w
a
o
}_
(%
<
4
<
=
Q
74
®)

Iranlan
Journal of

Volume 18 Number 3 (June 2026) 338-344
DOI: http://doi.org/10.18502/ijm.v18i3.21658
Efficacy of a bacteriophage cocktail in controlling Salmonella Enteritidis
infection in broiler chickens

Muhammad Zohaib Wasam?, Ali Ahmad Sheikh!*, Aftab Ahmad Anjum?!, Muhammad Mubashar Beig?,
Sehrish Firyal?, Aleena Kokab?, Syed Bilal Tahir?, Taugeer Mahmood?, Muhammad Shahzad*

!Institute of Microbiology, Faculty of Veterinary Science, University of Veterinary and Animal Sciences,
Lahore, Pakistan

?Institute of Biochemistry and Biotechnology, Faculty of Biosciences, University of Veterinary and Animal
Sciences, Lahore, Pakistan

Poultry Research Institute, Rawalpindi, Pakistan
“Veterinary Research Institute, Lahore, Pakistan

Received: July 2025, Accepted: January 2026

ABSTRACT

Background and Objectives: Salmonella Enteritidis is widespread in the world and is known to be among the most com-
mon agents of zoonotic food-borne illnesses. This study evaluates the efficacy of a bacteriophage cocktail — comprising
SEPLO1 (Siphovirus) and SEPL13 and SEPL20 (Myoviruses) — in controlling Salmonella Enteritidis infection in poultry.
Materials and Methods: A total of 168 one-day-old desi chicks were procured and randomly divided into five different
groups: negative control, positive control, prophylactic, 6 h and delayed post-challenge treatment group. Birds in the positive
control and trial groups were orally infected with 10° CFU/mI S. Enteritidis on the fourth day. The bacteriophage was given
in 107 PFU/ml through oral gavage, drinkers and aerosol spray. Bacterial enumeration was done using dilution plate counting
on XLD agar and bacterial reduction was determined using log10 reduction.

Results: Among the groups, the prophylactic group showed the highest logio bacterial reduction: 1.92 (Day 3), 1.79 (Day
7), and 1.23 (Day 14). Drinking water administration resulted in a logio reduction of 1.62, 1.44, and 0.91, respectively, while
aerosol spray was the least effective with a logio reduction of 1.12, 0.85, and 0.52 across the same days. The treatment group
receiving therapy 6 hours post-challenge exhibited a moderate level of reduction: 1.63, 1.37, and 1.22 via oral gavage;
1.43, 1.15, and 0.94 via drinkers; and 0.46, 0.15, and 0.12 via aerosol spray. The delayed post-challenge group showed
smaller reductions: 1.56, 1.24, and 0.92 by oral gavage; 1.25, 0.99, and 0.79 by water; and 0.42, 0.13, and 0.10 by aerosol
spray.

Conclusion: The bacteriophage therapy is highly effective in reducing Salmonella Enteritidis, demonstrating potential as an

antibiotic alternative.
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BACTERIOPHAGE IN CONTROLLING SALMONELLA IN CHICKENS

INTRODUCTION

Salmonellosis, due to Salmonella enterica sero-
var enteritidis, continues to represent a major glob-
al public health threat and one of the main vehicles
for transmission is poultry products (1). Salmonella
Enteritidis has been shown to be a leading cause of
foodborne gastroenteritis worldwide, resulting from
contaminated eggs, meat and poultry products (2).
Since the 1980s, the rapid dissemination of Salmo-
nella Enteritidis across continents has been facili-
tated by the globalization of poultry supply chains,
through centralized sourcing and international trade
of breeding stocks (3).

Approximately 10% of the more than 2,500 known
Salmonella serovars are associated with poultry,
and Salmonella Enteritidis is responsible for ap-
proximately 75% of poultry-associated Salmonella
outbreaks because it thrives in and persists with-
in poultry systems (4). Prevalence rates also vary
widely, ranging from 5% in Europe to 93.7% in
Asia, highlighting the widespread threat posed by
this pathogen. In addition, low- and middle-income
countries often have inadequate biosecurity, and the
use of antibiotics further increases the risk of anti-
microbial resistance (AMR) in Salmonella Enter-
itidis strains (5). For example, poultry in Pakistan,
India, and Nigeria has been reported to harbor mul-
tidrug-resistant Salmonella Enteritidis isolates, mak-
ing treatment and control of these infections difficult
6, 7).

Traditional control strategies such as vaccination,
improved farm hygiene and antibiotic therapy, have
been only partially successful in eradicating Salmo-
nella Enteritidis in poultry flocks (8, 9). Vaccines
leave people only partially protected and antibiotics
no longer work well because of a growing resistance.
Chicken meat and its products with antibiotic res-
idues present a food safety and public health issue
and exacerbate the global antimicrobial resistance
epidemic (10).

An alternative or complementary approach to con-
trol SE infections in poultry is bacteriophage ther-
apy. Bacteriophages, viruses that primarily target
and lyse bacteria, possess various advantages due to
their great specificity for bacterial hosts, their lack of
impact on beneficial microbiota, and their inability
to develop in response to resistant bacterial popula-
tions (11). Phage therapy has been shown in experi-
mental studies to dramatically decrease Salmonella
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Enteritidis colonization in the gastrointestinal tract
of poultry, resulting in reductions in bacterial loads
by several orders of magnitude. The combination
of multiple phage types into phage cocktails has
demonstrated improved phage efficacy and reduced
the likelihood of bacterial resistance (12).

The feasibility of phage therapy in commercial
poultry settings has been improved by recent advanc-
es in phage isolation, characterization and delivery
methods. Phages can be delivered through drinking
water, feed additives or aerosol sprays which pro-
vides for flexible inclusion in current farm practices
(13). Most importantly, phage therapy proved effec-
tive against multi-drug resistant Salmonella Enterit-
idis strains isolated from poultry farms in Pakistan
and in other countries and provides a clue to dealing
with the challenges posed by antibiotic resistance.
The current research is planned to evaluate the effi-
cacy of bacteriophage therapy in controlling Salmo-
nella Enteritidis infections in poultry birds.

MATERIALS AND METHODS

Experimental site. The study was conducted at the
Post Graduate Research Institute for Poultry Diseas-
es, Rawalpindi.

Preparation of shed. The poultry shed was thor-
oughly cleaned and disinfected using a Quaternary
ammonium compound, and fumigation was carried
out with 40% formalin mixed with potassium per-
manganate. After fumigation, the shed was sealed
for 48 hours. Overcrowding and cross-contamination
were prevented by installing separate partitions. Tem-
perature, humidity, and light intensity were main-
tained at 32-35°C, 60%, and 30-35 lux, respectively.
For the first 10 days, paper lining was used to collect
fecal buildup, after which the birds were moved to
rice husk litter (14).

Experimental birds. A total of 168 one-day-old
desi chicks (each weighing approximately 40-45 Q)
were sourced from Salmonella-free flocks. Vitamin
and mineral supplementation was withheld from the
birds, which were then reared under standard man-
agement conditions. Housing temperature and hu-
midity were regulated within the recommendations
of the Hy-line W-36 guidelines. Feed and water were
tested and confirmed to be free of Salmonella. Slide
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cecum were harvested in a sterile state, ground into
a homogenate and serially diluted in phosphate-buff-
ered saline. Samples were cultured on Xylose Lysine
Deoxycholate (XLD) agar and placed in an incubator
at 37°C for 24 hours. Bacterial load reduction was
assessed by counting the salmonella colonies on the
petri dishes (19).

Statistical analysis. The results of all experiments
were subjected to statistical analysis through Repeat-
ed Measure ANOVA by SPSS (SPSS V.20, IBM, Ar-
monk, NY, USA). The significant difference among
treatments was considered at p-value < 0.05 (20).

Ethical approval statement. All animal proce-
dures were conducted in accordance with institu-
tional guidelines and were approved by the Ethical
Review Committee of University of Veterinary and
Animal Sciences, Lahore.

RESULTS

Throughout the experiment, no mortality was ob-
served in any group. The mean intestinal counts of
Salmonella Enteritidis (CFU/mL (log10)) in the pos-
itive control group were 4.88, 5.11, and 4.87 on the
31, 7t and 14" days post-challenge, respectively. In
the prophylactic group, a log10 reduction in Salmo-
nella Enteritidis was observed for all delivery routes
compared with the positive control group. On the 3rd
day post-challenge, log10 reductions of 1.62 and 1.92
were observed in birds that received the bacteriophage
cocktail through drinking water and oral gavage, re-
spectively, whereas the aerosol spray route showed a
log10 reduction of 1.12. On the 7th day post-challenge,
the reductions were 1.44, 1.79, and 0.85 for drinking
water, oral gavage, and aerosol spray, respectively. On
the 14" day post-challenge, the reductions were 0.91,
1.23, and 0.52 for drinking water, oral gavage, and
aerosol spray, respectively, as shown in Fig. 1.

In the delayed post-challenge group, the treatment
by a cocktail of bacteriophages of 107 PFU/ml was
given after 48 hours of the Salmonella Enteritidis
challenge. The efficacy of phage cocktail in bacterial
reduction by drinking water, oral gavage, and aerosol
spray was 1.25, 1.56, and 0.42 Log10 respectively on
the 3 days post challenge. Subsequently, on 7" day
bacterial reduction was 0.99, 1.24 and 0.13 Log10 for
all three routes. The efficacy of bacterial reduction was
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lowered to 0.79, 0.92 and 0.10 Log10 on 14" days post
challenge for drinking water, oral gavage and aerosol
spray routes respectively as shown in Fig. 2.

In 6 hours post-challenge therapy phages were ad-
ministered 6 hours after the challenge of Salmonella
Enteritidis. In this group drinking water and oral ga-
vage routes reduced bacteria to 1.43 and 1.63 Log10
while aerosol spray reduced to 0.46 on the 3" days
post challenge. A reduction of 1.15, 1.37, and 0.15
was seen in drinking water, oral gavage, and aerosol
spray routes on 7" days post-challenge. The phage
cocktail efficacy given by drinking water, oral gavage,
and nasal spray routes was reduced to Logl0 0.94,
Log10 1.22, and Log10 0.12 respectively on the 14"
days post challenge as shown in Fig. 3. As the p-value
is more than 0.05, the results are not significant and
therefore do not indicate a meaningful difference be-
tween the groups. In this experiment, the most effec-
tive group in bacterial reduction was the prophylactic
group, and in different routes oral gavage route was
most effective, and aerosol spray was least effective in
control of infection.

DISCUSSION

The research was carried out using a controlled
in vivo experimental design based on established
phage-therapy models reported in poultry research.
The birds were randomly allocated to treatment
groups according to standard allocation procedures
to eliminate selection bias. The challenge mod-
el, timing, and dosing were based on studies of
phage-bacterium interactions published previously,
which demonstrated increased therapeutic efficiency
in broiler chickens. This design enabled reproducible
comparisons across all treatment arms and ensured
scientific rigor comparable to that of existing meth-
ods. The research suggests that bacteriophage ther-
apy greatly minimizes the presence of Salmonella
Enteritidis in poultry by controlling when and how
it is applied. Phage therapy given to the prophylactic
group ahead of infection with bacteria saw the great-
est reduction in Salmonella Enteritidis of up to 1.92
Logl0 CFU/mL on day 3 after challenge, as shown
in previous studies. Phages are best at stopping bac-
terial infections when they are introduced before the
pathogens can take hold in the gut (21).

Administering the bacteriophages via oral gavage
gave better outcomes than insertion into drinking
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Fig. 1. Comparison of CFU Log10 values in between Prophylactic and Positive control groups.
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Fig. 2. Comparison of CFU Log10 values in between Delayed post challenge and Positive control groups.
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Fig. 3. Comparison of Salmonella Enteritidis counts (CFU Log10) in between Prophylactic, 6 hrs post challenge and Delayed
post-challenge groups.

water or aerosol spray for all groups. Oral gavage models, intragastric usage of phages was a better ap-
is likely more effective because it sends the phages proach for Salmonella Enteritidis reduction than de-

right into the intestinal tract, where Salmonella En- livering the phages by vent lip routes (21). However,
teritidis usually begins colony formation (22). Simi- using aerosol spray to deliver these phages did not
larly, when Salmonella Enteritidis was tested in quail show great results, proving the importance of direct-
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ing phages to the area of infection (23).

Significantly, phage’s effectiveness dropped after
day 14 following the challenge. The reduction in
numbers could be because the phages were cleared
from the digestive system, as seen in mouse and
poultry experiments that often require regular treat-
ment with phages (24). Administration of repeated
phages in chickens decreased Salmonella Enteritidis
counts by two to four logie within twelve days which
suggests that frequent doses can help phages last lon-
ger in real-world use.

The noticeable differences in the treatment groups
show that the success of phage therapy depends
greatly on timing. The significant advantage of early
intervention for the prophylactic group means that
fast action can stop Salmonella Enteritidis from set-
tling and growing in the intestines (25). The result
is in line with the concept that once bacteria form a
biofilm, become highly populated or are recognized
by the immune system, phage therapy becomes more
difficult. It is also evident from the delayed treatment
studies that phage therapy alone may not be enough
against well-established infections, so using it with
other biosecurity actions is recommended (26).

The decreases in Salmonella Enteritidis in the cur-
rent study, especially in the Prophylactic Group, are
consistent with a previous study, which reported a
2-3 logl0 CFU/g reduction in bacterial colonization
when phages were administered before exposure to
the pathogen (21). In the same manner, another study
proved that early phage intervention blocks initial
colonization of the gut significantly, which is sim-
ilar to the greater reduction that we measured in
the post-challenge phage group, when compared to
post-challenge therapies. There were moderate, albe-
it significant, changes in our Delayed Post-Challenge
and 6-Hours Post-Challenge Therapy groups, which
are consistent with the outcomes of other research,
which have shown that there are limited but signif-
icant therapeutic effects when phages are delivered
once the infection is established. The present find-
ings support the already known trend where phage
efficacy is the greatest when used prophylactically
or extremely within the infection window, com-
pared to therapeutic dosing after colonization which
only partially controls but not altogether suppresses
bacterial persistence, which has been repeatedly ob-
served in past experimental phage work in poultry.
Notably, the study finds that phage therapy is safe,
as no negative effects or deaths happened, prov-
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ing it’s appropriate for use in commercial poultry
farms. In general, the research supports that bacte-
riophage therapy is useful in preventing and man-
aging Salmonella infections in poultry, but demon-
strates that planning its application is key for best
results (27).

CONCLUSION

The findings indicate that bacteriophage therapy
works effectively in stopping Salmonella Enteriti-
dis in poultry, especially when applied prophylacti-
cally using oral methods. More research is needed
to streamline phage delivery methods, fine-tune the
timings for phage administration and check phage
cocktails against multiple strains and serovars of Sal-
monella enteritidis. Overcoming these challenges,
phage therapy may prove to be an ongoing replace-
ment for antibiotics and become good for both the
poultry industry and the global food supply.
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