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Abstract

This study was carried out to isolate and characterize lytic bacteriophages 
against the multidrug resistant and pathogenic Escherichia coli serotype O168 
isolated from ducklings in Egypt; and also to study efficacy of single phage and 
cocktail phages on In vitro inactivation of E. coli O168. One hundred and fifteen 
samples from ducklings, including caecal contents, skin, minced breast, gizzard, 
swabs from mouth, cloacae and inner surface of liver, were collected, pre-
enriched in peptone water and streaked MacConkey agar, and Eosin-Methylene 
Blue agar. The presumptive isolates of E. coli were subjected for biochemical and 
serological identifications. Antimicrobial susceptibility testing was performed by 
the disk diffusion method. Phages against E. coli serotype O168 were isolated 
from sewage samples using plaque assay test. An evaluation of phages efficacy 
was achieved separately and in cocktail to control the most multidrug resistant 
serotype E. coli O168. 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 recovered phages were belonged to the family Podoviridae. The use of 
cocktail phages (ECa1/ECb1/ECc1) was significantly effective (reductions of 7.4 
log CFU/ml 12hrs post treatment) than the use single phage suspensions. This 
study confirmed the higher efficacy of phage cocktails in controlling the infection 
of ducklings with multidrug resistant E. coli O168. These phages will reduce 
mortality in ducklings, and also protect human health from adverse side effects 
of antibiotic residues.
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Introduction
 Duck meat is the most popular type of food in Egypt and 

various parts of the world. Ducks are excellent sources of animal-
derived high quality proteins that contain essential and nonessential 
amino acids. Pathogenic Escherichia coli infecting poultry is the 
causative agent of colibacillosis, one of the most important causes 
of economic losses in industry of poultry worldwide. In Egypt, five 
serotypes of E. coli (O86, O127, O114, O26 and O78) were identified 
from gizzard, heart, spleen and muscles of ducks [1]. Some bacterial 
diseases such as salmonellosis, colibacillosis, and pasteurelliosis 
infect a variety of organ systems with involving the alimentary tract. 
Escherichia coli is a food borne pathogen, and has a public health 
concern [2]. Recently, there has been attention that some multidrug 
resistant E. coli have represented a worldwide multiple food borne 
disease disorders related to the contaminated food consumption 
[3]. Also, the misuse of antimicrobial agents in poultry production 
for growth promotion and treatment purposes increases the major 
interest for the multidrug resistance that are frequently seen among 
serovars of E. coli and Salmonella [4]. Antimicrobial-resistant food 
borne pathogens is recognized as an essential public health in the 
developing countries and this resistance reduces the therapeutic 
options for treatment of human salmonellosis [5]. These aspects lead 

to a dangerous threat to public health and the searches for alternative 
strategies are crucial to overcome the spread of resistant E. coli and 
their evolution becomes an absolute necessity. Many studies have 
suggested that bacteriophages are considered as potential therapeutic 
agents for the biocontrol of multi- drug resistant bacteria in poultry 
[6,7]. Bacteriophages are viruses, which attack only bacterial cells 
and assume a dynamic part in the biology of indigenous habitats, 
affecting the dynamic of prokaryotic population [8]. The advantages 
of bacteriophages include the interaction ability with its target host 
cells, its lytic ability and its capability to multiply throughout the 
process of infection. Therefore, this study was aimed to isolate and 
characterize different bacteriophages against the multidrug resistant 
strains of pathogenic E. coli serovar O168 isolated from ducklings in 
Egypt as well as to evaluate the efficacy of phages separately and in 
cocktail on the In vitro inactivation for the growth of E. coli O168.

Materials and Methods
Ethical statement

The study was approved by Institutional Animal Care and Use 
Committee, Zagazig University (ZU-IACUC). 

Collection and preparation of samples
One hundred and fifteen samples from ducklings with an age 
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range (1-14 days) were collected from three commercial duckling 
farms and from Animal Health Research Institute (AHRI), Sharkia, 
Egypt. The samples included gizzard, liver and spleen and swabs 
from mouth and cloacae. All samples were collected from euthanized 
ducklings. Samples were directly transported to the Laboratory under 
aseptic conditions and kept in an insulated box with ice packs.

Isolation of Escherichia coli, Salmonella species and 
Pasteurella species

Isolation of E. coli from swab and tissue samples of ducklings 
was carried out according to the microbiological method listed in 
Bacteriological Analytical Manual with minor modifications [9]. The 
swabs from mouth and cloacae were pre-enriched in buffered peptone 
water; while 25g of each liver, spleen and gizzard was added to 225ml 
of buffered peptone water, then homogenized using a stomacher at 
230rpm for 5min. The pre-enriched swabs and tissue mixtures were 
incubated at 37°C for 18hrs. One loopful of enriched culture was 
subjected to streaking on MacConkey agar plates, then followed by an 
incubation at 37°C for 18-24 hrs. Afterwards, reinoculation of lactose 
fermenting colonies was performed on the Eosin Methylene blue 
(EMB) agar plates, then plates were incubated at 37°C for 18-24 hrs. 
The presumptive E. coli isolates appearing as metallic green colonies 
on EMB agar plates were subjected for biochemical identification 
as previously described [10]. Serotyping of E. coli isolates was done 
using commercial antisera kits ((Difco, Detroit, MI, USA) at the 
Serology Unit, Animal Health Research Institute, Dokki, Giza, Egypt. 
Stock cultures of the isolates were stored in 50% glycerol at -80°C.

The isolation of Salmonella species from swab and tissue samples 
of ducklings was carried out according to the ISO-6579 method 
[11]. Briefly, 0.1ml of pre-enriched cultures was added to 10ml of 
Rappaport-Vassiliadis soy peptone (RVS, OXoid CM0669) broth 
then incubated at 41.5°C for 18-24 hrs. A loopul from enriched broth 
was streaked on the surface of Xylose Lysine Desoxycholate (XLD, 
Oxoid, CM0469) agar plate followed by incubation at 37°C for 24hrs. 
The isolates of salmonellae were biochemically identified. Serotyping 
of Salmonella isolates was carried out according to [12]. The pre-
enriched swabs were streaked on 5% sheep blood agar plates for 
isolation of Pasteurella spp., and then incubated at 37°C for 24hrs. The 
identification of Pasteurella species was done as previously described 
[13]. 

Antimicrobial susceptibility testing
A total of 22 bacterial isolates including Escherichia coli serotype 

O168 (n=6), Salmonella Typhimurium (n=13) and Pasteurella 
anatipestifer (n=3) were tested for antimicrobial susceptibility against 
10 antibiotics by the disk diffusion method [14]. The used antibiotics 
and their concentrations were including: Amoxicillin-clavulanic acid 
(30µg), gentamycin (10µg), chloramphenicol (30µg), doxycycline 
(30µg), imipenem (30µg), streptomycin (30µg), rifampin (10µg), 
ciprofloxacin (30µg), ampicillin (30µg) and sulfadimethoxine-
ormetoprim (2µg. The test was performed by applying a bacterial 
inoculum of approximately 2×108 CFU/ml to the surface of Mueller-
Hinton agar plate. The disks of antibiotics were distributed on the 
surface of inoculated agar plate, and incubated at 37°C for 18-24 hrs. 
The inhibition growth zone around each antibiotic disk is measured 
to the approximate millimeter. The diameters zone of each antibiotic 
was explained according to criteria documented by the European 

Committee on Antimicrobial Susceptibility Testing [15]. 

Isolation of lytic phages against Escherichia coli serotype 
O168

Duckling’s droppings from the same retail stores mentioned above 
and sewage water were collected from several stations in Zagazig, and 
10th of Ramadan, then homogenized in 100ml of Luria-Bertani (LB) 
broth supplemented with 10ml mol/L CaCl2. Those homogenates 
were subjected to inoculation with overnight cultures (100ml) of 9 E. 
coli isolates as host cells, and then followed by incubation at 37°C for 
24h. The inoculated samples (5ml) were harvested and centrifuged 
at 12,000x g for 5min. The supernatant was collected and filtrated 
through 0.45mm pore size filter (Millipore, France) to generate phage 
lysate. For screening of the existence of lytic phages, the lysate (10ml) 
was spotted onto the lawn of bacteria prepared from 9 bacterial hosts 
after overnight culture of on the double layer LB agar plates (Oxoid). 
These plates were dried at room temperature for 10 minutes, and then 
were exposed to overnight incubation at 37°C. Lysate showing clear 
lytic zones at the application point on the double layer LB plates were 
serially diluted in SM buffer (0.05mol/L Tris- HCl buffer, pH 7.5, 
containing 0.1mol/L NaCl, 0.008mol/L MgSO4, and 0.01% gelatin). 
The dilutions (100ml) were subjected to incubation with 100ml 
of corresponding host(s) at 37°C for 20min, mixed in 4ml molten 
agar, plated on LB and incubated at 37°C for 24hrs. The existence 
of plaques was checked in the plates. For phage isolation, we picked 
up the one clear and the most separated plaque that appeared on the 
double layer agar plates, then followed by serial dilution in SM buffer 
and incubated with bacterial host culture and plated on the double 
layer LB as previously stated. For the isolation of every phage, this 
procedure was repeated at least 3 times at least to prove the phage 
purity. The storage of final lysates was performed in SM buffer at 4°C 
until use.

Electron microscopy 
A drop of three purified bacteriophage particles of a highly 

concentrated suspension (109PFU/ml) was spotted on the carbon-
coated copper grid, left to adsorb for 2min, and then followed by 
negative staining with 2% (w/v) uranyl acetate. Phage morphology was 
observed with electron microscope (Hitachi, H600A) at University of 
Mansoura, Egypt.

Phage adsorption
Exponential host bacterial cultures of E. coli isolate serotype 

(O168) were adjusted to a 0.8 O.D. at 600nm (corresponding to a 
cell density of 109CFU/ml). Phage suspensions (10µl) were added 
to 10ml of E. coli isolate to obtain a multiplicity of infection (MOI) 
of 0.001 and then incubated at 25°C [16]. Aliquots of mixture were 
gathered after zero, 5, 10, 15, 20, 25, 30, 40, 50, 60 and 70 minutes of 
incubation and chloroform (1% as a final volume) was added. The 
mixture was centrifuged at 12.000g for 5 minutes and supernatants 
were immediately filtered by using 0.2 (Millipore, France). Dilution 
and titration of unadsorbed phages were performed. Incubation of 
plates was carried out at 37°C followed by examination of plaques 
after 4-8 hrs. The adsorption was expressed as the percentage decrease 
of phage titer in the supernatant when compared to the zero time. 
The phage suspensions without any host cells were utilized as non-
adsorption standard for calculations [16]. Three independent assays 
were performed.
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Determination of Phage host range and analysis for 
Efficiency of Plating (EOP)

After phage isolation, the bacterial strains used in the present 
study were listed in (Table 3). The stocks of phages were prepared 
and the host range of isolated phages was detected by the spot testing 
as previously explained [17]. Each isolated phage was tested against 
39 strains of pathogenic bacteria to determine the host range of each 
phage [18]. Briefly, phage stocks (10ml) were spotted onto each 
bacterial lawn, then it dried in a clean bench for 10 min and exposed 
to incubation at 37°C for 24hrs. The lytic zones of phages being visible 
at the application point were labeled as positive for lytic activities. 
Two categories of pathogenic bacteria were differentiated according 
to the clarity of spot including: 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) [17]. 
For each phage, three independent experiments were performed. The 
EOP was calculated by the following equation: Average PFU on target 
bacteria/average PFU on host bacteria with the standard deviation for 
the three measurements as previously explained [19].

Effect of temperature and pH on phages stability
For thermal stability test, the suspensions of phages were added 

to LB broth at different temperatures of 28, 37, 45 and 65°C, then 
exposed to incubation at the respective temperatures for one hour. 
For pH stability test, the suspension of phage was inoculated into the 
LB liquid medium with a pH range of 3-11 and the phage titer was 
determined after incubation at 37°C for one hour.

Figure 1: Electron micrographs of E. coli phages. (A) Phage ECa1; (B) Phage ECb1; (C) phage ECc1. The bars represent 100nm.

Isolated pathogenic bacteria

Study location Types of samples E. coli
Salmonella Pasteurella Total No. of

spp. spp. isolates

Commercial duckling farms and Cloacal swabs 70 8 2 80

Animal Health Research Institute Liver 20 2 1 23

Gizzard 2 4 5 11

Mouth swabs 7 11 1 19

Spleen 2 4 1 7

Total isolates 101 29 10 140

Table 1: Isolation of pathogenic bacteria from different samples from ducklings.

 
Escherichia coli serotype (O168) Salmonella typhimurium Pasteurella anatipestifer

(n=6) (n=13) n=3)

Antimicrobials (Code, disc concentration) R (%)* I (%) S (%) R (%) I (%) S (%) R (%) I (%) S (%)

Ampicillin (Amp, 30µg) 33.3 66.7 ¥ND 76.9 15.3 7.7 ND ND 100

Amoxicillin-clavulanic acid(AMC, 30µg) 100 ND ND 38.4 46.1 15.3 33.3 66.7 ND

Gentamycin (CN, 10µg) ND 83.3 16.7 53.8 46.1 ND 33.3 33.3 33.3

Chloramphenicol (CHL, 30µg) 50 33.3 16.7 46.1 30.7 23.07 ND 33.3 66.7

Doxycycline (DOX, 30µg) 83.3 50 20 ND 46.1 53.9 ND 66.7 33.3

Imipenem (IPM, 30µg) 100 ND ND 23.07 15.3 61.5 33.3 33.3 33.3

Streptomycin(STR, 30µg) 66.7 33.3 ND 30.7 23.07 46.1 33.3 ND 66.7

Rifampin (RIF, 10µg) 50 83.3 33.3 46.15 30.7 23.07 ND 33.3 66.7

Ciprofloxacin(CIP, 30µg) 100 ND ND 23.07 30.7 46.1 ND ND 100

Sulfadimethoxine-ormetoprim (2µg) 66.6 33.3 ND 30.7 61.5 7.6 66.7 33.3 ND

Table 2: Percentages of antibiotic resistance for the isolated Escherichia coli, Salmonella typhimurium and Pasteurella anatipestifer from ducklings.

*R: Resistant; I: Intermediate; S: Sensitive. ¥ND: Not detected any susceptibility of the bacterial isolate to the corresponding antimicrobial agent.
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One single-step growth experiments 
Adjustment of exponential host bacterial cultures of E. coli strain 

was done to a 0.8 O.D. at 600nm (corresponding to a cell density 
of 109 CFU/ml). The phage suspensions (10µl) were mixed with 
10ml of the bacterial culture to have a MOI of 0.001 and followed 
by incubation at 28°C [20]. The mixture was centrifuged at 12.000g 
for 5 minutes, and then pellet was re-suspended in LB (10ml) at 
28°C and then followed by perfect dilution and titration. During 
incubation at 37°C for 30-minutes, samples were removed intervals 
up to 5hrs and the phage titers were determined by the double-layer 
plaque assay. The first set of samples was subjected to dilution before 
titration. The second set of samples was treated with chloroform (1% 
V/v) for the release of intracellular phages to determine the eclipse 
period. Incubation of plates was performed at 37°C and examination 
of plates was done for presence of plaques after 4-8 hrs [20]. Three 
independent assays were done.

Challenge of E. coli O168 with three phages separately 
and in phage cocktail 

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, 

Figure 2: 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. Adsorption of bacteriophages ECa1, ECb1 and ECc1 o E. coli 
O168. Percentage of unadsorbed phage is the ratio of PFU in the supernatant 
to the initial PFU and was determined by tittering an equivalent dilution of 
the phage in the absence of host cells. Values represent the mean of three 
experiments.

Bacterial strains
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 0

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

Table 3:  Lytic spectra of three E. coli phages isolates determined on 39 bacterial 
strains.

*ND: Not detected efficacy of plating.

Figure 3: 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.

ECa1/ECc1, ECb1/ECc1 and ECa1/ ECb1/ECc1 phages. E. coli O168 
was used as host at a MOI of 100 (based in preceding studies using 
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different MOI: 1, 10, 100 and 1000, data not shown). To reach a MOI 
of 100, 2.5µl of E. coli serotype O168 culture (≈108 CFU.ml−1) and 
20µl of phage suspension (109 PFU.ml−1) were added to LB medium 
(30ml) and then followed by incubation at 37°C without agitation. 
Two control samples were included in each assay: The bacterial 
control (BC) and the phage control (PC). The inoculation of BC 
was not done with the phages and the inoculation of PC was not 
performed with the phages but without the bacteria. One milliliter of 
test samples and BC and PC was withdrawn after 0, 2, 4, 6, 8, 10, 12 
and 24 hrs of incubation. For all assays, determination of phage titer 
was carried out in duplicate using the double agar layer method after 
incubation at 37°C for 4-8 hrs. The reductions in bacterial counts were 
calculated by the differences in viable counts between the control and 
phage-treated samples. 

Results 
Bacterial isolation and identification

In this study, the overall presumptive isolates of E. coli, Salmonella 
spp. and Pasteurella spp. were detected in 140 of 150 (93.3%) samples 
of ducklings by plating onto selective media. The identification of 
all isolates showed that 101 isolates were confirmed as E. coli and 
29 isolates were Salmonella spp. and 10 strains were identified into 
Pasteurella spp. (Table 1). The O-serogrouping of 27 E. coli strains 
showed that 15 out of 27 (55.6%) strains were O-serogroup untypeable 
(OUT); while the remaining12 out of 27 (44.4%) were typeable into 9 
different groups; O1, O55, O78, O111, O114, O125, O127, O168, and 
O169 (Table 3). The serotyping of Salmonella isolates was ranging 
between serotype S. Typhimurium, S. Enteriditis. Also, Pasteurella 
anatipestifer was identified from ducklings.

Antimicrobial susceptibility testing
The antimicrobial resistance patterns of 22 bacterial isolates 

including E. coli (n=6), S. Typhimurium (n=13) and Pasteurella 
anatipestifer (n=3) were determined using 10 types of wide spectrum 
antibiotic by disc diffusion method (Table 2). Escherichia coli serotype 
O168 showed 100% resistance to each of the three tested antibiotics 
(amoxicillin-clavulanic acid, ciprofloxacin and imipenem) and also 
higher resistance (83.3%) to doxycycline when compared to the 
other antibiotics. In S. Typhimurium, the percentages of resistance 
to ampicillin (76.9%) and also for gentamycin (53.8%) were relatively 
higher than those detected in other tested antibiotics. Moreover, 
Pasteurella anatipestifer was resistant to sulfadimethoxine-
ormetoprim with a percentage of 66.7%. 

Morphology and electron microscopy of isolated phages
Sewage samples of different stations were used to screen and 

isolate 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. 
The isolated phages were assigned to the family Podoviridae on the 
basis of morphological features. The electron microscopic analysis 
revealed that phage ECb1 has an icosahedral capsid of approximately 
57.1nm in diameter and with no tail. These characteristics suggest 
that phage ECb1 is a member of the Podoviridae family (Figure 
1). Transmission electron microscopy (TEM) showed that ECa1 

belonged to the C3 morphotype of the Podoviridae family according 
to their structure in electron micrograph (Figure 1). The phage had 
an elongated head of was 138.58x38.36 nm, and the tail was a little 
long, 16.12nm. While, the phage ECc1 had an icosahedra capsid of 
approximately 59×59 nm in diameter without tail.

Host range of isolated phages and their susceptibility to 
Escherichia coli O168

The host range of the recovered bacteriophages ECa1, ECb1, 
ECc1 against different bacterial strains was determined by 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 bacterial isolates 
(Table 3). However, EOP results indicated that the three Podoviridae 
phages formed phage lysis plates only in presence of their hosts. 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
Phage adsorption assays with phage ECc1, ECb1showed that 

approximately 38% of the phage particles adsorbed to the host cell 
after 40min and 97% adsorbed after 70min (Figure 2). For phage 
ECa146% of particles adsorbed to E. coli O168within 20min and 98% 
after 50min. One-step growth curve experiment was performed to 
estimate the latent time period and burst size of the phage, which are 
the two most important characteristics of phage infection process. 
The one-step growth curve for the isolated phages ECa1, ECb1, and 

Figure 4: In vitro inactivation of E. coli O168 using the three phages (ECa1, 
ECb1 and ECc1) separately in LB broth at a MOI of 100 during 24hrs.
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ECc1 was determined (Figure 2). From the triphasic curves obtained, 
an eclipse period of 30min, a latent period of 20min 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 50min, the latent 
time was at 40min and each infected bacterium produced 117±11 
PFU/ host cell.

Effects of pH on phage viability
The isolates appeared to be stable at the pH range 5-9 but 

inactivation is evident at the very low pH of 3 and very high pH level 
of 11 (Figure 3). 

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 24hrs in LB broth to 
examine the lytic potential as therapeutic agents efficacy. In Figure 4A 
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 4hrs of 
incubation and after 12hrs was still significantly higher (4.2 log) and 
the host cells were undetectable at 24hrs incubation (<10CFU/ml) 
(Figure 4A). The phage concentration was significantly increased after 
24hrs the when this phage was subjected to incubation in the presence 
of the host, relatively to phage control (1.6 log) (Figure 4B). When the 
ECb1 phage inactivate bacteria, we observed that after 4hrs (3.8 log) 
and after 12hrs the rate of inactivation was still significantly high (4.2 
log) relatively to the bacterial control, the host cells were undetectable 
at 24hrs incubation (<10 CFU/ml) (Figure 4A). A significant increase 
of 1.7 log in phage concentration was observed after 24hrs relatively 

to phage control (Figure 4B). The bacterium inactivation by the ECc1 
phage was 2.6 log, 3 log after 4, 6 hrs respectively. After 12hrs, the 
bacterium inactivation was still high (2.5 log) relatively to the bacterial 
control (Figure 4A). The phage control remained constant since the 
beginning of the treatment, but the phage concentration increased 
considerably in the presence of the host, by 1.8 log, (Figure 4B). The 
inactivation of the bacteria by the phage ECc1 was less efficient than 
phages ECa1 and ECb1 until 4hrs of treatment as they were more 
efficient after 6hrs (Figure 4A).

When the ECa1, ECb1 phage cocktail was used, the utmost of 
bacterial inactivation was 2.8 log after 4hrs of incubation, after 12hrs 
the inactivation was 6.4 log. These results are significantly higher 
from the values obtained for the phage ECb1 alone (Figure 5A). There 
was an increasing in phage concentration in the presence of the host 
during the study time by1.6 log (Figure 5B). Then the phage cocktail 
ECa1\ECc1 was tested and the maximum of inactivation was 2 and 
6.2 log, respectively, after 4hrs and 12hrs of bacterial incubation. The 
inactivation was significantly higher from the value obtained when 
phage ECc1 was used alone. However, when compared to ECa1 
inactivation the results were not significantly different (Figure 5A). The 
phage concentration was constant during study period in the absence 
of the host and in the presence of its host the phage concentration 
increased significantly by 1 log. There was an increasing in phage 
concentration in the presence of the host during the study time of 
1 log (Figure 5B). Phage cocktail ECb1\ECc1recorded a maximum 
inactivation after 4 and 12 hrs 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 of 1.1 log (Figure 5B). The 
phage cocktail ECa1\ECb1\ ECc1 recorded a bacterial inactivation by 
2.5 log achieved after 4hrs of incubation and of 7.4 log after 12hrs. 
Results are significantly different from the results obtained using 
ECa1 and ECc1 alone but are comparable with the results obtained 
using ECb1 phage. The phage titer was constant during the study 
period and an increase of 1 log in phage concentration in the presence 
of bacterial host was observed (Figure 5B). The inactivation of the 
bacteria by the phage cocktails ECa1/ECc1, ECb1/ECc1 was similar, 
reductions of 2-1.9 log after 4hrs of phage addition, but the phage 
cocktail ECa1/ECb1 was more effective (reductions of 2.8 log after 
4hrs of phage addition) than the to inactivate the bacteria (Figure 
5A). However, the inactivation of the bacteria by the phage cocktails 
ECa1/ECb1\ECc1 was the most effective one as recorded reductions 
by 3.5 log after 4hrs of phage addition.

Discussion
The present study was conducted to isolate and characterize 

phages against multi drug resistant isolates of E. coli from ducklings 
in Egypt and also to investigate the efficacy of isolated phages on the 
In vitro inactivation of pathogenic E. coli. The O-serogroup typing of 
27 E. coli isolates from different sources (swabs from cloaca, mouth, 
liver, gizzard & spleen) of ducklings showed that 12 out of 27(44.4%) 
isolates were typeable O-serogroups including O1, O55, O78, O111, 
O114, O125, O127, O168, and O169. Moreover, S. Typhimurium, S. 
Enteriditis and Pasteurella atipestifer were identified from different 
samples of ducklings. The antimicrobial resistance patterns of 22 
bacterial strains including E. coli (n=6), S. Typhimurium (n=13) and 

Figure 5: In vitro inactivation of E. coli serotype O168 using a cocktail of three 
phages (ECa1, ECb1 and ECc1) in LB broth at a MOI of 100 during 24hrs. 
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.
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Pasteurella anatipestifer (n=3) were estimated by 10 types of wide 
spectrum antibiotic using the disc diffusion method. Escherchia coli 
serotype O168 was found as the most multidrug resistant strain to 
the amoxicillin-clavulanic acid, imipenem and ciprofloxacin with a 
resistance percentage of 100%; while E. coli O168 had a resistance 
percentage of 83.3% for doxycycline.

Therefore, the use of bacteriophages is considered as a possible 
alternative tool to antimicrobials against multi drug pathogens [21]. 
In this study, three bacteriophages of different plaques morphology 
and size targeting these multidrug resistant E. coli O168 had been 
isolated from different sewages samples. The isolated phages were 
named as ECa1, ECb1, and ECc1 and recovered phages showed 
variations in their abilities to infect and induce lysis for the target 
pathogen. The morphology of phages revealed different structural 
features and dimensions by TEM. The isolated bacteriophages were 
assigned to the family Podoviridae based on their morphological 
features. The phage ECa1 was belonged to of the C3 morphotype and 
this was compatible with the results suggested by the E. coli phage 
phiEco32 [22]. Other analyzed C3 phages growing on Gram negative 
enterobacteria include the Serratia marcescens phage KSP100 isolated 
in Japan [23], The Salmonella entrica, Newport phage 7-11 [24,25]. 
While the ECb1 phage had an icosahedral capsid of approximately 
57.1nm in diameter and with no tail and the Phage ECc1 had an 
icosahedral capsid of approximately 59×59 nm in diameter without 
tail.

The one step growth curve for these phages was determined 
and the results of burst sizes and latent periods were estimated for 
ECa1, ECb1, ECc1 phages. The ECa1 phage showed higher merit for 
the inactivation of E. coli O168 than the ECb1 and ECc1 phages and 
had a higher burst size and a shorter latent period than the other two 
phages. This finding indicated that the use of high burst sizes and 
short lytic cycles plainly improved the efficiency of phage therapy. 
The ECa1 phage having 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 hrs before than 
those of ECb1 and ECc1 phages). Our findings agreed with previous 
study which elucidated that burst size upsurge might participate to 
higher burst size and larger plaques [26]. 

The survival and stability of phages are influenced by physical 
and chemical factors such as pH, temperature and storage [27]. Our 
results showed that the three Podoviridae phages against E. coli O168 
could survive at pH range of 4 to 10. However, at extreme low pH 
(3.0), phage viability was greatly impaired. This was consistent with 
findings of previous studies, where the incubation at pH value of 
3.5, but not pH value of 10 significantly affected the phage survival 
compared to the more neutral ph value of 7.4 [28,29]. 

The three phages ECa1, ECb1 and ECc1 infect a semi-similar 
host range, which can be confirmed by the fact that all of these 
bacteriophages were isolated using the same strain of E. coli O168 
as a target host. The ECa1, ECb1 and ECc1 phages could inactivate 
different pathogenic bacteria with high efficiency. These results were 
supported with the previous studies that some phages might infect 
more than one related species of bacteria or even genus [30,31]. In 

our study, the isolated Podoviridae phages had a broad host range. 
The phage ECa1 had the capacity to form completely cleared zones 
of lysis on 21 of the 39 bacterial strains and the phage ECb1 formed 
cleared zones of lysis on 12 of the 39 strains and the phage ECc1 
formed cleared zones of lysis on 19 of the 39 strains. Furthermore, 
these phages showed lytic effect on different bacterial strains tested 
indicating that these bacteriophages were polyvalent. This finding 
was coincided with previous studies, where the isolated phages had 
the ability to infect E. coli strains and Salmonella serovars [32,33]. For 
phage therapy, a wide host range phage that kills multiple species of 
bacteria would be the same of a broad-spectrum antimicrobial agent.

Thus, the use of phage therapy for inactivation of pathogenic 
bacteria from infected ducklings could offer a fast and relatively 
inexpensive technology. Therefore, 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 E. 
coli O168 by the phage ECc1 was less efficient than phages ECa1 and 
ECb1 until 4hrs of treatment as they were more efficient after 6hrs. 
Of interest, the phage cocktail ECa1\ECb1\ECc1 recorded a bacterial 
inactivation by 2.5 log achieved after 4hrs of incubation and of 7.4 
log after 12hrs. Results obtained by cocktail of three phages (ECa1\
ECb1\ ECc1) were significantly different than the findings obtained 
by using ECa1 and ECc1 alone, but were comparable with the results 
obtained using ECb1 phage. The phage titer was constant during 
the study period and an increase of 1 log in phage concentration in 
the presence of bacterial host was noticed. The inactivation of the 
E. coli O168 by the phage cocktails ECa1/ECc1, ECb1/ECc1 was 
similar, reductions of 2-1.9 log after 4hrs of phage addition, but the 
phage cocktail ECa1/ECb1 was more effective (reductions of 2.8 log 
after 4hrs of phage addition) than the ECa1/ECc1, ECb1/ECc1 to 
inactivate the bacteria. However, the inactivation of E. coli O168 by 
the phage cocktails ECa1, ECb1, ECc1 was the most effective one as 
recorded reductions by 3.5 log after 4hrs of phage addition. Thereby, 
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 was proved in a study, where phage cocktails 
were prepared to inactivate pathogenic bacteria, it was important to 
consider the receptors utilized by the phage to infect the host; and to 
improve the bacterial inactivation effectiveness [34].

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 Podoviridae 
phage cocktails (ECa1/ECb1/ECc1) was the most effective one due 
to the reductions by 3.5 log after 4hrs of phage treatment. Therefore, 
Podoviridae phage cocktails could be used as an alternative tool for 
antibiotics and a biological method to treat mutltidrug resistant E. 
coli O168 infecting ducklings.
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