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Abstract        

 A total of 50 swab samples were collected from patients suffering from different 

infections. Morphological and biochemical characterization showed that 46% 

isolates were characterized as Staphylococcus aureus. All these isolates were able 

to grow on mannitol salt agar medium and ferment mannitol and sucrose. β- 

hemolysin, coagulase production and antibiotics sensitivity of S.aureus, before 

and after treatment with phage, was examined. It showed there is no change in 

the β- hemolysin and in the coagulase production but lysogenic phage effect the 

antibiotic sensitivity of S. aureus isolates significantly. In addition plasmid DNA 

was isolated from bacteria whose showed multiple antibiotic resistances. Large 

and small bands were obtained .Thereafter curing process had done to evaluate 

the plasmids content, it was found entire losing for the small plasmids, while the 

large plasmids remain intact. From this study, it can be concluded that S.aureus 

isolates found in wound at high percentage; moreover, S.aureus treated with 

phages effect the sensitivity patterns against antibiotics.  

 

 انًسخخهص

يسست يٍ يشضٗ ٚؼإٌَ يٍ اصاباث يخخهفت لاخشاء يسر نهًسخٕٖ انبكخٛش٘ نغشض انخقصٙ ػٍ  05خًؼج 

 ٌّ % يٍ  64ٔخٕد بكخشٚا انًكٕساث انؼُقٕدٚت فٙ ْزِ انؼُٛاث . اظٓش انخٕصٛف انًظٓش٘ ٔانكًٕٛزٕٛ٘  بأ

خًٛغ ْزة انؼضلاث قذسحٓا  انؼضلاث انخٙ حى انسصٕل ػهٛٓا ْٙ بكخشٚا انًكٕساث انؼُقٕدٚت انزْبٛت  ٔاظٓشث

كًا نٓا انقذسة ػهٗ حخًٛش انًاَخٕل ٔسكش انسكشٔص.حى    Mannitol salt agar ػهٗ انًُٕ ػهٗ ٔسط 

ّ٘ ٔازذ يُٓا نّ انقابهٛت ػهٗ ػًم حسهسهٙ نبكخشٚا انًكٕساث انؼُقٕدٚت. كًا  اخخباس ػُٛاث يٍ انؼاثٛاث نًؼشفت أ

ٔنت فٙ أَخاج اَضٚى حسهم انذو يٍ انُٕع بٛخا ػهٗ ٔسط اكاس انذوّ قبم حى دساست ػايم انضشأة نهبكخشٚا انًؼض

ٔبؼذ انًؼايهت بانؼاثٙ ٔأٚضا إخخباس يساػذ انخثشة قبم ٔبؼذ انًؼايهت بانؼاثٙ كًا حى اخشاء اخخباسقابهٛت 

ش فٙ انؼضلاث ػهٗ  يقأيت سخت إَاع يخخهفت يٍ اقشاص يضاداث انسٕٛبت.ار كاَج انُخائح ػذو ٔخٕد حغاٚ

صفت  أَخاج اَضٚى حسهم انذو ٔكزانك ػذو ٔخٕد حغاٚش فٙ إخخباس يساػذ انخثشة بًُٛا اظٓشث انُخائح  حأثٛش فؼال 

نهؼاثٙ ػهٗ يقأيت انؼضلاث قٛذ انذساست  نًضاد انسٕٛٚت ار خؼهج ْزة انؼضلاث زساست نٓزة انًضاداث بؼذ 

نؼضلاث انخٙ حًخهك يقأيت يخؼذدة نًضاداث يٍ اانبلاصيٛذ٘  انذَافضلا ػٍ رنك ػضل  يؼايهخٓا  بانؼاثٙ ,

ٔحى انسصٕل ػهٗ زضو بلاصيٛذٚت كبٛشة انسدى ٔزضو صغٛشة انسدى . أخشٚج ػًهٛت انخسٛٛذ فخبٍٛ  , انسٕٛٚت

اخخفاء انبلاصيٛذاث انصغٛشة يغ بقاء انبلاصيٛذاث انكبٛشة نكم يُٓا.  َسخُخح يٍ ْزة انذساست ٔخٕد بكخشٚا  

كٕساث انؼُقٕدٚت بُسبت ػانٛت فٙ اصاباث اندشٔذ ٔنهؼاثٛاث حأثٛش فؼال ػهٗ حغٛٛش صفت انًقأيت نبكخشٚا  انً

 انًكٕساث انؼُقٕدٚت حداِ  يضاداث انسٕٛٚت انًسخؼًهت فٙ انذساست.
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Introduction:  

 Staphylococcus aureus is the most important clinical member of Staphylococcus 

genus. It can be isolated from the skin or mucous membranes of the body. It can cause 

various infections (e.g., carbuncles, abscesses, pneumonia, endocarditis, food 

poisoning, toxic shock syndrome) throughout the body [1]. In addition, some of these 

Staphylococci are resistant to penicillin, this resistance comes about when the bacteria 

produce penicillinase (β-lactamase), which hydrolyzes the β-lactam ring of penicillin, 

Staphylococcal resistance to penicillin is mediated by penicillinase (a form of β-

lactamase) production: an enzyme which breaks down the β-lactam ring of the 

penicillin molecule, antimicrobial resistance has been noticed as one of the paramount 

microbial threats of the twenty first century , S. aureus has been a stumbling block for 

antimicrobial chemotherapy and the introduction of new classes of antimicrobial 

agents is usually followed by the emergence of resistant forms of pathogens [2].  S. 

aureus strains posses a large number of cell-associated and extracellular factors, some 

of which contribute to ability of the organism to overcome the body's defenses and to 

invade, survive in and colonize the tissue [3]. 

After the discovery of Bacteriophage 90 years ago, it was hoped that they would be 

useful in the treatment of bacterial infections. Bacteriophage therapy was initiated in 

1921 by Bruynoghe and Maisin [4] in the treatment of Staphylococcal infections. 

Bacteriophage therapy was abandoned after the introduction of sulphonamides and 

then antibiotics into medical practice. However, the lytic action of Bacteriophage in 

vitro enabled some investigators to use specific Bacteriophage for the differentiation 

of various species of bacteria [5].Phages are currently being used therapeutically to 

treat bacterial infections that do not respond to conventional antibiotics , particularly 

in the state of Georgia [6].They tend to be more successful where there is a biofilm 

covered by a polysaccharide layer, that antibiotics typically cannot penetrate [7].   

   A clear benefit of phage therapy is that it does not have the potentially very severe 

adverse effects of antibiotics [8].Also it can be fast-acting, once the exact bacteria are 

identified and the phages administered. Another benefit of phage therapy is that 

although bacteria are able to develop resistance to phages the resistance is much 

easier to overcome [9]. Thus, the aim of this research is to study the therapeutic effect 

of phage on these isolates and determination of S. aureus prevalence percentage in 

different source, and the plasmid profile of S. aureus isolates from individuals clinical 

samples. 

Materials and Methods: 

 Sample Collection: 

Fifty swabs were collected from patient's suffering from different infections from Al-

yarmook General hospital during the period 5/11/2007-15/1/2008. These samples 

were processed in the laboratory within 30min of collection. 

Isolation and identification of S.aureus isolates: 

     All isolates were obtained using the procedure described by Mandell   et al. [10]. 

Biochemical assays were carried out such as : Catalase production, Growth at 45ºC, 

Growth in 7-9% NaCl, Coagulase production ,Haemolysis patterns on blood agar, and 

Sugar fermentation, identification of isolates was done following the schematic 

http://en.wikipedia.org/wiki/Penicillin
http://en.wikipedia.org/wiki/Penicillinase
http://en.wikipedia.org/wiki/Beta-lactamase
http://en.wikipedia.org/wiki/Beta-lactamase
http://en.wikipedia.org/wiki/Georgia_%28country%29
http://en.wikipedia.org/wiki/Biofilm
http://en.wikipedia.org/wiki/Polysaccharide
http://en.wikipedia.org/wiki/Bacteria
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diagram described by Cowan[11].Maintenance of bacterial isolates was performed 

according to Maniatis et.al., [12].  

Antibiotic Sensitivity: 

The antibiotic susceptibility pattern for β-lactamase producing S. aureus was 

determined using standard disk diffusion method [12] for 6 antimicrobial agents: 

Penicillin G, Amoxicillin, Cephalexin, Ciprodar, Tetracyclin and Nutronidazol as 

follows: 5 ml sterile BHI broth was inoculated with 0.1 ml of a young culture of 

tested S. aureus (rapid β-lactamase producer), incubated to mid log phase (O.D about 

0.3-0.4). 0.1 ml of the above culture was spreader on Mullar Hinton agar plates. By 

rotating the plate approximately 60º each time to allow absorption of excess moisture. 

With sterile forceps the selected antibiotic disk were placed on inoculated plates, 

incubated for 18 hr. at 37ºC in an inverted position. The diameter of inhibition zones 

were measured by a ruler. 

Plasmid DNA Isolation: 

All the isolates were subjected to plasmid DNA extraction by alkali lysis method as 

described by Bimboim [13], the bacterial pellet obtained from single bacterial colony 

into 2 ml of Lural broth medium in 100μl of ice-cold Solution (50 mм glucose, 25 

mм TrisCl,10 mм EDTA,10 mg/ml of lysozyme was Powdered in Solution I) was 

resuspend by vigorous vortex ,then let stand at room temperature for 5 min. and 200 

μl of freshly prepared Solution includes (0.2 N NaOH ,1% SDS) was added and tubes 

was closed tightly, then the contents mixed by inverting the tube rapidly five times 

,then 150 μl of ice-cold  solution was added which consisted 5 м potassium acetate , 

Glacial acetic acid, and  H2O. The tube was closed and vortex gently,centrifuged at 

12,000g for 5 minutes at 4C˚ in a microfuge .After that the supernatant was 

trranferred to a fresh tube. The double-stranded DNA was precipitated with 2 volumes 

of ethanol at room temperature, mixed by vortex. The extracted plasmid DNA was 

electrophoresed on 1.2% agarose gel stained with ethidium bromide. about 20 µL of 

plasmid DNA preparation was loaded into each well and electrophoresed at 50 volts 

for 1 hr. Plasmid DNA bands were observed with UV transilluminator and 

photographed. Molecular weight of the DNA bands was calculated by comparing with 

Lambda DNA Hind III digest (promega,USA) as standard marker. 

Curing experiments: 

Curing process had done according to Shittu et al. [14] by selecting one of resistant 

isolates for curing experiments based on their antibiotic resistance profile. The 

isolates were sub cultured on Brain Heart Infusion Agar (BHIA, Biolab) and 

incubated at 43.5°C for 24 hr. then sub-culturing on freshly prepared BHIA was 

performed twice and incubated as stated above, colonies were screened for loss of the 

resistance determinants by plasmid analysis and visualized after electrophoresis on the 

same conditions described in plasmid profile 

Phage Isolation: 

Phage isolation was obtained by centrifugation 25 ml of raw sewage for 10 minutes 

and passed the supernatant through a 0.45 µm membrane filter to remove bacterial 

contaminants. 8.0 ml portion of the filtrate was transferred into sterile, screw-cap 
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tubes. Then 0.2 ml of chloroform added to each screw-cap tubes with a sterile pipette, 

and mixed thoroughly. The virus stock can be used immediately or kept in the 

refrigerator until it can be analyzed.S. aureus was cultured on the brain heart infusion 

agar by spreading, and then a drop was taken from stock phage which isolated by 

pipette and put it on the bacteria. The plates were incubated at 37ºC for 24 hours 

.Thereafter, the plates stored in the refrigerator after incubation and examined if there 

was any plaque [4]. 

Results and Discussion: 

Fifty swab samples were collected from patients suffering from different infections. 

The isolates were characterized, morphologically and biochemically [7].                                                                                          

Forty six isolates (46%) were identified as S.aureus all these isolates were able to 

grow on mannitol salt agar media. Fermentation of mannitol and sucrose are a very 

useful aid in identification of S.aureus [9]. Staphylococcus aureus mostly selected 

from colonies surrounded by yellow zones due to fermentation of mannitol. These 

colonies were round, concaves smooth with glistering surface, batyrous consistency. 

They were also able to grow at high salt medium (7-9%) and showed good growth at 

45ºC. On blood agar medium they were able to produce golden yellow pigment and 

were surrounded by a zone of clear (beta) hemolysis. Microscopical examination after 

gram staining demonstrated that these were gram-positive and grouped in irregular 

clusters that resemble bunches of grape [9]. From results shown in Table (1) Its clear 

that patients with surgical wound infection, middle ear infection , bacterimia were at 

particularly high risk for infection with S. aureus 60%, 43%, 33%, respectively. 

 

Table (1): Number and Percentages of S. aureus obtained from different specimens 

Percentage (%) No. of S.aureus isolate No. of specimens Source of specimens 

60 9 15 Surgical wound infection 

43 10 23 Middle ear infection 

33 3 9 Sputum 

33 1 3 Bcterimia 

 23 50 Total 

  

These results were agreement with De-lalla, [15] who found that S.aureus was the 

most common pathogen responsible for high percent of simple and surgical wound 

infections. Furthermore, Cheung [16] was found that S.aureus as important pathogen 

of human and their animals that causing bacterimia. 

 Then, the standard disk diffusion method [12] was used to determine the antibiotic 

sensitivity pattern of S. aureus isolates. Six antibiotic disks were used which include 

different groups of antibiotics table (2).It was revealed that all S.aureus isolates were 

resistant to penicillin and amoxicillin. Also, 60% of isolates were resistant to 

cephalexin when 3 of 5 isolates showed resistant to it, as well as, 40% of them 

showed resistant to tetracycline and nutrianidazol when 2 of 5 isolates showed 

resistant. While all the S. aureus isolates were susceptible to ciprodar. 
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Table (2): Antibiotic Resistance Pattern of S. aureu β-hemolysin produceing isolates 

 

Development of antibiotic resistance may be explained by different mechanism; it 

may either due to possing of β-lactamase by the isolate which may be encoded by 

transferable plasmids or could be due to apparent of tolerant strains [17]. 

Our results were agreement with previous study [18] who found that all S. aureus 

isolates were resistant to penicillin and amoxillin and Staphylococcal hospital cultures 

produce high amounts of β-lactamase enzymes. 

Analysis of plasmid profiles demonstrated the presence of one to three plasmids in all 

of the isolates (Fig. 1) included similar contains of large plasmid while showed 

different bands of small plasmids. All the plasmid profiles of isolates were compared 

with the Lambda DNA Hind III digest and standard strain (Escherichia coli   MM294)  

 

 
Fig.(1): Plasmid profile of Staphylococcus aureus isolates analyzed by ethedium bromide–stained 

agarose   gel electrophoresis (1%, 5v/cm). 

 Lane 1-9: represents isolates harboring large and small plasmid.              

   Lane 10: standard strain Escherichia coli   MM294 (without plasmid). 

 Lane 11: represents Lambda DNA Hind III digest, as size marker. 

 

Rahman et al. [19] reported the presence of 23 kb plasmid in S. aureus strains isolated 

from skin lesion sample which is in agreement with the present study and he was 

confirmed that the same plasmid might be carrying the genes coding for multidrug 

resistance and the plasmids were transferable, and the same study showed that 

multiple drug resistance of S. aureus is due to several drug resistant genes in a single 

Percentage of resistance No. of resistant  isolates Antibiotics Antibiotic group 

100 5 Penicillin G Penicillin group 

100 5 Amoxicillin Amino penicillin 

60 3 Cephalexin First generation 

cephalosporin 

_ _ Ciprodar Thired generation 

cephalosporin 

40 2 Tetracyclin Amionglycoside 

40 2 Nutronidazol 5-nitroimidazole 
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plasmid methicillin (100%), amoxicillin (91.3%), bacitracin (73.91) and novobiocin 

(86.95%). The variation in the drug resistance may be well related to the type of 

antimicrobial agents prescribed for treating various diseases in different geographical 

areas and low doses of antibiotics are used against bacteria, they inhibit the growth of 

susceptible bacteria, leaving the smaller number of already resistant bacteria to thrive 

and grow. 

Also the curing experiments had done to evaluate the plasmids content were selected 

based on their antibiotic resistance profile by using physical approach (heat) it was 

found entire losing for the small plasmids, while the large plasmids remain intact as 

shown in figure (2) . 

 

 
Fig.(2): Plasmid curing profile of Staphylococcus aureus isolates analyzed by ethedium bromide–

stained agarose gel electrophoresis (1%, 5v/cm). 

 Lane 1: represents Lambda DNA Hind III digest, as size marker 

Lane 2, 3: represents isolates before and after curing treatment. 

 Lane 4: standard strain Escherichia  coli  MM294 (without plasmid). 

 

Resistance to Amoxicillin and Penicillin in the cured isolate was lost together with 

small plasmid absence, this indicates that antimicrobial resistant genes were plasmid 

located and this result in agreement with loss of resistance determinants (plasmids) 

that was investigated as previously reported [20]. 

Phage infection was obtained by cultured of S. aureus on the brain heart infusion agar 

by spreading then a drop was taken from stock phage which isolated and mixed 

thoroughly. The results showed increasing of susceptibility toward all used antibiotics 

and this referred to  incorporated of  genome of this phage inside the DNA of S. 

aureus and cause inhibition to the genes which responsible for antibiotic resistant 

property so that its  became more sensitive to antibiotic and this can be noticed in 

table (3) in which the diameter of inhibition zones which formed due to the effect of 

antibiotic disks will increase after treatment the bacteria with phage ,this deal with 

Ogston, A. [21]. 
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Table (3): Antibiotic Resistance Pattern of S. aureu before & after treatment with Phage 

Diameter of Inhibition Zones (mm) Antibiotics 

Types After Treatment with  phage Before  Treatment with phage 

10 _ Amoxicillin 

30 _ Ciprodar 

10 _ Penicillin 

16 15 Nitronidazol 

25 14 Tetracycline 

16 14 Cephalexin 

 

García et al. [22] found that the dairy environment is an extensive source of 

staphylococcal phages, which may be effective in certain milk types to inhibit 

staphylococcal strains that often cause mastitis and contaminate milk. 

Bacteria are most likely to modify the molecule that the phage targets, such as a cell 

surface glycoprotein, which is usually a bacterial receptor. In response to this 

modification, phages will evolve in such a way that counteracts this change, thus 

allowing them to continue targeting bacteria and causing cell lysis. As a consequence 

phage therapy is devoid of problems similar to antibiotic resistance and much of the 

evidence shows that appropriately administered phage therapy is very effective for 

treatment and prevention of many kinds of bacterial infectious diseases, especially 

those caused by multidrug-resistant bacteria. Currently, many pathogenic bacteria 

have acquired multiple drug resistance, which is a serious clinical 

problem.Bacteriophages are often very specific, targeting only one or a few strains of 

bacteria. Traditional antibiotics usually have more wide-ranging effect, killing both 

harmful bacteria and useful bacteria such as that facilitating food digestion and a new 

mechanism has been proposed recently in which a bacteriophage in either donor, 

recipient or indeed as part of a plasmid itself can effect plasmid transfer. Since cell to 

cell contact is necessary for transfer, the bacteriophage may cause alterations in the 

surface of the cell so that its adhesiveness is changed, enabling one or more plasmids 

to pass directly from the donor to recipient, the attraction of this hypothesis is that it 

requires neither death of the donor nor exposure of the recipient to large numbers of 

lytic phage particl [9].  
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