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Abstract | The study aimed to evaluate the effects of a bacteriophage cocktail (BC) against Salmonella enteritidis (SE)
in native broiler chickens. Totally, 320 native chicks were divided into two experiments using a completely randomized
design consisting of 4 treatments and 4 replicates of 10 chicks per experiment. In both experiments, BC was used
at a dose of 10° PFU/mL, and SE was used at 103 CFU/mL. In the protective experiment, 1-day-old chicks were
arranged in CD) control diet; BC+S) CD + 1 mL BC (gavaged at days 1,2, 3,4, 5) + 1 mL SE (gavaged at day 3); S)
CD +1 mL SE (gavaged at day 3); S+A) CD + 1 mL SE (gavaged at day 3) + gentamicin at 1 g/4 L water (gavaged at
days 1,2, 3,4,5). In therapeutic experiment, 2-days-old chicks were arranged in CD; BC+S) CD + 1 mL BC (gavaged
at days 2, 3, 6, 8,10, 13,15) + 1 mL SE (gavaged at day 2); S) CD + 1 mL SE (gavaged at day 2); S+A) CD + 1 mLL
SE (gavaged at day 2) + gentamicin at 1g/4L water (gavaged at days 2, 3, 6, 8, 10, 13, 15). The results showed that the
mortality rate and the number of bacteria in the internal organs of chicks were dramatically decreased in BC+S group
compared to S group in both treatments. Moreover, supplementing BC tended to improve the weight gain of chicks.
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INTRODUCTION

In Vietnam, poultry production has a significant role in
the economy of small households (a typical livestock
model of Vietnam), constituting approximately 19% of
total household income (Desvaux et al., 2008). In recent
years, the poultry industry has become increasingly impor-
tant to small households across the whole country due to
the adverse effects of the emerging infectious pandemics
in larger livestock, such as African swine fever in pigs and
lumpy skin disease in cattle (Nguyen-Thi et al., 2021; Tran
et al., 2021; Trinh et al., 2022; Hien et al., 2022; 2023).
Besides the advantages, numerous challenges exist in the

poultry industry, including product consumption, livestock
quality improvement, feed source, and diseases (Desvaux et
al., 2008). Therefore, improving the quality of the poultry
industry and reducing infection is paramount in Vietnam.
Salmonellosis has been a worldwide pandemic not only in
the poultry industry but also in public health (Berchieri
et al., 2001; Ferrari et al., 2019; Ruvalcaba-Gémez et al.,
2022). Poultry products have been considered as top food-
borne sources of Sa/monella spp. When poultry products
contaminated with Sa/monella spp. have been exported,
pathogens have also been unintentionally spread world-
wide (Torres-Acosta et al., 2019). Indeed, 118/326 (36.2%)

fresh chicken meat samples collected from the wet markets
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in upper northeastern Thailand were contaminated with
Salmonella spp. (Vidayanti et al., 2021). Noticeably, the
multidrug resistance of Sa/monella spp. has been highlight-
ed in several popular antibiotics in humans, and it could be
linked to multidrug resistance in public health (Chotinan
and Tadee, 2015; Vidayanti et al., 2021). In Vietnam, Sa/-
monella has been reported as zoonotic foodborne bacteria
related to the poultry industry. Unfortunately, the multi-
drug resistance of Salmonella spp. has emerged in nearby
decades, directly affecting customer health (Nga et al.,
2019), thus necessitating Sa/monella control in the poultry
industry of Vietnam.

Several strategies have been suggested to reduce Salmonella
in the poultry industry, such as using antibiotics for treat-
ment or administering probiotics and prebiotics to enhance
intestinal immunity, and/or using bacteriophages to be
specifically controlled (Nam et al., 2022; Ngu et al., 2022).
Amongst them, bacteriophages have been considered as a
promising alternative to antibiotics in the poultry indus-
try (Lim et al., 2011; Kim et al., 2013; Noor et al., 2020;
Ngu et al., 2022), resulting in reducing of Sa/monella load
in food products. The effectiveness and safety of bacterio-
phage therapy in comparison to antibiotics have been par-
tially due to the specificity of bacteriophages for particular
bacteria, manifested as the ability to infect only one spe-
cies, serotype, or strain. Besides, bacteriophage could not
bind and replicate in eukaryotic cells which may correlate
with the reduction of pathogenic agents in the host. More-
over, bacteriophage has been known as a non-toxic agent
mainly composed of proteins and nucleic acids (Loc-Car-
rillo and Abedon, 2011). Due to the promising benefits
of bacteriophage in controlling bacteria, the current study
aimed to investigate the protective and therapeutic effects
of bacteriophage cocktail (BC) isolated from local broiler
households to prevent Salmonella enteritidis (S. enteritidis)
in native broiler chickens of Vietnam. The results of this
study illustrated the role of BC in preventing §. enferitidis
in native broiler chickens and may contribute to reducing
the effect of Salmonella in the poultry industry of Vietnam.

MATERIALS AND METHODS

ETHICAL APPROVAL

This study was accorded to the Animal Husbandry Law
of Vietnam (32/2018/QH14). The experimental proce-
dure followed the guideline of the approved version by the
Council for Science and Education, College of Agriculture
(A10-02-2019/KNN), Can Tho University.

BACTERIOPHAGE
PREPARATION
Three bacteriophages (G3D03, L1R06, and L1NO1) were

isolated and screened from chicken feces, chicken intes-

ISOLATION AND BACTERIA

tines; soil, and water nearby local broiler households in
Tra Vinh province of Vietnam. The samples were cultured
in Tryptic Soy Broth (T'SB) (Merck, Germany) at 37°C,
150 rpm for 24 hours. Following, 2 mL of the samples
were centrifuged at 12,000 rpm for 10 minutes and the
supernatants were transferred into the Eppendorf includ-
ing chloroform at 4°C for 10 minutes. The bacteriophages
were collected after centrifuging at 6,000 rpm for 5 min-
utes. After collection, the bacteriophages were diluted into

a concentration of 10° PFU/mL (Ngu et al., 2022).

In the current study, a commercial product of S. enteritid-
is (ATCC® 49223™) was cultured in Tryptone Soya Agar
(TSA) (Merck, Germany) for 24 hours and used at a con-
centration of 108 CFU/mL. A total of 0.1 mL diluted bac-
teriophages were mixed with fresh log-phase §. enteritidis
and cultured on 0.6% agar in TSB, incubated overnight
at 37°C. The bacteriophages were collected from a clear
plaque and were diluted into a concentration of 10° PFU/
mL. The previous steps were replicated until a plaque was
homogenous in shape and size (Poxleitner et al., 2017).

The pure bacteriophages were incubated with fresh super-
natant 8. enteritidis in TSB at 37°C for 24 hours. Follow-
ing that, 0.1 mL of chloroform was added, vortexed, and
incubated for 2 hours. After incubation, the samples were
centrifuged at 4°C, 6,000 rpm for 15 minutes. Next, 0.1
mL of the supernatant was collected into the Eppendorf,
tested for pH tolerance (Verma et al., 2009), and stored at
4°C until used (Phuong et al., 2022). The BC was chosen
according to the host spectrum, pH tolerance, and capacity
to lyse S. enteritidis of the previous experimental infection
on hens.

CHICK MANAGEMENT AND DIET

'The one-day-old native broiler chicks were utilized in this
study. All the chicks were immunized against Marek dis-
ease (day 1%), Newcastle disease (days 1% and 14™), Fowl-
pox disease (days 7*), Gumboro (days 7* and 14%), and
H5N1 (days 21%). A commercial feed without antibiotics
was used as a basal diet and was equally provided for indi-
vidual pens at 7.00 am and 2.00 pm over the experiment.
The chemical compositions of a basal diet were presented

in Table 1.

LETHAL DOSE (LD) 50 DETERMINATION

A total of 90 one-day-old native broilers were random-
ly divided into 5 treatments and 3 replicates of 6 chicks
based on a completely randomized design. The treatment
groups were as follows: 1) chicks gavaged with S. enteritidis
at a concentration of 10° CFU/mL (S.5), i) chicks gavaged
with S. enteritidis at a concentration of 10° CFU/mL (S.6),
iii) chicks gavaged with §. enteritidis at a concentration of
10” CFU/mL (S.7), iv) chicks gavaged with §. enteritid-
is at a concentration of 108 CFU/mL (S.8), and v) chicks
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gavaged with §. enseritidis at a concentration of 10° CFU/
mL (5.9). During 5 days of the experiment, all chicks were
carefully checked for health conditions. All dead chicks
were immediately necropsied and harvested internal or-
gans (heart, liver, spleen, cecum). The samples were then
cultured and §. enferitidis was isolated in Xylose lysine
deoxycholate (XLD) agar (Merck, Germany) to confirm.
LD50 was calculated according to the formulae of Reed
and Muench (1938).

Table 1:The chemical compositions of a basal diet for
1-21-day olds chicks in the current study.

Item 1-21-day olds
period

Metabolisable energy (Kcal/kg) (min) 3,050

Crude protein (%) (min) 21

Crude fiber (%) (max) 5

Digestible lysine (%) (min) 1.2

Digestible methionine+cysteine (%) (min) 0.9

Calcium (%) (min-max) 0.7-1.4

Available phosphorus (%) (min-max) 0.5-1

EVALUATION OF THE PROTECTIVE EFFECT OF BC TO
PREVENT §. ENTERITIDIS IN NATIVE BROILER CHICKS

A completely randomized design was performed on 160
one-day-old native broilers with 4 treatments and 4 rep-
licates of 10 chicks. Dietary treatment groups were as fol-
lows: i) control diet (CD) (basal diet without any antibiot-
ics), i) CD + 1 mL BC at a concentration of 10° PFU/mL
(oral administration at days 1,2,3,4,5) + 1 mL §. enteritid-
is at a concentration of LD50 (oral administration at day
3) (BC+S),iii) CD + 1 mL 8. enteritidis at a concentration
of LD50 (oral administration at day 3) (S),iv) CD + 1 mL
S. enteritidis at a concentration of LID50 (oral administra-
tion at day 3) + gentamicin at a concentration of 1 g/4 L
water (oral administration at days 1, 2, 3, 4, 5) (S+A). The
body weight of chicks was recorded weekly for each rep-
licate until the end of the experiment (day 21). Moreover,
a total of 4 chicks (1 chick/replicate*4 replicates) through
4 treatments were randomly chosen for sacrifice on days 5,
11, and 21 of the experiment. After necropsy, the internal
organs (heart, liver, spleen, cecum) of chicks were collected
and weighed. The data were recorded to evaluate the pro-
tective effect of BC to prevent §. enteritidis in experiment

chicks.

EVALUATION OF THE THERAPEUTICAL EFFECT OF A BC
TO PREVENT 8. ENTERITIDIS IN NATIVE BROILER CHICKS
One hundred and sixty of two-day-old native broilers were
randomly divided into 4 treatments and 4 replicates of 10
chicks according to a completely randomized design. Di-
etary treatment groups were as follows: i) CD, ii) CD + 1
mL BC at a concentration of 10° PFU/mL (oral admin-

istration at days 2, 3, 6, 8, 10, 13, 15) + 1 mL §. enteritidis
at a concentration of LD50 (oral administration at day 2)
(BC+S),iii) CD + 1 mL 8. enteritidis at a concentration of
LD50 (oral administration at day 2) (S), iv) CD + 1 mL
S. enteritidis at a concentration of LID50 (oral administra-
tion at day 2) + gentamicin at a concentration of 1g/4L
water (oral administration at days 2, 3, 6, 8, 10, 13, 15)
(S+A). The body weight of chicks was recorded weekly for
each replicate until the end of the experiment (days 21).
Furthermore, a total of 4 chicks (1 chick/replicate*4 repli-
cates) through 4 treatments were necropsied, collected, and
weighed the internal organs (heart, liver, spleen, cecum) on
days 5,11, and 21 of the experiment.

BACTERIA ENUMERATION, RE-ISOLATION, AND
IDENTIFICATION OF §. ENTERITIDIS

In the present study, S. enteritidis was re-isolated from the
collected organs of chicks through two experiments. A total
of 384 samples were cultured in XLD agar (Merck, Germa-
ny). The enumeration of bacteria was based on the guide-
line of the Vietnamese national standards (8400-12:2011).
On the other hand, 4 samples from two experiments were
carefully selected from chicks with clear lesions, and then
extracted DNA, amplification, and sequencing to confirm
S. enteritidis. The primer pairs and temperature cycling fol-
lowed the previous study (Chiu and Ou, 1996). The nu-
cleotide sequences after sequencing by the Sanger method
were aligned and constructed the overlapping sequenc-
es, using BioEdit version 7.2.5. The sequences were then
compared to the previous references of S. enteritidis from
GenBank (CP085816, CP098831, CP098829, CP077424,
CP092329,CP092258,CP082523,CP085806,CP085817,
CP077760) via MEGA software version 7.0.26.

STATISTICAL ANALYSIS

The collected data of the current study were calculated by
Microsoft Excel 2016 and statistically analyzed by using
the ANOVA test in Minitab version 16.2.1 software (State
College, PA,USA). A p-value lower than 0.05 was statisti-

cally significant among treatments.

RESULTS

BACTERIOPHAGE ISOLATION

Overall, 39 samples including 25 chicken intestines, 6
soil, 5 water, and 3 chicken feces were selected from local
broiler households in Tra Vinh province. The isolated re-
sults indicated that bacteriophage was prevalent in chicken
intestines (48.0%), following chicken feces (33.3%), soil
(33.3%), and lower in water (20.0%) (Fig. 1). The isolated
bacteriophage was then screened against §. enteritidis, the
results indicated that 16 bacteriophages were chosen from
water, soil, and chicken intestines samples. On double-layer
agar, the selected bacteriophage produced a homogeneous
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Table 2: Evaluation of pH tolerance of bacteriophages against S. enteritidis.

2 G3P01 - - + + + +

4 L1No01 + + + + + +

6 L1R04 - - + + + +

8 L1R13 - - + + + +

10 L2NO02 & + + + + +

12 L2R01 - - - + + +

14 L2R03 - - + + + +

16 L2D03 + + + + + +

Percentage (%) 31.3 31.3 68.8 75.0 75.0 100

Table 3: The mortality rate of chicks through the LD50 experiment.

S.5 18 10° 1.0 0/18 0
S.7 18 107 1.0 0/18 0
S.9 18 10° 1.0 14/18 77.7
% 60.0 o

50.0

40.0

30.0

20.0

10.0

0.0
Chicken feces  Chicken intestine Soil ‘Water

Figure 1: The isolated results of bacteriophages from

Figure 2: Plaques of bacteriophage cultured on 8. enteritidis
broiler households in Tra Vinh province, Vietnam.

lawn. Clear transparent plaques of approximately 1-1.5

o ) _ mm diameter were observed on a double-layer agar plate
transparent plaque over S. enteritidis lawn with a diameter  (p1, L arrow).

of 1-1.5 mm (Fig. 2).

results showed that 5/16 (31.3%) viability bacteriophages

The isolated bacteriophages were evaluated for pH toler- .o found at pH = 2,5/16 (31.3%) viability bacteriophag-
ance to select appropriate lineages against S. enteritidis. The
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Table 4: The percentage of internal organ weights of chicks during 21 days in the protective experiment.

Day CD BC+S S S+A SEM P
Heart (%)

5 0.69 0.52 0.70 0.51 0.05 0.07
11 0.912 0.59 1.06* 0.54° 0.05 0.01
21 0.53¢ 0.50° 0.40° 0.57¢ 0.01 0.01
Liver (%)

5 4.19° 3.54b 3.16° 3.55b 0.14 0.01
11 2.45b 2.98» 3.16® 3.75° 0.20 0.01
21 2.25% 2.45° 2.48 1.99° 0.08 0.01
Spleen (%)

5 0.10° 0.18 0.10° 0.16® 0.01 0.01
11 0.22° 0.10° 0.12b 0.11° 0.01 0.01
21 0.13% 0.07° 0.13% 0.17 0.01 0.02
Cecum (%)

5 0.67° 0.84® 1.52° 1.12% 0.19 0.04
11 0.71° 0.87% 0.89% 1.37° 0.13 0.02
21 0.60P 0.64° 1.322 0.56° 0.05 0.01

Table 5: The percentage of internal organ weights of chicks during 21 days in the therapeutic experiment.

Day CD BC+S S S+A SEM P
Heart (%)

5 0.68 0.50 0.75 0.59 0.06 0.08
11 0.57* 0.55% 0.52° 0.62° 0.01 0.01
21 0.532 0.50° 0.40° 0.57* 0.01 0.01
Liver (%)

5 3.44 3.04 2.66 3.30 0.29 0.31
11 2.95 2.73 3.16 3.75 0.30 0.15
21 2.67® 2.48b 2.44° 3.18: 0.16 0.03
Spleen (%)

5 0.13 0.17 0.13 0.17 0.02 0.41
11 0.13% 0.06" 0.12® 0.18 0.02 0.04
21 0.16 0.10 0.15 0.17 0.02 0.35
Cecum (%)

5 0.63" 0.79® 1.522 1.12% 0.19 0.03
11 0.63" 0.87® 0.89% 1.37¢ 0.12 0.01
21 1.42% 1.472 0.88° 0.85° 0.13 0.01

Table 6: The similarity level of nucleotides (under the diagonal) and amino acid (above the diagonal) among S. enferitidis
samples and the reference on GenBank.

Reference 1 2 3 4 5 6 7 8 9 10 11

1 99.8 99.8 99.8 99.8 99.8 99.8 99.8 99.8 99.8 99.8
2 99.3 100 100 100 100 100 100 100 100 100
3 99.3 100 100 100 100 100 100 100 100 100
4 99.3 100 100 100 100 100 100 100 100 100
5 99.3 100 100 100 100 100 100 100 100 100
6 99.3 100 100 100 100 100 100 100 100 100
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7 99.3 100 100 100
8 99.3 100 100 100
9 99.3 100 100 100
10 99.3 100 100 100
11 99.3 100 100 100

100 100 100 100 100 100
100 100 100 100 100 100
100 100 100 100 100 100
100 100 100 100 100 100
100 100 100 100 100 100

(1) Salmonella_020/CTU.TV; (2) CP085816; (3) CP098831; (4) CP098829; (5) CP077424; (6) CP092329; (7) CP092258; (8)

CP085805; (9) CP082523; (10) CP085817; (11) CP077760

-es were observed at pH = 3, 11/16 (68.8%) viability bac-
teriophages were good at pH = 4, 12/16 (75.0%) bacteri-
ophages were viability at pH = 5, 12/16 (75.0%) viability
bacteriophages were recorded at pH = 6,and 16/16 (100%)
viability bacteriophages were seen at pH = 7 (Table 2).
Generally, three bacteriophages (G3D03, L1R06, and
L1NO01) were chosen via the pH tolerance results.

IDENTIFICATION OF LD50 DOSE

All dead chicks were collected, and a necropsy was fully
performed including the gross examination. Grossly, some
white foci with pinhead size were found in the liver, the
cecum was swollen (Fig. 3). After 5 days of the experiment,
the LD50 dose was calculated as follows according to the
results of Table 3.

Figure 3: Macroscopic findings of liver and cecum of
experimental chicks. The liver was white foci necrotic
(black arrow) (A), and the cecum was swollen (B).

LD50 = 1009 = 10%2 (in which, PD = = 0.8)

‘Therefore, the LD50 dose of this experiment was 10%2
CFU/mL. Furthermore, all samples from the internal or-
gans of chicks (heart, liver, spleen, cecum) were harvested
and cultured S. enteritidis. The cultured results showed that
S. enteritidis was recorded from all collected samples.

THE PROTECTIVE EFFECT OF BC ON NATIVE BROILER
CHICKS AGAINST §. ENTERITIDIS

'The mortality rate of chicks was documented during the
time of the experiment. The results showed that the high-
est rate was in the S group (50.0%) and a significant differ-
ence (p<0.05) with other groups (BC+S, S+A). Meanwhile,
there was no death chick in the CD group (Fig. 4A). The
results demonstrated that no S. enzeritidis was observed in

(<009)

S ) M B S s
Figure 4: The mortality rate of chicks in the protective

experiment (A), and therapeutic experiment (B).

*

W (p<0.05)
8Cecum

BSpleen
BLiver
2Heart

8Cecum

e
=

Spleen
BLiver
BHeart

= >
(CFU/mL)
>

Bacterial count, log10

oY

Bacterial count, log10
(CFU/mL)

=
=

Days 5

Days 11

Days 21

Days §

Days 11 Days 21

Figure 5: The number of §. enteritidis re-isolated from the
internal organs of chicks on different days post-infection in
the protective experiment (A), and therapeutic experiment

(B).

the CD group while bacteria were found in all selected
organs of other groups during day 5. There was a dramat-
ic difference among the S group and BC+S, S+A groups
(p<0.05). However, none were found between BC+S and
S+A groups (p>0.05) (Fig. 5A). After the experimental pe-
riod, the percentage of internal organ weights was recorded
to be different among groups (p<0.05), which was highest
in the S group, and lowest in the CD group. Meanwhile,
none existed between BC+S and S+A groups (p>0.05) (Ta-
ble 4). Furthermore, the weight gain of chicks (g/bird) was
documented within 3 weeks of the experimental period.
The results showed that there was a statistical difference
between CD, and BC+S compared to the lowest group (S)
(p<0.01) in the first week. It was the opposite in the next
week (p>0.05). In the final week, differences emerged be-
tween the CD and S groups (p<0.05) (Fig. 6A).
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Figure 6: The weight gain of chicks in the protective
experiment (A), and therapeutic experiment (B).

THE THERAPEUTIC EFFECT OF BC ON NATIVE BROILER
CHICKS AGAINST §. ENTERITIDIS

In this experiment, the mortality rate of chicks was not re-
corded in the CD group yet, it was dramatically increased
in the S group (52.5%) in comparison with BC+S and
S+A groups (p<0.05) (Fig. 4B). The number of S. enter-
itidis post-infection in the S group was of significant dif-
terence compared to the BC+S and S+A groups (p<0.05).
No statistical differences were present among BC+S and
S+A groups (p>0.05) (Fig. 5B), nor were there any be-
tween the CD, BC+S, and S+A groups in the percentage
of internal organ weights (p>0.05). However, differences
between the treatment groups (CD, BC+S, and S+A) and
S group (p<0.05) were reported (Table 5). Meanwhile, the
reverse was true for the weight gain results of chicks (g/
bird) (p>0.05) in the first week of the experiment. Howev-
er, chicks in the CD group significantly increased weight
gain compared to those in the S group (p<0.01, p<0.05).
Nevertheless, none prevailed among other groups (p>0.05)
in weeks 2 and 3 (respectively) (Fig. 6B).

IDENTIFICATION OF 8. ENTERITIDIS

After sequencing, the harvested sequences were compared
with the references of S. enteritidis on GenBank. The re-
sults demonstrated the high similarity level of nucleotides
and amino acids between field bacteria samples and the
references on GenBank. The similarity level of nucleotides
among field bacteria samples and the strains from Gen-
Bank was 99.3-100%. The similarity level of amino acid of
the field §. enteritidis samples was very high (99.8-100%)
compared to the references on GenBank (Table 6).

DISCUSSION

Bacteriophage has been widely utilized as an alternative
therapy to antibiotics in preventing Sa/monella spp. in
poultry worldwide (Atterbury et al., 2007; Lim et al., 2012;
Duc et al., 2018; Upadhaya et al., 2021; Evran et al., 2022;
Sarrami et al., 2022). However, the studies on the effect of
bacteriophage against Sa/monella spp. in the native chicken

of Vietnam have been limited. Within the current study,
three bacteriophages from local households were isolated
and applied to prevent S. enteritidis in native broiler chicks

(1-21 days old).

A general principle to screen bacteriophages is finding
them in the host living environment. However, screening a
bacteriophage to prevent a particular host could be a chal-
lenge due to a very host-specific characteristic of bacterio-
phage (Winfield and Groisman, 2003; Hyman, 2019). In
the present study, three bacteriophages were isolated from
various sources of both the host and the nearby environ-
ment of the host (mostly in the chicken intestines, chick-
en feces, soil, and water). In fact, possible bacteriophages
against Sa/monella spp. have easily been found in environ-
mental reservoirs (Mattila et al., 2015). The bacteriophag-
es were enriched, with the host tested, and pH tolerance
evaluated (Watanabe et al., 2007) to determine appropri-
ate lineages against S. enteritidis. Our results showed that
the isolated bacteriophages were suitable for preventing S.
enteritidis (Jurczak-Kurek et al., 2016). It is the initial basis
for applying bacteriophages in further experiments of this
study.

The mortality in the untreated chicks was the highest,
whereas the treatment of bacteriophage administration
reduced the death of chicks in the treated group. These
findings were consistent with those previously reported,
which indicated that the bacteriophage therapy signifi-
cantly reduced the severity of signs, lesions, and mortalities
of birds affected with Escherichia coli (E. coli) and Salmonel-
la infections (Lau et al., 2010). The findings of this study
demonstrated that bacteriophage treatment was efficacious
in reducing 8. enteritidis colonization in broiler chickens
and could be used as an alternative to antibiotics (Nabil et

al. 2018; Duc et al., 2018; Upadhaya et al., 2021; Evran et
al., 2022).

In this study, BC was orally administered to chicks before
oral bacterial infections, followed by 4 successive phage
treatments after the bacterial challenge. Although §. ente-
ritidis was still able to colonize the chicks, bacterial loads
decreased after four successive phage treatments. After
the 5™ dose, no bacteria were detected, indicating that the
chicks treated with bacteriophages were cured of §. enzer-
itidis. This effect is most likely due to the lytic effect of the
administered bacteriophages against §. enteritidis. More-
over, bacteriophages have previously been used to control
intracellular pathogens (Ahn et al., 2015). Although the
exact mechanism is understudied, it is reasonable to believe
that bacteriophages could change the population of gut in-
testinal bacteria, which are necessary for the development
of the gut and liver immune systems (Wang et al., 2013).
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On the other hand, the percentage of liver weight was
higher in the non-treated (S) group in the current study.
Our results were similar to the publication of Kim et al.
(2013) in that supplementing bacteriophage in the diet of
chickens did not affect the relative weight of internal or-
gans after 35 days. The size of the heart, liver, and spleen in
E. coli-infected birds treated with bacteriophages was not
different from that of the control groups. Also suggested
in the study by Bao et al. (2011) was that phage therapy
would not significantly affect organ mass relative to body
mass.

Body weight is an important characteristic in broiler pro-
duction due to the inverse correlation between body weight
and broiler meat production costs. A clear tendency of im-
proving the growth rate of the infected chicks treated with
BC was identified in our study. The present findings cor-
roborated the research outputs of a previous study (Toro et
al., 2005) that 8. Typhimurium phage treatment resulted in
a favorable effect on weight gain. These authors also point-
ed out that chicks gained less weight following the chal-
lenge and maintained lower weights throughout the study,
which was aligned with our results. In another study, Noor
et al. (2020) concluded that antibiotics and bacteriophages
did not body weight gain, feed intake, or FCR during the
15-32 days of commercial broilers. The phage-host inter-
action in the production traits of chickens could have been
dependent on phage types and genotypes, which can be

found in poultry and environmental isolates.

CONCLUSIONS

The present study illustrated the potential role of BC in
native broiler chickens during the period of 1-21 days old,
which decreased the mortality and the number of bacteria
in the internal organs of chicks infected with S. enteritidis.
Additionally, the weight gain of chicks tended to be facili-
tated, meanwhile, the percentage of internal organ weights
was unaffected when administered bacteriophage cocktail.
More elaborate studies should be carried out concerning
other growth phases of chicken to highlight the anti-bac-
terial of bacteriophages in native broiler chickens, contrib-
uting to improving the quality of poultry production in
Vietnam.
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