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Summary  
    The goal of this study was to isolate and characterize a complete set of phages that are 

active against Escherichia coliserogroups O1, O2, and O78, the main causative agents of 

avian colibacillosis. A mixture of E.coli (O1:K1), (O2:K1), and (O78:K80) used as host to 

isolate phages from wastewater and fecal samples from poultry processing plants. Eleven 

phages were isolated, only two of them EC-NJ4 and EC-NJ7 were selected for further 

characterization. EC-NJ4 and EC-NJ7 had icosaheadral heads, necks and contractile tails, 

with tail fibers and therefore belonged to Myoviridae, with genome sizes of 67.06 – 68.04 kb 

and they lysed 100% of serotype O1, O2, and O78. The two phages were resistant to pH 5-9, 

and phage EC-NJ7 was slightly more resistant to acid and alkali environments. It was 

concluded that Phage EC-NJ4 and EC-NJ7 are highly active against O1, O2, and O78 

colibacillosis strains and it might be suitable candidate for phage therapy. 

Running title: APEC, Phages, E. coli O1, O2, O78 

 

 عزل وتشخيص العاثيات المحلله والمضاده لعترات بكتريا الاشريكيا القولونيه

O1, O2, O78 
 نظام محمذ جمال الذين

 فشع الازٍبء انًدٓشٌّ, كهٍت انطب, خبيعت انبصشة, انبصشِ, انعشاق
 

ةالخلاص  
انٓذف يٍ ْزة انذساسّ ْٕ عزل ٔحشخٍص يدًٕعّ يخكبيهّ يٍ انعبثٍبث انُشطّ ٔانًعبدِ  نعخشاث بكخشٌب         

الاششٌكٍب انمٕنٍَّٕ  انًسبب انشئٍسً نًشض عصٌٕبث انمٕنٌٕ فً انذٔاخٍ. حى اسخخذاو خهٍط يٍ ْزة انبكخشٌب كًعٍف 

دبسي ٔخشٔج انذٔاخٍ ظًٍ انٕزذاث انخبصّ بخشبٍخٓب.حى اخخٍبس عبثٍخٍٍ نعزل انعبثٍبث يٍ ًَبرج يبخٕرِ يٍ يٍبة انً

حخًٍز   EC-NJ4 and EC-NJ)   فمط يٍ يدًٕع ازذ عشش عبثٍّ عزنج خلال ْزِ انذساسّ نهخعشف عهٍٓب اكثش ٔسًٍج 

ئهت انعبثٍبث ْزِ انعبثٍبث ببَٓب حًهك ساس اْهٍهٍدً, عُك, ٔعهى رٌم يخمهص يع انٍبف رٌهٍّ ٔعهٍّ حصُف ظًٍ عب

كٍهٕبٍز. ْزة انعبثٍبث لبدسة عهى لخم ٔحسهٍم انعخش  68.76-67.76انًعٌّٕ, ٔحخشٔاذ ازدبو انسًط انُٕٔي بٍٍ 

 ,O1, O2ٔاٌ انعبثٍت 9-5%. حخصف ْزة انعبثٍبث بًمبٔيخٓب نلاس انٓبٌذسٔخًٍُ بٍٍ 077ٌّٕ لذسْب ئاندشثٕيٍّ  بُسبّ ي

O78 نمبعذٌّاكثش حسًلا نلاخٕاء انسبيعٍّ ٔاEC-NJ7  ٍٍٔيٍ خلال ْزة انُخبئح حى الاسخُخبج اٌ ْبحٍٍ انعبثٍخٍٍ َشطخ

خذا ٔلبدسِ عهى لخم ٔحسهٍم انعخشاث اندشثٕيٍّ انًسببّ نًشض انعصٍبث انمٕنٍَّٕ فً انذٔاخٍ ٔلذ حكٌٕ انًششر انفعبل 

 نهعلاج ببنعبثٍبث. 

 

Introduction 
 Avian pathogenic Escherichia coli (APEC) are a group of bacteria cause avian 

colibacillosis in chickens, turkeys, and other avian species. This infectious disease is often 

causes severe mortality and subsequently results in economic losses to the poultry industry (1, 

2). The disease is characterized by septicemia in its acute form resulting in death;and 

alsoassociated with a complete set of syndromes including airsaculties, pericarditis, 

perihepatitis, and Swollen Head Syndrome(3, 4).Many E. coli isolates are commonly 

associated with colibacillosis in poultry, of these, serogroups O1, O2 and O78 have been 

recognized as the predominant sources involved in this disease (5, 6). 

A high rate of antibiotic resistance was observed while testing these serogroups, which 

probably originates from the extensive use of antibiotics in the poultry industry (7). 

Acquisition of R plasmids is an addition reason to make these organism resistances for 
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multiple antibiotics as well (8, 9). Numerous concerns of using antibiotics in poultry have 

been raised in due to further selection of drug resistant strains (10, 11). There are also issues 

involved human health and potential transfer of E. coli from animal via the food (11, 12) 

which attracted a considerable attention to researchers in developing alternatives for 

controlling and treatment of coibacillosis in animals. 

       One promising alternative to antibiotics is the use of lytic bacteriophage against E. coli 

serogroups O1, O2, and O78, a well-established approach that phages for these serogroups are 

able to be isolated and used as a phage therapy to attack bacterial cells. Bacteriophages are a 

class of viruses that live and replicate in bacteria (13), and have the ability toattack a single 

species or subset of a species of bacterium making them potential antibacterial agents. 

Previous studies on phage isolation and phage therapy have been reported in animals against 

E. coli infection (14, 15, 16, 17). Huff and colleagues have conducted several studies use of 

bacteriophage to prevent and treat colibacillosis in broiler chickens (18, 19, 20, 21), however, 

the research work was restricted only to the isolation of the phages against serotype O2.  Our 

ultimate goals of this study were therefore to isolate a more complete set of phages that are 

active against serotypes O1, O2, and O78 and to characterize these species with respect to 

morphology, genome size and restriction endonuclease digestion, bacterial host range, activity 

assay, and pulse field gel electrophoresis. 
 

Materials and Methods 
Bacterial strains, Culture media and chemicals 

 Avian pathogenic Escherichia coli (APEC) strains (O1:K1), (O2:K1) and (O78:K80) 

were isolated from colisepticemic chickens (Maysan Veterinary Hospital).MacConkeyagar.  

Brain Heart Infusion (BHI) Broth, BHI agar, and BHI top agar (soft agar) were prepared as 

described by Sambrook et al. (22). Bacteriophage broth was used to isolate the phage (23). 

The ingredients were dissolved in 1 litre of distilled water containing peptone (100g), beef 

extract (30g, Difco), yeast extract (50 g, Fisher), NaCl (25 g, Fisher), and 

potassiumdihydrogen phosphate (80 g). The other reagents were also used including MgSO4, 

agarose, RNaseI ,DNase I, proteinase K (Qiagen, Canada), ethanol (Commercial Alcohols), 

and ethidium bromide. 

Bacteriophage Isolation and purification 

 Bacteriophages were isolated from wastewater and fecal samples collected from 

poultry processing plants in Maysancity during the period of July and September 2011 

according to the procedure described by Jamalludeen et al., (24). BHI broth was inoculated 

with a mixture of O1, O2, and O78 E. coli strains and incubated for 24 h at 37C. A volume 

of 200 ml wastewater or 200 g of fecal samples were homogenized and were aseptically 

poured into a sterile 1-L flask. Twenty milliliters of bacteriophage broth, 20 ml of BHIB with 

MgSO4, and 20 ml of a suspension of E. coli strains in broth culture (OD600=1.4) were 

aseptically added to the flask, and the mixture was subsequently incubated at 37C for 24 h. 

After incubation, the total mixture was centrifuged at 4,000  g for 15 min and the 

supernatant was collected into a clean flask, then filtered through a sterile 0.45 m membrane 

filter (Fisher). 

 The filtrate was sequentially diluted (10
-1

 to 10
-9

) in SM buffer, which is a buffer used 

for storage and dilution of bacteriophage stocks (5.8 g NaCl, 2 g MgSO4·7H2O, 50 ml/L of 1 

M Tris pH 7.5, 5 ml/L gelatin in distilled water). One hundred microliters of diluted filtrate 

were added to 100 l of the E. coli strains (OD600=1.4) in a test tube and incubated at 37C for 

20 minutes. Then, 3 ml of top agar (7.0 g/l) prepared according to Sambrook et al., (22) was 

added and the tube contents were mixed and poured onto the surface of an BHI agar plate and 

allowed to solidify.  The plates were incubated overnight at 37C and examined for the 

presence of plaques. A previously described protocol (22, 24) was used to isolate a single 

plaque. Only two phages, named EC-NJ4 and EC-NJ7, out of a total of 11phages isolated 
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were considered for further characterization. Phages EC-NJ4 and EC-NJ7 were propagated on 

E. coli (O2:K1) and the titre of each phage was determined by plaquing 10-fold dilutions by 

the soft agar overlay method, this procedure was repeated three times to obtain purified 

phages. The phage preparations were stored at 4C. The phage suspension was purified using 

CsCl gradient according to the protocol of Sambrook et al. (22).  

Electron Microscopy 

 Phages EC-NJ4 and EC- NJ7 were examined by electron microscopy of negatively 

stained preparations. A drop of pure phage preparations suspended in 0.5 ml sterile 0.1 M 

HEPES buffer (Boehringer Mannheim) was applied to the surface of a formvar-coated grid 

(200 mesh copper grids). The samples were negatively stained with 2% uranyl acetate, and 

then examined in a LEO 912AB energy filtered transmission electron microscope operated at 

100 kV (Guelph Reginal STEM Facility, University of Guelph, ON, Canada). The phages 

(EC-NJ4 and EC-NJ7) were classified according to the guidelines of International Committee 

on Taxonomy of Viruses (25) based on their morphological features.  

Extraction of phage DNA 

 Phage DNA was extracted using the Lambda Maxi Kit (Qiagen) according to the 

manufacturer’s instructions. Briefly, the bacteriophage pellets were resuspended with 10 ml 

buffer P1 and then 10 ml of buffer P2 were added to lyse the pellet. The mixture appeared 

viscous until 10 ml of chilled buffer P3 were added and incubated for 20 min on ice. Then, the 

mixture was centrifuged at 20,000 x g for 30 min at 4C and the supernatant wascollected. A 

500 Qiagen-tip was equilibrated with 10 ml buffer QBT, and the column was allowed to 

empty by gravity flow. Then, the supernatant from the previous step was applied to the tip and 

allowed to enter by gravity flow as well. The Qiagen-tip was washed two times with 30 ml of 

buffer QC provided with kits and then the DNA eluted with 15 ml of buffer QF.  The eluted 

DNA was precipitated with 10.5 ml of isopropanol and centrifuged immediately. DNA pellets 

from this step were washed with 5 ml of room-temperature 70% ethanol and centrifuged at 

15, 000 x g for 10 min. The supernatant was decanted and the pellets were air-dried and 

redissolved with a suitable volume of buffer TE, pH 8.0 and kept in deep freeze until used 

(Qiagen). 

Host range determination 

 The isolates (O1:K1), (O2:K1), (O78:K80) and 72 strains that comprise the E. coli 

reference (ECOR) collection (26) were used to test the spectrum of virulence `of phage EC-

NJ4 and EC-NJ7 according to the Spot test procedure described by Sambrook et al., (22). A 

log phase culture of (O2:K1) bacteria [OD600=1.4] (5 L) was spread over each square on a 

BHI agar plate, which was divided to four squares by marking the surface. The plates were 

allowed to dry and phage suspension (10
9
pfu/ml; 10 L) was dropped in the center of each 

square. Following incubation at 37C overnight, these plates were examined for lysis. A clear 

zone in the bacterial lawn was recorded as complete lysis. 

Acidity and alkalinity resistance 

The method of Jamalludeen et al (24) was used to evaluate the activity of phages to survive at 

different pH levels. Briefly, phage suspension was exposed to a certain pH value adjusted 

from 1 to 11 using 0.1 M HCl or NaOH  over 16 h of incubation at 37°C, and then checked 

for survival. 

Pulsed-field gel electrophoresis 

 Genome sizes of EC-NJ4 and EC-NJ7were determined by using pulsed-field gel 

electrophoresis (PFGE). Phages embedded in 1.0% Seakem Gold agarose (Mandel Scientific, 

Guelph. ON) were electrophoresed in 0.5 TBE buffer at 14°C for 18 h, using a Chef DR-III 

Mapper electrophoresis system (Bio-Rad, Mississauga, ON), with pulse times of 2.2-54.2 s 

pulses, at 6 V/cm. The bands were visualized under UV transillumination after staining with 
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ethidium bromide. PFGE results were analyzed using BioNumerics software (Applied Maths, 

Inc. Austin, TX). 

Restriction enzyme digestion patterns 

 Phage nucleic acids (2g) were treated with the restriction enzymes AccI and EcoRI 

(New England Biolab,ON, Canada) following standard procedures (22). DNAs (3 L 

volumes) were digested for 8 h at 37C and the cleaved nucleic acids were subjected to 

electrophoresis in a 1% (w/v) agarose gel and stained with ethidium bromide. 

 

Results 
1. Isolation of phages 

 Eleven phages were isolated using a mixture of O1, O2, and O78 avian E. coli strains 

as hosts. The phages were named (EC-NJ1 to EC-NJ11). Phages EC-NJ4 and EC-NJ7 were 

selected for further characterization according to their morphological features (Fig. 1). 

 
 
Figure 1.Electron microscope appearance of phages EC-NJ4 and EC-NJ7. The phages have a neck and a 

contractile tail and icosahedral head. Bar = 50 nm 

 
2. Morphology of the phages EC-NJ4 and EC-NJ7 and genome sizes: 

 Phages were morphologically classified into the family Myoviridae, The electron 

microscopy preparations showed that the phages possessed icosahedral heads, necks and 

contractile tails, with tail fibers (Fig. 1). The head dimensions for EC-NJ4 and EC-NJ7 were 

71nm x 57nm, 70nm x 56nm and tail dimensions were 72nm x 14nm, 57nm x 13nm, 

respectively (Table 1). The data were acquired based on unbiased experiments, six images 

were measured and the mean values were recorded. Based on PFGE the entire genome of 

these two phages (Fig. 2), phage EC-NJ4 had a genome size of 67.06 kb and phage EC-NJ7 

had a size of 68.04 kb. 

 

Table 1. Estimated dimensions and genome sizes of bacteriophages EC-NJ4 and EC-NJ7 

Phage Genome 

size (kb) 

Head dimensions 

(nm) 

Tail dimensions 

(nm) 

 

EC-NJ4 

 

EC-NJ7 

 

67.06 

 

68.04 

Length 

71 

 

70 

Width 

57 

 

56 

Length 

72 

 

57 

Width 

14 

 

13 

 

EC-NJ4 EC-NJ7 
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M MNJ4 NJ7

68.04 kb67.06 kb

336.5 kb

54.7kb

 
Figure 2.Pulsed-field gel electrophotogram of phages EC-NJ4 and EC-NJ7 genome. M = Marker: Xba1 

digested SalmonellaBraenderup, 1% Seakem Gold agarose (Mandel Scientific, Guelph. Ontario,Canada); 

NJ4 = DNA from phage EC-NJ4; NJ7 = DNA from 

phage EC-NJ7. EC-NJ4 = 67.06 kb and EC-NJ7 = 68.04 kb. 

 

3. Host range 

  Phage EC-NJ4 and EC-NJ7 lysed 100% of O1, O2, O78 and 35.6%, 42.3% of 72 

strains of ECOR collection, respectively. The results are summarized in Table 2. 

 

Table 2. Summary of lytic activity of two phages against colibacillosis strain and ECOR 

E. coli strain Phage activity (% of strains lysed) 

EC-NJ4 EC-NJ7 

(O1:K1) 

 

(O78:K80) 

 

(O2:K1) 

 

ECOR collection (72) 

100 

 

100 

 

100 

 

35.6 

100 

 

100 

 

100 

 

42.3 

 

4. Resistance to acidity and alkalinity 

 The two phages were resistant to pH 5-9. In contrast, Phage EC-NJ7 was slightly more 

resistant to acidic and alkali environments than phage EC-NJ4 (Table 3). 
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Table 3. Survival of phages EC-NJ4 and EC-NJ7 following exposure to pH 1-11 

pH Titre of surviving, viable phages (pfu/mL) 

EC-NJ4 EC-NJ7 

1 and 2 

3 

4 

5-9 

10 

11 

control 

ND
a 

6.5 x 10
6 

1.2 x 10
7 

≥ 10
8 

5.1 x 10
6 

4.3 x 10
6 

≥ 10
8 

ND 

2.4 x 10
8 

5.6 x 10
8 

≥ 10
8 

2.3 x 10
8 

2 x 10
7 

≥ 10
8
 

a= Not detected. 

 

5. Restriction enzyme digestion patterns 

 Phages EC-NJ4 and EC-NJ7 appear to have similar profiles of the nucleic acid 

fragments generated by digestion of their DNAs with AccI and EcoRI. The patterns for those 

enzyme cleaved products are shown in Fig. 3. 

10.0

6.0

3.0

0.5

AccIEcoRI

M NJ4 NJ7

10.0

6.0

3.0

M NJ4 NJ7

 
Figure 3.Electrophoresis on 1% agarose of AccI and EcoRI restriction enzymes digest of phages EC-NJ4 

and EC-NJ7 genome. M = marker; NJ4 = DNA from phage EC-NJ4; NJ7 = DNA from phage EC-NJ7. 

Discussion 
       This study was conducted to isolate and characterize phages that were active against 

avian colibacillosis strains (O1, O2, O78), as an alternative to antibiotics and as a response for 

the increasing concerns of the emergence of antibiotic resistance on farms (27). We isolated 

phages EC-NJ4 and EC-NJ7 active among the predominant strains that cause collibacilosis in 

poultry from wastewater and poultry processing plants, which are the main sources for these 

phages. Previous studies by Huff et al. (18) also identified phages, designated SPRO2 and 

DAF6, which were active only against E. coli serotype O2 in broiler chickens.  Phages 

isolated from our study target all the dominant strains from Iraq providencesand are broadly 

active against E. coli serotype O1, O2, and O78.  

 Phages EC-NJ4 and EC-NJ7 are members of the family Myoviridae based on their 

morphological features and their contractile tails (Fig. 1). Myoviridae are characterized by 

those having icosahedral or elongated head and contractile tails that are more or less rigid, 
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long and relatively thick (25). DNA structure, protein composition, base sequence similarity, 

host range and infection characteristics also define the tailed virus species (28, 29). 

The phages were tested for their host ranges on the O1, O2, and O78, the predominant avian 

colibacillosis strains, as well as their host range among the 72 E. coli of the ECOR collection 

which is a widely used set of reference strains isolated between 1973 and 1983 from different 

hosts and geographical locations that represents the range of genotypic variation in E. coli 

(26). 

 Both phages were highly susceptible to acidity at pH 1 and 2. EC-NJ4 seems to be 

more susceptible to pH 3 than EC-NJ7 (Table 3). Phages are often quite sensitive to protein 

denaturation in an acidic environment (30). On the other hand, both phages were stable and 

survive at close to neutral pH values between 5 and 9. The results are consistent with the 

previous observations by Ackermann and DuBow, (31) and Jamalludeen et al., (24) that most 

phages are able to survive well over a wide range of pH 5-9 at physiological conditions which 

maintains the native virion structure and stability. 

 Both phages appear to be closely related based on similar patterns of the DNA 

fragments obtained from AccI and EcoRI restriction enzymes (Fig. 3), which established a 

close genetic relationship each other. Similar observations have been reported previously (24). 

Much more information can be obtained by sequencing the complete genome of these two 

phages, whereupon exact differences may be highlighted.  

 In conclusion, Phage EC-NJ4 and EC-NJ7 are highly active against O1, O2, and O78 

colibacillosis strains. There are slight differences in morphology and in their tolerance of 

acidic environments, but other characteristics indicate that they are closely related.  Those two 

phages are good candidate for phage therapy and it needs further studies to evaluate their 

activity at the field trails.  
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