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 Abstract
 Although Staphylococcus aureus is a member of the normal human microbiota
 (flora), it may cause fatal infections to humans who underwent accidental injury
 or surgical operation. The bacterium is potent in acquiring antibiotic resistance,
 and is now a very important causative agent of hospital acquired infections.
 In Gaza Strip hospitals, as in other parts of the world, methicillin resistant S.
 aureus (MRSA) is considered one of the most important causative agents of
 nosocomial infections, so the present study aimed broadly to obtain a snapshot
 of MRSA prevalence in Gaza Strip, a part of the world not previously surveyed
 for this type of resistance, as well as the antibiotic resistance pattern of these
 isolates.
 A total of 150 clinical isolates of S. aureus were identified from different
 patients. Disk diffusion tests, CHROMagar MRSA medium, and the PCR assay
 technique were performed for each of the 150 isolates to identify MRSA strains.
 The prevalence of methicillin resistance among S. aureus isolates was 22% (33
 isolates), which can be considered a low percentage compared to that in
 neighboring countries.
 Detection of MRSA in hospital laboratories highlights the epidemiology of
 MRSA, and decreases the creation of more resistant strains that may result
 from random empirical treatment through the use of unnecessary wide
 spectrum antibiotics.
 The results of this study show that using methicillin conventional disk diffusion
 test for detection of MRSA in hospital laboratories is highly reliable and it can
 reach the same value of specificity and sensitivity of the PCR assay.
 Overcrowding of the patients and long hospitalization are the major causes of
 MRSA distribution among patients, as shown from the investigations conducted
 in the European hospital.
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 It is recommended to rapidly detect MRSA among hospitalized patients and
 isolate any patient who is infected with MRSA, as well as making routine MRSA
 detection in hospital wards to identify any new emergence of MRSA.
 Keywords
 Polymerase Chain Reaction; antibiotic resistance; nosocomial infections;
 MRSA.
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 الكشف عن بكتیریا الستافیلوكوكس اوریوس ألمقاومھ للمیثیسلین بین اإلصابات قطاع غزة فيفیاتشستمال منألمقیمھ
 طبیعی ة ف ي بع ض من اطق ج سم الموج ودة ب صورة بكتیری ا ال ستافیلوكوكس اوری وس تعتب ر م ن البكتیری ا أنب رغم
 ال ذین تعرض وا أو خطی رة ب أمراض الم صابین قاتل ة خ صوصا عن د المرض ي إص ابات ق د ت سبب أنھ ا إال، اإلنسان
 ھذه البكتیریا لھا قدرة عالیة علي اكتساب مقاومة ضد المضادات الحیویة وھ ي ب ذلك تعتب ر .لعملیات جراحیة كبیرة
 .من أھم أنواع البكتیریا المسببة لإلصابات داخل المستشفي
 للمیثی سلین م ن اوری وس المقاوم ة ل ستافیلوكوكس كما باقي مناطق مختلف ة م ن الع الم، تعتب ر خالی ا ا غزة،في قطاع
 الك شف ع ن ن سبة وج ود بكتیری ا إل ي ولھذا ھدفت ھ ذه الدراس ة فیات،شست داخل الملإلصابات البكتیریا المسببة أھم
 وك ذلك معرف ة م ستوي مقاوم ة ھ ذه ف ي قط اع غ زة المستشفیات الستافیلوكوكس اوریوس المقاومة للمیثیسلین داخل
 .ادات الحیویة والتي تستخدم عادة لعالج مثل ھذا النوع من البكتیریاقي المضالبكتیریا لبا
 وھ ي دار ال شفاء مست شفیات رئی سیة، عین ة م ن ال ستافیلوكوكس اوری وس م ن ث الث 150 م ا مجموع ھ جم عت م
 ثالث ب وق د ت م التع رف عل ي بكتیری ا ال ستافیلوكوكس اوری وس المقاوم ة للمیثی سلین . وناصر والمست شفي األوروب ي
 وك ذلك باس تخدام وس ط انتق ائي للبكتیری ا المقاوم ة (PCR)اس تخدام والح ساسیة الروتین ي فح ص ط رق وھ م
 ن سبة وج ود ال ستافیلوكوكس اوری وس المقاوم ة للمیثی سلین م ن مجم وع أن وق د وج د ، وھ و ك روم اج ار للمیثی سلین
 . كل الدول المجاورةة تواجدھا في اقل من نسب النسبةوھذه%) 22( البكتیریا التي جمعت ھي
 إن الكشف عن بكتیریا ال ستافیلوكوكس اوری وس المقاوم ة للمیثی سلین یلق ي ال ضوء عل ي م دي انت شار ھ ذه البكتیری ا
 للعدی د م ن الم ضادات الحیوی ة والت ي تن تج ع ن المقاوم ةف ي المست شفیات وك ذلك ی ساعد عل ي تقلی ل ع دد البكتیری ا
 .المجال دون مبررعن استخدام مضادات حیویة واسعة الناتجة تلكأو العشوائي للمضادات الحیویةاالستخدام
 لین بالطریق ة العادی ة للك شف ع ن بكتیری ا أق راص المیثی س خدام النت ائج المستخل صة م ن الدراس ة ان اس ت أثبت ت
 أن كم ا وتب ین النت ائج .(PCR)ال ستافیلوكوكس اوری وس المقاوم ة للمیثی سلین تك افىء ف ي دقتھ ا اس تخدام طریق ة
 بكتیری ا ال ستافیلوكوكس اوری وس المقاوم ة المستشفیات لفترة طویلة تزید من انتشار المرضي في ومكوث االزدحام
 ا ال ستافیلوكوكس اوری وس المقاوم ة للمیثی سلین عن د ی لھذا توصي ھذه الدراسة بسرعة الكشف عن بكتیر . للمیثیسلین
 ف ي المست شفیات لت شخیص أي ح االت ال دوري مخب ري أل الك شف تطبی ق وكذلك المستشفي المرضي المقیمین داخل
 .ظھور لھذه البكتیریا
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 Chapter 1
 INTRODUCTION Methicillin resistant staphylococcus aureus (MRSA) is the term used for
 bacteria of the Staphylococcus aureus (S. aureus) that are resistant to the
 usual antibiotics used in the treatment of infections with such organisms.
 Traditionally MRSA stood for methicillin resistance but the term increasingly
 refers to a multi-drug resistant group. Such bacteria often have resistance to
 many antibiotics traditionally used against S. aureus. Infections caused by
 MRSA are the same as other staphylococcal infections because the organism
 itself is not any more virulent (or infectious) than usual type S. aureus. Like
 other S. aureus, MRSA can colonize the skin and body of an individual without
 causing sickness, and in this way it can be passed on to other individuals
 unknowingly. Problems arise in the treatment of overt infections with MRSA
 because antibiotic choice becomes very limited (1).
 MRSA is found worldwide, predominantly in hospitals and institutions such as
 nursing homes. Much less commonly, MRSA is found in the general
 community. There are three main reservoirs (and hence sources of spread and
 infection) for MRSA in hospital and institutions: staff, patients and inanimate
 objects such as beds, linens and utensils. By far the most important reservoir is
 patients who may be colonized with MRSA without evidence of infection. The
 usual sites of colonization with MRSA are the nostrils, skin, groin, axilla, and
 wounds (1).
 The epidemiology of nosocomial infections by methicillin sensitive S. aureus
 (MSSA) and methicillin resistant S. aureus (MRSA) presents several different
 aspects. Infection by MRSA is more commonly associated with adult patients,
 particularly in those with the following risk factors: prolonged hospital stay,
 antimicrobial use, invasive procedures, surgeries and patients submitted to the
 hemodialysis. MSSA infections are more prevalent in neonates, especially
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 those with the following risk factors: premature birth, low weight, breathing
 syndromes, immunodeficiency, antimicrobial use, prolonged hospital stay,
 invasive methods and surgical interventions (1). Moreover, MRSA can rapidly
 spread from patient to patient and hospital to hospital (2).
 β-lactam antibiotics, such as penicillin, bind to and inactivate enzymes named
 PBPs (penicillin binding proteins). These enzymes have their function in the cell
 wall synthesis. Bacterial resistance to penicillins developed through the
 production of penicillinases that specifically degrade β-lactam antibiotics (3). To
 overcome the resistance problem a new class of antibiotics was developed,
 namely penicillinase-resistant penicillins e.g., oxacillin and methicillin that were
 introduced in the late 1950s. Methicillin/oxacillin resistant S. aureus (MRSA)
 was identified in 1961 and the resistance mechanism developed renders the
 cells resistant to all known β- lactam antibiotics. Today, most of the MRSA are
 multiresistant i.e., resistant to a number of drugs, thus causing a clinical
 problem as antibiotic treatment becomes useless. Methicillin resistance is
 almost exclusively caused by production of an additional penicillin binding
 protein (PBP2a) encoded by the mecA gene, although other mechanisms have
 been described (3).
 Most children and 40% of adults are nasal carriers of S. aureus. Examples of
 populations with an increased frequency of S. aureus carriage are newborns,
 hospital workers, hemodialysis patients and those with skin disorders such as
 eczema. Additional factors associated with MRSA colonization are prolonged
 hospitalization, burns, surgery necessitating intensive care and the use of
 multiple antibiotics, especially during a prolonged course of treatment. MRSA
 may be carried for an extremely long period. Eradicating MRSA in a carrier is
 very difficult, and is usually only considered for the healthcare worker who has
 been epidemiologically linked to an outbreak and for patients in long term care
 facilities. Therapies to clear nasal carriage of MRSA have been met with some
 success, but relapse can occur within months of the completion of therapy (4).
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 As shown in Figure1.1 below, as rapidly as new antibiotics are introduced,
 staphylococci have developed efficient mechanisms to neutralize them (5).
 Figure 1.1 Increased staphylococcal resistance. (Adopted from reference 5)
 S. aureus causes superficial, deep-skin, soft- tissue infections, endocarditis,
 and bacteremia with metastatic abscess formation and a variety of toxin –
 mediated diseases including gastroenteritis, staphylococcal scalded skin
 syndrome and toxic shock syndrome.
 In Europe, MRSA prevalence varied almost 100- fold, from less than 1% in
 Northern Europe to more than 40% in Southern and Western Europe (6). This
 is due to strict isolation policies, while in the USA and England, the success of
 infection control procedures has been limited (5).
 In Gaza Strip, there are no previous studies on the prevalence of MRSA,
 moreover, MRSA isolates are not recorded in Gaza Strip hospitals, but in East
 Jerusalem, the prevalence was determined by Essawi et al. (2004), and it was
 19.1% (7).
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 Objectives:
 • Determine the percentage of (MRSA) in nosocomial infections in Gaza
 Strip.
 • Determine the percentage of MRSA isolates for each of the three main
 hospitals and hospital wards in Gaza Strip; Shifa hospital, Naser hospital,
 and the European hospital.
 • Determine the susceptibility of the collected isolates to the commonly
 used antibiotics against S.aureus infections.
 • Correlate methicillin susceptibility to the presence of mecA gene.
 • To evaluate the relationship between resistance of the isolates to both
 methicillin and cefoxitin.
 In order to fulfill those objectives, three methods were applied:
 • Conventional disk diffusion agar susceptibility testing for the most
 commonly used antibiotics against S.aureus including methicillin and
 cefoxitin, to identify resistant isolates.
 • Selective and differential CHROMagar MRSA medium.
 • Polymerase Chain Reaction (PCR) assay to detect the presence of the
 mecA gene.
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 Chapter 2
 Literature review
 2.1. Characteristics and Morphology of S. aureus
 Taxonomically, the genus Staphylococcus is in the bacterial family
 Staphylococcaceae. S. aureus forms a fairly large yellow colony on rich media.
 Staphylococci are facultative anaerobes that grow by aerobic respiration or by
 fermentation that yields principally lactic acid (8). They are Gram positive
 spherical cocci (Figure 2.1) which divide incompletely in three perpendicular
 planes. S.aureus is approximately 1 µm in diameter, non-motile, non-spore-
 forming, and occasionally capsulate. S.aureus contains protein A, an
 antiphagocytic virulence factor, covalently incorporated into its cell wall. Most S.
 aureus strains contain clumping factor on their outer surface, which binds to
 fibrinogen, thus causing the organisms to aggregate in plasma. Another free
 coagulase causes clotting of plasma in a test tube (9).
 Figure 2.1. Scanning electron micrograph of Staphylococcus aureus. (Adopted from
 reference 8)
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 2.1.1. Enzymes and toxins
 S. aureus produces many enzymes and toxins, some of which are undoubted
 virulence factors. Structural virulence factors of S. aureus include protein A,
 capsule, and peptidoglycan. Enzymes include bound and free coagulases,
 nucleases, hyaluronidase, proteinase, phosphatase, and fibrinolysin (9).
 2.1.2. Pathogenesis of S. aureus
 S. aureus causes a variety of suppurative (pus-forming) infections and
 toxinoses in human. It causes superficial skin lesions such as boils, styes and
 furunculosis; more serious infections such as pneumonia, mastitis, phlebitis,
 meningitis, and urinary tract infections; and deep-seated infections, such as
 osteomyelitis and endocarditis. S. aureus is a major cause of hospital acquired
 (nosocomial) infection of surgical wounds and infections associated with
 indwelling medical devices. S. aureus causes food poisoning by releasing
 enterotoxins into food, and toxic shock syndrome by release of superantigens
 into the blood stream (8).
 2.2. Antibiotic Resistance Mechanisms in Bacteria
 Mechanisms that bacteria exhibit to protect themselves from antibiotics can be
 classified into four basic types, the resistant bacteria retain the same sensitive
 target as antibiotic sensitive strains, but the antibiotic is inactivated or degraded
 before reaching it. The second type of resistance is that the bacteria protect the
 target of antibiotic action by preventing the antibiotic from entering the cell or
 pumping it out faster than it can flow in. The third type is alterations in the
 primary site of action. The final mechanism is the production of an alternative
 target (usually an enzyme) that is resistant to inhibition by the antibiotic while
 continuing to produce the original sensitive target. This allows bacteria to
 survive in the face of selection. The alternative enzyme "bypasses" the effect of
 the antibiotic. The best known example of this mechanism is probably the
 alternative penicillin binding protein (PBP2a), which is produced in addition to
 the "normal" penicillin binding proteins by MRSA (Figure 2.2). The protein is
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 encoded by the mecA gene, (Figure 2.2), and because PBP2a is not inhibited
 by antibiotics such as flucloxacillin, the cell continues to synthesize
 peptidoglycan, and hence has a structurally sound cell wall (10).
 Resistance in bacteria can be intrinsic or acquired. Intrinsic resistance is a
 naturally occurring trait arising from the biology of the organism, for example,
 vancomycin resistance in Escherichia coli. Acquired resistance occurs when a
 bacterium that has been sensitive to antibiotics develops resistance, this may
 happen by mutation or by acquisition of new DNA (10).
 It is believed that resistant genes must have been derived from a large and
 diverse gene pool presumably already occurring in environmental bacteria.
 Notably, many bacteria and fungi that produce antibiotics possess resistance
 determinants that are similar to those found in clinical bacteria, and the gene
 exchange might occur in soil or, more likely, in the gut of humans or animals
 (10).
 Figure 2.2. Schematic diagram of mecA gene and its flanking elements.
 2.3. S. aureus and its genome
 About 2,600 genes are found on the chromosome of S. aureus, which is
 equivalent to about 2.8 Mbp in size. Those genes are mostly house-keeping
 genes involved in such metabolic processes as synthesis of nucleic acids and
 proteins. The feature of S. aureus as a human pathogen is determined by
 another functional domain of the chromosome. S. aureus chromosome contains
 several genomic islands (Gislands) that are found at least at seven different loci
 thus interrupting the domain of chromosome encoding house-keeping function
 which descended from the ancestor (17).
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 In these Gislands, most of the genes involved in pathogenesis and antibiotic
 resistance are identified. SCC is one of the Gislands. Besides the SCCmec
 carrying most of the chromosomally localized antibiotic resistance genes, SCC
 can carry such genes involved in capsule formation that constitutes a part of
 virulence potential of the organism (17).
 2.4. Methicillin Resistant S. aureus (MRSA)
 2.4.1. Effect of temperature on MRSA
 Variation in methicillin and oxacillin resistance can happen due to temperature
 changes for the same isolates. Merlino et al. (2002) and his team noted that
 the resistance of their isolates to both oxacillin and methicillin increased when
 the isolates were incubated at 30°C for 24 h in ambient air. Changing the
 temperature to 30°C for heterogeneously resistant MRSA sometimes results in
 a large proportion of cells appearing resistant. When staphylococcal strains
 were plated on methicillin-containing agar and incubated at 30°C, the majority
 of cells appeared as highly resistant bacteria, whereas the same experiment
 applied with 37°C incubation yielded heterogeneous culture, with only very few
 cells capable of growing on the methicillin plates, so expression of methicillin
 resistance may be thermosensitive (11).
 2.4.2. mecA gene in MRSA
 The mecA gene is a component of a large DNA fragment designated mec DNA,
 which is located at a specific site of the S. aureus chromosome and has been
 suggested to be transmitted from other bacterial species. The acquisition of
 mec DNA is considered to be the first genetic requisite for methicillin resistance
 in staphylococci (12).
 mec A gene is 2.1-kb part of a larger (40 to 60 kb) mec element of
 extraspecies origin which extends both upstream and downstream of the mecA
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 determinant. MecA gene consists of 2007 nucleotides, which are located
 between 45031 and 47037 bp of the whole genome of MRSA (13, 14).
 2.4.2.1. Location of mecA gene
 mecA, which is located on a mobile element, staphylococcal chromosomal
 cassette mec (SCCmec), is horizontally transferable among staphylococcal
 species. Acquisition of (SCCmec) by sensitive clones is four times more
 common than the replacement of one SCCmec with another. Four types of
 SCCmec elements have been characterized. Types I, II, and III (34 to 66 kb)
 are principally found among hospital-associated MRSA (HA-MRSA) strains.
 SCCmec type IV (20 to 24 kb) was first identified in a community-associated
 MRSA (CA-MRSA) strain, and it is by far the predominant type found among
 community isolates, and this is because SCCmec type IV may have a lower
 cost on fitness because it carries only the structural and regulatory genes for
 methicillin resistance and the recombinase genes for movement of the element.
 In contrast, SCCmec types I to III can carry additional genes, such as those
 encoding resistance to non-ß-lactam antibiotics and heavy metals. This
 explains why, in contrast to HA-MRSA, CA-MRSA tends to be susceptible to
 most non-ß-lactam antimicrobials and has a higher growth rate (15, 16, 17).
 The SCCmec encodes resistance to β- lactams, bleomycin, macrolide -
 lincosamide-streptogramin B, aminoglycosides, and spectinomycin. Acquisition
 of SCCmec has provided S.aureus with β- lactam-insensitive cell wall synthetic
 enzyme in hospital acquired infections (HA infection) (18).
 Several lines of evidence suggest that the emerging CA-MRSA isolates are
 distinct from typical nosocomial strains. First, CA-MRSA isolates are generally
 susceptible to non-β-lactam antimicrobial agents and genetic fingerprinting
 suggests that they are unrelated to hospital-associated strains. The CA-MRSA
 were more likely to carry type IV SCCmec than were hospital isolates. This
 gene cassette has been rarely found in contemporary healthcare-associated
 MRSA strains (19).
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 Other studies believed that SCCmec type IV is also the most frequently
 acquired element within the five major lineages responsible for most hospital-
 acquired MRSA infections, while the prevalence of disease caused by clones
 that carry SCCmec types I to III at present may be higher than that caused by
 clones that carry SCCmec type IV (20).
 The 2 kb mecA gene and flanking DNA are unique to methicillin resistant
 strains of staphylococci and no equivalent locus exists in methicillin susceptible
 bacteria, indicating that mec determinant was acquired by horizontal gene
 transfer (21).
 The data obtained from genomic banks reveals that mecA gene is composed of
 720 nucleotides, and 239 amino acid sequence (13).
 It is commonly accepted that the core sequence of mec DNA acquired originally
 by S. aureus probably included at least three regions (Figure 2.2) : the mecA
 gene,1-2 kb of 3’ sequence, followed by a copy of Insertion sequence like
 element (IS 431 mec), and 5’ regulatory sequence , mecRI, and mec I (22).
 2.4.2.2. Origin of mecA gene
 Tomasz, who discovered the mecA gene, as a principal genetic determinant of
 methicillin resistance in S. aureus, considered the question of where the mecA
 gene originated from.
 A large screening effort in his laboratory looking at a number of veterinary and
 environmental staphylococci identified Staphylococcus sciuri (S. sciuri) which is
 an endemic infection of squirrels, dolphins, and deer as having a mecA gene
 closely related to that of MRSA. Of 134 non-clonal S. sciuri evaluated, all were
 positive for a close mecA gene homolog quite similar to that found in MRSA.
 Interestingly, Tomaz concluded that," S. sciuri is penicillin and methicillin
 susceptible; hence, the mecA gene in S. sciuri is phenotypically silent". In the
 same study by Wu in the Tomasz laboratory, the S. sciuri mecA homolog was
 introduced into an S. aureus strain which has had its native mecA genetically
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 inactivated. Introduction of the S. sciuri mecA gene conferred methicillin
 resistance on this S. aureus strain, suggesting that the S. sciuri gene can be
 active in S. aureus and could have been the original source of mecA-(23).
 This molecular evolution study reminds us that human pathogens should not be
 considered in isolation, and veterinary microbes are a large reservoir of genetic
 resistance determinants that in this case have led to a major resistance
 problem in a human pathogen (10).
 mecA gene has been identified in a methicillin-sensitive S. sciuri with 88%
 homology at the amino acid level to a lot of MRSA. Transduction of the S. sciuri
 mecA into an MSSA resulted in increased resistance to methicillin coupled with
 the detection of PBP2a (5).
 Many studies suggested that the emergence of "epidemic" MRSA clones was in
 part the result of the successful horizontal transfer of the mecA gene into an
 ecologically fit and transmission-efficient MSSA clone (5).
 2.4.2.3. mecA gene and PBPs
 The mecA gene is responsible for synthesis of penicillin-binding protein 2a
 (PBP2a; also called PBP2') a 78-kDa protein. PBPs are membrane-bound
 enzymes that catalyze the transpeptidation reaction that is necessary for cross-
 linkage of peptidoglycan chains (5). PBPs undergo a substantial conformational
 change in the course of its interactions with β -lactam antibiotics (24).
 Methicillin-susceptible S. aureus isolates produce five PBPs: PBP1, PBP2,
 PBP2B, PBP3, and PBP4, for which the genes have been cloned and
 sequenced. MRSA isolates have acquired an additional PBP, termed PBP2' or
 PBP2a, that has low affinity for ß-lactam antibiotics and substitutes for the other
 PBPs in cell wall synthesis when they are inhibited by ß-lactams. It has recently
 been revealed that the ability of PBP2a to affect cell wall synthesis in the
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 presence of methicillin requires cooperation from the transglycosylase domain
 of the native PBP2 (25).
 As a result of expressing PBP2a, MRSA becomes resistant to β- lactams,
 including methicillin. PBP2a cooperates with a specific region of the native
 PBP2 to build cell wall in the presence of β- lactam antibiotics. According to the
 researchers in the field, this is the first time they see an important protein learn
 to cooperate with a native protein (25, 26).
 An additional series of genes, as sasB, and the fem (factor essential for
 methicillin resistance) genes, plays a role in cross-linking peptidoglycan strands
 and also contributes to the heterogeneity of expression of methicillin resistance
 (5).
 This acquired enzyme manifests resistance to covalent modification by β-
 lactam antibiotics at the active site serine residue in two ways. First, the
 microscopic rate constant for acylation (K 2) is attenuated by 3 to 4 orders of
 magnitude over the corresponding determinations for penicillin-sensitive
 penicillin-binding proteins. Second, the enzyme shows elevated dissociation
 constants for the non-covalent pre-acylation complexes with the antibiotics, the
 formation of which ultimately would lead to enzyme acylation. The two factors
 working in concert effectively prevent enzyme acylation by the antibiotics in
 vivo, giving rise to drug resistance (24).
 PBP2a is relatively heat labile. Maintenance of the resistant staphylococcal
 cells overnight at high temperature (43.5 0C) causes simultaneous loss of the
 resistance to β- lactam antibiotics (27).
 2.4.2.4. Regulation of mecA gene
 The genetic determinant of methicillin resistance (mecA) has been localized on
 the chromosome of S.aureus and mapped to a locus between the genes
 encoding protein A (spa) and a protein involved in the biosynthesis of purine
 (purA). The mecA gene is adjoined by a set of regulatory genes (Figure 2.2),
 mecI and mecRI, forming the mecA gene complex (mecI – mecRI – mecA) (22).
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 mecI and mecR1 genes, regulate the mecA gene. Deletions or mutations in
 mecI or the promoter region of mecA result in constitutive expression rather
 than variable expression of mecA (5).
 MecA synthesis is regulated by a signal transduction system consisting of an
 integral-membrane zinc-dependent metalloprotease sensor/signal transducer,
 MecR1, and a constitutive transcriptional repressor, methicillin repressor MecI,
 both located immediately upstream from the mecA promoter on mec elements
 and counter-transcribed. MecR1/BlaR1 proteins are made up by homologous
 N-terminal 330-residue transmembrane metalloprotease domains linked to
 extracellular 260-residue homologous PBP-like penicillin sensor moieties (28).
 MecI binds to an extended region containing two consecutive palindromes and
 covering the mecA and the mecR1-mecI promoter sequences. Dimeric MecI
 constitutively blocks mecA transcription via inhibition of mRNA synthesis
 initiation or elongation. Through recognition of regulatory regions of the counter-
 transcribed mecR1-mecI operon, the repressor also regulates its own
 transcription and that of the signal sensor/transducer. MecR1 detects β- lactam
 antibiotics in the extracellular space via its PBP-like penicillin sensor. Upon
 protein acylation, a conformational change within MecR1 leads to autocatalytic
 activation of the integral-membrane metalloprotease domain. This system
 highlights the key role of methicillin repressor as the eventual transcriptional
 regulator of MRSA response (28).
 The mecR1 gene encodes a transmembrane inducer of mecA consisting of
 membrane-spanning (MS) and penicillin-binding (PB) domains. The mecI gene
 encodes a strong repressor of mecA and consequently strains such as N315
 with intact mecR1 and mecI can appear methicillin sensitive in susceptibility
 tests (29). Accordingly, S. aureus does not express methicillin resistance even
 if it has acquired SCCmec. A strain that has acquired mecA gene together with
 its regulatory genes, mecI and mecR1, remains susceptible to methicillin. Such
 clinical isolates are called pre-MRSA. It is proposed that mutational inactivation
 of mecI gene is necessary for pre-MRSA to be MRSA (17).
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 An analysis of these regulatory genes in 35 epidemic (MRSA) isolated in
 England and Australia has found that they contain three classes of mec
 complex. Firstly, the class A mec complex with complete mecR1 and mecI
 genes. Secondly, a new variant of class A, the class A1 mec complex, with a
 166 bp deletion in the membrane-spanning domain of mecR1 and a complete
 mecI gene. Thirdly, the class B mec complex, in which the penicillin-binding
 domain of mecR1 and the whole mecI gene are deleted by the insertion of a
 partial sequence of IS1272 (29).
 the β lactamase enzymatically cleaves the four membered β lactam ring,
 rendering the antibiotic inactive. Over 200 types of β lactamase have been
 described. Most β lactamases act to some degree against both penicillins and
 cephalosporins; others are more specific—namely, cephalosporinases (for
 example, AmpC enzyme found in Enterobacter spp) or penicillinases (for
 example, S. aureus penicillinase). β Lactamases are widespread among many
 bacterial species (both Gram positive and Gram negative) and exhibit varying
 degrees of inhibition by β lactamase inhibitors, such as clavulanic acid (10).
 Studies have shown that the blaR1–blaI complex present in β- lactamases is
 able to regulate the expression of the mecA gene. MRSA strains that have a
 dysfunctional regulatory region can either express mecA constitutively, or they
 can use the ß-lactamase regulatory genes to optimally express mecA because
 BlaR1 is a strong inducer of mecA and BlaI is a weak repressor (29).
 Regulatory gene products usually repress mecA expression, but this function is
 removed when the bacterial cells are exposed to β- lactams, so methicillin
 resistance is induced by the presence of β- lactams (22).
 2.4.3. Detection of MRSA Because the expression of the mecA gene is highly variable and dependent on
 different factors, phenotypic methods such as agar or broth dilution and disk
 diffusion have been shown to be less accurate than genotypic detection
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 methods such as polymerase chain reaction (PCR) (30). This is mainly because
 phenotypic methods may be difficult to interpret and some isolates do not
 express their mecA gene unless selective pressure via antibiotic treatment is
 applied (31).
 But Martineau et al. (2000) found that from 66 oxacillin resistant strains, 4
 strains were PCR negative, and from 140 oxacillin susceptible strains, there
 was one PCR positive strain. Therefore, although present, the mecA gene did
 not confer a detectable level of oxacillin resistance. However, it was possible to
 select resistant cells by exposing this strain to increasing concentrations of
 oxacillin (31).
 Identification of resistant strains is not so easy or clear, because of the
 presence of borderline strains. ‘Borderline’ resistant strains may have altered
 PBPs or be penicillinase hyperproducers, and these can be difficult to
 distinguish from resistant strains that carry the mecA gene by the conventional
 techniques (32).
 Thus, strains termed “borderline” in susceptibility to methicillin and oxacillin
 may: (i) have altered PBPs, (ii) be penicillinase hyperproducers or (iii) carry the
 mecA gene but be highly heterogeneous in the expression of resistance, with
 only a small proportion of the population of cells expressing higher levels of
 resistance (32). So some MRSA negative mecA strains show low level of
 resistance, but according to Japoni et al. (2004) none of the MSSA isolates
 showed PCR positive results (28).
 Recently National Committee for Clinical Laboratory Standards (NCCLS)
 suggested the use of a 30 µg cefoxitin disk to predict the presence of mecA,
 using a breakpoint of ≤19 mm as indicative of resistance of S. aureus to
 oxacillin (33). It is often desirable to use DNA- based assays to detect the mecA
 gene rather than relying on phenotypic susceptibility test. Methicillin resistant
 strains appear to be uniform in that they all contain the unique, foreign-born
 mecA gene and its products. On the other hand, the degree of antibiotic
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 resistance varies tremendously from one strain to another, spanning the range
 of few micrograms per milliliter to several milligrams per milliliter (34).
 CHROMagar S. aureus (manufactured by CHROMagar Company, Paris,
 France) is a new chromogenic medium for presumptive identification of S.
 aureus. All S. aureus isolates should yi11eld mauve colonies aft
 er 24 h of incubation at 37°C, while coagulase negative S. aureus (CoNS)
 isolates grow as blue, white, or beige colonies (35, 36).
 Figure 2.3. Appearance of MRSA on CHROMagar medium.
 Haruhiko et al. (2004) studied the sensitivity and specificity of CHROMagar
 medium compared with that of mannitol salt agar (MSA) and oxacillin resistant
 screening agar (ORSA) in Japan. Fifty seven MRSA isolates had the DNA of
 mecA gene and 43 isolates were found to be MSSA. CHROMagar MRSA was
 successful in detecting all the 57 isolates as MRSA. On the contrary, with MSA
 and ORSA, 4 isolates from different patients were not detected on both MSA
 and ORSA media. CHROMagar MRSA achieved 100% in both specificity and
 sensitivity. MSA and ORSA both achieved 100% specificity and 91.5%
 sensitivity (37).
 CHROMagar MRSA on the other hand is a CHROMagar medium
 supplemented by oxacillin and sodium azide allowing for selection and
 detection of MRSA (38, 39).
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 2.5. Prevalence of MRSA
 Analysis of data from many laboratories throughout the United States,
 submitted to the Focus Technologies’ database, showed recently that the
 prevalence of MRSA in hospitals increased from 30% in 1996 to 45% in 2001 in
 inpatient isolates and from 17% to 29% in outpatient isolates (33).
 Fluit et al. (2003) tried to determine the prevalence of MRSA in different
 European countries. In general, the highest prevalence of MRSA isolates was
 seen in hospitals in Portugal (54%) and Italy (43% - 58%). In contrast, the
 prevalence of MRSA was lowest 2% in participating hospitals in Switzerland
 and The Netherlands (40).
 The prevalence of nosocomial infections of MRSA can also vary from hospital
 to hospital in the same country. Fluit et al. (2003) found that the proportion of
 MRSA isolates was 34% for a hospital in Seville, Spain, whereas it was 9% for
 a hospital in Barcelona. The reason for the low prevalence in some hospitals
 may be related to the rapid identification and strict policies of isolation of
 patients with MRSA colonization or infection, combined with the restricted use
 of antibiotics (40).
 The prevalence of MRSA also varies according to the sample source. This is
 supported by the study of Fluit, et al. (2001) who found that the prevalence of
 methicillin resistance was highest among S. aureus isolates deemed
 responsible for nosocomial pneumonia (34.4%); the prevalence of methicillin
 resistance was 28.3% among urinary tract infection isolates and 23.8% among
 blood isolates and was lowest among isolates associated with skin and soft
 tissue infections (22.4%). According to Fluit et al. (2001) the reason might be
 due to prolonged antibiotic treatment of severely sick patients, which generally
 have longer hospital stays, resulting in enhanced selection pressure (40).
 From the same previous study, the researchers tried to study the distribution of
 MRSA in different hospital wards, and they found that the highest percentage of
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 MRSA was in intensive care unit (ICU), and the lowest percentage was in
 outpatient department and emergency rooms. The reason, according to the
 study, is that the critically ill patients in ICUs have a greater chance of
 becoming colonized or infected. MRSA is more frequently isolated from men
 than from women. This result was achieved from receiving antibiotic
 susceptibility test results from 295 European hospitals (40).
 Six hundred ninety-two clinical isolates of S. aureus were collected from blood
 cultures in 15 Israeli hospitals over a two year period. Antibiotic sensitivity was
 tested by the standard disk diffusion technique. Of these isolates, 41.6% were
 methicillin-resistant (41).
 Essawi et al. (1998) found that the prevalence of MRSA in EL- Makased
 hospital in East Jerusalem was 19.1 %. Essawi et al detected the nasal
 carriage of MRSA among nurses and physicians in the same hospital and they
 concluded that the probable common source of MRSA strains is nares of
 carriers (7).
 In the Burns unit at Mansora University hospital in Egypt, S. aureus was
 isolated from nostrils, patient hair, hand skin, and graft infection. The MRSA
 percentages among these isolates were 44%, 44%, 46%, and 60%,
 respectively, which means that the average percentage of MRSA in this
 hospital is about 48% (42).
 In the same study, MRSA strains were found to be 100% resistant to oxacillin,
 clindamycin, and penicillin. The resistance to gentamicin was 58.3%, to
 erythromycin was 33.3%, to ciprofloxacin was 33.3%, to tetracycline was 25%,
 to trimethoprime-sulfamethoxazole was 25%, to rifampicin was 16.7%, and to
 vancomycin was 0%. The proportion of MRSA in UK hospitals has risen
 alarmingly by nearly 20-fold, from 2% in 1990 to more than 40% in the early
 2000s (43).
 Regarding the relation between age and prevalence of MRSA, the distributions
 of both MSSA and MRSA among different age groups have been found to be
 similar. However, with the exception of newborns, S. aureus infections were
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 more often found with increasing age, but their prevalence declined after
 75 years of age. Compared to the age distribution for all infections with other
 organisms, no significant differences in the age distributions of individuals with
 MRSA infections were observed (40).
 2.6. Reducing Antibiotic Resistance
 In simple terms, antimicrobial resistance rates can increase in one of two ways:
 by emergence of resistance in a previously susceptible organism under
 pressure of antimicrobial use or by transmission of an already resistant
 pathogen from one person to another. Prevention and control measures can be
 categorized similarly: into measures that control antimicrobial use and
 measures that prevent transmission of already resistant pathogens. Aggressive
 hand hygiene campaigns that encourage the use of alcohol-based hand rubs
 have been associated with reductions in the incidence of both nosocomial
 infections and resistant organism carriage and infection. In addition to hand
 hygiene, the (Centers for Disease Control and Prevention's Hospital Infection
 Control Practices Advisory Committee) recommends the use of contact
 precautions (also referred to as contact isolation) to prevent the spread of
 MRSA and vancomycin resistant enterococci (VRE) in the health care settings.
 Contact precautions require the use of barriers (gowns, gloves, and sometimes
 masks) to prevent transmission of antimicrobial-resistant bacteria and have
 been demonstrated to be effective for control of MRSA (44).
 2.7. MRSA and Susceptibility to Other Antibiotics
 The pharmaceutical industry responded by initiating research programs in the
 discovery of novel -lactams that will inhibit PBP2a. A few cephalosporins have
 been identified, of which a handful has now advanced into clinical trials for
 MRSA treatment (24).
 Cefoxitin is highly accurate under routine susceptibility testing conditions, i.e.
 with standard media, a standard inoculum yielding semi-confluent growth and a
 standard incubation time and temperature of 16–20 h and 35–37°C,
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 respectively, makes this method a very attractive phenotypic method for
 detection of methicillin resistance in S. aureus in routine laboratories (45).
 Natural foods can also contribute a positive step for MRSA inhibition. Garlic and
 its oil has been reported to have inhibitory activity against S.aureus (46).
 Vancomycin is the drug of choice for treatment of infection caused by
 methicillin-resistant strains. Alternatives to vancomycin are few due to the
 multiple drug resistances typical of methicillin-resistant staphylococci (47).
 Other studies decided that in clinical practice the drug of choice for mecA-
 positive MRSA strains is either vancomycin or teicoplanin (11).
 A study in Gaza Strip for detecting the percentage of vancomycin resistant S.
 aureus (VRSA), both inpatients and outpatients, showed that 1.8% of 564 S.
 aureus isolates were vancomycin resistant (48).
 2.7.1. Prevalence and criteria of multidrug-resistance (MDR)
 S. aureus isolates are considered to be multidrug resistant when they display
 resistance to five (or more) of the following antibiotics, which represent different
 antibiotic classes: oxacillin, penicillin, erythromycin, clindamycin, gentamicin,
 ciprofloxacin, tetracycline, rifampin, and chloramphenicol (40).
 According to the previous criteria, Fluit et al. (2001) studied the percentage of
 MDR for methicillin susceptible S .aureus (MSSA) and MRSA nosocomial
 isolates. They found that all MRSA isolates were resistant to at least two
 classes of antibiotics. The results also showed that only 2% of the MSSA
 isolates were (MDR). However, 87% of the MRSA isolates were MDR, only 3%
 of the MRSA isolates were resistant to β-lactam antibiotics only, which are
 considered as non-multidrug-resistant (NMDR), and 10% of MRSA are NMDR,
 but resistant to more than β-lactam antibiotics (41).
 Merlino et al. (2002) examined 60 MRSA nosocomial isolates in Sydney, and
 they subdivided these isolates into two groups according to their antibiotic
 profiles, 30 MRSA isolates were NMDR isolates, resistant to less than two non-
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 ß-lactam antibiotics, and 30 of MRSA isolates were MDR, resistant to three or
 more non-ß-lactam antibiotics. From the same previous study, the team found
 that all (MDR) MRSA were resistant to gentamicin and trimethoprim, whereas
 all (NMDR) MRSA were susceptible to gentamicin and trimethoprim (11).

Page 35
                        
                        

22
 Chapter 3
 Materials and Methods 3.1. Materials
 3.1.1. Bacterial culture media
 Different bacterial culture media were used during this study. These media
 are presented in Table 3.1.
 Table 3 .1. Bacterial culture media employed in the study.
 Media Manufacturer
 Blood agar Himedia (India)
 Mannitol salt agar Himedia (India)
 DNase agar Himedia (India)
 CHROMagar for S. aureus CHROMagar ( France)
 CHROMagar for MRSA CHROMagar ( France)
 Muller Hinton agar Biomark ( India)
 Tryptic Soy broth. Himedia (India)
 Transport media Aptaca (USA)
 Thioglycollate broth Himedia (India)
 3.1.2. Reagents
 Reagents are presented in Table 3.2.
 Table 3.2. Reagents and materials employed in the study.
 Reagent Manufacturer
 Gram stain reagents Sigma (USA)
 Hydrogen peroxide Sigma (USA)
 1 N HCL Sigma (USA)
 Agarose Molecular Biology grade Promega (USA)
 DNA molecular weight marker (50bp ladder) Promega (USA)
 Master Mix Promega (USA)
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 Primers Operon (USA)
 Absolute ethanol Sigma (USA)
 Ethidium bromide Promega (USA)
 Tris base buffer Promega (USA)
 Nuclease free water Promega (USA)
 Antibiotic disks Himedia( India), Oxoid (UK)
 3.1.3. Equipments
 Table 3.3. Apparatus and special equipments that were used in the study.
 Apparatus and Equipments Manufacturer
 Thermal cycler Eppendorf
 Research pipettes Eppendorf
 Microfuge tube – 1.5 ml Eppendorf
 PCR microfuge tube, 0.2 ml Eppendorf
 Microwave oven LG
 Hoefer Shortwave UV light Table, (Trans
 illuminator)
 Hoefer (USA)
 Digital Camera Cannon (Japan)
 Power supply BioRad (USA)
 Micro-Centrifuge Sanyo (UK)
 Electrophoresis set-up BioRad (USA)
 3.1.4. Study population
 From the three main hospitals in Gaza Strip namely, Al-Shifa, Nasir, and
 Gaza European, 150 S. aureus isolates were identified from a total of 283
 nosocomial infections that were collected from the three hospitals. From each
 hospital, 50 S. aureus isolates were collected. Nosocomial infection is defined
 as an infection that develops within a hospital (or other type of clinical care
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 facility) and is produced by an infectious organism acquired during the stay of
 the patient (49).
 3.2. Specimen Collection
 Specimens were collected from subjects of both sexes, and different hospital
 wards. No patient age limitations were imposed. There was no specific
 restriction on the type of the sample. The collected samples were pus, urine,
 sputum, and blood. Pus samples were collected directly by sterile swab from
 patients and transferred to the working area by transport media. Urine samples
 were collected in sterile urine cups and transported immediately to the lab.
 Blood samples were collected in strictly sterile glass bottles and submitted to
 the lab. Sputum samples were collected in sterile, screw-top containers. The
 expectorated sputum was taken by asking the patient to cough deeply into the
 container, followed by immediate screwing on of the cap. Samples were
 transported to the laboratory within two hours and processed immediately or
 refrigerated at 4ºC as soon as possible (50). All samples were cultured on the
 suitable bacterial media (see below) as soon as they arrived to the lab.
 3.3. Ethical Considerations
 An authorization to carry out the study was obtained from Helsinki (Declaration
 of Helsinki the most widely accepted guideline on medical research involving
 human subjects) using an agreement letter prepared by the Islamic University
 of Gaza (Appendix A).
 3.4. Data Analysis
 The data were entered, stored and analyzed by a personal computer using
 SPSS 8.0 statistical package, differences in proportions were assessed by Chi-
 square test, P values < 0.05 were considered statistically significant.
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 3.5. Detection of S. aureus 3.5.1. Gram stain
 Collected pus and urine specimens were directly examined by Gram stain.
 Smears for significant growth of blood bottles were Gram stained. A smear was
 prepared from the most purulent material in the sputum. All smears were
 examined by Gram stain according to the following procedure:
 The bacterial smears were fixed by heat, flooded by crystal violet for (30)
 seconds, rinsed with tap water, flooded with iodine solution for about (1) minute,
 and then the slides were washed again with tap water. The slides were flooded
 with decolorizer for (10) seconds, rinsed with tap water immediately, flooded
 with counterstain for (30) seconds, and then rinsed with tap water. Slides were
 let to air dry, and then were examined under oil immersion lens (51).
 Preparation of reagents is described in appendix B. S. aureus appears as
 purple single, diplo, and grape – like Gram positive cocci.
 3.5.2. Bacterial culture
 The suspected isolates were plated onto Blood Agar, MSA, DNase Agar,
 selective and differential CHROMagar for S. aureus, and selective CHROMagar
 for MRSA. The plates were incubated overnight at 350C, and isolates showing
 the colony characteristics presented in Table 3.4 were taken into consideration.
 3.5.3. Biochemical tests
 3.5.3.1 Catalase test
 S. aureus colonies were tested for the presence of catalase enzyme according
 to the following procedure (52):
 With a wire loop, a large amount of pure S. aureus colony was transferred onto
 the surface of a clean, dry glass slide, and then immediately a drop of 3%
 hydrogen peroxide was placed on the colony. Evolution of gas bubbles was
 considered as a positive catalase test.
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 Table 3.4. Morphology of S. aureus on different media.
 Medium Colony appearance
 Blood agar Creamy Gold with β- hemolysis
 Mannitol salt agar Yellow colonies
 DNAse agar Clearance around bacterial line
 CHROMagar for S.aureus Mauve colonies
 CHROMagar for MRSA Mauve colonies
 3.5.3.2. Coagulase test
 This test was applied on the S. aureus colonies according to the following
 procedure (52):
 About 0.5 ml of EDTA plasma is added into a glass test tube, and then visible
 portion of bacterial growth is emulsified in the plasma. The suspension is then
 incubated for 1-4 hours at 350C and the formation of a gel or a clot was
 observed.
 3.6. Antimicrobial Susceptibility Testing by Disk Diffusion Method
 Antibiotic susceptibility test for S. aureus isolates was determined by using the
 disk diffusion method as described by NCCLS (52). This test was applied on
 Muller- Hinton agar, which has 4mm thickness, and was prepared according to
 the instructions of the manufacturer.
 Cell suspension was prepared in sterile saline to match 0.5 McFarland turbidity
 standard. Then sterile cotton swab was dipped into the bacterial suspension
 and excess fluid was removed by rotate pressing with the inner wall of the
 suspension tube. The bacteria from the swab were inoculated onto the Muller-
 Hinton surface, rotating the plate three times at 60 degrees. After drying the
 antibiotic disks were placed on the plates.
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 The plates were incubated in an inverted position overnight at 350C. The
 diameter was measured for each zone of inhibition that appears around the
 disk. In all measurements, the zones of inhibition were measured as the
 diameter from the edge of the last visible colony, and the results were recorded
 in millimeters. Inhibition zone diameters were compared to the reference list of
 the manufacturer. The antibiotics that were used are listed in Table 3.5 below.
 The table also shows the concentration of antibiotics and the zone diameter
 used in interpretation of results.
 3.7. MecA Gene Detection by PCR
 3.7.1. Cell lysis
 After inoculating the S. aureus isolates on selective and differential media, the
 S.aureus colonies were lysed.
 It is worth mentioning that old culture should be avoided in order to get good
 quantity of DNA. On Muller Hinton agar, the bacteria were swabbed and one
 disk of vancomycin was added. On the second day a small portion of the
 bacteria from the edge of the inhibition zone was taken, then suspended in
 sterile distilled water to a quantity that matches to McFarland standard (108
 bacteria /ml). The bacterial suspension was lysed by heating at 950C for 15
 minutes, and then cooled at room temperature. The crude lysate mixture (3.0µl)
 was used as DNA template for subsequent PCR analysis (53).
 3.7.2. Detection of DNA in the crude lysate
 The quality of DNA in the lysate was measured by mixing 5µl of crude lysate
 mixture that is supposed to contain DNA with 2µl of loading dye. Then the
 mixture was run on ethidium bromide stained 2% agarose gels, and the DNA
 was visualized on a short wave U.V. transilluminator.
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 Table 3.5. Antibiotic disks used in the study.
 Zone diameter (mm) Antibiotic Conc.(µg)
 Resistant
 Susceptible Manufacturer
 Methicillin 5 ≥ 15
 ≤ 14
 Oxoid
 Cefuroxime 30 ≥ 20
 ≤ 19
 Oxoid
 Oxacillin 1 ≥ 13
 ≤ 10
 Himedia
 Ciprofloxacin 30 ≥ 21
 ≤ 15
 Himedia
 trimethoprime-sulfamethoxazole 5 ≥ 16
 ≤ 10
 Himedia
 Vancomycin 10 ≥ 15
 − Oxoid
 Gentamicin 10 ≥ 15
 ≤ 12
 Himedia
 Tobramycin 10 ≥ 15
 ≤ 12
 Oxoid
 Penicillin 10 units ≥ 29
 ≤ 28
 Himedia
 Rifampicin 5 ≥ 20
 ≤ 16
 Himedia
 Erythromycin 15 ≥ 23
 ≤ 13
 Himedia
 Clindamycin 2 ≥ 21
 ≤ 14
 Himedia
 Cephalexin 30 ≥ 18
 ≤ 14
 Himedia
 3.7.3. Detection of mecA gene by PCR
 For all PCR reactions, DNA concentrations were adjusted according to the O.D.
 260nm, (1.0 O.D. at 260nm ≈ 50 µg/ml), and then 3.0µl (∼200ng) of this
 concentration were used as DNA template in the PCR reaction. For this
 reaction, 0.2ml microfuge tubes were used. PCR reaction contents and
 composition of the master mix that were used are listed in Table 3.6 below.
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 Table 3.6. Composition of PCR master mix.
 Reagent Composition
 dNTPs 400µM each: dATP, dGTP. dCTP, dTTP
 Taq DNA Polymerase 50 units/ml
 MgCl2 3mM
 Primer 1: 5'-AAAATCGATGGTAAAGGTTGGC-3’ corresponding to nucleotides
 1282 to 1303, and primer 2: 5'-AGTTCTGCAGTACCGGATTTGC-3’
 corresponding to nucleotides1793 to 1814 of mecA gene (54) were used for the
 PCR amplification. According to the previous primers the PCR reaction should
 produce an amplicon 533-bp long.
 In all PCR assays, negative (without DNA template) and positive controls were
 used.
 Table 3.7. PCR reactions.
 PCR reaction mixture Reagent
 Initial con. Volume Final con. /test
 Master mix 12.5µl
 Primer1 100µM 0.5µl 2.0µM
 Primer2 100µM 0.5µl 2.0µM
 Template DNA ∼200ng 3.0µl
 Nuclease free water 8.5µl
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 3.7.3.1. Temperature cycling program
 DNA amplification was carried out for 35 cycles in 25 µI total reaction mixtures
 as follows:
 • Initial temperature at 95°C for 1min.
 • The total number of cycles was 35 of the following steps::
 v Denaturation at 950C for 1min.
 v Annealing at 54°C for 1 min.
 v Extension at 72°C for 1 min.
 • Final extension at 72°C for 5 min.
 • About 5 µI of PCR products were mixed with 2µI of loading buffer and
 analyzed on 2% agarose gel containing ethidium bromide (0.2mg/ml)
 (54).
 • The DNA was then visualized on a UV transilluminator, and
 photographed.
 3.7.3.2. Interpretation of S. aureus PCR results
 The amplicon (PCR) generated from S. aureus mecA gene sequences by this
 PCR method is a double stranded DNA fragment of 533bp length. Therefore,
 positive PCR test should yield a 533bp DNA fragment which would appear as
 an intense band on an ethidium bromide – stained agarose gel. The molecular
 size of the band can be verified by comparing its migration to that of a DNA
 molecular size marker (e.g., 50bp ladder DNA) run on the same gel.
 A negative PCR product normally will not produce any visible band in the
 ethidium bromide- stained gel.
 3.8. Statistical Analysis
 Statistical analysis was performed by the Chi-square test and P values of ≤
 0.05 were considered significant.
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 Chapter 4
 Results 4.1. Gram Stain
 S. aureus isolates appeared as purple single, diplo, and grape-like Gram
 positive cocci.
 4.2. Catalase Test
 All S. aureus isolates showed evolution of oxygen bubbles indicative for positive
 result.
 4.3. Coagulase Test
 All S. aureus isolates formed clots in the plasma tubes representative for
 positive results.
 4.4. Appearance of S. aureus on Mannitol Salt Agar (MSA)
 S. aureus colonies appeared yellow on MSA as shown in Figure 4.1 below.
 Figure 4.1. Appearance of S. aureus on MSA.
 MSA
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 4.5. Appearance of S. aureus on CHROMagar S. aureus
 This medium is differential for S. aureus, which appears as mauve colonies on
 this medium as shown in Figure 4.2.
 Figure 4.2. Appearance of S. aureus on CHROMagar S. aureus.
 Other kinds of staphylococci appear in different colors as white, red or blue as
 illustrated in Figure 4.3.
 4.6. Appearance of MRSA on CHROMagar MRSA
 MRSA cultured on the selective CHROMagar MRSA medium appeared as
 mauve colonies (Figure 4.4). Other kinds of Staphylococci or MSSA can not
 grow on this medium.
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 Figure 4.3. Appearance of staphylococci other than S. aureus on CHROMagar S.
 aureus.
 Figure 4.4. Appearance of MRSA on CHROMagar MRSA.
 CHROMagar MRSA
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 4.7. Antibiotic Sensitivity Profile of the S. aureus Isolates
 The (150) nosocomial S. aureus isolates were collected during the past ten
 months from the three main hospitals, Shifa hospital, Nasir hospital, and the
 European hospital. The resistant, susceptible, and intermediate isolates to the
 commonly used antibiotics against S. aureus are shown in Table 4.1 and Figure
 4.5 below.
 Table 4.1. Antibiotic sensitivity pattern of the 150 S. aureus isolates to the commonly used antibiotics.
 Resistant Susceptible Intermediate Antibiotic
 no. % no. % no. %
 Methicillin 33 22.0 117 78.0 0 0.0
 Cefoxitin 35 23.3 115 76.7 0 0.0
 Oxacillin 35 23.3 112 74.7 3 2.0
 Penicillin 141 94.0 9 6.0 0 0.0
 Trimethoprim-
 sulfamethoxazole
 32 21.3 118 78.7 0 0.0
 Cephalexin 24 16.0 126 84.0 0 0.0
 Ciprofloxacin 28 18.7 122 81.3 0 0.0
 Erythromycin 71 47.3 75 50.0 4 2.7
 Cefuroxime 24 16.0 125 83.3 1 0.7
 Clindamycin 33 22.0 117 78.0 0 0.0
 Gentamicin 58 38.7 91 60.7 1 0.7
 Rifampicin 14 9.3 135 90.0 1 0.7
 Tobramycin 61 40.6 88 58.7 1 0.7
 Vancomycin 6 4.0 144 96.0 0 0.0
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 Figure 4.5. Antibiotic sensitivity profile of nosocomial S. aureus in Gaza Strip
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 4.7.1. Prevalence of resistant S. aureus isolated from each hospital
 It was found that the prevalence of resistant S. aureus isolates varied among
 the hospitals included in this study. Table 4.2 summarizes the percentages of
 these resistant isolates in each hospital. The results revealed that there is
 statistically significant differences in MRSA prevalence among the three
 hospitals in Gaza Strip ( p ≤ 0.05), where the percentage of methicillin resistant
 in the European hospital was 32% compared to 22% and 12% in Al Shifa and
 Nasir hospitals, respectively. On the other hand there was no statistically
 significant difference in oxacillin resistance among hospitals (p ≥ 0.52). The
 results also indicated that there is a significant difference in cefoxitin resistance
 among the three hospitals (p ≤ 0.017).
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 Table 4.2. Prevalence of resistant S. aureus isolates in each hospital.
 Al-Shifa Nasir European hospital
 Antibiotic no. % no. % no. %
 Methicillin 11 22 6 12 16 32
 Cefoxitin 11 22 6 12 18 36
 Oxacillin 10 20 9 18 16 32
 Penicillin 48 96 46 92 47 94
 SXT 6 12 6 12 20 40
 Cephalexin 10 20 5 10 9 18
 Ciprofloxacin 14 28 2 4 12 24
 Erythromycin 19 38 22 44 30 60
 Cefuroxime 10 20 2 4 12 24
 Clindamycin 12 24 6 12 15 30
 Gentamicin 17 34 13 26 28 56
 Rifampicin 8 16 2 4 4 8
 Tobramycin 26 52 13 26 22 44
 Vancomycin 1 2 3 6 2 4
 • Footnote: SXT = trimethoprim-sulfamethoxazole
 4.7.2. Distribution of antibiotic resistance among MRSA and MSSA
 According to the analyzed data, the prevalence of antibiotic resistance among
 MRSA was much higher than that among MSSA. This is shown in Tables 4.3
 and 4.4.
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 Table 4.3. Distribution of antibiotic resistance among MRSA
 Al-Shifa Nasir European Antibiotic
 no. % no. % no. % Total No.
 Total %=
 Total no./33
 Cefoxitin 11 100 5 83.3 16 100 32 97.0
 Oxacillin 9 81.8 6 100 15 93.8 30 90.9
 Penicillin 11 100 6 100 16 100 33 100
 SXT 3 27.3 3 50.0 8 50.0 14 42.4
 Cephalexin 9 81.8 2 33.3 9 56.3 20 60.6
 Ciprofloxacin 9 81.8 1 16.7 7 43.8 17 51.5
 Erythromycin 10 90.9 4 66.7 14 87.5 28 84.8
 Cefuroxime 10 90.9 1 16.7 12 75.0 23 69.7
 Clindamycin 10 90.9 2 33.3 12 75.0 24 72.7
 Gentamicin 9 81.8 3 50.0 15 93.8 27 81.8
 Rifampicin 7 63.6 2 33.3 2 12.5 11 33.3
 Tobramycin 10 90.9 4 66.7 15 93.8 29 87.9
 Vancomycin 0 0.0 1 16.7 0 0.0 1 3.0
 • Footnote: SXT = trimethoprim-sulfamethoxazole
 4.7.3. Distribution of multidrug resistance (MDR) among S. aureus in Gaza
 Strip hospitals
 As mentioned in chapter (3), S. aureus is considered MDR when they display
 resistance to at least five of the following antibiotic classes: oxacillin, penicillin,
 erythromycin, clindamycin, gentamicin, ciprofloxacin, tetracycline, and
 chloramphenicol (26). According to data shown in Table 4.5, there is no
 significant difference of MDR among S. aureus between the three hospitals
 included in the study, (p ≥ 0.05).
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 Table 4.4. Distribution of antibiotic resistance among MSSA
 Al-Shifa
 MSSA =39
 Nasir
 MSSA =44
 European
 MRSA =34 Antibiotic no. % no. % no. %
 Total no.
 Total % =
 Total no./117
 Cefoxitin 0 0.0 1 2.3 2 5.9 3 2.6
 Oxacillin 1 2.6 3 6.8 1 2.9 5 4.3
 Penicillin 37 94.9 40 90.9 31 91.2 108 92.3
 SXT 3 7.7 3 6.8 12 35.3 18 15.4
 Cephalexin 1 2.6 3 6.8 0 0.0 4 3.4
 Ciprofloxacin 5 12.8 1 2.3 5 14.7 11 9.4
 Erythromycin 9 23.1 18 40.9 16 47.1 43 36.8
 Cefuroxime 0 0.0 1 2.3 0 0.0 1 0.9
 Clindamycin 2 5.1 4 9.1 3 8.8 9 7.7
 Gentamicin 8 20.5 10 22.7 13 38.2 31 26.5
 Rifampicin 1 2.6 0 0.0 2 5.9 3 2.6
 Tobramycin 16 41.0 9 20.5 7 20.6 32 27.4
 Vancomycin 1 2.6 2 4.5 2 5.9 5 4.3
 • Footnote: SXT = trimethoprim-sulfamethoxazole
 Table 4.5. Distribution of MDR/NMDR S. aureus in Gaza Strip hospitals
 MDR NMDR p.
 value Hospital
 no. % no. %
 Al-Shifa hospital 12 24 38 76
 Nasir hospital 7 14 43 86
 European hospital 15 30 35 70
 Total 34 22.7 116 77.3
 0.155
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 4.7.4. Distribution of MDR and NMDR among MRSA and MSSA in Gaza Strip hospitals
 Only a small percentage of MSSA isolates were multidrug resistant, whereas
 the majority of MRSA isolates were multidrug resistant (Table 4.6). The
 differences between the hospitals in MDR distribution are not significantly
 important (p > 0.05). In the contrary, NMDR isolates were prevalent among the
 MSSA group (Table 4.7). There is a significant difference in the distribution
 between MDR and NMDR among MSSA and MRSA (p < 0.05).
 Table 4.6. Distribution of MDR among MRSA and MSSA in Gaza Strip hospitals
 MDR among MRSA MDR among MSSA Hospitals
 no. % no. %
 Al-Shifa 10 90.9 2 5.1
 Nasir 5 83.3 2 4.5
 European 15 93.8 0 0.0
 Total 30 90.9 4 3.4
 Table 4.7. Distribution of NMDR among MRSA and MSSA in Gaza Strip hospitals
 NMDR among MSSA NMDR among MRSA Hospitals
 Total of NMDR
 MRSA MSSA no. % no. %
 Al-Shifa 38 11 39 37 94.9 1 9.1
 Nasir 43 6 44 42 95.5 1 16.7
 European 35 16 34 34 100 1 6.3
 Total 116 33 117 113 96.6 3 9.1
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 4.8. Distribution of S. aureus Isolates According to The Site of Infection
 The isolates used in this study were collected from different infection sites. The
 number of isolates and their respective sites of infection are summarized in
 Table 4.8.
 Table 4.8. Distribution of S. aureus isolates according to the sites of infection
 Shifa hospital Nasir hospital European hospital
 MRSA MRSA MRSA Clinical specimen Total
 no. % Total
 no. % Total
 no. %
 Skin ulcers 31 7 22.5 43 4 9.3 41 12 29.2 Upper respiratory tract 9 3 33.3 0 0 0.0 5 3 60.0
 Urine 4 0 0.0 4 1 25 2 0 0.0 Blood 6 1 16.6 3 1 33.3 2 1 50.0 Total 50 50 50
 Table 4.9. Distribution of S. aureus isolates based on the hospital ward.
 Shifa hospital
 Nasir hospital European hospital Hospital ward
 no. % no. % no. %
 Female general surgery 14 28.0 12 24.0 19 38.0
 Male general surgery 18 36.0 22 44.0 24 48.0
 Burns 7 14.0 9 18.0 3 6.0
 ICU 9 18.0 5 10.0 2 4.0
 Tumors 1 2.0 0 0.0 0 0.0
 Internal medicine 1 2.0 2 4.0 2 4.0
 Total 50 50 50
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 4.9. Frequency of S. aureus Isolates Based on Hospital Wards
 The distribution of the collected isolates according to the hospital wards are
 summarized in Table 4.8. The numbers of MRSA isolated from the different
 wards are indicated in Table 4.9.
 4.10. Distribution of MRSA Isolates With Respect to The Different Wards
 Within The Hospitals in Gaza Strip
 The MRSA distribution was found to have large variation in its existence
 between hospital wards. Surgery units in the three main hospitals were found to
 have the greatest prevalence in MRSA distribution.
 Table 4.10. MRSA among hospital wards
 Al-Shifa Nasir European
 Hospital ward no. % no. % no. %
 Female general surgery 3 27.3 2 33.3 3 18.8
 Male general surgery 2 18.2 2 33.3 9 56.3
 Burns 1 9.1 2 33.3 3 18.8
 ICU 5 45.5 0 0.0 1 6.3
 Tumors 0 0.0 0 0.0 0 0.0
 Internal medicine 0 0.0 0 0.0 0 0.0
 Total 11 6 16
 4.11. PCR Results
 Regarding the method of DNA isolation that was described in chapter 3, the
 quality and quantity of DNA were satisfactory and suitable for PCR processing.
 This is shown in Figure 4.6. All S. aureus isolates were analyzed by PCR for
 the presence of mecA gene. The results of a PCR test are shown in Figure 4. 7.
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 Figure 4.6. A photograph of a representative gel showing the quality of DNA
 extracted from five S. aureus isolates.
 Figure 4.7. Amplification products of S. aureus mecA gene by PCR.
 M: 100 bp ladder; lanes 1, 2 and 5: negative samples; lanes 3 and 4: mecA positive samples; lane 6: negative control; lane 7: positive control.
 100
 200
 300 400 500
 1 2 3 4 5 6 7
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 M M
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 4.11.1. Comparison between PCR results and disk diffusion tests of methicillin, cefoxitin, and oxacillin.
 The relationships between the results of PCR assay and disk diffusion tests
 results of methicillin , cefoxitin , and oxacillin are summarized in Tables 4.11,
 4.12, and 4.13.
 Table 4.11. Comparison between PCR results and methicillin disk diffusion tests.
 Methicillin PCR result Resistant Susceptible
 Total
 no. 33 0 33 mecA gene positive % within mecA gene 100% 0.0% 100%
 no. 0 117 117 mecA gene negative % within mecA gene 0.0% 100% 100%
 no. 33 117 150 Total % 22.0% 78.0% 100%
 Table 4.12. Comparison between PCR results and cefoxitin disk diffusion tests.
 Cefoxitin PCR result Resistant Susceptible
 Total
 no. 32 1 33 mecA gene positive % within mecA gene 97.0% 3.0% 100%
 no. 3 114 117 mecA gene negative % within mecA gene 2.6% 97.4% 100%
 no. 35 115 150 Total % 23.3% 76.7% 100%
 According to the susceptibility tests that were applied on the isolates, the total
 number of MRSA was (33), and according to the PCR test, the total number of
 isolates that were mecA gene positive was also (33). MRSA number was
 identical in both the methicillin disk diffusion test method and the PCR assay.
 The sensitivity and specificity of methicillin disk diffusion test as compared to
 mecA gene /PCR are therefore, 100%.
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 Table 4.13. Comparison between PCR results and oxacillin disk diffusion tests.
 Oxacillin PCR result Resistant Susceptible Intermediate Total
 no. 30 3 0 33 mecA gene positive % within mecA gene 90.9% 9.1% 0.0% 100%
 no. 5 109 3 117 mecA gene negative % within mecA gene 4.3% 93.2% 2.6% 100%
 no. 35 112 3 150 Total % 23.3% 74.7% 2.0% 100%
 4.11.2. Sensitivity and specificity of CHROMagar S. aureus
 The total number of the collected isolates was 283. All isolates were inoculated
 on the conventional differential media and on CHROMagar S. aureus medium
 (Table 3.4). All The isolates were also tested for catalase and coagulase. The
 results on CHROMagar S. aureus are shown in Table 4.14.
 Table 4.14. Colors and growth of S. aureus on CHROMagar S. aureus
 Color on CHROMagar S. aureus S. aureus
 Mauve Others or no growth Total
 + 143 7 150
 ― 8 125 133
 Total 151 132 283
 Of the well defined 150 S. aureus, 143 isolates showed mauve colonies on
 CHROMagar S. aureus, which means that the sensitivity for CHROMagar S.
 aureus is 95.3%.
 Of the 283 isolates that were inoculated on CHROMagar S. aureus, 8 isolates
 showed mauve colonies, but they were not S. aureus according to the results of
 other different tests, which means that the specificity for CHROMagar S. aureus
 is 94.0%.
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 4.11.3. Sensitivity and specificity of CHROMagar MRSA
 All the well defined 33 MRSA showed growth on CHROMagar MRSA medium
 with mauve colonies, which means that the sensitivity for CHROMagar MRSA is
 100%.
 From the 117 MSSA, 6 isolates showed growth on CHROMagar MRSA with
 mauve colonies, which means that the specificity of CHROMagar MRSA is
 94.8%. The growth and its color on CHROMagar MRSA are listed in Table
 4.15.
 Table 4.15. Colors and growth of S. aureus on CHROMagar MRSA
 Color on CHROMagar MRSA S. aureus Mauve Others or no growth
 Total
 MRSA 33 0 33
 MSSA 6 111 117
 Total 39 111 150
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 Chapter 5
 Discussion
 Staphylococci, especially S. aureus, are among the most common causes of
 nosocomial as well as community-acquired infections. Methicillin resistance (as
 a result of mecA gene encoding the additional penicillin binding protein, PBP2a)
 renders S. aureus resistant to all ß-lactam antibiotics, the most important group
 of antibiotics in the treatment of staphylococcal infections. Accurate and rapid
 detection of methicillin resistance in staphylococci is therefore important, not
 only for choosing appropriate antibiotic therapy for the individual patient, but
 also for control of the endemicity of MRSA (55).
 The major aims of this study were to determine the percentage of MRSA in
 nosocomial infections in Gaza Strip and to determine the percentage of MRSA
 in each of the three hospitals included in this study. The prevalence of MRSA in
 hospital wards was also included in our study. Our study determined the
 antibiotic profile of commonly used antibiotics to S. aureus. Cefoxitin resistance
 was compared with methicillin in determining the MRSA percentage.
 To our knowledge, this is the first study in Gaza Strip investigating the
 percentage of MRSA. This new information will help in developing strategies for
 reducing the risk of MRSA transmission, control MRSA outbreaks, and
 improving care and treatment of patients.
 All the isolates included in this study were collected from nosocomial
 infections.
 5.1. Prevalence of MRSA in Gaza Strip
 According to the results obtained from disk diffusion test and PCR assay,
 MRSA prevalence in Gaza Strip was 22.0%. This result is lower than that
 reported in all neighboring countries. Our result is close to that obtained by
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 Essawi et al. (2004) where they found that the prevalence of MRSA in East
 Jerusalem was 19.1% (7). It is well known that the ratio of MRSA is
 continuously increasing in most countries, so it is proposed now that the
 percentage of MRSA in East Jerusalem must be higher than 19.1%.
 There are considerable differences among individual countries for MRSA
 prevalence. European researchers received (849) staphylococcal isolates from
 5 Israeli hospitals, and they found that the percentage of MRSA among these
 isolates was 38.4% (6). In Lebanon, Jordan, Egypt, Tunisia, and Algeria, the
 prevalence was 10%, 65%, 43%, 27%, and 42%, respectively (56).
 These variations of MRSA among different countries may be attributed to
 variations in patient populations, the biological characteristics of the S. aureus
 strains and infection control (in term of drugs prescribed) practices (57).
 The occurrence of MRSA in Gaza Strip may be due to many factors despite the
 fact that methicillin is not routinely used against S. aureus infections, which may
 explain the lower prevalence of MRSA in Gaza Strip compared with the
 neighboring countries, but the antibiotic stress is not the only way for the
 development of microbial resistance. Horizontal gene transfer is a factor in the
 occurrence of antibiotic resistance in clinical isolates. Consequently, it has been
 suggested that the high prevalence of resistance to a particular antibiotic does
 not always reflect antibiotic consumption (58). The use of antimicrobials in
 animal feeds is another contributing factor. Antibiotics are commonly added to
 feed to promote growth in animals, particularly dairy cattle, sheep, and poultry
 (59). Frequent traveling is an additional factor for transmitting resistant strains
 between countries.
 It appears that MRSA has emerged as important endemic pathogens in our
 hospitals. By using PCR assay, methicillin, and cefoxitin disk diffusion test, the
 prevalence of MRSA was clearly different between the three hospitals that were
 included in this study (Table 4.2), and these differences were statistically

Page 61
                        
                        

48
 significant. It is usually noted that in most studies that detected the prevalence
 of MRSA in many hospitals in the same country that there are differences in the
 prevalence between hospitals included in those studies. The reason may be
 due to variations related to the rapid identification and strict policies of isolation
 of patients with MRSA colonization or infection, combined with the restricted
 use of antibiotics (40). In Shifa hospital it is especially problematic in ICU
 patients, where the rate of MRSA was 45%. It reflects the fact that some
 patients, e.g., critically ill patients in ICUs, have a greater chance of becoming
 colonized or infected (40). The situation in both Nasir and European hospitals
 was different. The highest level of MRSA was found in surgical units. In Nasir
 hospital, the rate of MRSA in surgical unit (both male and female surgery unit)
 was 66.6%. In European hospital, the rate of MRSA was also the highest in
 surgical unit (both male and female units) and represented 75.0%. The
 percentage of MRSA in surgical unit in Shifa hospital was also high (45.4%).
 The explanation for the high occurrence of MRSA in surgical units may be due
 to long hospitalization of the patients in these wards, and to some criteria
 pertinent to those patients. Most of the isolates that were collected from
 surgical units in European and Nasir hospitals were from aged and diabetic
 patients, which reflect the lower efficiency of their immune system which is
 considered a good chance for MRSA colonization. This is in addition to longer
 hospital stay and prolonged antibiotic treatment resulting in enhanced antibiotic
 pressure.
 Regarding the differences in MRSA prevalence between the three hospitals, the
 lower prevalence was in Nasir hospital. The surgical unit in Nasir hospital was
 the less crowded unit which may effectively reduce the transmission of MRSA
 between patients. It is also important to mention that this hospital recently made
 complete rehabilitation in all the buildings, which may also decrease the chance
 of MRSA to colonize places such as sinks and bathrooms.
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 In the European hospital which got the highest rate of MRSA, we noticed that
 the surgical unit was the highest in terms of patient population.
 Regional hospital variation may also be explained by differences in diagnostic
 practice and culturing activity and random errors, which may artificially increase
 variation. We think that the reason of highest MRSA prevalence in the
 European hospital, especially surgical units, is the low level of cooperation
 between hospital wards and the microbiology lab. For about two months, the
 microbiology lab did not receive any specimen containing S. aureus from the
 surgical unit, or other wards which reflects a complete ignorance of MRSA
 situation in these wards, and as a result complete dependence on the wide
 spectrum antibiotics which will lead to an increase in the antibiotic pressure on
 the microbes, hence increase the chance to get more MRSA and MDR S.
 aureus.
 During the time of isolates collection we noticed that the least cooperation
 between different wards and the microbiology lab was in the European hospital.
 We think here that quick and adequate measures of MRSA level in the hospital
 are strongly recommended for reducing MRSA prevalence.
 Asensio et al. (1996) identified six factors that were independently associated
 with MRSA infection, colonization; increasing age, ward type (particularly
 intensive care units), coma, previous hospitalization, invasive procedures and
 length of hospitalization (60).
 Additional genes, which are also found in susceptible isolates, can affect the
 expression of methicillin resistance in S. aureus, resulting in heterogeneity of
 resistance and making detection of resistance difficult (61). So it is expected to
 get different results by different methods of detection of MRSA.
 As we noted from our results, we got some strains that were resistant to
 cefoxitin or oxacillin, but they were negative for mecA gene. Most of these
 strains express resistant at the borderline of inhibition zone. These isolates
 have been termed ‘moderately resistant S. aureus (MODSA). They are not
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 frequently reported, the resistance is low-level and their clinical significance is
 unclear. Under some test conditions, low-level resistance may also be seen in
 isolates which produce large amounts of penicillinase (penicillinase hyper-
 producers). These isolates have been referred to as ‘borderline oxacillin-
 resistant S. aureus (61) and these can be difficult to distinguish from resistant
 strains that carry the mecA gene by routine tests. Although it is unlikely that any
 single method will detect all resistant strains. Some rapid and/or automated
 methods are also available, including latex agglutination techniques for the
 detection of PBP2a. The gold standard method for the detection of resistance
 mediated by mecA is the PCR, which is most commonly used as a reference
 method at present (61).
 The results in Table 4.6 shows that only 3.4% of MSSA isolates were MDR,
 however, 90.9% of the MRSA isolates were MDR.
 The glycopeptide agent vancomycin is still the drug of choice for treatment of
 life threatening infections caused by MDR strains. This is because the rate of
 vancomycin resistance was low (3.0) among MRSA.
 5.2. Antibiotic Profile
 The comparative in vitro activities of 14 antimicrobial agents against MRSA and
 MSSA isolates are listed in Tables 4.3 and 4.4, respectively. Of the MSSA
 tested, 92.3% were resistant to penicillin, while all the MRSA isolates, 100%
 were resistant to penicillin. There is an obvious relationship between methicillin
 resistance and resistance to other antibiotics (Table 4.3). This relation is most
 obvious with β-lactam antibiotics such as cephalexin and cefuroxime. The
 prevalence of cephalexin resistance among MRSA was 60.6%, while among
 MSSA it was 3.4%. Cefuroxime resistance among MRSA was 69.7%, while the
 prevalence among MSSA was 0.9%.
 This relation is not only between methicillin resistance and β-lactam antibiotics.
 There is also a large variation between resistance to rifampicin among MRSA
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 and MSSA, which was 33.3% and 2.6%, respectively. Clindamycin has great
 variation in its resistance among MRSA and MSSA. The prevalence of
 resistance among MRSA and MSSA was 72.7% and 7.7%, respectively. More
 than 90% of all MSSA isolates were susceptible to ciprofloxacin, while more
 than 50% of MRSA were resistant to this antibiotic.
 Tobramycin resistance shows large variation among MRSA and MSSA.
 Tobramycin resistance among MRSA was 87.9%, and among MSSA was
 27.4%.
 From these results and the results of other antibiotics in MRSA and MSSA, we
 see that there is a strong relationship between resistance to methicillin and
 resistance to most other antibiotics. This is due to the presence of other
 resistant genes with mecA gene on the same DNA segment. For example, the
 aadD gene, which encodes an enzyme for tobramycin resistance, is located on
 plasmid pUB110, which has integrated into mec associated DNA within
 IS431mec (62). The ability of IS431 elements through homologous
 recombination to trap and cluster resistance determinants with similar IS
 elements explains the multiple drug resistance phenotype that is characteristic
 of methicillin-resistant staphylococci (62).
 Our data shows that the resistance of erythromycin is higher than that of
 clindamycin among both MRSA and MSSA. Staphylococcal strains which
 possess the erm gene prevent macrolides and lincosamides (erythromycin and
 clindamycin) from binding to their target site. Clindamycin is a poor inducer of
 the erm gene compared to erythromycin (63), which explains the higher
 resistance rate to erythromycin compared with that to clindamycin observed in
 our study.
 The results in Table 4.6 show that only 3.4% of MSSA isolates were MDR.
 However, 90.9% of the MRSA isolates were MDR. Table 4.6 also shows that
 the glycopeptide agent vancomycin is still the drug of choice for treatment of life
 threatening infections caused by MDR strains.
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 In conclusion, the current study highlights the necessity for continuous
 monitoring of antibiotic resistance of S. aureus.
 The Infections caused by MRSA are the same as other staphylococcal
 infections because the organism itself is not any more virulent (or infectious)
 than usual type S.aureus. Like other S.aureus, MRSA can colonize the skin and
 body of an individual without causing sickness, and in this way it can be passed
 on to other individuals unknowingly. Problems arise in the treatment of overt
 infections with MRSA because antibiotic choice is very limited (64). Of particular
 concern are the VISA (vancomycin intermediate susceptibility S.aureus) strains
 of MRSA. These are beginning to develop resistance to vancomycin, which is
 currently the most effective antibiotic against MRSA. This new resistance has
 arisen because another group of bacteria, called enterococci, relatively
 commonly express vancomycin resistance. In the laboratory, enterococci are
 capable of transferring the gene for vancomycin resistance over to S.aureus
 (64).
 5.3. PCR Results and Methicillin, Cefoxitin and Oxacillin Disk Diffusion Method
 Rapid and accurate identification of MRSA is essential. A variety of phenotypic,
 and more recently genotypic, techniques have been employed for strain typing.
 The recent development of DNA-based techniques has reduced the
 dependence on phenotyping identification. Genotyping of bacterial strains is
 based on the principle that epidemiologically related isolates have genetic
 features that distinguish them from other epidemiologically unrelated strains
 (65).
 We conclude that the accuracy of methicillin disk diffusion test for detection of
 MRSA approaches the accuracy of PCR assay and is more accurate than any
 susceptibility testing method used alone for the detection of MRSA. The
 presence of mecA gene correlated 100% with the methicillin phenotypic
 resistance in all MRSA isolates. These results indicated that the methicillin-

Page 66
                        
                        

53
 resistance mechanism in the mecA-positive isolates was due to the production
 of PBP2a by mecA gene.
 This is not the situation between PCR assay and cefoxitin disk diffusion
 method. The sensitivity and specificity of cefoxitin disk diffusion method were
 97.0% and 97.4%, respectively. One disadvantage of cefoxitin disk diffusion
 test is that the gap between inhibition zones of isolates with and without the
 mecA gene is very narrow (sensitive ≥20, resistant ≤ 19), and this may affect
 the result of cefoxitin disk diffusion test. It is obvious that the narrow gap is due
 to the high concentration of cefoxitin in the disk (30µg).
 Oxacillin disk diffusion test has slightly lower values of specificity and
 sensitivity. The sensitivity and specificity of oxacillin disk diffusion test were
 90.9%, and 95.7%, respectively. Many labs still prefer using oxacillin for
 detection of MRSA, because oxacillin maintains its activity during storage better
 than methicillin, and more likely to detect heteroresistant strains (66). Oxacillin
 is less resistant to hydrolysis by staphylococcal β-lactamases so problems with
 hyperproducers of penicillinase are reduced with methicillin (32), and this may
 explain why we get the largest false positive results with oxacillin. The oxacillin
 disc diffusion test has previously been found to be less reliable, with high
 numbers of both false-susceptible and false-resistant results.
 However, cefoxitin is an even better inducer of the mecA gene, and disk
 diffusion tests using cefoxitin give clearer endpoints and easier to read than
 tests with oxacillin (66). This explains the higher level of sensitivity and
 specificity to cefoxitin than oxacillin.
 In spite of the general agreement that PCR assay is the gold standard for
 detection of different genes, however molecular assays for the detection of
 resistance have a number of limitations. New resistance mechanisms may be
 missed, and in some cases the number of different genes makes generating an
 assay too costly to compete with phenotypic assays (67).
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 In spite of generally considering PCR assay as the gold standard for detection
 of MRSA, some researchers disagree with this postulate, and they believe that
 reliable detection of MRSA cannot be solely based on detection of mecA gene
 in S. aureus, this is because of variations between different tests of MRSA
 detection and due to the existence of several resistance mechanisms known to
 mediate methicillin resistance in S. aureus (68).
 PCR assay can be chosen as an alternative to the culture technique. PCR
 method which was applied in our study requires approximately 3 hours, from
 DNA extraction to reading the results. In conclusion, detection of MRSA by
 PCR assay is extremely reliable, as PCR assay contributes rapid and faster
 diagnosis of MRSA than the disk diffusion method.
 Despite the excellent performance of molecular assays for MRSA, they may not
 be available for all laboratories; the cost of PCR assay is higher than the cost of
 conventional disk diffusion test. A basic benefit of conventional disk diffusion
 test is that it reveals not only whether an isolate is resistant to a specific agent,
 but also which other agents it is susceptible to. William Check, in his cover
 story, (2004) revealed that the professor of pathology, Frederick Nolte, asked"
 How do you make a molecular test that gives you the same information as a
 Kirby-Bauer or MIC test? (69).
 Conventional disk diffusion test is easier for all lab technicians to do, and need
 simple training for new lab staff. PCR assay wouldn't be easily set up for just
 one test in hospital labs, it wouldn't be practical. We think it will be a while
 before molecular tests can replace phenotypic testing, because of complexity
 and cost.
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 5.4. CHROMagar S. aureus
 The use of chromogenic media can potentially reduce the number of
 confirmatory tests and achieve isolation and presumptive identification in a
 single step.
 S. aureus are well and satisfactorily identified when isolates give positive
 results on mannitol salt agar, blood agar, DNase agar, and coagulase tube test.
 The results on these media and with coagulase test were compared with that
 on CHROMagar S. aureus. The sensitivity and specificity of CHROMagar
 S.aureus are high and we can rely on this medium.
 It is important to note here that among the conventional media and tests that
 are used for S. aureus identification, tube coagulase test is regarded as the
 gold standard. The new chromogenic medium facilitated clear distinction
 between coagulase-positive and -negative staphylococci (CoNS), permitting a
 reliable, simple, and rapid method of identification of S. aureus in this study. All
 CoNS with the exception of S. chromogenes could be easily differentiated from
 S. aureus on CHROMagar S. aureus medium (36).
 There are some troubles that appeared when using CHROMagar S. aureus as
 some S. aureus isolates change their color on CHROMagar S. aureus after 24
 hour incubation. Some strains give different color after 24 hours than that after
 48 hours, which may result in producing false negative or false positive. This
 characteristic faced many researchers and they considered it as a
 disadvantage of this medium. Kluytmans et al. (2002) revealed that, on
 CHROMagar S. aureus, sometimes, strains which were considered positive
 after 24 hour were negative after 48 hour; this may be due to variability in the
 interpretation of the observer or to a true discoloration after prolonged
 incubation (70). According to many studies, it is recommended to read the
 result on CHROMagar S. aureus after 24 hours, as this gives a more accurate
 and faster result.
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 Carricajo et al. (2001) compared CHROMagar S. aureus with conventional
 media, MSA, DNase agar plates, and the tube coagulase test, with 775 clinical
 samples. The sensitivity of CHROMagar S. aureus was better than that of the
 conventional media (98.5 versus 91.8%). The specificity also was high (97%)
 with the same isolates (71).
 The second disadvantage is that the cost of CHROMagar S. aureus medium
 (4.59$/plate) is higher than that of the conventional media, but it gives faster
 identification with reduced handling and processing. The third disadvantage of
 CHROMagar S. aureus is that this medium is highly labile to storage and
 transfer conditions.
 5.5. CHROMagar MRSA
 CHROMagar MRSA recovered 100% of the MRSA isolates in this study.
 Conventional selective media for S. aureus utilize at least one day for
 presumptive identification of S. aureus and require at least another two days for
 additional identification and susceptibility testing to confirm an isolate as MRSA.
 This means that to identify MRSA by conventional methods we need 2-3 days.
 By using CHROMagar MRSA, only one day is needed to detect MRSA. It is
 also important to mention that CHROMagar MRSA not only reduces the
 identification time, but also reduces handling and much of the processing steps,
 which will reduce infection and contamination that may occur in the lab. The
 cost of CHROMagar MRSA is higher than that of conventional media for
 isolation of S. aureus from swab surveillance specimens and the conventional
 medium of disk diffusion test. However, there are significant benefits gained by
 using CHROMagar MRSA that include identification of most MRSA isolates
 after 24 h without additional susceptibility testing, enhanced recovery of MRSA,
 and suppression of MSSA and other non-MRSA species that might be present
 in the specimen (72).
 According to our data regarding the use of both CHROMagar S. aureus for
 isolation and identification of S. aureus, we can conclude that we can rely on
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 conventional media to isolate and identify S. aureus especially when it is
 supported with coagulase test, but CHROMagar S. aureus reduces all these
 steps in one step. CHROMagar MRSA is much more useful as it can potentially
 reduce the number of confirmatory tests and achieve isolation and presumptive
 identification of MRSA in a single step.
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 Chapter 6
 Conclusion and Recommendations
 The present study focused on detection of MRSA in Gaza Strip, which was
 achieved by collecting 150 isolates from the three main hospitals, Shifa, Nasir,
 and European hospital (50 isolates/ hospital). These isolates were first
 identified as S. aureus, and then they were tested for resistance to methicillin
 and also against the commonly used antibiotics.
 The results of this study can be summarized as follows:
 • The prevalence of methicillin resistance in Gaza Strip is 22.0%, which is
 lower than that reported in the neighboring countries, but close to that
 reported in East Jerusalem.
 • There is a significant difference in MRSA prevalence between the
 hospitals in Gaza Strip, and among each hospital wards.
 • Cephalosporins are still suitable for treating MSSA infections.
 • Vancomycin is still the antibiotic of choice for MRSA treatment and for
 empirical treatment of suspected MRSA infections.
 • The main problem of MRSA is their multidrug resistance to most
 antibiotics especially, β- lactams.
 • Surgical units in the three hospitals have relatively high rate of MRSA.
 This may be due to the overcrowding in these wards and the large work
 stress on the staff due especially to the war and security troubles in our
 country.
 • Using methicillin disk diffusion method for detection of MRSA has the
 same sensitivity and specificity as PCR assay, especially when the
 technician follow the instructions of enhancing resistance of S. aureus to
 methicillin, such as using 2-5% NaCl Muller-Hinton agar, and incubation
 under 350C incubation temperature.
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 • PCR is extremely reliable, but we did not see any difference in sensitivity
 or specificity with methicillin disk diffusion test. But conventional disk
 diffusion agar is time consuming, so we suggest that, PCR can be used
 only for emergency cases and not routinely because of its cost and its
 need for highly trained staff.
 • We do not recommend reliance on one test for detection of MRSA,
 because methicillin resistance can arise from different mechanisms. Our
 results showed that methicillin disk diffusion test with PCR assay are
 perfect complementary techniques for MRSA detection.
 • Cefoxitin and oxacillin also have high sensitivity and specificity, and they
 can be used reliably for MRSA detection. The good advantage of using
 cefoxitin and oxacillin is their longstanding activity during storage, which
 is not the case for methicillin.
 • CHROMagar S. aureus is highly sensitive and specific in detection and
 isolation of S. aureus. Another important benefit is its time saving, and
 can reduce the number of conventional selective and differential media
 that are usually used for S. aureus identification.
 • It is highly recommended to use CHROMagar MRSA, as it gives fast and
 reliable results with lower cost than PCR.
 We offer proposals that are based on the data available from our study on
 the transmission and control of MRSA and that may be used as starting
 points for the development of formaI guidelines for the isolation of colonized
 and infected patients and for microbiology laboratory precautions.
 • Identification of cases by selective screening of patients.
 • MRSA inpatients should be isolated.
 • Outpatients should be separated from other patients during clinic visits.
 • Healthcare workers should wear gloves, gowns, masks, goggles or face
 shields when in direct contact with patient secretions.
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 • Healthcare workers should wash hands with antimicrobial soap, wash
 hands after gloves removed and when finishing with patients care.
 • All staff of healthcare workers should undergo repetitive education
 programs.
 • Penicillin should not be used in S. aureus treatment, as its resistance rate
 is too high.
 • Transmission of MRSA could occur by a combination of air-borne,
 transient hand-borne and environmental routes. Rigorous infection
 control efforts have been recommended to prevent the spread of infection
 viz. isolation of the infected patient, barrier nursing, the use of sterile
 gown, gloves, cap, mask, hand washing and careful selection of
 antibiotics. The isolation could be achieved by enlargement of the floor
 area per bed (42).
 • Due to the changing pattern of antibiotic resistance in S. aureus (28), it
 would be wise to have a periodical surveillance of these changes once
 every 3 to 4 years.
 Application of such guidelines for controlling MRSA spread will clearly
 reduce prevalence and transmission of MRSA. Due to the introduction of
 strict infection control measures and the low consumption of antibiotics in
 Denmark, the prevalence of MRSA in S. aureus bacteremia declined sharply
 from approximately 20% at the end of the 1960s to less than 1% throughout
 the 1980s and 1990s (73).
 Studies that link information on MRSA guidelines, antimicrobial policies, and
 prescriptions with resistance rates at the level of the hospital, region, or
 both, may help in increasing our understanding of the nature of the MRSA
 epidemic.
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 appendix B
 • Crystal violet
 Crystal violet (90%) dye content
 10g
 Absolute methanol 500ml • Iodine
 Iodine crystal
 6g
 Potassium Iodine
 12g
 DW 800ml • Decolorizer
 Acetone
 400ml
 Ethanol (95%)
 200ml
 • Counter stain
 Safranin O , 99% dye content
 10g
 DW 1000ml
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