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Somatic coliphages are a group of bacteriophages that infect Escherichia coli and can be used in 
aquatic environment for risk assessment of viral and fecal pollution. The objective of this work is 
to isolate bacteriophages specific to E. coli strain ATCC-13706, as well as characterization and 
evaluation of their stability. In this study, an enrichment method was used to isolate phages against 
E. coli strain ATCC 13706 from two wastewater treatment plants, and one opened drain. The 
isolated phages purified by successive single plaque isolation techniques and results indicated 
isolation of four different phages. The plaque sizes for isolated phages were between 1.0 and 4.0 
mm in diameter with high titer ranging from 19 to 55 × 109 PFU/mL. Based on morphology, by 
Transmission Electron Microscopy, all phages were found to belong to tailed-phages order, 
Caudovirales, and were identified as members of the Myoviridae and Siphoviridae families. The 
characterization of these phages revealed high tolerance to temperature degrees ranging from 5 
to 75°C, and viability over wide pH values ranging from 3 to 11. Some phages exhibit a wide range 
of hosts, which could be polyvalent phage, while others were host specific. 1.0 is the optimum ratio 
of Multiplicity of Infection (MOI) for these phages. In the phage efficiency test, MOI of 1.0 resulted 
in 63.93, 61.20, 69.39 and 79.14% reduction in bacterial cell count for EcoP1, EcoP2, EcoP3 and 
EcoP4, respectively, after 5hrs incubation at 37 °C. In one step growth curve, the latent period and 
burst size of these phages were between 10 – 20 min and 44 – 62 PFU/cell, respectively. Our results 
indicated that the isolated phages are abundant in Egyptian sewage, with high diversity, and a wide 
host range, which can be used for biocontrol of some pathogenic bacteria. The isolated phages 
exhibit high tolerance to a wide range of pH values and temperature degrees, which supports the 
notion of using phages as indicators of fecal pollution in the Egyptian aquatic environment.  
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INTRODUCTION 

Bacteriophages are viruses that infect bacteria, and 
they are the most prevalent and plentiful living forms 
on Earth, with an estimated number about 1031 
particles in the biosphere, and they have been found 
in various water metrics including fresh, marine, and 
wastewater (Hendrix et al., 1999; Short and Suttle, 
2005; Comeau et al., 2008; Yamaki, et al., 2014; 
Mushegian, 2020).  Phages are a vital element of a 
sophisticated microbial ecosystem. They exist either 
as free-floating infectious agents in the environment, 
including water matrices, or within a bacterium, or 
absorbed to solid particles (Clokie et al., 2011; 
Zimmerman et al., 2020). Viruses in general, and 
bacteriophages in particular, harbor an enormously 
diverse pool of genes that can be exchanged with 
other viruses and bacteria (Fuhrman and Schwalbach, 
2003; Kenzaka et al., 2010; Jurczak-Kurek et al., 2016). 
Bacteriophages are recognized for playing a major 
role in molecular biology science development and 
are still being heavily utilized in many 
biotechnological applications, including the food 
industry, environmental, and medical sectors, due to 
their unique properties (El-Daly et al., 2018; Wei et al., 

2019; El-Telbany et al., 2021; Da Silva et al., 2022). 
Phages are obligatory parasites of prokaryotes that 
reproduce by the bacterial and archaeal domains of 
cellular life, there is some indication that they may 
interact with eukaryotic by altering their microbiota 
or bacterial pathogens (Sime-Ngando, 2014; Putra 
and Lyrawati, 2020).  

Water-borne infections caused by bacteria, and 
viruses have always been considered a major global 
public health concern (Gall et al. 2015a; Shailemo et 
al. 2016; WHO, 2020; Ferreira et al. 2021; WHO, 
2022), Particularly in developing nations where the 
socio-economic burden of waterborne illnesses, and 
viral outbreaks is significant (Célia da Silva Lanna et 
al., 2019; Adelodun et al., 2021; Shayo et al., 2023). 
Therefore, the need for an indicator of fecal pollution 
and viral pollution seems to be vital to assist water 
quality, avoid water-borne illnesses, and reduce its 
impact (Anderson et al., 2005; Yates, 2007; Lin and 
Ganesh, 2013; wen et al., 2020). Several 
epidemiological studies reported that there is no 
reliable relationship between conventional fecal 
indicator bacteria such as E. coli, fecal coliform, total 
coliform, and human enteric viruses, where they 
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cannot accurately reflect the amount of viral pollution 
in the environment (Haramoto et al., 2007; Espinosa 
et al., 2009; Jurzik et al., 2010; Wu et al., 2011; 
Flannery et al., 2012; McMinn et al., 2017). Because 
of the weak correlation between fecal indicator 
bacteria and viruses' fate in the environment, 
especially in wastewater, bacteriophages have been 
proposed as an alternative alarming system of fecal 
and viral contamination of water metrics. Several 
epidemiological studies have suggested the use of 
bacteriophages as indicators for human enteric 
viruses, like human polyomaviruses, adenoviruses, 
and rotaviruses in addition to enteric pathogenic 
bacteria (Leclerc et al., 2000; Flannery et al., 2012). 
Generally, bacteriophages meet both viral, and fecal 
pollution indicator criteria; they are found at high 
concentrations in the aquatic environment, 
economical, fast, and easy to detect (Yahya et al., 
2015; Jofre et al., 2016). This is explained by how 
bacteriophages react to pollutants in the 
environment; they tend to adsorb to solid particles 
that are found in wastewater at high concentrations, 
and they are highly resistant to conventional 
treatment processes, and most importantly, they are 
more easily cultivated and detected than human 
viruses (Grabow, 2001). Two classes of 
bacteriophages known as somatic and F-specific 
coliphages are responsible for infecting E. coli, and 
other bacteria found in the gut microbiomes of 
humans and animals. Both types were proposed as 
fecal and viral indicators (Armon et al., 1996; Grabow 
et al., 2001; Jofre, 2007). The most suggested phages 
for water quality monitoring and management are 
somatic coliphages, F-specific phages, and 
crAssphages because of their prevalence, high 
stability in the environment, and high resistance to 
treatment processes (Flannery et al., 2012; Jofre et 
al., 2016; Samhan et al., 2016; Grabow, 2001; Sinton 
et al., 2002; Arredondo-Hernandez et al., 2017).  
Compared to conventional markers, somatic 
coliphages are more enduring to sludge treatments 
because they are adsorbed to solid particles (Martín-
Díaz et al., 2020). Furthermore, due to their lytic 
capacity, and because bacteriophage infections are 
specific, they can be used in wastewater treatment 
facilities as a biological control agent or as a helpful 
tool for removing pathogenic bacteria (Chen et al., 
2013; Ribeiro et al., 2018; Stefanakis et al., 2019).  

The American regulatory authorities proposed the 
use of coliphages in quality control of surface water 
utilized for recreational and bathing (USEPA, 2015). 
The Australian guidelines for water quality suggested 

MS2 bacteriophages as feasible indicators for 
operational monitoring because of their high 
stabilities over a wide range of temperature and pH 
(Amarasiri et al., 2017).  

Most bacteriophage’s studies in Egypt are focusing on 
utilizing bacteriophages to control Multi-Drug-
Resistant bacteria (Nasr-Eldin and Soliman, 2020; El-
Telbany et al., 2021; Soliman et al., 2023; Ramadan et 
al., 2024), while neglecting the environmental 
applications of bacteriophages. Therefore, the aim of 
this study is the isolation of somatic coliphages from 
Egyptian sewage for a better understanding of their 
diversity, and host specificity in the environment, as 
well as testing the stability, and viability of isolated 
phages under some environmental stress, to evaluate 
the feasibility of using somatic colliphages as fecal and 
viral pollution indicators in the Egyptian aquatic 
environment. 

MATERIAL & METHODS 
Host strain preparation 

E. coli strain (ATCC 13706) was kindly provided by 
Professor Dr. Ibrahim Ahmed Hamza, National 
Research Centre, Egypt, utilized as the bacterial host, 
in accordance with the standard method of the 
International Organization for Standardization, ISO 
10705-2 (ISO, 2000). for somatic coliphages isolation.  
Briefly, 5 mL of Nutrient broth (NB) was inoculated 
with E. coli from a previously prepared slant and 
incubated overnight for 16 to 20 h. at 36.5 °C.  

Sewage samples collection 

Raw sewage samples were collected during the winter 
season of 2022 as grab samples from the influent of 
two wastewater treatment plants (WWTP) in Egypt, 
El-Gabal El-Asfar WWTP in EL-Qalyubiyya 
Governorate, and Zenin WWTP in Bulaq Dakror, in 
Giza. In addition, wastewater samples were also 
collected from EL-Mariotia open drain located in EL-
Mariotia, Giza. Samples were collected from the 
influence of the two WWTP, and the selected open 
drain in sterile bottles, and then transported within 2 
hrs. to the laboratory for the isolation of 
bacteriophage. 

Phages Isolation and Propagation 

Different influent raw sewage samples were 
centrifuged at 6,000 rpm for 10 min to remove the 
solid impurities then filtered by membrane filter with 
a 0.45-μm pore-size to remove any bacterial cells. For 
each sample, 1000 μL of supernatant was added to 10 
ml exponential growth E. coli strain (ATCC 13706) and 
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incubated for 12 hrs. to enrich the phages on a shaker 
incubator. The culture solution was centrifuged at 
6000 rpm, for 20 min, 4ºC. The supernatant was 
filtered through a syringe filter, with a pore size of 
0.45 µm, then tested by the spot test assay, by placing 
10 μl on nutrient agar seeded with bacterial host. The 
positive sample was further propagated, purified, and 
tested by double-layer plaque assay according to 
Adams, (1959).  

Phage Purification: 

Successive single plaque isolation method was used 
to obtain homogenous plaques as described by 
Sambrook and Russell (2001). For virus concentration, 
Dextran sulfate-polyethylene glycol (two-phase liquid 
system) was used for the final purification of isolated 
phages according to Bachrach and Friedman, (1971). 
Following plaque purification and concentration, all 
phage titers for all assays were determined by the 
double-layer plaque assay as described previously by 
Adams (1959). Purified phages were stored at 4°C for 
further analysis. 

Morphological Characterization of Isolated Phages  

Morphological features of isolated phages were 
determined using a Transmission Electron Microscope 
(TEM).  For each eluted phage isolate, one drop of 
high titer phage supernatant was spotted on the 
surface of carbon coated grid negatively stained with 
2% with potassium phosphotungstate (pH 7.2) and 
examined at various magnitudes under TEM (JEOL-
JEM) at the National Research Centre, Giza, Egypt.  
The diameters (nm) of the capsid and the tail of the 
isolated phages were determined by electron 
micrographs at magnification= 100000X. 
Classification of the isolated phages performed 
according to Virus Taxonomy:  Classification and 
Nomenclature of Viruses. Seventh Report of the 
International Committee on Taxonomy of Viruses as 
mentioned by Van Regenmortel, (2000). 

Host Range and Cross Infectivity of phages 

The spot test was utilized to investigate the host 
specificity of the isolated phages based on the degree 
of lysogenicity on the bacterial lawn, according to Li 
et al., (2016) against 8 species of bacteria from 
Enterobacteriaceae family including E. coli strain 
ATCC13706, Enterobacter. Cloacae subsp. dissolvens 
strain LMG 2683(R2017) (NR044789.1), E. coli strain 
NRC B- 3703, E. coli strain (ATCC25922), Salmonella 
typhimurium ATCC 14028, Bacillus subtilis NRC, 
Pseudomonas aeruginosa NRC B-32, and 
Staphylococcus aureus NRRL B-313.  

Phage Stability Assay 

For evaluation of thermal stability of isolated phages, 
equal volumes of phages (approximately 1010 PFU/ml) 
were incubated at different temperatures of 5°C, 25 
°C, 35 °C, 45 °C, 55°C, 65°C, 75°C and 85°C 95° for 10 
mins. according to Kerketta et al., (2014). Phages 
stability over a wide pH range was examined 
according to Huang et al., (2018) by treating the 
phages separately at a pH of 3.0, 5.0, 7.0, 9.0, and 11.0 
for 2 hrs. The phage suspensions were used for phage 
titer determination immediately after the treatment.  

Optimal Multiplicity of Infection (MOI) 

To detect the optimum infection ratio between the 
phages and the host bacterial cells. Two different 
ratios of MOI (0.1, 1.0 PFU/ CFU) were added to E. coli 
strain (ATCC 13706) host cells (approximately 107 

CFU/ml) and incubated for 10 mins. at room 
temperature.  After incubation at 37 °C, the samples 
of each MOI were assayed to determine the phage 
titer by double-layer plaque assay. The MOI with the 
highest phage titer was considered the optimal MOI 
(Youqiang et al., 2016).  

Evaluation of Bacterial Growth Reduction  

Growth reduction assay of   E. coli strain (ATCC 13706) 
was performed separately for each phage isolate in 
NB broth. Overnight bacterial culture only was 
incubated at 37°C with shaking, and then phages were 
added separately to bacterial culture with a MOI at 1.  
Phage-free E. coli culture was used as a control sample 
in experiments. The optical density of test and control 
samples was recorded at 600 nm and was set to zero 
at the time of infection every hour for 5 h at 37 ºC 
(Ghasemian et al., 2017). Bacterial growth was 
examined by monitoring the OD600 using a 
spectrophotometer (Genway 6300, UK).  

One-Step Growth Curve 

A one-step growth curve was performed to determine 
the burst size and latent period of each phage as 
described by (Mudgal et al., 2006; Lee and Park, 
(2015), with some modifications. Briefly, 5 ml of the 
exponential phase of E. coli (ATCC 13706) was 
centrifuged at 6,000 rpm for 5min at 4◦C. The bacterial 
pellet was resuspended in 10 ml of NB supplemented 
with 2 mM of CaCl2.  Each phage (107 PFU/ml) was 
added separately to the bacterial suspension (1×107 

CFU/ml) to achieve multiplicity of infection (MOI) 0.1, 
then this bacteria-phage suspension was incubated at 
37oC for 10 min. After incubation, the suspension was 
centrifuged at 6,000 rpm for 20 min. and the pellets 
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containing infected bacterial cells were resuspended 
in 1 ml of NB supplemented with 10 mM of 
magnesium sulfate and transferred into 9.0 ml of pre-
warmed NB. The samples were incubated in a shaking 
incubator (150 rpm) at 37 ◦C for 1 h and, during the 
subsequent incubation; samples were taken at 5 min. 
intervals, serially diluted and plated on EMB agar 
using the double-layer agar method. Plaque numbers 
were counted and expressed by PFU per infected cell 
to obtain the one-step growth curve. 

Statistical Analysis  

Statistical analysis was performed to determine the 
effect of temperature and pH on phages survival and 
to determine whether there were statistical 
differences between phage-treated samples and 
controls. All experiments were conducted in 
triplicates, and the data were analyzed using Python. 
For statistical analysis, Jupyter Notebooks (version 
7.1.2) was utilized. The standard deviation of the 
mean was represented by error bars. 

RESULTS 
Isolation bacteriophages 

The supernatant obtained from the sewage samples 
was examined by a spot test and the results indicate 
the presence of specific phages that had highly strong 
lytic activity against E. coli strain (ATCC 13706) as 
shown in Figure 1.  

Phage Purification 

Four specific phages were selected and further 
purified using a single plaque assay and the phages 
were named EcoP1, EcoP2, EcoP3, and EcoP4. Phages 
formed different sizes and appearance of rounded 
plaques (Figure 2 A, Table 1) on the lawn of E. coli 
strain (ATCC 13706). 

Morphological characterization isolated phages. 

Based on the Transmission Electron Microscopy (TEM) 
examination, according to Virus Taxonomy:  
Classification and Nomenclature of Viruses. Seventh 
Report of the International Committee on Taxonomy 
of Viruses by Van Regenmortel (2000), the four 
isolated phages exhibit common morphological 
characteristics as all of them have tails, thus they 
belong to the order Caudovirales.  The obtained TEM 
data showed that EcoP1 had an icosahedral head with 
a diameter of (53.67×49.28nm) and a short, 
contractile tail of (86.53nm) length and (14.18nm) 
width. While EcoP2 showed an icosahedral head of 
(51.85×50.11nm) diameters and a long, non-
contractile tail of (109.18 nm) length and (6.80) width.  

 

 

 

Figure 1. Spot test demonstrating lysis of bacterial growth caused 
by virulent bacteriophages specific for E. coli strain C (ATCC 13,706) 
ATCC strain arrows indicate lysis spot. (M) indicates the phage 
isolated from EL-Mariotia open drain sample in Giza, Egypt. (Z) 
indicates the phage isolated from Zenin WWTP sample in Giza, 
Egypt. (g) indicates the phage isolated from El-Gabal El-Asfar WWTP 
sample in EL-Qalyubiyya Governorate, Egypt. 

EcoP3 is characterized by an icosahedral small head of 
(48.42 × 47.72 nm) diameter, a long non-contractile 
tail of (110.31nm) length, and (12.19 nm) width. 
Finally, EcoP4 had an icosahedral head of (54.14 
×44.62 nm) diameter, contractile tail of (100.37 nm)  
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Table 1. Plaque morphology and measurement of the four phages. 

Isolated Phages Plaque Morphology Diameter (mm) 
EcoP1 Small-sized, clear plaque with an irregular margin 1 mm 
EcoP2 Small-sized, diffused/opaque plaque with a sharp margin 1.5 mm 
EcoP3 Large-sized, diffused/opaque plaque with a sharp margin 4 mm 
EcoP4 Large-sized, clear plaque  3 mm 

 

 

 
Figure 2. Morphological observation of phage EcoP1, EcoP2, EcoP3 and EcoP4. (A) Plaques produced on doubled-layer agar plates. EcoP1 was 
isolated from EL-Mariotia (M) open drain, EcoP2 and EcoP3 were isolated from El-Gabal El-Asfar (g) WWTP, and Phage EcoP4 was isolated from 
Zenin (Z) WWTP.  (B) Virion morphology observed using transmission electron microscopy, magnification=100000X. 
 

Table 2. Host range for lysogenized and non-lysogenized bacterial strain by isolated phages. 

Tested bacterial strains 
Phage Sensitivity 

EcoP1 EcoP2 EcoP3 EcoP4 

E. coli strain (ATCC13706) L + L + L + L + 
E. coli strain NRC   B -3703 L + L + - L + 
E. coli strain (ATCC25922) - - - - 
E. cloacae subsp. dissolvens strain LMG 2683 (R2017) (NR044789.1). - - L+ L + 
Pseudomonas aeruginosa NRC B-32 - - - - 
Salmonella typhimurium ATCC 14028 L + L + L + L + 
Staphylococcus aureus NRRL B-313 L+ L+ L+ - 
Bacillus subtilus NRC - L+ L + - 

L (+): means lysis.            (−): means no lysis. 
 
length and (11.07 nm) width.  Based on morphological 
studies, Phage EcoP1 and Phage EcoP4 are allotted to 
the family Myoviridae. However, Phages EcoP2 and 
EcoP3 showed appearances typical of Siphoviridae 
family members as demonstrated in Figure 2B. 

 

Host Range and Cross Infectivity of Phages 

The host range testing revealed that phages were 
highly specific to their host E. coli strain (ATCC 13706) 
and showed a high degree of lysogenability to the 
main host, E. coli strain (ATCC 13706), and variable 
degrees of activity against the other tested bacteria as 
showed in Table 2. 



Isolation and characterization of four somatic coliphages from Egyptian sewage 
 

 

Egypt. J. Bot. Vol. 65, No.1 (2025)  137 

Phages Characterization 
Thermal and pH Stability 

As shown in Figure 3, phages suspensions at 
concentrations (1×107 PFU) were found to be active at 
temperatures ranging between 5ᴼC to 75 ᴼC for 10 
mins. with different degrees of viability for the 
isolated four phages. For Ecop1 and Ecop2, the 
highest activity was recorded between 35 to 65°C, 
while for Ecop3, the highest activity was recorded 
between 25 to 45°C, and Phage Ecop4 was highly 
active between 25 to 55°C. At high temperature 75 °C, 
Ecop1, Ecop2, and Ecop3 were active but there was a 
reduction in their titer, while Ecop4 lost its activity. All 
four phages lost their viability at temperatures higher 
than 75°C, and the highest activity recorded between 
35 to 55°C. Phage Ecop2 was more tolerant to higher 
temperatures than the other phages. 

The obtained data on PH stability indicates that 
isolated phages did not differ greatly in their degree 
of viability and stability at a wide range of pH degrees, 
from pH 1 to 13.  All four isolated phages Ecop1, 
Ecop2, Ecop3, and Ecop4 were active and had high 
phage titer at pH values from 5 to 9. There was a 
reduction in phages titer at extreme alkaline (pH 11), 
and at extreme acidic conditions (pH 3). Ecop2 was 
the only phage that remained active at pH 3, while the 
other three phages could not. At highly alkaline 
conditions (pH 13), all four phages lost their activity as 
seen in Figure 4. 

Detection of Optimal Multiplicity of Infection (MOI) 

The obtained data indicated that the MOI ratio of 1.0 
produced the highest phage titter, and the maximum 
phage yield compared to the 0.1 ratio. Thus, MOI of 
1.0 is considered the optimal and has been selected 
for the following experiments, as shown in Figure 5. 

Evaluation of Bacterial Growth Reduction  

The phages activities in vitro against their host E. coli 
strain (ATCC 13706) were evaluated by measuring the 
optical density (OD600) in liquid medium during the 
growth of host bacteria at 37°C with MOI of (1.0). 
Reduction in OD600 was observed 63.93, 61.20, 69.39 
and 79.14% reduction in bacterial cell count for 
EcoP1, EcoP2, EcoP3, and EcoP4, respectively, 
comparing to phage-free bacterial growth curve 
(control), which reached 0.513 at OD 600 after 5hrs. 
(Figure 6).  

One-Step Growth Curve 

The one step growth curve indicated that the latent 
periods for the four isolated E. coli phages were 15, 

20, 15, and 10 min for Ecop1, Ecop2, Ecop3, and 
Ecop4, respectively, while the burst sizes were 44, 36, 
33, and 62 phages per infected cell respectively as 
shown in Figure 7. 

DISCUSSION 

Phages are present in raw sewage at high multitude 
and considerable diversity (Ballesté et al., 2022). 
Several studies in Egypt have reported the isolation 
and characterization of different bacteriophages from 
sewage samples, especially bacteriophages which are 
specific for multidrug resistant bacterial strains 
(Mahmoud et al., 2018; Askoura et al., 2020; Al-
Mohammadi et al., 2020). As populations served by 
El-Gabal El-Asfar WWTP are approximately 
12,000,000 inhabitants, and the treated sewage 
water from it is used for the irrigation of 150,000 acres 
of landscaping, while Zenin WWTP serves one Million 
inhabitants, and the treated effluent from it is also 
used for tree irrigation. This treated sewage water 
could be a potential source of environmental 
contamination by viral and bacterial pathogens if the 
treatment process is deficient. Therefore, the main 
purpose of the present study is to isolate phages 
specific to E. coli strain ATCC-13706 which can be used 
for environmental risk and water quality assessment, 
as well as biological control of some pathogenic 
bacteria. 

In the present study, we isolated four different 
bacteriophages that showed lytic activity against E. 
coli strain ATCC- 13706, from two WWTP (Zenin, and 
EL-Gabl EL-Asfer WWTP), and EL-Mariotia open drain 
in Giza by using the spot test and double layer plaque 
assay technique. The isolated phages were classified 
into types based on the shape, size, and appearance 
of their plaques (Abedon and Yin, 2009).  
Morphological variation of the plaques indicated a 
difference in phage strain (Ghasemian et al., 2017). 
Morphological examination by TEM showed four 
different bacteriophages, assigned to Siphoviridae 
and Myoviridae families, according to the 
International Committee on Taxonomy of Viruses 
(ITV). Our results agree with previous studies 
indicating that the majority of known somatic 
coliphages found in municipal wastewater and 
identified by the host strains advised in standard 
operating procedures are members of the 
Myoviridae, Siphoviridae, Podoviridae, and 
Microviridae families (Rajala-Mustonen and 
Heinonen-Tanski, 1994; Muniesa et al. 1999).  Our 
results are also in agreement with Samhan et al., 
2016, who reported the isolation of somatic coliphage  
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Figure 3. The thermal stability of the four E coli strain (ATCC 13706) isolated phages at various temperature degrees. (The standard deviation of 
the mean was represented by error bars.). 

 
Figure 4. The pH stability of isolated E coli strain (ATCC 13706) phages at different pH values. (The standard deviation of the mean was represented 
by error bars). 
 

 
Figure 5. The effect of MOI ratios (1.0 and 0.1) on the isolated phages titer (The standard deviation of the mean was represented by error bars.) 
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Figure 6.  Growth reduction and lytic ability of isolated phages using the growth curves of the E. coli strain (ATCC 13706) host (The standard 
deviation of the mean was represented by error bars). 
 
belonging to the Siphoviridae family from the Ismailia 
Canal, and with Nasr-Eldin and Soliman, (2020), who 
described similar morphological features for a 
Myoviridae phage isolated from Qalyubia 
Governorate, Egypt, sewage samples.  Lytic activity of 
the four phages was identical concerning their main 
host E. coli strain ATCC 13706 strain, while differed 
with other tested bacterial strains of Gram-positive, 
and Gram-negative bacteria. EcoP1, EcoP2, EcoP3, 
and EcoP4 exhibit a wide host range in line with the 
findings of Bielke et al. (2007), who noted that the 
range of phage host is not always limited by genera.  
All isolated phages showed strong lytic activity against 
their main host E. coli strain C (ATCC 13706), while all 
of them failed to show any lytic ability against 
Pseudomonas aeruginosa NRC B-32, and E. coli strain 
(ATCC25922). In addition, EcoP1, and EcoP4, phages 
could not show lytic activity against Bacillus subtilus 
NRC, while EcoP3, and EcoP4 exhibit strong lytic 
activity against E. cloacae subsp. dissolvens strain 
LMG 2683(R2017) (NR044789.1) than EcoP1 and, 
EcoP2 which seem to be unable to infect it.  The three 
phages EcoP1, EcoP2, and EcoP3 showed strong lytic 
activity against Staphylococcus aureus NRRL, B-313, 
while EcoP4 phage did not show any lytic potential 
against it.  The results also showed that the isolated 
phages EcoP2 and EcoP3 have a wider host range than 
EcoP1 and EcoP4 phages. Interestingly, all four 
isolated phages exhibit lytic activity against 
Salmonella sp.  

However, it is likely that the isolated phages could be 
polyvalent phage, capable of infecting both E. coli sp. 
and Salmonella sp. as their main host strains. This 
finding agrees with Mahmoud et al., (2018), who 
reported the isolation of polyvalent phage belonging 
to the families Siphoviridae and Myoviridae from 
broilers in Egypt and with Saad et al., (2018), who 
reported the isolation of polyvalent phage from 
Higashi-Hiroshima, sewage in Japan. Similarly, in 
Tennessee, USA, Bryan et al., (2023) reported 
isolation of polyvalent phage from sewage that can 
infect both E. coli sp. and Salmonella sp. 

Considering that the environment's acidity and 
alkalinity have a significant impact on the stability of 
the phage, and for the potential practical downstream 
applications, the stability of the isolated phages was 
evaluated, and the results indicated high tolerance to 
temperatures, and stability over various pH values.  All 
isolated phages remained active at high 
temperatures, and were able to survive temperatures 
up to 75 ᴼC, except phage EcoP4 which showed less 
tolerance to high temperatures (active only until 65 
°C), and completely lost its virulence at 75 °C, with 
optimal temperature for most phages between 35°C 
to 55°C. The isolated phages in the present study were 
more tolerant to temperatures than what was 
reported by Nasr-Eldin and Soliman, (2020), who 
isolated three different phages from Egyptian sewage  
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Figure 7. One step growth curve of the four E.coli phages (The 
standard deviation of the mean was represented by error bars). 

that remained virulent at temperatures from 25°C to 
55°C, but they were completely inactivated at 
temperatures 65°C. Moreover, our results indicated 
higher temperature stability than what was reported 
by Samhan et al., (2016), who reported that three 
somatic coliphages, isolated from the Ismailia Canal, 
lost their infectivity at temperatures >60 °C. This 
difference in thermal stability could be attributed to 
the difference of heat exposure time, water source of 
phage isolation, and variation in environmental 
stresses between sewage and marine water. Our 
results agree with (Jurczak-Kurek et al., 2016), who 
reported the survival of E. coli lytic phages isolated 
from urban sewage in Poland, at temperatures up to 
62 °C for 40 min, which is longer exposure time than 
the tested time in our present study which was for 10 
mins. Similarly, Jamal et al., (2015) reported stability 
of isolated phage of the family Myoviridae against 
Multi-Drug Resistant E. coli between 37°C and 65°C, 
and complete inactivation at 70°C. Hasanien et al., 
(2024) reported thermal stability of three 
bacteriophages isolated from soil at high temperature 
up to 80°C, which is higher than what reported in the 
present study, this extreme thermal stability could be 
attributed to the different source of phage isolation 
(soil). Furthermore, it has been reported earlier that 
thermo-stable phage belonging to the Siphoviridae 
family exhibit stability at 65°C (Lin et al., 2010).  

Regarding pH stability, the virulence of the four 
isolated phages in the present study was tested over 
a wide range of pH starting from pH 1 to 13 for 2 hrs. 
The obtained data indicated that isolated phages 
exhibit similarity in their degree of viability, and all of 
them showed stability at a wide range of pH values. 
All phages were stable at pH ranging from 5 to 11, 
with high titer at optimum pH from 5 to 9, but at pH 
11, there was reduction in the phages’ titer.  EcoP2 
phage was more tolerant to acidity and was the only 
one that was able to survive at pH 3. At highly alkaline 
conditions, pH 13, all four phages lost their activity. 
The isolated phages showed high tolerance to 
different pH values and maintained their viability over 
a broad range of pH ranging from 3 to 11. However, 
infectivity declined towards extreme acidic and 
alkaline conditions. pH values of 5, 7, and 9, were 
optimum for infectivity. 

Our results agree with Nasr-Eldin and Soliman, (2020), 
who reported that the optimum pH value for their 
three isolated phages from Egyptian sewage, ranging 
from 7 to 9, with one phage exhibiting stability at pH 
ranging from 5 to 9, after 30 min and it retained its 
lytic ability up to 12 hrs. at pH ranging from 7 to 9. Our 
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results are also in agreement with Hasanien et al., 
(2024) who reported pH stability of three 
bacteriophages belonging to Myoviridae, and 
Podoviridae families isolated from soil over pH 
ranging from 3 to 10. Moreover, Yıldirim et al., (2021), 
indicated that phages retained their activity among 
pH 4 to 11, and 4–9. However, a great reduction in the 
phage’s titer was recorded at pH values below 2 or pH 
above 12. Jurczak-Kurek et al., (2016), reported 
similar results, showing phage virulence at pH ranging 
from 4 to 12 for 1 h. and also documented the 
isolation of extremely thermo stable phage from 
sewage, belonging to family Myoviridae, which 
survived at a temperature of 95°C for 5 min. Similar 
findings were reported later by Topka et al., (2019), 
showing that phage was sensitive to a low pH value of 
4, and to high temperatures above >62 °C.  In contrast, 
Peng and Yuan, (2018), reported less resistance 
against pH treatment for E. coli lytic phage, where the 
phage was stable at pH between 3 and 9, while they 
lost their infectivity at pH 11. Thus, both very high 
temperature and very low pH values were lethal for 
their isolated phage. According to research by Iriarte 
et al., (2007), excessive heat and pH extremes can 
destroy phage viability by dissolving lipids, denaturing 
DNA and proteins, and damaging phage structure.  

The ratio of phage concentration (PFU/ml) to the 
concentration of host bacterial cells (CFU/ml) is 
referred to as the multiplicity of infection (MOI). Two 
MOI were investigated to determine the optimal 
phage-host concentrations for optimum phage 
activity. Out of the two MOI that were tested in this 
study (1.0 and 0.1), 1.0 MOI ratio produced the 
maximum phage titter and was recorded as the 
optimal MOI. Lin et al., (2010) reported similar MOI 
values for activity against specific host.  In our study 
with MOI of a ratio 1.0 at OD600, there was 63.93, 
61.20, 69.39 and 79.14% reduction in bacterial cell 
count for EcoP1, EcoP2, EcoP3, and EcoP4, 
respectively, compared to the control, indicating a 
high activity against the bacterial host. Notably, EcoP4 
had the strongest activity out of the three phages. 
This result is like Ghasemian et al., (2017) who 
determined the efficacy of phage on E. coli at MOI 1 
at OD 600 after 9hrs.  The phages titer in the present 
study reached its maximum when the MOI was 1.0, 
this finding was in agreements with that of Fathy et 
al., (2024), who mentioned that E. coli phage titer 
reached its maximum when the MOI was 1. As well as 
Sada and Tessema, (2024), who indicated that the 
optimal MOIs of two E. coli lytic phage isolates was 
1.0, which gave the highest production of phage 

progeny. One of their Phage isolates had the highest 
MOI (1.0) which was also comparable to the host 
range test result, but the other phage had a broad 
host range with a slight difference in MOI. In general, 
phage with a broader host range had the highest MOI 
and vice versa. 

The one step growth curve indicated that the latent 
periods for the four isolated phages were 15, 20, 15, 
and 10 min for EcoP1, EcoP2, EcoP3, and EcoP4 
respectively, while the burst sizes were 44, 36, 33, and 
62 phages per infected cell, respectively. Karami et al., 
(2024) reported same latent period (10 min) for E. coli 
lytic phage, which is like our result for Ecop4 phage 
but with different burst size of 152 PFU / host cell. Our 
result is different from what was previously reported 
by Yıldirim et al., (2021), and Litt and Jaroni (2017), 
who reported longer Latent periods and larger burst 
sizes. On the other hand, Sillankorva et al. (2008) 
previously reported a small burst size and less latent 
period, indicating that both latent time and burst size 
vary among different bacteriophages. 

Finally, the idea of using bacteriophages in 
environmental application as an effective bio control 
agent are getting more attention in the recent years 
due to its cost effectiveness, and safety. Azzam et al., 
(2023), has suggested using a polyvalent phages 
mixture to reduce E. coli strains, coliforms, and other 
Enterobacteriaceae sp. in River Nile and drains outlets 
based on their strong lytic activity, which enable these 
phages of reducing the pathogenic bacteria 
population after two hours of incubation. 
Furthermore Azzam et al., (2024), isolated and 
identified three novel Coliphages from the River Nile 
and the drainage water along the Rosetta branch, 
these isolated phages showed a remarkable ability to 
inhibit the growth of seven different pathogenic 
bacterial strains under neutral conditions, and 
suggesting the use of a polyvalent phage-based 
wastewater pollution management strategy for safe 
reuse of treated drainage water. Fathy et al., (2024), 
reported using somatic coliphage and F-specific 
coliphage either alone or in combination with 
electron beam irradiation to fight multidrug-resistant 
E. coli in sewage as an environmentally sustainable 
method. 

CONCLUSION 

Based on the study findings, somatic coliphages are 
abundant in Egyptian sewage, with high diversity, and 
a wide host range, which can be used for bio control 
of some pathogenic bacteria. The isolated phages 
exhibit high tolerance to a wide range of pH values 
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and temperature degrees, which supports the notion 
of using phages as indicators of fecal pollution in the 
Egyptian aquatic environment. A priority objective of 
our future research will be to identify the nucleotide 
and protein sequence of the isolated phages. 
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