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ABSTRACT 
Aims:  This  study  was  targeted  isolation  and  characterization   of  lytic  bacteriophages  

for controlling pathogenic Escherichia  coli serotypes in duckling farms in Egypt. 
Main methods:  One hundred and fifty duckling samples, including cecal contents, skin, minced 

breast, gizzard, swabs from mouth, cloacae and inner of liver, were collected and cultured on Eosin 
Methylene blue agar. The suspected E. coli isolates were biochemically and serologically identified. 
Antimicrobial susceptibility testing was performed using the disk diffusion method. Sewage samples 
were used for screening and isolation of different bacteriophages against E. coli serotypes using the 
plaque assay test technique. The phages were evaluated for their efficacy separately and in cocktail 
to control the most multidrug resistant serotype E. coli O168. 

Key findings: Three different single plaques with different plaque morphologies and diameters 
designated as ECa1, ECb1, and ECc1 were picked and chosen for further purification, amplification 
and characterization. The results showed that the use of a cocktail of the isolated phages (ECa1, ECb1, 
ECc1) was significantly more effective (reductions of 7.4 log CFU/ml after 12 hrs. treatment) than the 
use of single phage suspensions. 

Significance:  This study confirmed the higher efficacy of phage cocktail in controlling the 
infection of duckling with multidrug resistant E. coli O168 serotype. These bacteriophages will reduce 
mortality in duckling, and also protect human health from adverse side effects of antibiotic residues. 
 
Key words: Escherichia coli serovar O168, Multidrug resistance, Duckling. 

 
Introduction 

Poultry with a functional and healthy intestinal tract maintains an excellent feed efficiency, 
which is required by modern production standards. It is recorded that poultry feed costs comprise 
roughly 66% of the total production costs, whether it was for a dozen eggs, broiler chickens, or turkeys 
(Schrader, 1997; Hong et al., 2014). Poor feed efficiency causing low-grade damage to the intestinal 
tract by pathogenic bacteria and decreases rate of gain to escalate the total production costs. Severe 
enteric damage by bacterial infection will cause overt illness and high mortality in a poultry flock 
(Yegani and Korver, 2008). Bacterial diseases localized in many organ systems, starting a cursory 
examination and field diagnosis led to inadvertently overlook in the intestinal tract. Determination the 
incidence of intestinal damage needs to gross, histologic, or cytological intestinal examination, whereas 
bacterial culture and antibiotic sensitivity may be useful for direct treatment of the enteric disorder 
(Hofstad et al., 1992; Haider et al., 2004). Three of these bacterial diseases, salmonellosis, 
colibacillosis, pasteurelliosis, affect a variety of organ systems with the alimentary tract being involved 
to an equal or lesser extent.  E. coli is a widespread important and foodborne pathogen, and has been a 
distinguished cause health concern globally (Ahmed and Shimamoto, 2014). In recent years, there has 
been attention that some strains of E. coli, which are often multidrug resistant, have conceders a 
worldwide multiple foodborne disease disorders related to contaminated food consumption (Kemper, 
2011; Yamasaki et al., 2015). Recently, multidrug-resistant E. coli strains have been isolated from 
animal feces on rural farms in Northwestern Mexico (Amézquita-Lopez et al., 2014). Various 
researchers have argued that the fecal pollution sources in food is the primary causes of the potential 
health risks as a result of possible exposure to highly virulent pathogens, and it becomes necessary 
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regenerative action (Scott et al., 2003). Furthermore, antimicrobial agents usage in poultry production, 
for growth promotion, treatment purposes, and prophylaxis, elevates major interest with regard to 
antimicrobial resistance and multidrug resistance that are frequently observed between many E.coli and 
Salmonella serovars (Duong et al., 2006). Antimicrobial-resistant foodborne pathogens have been 
recognized as an essential public health in the development of developing countries and in the resistance 
of this pathogen which limits the therapeutic options obtainable to physicians for human salmonellosis 
treatment (Foley et al., 2011). Thus, extensive usage of antibiotics in poultry, for incorrect purposes 
such as growth promotion results in resistance of bacteria to these antimicrobial agents. What is more, 
the emergence of antibiotic-resistant strains causes treatments to fail, creating the management of those 
bacteria a challenge. These aspects lead to a serious threat to public health and the screening and search 
for alternative strategies are needed in order to reduce the spread of resistant bacteria and their evolution 
becomes an absolute necessity. Many researchers and studies have suggested bacteriophages as 
potential therapeutic and biocontrol agents against multi drug resistant bacteria in poultry (Mahony et 
al., 2011). Bacteriophages are viruses, which attack only bacteria and assume a dynamic part in the 
biology of indigenous habitats, affecting the dynamic of prokaryotic population (Parsley et al., 2010). 
The advantages of bacteriophages are the type of the interaction with virus and its target host cell, its 
lytic ability, and its capability to multiply throughout the process of infection. They are capable to 
differentiate between live and dead cells, and simple to reproduce, and cost effective. (Olsen et al., 
2006; Balasubramanian et al., 2007; Gervais et al., 2007; Nanduri et al., 2007).  

Therefore, our aim of the present study was to isolate and characterize different bacteriophages, 
infecting multi drug resistant E. coli isolated from duckling, and utilize phage cocktails for their 
prevention and control.  
 
Materials and Methods 
 
Bacterial isolation and growth condition 
 

One hundred fiftty ducklings' samples of varying ages (from 1 to 14-day old) from three different 
commercially farms and from AHRI (Animal Health Research Institute, Zagazig, Sharkia, Egypt) 
including the cecal contents, skin, minced breast, gizzard, swabs from mouth, Cloacae and inner of liver 
were collected from the euthanized ducklings and used for analyzing bacterial populations. The caecum 
at both sides was ligated and removed from the gastrointestinal tract, and then contents were collected 
aseptically into a 2-ml eppendorf tube. Samples and collected swabs investigated forthwith upon arrival 
to the laboratory. The samples (25 g) were homogenized in 100 ml peptone water broth (Oxoid) and 
incubated overnight at 37°C. A loopful of the pre-enriched culture was transferred to 10 ml Rappaport-
Vassiliadis Soy Peptone (RVS) broth followed by incubation at 41.5 °C overnight (18-24 hrs.) for 
selective enrichment. Enriched culture was then streaked on MacConkey agar and then Eosin-
Methylene Blue agar (EMB) and incubated overnight at 37°C. After incubation, appearance of the dark-
pink colonies on MacConkey agar and metallic green colonies on EMB agar were considered as 
presumptive E. coli isolates. Suspected colonies were collected for further biochemical identification, 
and serotyped in the Serology Unit, Animal Health Research Institute, Dokki, Giza, Egypt using 
commercial antisera (Difco, Detroit, MI, USA) according to the manufacturer's instructions. Stock 
cultures of the isolates were stored in 50% glycerol at -80°C.  
 
Antimicrobial susceptibility testing 
 

Antimicrobial susceptibility testing was performed using the disk diffusion susceptibility method 
(Bauer et al., 1966), at Bacteriology Unit, Animal Health Research Institute, Dokki, Giza, Egypt. Ten 
antibiotics were tested: Amoxicillin-clavulanic acid, Gentamycin, Chloramphenicol, Doxycycline, 
Imipenem, Streptomycin, Rifamycin, Ciprofloxacin, Ampicillin and Sulfadimethoxine-ormetoprim. 
The test was performed by applying a bacterial inoculum of approximately 2 × 108 CFU/ml to the 
surface of Mueller-Hinton agar plate. Antibiotic disks were placed on the surface of inoculated agar. 
Plates then incubated for 16-24 hrs. at 37 °C. The inhibition growth zones around each of the antibiotic 
disks are measured to the approximate millimeter. The diameters zone of each drug was explained using 
the criteria published by European Committee on Antimicrobial Susceptibility Testing (EUCAST, 
2015). 



Middle East J. Appl. Sci., 8(4): 1413-1424, 2018 
ISSN 2077-4613 

1415 

Isolation of lytic phages against Escherichia coli O168 
 

Duckling's droppings and sewage water were collected from several stations in Zagazig, and 10th 
of Ramadan and homogenized in 100 ml LB supplemented with 10 ml mol/L CaCl2. (Adams, 1959). 
The homogenates were inoculated with overnight culture (100 ml) of 9 E. coli isolates as hosts. The 
inoculated samples were then incubated at 37°C for 24 hrs. The inoculated samples (5 ml) were 
harvested and centrifuged at 12,000x g for 5 min. The supernatant was collected and filtrated through 
0.45 mm pore size filter (Millipore, France) to generate phage lysate. For screening of the presence of 
lytic phages, the lysate (10 ml) was spotted onto the lawn of bacteria prepared from9 bacterial hosts 
after overnight culture of on double layer LB agar plates (Oxoid). The plates were dried at room 
temperature for 10 min on a clean bench and incubated overnight at 37° C. Lysate showing clear lytic 
zones at the point of application on the double layer LB plates were serially diluted in SM buffer (0.05 
mol/LTris- HCl buffer, pH 7.5, containing 0.1 mol/L Na Cl, 0.008 mol/L MgSO4, and 0.01% gelatin). 
The dilutions (100 ml) were then incubated with 100 ml of corresponding host(s) at 37°C for 20 min, 
mixed in 4 ml molten agar, plated on LB and incubated at37°C for 24 hrs. After incubation, the presence 
of plaques was checked in plates. For phage isolation, (Adams, 1959). we picked up the one clear and 
the most separated plaque appearing on double layer agar plates, serially diluted in SM buffer, incubated 
with its host (s) culture and plated on double layer LB as described above. For the isolation of every 
phage, to ensure purity this procedure was repeated at least three times. The final lysates were stored in 
SM buffer at 4°C for later use.  
 
Phage host range determination and efficiency of plating (EOP) analysis 

After the isolation, bacterial strains used in the present work are listed in Table 1. The phage 
stocks were prepared and phage host range was determined by spot testing according to (Adams, 1959). 
Each phage was tested against 39 pathogenic isolates as described by (Carvalho et al. 2010) for host 
range determination. Briefly, we spot phage stocks (10 ml) onto each bacterial lawn, then it dried in 
clean bench for 10 min and incubated at 37°C for 24 hrs. The lytic zones represent phages showing 
visible at the point of application were labeled as positive for lytic activities. Bacteria were 
differentiated according to the clarity of the spot into two categories: clear lysis zone (+), no lysis zone 
(-). Using the double-layer agar method, the EOP was determined for bacteria with positive spot tests 
(occurrence of a clear lysis zone), (Adams, 1959). For each phage, three independent experiments were 
performed. The EOP was calculated (average PFU on target bacteria/average PFU on host bacteria) 
(Kutter, 2009) with the standard deviation for the three measurements.  
 
Effect of pH on phages stability  

For pH stability test, phage suspension was inoculated into the LB liquid medium with a pH range 
(pH 3.0-11.0), and the titer was determined after incubated at 37°C for 1 h. 
 
One single-step growth experiments 

 Exponential host bacterial cultures of E. coli strain were adjusted to a 0.8 O.D. at 600 nm 
(corresponding to a cell density of 109 CFU/ml). Ten microliters of the phage suspensions were added 
to 10 ml of the bacterial culture in order to have a MOI of 0.001 and incubated at 28°C (Mateus et al., 
2014). The mixture was centrifuged at 12.000g for 5 min, the pellet was re-suspended in 10 ml of LB 
at 28°C and then were perfectly diluted and titrated. During incubated at 37°C, at 30-min samples were 
removed intervals up to 5 h and the titers were determined using double-layer plaque assay. The first 
set of samples was immediately diluted before titration. Then second set of samples was treated with 
1% (V/v) chloroform to release intracellular phages in order to determine the eclipse period. The plates 
were incubated at 37°C and examined for plaques after 4-8h (Mateus et al., 2014). Three independent 
assays were done. 
 
Challenge of E. coli O168 with three phages separately and phage cocktail (In vitro inactivation 
of E. coli O168) 

The phages ECa1, ECb1 and ECc1 were separately tested then phage cocktails were tested (two 
or three phages mixed together at the same concentration). The two phage cocktails were: ECa1/ ECb1, 
ECa1/ ECc1, ECb1/ECc1 and ECa1/ ECb1/ ECc1 phages. E. coli O168 was used as host at a multiplicity 
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of infection (MOI) of 100 (based in preceding studies using different MOI: 1, 10, 100 and 1000, data 
not shown). Then to reach a MOI of 100, 2.5 µl of E. coli O168 culture (≈108 CFU.ml−1) and 20 µl of 
phage suspension (109 PFU.ml−1) were added to 30 ml of LB medium and incubated at 37◦C without 
agitation. Two control samples were included for each assay, the bacterial control (BC) and the phage 
control (PC). The BC was not inoculated with the phages and the PC was inoculated with the phage(s) 
but without the bacteria. Withdrawn one milliliter of test samples and of (BC) and (PC) after 0, 2, 4, 6, 
8, 10, 12 and 24 hrs. of incubation. For all assays, the phage titer was determined, in duplicate, by the 
double agar layer method, after an incubation period of 4-8 h at 37◦C. The reductions in bacterial counts 
were calculated by the differences in viable counts between control and phage-treated samples 
 
Results  
 
Bacterial isolation and identification 

In this study, presumptive E. coli colonies were detected in 101 of 150 (67.3%) duckling samples, 
by plating pre-enriched duckling's sample onto MacConkey. The identification of all isolates showed 
that 101 isolates were confirmed as E. coli (Table 1). The O-serogroup typing of 27 E. coli isolates 
revealed that 15/27 (55.6%) isolates were O-serogroup untypeable (OUT). The 12/27 (44.4%) typeable 
O-serogroup isolates were spread over 9 different groups; O1, O55, O78, O111, O114, O125, O127, 
O168, and O169 (Table 3). 
 
Table 1:  Isolation of pathogenic bacteria from diarrheal duckling. 

Sample type E. coli 
Fecal 70 
Liver 20 

Gizzard 2 
Mouth 7 
Spleen 2 
Total 101 

 
Antimicrobial susceptibility testing 

The antimicrobial resistance patterns of these isolates were determined using 10 types of wide 
spectrum antibiotic discs shown in Table 2 (Amoxicillin-clavulanic acid, Gentamycin, 
Chloramphenicol, Doxycycline, Imipenem, Streptomycin, Rifamycin, Ciprofloxacin, Ampicillin and 
Sulfadimethoxine-ormetoprim). The large percentage results were represented in bacterial strains that 
had the most resistance to more than two antimicrobial agents for E coli (O168), In E. coli (O168), 
resistant to Amoxicillin-clavulanicacid (AMC) (100%), Imipenem (IPM) (100%) and Doxycycline 
(DOX) (83.3%) was relatively high compared to the other antibiotics examined.  

 
Table 2.  Percentage of antibiotic resistance for Escherichia coli 

 
  

Escherichia coli (O168) 
n=6 

Antimicrobial R (%) I (%) S (%) 
Ampicillin (Amp) 30 µg 33.3 20 0 

Amoxicillin-clavulanic acid(AMC) 30 µg 100 0 0 
Gentamycin(CN) 10 µg 0 83.3 0 
Chloramphenicol(CHL)30 µg 50 33.3 0 
Doxycycline(DOX) 30 µg 83.3 50 20 

Imipenem(IPM) 30 µg 100 33.3 0 
Streptomycin(STR) 30 µg 66.6 50 33.3 
Rifampin (RIF) 10 µg 50 83.3 33.3 
Ciprofloxacin(CIP) 30 µg 100 20 0 
Sulfadimethoxine-ormetoprim 2 µg 66.6 100 0 
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Isolation and morphology of phages 
 

Different sewage samples were used for screening and isolation of different bacteriophages active 
against the most drug resistant E. coli serotype O168 using the plaque assay test technique. Three 
different single plaques with different plaque morphologies and diameters designated as ECa1, ECb1, 
and ECc1 were picked and chosen for further purification, amplification and characterization 
 
Table 3.  Lytic spectra of three E. coli phages isolates determined on 39 bacterial strains 

Species Spot test  Efficacy of plating (PFU mL-1) 
 ECa1 ECb1 ECc1  ECa1 ECb1 ECc1 
Salmonella typhimurium ATCC 
14,028 

+ - +  ND ND 0 

Salmonella typhimurium 
ATCC13311 

+ - +  ND ND 0 

Salmonella Enteriditis CVA + - +  0 ND 0 

S. Enteriditis CVE - - +  ND ND 0 

E. coli ATCC 25922 + - +  0 ND 0 

E. coli ATCC 13706 - - +  ND ND O 

E. coli BC30 + - +  0 ND 0 

E. coli AE11 - - +  ND ND 0 

E. coli AF15 + + +  0 0 0 

E. coli AD6 + + -  0 0 ND 

E. coli O157 + + +  0 0 0 

E. coli O55 + - -  ND ND ND 

E. coli O26 + - +  ND ND 0 

E. coli O114 + + +  0 0 0 

E. coli O111 + - -  ND ND ND 

E. coli O168 + - -  9.21 × 10-6 1.55 × 10-1 1.00 × 10-4 

E. coli O125 + + +  6.75 ×10-4 1.57 × 10-2 2.76 × 10-2 
E. coli O78 + + +  ND 0 0 

E. coli O1 + + +  5.8× 10-6 0 0 

E. coli O127 + + +  0 3.14× 10-2 1.41× 10-2 

Enterococcus faecalis - + -  ND 0 ND 

S. Enteriditis CVB + + -  8.13× 10-6 0 ND 

S. Enteriditis CVC + - +  0 ND 0 

S. Enteriditis CVD - - -  ND ND ND 

Shigellaflexneri - - -  ND ND ND 

Citrobacterfreundii - - -  ND ND ND 

Providenciasp - - -  ND ND ND 

P. vermicola - - -  ND ND ND 

Proteus vulgaris - - -  ND ND ND 

Proteus mirabilis - - -  ND ND ND 

Klebsiellapenumoiea + - -  0 ND ND 

Listeria innocua - - -  ND ND ND 

L. monocytogenes - - -  ND ND ND 

Vibrio parahaemolyticus - - -  ND ND ND 

V. fischeri - - -  ND ND ND 

Pseudomonas aeruginosa + + +  9.21 × 10-6 1.55 × 10-1 1.00 × 10-4 
P. fluorescens - - -  ND ND ND 

P. gingeri - - -  ND ND ND 

Shigella _ + +  ND ND 0 
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Host range of phages and phage susceptibility to Escherichia coli 
 

The host range of the isolated bacteriophages ECa1, ECb1, ECc1 against different bacterial was 
determined using the spot test (Table 3). The results of the spot test indicated that phage ECa1 had the 
capacity to form completely cleared zones on 21 of the 39 strains, the phage ECb1 form cleared zones 
on 12 of the 39 strains, and the phage ECc1 form cleared zones on 19 of the 39 strains (Table 3). 
However, EOP results indicate that the three phages formed phage lysis plates only in presence of the 
host. There was a degree of variability in the host range of each phage (Table 3). All tested E. coli 
strains were susceptible to most E. coli phages. In contrast, when examined individually, phages ECa1 
only 53.8 tested isolates. Plaque assay results showed that bacterial strain E. coli O168 was the most 
sensitive strain to the three phages under investigation. These results explained why E. coli O168 was 
chosen for the following studies.  
 
One –step growth curve of isolated phages 
 

The one-step growth curve for the isolated phages ECa1, ECb1, and ECc1 was determined (Fig. 
1). From the triphasic curves obtained, an eclipse period of 30 min, a latent period of 20 min and a burst 
size of 17 ± 2 PFU/host cell were calculated for phage ECa1. The phages ECb1, ECc1are characterized 
by an eclipse period of 50 min, the latent time was at 40 min and each infected bacterium produced 117 
± 11 PFU/host cell.  
 
Effect of pH on phage viability 
 

No significant effect due to pH affected on viability of phage isolates. The isolates appear to be 
stable at the pH range 5-9 but inactivation is evident at the very low (pH 3) and very high pH levels (pH 
11) (Fig. 2). 
 
Challenge of E. coli O168 with three phages separately and phage cocktail 
 

The mixture of E. coli O168 and three phages separately and in a cocktail form was incubated at 
37°c up to 24 hrs. in LB broth to examine the lytic potential as therapeutic agents efficacy. In Fig.3A 
and B we noticed that the addition of the phages results in differences of bacterial counts to treatment 
and non-treatment cultures. The bacterial inactivation with the ECa1 phage was 4 log after 4 hrs. of 
incubation and after 12 h was still significantly higher (4.2 log) and the host cells were undetectable at 
24 hrs. incubation (<10 CFU/ml) (Fig.3A), according to the bacterial control (p > 0.05) (Fig. 3A). A 
significant increase in phage concentration was observed after 24 hrs. the when phage was incubated in 
the presence of the host, relatively to phage control (1.6 log) (p > 0.05) (Fig. 3B). When the ECb1 phage 
inactivate bacteria, we observed that after 4 h (3.8 log) and after 12 h the rate of inactivation was still 
significantly high (4.2 log) relatively to the bacterial control (p > 0.05), the host cells were undetectable 
at 24 hrs. incubation (<10 CFU/ml) (Fig. 3A). A significant increase of 1.7 log in phage concentration 
was observed after 24 hrs. relatively to phage control (p > 0.05) (Fig. 3B). The bacterium inactivation 
by the ECc1 phage was 2.6 log, 3alog after 4, 6 h respectively (p > 0.05). After 12 h the bacterium 
inactivation was still high (2.5 log) relatively to the bacterial control (p > 0.05) (Fig. 3A). The phage 
control remained constant since the beginning of the treatment (p > 0.05), but the phage concentration 
increased considerably in the presence of the host, by 1.8 log, (p > 0.05) (Fig. 3B). The inactivation of 
the bacteria by the phage ECc1 was less efficient than phages ECa1 and ECb1 until 4 h of treatment as 
they were more efficient after 6 h (p > 0.05) (Fig. 3A). 
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Fig. 1: One-step growth curves of ECa1, ECb1 and ECc1  phages in the presence of E. coli O168 as 
host. Values represent the mean of three experiments. 

 

 

Fig. 2. Effect of pH on the stability of phages ECa1, ECb1 and ECc1 . Assays were performed in 
triplicate and phage titers were expressed as the mean ± standard deviation. 

 
When the ECa1, ECb1 phage cocktail was used, the utmost of bacterial inactivation was 2.8 log after 4 
h of incubation, after 12 h the inactivation was 6.4 log. These results are significantly higher from the 
values obtained for the phage ECb1 alone (p > 0.05) (Fig. 4A). There was an increasing in phage 
concentration in the presence of the host during the study time (p > 0.05) by1.6 log (Fig. 4B). Then the 
phage cocktail ECa1\ECc1 was tested and the maximum of inactivation was 2 and 6.2 log, respectively, 
after 4 h and 12 h of bacterial incubation. The inactivation was significantly higher from the value 
obtained when phage ECc1 was used alone (p > 0.05). However, when compared to ECa1 inactivation 
the results were not significantly different (p > 0.05) (Fig. 4A). The phage concentration was constant 
during study period in the absence of the host (p > 0.05) and in the presence of its host the phage 
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concentration increased significantly (p > 0.05) by 1 log (Fig. 4A). There was an increasing in phage 
concentration in the presence of the host during the study time (p > 0.05) of 1 log (Fig. 4B). Phage 
cocktail ECb1\ECc1recorded a maximum inactivation after 4 and 12 h of bacterial incubation by 1.9, 
6.8 respectively. These results were differing from assays with both phages separately. There was an 
increasing in phage concentration in the presence of the host during the study time (p > 0.05) of 1.1 log 
(Fig. 4B).  

 

 

Fig. 3 Fig. 4 
Fig. 3 and 4:  Inactivation of E.  coli O168 by the three phages (ECa1, ECb1 and ECc1) in LB broth at 

a MOI of 100 during the 24 hrs. A. Bacterial concentration: BC—Bacteria control; B + 
P—Bacteria plus phage. Phage concentration: PC—phage control; B + P—Bacteria plus 
phage. Values represent the mean of three independent experiments; error bars represent 
the standard deviation. 

 
The phage cocktail ECa1\ECb1\ ECc1 recorded a bacterial inactivation by 2.5 log achieved after 4 h of 
incubation and of 7.4 log after 12 h. Results are significantly different from the results obtained using 
ECa1 and ECc1 alone (p > 0.05), but are comparable with the results obtained using ECb1 phage (p > 
0.05). The phage titer was constant during the study period (p > 0.05) and an increase of 1 log in phage 
concentration in the presence of bacterial host was observed (p > 0.05) (Fig. 4B). The inactivation of 
the bacteria by the phage cocktails ECa1/ECc1, ECb1/ECc1 was similar (p > 0.05), reductions of 2-1.9 
log after 4 h of phage addition, but the phage cocktail ECa1/ECb1 was more effective (reductions of 
2.8 log after 4 h of phage addition) than the to inactivate the bacteria (p > 0.05) (Fig. 4A). However, the 
inactivation of the bacteria by the phage cocktails ECa1/ECb1\ECc1 was the most effective one as 
recorded reduction by 3.5 log after 4 h of phage addition. Hence for, the level of bacterial reduction was 
gradually increased when phage cocktail introduced the re-growth of the host cells in the treatment was 
not observed 
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Discussion 
 

The present study was conducted to investigate the prevalence and antimicrobial resistance of 
different pathogenic bacteria isolated from duckling farms in Egypt and use their phages an alternative 
means of controlling these pathogens. The most prevalent isolated bacteria were E. coli and were 
calculated as 67.3% of the samples analyzed. The O-serogroup typing of 27 E. coli isolates revealed 
that 15/27(55.6%) isolates were O-serogroup untypeable (OUT). The 12/27 (44.4%) typeable O-
serogroup isolates were spread over 9 different groups; O1, O55, O78, O111, O114, O125, O127, O168, 
and O169. Compared to the results from other studied countries (Ribeiro et al., 2006; Lam et al., 2000; 
Myint et al., 2004), our current bacterial isolation rate is almost the same though it is higher than those 
mentioned previously. 

All these bacteria serovars were found to be resistant to more than three of the ten antimicrobial 
agents tested. The most resistant strain was E. coli (O168), and found to be resistant to Amoxicillin-
clavulanic acid AMC) (100%), Imipenem (IPM) and Ciprofloxacin (CIP) (100%) and Doxycycline 
(DOX) (83.3%). There are many important pathogenic bacteria that are resistant to different antibiotic 
classes, and bacterial infections caused by these multidrug resistant (MDR) organisms are limiting 
treatment options and compromising effective therapy (Wang et al., 2017). So, the emergence of 
antibiotic-resistant in bacterial populations is a relevant field of study in molecular and evolutionary 
biology, and in veterinary practice. The discovery of new antibiotics including that of molecules capable 
of specifically inhibiting these resistance mechanisms and/or the formation of biofilm becomes an 
absolute necessity (Ventola, 2015).  

Therefore, the need for an alternative to antimicrobials becomes an urgent necessity to combat of 
this MDR pathogenic bacteria. The use of bacteriophages is considered as a possible alternative to many 
antimicrobials against multi drug pathogens (Akhtar et al., 2014). In this regards, three bacteriophages of 
different plaques morphology and size targeting these multidrug resistant bacteria has been isolated from 
different sewages samples and characterized. The isolated phages named as ECa1, ECb1, and ECc1 and 
they showed variations in their abilities to infect and lysis the target pathogen.  

The one step growth curve for these phages was determined and the results of burst sizes and latent 
periods were determined for ECa1, ECb1, ECc1 phages. We found that the appropriate bacteriophages 
selection is a clue in the success of phage-pathogenic control, the selection of phages used in phage therapy 
is included latent period and burst size of it.  The ECa1 phage showed higher merit for the inactivation of 
E. coli O168 than the ECb1 and ECc1 phages and has a higher burst size and a shorter latent period than 
the other two phages. This indicate that the use of high burst sizes and short lytic cycles plainly improves 
the efficiency of phage therapy. The ECa1 phage, that have the highest burst size (more than 3 times of 
those of ECb1 and ECc1 phages) and the shortest lytic cycle (half of those of ECb1 and ECc1 phages), 
was more efficient to inactivate E.coli O168 than ECb1 and ECc1 phages (more 2 log of inactivation, with 
the maximum of inactivation occurring 2-3 h before than those of ECb1 and ECc1 phages). Our findings 
agree with previous reports which elucidate that burst size upsurge may participate to higher burst size 
and larger plaques (Abedon and Culler, 2007). 

The survival and stability of phages are affected by physical and chemical factors as pH, heat and 
storage (Jonczyk et al., 2011).Our results showed that the three E. coli phages could survive at pH 
variations ranging from 4 to 10. However, at extreme low pH (3.0), phage viability was greatly 
impaired. This is consistent with a previous study, which indicated that incubation at pH 3.5, but not 
pH 10 significantly affected the survivability of phage compared to a more neutral pH 7.4 (Nakai et al., 
1999, Nakai and Park, 2002). 

One of the advantages of bacteriophage therapy is that the specificity of their host range that spare 
non-pathogenic microbes from being killed during treatment (Nilsson, 2014; Mapes et al., 2016). The three 
phages ECa1, ECb1 and ECc1 infect a semi-similar host range, which can be proved by the fact that all 
of these phages were isolated using the same strain of E. coli O168 as a host. The ECa1, ECb1 and ECc1 
phages can inactivate different families’ pathogenic bacteria with high efficiency. These results are in 
approval with previous studies that elucidated that some phages may infect more than one related species 
of bacteria or even genus (Carlton, 1999; Thingstad, 2000).The host range of isolated bacteriophages was 
determined, the results showed that the isolated phages have a broad host range that includes ECa1 had 
the capacity to form completely cleared zones on 16 of the 39 strains and the phage ECb1 form cleared 
zones on 13 of the 39 strains and the phage ECc1 form cleared zones on 21 of the 39 strains (Table 2). 
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Furthermore, these phages showed lytic effect on different bacterial strains tested suggesting that these 
bacteriophages are polyvalent and this is consistent with the results suggested by (Bielke et al., 2007; Parra 
and Robeson, 2016), where they isolated and characterized phages could infect strains of E. coli and 
Samnonella serovars. For phage therapy, a wide host range phage that kills multiple species of bacteria 
would be the same of a broad-spectrum antimicrobial agent. 

At present, many bacteriophages are often mixed into a cocktail in order to treat different bacterial 
infections (Kutateladze and Adamia, 2010; Lu and Koeris, 2011; Chan and Abedon, 2012).  Thus, a smaller 
number of broad host range bacteriophages could be more useful than a larger number of narrow host 
range phages. Thus, the use of phage therapy for the removal of pathogenic bacteria from infected 
ducklings could offer a fast and relatively inexpensive technology. Therefore, in this study, we tested 
the phages (ECa1, ECb1 and ECc1) against the most multidrug resistant strain E. coli O168 either used 
individually or in cocktails. The inactivation of the bacteria by the phage ECc1 was less efficient than 
phages ECa1 and ECb1 until 4 h of treatment as they were more efficient after 6 h (p > 0.05) (Fig. 
3A).When phage cocktails were used The phage cocktail ECa1\ECb1\ ECc1 recorded a bacterial 
inactivation by 2.5 log achieved after 4 h of incubation and of 7.4 log after 12 h. Results are significantly 
different from the results obtained using ECa1 and ECc1 alone (p > 0.05), but are comparable with the 
results obtained using ECb1 phage (p > 0.05). The phage titer was constant during the study period (p 
> 0.05) and an increase of 1 log in phage concentration in the presence of bacterial host was observed 
(p > 0.05) (Fig. 4B). The inactivation of the bacteria by the phage cocktails ECa1/ECc1, ECb1/ECc1 
was similar (p > 0.05), reductions of 2–1.9 log after 4 h of phage addition, but the phage cocktail 
ECa1/ECb1 was more effective (reductions of 2.8 log after 4 h of phage addition) than the to inactivate 
the bacteria (p > 0.05) (Fig. 4A). However, the inactivation of the bacteria by the phage cocktails ECa1, 
ECb1, ECc1 was the most effective one as recorded reduction by 3.5 log after 4 h of phage addition. 
Henceforth, the level of bacterial reduction was gradually increased when phage cocktail introduced the 
re-growth of the host cells in the treatment was not observed. This indicates, as suggested before (Chan 
et al., 2013) that when phage cocktails are prepared to inactivate pathogenic bacteria, it is important to 
consider the receptors used by the phage to infect the host to improve bacterial inactivation 
effectiveness. Phage therapy would be a safe way to treat diarrheal ducklings because phages are 
specific to their host cell and will not infect non-host cells. 

 
Conclusion 
 

This study showed that ECa1 phage had higher merit for the inactivation of multi drug resistant E. 
coli O168 than the ECb1 and ECc1 phages. The higher burst size and a shorter latent period of ECa1 
compared to the other two phages improved the efficiency of phage therapy. Also, the inactivation of E. 
coli O168 by the phage cocktails ECa1, ECb1, ECc1 was the most effective one due to the reductions 
by 3.5 log after 4 h of phage treatment. Therefore, phage cocktails would be considered as biological 
control to treat diarrheal duckling owing to specifity of those phages to their host cells. 
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