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ABSTRACT 

Background and Objectives: Food handlers harbouring Staphylococcus aureus 

in their noses or on their hands are considered the main source of food 

contamination, also antibiotic resistance is a serious issue. The study aimed to 

find out the carrier status of Staphylococcus aureus and the prevalence of 

methicillin-resistant Staphylococcus aureus among food handlers in the 

restaurants of Duhok city. 

Methods: A cross-sectional design was used to achieve the study objectives. A 

stratified sampling procedure was used to enrol restaurants and a proportionate 

number was taken from each stratum by a simple random sampling procedure. 

Nasal and hand swabs were taken from 200 food handlers. The collected swabs 

were inoculated into mannitol salt agar and incubated at 35-37
o
C for 24-48h. 

Isolates identified as S. aureus underwent antimicrobial sensitivity testing to 

methicillin and vancomycin on Mueller Hinton agar. 

Results: A total of 74 (37%) out of 200 cultures of the food handlers were found 

to be colonized with Staphylococcus aureus. 53 (26.5%) isolated from the nose, 

8 (4.0%) from hands and 13 (6.5%) from both. About 27% of the food handlers 

were found to be methicillin-resistant Staphylococcus aureus carrier, and none 

of the isolates were resistant to vancomycin. 

Conclusions and Recommendations: The study revealed a high prevalence of 

methicillin-resistant Staphylococcus aureus among food handlers in Duhok city. 

Food handlers who had contacts with hospitals were more susceptible to be 

methicillin-resistant Staphylococcus aureus positive and those who handle foods 

such as cooks and waiters constitute a greater risk of food contamination. Food 

handlers in public places are required to go through regular screening for both 

nasal and skin carriage of S. aureus for the early detection and treatment of 

carriers to protect the community from Staphylococcal food poisoning. 
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INTRODUCTION 

Staphylococcus is a gram-positive bacterium, belonging to the family 

Staphylococcaceae. The most frequent pathogen among this genus is 

Staphylococcus aureus (S. aureus), which has a broad host range. It is broadly 

spread in nature and is regularly found in the nose, skin, throat, and hair of 

animals and humans. S. aureus is considered a dangerous pathogen causing 

different localized or invasive diseases and food poisoning (Vatansever et al, 

2016). Indeed, S. aureus is a common commensal of the skin and mucosal 

membranes of humans, with estimates of 20–30% for persistent and 60% for 

intermittent asymptomatic carriers. The presence of these bacteria in food occurs 

frequently due to inappropriate manipulation of food by carriers 

(Kluytmans and Wertheim, 2005; Alhashimi et al, 2017).  

Globally, foodborne diseases are one of the main health problems and the 

World Health Organization (WHO) estimated that they caused 600 million 

foodborne illnesses and 420,000 deaths in 2010. The global burden of foodborne 

diseases were 33 million disability adjusted life years (WHO, 2015). Nasal 

carriers of S. aureus in food handlers are the major risk of staphylococcal food 

poisoning, but the skin is much less. Food handlers carrying enterotoxin-

producing S. aureus in their noses or on their hands are considered as the main 

source of food contamination, by either manual contact or through respiratory 

discharges (Ahmed and Mashat, 2014). Strains of methicillin-resistant S. aureus 

(MRSA) are of special concern as they are responsible for the substantial causes 

of morbidity and mortality worldwide. The MRSA is resistant to all available 

penicillins and other B-lactam antimicrobial drugs. Data collected from 28 

countries during 2009-2012 showed a significant increase in the percentage of 

MRSA isolates that reached up to 50% in some countries like Portugal and 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kluytmans%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=15750752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wertheim%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=15750752
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Romania (Castro et al, 2015). Formerly limited to hospitals, but MRSA 

infections have been steadily more reported in the community. The incidence of 

community-acquired S. aureus infections has been rising with the increasing 

emergence of MRSA. (Mainous et al, 2006). Although, vancomycin is one of 

the first line antibiotics used to treat patients with MRSA but recently cases of 

vancomycin resistance have been also recorded (Shokouhi et al, 2017). 

Staphylococcal food poisoning outbreaks are ranked in the last years as 

the first cause of food-borne illness outbreaks in many countries. S. aureus has 

been attributed to 23% of the food-borne disease outbreaks in 2014, SFPOs 

(Staphylococcal food poisoning outbreaks) are under-reported for many reasons 

such as the short incubation period (30 minutes to 6 hours) only 10% of SFPOs 

patients visit a health facility, the medical staff usually does not request a stool 

analysis and even if a stool analysis is carried out, the routine procedures 

frequently do not involve testing for the existence of enterotoxigenic S. aureus 

unless particularly requested by the medical staff (Mossong et al, 2015). 

Moreover, some studies have been done about MRSA and S. aureus in 

Iraq and Kurdistan Region. A study was conducted in Duhok city-Iraq about 

enterotoxigenicity and antibiogram profile of S. aureus among food handlers in 

restaurants and cafeterias (Saeed, 2015). Also, few published studies in Duhok 

city have focused on MRSA colonization in health care settings and secondary 

school students (Mohammed, 2013; Habeeb et al, 2014). In Zakho-Iraq, further 

studies were done on university and school students and health care workers                       

respectively (Hussein et al, 2010; Assafi et al, 2015; Assafi et al, 2017). In Iraq, 

two studies were done on food handlers in Samara and Kerbala city 

subsequently (Alsamarai et al, 2015; Alhashimi et al, 2017). Also, among US 

army personnel (Huang et al, 2010; Co et al, 2011). Another study performed at 

file:///C:/Users/arezo%20issa/Desktop/Dr.Ary%20thesis.docx%23_ENREF_56
file:///C:/Users/arezo%20issa/Desktop/Dr.Ary%20thesis.docx%23_ENREF_30
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hospitals on health care workers and patients in Iraq (Al-Dahbi and Al-

Mathkhury, 2013; Afat et al, 2014). An outbreak food poisoning occurs 

continuously and people are unaware of it and they cannot link the cause of 

their poisoning. It is a pathogen that can handle excessive environmental 

conditions including antibiotic resistance such as methicillin. Therefore, this 

study is undertaken to determine the number of carrier among food handlers in 

restaurants and the way of contamination. Also, this study endeavours to 

provide a strategy providing a standard personal hygiene among individuals 

participates in the preparation, handling, and cooking of food is of concern. To 

the best of our knowledge, this study is the first study performed in Duhok city 

to detect MRSA among food handlers. 
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Aim of the study  

- Prevalence of methicillin resistant S. aureus among food handlers in Duhok 

City. 

 

Objectives of the study 

- To estimate the (nasal and skin) carrier rates of S. aureus among food handlers  

- To assess the percentage of methicillin resistance. 

- To find out the percentage of vancomycin resistance 

- To investigate several variables as potential characteristics indicative of MRSA 

carriage. 
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CHAPTER ONE 

LITERATURE REVIEW 

1.1 Staphylococcus  aureus  

1.1.1 Background  

Staphylococci are worldwide bacteria, which include over 32 species and 

subspecies (Vilhelmsson, 2000; Haghkhah, 2003). S. aureus is among the most 

ubiquitous and important pathogens among Staphylococci species. The 

discovery of S. aureus was in 1880 by Alexander Ogston. It is particularly 

resistant to unfavorable environmental conditions and it resists drying beside 

high NaCl concentrations. This permits a probably temporary and even 

permanent colonization of skin and nasal mucosa (Plipat, 2012; Mohammed, 

2013). It is frequently found in both community and nosocomial and it is a 

commensal bacterium of human skin and anterior nares, but commonly causes 

severe infections in humans when the immune system weakenes (Aires de Sousa 

and Lencastre, 2004; Choi et al, 2006; Kateete, 2010; Kitti et al, 2011).  

It is also associated with life-threatening conditions including; 

pneumonia, bacteremia, osteomyelitis, endocarditis, toxic shock syndrome, and 

sepsis. In addition, it causes numerous mild skin and soft tissue infections. It 

colonizes not only the nasal cavity but also multiple other sites namely, the 

axilla, groin, throat, perineum, rectum, and vagina (Rao et al, 2015; Aryee and 

Edgeworth, 2017). Moreover, S. aureus considered an important causative agent 

of food poisoning (Cowan, 2012). S. aureus needs to survive and grow in food 

in order to produce Staphylococcus enterotoxin (SE-toxin). Survival and growth 

of S. aureus depends on a variety of environmental factors essentially water 

activity, temperature, pH, the existence of oxygen and food component. It grows 
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well in a wide variety of conditions, particularly those with high water activity, 

neutral pH, high salt, and aeration. They require only a limited range of nutrients 

for growth and can grow anaerobically. Low moisture and high osmotic pressure 

are good situations for the growing of S. aureus which make them withstand the 

skin and nasal secretions.  This capacity also aids the genus to thrive in foods 

with low moisture and high osmotic pressure (Lindsay J A, 2011; Ryan and Ray 

2014). 

1.1.2 Culture and identification of Staphylococcus aureus 

It is a G+ve bacteria, with diameters between 0.5-1.5 μm and 

distinguished by individual cocci, by dividing into more than one plane and 

form grape-like clusters. In addition, they grow by aerobic respiration or by 

fermentation; they are non-spore forming, non-motile and facultative anaerobes 

and they are catalase-positive and oxidase-negative Harris et al (2002). Procop 

et al (2017) stated that the single most reliable characteristic of identifying S. 

aureus is the coagulase test, which is positive. However, there are many new 

alternative tests for coagulase test to identify S. aureus Viz. agglutination test, 

deoxyribonuclease test, thermostable endonuclease test, mannitol fermentation, 

accuProble Staphylococcus aureus, and API Staph-identification. It is 

commonly forms grey to deep golden yellow-pigmented colonies, which is 

named for its colonies aureus (means golden). Colonies on solid media are 

raised, round, smooth, and glistening. Staphylococci slowly ferment many 

carbohydrates namely, mannitol, sucrose, maltose under aerobic conditions with 

the generation of acid but with no gas. Mannitol salt agar (MSA) consists of 1% 

mannitol, 0.0025% phenol red indicator and 7.5% sodium chloride. Most strains 

of S. aureus ferment mannitol with acid generation, which results in yellow zone 

formation around the colonies. Fermentation of mannitol is of diagnostic 
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importance because most strains of S. aureus ferment mannitol while those of S. 

epidermidis and S. saprophyticus do not. On MacConkey agar: S. aureus forms 

small pink colonies because of the fermentation of lactose; in contrast to a blood 

agar plate after 24 hours incubation that generate yellow-grey colonies ranges 

from 3 to 4 mm in diameter and clear zones of haemolysis about 1 cm in 

diameter arround the colonies (Parija, 2012; Carroll, 2013). 

1.1.3 Virulence factor and pathogenesis 

There are three features which differentiate S. aureus from other clinically 

significant bacteria. Firstly, it can express different types of virulence factors. 

Secondly, it has the ability to promote and increase resistance to a broad 

spectrum of antimicrobial drug classes, and finally, it is prominent in both 

community and hospital settings. These diverse features participate in its 

pathogenicity. S. aureus is equipped with a great diversity of virulence factors, 

which involve both structural and secreted products related to the pathogenesis 

of infection. The form and severity of the disease are a result of the complicated 

interplay between the activities of S. aureus virulence factors of the infecting 

strain and host defence (Mohammed, 2013). Staphylococcal pathogenesis is 

multifactorial, subsuming three classes of factors that are indirectly or directly 

injurious: secreted proteins, cell-surface-bound proteins, and cell surface 

components. S. aureus has numerous surface proteins termed microbial surface 

components recognizing adhesive matrix molecules, involving fibronectin-

binding protein, fibrinogen binding protein, collagen-binding protein, other 

adhesins, and antiopsonins. Microbial surface components recognizing adhesive 

matrix molecules mediate adherence to host tissues, bacterial cells, the 

extracellular and to inert surfaces and appear to play a vital role in the initiation 
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of endovascular infections, bone and joint infections, and prosthetic-device 

infections (Vainio, 2012).  

Virulence factors are classified as follows. 

(a) Cell wall associated proteins and polymers: 

These include a capsular polysaccharide, protein A, peptidoglycan, and 

teichoic acid that contribute to the pathogenesis of staphylococcal diseases. 

(b) Extracellular enzymes: 

The enzymes include (a) coagulase, (b) catalase, (c) hyaluronidase, (d) 

penicillinase, and (e) clumping factor. 

(c) Toxins: 

Toxins include (a) toxic shock syndrome toxin, (b) enterotoxin, (c) 

exfoliative toxin, (d) leukocidins, and (e) hemolysins (Parija, 2012). 

1.1.3.1 Enterotoxins:  

Staphylococcal enterotoxins are small-molecular-weight polypeptides 

belonging to the bacterial superantigen family. These toxins work by non-

specifically stimulating T cells, resulting in the release of pro-inflammatory 

cytokines such as tumour necrosis factor α, interleukin 2, and interferon. 

Moreover, there are multiple enterotoxins    (A–E, G–J, K–R and U, V). 

Approximately 50% of S. aureus strains can generate one or more of them. The 

enterotoxins are heat stable and resistant to the action of gut enzymes. 

Enterotoxins are produced when S. aureus grows in carbohydrate and protein 

foods which cause food poisoning. As a result of the ingestion of 25 μg of 

enterotoxin B, vomiting and diarrhoea occur. Probably the result of central 

nervous system stimulation after the toxin acts on neural receptors in the gut is 

an emetic effect of enterotoxin (Carroll, 2013; Monson, 2015). The symptoms 

rely on the enterotoxin and the route of entry; Staphylococcal enterotoxins are 
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quite stable and can be transmitted by aerosols or ingestions. Out of which type 

A and B are most important (Parija, 2012). Within 1 to 6 hours of ingestion, 

SEB can cause food poisoning, appearing as acute salivation, nausea, and 

vomiting, followed by abdominal cramps and diarrhoea. Because ingesting SEB 

does not usually result in pulmonary symptoms, gastrointestinal symptoms 

observed from inhalation intoxication likely result from secondary oral ingestion 

of SEB coincidence with the inhalation exposure (Monson, 2015). 

1.1.3.2 Panton-Valentine leuKocidin 

Panton-Valentine leuKocidin is a bicomponent, pore-forming leukotoxin 

initially designated ‘substance leukocidine’ by Van De Velde in 1894 because of 

its ability to lyse leukocytes. Panton and Valentine first associated the 

leukotoxin with skin and soft tissue infection in 1932 (Boyle-Vavra and Daum, 

2007; Balaky, 2011). Afterward identification of the Panton-Valentine 

leuKocidin (PVL) genes solidified the association of PVL with severe skin and 

soft tissue infection and necrotizing pneumonia among CA-MRSA isolates. It is 

a toxin composed of two components, leuKocidinS-PV and leuKocidin F-PV. 

These two components are released before they assemble into a pore-forming 

heptamer on neutrophil membranes, causing neutrophil lysis. The toxin has been 

linked to CA-MRSA disease throughout the world, but some CA-MRSA strains 

do not carry the PVL genes (Shallcross et al, 2013). PVL has been implicated as 

participating to the invasiveness of the organism by suppressing phagocytosis 

and generated by relatively few strains of S. aureus, and it presents in only 2-4 

% of all contemporary S. aureus strains. However, the role of this toxin in the 

pathogenesis of CA-MRSA has been highly controversial. Roughly, 60 to 100% 

of CA-MRSA strains have been shown to involve PVL genes (David and Daum, 

2010; Monson, 2015; Aryee and Edgeworth, 2017). 
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1.1.4 Carriage of Staphylococcus aureus 

The carriage, also called colonization, can be defined as the presence of 

bacteria on or in the body without causing illness. Although various body sites 

can be colonized in human beings, the anterior nares of the nose are the main 

frequent carriage site for S. aureus. Other sites than nasal sites that typically 

harbour the organism include the skin, perineum, and pharynx. Most studies on 

S. aureus nasal carriage have utilized a cross-sectional design with a single nasal 

culture to classify an individual as a carrier or not. S. aureus carriers classified 

into persistent carriers and intermittent carriers (Wertheim et al, 2005; Rohde, 

2007; Que and Moreillon, 2015; Aryee and Edgeworth, 2017; Becker, 2018). 

Approximately 20% (range from 12% to 30%) of healthy people are 

persistent S. aureus nasal carriers, 30% (range from 16% to 70%) are 

intermittent carriers, and 50% (range from 16% to 69%) are non-carriers. 

Persistent carriers usually carry the same strain for extended periods of time, 

whereas intermittent carriers tend to host different strains over time (Que and 

Moreillon, 2015). These distinctions are vital as long as persistent carriers have 

higher S. aureus loads and are at higher risk for developing S. aureus infection. 

It is especially significant in the hospital environment as colonized and infected 

patients act as the most crucial reservoir of MRSA in healthcare facilities. Prior 

antibiotic exposure, prolonged hospitalization, surgery, admission to an 

intensive care unit, living in a nursing home, and close proximity to a patient 

colonized or infected with MRSA are considered to be factors related to MRSA 

carriage. The prevalence rate of MRSA among persons without typical risk 

factors persists approximately low (≤0.24%) in spite of the increasing CA-

MRSA infections, and most MRSA colonization and infection still enhanced 

among those who have hospital associated risk factors or contact with other 
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persons who have the same risks. According to a nationwide survey done by the 

Centre for Disease Control and Prevention (CDC), 32.4% of the non-

institutionalized civilian population in the United States carries S. aureus in their 

noses and 0.8% carries MRSA. Although carriers do not have infections, they 

can spread Staphylococcus to people with whom they have physical contact and 

can shed Staphylococcus into the environment. This can result in further people 

becoming carriers or harboring an infection (Rohde, 2007; Aryee and 

Edgeworth, 2017). 

1.2 Food Poisoning  

The contamination occurs by improper handling and leaving the foods 

unrefrigerated for a few hours. Toxin production by multiplying bacteria does 

not alter the taste or smell of the food. Because this toxin is heat stable so that 

mishandling of food (heating and reheating) can provide the perfect conditions 

for food poisoning to occur (Cowan, 2012). Food handlers carrying enterotoxin-

producing S. aureus on their hands or in their noses are the main source of food 

contamination, via manual contact or via respiratory secretions (Ahmed and 

Mashat, 2014). S. aureus is considered one of the main foodborne pathogens, 

constantly causing diseases globally as a result of ingesting food contaminated 

with the staphylococcal toxin. S. aureus is characterized by its capability to 

make enterotoxins, which are the main causative agents of SFP (Al-Bahry et al, 

2014).  Foods easily become contaminated with this pathogen via food handlers 

or from the environment as long as the organisms are moderately resistant to 

heat and drying. Nearly any food can be contaminated with S. aureus, but those 

with starch or cream base are more liable to contaminate. Cream pies, dairy 

products, poultry products, and picnic foods such as potato salad are common 

culprits. Abdominal pain, nausea, vomiting, and diarrhoea are symptoms of food 
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poisoning due to S. aureus but usually with no fever. The symptoms normally 

appear 1 to 6 hours after ingestion of contaminated food. Symptoms usually last 

about 8 hours. The disease is usually self-limiting and typically cures within 24-

48 hours after onset. Sometimes it can be dangerous enough to permit 

hospitalization, especially when infants, elderly or debilitated people are 

concerned. Because it produces no change in the food’s appearance, taste, or 

odour, contamination is difficult to detect. Unlike most exotoxins, the toxin is 

heat-stable and withstands boiling for 30 minutes. Hence, cooking foods can kill 

the organisms but do not destroy the toxin (Argudín et al, 2012; Black, 2013).  

The growth of S. aureus occurs only between 7℃ and 48℃; control is 

obtained by storing of food outside this temperature range, by preserving the 

cleanliness of food handlers’ hands, and by decreasing both the contact time and 

physical handling between initial preparation to service and eating (Gillespiel, 

2007). Outbreaks have been related to cold protein salads, meats, and cream 

pastries. The control measures to prevent Staphylococcus intoxication include 

satisfactory personal hygiene and the convenient time and temperature control 

(CDC, 2007). It is difficult to estimate the real incidence of FBDs Le Loir Y 

(2003) for some causes which involve unreported minor outbreaks, 

misdiagnosis, inappropriate sample collection and inappropriate laboratory 

examination. 

1.3 Epidemiology of Staphylococcus aureus and MRSA 

In the community and hospital settings S. aureus is an important 

pathogen. It causes an extremely wide spectrum of diseases, varying from 

superficial infections to deep-seated and systemic infections such as pneumonia, 

endocarditis, osteomyelitis, and sepsis. The morbidity and mortality remain high 

despite utilizing antibiotics to treat these infections, in part due to this 
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microorganism's consistent ability to develop resistance to multiple antibiotics. 

S. aureus is regularly carried by healthy individuals in the nose and, in the skin 

and mucous membranes. Carriers are considered as a source of infection to 

others and themselves (Harvey et al, 2007). The main sources of infections are 

human lesions, fomites contaminated from such lesions, human respiratory tract, 

and skin. Direct transmission of infection has supposed added significance in 

hospitals, where a large proportion of the staff and patients may carry antibiotic-

resistant staphylococci in the nose and or on the skin, especially those that resist 

MRSA and VRSA (Vancomycin resistance Staphylococcus aureus). About two 

billion people worldwide carry S. aureus and 53 million (2.7%) of carriers carry 

MRSA (Carroll, 2013).  MRSA is one of the main human pathogens throughout 

the world. It is accountable for many diseases ranging from superficial to 

invasive infections such as pneumonia and sepsis.  

The epidemiology of MRSA is regularly changing, and both circulating 

clones and their antibiotic resistance profiles differ significantly over regions 

and countries. Epidemiologic information collected via continuous surveillance 

is important to support clinicians and infection control committees in their try to 

inhibit and treat the infection. The development of colonization in patients and 

hospital workers frequently happens. Transmission of S. aureus may occur 

through direct contact with unwashed, contaminated hands and by inanimate 

objects (fomites). Both nosocomial and community infections caused by MRSA 

have become a main health care concern (Mejía et al, 2010; Monson, 2015; 

Baptista˜o, 2016). The prevalence of MRSA demonstrates major geographical 

modification with low prevalence in the Netherlands and the Scandinavian 

countries and high prevalence in Southern Europe; the prevalence of MRSA is 

high in most parts of the world (Lindgren, 2017). 



14 
 

 

1.4 Methicillin-Resistant Staphylococcus aureus (MRSA) 

1.4.1 Definition 

A strain of the S. aureus named MRSA that is resistant to a variety of 

antibiotics. MRSA is resistant to all available penicillin and other lactam 

antimicrobial drugs. Frequently, resistance to other antibiotics has also been 

reported, mainly in nosocomial. They are important nosocomial organisms, and 

it is difficult to treat. Initial identification of Methicillin was in 1961, and 

resistance to methicillin appeared soon after it was identified (Castro et al, 2015; 

Aryee and Edgeworth, 2017). The continuous development of drug‑resistant 

bacteria and related infections has attracted scientists’ attention. Hence, MRSA 

is supposed to be one of the main public health concerns due to it is resistance to 

antibacterial agents and drugs (Shokouhi, 2017).  

The resistance occurred in different media and on different surfaces. S. 

aureus can adapt and resist antimicrobials more than other pathogens. MRSA 

represents a significant cause of morbidity and mortality throughout the world. 

The percentage of MRSA isolates was greater than 50% and the resistance to 

methicillin is increasing worldwide (Ayan and Sanaei, 2015; Castro et al, 2015). 

Synthesis of penicillin-binding protein (PBP2a) by MRSA that is encoded by 

mecA gene which is carried on a movable cassette named “Staphylococcal 

Cassette Chromosome mec" or SCCmec. The gene that codes for an altered PBP 

called PBP2. The PBP2 does not join methicillin and makes the drug ineffective. 

It has also an inhibitory function against Beta-lactam antibiotics by inhibiting 

them from effectively binding to cell wall proteins (Pantosti et al, 2014; 

Monson, 2015). 
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1.4.2 Hospital-Acquired MRSA 

 As resistance appeared, MRSA has become common in healthcare setting 

throughout the world, causing pneumonia; bacteraemia, surgical site infections, 

and other nosocomial infections. For both nosocomial systems and patients, HA-

MRSA infections represent a load of infections Palavecino (2014). Hospital-

associated infections are defined as infections not present and without evidence 

of incubation at the time of admission to a healthcare setting. Most infections 

that become clinically evident after 48 hours of hospitalization are considered 

hospital-acquired. Infections that occur after the patient is discharged from the 

hospital can be considered healthcare-associated if the organisms were acquired 

during the hospital stay. By definition, HA-MRSA is MRSA strains that are 

transmitted to and circulate between individuals who have had contact with 

healthcare facilities. These infections can be present in the healthcare-onset or 

community onset, for example after hospital discharge. HA-MRSA frequently 

affects those with compromised immune system, such as those recently 

hospitalized persons in long-term care facilities, dialysis patients and persons 

who recently have had surgery. Healthcare-associated infections which include 

bloodstream infections, surgical site infections, and pneumonia may be caused 

by HA-MRSA (Mohammed, 2013; Mbogori, 2016). 

1.4.3 Community-Acquired Staphylococcus aureus (CA-MRSA) 

 Since the mid-1990s, there has been an explosion in the number of MRSA 

infections reported in the general populations. This increase was associated with 

the recognition of new strains, which were named community-associated MRSA 

(CA-MRSA). In 1999, following a report describing four paediatric fatalities in 

the mid-western US, beginning in 2000, and CA-MRSA lineages were reported 
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from numerous countries, with some lineages exhibiting restricted geographic 

ranges and others characterized by international epidemicity. In 2000, the CDC 

created a case definition for MRSA infections occurring among healthy people 

in the community: any infection diagnosed in patients lacking health care-

associated MRSA risk factors such as hospitalization, hemodialysis, sur-gery, 

presence of indwelling catheters, and other medical devices (Kong et al, 2016). 

The appearance of a community pathogen relies on its capacity to survive in 

atypical environments and to connect prosperously with the host. S. aureus in 

both nosocomial and community settings have joined to obtain antibiotic-

resistance and advantageous pathogenic determinants. Although in the past 

decade, new strains of MRSA have appeared in the community, and generated 

threatening infections in healthy young people. The growing prevalence of CA-

MRSA in various countries and the considerable morbidity and mortality related 

with these infections suggest that CA-MRSA will extend to develop into a 

challenging public-health issue (Zetola et al, 2005).  

 Prevalence of MRSA in the community is raising and this appears mainly 

among individuals that are not exposed to healthcare-associated risk factors for 

MRSA acquisition (Salgado et al, 2003). Infections due to CA-MRSA have 

been identified in a variety of populations, involving neonates, children, athletes, 

prisoners, military personnel. The most popular infections of CA-MRSA are soft 

tissue and skin infections.  Successfully, many of this CA-MRSA strains have so 

far included susceptibility to a number of non-beta-lactam antimicrobials, 

though the majority of nosocomial MRSA infections are hardly cured because 

they resist multi-antibiotics (Kaplan, 2005; WHO, 2014). Utilizing antibiotics is 

considered a risk factor for the emergence of CA-MRSA infection (Mainous et 

al, 2006; Blomquist, 2006). 
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1.4.4 Mechanism of resistance and history of MRSA 

In almost 90% of cases, invasive S. aureus infections were fatal prior to 

the initiation of penicillin. Nowadays, multi-resistance makes scientists afraid of 

increasing the number of fatal cases. The acute susceptibility of S. aureus made 

Alexander Fleming discover penicillin, which was the best choice of drug at that 

time and altered serious diseases to curable ones. Penicillin was introduced in 

the 1940s, and thereafter its introduction, resistance to Penicillin was universal 

by the 1950s (Freemam-Cook and Freeman-Cook, 2006; Plipat, 2012). Usually, 

bacteria become resistant to antibiotics in three main ways. First, they can 

prevent the drugs from getting into the cell, second, they can modify the drug so 

that it no longer kills the bacteria, and finally, they can modify the target of the 

drug so that the drug no longer binds to the target. All bacteria subsume some of 

these mechanisms, and some bacteria subsume all of these mechanisms to 

become resistant to antibiotics. Furthermore, Methicillin, like all Penicillins, 

exerts its action by blocking the proteins called (PBPs), which are accountable 

for the construction and maintenance of the bacterial cell wall. PBP2a is a new 

protein that acquired by S. aureus resistant strains, which was not blocked by 

methicillin and could replace the other PBPs; hence, permitting the survival of S. 

aureus in the presence of methicillin. PBP2a is encoded by the gene mecA, 

which is the hallmark of MRSA. In contrast to the penicillinase gene, mecA 

does not reside on a plasmid but on the chromosome, embedded in a large 

mobile genetic element named SCCmec. The existence of PBP2a means that 

MRSA is not only resistant to methicillin but also to all B-lactam antibiotics 

involving synthetic penicillins, cephalosporins, and carbapenems (Freemam-

Cook and Freeman-Cook, 2006; Mohammed, 2013). 
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1.5 Vancomycin 
 

Lately, vancomycin was the only antimicrobial agent that was effective 

against all staphylococci involving MRSA infections (Palavecino, 2014). While 

the global existence and expanded prevalence of MRSA may seem frightening, 

the main concern now is the circulation of vancomycin-resistant S. aureus 

(VRSA). VRSA apply its resistance by generating a thicker extracellular 

membrane and by processing a higher number of peptidoglycan monomers. As a 

result of glycopeptides, like vancomycin and teicoplanin, bind to these 

peptidoglycan monomers alternatively of the PBP enzyme beta-lactams target. 

First described in 1996 has been reported worldwide and cases have been 

described across Europe, Africa, and Asia (Bustamante, 2011).  

The appearance of vancomycin non-susceptible S. aureus recorded lately 

is a cause of important public health problems. The cure for MRSA infections 

has been even more difficult for clinicians. The inhibition of vancomycin was 

first recorded in Japan in 1997 and subsequently in the United States has raised 

significant concern because it may signify the spreading of resistant S. aureus 

strains that may be difficult to treat with pre-existing antibiotics. Vancomycin 

works in the beginning stage of cell wall synthesis by joining to the C-terminal 

of the cell wall precursor pentapeptide complex and preventing it from being 

utilized for cell wall synthesis (Palavecino, 2014). Since 2004 VRSA has been a 

nation-wide condition. VRSA in S. aureus is defined as a Minimum inhibitory 

concentration ≥ 16 ug/ ml (CDC, 2013). 
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1.6 Transmission of MRSA 

People who are carriers or those with clinical infection are the main 

reservoirs of MRSA both in the hospital and the community. The major site of 

colonization is the nose and other sites of colonization including the 

nasopharynx, perineum, axillae, skin (especially skin folds), and the 

gastrointestinal tract.  MRSA is capable of remaining for extended periods on 

environmental objects. Infected persons and carriers can spread Staphylococcus. 

Factors that appear to be related to transmitting Staphylococcus from one person 

to another or making a person more susceptible to infection involve poor 

hygiene, close physical contact or crowded situations, contaminated laundry 

items, sharing personal items, shaving in addition to burns, abrasions, cuts that 

result in activities, or sharing equipment, Intravenous drug use, unsanitary 

tattoos, and body piercing. Direct contact through transient carriage on the hands 

of (Health care workers) HCWs is the primary transmission of MRSA, while 

indirectly after handling contaminated equipment or having contact with 

environmental surfaces that are contaminated. Patient bedding and clothing can 

become heavily contaminated by skin scales and are substantial sources of 

environmental pollution. Also, endogenously in people with MRSA, it may 

transmit from one area of their body to another for instance from the nose to a 

wound (Rohde, 2007, MDH, 2013). 

1.7 Importance of S. aureus and MRSA for Human Health 

Staphylococcus aureus constitutes the majority adaptable species among 

the large genus Staphylococcus. While each S. aureus isolate is able to cause 

even life-threatening diseases, there is much evidence that strain-specific 

equipment with virulence factors ease certain clones to be more virulent than 

others. Further, it causes an extensive health-related burden represented by high 
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morbidity and mortality for humans and animals, especially, the different 

manifestations of MRSA and CA-MRSA are accounted for drastically lowered 

therapeutic options. Commonly, two different sorts of diseases caused by 

S.aureus must be noted. First, pyogenic and or systemic infections which may 

affect nearly all organs and organ systems, consequently, and, second, toxin-

mediated diseases. Other significant infections caused by S. aureus involve Skin 

and soft tissue infections, wound infections, meningitis, community-acquired 

and hospital-acquired pneumonia, bone and joint infections. The important 

feared result of S. aureus community-onset and nosocomial bacteraemia is 

Staphylococcal sepsis syndrome. S. aureus causes toxin-mediated diseases such 

as the toxic shock syndrome. SE also causes staphylococcal food poisoning 

(SFP), and the SSSS caused by exfoliative toxins (Becker, 2018).  

1.8 Prevention and Control 

1.8.1 Prevention and Control of Staphylococcus aureus and MRSA 

Prospective antistaphylococcal strategies encompass prevention of 

colonization and decolonization of chronic carriers with local antiseptics and the 

development of new aetiopathogenesis strategies and new vaccines (Que and 

Moreillon, 2015). Long-term S. aureus management program is more effective 

than antimicrobial therapy. Vaccination programs are currently not effective 

against S. aureus infections (Holmes et al, 2005). Persons with caregiving, 

administrative, financial, and environmental sanitation responsibilities should 

assist in the development of measures aimed at reducing the incidence of staph 

infections. Such measures include adequate supplies and staff to implement, 

sustain, and monitor hand washing, environmental sanitation, and wound care. 

Information should be provided for the transmission, prevention, and 

containment of staph infections. This information should be appropriate to the 
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educational level and degree of responsibility that an individual has with regard 

to prevention and containment. Good personal hygiene will improve prevention 

strategy. In the case of S. aureus can survive on clothing. Its use is the most 

effective means of reducing the bacterial count in laundered items at any 

temperature. Thorough drying in a dryer reduces the number of bacteria. MRSA 

exist on environmental surfaces, most commonly in bathrooms. All washable 

surfaces of bathrooms and living areas should be cleaned routinely. Disposable 

items should be encouraged and used meanwhile shared items such as; 

telephones, computer keyboards, combs, brushes, scissors, exercise equipment, 

remote controls, and furniture may provide opportunities for staph transmission. 

An effective screening strategy for the prevention and control of MRSA depends 

on early detection in order that suitable measures may be performed (Rohde, 

2007). 

a. Hand washing 

The most effective cornerstones of personal hygiene and preventing food 

poisoning is effective hand washing. Staphylococci resident is reduced, 

however, due to their dislodging from hair follicles and cracks in the skin 

surface it can still be cultured from the hands after washing. Thus, washed hands 

do not necessarily mean safe hands.  Foods which readily support the growth of 

staphylococci, such as heat-treated dairy products, should not be touched with 

the hands. Such foods must be refrigerated after preparation and before 

consumption. Food handlers should ensure covering with a distinctive colour 

waterproof dressing infected lesions and cuts on susceptible areas of the skin 

hands, arms, face, neck, scalp (Elson, 2007). Recently, there has been an 

increase applying of alcohol-based hand rub in hospitals, as it takes less time 

than traditional hand washing and when hands are not visibly soiled it has been 
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shown to be as effective as washing with soap and water. Added to that, before 

and after each contact with a patient, client, or resident hands must be cleaned 

with alcohol-based hand rub or soap and water (Ontario Agency For Health 

Protection and Promotion, 2012). Education on the significance of hand hygiene 

and effective hand hygiene techniques should be received regularly(Rohde, 

2007). 

b) Decolonization 

Decolonization is related to the process of decreasing carriage or 

eradicating of a particular organism from the nose, skin or other mucosal 

surfaces. Decolonization seeks by applying topical or systemic therapy in case 

of MRSA carriage. Rifampin plus another antistaphylococcal antibiotic, for 

instance, trimethoprim-sulfamethoxazole, clindamycin, fusidic acid, 

doxycycline or minocycline are accessible systemic choices. Eradication from 

the skin can be attempted by applying topical agents like chlorhexidine; In 

contrast, nasal decolonization usually requests intranasal mupirocin. Other sites 

than the nose for eradication usually demands systemic and topical therapy in 

addition to intranasal therapy. Nevertheless, limited successes have been 

recorded in this regard (Barton et al, 2006). In 2003, a systematic review 

indicated that there is inadequate evidence to support utilization of topical or 

systemic antimicrobial therapy for eradicating nasal or extra nasal MRSA. In 

hospitals, experience shows that decolonization is frequent. Decolonization was 

successful in eradicating CA-MRSA carriage in a day-care facility; while 

recurrent infection occurred in spite of decolonization attempts in two CA-

MRSA outbreaks including football teams. One disadvantage of attempted 

decolonization is the development of resistance to the utilized agents (Loeb et 

al, 2003). 
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1.8.2 Prevention and control of foodborne diseases caused by S. 

aureus 

To prevent FBD caused by S. aureus, the following three measures are 

keys to prevent or eliminate the hazard of S. aureus from the food production 

process or at least to reduce it to an acceptable level: 

1: Inactivation of S. aureus through implementing thermal and non-thermal 

processing technologies 

2: Avoiding any replication of S. aureus in food, e.g., by proper temperature 

management (such as maintaining a chilling temperature of <7
o
C also during 

transporting and holding temperatures of at least >48.0
o
C), by targeting an aw-

value of <0.83, a pH-value of <4.0, or a NaCl concentration of >20% in the 

food. Moreover, multiple hurdles, such as preservatives and modified 

atmosphere packaging, should be applied to avoid the growth of S. aureus in a 

given foodstuff.  

 3: Avoiding any (re)contamination of food with S. aureus, by following strict 

hand washing and disinfecting protocols strictly, wearing of adequate hygiene 

clothing (face masks) if needed, applying measures for staff with wounds or 

discharge (e.g., from the nose, mouth, ears, and eyes), to follow the hygiene, and 

cleaning and disinfection of food contact materials staffs must be trained (Ebert, 

2018). 
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CHAPTER TWO 

MATERIALS AND METHODS 

2.1 Design of the study 

To fulfil the aim and objectives of this study, a cross-sectional study was 

designed. 

2.2 Study setting 

          The study was conducted in restaurants in Duhok city.  Duhok is one of 

the four governorates of Kurdistan Region of Iraq. At the time of the study, there 

were 314 restaurants in Duhok city. The restaurants were classified into three 

categories according to the classification of the Directorate of Preventive Health 

Affairs in Duhok including basic, fast food and high class restaurants depending 

on the type of services (Directorate of Preventive Health Affairs, 2017). 

1. Basic restaurants:  They constitute about 69.7 % (219) of total restaurants. 

They are middle priced restaurants and provide table services. Basic restaurants 

come between fast food establishments and high class restaurants in terms of 

pricing.  

 2. Fast food restaurants: They are the second common type of restaurants in 

Duhok city and defined by Oxford as a (food that is easily prepared, processed 

and served in snack bars and restaurants as a quick meal or to be taken away) 

(English Oxford Living Dictionary, 2018). They constitute 54(17.2%) 

restaurants in this city. Most of fast food restaurants are close to markets and 

shopping malls. In addition, customers have a quick meal. These meals consist 

mainly of burgers, Doner kebab, French fries, pizzas, sandwiches and the 

massive use of different sauces like mustard, mayonnaise, and ketchup. 
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3- High class restaurants:  They represent only 41 (13.1%) restaurants in 

Duhok city. These restaurants located in different areas in the city. They are full-

service restaurants with specific dedicated meal courses. These restaurants 

frequented by stars and high profile customers.  

2.3 Ethical considerations 

 Before starting the study, it was approved first by the Scientific 

Committee of Shekhan Technical College of Health in Duhok Polytechnic 

University (Appendix -II-).  At the same time, it was approved by the Research 

Ethical Committee of the Directorate General of Health in Duhok Governorate 

(Appendix -III-). 

2.4 Inclusion and exclusion criteria 

2.4.1 Inclusion criteria 

 All persons who are serving in the enrolled restaurants and involved in the 

process of food preparation and introducing it like cooks, waiters and kitchen 

assistants are included in the study. 

2.4.2 Exclusion criteria 

 Other restaurant’s staffs such as administrative staff and others who do 

not have contact with food preparation or serving were excluded from the study. 

2.5 The period of performing the study 

 The study was performed between 1
st
 November 2017 and 31

st
 October 

2018. The practical work (data collection) was from 1
st
 December 2017 to 31

st
 

January 2018, and it included visits to restaurants, interviewing food handlers, 

collection of nasal and hand swabs from participants and laboratory work which 

involved preparation of laboratory, materials, equipment. 
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2.6 Sampling method 

 As restaurants were divided into three types (strata), a stratified sampling 

procedure was used to enrol 40 restaurants from Duhok city and a proportionate 

number of restaurants was taken from each stratum by a simple random 

sampling procedure (Table 2.1). These restaurants are distributed through all 

quarters, sectors and main malls in the city. 

Table 2.1: Number and percentage of restaurants according to their types 

Types of restaurants 
Total number of restaurants Number of 

selected 

restaurants No. % 

    Basic restaurants 219 69.7 27 

High class restaurants 41 13.1 6 

     Fast food restaurants 54 17.2 7 

Total 314 100.0 40 

 

2.7 Data collection procedure 

 After sampling procedure and selecting of restaurants was completed, the 

researcher accompanied a health inspection team that belongs to Directorate of 

Preventive Health Affairs and visited all selected restaurants according to the 

timetable. The health staff introduced the researcher to the restaurant's 

administrator and explained the main objective of the study. One restaurant had 

been taken each day because health inspection team had different schedule and 

they visited general places such as hotels, cafeteria, and markets not just 

restaurants. So the researcher was able to take one restaurant in a day. After 

introduction by health inspection team informed oral consent was obtained from 
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each eligible person, and the direct interviewing process was done by using the 

standardized questionnaire. After filling in the questionnaire two samples were 

obtained from (nasal cavity and hands) of each interviewed food handler after 

filling in the questionnaire. On the same day, the samples were taken to the 

Central Public Health Laboratory (CPHL) for culturing and further analysis.  

2.8 Description of the Questionnaire 

The questionnaire was prepared by the researcher and it involved the 

following information and questions: 

 Demographic characteristics like age, gender, educational level and 

occupation. 

  Duration of the work in the restaurants 

 Underlying diseases 

 If he has skin lesions or using antibiotics in the last 30 days 

 Does he/she use any of the following personal protective measures:              

gloves, hats, masks, and apron  

 What detergent the food handler uses to wash his hands 

 If he has regular contacts with hospitals and how many visits he did to the 

hospitals in the last 6 months (Appendix I). 

2.9 Pilot study 

 A pilot study was conducted on two restaurants in Duhok center and 

included 10 food handlers. It performed to test the questionnaires and practical 

work in the laboratory. The researcher interviewed participants and took 

samples from both nasal cavities and hands. Then, samples were taken to the 

laboratory for identification of S. aureus and checking the necessary equipment 

and tools for the proposed study.   
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2.9.1 Swab taking from the nasal cavity  

 Informed oral consent was obtained before taking samples. Sterile swabs 

with transport media were utilized in order to transport samples to a laboratory 

and keep the swabs wet and to keep the bacteria alive for a period of time. The 

samples were taken from nasal cavities of food handlers. One sterile swab was 

used for both anterior nares (left and right) of the workers; the swab was inserted 

1-2 cm inside the nasal cavity with rotating 2-3 seconds around the insides of 

each nostril. To inhibit any discomfort, the used swabs were moistened with 

sterile distilled water. After obtaining nasal swabs, laboratory works started. All 

practical work was done in the Bacteriology Unit of the CPHL, where all the 

necessary equipment needed to conduct the study was available.  

2.9.2 Swab taking from the skin 

 After taking samples from the nostril and informed oral consent was 

obtained another sterile swab was used to swab both hands of the food handlers, 

those they wore gloves asked to remove their gloves, the samples involving the 

wrist of both hands and in between fingers about five seconds for each hand.  

2.10 Isolation and Identification of Staphylococcus aureus  

2.10.1 Agar fermentation  

Mannitol salt agar (MSA) was utilized as a deferential media for the 

identification of S. aureus. This bacterium unlike other gram positive and 

several other coagulase negative species produces acid from mannitol. This 

property is exploited to detect S. aureus in epidemiological studies of soil, feces, 

and in screening nasal carriers. Mannitol salt agar contains mannitol 1%, 7.5 

NaCl, Phenol red, and peptones. The high salt concentration discourages the 

growth of other organisms and selectively recovers Staphylococci. The colonies 
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are characterized by yellow zone around them (Procop et al, 2017). Swab 

samples were streaked and inoculated into MSA aseptically to prevent 

contamination. Then, the plates that have been inoculated have been incubated 

at 35
o
C for 24-48 hours. After that, the suspected plates were identified by the 

yellow zone around the golden yellow colonies. Pure positive samples were 

taken for further analysis to identify S. aureus. While the suspected colonies and 

mixed sample plates were transferred again to MSA to obtain pure colonies. 

However, the isolated colonies recovered from this medium and identified as S. 

aureus relies on MSA fermentation that must be confirmed by other tests.  

2.10.2 Gram stain 

 A gram stain procedure was employed to detect the morphology of the 

isolated bacterium under the microscope. A drop of water added on a clean slide 

then sample was taken from pure colonies on a slide then letting the smear to 

dry completely. The dried smears passed three to four times through Bunsen 

burner for fixation. Then, previously prepared smears stained with Gram’s stain. 

Gram-positive cocci and irregular cluster confirmed as Staphylococcus.   

2.10.3 Coagulase test  

Coagulase tube test is the most important technique and trustworthy test 

used to confirm S. aureus. It is an enzyme produced by S. aureus which reacts 

with factors in plasma to initiate clot forming.  A sterile tube was filled with 0.5 

ml of rabbit or human plasma. Bacteria were added by a sterile loop to the 

plasma and incubated at 35
o
C and the suspension was observed at half hourly 

interval for 4 hours. Tests that are negative after 4hours incubation at 35
o
C 

should be held at room temperature and read again after 18 to 24 hours for the 

final results because some strains will produce fibrinolysin on prolonged 
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incubation at 35
o
C, causing dissolution of the clot during the incubation period.  

(Plata et al, 2009; Cowan, 2012, Procop et al, 2017). 

2.10.4 Catalase test 

Catalase is produced by Staphylococci, which transfers hydrogen 

peroxide into water and oxygen and it differentiates streptococci from the 

staphylococci. The test based on it involves applying hydrogen peroxide to a 

growing colony. If O2 bubbles arise from the colony, the organism possesses the 

catalase enzyme (Parrish and Riedels, 2014). A clean glass slide was used to 

perform the catalase test. One to two drops of hydrogen peroxide (H2O2) was 

utilized and poured into the glass slide then, numbers of colonies were picked by 

a disposable loop or wooden stick and mixed well with H2O2. The positive 

results showed gas bubble production. 

2.10.5 Vitek2 system 

For the identification of S. aureus, some samples were tested by Vitek 

system, which is the Vitek 2 gram-positive identification card designed for the 

use with 64 well cards that contain 43 colorimetric substrates for phenotypic 

identification of several gram-positive species including Staphylococcus species. 

A suspension of the bacteria prepared in saline which contain 0.45% to 0.50% 

NaCl in a polystyrene tube to a density equivalent to a McFarland 0.50 to 0.63 

as determined with the Vitek 2 densicheck Spectrophotometer. The tube and 

card are inserted into the Vitek 2cassette. Wells in the card are optically scanned 

and read every 15 minutes, with a total incubation time of about 8 hours (Procop 

et al, 2017).  
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2.11 Antibiotic Sensitivity Test  

 This test performed by the modified Kirby-Bauer method. The disc-

diffusion method, originally described in 1966, is well standardized and has 

been widely evaluated and used (Vandepitte et al, 2003). It is an agar diffusion 

test that provides useful data on antimicrobial susceptibility. In this test, the 

surface of a media of the special medium is covered with a bacterium under the 

test, and small discs containing a pre-measured amount of antimicrobial agents 

are added onto the bacterial lawn. After incubation time has finished, the zone of 

inhibition surrounding the discs is measured and compared with a standard for 

each drug in use (Cowan, 2012). 

2.11.1 Applying antimicrobial sensitivity test according to Kirby-

Bauer method 

1- From an overnight culture plate, 4-5 colonies of bacterial isolate were picked 

up by the sterilized inoculating loop and emulsified in 5 ml of sterile normal 

saline until turbidity is approximately equivalent to that of the McFarland No. 

0.5 turbidity standard.  

2- A sterile swab was dipped into the bacterial mixture; remove excess inoculum 

by pressing and rotating the swab firmly against the side of the tube above the 

level of the liquid. 

3- Before disk placement, the plate surface is inoculated using a swab that has 

been submerged in a bacterial suspension. Then the surface of the MHA is 

swabbed in three directions, rotating the plate through an angle of 60 after each 

application to ensure even and complete distribution of the inoculum over the 

entire plate. Finally, pass the swab around the edge of the agar surface.  
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4- Within 15 minutes of inoculation, the antimicrobial discs (methicillin and 

vancomycin) were applied by sterile forceps, the antimicrobial discs were 

picked up and placed on the surface of the inoculated MHA. The discs were 

pressed gently into full contact with the agar to prevent take off while upside 

down in the incubator. In addition, antimicrobial disks that were used in this 

study spaced evenly away from each other and the plates are inverted for 

incubation to prevent the accumulation of moisture on the agar surface, which 

would interfere with the interpretation of the results. 

5- The plates were incubated at 35
o
C for 24 hours. 

6- After incubation time finished, inhibition zones observed at the plate 

examined for the presence of an inhibition zone of bacterial growth which is a 

clear ring around the antimicrobial discs. If there was no inhibition zone the 

bacteria was recorded as a resistant to the used antimicrobial discs (Vandepitte 

et al, 2003; CLSI, 2006; Tille, 2014; Alsamarai et al, 2015). In case there was 

inhibition zone around the antimicrobial disc, the diameter of the zone of 

inhibition was measured by millimetres and their size was compared with values 

in a standard chart (CLSI, 2006). 

2.12.1 MRSA Confirmation 

2.12.1.1 Agar Screening Method 

The bacteria, after being confirmed as S. aureus, were suspended to the 

density of a 0.5 McFarland standard. A sterile swab was dipped in the 

McFarland suspension, the excess liquid expressed and inoculated to the MHA 

agar containing 4% NaCl and 6 mg/L oxacillin. The plates were incubated at 

35°C or less for 24 - 48 hours. Any growth other than a single colony was 

indicative of resistance (Brown et al, 2005). 
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2.12.1.2 Direct disk method 

After being confirmed as S. aureus, the bacteria were spread on an MH 

agar and methicillin disc of 5 µg was placed on the plate. Then the plate was 

incubated at 35℃ for 24 hours, and a positive result is confirmed by an 

inhibition zone of ≤ 9 mm.  

2.12.2 VRSA Confirmation by direct disk method 

After being confirmed as S. aureus, the bacteria were spread on an MHA 

agar and vancomycin disc of 30 µg was placed on the plate. Then, the plate 

incubated at 35
o
C for 24 hours, and a positive result was confirmed by an 

inhibition zone of ≤ 14 mm as in table 2.2. 

Table 2.2: Diameter interpretation standards 

 

NO. 

Antimicrobial 

agents 

Disc 

potency 

Diameter of Inhibition zone (mm) 

Resistant Intermediate Susceptible 

1 Methicillin 5µg ≤ 9  10-13 ≥ 14 

2 Vancomycin 30µg ≤14 15-16 ≥ 17 

 

2.13 Used Materials  

a) Culture media 

1. Mannitol salt agar (LAB M, UK) 

2. Mueller-Hinton agar (LAB M, UK) 

The above mentioned media were prepared by the researcher according to 

manufacturer’s directions.  
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b) Antibiotics 

1. Oxacillin power (Oxoid, UK) 

2. Methicillin disc 

3. Vancomycin disc 

C) Solutions, reagents and other materials 

1. Hydrogen peroxide 

2. Human plasma 

3. Gram stain reagents 

4. NaCl 

 Crystal violet 

 Gram’s iodine 

 Ethyl alcohol 

 Safranin 

5. Normal saline 

6. Sterile distilled water  

D) Equipment 

1. Incubator (Memmert 845 Schwabach, Germany) 

2. Autoclave (Hirayama Manufacturing Corporation-Japan. Model HVE-50) 

3. Microscope (Olympus CX31-Philippines) 

4. Centrifuge (Hettich, Universal 320) 

5. Vitek 2 system (Biomerieux VITEK 2 Compact System) 
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2.15 Data analysis 

All data pertaining to demographic information, and laboratory results 

were entered and edited using Microsoft Word 2010. Data analysis was 

conducted with SPSS software version 23. Descriptive statistics was provided 

for the demographic data and responses of the questionnaire. The prevalence 

rates of MRSA among food handlers in both anterior nares and hands were 

calculated. Chi-square test was utilized to examine the association of the studied 

variables with MRSA. P-values ≤ 0.05 was used to indicate significant 

association of age, type of work, type of restaurants, duration of work, and 

antibiotic used with MRSA status of workers who participated in the study. 
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CHAPTER THREE 

RESULTS 

3.1 Demographic Characteristics  

There were 200 food handlers working in 40 different restaurants, and all 

participants were males. The main age group of the subjects was 20-29 years. 

More than 95% of the respondents were below university level. Meanwhile 

about 36.5 % of food handlers were involved in food preparation (cooks) 

followed by waiters and kitchen assistants (including cleaners and dishwashers) 

(35.5% and 24%, respectively). These characteristics are presented in Table 3.1. 

Table 3.1 Demographic characteristics of food handlers.  

Demographic variables Number % 

Age (years) 

<20 

20-29 

30-39 

40 and more 

29 

80 

38 

53 

14.5 

40.0 

19.0 

26.5 

Education level 

Illiterate 

Primary school 

High school 

Institute/university 

70 

49 

74 

7 

35 

24.5 

37 

3.5 

Job types 

Cooks 

Waiters 

Kitchen assistants 

Others 

73 

71 

48 

8 

36.5 

35.5 

24 

4 

Total  200 100.0 
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3.2 Types of restaurants and food handlers 

Two hundred workers from 40 restaurants were included in the study. 

Basic restaurants represent the bulk of restaurants 27(67.5%) followed by fast 

food restaurants 7 (17.5%) and high class restaurants 6 (15%). Out of 200 food 

handlers included in the study, more than half of them 105 (52.5%) belonged to 

casual dining restaurants and 59 (29.5%) of them were from high class 

restaurants; while the least number 36 (18%) was from fast food restaurants, as 

shown in Table 3.2. 

Table 3.2: Types of restaurants and number of food handlers 

Types of restaurants Food Handlers 

 No. (%) No. (%) 

             Basic Restaurants 27(67.5) 105 (52.5) 

Fast Food Restaurants 7 (17.5) 36 (18.0) 

High class Restaurants          6 (15) 59 (29.5) 

Total    40 (100.0)     200 (100.0) 

 

3.3 Detection of S. aureus and MRSA 

Out of 200 collected samples from food handlers, 74 (34%) isolates were 

identified as S. aureus by producing golden yellow colonies on MSA and gram-

stain showed G+ irregular cluster of cocci, catalase and coagulase were also 

positive as shown in figures (3.1, 3.2). Moreover, 27% of isolates were 

confirmed as MRSA by giving inhibition zone of less than ≥ 9 for methicillin 

disc. Furthermore, no VRSA isolates could be detected within food handlers.  
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  Figure 3.1 Golden colony morphology of S. aureus on MSA                                                        

 

  Figure 3.2 Gram-Stain characteristics of S. aureus; G+ irregular cluster. 



39 
 

 

 

Figure 3.3 Positive catalase test  

 

Figure 3.4 Positive coagulase test 
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Figure 3.5 MRSA on Muller-Hinton agar  

 

 

Figure 3.6 MRSA and VSSA on Muller Hinton Agar 
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3.4 Staphylococcus aureus carriers and age groups 

The prevalence of S. aureus carriers among food handlers was 37% (74 

out of 200 food handlers). The distribution of S. aureus carriers according to the 

age groups is shown in Table 3.3. There was no significant statistical association 

between age groups and S. aureus.  

Table 3.3: Percentage of Staphylococcus aureus carriers among age groups 

P-value=0.214 

3.5 Prevalence of S. aureus carriers according to anatomical site 

Table 3.4 shows that in 71.6 % of carriers, the S. aureus was isolated from 

their noses and in 10.8% was isolated from the hands (skin), while in 17.6% the 

S. aureus was isolated from both sites (nasal cavity and hand). There were 

highly significant differences between the anatomical sites of isolation. 

Table 3.4 Prevalence of S. aureus carriers according to the anatomical site 

S. aureus carriers 
Carriers (no.74) 

No. % 

 

          Nose 53 71.6 

          Hand 8 10.8 

Nose and Hand 13 17.6 

           Total 74 100.0 

P-Value< 0.001 

Age group in years Staphylococcus aureus carriers 
  Total (%) Positive (%) Negative (%) 

    <20 14 (18.9) 15 (11.9) 29 (14.5) 

  20-29 23 (31.1)  57 (45.2)     80 (40) 

  30-39 15 (20.3) 23 (18.3)     38 (19) 

40 and above 22 (29.7) 31 (24.6)  53 (26.5 ) 

                Total  74 (37.0)    126 (63.0)    200 (100.0) 
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3.6 Prevalence of S. aureus carriers with MRSA and VRSA status 

MRSA was detected among 54 (73%) of the S. aureus carriers in their 

nasal cavities and hands, it represents about 27% of the studied population. No 

VRSA was detected among S. aureus carriers of food handlers. 

3.7 Association between duration of work and MRSA status  

No significant statistical association was found between duration of work 

in the restaurants and MRSA status, however, the number of MRSA carrier 

cases increased with years of work. It was from 20.3% for less than one-year 

work duration and 31.2% for 5 years or more Table 3.5. 

Table 3.5 Duration of work in the restaurants and MRSA status  

Duration of work in the 

restaurants 

MRSA status 

Total No. (%) Positive (%) Negative (%) 

            >1 year 

             2-4 years 

         5 years and more 

         Total 

 15 (20.3) 59 (79.7) 74 (37) 

 19 (31.2) 42 (68.8) 61 (35) 

 

 

20 (31.2) 

   54 (27) 

44 (68.8) 

146 (73) 

64 (32) 

200  

P-Value= 0.259 

3.8 Association between health facilities visits and MRSA status 

A significant association between a number of hospital visits and MRSA 

carrier rates was detected. The highest MRSA carrier rate 100% (23 cases) was 

observed among those who visited hospitals 5-6 times. In contrary, the lowest 

MRSA carrier rate (2.6%) was seen among those who did not visit hospitals 

Table 3.6.  
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Table 3.6 Association between health facilities visits and MRSA status  

Number of health facilities 

visits during the last 6 

months 

MRSA status 

Total no. (%) 
Positive (%) Negative (%) 

 

2-4 visits 16 (100) 0 (0.0)              16  

5-6 visits 23 (100) 0 (0.0)              23  

7 and more 11 (100) 0 (0.0)              11  

No visits 4 (2.6) 146 (97.3)  150  

Total 54 (27) 146 (73)  200  

P-Value< 0.001 

 

3.9 Association between antibiotic use and MRSA status 

 
There was no significant association between antibiotic use and MRSA 

carrier rate. The highest percentage 30.4% of MRSA carrier was isolated from 

food handlers who did not use antibiotics Table 3.7. 

Table 3.7 Association between antibiotic use and MRSA status 

 

Have you been using 

antibiotics continuously in 

the last 30 days 

MRSA status 

Total (%) Positive (%) Negative (%) 

 Yes 9 (17.3) 43 (82.6) 52  

 No 
45 (30.4) 103 (69.5) 148  

                 Total 
54 (27) 146 (73)  200  

P-Value= 0.067 
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3.10 Distribution between Jobs of food handlers and MRSA status 

A significant association between Job of food handlers and MRSA carrier 

rate was seen. The highest proportion of MRSA was observed among cooks 

(36.9%), followed by waiters and kitchen assistants (22.5%), (22.9%), 

respectively Table 3.8. 

Table 3.8: Distribution between Jobs of food handlers and MRSA status 

Job types 
MRSA status 

Total  
Positive (%) Negative (%) 

 

    Cooks 27 (36.9) 46 (63.0) 73  

   Waiters 16 (22.5) 55 (77.4) 71  

Kitchen assistants 11 (22.9) 37 (77.0) 48  

    others 0 (0.0) 8 (100.0) 8  

                Total 54 (27.0) 146 (73.0) 200  

P-Value =0.05 

 

3.11 Frequency between age groups and MRSA status 

The highest percentage (35.2) of MRSA carrier rate was detected among 

the younger age group 20-29 years and a fewer percentage 20.7% was identified 

among the age groups of less than 20 years as well as the group of 40 years or 

above. Nevertheless, there was no significant association between age groups 

and MRSA carrier rate Table 3.9. 
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Table 3.9 Frequency between age groups and MRSA status 

Age group 

MRSA status 

Total  Positive (%) Negative (%) 

     <20 11 (20.4) 18 (12.3) 29  

  20-29 19 (35.2) 61 (41.8) 80  

  30-39 13 (24.1) 25 (17.1) 38  

40 and above 11 (20.4) 42 (28.8) 53  

                  Total     54 (27.0) 146 (73.0) 200 

P-Value= 0.23 

3.12 Association between personal protective measures and MRSA 

status 

The majority of food handlers 59.5% used personal protective measures. 

A (25%) of positive MRSA cases used personal protective measures and the rest 

(29%) did not. The association between using personal protective measures and 

MRSA status was not significant Table 3.10. 

Table 3.10 Association between Personal protective measures and MRSA 

status 

Using personal protective 

measures 

MRSA status 

Total (%) Positive (%) Negative (%) 

                        Yes 

                       

                        No 
 

 30 (25) 89 (75) 119 

 
24 (29) 57 (61) 81 

                      Total     54 (27.0) 146 (73.0) 200 

P- Value=0.49 
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3.13 Skin and soft tissue infection and MRSA status 

All food handlers (9) with skin and soft tissue infection had positive 

MRSA status, while 83.3% of all positive MRSA did not have skin lesions. 

There is a highly significant association between the presence of skin lesions or 

boils and MRSA carrier status Table 3.11. 

Table 3.11 Association between skin/soft tissue infection and MRSA status 
 

Did you have any skin and 

soft tissue infection 

MRSA status 

Total Positive (%) Negative (%) 

             Yes 

 

              No 

 9 (100) 0 (0.0) 9 

 45 (33) 146 (100.0) 191 

Total     54 (27.0) 146 (73.0) 200 

P-Value < 0.001 

3.14 Types of restaurants and MRSA status 

There was a highly significant association between types of restaurants 

and MRSA rates. A significant proportion (60%) of MRSA was diagnosed in 

basic restaurants as it accommodated the largest number of food handlers. In 

comparison, high class restaurants and fast food restaurants had fewer MRSA 

rates 16%, Table 3.12. 

Table 3.12: Association between Types of restaurants and MRSA status 

      Types of restaurants 

MRSA status 

Total Positive (%) Negative (%) 

 Basic restaurants     41(60) 64 (43.8) 105 

Fast food restaurants     5 (16) 31 (21.2) 36 

High class restaurants     8 (16) 51(29.5) 59 

                   Total     54 (27.0) 146 (73.0) 200 

P-Value < 0.001 
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CHAPTER FOUR 

DISCUSSION 

Globally, most MRSA surveillance data is accrued for nosocomial 

isolates. Therefore the true incidence of ambulatory CA-MRSA infection in 

most areas is not known (Procop et al, 2017). Nearly all Staphylococcal food 

poisoning involves S. aureus. One of the primary sources of these organisms is 

usually food handlers. However, it is difficult to determine the origin of the 

strains implicated in SFPOs. It is commonly confirmed that hands are a 

significant vehicle of food cross-contamination and that personal hygiene and 

proper hand washing would decrease the organism and leads to the basic control 

of faeces-to-hand to-mouth spread of potentially pathogenic transient 

microorganisms. Food handlers carrying enterotoxin-producing S. aureus are the 

primary source of food contamination through their noses or on their hands via 

respiratory secretions or through direct contact. Moreover, food handlers play an 

important role in the transmission of foodborne diseases; imparting important to 

the global incidence and burden of diseases (Omololu-Aso et al, 2017). 

4.1 Demographic characteristics of food handlers 

 In the present study, all the food handlers were male and this might be due 

to the reluctance of the female, the tradition and customs of the region that may 

prevent female from working in the restaurants or public places, and the owners 

of public places in Duhok recruit foreigner workers (Directorate of Preventive 

Health Affairs, 2017). A similar result was obtained by Simsek et al (2009) who 

found that 299 food handlers in Sanliurfa, in Southeastern Anatolia were males 

because the majority of women in Southern Anatolia were unemployed. 

Habiballah et al (2017) found that majority of workers (81.6%), who are 
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working in tourist’ restaurants in Irbid, Jordan were males; they found that 

females are not eager to work in restaurants. Other studies revealed that their 

samples are mixed near to equal percentages (Kasturwar and Shafee, 2011; El-

shenawy et al, 2014; Castro et al, 2015). Regarding the educational levels, the 

majority of food handlers (96.5%) have high school or less educational levels, 

because less educated people have little chances to work in high ranking jobs. 

El-Shewany et al (2014) mentioned that all of their study samples are either 

illiterate or high school educated, while Kasturwar and Shafee (2011) found that 

only 20% of food handlers having a degree above high school level. 

In this study, the percentage of chefs (36.5%) is slightly more than waiters 

(35.5%) in contrast to Kasturwar and Shafee (2011) study in Karimnagar, India, 

where the majority of food handlers were serving food (waiters) 60.2% and only 

12% working in food preparations (cooks). Due to the financial crisis in 

Kurdistan Region that started in 2014, many companies and institutions are 

reduced their manpower including restaurants in Duhok city. They reduced the 

number of waiters while kept their cooks and even many of the owners and their 

family members worked as waiters to ease the financial burden on them. 

4.2 Prevalence of Staphylococcus aureus carrier 

The current study revealed that 37% of food handlers are carriers of S. 

aureus, while Saeed (2015) found about 29.24% (n=106) of food handlers in 

restaurants and cafeterias of Duhok city are carriers of S. aureus. Another study 

was done in Tikrit, Iraq by Alsamarai et al (2015) found that 28% (n=100) of 

studied food handlers are a carrier of S. aureus. Alhashimi et al (2017) revealed 

that the prevalence of nasal carriage of S. aureus among 332 food handles in 

Karbala city, Iraq was 30.1%.   A further study was done in Turkey; in which S. 

aureus was lower than that of the current study 20% (Vatansever et al, 2016). In 
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a study done in Sudan, the rate of S. aureus was 30.1% among food handlers 

(Saeed and Hamid, 2010). Mainous et al (2006) estimated that about 32.40% of 

the total United States population (86.9 million) was colonized with S. aureus. 

Meanwhile, another study among 200 participants working in three different 

food processing plants in Egypt reported that the prevalence rate of S. aureus 

38% that are similar with results reported in the current study (El-Shewany et al, 

2014).  

Ahmed and Mashat (2014) showed that the prevalence of S. aureus was 

fairly comparable 40.3% in Makkah city among food handlers working in city 

kitchens. In addition to all of the previous studies, higher S. aureus carrier rates 

among food handlers were recorded in many studies such as the study done 

among 140 food handlers in public hospitals in Salvador city, Brazil, the carrier 

rate was 50% (Ferreira et al, 2014), while a higher rate 57.7% was detected in 

Gaborone, Botswana. (n=200) (Loeto et al, 2007). In a large longitudinal study 

done by Sepin-Özen et al (2013) in Antalya, Turkey from 2009-2010, 16,500 

nasal cultures were taken from food handlers. A total of 526 (3.37%) S. aureus 

strains were isolated. The ability of S. aureus to colonize or infect its host is 

related to its ability to express virulence factors that facilitate their adherence to 

surfaces, causing damage or its ability to evade host's immune system (Udo et 

al, 2009). 

4.3 Prevalence of Staphylococcus aureus carriers according to 

anatomical sites 

S. aureus is a part of the commensal flora of human skin and mucosal 

surfaces. The main site for S. aureus in human carriers is the nose, which may 

be colonized during the first few days of life. Strains present in the nasal cavity 

may contaminate the hands and nasal carriers and can thus readily become skin 
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carriers (Hatakka et al, 2000). Que and Moreillon (2015) mentioned that 

approximately 20% (range, 12% to 30%) of healthy people are persistent S. 

aureus nasal carriers, 30% (range, 16% to 70%) are intermittent carriers, and 

50% (range, 16% to 69%) are non-carriers. Persistent carriers usually carry the 

same strain for extended periods of time, whereas intermittent carriers tend to 

host different strains over time. The presence of S. aureus in the hands of the 

general population ranges from 8-28%, according to independent surveys 

(Hatakka et al, 2000).  

The prevalence of S. aureus nasal carriage varies by geographical 

location, age, gender, and ethnicity. The carriage is highest amongst new-borns 

(up to 70 %) but steadily decreases with age. Rates of carriage have also been 

found to be higher in patients with certain diseases like diabetes mellitus, 

intravenous drug addicts, hemodialysis patients, surgical patients and Acquired 

immune deficiency syndrome patients. Despite the fact that S. aureus is found at 

multiple body sites, most studies have only focused on nasal carriage (Aryee and 

Edgeworth, 2017). The present study shows that the distribution of carriers 

according to the anatomical sites of swab collections was from the nasal cavity 

in 71.6 % of (53 out of 74) of carriers, 10.8% from the hands (skin) and in 

17.6% the S. aureus was isolated from both sites (nasal cavity and hand).  

Aung et al (2017) investigated 563 healthy food handlers in Myanmar for 

carriage of S. aureus, and they found 110 individuals (19.5%) are nasal carriers 

and 34 out of 110 of food handlers have both nasal and hand isolates of S. 

aureus. Vatansever et al (2016) investigated 282 food workers in Kars city, 

Turkey. They took swabs from the nose, mouth, and hands. S. aureus was 

isolated from 56 (20%) of food workers which involving 32 (57 %) isolates 

from the nasal nares, 13 (23%) isolates from the mouth and 11 (20 %) isolates 
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from the hands of food handlers respectively. In Portugal, Castro et al (2015) 

found that the prevalence of S. aureus among the studied population was 24.7% 

(n=162), the distribution of carriers according to the sites of swab taking was 32 

(19.8 %), 18 (11.1%) and 10 (6.2%) from nose, hands and both sites 

respectively.  

In contrast, in Ferreira et al (2014) study, S. aureus detected from the skin 

in 50% of carriers and less detected from the nasal cavity 29.3% of the food. In 

another study of the prevalence of S. aureus carriage among food workers at the 

cafeteria of the Federal University of Technology, Nigeria showed that S. aureus 

was isolated from 28 (51.85%) of the 54 food handlers examined, 21 (38.9%) 

harbour S. aureus in their nasal cavity, 11 (20.4%) in their throat and 6 (11.1%) 

in their both sites (Emeakaroha et al, 2017). Loeto et al (2007) reported that the 

distribution of the microorganism varied according to sites on the body, with the 

nasal cavity harbouring higher numbers of isolates (44.6%), while the hand was 

(30.9%) and face was (24.5%). 

4.4 Prevalence of MRSA 

In our study, the prevalence of MRSA among the study population was 

27%. This result was slightly different from other studies reported in Duhok 

province. Habeeb et al (2014) conducted a study on two different populations in 

Duhok province and they found that MRSA rates were widely different between 

secondary school students’ group (2 %) (10/489) and health care workers (12%) 

(61/510). Two other studies conducted in Zakho city found MRSA rates were 

4.2% among University students and 4% among primary school students (Assafi 

et al, 2015; Assafi et al, 2017). Hussein et al (2010) investigated 182 healthcare 

workers in Zakho city and they detected MRSA in 13.7% of them. The authors 

explained that there are various factors contributing to the distribution of S. 
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aureus and MRSA including crowded housing, bad hygienic practices, sharing 

of personal utensils, recurrent antibiotic usage, hospital admissions and 

intravenous drug addiction (Braga et al, 2014; Assafi et al, 2017). However, 

Saeed (2015) found that 22.5% of food handlers serving in restaurants and 

cafeterias in Duhok city were MRSA positive. Our results were in line with two 

other studies. Alsamarai et al (2015) demonstrated that MRSA was 28% among 

food handlers in Tikrit, and Ferreira et al (2014) demonstrated that MRSA was 

28.6% among food handlers. The higher prevalence rate of MRSA was observed 

in a study done in Sweden and found that among household contacts was 

(36.8%) (42 /114) (Johansso et al, 2007).  

Also, a higher MRSA rate was detected by Wolde et al (2016), they found 

that 92.5% of food handlers of Jigjiga University Student’s Cafeteria were 

MRSA carriers. Lower MRSA rate 9.8% was reported among food handlers 

working in Gondar University in Ethiopia (Dagnew et al, 2012). Shokouhi et al 

(2017) found that only 1.25% of the studied population 925/2000) in the tertiary 

outpatient centre in Iran had MRSA. In contrary to our study, no cases of MRSA 

were detected by other studies like (Castro et al, 2015; Vatansever et al, 2016).  

4.5 Prevalence of VRSA 

Vancomycin is one of the last options of treatment for S. aureus infections 

that are resistant to other antibiotics. Different studies showed the emergence of 

VRSA from different parts of the neighboring countries (Tiwari and Sen, 2006; 

Askari et al, 2012). Fortunately, no VRSA isolates were found in this study. 

Similar results were obtained in many studies done in Duhok province (Habeeb 

et al, 2014; Saeed, 2015; Assafi et al, 2017). This might be attributed to many 

reasons like vancomycin had been used rarely in Iraq during the United Nation’s 

sanction period from 1990 to 2003 because the drug was expensive and was not 
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available in most health facilities (Hussein et al, 2015). Moreover, our result 

was compatible with the results of neighboring countries (Sakoulas and 

Moellering, 2008; Soriano et al, 2008; Udo et al, 2009; Dagnew et al, 2012; 

Shokouhi et al, 2017). In contrast, Alsamarai et al (2015) revealed that 18.6% of 

studied food workers in Samara restaurants had vancomycin-resistant S. aureus. 

Loeto et al (2007) found that 27.3% of food handlers with MRSA also were 

resistant to vancomycin; and this rate is near to that of the study done in 

Maharashtra among food handlers working in medical college restaurant 

(26.5%) (Kasturwar and Shafee, 2010). Moreover, Ferraria et al (2014) found a 

high percentage of VRSA 39.2% in food handlers’ hands and less percentage 

23.5% of VRSA in their anterior nares.  

4.6 Duration of work 

The relation between duration of work and MRSA in the present study 

was not significant. Similar results were obtained by (Mohammad, 2014; El-

Shenawy et al, 2014). Though, a study done by Eveillard et al (2004) on 

hospital employees showed that the duration of work increases the risk of 

MRSA rate.  

4.7 Health facility visits 

Previous hospital visits considered one of the risk factors to harbour S. 

aureus so that in various studies done on CA-MRSA considered visiting the 

hospitals as a risk factor for getting the MRSA from the hospital. In the study on 

progress; a significant association between hospital visits and MRSA was found. 

Supporting this theory Pathare et al (2015) demonstrated that MRSA among the 

healthy hospital's visitors 18% is higher compared to 13.8% among health care 

staff in the hospitals. This may be due to the continuous effective infection 
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control policies and proper personal hygiene practices like hand washing in 

hospitals which might cause a lower prevalence of MRSA among healthcare 

staff, and in contrast, the higher prevalence among health community visitors 

might be they acquired in and out of hospital setting. In a meta-analysis review 

of 57 studies on CA-MRSA and HA-MRSA, the researchers found that the 

prevalence of MRSA among community members was relatively low.  

Nevertheless, up to 85% of hospital patients diagnosed with CA-MRSA 

and 47.5% of healthy community persons were colonized with MRSA were 

found to have at least more than one year contact with healthcare-associated risk 

factors like recent hospitalization, outpatient visits, chronic diseases like 

diabetes, and renal failure (Beam and Buckley, 2006). In a large meta-analysis 

study, Salgado et al (2003) found that the majority of healthy community 

persons with CA-MRSA had more than one-year healthcare-associated risk, 

which explained the low prevalence of MRSA among persons without risks 

remains low. On the other hand, Ribeiro et al (2005) concluded that people 

visiting emergency rooms are not necessarily being infected with MRSA. 

4.8 Antibiotic use and MRSA status 

Salgado et al (2003) mentioned that continuous use of broad-spectrum 

antibiotics may be one of the risk factors that associated with CA-MRSA spread 

in the community. However, in the present study, there was no association 

between antibiotic use and MRSA status. In Atlanta, Georgia, a study done on 

risk factors for colonization with MRSA in patients admitted to an urban 

hospital Hidron et al (2005) found that receipt of antibiotics was one of the 

independent factors for MRSA colonization. Similar to our findings was a study 

done on military trainees in San Diego, California; which indicated that past 

antibiotic use was not associated with MRSA (Campbell et al, 2004). 
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4.9 Job type and MRSA 

It is proven by many researchers that the favourable prevalence is among 

workers who have contacts with foods that allow S. aureus to grow. However, 

the differences in results might be attributed to different factors like, cleaning 

habits, level of education, the hygiene utensils and the work environment 

(Sivaraman et al, 2009; Ho et al, 2014; El-Shewany et al, 2014). In the current 

study, a significant association between job of food handlers and MRSA carrier 

rate was seen.  

The highest proportion of MRSA was observed among cooks (36.9%), 

followed by waiters and kitchen assistants. These results as supported by Ho et 

al (2014) who showed that colonizing rate was considerably higher in workers 

(chefs) handling raw meats 30% than in non-exposed workers (other staff) 13%. 

Moreover, Kasturwar and Shafee (2011) found the highest MRSA 

prevalence among participants working in serving and preparing food 19.30%, 

9.6% respectively. The authors explained that the majority of workers 50 

(60.2%) were involved in serving the food to consumers and they are the core 

group among food handlers who are mainly involved in the transmission of 

FBDs. While Ferreira et al (2014) concluded that the presence of MRSA was 

not correlated to a specific job function of the food handlers in the restaurants of 

public hospitals.  

4.10 Personal protective measures 

The majority of food handlers 25% in our study used personal protective 

measures and there was no significant association between using protective 

measures and MRSA status in this study. Although, theoretically using 

protective measures like glove, hats, masks, apron …etc. may inhibit the risk of 
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cross-contamination of microorganisms but Montville and Schaffner (2001) 

reported that neither the use of gloves nor even the practice of hand washing 

completely limit the risk of cross-contamination. However combining both 

reduces the risk of cross-contamination. No or very little documented evidence 

exists that food served by gloved hands is safer than food served by bare hands. 

This may be due to the fact that the microorganisms adhere to the surfaces of 

gloves and if not changed regularly, it could be a source of cross-contamination 

similar to unwashed hands and poor personal hygiene practices of food handlers 

which frequently contributes to outbreaks of FBD (Lues and Tonder, 2005; 

Shojaei et al, 2005).  

Continuous changing of gloves and effective hand washing before 

wearing and good quality gloves may increase the effectiveness of wearing 

gloves when touching unwrapped food. Furthermore, the puncture of gloves 

during working may increase the risk of contamination. It is important to 

educate food handlers about proper hand washing and wearing protective 

measures (Montville and Schaffner, 2001; Lues and Tonder, 2005).  

Meanwhile, wearing hats is also an important protective measure 

neglected by many workers because the foods may be contaminated by falling 

hair or dandruff. Using protective measures during sneezing or cleaning nostrils 

is also significant to decrease cross-contamination (Isara et al, 2010). These 

findings illustrate that proper hand washing and using gloves should be applied 

parallel to each other in order to prevent cross-contamination and limit the risk 

of food poisoning. 
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4.11 Skin and soft tissue infection and MRSA 

In this study, a highly significant association was found between skin and 

soft tissue infection and MRSA. This result was similar to Bocher et al (2008) in 

Denmark, and in Georgia (Immergluck et al, 2016). Furthermore to a large 

systematic review done in Custodial population between the years of 1997 to 

2015, nearly 17 studies reported that skin and soft tissue infections are related to 

highest documented rates of MRSA rate (Haysom et al, 2018). While, in Egypt 

(El-Shenawy el al, 2014) revealed that there was no significant association 

between skin infections and MRSA rate. 
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

1. Prevalence of S. aureus carriers in the nasal cavities and hands of food 

handlers working in restaurants of Duhok province was similar or higher, 

compared to other cities and neighboring countries.  

2. Prevalence of MRSA is close to or higher compared to other cities and 

countries.  

3. No VRSA carrier was detected among food handlers in Duhok city which is 

comparable with the results of most national and international studies. 

4. MRSA carrier rate showed a significant association with skin and soft tissue 

infections, hospital visits and certain jobs of food handlers. 

5. Age, duration of work in the restaurants and antibiotic use showed no 

significant association with the prevalence of MRSA.  

6. MRSA carrier rate was higher among food handlers working in basic 

restaurants when compared to other restaurants. 
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5.2 Recommendations: 

1- Regular screening of food handlers before employment in all public 

places for both nasal and skin carriage of S. aureus is highly advisable in 

order to help early detection and effective treatment of carriers to protect the 

community from staphylococcal food poisoning and the spread of resistant S. 

aureus strains among the population. 

2- It is recommended to give proper training courses to food handlers to 

prevent food contamination. 

3- More studies are needed to be done on CA-MRSA in Duhok city through 

including more representative samples. 

4- Confirming identified MRSA isolates by using molecular methods like 

PCR detection of mecA and PVL gene because conventional methods may 

have errors. 

5- Personal protective measures such as gloves, head covers and continuous 

changing it are highly advisable among food handlers.  

 The  
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Appendix (I) 

Prevalence of Methicillin Resistant Staphylo 

coccus aureus among Food Handlers in Duhok City 

 Questionnaire  

      Id. No:               Name: ---------------------------------------------------------------------------------  

                                Restaurant:   -------------------------------------------------------------------------- 

       1- Age (yrs):  < 20 years olds         20-29 years olds             30 - 40 years olds          >40 years 

       2- Gender:                     Male                          Female 

    3- Educational Level:    Illiterate          Primary         Secondary          Institute            College 

      4- Job Title:  Chef           Waiter           Kitchen assistant            others          specify:  

5- Duration of work in the R.:    >1 year                 2-4 years               <5 years 

5- Types of Restaurants: Popular R.        Casual Dining R.         Fine Dining R.        Fast food   

     6- Disease History:   DM           Respiratory Disease         Others          specify: 

     7- Smoking:    Yes               No    

8- Do you or did you have any skin and soft tissue infection?    Yes                No 

9- Do you use antibiotics continuously or in the last months?    Yes                No    

10- Do you use any of the following personal protective measures? 

           Gloves             Hats                      Masks                      Apron  

11-What detergent do you use to wash your hand? 

       Just water           Water and soap          Alcohol          others          specify:   

12- Do you have regular contacts with Hospitals?    Yes                No 

13- No. of hospital visits during the last 6 months: 

                1-2                  3-4             5 +  



 
 

II 
 

Appendix (II)

Appendix (II) 



 
 

  

 اٌخالصخ

٠ؼزجز اٌّزؼبٍِْٛ ثبألغذ٠خ ٚاٌحب١ٍِٓ اٌّىٛراد اٌؼٕمٛد٠خ اٌذ٘ج١خ فٟ أٔٛفُٙ أٚ اٌخٍف١خ ٚاأل٘ذاف: 

فٟ أ٠ذ٠ُٙ اٌّصذر اٌزئ١ظٟ ٌزٍٛس األغذ٠خ. ِمبِٚخ اٌّضبداد اٌح٠ٛ١خ فٟ إٌٛع ِٓ اٌجىز١ز٠ب ٟ٘ 

حبٌخ اٌحب١ٍِٓ ٌجىزز٠ب طزبف١ٍٛوٛوض اٚر٠ض ٚأزشبر ِشىٍخ خط١زح. ٘ذفذ اٌذراطخ ٌّؼزفخ 

 .ث١ٓ اٌّزؼب١ٍِٓ ثبألغذ٠خ فٟ اٌّطبػُ فٟ ِذ٠ٕخ د٘ٛن MRSA اٌظالٌٗ  اٌّمبِٚخِٕٗ ١ٌٍّث١ظ١ٍ١ٓ

رُ اطزخذاَ رص١ُّ ِظزؼزضخ ٌزحم١ك أ٘ذاف اٌذراطخ. رُ اطزخذاَ إجزاء أخذ طزائك اٌجحش: 

ػذد ِزٕبطت ِٓ وً طجمخ ثٛاططخ إجزاء أخذ اٌؼ١ٕبد اٌؼ١ٕبد اٌطجم١خ ٌزظج١ً اٌّطبػُ ٚرُ أخذ 

ِٓ اٌّزؼب١ٍِٓ ثبألغذ٠خ. اٌّظحبد اٌزٟ  422اٌؼشٛائٟ اٌجظ١ط. رُ أخذ ِظحبد األٔف ٚاأل٠ذٞ ِٓ 

طبػخ. خضؼذ  :6-46ٌّذح  59ₒ-35ₒٚحضٕذ فٟ  زٛيیرُ جّؼٙب رٍم١ح ػٍٝ آجبر اٌٍّح اٌّبٔ

الخزجبر اٌحظبط١خ ٌٍّضبداد  ضیبف١ٍٛوٛوض اٚراٌؼشالد اٌزٟ رُ رحذ٠ذ٘ب ػٍٝ أٔٙب ثىزز٠ب طز

 .اٌح٠ٛ١خ ١ٌٍّث١ظ١ٍ١ٓ ٚاٌفبٔىِٛب٠ظ١ٓ فٟ أجبر ٌِٛز ١ٕ٘زْٛ

ِٓ االطزٕجبربد.  422٪( ِٓ أصً  59) 96رُ اٌؼثٛر ػٍٝ ثىزز٠ب طزبف١ٍٛوٛوض اٚر٠ض فٟ : إٌزبئج

%  49. رُ اٌؼثٛر ػٍٝ ٪( ِٓ و١ٍّٙب8.7) 35٪( ِٓ األ٠ذٞ ٚ 6.2) :٪( ِؼشٌْٚٛ ػٓ األٔف ، 48.7) 75

 .بٔى١ِٛظ١ٓ، ٌُٚ رىٓ أٞ ِٓ اٌؼشالد ِمبِٚخ ٌٍف MRSA ِٓ اٌّزؼب١ٍِٓ ثبألغذ٠خ ػٍٝ أٔٙب ٔبلٍخ

ث١ٓ ِزذاٌٟٚ األغذ٠خ فٟ ِذ٠ٕخ د٘ٛن.  MRSA: وشفذ اٌذراطخ ػٓ اررفبع ِؼذي أزشبر اٌخالصخ

، ٚأٌٚئه  ٠MRSAزؼبًِ اٌمبئّْٛ ػٍٝ اٌطؼبَ ِغ اٌّظزشف١بد ػٍٝ أُٔٙ أوثز ػزضخ ٌإلصبثخ ة 

فٟ ِجبي  ؼب١ٍِٓاٌذ٠ٓ ٠زؼبٍِْٛ ِغ األطؼّخ ٠شىٍْٛ خطزا  أوجز ٌزٍٛس اٌطؼبَ. ٠طٍت ِٓ اٌ

األٔف ٚاٌجٍذ ٌجىزز٠ب  األغذ٠خ فٟ األِبوٓ اٌؼبِخ اٌخضٛع ٌٍفحص إٌّزظُ ٌىً ِٓ

طزبف١ٍٛوٛوض اٚر٠ض ِٓ أجً اٌىشف اٌّجىز ػٓ إٌبل١ٍٓ ِٚؼبٌجزُٙ. ٌحّب٠خ اٌّجزّغ ِٓ 

 ث١ٓ اٌظىبْ. MRSAاٌزظُّ اٌغذائٟ ثىزز٠ب طزبف١ٍٛوٛوض اٚر٠ض ٚأزشبر طالالد اٌّمبِٚخ 
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 پـــــــــٛخزٗ

  وٗ  یٗ ٘ٗ  ٖٚ خٛاردٔٗ  ٔذییبْ ثٗ یٖٛ پٗ  چێشزخبٔٗ  ی ٌٗ ٚ وزێىبرأٗ ئٗ پێشەکٝ ٚئبرِبٔجەکبْ:
وی  رٖ وی طٗ یٗ رچبٖٚ طٗ  طزییبْ ثٗ دٖ  ٔبٚ ٌٛٚریبْ یبْ ٌٗ  ٌٗ ص ثٓ ٌگزی طزبفیٍٛوٛوض ئۆریٗ ٘ٗ

  ص  ثٗ طزبفیٍٛوٛوض ئۆریٗ  ِیىزۆة ٌٗ رگزیىزدٔی دژٖ ٔزێٓ. ثٗ پیض ثٛٚٔی خٛاردْ دادٖ
ی طزبفٍٛوٛوض  ٖٚ ی ثالٚثٛٚٔٗ ٖٚ دۆسیٕٗ  یٗ ٖٚ َ رٛێژیٕٗ ٔزێذ. ئبِبٔج ٌٗ رزطیذاردادٖ  وی ِٗ یٗ وێشٗ
  وبٔی شبری د٘ۆن. ٔێٛ وزێىبرأی چێشزخبٔٗ  ٌٗ  ثیظیٍٍیٓرگزی ِی ی ثٗ ژٖ٘ب رێ رٖٚ ٘ٗ  ص ٖٚ ئۆریٗ

ٚ  رگزرٕی ئٗ وبر٘ێٕزا ثۆ ٖٚ  ی چیٓ چیٓ ثٗ ٖٚ ری وۆوزدٔٗ پزۆطیجٗ ێکێٓ ڤەکٌٛیٕێ:ر
  ر چیٕێه ثٗ ٘ٗ  رگیزا ٌٗ وظبْ ٖٚ ی یٗ ٘ب ژِبرٖ رٖٚ ٘ٗ  ٔبٚٔٛٚص وزاثْٛٚ ٖٚ  ی وٗ چێشزخبٔبٔٗ

طذ ٚ ٌٛٚری  دٖ  )طٛاپ( ٌٗ  رگیزا ثٗ ٖٚ  ّٔٛٚٔٗ.  طبدٖ وی ِٗ رٖ ٘ٗ رگزرٕی ٖٚ  ری ّٔٛٚٔٗ پزۆطیجٗ
  ٘ب ٌٗ رٖٚ ٘ٗ ر ِبٔیزۆي طۆٌذ ئبگبر ٖٚ طٗ وبْ چێٕذراْ ٌٗ وۆوزاٖٚ  ، طٛاپٗ وزێىبرأی چێشزخبٔٗ

  ٔبطزاْ ثٗ ی ئٗ أٗٚ جیبوزاٚ ػبد.ئٗ طٗ :6-46ثۆ  57رِی  ی گٗ پٍٗ  دأذراْ ٌٗ  شٗ ئبِێزی گٗ
  ٖٚ  ثیظیٍٍیِٓیىزۆثی ِی  دژٖ  طزیبری ثٗ ی ٘ٗ ٖٚ ژێز  ربلیىزدٔٗ  چٛٚٔٗ ص دٖ طزبفٍٛوٛوض ئۆریٗ

 ر ٘یٕزۆْ ئبگبر. ر ِۆٌٗ طٗ ٘ب فبٔىۆِبیظیٓ ٌٗ رٖٚ ٘ٗ

%( 59) 96،   یٗ ٘ٗ  ٖٚ خٛاردٔٗ  ٔذییبْ ثٗ یٖٛ ی پٗ طبٔٗ ٚ وٗ چێٕذراٚی ئ422ٗوۆی   ٌٗوبْ: ٔجبِٗ ئــــٗ
  ٖٚ %( جیبوزا6.2ٗٔ) :ٌٛٚد،  ٌٗ  ٖٚ %( جیبوزا48.7ٗٔ)75ص.   طزبف ئۆریٗ  ٌگزْ ثٗ ٚا ٘ٗ ٚد وٗ روٗ دٖ
ٌگزی  ٚد ٘ٗ روٗ دٖ  چێشزخبٔٗ وزێىبرأی  % 49ٌٗردٚٚویبْ.  ٘ٗ  %( 8.7ٌٗ) 35٘ب  رٖٚ ٘ٗ  طذ ٖٚ دٖ  ٌٗ
 ثْٛٚ ثۆ فبٔىۆِبیظیٓ. رگز ٔٗ وبْ ثٗ جیىزاٖٚ  ٘ب ٘یچ وبِێه ٌٗ رٖٚ ٘ٗ  ثیظیٍٍیٕٓ، ِٖٚی

شبری   ٌٗ  ٔێٛاْ وزێىبرأی چێشزخبٔٗ  رسی ِیزطبی ئبشىزاوزد ٌٗ ی ثٗ رێژٖ  وٗ ٖٚ رٛێژیٕٗدەرئۀجبَ:
ِێزطب   ٌگزثْٛٚ ثٗ طزیبرْ ثۆ ٘ٗ ثٛٚ سیبرز ٘ٗ ٘ٗ  ٖٚ وبٔٗ خۆشخبٔٗ ٔٗ  ٔذییبْ ثٗ یٖٛ ی پٗ ٚأٗ د٘ۆن. ئٗ

پیض   ْ ٌٗ وٗ رزطی سیبرز درٚطذ دٖ ي خٛاردْ ِٗ گٗ ٌٗ  رییبْ ٘ٗ یٗ دٖ رٖ طٗی  طبٔٗ ٚ وٗ ٘ب ئٗ رٖٚ ٘ٗ ٖٚ
طزیبْ  پشىٕیٓ ثۆ ٌٛٚد ٚ دٖ  پێٛیظزٗ ٓوبٔ گشزییٗ   شٛێٕٗ  ی ٌٗ ٚ وزێىبرأٗ ثٛٚٔی خٛاردْ. ئٗ
وبْ ثۆ پبراطزٕی  ٌگزٖ روزدٔی ٘ٗ طٗ ٚ چبرٖ ٖٚ ثۆ دۆسیٕٗ طٓ ٌگزی طزبف ئۆریٗ ثىزێٓ ئبیب ٘ٗ

        ص. طزبفٍٛوٛوٗ  ٘زاٚی ثٛٚٔی خٛاردْ ثٗ ژٖ  ٌگب ٌٗ وۆِٗ

 



 
 

  

                          ػیزاق-حکِٛەرب ٘ەریّب کٛردطزبٔٝ
 ٚەسارەرب خٛأذٔب ثبال ٚڤەکٌٛیٕێٓ سأظزٝ

 سأکٛیب پٌٛیزەکٕیک یب د٘ٛک
 کٌٛیژا رەکٕیکٝ رۀذرٚطزٝ شێخبْ

 

ظیٍیٓ دٔبف کبرِۀذیٓ ثیثەالڤجٛٚٔب ثکززیب طزبفیٍٛکٛکبص اٚریض ثەرگزٜ ِی
 خبرٔٝ ي ثبژیزٜ د٘ٛکێ

 

ٔبِەیەک پێشکێشٝ کٌٛیژا رەکٕیکٝ رۀذرٚطزٝ شێخبْ سأکٛیب پٌٛیزەکٕیک یب د٘ٛک  ٚەک 
 ثەشەک ژ پێذڤێٓ پێٛیظزٝ ثؤ ثذەطذ ڤەئیٕبٔب ثبٚەرٔبِب ِبطزەرٜ ي ثٛارٜ رۀذرٚطزٝ کِٛەي 

 
الیٝ لٛربثٝژ  

 ئبرەسٚٚ ػیظٝ طب٘ز
 ثکبٌٛریٛص ة سأظزٝ ثبیٍٛجٝ

 
 

 ة طەرپەریشزیب
ػجذاٌزحّٓد.ِظؼٛد ػجذاٌىز٠ُ   
 ِبِٛطزب 
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