamycin
TCC: Ticarcillin /Clavulanic acid C:Chloramphenicol
GEN: Gentamicin ME:Methicillin
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6- CIP : Ciprofloxacin

The production of S. aureus for p-lactamase inhibitors of penicillin is highly resistant to this antibiotic. In
general, S.aureus isolated from society are more sensitive to antibiotics that do not belong to the non-B-lactam
antibiotisc group than those isolated from the hospital environment [29]. It is difficult to determine the relationship
between antibiotic use and resistance, the use of antibiotics for clinical purposes alone does not explain the high
dominance of resistant organisms in many developed countries [30], [31]. Therefore, the widespread clinical use of
antibiotics leads to a high increase in resistance, especially among people are in hospital [32].Other studies have
also shown that Community Acquired Methicillin Resistance Staphylococcus aureus (CA-MRSA) have the ability
to spread their colonies more than the Healthy Acquired Methicillin Resistance Staphylococcus aureus (HA-
MRSA), and this variability is due to the CA-MRSA contain psm-mec gene responsible for the spread of colonies
and then causing damage [27].

The reason for the variation in bacterial resistance to various antibiotics is due to its ability to prevent the
bactericidal effect of the antibiotic by different methods, including inhibiting the antibiotic by producing inhibitory
substances such as beta lactamase or the tolerance of the bactericidal effect of the antibiotic, or cellular pathway
alteration or by altering membrane permeability [33]. The cell wall play important role in increasing the resistance
of the bacteria to these antibiotics. Several studies have shown that processing the medium with the amino acids
needed to build the cell wall, such as alaninoalcottamate and sugars such as glucose and N-acetyl glucosamine
helps the cell to build a thick cell wall to help show a high level of resistance [34],[7].

7- Capability Methicillin Resistance Staphylococcus aureus to the Production Slime Layer:-

MRSA was detected the ability in the production of the slime layer using Congo-red agar described by the
scientist [35]. 10 isolates were detected from MRSA, The results showed that 8 isolates of MRSA to change in
developing colony color on the Congo- red agar from red to black or gray while the remaining two isolates did not
show any change in the color of the medium, This indicates that these isolates were not production of the slime
layer, as shown in Figure (5).

Congo red agar method

No Slime layer
(2)20%

Figure (5): Production and not production isolates of the slime layer

The results of the investigation of slime layer production in MRSA isolates were consistent with several studies
that confirmed the MRSA susceptibility to production of slime layer. The slime layer formed from the ability of
bacteria to produce Glycocalyx which surrounds the bacterial cell, Glycocalyx is an extracellular substance made
up of polysaccharide or polypeptide or both. This layer works to protect the bacterial cell from dehydration and its
loss of nutrients, Casing the Glycocalyx is irregular when it is linked to the cell wall in a fragile way known as the
slime layer. While Glycocalyx is made up of the basic material that is closely related to the cell wall and is then
known as Capsule [36],[37]. The slime layer works on the bacterial cell packaging, forming thin, living
membranes known as biofilm its act as a buffer that inhibits the antibiotic influence within the bacteria cell and
thus confers resistance [38].

This result agreed with the study of [39] which showed about 77.8% of S.aureus isolates were slime layer-
producing. While agreeing with the study [40] which showed about 60% of the isolates he studied were produced
of this layer. It was observed that the results obtained did not agree with the study conducted by [41] who show
that about 50% of the isolates were production, 40% were moderate and about 10% did not production of this
layer. And did not agree with the study [42] which found that about 57% of MRSA had the ability to form slime
layer and 43% of MRSA gave a negative result. In the current study It was revealed during that the isolate of
MRSA has given black colonies on the media Congo red agar and did not lose the color of the dye even after more
than a week and this result does not agree with the study of [43] who explained that the black colonies on the
media of Congo red agar can lose dye after three days from incubation at room temperature. This indicate that
isolates of the bacteria were more virulent as shown in Figure (6).
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Figure (6): Slime layer Production from bacteria MRSA

[42] showed that the growth method on the Congo red agar was a realistic way to distinguish the phenotypic
pattern of slime layer-producing isolates and high virulence and that it could help differentiate between strong and
weak slime layer production, which reflects the severity of the infection and helps in determining the initial
treatment. The difference in the degree of production of the slime layer is due to the difference in the production of
polysaccharide adhesion (PIA) and reflects the change in genetic regulation. The growth method was used on the
media Congo red agar to investigate the production of the slime layer of several isolates as an easy-to-use method,
It is based on the promotion of the production of multiple polysaccharides using a rich medium, but it can be
counted as a minor specialty and sensitivity due to differences that may occur in the formation of the black
pigment of the colonies. Differences in the used culture media may affect the results of this method [44], [45].

8- Capability Methicillin Resistance Staphylococcus aureus to the Production Biofilm:-

The MRSA capability to biofilm production was detected using the tube- adhesion method [46]. 10 isolates
were detected from MRSA biofilm producing. The results showed that 6 isolates were biofilm production while 4
isolates did not produce. as shown in Figure (7).

Tube method

Biofilm
production
(6)60%

Figure (7): Production & non-production isolates to biofilm

The results showed that most isolates have the ability to adhere to the glass tube walls that are stained with
crystal violet compared with the control tube that contained no growth culture media, as shown in Figure (8).
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Figure (8): Biofilm Production by MRSA isolates

Show the growth of bacteria in the biofilm variations phenotypic different on the original strain that growth
freely on the media. These variations include changes in movement, increased production of polysaccharides and
increased resistance to antibiotics [47]. Adhesion dependent is highly on environmental conditions and changes in
the culture media (8).

This result of the biofilm production screening in MRSA isolates were consistent with several studies that
confirmed the MRSA susceptibility to biofilm production. (8) demonstrated the MRSA susceptibility to the
biofilm production. Other studies have shown MRSA susceptibility to diffuse on solid surfaces and thus lead to
biofilm formation [48].

9- Capability Methicillin Resistance Staphylococcus aureus to the Production Capsule:-

The investigated of 10 isolates from MRSA to the production of the capsule by means of microscopic
examination of the bacteria using India ink stain figure (9). The results showed that all isolates were Capsule
production, These isolates are Harmful the capsule is one of the virulence factors, This is confirmed by many
studies which indicated that the capsule important role in the pathogenesis [49], [50].

o

Capsule

Figure (9): Microscopic Examination of the MRSA-produced capsule with stains India ink stain with
magnification (1000X)

10- Capability Methicillin Resistance Staphylococcus aureus to the Production Gelatinase:-

The capability of all MRSA isolates was investigated for the production of the gelatinase. The results showed
that only 7 isolates were able to produce the enzyme after an incubation period of 24-48 days while other isolates
did not produce this enzyme even after incubation period more than 48 days.

The gelatinase is an important enzyme that increases the pathogenicity of bacteria as the enzyme works to break
down the gelatin into the basic units from amino acids [51]. In addition, indicated [52] that the Gelatinase play an
important role in the spread of cancerous tumors by destroying membrane components such as collagen, gelatin
and proteoglycan compounds of the extracellular matrix. The results showed that some isolates have the ability to
dissolve gelatin, to agreed with [53].

11- Capability Methicillin Resistance Staphylococcus aureus to the Production Haemolysin:-

The capability of 10 MRSA isolates to the production of haemolysin the was tested by the culture of
bacteria on blood agar. The results showed differences in the isolation ratios of S.aureus to haemolysin production,
they were 8 isolates with complete hemolysis represented by the appearance of a translucent around colony
indicating the susceptibility of these isolates to the production of B-hemolysis, while the two isolates were
partially a- hemolysis, This result agreed with [54] reported that about 85.1% of S. aureus isolates were f-
hemolysis. The capability of the bacteria to the p-hemolysis production of varying according to several factors, the
most important is the source of red blood cells used in the culture media, which is through capability to detect of
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the bacteria to the production of B-hemolysis and also affected by the use test method, and the presence of serum
and cholesterol in the blood used and Which leads to the inhibition process of hemolysis [55]. Therefore, S. aureus
has the ability to produce haemolysin due to the osmotic properties posses to hemolysis the blood cells or because
of the formation of pore holes in the cell or cytotoxic to dissolve types of human blood cells [56].

12-Conclusion:-

Our conclution that Staphylococcus aureus is highly resistant to - Lactam antibiotic and the CO-trimethoprim
is the most effective in the inhibiting growth of this bacteria. In addition to its ability to produce virulence factors.
The increase cause bacterial resistance to our local isolates may be due to the frequent use of antibiotics, which
allowed for increased bacterial resistance to various antibiotics.
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