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The isolates of Staphylococcus aureus were isolated from patients with various 

infections in hospitals, the isolates were identified and accurately diagnosed by 

phenotypic examination and biochemical tests, as well Vitek-2, and then genetic 

detection and diagnosis of many of the pathogenic factors associated with 

Staphylococcus aureus using conventional polymerase chain reaction (PCR) and testing 

for association by antibiotic resistance and production of some toxins by Staphylococcus 

aureus. After performing analysis of statistical, it was set up that the correlation 

coefficient of the PCR technique using virulence genes, sensitivity test to antibiotics and 

other virulence factors were significant at p < 0.05, but was insignificant with the biofilm 

production. 
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 الخلاصة 

 

من مرضى يعانون من التهابات متنوعة من  Staphylococcus aureusتم الحصول على مائة عزلة من بكتريا 

المرضى في المستشفيات، وتم تحديدها العزلات وتشخيصها بصورة دقيقة بالفحص المظهري والفحوصات الكيميائية 

من ثم تم إجراء الكشف والتشخيص الجيني للعديد , Vitek-2الحيوية وكذلك تم اجراء اختبارات التشخيص البكتيري 

( PCR)ة المرتبطة بالمكورات العنقودية الذهبية باستخدام تفاعل البلمرة المتسلسل التقليدي من عوامل الامراضي

وبعد . Staphylococcus aureusواختبار ارتباطه بمقاومة المضادات الحيوية وإنتاج بعض السموم بواسطة 

ي هذه الدراسة واختبار مع جينات الضراوة ف PCRاجراء التحليل الإحصائي، تبين أن معامل الارتباط لطريقة 

، بينما لم يكن الارتباط معنوياً مع p<0.05حساسية المضادات الحيوية وعوامل الضراوة الأخرى كان معنوياً عند 

 .انتاج البايوفيلم

 

 

INTRODUCTION 
Staphylococcus aureus is an adaptable bacterial 

pathogen that can stay alive in diverse host 

environments. This diversity depends on its 

capability to obtain and use nutrients from different 

sources; from this time, Staphylococcus aureus 

uses nutrient obtainability as an indicator of its 

environment. Bacteria may have sense nutrients 

and react using modified gene expression 

containing mixture of virulence elements. As a 

result, the metabolic signals that bacteria encounter 

not only help them survive in temporary adverse 

conditions, but also play an important role in 

pathogenesis. The evolutionary benefit of this 

association permits bacteria to adjust to ever-

changing microenvironments for the period of 

infection instituting and development using their 

virulence changeable pattern. Recent studies have 

provided the close linkage between metabolism 

and virulence synthesis [1]. Bacteria resistance to 

antibiotics in general takes place by altering the 

genetic character of an organism. Resistance genes 

can be decoded vertically or horizontally. Vertical 

resistance is produced from a modification in the 
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genetic code that controls penicillin-binding 

proteins in Staphylococcus aureus. This genetic 

mutation is a response to the antimicrobial material 

presented in the environment of the 

microorganism. Horizontal mutation take place 

when genes passed through the plasmid are hosted 

from outside the cell and lead bacteria to integrate 

their genetic material that is responsible for 

resistance [2]. S. aureus has many virulence 

elements, such as clumping factor and coagulase 

[3]. In addition, extracellular toxins that donates to 

the S. aureus virulence, for example staphylococcal 

enterotoxins and exfoliative toxins [4]. 

Staphylococcal enterotoxins are typically formed 

by coagulase positive S. aureus, which is present 

everywhere and are commonly colonized in nasal 

mucosae [5]. Toxins that are well known as 

Staphylococcus Enterotoxins (SEs) (Sea, Seb, Sec, 

Sed, and See) have been described in resents years. 
mecA gene encodes penicillin-binding protein, an 

enzyme in control for crosslinking the 

peptidoglycans in the bacterial cell wall has a little 

affinity for β- lactams, causing resistance to this 

whole group of antibiotics. Vancomycin is a 

glycopeptide and antimicrobial drug for treating 

infections but resistance to vancomycin has been 

described, van genes which is an active resistant 

gene translates resistance to vancomycin. These 

genes of resistance include vanB, vanA [6]. The 

capability to match the translated of various 

virulence factors participates in the wide range of 

infections caused by Staphylococcus aureus. The 

formation of biofilms in S. aureus are a communal, 

important in the etiology of complex infections, for 

example infections of pneumonia, endocarditis and 

bloodstream. The biofilms of bacterial 

accumulation set in an extracellular matrix through 

specific gene expression. Biofilms are responsible 

for chronic infections with a complex resistance to 

immune defenses as well as antibiotics, A result, 

biofilm infections exhibit harder challenges for 

elimination. According to the mention above, the 

purpose of this study was to estimate correlation of 

PCR genotyping technique using virulence genes 

in current study with resistance of antibiotics and 

biofilm formation. 

MATERIALS AND METHODS 
Sample collection 

For period from September – December 2020, 

Peoples were invited to participate in the study and 

ethical approval was obtained from them to take 

samples, One hundred isolates of S.aureus were 

isolated from patients suffering from wound, 

abscess, burn infections at many hospitals in 

Baghdad, which includes (Imam Ali hospital, Ibn-

El Balady, Welfare Teaching Hospital, Sader 

hospital and Gazi Alhariry hospital) that 100 of 

these isolates was S.aureus. All samples from 

primary cultures were purified by way of culture in 

subculture on blood agar and later on Mannitol Salt 

Agar and keep warm at 37°C for 24hrs. [8]. 

Identification of Staphylococcus aureus 

Staphylococcus aureus samples were cultured on 

blood agar, Mannitol Salt Agar and all plates were 

incubated for 24hrs. The growth culture was 

examined for colony morphology and then the 

isolates were tested using gram stain, catalase test, 

oxidase test, biochemical test and API 20 E. 

Identification by VITEK 2 system 

All isolates were indicated by using VITEK 2, the 

turbidity of the bacterial suspension was modified 

to match 0.5 standards in NaCl and VITEK 2 Gram 

positive ID card and the suspension tubes were 

loaded inside the VITEK-2 system. (BioMerieux, 

Marcy L'Etoile, France). 

Antimicrobial susceptibility test 

The Kirby-Bauer technique was tested to examine 

the isolates for antibiotic resistance to 13 diverse 

antimicrobial agents. The suspension of bacteria 

was set by selection 4-5 colonies of each single 

isolate from the primary culture and put off within 

a test tube by adding 5 ml of normal saline. The 

turbidity was adjusted to obtain around 1.5 x108 

CFU/ml (Macfarland tube), using sterile cotton 

swab a portion of bacterial suspension was 

transported with carefully and just as spread on 

Mueller - Hinton agar and at that time it was left for 

ten min. There, after the antimicrobial agents were 

sited on the agar using sterilized forceps pushed 

definitely to make sure interaction by agar. Then, 

the peteri-dishes were upturned and kept warm at 

37 C° for 24 hr. Inhibition regions established close 

the discs were measured with a metric ruler. Later, 

isolated were read as sensitive, intermediate, or 

resistant to particular antibiotics according to [9]. 

Heamolysin  

By following company guidelines and using the 

autoclave for sterilization, blood agar was prepared 

by adding human blood in concentration of 5% 

then and there left to cool it to 45 ºС and added to 
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the Petri- dishes, furthermore left to get harden and 

keep at 4 ºС until next step, every isolate was 

spread in surface of blood agar plate to notice the 

ability of bacterial to produce clear zone around 

colony for positive result [10]. 

Coagulase test  

It was prepared by following [11]: 

Slide test, the test was done to distinguish bound 

coagulase in which a single pure bacterial colony 

was suspended with a drop of normal saline on a 

fresh slide and a drop of human plasma was 

suspended and gently mixed. Clumping after a few 

seconds is revered as a coagulase-positive test. The 

control of test consisted of normal saline and 

bacteria without addition of plasma to make sure 

that the bacteria did not spontaneously clump in 

normal saline.  

Tube test: In this test, a single colony of the 

bacteria was hanging in milliliter of human plasma 

(diluted in normal saline 1:6) within a test tube, 

then incubated for 24 hours at temperature 37 ℃. 

The tubes were tested after period 1-4 hrs. The 

result indicated as positive when a clot formation 

and the negative result was when the tube was 

incubated for another 24hrs and examined once 

more. 

Biofilm Production  

A-Congo red method  

The Congo red test was set up by mixing 37gm of 

Brain heart Infusion broth, 50 gm sucrose and 10 

gm Agar in 900 ml of distilled water and using 

autoclave for sterilizing it. 0.8 gm of Congo-red 

stain was dissolving in 100 ml of distilled water and 

using autoclave for sterilize, mix to the medium 

and cooling it to 55°C. The media discharged into 

petri-dish. The media used to examine production 

of biofilm, petri-dish were inoculated a single 

colony of isolated and incubated at 37C° for 1-2 

days in aerobically condition. The positive result 

was identified by notice black colonies with 

crystalline density. The weak slime that producers 

in generally remain pink, however irregular grow 

dark in the midpoints of the plate. The blackening 

of the colonies with the lack of crystalline detect as 

indeterminate result [12]. 

B- Micro-titer method  

This test was described by [13], which known as 

the gold standard test for biofilm formation, all 

isolates from plates agar were mix to ten milliliters 

of Trypticase soy broth with 1% glucose w/v. The 

broths incubating overnight at 35 + 2 ºC, diluted in 

a new sterile broth was diluted in a ratio of 1:40. 

Two hundred microliter of cell suspension were 

inoculated in a sterilized 96 well. little wells that 

contained inoculated sterile broth individual were 

considered as the negative control. Then microtiter 

plates were incubated in an incubator at 37ºC for a 

period of 24hrs. After incubation, the content 

washed gently through tapping and washed with 

de-ionized water, that isolate the floating bacteria. 

The biofilm formed by bacteria adhesive to micro-

titer plate that picks dye (0.1%) w/v during 15 min. 

further dye rinse with D.W. and then drying. A 

stick that stained with biofilm was gain using 

ELISA reader at wavelength 630 nm. 

The extraction of DNA  

 The DNA was taken out from Staphylococcus 

aureus by (Geneaid GBB100. Korea). DNA 

extraction was completed using company 

guidance. The nanodrop device was applied to 

determining the concentration and purity, 1μl of 

every single DNA samples employed in nanodrop 

device to measuring (O.D) at wavelength 260 nm 

and 280 nm [14]. Later it was put in storage at -20 

ºC awaiting carry out PCR assay. 

Genes election 

Primers election forward and reverse 

oligonucleotide primers which were employed to 

check genes are enumerated in Table 1. The 

primers (Macrogene, Korea) were supply as 

lyophilized formula were mixed with water of 

Nuclease–Free to supply a final concentration of 

100µl by according to guidance of provider. an 

amount of primers was extended in the middle of 

1.1 to 2.3µl that were loaded to mix with final 

concentration 0.2 µM of every single primer. The 

solutions of the primers were kept away at -20C◦. 

The primers equipped to examined sea to tst1 were 

described by [15], the primers sec, sed, see, seg, 

selk, sell also reported by [16]. The primer that is 

particular to S. aureus was applied to detect femA 

gene [17]. The gene vanA and vanB described by 

[18, 19], primer that is  
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specific to S. aureus (MRSA) was applied to detect 

mecA gene [17]. To prepared a multiplex PCR 

method, four groups (Set 1: sea, seb, sec, sed, see; 

Set 2: seg, femA; Set 3: selk, mecA; Set 4: sell, 

vanA, vanB). 

 
Table 1:  The Oligonucleotide sequence primers 

Genes 
Oligonucleotides sequence 

5………………..3 
Prod. 

Sea 
F-CCTTTGGAAACGGTTAAAACG 

R-TCTGAACCTTCCCATCAAAAAC 
127 

Seb 
F-TCGCATCAAACTGACAAACG 

R-GCAGGTACTCTATAAGTGCCTGC 
477 

Sec 
F-

CTCAAGAACTAGACATAAAAGCTAGG 

R-TCAAAATCGGATTAACATTATCC 
271 

Sed 

F-

CTAGTTTGGTAATATCTCCTTTAAACG 

RTTAATGCTATATCTTATAGGGTAAAC

ATC 

319 

femA 
F-AAAAAAGCACATAACAAGCG 

R-GATAAAGAAGAAACCAGCAG 
134 

mecA 
F-ACTGCTATCCACCCTCAAAC 

R-CTGGTGAAGTTGTAATCTGG 
163 

See 
FCAGTACCTATAGATAAAGTTAAAACA

AGC 

R- TAACTTACCGTGGACCCTTC 
178 

Seg 
F- AAGTAGACATTTTTGGCGTTCC 

R- AGAACCATCAAACTCGTATAGC 
287 

Selk 
F-TAGGTGTCTCTAATAATGCCA 

R-TAGATATTCGTTAGTAGCTG 
293 

Sell 
F-TAACGGCGATGTAGGTCCAGG 

R-CATCTATTTCTTGTGCGGTAAC 
383 

vanA 
F-GGGAAAACGACAATTGC 

R-GTACAATGCGGCCGTTA 
732 

vanB 
F-AAGCTATGCAAGAAGCCATG 

R-CCGACAATCAAATCATCCTC 
536 

Multiplex PCR condition  

For every single primer used using GoTaq Green 

Master Mix PCR according to manufacturer’s 

guidelines. Every one reaction combined 50μl that 

contained 25μl of 2X PCR Master Mix, 2μl (close 

to 1.1 to 2.3 µl] of all primers, and 2μl template 

DNA (10– 100 ng]. The amplification protocol as 

follows: the denaturation temperature of DNA was 

95 °C for 15 min and then followed by applied 35 

cycles (95 °C for 30 s, 57 °C for 1.30 min, and 72 

°C for 1.30 min], finally was done by extension at 

72 °C for 10 min and keep at 4°C for 5 min. PCR 

product were resolved with applied electrophoresis 

in 2% agarose with 1X TBE buffer for 60 min, 

stained with 5μl/100ml of Ethidium Bromide, 

displayed by using a trans illuminator [15]. 

Statistical analysis 
The analyses were completed by SPSS program 

(NY, USA). Chi-square were applied to 

differentiate between measures of categorical 

collections (Fisher’s exact where suitable). 

Statistical analysis tests, including Kendall’s tau-b 

non-parametric association coefficients, were set 

with two significance level for correlation of 

genotyping system with virulence factors, capsule 

types and antibiotics resistance, the product of 

correlation test by p values a lesser amount of than 

0.05 were estimated statistically significant. 

RESULTS AND DISCUSSION  
Identification of S. Aureus 

Further than 176 samples, one hundred were 

isolated as S. aureus such as presented in Table 2 

based on characters of colony, catalase test, 

biochemical test, Gram stain [20]. S.aureus are a 

communal kind of bacteria that found on the 

mucous membranes and skin [21]. In humans’ 

body [22]. MRSA is hardly issue for each hospital 

and nursing homes, where persons with open 

wounds, invasive devices, and lower immunity are 

at high threat of contamination than the other 

persons [23]. It can also produce a variety of 

infections, for example skin infections, which are 

the common type of disease produced by 

Staphylococcus spp. bacteria of the skin can 

development to inflammation or cellulitis which 

infected of the lower layers of skin and connective 

tissue under the skin also can lead to cause 

enlargement and redness. In uncommon cases, a 

severe infection identified as scalded skin 

syndrome [24]. 

Table 2. Isolates of clinical samples. 

Clinical sources 
No. of 

isolates 
Percentage % 

Wounds 52 52 

Abscess 32 32 

Burns 8 8 

Nose 8 8 

Total number 100 100 

Staphylococcus aureus in women may result in 

inflammation of the mammary gland then in 

swelling of the breast. The inflammations can 

discharge bacteria into the milk of mothers. [25]. 

Staphylococcus aureus may development 

significantly during 24–48 hours of first detect of 

signs. During 72 hours, MRSA can take part in 

tissues of human and finally come to be resistant to 

medication [26]. The initial infection of MRSA is 

small red bumps that look like pustules, boils or 

spider bites. Another symptom such as 

occasionally, rashes and fever. During little days, 
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the lumps grow into larger and further painful, they 

finally spread into low layers, boils loaded with pus 

[27]. The bacteria require enter a wound to initiate 

infection. A people with well immunity does not 

generally get sick, sufficient to deal with flesh-

eating disease and while the wound has been 

immaculate. On the other hand, for the cases of 

persons have immune- compromised suffering of 

Hepatitis, diabetes, cancer or aging can infect with 

disease easily, precisely if the injure careless [28]. 

When the bacteria enter and poisons are produced, 

every well tissue, such as skin, fat and muscles are 

receiving damaged that causing of necrosis. The 

inflammation wounds processed to be necrotizing 

fasciitis show observable signs for example 

swelling, redness and pain accompanied by warm 

skin, blisters, violet skin color. Last stages develop 

symptoms for example scaling, gangrene, skin 

peeling and discoloration, it also leading to failure 

and ulcers, Later, eventually the meat-eating 

infection if remained without treated, this infection 

cause toxic shock and finally death during 24 hours 

[29]. Bacteremia, or as identified as the infection 

which progress when bacteria enter the blood 

stream and initiate to colonize. A few patients, case 

is restricted and without symptoms, in contrast in 

some patients is cause a shock, which is lethal. The 

infection of blood may possibly be distinguished by 

these symptoms which: nausea, vomiting, fever, 

abdominal pain, diarrhea, chills, malaise, anxiety, 

shortness of breath, and confusion [30]. 

Biochemical tests 

All isolates indicated negative results for oxidase 

test, positive for urease production, Coagulase, 

Mannitol fermentation, while all isolates indicated 

as A positive results to catalase test and results of 

biochemical tests are listed in Table 3.  

Staphylococcus aureus is Gram positive test, found 

as singly, sometimes cluster, facultative anaerobic 

and cultivates well in media including 10% sodium 

chloride, on the other hand weak contain 15% 

NaCl, indicated positive for alkaline phosphatase, 

catalase, coagulase, steady to hemolysis and 

hyaluronidase, in contrast for oxidase, B-

glucuronidase were show a negativity. 

 
Table 3. Results of biochemical tests. 

Test Result (100%) 

Oxidase 0 

Catalase 100 

Coagulase (rabbit plasma) 100 

Coagulase (human plasma) 100 

Mannitol fermentation 100 

Hemolysis on blood agar 100 

 

Creates acid in an aerobic condition by using 

fructose, maltose and sucrose. The negative for 

acid building from salicin, xylitol, arabinose and 

xylose. Novobiocinliable, immotile, do not spore 

forming and only occasionally capsulate. 

Detect of Biofilm by Congo red agar 

The biofilm formation Resulting in formed (81%) 

isolates of S. aureus using Congo red media. The 

formation of biofilm was indicated by showed 

black colonies with a dry crystalline uniformity. 

Whereas other isolates showed a little formation or 

did not formed biofilm on Congo red as maintained 

to weak slime producers typically keep on pink 

color, however irregular blackening at the middles 

of colonies. A black color of the colonies that lack 

of crystalline characters point to an indeterminate 

formation as listed in Figure 1.  

 

 

Figure 1. Biofilm of S.aureus result on congo red agar 

plate. 

Biofilm test by micro titer plate  
One hundred isolates of S.aureus, biofilm 

formation was detected as following: (48%) 

percentage of isolates as maximum value of biofilm 

production due to strong adherent, even though 

(32%) produced intermediate result biofilm 

formation and (20%) percentage did not form 

biofilm. These results based on the density in the 

ELISA system [28] which numerate in Table 4 and 

Figure 2. 
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Table 4. Biofilm results in ELISA reader according to O.D. 

Biofilm formation 
No. of 

Isolates 
Range of O. D 

Strong produce 48 ˃ 4x ODc 

Moderate produce 32 2x ODc ˂ ~ ≤ 4x ODc 

No produce biofilm 20 ≤ OD /ODc ˂ ~ ≤ 2x ODc 

 
 

 

Figure 2. Detection of Biofilm formation using microtiter 

plate method. 
 

Antibiotic sensitivity  

Antibiotic sensitivity was done performed the agar 

disc diffusion on every single isolates of S.aureus. 

sensitivity was confirmed to thirteen antibiotics: 

methicilline trimethoprime, cloxacillin, 

gentamicin, cephalexine clindamycin, rifampicin 

teicoplanine, cefoxitine, lincomycine, 

levofloxacine, Azithromycine and vancomycin and 

results were illustrated following to the guidance of 

[9]. S.aureus showed the maximum resistance to 

Cloxacillin and Methicilline with resistance 

(100%), As a result, this resistance causes a 

significant threat in medical care.  

The result indicated that every single isolate was 

resistant to antibiotic: (13%) for each of 

clindamycin and levofloxacine, torifampicin 

(22%), gentamycin (18%), vancomycin (17%), 

lincomycin (26%), Azithromycine (24%), 

trimethoprim (23%), cephalexin (51%) and, 

cefoxitin (86%). The current research showed that 

Teicoplanine was the most effective antibiotic, 

with resistance (4%) against isolates of S. aureus. 

Genotyping of S.aureus  

S.aureus isolates were detected genotypically by 

PCR amplification, Multiplex and Uniplex PCR 

technique. Magnification of genes by PCR systems 

was achieved for one hundred of S.aureus isolates 

to examined virulence features in which involved. 

The results of PCR technique indicated genes of 

sea was detected in femA was (88%) and (73%) for 

mecA, whereas the further result of genes showed 

that following: sec and vanA (61%), seb was 

(63%), see (51%), seg (46%), sed and vanB (58%), 

sea (55%), selk (41%) and sell (39) as shown in 

Figures 3, 4, 5, and 6. 

 

 

Figure 3. PCR products represent: seb, sed, sec and sea 

genes. 

 
Figure 4. PCR products represent: vanA, vanB and sell 

genes. 

 
Figure 5. PCR products represent: selk and mecA genes. 

 
Figure 6. PCR products represent: seg and femA genes. 

This diversity in genes spreading may be related to 

source of isolates, as well as variety in infection 

sites and environmental region, the genes has been 

horizontally moved in S. aureus additional 

regularly than may be developed from other 
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Staphylococcus species and others local pathogens. 

The troublesome of S. aureus that causing blood 

infection which mainly methicillin-resistant, in 

relationships of spending and supply in height. The 

hazard of infectious endocarditis and spreading to 

other raises the threat of death rate and increases 

the risk factor for initial, suitable medication [31]. 

The presence of the gene in 100 isolates which 

detected (100%) were positive result for every 

virulence genes in this test with diverse percentage 

as revealed in Table 5.  

Table 5. virulence factors genes of S. aureus. 

Genes No. of Isolates Percentage % 

Sea 55/100 55% 

Seb 63/100 63% 

Sec 61/100 61% 

Sed 58/100 58% 

femA 88/100 88% 

mecA 73/100 73% 

See 51/100 51% 

Seg 46/100 46% 

Selk 41/100 41% 

Sell 39/100 39% 

vanA 61/100 61% 

vanB 58/100 58% 
 

The statically analysis indicated correlation 

coefficient of PCR technique together virulence 

genes in current survey with antibiotics resistance 

test and other virulence features was showed 

significant at p <0.05(two-tailed), although link the 

biofilm was not significant as revealed in Table 6. 

In comparing with recent study [30] indicates to 

that most genes less presence from the results femA 

(100%), mecA (100%), (2.24%), sea (48.31%), seb 

(44.94%), sec (6.74%), sed (3.37%) and see 

(16.85%). 
 

Table 6. Kendall’s tau-b correlation coefficient of PCR 

genotyping method versus antibiotic test, Biofilm 

formation and virulence genes of S. aureus isolates. 

Genotype method PCR 

Antibiotic test 0.92 **(p < 0.001) 

Phenotypic virulence factors 0.77* (p < 0.01) 

Biofilm formation 0.9(NS, P=0.51) 

Virulence genes 0.70*(p < 0.01) 

CONCLUSIONS 
The significant result between PCR genotyping and 

antibiotics resistance test, we concluded that the 

increase in virulence is due to acquisition of 

antibiotic resistance as a result of the wrong or 

random use of antibiotics by patients without 

consulting; thus, the antibiotic should be used 

physician’s prescription. The accomplishment of a 

local and global system to monitoring antibiotic 

resistance among physicians is essential for 

controlling experimental therapy-particular 

measures counter to a specific pathogen. 
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