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ABSTRACT

Objective: The study objectives were to develop multicomponent formaldehyde-killed and
alum-adjuvanted Sa/monella Enteritidis (SE) phage-type vaccines in chickens.

Materials and Methods: SEPTs 35, 7, 6A, 3A, and 1 were killed, mixed to prepare six combina-
tions, namely, V635, V671, V673, V675, and V613 and administered (0.20 ml) to chicks (n = 124)
of 6 groups (CV635, CV671, CV673, CV675, and CV613), and one non-administered group as a
control. Other chicks underwent 0.20 ml with SE 6A per chick (1,010 cfu per ml) as a challenge and
were labeled CVZC, CV635C, CV671C, CV673C, CV675C, and CV613C. The blood, swab of cloaca,
liver, spleen, digesta of the middle part of the intestine, and digesta of the cecum samples were
collected for Salmonella detection. The caecum, bursa of Fabricius, liver, spleen, and ileum tissues
were collected for histopathological examination.

Results: Salmonella was detected (100%) from the digesta of the middle part of the intestine,
swabs of the cloaca, digesta of the caecum, and blood, spleen, and liver samples in the CVZC.
Salmonella was not detected from the 3 (50%), 2 (33%), and 1 (17%) samples in the CV671C and
CV673C, CV613C and CV635C, and CV675C, respectively. Histopathological changes were mild
(lesion scoring of 0.4/3.0) and recorded in the group CVZC in the ileum, cecum, and bursa of
Fabricius on days 7 and 14 pc, respectively.

Conclusions: All combinations of killed SEPTs could protect the chick against SE infection. However,
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V673 and V671 products are safer and more effective compared to other products.

Introduction

Salmonellosis, a zoonotic disease, is the most prevalent
foodborne disease worldwide [1]. This microbe is ubiqui-
tous, comprising more than 2,600 typhoidal and non-ty-
phoidal serovars [2]. In general, diseases caused by
Salmonella spp. resulted in one of the largest economic
burdens, according to records from the U.S. Department of
Agriculture [3].

The high prevalence of Salmonella infection, accompa-
nied attimes by mortality cases, in addition to the increased
emergence of multidrug-resistant strains, was the pri-
mary factor driving the development of vaccines against
Salmonella infection [1]. Many types of vaccines have been
successfully developed, including live-attenuated vaccines.

In this type, the vaccine prompts both cellular and humoral
immunity by exposing the antigen to class I and class Il
MHC molecules [4]. Additionally, killed vaccines were suc-
cessfully developed by growing the microbes, then killing
them with chemicals or heat, and administering them to
stimulate the production of antibodies [5]. Nevertheless,
the available systemic vaccines have significant disadvan-
tages, including reduced effectiveness in young individuals
and a lack of cross-protection among different strains [6].

According to the fact that vaccines based on multiple
antigens often induce a higher immune response than
that triggered by every single component. This is due to
the cooperative and synergistic actions of the antibod-
ies in tackling the infection [7]. It was expected that the
development of a multicomponent vaccine composed
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of a combination of different phage types (PTs) against
Salmonella Enteritidis (SE) isolated in Malaysia would be
effective. In other words, a multicomponent vaccine might
overcome the disadvantage of the reduced effectiveness of
the previous vaccines. The objectives of this study were to
develop formalin-killed and alum-adjuvanted multicom-
ponent vaccines against SE infection in chickens.

Materials and Methods
Ethical approval

The procedures of the experiment in this study strictly
follow the Universiti Putra Malaysia’s Research Policy on
Animal Ethics, under permit number RPAE1370.

Propagation and inactivation of SEPTs

All SEPTs—PT 6A (UPM-0527), PT 7 (UPM-0530), PT 35
(UPM-0525), PT 3A (UPM-0541), and PT 1 (UPM-05)—
were isolated in Malaysia in 2005. Next, the samples were
sent to Britain for identification at the Enteric Pathogens
Laboratory, Infection Department, Colindale Avenue in
London [8]. All the SEPTs were propagated, identified, con-
firmed, and killed in formaldehyde (0.7%) as previously
described [8].

Preparation of combinations of killed SEPTs

Four liters of the harvest from three different killed SEPTs,
64, 7, and 1, were mixed in a plastic drum to make a com-
bination designated as V671, which represented forma-
lin-killed SEPTs 64, 7, and 1. Similarly, a mixture of killed
SEPTs 6A, 3A, and 35 was prepared and designated as
V635; killed SEPTs 64, 7, and 3A were designated as V673;
killed SEPTs 64, 7, and 35 were designated as V675, and
killed SEPTs 64, 1, and 3A were designated as V613. An
adjuvant solution of 10% aluminum potassium sulfate
(Alum) was prepared and mixed with the killed SEPTs
as previously described [8]. The products were named
according to V671, V635,V673,V675,and V613.

Design of trial

One hundred twenty-four 1-day-old specific pathogen-free
(SPF) chicks were used in the study. To determine the
SPF status of the chicks, four chicks were sacrificed at the
beginning of the trial. The mass, blood, and cloacal swab
samples were taken. Samples for Salmonella isolation and
histopathological examination were also taken. The other
chicks were then grouped into six groups of 20 chicks each,
namely CV635, CV671, CV673, CV675, CV613, and CVZ,
representing the chicks administered V635, V671, V673,
V675, and V613 products, and the control or non-adminis-
tered chicks, respectively.
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The chicks were administered accordingly to the killed
SEPTs with a dosage of 0.10 ml per chick (10'° cfu per ml)
subcutaneously on the neck region. Different groups were
kept in separate cages. Water and antibiotic-free feed were
given ad libitum during the trial. On 14 days post-adminis-
tration (pa), sampling was conducted prior to pathogenic
SEPTs 6A (UPM-0527). The mass, blood, and cloacal swab
samples of four chicks from each group were collected
prior to sacrifice. The chicks were sacrificed by cervical
dislocation, and a necropsy was conducted. Gross lesions
were recorded, and samples were taken for Salmonella
detection, histopathological examination, and scoring of
lesions. The serum samples were stored at —20°C prior
to the detection of Salmonella antibodies using the ELISA
technique.

Sixteen chicks remained in every group prior to under-
going pathogenic SE on 14 days pa. The chicks in every
group were divided into two groups, namely the pathogenic
SE PT and the groups without pathogenic SE PT of eight
chicks from every group, and kept in different rooms. The
chicks orally underwent pathogenic doses of 0.20 ml per
chick (109 cfu per ml) of SEPTs 6A (UPM-0527) and were
identified as CV635C, CV671C, CV673C, CV675C, CV613C,
and CVZC. Such groups were administered with V635,
V671,V673,V675, and V613, respectively, and underwent
pathogenic doses of SEPTs 6A (UPM-0527) as a challenge.
The CVZC is the control or non-administered group, but
underwent the pathogenic dose of SEPTs 6A. The chicks
were monitored for any unusual clinical signs during the
post-pathogenic SE PT6A (pp) period. Four chicks from
both the pathogenic SE PT6A groups and the groups with-
out pathogenic SE PT6A were sacrificed at 7 and 14 days
post-hatch for sampling. The mass, blood, and cloacal swab
samples were taken prior to sacrifice by cervical disloca-
tion. On necropsy, the gross lesions were recorded, and
samples were taken for Salmonella isolation, histopatho-
logical examination, and scoring of lesions (Table 1).

Killed SEPTs were administered to 1-day-old chicks,
and then the chicks underwent pathogenic SEPT 6A on
14 days post-administration. D, D,,, D,, and D, represent
days 0, 14, 21, and 28, respectively.

Isolation and identification

The blood, swab of cloaca, liver, spleen, digesta of the mid-
dle part of the intestine, and digesta of the cecum samples
were collected for the Salmonella isolation and identifica-
tion as previously described [9].

Histopathological examination and scoring of lesions

The liver tissues, spleen tissues, bursa of Fabricius tis-
sues, ileum tissues, and caecum tissues were fixed in 10%
buffered formaldehyde, embedded in paraffin wax, and
stained with hematoxylin and eosin for histopathological
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Table 1. Design of the trial.

Groups Different products of

Administration with killed SE PTs or

Chicks’ numbers sacrificed on certain days post-
administration

killed SE PTs undergoing pathogenic SE PT 6A
D, D, D, D,
CV635  Killed SE PT6A, 3Aand 35 Adm;)’;if;z;ejn‘i’zi:;:‘g'SSSSEEPPTT;’/:“ no 0 4 4 4
CV635C  killed SE PT 6A, 3A and 35 ad”:;’ti;fgr::ir’::szi!‘;‘;:iﬁg;he” 0 0 4 4
cve71 killed SE PT 6A, 7 and 1 admg’;ﬁ;ﬁﬂ‘i"éiz&g's? SSEEPPTT sb:t no 0 4 4 4
CV671C  killed SE PT6A, 7 and 1 ad”;i:tiffgr::ir’::szi!?i:iﬁg;he” 0 0 4 4
CV673  killed SE PT6A, 7 and 3A adm:’;iﬁ;::ﬂ‘ﬁ':;g'gf SSEE;TT ;’:t no 0 4 4 4
CV673C  killed SE PT6A, 7 and 3A ad”;i::;t;;::ir’;t:szig‘:‘;: i;’g;he” 0 0 4 4
CV675  killed SE PT6A, 7 and 35 admg‘;:;zrge:n‘i"éi::):‘zlzsssEE;TT ;’A”t no 0 4 4 4
CV675C  killed SE PT6A, 7 and 35 ad”;i:tizt;grsgi;"’::szi'(';‘;:iﬁgz\he" 0 0 4 4
CV613  killed SE PT6A, 1and 3A admEiﬁfgfﬂig'ﬁfssgfg sb:t no 0 4 4 4
CV613C  killed SE PT 6A, 1 and 3A ad”;i;‘ti;t:gr::iz”g:szi!‘:‘;s iﬁg;he" 0 0 4 4
o Semmewnaestos
cvze Control Non- administered with killed SE PT 0 0 4 4

and no pathogenic dose of SE PT 6A

examination and scoring of lesions: normal tissue (0),
mild change (1), moderate change (2), and severe change
(3). (a) Liver: lesions were scored as 0 = normal tissue or
no histopathological changes observed; 1 = mild conges-
tion, mild degeneration, mild cellular infiltration, and mild
necrosis; 2 = moderate congestion or hemorrhage, moder-
ate degeneration, fatty changes, mild to moderate cellular
infiltration, and moderate necrosis; 3 = severe congestion
or hemorrhage, moderate to numerous cellular infiltration,
and severe necrosis. (b) Spleen: lesions were scored as 0 =
normal tissue or no histopathological changes observed; 1
= mild congestion, mild degeneration, mild cellular infiltra-
tion, and mild necrosis; 2 = moderate congestion or hem-
orrhage, moderate degeneration, mild to moderate cellular
infiltration, and mild to moderate necrosis; 3 = extensive
congestion or hemorrhage and moderate to numerous
cellular infiltrations and extensive necrosis. (c) Bursa of
Fabricius: lesions were scored as 0 = normal tissue or no
histopathological changes observed; 1 = mild congestion,
mild degeneration, necrosis, and mild cellular infiltration; 2
= moderate congestion or hemorrhage, moderate degenera-
tion, moderate cellular infiltration, and necrosis; 3 = severe
congestion or hemorrhage, moderate to severe cellular
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infiltration, and depletion. (d) Ileum: lesions were scored as
0 =normal tissue or no histopathological changes observed;
1 = mild congestion, mild degeneration, mild cellular infil-
tration, and mild necrosis; 2 = moderate congestion or
hemorrhage, moderate degeneration, mild to moderate cel-
lular infiltration, reactive goblet cells, sloughing of entero-
cytes, and moderate necrosis; 3 = severe congestion or
hemorrhage and moderate to severe cellular infiltration,
severe active goblet cells, and severe necrosis associated
with sloughing of epithelial cells. (e) Caecum: lesions were
scored as 0 = normal tissue or no histopathological changes
observed; 1 = mild congestion, mild degeneration, mild cel-
lular infiltration, and mild necrosis; 2 = moderate conges-
tion or hemorrhage, moderate degeneration and necrosis,
mild to moderate cellular infiltration, reactive goblet cells,
and sloughing of villi; 3 = severe congestion or hemorrhage
and mild to moderate cellular infiltration, severe reactive
goblet cells, severe sloughing of villi, and necrosis.

Detection of SE antibody

The serum samples were detected for SE antibody using
the Biocheck ELISA technique as described previously
[10].
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Turkey’s honest significant difference pairwise multiple
procedure

The data were statistically analyzed with Tukey’s hon-
est significant difference pairwise multiple comparison
procedure.

Results
Clinical signs and mortality cases

Groups without pathogenic SE PT6A dose: CVZ, CV635,
CV671, CV673, CV675, and CV613 showed no unusual
mortality cases during the trial.

Group with pathogenic SE PT6A: In the CVZC group,
starting from 2 days pp, the chicks were depressed,
anorexic, and had diarrhea, but this was not recorded after
7 days of the trial. On 3 days pp, the chicks showed ruf-
fled feathers. No mortality was observed during the trial.
However, in CV635C, CV675C, and CV613C, only signs of
depression and anorexia were recorded at 1 and 2 days pp,
and CV671C only at 1 day pp. In CV675C, ruffled feathers
were recorded after 3 days pp. Mortality cases were not
observed during the trial.

Mass

The mass in CVZ was increased continuously during the
trial. It was 37.50 + 2.10 gm and 129.00 + 4.80 gm on 0 and
14 days pa, respectively, and 189.00 + 9.60 gm and 329.00

+ 6.70 gm on 7 and 14 days pp, respectively. In the group
CVZC, the mass was 196.30 * 8.30 gm and 323.00 * 2.3 gm
on 7 and 14 days pp, respectively. It was not significantly
different (p < 0.05) in comparison with the CVZ on 7- and
14-day pp (Fig. 1).

The mass in CV635 was 37.50 + 2.10 gm and 127.80 *
1.00 gm on 0 and 14 days pp, respectively, and 197.30 *
5.50 gm and 327.50 + 4.70 gm on 7 and 14 days pp, respec-
tively. In the CV635C, the mass was 193.30 = 3.90 gm and
316.30 £ 5.80 gm on 7 and 14 days pp, respectively. It was
not significantly (p < 0.05) different in comparison with
CV635 (Fig. 1).

The mass in CV671 was 37.50 + 2.10 gm and 128.00 *
1.80 gm on 0 and 14 days pa, respectively, and 201.30 +
2.30 gm and 324.00 + 3.60 gm on 7 and 14 days pp, respec-
tively. In the CV671C, the mass was 202.00 * 3.70 gm and
319.30 £ 5.80 gm on 7 and 14 days pp, respectively. It was
not significantly (p < 0.05) different in comparison with
CVe671 (Fig. 1).

The mass in CV673 was 37.50 + 2.1 gm and 126.00
+ 2.50 gm on 0 and 14 days pa, respectively, and 198.50
* 4.40 gm and 325.00 £ 12.40 gm on 7 and 14 days pp,
respectively. The mass of CV673C was 201.00 + 2.90 gm
and 320.00 £ 9.10 gm on 7 and 14 days pp, respectively.
It was not significantly (p < 0.05) different in comparison
with CV673 (Fig. 1).

The mass in CV675 was 37.50 + 2.10 gm and 127.00
+ 4.40 gm on 0 and 14 days pa, respectively, and 200.00
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Figure 1. Mass (body weight) of chickens (mean * SEM in gm) from different groups after administration
of killed SE PTs, then pathogenic SE PT6A or those without pathogenic SE PT6A on 7- and 14-day pp.
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+ 5.00 gm and 325.30 + 14.80 gm on 7 and 14 days pp,
respectively. The mass in CV675C was 204.50 + 8.80 gm
and 318.80 + 7.90 gm on 7 and 14 days pp, respectively.
It was not significantly (p < 0.05) different in comparison
with CV675 (Fig. 1).

The mass in CV613 was 37.50 # 2.10 gm and 127.30 *
2.70 gm on 0 and 14 days pa, respectively, and 202.50 *
3.40 gm and 322.80 + 7.5 gm on 7 and 14 days pp, respec-
tively. The mass in CV613C was 199.00 + 6.40 gm and
321.00 £ 7.90 gm on 7 and 14 days pp, respectively. It was
not significantly different (p < 0.05) in comparison with
Cv613 (Fig. 1).

Detection of Salmonella

The microbe was not detected at all in the samples collected
throughout the trial in the CVZ. It was also not detected at
all in the tissues before administration of SE on 0 day pa. In
contrast, Salmonella was detected in all samples collected
in the CVZC (Tables 2, 3 and Figs. 2, 3). Salmonella was
detected 75% and 50% on 7 and 14 days pp, respectively,
from swabs of the cloaca and middle part of the intestine
digesta, respectively. Salmonella was detected 75% on days
7 and 14 pp from digesta of the caecum. Salmonella was
detected 50% on 7 and 14 days pp from blood and spleen
samples. Eventually Salmonella was detected in 50% and
25% on 7 and 14 days pp, respectively, from liver samples.

The microbe was not detected in any of the samples
collected during the trial in CV635. However, Salmonella
was detected in some samples with different percentages
in the CV635C. It was detected at 50% on 7 and 14 days
in 7 pp from the middle part of the intestine digesta sam-
ples. It was detected 50% and 25% on 7 and 14 days pp,

Table 2. Salmonella detected in different tissues of chickens on 7
days pp after administration with killed SE PTs and then pathogenic
SE PT6A.

respectively, from the digesta of cecum samples. It was
detected at 25% on 7 and 14 days pp from spleen and
swabs of cloaca samples. However, it was not detected in
blood and liver samples on 7- and 14-day pp (Tables 2, 3
and Figs. 2, 3).

The microbe was not detected in any of the samples
collected during the trial in the CV671. It was detected at
50% on 7 and 14 days pp from digesta of the middle part
of intestine samples in the CV671C. It was detected 25%
in 7- and 14 days pp from the spleen and the digesta of the
cecum samples. However, it was not detected from blood,
liver, and swabs of cloaca samples on 7 and 14 days pp
(Tables 2, 3 and Figs. 2, 3).

The microbe was not detected in any of the samples col-
lected during the trial in the CV673. It was detected at 25%
on 7 and 14 days pp from the spleen, digesta of the middle
part of the intestine, and digesta of caecum samples in the
CV673C. While it was not detected on 7 and 14 days pp
from blood, liver, and swabs of cloaca samples (Tables 2, 3
and Figs. 2, 3).

The microbe was not detected in all samples collected
during the trial in the CV675. It was detected at 50% on 7
and 14 days pp from the digesta of the middle part of the
intestine samples in the CV675C. Moreover, it was detected
25% in 7 and 14 days pp from the liver, spleen, swabs of
cloaca, and digesta of caecum samples. However, it was
not detected on days 7 and 14 in 7 pp from blood samples
(Tables 2, 3 and Figs. 2, 3).

The microbe was not detected in any of the samples col-
lected during the trial in CV613. It was detected at 25% on
7 and 14 days pp from the liver; digesta of the middle part of
the intestine, and digesta of caecum samples in the CV613C.

Table 3: Salmonella detection in different tissues of chickens on
14 days pp after administration of killed SE PTs then pathogenic SE
PT6A.

Groups of chickens that underwent pathogenic SE PT6A

Groups of chickens with killed SE PTs and pathogenic SE

Organs/ then Salmonella was isolated Organs/ PT6A then Salmonella was isolated
samples Samples
CVZC CV635C CV671C CV673C CV675C CV613C CVZC CV635C CV671C CV673C CV675C CV613C

Digesta of Digesta of
middle part +ve +ve +ve +ve +ve +ve middle part +ve +ve +ve +ve +ve +ve
of intestine of intestine
Di .

igesta of +ve +ve +ve +ve +ve +ve Digesta of +ve +ve +ve +ve +ve +ve
caecum caecum
Swab of Swab of

+ve +ve -ve -ve +ve +ve +ve +ve -ve -ve +ve +ve

cloaca cloaca
Blood +ve -ve -ve -ve -ve -ve Blood +ve -ve -ve -ve -ve -ve
Liver +ve -ve -ve -ve +ve +ve Liver +ve -ve -ve -ve +ve +ve
Spleen +ve +ve +ve +ve +ve -ve Spleen +ve +ve +ve +ve +ve -ve
Number of Number of
positives 6 4 3 3 5 4 positives 5 4 3 3 5 4
(+ve) (+ve)
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It was not detected on 7 and 14 days pp from blood, spleen,
and swabs of cloaca samples (Tables 2, 3 and Figs. 2, 3).

Based on the results of Salmonella isolated from differ-
ent samples on 7- and 14-day pp after administration of
chickens with killed SE PTs and pathogenic SE PT64, it was
demonstrated that the CV673 and CV671 products were
the best for protection of the chickens against the microbe
(Tables 2, 3).

Gross lesions

Gross lesions were not recorded in all groups of chickens
during the trial.

Histopathological lesions
lleum

The histopathological lesions were not detected during
the trial; consequently, the scoring was 00 + 00 in the CVZ.
However, the score was 0.40 + 0.20 and 0.20 + 0.20 on 7
and 14 days pp, respectively, in the CVZC (Figs. 4, 5). In
all groups of chicks administered with different killed SE
PTs without pathogenic SE PT6A (CV635, CV671, CV673,
CV675, and CV613), no lesions were detected (scoring of
00 = 00) during the trial. However, in the pathogenic SE
PT6A groups, lesion scores of 0.20 + 0.20 were recorded on
7 and 14 days pp, respectively, in the CV635C and CV675C.
The scores were recorded as 0.20 + 0.20 and 0.00 + 0.00 on

7- and 14-day pp, respectively, in the CV671C, CV673C, and
CV613C (Figs. 4, 5).

Cecum

The microscopic changes were not detected during the
trial; thus, the scoring was 00 * 00 in the CVZ. However,
scoring was 0.20 * 0.20 and 0.40 £ 0.20 on 7 and 14 days
pp, respectively, in the CVZC (Figs. 4, 5). In all groups of
chicks with different killed SE PTs without pathogenic
SE PT6A (CV635, CV671, CV673, CV675, and CV613), no
lesions were detected (scoring of 00 + 00) during the trial.
However, in the CV635C, CV675, and CV613C, lesion scor-
ing of 0.20 £ 0.20 was recorded on 7- and 14-day pp. In
CV671C and CV673C, the score was 0.20 + 0.20 and 0.00 +
0.00 on 7- and 14-day pp, respectively (Figs. 4, 5).

Bursa of Fabricius

The lesions were not detected during the trial, and so
they were scored 00 *+ 00 in the CVZ. However, the scor-
ing was 0.20 + 0.20 and 0.40 * 0.20 on 7 and 14 days pp,
respectively, in the CVZC (Figs. 4, 5). The lesions were
also not recorded. Hence, the scoring was 00 = 00 in the
CV635, CV671, CV673, CV675, and CV613 during the trial.
Eventually, the scoring was 0.20 + 0.20 on 7 and 14 days
pp in the CV635C, CV671C, CV673C, CV675C, and CV613C
(Figs. 4, 5).
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Figure 2. Salmonella isolated from different tissues collected from chickens on 7 days pp
after administration of killed SE PTs and then Pathogenic SE PT6A or those who did not
undergo pathogenic SE PT6A. Midintestinal contents represent digesta of the middle part of
the intestine. Cecal contents represent digesta of the cecum.
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Figure 4. Lesion scoring of different organs from different groups of chickens on 7 days pp
after administration of killed SE PTs and pathogenic SE PT6A.

Liver

The lesions were not detected during the trial, and the
scoring was 00 * 00 in the CVZ. Lesion scoring of 0.20 *
0.20 was recorded on 7 and 14 days pp, respectively, in the
CVZC (Figs. 4, 6). No lesions were detected (scoring of 00 *
00) in the CV635,CV671,CV673,CV675,and CV613 during
the trial. Lesion scoring of 0.20 + 0.20 was recorded on 7
and 14 days pp in the CV635C, CV671C, CV673C, CV675C,
and CV613C (Figs. 4, 6).
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Spleen

The microscopic changes were not detected during the
trial, viz., it was scored 00 + 00 in the CVZ. Lesion scoring
of 0.20 = 0.20 was recorded on 7 and 14 days pp. Lesion
scoring was not detected (scoring of 00 + 00) in CV635,
CV671, CV673, CV675, and CV613 during the trial. Lesion
scoring of 0.20 * 0.20 was recorded on 7 and 14 days pp in
all groups, except it was not detected in the CV673C on 14
days pp (Figs. 4, 5).
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Figure 5. Lesion scoring of different organs collected from different groups of chickens on 14
days pp after administration of killed SE PTs and pathogenic SE PT 6A.

Figure 6. (a) Liver of chicks inoculated with different inactivated
products without challenge (group CV673), microscopiclesions were
not detected (b) Liver of chicks inoculated with different inactivated
products and challenge (group CV673C). Moderate heterophilic
infiltration (black arrow). Scale bar = 100 pm. HE staining.
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Detection of SE antibody

SE antibody was not detected in any of the chicken groups
during the trial.

Discussion

The study demonstrated that the combinations of killed
SEPT isolates were safe and effective to reduce the clini-
cal signs, lesions, and detection of Salmonella following
the pathogenic dose of SEPT 6A on 14 days pa. All the
combinations had the ability to mitigate the clinical signs,
while the combination of V673 had completely protected
SPF chicks from the clinical disease. Consequently, V673
might help to control SE infection in poultry and foodborne
Salmonellosis. Since different SEPTs vary in their virulence
[11] and hence in their immunogenicities [12], the varia-
tions among different combinations of killed SEPTs in this
study might be due to some differences in their immuno-
genicities [13].

In a previous study in Brazil, it was concluded that
three different killed SE vaccines could decrease the pres-
ence of SE in both the chicks and the eggs. Nevertheless,
the author recommended general hygiene and disinfec-
tion practices beside vaccination for better results. This
was because a very small amount of Salmonella was iso-
lated in the spleen, liver, ovary, and caeca of the birds [14].
In another study, it was concluded that a killed trivalent
Salmonella enterica gave a vaccine for protection with con-
sidered safety and efficacy against the colonization of the
microbe in the intestine and its attack in the tissues. Thus,
it could significantly contribute to the reduction of cases of
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human food poisoning, in addition to the reduction of anti-
biotic consumption throughout the productivity age [15].

The mode of action of killed vaccines was to induce an
increase in the proportion of circulating monocytes, in
addition to prompting a reduction in the percentage of sev-
eral leukocyte subsets. Eventually, specific serum IgY and
mucosal IgA production were also induced [16]. However,
higher titers were stimulated in chicks vaccinated with
killed vaccines within a shorter time than chicks vacci-
nated with live vaccines [17].

Mortality cases were not observed in all groups.
Therefore, it was difficult to link the mortality control with
the administration of bacterins. Nevertheless, it could be
due to bacterins or age, because Doan et al. [18] found that
bacterins alone or in combination with a live vaccine were
effective in preventing mortality induced by infection.
Additionally, uniform mass is one important parameter in
pullets/layers to achieve peak egg production. It is drasti-
cally desired in broilers for profitable farming [19]. In the
present study, significant variations in the masses between
different groups were not recorded. It was reported previ-
ously by Muniz et al. [20] that significant variations were
recorded in the mass gains between chicks vaccinated (live
non-virulent AWC 591 Salmonella, Poulvac® ST, Zoetis,
Madison, NJ]) and challenged and non-vaccinated chicks
and challenged.

The clinical and/or subclinical colonization of SE is
a serious concern, as carrier birds can contaminate the
environment, and poultry products may lead to foodborne
human infections. If a control strategy could eliminate
SE from the host, it would be ideal. However, thorough
SE control programs have been found to be successful in
reducing infections of this microbe in both egg-layers and
humans [21].

Different combinations of killed SEPTs could reduce
the organ’s colonization, fecal shedding, systemic spread,
and egg contamination [22]. Thus, it could be useful to
reduce the burden of foodborne illnesses in humans [23].
Probably, that was why the CV673C and CV671C groups in
this study had better protection against organ colonization
and fecal shedding. However, Raut et al. [24] reported that
several prophylactic measures should be implemented to
reduce infection and egg contamination, including the use
of effective biosecurity measures, stocking the farm with
Salmonella-free replacement pullets, controlling rodent
and insect vectors, and denying access to chick houses for
wild birds and pets. Moreover, the prophylactic measures
also comprised diligent cleaning and disinfection of chick
houses before the new flocks were introduced. Eventually,
the use of probiotics, prebiotics, synbiotics, immunization,
and the refrigeration of shell eggs became important.

Consequently, it is possible to promote V673 and V671
for commercial use to control SE infection in poultry. The
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control of SE from the fecal shedding by both combinations
mightbring on a significantimpact, so long as vaccination is a
strong prophylactic application against SE in laying chickens,
especially when it is associated with the contaminated eggs
[25]. This is because the eggs and egg-containing foods were
the most frequently identified food vehicles [26]. However,
in general, killed SE vaccines were able to decrease the pres-
ence of SE in the birds and in the eggs as well. Nevertheless,
they must be associated with general hygiene and disinfec-
tion practices in poultry husbandry [27].

The macroscopic changes (gross lesions) and micro-
scopic changes (histopathological lesions) observed in this
study were consistent with the results of Salmonella detec-
tion, indicating that SE was not persistent in the tissues.
Thus, gross lesions were absent in different tissues. The
mild histopathological changes indicated that SE was elim-
inated from the tissue within a short time, and the bacteria
were unable to multiply in the tissues. The efficacy of these
combinations could be improved by double immunization
and administration at a mature age.

In one previous study [28], it was found that a significant
protection against SE infection and a reduction in the fecal
shedding, invasion, and colonization of the microbe could
be carried out with the combination of a killed vaccine with
alive S. Gallinarum 9R vaccine. In other research conducted
by Kang et al. [29], a subunit vaccine was successfully devel-
oped against S. enterica serovar Enteritidis by amplifying a
gene (SseB) from the genomic DNA and then expressing the
recombinant proteins (rHis-SseB and rGST-SseB) with the
system of Escherichia coli. The recombinant proteins (rHis-
SseB), in addition to a drug (simvastatin, a lipid-lowering
medication), resulted in protection of 60% against the fol-
lowing pathogenic dose of SE and reduction of hepatic and
splenic Salmonella colonization [29].

Conclusion

The study demonstrated that all combinations of killed
SEPTs used in the study could protect the chick against SE
infection. However, V673 and V671 products are safer and
more effective than other products in preventing and con-
trolling SE infection in chicks.

List of abbreviations

°C, degree Celsius; cfu, colony-forming unit; ELISA, enzyme-
linked immunosorbent assay; gm, gram; ml, milliliter;
MHC, major histocompatibility complex; SEPT, Salmonella
Enteritidis phage type; SE, Salmonella Enteritidis; SEM,
standard error of the mean; p < 0.05, 5% probability of
observing the data (or more extreme results) if the null
hypothesis were true; PT, phage type; pp, post-pathogenic;

1294
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Acknowledgment

The authors are grateful for the financial support from the
Ministry of Science, Technology, and Innovations, Malaysia,
under TechnoFund grant 6364002, and express sincere
thanks to individuals and institutions for the support,
either directly or indirectly, to complete the project.

Conflicts of interest

The authors declare that they have no conflicts of inter-
est with respect to their authorship or publication of this
article.

Author’s contributions

A.A. conducted the experiments. M.H.B. was the main
supervisor of the first author. E.A.H. wrote a draft of the
paper, submitted the paper to the journal, and revised the
paper with M.H.B. after the reviewers had sent reports.
S.K.B. and Z.Z. were co-supervisors of the first author.

References

[1] Moghadam MN, Rahimi E, Shakerian A, Momtaz H. Prevalence
of Salmonella Typhimurium and Salmonella Enteritidis iso-
lated from poultry meat: virulence and antimicrobial-resistant
genes. BMC Microbiol 2023; 23:168; https://doi.org/10.1186/
s12866-023-02908-8

[2] Gal-Mor O, Boyle EC, Grassl GA. Same species, different diseases:
how and why typhoidal and non-typhoidal Salmonella enter-
ica serovars differ. Front Microbiol 2014; 5:391; https://doi.
org/10.3389/fmicb.2014.00391

[3] Scharff RL. Food attribution and economic cost estimates for
meat- and poultry-related illnesses. ] Food Prot 2020; 83(6):959-
67; https://doi.org/10.4315/JFP-19-548

[4] Retnakumar SV, Bonam SR, Hu H, Bayry ]. Theme: “Vaccines
and vaccine adjuvants/immunomodulators for infectious dis-
eases”. Vaccines 2023; 11(2):383; https://doi.org/10.3390/
vaccines11020383

[5] Westcott MM, Blevins M, Wierzba TF, Morse AE, White KR,
Sanders LA, et al. The immunogenicity and properties of a whole-
cell ETEC vaccine inactivated with psoralen and UVA light in com-
parison to formalin. Microorganisms 2023; 11(8):2040; https://
doi.org/10.3390/microorganisms11082040

[6] Gayet R, Bioley G, Rochereau N, Paul S, Corthésy B. Vaccination
against Salmonella infection: the mucosal way. Microbiol Mol Biol
Rev 2017; 81(3):7; https://doi.org/10.1128/MMBR.00007-17

[7] Viviani V, Biolchi A, Pizza M. Synergistic activity of antibodies in
the multicomponent 4CMenB vaccine. Expert Rev Vaccines 2022;
21(5):645-58; https://doi.org/10.1080/14760584.2022.20506
97

[8] Akhtar A, Hair-Bejo M, Hussein EA, Zakaria Z. Inactivation of
different Salmonella Enteritidis phage types and safety and
efficacy of inactivated products in chicken. Vet Med Int 2021;
2021:8818308; https://doi.org/10.1155/2021/8818308

http://bdvets.org/javar/

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Akhtar et al. / J. Adv. Vet. Anim. Res., 12(4): 1286—1296, December 2025

Islam MS, Rahman MT. A comprehensive review on bacterial
vaccines combating antimicrobial resistance in poultry. Vaccines
2023; 11(3):616; https://doi.org/10.3390 /vaccines11030616
Shen M, Ni C, Yuan ], Zhou X. Phage-ELISA for ultrasensitive
detection of Salmonella. Analyst 2025; 150:567-75; https://doi.
org/10.1039/D4AN01121]

Zeng Y, Shen M, Liu S, Zhou X. Characterization and resistance
mechanism of phage-resistant strains of Salmonella Enteritidis.
Poult Sci 2024; 103(6):103756; https://doi.org/10.1016/].
psj.2024.103756

Springer S, Theufs T, Toth I, Szogyenyi Z. Invasion inhibition
effects and immunogenicity after vaccination of SPF chicks with a
Salmonella Enteritidis live vaccine. Tieraerztliche Praxis G 2021;
49(4):249-55; https://doi.org/10.1055/a-1520-1369

Xu Z, Ding Z, Shi L, Xie Y, Zhang Y, Sao S, et al. Design combina-
tions of evolved phage and antibiotic for antibacterial guided by
analyzing the phage resistance of poorly antimicrobial phage.
Microbiol Spectr 2023; 11(5):95823; https://doi.org/10.1128/
spectrum.00958-23

de Freitas NOC, Mesquita AL, Paiva ]JBD, Zotesso F, Junior
AB. Control of Salmonella enterica serovar Enteritidis in lay-
ing hens by inactivated Salmonella Enteritidis vaccines. Braz
] Microbiol 2008; 39(2):390-6; https://doi.org/10.1590/
S$1517-83822008000200034

Crouch CF, Nell T, Reijnders M, Donkers T, Pugh C, Patel A, et al.
Safety and efficacy of a novel inactivated trivalent Salmonella
enterica vaccine in chickens. Vaccine 2020; 38(43):6741-50;
https://doi.org/10.1016/j.vaccine.2020.08.033

Kwon DI, Mao T, Israelow B, de Sa KSG, Dong H, Iwasaki A. Mucosal
unadjuvanted booster vaccines elicit local IgA responses by con-
version of pre-existing immunity in mice. Nat Immunol 2025;
26:908-19; https://doi.org/10.1038/s41590-025-02156-0

Ike AC, Ononugbo CM, Obi O], Onu CJ, Olovo CV, Muo SO, et al.
Towards improved use of vaccination in the control of infectious
bronchitis and Newcastle disease in poultry: understanding the
immunological mechanisms. Vaccines 2021; 9(1):20; https://doi.
org/10.3390/vaccines9010020

Doan TD, Wu HC, Chu CY. Preparation and study of bacte-
rins. In: Methods in molecular biology, vol 2815. Humana,
New York, NY, USA. pp 131-42, 2024; https://doi.
org/10.1007/978-1-0716-3898-9_11

Noetzold TL, Kwakkel RP, Fancher B, Silva M, Thomson A,
Zuidhof M]. Body weight optimization of broiler breeder hens.
2. Reproductive performance. Poult Sci 2025; 104(11):105833;
https://doi.org/10.1016/j.psj.2025.105833

Muniz EC, Verdi R, Ledo JA, Back A, Nascimento VPD. Evaluation of
the effectiveness and safety of a genetically modified live vaccine
in broilers challenged with Salmonella Heidelberg. Avian Pathol
2017; 46(6):676-82; https://doi.org/10.1080/03079457.2017.
1348598

Trampel DW, Holder TG, Gast RK. Integrated farm management to
prevent Salmonella Enteritidis contamination of eggs: presented
as a part of the symposium ‘Reducing Salmonella Enteritidis con-
tamination of shell eggs with an integrated research and outreach
approach’ at the Poultry Science Association’s annual meeting in
San Diego, California, July 22-25, 2013. ] Appl Poult Res 2014;
23(2):353-65; https://doi.org/10.3382/japr.2014-00944
Nakamura M, Nagata T, Okamura S, Takehara K, Holt PS. The effect
of killed Salmonella Enteritidis vaccine prior to induced molting
on the shedding of S. Enteritidis in laying hens. Avian Dis 2004;
48(1):183-8; https://doi.org/10.1637 /7040

Adak GK, Meakins SM, Yip H, Lopman BA, O’Brien §]. Disease risks
from foods, England and Wales, 1996-2000. Emerg Infect Dis
1996; 11(3):365-72; https://doi.org/10.3201/eid1103.040191
Raut R, Maharjan P, Fouladkhah AC. Practical preventive consid-
erations for reducing the public health burden of poultry-related

1295


https://doi.org/10.1186/s12866-023-02908-8
https://doi.org/10.1186/s12866-023-02908-8
https://doi.org/10.3389/fmicb.2014.00391
https://doi.org/10.3389/fmicb.2014.00391
https://doi.org/10.4315/JFP-19-548
https://doi.org/10.3390/vaccines11020383
https://doi.org/10.3390/vaccines11020383
https://doi.org/10.3390/microorganisms11082040
https://doi.org/10.3390/microorganisms11082040
https://doi.org/10.1128/MMBR.00007-17
https://doi.org/10.1080/14760584.2022.2050697
https://doi.org/10.1080/14760584.2022.2050697
https://doi.org/10.1155/2021/8818308
https://doi.org/10.3390/vaccines11030616
https://doi.org/10.1039/D4AN01121J
https://doi.org/10.1039/D4AN01121J
https://doi.org/10.1016/j.psj.2024.103756
https://doi.org/10.1016/j.psj.2024.103756
https://doi.org/10.1055/a-1520-1369
https://doi.org/10.1128/spectrum.00958-23
https://doi.org/10.1128/spectrum.00958-23
https://doi.org/10.1590/S1517-83822008000200034
https://doi.org/10.1590/S1517-83822008000200034
https://doi.org/10.1016/j.vaccine.2020.08.033
https://doi.org/10.1038/s41590-025-02156-0
https://doi.org/10.3390/vaccines9010020
https://doi.org/10.3390/vaccines9010020
https://doi.org/10.1007/978-1-0716-3898-9_11
https://doi.org/10.1007/978-1-0716-3898-9_11
https://doi.org/10.1016/j.psj.2025.105833
https://doi.org/10.1080/03079457.2017.1348598
https://doi.org/10.1080/03079457.2017.1348598
https://doi.org/10.3382/japr.2014-00944
https://doi.org/10.1637/7040
https://doi.org/10.3201/eid1103.040191

[25]

[26]

[27]

http://bdvets.org/javar/

salmonellosis. Int ] Environ Res Public Health 2023; 20(17):6654;
https://doi.org/10.3390/ijerph20176654

Arnold ME, Gosling R], La Ragione RM, Davies RH, Martelli E
Estimation of the impact of vaccination on faecal shedding and
organ and egg contamination for Salmonella Enteritidis, Salmonella
Typhimurium and monophasic Salmonella Typhimurium. Avian
Pathol 2014; 43(2):155-63; https://doi.org/10.1080/03079457.
2014.896990

Ford L, Moffatt CRM, Fearnley E, Miller M, Gregory ], Sloan-
Gardner TS, et al. The epidemiology of Salmonella enterica out-
breaks in Australia, 2001-2016. Front Sustain Food Syst 2018;
2:86; https://doi.org/10.3389/fsufs.2018.00086

Obe T, Boltz T, Kogut M, Ricke SC, Brooks LA, Macklin K, et al.
Controlling Salmonella: strategies for feed, the farm, and the

[28]

[29]

Akhtar et al. /J. Adv. Vet. Anim. Res., 12(4): 12861296, December 2025

processing plant. Poult Sci 2023; 102(12):103086; https://doi.
org/10.1016/j.psj.2023.103086

Huberman YD, Caballero-Garcia M, Rojas R, Ascanio S, Olmos LH,
Malena R, et al. The efficacy of a trivalent inactivated Salmonella
vaccine combined with the live S. Gallinarum 9R vaccine in
young layers after experimental infections with S. Enteritidis,
S. Typhimurium, and S. Infantis. Vaccines 2022; 10(7):1113;
https://doi.org/10.3390/vaccines10071113

Kang X, Huang T, Shen H, Meng C, Jiao X, Pan Z. Salmonella
Enteritidis subunit vaccine candidate based on SseB protein
co-delivered with simvastatin as adjuvant. Pathogens 2022;
11(4):443; https://doi.org/10.3390/pathogens11040443

1296


https://doi.org/10.3390/ijerph20176654
https://doi.org/10.1080/03079457.2014.896990
https://doi.org/10.1080/03079457.2014.896990
https://doi.org/10.3389/fsufs.2018.00086
https://doi.org/10.1016/j.psj.2023.103086
https://doi.org/10.1016/j.psj.2023.103086
https://doi.org/10.3390/vaccines10071113
https://doi.org/10.3390/pathogens11040443

