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Background. Diarrhea caused by bacterial pathogens such as Shigella spp. is one of the prominent public health concerns. The
evolution of vast antibiotic resistance by these pathogens, leading to failure in the infections eradication, has made an impetus
to seek and develop novel approaches. Recently, some alternative therapies such as phage therapy have been investigated.
Bacteriophages are viruses that target specific bacterial species. The objective of this study was to assess the therapeutic effect of
phages obtained from hospital sewage against Shigella sonnei (S. sonnei) ATCC® 9290 and S. flexneri ATCC 12022 standard
and clinical strains. Methods. Four various lytic bacteriophages were isolated from animal fecal and sewage samples and
propagated using S. sonnei and S. flexneri as host organisms. The phages’ morphology was determined using transmission
electron microscopy (TEM). The lytic potential and host specificity of isolated phages were evaluated using double layer plaque
assay and spot test. Moreover, bacterial turbidity values were evaluated in coculture with phages in the Luria Bertani (LB)
medium for 24 hours at time intervals of 30min. Results. Phage cocktails (Shs1, Shs2, Shf1, and Shf2) exhibited higher
antimicrobial activity than single phage application against S. sonnei and S. flexneri standard strains. The phages belonged to
Podoviridae and Myoviridae families according to TEM-assisted morphological features analysis. In addition, the phages
exhibited host specificity using the spot test against 18 Shigella clinical isolates. Conclusion. In this study, phage cocktail of
Podoviridae and Myoviridae families from sewage conferred substantial antibacterial effects against S. sonnei and S. flexneri.
However, single phage effects were unstable in the LB coculture. Moreover, the phages had host specificity using the spot test
performed against Shigella spp. clinical isolates.

1. Introduction

Among the bacterial pathogens, Shigella species are among
the most common and leading isolates in patients with diar-
rhea which employ various virulence factors for severe forms
of infections [1, 2]. Shigella is a Gram-negative pathogenic
genus that causes bacillary diarrhea in humans. Shigella
species are transmitted through oral-fecal route and enter
the human body following contaminated water and food.

These bacterial species have low infectious dose being 101-
102 colony forming unit (CFU)/mL to cause infection [3].
Infection caused by this pathogen leads to severe and acute
inflammatory bowel disease characterized by watery diar-
rhea with purulent discharge. The emergence and spread
of multidrug-resistant (MDR) strains and their resulting
mortality are a major concern [4, 5]. In recent years, efforts
have been made to isolate and optimize phages (natural anti-
viral agents) to replace antibiotics [6, 7]. Phage cocktail is a
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mixture of several types of purified phage particles to kill all
subspecies of a pathogenic bacterium. The most important
feature of phages is the high efficient killing of host
bacteria. Even when lower particle doses are applied, the
phages still function unyielding. This is not the case with
the use of chemicals, and as the dose is reduced, treatment
responses decline dramatically. This is due to the so-called
“auto dosing” properties of phages [8–10]. Another advan-
tage is their narrow spectrum or host specificity of phages,
each infecting a particular range of bacterial species. The
phage character does not alter the normal flora of the body,
maintaining health conditions [9, 10]. Loss of normal flora
in the body leads to a decrease in some vitamins and
impaired intestinal functions. In spite of synthetic com-
pounds, phages exert no side effects. In previous studies,
phage-based products have been employed mainly in food
and limited to microbial species including E. coli O157:H7,
Listeria monocytogenes, Campylobacter, and Salmonella spe-
cies [8, 10–12]. The advantages of using bacteriophages as
natural food preservatives include high specificity, low cost,
self-limiting, and the possibility of isolation from various
environmental sources. Despite the benefits mentioned,
some challenges remain such as phage resistance, side
effects, positive and negative phage convergence, and the
possibility of virulent phage mutation and alteration to
moderate (lysogenic) phage for efficient combating against
pathogens [13–15]. Noticeably, the antibacterial effects of
various phages environmental from environmental sources
have been delineated against several bacterial pathogens
such as Klebsiella pneumonia, Acinetobacter baumannii,
Staphylococcus aureus, E. coli, and Shigella species giving
admissible results [6–15]. The aim of the current survey
was to assess the therapeutic effect of phages cocktail and
single form obtained from hospital sewage in Southern Iran
against S. sonnei ATCC® 9290 and S. flexneri ATCC 12022
standard strains.

2. Methods

2.1. Bacterial Strains. S. sonnei ATCC® 9290 and S. flexneri
ATCC 12022 standard strains were obtained from Iranian
National Center for Genetic and Biologic Resources. Eigh-
teen clinical isolates were also collected for assessment of
host-specific antibacterial assay. Additionally, Staphylococ-
cus aureus (S. aureus) ATCC 43300 was employed as the
control. The strains were subcultured onto the blood agar
(Merck, Germany) and MacConkey (Merck, Germany, for
Shigella species) media and kept at -20°C until further exper-
iments. Furthermore, 18 clinical isolates of both species were
collected and identified using biochemical tests.

2.2. Antibiotic Susceptibility Test. The antibiotic susceptibil-
ity test was implemented according to the procedure pro-
vided by clinical and laboratory standards institute (CLSI)
version 2020. The disks included amoxicillin (30μg), imipe-
nem (10μg), erythromycin (30μg), ciprofloxacin (5μg), co-
amoxiclav (30μg), gentamicin (30μg), cefotaxime (30μg),
ceftazidime (30μg), and tetracycline (30μg). S. aureus
ATCC25923 and Escherichia coli ATCC25922 were used as

control of the test quality [16]. Nonsusceptibility to at least
one antibiotic in three groups was defined as the MDR as
per the CLSI guidelines.

2.3. Isolation of Phages. Hospital sewage (Fasa Vali-Asr Hos-
pital, south of Iran) and animal fecal samples (200mL) were
collected at different time points. The samples were stored at
4°C and processed during 48hrs. Next, the samples were
centrifuged at 5000 rpm for 5min, and the supernatant was
passed through the 0.22μM filters and used for antibacterial
assays. Ten microliter of each supernatant solution was
added to 99mL of Luria Bertani (LB) medium, and also
0.1M of each CaCl2 and MgSo4 was added. The solution
was placed in a shaker (120 rpm) at 37°C for 16 hrs. Then,
the solution was centrifuged at 5000 rpm at 4°C for 7min.
The supernatant was passed through the 0.22μM filter paper
(PALL Acrodisc, Port Washington, NY, USA) and diluted
serially [17, 18].

2.4. Double Layer Plaque Assay. In each sterile tube, 100μL
of supernatant suspension was added and diluted 10-1-10-6

times into SM solution (5.8 g NaCl, 2 g MgSo4, 7H2O,
5mL of 1M Tris, and 5mL of 2% gelatin in a total volume
of 1 liter). Also, 200μL of bacterial suspension in the loga-
rithmic phase was added to each tube, and subsequently,
3mL of melted agarose (soft agarose, 0.7%) was added and
mixed and immediately poured into agar plates. Then, the
plates were incubated at 37°C for an overnight. In case of
phage presence, after the multiplication in the agar medium,
the plaque formation was observed.

2.5. Spot Assay. In this test, after mixture of 200μL of bacte-
rial isolates with 3mL of soft agar and pour in agar plates,
10μL of lysate suspension (109 pfu/mL) was added in three
spots and incubated at 37°C overnight. The positive result
was confirmed following observation of no-growth zones
indicating bacterial lysing property.

2.6. Purification of Phage. For differentiation of probable
multiple phages or isolation of each phage singly from pla-
que or inhibition zones, the plaque assay stage was repeated
in triplicate to obtain pure plaque from each phage. For
phage precipitation, 5X ethylene glycol (PEG) was used.
Phage suspension and PEG were mixed in a ratio 1 : 5 in a
50mL falcon and hand-shaked gently for a minute and
placed onto ice. Next, the falcons were immediately centri-
fuged at 4°C and 9000 rpm for 15min. The upper part of
the supernatant was removed, and centrifugation was
repeated. The tube precipitate was observed, and the tube
was dried. The precipitates were solved into SM solution.
The fluid was taken using filter paper after 10min. The
images of phages morphologies were taken using TEM
(EM10c, Zeiss) [17–19].

2.7. Phage Morphology Determination. The morphology of
phages was determined using transmission electron micros-
copy (TEM). Briefly, one droplet of pure phage suspension
was placed on the copper mesh covered with carbon for
5min. Next, the phage was taken using a pipette and stained
using uranil acetate (TAAB Laboratory, UK).
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2.8. Assessment of Antibacterial Effects of Phages. Antibacte-
rial effects of single and cocktail phages were assessed as pre-
viously described [19, 20]. Briefly, S. sonnei ATCC® 9290
and S. flexneri ATCC 12022 standard strains were cultured
into the LB medium with shaking at 40 rpm at 37°C to reach
logarithmic phase of growth. Next, single and cocktail
phages (a ratio of 1 : 1 : 1) at 8 log PFU/mL were subjected
to bacterial suspensions at MOI (multiplicity of infection)
values of 10 and 5, respectively, for 24 hrs and time intervals
of 30min.

2.9. Host Specificity Using Spot Test. In order to evaluate the
specific effects of each phage to inhibit the bacterial growth,
10μL of lysate phage (at concentration of 8 log PFU/mL)
was taken and subjected to 0.5% bacterial LB agar bacterial
lawn culture. Following incubation at 37°C for 18-24 h, the
plaque formation and size were observed with naked eye to
determine specific effect [19, 20].

2.10. Data Analysis. The data was analyzed using SPSS, version
21, and applying chi-square and Mann–Whitney test, in
which a p value <0.05 was considered as a significant finding.

3. Result

3.1. Antibiotic Resistance Pattern of S. Sonnei. Of 18 S. sonnei
isolates, the majority of them were resistant to amoxicillin
(15/18, 83.4%), tetracycline (15/18 and 83.4%), ceftazidime
(14/18 and 77.8%), co-amoxiclav (12/18 and 66.7%), eryth-

romycin (9/18 and 50%), ciprofloxacin (12/18 and 66.7%),
and cefotaxime (14/18 and 77.8%). Resistance against imipe-
nem (7/18 and 38.9%) and gentamicin (6/18 and 33.4%) was
lower (Figure 1). The rate of MDR S. sonnei was 45% and 8/
18.

3.2. Phage Isolation and Antibacterial Assessment. Using the
spot test, four phages with potential of specific antibacterial
effects against S. sonnei and S. flexneri standard strains were
isolated. The double layer agar technique was also per-
formed for the separation of those phages with higher activ-
ity. All the phages were from sewage samples (Figure 2).

3.3. Phage Morphological Characterization Using TEM. The
TEM analysis depicted that Shf1 and Shf2 phages were dif-
ferent, while Shf2 and Shs2 were similar (Figure 3). Other
features of phages have been represented in Figure 3.

In the LB medium, the growth inhibitory effect of phages
4 against Shigella spp. outlined that after 24 hrs of coculture,
phage cocktail (Shs1, Shs2, Shf1, and Shf2) exerted higher
antibacterial activity compared to the single each phage.

3.4. Host Specificity. The host specificity of phages was eval-
uated using spot test and clinical isolates of S. sonnei (n = 10)
and S. flexneri (n = 8). Totally, 83% isolates were susceptible
to cocktail phage (Shs1+ Shs2+ Shf1+ Shf2), while each sin-
gle phage exerted lower antibacterial effect.

3.5. Phage Cocktail Effect against Standard Strains. The anti-
bacterial effect of cocktail phage (Shs1 + Shs2+ Shf1 + Shf2)
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Figure 1: The antibiotic susceptibility test.
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Figure 2: The plaque assay: (a) plaques following phage effect against S. sonnei; (b) plaques following phage effect against S. flexneri.
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against S. sonnei and S. flexneri standard strains in LB
medium exhibited stable inhibition compared to that of sin-
gle phage exposure. Hence, the cocktail conferred signifi-
cantly higher growth inhibitory effect (Figures 4 and 5).

We observed that cocktail phage had wider antibacterial
activity compared to single phage against Shigella spp.
strains (Figure 6). Moreover, most of isolates except for
two susceptible strains were susceptible to cocktail phage.

4. Discussion

In this study, phage cocktail from sewage which included
Shs1, Shs2, Shf1, and Shf2 conferred substantial antibacterial
effects against S. sonnei and S. flexneri. However, single
phage application effects were unstable. Shs1, Shs2, Shf1,
and Shf2 phages belonged to Podoviridae and Myoviridae
families according to the TEM morphological features.
Moreover, the phages had host specificity using the spot test
performed against clinical isolates.

In a study, lytic bacteriophage isolated from wastewater
conferred antibacterial and antibiofilm effects against
colistin-resistant A. baumannii clinical isolates [21]. In
another study, Ghajavand et al. [22] obtained two lytic
phages for Acinetobacter baumannii from hospital effluents,
which had a narrow host range, and both phages signifi-
cantly reduced the turbidity of A. baumannii, indicating

potential agents for controlling these species. In an in vitro
study, the human brain and bladder cell lines were grown
in the presence of A. baumannii and bacteriophage specific
for this bacterium, which significantly reduced lactate dehy-
drogenase compared to samples without bacteriophage
treatment, which highlighted that phages can protect human
cells from A. baumannii cell invasion.

In an in vivo study, a bacteriophage against carbapenem-
resistant A. baumannii was isolated from wastewater, and
using Galleria mellonella and a model of mice with acute
pneumonia, the antibacterial effect of phages showed no
mortality or serious side effects in phage-treated groups,
and acceptable results and short-time treatment were
achieved in the phage-treated group in two animal samples
[23]. In a study comparing antibiotics and phages in the
treatment of Klebsiella spp. wound infections, phage delin-
eated the highest therapeutic effects at different doses com-
pared to the gentamicin and silver nitrate [24]. In
Soleimani et al.’s study, the antibacterial effect of bacterio-
phage isolated from urban wastewater was evaluated to treat
mice with pneumonia caused by K. pneumoniae and finally
reduced the bacterial count compared to the control
group [25].

Similar to our study, phage cocktail against S. sonnei and
S. flexneri inhibited the bacterial growth compared to single
form of each phage [8]. In a study in South Korea, a virulent

0
0.2
0.4
0.6
0.8

1
1.2
1.4

30
 m

in
1.

5 
h

2.
5 

h
3.

5 
h

4.
5 

h
5.

5 
h

6.
5 

h
7.

5 
h

8.
5 

h
9.

5 
h

10
.5

 h
11

.5
 h

12
.5

 h
13

.5
 h

14
.5

 h
15

.5
 h

16
.5

 h
17

.5
 h

18
.5

 h
19

.5
 h

20
.5

 h
21

.5
 h

22
.5

 h
23

.5
 h

Lo
g 

O
D

Shf

Time

Shf1
Shf2

Cocktail
Gentamicin

Figure 4: The antibacterial effects of phages against S. flexneri in the LB medium.

Morphology Shs1 Shs2 Shf1 Shf2

Podoviridae Myoviridae Podoviridae Myoviridae

Icosahedral Hexagonal Icosahedral Hexagonal

5 ± 90 nm 5 ± 50 nm 10 ± 85 nm 5 ± 45 nm

5 ± 70 nm 5 ± 170 nm 5 ± 50 nm 5 ± 180 nm

ICTV: International Committee on Taxonomyo f Viruses

Phage

ICTV classification

Electron micrograph

Head morphology

Head diameter

Tail size

Figure 3: The features of phages isolated in this study.
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Myoviridae bacteriophage, pSs-1 from environmental sam-
ples exhibited antibacterial effect against S. sonnei and S.
flexneri and suggested to have the ability to replace antibi-
otics in the treatment of shigellosis [26].

Bacteriophages have had the ability to reduce S. flexneri
by 2 logs, which suggests that phages have a high potential
to develop an alternative strategy against S. flexneri contam-
ination in food [7]. A specific bacteriophage against S. flex-
neri 2457T, and by testing the culture curve and infection
assay with HT-29 colorectal adenocarcinoma cells and a
human intestinal-derived epithelial monolayer model, was
able to eradicate S. flexneri 2457T. The phage also prevented
the attachment and invasion of S. flexneri 2457T to epithelial
cells in both models of infection [5]. Employment of cocktail
forms of phages has conferred substantial antibacterial effects

compared to single forms, though more in-depth studies are
required [27, 28]. Previous studies have unraveled that
phages can be proper to hinder and control bacterial patho-
gens [5, 7–27]. Major limitations of our study included low
number of clinical isolates, lack of performance of phage sta-
bility tests in various temperatures and pH, lack of biofilm
formation and antibiofilm assessment of phages, and
sequencing of phages.

5. Conclusion

In this study, phage cocktail from sewage which included Shs1,
Shs2, Shf1, and Shf2 conferred substantial and host-specific
antibacterial effects against S. sonnei and S. flexneri. However,
single phage application effects were unstable. Shs1, Shs2,

Strain No Shs1 Shs2 Shf1 Shf2 Cocktail
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2

3

4 (MDR)
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9 (MDR)

10 (MDR)
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12 (MDR)
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14 (MDR)
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MDR: multidrug ‐resistant

Figure 6: The host/strain specificity of bacteriophages; single phage had narrow activity while cocktail phage exhibited vast antibacterial
activity.
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Figure 5: The antibacterial effects of phages against S. sonnei in the LB medium.
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Shf1, and Shf2 phages belonged toPodoviridae andMyoviridae
families according to TEMmorphological features. Moreover,
the phages had host specificity using the spot test performed
against clinical isolates.

Data Availability

The data will be available by the request from the corre-
sponding author.
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