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Introduction 
 

Salmonella is rod shaped bacteria and their 

length is about 20 to 50 um and their width 

is about 7 to 15 um. Salmonella appear as 

gram negative bacteria under bacteriologic 

staining. They are facultative anaerobe and 

anaerobe and their ability to reproduce is 

best at room temperature, therefore they 

cause food intoxication (Özkalp, 2012). 
 

S. typhimurium is the cause of food 

poisoning all over the world (Mmolawa et 

al., 2001). Salmonellosis is a disease 

condition caused by a large group of 

bacteria of the genus Salmonella that can  

 

 

 

 

 

 

 

 

 

affect human beings throughout the world. 

Salmonella infection remains as a serious 

problem in the public health significance 

worldwide and causes large economic loss 

resulting from mortality, morbidity and poor 

growth with the hazard of transmitting food 

poisoning with gastroenteritis to human and 

represents a serious problem for the food 

industry. 

 

In the public health area Salmonella is a 

worldwide issue. People most at risk for 

serious problems due to Salmonella food 

intoxication include children, adults, 

Salmonella is Gram negative, rod-shaped bacteria S. typhimurium not only infects 

the humans but also infects the animal and poultry. Phage therapy is a method of 

treatment in which viruses are used to lyses the bacteria. The aim of this study was 

growth of bacteriophages against S. typhimurium.26 samples were collected from 

University of Agriculture Faisalabad out of which 5 samples were from poultry 

droppings, 5samples were from cow fecal, 6 stool samples were from cat, 5 stool 

samples were from sheep and horse. When these samples were cultured in 

Tetrathionate broth 21 samples showed turbidity. These 21 samples were cultured 

on Salmonella Shigella agar. 18samples showed colorless colonies on SS agar. 

These colonies were further streaked on Hardy CHROME SS agar after 24h 

incubation at 37
o
C large black and clear center colonies appeared on this media. 

Sewage water contains abundant S.Typhimurium serves as vulnerable and 

extremely flexible host for the development of phages, so 5 sewage water samples 

were collected. The plaque caused by the phages varies in size and is characterized 

by spherical zone. The number of PFU from phage lysate was ranging from 10
5 

×
10

6
pfu/ml.  
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pregnant women and people who have 

compromised immune systems. 

Salmonellosis is marked clinically in all 

hosts by one of three major syndromes acute 

enteritis or chronic enteritis, per acute 

systemic infection. Symptoms usually 

include nausea, headache, fatigue, vomiting, 

abdominal pain,gastroenteritis, and bloody 

diarrhea with mucus (Nesa et al., 2011). 

 

A temperate bacteriophage of family 

Podoviridae (P22) phage has interactions 

with S. typhimurium and it belongs to family 

Podoviridae. It is double stranded DNA 

phage with icosahedra procapsid head. O 

antigen present in the lipopolysaccharides 

(LPS) of Salmonella outer membrane works 

as a primary receptor for P22 (Jin et al., 

2015).  

 

E. coli O157:H7 is food born pathogen 

which causes infection. A phage against 

E.coli O157:H7 strain is FAHEc1 it has 

icosahedra head. It is a tailed phage which 

belongs to family myoviridae (Hudson, 

2013).  
 

Phages are viruses that infect bacteria for 

their existence (Rahaman et al., 2014). 

British pathologists in London in 1915 

discover the bacteriophages by an infectious 

agent of Micrococcus colonies (Tan et al., 

2008). In 1910 the bacteriophage 

phenomenon is first seen by Felix d’ Herelle 

a French-Canadian microbiologist during 

study the microbiologic methods of 

managing the locusts in Mexico (Golkar et 

al., 2013). Phages are highly host specific 

and they only attack a particular group of 

bacteria species. The host specificity is 

dependent on the development of detection 

system of the viruses, based on lock and-key 

theory (Sulakvelidze et al., 2001). 

 

The receptors on the bacterial host are 

identified by the protein on the phage (Tan 

et al., 2008). It is expected that there are a 

number of phages than any other organism 

in the world. In biosphere the phages are 

present everywhere and the number of 

phages directly proportional to the number 

of bacterial hosts. According to estimation 

in coastal sea water and fresh water, there 

are 10
6
 and 10

9
 tailed phages present 

respectively. There are minimum 12 

different groups of phages present and every 

phage is specific to its bacterial host. The 

lytic and lysogenic are two main types of 

phages. Bacterial host attacked by lytic 

phages replicate themselves swiftly and 

rupture the host cell. Lysogenic phages 

penetrate their genetic material into the host 

DNA. Therefore, lytic phages are mostly 

used to kill the bacteria. Bacteriophages 

reduce the chances of secondary infections 

because they are specific to their bacterial 

host so they can easily kill the 

microorganisms (Angela, 2006). 

 

On the other hand antibiotics cause the 

secondary infections because they affect the 

pathogens and normal flora of patients. At 

the site of infection bacteriophage replicated 

and lyses the pathogen which caused 

infection on the other hand antibiotics not 

only affect the pathogens which cause the 

infection but also move through the body. 

Phage treatment has no side effects, but 

antibiotic treatment cause allergy and 

secondary infections (Golkar et al., 2013). 

 

Materials and Methods 

 

Sample collection  
 

26 samples were collected from University 

of Agriculture Faisalabad out of which 5 

samples were from poultry droppings, 5 

samples were from cow fecal, 6 stool 

samples were from cat, 5 stool samples were 

from sheep and horse. Collected samples 

were analyzed for the presence of S. 

typhimurium. The Samples were cultured on 

Salmonella Shigella agar for isolation of 
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Salmonella. Then for isolation of S. 

typhimurium it was again cultured on Hardy 

CHROME SS agar. The colonies grown on 

plates were Gram stained and for further 

confirmation hemolysis, Catalase and 

coagulase test was performed. 
 

Bacteriophage collection and isolation                                                                                                   
 

6 sewage samples were collected and 

centrifuged at 10,000 × g for 10 min to 

remove solid particles and then filtered with 

0.22 μm pore syringe filters. For 

enrichment, isolation and purification of 

bacteriophages, modified methods were 

used. Salmonella grows overnight at 37 °C 

in NB to obtain pure bacterial cultures. 

0.1 mL of overnight pure cultures 

of Salmonella was inoculated into 10 mL 

NB and incubated at 37 °C shaker for 3h to 

grow exponential phase cultures. Filter 

sample supernatant (4.5 mL) was then 

mixed with 0.5 mL exponential phase 

bacterial cultures and 0.5 mL 10× 

concentrated NB and was incubated at 37 °C 

for 24 h. After incubation samples were 

centrifuged at 10,000 × g for 10 min, 

supernatants was filtered with a 0.22 μm 

filter syringe and was used as enriched 

phage (EP) samples (Akhtar et al., 2014). 
 

Plaque assay 
 

For plaque assay, a series of 10-fold 

dilutions were made. Pipette 0.9 ml of sterile 

PBS in tubes and then transfers 0.1 ml of the 

phage suspension into tube 1 and mix it. 

Using the same pipette, transfer 0.1 ml from 

tube 1 to tube 2 and mix it and so on. A 

single colony of overnight culture of S. 

typhimurium was inoculated into 5 ml of LB 

broth and incubated at 37 °C for 3 hours. 

Top agarose was aliquoted (3 ml) into tubes 

placed at 45 °C in a water bath. 0.1 ml 

phage and 0.5 ml S. typhimurium cells were 

added to the top agarose medium mixed and 

poured onto a nutrient agar plate. The plates 

were allowed to cool and incubated 

overnight at 37 °C. Plaques were observed, 

counted and the amount of phage was 

determined as plaque forming unit (Akhtar 

et al., 2014). 

 

Results and Discussion  
 

26 samples were cultured in Tetrathionate 

broth out of which 21 samples 21 samples 

showed turbidity after 24 hours incubation at 

37
o
C. Then these 21 samples were cultured 

on Salmonella Shigella agar. On SS agar 18 

samples appeared colorless colonies. 

Colonies were checked for their size, shape, 

margin and elevation macroscopically. Then 

these colonies were further streaked on 

Hardy CHROME SS agar. 18 samples 

appeared with clear black colonies in form 

of beadson Hardy CHROME SS agar (Table 

1). With specific number of identification 

culture plates were marked. Some 

biochemical tests Indole, methyl red test and 

Voges Proskauer were performed.H2S 

production was also seen which was 

positive. Triple sugar iron test was 

performed for confirmation of S. 

typhimurium. Out of twenty six samples 

nineteen samples were positive for methyl 

red, eighteen samples were negative for 

Voges Proskauer, eighteen samples were 

negative for indole, eighteen samples were 

positive for H2S, citrate and Catalase (Table 

2). 
 

S. typhimurium is present in excess in 

sewage water, which provides adjustable 

host for the development of phages. 

Through bacteriophages isolation protocol 

phage lysate was isolated and plaque assay 

was performed to confirm the phage titer. 

Six sewage water samples were collected for 

isolation of phage lysate specific for S. 

typhimurium. The morphology of single 

plaque varies in size. 

 

The Plaque caused by the phages varies in 

size and is characterized by the spherical 
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zone .The number of PFU from phage lysate 

were ranging from 1×10
5
 to 1×10

6 
pfu/ml 

(Table 3) 

 

The purpose of this study was to prepare 

specific phage lysate for S. typhimurium 

from sewage water because sewage water 

contains a lot of bacteriophages. S. 

typhimurium was isolated from fecal 

samples of different animals and from 

poultry. High occurrence of S. typhimurium 

was present in poultry. S. typhimurium cause 

salmonellosis in poultry and cause serious 

problem worldwide (Khan et al., 2007). 

When food and water are contaminated with 

stool or direct fecal oral route food borne 

illness among the people and transmission 

can occur. An important reservoir of 

Salmonellaserovar is the human stool that is 

grouping of micro- organisms based on their 

cell surface antigen (Kumar et al., 2009). 

The significance of Salmonellosis in public 

health sector is a growing anxiety day by 

day throughout the world and over the last 

several decades there have been significant 

shift predominant Salmonella serovars 

associated with human infections (Nesa et 

al., 2011). In the past Salmonellosis cause 

huge loss to society in many countries 

around the world. Annually two to four 

million cases have been reported and yet a 

significant number of cases have been 

unreported worldwide. The main cause of 

food borne illness is non-typhoid Salmonella 

and in Bangladesh (ICDDR, B) its 

increasing antimicrobial resistance is 

associated with high risk of hospitalization 

(Salam et al., 2003). In Bangladesh 66% 

cases of food borne illness is due to non - 

typhi Salmonella. In 1998 highest proportion 

(15%) was isolated and in 1995 it was less 

than 10% for other years (Nesa et al., 2011). 

S. typhimurium is a zoonotic pathogen 

which is transmitted through contaminated 

drink and food through direct and indirect 

contacts with infected pets and from person 

to person or contaminated materials 

(Anonymous, 2012; Cavallaro et al., 2011; 

Centers for Disease Control and Prevention, 

2010). S. typhimurium has a broad host 

range and is known to cause disease in 

humans, live stock, domestic fowl, rodents 

and birds (Chen et al., 2010; Lawson et al., 

2011; Rabsch et al., 2002). 

 

26 samples were collected out of which 5 

cow fecal samples, 6 stool samples from cat, 

5 stool samples from sheep, horse and 5 

poultry dropping samples. These samples 

were cultured in Tetrathionate broth out of 

twenty six samples twenty one samples 

showed turbidity in Tetrathionate broth. 

Eighteen samples showed colorless colonies 

on Salmonella Shigella agar. On Hardy 

CHROME SS Agar eighteen samples 

showed pure black colonies. For further 

confirmation biochemical tests were 

performed. Results of biochemical test are 

shown in table 2. 

 

In May 7, 2013 total of 146 persons infected 

with the outbreak strain of Salmonella 

typhimurium (S. typhimurium) have been 

reported from 26 states the Center for 

Disease Control and Prevention has 

estimated the most predominant isolated 

organisms in most S. typhimurium cases 

associated with the consumption of 

contaminated poultry, pork and beefproduct. 

Salmonella enteric serotypes Enteritidis and 

Typhimurium. One hundred samples of 

retail raw chicken meat andgiblets (Liver, 

heart and gizzard) which were collected. S. 

typhimurium was detected at rate of 44%, 

40% and 48% in chicken meat, liver and 

heart (El-Aziz, 2013). 

 

Eggplant fruit or aubergine (Solanumm 

elongena), is used worldwide as an 

ingredient in a variety of foods and is 

consumed as an appetizer. One of the most 

popular appetizer dishes in the world 
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Eggplant dip, known as meatball in Jordan 

(Panagou et al., 2013).In Turkish restaurant 

and in Australia in 2005 eggplant 

consumption was responsible for a 

Salmonella typhimurium outbreak (Gregory, 

2005). 

 

The most important food-borne diseases 

worldwide is Salmonellosis and its 

outbreaks commonly result from 

consumption of food contaminated by 

Salmonella. In 2013 according to the report 

published by European Food Safety 

Authority, Salmonellosis was still the most 

commonly reported zoonosis, with 82,694 

confirmed human cases and 59 reported 

deaths in the EU (Wang et al., 2016). 

 

In the collection accounting for 71% 

(164/232) of all Salmonella isolates 

Salmonella typhimurium was the 

predominant serovar. The second most 

prevalent serovar was S. enteritidis with 8% 

of all isolates.S. typhimurium accounts for 

over 60% of all cases Salmonella- associated 

diarrhea in horses (Duijkeren et al., 2002).  

 

Table.1 Results of culture isolates recovered from fecal specimen on the basis of cultural and 

morphological characteristics 

 

 

 

Fecal sample 

 

 

Sample size 

 

Gram negative 

coco bacilli and 

motile 

Colorless 

colonies with 

black centered 

on SS agar 

Pure black 

colonies on Hardy 

CHROME SS 

Agar 

Turbidity  

In Tetrathionate 

broth 

Poultry 5 4 4 4 4 

Cow 5 3 3 3 4 

Cat 6 4 4 4 5 

Sheep 5 3 3 3 4 

Horse 5 4 4 4 4 

Total  26 18 18 18 21 

 

Table.2 Results of Biochemical test on culture isolates of Salmonella spp. recovered from fecal, 

stool and poultry dropping samples 

 

Fecal 

Sample 

Sample 

size 

Methyl 

red (+) 

Voges 

Proskauer (-) 

Indole  

(-) 

H2S (+) 

 

Citrate 

(+) 

Catalase 

(+) 

Poultry 5 4 4 4 4 4 4 

Cow 5 3 3 3 3 3 3 

Cat 6 5 4 4 4 4 4 

Sheep 5 3 3 3 3 3 3 

Horse 5 4 4 4 4 4 4 

Total 26 19 18 18 18 18 18 
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Table.3 Results of Phage Titer calculation obtained from sewage water 

 

 

Sample No. 

Volume of phage 

plated(ml) 

Dilution Factor Average no of 

plaques 

Total no. of 

Phages (PFU/ml) 

Plaque 

size(cm)11 

1 0.1 10
3
 43 4.3×10

5
 (0.1 ±0.3) 

2 0.1 10
 2
 50 5.0×10

4
 (0.2±0.4) 

3 0.1 10
3
 30 3.0×10

6
 (0.2±0.3) 

4 0.1 10
 4
 54 5.4×10

6
 (0.2±0.3) 

5 0.1 10
2
 50 5.0×10

4
 (0.1±0.3) 

 

In France, S. typhimurium are also the 

predominant serovars in animals and 

humans, accounting together for over 80% 

isolated of the Salmonellae isolated (Breuil 

et al., 2000). 

 

PFU numbers from phage isolates were 

found to be as high as 10
5
-10

6
 pfu/ml. The 

overnight culture of S. typhimurium used in 

the research which provided overnight 

growing cells resulting in low production of 

progenies by the phages results the low PFU 

observed in this study.  

 

By using a broth or agar – plate method the 

propagation at required intervals, phage 

filtrates of high titer were maintained. 

Techniques used for propagation of phage 

on agar plates and in broth and for phage 

titration and typing were as previously 

(Williams and Rippon, 1952). 

 

Bacteriophages are the viruses that lyse the 

bacteria. Lytic phages multiplied inside the 

host cell. Lytic phages undergo the lytic 

infection cycle where they proliferated in the 

host cells and come out from host cells by 

lying procedure. Bacteriophages were faster 

to the bacterium cell wall throughout the 

progression and insert their DNA into the 

cell (Singleton, 1992). DNA phage and 

genetic material was replicated by using the 

host machinery and in this way encoding 

protein coat was transcribed systematically. 

Many viruses had been produced and the 

Salmonella Typhimurium was burst towards 

the end of the cycle (Akhtar et al., 2014). In 

contrast lysogenic phages incorporate their 

genetic material into the chromosomal DNA 

of the host or establishing themselves like a 

plasmid and come into the host cells in a 

non toxic situation.  Phages tend to be more 

successful than antibiotics where there was a 

biofilm covered by a polysaccharide layer, 

which antibiotics typically cannot penetrate 

(Prescott et al., 2005). Sewage water 

contains abundant S. typhimurium which 

serves as vulnerable and extremely 

adaptable host for the development of 

phages,so 5 sewage water samples were 

collected. The plaque caused by the phages 

varies in size and is characterized by 

spherical zone. The number of PFU from 

bacteriophages lysate was ranging from 

10
5
×10

6
 pfu/ml. 
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