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Abstract: Salmonella is one of the most common and dangerous pathogens, causing significant 

economic losses to the poultry industry worldwide. It is also a leading cause of foodborne diseases 

in both humans and animals. To control Salmonella infections, antibiotics are frequently used. In 

Vietnam, antibiotics are administered not only for disease prevention and treatment but also as 

growth promoters in livestock. This practice has contributed to the emergence and spread of 

antibiotic-resistant bacterial strains. Additionally, antibiotic residues in poultry products, such as 

eggs and meat, pose direct and indirect risks to human. Recently, phage therapy has been explored 

as a promising alternative to antibiotics for the prevention and treatment of bacterial infections, 

particularly those caused by antibiotic-resistant strains. In this study, we describe the isolation, 

selection, and biological characterization of a bacteriophage strain with strong lytic activity against 

Salmonella enterica subsp. enterica, a causative agent of diarrhea in chickens and ducks in Hai 

Duong province, Vietnam. The isolated phage strain, PS2, exhibited specific lytic activity against 

Salmonella and was capable of lysing all 30 tested Salmonella strains. Morphologically, PS2 has 

Myovirus-like morphology with an icosahedral head of 80.02 ± 3 nm in diameter and a long 

straight tail of 90.6 ± 8 nm in length. PS2 demonstrated an optimal multiplicity of infection (MOI) 

of 0.01, a latent phase of approximately 25 minutes, and a burst size of about 225 plaque-forming 

units (PFU) per cell. Moreover, PS2 maintained stable biological activity across a temperature 

range of -20 °C to 60 °C and remained stable within a pH range of 5 to 12. Taken together, these 

results suggest that PS2 is a promising candidate for the development of phage therapy to combat 

Salmonella infections in poultry in Vietnam. 
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The poultry industry in Vietnam is a vital 

sector, contributing to social security, food 

security, and increased income for farmers [1]. 

However, the livestock industry in the country 

is facing complex disease challenges, including 

infections caused by Salmonella. Salmonella 

is one of the most common and dangerous 

pathogens affecting poultry worldwide [2]. It is 

a genus of rod-shaped, Gram-negative 

facultatively anaerobic and 

non-spore forming bacteria of the family 

Enterobacteriaceae [3]. Among the two 

identified Salmonella species, Salmonella 

bongori and Salmonella enterica, 

S. enterica is the primary cause of intestinal 

diseases in poultry, often leading to high 

morbidity and mortality rates. In particular, S. 

gallinarum and S. pullorum are the two most 

harmful serovars, causing fowl typhoid with 

systemic infections in all age groups with 

pathological symptoms such as an enlarged 

liver, anemia, and intestinal hemorrhage [4], 

ultimately leading to significant economic 

losses [5]. Over time, it has evolved to survive 

in diverse environments and multiple hosts, 

making long-term control of its spread 

challenging. Remarkably, poultry and poultry-

related products have been identified as 

significant sources of Salmonella transmission 

to humans [6].  

In recent years, antibiotic resistance has 

become an increasingly serious issue in the 

global poultry industry, including in Vietnam 

[5, 7]. The expansion of poultry production, 

larger livestock operations, and the improper 

use of antibiotics have contributed to the rise of 

antibiotic-resistant bacteria and an increased 

reliance on these drugs. A report on antibiotic 

use in chicken farming in Vietnam estimates 

that the amount of antibacterial agents used per 

kilogram of meat is 1.6 times higher than in 

European countries [8].  

Numerous studies have shown that 

Salmonella circulating in chickens and ducks 

exhibits a high rate of antibiotic resistance. 

According to a survey by Mahmud et al., 

Salmonella isolated from poultry farms in 

Bangladesh demonstrated extremely high 

resistance rates to antibiotics, including 

ampicillin (100%), amoxicillin (99%), and 

tetracycline (98%) [9]. Other studies have also 

reported that Salmonella isolated from poultry 

samples showed high resistance to various 

antibiotics, including colistin, ciprofloxacin, 

doxycycline, kanamycin, streptomycin, 

sulfamethoxazole, and tetracycline, with 

resistance rates ranging from 42.1% to 97.6% 

[10-14]. In Vietnam, Binh et al., [15] isolated 

Salmonella strains from 3,700 ducks in northern 

provinces and found that all isolated strains 

exhibited strong resistance to antibiotics such as 

kanamycin, colistin, and neomycin. From 2017 

to 2020, Nguyen et al., [16] isolated Salmonella 

strains from livestock farms in the Mekong 

Delta and found that these strains were resistant 

to multiple antibiotics, including 

chloramphenicol (62.98%), tetracycline 

(55.80%), and ampicillin (54.14%). Similarly, a 

survey by Xuan et al., [17] found that all 20 

Salmonella strains isolated from chicken farms 

(fecal and environmental samples) in Vinh 

Long province were resistant to between two 

and ten commonly used antibiotics. Resistance 

rates were particularly high for ampicillin 

(100%), cefuroxime, streptomycin, and 

tetracycline (90%), as well as doxycycline 

(85%), with moderate resistance observed for 

trimethoprim/sulfamethoxazole (60%). 

In recent years, phage therapy has been 

increasingly studied as a potential alternative to 

antibiotics for controlling pathogenic bacteria in 

humans and animals, including poultry, 

particularly antibiotic-resistant strains [18, 19]. 

Phage exhibits strong antibacterial activity, and 

high specificity for its host bacteria, and is 

considered safe for both humans and animals 

[20-22]. Previous studies have demonstrated the 

potential of phage therapy for controlling 

Salmonella infections in poultry. Administering 

phages significantly reduced Salmonella 

contamination in the gastrointestinal tracts of 

chickens, thereby preventing the spread of the 

pathogen through feces [23]. Similarly, 

Żbikowska et al., [24] found that when phages 

were administered to chicks prior to Salmonella 
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infection, no bacteria were detected after 15 

days of treatment. Several bacteriophage-based 

products have been developed and 

commercialized to combat Salmonella 

infections in poultry production, and clinical 

studies have shown that these products 

effectively prevent Salmonella infections. 

In this study, we aimed to isolate and 

characterize the biological properties of a lytic 

phage specifically targeting Salmonella enterica 

subsp. enterica strains associated with diarrhea 

syndrome in chickens and ducks from Hai 

Duong province, Vietnam. 

2. Materials and Methods 

2.1. Sampling 

Wastewater samples were collected from 

chicken and duck farms in Hai Duong province 

with signs of Salmonella infection (diarrhea, 

feather loss), kept on ice, delivered to the 

Laboratory of Molecular Microbiology, 

Institute of Biotechnology (IBT), Vietnam 

Academy of Science and Technology (VAST), 

and stored in a refrigerator until use. 

2.2. Bacterial Strains 

Thirty Salmonella enterica subsp. enterica 

strains isolated from the intestines of chickens 

and ducks with diarrhea syndrome in Hai 

Duong in 2024, two E.coli strains, two Vibrio 

parahemolyticus strains and two Bacillus 

cereus strains were from the bacterial collection 

of the Laboratory of Molecular Microbiology, 

IBT, VAST. Bacterial strains were identified 

using the MALDI-TOFF mass spectrometry 

and 16S rRNA sequencing. In addition, 

Salmonella strains were also determined for 

the presence of the toxic gene invA by PCR 

method [25]. 

2.3. Phage Enrichment and Isolation 

Ten mL of wastewater was added to 5 mL 

of 2X Peptone Water (Merck, Germany) 

supplemented with a mixture of host bacteria 

and the mixture was incubated at 37 °C with 

shaking at 120 rpm for 3 hours to enrich 

phages. The inoculum was then centrifuged at 

10.000 rpm for 10 minutes at 4 °C and the 

supernatant was collected and filtered through a 

0.22 µm filter membrane (Sartorius, Germany). 

The presence of phages is determined through 

the formation of clear spots (plaques) on a 

double-layer agar medium according to the 

double agar spot assay method [26]. Briefly, 

10 µL of each phage enrichment solution was 

dropped onto the surface of two-layer agar 

containing host bacteria. The double-layer agar 

plate includes a lower layer (layer 1) of 

Luria-Bertani (LB) agar 2% and an upper layer 

prepared by adding 100 µL of bacteria 

(109 CFU/mL) to 15 mL of LB agar 0.7% 

medium at 50 ºC - 55 ºC, mixed well and 

poured onto agar layer 1, let the plate dry before 

use. Isolated phages with high lytic activity 

were grown on corresponding indicator 

bacteria, purified and determined the phage titer 

using the double-layer agar method [26]. 

2.4. Phage Stock Preparation 

Phages were added to the bacterial inoculum 

(OD600 = 0.5 ̶ 0.6), incubated at 37 ºC with 

shaking at 150 rpm for 3 hours. 10% (v/v) 

chloroform solution was added to the inoculum, 

mixed well with a voltexer, then centrifuged the 

mixture at 12.000 rpm for 20 minutes. The 

upper phase was collected and filtered through 

a 0.22 µm filter membrane to completely 

remove bacteria. Phage was then precipitated 

using a chemical method  using 5M NaCl and 

PEG 8000, the mixture was incubated at 4 oC for 

3 hours. The mixture was centrifuged at 

12.000 rpm for 15 minutes at 4 °C, and the 

resulting pellet was collected and  resuspended 

in SM buffer (sodium chloride, magnesium 

sulfate). The phage density was determined 

using the double-layer agar method [26]. The 

prepared phage stock was then used for 

subsequent experiments. 

2.5. Transmission Electron Microscopy (TEM)  

The morphology of phage was observed 

using the TEM JEM 1010 (Jeol, Japan) 

according to the manufacturer's instructions at 

an accelerating voltage of 80 kV. The phage 
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morphology was identified based on Committee 

on Taxonomy of Viruses (ICTV) guidelines. 

2.6. Host Range 

The host spectrum of phage was determined 

by the double- agar spot assay as described 

above with 30 strains of Salmonella and other 

bacteria including E. coli, B. cereus, and 

V. parahemolyticus, to determine the species 

specificity of the phage. The experiment was 

repeated three times. 

2.7. Multiplicity of Infection (MOI) 

The optimal multiplicity of infection (MOI) 

was determined following the method described 

by Lukman et al. [27]. Salmonella cultures were 

grown overnight in LB medium and then 

incubated for 1.5–2 hours at 37 °C until the 

optical density at 600 nm (OD600) reached 

0.5–0.6. Phages and bacterial cultures were then 

mixed to achieve different phage-to-bacteria 

ratios (MOI) of 0.001, 0.01, 0.1, 1, 10, and 100. 

The mixtures were incubated at 37 °C with 

shaking for 3 hours. After incubation, bacterial 

cells were disrupted by adding 10% chloroform, 

followed by centrifugation of the supernatant 

and filtration through a 0.22 µm membrane 

filter. The phage titer for each MOI was then 

measured using the double-layer agar method. 

The experiment was performed in triplicate, and 

the MOI that produced the highest phage 

concentration was selected as optimal for 

further experiments. 

2.8. One-step Curve 

The growth curve of phage was determined 

using a previously described method [28]. 

Briefly, the phage was mixed with indicator 

bacteria in the mid-log phase at the optimal 

MOI and incubated with shaking at 37 °C for 

15 minutes. The mixture was then centrifuged 

at 12,000 rpm for 1 minute, and the bacterial 

pellet was resuspended in 20 mL of fresh LB 

medium. The suspension was subsequently 

shaken at 37 °C and 200 rpm for 90 minutes. 

Every 5 minutes, a 300 µL sample was taken, 

diluted to an appropriate concentration, and the 

phage titer was determined using the double-

layer agar method. The experiment was 

performed in triplicate. The latent period was 

determined directly from the growth curve, and 

the burst size was calculated using the 

following formula [29]: 

Burst size = Number of phage particles 

released / Number of infected cells (PFU/cell) 

2.9. pH stability 

Phage lysate was added to SM buffer 

solutions with pH values of 2, 3, 5, 7, 9, 11, and 

12, ensuring a final phage concentration of 

10⁹ PFU/mL. The mixtures were incubated at 

37 °C with shaking for 3 hours. At 1, 2, and 

3-hour intervals, 100 µL of the phage 

suspension was sampled, diluted appropriately, 

and the phage titer was determined using the 

double-layer agar method as previously described. 

2.10. Temperature stability 

Phage lysate (10⁹ PFU/mL) was incubated 

at various temperatures, including -20 °C, 4 °C, 

25 °C, 37 °C, 40 °C, 50 °C, 60 °C, 70 °C, and 

80 °C, for 3 hours. At 1, 2, and 3-hour intervals, 

100 µL of the phage suspension was collected, 

diluted appropriately, and the phage titer was 

determined using the double-layer agar method 

as previously described. 

2.11. Data Analysis 

Data in this study were analyzed using IBM 

SPSS Statistics version 20. Differences in phage 

density between study groups were assessed using 

one-way ANOVA followed by Tukey's post-hoc 

test. Results are presented as mean ± SD, with 

statistical significance set at p < 0.05. 

3. Results  

3.1. Phage Isolation  

In this study, bacteriophages were isolated 

using the drop method on double-layer agar 

plates. Our results demonstrated the successful 

isolation of 11 distinct phage strains (PS1–PS11), 

each exhibiting varying degrees of lytic activity 

against their respective hosts (Figure 1A). 

Notably, strain PS2 displayed strong lytic 

activity against multiple indicator bacterial 
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strains, achieving a phage density of 2.5 × 10⁸ 

PFU/mL. PS2 was subsequently purified, 

enriched, and used for further experiments. 

3.2. Phage Morphology 

TEM analysis revealed that phage PS2 has 

an icosahedral head with a diameter of 80.02 ± 

3 nm and a long, straight tail measuring 90.6 ± 

8 nm (Figure 1B). According to the 

International Committee on Taxonomy of 

Viruses (ICTV) guidelines, phage PS2 exhibits 

a Myovirus-like morphology and belongs to the 

class Caudoviricetes. 
H 

 

Figure 1. A) Lytic activity of phage isolates (PS1- PS11) against Salmonella enterica subsp. Enterica strain 30. 

B) Transmission electron microscopy image of phage PS2 morphology. PS2 exhibits icosahedral capsids and 

long straight tails, showing the Myovirus-like morphology.

3.3. Host Range Determination 

The host range of PS2 was determined 

based on its lytic activity against 30 strains of S. 

enterica, two strains of E. coli, two strains of B. 

cereus, and two strains of V. parahaemolyticus. 

The results indicated that PS2 was capable of 

lysing all tested S. enterica strains to varying 

degrees (Table 1, Figure 2). Among them, PS2 

exhibited strong lytic activity against Sal_1, 

Sal_2, Sal_5, Sal_8, Sal_9, Sal_15, Sal_27, 

Sal_30, Sal_33, Sal_35, Sal_43, and Sal_44. 

However, its lytic activity against Sal_28 and 

Sal_40 was relatively weak. Additionally, PS2 did 

not exhibit lytic activity against E. coli, B. cereus, 

or V. parahaemolyticus. These findings suggest 

that PS2 specifically targets S. enterica strains. 

Table 1. Results of host range determination 

Phage 
Bacterial strains 

Sal_1 Sal_2 Sal_3 Sal_4 Sal_5 Sal_6 Sal_7 Sal_8 Sal_9 Sal_15 Sal_29 

PS2 

++++ ++++ +++ +++ ++++ +++ +++ ++++ ++++ ++++ +++ 

Sal_16 Sal_17 Sal_20 Sal_21 Sal_22 Sal_23 Sal_24 Sal_25 Sal_27 Sal_28 Sal_30 

++ +++ +++ ++ +++ ++ +++ +++ ++++ + ++++ 

Sal_33 Sal_34 Sal_35 Sal_40 Sal_41 Sal_42 Sal_43 Sal_44 
E. 

coli_1 

E. 

coli_2 

B. 

cereus_1 

++++ +++ ++++ + ++ +++ ++++ ++++ - - - 

B. cereus_2 V. parahemolyticus_1 V. parahemolyticus_2 

- - - 

Note: ++++, +++, ++, and + indicate a decreasing order in plaque clarity 

and diameter; '-' indicates that no phage plaque was observed. 
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Figure 2. The phage PS2 drop test results on indicator bacteria Sal_3, Sal_30, and Sal_28, 

with LB medium as the negative control.

3.4. Optimal MOI Determination  

When evaluating phage density at different 

infection rates (MOIs), the results (Figure 3) 

showed that at MOI of 0.01, the PS2 achieved the 

highest density of 9.59 ± 0.34 log (PFU/mL) 

(p < 0.05). The phage densities at MOIs of 0.001 

and 0.1 were not significantly different (p > 0.05) 

(8.85 ± 0.53 log and 8.9 ± 0.61 log (PFU/mL), 

respectively) (Figure 3). Additionally, phage 

density tended to decrease as MOI increased 

(p < 0.05), with the lowest density observed at 

MOI of 100 (4.36 ± 0.5 log (PFU/mL)). These 

findings indicate that MOI of 0.01 was optimal 

for PS2 and was used in subsequent experiments. 

H 

 

Figure 3. The infection rate of phage PS2 at different MOIs. MOI of 0.01 was optimal for phage PS2. 

Different letters (a, b, c and d) indicate statistically significant differences (p < 0.05). 
 

3.5. The Growth Curve Determination 

The growth curve of PS2 was evaluated by 

infecting its host bacteria at an MOI of 0.01. As 

shown in Figure 4, the latent phase of PS2 

lasted approximately 25 minutes, during which 

the phage invaded and replicated within the 

host cell. Between 25 and 45 minutes, the 

density of PS2 increased sharply. After 45 

minutes, the phage density rose by 

approximately 3.4 log (PFU/mL) before 

reaching equilibrium at around 8.2 log 

(PFU/mL) (Figure 4). The burst size of PS2 was 

estimated to be approximately 225 phage 

particles per infected host cell. 
k 
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Figure 4. Growth curve of PS2. After 45 minutes, the phage density rose 

by approximately 3.4 log (PFU/mL), and reached equilibrium at around 8.2 log (PFU/mL).

3.6. Effect of Temperature on the Activity of 

Phage PS2 

The activity of PS2 was evaluated under 

various temperature conditions, including 

-20 ºC, 4 ºC, 25 ºC, 37 ºC, 40 ºC, 50 ºC, 60 ºC, 

70 ºC, and 80 ºC. The results (Figure 5) showed 

that PS2 remained stable at temperatures 

ranging from -20 ºC to 60 ºC throughout the 

3-hour experiment (p > 0.05). However, at 

70 ºC, PS2 density significantly decreased 

(p < 0.01) compared to the control (37 ºC), with 

reductions of 3 log, 4.2 log, and 5.2 log 

(PFU/mL) after 1, 2, and 3 hours of incubation, 

respectively. PS2 was completely inactivated after 

just 1 hour of incubation at 80 ºC. 

F 

         

Figure 5. The phage PS2 density under different temperature conditions after 1, 2, and 3 hours of incubation. 

PS2 was completely inactivated after just 1 hour of incubation at 80 ºC. Different letters (a, b, c and d) indicate 

statistically significant differences (p < 0.05).

3.7. Effect of pH on the Activity of Phage PS2 

pH is a critical factor influencing the survival 

and stability of phages. In this study, we assessed 

the stability of phage PS2 under various pH 

conditions (pH 2, 3, 5, 7, 9, 11, and 12) over 3 

hours. The results (Figure 6) showed that PS2 

remained stable across a broad pH range (5 to 12) 

throughout the experiment (p > 0.05). However, 

at pH 3, PS2 density slightly declined, decreasing 

by approximately 0.3 log after 1 hour (p > 0.05) 

and significantly dropping by 0.8 log and 2 log 

(PFU/mL) after 2 and 3 hours, respectively 

(p < 0.05). At pH 2, PS2 was completely 

inactivated within 1 hour. 
J 
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Figure 6. The phage PS2 density after 1, 2, and 3 hours of incubation under different pH. 

Different letters (a, b, c and d) indicate statistically significant differences (p < 0.05). 

4. Discussion 

Antibiotic-resistant Salmonella is becoming 

an increasingly serious challenge for the global 

poultry industry [11-13]. Phage therapy is 

considered a promising alternative for 

controlling bacterial pathogens responsible for 

poultry diseases, particularly those caused by 

antibiotic-resistant strains of Salmonella 

[30, 31]. In this study, using the double-layer 

agar method, we isolated and identified the 

bacteriophage PS2 from poultry farm 

wastewater samples in Hai Duong province, 

Vietnam. Morphologically, phage PS2 exhibits 

a Myovirus-like structure and belongs to the 

class Caudoviricetes, with an icosahedral head 

measuring 80.02 ± 3 nm in diameter and a long, 

straight tail of 90.6 ± 8 nm in length. Its 

morphological characteristics are similar to 

those of previously reported Salmonella phages, 

such as vB_Si_35FD and vB_Si_DR94 [32], 

phage SB18 [33], and phage AUFM_Sc1 [34]. 

Phages are known for their high host 

specificity, typically infecting only a particular 

bacterial species or even a specific strain within 

the same species [35]. Our findings indicate 

that PS2 demonstrated strong and specific lytic 

activity against S. enterica subsp. enterica and 

exhibited no lytic activity against other tested 

bacterial species, including E. coli, 

V. parahaemolyticus, and B. cereus. Notably, 

PS2 was able to lyse all tested S. enterica 

strains (30/30) isolated from chickens and 

ducks with diarrhea syndrome. Similarly, 

Zhang et al., [36] isolated phage Pu20 from 

wastewater in Wuhan, China, which effectively 

lysed 21 out of 26 tested Salmonella strains, 

including nine drug-resistant strains, while 

showing no lytic activity against E. coli, Listeria 

monocytogenes, or Staphylococcus aureus. In 

another study, Wang et al., [37] isolated phage P6 

from duck farm wastewater and fecal samples in 

Shandong, China. This phage specifically lysed 

Salmonella enteritidis and Salmonella 

typhimurium but did not affect E. coli, Proteus 

mirabilis, or S. aureus. Additionally, Khan et al. 

[38] isolated phage L223 from poultry market 

wastewater in Dhaka, Bangladesh, which was 

capable of infecting S. typhimurium and 

S. enteritidis but showed no lytic activity against 

E. coli ATCC25922, Pseudomonas aeruginosa, 

Vibrio cholerae, Shigella flexneri, Acinetobacter 

baumannii, or S. aureus. A phage with a broad 

host range, capable of targeting multiple bacterial 

strains, can be comparable to a broad-spectrum 

antibiotic. Given its specificity in lysing 

S. enterica subsp. enterica strains, PS2 holds 

promise as a potential candidate for the 

development a phage therapy to control 

Samonella infections in poultry. 
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The multiplicity of infection (MOI) refers to 

the ratio of phages to bacterial cells in an 

infected environment [39]. The optimal MOI is 

the ratio that maximizes infection efficiency 

and phage progeny production [37]. This value 

can vary depending on factors such as the 

number of infecting phages, the rate and 

duration of adhesion to host cells, and host 

density. Determining the optimal MOI is crucial 

for enhancing the effectiveness of phage 

therapy, particularly in large-scale phage 

production [37]. Our results indicated that PS2 

had an optimal MOI of 0.01. This is consistent 

with phage vB_SalP_LDW16, which was 

isolated from wastewater and fecal samples 

from a broiler farm in Shandong, China [40], as 

well as phage AUFM_Sc3, derived from 

chicken and goose feces in Kahramankazan 

District, Ankara Province, Türkiye [34]. In 

contrast, phage P6, isolated from duck farm 

wastewater and fecal samples in Shandong, 

China, exhibited a lower optimal MOI of 10⁻⁴ 

[37], while phage AUFM_Sc1 had a higher 

optimal MOI of 0.1 [34]. 

Phage growth curves illustrate the 

population dynamics of phages over time, 

highlighting distinct growth phases. 

Determining the growth curve is essential for 

identifying key characteristics such as the latent 

period and burst size. The latent period is the 

time between a phage entering a bacterial cell 

and the release of newly produced phages. A 

shorter latent period is generally associated with 

greater bacterial killing efficiency [41]. The 

burst size refers to the number of new phage 

particles released per infected host cell and is 

closely related to the latent period. Our results 

showed that PS2 had a latent period of 

approximately 25 minutes. Between 25 and 45 

minutes, the phage density in the medium 

increased rapidly, reaching equilibrium after 45 

minutes. The burst size of PS2 was estimated at 

225 phage particles per infected host cell. In a 

similar study, Cao et al., [40] reported that 

Salmonella phage vB_SalP_LDW16 had a 

much shorter latent period of only 10 minutes, 

followed by a rapid increase in phage density 

from 10 to 60 minutes. This phage reached a 

plateau after 70 minutes, with an average burst 

size of approximately 110 PFU per infected 

cell. Additionally, Zhang et al., [42] examined 

the growth characteristics of two Salmonella 

phages, S4lw and D5lw, isolated from 

wastewater samples collected at the University 

of California, Davis wastewater treatment plant. 

Using S. typhimurium ATCC14028 as the host 

bacterium, they found that the complete lysis 

cycles of phages S4lw and D5lw were 65 and 

60 minutes, respectively. Phage S4lw had a 

latent period of 12 minutes and a burst size of 

41 PFU/infected cell, whereas phage D5lw 

exhibited a shorter latent period of just 4 

minutes and a burst size of 37 PFU/infected 

cell. Notably, Salmonella phage L223, isolated 

from a poultry market wastewater sample, had a 

latent period of 30 minutes and an exceptionally 

high burst size of 515 PFU per infected cell [38]. 

These findings highlight the diversity of phage 

latent periods and burst sizes, which can be 

influenced by various factors, including MOI, the 

growth phase of the host bacterium, and 

environmental conditions that affect phage-host 

interactions. Understanding these growth 

characteristics is crucial for optimizing phage 

enrichment processes and improving recovery 

efficiency for the production of phage-based 

therapeutics. 

Phage activity is influenced by various 

environmental physicochemical factors, such as 

temperature, pH, and ion concentration [43]. 

Optimal environmental conditions are essential 

for efficient phage replication and lysis. Among 

these factors, temperature plays a crucial role, 

not only affecting phage survival but also 

influencing lytic activity [44]. A suitable 

temperature range extends phage survival, 

enhances infection rates, and impacts 

mechanical properties. At low temperatures, 

biochemical reactions in both bacterial cells and 

phages slow down or even halt, leading to 

stagnation in phage adsorption, penetration, and 

replication. When the temperature falls below 

the optimal range, only a small amount of 

phage genetic material enters host cells, and 

fewer phages participate in replication [45]. 

However, low temperatures typically do not kill 
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phages but instead temporarily inhibit their 

activity [46]. Conversely, excessively high 

temperatures can denature the proteins forming 

the phage capsid and essential enzymes, 

rendering the phage incapable of adhering to 

and penetrating bacterial cells. Moreover, high 

temperatures can disrupt the cell membranes of 

both phages and bacteria, leading to cell death 

[47]. In this study, phage PS2 remained stable 

over a relatively broad temperature range, from 

-20 °C to 60 °C. However, phage density 

declined at temperatures above 60 °C and was 

completely inactivated at 80 °C. The 

temperature stability of PS2 was comparable to 

that of Salmonella phage L223 [38], phage S55 

[48], phage vB_SalP_LDW16 [40], and phage 

P6 [37]. Investigating the thermal stability of 

phages provides valuable insights into 

optimizing enrichment, preservation, and 

storage conditions, as well as improving phage 

preparation methods. 

pH is another important environmental 

factor that influences phage survival and 

activity. Most phages that target human and 

avian pathogens are adapted to neutral or near-

neutral pH conditions, aligning with those of 

their hosts [44, 49]. However, significant pH 

changes, particularly when it drops below 4.5, 

can severely limit their ability to replicate [47]. 

Additionally, phage activity is often affected at 

pH levels above 9 or below 5 [50]. Our results 

showed that phage PS2 remained stable within 

a pH range of 5 to 12 but was inactivated at 

highly acidic conditions (pH 2). PS2 exhibited 

greater pH tolerance compared to some 

previously reported phages. For instance, phage 

vB_SalP_LDW16 maintained its activity 

between pH 6 and 12, but its titer decreased 

significantly at pH 2–5 [40]. In addition, phage 

L223 remained stable between pH 4 and 10 

after one hour of exposure, but its density 

declined significantly under strongly acidic 

(pH 2–3) and strongly basic (pH 11) conditions 

[38]. Similarly, two phage strains, PSPu-95 and 

PSPu-4-116, which lyse S. pullorum isolated 

from chicken samples in Jiangsu, China, 

remained active within a narrower pH range 

(pH 6–9). Their activity significantly declined 

in more acidic or alkaline conditions after just 

one hour of exposure [51]. Another example is 

phage ST4, isolated from a wastewater 

treatment facility in Gwachon, Korea, which 

infected S. gallinarum KVCC BA00722. This 

phage exhibited the most stable activity within 

a very narrow pH range of 5–8 [52] Our 

findings demonstrate that phage PS2 maintains 

stable activity over a broad pH range (pH 5–12). 

Assessing phage stability under different pH 

conditions provides valuable insights for phage 

therapy applications in different environments. 

For example, phages that can tolerate highly 

acidic conditions (pH 2–3) may be suitable for 

oral administration, while those with stability in a 

neutral pH range (pH 6.5–7.3) could be used for 

injection, immersion, or surface spraying in 

barns [53]. 

5. Conclusion 

This study successfully isolated and 

characterized phage PS2, which exhibits a 

Myovirus-like morphology and strong lytic 

activity against Salmonella enterica subsp. 

enterica strains. Phage PS2 has an optimal MOI 

of 0.01, a latent phase of approximately 25 

minutes, and a burst size of 225 phage particles 

per cell. It remains stable across a broad 

temperature range (-20 °C to 60 °C) and a wide 

pH range (pH 5–12), demonstrating its 

adaptability to various environmental 

conditions. These findings suggest that phage 

PS2 is a promising candidate for phage therapy 

to combat Salmonella infections in poultry. Its 

potential application could help reduce 

antibiotic use in livestock farming, contributing 

to sustainable poultry production in Vietnam. 

Acknowledgements 

This study was supported by the Ministry of 

Agriculture and Rural Development, Vietnam. 

References 

[1] C. Bâtie, E. Loire, D. B. Truong, H. M. Tuan, N. T. 

K. Cuc, M. Paul, F. Goutard, Characterisation of 



D. V. Quyen et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 41, No. 2 (2025) 79-91 

 

89 

Chicken Farms in Vietnam: A Typology of 

Antimicrobial Use Among Different Production 

Systems. Preventive Veterinary Medicine, Vol. 208, 

2022, pp. 105731.  

[2] Thames, A. T. Sukumaran, A Review of Salmonella 

and Campylobacter in Broiler Meat: Emerging 

Challenges and Food Safety Measures, Foods, 

Vol. 9, No. 6, 2020, pp. 776. 

[3] K. Wessels, D. Rip, P. Gouws, Salmonella in 

Chicken Meat: Consumption, Outbreaks, 

Characteristics, Current Control Methods and 

the Potential of Bacteriophage Use. Foods 

(Basel, Switzerland), Vol. 10, No. 8, 2021, 

pp. 1742-1762. 

[4] L. Chappell, P. Kaiser, P. Barrow, M. A. Jones, 

C. Johnston, P. Wigley, The Immunobiology of 

Avian Systemic Salmonellosis. Veterinary 

Immunology and Immunopathology, Vol. 128, 

2009, pp. 53-59. 

[5] M. T. E. Saadony, H. M. Salem, A. M. E. Tahan, 

T. A. A. E. Mageed, S. M. Soliman, A. F. Khafaga, 

A. A. Swelum, A. E. Ahmed, F. A. Alshammari, 

M. E. A. E. Hack, The Control of Poultry 

Salmonellosis Using Organic Agents: An Updated 

Overview. Poultry Science, Vol. 101, No. 4, 2022, 

pp. 101716. 

[6] S. L. Foley, T. J. Johnson, S. C. Ricke, R. Nayak, 

J. Danzeisen, Salmonella Pathogenicity and Host 

Adaptation in Chicken-Associated Serovars. 

Microbiology and Molecular Biology Reviews, 

Vol. 77, No. 4, 2013, pp. 582-607. 

[7] P. Barrow, O. F. Neto, Pullorum Disease And Fowl 

Typhoid-New Thoughts on Old Diseases: A 

Review. Avian Pathology, Vol. 40, No. 1, 2011, 

pp. 1-13. 

[8] J. J. C. Mas, M. Choisy, N. Van Cuong, 

G. Thwaites, S. Baker, An Estimation of Total 

Antimicrobial Usage in Humans and Animals in 

Vietnam, Antimicrobial Resistance & Infection 

Control, Vol. 9, 2020, pp. 1-6. 

[9] M. S. Mahmud, M. L. Bari, M. A. Hossain,  

Prevalence of Salmonella Serovars and 

Antimicrobial Resistance Profiles in Poultry of 

Savar Area, Bangladesh, Foodborne Pathogens and 

Disease, Vol. 8, No. 10, 2011, pp. 1111-1118. 

[10] L. Andoh, A. Dalsgaard, K. O. Danso, M. Newman, 

L. Barco, J. Olsen, Prevalence and Antimicrobial 

Resistance of Salmonella Serovars Isolated from 

Poultry in Ghana, Epidemiology & Infection, 

Vol. 144, No. 15, 2016, pp. 3288-3299. 

[11] V. M. Duc, Y. Nakamoto, A. Fujiwara, 

H. Toyofuku, T. Obi, T. Chuma, Prevalence of 

Salmonella in Broiler Chickens in Kagoshima, 

Japan in 2009 to 2012 and the Relationship 

Between Serovars Changing and Antimicrobial 

Resistance, BMC Veterinary Research, Vol. 15, 

2019, pp. 1-8. 

[12] A. Nelson, S. Manandhar, J. Ruzante, A. Gywali, 

B. Dhakal, S. Dulal, R. Chaulaga, S. M. Dixit, 

Antimicrobial Drug Resistant Non-Typhoidal 

Salmonella Enterica in Commercial Poultry Value 

Chain in Chitwan, Nepal, One Health Outlook, 

Vol. 2, 2020, pp. 1-8. 

[13] N. S. Karabasanavar, C. B. Madhavaprasad, 

S. A. Gopalakrishna, J. Hiremath, G. S. Patil, S. B 

Barbuddhe, Prevalence of Salmonella Serotypes 

S. Enteritidis and S. Typhimurium in Poultry and 

Poultry Products, Journal of Food Safety, Vol. 40, 

No. 6, 2020, pp. e12852. 

[14] X. Wang, H. Wang, T. Li, F. Liu, Y. Cheng, 

X. Guo, G. Wen, Q. Luo, H. Shao, Z. Pan, 

Characterization of Salmonella spp. Isolated from 

Chickens in Central China, BMC Veterinary 

Research, Vol. 16, 2020, pp. 1-9. 

[15] D. X. Binh, D. T. M. Lan, P. T. P. Lan, N. N. Minh, 

Prevalence and Virulence Gene of Salmonella 

Strains Isolated from Ducks in North Vietnam. 

Suranaree Journal of Science & Technology, 

Vol. 27, No. 1, 2020, pp. 1-9. 

[16] T. K. Nguyen, L. T. Nguyen, T. T. Chau, T. T. 

Nguyen, B. N. Tran, T.  Taniguchi, H. Hayashidani, 

K. T. Ly, Prevalence and Antibiotic Resistance of 

Salmonella Isolated from Poultry and Its 

Environment in the Mekong Delta, Vietnam. 

Veterinary World, Vol. 14, No. 12, 2021, pp. 3216. 

[17] Y. H. Xuan, T. N. Khanh, K. L. T. Lien, Study on 

Salmonella spp. in Chicken and Environment from 

Households in Vinh Long Province, Can Tho 

University Journal of Science, Vol. 55, No. 6, 2019, 

pp. 1-6. 

[18] A. A. E. Wahab, S. Basiouni, H. R. E. Seedi, 

M. F. Ahmed, L. R. Bielke, B. Hargis, G. T. Isaias, 

W. Eisenreich, H. Lehnherr, S. Kittler, An 

Overview of the Use of Bacteriophages in the 

Poultry Industry: Successes, Challenges, and 

Possibilities for Overcoming Breakdowns, Frontiers 

in Microbiology, Vol. 14, 2023, pp. 1136638.  

[19] B. Rahman, M. Wasfy, M. Maksoud, N. Hanna, 

E. Dueger, B. House, Multi-drug Resistance and 

Reduced Susceptibility to Ciprofloxacin among 

Salmonella Enterica Serovar Typhi Isolates from 

the Middle East and Central Asia, New Microbes 

and New Infections, Vol. 2, No. 4, 2014, pp. 88-92. 

[20] S. Fister, P. Mester, A. K. Witte, J. Sommer, 

D. Schoder, P. Rossmanith, Part of the Problem or 

The Solution? Indiscriminate Use of 

Bacteriophages in the Food Industry Can Reduce 

Their Potential and Impair Growth-Based Detection 



D. V. Quyen et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 41, No. 2 (2025) 79-91 

 

90 

Methods, Trends in Food Science & Technology, 

Vol. 90, 2019, pp. 170-174. 

[21] C. Pereira, C. Moreirinha, M. Lewicka, P. Almeida, 

C. Clemente, Â. Cunha, I. Delgadillo, J. L. 

Romalde, M. L. Nunes, A. Almeida,  

Bacteriophages with Potential to Inactivate 

Salmonella Typhimurium: Use of Single Phage 

Suspensions and Phage Cocktails. Virus Research, 

Vol. 220, 2016, pp. 179-192. 

[22] B. M. Rao, K. Lalitha, Bacteriophages for 

Aquaculture: Are They Beneficial or Inimical, 

Aquaculture, Vol. 437, 2015, pp. 146-154. 

[23] E. F. S.  Authority, The European Union One 

Health 2018 Zoonoses Report, EFSA Journal, 

Vol. 17, No. 12, 2019, pp. e05926. 

[24] K. Żbikowska, M. Michalczuk, B.  Dolka, The Use 

of Bacteriophages in the Poultry Industry, Animals, 

Vol. 10, No. 5, 2020, pp. 872. 

[25] R. Ranjbar, S. M. Mortazavi, A. M. Tavana, 

M. Sarshar, A. Najafi, R. S. Zanjani, Simultaneous 

Molecular Detection of Salmonella Enterica 

Serovars Typhi, Enteritidis, Infantis, and 

Typhimurium, Iranian Journal of Public Health, 

Vol. 46, No. 1, 2017, pp. 103-111. 

[26] S. T. Abedon, Bacteriophage Clinical Use as 

Antibacterial “Drugs”: Utility and Precedent, Bugs 

as Drugs: Therapeutic Microbes for the Prevention 

and Treatment of Disease, 2018, pp. 417-451. 

[27] C. Lukman, C. Yonathan, S. Magdalena, D. E. 

Waturangi, Isolation and Characterization of 

Pathogenic Escherichia coli Bacteriophages from 

Chicken and Beef Offal, BMC Research Notes, 

Vol. 13, 2020, pp. 1-7. 

[28] Y. Shimamori, A. K. Pramono, T. Kitao, T. Suzuki, 

S. I. Aizawa, T. Kubori, H. Nagai, S. Takeda, 

H.  Ando, Isolation and Characterization of a Novel 

Phage SaGU1 That Infects Staphylococcus Aureus 

Clinical Isolates from Patients with Atopic 

Dermatitis, Current Microbiology, Vol. 78, 2021, 

pp. 1267-1276. 

[29] S. Sinha, R. K. Grewal, S. Roy, Modeling Bacteria-

Phage Interactions and Its Implications for Phage 

Therapy, In Advances in Applied Microbiology, 

Vol. 103, 2018, pp. 103-141.  

[30] M. A. S. Khan, S. R. Rahman, Use of Phages to 

Treat Antimicrobial-Resistant Salmonella 

Infections in Poultry, Veterinary Sciences, Vol. 9, 

No. 8, 2022, pp. 438. 

[31] C. L. Carrillo, S. T.  Abedon, Pros and Cons of 

Phage Therapy, Bacteriophage, Vol. 1, No. 2, 2011, 

pp. 111-114. 

[32] R. B. Montenegro, R. García, F. Dueñas, D. Rivera, 

A. O. Capurro, S. Erickson, A. I. M. Switt, 

Comparative Analysis of Felixounavirus Genomes 

Including Two New Members of the Genus that 

Infect Salmonella Infantis, Antibiotics (Basel), 

Vol. 10, No. 7, 2021, pp. 806. 

[33] S. Bhandare, O. U. Lawal, A. Colavecchio, 

B. Cadieux, Y. Z. Jovich, Z. Zhong, E. Tompkins, 

M. Amitrano, I. K. Ibrulj, B. Boyle, S. Wang, R. C. 

Levesque, P. Delaquis, M. Danyluk, L. Goodridge, 

Genomic and Phenotypic Analysis of Salmonella 

Enterica Bacteriophages Identifies Two Novel 

Phage Species. Microorganisms, Vol. 12, No. 4, 

2024, pp. 695. 

[34] A. Unverdi, H. B. Erol, B. Kaskatepe, O. Babacan, 

Characterization of Salmonella Phages Isolated 

from Poultry Coops and Its Effect with Nisin on 

Food Bio‐Control, Food Science & Nutrition, 

Vol. 12, No. 4, 2024, pp. 2760-2771. 

[35] L. M. Kasman, L. D. Porter, Bacteriophages, In 

StatPearls, StatPearls Publishing, 2022. 

[36] Y. Zhang, Y. Ding, W. Li, W. Zhu, J. Wang, 

X. Wang, Application of a Novel Lytic Podoviridae 

Phage Pu20 for Biological Control of Drug-

Resistant Salmonella in Liquid Eggs, Pathogens, 

Vol. 10, No. 1, 2021, pp. 34. 

[37] Y. Wang, J. Wu, J. Li, C. Yu, J. Gao, F. Song, 

L. Zhou, R. Zhang, S. Jiang, Y. Zhu, Isolation and 

Characterization of Duck Sewage Source 

Salmonella Phage P6 and Antibacterial Activity for 

Recombinant Endolysin LysP6, Poultry Science, 

Vol. 103, No. 11, 2024, pp. 104227. 

[38] M. A. S. Khan, Z. Islam, C. Barua, M. M. H. 

Sarkar, M. F. Ahmed, S. R. Rahman, Phenotypic 

Characterization and Genomic Analysis of a 

Salmonella Phage L223 for Biocontrol of 

Salmonella spp. in Poultry. Scientific Reports, 

Vol. 14, No. 1, 2024, pp. 15347. 

[39] S. Abedon, E. Bartom, Multiplicity of Infection, In 

Brenner's Encyclopedia of Genetics: Second 

Edition, Elsevier Inc, 2013, pp. 509-510. 

[40] S. Cao, W. Yang, X. Zhu, C. Liu, J. Lu, Z. Si, 

L. Pei, L. Zhang, W. Hu, Y. Li, Isolation and 

Identification of the Broad-Spectrum High-

Efficiency Phage vB_SalP_LDW16 and Its 

Therapeutic Application in Chickens, BMC 

Veterinary Research, Vol. 18, No. 1, 2022, pp. 386. 

[41] Y. Li, P. Lv, D. Shi, H. Zhao, X. Yuan, X. Jin, 

X. Wang, A Cocktail of Three Virulent Phages 

Controls Multidrug-Resistant Salmonella Enteritidis 

Infection in Poultry, Frontiers in Microbiology, 

Vol. 13, 2022, pp. 940525. 

[42] Y. Zhang, M. Chu, Y. T. Liao, A. Salvador, V. C.  

Wu, Characterization of Two Novel Salmonella 

Phages Having Biocontrol Potential Against 



D. V. Quyen et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 41, No. 2 (2025) 79-91 

 

91 

Salmonella spp. in Gastrointestinal Conditions, 

Scientific Reports, Vol. 14, No. 1, 2024, pp. 12294. 

[43] E. Jończyk, M. Kłak, R. Międzybrodzki, A. Górski, 

the Influence of External Factors on 

Bacteriophages, Folia Microbiologica, Vol. 56, 

2011, pp. 191-200. 

[44] M. Ye, M. Sun, D. Huang, Z. Zhang, H. Zhang, 

S. Zhang, F. Hu, X. Jiang, W. Jiao, A Review of 

Bacteriophage Therapy for Pathogenic Bacteria 

Inactivation in the Soil Environment, Environment 

international, Vol. 129, 2019, pp. 488-496. 

[45] Z. Zhang, F. Yu, Y. Zou, Y. Qiu, A. Wu, T. Jiang, 

Y. Peng, Phage Protein Receptors Have Multiple 

Interaction Partners and High Expressions. 

Bioinformatics, Vol. 36, No. 10, 2020, pp. 2975-2979. 

[46] Y. Ma, E. Li, Z. Qi, H. Li, X. Wei, W. Lin, 

R. Zhao, A. Jiang, H. Yang, Z. Yin, Isolation and 

Molecular Characterisation of Achromobacter 

Phage phiAxp-3, an N4-like Bacteriophage, 

Scientific Reports, Vol. 6, No. 1, 2016, pp. 24776. 

[47] D. J. Malik, I. J. Sokolov, G. K. Vinner, 

F. Mancuso, S. Cinquerrui, G. T. Vladisavljevic, 

M. R. Clokie, N. J. Garton, A. G. Stapley, 

A. Kirpichnikova, Formulation, Stabilisation and 

Encapsulation of Bacteriophage For Phage Therapy, 

Advances in Colloid and Interface Science, 

Vol. 249, 2017, pp. 100-133. 

[48] H. Ge, Y. Xu, M. Hu, K. Zhang, S. Zhang, X. Chen, 

Isolation, Characterization, and Application in 

Poultry Products of a Salmonella-Specific 

Bacteriophage, S55, Journal of Food Protection, 

Vol. 84, No. 7, 2021, pp. 1202-1212. 

[49] A. Pradeep, S. Ramasamy, J. Veniemilda, 

C. Kumar, Effect of pH & Temperature Variations 

on Phage Stability-a Crucial Prerequisite for 

Successful Phage Therapy, International Journal of 

Pharmaceutical Sciences and Research, Vol. 13, 

2022, pp. 5178-5182.  

[50] P. García, C. Madera, B. Martinez, A. Rodríguez, 

J. E. Suárez, Prevalence of Bacteriophages 

Infecting Staphylococcus Aureus in Dairy Samples 

and Their Potential as Biocontrol Agents, Journal of 

Dairy Science, Vol. 92, No. 7, 2009, pp. 3019-3026. 

[51] H. Bao, H. Zhang, R. Wang, Isolation and 

Characterization of Bacteriophages of Salmonella 

Enterica Serovar Pullorum, Poultry Science, 

Vol. 90, No. 10, 2011, pp. 2370-2377. 

[52] S. S. Hong, J. Jeong, J. Lee, S. Kim, W. Min, 

H. Myung, Therapeutic Effects of Bacteriophages 

Against Salmonella Gallinarum Infection in 

Chickens, Journal of Microbiology and 

Biotechnology, Vol. 23, No. 10, 2013, pp. 1478-1483. 

[53] S. Sattar, M. Bailie, A. Yaqoob, S. Khanum, 

K. Fatima, A. U. R. B. Altaf, I. Ahmed, S. T. A. 

Shah, J. Munawar, Q. A. Zehra, Characterization of 

Two Novel Lytic Bacteriophages Having Lysis 

Potential Against MDR Avian Pathogenic 

Escherichia Coli Strains of Zoonotic Potential, 

Scientific reports, Vol. 13, No. 1, 2023, pp. 10043. 

T 

O

 

 

 

 

 

 

 


