
616

*Corresponding author: Saeid Hosseinzadeh, Ph.D, De-
partment of Food Hygiene and Public Health, School of 
Veterinary Medicine, Shiraz University, Shiraz, Iran.  
Tel: +98-7132286950-60
Fax: +98-7132286940
Email: hosseinzadeh@shirazu.ac.ir

The morphological and biological characteristics of a virulent PI phage 
isolated from slaughterhouse sewage in Shiraz, Iran

Sepideh Khalatbari-Limaki1, Saeid Hosseinzadeh1*, Seyed Shahram Shekarforoush1, Enayat Berizi2

 
1Department of Food Hygiene and Public Health, School of Veterinary Medicine, Shiraz University, Shiraz, 

Iran
2Department of Food Hygiene and Quality Control, Nutrition Research Center, School of Nutrition and Food 

Sciences, Shiraz University of Medical Sciences, Shiraz, Iran

Received: April 2020, Accepted: October 2020

ABSTRACT 
 
Background and Objectives: Foodborne pathogens are among the serious problems all around the world and thus a novel 
and natural strategy to control and to inhibit such pathogens is highly demanded nowadays. The aim of this study was to iso-
late a specific bacteriophage of Escherichia coli O157:H7 from sewage in Fars province, Iran to determine its morphological 
and antimicrobial activities.
Materials and Methods: In order to isolate the bacteriophage of E. coli O157:H7, 10 samples of slaughterhouse wastewa-
ters were used. Double-Layer Agar method was employed to isolate the bacteriophage. To identify the fine structure of the 
bacteriophage, electron microscope was employed. Host range and antibacterial activity of the phage was also investigated, 
in vitro.  
Results: The morphological and biological characteristics of a virulent Siphoviridae phage, PI, are reported. It was found 
that infection of E. coli O157:H7 strains with this specific bacteriophage produce clear plaques. In the one-step growth anal-
ysis, it was confirmed that the phage has been characterized with a very short rise period (around 15 min), an average burst 
size of 193 PFU/cell, high infectivity and potent lytic action. The bacteriolytic activity of PI was also investigated, in vitro. It 
was also clarified that at the MOI of 100, 10 and 1, the phage rapidly lysed the bacterial cells within 0.5 or 2 h.   
Conclusion: These results indicate that the phage PI is a newly discovered phage against E. coli O157:H7 in Iran which may 
be recommended to use as bio-control purposes.
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INTRODUCTION

 Since 1983, when Escherichia coli O157:H7 was 
identified, it has been considered as an important 
foodborne pathogen (1). The low infective dose of 
this pathogen in humans is about 10 to 100 cells. E. 
coli O157:H7 is one of the major causes of gastro-

enteritis that may cause severe symptoms, such as 
hemorrhagic colitis or the hemolytic uremic syn-
drome, thrombotic thrombocytopenic purpura and 
also acute renal failure in children. Infection in chil-
dren and elderly persons can be fatal (2, 3).   

 A variety of preservatives have been currently de-
veloped to control the pathogens in food. Although 
antibiotics are the most effective method of con-
trolling bacterial pathogens, one of the disadvantag-
es is that these cause antibiotic-resistant strains. The 
Food and Drug Administration (FDA) in the USA 
has not allowed the use of antibiotics and other chem-
ical antimicrobial agents to control bacteria in food, 
(4). This is important in foods that are eaten raw and/
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or unprocessed, because the thermal processes will 
reduce the quality of this type of food. Today, the use 
of safe and effective natural control methods to re-
duce foodborne pathogens in foods is an urgent need, 
such as bacteriophages (5).

 Bacteriophages are the viral- lytic organisms that 
infect and lyse only specific bacterial cells (6, 7). 
Phages are feasible, natural and non-toxic and have 
no effect on human, animal and plant cells (8). Phag-
es were discovered about 100 years ago and recently 
antibacterial potential of phages to control of patho-
genic bacteria is taken into consideration, especially 
for antibiotics resistant bacteria (9, 10). High avail-
ability, high level of specificity and rapid replication 
and propagation in the presence of their own specific 
host, are benefits of phages (8, 11). They are natural-
ly present in the gastrointestinal and environmental 
ecosystem and can be isolated from various sources 
(5, 12). 

  The use of bacteriophages to control and improve 
food safety has increased, one of the natural ways 
to reduce the pathogenic bacteria in the food supply 
chain (13). Increase the consumer pressure to ensure 
food safety and reduce the use of chemical disinfec-
tants and detergents that are harmful to nature, are 
the most important reasons to use bacteriophages. 
In food safety, bacteriophages can be used directly 
to food and food-related surfaces, on harvested and 
processed foods (14).

   Bacteriophages are effective in reducing the levels 
of target pathogen in many foods without change in 
their organoleptic properties and high level of spec-
ificity does not affect the commensal and desirable 
bacteria used in the targeted food (15, 16). In general, 
there is very little resistance to bacteria compared to 
chemical agents. They can also be easily separated 
from the environment and can be produced in high 
volumes and low cost (17). 

 The present study was aimed to isolate specific 
bacteriophage of E. coli O157:H7 from sewage in 
Fars province, Iran to determine its morphological 
and antimicrobial activities.

 
MATERIALS AND METHODS

 Host bacterial cultures and growth conditions. 
E. coli O157:H7 (ATCC 43895) (provided by Depart-
ment of Food Hygiene and Public Health, School 
of Veterinary Medicine, Shiraz University, Shiraz, 

Iran), was used as host bacteria. Twenty-five bacteri-
al strains (Table 1) were tested for phage host range. 
These strains included a selection of E. coli strains 
that have O157 and non-O157 serotypes and a variety 
of bacteria belong to different genera. Additionally, 
Nalidixic acid resistant E. coli O157:H7 was exam-
ined. Before the experiments, overnight culture of 
each bacterial strain was prepared in the brain heart 
infusion broth (BHI # 110493, Merck, Germany) and 
incubated at 37°C for 18 h. Soft BHI agar used in the 
plaque assay was prepared with BHI broth supple-
mented with 0.7% agar.

Phage isolation. For isolation of E. coli 
O157:H7-specific phages, 10 environmental samples 
such as sewage were collected from two different 
slaughterhouse areas (Shiraz and Marvdasht) in Fars, 
Iran. The collected samples were transferred to the 
laboratory beside the ice and examined immediately. 

At first, the sewage samples were centrifuged 
(6,000 ×g for 15 minutes) and then the supernatant 
was filtered using a syringe filter (pore size 0.22 µm). 
Twenty ml of the filtrate were mixed with 2 ml of 
overnight bacterial culture of E. coli O157:H7 and 3 
ml of double BHI broth and incubated at 37°C for 24 
h (enrichment method). After incubation, chloroform 
(50 µl / ml) was added and mixed vigorously. Bacterial 
debris was centrifuged (6,000 ×g for 15 min) and the 
supernatant was filtered through a 0.22 µm pore size 
syringe filter and stored at 4°C. The filtrate was then 
plated on BHI agar (1.5% w/v agar, # 113825, Merck, 
Germany) through the double layer agar method to 
detect the phage against E. coli O157: H7 (18). Briefly, 
3 ml of molten soft agar BHI mixed with 300 μl of the 
host strain and then suspension was overlaid on top of 
a plate containing BHI agar. When the over layer agar 
was solidified, 5-10 μl of the sample containing phage 
were spotted on it. After incubation at 37°C for 24 h, 
all plates were checked for clear zone formation.

Purification of bacteriophages. Single plaques 
were picked with a sterile glass Pasteur pipette and 
re-suspended in 100 μl of sterile SM buffer (50 mM 
Tris-HCl (pH 7.5), 0.1 M NaCl, 8 mM MgSO4.7H2O 
and 0.01 % (w/v) gelatine), and put in the refrigerator 
for two hours. Then, 50 μl / ml of chloroform was 
added and centrifuged at 9000 ×g, 4°C for 20 min. 
The supernatant was serially diluted and 100 μl of 
each dilution and 300 μl of the host strain were mixed 
with 3 ml molten BHI soft agar and poured onto BHI 
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agar plate. Once the top agar solidified, plates incu-
bated at 37°C. After 24 h, plates were observed for 
a clear zone and checked the plaque morphology. To 
ensure the purity of the isolated phage, each plaque 
was re-isolated three times. The phage was stored at 
-20°C in the BHI broth containing 30% (v/v) glycerol 
for further characterization.

 Phage enumeration. Bacteriophages titration was 
enumerated using the double layer assay as described 
by Adams (1959). Phage lysate was serially diluted 
using SM buffer. Then, 10 μl of filtrate and 300 μl 
of the host strain were mixed with 3 ml molten BHI 
soft agar and poured onto BHI agar plate. Once the 
top agar solidified, plates incubated at 37°C for 24 h. 
Double layer assay was conducted for each dilution in 
triplicates. After incubation, the dilution that formed 
30 to 200 plaques were selected and counted the num-
ber of plaques. The data were used to calculate the 
titration of phage lysate (PFU / ml) using the standard 
formula (18).

 Preparation of phage stoke. To prepare large 
amounts of purified phage, 1 ml of fresh E. coli O157: 
H7 culture and 100 μl of purified phage were added to 
100 ml of BHI broth and incubated at 37°C for 24 h. 
After adding chloroform (50 μl / ml) (for bacterial cell 
lysis), the solution was centrifuged (9,000 ×g for 13 
minutes) and the supernatant was filtered (0.22 μm).
Then, the number of phages was counted in the stoke 
using double layer method.

 Transmission electron microscopy. Purified and 
concentrated phage with polyethylene glycol-8000 
was used for transmission electron microscopy (TEM) 
at Plant Virology Research Center of Shiraz Universi-
ty, Iran. Identification and classification were done ac-
cording to the size, tail structure, and head structure. 
The phage was negative stained by 2% uranyl acetate 
on a mesh copper grid with carbon-coated formvar 
film and visualized under Leo/Philips 906E TEM. 

Bacteriophage host range and efficiency of plat-
ing (EOP). To determine host range of isolated E. coli 
O157: H7 phages, various types of Gram-negative and 
Gram-positive bacterial species were used. Table 1 
shows the bacterial strains used for the determination 
of phage susceptibility. 300 μl of the overnight cul-
ture of each bacterial strain (test bacteria) was added 
to the BHI soft agar and then poured onto the agar 

base plate. Then, 10 μl of dilutions of phages (host 
bacteria) (10-1- 10-6) were placed on it. After incuba-
tion at 37°C for 24 h, the plates were examined for 
plaque formation (19). To determine the efficacy of 
each phage against different strains of E. coli O157: 
H7, the EOP test was performed (Phage titer of the 
host bacteria/phage titer on target bacteria). A solu-
tion of 1 to 10 bacteriophages (100 μl) was mixed with 
300 μl of the test bacteria and 3 ml of soft BHI medi-
um was added and cultured on the BHI agar medium 
as a double-layer method. After 24 h, phage titer of 
the test bacteria was enumerated. Experiments were 
performed in triplicates. When the difference in ratio 
between the host vs. test bacterium was < 50, the EOP 
was considered as “high”, other values were recorded 
as “low” (20).

Degree of adsorption. When the host bacterium 
reaches to mid-exponential phase, the phages add-
ed at the MOI of five. After 5 minutes incubation at 
37°C, the culture put on ice, 1% chloroform added 
and then centrifuged at 8000 ×g, 4°C for 10 min-
utes. Then supernatant was filtered and the PFU was 
measured. The degree of adsorption was calculated 
as the number of phages adsorbed in five minutes by 
subtracting the residual phage concentration from the 
concentration at the beginning of the experiment (21). 

 One-step growth curve. To determine the latent 
period and burst size, when the E. coli O157:H7 was 
grown at 37°C and OD at 600 nm reached to 0.1 (~108 
CFU ml-1), 50 ml of the culture was harvested. Phage 
was added at a MOI of 0.01 and allowed to adsorb 
for 5 min at room temperature. The mixture was 
centrifuged (8,000 ×g for 5 min) to remove the ex-
cess phages, and the supernatant was discarded. The 
pellets were re-suspended in the 50 ml of fresh BHI 
broth and incubated at 37°C with shaking at 200 rpm 
min-1. Samples were collected every 10 min during a 
2 h incubation and were immediately centrifuged at 
8,500 ×g for 1 min and supernatant was 10-fold se-
rially diluted and plated onto BHI agar to determine 
the phage titration. Based on the number of PFU per 
ml, one step growth curve was drawn (7, 22, 23). The 
burst size was calculated by this formula: (titer after 
burst - titer at T0)/(phage added - titer at T0) (24). All 
experiments were done in triplicate.

 Bacterial challenge test. To determine the in vi-
tro phage bacteriolytic activity, E. coli O157:H7 was  
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inoculated into BHI broth for overnight at 37°C, then 
1% of this culture was inoculated into 50 ml of fresh 
BHI broth and incubated at 37°C with shaking at 200 
rpm until the OD 600 reached 0.6. Soon afterward, 
phage was added at the MOI of 0.01, 0.1, 1.0, 10 and 
100, and 200 μl of each one was transferred into 96-
well microplate in triplicate. Bacterial growth was 
monitored by turbidity measurements every 60-min 
interval for 24 h using microplate reader (Biotek, 
USA) at the OD 600 nm. A culture containing only 
bacteria (phage-free cultures) and a culture contain-
ing only phage (cell-free cultures) were used as con-
trols (25).

RESULTS

   Phage isolation and purification. From the 10 
slaughterhouse sewage samples tested, one phage, 
specific to E. coli O157:H7, was isolated from a sew-
age sample collected from a pond located in the Shi-
raz slaughterhouse using the double-layer agar assay 
technique. The isolated phage formed medium-sized 
(ca. 1-5 mm in diameter) clear plaques on the lawn of 
its host bacteria (Fig. 1). High titer of phage suspen-
sion (3 × 109 PFU/ml) was obtained.

    Bacteriophage morphology. The electron micro-
graphs showed that phage PI had a hexagonal head 
(approximately 57 nm in diameter) with an extremely 
thin, long flexible and non-contractile tail (ca. 157 ± 
5 nm in length and 11 ± 1 nm in width) and no visible 
collar or terminal knobs (Fig. 2). They were identi-
fied as the Siphoviridae family phage of the Caudo-
virales order. 

   Analysis of phage host range and efficiency of 
plating (EOP). Host range of the isolated phage was 
determined against three E. coli O157:H7 and oth-
er bacterial strains. The isolated phage formed clear 
spots on the lawn of 3 (100%) E. coli O157:H7 iso-
lates and 3 (13.6%) of other E. coli strains and bacte-
rial isolates. It is suggesting that this phage has high 
host specificity to E. coli O157:H7. EOP results indi-
cate that the PI phage formed phage lysis plates in the 
presence of all the positive target strains (Table 1).

   Degree of adsorption. Phage adsorption assays 
showed that nearly 99.8% of the phage particles ad-
sorbed to the host bacterial cells after 5 min.

   Burst size and latent period. One-step growth 
curve analysis for phages PI was conducted with E. 
coli O157:H7 ATCC 43895 in the BHI broth at 37°C 
(Fig. 3). A latent period of 70 min and a burst size of 
193 PFU / host cell were calculated for phage PI from 
the triphasic curve. 

    Kill curve. The host lysis activity of phage PI was 
determined in an in vitro culture condition, using the 
bacterial challenge test. Phage PI was added at the 
MOI of 100, 10, 1, 0.1 and 0.01 to the culture of E. 

Table 1. Bacterial strains used for the host range spectrum 
of the bacteriophage PI (109 PFU/mL)

Efficiency of 
plating (EOP)
High
High
High
High

_
_
_
_
_
_
Low
High
_
High
_
_
_
_
_
_
_
_
_
_
_
_

Spot 
test
+
+
+
+

_
_
_
_
_
_
+
+
_
+
_
_
_
_
_
_
_
_
_
_
_
_

Sources

ATCC 43895
NCTC 12900
Wild type
ATCC35218

PTCC 1276
PTCC1270
PTCC1399
PTCC1395
PTCC 1338
ATCC 25922
PTCC1551
PTCC1533
PTCC1269
ATCC 8739
ATCC 47013
ATCC 14028
PTCC 1786
PTCC1297
PTCC 1337
ATCC 6538
PTCC 1023
ATCC 14579
Wild type
Wild type
Wild type
Wild type

Bacterial strain

E. coli O157:H7*
E. coli O157:H7
E. coli O157:H7
E. coli O157:H7 
(nalidixic acid resistance)
E. coli O126:K71
E. coli
E. coli
E. coli
E. coli
E. coli O6
E. coli 
E. coli 
E. coli O55:K59
E. coli
E. coli
Salmonella Typhimurium
Yersinia enterocolitica 
Listeria monocytogenes 
Staphylococcus aureus
Staphylococcus aureus
Bacillus subtilis
Bacillus cereus
Enterococcus
Micrococcus
Proteus
Citrobacter

EOP was determined using double agar overlay method. 
*represents host bacterium; - = no activity; + = phage ac-
tive; EOP was considered as ‘high’ when the difference in 
ratio between the host vs. test bacterium was  50 and  50 was 
considered as ‘low.
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fig. 1. Morphology of lytic plaques. Large plaque and medium plaque without halo in titer of 107 PFU/ml

fig. 2. Transmission electron microscopy images of phage PI belonging to the family of Siphoviridae.

coli O157:H7 ATCC 43895 at an OD 600 of 0.6, the 
host strain was significantly decreased in the MOI of 
100, 10 in 2.5 h. But in the MOI of 1, 0.1 and 0.01, the 
reduction time of bacterial cells were longer at these 
concentrations (Fig. 4).

DISCUSSION

    E. coli O157:H7, as a food-borne pathogen is one of 
the problems in food safety. Using different antibiot-

ics to control this pathogen has led to antibiotic-resis-
tant bacteria. Among the different methods of con-
trolling pathogens, bacteriophages have considered 
as a novel control strategy and have been studied as 
therapeutic and bio-control agents for their specific 
lytic activity (22, 26). Efficacy of several isolated 
phages that infecting and control E. coli O157:H7 
strains have been evaluated before (27). High host 
specificity and very narrow host range for bacterial 
inhibition are typical features of phages (8, 11, 13, 
17, 19, 22, 28). Here, we have isolated phage PI from 
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fig. 3. One-step growth curve of phage PI performed with BHI broth at 37°C.

fig. 4. The effect of different multiplicity of infection (MOI) of phage PI on the growth of the E. coli O157:H7 (ATCC 43895) 
at 37°C (n = 3). Line orange: host bacteria (positive control), no phage added. Line navy blue (MOI 0.01), Line red: (MOI 0.1), 
Line green: (MOI 1), Line purple (MOI 10), Line blue (MOI 100), Line pale blue and Line pink (negative control), phage and 
culture media, no bacteria added.

slaughterhouse sewage samples, which specifically 
inhibited E. coli O157:H7. Numerous investigations 
have reported the presence of lytic specific phages 
for E. coli O157:H7 in sewage samples that support-
ed our findings and confirm that wastewater samples 
are richest sources for lytic bacteriophage isolation 
(17, 19, 29, 30). Clear plaques formed by PI, with siz-

es ranging from 2 to 5 mm in diameter. Depending 
on growth conditions plaque size may vary, but typ-
ical virulent phages produce clear plaques, whereas 
turbid plaques form by lysogenize phages (31), This 
is confirmatory to the idea that phage PI is among 
the virulent phage. Based on guidelines of the Inter-
national Committee on Taxonomy of Viruses (32), 
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phage PI is a member of Siphoviridae family in the 
order Caudovirales. Reported over 95% of phages 
belong to the Caudovirales. Recently isolated phages 
for reduction of E. coli O157:H7 belong to the Sipho-
viridae family are vB_EcoS_FFH_1  and vB_EcoS_
FFH_3 (33) and the phage that isolated by Adibi et 
al. (17).
    Phage PI showed a very specific host range against 
all strains of E. coli O157:H7 and could only infect 
three non- O157 E. coli strains (Table 1). Specific 
receptors on the bacterial are required for phage in-
fection. Fimbriae, pili, outer membrane proteins, H 
antigen (flagella) and O antigen of lipopolysaccha-
ride (LPS) are the common receptors on E. coli (34). 
Based on the data it can be concluded that the phage is 
not specified to the O157 strains, however, the phage 
was also able to destroy other strains harboring the O 
antigen. It seems that these antigens may not be se-
riously involved in the host binding and recognition 
mechanisms. Different strains and serotypes can be 
shared in cell wall receptors (35). As a result, phage 
PI has revealed a wide inhibitory spectrum and was 
effective against six tested strains. Earlier research-
es have also reported that a broad host range phages 
are able to lyse EHEC (36-38). When the lytic ability 
of phage PI against nonpathogenic E. coli was ex-
amined, it was about 13.6% of the strain collection. 
Viscardi et al. have also reported that half of their 
phages represented a 13.9%  lytic ability against the 
nonpathogenic strains, which is partly similar to 
our data, but the collection of nonpathogenic E. coli 
strains used was different (37). In our study, EOP 
method was used to determine the lethalness of the 
PI on the specific strains. It was found that the isolat-
ed phage was effective on 83% of the strains identi-
fied as host. The specific host strain is one of the fac-
tors that affect plating efficiency which emphasizing 
the significance of examining the relative EOP on a 
susceptible hosts (39). Similar results were found in 
the investigation by Viazis et al. in which, all phages 
were extremely effective against EHEC O157 strains 
(38). The high host specificity of phage PI makes it as 
a bio-control agent to protect food from foodborne 
bacteria (E. coli O157:H7) without affecting probiot-
ic or beneficial bacteria in food.
    The burst size of phage PI was calculated based on 
the final concentration of the phage PI and the con-
centration of the E. coli O157:H7 cell that was in-
fected by the phage. The average burst size of phage 
PI was calculated about 193 PFU per bacterial cell. 

Analysis of phage PI one-step growth showed a mod-
erately short rise period and a large burst size that 
revealed high lytic activity and strong propagation 
of the phage and thus suggesting the PI as a good 
candidate for the bio-control purposes against E. coli 
O157:H7. It developed rapidly in the host cell and was 
completely lysed the host culture within 20 to 25 min 
with a rise period of 15 min. Generally, most Sipho-
viridae bacteriophages showed short latent periods 
and for many Myoviridae and Siphoviridae phages, 
typical burst size was ranged between 50-100 PFU 
per cell (22, 40). Therefore to develop bio-control 
methods against E. coli O157:H7 as antimicrobial 
agent in the food chain, these characteristics of iso-
lated phages could be applied, because the burst size 
is reasonably related to the phage propagation (41).
    In this study, challenge test in vitro against E. coli 
O157:H7 was performed by using phage PI in five 
different MOI up to 24 h (Fig. 4). This phage signifi-
cantly decreased E. coli O157:H7 in culture media 
at MOI 100, 10 and 1 rather than the control. The 
E. coli O157:H7 growth inhibition of phage phiLLS 
was pretty much similar to the PI phage that we have 
identified here (7). Also, no re-growth of bacterial 
cells was observed up to 24 h. The growth of bacteri-
al cells after this time was likely due to the presence 
of phage resistant host or bacterial insensitive mu-
tants (7, 42). PI lytic ability was significantly reduced 
at MOI of 0.01 because the concentration of phage 
was very low and many bacterial cells were not in-
fected and the division continued. The short length 
of this host growth inhibition activity of phage PI in 
this test recommends that phage PI may be a suitable 
antibacterial candidate against E. coli O157:H7.
   In conclusion, we have isolated a lytic phage, PI, 
against E. coli O157:H7. This phage is characterized 
by a wide host spectrum and belongs to the Sipho-
viridae family. Furthermore, this phage showed a 
short rise period and burst size of 193 PFU/infected 
cell and high lytic ability to inhibit the growth of E. 
coli O157:H7 cell. Based on all these characteristics, 
phage PI is recommended as a suitable bio-control 
agent in food safety. However, further in vivo exper-
iments are needed to ensure the safety of this phage. 
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