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Introduction  
The bacterial genus Salmonella includes 
Gram-negative facultative anaerobic          
bacillus. The natural habitat of Salmonella 
bacteria includes the lower part of the       
digestive tracts in animals and humans. 
Therefore these bacteria are normally shed 
through feces and infections in human 
most often happens through the use of 
contaminated food and water with fecal      

materials.1 Globally, infections due to        
Salmonella species are a major cause       
of mortality and morbidity. Typhoidal      
Salmonella such as Salmonella typhi is 
responsible for typhoid fever in humans. 
Typhoid fever which is a life-threatening 
infection especially to children, elders and 
immunosuppressed patients and it has 
been found to cause a high burden on    
public health.2 Infection with non-typhoidal 

Background and objective: Salmonella typhi is the causative agent of enteric fever while 
Salmonella enteritidis causes gastroenteritis. Lytic bacteriophages can be applied as            
biocontrol agents to prevent Salmonella infections. The purpose of this study was to           
prepare a proper Salmonella phage therapy candidate to be used against pathogenic           
Salmonella enteritidis and Salmonella typhi. 
Methods: We used clinical isolates of Salmonella typhi and Salmonella enteritidis as host 
bacteria, to isolate Salmonella-specific phages from raw sewage water in four locations 
(Bahrka, Farmnbaran neighborhoods, Korey and Shaqlawa towns) in Erbil district. We            
assessed the efficacy of this phage as a biocontrol agent against Salmonella enteritidis           
in-vivo using four groups of 8 pathogen-free duck chicks. A group was kept as uninfected 
control while the other three groups were artificially infected with a clinical strain of               
Salmonella enteritidis. Two of the infected groups were treated by oral administration of 
phage suspension using two different doses of Salmonella enteritidis phage (7 and 12 
Log10 Plague Forming Unit respectively). To compare the bacterial growth dynamics 
among the infected groups, one group was kept untreated. 
Results: We found that the four sewage samples contained bacteriophages for the two 
bacterial isolates with different plaque diameters and morphology. Salmonella enteritidis 
phage isolates collected from the Farmanbaran neighborhood showed the best lysing        
efficacy in-vitro hence it was selected to be tested in-vivo experiment. Phage-treatment  
significantly reduced the colonization burden of Salmonella enteritidis in feces and cecum 
contents of the experimentally infected chicks. 
Conclusion: These results suggest that using Salmonella phage could be a good agent to 
control Salmonella. 
Keywords: Salmonella-Phage; Salmonella enteritidis; Typhoid Fever; Gastroenteritis; 
Foodborne-Pathogen.  
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Salmonella such as Salmonella enteritidis 
leads to gastroenteritis.3 It has been found 
that Salmonella enteritidis represents 60% 
of salmonellosis in European countries.4 

Severe gastroenteritis and diarrheal         
diseases represent one of the leading 
causes of death in low-income countries 
with an estimation of 1.5 million deaths  
recorded in 2019.5 
There are over 2600 different serotypes 
related to Salmonella enterica which          
explains that Salmonella has the capability 
to adapt to the human hostit infects. It is        
a zoonotic pathogen can be transmitted       
to humans by almost all the food              
chains including vegetables, fruits, beef, 
and poultry meats, and is implicated in               
the outbreaks of bacterial-associated        
foodborne disease in many countries.6, 7 

Control of Salmonella in beef and poultry 
farms is challenging and it currently        
depends on the use of antibiotics causing   
a considerable financial burden for the 
farmers and consumers. Additionally, the 
continuous emergence of multi-drug-
resistant Salmonella strains has been 
documented in poultry fields.8 This            
indicates that the pathogen will be a               
significant future threat to global health.  
For example, there is evidence that               
some Salmonella isolates including            
Salmonella enteritidis and Salmonella        
typhimurium have developed resistance to 
multiple antibiotics including ampicillin, 
streptomycin, tetracycline, nalidixic acid, 
sulfisoxazole.9  Therefore, there is a need 
for new cost-effective treatment strategies 
to replace conventional antibiotics for          
controlling such zoonotic bacteria. 
Bacteriophage therapy is a promising way 
to replace antibiotics and it has                 
recently gained considerable attention.10 

Bacteriophages are very abundant in the 
environment and they are powerful            
predators of specific bacteria. In                
comparison to antibiotics, bacteriophages 
have high host specificity granting them  
the major advantage as they target only 
specific bacteria without causing any harm 
to the beneficial normal flora in the gut.       

Methods 
Culturing of host bacteria 
Bacterial samples including Salmonella 
typhi and Salmonella enteritidis were        
obtained from Medya Diagnostic              
Center- Erbil. To examine the effect of 
phages on bacterial load in-vivo, the duck 
fecal samples were analyzed using             
a standard microbiological approach.13, 14 

Briefly, one Gram of fecal sample was 
taken and directly transferred to tubes         
containing 9 ml selenite F broth then        
incubated at 370C for 24 hours. After 
measuring the optical density for the tubes, 
0.1ml from the broth mediums was used to 
streak on each Salmonella Shigella agar 
(SSA, Thermo Scientific, USA) and Xylose 
Lysine Deoxycholate (XLD, Thermo          
Scientific, USA) agar. Agar mediums were 
incubated for 48 hours at 370C. After the     

Unlike antibiotics, phages may cope with 
the bacterial defense mechanism, and with 
their smaller size and faster replication 
rate, they can evolve higher virulence 
when bacteria develop anti-phage             
resistance.11 An additional advantage of 
bacteriophages includes their natural             
self-clearance straight after clearing            
targeted bacterium in the biotic                     
environment where the phage-bacterium 
interaction occurs.12 
Previous research has demonstrated that 
Salmonella infections pose a big challenge 
to public health in Iraqi Kurdistan,            
particularly in the growing urban.2  Our aim 
in the current study was to isolate powerful 
lytic phages against Salmonella species. 
To do this, we carried out in-vitro and             
in-vivo trials to assess the antibacterial  
efficacy of eight Salmonella- phages             
isolated from sewage water sources          
collected in four different locations in Erbil 
city. We compared the phages’ ability to 
control the growth of Salmonella typhi and 
Salmonella enteritidis in-vitro and then         
selected the best Salmonella enteritidis 
phage candidate to assess its lytic efficacy 
in reducing colonization of Salmonella           
enteritidis in-vivo.  
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colony counting procedure, and sub-
culturing on nutrient agar plates, pure        
cultures were chosen for Gram-staining, 
motility testing, and oxidase testing.14        

Generally, colonies of approximately 3mm 
in diameter, Gram-negative rod-shaped 
were considered Salmonella species. Other 
biochemical tests used included catalase, 
oxidase, nitrate reduction test, glucose       
fermentation (and gas production), growth 
on citrate, production of H2S on triple sugar 
iron, and hydrolysis of urea and indole 
(Table 1). 
Salmonella enteritidis was determined        
using Salmonella test kit- OxoidUK. This 
was carried out by mixing a drop of saline 
with 2 mm of suspected colonies from XLD 
agar on the kit reagent card to produce            
a thick suspension.15 The suspension was 
gently mixed with the Latex Reagent using 
a clean stick for 30 seconds then it was 
gently shaken three times. The suspension 
was examined for agglutination/ clumping 
for two minutes. Agglutination within two 
minutes was considered a positive result.15 
One day before the in-vivo assay 10mL of 
sterile Brain Heart Infusion Broth (BHI, 
Thermo Scientific, USA) inoculated with           
a loop full of Salmonella from XLD agar 
and incubated the bacteria at 37°C          
overnight. In the morning of the assay,            
0.5 ml of the overnight culture was added 
to 10mL of fresh BHI broth. The newly          
incubated broth was incubated at 37°C in 
an incubator for approximately 2 hours until  

the bacterial culture was in log-phase 
(optical density = 600 nm) then the culture 
was kept at room temperature until the 
bacteria were added to the top BHI agar 
(0.6% agar) for plague assay.16 
Phage preparation and in-vitro              
experiment 
Four sewage samples of 5ml were           
collected during November 2021 from each 
of four geographical locations including 
Bahrka, Farmnbaran neighborhoods,          
Korey, and Shaqlawa towns in Erbil district. 
To each of the sample tubes, 0.1 ml          
Chloroform was added and kept in the 
fridge until processing. On processing day, 
tubes containing sewage samples were 
centrifuged at 10,000 rpm for 5 minutes 
and filtered using sterile Batman filter          
paper. This was followed by mixing 250μl 
of the phage sample with 250μl of a freshly 
incubated bacterial sample (described 
above), 4 ml of top BHI supplemented with 
0.6% agar at 45 °C and 500μl of sterile 
CaCl2 then gently shaken for 30 seconds. 
The mixture was poured on the bottom  
BHI supplemented with 1.5% agar and         
left at room temperature to solidify then 
incubated at 37°C overnight. The plates 
were examined for plaque under a manual 
colony counter (IUL - Spain). Phage          
samples coded from 1 to 4 depending on 
the average plague size they could         
produce on the plates of Salmonella typhi 
(STPH1, STPH2, STPH3, and STPH4) and 
Salmonella enteritidis (SEPH1, SEPH2,     
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Table 1 Biochemical tests were carried out to confirm the identification of Salmonella 
typhi 

No Biochemical tests Results 

1 oxidase Negative 

2 Catalase Positive 

3 Reduce nitrate to nitrite Positive 

4 Growth on sole carbon source using citrate Positive 

5 Glucose fermentation and production of acid and gas Positive 

6 H2S production triple sugar iron Positive 

7 Hydrolyzing indole and urea. Positive 

https://doi.org/10.15218/zjms.2024.042�


Application of salmonella phage to reduce in-vitro ...               Zanco J Med Sci, Vol. 28, No. (3), December 2024 
https://doi.org/10.15218/zjms.2024.042 

4  432 

SEPH3, and SEPH4). Where the sample 
numbers represented plague size                
ascendingly from the smallest plague in 
diameter ranging from an average of 1mm 
to the largest 3 mm. Progeny of one          
strain of “SEPH4” phage was prepared        
by selecting a single plague from the       
Farmanbaran sample and propagating on 
its Salmonella enteritidis hosts before             
starting an in-vivo trial.16 
Experimental infection of duck 
chicks 
After granting ethical approval by the         
Human Research Ethics Committee 
(HREC) at Salahaddin University-Erbil 
(SUE), thirty-two commercial duck chicks  
of 1-day old were obtained from a local 
market in Erbil and divided into 4 groups of 
8 isolated cages. To examine whether the 
duck chicks were free of Salmonella, all  
the chick groups were housed for 2 days 
and their droppings were daily cultured to 
confirm that they are not contaminated with 
Salmonella. After confirming the absence 
of Salmonella from droppings, on day 
three, the chicks were randomly divided 
into four groups (A, B, C, and D) using          
a 1.5 m2 cage leaving a 1.5 m distance              
between the cages. Three groups (B, C, 
and D) were artificially infected with            
Salmonella enteritidis by orally inoculating 
1ml of the bacterial sample with a bacterial 
dose of 1*105 Colony Forming Unit (CFU) 
while group A was kept as an uninfected 
control group in which the chicks were       
administered an equal volume of sterile  
water. After the infection procedure, on         
a subsequent day, groups “B” and “C” were 
treated by orally inoculating chicks with 1ml 
of SEPH4 bacteriophage samples using 7 
log10 PFU for group “B” and a higher dose 
of 12 log10 PFU for group “C”. Group “D” 
was kept as untreated infected control         
and the chicks were orally administered 
with 1ml of sterile water. Live weight,                   
photographs of head and beak, and             
mortality were recorded for all the birds on 
daily basis. Clean disposable plastic table 
sheets were placed under the cages every 
night to be able to collect fresh fecal             

samples. Every day starting from day 2 to 
8, the total number of Salmonella was        
assessed using fecal samples pooled for 
each group. Briefly, the total count of       
Salmonella was assessed by taking 1gm of 
pooled fecal sample from each of the four 
groups and transferring it to 9ml of selenite 
F broth. Homogenized suspension of fecal 
samples (1gm weight per 9ml volume)   
prepared and serially diluted to 1/105 using 
the same broth medium. An amount of 
0.1ml from each dilution was spread plated 
onto SSA and incubated under the aerobic 
condition at 37°C for 24 hours. Salmonella 
colonies were counted using a manual  
colony counter (IUL Spain). On day 9, all 
the chicks were euthanized and cecum 
content samples were taken for the          
enumeration of the total number of the  
bacterial host per Gram of cecum content 
as described above.16, 17 
Statistical Analysis 
An ordinary One-Way ANOVA test was 
used to examine the differences in            
Salmonella CFUs in fecal samples among 
the 3 experimental groups. An average of 
three replicas of pooled fecal samples 
were taken for every day counted from day 
1 to 8 for each of the three of infected 
groups and considered as dependent       
variables while bird groups as independent 
factors. CFU values were transformed to 
natural logarithms (Ln) to achieve normal 
distribution. Differences in the bacterial 
CFUs (dependent variables) of cecum         
contents among the three infected groups 
(independent variables) were examined     
at the last day of the experiment using        
ordinary One-Way ANOVA. All the             
statistical tests were performed in Prism 
biograph-7.  P value <0.05 was considered 
statistically significant.  

Clinical isolates of Salmonella enteritidis 
and Salmonella typhi were used as             
indicator hosts for lytic bacteriophage          
selection from wastewater samples. 
Straight after the collection, phage-
containing samples were treated with         

Results 
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chloroform to get rid of unwanted bacteria 
and other microbial backgrounds. After the 
enrichment step, plaque assay was used  
to investigate the existence of a virulent 
phage. Using Salmonella enteritidis,         
bacteriophages with a range of lytic          
activities were isolated from the four      
wastewater samples. The phage isolates 
significantly differed in their plague size, 
One-Way ANOVA, F (3, 36) = 24.36,         
P <0.001 (table 2 and figure 1A). 
Bonferroni's multiple comparisons test 
showed that plague size of Farmanbaran’s 
sample with a mean size of 3.16 mm,         
SD = 0.81 was significantly larger than the 
mean of other three samples including 
Bahrka, (mean = 2.3, SD = 0.46), Korey 
(mean = 1.5, SD = 0.38) and Shaqlawa      

(mean = 1.2, SD = 0.50). Depending on        
its lytic activity, a phage sample from        
Farmanbaran (SEPH4) was selected for an 
in-vivo study. 
All four wastewater sources also contained 
Salmonella typhi phage with a large              
difference in their plague size, One-Way 
ANOVA, F (3, 36) = 103.1, P <0.001 (Table 
2 and Figure 1B). Similarly, Farmanbaran’s 
sample formed the most virulent phage 
with significantly larger plaque size            
(mean = 5.12, SD = 0.67) than Bahrka 
(mean = 2.03, SD = 0.5) and Shaqlawa 
(mean = 1.82, SD = 0.38) with P <0.001. 
The difference in the mean plague size  
between Farmanbaran and Korey (mean = 
4.63, SD = 0.55) was not significant             
(P >0.5).  

Table 2 Plague size, plague morphology, and the initial concentration for 8 bacteriophage 
isolates from four locations in Erbil City 
Phage 
isolate 

Location in 
Erbil 

Mean plaque          
diameter in mm (SD) 

P value Plaque morphology PFU/ml 

SEPH1 Shaqlawa 1.2 (0.50) <0.001 clear 6 * 102 
SEPH2 Korey 1.51 (0.37) <0.001 clear 5 * 102 

SEPH3 Bahrka 2.3 (0.46) <0.001 turbid 6 * 102 

SEPH4 Farmanbaran 3.16 (0.81) <0.001 clear 8 * 102 

STPH1 Shaqlawa 1.82 (0.38) <0.001 turbid 7 * 102 

STPH2 Bahrka 2.03 (0.49) <0.001 turbid 9 * 102 

STPH3 Korey 4.63 (0.55) <0.001 clear 3 * 102 

STPH4 Farmanbaran 5.12 (0.67) <0.001 clear 2 * 102 

Figure 1 Showing plaque formation by Salmonella enteritidis phage (A) and plague              
formation by Salmonella typhi phage (B) on BHI agar plates  

 

A B 
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In the in-vivo experiment, pooled fecal 
samples from each of the four groups           
included A: uninfected control, B: infected 
and treated with a low dose of Salmonella 
enteritidis phage (7 log10 PFU), C: infected 
and treated with a high dose of Salmonella 
enteritidis phage (12 log10 PFU) and         
D: infected and kept as untreated control 
until the end of the experiment. No colonies 
of Salmonella enteritidis were detectable in 
fecal samples of Group A (uninfected          
control) and hence data of this group was 
excluded from all the subsequent analyses. 
There was a significant difference in the       

average burden of live Salmonella in the 
pooled fecal samples collected over 8 days 
of the three infected groups (B, C and D), 
One-Way ANOVA test (P < 0. 001) (Figure 
2). Bonferroni's multiple comparisons test 
showed that the untreated group D had  
significantly higher bacterial counts (total 
CFUs) in their pooled fecal samples than 
Group B which received 7 log10 PFU 
phage (P = 0. 001) and Group C which  
received 12 log10 PFU (P = 0. 002).         
Difference in the bacterial counts between 
the two treated Groups (B and C) was not 
significant (P >0.05).  

Figure 2 Effect of phage administration on reducing Salmonella enteritidis counts in chick 
feces (total number of Salmonella per 1gm feces, mean of three duplicates combined± 
SD). Group B (lined bar) was treated with 7 log10 PFU and Group C (shaded) was treated 
with12 log10 PFU of Salmonella enteritidis phage against untreated control group D (plane 
bar). 
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Salmonella is considered to be one of        
the most common foodborne pathogens 
affecting millions of people worldwide.18       

It has been estimated that at least 535 000 
disease cases due to S.enterica occurred 
during 2017 which has led to over 77 500 
deaths and the fatality cases are likely             
to increase with the continuously                
evolving antimicrobial resistance risks.19 

WHO 2015 report suggested that diarrhea 
caused mostly by non-typhoid Salmonella 
represents 70% of all foodborne               
diseases.20 In this study, eight strains of 
Salmonella phages were isolated from         
four geographically separate locations,  
prepared and tested them against two        
subspecies of Salmonella including S. typhi 

Discussion 

in-vitro and the non-typhoidal S.enteritidis 
in-vitro and in-vivo. It was found that  
phage isolates from the Farmanbaran 
neighborhoods had the highest lytic             
efficacy against both subspecies of           
Salmonella. The most virulent phage strain 
was chosen and propagated in the lab          
before using it in an in-vivo trial using duck 
chicks as an animal model. Examination of 
fecal samples and cecum contents showed 
that phage therapy could significantly          
reduce Salmonella colonization in chicks  
in comparison to the untreated group               
of experimentally infected birds which              
consistently harbored a high burden of  
Salmonella. 
Isolation and selection of the appropriate 
bacteriophage strain are critical to               
successfully treating bacterial infections.21  
In the present study, four separate             
locations were found to contain Salmonella 
phages, but the biological characteristics  
of the phage isolates greatly varied both 
within and between the locations. Phages 
with the largest plague diameter were   
more abundant in the wastewater              
sample collected from the Farmanbaran               
neighborhood. Generally, the existence of 
bacteriophage in an environment might         

There was a large difference in total counts 
of Salmonella in the cecum contents        
between the treated and untreated groups, 
One-Way ANOVA test, (P <0.001) (figure 
3). Bonferroni's multiple comparisons test 
showed no significant difference (P >0.05) 
in the bacterial counts of cecum contents 
between group B (treated with a lower  
dose of phage) and group C (treated with            
a higher dose of phage).  

Figure 3 Salmonella enteritidis counts in ceca contents (mean of the total number of       
Salmonella per 1gm cecum for 8replicas/group± SD). Group B (lined bar) was treated with 
7 log10 PFU and Group C was treated with 12 log10 PFU (shaded bar) of Salmonella           
enteritidis phage against untreated control group D (plane bar). 

https://doi.org/10.15218/zjms.2024.042�


Application of salmonella phage to reduce in-vitro ...               Zanco J Med Sci, Vol. 28, No. (3), December 2024 
https://doi.org/10.15218/zjms.2024.042 

8  

In this study, broad host lytic                     
bacteriophage isolates from different          
locations in Erbil were isolated and their 
plaque morphology and lytic activities were 
characterized. The results revealed that 
the phage isolates could successfully      
control the growth of Salmonella both         
in-vitro and in-vivo indicating that this 
phage could be a key candidate for the  
biological control of Salmonella in poultry. 
Further studies are recommended to          
prepare bacteriophage cocktail with a 
broad spectrum of activity in order to be 
tested against diverse Salmonella species 
including MDR strains.  

Conclusion 

indicate the existence of its matching-host 
bacteria because phages are obligate      
parasites of bacteria and their abundance 
and virulence vary according to their           
bacterial hosts.22 Therefore, it is likely that 
wastewater channel in Farmanbaran           
includes a higher abundance of Salmonella 
than Bahrka, Shaqlawa, and Korey. In fact, 
the Farmanbaran neighborhood is located 
inside the city of Erbil where there is           
a much higher population density than       
the other three locations. The molecular 
mechanism of lytic efficacy in                     
bacteriophage can largely vary among         
isolates depending on their membrane      
protein called holin as the phage’s            
functional group in lysing bacterial cells.23 
The application of bacteriophages in          
medicines requires a good understanding 
of phage-bacteria interactions. After                   
a successful in-vitro trial, the role of the 
most virulent phage strain in combating 
S.enteritidis using duck chicks for an           
in-vivo trial was examined. It has been 
found that poultry farming is one of the       
key factors associated with the spread of 
infections caused by Salmonella enteritidis 
in many countries in the world.24  Although 
Salmonella burden in the fecal samples 
was reduced by the two bacteriophage 
doses (low: 7 Log10 PFU and high: 12 
Log10 PFU) during the experimental            
period, the group which received a higher 
dose of the phage had a significantly lower 
number of Salmonella on the second-day 
post bacteriophage therapy. Similarly, it 
has been reported that oral administration 
of Salmonella enteritidis phage dose           
ranging 2×109 PFU can prevent Salmonella 
infection in mice.25 On the second and third 
days after phage admiration, bacterial    
colonization was sharply dropped (below 
2.5 log10) for both treated groups, but later, 
the bacterial count started to slightly            
increase to a more stable abundance               
(i.e. 3.5 log10). The evolution of phage               
resistance by bacteria is considered to be 
one of the limitations of phage therapy, but 
the development of a phage cocktail is 
thought to overcome this issue.21 

The present study concluded that             
Salmonella counts in cecum contents were 
similar in the two phage-treated groups 
while the bacterial count in the cecum of 
untreated experimentally infected birds 
was significantly higher than in the treated 
groups. This might suggest that untreated 
infected poultry represents a serious risk of 
Salmonella infections. It has been reported 
that the burden of typhoid fever is very high 
in Iraqi Kurdistan.2 and the prevalence of 
multidrug-resistant Salmonella serotypes is 
continuously increasing in poultry farms.8 

Therefore, the results of the current study 
suggest that the application of Salmonella 
phage as a biocontrol agent could be the 
best alternative to antibiotics to control the 
source of pathogenic Salmonella in the  
region.  

References 
1. WHO. Typhoid. World Health Organization        

website (accessed Sep 24, 2022). Retrived from: 
https://wwwwhoint/news-room/fact-sheets/detail/
typhoid. 2018. 

2. Dworkin J, Saeed R, Mykhan H, Kanan S, Farhad 
D, Ali K O, et al. Burden of typhoid fever in      
Sulaimania, Iraqi Kurdistan. Int J Infect Dis 2014; 

The authors declare that they have no          
competing interests.  

Competing interests  

Funding 
Not applicable. 

436 

https://doi.org/10.15218/zjms.2024.042�
https://wwwwhoint/news-room/fact-sheets/detail/typhoid�
https://wwwwhoint/news-room/fact-sheets/detail/typhoid�
https://wwwwhoint/news-room/fact-sheets/detail/typhoid�
https://wwwwhoint/news-room/fact-sheets/detail/typhoid�


Application of salmonella phage to reduce in-vitro ...               Zanco J Med Sci, Vol. 28, No. (3), December 2024 
https://doi.org/10.15218/zjms.2024.042 

9  

16. Atterbury R J, Van Bergen M A, Ortiz F, Lovell M 
A, Harris J A, De Boer A, et al. Bacteriophage 
therapy to reduce salmonella colonization of 
broiler chickens. Appl Environ Microbiol 2007;  
73(14):4543–9. DOI: 10.1128/AEM.00049-07 

17. Nikkhahi F, Soltan Dallal M M, Alimohammadi M, 
Rahimi Foroushani A, Rajabi Z, Fardsanei F,        
et al. Phage therapy: assessment of the efficacy 
of a bacteriophage isolated in the treatment of 
salmonellosis induced by Salmonella enteritidis 
in mice. Gastroenterol Hepatol Bed Bench            
2017 ;  10(2 ) :131–6.  PMID:28702137 
PMCID: PMC5495901 

18. WHO. Food Safety. World Health Organization 
website (accessed Sep 24, 2022). Available 
from: https://wwwwhoint/news-room/fact-sheets/
detail/food-safety. 2022. 

19. Stanaway J D, Parisi A, Sarkar K, Blacker B F, 
Reiner R C, Hay S I, et al. The global burden       
of non-typhoidal salmonella invasive disease:           
a systematic analysis for the Global Burden         
of Disease Study 2017. The Lancet Infectious      
Diseases 2019; 19(12):1312–24. DOI: 10.1016/
S1473-3099(19)30418-9 

20. WHO. Estimates of the global burden of         
foodborne diseases: foodborne disease burden 
epidemiology reference group 2007-2015. World 
Health Organization website (accessed Sep 24, 
2022). Available from: https://appswhoint/iris/
handle/10665/199350. 2015. 

21. Nale J Y, Vinner G K, Lopez V C, Thanki A M, 
Phothaworn P, Thiennimitr P, et al. An Optimized 
Bacteriophage Cocktail Can Effectively Control 
Salmonella in vitro and in Galleria mellonella. 
Front Microbiol 2020; 11:609955. DOI: 10.3389/
fmicb.2020.609955 

22. Naureen Z, Dautaj A, Anpilogov K, Camilleri G, 
Dhuli K, Tanzi B, et al. Bacteriophages presence 
in nature and their role in the natural selection            
of bacterial populations. Acta Biomed. 2020;              
91(13-s):e2020024. DOI: 10.23750/abm.v91i13-
S.10819 

23. Kamilla S, Jain V. Mycobacteriophage D29 holin 
C-terminal region functionally assists in holin 
aggregation and bacterial cell death. FEBS J 
2016; 283(1):173–90. DOI: 10.1111/febs.13565 

24. Li S, He Y, Mann DA, Deng X. Global spread of 
Salmonella Enteritidis via centralized sourcing 
and international trade of poultry breeding 
stocks. Nat Commun 2021; 12(1):5109. DOI: 
10.1038/s41467-021-25319-7 

25. Pelyuntha W, Ngasaman R, Yingkajorn M, 
Chukiatsiri K, Benjakul S, Vongkamjan K.             
Isolation and Characterization of Potential            
Salmonella Phages Targeting Multidrug-
Resistant and Major Serovars of Salmonella  
Derived From Broiler Production Chain in         
Thailand. Front Microbiol 2021; 12:662461. DOI: 
10.3389/fmicb.2021.662461 

437 

     27:70–3. DOI: 10.1016/j.ijid.2014.07.005 
3. Scallan E, Hoekstra R M, Angulo F J, Tauxe R V, 

Widdowson M A, Roy S L, et al. Foodborne         
illness acquired in the United States--major 
pathogens. Emerg Infect Dis 2011;17(1):7–15. 
DOI: 10.3201/eid1701.p11101 

4. Popa G L, Papa M I. Salmonella spp. infection - a 
continuous threat worldwide. Germs 2021;                
11(1):88–96 DOI: 10.18683/germs.2021.1244 

5. WHO. The top 10 causes of death. World Health 
Organization website (accessed Sep 24, 2022). 
Available from: https://wwwwhoint/news-room/
fact-sheets/detail/the-top-10-causes-of-death. 
2020. 

6. CDC. Reports of Selected Salmonella Outbreak 
Investigations. CDC's website (accessed Aug 24, 
2022). Available from: https://wwwcdcgov/
salmonella/outbreakshtml. 2022. 

7. Tarabees R, Elsayed M S A, Shawish R, Basiouni 
S, Shehata A A. Isolation and characterization            
of Salmonella Enteritidis and Salmonella            
Typhimurium from chicken meat in Egypt. J Infect 
Dev Ctries 2017; 11(4):314–9.  DOI: 10.3855/
jidc.8043 

8. Zhang L, Fu Y, Xiong Z, Ma Y, Wei Y, Qu X, et al. 
Highly Prevalent Multidrug-Resistant Salmonella 
From Chicken and Pork Meat at Retail Markets in 
Guangdong, China. Front Microbiol 2018; 9:2104.  
DOI: 10.3389/fmicb.2018.02104 

9. Nair DVT, Venkitanarayanan K, Kollanoor Johny 
A. Antibiotic-Resistant Salmonella in the Food 
Supply and the Potential Role of Antibiotic           
Alternatives for Control. Foods 2018; 7(10). DOI: 
10.3390/foods7100167 

10. Aslam S, Schooley R T. What's Old Is New 
Again: Bacteriophage Therapy in the 21st       
Century. Antimicrob Agents Chemother 2019; 64
(1).  DOI: 10.1128/AAC.01987-19 

11. Benler S, Cobian-Guemes A G, McNair K,          
Hung S H, Levi K, Edwards R, et al. A diversity-
generating retroelement encoded by a globally 
ubiquitous Bacteroides phage. Microbiome 2018; 
6(1):191. DOI: 10.1186/s40168-018-0573-6 

12. Principi N, Silvestri E, Esposito S. Advantages 
and Limitations of Bacteriophages for the       
Treatment of Bacterial Infections. Front              
Pharmacol 2019; 10:513. DOI: 10.3389/
fphar.2019.00513 

13. Mahmud M A. Assessing Factors that Shape 
Neonatal Gut Microbiota in Erbil Province/Iraq. 
Jordan Journal of Biological Sciences 2022;              
15(3):347–51. DOI: 10.54319/jjbs/150323 

14. Parry-Hanson Kunadu A, Otwey R Y, Mosi L. 
Microbiological quality and Salmonella                    
prevalence, serovar distribution and antimicrobial 
resistance associated with informal raw                 
chicken processing in Accra, Ghana. Food               
Control 2020; 118:107440. DOI: 10.1016/
j.foodcont.2020.107440. 

15. Limited O. Oxoid Salmonella Test Kit, Oxoid web 
page (accessed Sep 24, 2022). Retrived from: 
https://www.analisisavanzados.com. 2016. 

https://doi.org/10.15218/zjms.2024.042�
https://doi.org/10.1128/aem.00049-07�
https://pmc.ncbi.nlm.nih.gov/articles/PMC5495901/�
https://wwwwhoint/news-room/fact-sheets/detail/food-safety�
https://wwwwhoint/news-room/fact-sheets/detail/food-safety�
https://wwwwhoint/news-room/fact-sheets/detail/food-safety�
https://wwwwhoint/news-room/fact-sheets/detail/food-safety�
https://doi.org/10.1016/s1473-3099(19)30418-9�
https://doi.org/10.1016/s1473-3099(19)30418-9�
https://doi.org/10.1016/s1473-3099(19)30418-9�
https://doi.org/10.1016/s1473-3099(19)30418-9�
https://appswhoint/iris/handle/10665/199350�
https://appswhoint/iris/handle/10665/199350�
https://appswhoint/iris/handle/10665/199350�
https://appswhoint/iris/handle/10665/199350�
https://doi.org/10.3389/fmicb.2020.609955�
https://doi.org/10.3389/fmicb.2020.609955�
https://doi.org/10.3389/fmicb.2020.609955�
https://doi.org/10.3389/fmicb.2020.609955�
https://doi.org/10.23750/abm.v91i13-s.10819�
https://doi.org/10.23750/abm.v91i13-s.10819�
https://doi.org/10.23750/abm.v91i13-s.10819�
https://doi.org/10.23750/abm.v91i13-s.10819�
https://doi.org/10.1111/febs.13565�
https://doi.org/10.1038/s41467-021-25319-7�
https://doi.org/10.3389/fmicb.2021.662461�
https://doi.org/10.1016/j.ijid.2014.07.005�
https://doi.org/10.3201/eid1701.p11101�
https://doi.org/10.18683/germs.2021.1244�
https://wwwwhoint/news-room/fact-sheets/detail/the-top-10-causes-of-death�
https://wwwwhoint/news-room/fact-sheets/detail/the-top-10-causes-of-death�
https://wwwwhoint/news-room/fact-sheets/detail/the-top-10-causes-of-death�
https://wwwwhoint/news-room/fact-sheets/detail/the-top-10-causes-of-death�
https://wwwcdcgov/salmonella/outbreakshtml�
https://wwwcdcgov/salmonella/outbreakshtml�
https://wwwcdcgov/salmonella/outbreakshtml�
https://wwwcdcgov/salmonella/outbreakshtml�
https://doi.org/10.3855/jidc.8043�
https://doi.org/10.3855/jidc.8043�
https://doi.org/10.3855/jidc.8043�
https://doi.org/10.3855/jidc.8043�
https://doi.org/10.3389/fmicb.2018.02104�
https://doi.org/10.3390/foods7100167�
https://doi.org/10.1128/aac.01987-19�
https://doi.org/10.1186/s40168-018-0573-6�
https://doi.org/10.3389/fphar.2019.00513�
https://doi.org/10.3389/fphar.2019.00513�
https://doi.org/10.3389/fphar.2019.00513�
https://doi.org/10.3389/fphar.2019.00513�
https://doi.org/10.54319/jjbs/150323�
https://doi.org/10.1016/j.foodcont.2020.107440�
https://doi.org/10.1016/j.foodcont.2020.107440�
https://doi.org/10.1016/j.foodcont.2020.107440�
https://doi.org/10.1016/j.foodcont.2020.107440�
https://www.analisisavanzados.com�

	 Received: 08/09/2022                                                                                       Accepted: 26/01/2023 


