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1. Introduction 

 The staphylococci  

 Staphylococcus aureus (S.aureus) belongs to the 

Staphylococcaceae family and is Gram positive bacteria  forming 

microscopical irregular grape-like clusters. It has been initially observed 

by Ogston (1881), when defining their importance in bacteremia. Since 

Ogston' work, 49 staphylococci species were identified and recorded on 

the taxonomy database of NCBI (Islam,2011). 

Staphylococcus is one of the most prevalent bacteria in nature. It 

exists in soil, air, on the skin, mucous membranes and the upper 

respiratory tract. It is also presnt naturally in the teeth, nose and pharynx. 

These bacteria can cause severe health problems, such as deep skin 

injuries or may reach the blood stream and other body tissues and organs 

causing blood poisoning and heart valve inflammation in addition to other 

serious diseases (Federhen, 2012). 

Staphylococcus aureus which resist the usual antibiotics used in 

routine infection treatment is called Methicillin resistant staphylococcus 

aureus (MRSA), which is primarily found as  endemic bacteria in 

hospitals, and known as HA-MRSA [Hospital acquired-MRSA], but 

when it is settled in the community, then it is known as community 

acquired-MRSA (C-MRSA), which is resistant to many other types of 

antibiotics )Ameer et al., 2015). 

 Many virulent agents of  S. aureus increase its susceptibility 

including capsule, which helps it in resisting  bacteria, phagocytosis and 

enables it to form other enzymes, such as protease, lipase and 

staphylocyanase, which helps the bacteria to invade and spread in tissues 

and to produce α-and-β type lipoproteins as well as the production of 

food poisonings (Ryan and Ray, 2004). 
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The appearance of multiple antibiotic resistant strains with is due to 

antibiotics misuse as well as the high frequency of random use of these 

antibiotics. Bacterial resistance to antibiotics is one of the most common 

serious threats, and infections due to bacterial resistance are nowadays 

very common, and even some pathogenic bacteria become resistant to 

multiple kinds of antibiotics. S.aureus is becoming a main public health 

problem because of the continuous elevation in antibiotic resistance, 

particularly MRSA ( Oliveira A. 2011). 

Increased antibiotic resistance by bacteria causes increase in 

research and studies on using alternative therapies and drugs. Application 

of nanoparticles is one of the alternative methods of treatment. The sizes 

of nanoparticles range between (1-100 nanometers). Physical, chemical 

and biochemical methods can be used to obtain metal nanoparticles 

(Duran et al., 2010). 

Since ancient times, it was known that silver and its compounds 

have different impacts towards bacteria and viruses because their particles 

are too small (less than 5 nm), which increases the surface area and 

causes migration to the outer surface of nanoparticles, leading to the 

increase of their chemical activities and production of free radicles (Lok 

et al.,2006). 

Titanium dioxide (TIO2) nanoparticles are largely used for killing 

different microorganisms, including bacteria, viruses and fungi, since it 

possesses a high photo catalysis (Allen, 2008). 

 For analysis of the genetic properties and phylogeny of MRSA, 

several methods were developed. Multi locus sequence typing (MLST), 

which possesses highly discriminatory ability, has been increasingly 

applied and become the gold standard of the evolutionary microbe 

studying. This method of typing identifies bacterial isolates through 
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comparing nucleotide variations in housekeeping genes and enables an in 

depth investigation of epidemiology (O’Hara et al., 2016). 

Due to the lack of studies on the genetic detection of methicillin-

resistant Staphylococcus aureus in Iraq, this study was conducted in 

Baquba Teaching Hospital / Diyala Governorate, shedding light on the 

following : 

1: Isolation of Methicillin Resistant Staphylococcus aureus (MRSA) 

isolated from wounds and burns and abscesses. 

2: Detection the resistance of isolates against antimicrobial agent from 

different families, including fluoroquinolones, beta lactam, 

aminoglycosides etc., as well as the study of the minimum inhibitory 

concentration MIC and the minimum bactericidal concentration MBC for 

some of these antibiotics.  

3: Study the effect of nanoparticles (Silver Nano particles (Ag NPs) and 

Titanium dioxide TiO2 NPs) on the growth of Methicillin Resistant 

Staphylococcus aureus (MRSA). 

4: Genetic typing of the of Methicillin Resistant Staphylococcus aureus 

(MRSA) using the Multi locus sequence typing system (MLST) of the 

Housekeeping genes. 
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انًكٕساث انؼُقٕدٌت انزْبٍت يٍ  بكخشٌا( ػضنت يٍ 80نذساست حشخٍص )حى فً ْزِ ا   

يسخشفى بؼقٕبت انخؼهًًٍ / يحافظت دٌانى خلال  انشاقذٌٍ فً ًشضىان ػٍُاث اخزث يٍ (110)

ٔاشخًهج انؼٍُاث ػهى يسحاث  2018إنى َٓاٌت شٓش اب  2018انفخشة يٍ شٓش حضٌشاٌ 

 .اثانجشٔح ٔانحشٔق ٔانخشاج

 حى حشخٍص جًٍغ انؼضلاث اػخًادًا ػهى انفحٕصاث انًجٓشٌت ٔانكًٍٍائٍت انحٌٍٕت ٔ   

 72.7) 80 انًكٕساث انؼُقٕدٌت انزْبٍت  شكهج بكخشٌا ٔجذ أٌ ار ( ,Vitek 2) 2-اخخباس فاٌخك

 50 (MRSAفًٍا شكهج انًكٕساث انؼُقٕدٌت انزْبٍت انًقأيت نهًٍثٍسٍهٍٍ ) انؼضلاث ٪( يٍ

 .انؼضلاث حهك ٪( ي62.5ٍ)

( MRSAاظٓشث جًٍغ ػضلاث انًكٕساث انؼُقٕدٌت انزْبٍت انًقأيت نهًٍثٍسٍهٍٍ ) 

َخائج  ْزِ انؼضلاث ض ٔ كزنك أظٓشثج إٌجابٍت لاخخباس اَضٌى انكاحانٍنت َخائ( ػض50ْا )انبانغ ػذد

 ٔكسٍذٌض.الأ لاخخباس اَضٌىَخائج سهبٍت  بًٍُا اظٓشث ْزِ انؼضلاث,  انخخثش اٌجابٍت لاخخباس إَضٌى

أٌ جًٍغ ػضلاث انًكٕساث انؼُقٕدٌت انزْبٍت انًقأيت  أظٓشث َخائج اخخباساث ػٕايم انضشأة 

, َضٌى انًٍٕٓلاٌسٍٍلالاغشٍت انحٌٍٕت ٔ كاَج يُخجت ن (50( انبانغ ػذدْا )MRSAنهًٍثٍسٍهٍٍ )

. ٔ بٍُج انُخائج أٌ جًٍغ ػضلاث  بانهٌٕ الاصسق بصبغت غشاو حى صبغٓأاٌ جًٍغ ْزِ انؼضلاث 

٪( ػضنت  كاَج  يُخجت 100) 50( انـ MRSAٔيت نهًٍثٍسٍهٍٍ )انًكٕساث انؼُقٕدٌت انزْبٍت انًقا

ٔ  يُٓا كاَج يُخجت لاَضٌى انبشٔحٍاص انًحهم نهبشٔحٍٍ٪( 64) 32لاَضٌى  انٍٕسٌاص , فً حٍٍ أٌ 

كاَج  فًٍا٪(  يُخجت نهبكخشٌٕسٍٍ 24) 12ٔ  انًحهم نهذٌْٕ ٪( يُخجت لاَضٌى انلاٌبٍض30) 15

. أضحج انُخائج كزنك باٌ staphylokinase لاَضٌىخجت يُ ْزِ انؼضلاث ٪( يٍ 70) 35

( بًٍُا ESBLsانطٍف ) اث بٍخا لاكخًٍض ٔاسؼت%( يٍ ْزِ انؼضلاث كاَج يُخجت لاَض14ًٌ)7

 (.MBLs) انًؼذًَ بٍخا لاكخًٍض اث%( ػضنت يُٓا يُخجت لاَض56ًٌ) 28كاَج 

 َٕػا يٍ ْزِ انًضاداث  17ذاو حى اجشاء اخخباس انحساسٍت نهًضاداث انحٌٍٕت باسخخ 

  ًْٔ Amikacin AK, Augmentin AUG, Azithromycin AZM, Cefotaxime 

CEF, Ciprofloxacin CIP, Clindamycin DA, Chloramphenicol CL, 

Methicillin ME, Norfloxacin NOR, Oxacillin OX, Penicillin G P, 

Rifampin RA, Tetracycline TE, Ofloxacin OFL, 

Sulphamethoxazole/Trimethoprim SXT, Vancomycin VA, Gentamycin 

CN 
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أظٓشث انُخائج أٌ أػهى يقأيت كاَج بٍٍ يجًٕػت بٍخا لاكخاو , حٍث كاَج َسبت 

ٔ  Augmentin  ٔTetracycline ٔOxacillin  ٔMethicillin٪( 100) انًقأيت

Penicillin  ( 90)بًٍُا كاَج َسبت انًقأيت٪Rifampin ٔ Trimethoprim.  كشفج انُخائج

ٔ  Amikacin نًضاداث٪ (70٪  ٔ 76٪  ٔ 88أٌضًا ػٍ يقأيت بهغج َسبخٓا )

Gentamycin  ٔCefotaxime َ( ضذ 9.7) أدَى َسبت يقأيت جػهى انخٕانً. ٔكا٪

Vancomycin . 

 -256( نهًٍثٍسٍهٍٍ بٍٍ )MIC)انخشكٍض انًثبظ الادَى قًٍت  حشأحج  

/  يٍكشٔغشاوMBC <(1024)) انخشكٍض انقاحم الادَىقًٍت بًٍُا كاَج ( يٍكشٔغشاو/يم1024

 يم(.

انجسًٍاث ٔ NPs  Ag انجسًٍاث انُإٌَت نهفضت نخشاكٍض يخخهفت يٍ حى فحص انخأثٍش 

انًكٕساث انؼُقٕدٌت انزْبٍت انًقأيت ػهى ػضلاث  TiO2NPs انُإٌَت نثُائً أكسٍذ انخٍخإٍَو

ًْ  Ag NPs نجسًٍاث انخشكٍض انًثبظ الاصغشي ٔأظٓشث انُخائج أٌ قًٍت MRSAنهًثٍسهٍٍ 

 TiO2NPs   ٔقًٍت انخشكٍض انًثبظ الاصغشي نجسًٍاثيٍكشٔغشاو / يم(  325-5200)

 يٍكشٔغشاو / يم(. 2600- 40.6)

( نذساست MLST) ظ انًخسهسم يخؼذد انًٕاقغفً ْزِ انذساست , حى اسخخذاو طشٌقت انخًٍُ  

انًؼضٔنت يٍ جشٔح ٔحشٔق  MRSAانخُٕع انٕساثً نـهًكٕساث انزْبٍت انًقأيت نهًثٍسهٍٍ 

ٔخشاجاث انًشضى , ٔيؼشفت َقاط انخشابّ ٔالاخخلاف بٍٍ انجشاثٍى انًؼضٔنت  ْٕٔ انٓذف 

ًْ جٍُاث حشخٍصٍت ٔحشكٍبٍت حسًى سبؼت جٍُاث  حى انحصٕل ػهى انشئٍسً يٍ ْزِ انذساست.

 housekeeping genes ًْٔ: arc (Carbamate kinase), aroنؼُاٌت ٔانخذبٍش جٍُاث ا

(Shikimate dehydrogenase), glp (Glycerol kinase), gmk (Guanylate 

kinase), pta (Phosphate acetyltransferase), tpi (Triosephosphate 

isomerase), yqi (Acetyle coenzyme A acetyltransferase) ًٕقغيٍ انث اخز 

 .ًؼٓذ باسخٕسن الاكخشًَٔ

. حى اجشاء PCR لاجشاء فحص حفاػم انبهًشة انًخسهسمحى اخخٍاس خًست ػضلاث  

الأساسٍت  الاسحصاف انًحهٍتبحث  حسهسم انجٍُاث نجًٍغ انؼضلاث انخًس باسخخذاو أداة

(BLASTًف ) ًُهن انًشكض انٕط( ًؼهٕياث نهخكُٕنٕجٍا انحٌٍٕتNCBI.)  ٌٍحًج يلاحظت حبا

غ. ثى حى اسخخذاو يهف حؼشٌف الائم كم ػضنت نخحذٌذ َٕع م يٕقانُٕكهٍٕحٍذاث يغ ححذٌذ ألائم ك

باسخخذاو يضٌج فشٌذ يٍ الانٍلاث كُٕع يٍ  dendrogram )) حى سسى شجشة ٔساثٍتانخسهسم. 

 إَاع انخسهسم.
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ػهى يصفٕفت يٍ الاخخلافاث انثُائٍت بٍٍ  dendrogram  اػخًذث انشجشة انٕساثٍت  

يٍ بٍٍ انؼضلاث  ST)) نسبؼت جٍُاث حٍث حى حًٍٍض َٕػٍٍ يٍ انخسهسلاث نٍهٍتالاانًهفاث 

 انخًست.

نخكُٕنٕجٍا اًؼهٕياث ن انًشكض انٕطًُحى حشخٍص ػضنت ػشاقٍت جذٌذة سجهج فً 

 Staphylococcusبأسى   (DDBJ)ٔفً انبُك انٍاباًَ نهحًض انُٕٔي( (NCBI انحٌٍٕت

aureus IRQS1015 . 


