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Summary 

Staphylococcus aureus, especially that resistant to methicillin, is 

one of the main causes of hospital infection, and its resistance to 

antibiotics has constituted a public health problem worldwide, due to 

the lack of studies related to the examination of sensitivity to 

antibiotics, especially in methicillin-resistant species and the 

investigation of virulence genes encoding toxins and enzymes, as well 

as molecular regulatory genes in Iraq and in the city of Diwaniyah in 

particular. Therefore, the current study aimed to find out the extent of 

the spread of genes encoding virulence factors and to know the extent 

of development of resistance towards antibiotics in S. aureus bacteria 

isolated from different clinical sources in some hospitals in the 

governorate. 

 During this study, 554 samples were collected from different 

clinical sources from different hospitals in a number of Al-Diwaniyah 

hospitals, which are Al-Diwaniyah General Hospital, Women’s and 

Children’s Hospital, Burns Hospital and Al-Hamza General Hospital, 

and based on the results of biochemical, microscopic and culture tests, 

100 isolates belonging to Staphylococcus aureus were identified. After 

that, the cefoxitin disc diffusion method was used for the phenotypic 

detection of resistant bacteria for methicillin and a molecular 

investigation of the mecA gene, it was found that there are 80 

methicillin-resistant isolates. 

An antibiotic susceptibility test was carried out using 20 

antibiotics used in the current study, using the diffusion-on-agar 

method, where the results showed the highest percentage of resistance 

to the antibiotic penicillin by 96% and the lowest percentage of 



 

 

  

 

resistance towards the antibiotic chloramphenicol by 5%, while (78%) 

of the isolates are multidrug resistant (MDR) and (22%) of the isolates 

are resistant to the widely used drug extensively drug-resistant (XDR), 

while pandrug resistant (PDR) pattern was not identified in our study.  

Multiple Antibiotic Resistance (MAR) Index value ranged from 

0.05 to 0.75, which is an indicator of the excessive use of antibiotics in 

the place where the bacteria originated. After that, detection procedures 

were carried out to investigate the virulence factors in appearance: 

DNase, lecithinase protease, urease, biofilm, and clumping factor In 

order to diagnose the most virulent isolates, 40 isolates that are more 

virulent were selected based on phenotypic virulence tests from a total 

of 100 isolates diagnosed as S. aureus. 

 After that, a molecular investigation was conducted for the 40 isolates, 

where the results showed the presence of the Staphylokinase enzyme 

(sak) gene at 100%, the percentage of Thermonuclease enzyme(nuk) 

was 97,5%, the percentage of Coagulase enzyme coa gene was 99%, 

and in enterotoxin A (sea) gene 60% of the isolates showed that they 

have it, as for the toxic shock syndrome(tst-1) gene 62.5% of the 

isolates possessed it, while the Panton – Valentine leukocidin (luk) gene 

contained 60%, and 12,5 % of the isolates possessed exfoliative toxin 

A (eta) gene, as for the accessory gene regulator (agr )it was genotyped 

into its four types, where agr1 was present in 85% of the isolates, while 

15% were carriers of the agr2, while the third and fourth types gave a 

negative result. 

 The current study showed the high incidence of resistant to 

methicillin ( MRSA) strains in Al-Diwaniyah hospitals in addition to 

the high rates of antibiotic resistance of these bacteria, as well as the 

possession of all isolates of this bacteria on the sak genes, the virulence 

regulator agr, which is an indicator of the increased risk, lethality and 



 

 

  

 

virulence of S. aureus. Also, found high the effect of virulence genes 

was found in isolates of burns, and the lowest was in sputum isolates. 

The current study recommended the necessity of using the FOXDD 

method to investigate MRSA strains due to its speed and accuracy, and 

conducting more studies on the genes of antibiotic resistance in order 

to reveal the causes of high resistance to antibiotics and conducting 

genetic studies to determine the source of MRSA in Diwaniyah 

hospitals and the optimal use of antibiotics vital and prevent the 

indiscriminate use of antibiotics to reduce the spread of resistant 

S.aureus. 
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1 Introduction 

 Commensal bacteria inhabit the parts of the human body that 

come in contact with the external environment (oral cavity, digestive 

organs, vagina, anus, skin, etc.).Under such conditions, the proportion 

of each bacterial species in some sites of the human body is altered, 

causing dysbiosis; in some cases, infectious diseases occur(Kawada-

Matsuo et al., 2021). The genus Staphylococcus is found as both 

commensals and pathogens in humans The most important species from 

a clinical point of view is Staphylococcus aureus (also denoted as Staph. 

aureus or S. aureus) that gram-positive bacterium with carrier rates of 

25–50% in the general population as a commensal of the human skin, 

nares, and mucous membranes(Verdú-Expósito et al., 2020). 

S. aureus is one of the most well-known and prevalent bacterial 

pathogens. Infection occurs between healthy individuals and people 

with comorbidities. It causes hundreds of thousands to millions of severe 

and overlapping infections worldwide each year (Cheung et al., 2021). 

where the cause of different infectious illnesses in humans and animals. 

These illnesses may range from simple Infections of the skin and soft 

tissues to more serious and life-threatening illnesses such as blood 

infections bacteraemia(Idrees et al., 2021). and Diseases in the 

respiratory tract, surgical sites, prosthetic joints, and cardiovascular 

infections, as well as nosocomial bacteremia(Cheung et al., 2021) and 

Factors that helped increase their infection secrete a wide range of 

virulence factors that contribute to avoiding host immune responses and 

help  adapt to survive in different tissues and environmental conditions 

(Ngoi et al., 2021). And these virulence factors include: hemolysins, 

leukocidins, proteases, enterotoxins, exfoliative toxins, and immune-

https://paperpile.com/c/urkDak/BrH9w
https://paperpile.com/c/urkDak/BrH9w
https://paperpile.com/c/urkDak/BrH9w
https://paperpile.com/c/urkDak/BrH9w
https://paperpile.com/c/urkDak/wwpsj
https://paperpile.com/c/urkDak/wwpsj
https://paperpile.com/c/urkDak/wwpsj
https://paperpile.com/c/urkDak/iKL0L
https://paperpile.com/c/urkDak/iKL0L
https://paperpile.com/c/urkDak/iKL0L
https://paperpile.com/c/urkDak/iPdxP
https://paperpile.com/c/urkDak/iPdxP
https://paperpile.com/c/urkDak/iPdxP
https://paperpile.com/c/urkDak/iKL0L
https://paperpile.com/c/urkDak/iKL0L
https://paperpile.com/c/urkDak/iKL0L
https://paperpile.com/c/urkDak/rRbbN
https://paperpile.com/c/urkDak/rRbbN
https://paperpile.com/c/urkDak/rRbbN
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modulatory factors. The expression of these factors is tightly regulated 

during growth. The agr system, known as the quorum-sensing system, 

is known to play a central role in the regulation of virulence 

factors(Worku et al., 2022). With the rise of hospital-based medicine, S. 

aureus quickly became a leading cause of health-care-associated 

infections as well. Penicillin offered short-lived relief: resistance arose 

in the 1940s, mediated by the by product enzyme  β-lactamase which 

inhibits the action of penicillin . MRSA was first described in England 

in 1961 soon after methicillin was introduced into clinical practice. 

Methicillin was initially widely used  (Lee et al., 2018) Methicillin-

resistance is mediated by mecA gene which encodes penicillin-binding 

proteins (PBPs) that results in resistance to beta-lactam antibiotics such 

as methicillin, cloxacillin and oxacillin (Kondo et al., 2022). 

methicillin-resistant S. aureus (MRSA) are the most important 

clinically. Infections by MRSA are accompanied by increased mortality, 

morbidity, and hospital stay, as compared to those caused by 

Methicillin-sensitive Staphylococcus aureus MSSA (Cheung et al., 

2021). 

Because of the medical importance of S. aureus. In view of the 

lack of studies in Iraq and in Al-Diwaniyah Governorate specifically 

in terms of their virulence factors and antibiotic resistance 

according to the information available to us, in order to follow the 

development of antibiotic resistance and to know the extent of the 

spread of virulence genes at the phenotypic and molecular level and 

to verify the ratio of MRSA among its isolates, so this study was 

carried out according to the following objectives. 

 

https://paperpile.com/c/urkDak/lN6oq
https://paperpile.com/c/urkDak/lN6oq
https://paperpile.com/c/urkDak/lN6oq
https://paperpile.com/c/urkDak/1Rh12
https://paperpile.com/c/urkDak/1Rh12
https://paperpile.com/c/urkDak/1Rh12
https://paperpile.com/c/urkDak/uW9ES
https://paperpile.com/c/urkDak/uW9ES
https://paperpile.com/c/urkDak/uW9ES
https://paperpile.com/c/urkDak/iKL0L
https://paperpile.com/c/urkDak/iKL0L
https://paperpile.com/c/urkDak/iKL0L
https://paperpile.com/c/urkDak/iKL0L


Chapter one                                                                                introduction  

 

4 

 

Aim of study 

 

1. Isolation and identification of S. aureus bacteria from patients by 

traditional methods and confirmatory diagnosis using API Staph system 

and testing the sensitivity of these bacteria to antibiotics. 

2 . Determine the resistance patterns extensively drug-resistant (XDR), 

multidrug resistance (MDR) and pandrug resistance (PDR), find the 

value of the index MAR and examine the phenotype of the production 

of beta-lactamase enzymes and some of factors of virulence. 

3. Phenotypic and genotypic investigation for the presence of MRSA 

and MSSA. 

4. Molecular investigation of some virulence genes and type accessory 

gene regulator (agr ).
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Literature
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2 Literature review 

2.1 General characteristics of bacteria 

The family Staphylococcaceae contains 98 properly disseminated 

species within nine genera comprising Abyssicoccus, Aliicoccus, 

Aureococcus, Corticoccus, Jeotgalicoccus, Macrococcus, 

Nosocomiicoccus, Salinicoccus, and Staphylococcus. Members of this 

family are Gram-positive,(Madhaiyan et al., 2020) non-sporous, 

spherical or spherical cells with sizes ranging from 0.5 to 2.5 µm, non-

motile, occurring singly, in pairs or tetrapods(Tania et al., 2021), strictly 

aerobic to anaerobic, catalase-positive (typically)(Bitew et al., 2021),  

Among this family, the most populous species is Staphylococcus with 

55 properly propagated species and 23 subspecies (Madhaiyan et al., 

2020).  

2.1.1The Staphylococcus genus 

The Staphylococcus genus belongs to the Staphylococcaceae 

family (Silva et al., 2021). According to the 16S rRNA analysis, the 

Staphylococcus genus is divided into 62 species and 30 subspecies 

(Kayili and Sanlibaba, 2020).  

Staphylococcus is a bacterial genus gram-positive (stain purple by 

Gram stain)(Andriani et al., 2021) composed of non-motile facultative 

anaerobic Gram positive cocci that appear as clusters under microscopic 

examination and are, with some exceptions, catalase positive(Naureen 

et al., 2022). Staphylococci have two groups using the coagulase test. It 

is assumed that coagulase positive staphylococci (CoPS) are usually 

pathogenic, even when in some cases they can cause asymptomatic 

https://paperpile.com/c/urkDak/3gI0I
https://paperpile.com/c/urkDak/3gI0I
https://paperpile.com/c/urkDak/3gI0I
https://paperpile.com/c/urkDak/mtsYo
https://paperpile.com/c/urkDak/mtsYo
https://paperpile.com/c/urkDak/mtsYo
https://paperpile.com/c/urkDak/Jt9tp
https://paperpile.com/c/urkDak/Jt9tp
https://paperpile.com/c/urkDak/Jt9tp
https://paperpile.com/c/urkDak/3gI0I
https://paperpile.com/c/urkDak/3gI0I
https://paperpile.com/c/urkDak/3gI0I
https://paperpile.com/c/urkDak/3gI0I
https://paperpile.com/c/urkDak/kiQeB
https://paperpile.com/c/urkDak/kiQeB
https://paperpile.com/c/urkDak/kiQeB
https://www.sciencedirect.com/topics/immunology-and-microbiology/subspecies
https://www.sciencedirect.com/science/article/pii/S0168160521004207#bb0175
https://paperpile.com/c/urkDak/zyd1D
https://paperpile.com/c/urkDak/zyd1D
https://paperpile.com/c/urkDak/zyd1D
https://paperpile.com/c/urkDak/ffv9n
https://paperpile.com/c/urkDak/ffv9n
https://paperpile.com/c/urkDak/ffv9n
https://paperpile.com/c/urkDak/ffv9n
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colonisation in healthy individuals, and coagulase negative 

staphylococci (CoNS) are saprophytic or cause opportunistic infections( 

Martín et al., 2020). 

2.1.2 Staphylococcus aureus 

          S. aureus belongs to the genus Staphylococcus, Firmicutes; is 

positive for Gram stain, ~0.8 μm in diameter, arranged in a “string of 

grapes” under a microscope(Naureen et al., 2022),  an aerobic or 

anaerobic; and grows optimally at 37°C, and at pH7.4 . The colonies on 

blood agar plate are thick, shiny, and round with a diameter of 1~2 

mm(Bulock et al., 2021) . Most of them are hemolytic, forming a 

transparent hemolytic ring around the colonies on blood agar plates  due 

to production of four types of haemolysins (alpha, beta, gamma and 

delta)(Bulock  et al., 2021) . Moreover, S. aureus does not form spores 

or flagella, but possesses a capsule and can produce golden yellow 

pigment, and decompose mannitol that can grow in up to 10% salt  (Guo 

et al., 2020).The yellow or golden  colour of the colonies is imparted 

by carotenoids produced by the organism. 

Typical biochemical identification tests include catalase positive 

(all pathogenic Staphylococcus species)(Durrani, 2021), coagulase 

positive (to distinguish S. aureus from other Staphylococcus species), 

novobiocin sensitive (to distinguish from Staphylococcus 

saprophyticus), and mannitol fermentation positive to distinguish from 

Staphylococcus epidermidis (Taylor and Unakal, 2021) 

The successful colonization of S. aureus is due to the large 

number of virulence factors that include the production of a large 

number of enzymes and toxin enhance the virulence of this 

microorganism (Adame et al., 2020) . 

https://paperpile.com/c/urkDak/DSnOG
https://paperpile.com/c/urkDak/DSnOG
https://paperpile.com/c/urkDak/DSnOG
https://paperpile.com/c/urkDak/DSnOG
https://paperpile.com/c/urkDak/ffv9n+P4z6K
https://paperpile.com/c/urkDak/ffv9n+P4z6K
https://paperpile.com/c/urkDak/ffv9n+P4z6K
https://paperpile.com/c/urkDak/7GZ8S
https://paperpile.com/c/urkDak/7GZ8S
https://paperpile.com/c/urkDak/7GZ8S
https://paperpile.com/c/urkDak/7GZ8S+VzkrV
https://paperpile.com/c/urkDak/7GZ8S+VzkrV
https://paperpile.com/c/urkDak/7GZ8S+VzkrV
https://paperpile.com/c/urkDak/OmGRe
https://paperpile.com/c/urkDak/OmGRe
https://paperpile.com/c/urkDak/OmGRe
https://paperpile.com/c/urkDak/OmGRe
https://paperpile.com/c/urkDak/MZq54
https://paperpile.com/c/urkDak/F8EgW
https://paperpile.com/c/urkDak/Lt69v
https://paperpile.com/c/urkDak/Lt69v
https://paperpile.com/c/urkDak/Lt69v
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2.1.3 History and Classification of Staphylococcus aureus 

 In 1880, the Scottish surgeon Sir Alexander Ogston first 

described staphylococcus in pus from a surgical abscess in a knee 

joint(Algammal et al., 2020) and he  involvement in wound infections 

was established in the 1881 report  , who described the formation of new 

abscesses in guinea pigs and mice injected with pus taken from his 

patients. He called the clusters of bacteria he observed in the abscesses 

“staphyle” come From the Greek staphyle (bunch of grapes) and kokkos 

(berry) because the arrangement of the bacterial cells resembled a cluster 

of grapes (Adhikari, 2021) .In 1884, the German physician Friedrich 

Julius Rosenbach differentiated the staphylococci by the color of their 

colonies: S. aureus (from the Latin aurum, gold) and S. albus (Latin for 

white). S. albus was later renamed S. epidermidis because of its ubiquity 

on human skin (Adhikari, 2021). 

Taxonomic opener for the genus Staphylococcus as   reported(Milner, 

2015)(Berman, 2019): 

          Domain: Bacteria 

Phylum: Firmicutes 

Class: Bacilli 

Order: Lactobacillales 

 Family: Staphylococcaceae 

 Genus: Staphylococcus 

 Species: Staphylococcus aureus 
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2.2 Pathophysiology 

S. aureus are one the most common bacterial infections in humans 

and are the causative agents of multiple human infections, including  

infective endocarditis, skin and soft tissue infections (e.g., impetigo, 

folliculitis, furuncles, carbuncles, cellulitis, scalded skin syndrome, and 

others), septic arthritis, gastroenteritis, meningitis, toxic shock 

syndrome, and urinary tract infections(Taylor and Unakal, 2021) . It is 

one  is a leading causative agent in  pulmonary infections (e.g., 

pneuِmonia and empyema) and other respiratory tract infections, surgical 

site, prosthetic joint, and cardiovascular infections(Cheung et al., 

2021).Osteomyelitis is an infection of bone that can result from 

contiguous spread from surrounding tissue, direct bone trauma due to 

surgery or injury, or haematogenous spread from systemic bacteraemia. 

It remains a significant health-care burden with a prevalence of ~22 

cases per 100,000 person-years , and its incidence has been rising over 

time, especially in the elderly (Masters et al., 2022). 

S. aureus bacteremia remains a distinct entity in the realm of 

infectious disease, singular in its ability to adhere to vascular structures, 

cause deep-seated infections, disseminate, and result in a high mortality  

of those cases (Suarez et al., 2021) . 

Burn patients are exposed to various infections due to skin 

damage and weak innate immunity, as bacterial infections are the main 

problems for burn patients in hospitals and one of the main causes of 

death for burn patients(Chen et al., 2021). S. aureus is one of the most 

common bacteria isolated from burn infections. MRSA including 

hospital-associated MRSA (HA-MRSA) and community-associated 

MRSA (CA-MRSA) have been reported as important bacterial causes 
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of burn wound infections(Tajik et al., 2019).Urinary Tract Infection 

(UTI) is the invasion and subsequent multiplication of microorganisms 

anywhere in the urinary tract urinary tract infection is one of the most 

common infectious diseases causing over 150 million cases per year 

(Belete and Saravanan, 2020). 

Finally, S. aureus also can make use in an opportunistic fashion 

of primary harm done by other pathogens or predisposing conditions. 

This occurs, for example, in lung infections that have been initiated by 

a viral infection such as the flu, in which S. aureus secondary infection 

is often the ultimate cause for death(Cheung et al., 2021). 

2.3 Epidemiology 

S.aureus (including drug-resistant strains such as MRSA) are 

found on the skin and mucous membranes, and humans are the major 

reservoir for these organisms. It is estimated that up to half of all adults 

are colonized, and approximately 15% of the population persistently 

carry S. aureus in the anterior nares(Mahros et al., 2021). Some 

populations tend to have higher rates of S. aureus colonization (up to 

80%), such as health care workers, persons who use needles on a regular 

basis (i.e., diabetics and intravenous (IV) drug users), hospitalized 

patients, and immunocompromised individuals. S. aureus can be 

transmitted person-to-person by direct contact or by fomites(Taylor and 

Unakal, 2021). 

2.4 Virulence Factors of Staphylococcus aureus 

2.4.1Capsular Polysaccharides 

S. aureus has developed many mechanisms to escape from human 

immune responses. The first shielding mechanism is represented by the 
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formation of a capsule, a polysaccharide structure surrounding the 

bacterial cell wall(Huitema et al., 2021) . The two main serotypes 

produced by clinical S. aureus strains are the serotype consisting of 

capsular polysaccharide 5 (CP5) and capsular polysaccharide 8 (CP8) 

are produced by a 75 % to 80% of S. aureus isolates from humans and 

play a significant role in the pathogenesis of staphylococcal 

infections(Suligoy et al., 2020). 

2.4.2 Cell Wall Components 

The cluster cell wall is characterised by a complex structure of 

polysaccharides that give rigidity and strength The outer structure of the 

cell, which helps in the process of adhesion(Dinescu et al., 2021), 

consists of a layer with a thickness of 20-30 nanometers of 

peptidoglycan (PGN). Apart from being a protective barrier for bacteria, 

PGN has other functions such as being a scaffold, where it can cleave 

surface proteins essential for bacterial virulence. Because of the critical 

role it plays in maintaining the structure and growth of bacteria(Jin et 

al., 2021). 

Furthermore, the cell wall controls the tactile response of bacteria, 

influencing a wide range of behaviours such as cell adhesion, 

environmental sensing, or host defence evasion (Kumar et al., 2022).  

 

2.4.3 Surface Associated Protein 

A- Staphylococcal Protein-A 

  Protein A (spa A) is a component of the cell wall of 

Staphylococcus aureus strains and is a surface protein It is located within 

the adhesion molecules (MSCRAMMs) which is encoded by the spa 

gene (Vlaeminck et al., 2020). It is a cell wall-mounted protein 
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containing immunoglobulin-binding domains that binds the Fcγ portion 

of human IgG antibodies and Fab to certain IgM subtypes.   Protein A 

binding to the Fcγ portion of IgG limits antibody-mediated 

phagocytosis. Antibodies are essential for the immune response against 

bacteria. To catalyse the killing of bacteria, the antibodies must bind to 

the bacterial cell and catalyse the complement reaction.  Interestingly, 

pathogenic bacteria produce IgG-binding molecules that specifically 

bind to the Fc region required for the hexamerase process (Ford et al., 

2020). 

B- Clumping Factor 

 There are two types of clumping factor in S. aureus, clumping 

factor A and B, which are encoded by the gene. The bacteria Clf A and 

Clf B accumulate in blood plasma, increase adhesion to fibrinogen-

coated surfaces, and cause endocarditis. The Clf A gene is produced 

during bacterial growth which enables the bacteria to attach to surfaces 

that have fibrinogen in its composition, while the Clf B gene is only 

produced during the logarithmic phase which enables the bacteria to 

colonize only the nose(Algammal et al., 2020). 

2.4.4 Extracellular Toxins 

A- Staphylococcal Hemolysins 

Hemolysins are important virulence factors for S. aureus that 

contribute to bacterial invasion and escape from the host's immune 

response and cause tissue damage and facilitate spreading and nutrients 

uptake. Witch hemolysins α, β, γ, δ  are unique in that they drill pores in 

the membrane, leading to the efflux of vital molecules and metabolites 

(Pérez et al., 2020).α-Hemolysin, also known as α-toxin, is the most 
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prominent cytotoxin which damages a wide range of host cells including 

epithelial cells, endothelial cells, erythrocytes, monocytes, keratinocytes 

and it damages cell membrane and induces apoptosis (Bennett and 

Thomsen, 2020).  

B- Staphylococcal Enterotoxins  

S. aureus produce several exoproteins including staphylococcal 

enterotoxins  , exfoliative toxins , leukocidin  Toxic shock syndrome 

toxin (TSST-1) and staphylococcal enterotoxins   are a subset of the 

superantigen family, collectively termed as pyrogenic toxin 

superantigens ,  The staphylococcal enterotoxins    are superantigens 

which trigger T-cell activation and proliferation; their mode of action 

probably includes activation of cytokine release and cell death via 

apoptosis and potentially lethal toxic shock syndrome(Shettigar and 

Murali, 2020). 

Enterotoxins are resistant to heat, digestive enzymes, denaturing 

agents, and a wide range of pH. Hence, it does not degrade in the 

digestive tract, can pass through the stomach and attack the intestinal 

cells  Among these enterotoxins, the five classical types (A, B, C, D, and 

E) are the most important and are responsible for 95% of staphylococcal 

food poisoning and resistant to the action of intestinal enzymes and are 

a cause of food poisoning  plays a role in vomiting and diarrhea 

(Mahfoozi et al., 2019). Enterotoxin Genes there is a toxin element on 

the chromosome element that reacts with the accessory genetic elements 

(Bae et al., 2021). 

C- Panton-Valentine Leukocidin  

It is one of the most important virulence factors in bacteria, as 

PVL is a potent cytotoxin . The active toxin causes the decomposition 
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of neutrophils by forming pores on their membranes. This toxin causes 

channels to open Calcium, necrosis, and leukocyte programmed 

death(Divyakolu et al., 2019). It is associated with skin necrosis, chronic 

mucosal dermatitis, recurrent mucocutaneous infections, and 

necrotizing pneumonia. Moreover, the breeds that It contains pvl 

enzyme, which has a high virulence and is often accompanied by the 

occurrence of boils, skin abscesses and severe infections And the wound 

aggravated (Shettigar and Murali, 2020). 

D- Staphylococal Exfoliative Toxin  (ETs) 

The cutaneous toxins in S. aureus contain two distinct proteins of 

the same weight Molecular, exfoliative toxin A is encoded by the eta 

gene located on the chromosome and is heat stable (resisting boiling for 

20 minutes) and exfoliative toxin B is encoded on a plasmid and is not 

stable in temperature (Bennett and Thomsen, 2020). .These epidermal 

toxins consist of secreted serine proteins that attack the skin by cleaving 

cadherins and destroying cell-cell adhesions and epidermal junctions.  

cause coccal burn skin syndrome aureus staphylococcal scalded skin 

syndrome(SSSS) By lysis of the epidermal layer  and bullous impetigo, 

toxins are considered mucopolysaccharide matrix superantigens (Singh 

and Phukan, 2019).  

E- Toxic Shock Syndrome Toxin  

 Most strains of S. aureus isolated from toxic shock patients 

produce a toxin called 1-toxic shock syndrom, which is encoded by the 

tst gene Interestingly, the gene encoding this toxin is carried by only a 

limited number of strains. By S. aureus these toxins bind Major 

histocompatibility complex MHC class II molecules with T-cell 

receptors, thus activation of T cells leads to a cytokine storm The 
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lethality of, such as IL-8 and MIP-3α, IL-2, and TNFα(Dinescu et al., 

2021) . Activation of immune cells will enhance inflammation and cause 

mucosal cell barrier disruption, allowing further interaction of the toxin 

with T-cells and macrophages, leading towards toxic shock syndrome 

disease known as toxic shock syndrome. Symptoms include high fever, 

rash and hypotension(Dinescu et al., 2021) . 

2.4.5 Extracellular Enzymes 

A- Staphylococcal Nucleases (DNase) 

 In 1956 Staphylococcal nuclease (DNase) was firstly recognized 

as culture filtrates of S. aureus. Staphylococcal nuclease is an 

extracellular enzyme, produced by various microorganisms that are 

heat-stable and Ca2+ dependent. Two types are found: endo- and exo-

nuclease that destroy the DNA and RNA substrates(Samani et al., 2021). 

The total genome sequencing revealed two various types of 

staphylococcal nuclease genes: nuc and nuc2 the main difference 

between Nuc and Nuc2 is the cell-localization: nuc is an extracellular 

enzyme with two various isoforms, NucB and NucA, while nuc2 is 

surface-bound(Algammal et al., 2020). 

B- Staphylococcal Coagulase 

 S. aureus bacteria produce coagulase that causes plasma 

coagulation in the host. It causes conversion of fibrinogen to fibrin and 

fibrin production may protect staphylococci from phagocytosis(Javid et 

al., 2018)(Singh and Phukan, 2019).Coagulase  a protein-like enzyme  

become enzymatically active  by binding to prothrombin and begin the 

polymerization of fibrin, and this coagulation results in the deposition 

of fibrin on the surfaces of bacteria cells, thus preventing  The process 

of being ingested by phagocytes This enzyme is encoded by the Coa  
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gene It is a major gene that distinguishes Staphylococcus aureus from 

other cocci The Coagulase includes two types, the bound coagulase, 

which detects It is detected by the glass slide method and the free 

coagulant enzyme, which is detected by the tube method(González-

Martín et al., 2020) . 

  C- Catalase 

 catalase enzyme Catalase is an antioxidant that is a defense 

mechanism that contributes to the protection of Staphylococcus aureus 

from phagocytosis within neutrophils(Buvelot et al., 2017) that 

separates hydrogen peroxide (H2O2) into molecular oxygen (O2) and 

water (H2O) and thus remains undigested Staphylococcus inside 

neutrophils Catalase has a molecular weight It is equal to 250 kDa and 

consists of four protein groups (Hadwan, 2018) . 

D- Staphylokinase 

Bacterial staphylokinase is an extracellular enzyme that 

stimulates the plasminogen for the lyses of fibrin clot with subsequent 

bacterial propagation  is an extra cellular protein composed of 136 

amino acids synthesized through the late exponential growth phase of 

lysogenic S.aureus(Aziz and Noori, 2020) . 

 It has ideal fibrin specific plasminogen activator and clot 

specificity converting a precursor plasminogen to plasmin which results 

in dissolving a blood clot along with destroying the natural components 

of the blood clotting system, leading to life-threatening as well as death 

consequence. After activation, plasmin cleaves variable substrates such 

as fibrin and extracellular matrix proteins and activates proteases and 

other growth factors then fibrinolysis including staphylokinase and 

plasmin are implicated in a variety of physiological and 
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pathophysiological procedures for example wound curing, irritation, cell 

migration, embryogenesis, cancer development, metastasis, 

angiogenesis and atherosclerosis(Faujdar et al., 2019).   

E- Staphylococcal Proteases 

 S. aureus secretes three types of staphylococcal proteases is 

serine, proteases, metalloproteases, and 3-cysteine proteases They play 

a significant role in host-defense evasiveness and bacterial 

dissemination that they interact with neutrophils, plasma proteins and 

antimicrobial peptides to weaken host immunity. Expression and 

synthesis of these proteases is mainly modulated by two global 

regulatory elements, one is sarA (staphylococcal accessory regulator) 

and other one is agr (accessory gene regulاator). agr expression is 

directly or indirectly regulated by sarA which in turn modulates 

virulence determinant synthesis(Algammal et al., 2020). 

2.5 Regulation of Virulence Factors  

The pathogenicity of S. aureus is a complex process involving a 

diverse array the regulators help bacteria to adapt to a hostile 

environment by producing factors enabling the bacteria to survive and 

subsequently to cause infection at the appropriate time. Among the 

environmental signals, changes in nutrient availability, temperature, pH, 

osmolarity, and oxygen tension have the greatest potential to influence 

the expression of virulence factors. Production of S. aureus virulence 

determinants is controlled by several global regulatory loci, such as 

accessory gene regulator (agr),staphylococcal accessory regulator 

(sarA) (Tahmasebi et al., 2019)(Dhungel et al., 2021) . 
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2.5.1 The accessory Gene Regulator Locus (agr) 

agr was first described in 1986 as a pleiotropic regulator of 

hemolysins, toxic shock syndrome toxin-1 (TSST-1), staphylokinase 

and protein  (Tahmasebi et al., 2019) . Further characterization led to its 

description as a quorum-sensing two-component system that is 

divergently transcribed from two adjacent promoters. Promoter 2 directs 

the transcription of RNAII, which encodes the Agr A B C D structural 

proteins. AgrB and AgrD together constitute a quorum-sensing system, 

while AgrC and AgrA function as the transmembrane histidine kinase 

and the response regulator, respectively, in a two-component 

system(Khoshnood et al., 2019).  

Promoter 3 directs transcription of RNAIII, which is itself the 

effector molecule of the agr system. Upon reaching the post-exponential 

growth phase, accumulation of an octapeptide derived from AgrD 

signals through the AgrCA system to increase transcription of RNAIII. 

RNAIII activates transcription of exoproteins while repressing the 

expression of surface-associated virulence factors(Jenul and Horswill, 

2019). 

 Newer work on agr regulation showed that the svrA locus, 

predicted to encode a membrane-associated protein, upregulated α-, β- 

and δ-hemolysins and protein A. Virulence studies demonstrated that 

svrA was required for expression of agr transcripts, and therefore 

indicated that svrA modifies virulence through its effects on the agr 

locus. SvrA may constitute a new component in the agr regulatory 

network(Cheung et al., 2021)  .   
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2.5.2 The Staphylococcal Accessory Regulator (SarA) 

 Staphylococcus aureus virulence factors are regulated by another 

well-studied pleiotropic regulator, the staphylococcal accessory 

regulator (SarA)(El-Baz, 2021). SarA was originally described in 1992 

and later shown to be necessary for transcription of agr RNAII and 

RNAIII at wild-type levels(Alesina, 2019).  

The study recently confirmed the roles of SarA and agr in 

regulating hla and spa transcription, identified sets of putative virulence 

factors as being regulated by these molecules, and identified sets of 

genes not involved in virulence that appeared to be regulated by SarA 

or agr. These results suggested that SarA and agr are more general 

transcriptional regulators than previously though(Jenul and Horswill, 

2019). 

2.6 Antibiotic Resistance  

Emergence of resistance among the most important bacterial 

pathogens is recognized as a major public health threat affecting humans 

worldwide. Multidrug-resistant organisms have not only emerged in the 

hospital environment but are now often identified in community 

settings, suggesting that reservoirs of antibiotic-resistant bacteria are 

present outside the hospital (Munita and Arias, 2016) .The bacterial 

response to the antibiotic “attack” is the prime example of bacterial 

adaptation and the pinnacle of evolution. “Survival of the fittest” is a 

consequence of an immense genetic plasticity of bacterial pathogens that 

trigger specific responses that result in mutational adaptations, 

acquisition of genetic material, or alteration of gene expression 

producing resistance to virtually all antibiotics currently available in 

clinical practice. Therefore, understanding the biochemical and genetic 
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basis of resistance is of paramount importance to design strategies to 

curtail the emergence and spread of resistance and to devise innovative 

therapeutic approaches against multidrug-resistant 

organisms(Majumder et al., 2020).  

2.6.1 Resistance of S. aureus to Antibiotics 

Discovery of antibiotics has been one of the greatest medical 

achievements of the twentieth century. Regrettably, their excessive, 

unreasonable, and inappropriate use has led to the selection and 

expansion of resistant bacterial strains and dramatically increased 

treatment failure ratio. Bacteria have developed many different 

mechanisms of resistance(Foster, 2017). 

The ability of bacteria to resist antibiotics began with its 

resistance to penicillin, which was used as a treatment in the early 1940s, 

when strains resistant to it quickly appeared in 1946, and to avoid this 

problem and overcome the spread of those strains, cephalosporins were 

used as effective antibiotics against these bacteria in 1960(Masumi et 

al., 2022). And soon, new strains that were resistant to cephalosporins 

also appeared, and then other antibiotics followed, such as 

erythromycin, tetracycline, streptomycin, gentamicin and 

chloramphenicol, with the emergence of strains resistant to the antibiotic 

phenylphenyl 59 and the semiillin, which was introduced in the year 19 

To reduce the spread of penicillin-resistant cocci and after two years Its 

use appeared resistant strains(Miranda et al., 2021).   

S. aureus can exemplify better than any other human pathogen the 

adaptive evolution of bacteria in the antibiotic era, as it has demonstrated 

a unique ability to quickly respond to each new antibiotic with the 

development of a resistance mechanism, starting with penicillin and 
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methicillin. Resistance mechanisms include enzymatic inactivation of 

the antibiotic (penicillinase and aminoglycoside-modification 

enzymes), alteration of the target with decreased affinity for the 

antibiotic (notable examples being penicillin-binding protein 2a of 

methicillin-resistant S. aureus ), trapping of the antibiotic (for 

vancomycin and possibly daptomycin) and efflux pumps fluoroquinol  

and tetracycline(Nadeem et al., 2020). 

Nowadays, in all countries staphylococci are one of the major 

public health problems. Errors in the anti-staphylococcal treatment 

strategies resulted in the selection and spread of drug resistant strains.  

multi-drug resistant staphylococci are one of the most common cause of 

nosocomial infections, particularly for hospitalised and 

immunocompromised patients(Stewart-Johnson et al., 2019). 

2.6.2 Methicillin-resistant Staphylococcus aureus  

Fleming discovered penicillin in the 1940s and pioneered the era 

of antibiotics for infection treatment (Wenzel, 2020). At the time, the 

infectious diseases caused by S. aureus were well-controlled, but with 

the widespread use of penicillin in the 1950s, penicillin-resistant S. 

aureus appeared in the clinic(Guo et al., 2020). Penicillin-resistant S. 

aureus can produce penicillinase, which can hydrolyze the penicillin β-

lactam ring, leading to resistance to penicillin. Later, scientists 

developed a new penicillinase-resistant semisynthetic penicillin named 

methicillin, which is resistant to the hydrolysis of β-lactamas e (Tyagi 

et al., 2021). 

 After being applied to the clinic in 1959, methicillin effectively 

controlled the infection of penicillin-resistant S. aureus (Sharma et al., 

2021). However, only 2 years after methicillin was applied, in 1961, 
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British scientist Jevons reported the isolation of an MRSA strain; this 

resistance was produced by a gene encoding the penicillin-binding 

protein 2a or 2′ (PBP2a or PBP2′) (mecA) which was integrated into the 

chromosomal element (SCCmec) of methicillin-sensitive S. 

aureus(Dinescu et al., 2021) . Moreover, MRSA has rapidly become the 

most frequently occurring resistant pathogen identified in many parts of 

the world, including Europe, the United States, North Africa, the Middle 

East and East Asia (Romero and de , 2021). According to its original 

source, MRSA is classified into hospital-acquired MRSA (HA-MRSA) 

and community-acquired MRSA (CA-MRSA) . In China, the proportion 

of hospital-acquired MRSA has reached 50.4% (Gupta et al., 2021). 

2.7 Mechanisms of Antimicrobial Resistance 

2.7.1 Intrinsic Antibiotic Resistance 

The endogenous resistance mechanism mainly includes three 

aspects(Guo et al., 2020) . 

1- Outer Membrane Permeability 

When the cell membrane permeability is lowered, the energy 

metabolism of the bacteria is affected, and therefore, drug absorption is 

reduced, leading to drug resistance ( Anuj et al., 2019). For example, the 

resistance of S. aureus to aminoglycosides is caused by a decrease in 

membrane permeability and finally results in a decrease in drug 

intake(Zhang et al., 2022). 

2- Efflux Systems 

The active efflux system of bacteria was discovered in 1980 by 

Ball and McMurry when studying the resistance of Escherichia coli to 

tetracycline(Ahirrao et al., 2022) . Afterwards, the scholars conducted 
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many experiments on the active efflux system, which confirmed that the 

active efflux system is a normal physiological structure of bacteria, and 

exists in sensitive strains (Dos Santos Barbosa et al., 2021). When 

induced by substrates in the environment for a long time, efflux system-

encoding genes are activated and expressed, and the ability to efflux 

drugs is greatly enhanced, thus leading to drug resistance (Guo et al., 

2020). Active drug efflux systems play a role in resistance to multiple 

drugs (Zgurskaya, 2021).  

There are three types of multidrug-pumping proteins present on 

the S.aureus cell membrane: QacA, NorA, and Smr (Dashtbani-

Roozbehani, 2021) . considered QacA to be an important factor in 

MRSA . Multidrug pumping proteins are all proton kinesins (Swanson, 

2022). That is, instead of relying on ATP hydrolysis to release energy, 

material exchange is performed by an electrochemical gradient formed 

by H+ on both sides of the cell membrane (Srinivasan et al., 2021). 

Usually, it is a reversible process, that is, H+ moves from extracellular 

to intracellular, while intracellular harmful substances such as dyes and 

antibacterial drugs flow from the inside of the cell to the outside . . also 

demonstrated the role of active efflux systems in MRSA resistance 

(Ahirrao et al., 2022). 

3- Excessive Production of β-Lactamase 

β-lactamase is an enzyme that catalyzes the hydrolysis of various 

β-lactam antibiotics (including  carbapenem ), is encoded by bacterial 

chromosomal genes, and is transferable (Kumar et al., 2022).  β-lactam 

antibiotics have a lethal effect on bacteria mainly through two 

mechanisms: first, by binding to penicillin-binding protein (PBPs, i.e., 

cell wall mucin synthase), which represses cell wall mucin synthesis, 

disrupts the cell wall, and leads to bacterial expansion and lysis; second, 
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by triggering the autolytic enzyme activity of the bacteria, which 

resulted in autolysis and death . Excessive secretion of β-lactamase by 

MRSA mainly reduces the effect of antibiotics through two 

mechanisms, which lead to MRSA resistance (Guo et al., 2020). 

 The first is the hydrolysis mechanism that is β-lactamase 

hydrolyze and inactivates β-lactam antibiotics the second is the 

mechanism of pinching, that is, a large amount of β-lactamase binds 

quickly and firmly to extracellular antibiotics, preventing the antibiotics 

from reaching the intracellular space and therefore the antibiotics are not 

able to reach the target site, ultimately leading to MRSA resistance to 

antibiotics (Hochvaldová et al., 2022). 

2.7.2 Acquired Antibiotic Resistance 

1- Resistance by Mutations 

S. aureus can become drug-resistant by genetic mutations 

(Hussain et al., 2021)that alter the target DNA gyrase or reduce outer 

membrane proteins, thereby reducing drug accumulation (Kime et al., 

2019). For example, the principle of resistance to clindamycin and 

erythromycin is caused by a modification in ribosomal RNA 

methylase(Roemhild et al., 2022) . 

2- Acquisition of Resistance Genes 

Acquired resistance is a type of plasmid-mediated 

resistance(Dureja et al., 2022) . Through plasmid-mediated 

transduction, transformation, and insertion of drug-resistant genes, 

excessive β-lactamase can be produced, leading to bacteria 

resistance(Hussain et al., 2021). The mechanism of MRSA resistance is 

mainly because plasmids, or drug-resistant gene transmission mediated 

by plasmids, which can expand the genome and resistance genes can be 
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transferred between S. aureus and other bacteria (Vestergaard et al., 

2019). For example, MRSA can obtain drug-resistant plasmids from 

Enterococcus, further expanding and enhancing its resistance (Dinescu 

et al., 2021).  
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3 Materials and Methods 

3.1 Materials  

3.1.1 Laboratory Equipment 

        Table (3-1): Laboratory equipment used in the study 

Equipments  Manufacture (Origin) 

 Autoclave Marubeni ( Japan) 

Compound light microscope  Olympus (Japan) 

Digital camera  Sony (Japan) 

 Electrophoresis unit Scie-Plas (Belgium) 

High speed cold centrifuge Ependroff (Germany) 

Hot plate Labtech (Korea) 

 Laminar flow cabinet Marubeni ( Japan) 

Nanodrop spectrophotometer THERMO. UK 

Oven, Incubator GallenKaamp (England) 

 PH- meter  Radiometer (Denmark)  

 Refrigerator Concord (Lebanon) 

 Sensitive electronic balance   Mettler (Switzerland) 

Spectrophtometer  Hitachi (Jaban) 

Thermal cycler T100  Bio Rad(USA) 

 UV–Transilluminator Scie-Plas (Belgium) 

Vortex mixer Lobcco (Germany)  

Water distiller GFL (Germany)  
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3.1.2 Laboratory Instruments 

                  Table (3-2): Laboratory tools used in the study 

Apparatus Manufacturer (Origin) 

Dry cotton swab 

Swabs with media  

 Difco (UK) 

Eppendorf tube 

 

Sterellin L1d (UK) 

Glass flasks 

  

Jlassco (India)  

Latex gloves 

 

Great glove (Malaysia) 

Micropipettes 

 

 Brand (Germany)  

 PCR tubes 

 

Ependroff (USA) 

  Plastic Petri dishes 

 

Himedia (India)  

Slides with cover 

  

Slibrand (China) 

 Standard wire loop (1μL) 

 

 Himedia (India) 

Test tubes 

 

  Pyrex (England) 

Tips (1000, 200,10) μl  

 

Difco (UK) 

Wooden sticks 

  

Supreme (China) 
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3.1.3 Chemical Materials 

          Table (3-3): Chemical and biological materials used in the study  

Chemical material Manufacturer (Origin) 

  Agar Himedia (India) 

 Agarose-  PCR Water Bioneer (Korea) 

Boric acid   Fischer (USA) 

 Dipotassium hydrogen phosphate Merk (Switzerland) 

 DNA ladder (100bp) iNtRON (Korea) 

Ethylene-diamine- tetra acetic acid 

(EDTA) 

AppliChem (Germany) 

Glyserol- NaCl Fluke (Germany) 

H2O2 - Ethanol (70%)   Teba (Iraq) 

 HCL   BDH (UK) 

Monopotassium hydrogen phosphate Merk (Switzerland) 

Tetramethy-l-P-Phenylenediamine 

Dihydrochloride 

BDH (UK) 

Tris-base - H2SO4  BDH (UK)  

 

3.1.4 Stains 

                   Table (3-4) Pigments used in the study 

Stain 

 

Manufacturer(Origin) 

Gram stain Himedia (India)  
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3.1.5 Culture Media 

                Table (3-5) The culture media used in the study  

Medium Manufacturer(

Origin) 

USE 

Blood base agar(BA)  Himedia (India) To check the 

susceptibility of bacteria 

to hemolysin production 

Brain heart infusion 

broth (BHI) Brain 

heart infusion 

agar(BHA) 

Oxoid (England) vector medium 

To activate the isolates 

Congo-red Agar(CRA) Investigation of the biofilm 

production capacity 

Deoxyribonuclease 

agar(DNase agar) 

 Himedia (India) Investigation of the 

DNAse enzyme 

production capacity  

Muller-Hinton agar 

(MHA) 

 Himedia (India) To check for drug 

sensitivity for antibiotics  

Nutrient agar(NA) 

Nutrient broth(NB) 

 Himedia (India) A general medium for 

development  

Urea agar(UA)  Himedia (India) To investigate the ability 

to produce urease enzyme  

Mannitol Salt 

agar(MSA) 

 Himedia (India) Selective medium to 

distinguish bacteria S.aureus 

Skim-Milk Agar(SMA) 

 

Oxoid (England) Investigation of the 

ability to produce protein 
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3.1.6 Antibiotics 

 Table (3-6) antibiotics used in the study and prepared from Himedia (India)  

Class of 

antibiotic 

Sub class of 

antibiotic 

Antibiotic Code con(μg) 

Penicillins Penicillin  Penicilln G  P 10 µg 

Cephems  Cephamycin Cefoxitin FOX  30 µg 

Aminoglycoside 

 

 Amikacin AK 10 µg 

Gentamicin GM 15 µg 

  Macrolides 

   

 

 Erythromycin E 15 µg 

Azithromycin AZM   15 µg 

Clarithromycin CL 15 µg 

Nitrofurans  Nitrofurantoin F 300 µg 

Phenicols  Chloramphenicol C 30 µg 

Quinolones 

 

Fluoroquinol

ones 

 

Ciprofloxacin  CIP 5 µg 

Norfloxacin NOR 10 µg 

Ofloxacin  OF  5 µg 

Moxifloxacin  MX  5 µg 

Levofloxacin LEV 5 µg 

Folate pathway 

Inhibitors 

 

 Trimethoprim TM 5 µg 

Trimethoprim-

Sulfamethoxazole 
 TS   1.25/23.

7 µg 

Phenicols  Chloramphenicol C 5 µg 

Ansamycins        Rifampicin R 5 µg 

Lincosamides  Clindamycin CD 2 µg 

Tetracyclines  Tetracycline TE 30 µg 
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3.1.8 DNA Polymerase Chain Reaction Materials  

 

3.1.8.1 DNA Extraction Kits Content 

   Table (3-7):  DNA extraction kits and  PCR Master Mix    used in the study 

The name of the 

kit 

Ingredient  Manufacturer origin  

Bacterial DNA 

extraction kit 

PrestoTMMinig  

GT Buffer 30 ml GB 

Buffer 40 ml W1 Buffer 45 

ml Wash Buffer 100 ml 

Elution Buffer 30 ml 

Proteinase K 2ml 

collection tubes GD 

Colum 

Geneaid (USA) 

 

PCR reaction 

mix kit GoTaq® 

G2 Green Master 

Mix  

GoTaq® G2 DNA 

Polymerase is supplied in 

2X Green GoTaq® G2 

Reaction Buffer (pH 8.5), 

400μM dATP, 400μM 

dGTP, 400μM dCTP, 

400μM dTTP and 3mM 

MgCl2 

Promega (USA) 

 

 

3.1.9 DNA Polymerase Chain Reaction Primers 

A polymerase chain PCR experiment was conducted to detect 

MRSA within a specific aureus. The coa gene for the detection of 

cocoylase enzyme production was also used as a diagnosis for 

Staphylococcus aureus, in addition to regulatory genes such as agr and 

genes related to virulence factors, specific to the production of toxins 

and enzymes. Where all the primers were using were supplied by the 

research company Iraqi. 
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                     Table (3-8): Primers special of detect virulence genes 

Gene Primer Sequence (5′-3′)  Size (bp) Reference 

 

mec 

A  

F TGA GTT GAA CCT GGT 

GAA GGT 
855bp (Koosha et 

al., 2016) 

R TGG TAT GTG GAA GTT 

AGAT TGG 

coa F ATA GAG ATG CTG GTA 

CAG G 
600bp (Akineden et 

al., 2001) 

R GCT TCC GAT TGT TCG 

ATG C 

nuc F GCG ATT GAT GGT GAT 

ACG GTT 
279bp (Ziasistani et 

al., 2019) 

R AGC CAA GCC TTG ACG 

AAC TAA AGC 

sak F CGC GGA TCC TCA AGT 

TCA TTC GAC 
489bp (Nguyen, 

2012) 

R CCC AAG CTT TTT CCT 

TTC TAT AAC AAC 

eta F TTT GCT TTC TTG ATT TGG 

ATT C  
464bp (Mohseni et 

al., 2018) 

R GAT GTG TTC GGT TTG 

ATT GAC 

sea  F GGT TAT CAA TGT GCG 

GGT GG 
102bp (Bianchi et 

al., 2014) 

R CGG CAC TTT TTT CTC TTC 

GG  

luk-

PV 

F ATC ATT AGG TAA AAT 

GTC TGG ACA TGA TCC A 
433bp (Soge et al., 

2009) 

R  GCA TCA ATG TAT TGG 

ATA GCA AAA GC 

tst 1  F CTGGTATAGTAGTGG

GTCTG 

271 (Koosha et 

al., 2016) 
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R AGGTAGTTCTATTGGA

GTAGG 

 

               Table (3-9): Primers for Detection of  agr  Classes 

Gene Prime

r 

Sequence (5′-3′)  Size 

(bp) 

Reference 

 

 

agr 1 F ATG CAC ATG GTG 

CAC ATG C 

441bp (Ziasistani et 

al., 2019) 

R GTC ACA AGT ACT 

ATA AGC TGC GAT 

agr2 F ATG CAC ATG GTG 

CAC ATG C 

575bp (Ziasistani et 

al., 2019) 

R TAT TAC TAA TTG AAA 

AGT GGC CAT AGC 

agr 3 F ATG CAC ATG GTG 

CAC ATG C 

323bp (Ziasistani et 

al., 2019) 

R GTA ATG TAA TAG CTT 

GTA TAA TAA TAC 

CCA G 

agr 4 F ATG CAC ATG GTG 

CAC ATG C 

649bp (Ziasistani et 

al., 2019) 

R CGA TAA TGC CGT 

AAT ACC CG 
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3.2 Methods 

Figure (3-1): Study design diagram 
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3.2.1 Preparation of Reagents , Buffers and Solutions  

Buffers and solutions, which require sterilisation, were 

autoclaved at 121 ̊C for 15 minutes. Millipore filters 0.22 μm were used 

for sterilisation of heat-sensitive solutions. The pH of solutions was 

adjusted using 1 M of NaOH or 1 M of HCl (Goldman and Green, 2009). 

3.2.1.1 Gram Stain 

The Gram stain reagents were prepared as described by ( 

Goldman and Green , 2009). It was used to determine whether the 

bacteria were Gram-positive or Gram-negative(Adams, 1975). 

3.2.1.2 Catalase Reagent 

This reagent was prepared by adding 21 ml of H2O2 (70%) to 50 

ml of D.W and complete to 100 ml with D.W. The final concentration 

was 30% and stored in a dark container. The reagent was used for the 

detection of bacterial ability to produce catalase enzyme (Prescott et al., 

2002). 

3.2.1.3 Oxidase Reagent  

The reagent was prepared by freshly dissolved 0.1 g of Ntetra-

Methyl-P-phenylenediamine dihydrochloride in 10 ml of D.W, to be 

stored in a dark container. It was used for the detection of bacterial 

ability to produce oxidase enzymes(Mac Faddin, 2000). 

3.2.1.4 Deoxyribonuclease (DNase) Reagent  

The reagent of DNase test was prepared by slowly adding 8.4 ml 

of concentrated HCl to 80 ml of D.W and completed to 100 ml with 

D.W. The final concentration was 1 M. In positive test result, 

https://paperpile.com/c/urkDak/hPBSl
https://paperpile.com/c/urkDak/QgVo3
https://paperpile.com/c/urkDak/QgVo3
https://paperpile.com/c/urkDak/QgVo3
https://paperpile.com/c/urkDak/QgVo3
https://paperpile.com/c/urkDak/LCllH
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oligonucleotides liberated by hydrolysis dissolve in acid. DNase reagent 

was used in DNase test for the detection of bacterial ability to produce 

DNase enzyme(Mac Faddin, 2000). 

3.2.1.5 Normal Saline Solution 

 It was prepared by dissolving 0.85 g of NaCl in 90 ml D.W and 

completed to 100 ml with D.W (Oosthuysen, 2007). 

3.2.1.6 McFarland Standard Solution 

McFarland’s standard solution 0.5 is the turbidity standard 

solution which is the most widely used method of inoculum preparation 

or standardization, this solution has aspecific optical density to provide 

a turbidity comparable to that of bacterial suspension containing 

1.5×108 CFU/ml.This solution was prepared(Collee et al., 1996) as the 

following: 

Solution (A): 1g of barium chloride (BaCl2) was dissolved in 100ml of 

distilled water. 

Solution (B): 1ml of concentrated sulphuric acid (H2SO4) was added 

and the volume was completed to 100ml by distilled water. 0.5ml of 

solution (A) was added to 99.5ml of solution (B) and stored in dark 

bottle until used. 

3.2.1.7 Lysozyme Solution  

It was prepared according to supplier company instructions by 

dissolving 10 mg of lysozyme in 1 ml of D.W, and stored in single-use 

aliquots at -20˚C. The solution used for disruption of S. aureus cell wall 

by digestion of the polymeric cell compounds, which are responsible for 

the cell firmness (MacFaddin, 2000). 

https://paperpile.com/c/urkDak/LCllH
https://paperpile.com/c/urkDak/xhfpn
https://paperpile.com/c/urkDak/xhfpn
https://paperpile.com/c/urkDak/xhfpn
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3.2.1.8 Gel Electrophoresis Solutions 

  

A- Tris-Borate EDTA Buffer (TBE) 

It was prepared by adding 0.089 M of Tris-OH, 0.002 M of Na2- 

EDTA and 0.089 M of boric acid to 800 ml of D.W. The pH adjusted to 

8, autoclaved at 121˚C for 15 minutes and stored in a clean screw capped 

container at 4˚C (Sambrook and Russell, 2001). 

B- Ethylene Diamine Tetra Acetic acid (EDTA - 0.5 M ) 

A 18.612 gm of EDTA was added in 80 ml distilled water D.W. 

and the volume was completed to 100 ml. PH was adjusted to 8 and 

stored at 4 C˚until it was used in electrophoresis (Sambrook et al., 1989) 

. 

C- Ethidium Bromide Solution 

 A stock solution (5 mg/ml) was prepared by dissolving 0.05 g of 

ethidium bromide in 10 ml of D.W and stored in dark bottle. It was used 

routinely to stain DNA and visualize under ultraviolet light (Pospiech 

and Neuman, 1995). 

3.2.2 Laboratory Prepared Media 

1.Sterilization 

All culture media and most of the solutions used in this study were 

sterilized with a device Autoclave at a temperature of 121 °C and a 

pressure of 15 pounds / inch for 15 minutes, while the glassware was 

sterilised in an electric oven at a temperature of 180 °C for an hour 

(MacFaddin , 2000)(Greenwood and Irving, 2012). As for the heat-

sensitive solutions, Millipore filters were used. With a diameter of 0.22 

mm micron for sterilisation (Greenwood and Barer, 2012). 

https://paperpile.com/c/urkDak/HC32J
https://paperpile.com/c/urkDak/vXZ9W
https://paperpile.com/c/urkDak/vXZ9W
https://paperpile.com/c/urkDak/vXZ9W
https://paperpile.com/c/urkDak/wk3Vi
https://paperpile.com/c/urkDak/Wiut2
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2. Standard media : media Ready culture  

The culture media within the study was prepared according to the 

instructions of the manufacturers and installed on the package, and pH 

was adjusted by 0.1N  NaOH  or   0.1N HCl, after which it was sterilised 

using an autoclave at a temperature of 121 °C under a pressure of 15 

pounds / ang for 15 minutes. 

3.2.3.1 Blood Agar Medium  

Blood agar base prepared according to supplier company 

instructions and sterilized by autoclave, 5% of human fresh blood was 

added after cooling to 50C and dispensed into Petri dishes, then stored 

at 4 C. This medium was used to detect the ability of isolates to produce 

haemolysin(Cheesbrough, 2005). 

3.2.3.2 Lecithinase Test Medium  

Lecithinase medium was prepared by dissolving 2.38 g of nutrient 

agar (NA) in 85 ml of D.W, and sterilized by autoclave, allowed to cool 

at 55˚C. The egg-yolk suspension (the egg was broken with precautions 

to keep its contents sterile; at the same time separating the yolk from 

white) was added then poured in sterile plates. This medium was used 

to detect the ability of isolates to produce Lecithinase (Collee et al., 

1996) . 

3.2.3.3 Protease Test Medium 

 Nutrient agar was prepared according to supplier company 

instructions by suspend 2.8 g in 90 ml of D.W, autoclaved, allowed to 

cool at 50C, then sterile skimmed milk solution 5 g/10 ml was added to 

the medium, mixed and dispensed into sterilized Petri dishes. This 

https://paperpile.com/c/urkDak/TxZjW
https://paperpile.com/c/urkDak/xhfpn
https://paperpile.com/c/urkDak/xhfpn
https://paperpile.com/c/urkDak/xhfpn
https://paperpile.com/c/urkDak/xhfpn
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medium was used to detect the ability of isolates to produce proteases 

enzymes(Rowe et al., 2002). 

3.2.3.4 Congo-red Agar 

Composed Brain-heart infusion broth 37g and Sucrose 50g and  

Congo-red stain 0.8g and Agar-agar 10g All these materials were 

dissolving in 900ml of distilled water with the exception of Congo red 

stain and autoclaved. The Congo red stain was dissolved in 100ml of 

distilled water and autoclaved. Separately from the other medium 

constituents. Then added when the agar had cooled to 55oC and poured 

in sterile Petri dishes. This medium was used for detecting bacterial 

ability to produce slime layer (Freeman et al.,1989). 

3.2.4 Collection of Samples  

Between November 2021 and until March 2022, 554 samples 

were collected from different sources randomly, it included clinical 

samples, as it included the 330 samples as Figure (3 - 2)(urine 221 

samples, burns 100 samples, wounds 55 samples and sputum 178 

sample ) from patients referred to Al-Diwaniyah Teaching Hospital, 

Specialized Burn Center, Women’s and Children’s Hospital, Al-Hamza 

General Hospital, for different age groups and for both sexes. Samples 

of burns, and wound secretions were collected using cotton swabs with 

a carrier medium to preserve the samples. As for urine and sputum 

samples, they were collected using sterile plastic tubes. Then all samples 

were transferred to the laboratory after being placed in a plastic box 

containing ice to preserve samples and reduce microbial activity.  

https://paperpile.com/c/urkDak/B0uSx
https://paperpile.com/c/urkDak/B0uSx
https://paperpile.com/c/urkDak/B0uSx
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                          Figure (3 -2) Sample collection data with percentage 

3.2.5 Isolation and Identification of S. aureus 

Clinical samples were cultured on culture media (Blood agar 

medium and the medium of Mannitol salt agar) using the Streaking 

method using a loop and incubated all dishes were incubated aerobically 

at 37 °C for 24 hours and then re-cultivated to obtain pure bacterial 

colonies according to (MacFaddin, 2000), the isolates were determined 

based on the characteristics Phenotypic of isolates grown in culture 

media and tests biochemistry as follows: 

1- Cultural Characteristics 

The colour, shape, size and edge of the developing colonies, their 

characteristic odor, the type of hemolysis on blood agar medium and 

mannitol fermentation on mannitol agar medium were observed as being 

the selective medium for these bacteria (Prescott et al., 2002).   

https://paperpile.com/c/urkDak/QgVo3
https://paperpile.com/c/urkDak/QgVo3
https://paperpile.com/c/urkDak/QgVo3
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2- Microscopical Characterizations 

Swabs were made from all isolates and stained with Gram stain 

after fixing them on the glass slide and then examined under a light 

microscope, thus, the shapes, grouping, sizes, interactions with the dye, 

formations and arrangement were observed(Primec and Langerholc, 

2017). 

3- Biochemical Tests 

The pure bacterial culture grown on mannitol agar medium was 

used at the age of 24 hours To perform the following biochemical tests: 

A- Coagulase Test  

 1 - Free Coagulase Test 

The tubular coagulation test is the standard, routine test used to 

identify S. aureus several colonies of bacterial growth were transferred 

by the vector into a tube containing at least 5 ml of  liquid brain infusion 

medium. The culture tubes were covered to prevent evaporation and 

incubated. At 37 °C for 24 h, then centrifuged, 0.5 ml of the supernatant 

was mixed with an equal volume of plasma and incubated in a water 

bath at 37 °C for 4 h. If the plasma coagulation, the test is positive for 

plasma coagulation. If any degree of coagulation occurs ranging from a 

light suspended clot in the plasma to a solid stable clot, within 30 

minutes or after 24 hours, it is considered A positive result, even if it 

takes 24 hours to occur (Brown et al., 2005). 

   2 - Bound Coagulase Test  

The blood clotting enzyme (Bound coagulase) was detected by 

performing the slide test, where two drops of plasma were placed on 

both sides of the glass slide and a vector filled with the medium of the 

https://paperpile.com/c/urkDak/TnqA9
https://paperpile.com/c/urkDak/TnqA9
https://paperpile.com/c/urkDak/oP1kv
https://paperpile.com/c/urkDak/oP1kv
https://paperpile.com/c/urkDak/oP1kv
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heart-brain infusion of liquid vaccinated with a young colony aged (18-

24) hours was added to it.  while a drop of distilled water was added to 

the other for the purpose of comparison (negative control), and the 

ingredients were carefully mixed to obtain a homogeneous suspension. 

The result is positive when a clot in the form of small, characteristic 

lumps occurs within (5-20) seconds(Nathwani et al., 2008) . 

B- Catalase Test 

This test was performed by transferring a 24-hour-old bacterial 

colony to a slide clear glass with drops of 3% hydrogen peroxide H2O2 

solution. The immediate release of gas bubbles indicates a positive test 

as a result of the release of O2 (Prescott et al., 2002). 

C- Oxidase Test 

The assay was carried out by transferring 24-hour old colony onto 

a filter paper saturated with. reagent Tetramethyl - P-Phenylenediamine 

Dihydrochloride oxidase at a concentration of 1% using a wooden stick, 

the positive test is a purple color within 10 seconds (Prescott et al., 

2002). 

D- DNAse Test 

This test was carried out by inoculating a dish containing DNase 

agar medium with a young colony in a linear fashion or smears, and the 

plate was incubated for 24 hours at 35 °C, after which the plate was 

immersed in the prepared DNAse reagent, so that transparent areas 

around the developing colonies indicate a positive test 

(MacFaddin,2000). 

https://paperpile.com/c/urkDak/9Q5gV
https://paperpile.com/c/urkDak/9Q5gV
https://paperpile.com/c/urkDak/9Q5gV
https://paperpile.com/c/urkDak/QgVo3
https://paperpile.com/c/urkDak/QgVo3
https://paperpile.com/c/urkDak/QgVo3
https://paperpile.com/c/urkDak/QgVo3
https://paperpile.com/c/urkDak/QgVo3
https://paperpile.com/c/urkDak/QgVo3
https://paperpile.com/c/urkDak/QgVo3
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E- Lecithinase Test  

Plates of egg-yolk agar inoculated by streaking and make wells 

on the surface of media, then filled with overnight-activated bacterial 

containing broth, then incubated at 37˚C for 24 hours. Lecithinase 

production was detected by observing clear zones in the medium 

surrounding growth (Harley and Prescott, 2002). 

F- Protease Test 

 Skimmed milk agar plates inoculated by streaking and make a 

well on the surface of media then filled with overnight activated 

bacterial containing broth, after that incubated for two days at 37˚C. The 

clear zone exists adjacent the streak and around the well indicated the 

production of protease enzyme (Benson, 2001).  

G- Hemolysis test 

This test was carried out by inoculating plates containing a 

blood agar medium with bacteria using the schematic method. 

And incubated at 37 °C for 24 hours, the formation of a 

transparent area around the colonies is an indication of 

complete hemolysis, which is β-type lysis. The appearance of 

green areas around the colonies means that the decomposition 

is partial from the type of (α), and the absence of any areas 

around the colonies indicates an No decomposition It is called 

the gama type (γ) (Dulczak and Kirk, 2005). 

J- API staph System using biochemical confirmatory tests 

System The Staph API diagnostic kit supplied by Biomerieux 

Company was adopted for the purpose of confirmatory diagnosis of the 

isolates under study. Each strip contains 20 small holes, each containing 

https://paperpile.com/c/urkDak/NhPnb
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the base material for a specific biochemical test, then the test was carried 

out according to the method of( Brownet al., 1995); A bacterial 

suspension was made using a physiological salt solution (85.0, NaCl), 

and the test strip was prepared by placing 5 ml of water in a container 

(Tray) to prepare sufficient moisture during a period of time.Incubation, 

placing the plastic tape inside the case, then filling the API tape 

chambers with bacterial suspension. 

Liquid paraffin oil was added to the chambers of each of the URE, 

H2S, ODC, LDC and URE tests.While the entire test rooms for VP, GEL 

and CIT were filled with bacterial suspension, the test rooms were 

incubated with ADH. 

3.2.6 Preservation of Bacterial Isolates 

1. Short Term Storage  

In this method, pure bacterial isolates were preserved on pre-

prepared tilted nutrient agar It is placed in tubes with a tight lid, as the 

surface of the medium was inoculated by the planning method and kept 

at a temperature of 37 °C for 24 hours and then kept at 4 °C and replanted 

every month to prevent contamination (Jasson et al., 2009). 

 2. Long Term Storage 

 Bacteria stored for six months in nutrient broth (NB) containing 

20% glycerol at low temperature without significant loss of viability. 

This was done by adding 0.2 ml of sterilized glycerol to the exponential 

growth of bacteria in the screw capped tube of NB with final volume 1 

ml and stored at -20˚C(Forbes et al., 2007). 

https://paperpile.com/c/urkDak/d2xD3
https://paperpile.com/c/urkDak/gAnNZ
https://paperpile.com/c/urkDak/gAnNZ
https://paperpile.com/c/urkDak/gAnNZ
https://paperpile.com/c/urkDak/4QGuc
https://paperpile.com/c/urkDak/4QGuc
https://paperpile.com/c/urkDak/4QGuc
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3.2.7 Subculture of Preserved and Frozen Stock Cultures 

 Preserved and frozen stock cultures sub-cultured on fresh BA 

plates, and then incubated in aerobic condition at 37˚C for 24 hours 

(Thomas, 2007). 

3.2.8 Antibiotics Susceptibility Testing  

1- Disc Diffusion Method 

The sensitivity test for the antibiotics mentioned in Table (4-6) 

was carried out according to the recommendations  (2021 CLSI) using 

the Kirby-Bauer Disc diffusion method on Muller-Hinton agar (MHA), 

as the bacterial suspension of S.aureus isolates was prepared by 

transferring 3-4 colonies less than 24 hours old growing on mannitol 

agar to 5 ml of physiological saline solution(Jorgensen and Ferraro, 

2009) . 

 The turbidity of the suspension was compared with the turbidity 

of the standard turbidity constant solution 0.5 MacFarland, then by a 

sterile cotton swab the bacterial suspension was spread to the center of 

the Hinton Muller and in all directions to ensure even dissemination and 

left at room temperature for 5 minutes to ensure the absorption of the 

medium for the suspension(Pfaller and Yolken, 1995).  

 Then, the antibiotic tablets were distributed on the surface of the 

culture medium inoculated with the bacterial culture by sterile forceps, 

with 7 tablets in each dish. The dishes were incubated at a temperature 

of 37 °C for 18-24 hours. On the next day, the results were read by 

measuring the areas of inhibition formed around the antibiotic tablets 

that were estimated in millimeters and interpreted as recommended by 

the Clinical Laboratory Standards Institute as bacteria were considered 

https://paperpile.com/c/urkDak/1AiaV
https://paperpile.com/c/urkDak/1AiaV
https://paperpile.com/c/urkDak/PArLG
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susceptible or moderately resistant after comparing them with standard 

diameters of installed inhibition zones in ( CLSI 2021).The Multi-

Antibiotic Resistant Index (MAR) is an effective method for tracing the 

source of antibiotic-resistant organisms and is calculated as the ratio of 

the number of antibiotics the bacteria have resisted to the total number 

of antibiotics the organism is exposed to (Krumperman, 1983). 

The strip was kept for 18-24 hours at a temperature of 37ºC. To 

read the results, a drop of was added to the IND test Kovacs reagent, and 

a drop of ferric chloride solution was added to the TDA test at a 

concentration of 4.3% . A drop of 40% of dissolved NaOH in distilled 

water was added to the VP test, then a drop of α Dissolved naphthol in 

absolute ethyl alcohol and based on the test measurement table 

Results(Weinstein and Lewis, 2020). 

3.2.9. Phenotypic Detection of MRSA  

A- Cefoxitin Disc Diffusion Test (FOXDD)  

All S. aureus isolates were tested using a 30 μg cefoxitin disc, a 

suspension was made bacterial transfer of 3-4 colonies less than 24 

hours old grown on mannitol Agar medium to 5 ml of physiological 

saline and then spread with a sterile cotton swab onto Muller-Hinton 

MHA medium and after Incubation for 18 hours at 35 °C, the diameters 

of the inhibition zones were measured, the positive result was 

considered positive to  carrier gene mecA  (Weinstein and Lewis, 2020). 

B- β-Lactamase Production Tests  

Penicillin zone-edge test 

This test was carried out using penicillin tablets 10 units by the 

method of diffusion of tablets a bacterial suspension was made by 

transferring 3-4 colonies that are 24 hours old grown on mannitol agar 

https://paperpile.com/c/urkDak/VTB7a
https://paperpile.com/c/urkDak/tAe1T
https://paperpile.com/c/urkDak/tAe1T
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medium to 5 ml of physiological saline and then with a sterile cotton 

swab spread on Mueller-Hinton( MHA )medium and after incubation 

for 16-18 hours at 35°C the edges of areas were observed(Humphries et 

al., 2021). Inhibition around the disc, as the edge of the sharp area is 

considered positive, but if the edge is blurred, the result is negative 

(Weinstein and Lewis, 2020). 

3.3 Molecular Methods  

3.3.1 Conventional PCR Protocols  

The polymerase chain reaction assay was performed for the 

purpose of confirmatory diagnosis and to investigate some gene 

virulence genes in them. The examination consists of the following 

steps: 

3.3.1.1 Bacterial genomic DNA extraction 

DNA was extracted from S. aureus bacteria using DNA extraction 

kit (Genomic DNA extraction kit), which was supplied by the American 

Geneaid Company, and the extraction was carried out according to the 

company’s instructions, as follows: 

1. Suspended 1 ml of each growing S. aureus isolate was transferred to 

heart and brain infusion broth medium and placed in sterile 1.5 ml 

Eppendorf tubes, then transferred to a centrifuge at 15,000 rpm for 1 

minute, and the liquid was discarded buoyant. 

2. A 180 μl of GT Buffer solution was added to the precipitate and mixed 

well, then 20 μl of Proteinase K was added to it and the mixture was 

incubated at 60 °C for 10 minutes using the water bath, taking into 

https://paperpile.com/c/urkDak/d2xD3
https://paperpile.com/c/urkDak/d2xD3
https://paperpile.com/c/urkDak/d2xD3
https://paperpile.com/c/urkDak/d2xD3
https://paperpile.com/c/urkDak/tAe1T
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account the turning of the tubes during the incubation period every 3 

minutes. 

3. A 200 μl of GB Buffer's solution was added to the mixture of lysed 

cells and mixed well with a vortex mixer for 10 seconds. 

4. The mixture was incubated at 70 °C for 10 minutes using a water bath, 

taking care to turn the tubes during the incubation period every 3 

minutes until the solution became clear. 

5. Add 200 microliters of absolute ethyl alcohol to the dissolved mixture 

and mix the mixture well with a vortex mixer for 10 seconds. 

6. The mixture was transferred from the Alpendorf tubes to collection 

tubes measuring 2 ml containing columns containing a GD filter column 

and equipped with the kit. 

7. The collection tubes with the columns containing the mixture were 

placed in the centrifuge and rotated at a speed of 15,000 r/min in the 

centrifuge for two minutes to get rid of the degraded cell products. 

8. The precipitated solution of lysed cells was discarded and the acid-

containing GD colum was transferred Nuclear DNA to a new collection 

tube. 

9. Added 400 μl of W1 Buffer solution prepared with the kit to the 

column containing The filtered DNA was washed and the tubes were 

placed in a centrifuge at 15,000 rpm for 30 sec. 

10. The precipitate was discarded, then 600 μl of Wash buffer containing 

absolute ethyl alcohol prepared with the kit was added to the column 

containing the DNA to get rid of the fat inside the column and the tubes 

were placed in a centrifuge at 15000 rpm for 30 seconds. 
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11. The precipitate was removed and the tubes were returned to the 

centrifuge at 15000 rpm for 3 minutes to dry the columns. 

12. The columns containing the DNA were transferred to sterile 

Eppendorf tubes, and 70 μl of preheated Elution Buffer was added to the 

center of the tube and then left for 3 minutes, after which the tubes were 

placed in a centrifuge at 15,000 rpm for 30 seconds, to dissolve the acid 

Nuclear, and stored at -20°C until the polymerase chain reaction test  

3.3.1.2 Examination of the extracted DNA 

The extracted DNA was examined using Nanodrop spectrophotometer 

by measuring the concentration and purity of the DNA, as the 

concentration of the DNA was determined (DNA) ng/μl, and its purity 

was measured by reading the absorbance at a wavelength (280-260 nm) 

and it was examined as follows: 

1. The Nanodrop device was turned on, then the DNA measurement 

program was selected 

2- zeroing the substrate of the device twice, by applying 2 microliters 

of (H20) to the surface of the substrate. Using a sterile pipette, zeroing 

was performed, then the substrate was blotted using blotting paper. 

3. The extracted DNA sample 1 μl of was placed on the meter substrate, 

then a button was pressed to measure the concentration of DNA and then 

the substrate was cleaned again to measure the next sample. 

4. The purity of the extracted DNA samples was determined by reading 

the absorbance on the two wavelengths (280-260nm), as the DNA is 

considered pure when the absorbance ratio is (1.8). 
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3.3.2 Monoplex PCR Mixture: 

Prepare the reaction mixture using the GoTaq® G2 Green Master 

Mix kit from Promega based on the manufacturer's instructions, all 

components of the mixture are placed in a tube PCR, were mixed on an 

ice bag under aseptic conditions, then the tubes were carefully mixed 

with the Vortex mixer for 5 seconds as shown in Table (3-10). Then all 

the PCR tubes were transferred to the PCR Thermocycler, which was 

programmed as shown in Table (3-11). 

 

Monoplex PRC Table (3-10): Components and Volumes of Reaction Mix for a 

Technology  

PCR reaction mixture  Volume (μL) 

 

Master mix 2X  

 

12.5  μl  

Primer forward (10 μM)  

 

2.5  μl 

Primer reverse (10 μM)  

 

 2.5  μl 

DNA template  

 

5      μl 

Nuclease-Free Water  to 25μl  

Total volume  μl 25 
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Table (3-11): Thermal Cycle Conditions for PCR Monoplex Technology 

Mono

plex 

gene 

Initial 

denaturati

on 

Denaturation 

Cycling 

condition 

Annealing 

Cycling 

condition 

Extension 

Cycling 

condition 

Final 

extension 

Cycle 

No. 

coa 95˚C/3 

min 

95˚C/30 sec  57˚C/30 

sec  

72˚C/1 

min  

72˚C/5 

min  

35 

eta 95˚C/3 

min 

95˚C/30 sec  54,9˚C/ 

30 sec  

 

72˚C/1 

min  

72˚C/5 

min  

35 

luk 95˚C/3 

min 

95˚C/30 sec  58,7˚C/ 

30 sec  

 

72˚C/1 

min  

72˚C/5 

min  

35 

mec-

A 

95˚C/3 

min 

95˚C/30 sec  56,7˚C/ 

30 sec  

 

72˚C/1 

min  

72˚C/5 

min  

35 

nuc 95˚C/3 

min 

95˚C/30 sec  59,8˚C/ 

30 sec  

 

72˚C/1 

min  

72˚C/5 

min  

35 

sea 95˚C/3 

min 

95˚C/30 sec  57,2C/30 

sec  

 

72˚C/1 

min  

72˚C/5 

min  

35 

sak  95˚C/3 

min 

95˚C/30 sec  59,3˚C/ 

30 sec  

 

72˚C/1 

min  

72˚C/5 

min  

35 

tst-1 95˚C/3 

min 
95˚C/30 sec  52,7˚C/3

0 sec  

 

72˚C/1 

min  

72˚C/5 

min  

35 

3.3.3 Multiplex PCR Mixture 

 Genes of agr types is used as multiplex PCR by using Kappa 2G 

Fast multiplex PCR protocol. The protocol used depends on the 

manufacturer's instruction. All PCR components assembled in a PCR 
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tube and mixed on ice bag under sterile condition (Table 3-12). PCR 

mixture was circulated in a thermal cycler instrument that was 

programmed as shown in Table (3-13) . 

Table (3-12): Protocols of multiplex PCR reaction mixture volumes 

PCR reaction mixture  Volume (μL) 

 

DNA template  1 - 5 μl 

Master mix 2X  25 μl  

Nuclease-Free Water  to 50 μl  

Primer forward (10 μM)  0,5 -5 μl 

Primer reverse(10 μM)  0,5 -5 μl 

Total volume  μl 50 

 

Table (3-13): Programs of PCR thermocycling conditions for detection of 

multiplex genes 

multiplex 

gene 

 

Initial 

denaturation 

Denatu

ration 

Annea

ling 

Extens

ion 

Final 

extensi

on 

Cycl e 

no 

Cycling condition 

 

agr class 95˚C/3 min 95˚C/ 

30 sec  

52,7˚C 

/30 sec  

 

72˚C/1 

min  

72˚C/5 

min  

35 

 

3.3.4 Agarose Gel Electrophoresis  

Electrophoresis was carried out using agarose gel (1,5%) to read the 

PCR result  product which is as follows: 

1. Agarose gel was prepared by dissolving 1,5 g of Agarose in 100 

millilitres of 1 TBE buffer solution prepared by adding 90 millilitres of 
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distilled water to 10 milliliters of X Buffer at a concentration of 10 TBE 

Buffer, which was dissolved using an electric oven, for 15 minutes. 

2. Cooled the gel at room temperature to 50°C, then add 5 microliters of 

the radioactive DNA dye (Red safe) and mix well. 

3. After the comb is fixed in the Tray, the gel is poured into the tray and 

left at room temperature for 15 minutes to solidify, then carefully 

remove the comb from the gel. 

4. The DNA Ladder with a bp gradient (100-1500) was placed in the 

first hole to measure the PCR products by comparing them with the 

gradient of the ladder. 

5. The PCR products were placed in gel pits, then the mold was 

immersed with the gel in TBE Buffer at a concentration of 1X in a tank 

and the transfer cap was placed, then the device was switched on 

electrical voltage 100 volts and a current of 80 amps for an hour. 

6. Examination of gel containing PCR products after migration was 

completed using a UV light source and the result was measured against 

DNA ladder(Sambrook and Russell, 2001). 

3.4 Statistical Analysis 

The results of the current study were statistically analysed using 

the Statistical Package for Social Science SPSS Twenty-Third Edition, 

and the statistical program was used according to the data of the study 

results. The Chi-square test was applied for this purpose, and significant 

differences less or equal to 0.05 were determined (Fortin, 1996). 

3.5 Ethical management of the study: 

The study was conducted according to the standards 

recommended by the Department of Biology in the College of Science 

https://paperpile.com/c/urkDak/HC32J
https://paperpile.com/c/urkDak/2JDHk
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Al-Qadisiyah University to deal with biological materials and 

pathogenic germs. Samples were collected in this study from patients 

arriving at Al-Diwaniyah General Teaching Hospital, Al-Hamza 

General Hospital, and Al-Diwaniyah General Hospital Burns and 

Women’s and Children’s Hospital in Al-Daswaniyah Governorate after 

obtaining the fundamental approvals from the hospital administration 

and its patient.                                           
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4 Result and Discussion   

4.1 Isolation and Identification of Bacteria 

  As 554 patient samples were collected from inpatient and 

outpatient patients of both sexes at Al-Diwaniyah General Hospital in 

Al-Qadisiyah Governorate for the period between 1/11/2021 to 

1/3/2022, and diagnosed by routine methods; For the purpose of 

studying the virulence factors of these bacteria represented by toxins and 

enzymes related to the pathogenicity of these bacteria the table (4-1) 

show percent of culture result. 

Table (4-1) shows the percentage of samples that showed bacterial growth and that did 

not show growth after culture 

Culture  results number of samples percentage 

Positive cases   366 66% 

Negative cases 188 34% 

Total  554 100% 

 

          The results of the laboratory culture on the blood agar medium 

showed that 366 samples of the total samples gave bacteria growth, and 

the reason may be due to the number of samples studied or to the social 

level of the people and the age and gender of the people from whom the 

samples were collected. As for the samples that did not show “bacteria'' 

growth,  it was there are 188 samples and this may be due to the presence 

of pathogens other than bacteria such as viruses, parasites or chlamydia, 

which cannot be detected in this study, or the reason may be due to the 

efficiency of the antibiotics used in treating diseases caused by bacteria 
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and the ability of antibiotics to kill and disappear bacteria (Polyakova et 

al., 2021). 

The results of bacterial isolation are in agreement with what was 

found by (AL-Samaraey, 2021), where the number of isolates positive 

for bacterial growth reached 65%.These results were close to the results 

of (Ibraheem ,2006) where the bacterial isolation rate was 61,5%, while 

the results of current study do not agree with the findings of (den Heijer 

et al., 2010).The bacterial isolation rate was 81%.  as samples that did 

not show growth of "bacteria '' constituted 27.88%. The blood agar is a 

differential enrichment medium, and the blood that has been 

incorporated into this medium is an enrichment component for culturing 

microorganisms. S. aureus bacteria appear on the medium of the blood 

aureus in a white to golden yellow colour. For colonies of some strains, 

the etymological root of the name of the bacteria aureus means 

"golden",S. aureus usually forms a beta-hemolytic on a blood agar 

medium, and the results of growth on blood agar medium showed broad 

agreement with the standard results for the growth of S.aureus bacteria 

in this medium and agreed with the results of several researchers, 

including (Delost et al., 2016) .  

Staphylococcus bacteria were isolated 223 of out of 366 positive 

samples obtained after culturing them on blood  agar media from 

diseased cases coming from different Al-Diwaniyah city hospitals, 

which were represented by burns, sputum, wounds, and urinary tract 

infections then 100 isolates belonging to Staphylococcus aureus bacteria 

were isolated out of 223 isolates belonging to Staphylococcus after 

culturing them on  mannitol salt medium and coagulase  testing table (4-

3 ) The results showed that there was a significant difference for isolates 

of aureus at the probability level P<0,05 .  

https://paperpile.com/c/urkDak/2a0tr
https://paperpile.com/c/urkDak/2a0tr
https://paperpile.com/c/urkDak/2a0tr
https://paperpile.com/c/urkDak/2a0tr
https://paperpile.com/c/urkDak/mcbSa
https://paperpile.com/c/urkDak/gZAZX
https://paperpile.com/c/urkDak/gZAZX
https://paperpile.com/c/urkDak/gZAZX
https://paperpile.com/c/urkDak/gZAZX
https://paperpile.com/c/urkDak/OcViH
https://paperpile.com/c/urkDak/OcViH
https://paperpile.com/c/urkDak/OcViH
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  Table (4-2): distribution of bacterial isolates according to isolate sources 

Sample 

source 

 Samples samples 

with 

growth 

Sampls 

without 

growth 

 isolates 

staphylococcus 

sp. 

S. aureus 

 Burns 100 44 56 28 11 

Wounds 55 44 11 18 10 

Sputum 178 112 66 66 24 

Urine 

infection 

221 166 55 111 55 

The total 

number 

554 366 188 223 100 

                                                                                                  

 

In the current study (100) S.aureus isolates were diagnosed based 

on The phenotypic traits, microscopic traits, biochemical tests and the 

API Staph system as mentioned in (MacFaddin, 2000)  . the results of 

biochemical tests for S. aureus bacteria showed the following results the 

results were as follows: DNase 91%, Hemolysin 95%, Coagulase 100%, 

Lecithinase 81%, urease 79%, Clumping factor 55%, biofilm 66% as 

shown in Table  (4-3). 

 

 

 

         

 

 

 



Chapter Four                                                 Results and Discussion 

 

58 

    Table (4-3): biochemical tests for  S. aureus. 

Test type  The percentage of 

positive isolates 

The number of positive 

isolates 

Mannitol fermentation  100% 100 

Catalase 100%  100 

Gram Stain 100%  100 

Coagulase test 100%  100 

Hemolysin 95% 95 

DNase 91% 91 

Lecithinase 81% 81 

Protease 80% 80 

Urease  79%  79 

Biofilm  66%  66 

Clumping factor  55% 55 

Oxidase 0%  0 

 

One of the confirmatory results is the diagnosis of S.aureus, using 

the API Staph  system, which is a standard system for the identification 

of Staphylococcus species and uses biochemical tests. The API Staph 

strip consists of 20 micro-tubes containing dried substrates or feed 

media, or both. These microtubules are inoculated with bacterial 

suspension, prepared in culture medium. API Staph is important for 

tests. During incubation, metabolism produces color changes either 

spontaneously or revealed by addition of reagents. The results are read 

according to the reading table and the definition is obtained by referring 

to the index of the analytic file or using a specific software program. The 

results of this test agreed with the results of (Carretto et al. 2005)  
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As a confirmatory diagnosis to infer the type of bacteria. Shows the 

results of confirmatory diagnostic tests using the API staph system for 

S.aureus the figure  (4-1) show  diagnostic test for S. aureus bacteria 

using the API staph . 

              Figure  (4-1) The results of the diagnostic test for API staph  

4.2 Bacterial sensitivity to antibiotics 

Isolates 100 were tested Staphylococcus aureus is under study 

towards 20 antibiotics Using the disk spread method according to (CLSI 

2021) and  table shows percentages of resistant, moderately resistant and 

sensitive bacterial isolates to antibiotics  used. 

         

 Table (4-4) Percentage of resistance and sensitivity to antibiotics 

Antibiotic Resistant Intermediate Sensitive 

Penicillin 96% 0% 4% 

Cefoxitin 80% 0% 20% 

Moxifloxacin  61% 5% 34% 

Erythromycin 59% 15% 26% 

Azithromycin 57% 6% 37% 

levofloxacin 42% 8% 50% 

Clarithromycin 40% 0% 60% 

Amikacin 35% 20% 45% 

Clindamycin 35% 13% 52% 
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Antibiotic Resistant Intermediate Sensitive 

Penicillin 96% 0% 4% 

Ofloxacin  34% 7% 59% 

Tetracycline 31% 0% 69% 

Doxycycline 22% 0% 78% 

Rifampin 19% 0% 81% 

Norfloxacin 15% 0% 85% 

Trimethoprim 15% 0% 85% 

Gentamicin 13% 2% 85% 

Trimethoprim-

Sulfamethoxazole  

12% 0% 88% 

Ciprofloxacin 12% 0% 88% 

Nitrofurantoin 9% 1% 90% 

Chloramphenicol 5% 0% 95% 

In the picture below, a chart showing the variance in the rate of 

resistance to antibiotics included in the current study

 

Figure (4-2) Percentage of resistance and sensitivity to antibiotics 
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4.2.1 The results of the sensitivity 

Test showed a clear variance in the response of the bacterial 

isolates under control The study of the antibiotics used, as the isolates 

showed the highest rates of resistance towards the antibiotic Penicillin 

with a percentage of 96%, and this result was very close to what was 

found in a study (Akanbi et al., 2017) As bacteria were resistant to 

penicillin by 96,7 and It is also slightly higher than the percentage 

obtained in the study(Bastidas et al., 2019) which was 93,5% , the reason 

for this increased resistance may be due to its irregular and continuous 

use, which enhances the resistance of the stimulating bacteria, as well as 

the production of S.aureus bacteria the hydrolyzed penicillinase 

enzyme, while 5% resistance was shown to the Chloramphenicol Where 

the results we obtained are the same as what was found in the study(Al-

Zoubi et al., 2015)  Which was 5% while it was the highest resistance 

from a study (Petrillo et al., 2021) where the antibiotic resistance rate is 

0%. 

 The results showed that the second highest rate of resistance after 

Penicillin was to the antagonist Cefoxitin,which is due to for 

cephalosporins,, the percentage of bacterial resistance to it was 80% 

which is lower than what was found in a study (Al-Hasnawy et al., 2019) 

in Babylon. 

As for macrolides antibiotics, the rate of resistance to (E), was 

59% as it is very close to what the researchers found in the 

study(Hashemzadeh et al., 2021) Where bacteria resisted this 

antibacterial by 58%, the reason for the high percentage of resistance as 

a result of its use these antibiotics are widely used to treat staphylococcal 

infection in Iraq, and this is an indication of resistance to modern 

https://paperpile.com/c/urkDak/AEZLl
https://paperpile.com/c/urkDak/AEZLl
https://paperpile.com/c/urkDak/AEZLl
https://paperpile.com/c/urkDak/u6fZk
https://paperpile.com/c/urkDak/u6fZk
https://paperpile.com/c/urkDak/u6fZk
https://paperpile.com/c/urkDak/7bMOC
https://paperpile.com/c/urkDak/7bMOC
https://paperpile.com/c/urkDak/7bMOC
https://paperpile.com/c/urkDak/7bMOC
https://paperpile.com/c/urkDak/NfDQ9
https://paperpile.com/c/urkDak/NfDQ9
https://paperpile.com/c/urkDak/NfDQ9
https://paperpile.com/c/urkDak/hmaqm
https://paperpile.com/c/urkDak/hmaqm
https://paperpile.com/c/urkDak/hmaqm
https://paperpile.com/c/urkDak/8N0ie
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macrolides such as Clarithromycin According to a study(Goyal et al., 

2004), where the rate of resistance to the antibiotic Clarithromycin was 

40%, and this result is consistent with what was reached(Zhou et al., 

2020).As for the antibiotic Azithromycin, where the results we obtained 

are 57%, the same as what was found in the study(Asbell et al., 2022) 

where the rate of resistance to the antibiotic is 57%. 

As for the antibiotic Clindamycin, it recorded a resistance rate of 

35%, which is higher than the percentage recorded in the study The same 

precedent(Assefa, 2022) where the percentage was 19,8% but lower of 

study (Khodabandeh et al., 2019) where the percentage was 68.8%. 

As for the Tetracyclines antibiotics represented by Tetracycline 

and Doxycycline The isolates were resistant to tetracycline by 31% and 

to Doxycycline by 22% thus, the percentage of resistance to tetracycline 

was lower than what was found in a study (Al-Hasnawy et al., 2019) as 

the percentage was 80,9% and The percentage of resistance to 

Doxycycline was very close to what was found by the researcher (Fri et 

al., 2020) (Gandhi et al., 2020), where the resistance rate was 30%, 

while the study recorded (Khoramrooz et al., 2017) resistance to 

Tetracycline and an approach to Doxycycline, where the percentage of 

resistance to the two antibiotics was 47,9% and 20,6%, respectively ,S. 

aureus resists Tetracyclines through two mechanisms: active influx by 

genes encoded by plasmid, and ribosomal protection by transposon or 

chromosomally encoded genes(Graber, 2021). 

As for Quinolone antibiotics and subsequent derivatives such as 

fluoroquinolones, the antibiotic Ofloxacin recorded a resistance of 34%, 

and this is the same percentage that was obtained in a study (Adeoye-

Isijola et al., 2020). 

https://paperpile.com/c/urkDak/U0b5j
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As for antibiotics by the two antibiotics, Ciprofloxacin and 

Norfloxacin, the isolates were resistant to them by 12% and 15%, 

respectively. 

For the antibiotic Ciprofloxacin, where the results we obtained 

differ from what was found by the researcher(Mohamed et al., 2020), 

where the resistance to the antibiotics Ciprofloxacin and Norfloxacin is 

25% and 0%, respectively. It is also close to the study (Bastidas et al., 

2019), and its percentage was 3,2 However, the results we obtained are 

less than what the researcher  (Kwoji et al., 2017)concluded, where the 

resistance rate to the antibiotics Ciprofloxacin and Norfloxacin, is 44% 

and 20%, respectively.As for the antibiotic Levofloxacin, the results we 

obtained are 42%, and this is close to the percentage obtained in the 

study(Preeja et al., 2021) where the antibiotic resistance rate is 41,2%. 

As for the resistance to the antibiotic Levofloxacin, where the 

results we obtained are 50%, and this differs somewhat from the 

percentage obtained in the study(Preeja et al., 2021)where the antibiotic 

resistance rate is 58,8%. 

As for the resistance to the antibiotic Moxifloxacin, where the 

results we obtained are 61%, and this is somewhat close to the 

percentage obtained in the study(Alseqely et al., 2021) where the rate of 

resistance to the antibiotic is 64%. 

As for the pathway folate antibiotics represented by Trimethoprim 

Sulfamethoxazole (and Trimethoprim-Sulfamethoxazole , the resistance 

to them was 12 % and 15%, respectively, Where the results we obtained 

are very similar to what was found in the study  (Kwoji et al., 2017), 

where the resistance to the antibiotics  (TMP) and (SXT) is 11%., while 

the results were less than one study (Al-Hasnawy et al., 2019) which 
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found the resistance of bacteria to the antibiotic was 28,5%.It is also less 

than what was found in(Bastidas et al., 2019)  study, where the ratio of 

the antibiotics was 28,3%.The action of these antibiotics is to inhibit 

Two steps in bacterial folic acid synthesis, SXT inhibits 

Dihydropteroate synthetase and prevents formation of Dihydrofolate 

while TMP inhibits the enzyme (DHFR) Dihydrofolate reductase  It also 

prevents the formation of tetrahydrofolate and thus prevents its 

inhibition These two steps are the synthesis of pyrimidines and purines 

that are involved in making DNA.(Wang, Li, et al., 2021). 

The isolates showed the resistance to the antibiotic Nitrofurantoin 

is 9%, and this result is very close to the findings of the study(Chaudhary 

et al., 2021), where the resistance rate was 10.5%. 

The decrease in bacterial resistance to nitrofurantoin is attributed 

to the multiple mechanisms of resistance development The limited use 

of this antibiotic to treat staphylococcal infection may limit the 

development of resistance to it. 

As for the antibiotic Rifampin, the isolates showed a resistance 

rate of 19%, and thus it was higher than The percentage reached by 

researchers in the study (Al-Hasnawy et al., 2019) in Iraq, where it 

reached 9.5%, and on the contrary in the study (Bai et al., 2021), where 

the rate of sensitivity was 25% to  antibiotic. 

As for the antibiotics, the aminoglycosides represented by the 

antibiotics Amikacin and Gentamicin, which have an effective effect 

against clinically important staphylococci through their association with 

the 30s ribosomal unit and their interference with protein synthesis, 

which leads to a fatal effect on bacteria(Khusro et al., 2021)Gentamicin 

antibiotics were the most effective against S.aureus bacteria, where the 

https://paperpile.com/c/urkDak/u6fZk
https://paperpile.com/c/urkDak/u6fZk
https://paperpile.com/c/urkDak/u6fZk
https://paperpile.com/c/urkDak/WKWe7
https://paperpile.com/c/urkDak/WKWe7
https://paperpile.com/c/urkDak/WKWe7
https://paperpile.com/c/urkDak/TAbJU
https://paperpile.com/c/urkDak/TAbJU
https://paperpile.com/c/urkDak/TAbJU
https://paperpile.com/c/urkDak/TAbJU
https://paperpile.com/c/urkDak/hmaqm
https://paperpile.com/c/urkDak/hmaqm
https://paperpile.com/c/urkDak/hmaqm
https://paperpile.com/c/urkDak/pa90k
https://paperpile.com/c/urkDak/pa90k
https://paperpile.com/c/urkDak/pa90k
https://paperpile.com/c/urkDak/CyOmg
https://paperpile.com/c/urkDak/CyOmg
https://paperpile.com/c/urkDak/CyOmg


Chapter Four                                                 Results and Discussion 

 

65 

isolates showed the resistance to the antibiotic Gentamicin was 13%, 

and this result is very close to the findings of the study (Adzitey et al., 

2020) where the resistance rate was 12,5%, While the isolates showed 

the percentage of resistance to the antibiotic Amikacin was 35%, and 

this result is consistent with the findings of the study, (Ahmed et al., 

2022)where the same resistance rate was, our results were contrary to 

what the researchers found in the study (Biset et al., 2020)  For 

Gentamicin and Amikacin, where the proportions were 0% For both 

antibiotics,The widespread use of  aminoglycoside therapy has led to the 

development of aminoglycoside-modifying enzymes AMEs, the most 

common mechanism of acquired resistance against these antibiotics in 

S. aureus, as well as other resistance mechanisms such as target 

modification, flux pumps, target mutants and mutants (Kong et al., 

2020). 

Here, it is necessary to explain the reasons for the difference in 

the proportions of antibiotic resistance in these bacteria in the studies. 

This is due to the excessive and indiscriminate use of drugs, as 

continuous exposure to bacteria leads to the selection of strains resistant 

to these antibiotics. As well as the increased chance of acquiring multi-

resistant plasmids from other bacteria present in the intestine through 

conjugation, transformation, different methods of diagnosis and the 

hospital's policy in dealing with such cases. Furthermore, climatic and 

geographic health factors may also correlate with the relative variability 

of outcomes between different regions 
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4.3 Identification of Methicillin Resistant S. aureus(MRSA) 

MRSA isolates were phenotypically characterised by the 

modified Kirby-Bauer disc diffusion method according to the(CLSI, 

2021) criteria using cefoxitin disc diffusion (FOXDD) at a concentration 

of (30μg)Which have an inhibition area of 21 mm or more for the 

cefoxitin tablet as MRSA strains, as the results showed that 82 isolates, 

or 82 % were MRSA, and only 18  isolates, or 18 % were MSSA as in 

the figure (4-5).As for the molecular investigation of MRSA by 

detecting the (mecA ) gene, the results showed that 80 isolates possess 

the gene, or 80% of MRSA isolates.The cefoxitin disc diffusion  

(FOXDD) assay is one of the most accurate methods for detecting 

MRSA strains as reported by many researchers, which in turn better 

detects the presence of the mecA gene than the oxacillin disc 

proliferation (OXDD) method(Farahani et al., 2013), the current study 

showed that FOXDD method found a sensitivity of (100%), and the 

current result is in agreement with that of many previous studies (Jawad 

et al., 2013) (McTavish et al., 2019). Because cefoxitin is a 

mechanogenetic inducer, higher expression of the PBP2a protein 

produced by the mecA gene could explain the high sensitivity to 

cefoxitin.gene, which leads to a more accurate detection MRSA 

(Panchal et al., 2020). 

4.3.1 Prevalence of Methicillin Resistant S. aureus 

According to the results of the( PCR) reaction for the detection of 

the mecA gene  specialized primers supplied by the company 

(Monterial) Alpha, which is designed according to the primer design 

program, and the primers amplify the mec A gene encoding the product 

of  Methicillin Resistant  , and after electrophoresis  them onto a (1,5%) 
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agarose  gel, which is dyed with ethidium bromide and examined UV  

rays, This gene is considered diagnostic for MRSA, as 80 isolates out of 

the total number of 100 isolates showed their possession of the 

chromosomal gene at a rate of 80%, and the amplification result was 

(279) bp as shown in Figure (4 -3 ). 

 

Figure ( 4 -3 )Electrophoresis on agarose gel ( 1.5 ), voltage (100  ) and potential 

difference ( 80 ) amps, for one hour, which shows the results of the PCR assay for the 

investigation of the gene ( mec A ) for S aureus bacteria, with a size of (855)bp, where 

the letter M represents the volume guide 

          

             Test 80 isolates (80%) were classified as MRSA  Out of 100 

isolates of S.aureus, and according to the data shown in Table (4 -5), 

significant differences were noted at the probability level (p < 0.05), and 

a discrepancy was found in the prevalence of MRSA strains between 

clinical samples, as it was found that 40 % Of these isolates were urine 

samples, followed by samples sputum By 20 %, and  burns by 11%, and 

among the wounds , which was by 9%. 

Recently, the spread of MRSA strains has increased and has 

become a major threat, especially in hospitals and health care centres, as 

several studies conducted in different regions in Iraq have reached rates 

close to what we have reached, as the percentages were as follows: 88% 
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(Kadhim, 2018)in Karbala, 91.6% in a study(Al-Hasnawy et al., 2019) 

in Babylon, 65.3% (Al-Mussawi et al., 2011) in Bsria . 

 In addition, some studies used different diagnostic methods that 

affect the percentage of prevalence of these strains. Moreover, this 

discrepancy in results between the different Iraqi governorates may be 

attributed to the different studies designs. The incidence of MRSA 

varies from hospital to hospital and from one country to another, but in 

general there is a clear increase all over the world where the prevalence 

of MRSA in some Asian and African countries was relatively high in 

Iran (Goudarzi et al., 2019) rate of 70.8% and rates of 40.8%, 57.1% in 

Tabriz and Kerman, respectively(Ahmadishoar et al., 2021), and Kuwait 

(Khalil et al., 2012)(39.8%)  while in Egypt it was 95.8%(Ali et al., 

2014) ,As for Syria, it was 29,5% (Mohanty et al., 2018) .  

These results indicate MRSA has become more harmful as a result 

of genes that make it more resistant to antibiotics, which has been 

validated by researchers.(Machuca et al., 2022), in addition to the high 

ability of MRSA to multiply rapidly, which allows it to spread faster and 

develop more resistance to antibiotics(Kriegeskorte and Peters, 2012; 

Smith and Andam, 2021). 
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Table (4-5): shows the comparison between phenotypically and molecularly sensitive   

and methicillin-resistant isolates according to isolate sources 

isolates 

source 

 

Genotype 

MSSA  

(PCR) 

Phenotype 

MSSA 

(FOXDD) 

Genotype 

MRSA (PCR) 

 

Phenotyp MRSA 

(FOXDD) 

 urine  15 13 40 40 

Sputum 4 4 20 20 

Wounds 1 1 9 11 

Burns 0 0 11 11 

Total  20 18 80 82 

P- value 0.01* 0.01* 0.01* 0.005** 

              *There are significant differences at the probability level of 0.05 >p  

          When examining the sensitivity to antibiotics, MRSA strains in 

particular showed higher resistance than MSSA strains to all the used 

antibiotics. The highest resistance to cefoxitin was shown by 100% and 

the least resistance to (C) was 16%, while MSSA strains showed the 

highest resistance to the antibiotic. (P) with a percentage of 16% and 

less resistance to 8 antibiotics, namely (FOX), (DO), (NOR), (TMP), 

(SXT), (CIP) and (C), at a rate of 0% as in the table (4-6). 

Table (4-6) comparing the rates of resistance shown by MRSA and MSSA 

isolates to the antibiotics used in the study. 

Antibiotic Resistant MRSA  

N=80(%) 

Resistant MSSA 

N=20(%) 

Total number of 

resistant isolates 

P 80(100 ) 16(80 ) 96% 

FOX 80(100) 0(0) 80% 

MFX 61(76,2 ) 0(0 ) 61% 
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Antibiotic Resistant MRSA  

N=80(%) 

Resistant MSSA 

N=20(%) 

Total number of 

resistant isolates 

E 56(70 ) 3(15 ) 59% 

AZM 51(63,7 ) 6(30 ) 57% 

LEV 41(51,2 ) 1(5 ) 42% 

CL 33(41,2 ) 7(35 ) 40% 

 AK 31(38,7 ) 4( 20) 35% 

 CD  23(28,7 ) 12(60 ) 35% 

OFX 33(41,2 ) 1(5 ) 34% 

 TE 29( 36,2) 2( 10) 31% 

 DOX 25(31,2 ) 0(0 ) 22% 

 RE 19(23,7 ) 0( 0) 19% 

NOR 15(18,7 ) 0(0 ) 15% 

 TMP 15(18,7 ) 0(0 ) 15% 

 GM 11( 13,3) 2( 10) 13% 

 SXT 12(15 ) 0( 0) 12% 

 CIP 12(15 ) 0(0 ) 12% 

 NIT 8(10 ) 1(5 ) 9% 

C 5(6,1 ) 0(0 5 % 

4.4  MDR, XDR and PDR in S. aureus 

According to the results of the sensitivity test for 20 antibiotics 

covering 10 antimicrobial classes that include aminoglycosides, 

ansamycin, fluoroquinolones, folate pathway inhibitors, tetracyclines, 

phenicol, nitrofuranins, macrolides, lincosamides and penicillinase 

sensitivity, the isolates were classified according to their resistance 
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patterns, according to what is stated in (Eatemadi et al., 2021)  and  

Clinical and Laboratory Standards Institute (CLSI,2021) guidelines. 

 The MDR/XDR/PDR phenotype of these isolates was 

determined according to the results obtained from the disc proliferation 

assay where the criteria for determining MDR, XDR and PDR in S. 

aureus were counted. Multidrug resistance (MDR) was defined as the 

acquired insufficiency of at least one factor in three or more classes of 

antimicrobials. XDR was defined as the lack of susceptibility to at least 

one agent in all but two or less classes of antimicrobials (eg, bacterial 

isolates remain susceptible to only one or two classes of antimicrobials). 

Pandrug resistance (PDR) was defined as the lack of susceptibility to all 

agents in all classes of antimicrobials.  

According to the indication, MRSA isolates should be considered 

MDR Multiple antibiotic resistances where the results showed that (n = 

22 / 100, 22%) was XDR and (n = 39 / 100, 78%) was MDR. No PDR 

strain was observed in our study, and this same percentage was obtained 

in a similar study in Iran(Moosavian et al., 2020). 

4.5 The MAR index 

 The MAR index of an isolate is defined as a/b, where a is the 

number of antibiotics the isolates were resistant to and b is the number 

of antibiotics the isolate was exposed to(MAR index more  than 0.2that 

the bacteria originated from an environment in which antibiotics are 

often used, which leads to the possibility of They are highly misused and 

a source of very dangerous pollution (Titilawo et al., 2015). Values 

ranged fromThe MAR index in this study ranged from 0,75 to 0,05 for 

80 MRSA isolates as shown in table(4-7). 
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          Table (4-7) for the MAR index and the number of resistant antibiotics  

No. of strain   MAR index value No.of resist 

antibiotic 

2 0,75 15 

2 0,70 14 

1 0,65 13 

4 0,60 12 

3 0,55 11 

6 0,50 10 

12 0,40 8 

9 0,35 7 

8 0,30 6 

17 0,25 5 

11 0,20 4 

4 0,10 2 

1 0,05 1 

 

While the MAR index values ranged from 0,40 to 0,05 for 8 isolates of 

MSSA as well asIt is shown in table(4-8). 

 

            Table (4 -8) MAR index values for MSSA isolates 

No. of strain   MAR index value No.of resist 

antibiotic 

1 0,40 8 

2 0,35 7 

2 0,30 6 
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3 0,20 4 

5 0,15 3 

4 0,10 2 

3 0,05 1 

 

These results indicate that there is a wide use of antibiotics and a 

high selective pressure in Society The MAR index values obtained in 

this study indicate that a high percentage of bacterial isolates were 

exposed to many antibiotics, MAR values were high in this study.Makes 

it necessary to conduct a sensitivity test to antibiotics before using them, 

as it will limit the spread of Resistant isolates in hospitals as well as in 

the community In addition, this procedure helps in Practical use of 

antibiotics. 

4.5.3 The accessory Gene Regulator Locus Agr 

The primers amplify the agr gene, which acts as a regulator of a 

number of virulence genes, which contains four types, agr 4, agr 3, agr 

2 and agr 1, and then their electrophoresis on an agarose gel (1,5%), 

stained with ethidium bromide and a UV assay, the results of 

amplification were ( agr 1, agr 2 ,agr 3 and agr 4 is (441 ,575,323  

,649)bp on straight fig.( 4- 4). The results showed that all 40 isolates 

contained the chromosomal agr gene by 100% (a pattern or more in each 

of the 40 isolates), which is the same percentage that was obtained in the 

study (Sutejo et al. 2017), while our study differed with the results of 

the researcher (Chesneau et al. 1993) where the percentage was 93%, 

while the study (Canning et al. 2020) recorded a percentage of 99%, 

which was somewhat close to our study. 
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As for the percentage of the presence of type agr 1 it was 85 %     

This result is Close to a study that recorded a percentage (81,3%)  and 

differs from what was reached in the study(Zhang et al., 2018), which 

was a percentage 92% and agr2 where it recorded a percentage 15 % 

This result is somewhat similar to the result (Grinholc et al. 2011) which 

was a percentage (15%) but differ from what was reached in the 

study(Khan et al. 2014), which was a percentage (4.1%) and the results 

that we obtained of (Bibalan et al. 2014) watch was 0%   

as for the type agr3 the results that we obtained here correspond 

to the result (Zhang et al., 2018) that was 0%  but differ with  (Bibalan 

et al. 2014) watch was 55%  and the last type agr 4 recorded a percentage 

of 0 %  This result corresponds to the value of the result of a study  (Khan 

et al., 2014)whose value was 0% . And this result differed with the value 

of the result of the study(Zhang et al., 2018), which was its value   5%. 

Figure ( 4 - 4 )Electrophoresis on agarose gel ( 1.5 ), voltage (100  ) and potential 

difference ( 80 ) amps, for one hour, which shows the results of the PCR assay for the 

investigation of the gene ( agr  types) for S aureus bacteria, with a size of agr 1, agr 2 

,agr 3 and agr 4 is (441,575,323 and 649) bp, where the letter M represents the volume 

guide 

   Agr can regulate the expression of virulence factors directly and 

indirectly. For example, through direct binding of AgrA to PSM 

promoter regions, the agr system regulates the expression of PSM .Also, 

the agr system controls the expression of genes encoding alpha-

https://paperpile.com/c/urkDak/RpLEy
https://paperpile.com/c/urkDak/RpLEy
https://paperpile.com/c/urkDak/RpLEy
https://paperpile.com/c/IanxzY/ZTRf
https://paperpile.com/c/urkDak/P3jho
https://paperpile.com/c/urkDak/P3jho
https://paperpile.com/c/urkDak/P3jho
https://paperpile.com/c/urkDak/WGAc
https://paperpile.com/c/urkDak/RpLEy
https://paperpile.com/c/urkDak/RpLEy
https://paperpile.com/c/urkDak/RpLEy
https://paperpile.com/c/urkDak/WGAc
https://paperpile.com/c/urkDak/WGAc
https://paperpile.com/c/urkDak/WGAc
https://paperpile.com/c/urkDak/WGAc
https://paperpile.com/c/urkDak/P3jho
https://paperpile.com/c/urkDak/P3jho
https://paperpile.com/c/urkDak/P3jho
https://paperpile.com/c/urkDak/P3jho
https://paperpile.com/c/urkDak/RpLEy
https://paperpile.com/c/urkDak/RpLEy
https://paperpile.com/c/urkDak/RpLEy


Chapter Four                                                 Results and Discussion 

 

75 

hemolysin (hla), beta-hemolysin (hlb), protein A (spa), exfoliative toxin 

A (etaA), toxic shock syndrome toxin-1 (tsst (Bhowmik et al.. 

4.5 Virulence Gens 

 S.aureus are active human pathogenic colonies and accordingly 

the molecular mechanisms the contribution to the interaction of S. 

aureus with the host during colonisation and infection is not understood 

completely. The increase in the incidence of antibiotic resistance by S. 

aureus requires development that requires an understanding of the 

limitations of alternative strategies to combat S. aureus infection; It's 

enough Involved in S. aureus bacteria colonization and host infection. 

Also the toxins and the enzymes produced by S. aureus bacteria are 

responsible for most of the infections in the samples Taken from the 

cases coming to the aforementioned hospitals. And routine testing, 

currently, for laboratory diagnosis for infectious agents, the polymerase 

chain reaction can be used to detect genetic sequences The known 

disease-related gene to be detected and traced (Tegegne et al., 2021) 

.During our current study, we investigated 12 genes, where the coa gene 

and the mec gene were investigated for all 100 isolates diagnosed by 

phenotypic tests and by means of the API staph system.The 40 most 

virulent and antibiotic-resistant isolates were selected out of a total of 

100 isolates to investigate the remaining genes. 

4.5.1 Toxin Genes Detection 

4.5.1.1 Panton – Valentine leukocidin Gene (luk-F/S-PV) 

The genetic production of PVL was investigated for DNA 

samples from isolates of wounds, urine and sputum and burns infected 

with Staphylococcus aureus using PCR technique, and specialized 
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primers prepared by (Monterial) Alpha company, the results of the 

amplification of primers for the gene encoding the product showed these 

toxins gene a molecular weight of( 433) base pairs and after being 

electrophoresis  onto the agarose gel 1,5 % the isolates were stained with 

ethidium bromide and examined under UV rays Where 24 out of the 

total number of 40 isolates showed their possession of the chromosomal 

gene at a rate of 60%, and the amplification result was 433bp, as shown 

in figure No. (4 - 5). The results here are in very  close with what was 

reached by the researcher (Fall et al. 2012), where he obtained a 

percentage of 58,9%. In what our results differed with the findings of a 

study(Owrang et al., 2020), which obtained a percentage (20%). 

Leukocidin is a pore-forming cytotoxin, the presence of luk- PV 

is associated with increased virulence of certain strains (Pany et al., 

2022) Isolates of S. aureus, which is present in most isolates of resistant 

Staphylococcus aureus methicillin (MRSA-CA) which has been studied 

and is the cause of necrotic lesions of the skin or mucous membranes, 

including hemorrhagic pneumonia  (Ullah et al., 2022). 

 

Figure ( 4 -5 )Electrophoresis on agarose gel ( 1.5 ), voltage (100  ) and potential 

difference ( 80 ) amps, for one hour, which shows the results of the PCR assay 

for the investigation of the gene (luk-F/S-PV)for S. aureus bacteria, with a size of 

(433)bp, where the letter M represents the volume guide 
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4.5.1.2 Toxic Shock Syndrome Toxin Gene(tst) 

 It's been investigated about product the toxins of toxic shock 

syndrome genetically” using PCR technology and specialised primers 

supplied by (Monterial) Alpha company and designed according to a 

primer design program,where the results of amplification of primers for 

the tst gene encoding the production of toxic shock syndrome toxins 

after being electrophoresis  onto 1,5% agarose gel and stained with 

ethidium bromide dye and examined under UV rays  Where 25 Out of 

the total number of 40 isolates showed their possession of the 

chromosomal gene at a rate of 62,5 %, and the amplification result was 

271 bp, as shown in figure No. (4 - 6). The results here are somewhat 

close to what was reached by the researcher(Koosha et al., 2016) , which 

obtained a percentage (63,4 %).In what way our results differed from 

the findings of a study(Noorbakhsh et al., 2021), where he obtained a 

percentage of 100%. 

The toxin of toxic shock syndrome (TSST) is A 22 kDa super 

antigen produced by about 25% of S. aureus isolates. It causes toxic 

shock syndrome (TSS) by stimulating the release of large amounts of 

interleukin-1 ,Interleukin-2 and tumor necrosis factor(Narita et al., 

2019). In general, it is not the toxin is produced by bacteria that grow in 

the blood but are produced at the local site of the infection, and then 

enter the bloodstream(Sapugahawatte et al., 2020) In humans, toxic 

shock syndrome is caused by toxin tst gene( John Krakauer, 2019). 
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Figure ( 4 -6 )Electrophoresis on agarose gel ( 1.5 ), voltage (100  ) and potential 

difference ( 80 ) amps, for one hour, which shows the results of the PCR assay 

for the investigation of the gene ( tst  ) for S aureus bacteria, with a size of 

(271)bp, where the letter M represents the volume guide 

4.5.1.3 Exfoliative toxin Gene(eta) 

 It's been investigated about product the Genetically exfoliating 

toxins using PCR technology and specialised primers supplied by 

(Monterial) Alpha company and designed according to a primer design 

program,Where the results of amplification of primers for the for the eta 

gene encoder a product of toxins that exfoliate the skin after being 

electrophoresis  onto 1,5% agarose gel and stained with ethidium 

bromide dye and examined under UV rays  Where 5 out of the total 

number of 40 isolates showed their possession of the chromosomal gene 

at a rate of 12,5 %, and the amplification result was 464 bp, as shown in 

Figure No. (4 -7). The results here are in agreement with what was 

reached by the researcher(Leke et al. 2017), where he obtained a 

percentage of 12,9 %. In what our results differed from the findings of 

a study(Yassin et al., 2022), which obtained a percentage (%22), while 

the results of a study (El-Ghodban et al., 2006)( Liu, 2015) , where the 

percentage was 0%.  

S. aureus played an important role by producing these toxins that 

cause damage to the outer skin, which are known as exfoliating toxins 

(eta). Also known as epidermolytic toxins, which makes it a virulent 
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agent that facilitates penetration into deep tissues . (Mohseni et al., 

2018).  

 

Figure ( 4 -7 )Electrophoresis on agarose gel ( 1.5 ), voltage (100  ) and potential 

difference ( 80 ) amps, for one hour, which shows the results of the PCR assay 

for the investigation of the gene ( eta ) for S aureus bacteria, with a size of 

(464)bp, where the letter M represents the volume guide 

 

4.5.1.4 Enterotoxin A Gene (sea)      

It's been investigated about product the enterotoxin A  genetically” using 

PCR technology and specialised primers supplied by (Monterial) Alpha 

company and designed according to a primer design program,Where the 

results of amplification of primers for the sea gene encoding the product 

of enterotoxin A  after being electrophoresis  onto 1,5% agarose gel and 

stained with ethidium bromide dye and examined under UV rays  24 out 

of the total number of 40 isolates under study showed their possession 

of the chromosomal gene at a rate of 60 %, and the amplification result 

was102 bp as shown in Figure (4 - 8  ). The results here are in agreement 

with what was reached by the researcher (Ghaemi et al., 2013), who 

obtained a percentage of 60,6%, while our results differed with the 

findings of a study(Rahbar Saadat et al., 2014) that obtained a 

percentage of 12.96%. 
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Figure ( 4 -8 )Electrophoresis on agarose gel ( 1.5 ), voltage (100  ) and potential 

difference ( 80 ) amps, for one hour, which shows the results of the PCR assay 

for the investigation of the gene ( sea ) for S aureus bacteria, with a size of 

(102)bp, where the letter M represents the volume guide 

4.5.2 Enzymes Genes Detection 

4.5.2.1 Coagulase Enzyme Gene (coa) 

The results of the current study showed using PCR technology, 

and specialized primers supplied by the company (Monterial) Alpha, 

which is designed according to the primer design program, and the 

primers amplify the coa gene encoding the product of the enzyme 

coagulase , and after electrophoresis  them onto a (1,5%) agarose  gel, 

which is dyed with ethidium bromide and examined UV  rays, This gene 

is considered diagnostic for Staphylococcus aureus, as 100 isolates out 

of the total number of 99 isolates showed their possession of the 

chromosomal gene at a rate of 99%, and the amplification result was 

(600-840) bp as shown in Figure (4 - 9 ).  
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 Figure ( 4 -9 )Electrophoresis on agarose gel ( 1.5 ), voltage (100  ) and potential 

difference ( 80 ) amps, for one hour, which shows the results of the PCR assay 

for the investigation of the gene ( coa ) for S aureus bacteria, with a size of (600-

840)bp, where the letter M represents the volume guide 

 

             The results here are in agreement with what the researcher 

reached (Kobayashi et al., 1995) did not show coa gene amplification 

coa gene in one of the 240 (99%) S. aureus strains in what our results 

differed with the findings of a study (Soltan Dallal et al., 2016), where 

he obtained a percentage of 100%, . 

4.5.2.2 Staphylokinase Enzyme Gene (sak) 

The results showed using PCR technology, and specialized 

primers supplied by the company (Monterial) Alpha, which is designed 

according to the primer design program, and the primers amplify the sak 

gene encoding the product of the staphylokinase enzyme , and after 

electrophoresis  them onto a (1,5%) agarose  gel, which is dyed with 

ethidium bromide and examined UV  rays, all the isolates under study 

contained the sak chromosomal gene with a percentage of 100% (40 

isolates) The amplification output is ( 408) bp Fig. (4-10).These results 

are in agreement with the findings of the study(Bokarewa et al., 2006), 

which recorded the same percentage of 100%,While the results of a 

study(Dahiya et al., 2005)  were very close to ours, the percentage was 
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98% And what we obtained differed with an honest study, which 

obtained a 95% rate (Monecke et al. 2014). 

 

Figure ( 4 -10 )Electrophoresis on agarose gel ( 1.5 ), voltage (100  ) and potential 

difference ( 80 ) amps, for one hour, which shows the results of the PCR assay 

for the investigation of the gene ( sak) for S aureus bacteria, with a size of 

(408)bp, where the letter M represents the volume guide 

 

Staphylokinase, a protein produced by S.aureus .Staphylokinase 

synthesis occurs in the late exponential phase and is similar to 

streptokinase secreted by streptococcus bacteria. During bacterial 

infection, staphylokinase interacts with host proteins, defensins-alpha 

and plasminogen, which are bactericidal peptides.  

4.5.2.3 Thermonuclease enzyme Gene(nuk) 

The results of the current study showed using PCR technology, 

and specialized primers supplied by the company (Monterial) Alpha, 

which is designed according to the primer design program, and the 

primers amplify the nuc gene encoding the product of the 

Thermonuclease enzyme , and after electrophoresis them onto a (1,5%) 

agarose  gel, which is dyed with ethidium bromide and examined UV  

rays,The results of amplification were ( 279)  base pairs (Fig. 4-11). The 

results showed that 39 of the total 40 isolates under study contained the 

nuc chromosomal gene with a percentage of 97,5%, and this percentage 

https://paperpile.com/c/urkDak/6AD1
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is very close to the study(Sutejo et al., 2017) , which recorded a 

percentage of 97,3 %,also  this percentage is very close to the 

study(Canning et al., 2020) which recorded a percentage of  97% while 

our study differed with The results of the researcher (Chesneau et al., 

1993) who reached the percentage 93.1 %.  

 

Figure ( 4 -11 )Electrophoresis on agarose gel ( 1.5 ), voltage (100  ) and potential difference 

( 80 ) amps, for one hour, which shows the results of the PCR assay for the investigation of 

the gene ( nuc) for S aureus bacteria, with a size of (279)bp, where the letter M represents 

the volume guide 
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4.3.3Therelationship between virulence genes and the source of 

the isolates  

 At the same time, the results of the investigation of virulence 

genes and other genes under study showed that the most common genes 

were found in isolates of burns, which contained 10 genes out of a total 

of 12 genes investigated, at a rate of 83%, and isolates of urine, wounds 

and sputum contained 9 (75). %), 9 (75%) and 7 (58%), respectively As 

shown in Table No. (4-10). 

Table No.(4-9) shows the relationship between the distribution of virulence 

genes and other genes and sources of bacteria isolation 

Gene Urine 

N=15(%) 

Burn 

N=10(%) 

Wound 

N=8(%) 

Sputum 

N=7(%) 

Agr 1 12(80 ) 10(100 ) 8(100 ) 2(28 ) 

Agr 2 1(6 ) 3( 30) 2(25 ) 0(0 ) 

Agr 3 0(0 ) 0(0 ) 0(0 ) 0( 0) 

Agr 4 0( 0) 0( 0) 0( 0) 0( 0) 

Coa 15( 100) 10(100 ) 8( 100) 7( 100) 

Eta 0( 0) 4(40 ) 0( 25) 1( 14.2) 

mec A 15( 100) 10( 100) 8( 100) 5( 71.4) 

Nuc 15( 100) 10( 100) 8( 100) 6( 85.7) 

luc  12( 80) 9( 90) 3( 37) 0( 0) 

Sea 8( 53) 10( 100) 5( 62) 1(14.2 ) 

Sak 15( 100) 10( 100) 8(100 ) 7(100 ) 

tst 1 8(53 ) 10( 100) 7(87.5 ) 0( 0) 

P value 0.01* 0.005** 0.01* 0.005** 

significant difference for isolates of S.aureus at the probability level P<0,05 . 
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Correlation between the genetic regulator and the source of the 

isolates. 

The current study showed that the highest correlation between type 1 

and the Coa gene was at 85%, while the lowest correlation was between 

type eta gene  and type II of agr. 

Table (  4-10  ) showing the relationship between virulence 

patterns and genes by number percent of isolates 

Gene agr 1 agr  2 agr  3 agr  4 

Coa 85% 12,5% 0% 0% 

Eta 10% 2,5% 0% 0% 

mec A 77,5% 22,5% 0% 0% 

Nuc 82,5% 15% 0% 0% 

Luc 55% 5% 0% 0% 

Sea 47,5% 15% 0% 0% 

Sak 85% 15% 0% 0% 

tst 1 57,5% 5% 0% 0% 
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Conclusions 

1. An increase in the incidence of MRSA strains in Al-Diwaniyah 

city hospitals compared to previous studies in the city, in addition to 

an increase in antibiotic resistance rates, as the results of the 

sensitivity examination showed the highest percentage of penicillin 

resistance by 96% and the lowest percentage of resistance to the 

antibiotic chloramphenicol by 5%. 

2. All isolates of these bacteria contain the sak genes, the virulence 

regulator agr, which is an indication of the increased risk, lethality 

and virulence of S. aureus. 

3. An increase in the rate of the first and second types agr of the 

bound gene, while we did not get the third and fourth types in this 

study. 

4. the results of the investigation of virulence genes and other    

genes under study showed that the most common genes were 

found in isolates from burns, while least of them are in the 

isolates of sputum. 
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Recommendations 

1.Conducting more studies to reveal to us the reasons for the increase in 

the resistance of Staphylococcus aureus bacteria isolated from clinical 

sources to antibiotics through the detection of antibiotic resistance 

genes.  

2.Spreading health awareness among citizens about the use of 

antibiotics without a prescription in order to prevent the emergence of 

resistant bacterial strains. 

3. Using the cefoxetine disc dissemination method to diagnose MRSA, as 

the rapid and accurate diagnosis of MRSA strains is critical to choosing the 

appropriate antibiotic treatment and limiting its spread. 

 4. The necessity of conducting genetic studies to determine the exact 

source of MRSA in Diwaniyah hospitals. 

 5. Regular examination of workers in hospitals and health centers as well 

as inpatients is recommended to know the people who carry this bacteria 

because it is an important cause of infections in hospitals to reduce them. 

6 . Optimal use of sterilizers and disinfectants to reduce the spread of 

Staphylococcus aureus. 
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The figure shows a hemolysis test  A: positive result B: negative 
result 

 

 

 
The figure shows Staphylococcus aureus under the microscope with 
Gram stain 
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The figure above shows a catalase test A: positive result B: negative result 

 

 
The figure shows the test for mannitol fermentation of sugar A: positive 
result B: negative result 
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The figure shows the Coagulase test A: a positive result B: a negative result 

 

 
The figure shows the Clumpping  Factor test  A: positive result B: negative 
result 
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The figure shows the DNAse Test   A: positive result B: negative 
result 
 

 

 
The figure shows the test for the production of the enzyme Urease  A: 
positive result B: negative result 
           

 
The figure shows the biofilm production test     A: positive result B: negative 
result 
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The figure shows the test for the production of the enzyme lecithinase 

          A: positive result B: negative result 
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The figure shows the protease enzyme production test  A: positive 
result B: negative result 
 

 
    

The figure above shows the sensitivity test 
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The figure shows the use of the antibiotic cefoxitin to investigate the 
MRSA   A: positive result B: negative result    
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   الخالصة

العنقودية  تع المكورات  األ  للميثيسيلين،المقاومة    وخاصةالذهبية  تبر  سباب  أحد 

مشكلة صحية    الحياتية  شكلت مقاومتها للمضادات    وقدالمستشفيات  الرئيسية لعدوى  

أنحاء   جميع  في  تطور    العالم،عامة  مدى  بمتابعة  الخاصة  الدراسات  قلة  وبسبب 

  ميثيسيلين للمقاومة  الالمقاومة اتجاه المضادات الحيوية في المستشفيات   وخاصة  

ة المشفرة للسموم واإلنزيمات  الضراو  عن جينات  الخاصة بتحري   وكذلك الدراسات

المنظمة الديوانيةللضراوة    والجينات  لذل  في مستشفيات  الخصوص.  ك على وجه 

انتشار   إلى معرفة مدى  الحالية  الدراسة  تطور    ومعرفةالجينات  هذه  هدفت  مدى 

 الذهبية المعزولةالمكورات العنقودية  في بكتريا    الحياتيةمضادات  المقاومة تجاه ال

 في بعض مستشفيات المحافظة. سريرية مختلفةمن مصادر 

 178  وبول  العينة من    221عينة سريرية )  554الدراسة الحالية جمع  تم خالل   

جروح ( للفترة من األول  العينة من    55و    حروقالمن  عينة    100  و  بلغمالمن  عينة  

تم  حيث    2022من عام    اذار  إلى األول من    2021من عام    شهر تشرين الثاني  من  

باالعتماد على نتائج  المكورات العنقودية الذهبية  بكتريا    عزلة من  100تشخيص  

 . الزرع المختبري والفحوصات المجهرية والكيموحيوية

هريا باستخدام طريقة اقراص  ظم المقاومة الميثيسيلين سالالتالبعد ذلك تم تحديد  

تحري    الفوكستين، تشخيص    mecA  عن جينوجزيئيًا من خالل  تم    80، حيث 

 مقاومة للميثيسيلين .  عزلة 

باستخدام طريقة كيربي باور  ياتية  الحللمضادات    الحساسيةبعد ذلك تم اجراء اختبار  

في الدراسة الحالية حيث اضهرت النتائج   أعلى نسبة    حياتيامضادًا    20باستخدام  

بنسبة    ياتي  تجاه المضاد الحامقاومة للعزالت   ٪  وأقل نسبة مقاومة 96البنسلين 

المضاد   بنسبة    ياتيالحتجاه  )5الكلورامفينيكول  اضهرت  قد  و   ، من ٪78   )٪



  

 ب 

  

  ٪( من العزالت22في حين ان  ) (MDR)   لألدوية    المقاومةمتعدد  العزالت النمط  

مقاومة  XDRمقاومة   ال  شديد  النمط    أظهرت   نمط  تحديد  يتم  لم  بينما    الكلية   ، 

PDR  المقاومة المتعددة للمضادات الحياتية  مؤشر    تراوحت قيمةو قد    ي دراستنا.ف

MAR    ا  ،0.75إلى    0.05من على  مؤشر  للمضادات  وهو  المفرط  الستخدام 

 المكان الذي نشأت فيه البكتيريا.   فيالحياتية 

تم  بعد   مثل    الضراوةمن الفحوصات المظهرية الخاصة بعوامل    عدداجراء  ذلك 

اختبار    و    يزواليور   زيثاينيزو  اللي  بروتيازالاييز و  ان   الدي  اختبار انتاج انزيمات   

من أجل تشخيص العزالت االشد  ضراوة    عامل التكتل  انتاج    الغشاء الحيوي وانتاج  

و    كثراأل    الذهبية تعتبر    خاصة بالمكورات العنقودية   عزلة  40اختيار    حيث تم  ،  

عزلة تم    100ضراوة بناًء على اختبارات الضراوة  المظهرية من إجمالي    األشد  

 الذهبية .  العنقودية  مكوراتبكتريا التشخيصها على أنها  

حيازة    بعد ذلك تم إجراء التحري الجزيئي للعزالت األربعين حيث أظهرت النتائج 

  )   الجين  و كذلك    (graالجين المنظم للضراوة )جميع عزالت هذه البكتيريا على  

sak    الخاص الستافلوكاينيز  ب  (   انزيم  حين  ٪  100بنسبة  انتاج  من  99في   %

للجين حاملة  الكوكيوليز  coa  العزالت  انزيم  بإنتاج  الجين الخاص    ( sea)  اما 

أظهرت العزالت  من العزالت فيما  ٪  60  الخاص بالسموم الداخلية  فقد تواجد في  

٪ من العزالت 62.5  بنسبة  المسبب لمتالزمة الصعقة السمية     tstللجين      أنها تمتلك 

الذي يشفر لسموم القاتلة لكريات الدم البيض      lukجينالعزالت    تتضمن، بينما  

 جين  ال  اقتنيت٪ من العزالت  12.5، و    من العدد الكلي للعزالت    ٪60  بنسبة  

etaللبشرة المقشرة  للسموم  يشفر  الجين  الذي  للحامض     nucفيما سجل  المحلل 

 0% من العدد الكلي  العزالت 97,5نسبة توزاجده بالنووي منقوص االوكسجين  

%  85امتلكت  فقد  الذي يمتلك اربع أنماط      agrللتحري الخاص بانماط  أما بالنسبة   

للنوع    لة  حاممن العزالت كانت    ٪  15بينما    agr   من العزالت النمط األول من

 .لم يتم العثور على النمطين المتبقيين في هذه الدراسة  بينما الثاني 



  

 ت 

  

للميثسيلين  المقاومة    أظهرت الدراسة الحالية ارتفاع معدل اإلصابة بسالالتو قد   

MRSA    في مستشفيات الديوانية باإلضافة إلى ارتفاع معدالت مقاومة هذه البكتيريا

، والذي هو مؤشر على زيادة خطر وفتك و ضراوة  بكتريا      ياتيةللمضادات الح

اكثر نسبة وجود لجينات الضراوة في  الذهبية ، كما تم تسجيل    المكورة العنقودية

 عزالت الحروق ، و كان أقلها في عزالت البلغم.

طريقة   استخدام  بضرورة  الحالية  الدراسة  السيفوكستين   أوصت  أقراص   انتشار 

)FOXDD(    لفحص سالالتMRSA    بسبب سرعتها ودقتها ، وإجراء المزيد من

من أجل الكشف  اتية  دات الحيالدراسات حول الجينات المسؤولة عن المقاومة للمضا

الحي للمضادات  العالية  المقاومة  أسباب  لتحديد   اتيةعن  وراثية  دراسات  وإجراء 

كذلك ضرورة وضع تعليمات  في مستشفيات الديوانية و   MRSAمصدر جرثومة  

الحيتنظم   للمضادات  األمثل  من    اتية  االستخدام  للحد  العشوائي  االستخدام  ومنع 

 .للمضادات  انتشار المكورات العنقودية الذهبية المقاومة

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

اتية  الحي تامضادلل    والحساسية الضراوة جينات انتشار 

 مكورات العنقودية الذهبية المعزولة من مستشفيات الديوانية لل
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