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                Abstract 

There has been a frightening increase in drug-resistant strains of Pseudomonas aeruginosa as 

a result; there has been a repeated attention in alternative antimicrobial treatments, as 

bacteriophages. Current study was included isolation and characterization of a lytic phage 

specific to Pseudomonas aeruginosa (which we designed as PAP referred to a Pseudomonas 

aeruginosa specific phage) from sewage water of General Baqubah Hospital treatment plant. 

In this study, a phage PAP was isolated and titrated, using double layer agar technique. and 

determination of the latent periods and burst size of  phage PAP then determines their 

stability to some of physical and chemical condition (temperature, UV light, Alcohol, 

chloroform and isopropanol exposure).The results detected a lytic phage in contradiction of 

an antibiotic-resistant Pseudomonas aeruginosa, the stock titer about 8×109 PFU(plaque 

forming units )/ml. In phage PAP growth cycle, the latent period was 20 min, a burst size was 

126 PFU/ infected cell. We found that the phages PAP stable at 4°C and 37°C while they 

declined quickly after boiling for 10-20 min. unaffected in the presence of chloroform in 

different concentration, affected by 10% isopropanol, more affected by 70% alcohol.  
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 المختص ببكتريا الزوائف الزنجارية PAPعزل وتوصيف العاثي البكتيري المحلل 

 زهراء جعفر جميل

 جامعة ديالى - كلية العلوم - قسم علوم الحياة

 الملخص

هناك زيادة مخيفة في عزلات  اللااافزا اللااراةيزة الوماامزة لوتزادا  الحيزاة اجالننيرزة هنزاك اعزادة اهنوزام فزي الع جزا  

التد ميكراجية البديلة مثل العاثيا  البكنيرية. تتونت الدةاسة الحالية علال اتوصيا العزاثي الوحلزل الوخزنا جزاللااافا 

(  Pseudomonas aeruginosa specific phageلحزرا  اتالزى مز  النزي تيزير الزى ا PAPاللااراةيزة رةملاازا لز  

تم علال  امعايرت  جاتبزا  تمنيزة اتكزاة ثنزافي  PAPالوعلاال م  مياه مراةي مسنيفى جعموجة العام. في هذه الدةاسة العاثي 

الطبمززة. اتحديززد فنززرة السززكولا اجرززم اتافرززاة ثززم تحديززد ثباتينزز  لززبعو اليززرا  الفيلايافيززة االكيويافيززةرالنعر  لدةجززة 

فزا الحراةة, اتشعة فوق البنفسرية, الكحول, الكلوةافوةم, ايلااجراجااول(.كيفت الننافج عز  اجزود العزاثي الوحلزل لللااا

اجدة تكزولا البم/ممزل. كاازت فنزرة السزكولا فزي داةة 910×8اللااراةية الوماامة لوتادا  الحياة, عياةية الوخلاالا جوالي 

اجدة تكزولا البم/ملليزة مبزاجة. امزا جالنسزبة لثباتيزة العزاثي فوجزداا ااز  126دقيمة اجرم اتافراة  20هي  PAPاوو العاثي 

دقيمزة اقزل تركيزلاه. لزم ينزاثر جزالنراكيلا 20-10  ينثزب  جسزرعة جعزد الاليزالا لوزدة لكنز° م 37ا  °م4ثاجت عند دةجة الحزراةة 

 .%70م  اتيلااجراجااول اما تاثير الكحول فكالا اشده عند تركيلا %10الوخنلفة م  الكلوةافوةم. تاثر جنركيلا 

 : عاثيا  اللااافا اللااراةية, العلال , النوصياالكلمات المفتاحية

                   Introduction 

Pseudomonas aeruginosa is important opportunistic pathogen and a broad host 

range (vertebrates; invertebrates, plants and abiotic environments) (1) Pseudomonas 

spp. are the chief concern with concern to proteolytic degradation of milk, beside 

with other organisms ( 2,3) In humans, P. aeruginosa is the most public cause of 

many different diseases such as chronic lung infection in cystic fibrosis (CF) 

patients, otitis, dermatitis, urinary tract infection, bacteremia (4,5,6), and a main 

cause of nosocomial infections (6) In addition, P. aeruginosa is vastly active in the 

formation of biofilms on biotic and abiotic surfaces and so moderates the efficiency 

of numerous antibiotics (7).  Multi-drug resistance (MDR) in P. aeruginosa is 

credited to a combination of resistance mechanisms, mostly including multi-drug 
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efflux pumps, target site modifications, -lactamase and aminoglycoside-modifying 

enzymes (8) Consequently, P. aeruginosa infections are weakening the ability of 

conventional chemical antibiotic treatments and a high interest is increasing towards 

the lytic phages therapy(7).Phage therapy is one of numerous possible therapeutic 

methods and has been considered meanwhile the late 1980s (9). Bacteriophages are 

viruses that infect merely bacteria, cannot infect eukaryotic cells (10). The highest 

characteristics distinguish bacteriophage therapy from antibiotic therapy: (a) phages 

proliferate at the infection position; (b) they target merely specific bacteria, with no 

effect on normal flora; and (c) they can adjust to resistant bacteria (11). Because the 

little or rare bacteriophage researches in Iraq so we describe the isolation of phages 

for P. aeruginosa and further their characterization. This is perhaps the first 

research of the isolation of the phage from Baqubah city by using P. aeruginosa as 

a host. 

 

                  Material and Methods 

1. Pseudomonas aeruginosa isolation and characterization 

Pseudomonas aeruginosa was isolated from wound samples of patients in General Baqubah 

Hospital in Baqubah, Iraq, by using nutrient agar (Oxoid, UK) and pseudomonas agar 

(HiMedia, India). Isolate gave positive results for catalase, oxidase, citrate utilization, urease 

and growth in 40°C, while negative for indol, methyl red, Vogas-Praskaur and H2S 

production test but had ability to produce pyocyanin when growing on Pseudomonas P 

medium. The cells were single cells, Gram-negative and rod shapes (12). P. aeruginosa 

isolate was multiple-resistant to most of the antibiotics, It possessed high resistance against 

penicillin; tetracycline, erythromycin, piperacillin, oxacillin, cephalothin, tobramycin and 

gentamicin. The bacterial strains (P. fluorescens, E. coli, Proteus, Salmonella, Klebsiella, 

Enterobacter cloaeca, Acenetobacter, Streptococcus pyogenes and Staphylococcus aureus) 

were previously isolated in Almoqdadia Laboratory and were obtained from there. All 

bacteria were grown at 37°C in nutrient broth and nutrient agar. All bacteria were subcultured 

once and glycerol stocks were done and stored frozen at -80°C until further use. 
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2.   demonstration of pseudomonas aeruginosa phage (PAP) 

2.1 Preparation of phage suspension 

PAP phage suspension was prepared from sewage water of General Baqubah Hospital 

treatment plant (2.5L), this wastewater treatment plant was selected because it receives 

effluents from hospital i.e. contain pathogenic bacteria (host for bacteriophage). then 

aseptically filtered through 0.8 μm pore sized cellulose filter to eliminate particles debris 

followed centrifugation at 2500rpm for 10min.Finally the supernatant was aseptically filtered 

through 0.45 μm pore sized filter to remove bacterial cells and cellular debris (13). 

2.2 Phage enrichment and isolation 

Briefly, five ml of logarithmic phase suspension of Pseudomonas were inoculated in nutrient 

broth and mixed with (45ml) bacteriophages suspension (as prepared in above step) and 10 x 

nutrient broth (5 ml). The mixture was incubated at 37 ͦC with shaking at 180 rpm for 24 hr. 

At the end of incubation period, the suspension was screened by centrifugation at 3000rpm 

for 10 minutes and the supernatant was filtered through 0.22μm filters to remove bacteria. 

The suspension of expected phages was kept at 4 ͦ C (14). 

2.3 Testing the suspension of expected phage 

By the spotting technique, bacteriophage lysis assay was done. An overnight culture of 

bacteria was spread on nutrient agar and then a single drop of suspension of expected phage 

stock solution was added on bacterial law. The plates were inverted and incubated at 37⁰C 

overnight, and then examined for the presence of clear zones of lysis (15). One of the 

cultured nutrient agar plates not processed with suspension of expected phage stock solution 

as a negative control. 

2.4 Purification of phage 

By mass multiplication: Materials from the centre of the clear zone were scraped off using a 

sterile inoculation loop and were transferred to sterile SM buffer (NaCl, 5.8 g; MgSO4_7H2O, 

2 g; 1 M Tris_Cl  pH 7.5, 50 ml; 2 % gelatin, 5 ml; the volume was completed to 1,000 ml by 

ddH2O). This mixture was centrifuged at 5000rpm for 25min at 4⁰C and filtered through 

Millipore Membrane Filter (0.22 μm). The filtrate was collected in sterile amber bottles. The 
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spotting assay was again carried out as mentioned earlier. This cycle step was repeated for a 

minimum of three times to ensure the purity of the phage. All the phage lysate were stored at 

4⁰C (16). 

2.5 Large scale amplification of phage 

Small-scale concentration of phages was performed by spreading phages on the top-agar 

layer containing the respective host bacterium by plaque picking. Briefly, clear zone was cut 

by sterile loop and eluted with SM buffer finally purified with chloroform and stored at 4°C. 

These solutions were then used for preparing concentrated phage solutions in larger scale 

using broth media as described by Sambrook and Russel (17) with some modifications. 

Briefly, Materials from the centre of the plaques were scraped off using a sterile inoculation 

loop and were transferred to sterile nutrient broth(100ml) containing the specified 

organism(pseudomonas) and incubated overnight for about 24 h at 37⁰C. This mixture was 

centrifuged at 5000rpm for 25min at 4⁰C and filtered through Millipore Membrane Filter 

(0.22μ). The filtrate was collected in sterile amber bottles and then purified with chloroform 

and stored at 4°C until further use (17). 

2.6 Titration by plaque assay 

Phage titer was determined by plaque-forming units (PFU) per ml using the double-layer agar 

plate method as described by Adams. Briefly, 100 μl of diluted phage solution in SM buffer, 

100 μl of a bacterial overnight culture, and 3 ml of molten soft agar (which had been pre-

warmed at 45 ⁰C in a water bath) mixed in a tube and immediately poured into a 1.5 % 

nutrient agar containing Petri dish. Plates were incubated for 24 h after which plaque forming 

units (PFU) were counted on each plate (18). 

2.7 Host range 

The ability of Pseudophage to infect more than one bacterial species and genus was 

determined. The bacterial strains P. aeruginosa, P. fluorescens, E. coli, Proteus,  Salmonella, 

Klebsiella, Enterobacter cloaeca,Acenetobacter, Streptococcus pyogenes and Staphylococcus 

aureus were obtained from hospitals in Diyala, Iraq. By spotting technique (15) was 

determined the host range of Pseudophage, in brief 1 ml of  log phase suspension of host 
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strains was spreader separately on sterile nutrient agar  then a 0.2 ml aliquot of phage lysate 

(8×109pfu/ml) was spot inoculated at the center of each plate. Then the plates were incubated 

at 37°C and examined after 24 h. A clear zone in the bacterial lawn was recorded as host 

susceptible. 

2.8 Effect of media on plaque shape 

The morphology of plaques due to PAP phage was studied on three different media: 

pseudomonas agar, nutrient agar and MacConkey agar media by double layer agar technique 

(18). An aliquot of 0.1 ml phage lysate [8×109 pfu/ml] was mixed with 0.1 ml of the host 

culture in 3ml of semi-solid media this mixture was poured onto the surface of the respective 

medium. The plates were incubated at 37°C for 24h then observed the development of 

plaques and their morphology. 

2.9 One-Step Growth Curve 

It was determined as defined by Hyman and Abedon (19) with few variations. Briefly, 9 ml 

of the log phase culture of P. aeruginosa was mixed with 1 ml of phage lysate (8×109 pfu/ml) 

in a test tube. Phages were permissible to adsorb at 37°C for 10 min. then centrifuged 

(10,000g, 4°C, 20 min) and the pellet was suspended in 10 ml of SM buffer. 0.1 ml was 

pipetted from the suspension at an interval of 5 min for 1 h. and chloroform (1% v/v) was 

added to the supernatant to kill any unlysed bacteria. Just before the culture was removed at 

each time interval, 0.lml of P. aeruginosa culture was added to a slopy agar tube to which the 

culture from the water bath was added. This was then plated immediately on Nutrient agar 

plates and incubated overnight, the number of PFU was then determined for each time. 

2.10 Stability to some of physical condition 

Five temperatures (4, 37 and 100 °C) used to study the thermal tolerance of phage in nutrient 

broth. An aliquot of phage was taken every 10 min for 1 h, and tittered by double-layer 

method. In addition, phage was also exposed to ultraviolet light (30 W, 35 cm wavelength) 

treatment in tube and petri dish for 5,15, 25, 35, 45,55 and 65 min, and then tittered 

immediately by double-layer agar plate method  (20).the results were stated as the 

percentages of existence phages from original particles in each treatment. 
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2.11 stability to some of chemical agents 

To analyze phage chemical stability, phage  was subjected to treatment with chloroform (10, 

30, 60 and 100 %, v/v) for 72 h at 4 °C , isopropanol (10, 30, 60 and 100 %, v/v) for 72 hr. In 

addition, phage was also exposed to alcohol (10, 30, 70 and 100) for 72hr and then tittered 

immediately by double-layer agar plate method (20). The results were stated as the 

percentages of existence phages from original particles in each treatment 

Results and discussion 

1. Phage isolation 

After preparation of mixed bacteriophages suspension from General Baqubah Hospital 

sewage water as in paragraph (2.2.1), enrichment and propagation of pseudomonas 

aeruginosa phage, which we designed as PAP referred to a Pseudomonas aeruginosa specific 

phage, if present in sewage water as in paragraph (2.2.2). Then we tested the final suspension 

for present of PAP by spotting method as mentioned in paragraph (2.2.3). From results of this 

study, clear zones appeared in spotted locations indicated the presence and isolation of PAP, 

Figure (1). Then the clear zone by sterile suspended with SM buffer then filtered through 

0.22µm filter. The spotting method repeated for three times to ensure that these clear zone for 

bacteriophage activity not bacteriocin. In each time, the filtered suspension store at 4°C for 

further work. 

 

Figure (1) Clear Zone 

2.  Phage Titration  

Titration of PAP was determined from large scale filtered suspension by double layer agar 

after diluted of sample. The results showed the stock titer about 8×109 PFU/ml, table (1) and 
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from this result indicated that the dilution (10-8) gave the best countable number of plaques 

per plate, so (10-8) dilution would use for all further experiments. 

Table (1) PAP Titration 

Plate 

no. 
Dilution Plaque no. 

Stock titer per ml 

(plaque no. × invert 

dilution)/ 0.1* 

Dilution titer 
(Plaque 

no.×DF**)/0.1* 

1 1-10 Clear - - 

2 2-10 Semi Clear - - 

3 3-10 TMTC*** - - 

4 4-10 250 7×10 2.5 4×10 2.5 

5 5-10 167 81.6×10 41.6×10 

6 6-10 66 86.6×10 36.6×10 

7 7-10 49 94.9×10 34.9×10 

8 8-10 8 98×10 28×10 

9 9-10 2 92×10 22×10 

10 10-10 0 - - 

*Volume of phage plated (ml ) is 0.1ml 

**Dilution Factor ( DF)=10 

***Too much to count 

 

Other researchers as Li and Zhang in 2014 (21) found the titer of phage SPW Staph aureus 

from large scale preparation was more than 109 pfu/ml while Ahiwale and co-worker (2012), 

found the titer of Pseudophage (BVPaP-3)was 6.6*109PFU/ml. These differences may be 

from the sample, counting of bacteria, conditions of work and characters of each phage. 

3.  Influence of Growth Medium on the properties of Plaques 

The plaques formed by phage PAP were clear and transparent round zones on all three 

different media and uniformed per each plate of pseudomonas agar, nutrient agar but 

multiformed on MacConkey agar. The average plaque diameter (mm) was 3, 2, multisized on 

pseudomonas agar, nutrient agar and MacConkey agar media respectively. the edge of plague 

was confluent on nutrient agar while irregular on both of pseudomonas agar and MacConkey 

agar media. Number of plague per plate was 38, 60 and 24 in pseudomonas agar, nutrient 

agar and MacConkey agar media respectively. Thus, from the results, it can be concluded that 
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phage PAP responded differently to its host on different growth media and the best media 

was nutrient agar. In contrast, Ahiwale and coworkers (2012) found that BVPaP-3 did not 

respond differently to its host on different culture media. 

 

Figure (2) Morphology of PAP ´s Plaques on Different 

Media 

A- Pseudomonas agar   B- Nutrient agar    C-MacConkey 

agar 

4. Host Range 

The cross infectivity of phage PAP was estimated to check its range of activity against other 

genera of bacteria.  P. aeruginosa, P. fluorescens, E. coli, Proteus,  Salmonella, Klebsiella, 

Enterobacter cloaeca, Acenetobacter, Streptococcus pyogenes and Staphylococcus aureus 

were tested to check the spectrum of activity of  phage PAP. PAP could lyse P. aeruginosa 

only but was unable to lyse P. fluorescens and the above genera of bacteria. Indicated that 

PAP highly specific for P. aeruginosa so they called broad host range bacteriophage. These 

results are similar to previous study as Ahiwale and coworkers (2012) but contrarily to those 

in the literature of Bielke and coworkers in 2007(22) found Salmonella phages infected more 

one genera (wide host range phage). These differences because the bacteriophage attached to 

specific receptor on surface of bacteria and some of bacteria have the same receptor. 

5.  One step growth curve of PAP 

The PAP growth parameters, latent period, rise period and burst size, were determined from 

the change of the number phages. The latent periods and rise period of phage PAP was 20 

and 25min respectively. The burst size of the phage was 126 PFU per infected cell after 45 
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min at 37°C which Calculate by dividing the concentration of bacteriophage at time=45min 

by the concentration of bacteriophage at time=25min) as shown in figure (3). While Ahiwale 

and coworkers (2012) found the latent period and burst size of BVPaP-3 was 15min and 

44PFU/infected cell after 35min at 37°C respectively, while Li and Zhang (2014) found the 

latent period, rise period and burst size of Staph aureus was 15min, 50min and 

44PFU/infected cell respectively. These significant characteristics vary among viruses but are 

often analogous for related ones. Thus, they can assist taxonomic criteria, commonly for 

high-level taxonomy. The number of burst size, and the time which take to make them or 

latent period, are chiefly determined by the complexity and dimension of the virion so it is 

estimated that these principles are conserved between phages with analogous morphology 

(23). 

 

Figure (3) curve of PAP growth 

 

6. Stability to some of physical condition and chemical agents 

To evaluate the suitability of phage PAP for potential therapeutic use in the further, its 

physical and chemical stability were examined. We found that the phage PAP stable at 4°C 

and 37°C for about 60 min while towards extreme conditions, it declined quickly after boiling 

for 10-20 min and was completely inactivated after 30 min as in figure (4).Because, the high 

temperature denatured the chemical composition of bacteriophage. Previous study had shown 

analogous results (7, 21)  

0

2

4

6

8

10

5 10 15 20 25 30 35 40 45 50 55 60
Time(min)



 

   

Isolation and Characterization of PAP a Lytic Bacteriophage 

 Specific for Pseudomonas aeruginosa 

Zahraa Jaafar Jameel  

 

 
122 

Vol: 12 No:4 , October 2016 ISSN: 2222-8373  

 

Figure (4) Stability of PAP to Temperature 

Direct UV light inactivated the phage PAP which placed in petri dish rapidly while phage 

PAP in tube survived for 5min only. While the results of Li and Zhang (2014) showed that 

phage SPW of Staph aureus survived from ultraviolet light treatment for up to 40 min. 

Furthermore, the viability of phage PAP was largely unaffected in the presence of chloroform 

in different concentration (10, 30, 60 and 100%) this result compatible to most previous 

studies (21)while the viability of phage PAP was  slightly affected by 30%and 60% 

isopropanol, moderate affected by 100% isopropanol while more affected by 10% 

isopropanol as shown in figure (5). In contrast Li and Zhang (2014) found the viability of 

phage SPW was little affected by 5%isopropanol. 

 

Figure (5) Stability of PAP to Isopropanol 
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10% alcohol unaffected on viability of phage PAP for 3 days while PAP moderate affected 

by 30% and 100% alcohol, but more affected by 70% alcohol as shown in figure (6).This is 

due to 10% alcohol more diluted and 100% alcohol volatilization quickly. 

 

Figure (6) Stability of PAP to Alcohol 

                  References 

1. Palleroni, N. J. (1984). Pseudomonadaceae. In Bergey’s manual of systematic 

bacteriology (ed. N. R. Kreig & J. G. Holt), pp. 141–199. Baltimore, MD: Williams & 

Wilkins Co. 

2. Peneau S.; Chassaing D.; Carpentier B.(2007). First evidence of division and 

accumulation of viable but nonculturable Pseudomonas fluorescens cells on surfaces 

subjected to conditions encountered at meat processing premises. Applied and 

Environmental Microbiology. 73:2839-2846. 

3. Sillankorva S.; Neubauer P.;Azeredo J.(2008). Isolation and characterization of a T7-

like lytic phage for Pseudomonas fluorescens. BMC Biotechnol . 8:80. 

4. Brennan, A. and Geddes, D. M. (2002). Cystic fibrosis. Curr. Opin. Infect. Dis. 15, 

175–182. 

5. Lyczak, J.; Cannon, C. and  Pier, G. B.( 2002).  Lung infections associated with 

cystic fibrosis. Clin. Microbiol. Rev. 15, 194–222. 

0
10
20
30
40
50
60
70
80
90

100
110
120

1 24 48 72

P
A

P
 s

u
rv

iv
al

 r
at

e
(%

)

Time(hr)

100

70

30

10



 

   

Isolation and Characterization of PAP a Lytic Bacteriophage 

 Specific for Pseudomonas aeruginosa 

Zahraa Jaafar Jameel  

 

 
124 

Vol: 12 No:4 , October 2016 ISSN: 2222-8373  

6. Brüssow H. (2012), Pseudomonas Biofilms, Cystic Fibrosis, and Phage: a Silver 

Lining?. mBio 3(2): e00061-12. 

7. Ahiwale S. ; Prakash D. ; Gajbhiye M. ; Jagdale S. ; Patil N. and  Kapadni B.(2012). 

BVPaP-3, a T7-Like Lytic Phage of Pseudomonas aeruginosa: Its Isolation and 

Characterisation, Curr Microbiol (2012) 64:305–311. 

8. Tenover, F.C. (2006). Mechanisms of antimicrobial resistance in bacteria. Am J 

Infect Control. 34: S3-10. 

9. Brussow H.(2005). Phage therapy: the Escherichia coli experience. Microbiology. 

151:2133–2140. 

10. Willey, J.M., Sherwood,L.M. and Woolverton, C.J. (2008). Prescott, Harley and 

Klein’s Microbiology 7th ed. McGraw-Hill, New York. 

11. Debarbieux,L.; Leduc,D.; Maura,D.; Morello,E.; Criscuolo,A.; Grossi,O.; Balloy,V. 

and Touqui,L.(2010). Bacteriophages Can Treat and Prevent Pseudomonas aeruginosa 

Lung Infections, The Journal of Infectious Diseases. 201:1096–1104. 

12. Mahon, C. R.; Lehman, D. C. and  Manuselis, G. (2007). Textbook of Diagnostic 

Microbiology. 3rd edition. Elsevier. 508. 

13. Beaudoin R. ; DeCesaro D. ; Durkee D. and Barbaro S. (2007).  Isolation of a 

Bacteriophage From Sewage Sludge and characterization of its bacterial host cell”, 

Rivier academic journal, 3(1),1-8. 

14. Atlas R.M.; Brown A.E. and Parks L.C. (1995). Experimental Microbiology 

Laboratory Manual,  Mosby-Year Book Inc.,printed in USA.565pp 

15. Douglas J. (1975). “ Bacteriophages”. Chapman and Hallpublishers, 4th ed., London. 

pp.20-46. 

16. Sundar M.M.; Nagananda G.S. and Das A. (2009).  Isolation of host-specific 

bacteriophages from sewage against human pathogens”, Asian Journal of 

biotechnology, 1(4), 163-170 

17. Sambrook J.; Russell D. (2001). Molecular Cloning: A Laboratory Manual New 

York: Cold Spring Harbor Laboratory Press, Cold Spring Har. 



 

   

Isolation and Characterization of PAP a Lytic Bacteriophage 

 Specific for Pseudomonas aeruginosa 

Zahraa Jaafar Jameel  

 

 
125 

Vol: 12 No:4 , October 2016 ISSN: 2222-8373  

18. Adams, M. H. (1959). Methods of study of bacterial viruses, p. 447–448. In 

Bacteriophages. Interscience Publishers, London, United Kingdom. 

19. Hyman P. and Abedon S. (2009). Practical methods for determining phage growth 

parameters. In: Clokie MRJ, Kropinski AM (eds) Bacteriophages: methods and 

protocols, volume 1: isolation, characterization and interactions, vol 501. Humana 

Press, New York, pp 175–202. 

20. Chandra M.; Thakur S.; Narang D. and Saxena H. M. (2011). Isolation of a 

bacteriophage against Salmonella Dublin and determination of its physical resistance 

under varied in vitro conditions, African Journal of Microbiology Research, 

5(15),2044-2047. 

21. Li, L. and Zhang Z. (2014). Isolation and characterization of a virulent bacteriophage 

SPW specific for Staphylococcus aureus isolated from bovine mastitis of lactating 

dairy cattle.Mol Biol Rep. DIO 10.1007/S11033-014-3457-2 

22. Bielke L.; Higgins S.; Donoghue A. (2007). Salmonella host range of bacteriophages 

that infect multiple genera. Poult Sci 86:2536–2540. 

23. Al-Mola G.A. and Al-Yassari I. H. (2010). Characterization of E coli phage isolated 

from sewage, AL-Qadisiya Journal of Vet.Med.Sci., 9(2),45-52. 

 


