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Abstract: A total of 110 different samples were collected randomly from November 2021 to the end of
February 2022 in Erbil city, in order to isolate different types of Staphylococcus, which are isolated from
different sources like (milk, cheese, ice cream, meat, udder, hand worker, and nose worker).
Staphylococcus aureus was examined for antibiotic susceptibility. The isolates were determined by the
disk diffusion method. Twelve types of antibiotics have been chosen. S. aureus is more resistant to the
Ciprofloxacin antibiotic and less resistant to the Streptomycin antibiotic. The virulence factors that the
results have shown the ability of S. aureus to produce hemolycin in 59.7%, DNase in 17.7%, urease in
33.9%, lecithanase in 41.9%, lipase in 30.6%, B-Lactamease in 43.5%, coagulase enzyme in 61.3% and
also protase in 61.3%. The biofilm forming ability of the isolates was investigated by the microtiter plate
method. The production of biofilms by S. aureus isolates is 100%. 39.7% of the biofilm-positive S.
aureus strains were strong producers, 35.5% were moderate producers, 17% were weak producers, and
7.5% were none.
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1. Introduction

Staphylococcus aureus is a gram-positive, aerobic bacterium that is a major cause of human
infections. S. aureus is carried by approximately 30 percentage points of the healthy adult
population. The perineum, anterior nares, skin, and pharynx are common sites of carriage
(Verhoeven, et al., 2014).

Despite the fact that S. aureus has a wide spectrum of clinical diseases, including folliculitis, which
is a very benign infection, it has the potential to cause invasive infections in society and in the
medical environment (e.g., bloodstream infection). Hospital-acquired bloodstream infections (HA-
BSIs), surgical site infections (SSIs), and pneumonia are all caused by S. aureus. These are key
contributors to disease, mortality, and rising healthcare costs, all of which are linked to higher rates
of morbidity and mortality (Troeman, et al., 2019).

Some virulent factors are produced by this bacterium, such as protein A, clumping factor, coagulase,
hemolysin, nuclease, staphylococcal enterotoxin (SE), Panton-Valentine leukocidin, and toxic shock
syndrome toxin-1. The bacterial toxin, SEs, is habitually implicated as the cardinal etiological agent
of food poisoning in humankind (Hasan, & Hoshyar., 2019).
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Food handlers are a common and persistent source of sickness around the world. Many diseases are
transmitted through food and are caused by living organisms. Raw foods, foods containing raw
components, and foods bought from questionable sources have all been linked to severe
gastroenteritis epidemics. Cooked moist protein-rich foods may become intoxication agents if they
are kept for several hours without refrigeration or in containers (such as cans) without refrigeration
(Argudin, et al., 2012). Staphylococcal defensive mechanisms and the ability of S. aureus to avoid
clearance by the host's immune response may be to blame for the difficulties of treating prosthetic
implant infections. S. aureus uses a well-developed biofilm to defy the host immune response and
develop into a persistent infection as one of its most critical strategies. Bacterial cells adhered to a
moist surface and embedded in a polysaccharide matrix constitute a biofilm (Prabhakara, et al.,
2011).

It is common for prosthetic medical devices to become infected because they provide a good
substrate for bacterial adhesion, colonization, and biofilm development, which alters bacteria's
growth, gene expression, and protein production. Due to the enhanced susceptibility of bacteria in a
biofilm to host defense and medications compared to those in a planktonic state, the eradication of S.
aureus during prosthetic implant infection is particularly challenging (Basil, et al., 2014).

This study was a detection of some virulence factors in staphylococcus aureus isolated from different
sources in Erbil City.

2. Materials and Methods
2.1 Sample Collection

A total of 110 different samples were collected randomly from November 2021 to the end of
February 2022 in Erbil province, from (milk, cheese, ice cream, meat, udder, hand worker, and nose
worker), of which 18 were milk, 17 were cheese, 11 samples of ice cream, and 16 samples from
meat, 9 samples from the udder, 20 samples from hand worker, and 19 samples from nose. Samples
were transported in a cooler box with ice packs (four to eight degrees) to the lab for examination in
disposable sterile screw-cap containers. Others were taken by disposable swab. The samples were
dispersed over Mannitol Salt agar and incubated at 37 degrees Celsius for 24 hours.

2.2 Isolation and Identification of S. Aureus

Each sample was incubated at 37°C for 24 hours on mannitol salt agar medium. There were a
number of tests that were used to identify the bacteria: Gram staining; coagulase; catalase;
hemolysis; glucose; mannitol fermentation. Test results can be confirmed with the Vitik 2 compact
system (Basil, et al., 2014).

2.3 Determination of Virulence Factors

Testing was done on isolates that had been identified as methicillin-resistant by analyzing several
virulence factors (hemolysin, DNase, urease, lecithinase, lipase, B-Lactamase, coagulase, protease)
(Atiyea, et al., 2020).

2.4 Antimicrobial Susceptibility Testing

S. aureus— positive samples were selected for susceptibility tests. Antimicrobial susceptibility testing
was done by the Kirby-Bauer disc diffusion method using muller hinton agar agar medium,
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according to the Clinical Laboratory Standards Institute guidelines (CLSI,2020) Twelve antibiotics
were examined in the current investigation, including Vancomycin(VA/30), Ciprofloxacin(CIP/5),
Amikacin(AK/25), Gentamicin (CN/10), Amoxicillin (AX/25) , Amoxicillin/Clavulanic acid
(AMC/30), Streptomycin (SP/10), Methicillin (MEC/10), Cefoxitin (FOX/30), Ceftriaxone
(CRO/10), Imipenem (IPM/10), and Azithromycin (AZM/30).

2.5 Biofilm Formation by Microtiter Plate Method

This quantitative test described by (Christensen, et al., 1985). was regarded as the gold-standard
method for detecting biofilm. The microtiter plate method was used to determine this. At 37 °C, each
isolate was grown overnight in trypticase soy broth (TSB) with 0.25 percent glucose. The overnight
growth was diluted in TSB-0.25 percent glucose at a 1:40 ratio. In sterile 96-well polystyrene
Microtiter plates, 200 microliters of cell suspension were inoculated. After 24 hours, the wells were
gently washed three times with 200 microliters of phosphate-buffered saline (PBS), dried inverted,
and stained with 1% crystal violet for 15 minutes. To solubilize crystal violet, the wells were rinsed
in 200 microliters of ethanol (95 percent). A microplate reader was used to calculate the optical
density at 620 nm (OD 620). Each assay was carried out in triplicate, and the average optical density
was used (Badave, & Kulkarni., 2015).

For biofilm determination, the following values were assigned:
Non-biofilm producer: OD < ODC-ve

Weak biofilm producer: ODC-ve < OD<2 ODC-ve

Medium biofilm producer: 2 ODC-ve < OD<4 ODC-ve
Strong biofilm producer: 4 ODC-ve <OD

3. Result and Discussion

Out of a total of 110 different samples that were collected, 62 isolates were isolated from
Staphylococcus aureus and were identified using colonial morphology on culture media. The results
shown in Figure 1 showed that 62 samples (56.4 %) produced bacterial growth, while 48 samples
(43.6%) did not produce growth of bacteria, which could have been due to the use of antibiotics, the
pathogen not being germinated and researched, or the pathogen being harder to identify in usual
ways. Hand worker samples (11.8 %) were the most common source of Staphylococcus aureus. Nose
worker samples were the second most common source (10 %), with cheese samples coming in third
(8.2%), and after that, milk, meat, ice cream, and udder (4.5 %).
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Figure 1: Numbers and percentages of isolated samples

For Staphylococcus aureus, the most important biochemical test results are listed in Table 1, which is
(Catalase, Coagulase, Mannitol fermentation, Hemolysin, Gram stain, Glucose) were positive and
Oxidase negative with the diagnostic step using Vitik 2, serving as a complement and confirmed
diagnostic step (Konuku, et al, 2012).

Table 1: The biochemical tests of Staphylococcus aureus.

Test Result
Oxidase -
Catalase
Coagulase
Mannitol fermentation
Hemolysin +0
Gram stain
Glucose

dl

++ (B +]+|+

Table 2 the outcomes of the identification of some virulence factors produced by Staphylococcal
isolates showed that most of the isolates were producers of Hemolysin, DNase, urease, Lecithinase,
lipase, B-Lactamase, coagulase, protease, and several others that aren’t produced. These results are
in accordance with those reported by other researchers (Akinjogunla & Enabulele, 2010).
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Table 2: Relationship between virulence factors and different source of staphylococcus aureus.

Virulence Milk Cheese | Ice Meat Udder | Hand Nose Total
factors cream worker | worker
Hemolysin 5 7 6 6 0 6 7 37
(8.1%) | (11.3%) | (9.7%) | (9.7%) (9.7%) | (11.3%) | (59.7%)
DNase 1 1 2 3 2 2 0 11
(1.6%) | (1.6%) | (3.2%) | (4.8%) | (3.2%) | (3.2%) (17.7%)
Urease 4 1 2 5 0 7 2 21
(6.5%) | (1.6%) | (3.2%) | (8.1%) (11.3%) | (3.2%) | (33.9%)
Lecithinase | 6 0 7 3 4 5 6 26
(9.7%) (11.3%) | (4.8%) | (6.5%) | (8.1%) | (9.7%) | (41.9%)
Lipase 4 1 4 2 3 0 5 19
(6.5%) | (1.6%) | (6.5%) | (3.2%) | (4.8%) (8.1%) | (30.6%)
B- 9 1 7 0 1 6 3 27
Lactamase | (14 505) | (1.6%) | (11.3%) (1.6%) | (9.7%) | (4.8%) | (43.5%)
Coagulase 9 1 9 8 4 7 0 38
(14.5%) | (1.6%) | (100) (12.9%) | (6.5%) | (11.3%) (61.3%)
Protease 3 9 4 5 0 9 8 38
(4.8%) | (14.5%) | (6.5%) | (8.1%) (14.5%) | (12.9%) | (61.3%)

The virulence factors that the results have shown the ability of S. aureus to produce hemolycin in
59.7%, DNase in 17.7%, urease in 33.9%, Lecithanase in 41.9%, lipase in 30.6%, B-Lactamease in
43.5%, coagulase enzyme in 61.3% and also protase in 61.3%.

Table 3 revealed an exceptionally high rate of resistance to ciprofloxacin (87.5%) and amoxicillin
(80%). While isolates are resistant to Vancomycin, Azithromycin, Amikacin, Ceftriaxone,
Gentamicin, Imipenem,Methicillin, Cefoxitin, Amoxicillin/Clavulanic acid, and Streptomycin, the
rates were 77.5%, 75%, 75%, 67.5%, 60%, 57.5%, 47.5%, and 37.5%, respectively. These results
were in line with several other studies conducted around the world, and similar results were
mentioned in (Hsu, et al., 2005 and Hasan & Hoshyar,.2019).
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Table 3: Antibiotic Resistant of S. aureus.

Antibiotics | No. Resistant Susceptible | Intermediate
(%) (%) (%)
CIP 40 | 35(87.5) 1(2.5) 4(10)
AX 40 32(80) 7(17.5) 1(2.5)
VA 40 | 31(77.5) 7(17.5) 2(5)
AZM 40 30(75) 5(12.5) 5(12.5)
AK 40 30(75) 10(25) 0
CRO 40 | 29(72.5) 7(17.5) 4(10)
CN 40 | 27(67.5) 8(20) 5(12.5)
IPM 40 24(60) 13(32.5) 3(7.5)
MEC 40 | 23(57.5) 11(27.5) 6(15)
FOX 40 20(50) 13(32.5) 7(17.5)
AMC 40 | 19(47.5) 14(35) 7(17.5)
SP 40 | 15(37.5) 25(62.5) 0

The Microtiter Plate Method is used for determining the biofilm-forming ability of Staph. aureus
from different sources. Figure 2 illustrates that 99.7 % of the isolates produced biofilms using the
MTP method, though the level of production was diverse. The production of biofilms by S. aureus
isolates is 100%. These findings are consistent with previous research (Aslantas & Demir, 2016).

BIOFILM FORMATION

B Strong M Moderate M Weak None

Figure 2: Correlation of biofilm production isolates from various samples by Microtiter plate (MP)
method.

4, Conclusions

In terms of isolation, Staphylococcus aureus appears to be more prevalent in various sources, with
the hand worker ranking first, followed by meat and the nose worker. Then comes cheese, milk and
ice cream, poultry, bakery products, udder and cream high rate of resistance to Ciprofloxacin and a
lower rate of resistance to Streptomycin, and the most of the isolates are produce virulence factor.
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