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Abstract 

In this study, carried out at Baghdad University, it was aimed to determine the optimum antibiotics that will affect Staphylococcus 

aureus infection and live contaminated microorganisms, which cause different disease problems in Iraqi patients who have been 

exposed to various burns and injuries. For this purpose, about 100 samples were collected from these patients, who were in different 

age ranges and had various injuries and burn wounds, and were transferred to different culture media. As a result of the growths 

occurring in the environment, 60% of S. aureusbacteria and 40% of other bacterial species were detected. Specimens contaminated 

with S. aureusbacteria showed high resistance to the antibiotic tobramycin (56.7%), and less resistance to Gentamaisin (30%) and 

Imikacin (10%). Bacterial isolators showed a negative effect on the endol reaction and a positive effect on the oxidis reaction in the 

filling culture medium. Next, two methods were applied to examine the ability of bacteria to form a thin biofilm. The first is the red 

congou medium method, which measures the ability of bacteria to form an adhesive layer. In the second method, micro-titer plate 

method (MTP) were used to measure the bacteria's ability to form the sticky layer. As a result, all insulators showed very low 

adhesive formation in the method using calibration cups. 
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Introduction 

Staphylococcus aureus is a bacterium that can be found on the 

skin and throat, as well as in the gastrointestinal and urinary 

systems. It can also be found in the perineum, genitals, and 

urethra (Den Heijer et al. 2013) [12]. It causes a wide variety of 

diseases in humans and animals (Luzzago et al. 2014) [25]. It 

causes very serious public health problems due to its zoonotic 

potential as well as its capacity to acquire and lose resistance 

and virulence genes (Holden et al. 2004, Saleha and Zunita 

2010, Luzzago et al. 2014) [20, 36, 25]. From a clinical point of 

view, S. aureusis the most dangerous member of the 

Staphylococcus genus. This bacterium is an antibiotic-resistant 

species that can cause various diseases such as superficial skin 

abscesses, food poisoning, necrotic pneumonia in infants, and 

cardiac endocarditis (Shaw et al. 2004). It is also responsible 

for mastitis in cows, botryomycosis in horses, dermatitis in 

dogs, septicemia and arthritis in chickens (Zunita et al. 2008, 

Luzzago et al. 2014) [44, 25]. Methicillin resistant mecA gene, 

vanA gene highly resistant to vancomycin and teicoplanin, 

staphylococcal exotoxins and antibiotic resistance genes are 

the factors responsible for the severity of the disease by causing 

disease onset, weakening of immunity and host tissue damage. 

In the mid-1940s, a strain of S. aureuswas shown to develop 

resistance to penicillin through the production of a hydrolytic 

enzyme called penicillinase (Basset et al. 2011) [8]. In the 

United Kingdom and the United States, penicillin-resistant S. 

aureusstrains were more common in cases of bacteremia. 

Hospital-acquired penicillin-resistant bacteria are so named 

because they were first isolated only from patients and 

healthcare workers. At the same time, penicillin-resistant 

strains have been identified among community members 

without significant risk factors associated with nosocomial 

infections (Chuang and Huang 2013) [11]. Between the late 

1940s and early 1960s, the antibiotic Methicillin, used to treat 

S. aureusinfection, showed increasing resistance to penicillin 

(Jevons 1961) [19]. 

Methicillin-resistant S. aureusis the result of a genomic study 

containing the mecA resistance marker (MRSA) obtained. 

Since its discovery in the UK in the early 1960s, methicillin-

resistant S. aureushas emerged as the leading source of 

infection in humans and animals worldwide. In the last few 

years, MRSA has evolved, most likely due to clonal expansion 

of already existing clones and conversion of MSSA to MRSA, 

and methicillin resistance genes encoding a penicillin-binding 

protein that is less sensitive to all classes of beta-lactam 

antibiotics have been discovered (Noto et al. 2008) [30]. Today, 

although antibiotics are no longer as effective as before, there 

has been a prolongation of hospitalization and length of stay in 

humans (Purrello et al. 2012) [29]. 

Methods 

Sterilization 

Sterilization using autoclave 

The prepared media and solutions were sterilized at 121°C and 

1 atmosphere pressure for 15 minutes (Tille 2015) [40]. 

Sterilization with dry hot air (pastor oven), Glassware was 

sterilized in a pasteur oven at 175°C for one hour (Tille 2014) 
[39], Sterilization using Millipore filters, The high temperature 
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solutions were sterilized with a 0.22 µm diameter Millipore 

Filter (Kumari et al. 2008). 

 

Preparation of reagents and solutions 

Catalase reagent 

To investigate the catalase producing abilities of the reagent 

isolates, a 3% hydrogen peroxide (H2O2) concentration was 

prepared by taking 12 mL of hydrogen peroxide at 21% 

concentration and making the volume up to 177 mL with 

distilled water and storing it in an opaque reagent vial. (Tadesse 

and Alem 2006) [38]. 

 

Oxidase reagent 

To demonstrate the ability of bacterial isolates to produce the 

enzyme oxidase, the Reagent was prepared immediately by 

dissolving it in 100 mL of distilled water sterilized with 

NNNN-tetramethylphenylenediamine dihydrochloride 

Millipore filter units and stored in a dark bottle refrigerated 

until use (Macfaddin 2000) [28]. 

 

Voges-proskauer reagent 

It consists of two solutions: 

▪ The first solution was prepared by dissolving 1g of a-

nephthol in 100 mL of absolute ethyl alcohol. 

▪ Second solution: 0.7 g of potassium hydroxide solution 

was prepared by dissolving 67 mL of distilled water and 

making its volume up to 100 ml. This test aims to 

demonstrate the ability of isolates to ferment glucose 

sugars and produce acetone (Cruickshank et al. 1975) [10]. 

 

Preparation of crystal violet dye solution 

To examine the biofilm forming abilities of bacterial isolates, 

the solution was prepared by adding 7.1 g of crystalline violet 

powder to 17 mL of distilled water and sterilized in 

microfiltration units and then stored at 4 °C (Mathur et al. 

2006, Babapour et al. 2016) [27, 7]. 

 

Preparation of culture medium 

Ready media 

All prepared media were prepared with Peptone water s and 

MR / VP water according to the manufacturer's instructions and 

those indicated on the packaging. MacConkey agar, Muller-

Hinton agar, brain-heart infusion broth agar, brain-heart 

infusion agar, nutrient agar, Luria broth, Luria-Berton broth, 

tryptone soy broth, Simon citrate agar, Kligler iron agar. All 

were sterilized with an oxidizing agent at 121°C and 1.5 

pressure for 11 minutes, then cooled, then placed in sterilized 

containers or tubes and stored in the refrigerator until use. 

 

Preparation of synthetic media 

a) Müller agar 

To isolate and diagnose Staphylococcus aureus, Medium was 

prepared by dissolving 0.9 g of Cetrimide agar in 1000 mL of 

distilled water containing 17 mL of glycerol, then 11 minutes 

by osmosis at 121 °C and 1.1 pounds/inch 2 pressure. sterilized 

and then cooled. It was left to solidify at 45 °C and then poured 

into sterile containers after 11 amalgam was thoroughly mixed  

with nalidixic acid (Hashim 2013) [18]. 

 

b) Blood agar 

To demonstrate the ability of the isolates to produce the 

hemolysis enzyme, blood agar medium was prepared by 

dissolving 36.1 g of agar in one liter of distilled water, mixing 

the medium until homogeneous, and then sterilizing the 

medium at 121°C and pressure for 11 minutes, according to the 

manufacturer's instructions. Then, 5-7% blood was added, 

shaken well, then poured into sterile petri dishes and left to 

solidify (Vandepitte et al. 2003) [42]. 

 

c) Urea agar 

To examine the ability of bacteria to produce the urease 

enzyme, this medium was prepared by dissolving 2.0 g of urea 

agar base in 95 mL of distilled water, then sterilized by osmosis 

and cooled to 01 °C. 5 mL of urea solution was added to the 

sterilized medium with a 7,01 micro diameter microfilter at a 

concentration of 07%. The medium was then poured into sterile 

tubes, placed at an angle and kept at 0 °C (Forbes et al. 2007) 
[13]. 

 

d) Indole test environment 

To demonstrate the ability of bacterial isolates to produce 

indole rings, the solution was prepared by dissolving 27 g 

peptone and 1 g sodium chloride in 617 mL distilled water, the 

volume of the solution was completed to 1 liter, sterilized by 

oxidation, separated into tubes and stored at 4 °C (Collee et al. 

1996) [9]. 

 

e) Skim milk agar 

To demonstrate the ability of bacterial isolates to produce the 

enzyme protease, 10 g of skim milk powder was dissolved in 

100 mL of distilled water and sterilized in a clarifier for 5 

minutes. Then, the solid culture medium was prepared by 

dissolving in 900 mL of distilled water and sterilized with 

clarifier for 15 minutes and allowed to cool to a temperature of 

45°C. In addition, the filtered milk solution was added to the 

nutrient agar, mixed well and allowed to solidify by pouring 

into sterilized containers (Senior et al. 1988) [35]. 

 

f) Preparation of brain heart infusion water with 2% 

glucose 

To demonstrate the biofilm forming ability of bacteria, 0.2 g of 

glucose sugar was dissolved in 100 mL of heart and brain 

infusion water. Afterwards, the prepared solution was sterilized 

with a clarifier and filtered (Babapour et al. 2016) [7]. 

 

g) Use of congo red agar to investigate biofilm formation 

This medium, which was prepared to show the phenotypic 

formation of a thin film on solid surfaces, was obtained by 

mixing 37 g/liter heart and brain infusion water with 50 gr/liter 

glucose and 10 gr/liter agar followed by 0.8 gr/liter Congo red 

dye. Congo red dye powder was prepared as a concentrated 

aqueous solution and sterilized separately from other 

components of the medium. Next, the powder was added to the 

sterilized medium after cooling to a temperature of 45 °C, 
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mixing well and then pouring into sterilized containers 

(Freeman et al. 1989) [14]. 

 

h) Preparation of king-a agar medium for the preparation 

of piocyanin solid dyes 

To demonstrate the ability of the blue-green pigments of 

Staphylococcus aureus to produce pyocyanin, 46 g of the 

medium was dissolved in one liter of distilled water and 10 mL 

of glycerol was added to the medium. The medium was then 

sterilized and allowed to cool. It was transferred to sterilized 

containers and stored at 4°C until use (Murray et al. 2007) [26]. 

 

Collection of samples 

A total of 100 samples were collected from various health

institutions and ages. The ages of the patients from whom the 

samples were taken vary between 20-60 years of age. Wound 

infection (48) and blood (2) samples were obtained from City 

Hospital, Baghdad Training Hospital, and Gazi Hariri Hospital 

in Baghdad. The remaining 4 skin samples and 46 burn 

infection samples were obtained from Iraq Burn Hospital and 

Training laboratories. 

 

Discussion and conclusion 

Isolation and Identification of Staphylococcus aureus 

100 samples were collected from the City Hospital, Baghdad 

Training Hospital, Gazi Hariri Hospital, Burn Specialized 

Hospital and Training Laboratory in Baghdad. 

 

Table 1: Species, numbers and percentages of S. aureussamples and isolates 
 

Percentage of isolates %* Number of isolated Staphylococcus aureus Total number of samples Example Type 

62.5 30 48 Wound Infections 

56.52 26 46 Burn Infections 

100 2 2 Blood 

50 2 4 Skin scraping 

60 60 100 Total number 

* Calculated percentage of total isolates 

 

Because bacterial colonies appear pale in color due to their 

inability to ferment the lactose sugar, identification of bacteria 

was made by culturing MacConkey agar on solid media 

(Forbes et al. 2007) [13]. In order to determine the type of β-

hemolysis, which is evidence of the ability of bacteria to 

produce the hemolysis enzyme, solid cetrimide was added to 

the blood agar medium and incubated (Selim et al. 2015) [33]. 

As a result, it was determined that the pigments that cause 

greenish discoloration around the colony under UV rays 

contain Pyocyanin and these pigments are evaluated as water-

soluble (Sudhakar et al. 2015). 

Microscopic examination (Al-Dahmoshi 2013) [5] was 

performed to detect the presence of non-spore forming gram-

positive rods. Additionally, biochemical tests were performed 

as 60 out of 100 isolates showed positive results for both the 

oxidase test and the catalase test. Of these tests, the Indole tests, 

Methyl red test, and Voges Proskauer test showed negative 

results and the IMViC, which included the Citrate use test, 

showed positive results. In the urease test, the results were 

different from each other. The reaction for the iron purifier was 

found to be basic and the bacteria grew at a temperature of 

42°C (Table 2). These results were similar to the results of the 

studies conducted by Tadess and Alem 2006 [38] and Todar 

2011. 

 

Table 2: Phenotypic and biochemical tests for S. aureusisolates 
 

Conclusion Test No 

- Gram stain 1 

Root Cell shape and grouping 2 

unfermented to lactose Growth on MacConkey agar 3 

β- hemolysis Growth in the middle of blood agar 4 

+ Growth on cetrimide agar 5 

- growth at 4°C 6 

+ Growth at 42°C 7 

+ oxidase enzyme 8 

+ catalase enzyme 9 

-/+ urease enzyme 10 

- Alandol 11 

- Methyl Red 12 

- Voges Proskauer 13 

+ Citrate consumption 14 

C/C(base/base) Iron Refiner 15 

+ Test positive, - Test negative, (+/-) heterogeneous, K: base reaction 

 

Determination of MIC value of antibiotics using Vitek2 

compact system 

This system was implemented according to the procedure in 

Pincus 2006. According to the procedure, thirteen antibiotics 

including amikacin, cefepime, ceftazidime, ciprofloxacin, 

piperacillin, meropenem, imipenem, gentamicin, colistin, 

ticarcillin/clavulin/clavulanic acid were added to the Vitek2 

compact system for labeling in AST analysis. These antibiotics 

were used to determine the minimum inhibitory concentration 

values (Table. 3). The results showed that of the minimum 

inhibitory concentration of anti-amikacin, 3 were 10% 

resistant, 1 was 3.3% intermediate resistant, and 26 was 87.6% 

susceptible isolates. As for the antagonist cefapime, the results 

show that 4 isolates (13.3%) were resistant, 8 (26.7%) 

moderately resistant and 18 (60%) susceptible. As for the 

antagonist ceftazidime, 9 isolates (30%) were resistant, 8 

(26.7%) moderately resistant and 13 (43.3%) susceptible. 

Anti-ciprofloxacin results showed that 8 isolates (26.7%) were 

resistant, 6 isolates (20%) were moderately resistant, and 16 

(53.3%) were susceptible. When the anti-colistin results were 

analyzed, it was observed that 16 isolates (53.3) were resistant 

and 14 (46.7%) were susceptible to moderately resistant 

isolates. 

https://www.dzarc.com/education


Journal of Advanced Education and Sciences, 2023; 3(2):09-16  ISSN NO: 2583-2360 

www.dzarc.com/education Page | 12 

As for anti-gentamicin, 9 isolates (30%) are resistant, 3 isolates 

(10%) are moderately resistant, and 18 isolates (60%) are 

susceptible. In the imipenem results, 4 (13.3%) isolates were 

resistant and 26 (86.7%) were susceptible, while no moderately 

resistant isolates were found. For anti-meropenem, 4 isolates 

(13.3%) resistant, 26 (86.7%) susceptible and moderately 

resistant isolates were not found. 

In anti-piperacillin, 15 (50%) resistance and 15 (50%) 

susceptibility were found, while intermediate resistant isolates 

were not found. As for the piperacillin/tazobactam antagonist, 

all isolates are susceptible (100%) to this antagonist. Results of 

the antagonist ticarcillin showed 50% resistance in 15 isolates 

and 50% susceptibility in 15 isolates, while intermediate 

resistant samples did not emerge. Antagonist 

ticarcillin/clavulanic acid results showed that 13 (43.3%) 

resistant and 17 (56.7%) isolates were susceptible, while 

moderately resistant isolates did not occur. Finally, the results 

of the Tobramycin antagonist are ranked as most resistant in 47 

(56.7%) isolates, moderately resistant in 1 isolate (3.3%) and 

susceptible in 12 (40%). 

 

Table 3: Percentages of resistance and susceptibility of minimum inhibitory antibiotic concentration for S. aureusbacterial isolates 
 

Antibiotic 
Resistance Medium resistance Sensitive 

Number Percentage % MIC ϻg Number Percentage % MIC ϻg Number Percentage % MIC ϻg 

Tobramycin 47 56,7% >=16 1 %3,3  8 12 %40  =1  > 

Piperacillin 15 80 128=  / / / 15 50 8 

Piperacillin/Tazobactam / / / / / / 30 100 8 

Meropenem 4 13,3 16 <=  / / / 26 86,7 <=0,25 

Imipenem 4 13,3 16 <=  / / / 26 86,7 <=0,25 

Gentamicin 9 12 16 <=  3 10 8 18 60 >=1 

Colistin 16 53,3 16 <=  / / / 14 46,7 0.5 <=  

Ciprofloxacin 8 26,7 3 6 20 2 16 54 0,25 

Ceftazidime 9 30 63 8 26 16 13 43 4 

Cefapim 4 13 64 <=  8 25 16 18 60 2 

Amikacin 3 10 64 1 3 32 26 86 2 

Ticarcillin 15 50 128 / / / 15 50 8 

Ticarcillin/Clavulanic 13 43 128 / / / 17 56 32 

 

In the study by Khan and Faiz (2016) [22], they found that the 

anti-ticarcillin resistance of S. aureusisolates in Saudi Arabia 

was 55%. The results of this study showed similar results with 

our study. According to Sekar et al. 2014 [32] Another study 

conducted in Iraq by revealed that clinical isolates of 

Staphylococcus aureus were 24.4% resistant to ciprofloxacin, 

cefapime, and tobramycin, and 27% to gentamicin and 

ceftazidime. Al-Asady et al. (2016) reported that 56.6% of 

Staphylococcus aureus isolates showed resistance to 

piperacillin. In another study, 20% of root isolates were found 

to be resistant to piperacillin (Karthi et al. 2012) [21]. Likewise, 

Al-Taee et al. (2017) [3] to determine MIC determination on 31 

Staphylococcus aureus isolates, resistance to amikacin was 

65%, resistance to gentamicin and piperacillin/tazobactam was 

80%, resistance to meropenem was 75%, resistance to 

imipenem was 70%, and lastly, resistance to ciprofloxacin was 

65%. 

In a study by Helal and Khan (2015), on 136 bacterial isolates, 

anti-ticarcillin resistance was found to be 61%. Sharma and 

Dhar (2017), on the other hand, stated in their study that there 

was a 54% resistance against anti-ticarcillin/clavulanic acid 

and a 79% resistance rate against anti-tobramycin. 

The resistance of the bacterial isolates obtained in our study to 

anti-colistin with a rate of 53.3% was determined by Mohanty 

et al. It reveals that there are results in line with the study 

carried out by 2019. When all these results are evaluated, it is 

understood from our study and previous studies that the reason 

for the resistance of S. aureusbacteria to antibiotics is due to 

the fact that they have many different mechanisms. These 

mechanisms are listed as the ability to change the permeability 

of the outer membrane, having efflux pumps, production of 

broad-spectrum beta-lactamase enzymes, biofilm formation, 

and having resistance plasmids carrying resistance genes to 

various antibiotics (Hong et al. 2016) [17]. 

When Table 4. is examined, it is seen that Staphylococcus 

aureus isolates (30 isolates) are divided into seven different 

types according to their antibiotic resistance. While type 1 was 

6.6% resistant to eleven antibiotics, type 2 was resistant to nine 

antibiotics except anti-ciprofloxacin and colistin at the rate of 

6.6%, type 3 was resistant to eight antibiotics (6%), type 4 was 

3.3% to seven antibiotics, then the 5th type is susceptible to six 

antibiotics (6.6%), the 6th type is sensitive to five antibiotics 

with a rate of 26.6%, and finally to the 7th type of three 

antibiotics (10%). 

 

Table 4: Antibiotic resistance values of S. aureusisolates 
 

Percentage 

(%) 

Number of 

resistant isolates 

Number of 

antibiotics 

Number of 

Species 

6,6 2 11 Type 

6,6 2 9 Type 

6,6 2 8 Type 

3,3 1 7 Type 

6,6 2 6 Type 

26 8 5 Type 

10 3 3 Type 

 

Determination of virulence factors 

The ability of bacterial isolates to cause infection due to 

virulence factors plays an important role in triggering 

infections (LaSarre and Federle 2013) [24]. Some virulence 

https://www.dzarc.com/education


Journal of Advanced Education and Sciences, 2023; 3(2):09-16  ISSN NO: 2583-2360 

www.dzarc.com/education Page | 13 

factors of S. aureusbacteria were investigated. In addition, the 

ability to produce pigment, the enzyme hemolysin, protease 

production, siderophore production, or the ability to form 

biofilms that are either directly or under the control of 

nucleotide-sensing genes may be included (Table. 5) (García-

Contreras 2016). 

 

Pigment production 

In the study, it was seen that Pyocyanin dye 18/30 enlarged the 

S. aureusisolate by 60% using the drawing method on nitrite 

agar medium (Figure 1). 

 

 
 

Fig 1: Production of pyocyanin dye for S. aureusbacteria on nitrite 

agar medium 

 

Pigment Pyocyanin is an important virulence factor. This 

pigment is produced during biofilm formation as it plays an 

important role in acute and chronic bronchitis. It is also an 

antimicrobial compound as it acts as an oxidant and allows 

bacteria to survive under anaerobic conditions (Hotterbeekx et 

al. 2017) [16] Through intracellular signaling, Pyocyanin allows 

S. aureusto compete successfully against other bacteria and 

even fungi. (Tashiro et al. 2013, Stringfellow et al. 2009) [37, 

31]. Exposure of the respiratory tract to the pigment pyocyanin 

damages the lungs and causes the development of cystic 

fibrosis disease. For these reasons, it has become necessary to 

find a substance that inhibits the production of Pyocyanin 

pigment. 

Production of hemolysis 

According to Khalil et al 2015. A study conducted 

bydetermined that all isolates have the ability to produce β-

hemolysin enzyme on blood agar. 95.2% of isolates in Turkey 

produce this enzyme. In the study conducted by Al-Arnaouti 

2015, it was found that the production rate of hemolysin was 

100% in S. aureusisolates isolated from burns and wounds. 

Production of toxins such as hemolysin causes tissue damage 

that facilitates the spread of bacteria and the release of nutrients 

to the host. They also have the ability to alter host signaling, 

which can affect many processes, including host survival as 

well as inflammatory responses and cytoskeletal dynamics 

(Wiles et al. 2008) [43] (Figure 2). 

 

 
 

Fig 2: Production of ß-hemolysis enzyme in blood medium. 

 

Protease production 

The results showed the ability of bacteria to produce protease 

enzymes in 83.3% of isolates on agar medium (25/30) with an 

average diameter of 12-20 mm. Al-Tikrity et al. 2015 and Al-

Tikrity et al. A study conducted in Iraq by 2019 revealed that 

88.3% and 86.1% of S. aureusbacteria from skimmed milk 

produce proteases, respectively. In our study, it was found that 

all colistin-resistant isolates produced this enzyme. (Table 5) 

Some studies have shown that expression of the protease 

enzyme is required for the ability to internally resist polymyxin 

antigens in some bacterial species (Velkov et al. 2013) [41], 

suggesting a relationship between the ability to produce 

proteases and resistance to polymyxin antigens. 

 

Table 5: Production percentage of some virulence factors of S. aureusbacteria 
 

Percentage (%) Number of Isolates Produced Total Number of Isolates Disease Inducing Factor 

60 18 30 Pigment Production 

100 30 30 Production of Hemolysin 

83,3 25 30 Protease Production 

100 30 30 Biofilm Production 

 

Biofilm forming ability 

Detection of adhesion layer formation ability of 

staphylococcus aureus using the Congo red method 

The data obtained as a result of the study showed that all S.  

aureusisolates in which the test was performed had the ability 

to form adhesion layers at a rate of 100%. The differences 

between these layers depending on the color are shown in 

Figure 3. 
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Fig 3: Adhesion layers of S. aureusbacteria in the middle of the red 

congo: A- Weak formation, B- Medium formation, C- Strong 

formation 

The method in which Congo Red CRA medium is used is a 

descriptive test that reflects the secondary metabolic factors 

that produce exopolysaccharides, revealing the change in color 

and colonies of the phenotype depending on the increase in 

sucrose concentration in the medium. In the later stages of 

incubation, if black color decreases, roughness, dryness, and 

crystalline form increase in the production of thin adherent 

isolate layers, it is considered to belong to the strong forming 

category, but if the color is pale black, the isolates are of 

medium composition, with more red colored or pale pink 

colonies in the weak formation category (Hou et al. 2012) [15]. 

Production of the thin layers according to the Congo red 

method in this study showed that only three isolates, ie 15%, 

out of 20 isolates of S. aureusbacteria were able to do so. This 

ratio, Lima et al. It is higher than the study conducted in Brazil 

in 2017 (Table.6). 

 

Table 6: Ability of S. aureusbacteria to form a biofilm using the Congo red method 
 

Number of Samples 
Strong Middle Weak 

Number of Isolates Percentage Number of Isolates Percentage Number of Isolates Percentage 

11,41,17,11,13,2 

4,41,18,60, 16,14, 11 
16 53 / / / / 

4,34,25,39,19,35 9,58,59 / / 12 42 / / 

24,34 / / / / 2 6.6 

 

Detection of susceptibility of Staphylococcus aureus to 

biofilm formation 

Biofilm formation is one of the most common methods used 

by bacteria to survive in harsh environmental conditions. 

Bacteria can form biofilms on various abiotic surfaces in water 

systems as well as in natural aquatic environments 

(Bronowskil et al. 2014) [6]. The biofilm forming abilities of S. 

aureusisolates were investigated using the microtiter plate 

(MTP) method. While 12 isolates of 40% formed a moderate 

biofilm, 4 isolates of 13% formed a high biofilm. The results 

of our study showed that 53% of the bacterial isolates have a 

high biofilm forming ability. Comparing the results with other 

studies, Al-Taee et al. (2017) [3] and Al-Asady et al. (2020) [1] 

are in line with the results. 

 

Table 7: Biofilm formation ability of S. aureusbacteria using 

microcalibration dishes 
 

Strong Formation Medium Formation Weak Formation 

Number 

of isolates 

Percentage 

(%) 

Number 

of Isolates 

Percentage 

(%) 

Number 

of Isolates 

Percentage 

(%) 

4 13 12 40 14 47 

 

The studies conducted serve a common purpose to determine 

the change of some physical and chemical properties of 

Staphylococcus aureus bacteria, which is frequently seen in 

public hospitals, according to multi-antibiotic resistance. 

When all these obtained data are evaluated and compared with 

previous studies, it has been determined that chemical 

reactions and resistance to antibiotics show consistent results. 

In line with this information, we will continue to examine 

Staphylococcus aureus bacteria, determine existing or existing 

resistances to different antibiotics, control bacterial species 

with these characteristics, and overcome infections caused by 

bacteria in other studies to be carried out in detail. We 

recommend taking it. 
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