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Protective efficacy of trivalent Salmonella inactivated vaccine containing Chlorhexidine-inactivated
S. Enterltidis (SE), S. Typhimurium (ST), and S. Gallinarum (SG) strains, was evaluated in this study.
A total of 70 brown nick layers were divided into 7 groups, A to G, containing 10 hens per group. All
hens in groups B to D were intramuscularly immunized with approximately 7x10° cells (3x10° cells
of SE+1x10° cells of ST+3x10° cells of SG) of the trivalent vaccine in 0.5 mL of PBS. All chickens in
groups E to G were injected with sterile PBS. All hens of groups B and E, groups C and E, and groups
D and G were orally challenged with approximately 2 x10° CFU of wild-type SE, ST, and SG, respec-
tively. Serum IgG titers and CD3'CD4" T-cells, and CD3"CD8" T-cells levels of groups B to D sig-
nificantly higher than those of group A. In addition, all animals in groups A to C, E and F showed no
clinical symptoms and survived after the virulent challenges, whereas one chicken in group D died
and all chickens in group G died following the challenge. The protection against wild-type SE and ST
in liver, spleen, cecum, and cloaca of groups B and C chickens was significant effective as compared
with those in groups E and E. These indicate that the trivalent inactivated vaccine can be an effective
tool for prevention of Salmonella infections by inducing robustly protective immune responses and
cellular immune response in chickens.
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teritidis7} 49%2 7M4 &2 W2 HE1 9lom, S Ty-
phimurium¥} S. Typhi7} 242 15.8%%} 7.9%S X}A|skal Q)
o ©20| S. Enteritidis®} S. Typhimurium®] AFA|sH= 4]
5 WA He2 64.8%°] Boh= A2 HIAEHIITHKIm &
20006). S. Enteritidis @%@ oMot 4] 38%2] Rl=2 2 a
HuEy glon, A AAZMCRE 7P Wk 2 B¥FL
Z A tHGalanis 5, 2006). S. Typhimurium< 1997
d o]% S. Enteritidis T 0.2 7 =2 v &2 HEFH+= &
HPoE A o, MAFLEE w2 HE= J8 Bl
3 Qo I F8%=7F woMAAL AtHKim 5, 2004; Helms
5., 2005).

Salmonella Gallinarum®] % 7FFEFA9] HRld4o2
AFAA A ARE AR HAE EA ol £ HARES Hole
Al Ao FhollAl= 19929 A& o] Hi1H o]
& Ao 7 ¥AYstT QleH) o]l= 7FEE|FEA F kst 4

s Jabsks FF0] IHlolA 2 AREHI 7] el ®
H1E T IthWoo2t kim, 1998).

Ul 7HFEIFA A2 918 SGORY &2 oF=3t A
< WAlo] ARBE I Q=T At WA F7ITE Rl A U
BR A, A 2 A o7 d HeRhEE RS o ks
oA 5ltts B71E W Qlek(Lillehoj 5, 2000; Won
5. 20106). SHAYE Amdle} ob=st A WA b4 ZA
7F A&A o A7|EA ot 1 o]fEe EYHR WS
7t HFE 5014 FAste oA oFEskE B f4A
A7t BHAE0 LGS IES 74 wWeoltiBarbezange
, 2000). ¥Hd Amdel E23} WA10] A9 Ardeto] 7
'5(94 EHE 58 o HiEo] AAag vEe AF W 29
A7) ALRE HIEHIHGast 5, 1993; Jawale &
2014; JawaleZ} Lee, 2016). =3t B85} WAl 2 FHA
= 7HAAL Qlom, o Audet PP Sedoto] thrhAl
08 AR & U SEAS AL Atk HollA A 9 A
25t=]o] = QIe(Clifton-Hadley 5, 2002). ZZ X7t
=&} AREA| WA19] - HAWQ AET W s=A v o
ARkgol ot HA AAF 5= qlo] FY Y&Ho] Al ogt=
o7 Q3] HIARGA (adjuvant)E TR E 3P (Desin 5,

o it ofn

n\l

Bacterial strains used for this study

5w o
Y 510l A2 T
19 A Al 014
2013).

T 2GS} AR BAYOIE A AR WA T

AE
A= W 718 gl ARl Al uizlg Rt

e i
82 REsto] APFEOIM Amde ggg Ao oY
Stelrke 7 A% B3t glom, Gudet Al ouu

ZA(oil-adjuvant)S g3t A& &3 AREA 9
A W5 A7) W Ardet 280 A, B U Ande) vis
e 9 30 7HA 50| AFE A (Gast 5, 1992: Barbe-
zange 5, 2000, Jawale 5, 2014), ZAOIA H4E HS
A= AT &5l Holg 2 o|g = o] 3l & U7 7|7t st 4
et ofe] ZHofl thet Wolg & Aol 0w HiEith
(Nicholas 5, 1991; Mailson 5, 2022).

webA 2 A= Sl FASHL Sli= S. Enteritidis
oF Z& I F8740] 371k 3= S. Typhimurium 2 &
o] HARE FEste 7he HEA 9RIHY S, Gallinarum=
Chlorhexidine digluconate solution®.2 &35 FLok
of 37} Ardet B3} WAlE A Rsko] AltA oA AH/g H
Az w7 g Rk f ol Fe} o aakE H7letlt)

E2&35} dA

E20 WAl A 9 34 JF 4 1A WA H4F 5 g
AG7HE 243171 Y3t ELISA coatingS 3t Outer mem-
brane proteins (OMPs) &< {3t #5= =W 2 A<t

Aol A Ee2J3t S. Enteritidis®] oP3E =4 E252 HJL345,
S. Typhimurium®] oF¥g =4 252 HJL812, S. Gal-
linarum®] o 4 E2]52l HJL4655 A& tH(Table
1). Z} #5+= Luria-Bertani Broth (LB; Becton Dickinson,
Sparks, MD, USA) ¥ Brilliant green agar (BGA; BD Difco,

Strain Description Source of reference
S. Enteritidis HJL345 Isolates from Korean chicken in 2009 Lab stock
S. Typhimurium HIL812 Isolates from Korean chicken in 2019 Lab stock
S. Gallinarum HJL465 Isolates from Korean chicken in 2016 Lab stock
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MEA0IA Chlorhexidine-inactivated Salmonella Enteritidis, S. Typhimurium 2 S. Gallinarum 37} 8i419] 5Lt

USA)oll HEE o] 37ColA =AU 34 HJF & 74 Al

HA 7t 5o 2RY ZEed #59 EHFS IRlst] fsh
A+8-H Salmonella £0] Zeto]H 9 S, Enteritidis, S. Ty-
phimurium ¥ S. Gallinarum &?1& $J3t Eo] Zalo]r] &

71492 o}z Table 20 A&3}91th.

3 Council on Animal Care9]
AENTE FEST Y39 S5A(UBNU2022-

37F Amdet £8s5) WAl9] A2S 915 Moon 5(2020)
o] uhS- ok7t Mg 3}to] HJL345 (S. Enteritidis), HJL812 (S.

Primer sequences and sizes of PCR-amplified targets

Typhimurium), HJL465 (S. Gallinarum)& Chlorhexidine
digluconate solution (CHX; Merck KGaA, Darmstadst,
Germany)2.& E¥E Frsto] 371 Andet EE3}
A AxstE. &, &l 283 290d JHAES 1SA78
adjuvant (Seppic, Seoul, South Korea)?} 3:7 v]&& &%+
sto], B85l A A< 7|2 & S. Enteritidis 3 x 10%+S. Ty-
phimurium 1% 10%S. Gallinarum 3x10%9] #& & 7x

0% cells/0.5 mL ¥ =& &% 37} Arndlel 28s Wi o
& A|Zsto] 4T Hast Ao ARg-skH

22 AAA7E 53] HAE
o 7705 1E 9 1092 E HYiro] 2& &40 435tk
= 7ro] M3} 717k AX & 63780l HAS W 4
2 15 AE oFF A% 75—‘—'5};(] ator, WAl B, C,
159 E% % Armdet 371 583 WAS 0.5 mLA 65
24 45 AFSIAL, 2 o PR
A E F, G :L—'—«] A B2 A7lol 2+ E+F Phosphate-
buffered saline (PBS) 0.5 mLA& &3 tHTable 3).

waelE s

Primer Sequence (5°-3’) Amplification target Amplification length (bp) Reference
OMPCF ATC GCT GAC TTATGC AAT CG Salmonella genus 204 Alvarez et al. (2004)
OMPCR CGG GTT GCG TTATAG GTC TG
ENTF TGT GTT TTA TCT GAT GCAAGA GG Salmonella Enteritidis 304 Alvarez et al. (2004)
ENTR TGAACTACG TTC GTTCTTCTG G
TYPHF TTGTTCACT TTT TAC CCCTGA A Salmonella Typhimurium 401 Alvarez et al. (2004)
TYPHR CCC TGA CAG CCG TTA GAT ATT
SG-L GAT CTG CTG CCA GCT CAA Salmonella Gallinarum 252 Kang et al. (2011)
SG-R GCG CCCTTTTCAAAA CAT A
SGP-L CGG TGT ACT GCC CGC TAT 172
SGP-R CTG GGC ATT GAC GCA AA

Animal experimental group design for trivalent vaccine experiment

Group n Types of vaccines Challenge strain
A Negative control 10 - -
B Vaccination 10 Trivalent vaccine S. Enteritidis
C Vaccination 10 Trivalent vaccine S. Typhimurium
D Vaccination 10 Trivalent vaccine S. Gallinarum
E SE positive cont. 10 PBS S. Enteritidis
F ST positive cont. 10 PBS S. Typhimurium
G SG positive cont. 10 PBS S. Gallinarum
Total 70
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A2 0 weeks post prime immunization (13} FF A,
0 WPPD), 3 WPPI 22+ HF &), 6 WPPI (FAFF D)ol 242
AH&sto] FHlskTt &, AFT FHL 3,000 rpmelA 30&
7r YAEEst] @3E ooy, 2eE @32 20T &
oo} A9]of AE-sH3T.

Alo] AR WAl9] PR S B7IeH] flske] WAl of
Zt B A HE A, 1A FHE 3T 23 FS 3T
AE &4 7FAE71(GI-1000, G-Tech International, Ui-
jeongbu, Korea)g A&t RE 7HA9] 2SS S5,
LE iAlE otRol & WA I, At Al8RZ 54 Ast
9 HAF oS SISk

37 Ardet E83) M4l JF F S Enteritidis, S. Ty-
phimurium ¥ S. Gallinarum©] th3t @% immunoglobul-
inG (IgG) TA| F7H= 2 #+5+9] OMPsE F&0to], 7Hd a4
WY &2 =3 H(Indirect Enzyme-linked immunosorbent
assay, ELISA)Z o]-&-sto] &7skqitt. 1hdts] Agstd, 2+ S.
Enteritidis, S. Typhimurium % S. Gallinarum® OMPs&
Gt PBSE 0.2 ul/mLo] HEF 3|45t 4TofA] sy &
oF 851t} 1%2] Skim milk (Becton Dickinson, Sparks,
MD, USA)Z 30&7F 4294 blocking 3t & WPPI 0, 3, 6
of Bt €4& 1:2002.2 3]43}0] 1A17F B9k WA
o} Horseradish peroxidase (HRP) conjugated goat anti-
chicken IgG (Bethyl Lab Inc., Montgomery, TX, USA)Z
1A 7t ¥F8-A171 & o-phenylendiamine dihydrochloride
substrate (Sigma-Aldrich, St Louis, Missouri, USA)2.& 15
E7F EAIAZ] 2 stop solution (Sulfuric Acid, DUKSAN,
Seoul, South Korea)2 & 2HAS HX|A]A ELISA &4 =74
(Multiskan Go, Thermo Scientific, Waltham, MA, USA)®|
A 492 nm IO Z optical density (OD) = 4353t

517] 93l Senevi-

A o714 He g = g
Q Flow Cytometry

B
rathne 5(2021)9] WS °oF7F HEs}

8 o

S

= .0
%T"I‘I’o

Lo
9&
o

40

Analysisoll 9J3] CD3"CD4", CD3"CD8" T-cellse] &3
ot &, Andet E23 37 WAl JF F 7o 2x g9 |
CD3'CD4", CD3'CD8" T-cells A& &%317] Y5l 21 Y
A HF 5 25379 29 ATTFOIA 10, WAl B, C,
D IgolA FA9Z 1058 Adste] skt 1x10°/
wello] HEE 3|49 dxdH f F=x3E= 7+ 300 ng/mLo)
S. Enteritidis, S. Typhimurium, S. Gallinarum OMPs2. &
42T, 5% CO, 271914 12417t 242+ A A= =ik A A=
% M ZE anti-chicken CD3 Monoclonal Antibody (APC),
anti-chicken CD4 Monoclonal Antibody (FITC), anti-
chicken CD8 alpha Monoclonal Antibody (PE); (Thermo
Fisher Scientific, Waltham, MA, USA)Z 4Col4 30& &<
FZ G5 3 BD Accuri™ C6 Plus Flow Cytometer (BD
Biosciences, San Jose, CA, USA)E ©o]-&3}o] CD3"CD4"
4 CD3'CD8" T-cells AlZo] £3t L& AT
CD3"CD4" ¥ CD3"CD8" T-cells Al E:#9] £5} A== Flow-
Jo™ Software (BD Difco, USA)E o]-&35}o] B4 =]t}

= 24 AgbA oA E2]$ HJL345, HJL812, HJL465%
LB Broth 10 mLoll 242} HF3to] 37T wig7]olA 16413t o
Folet. viFHS 4143k LB BrothollA] A E5F0] ODgy, 2
el 0.6°] 2 H71A] v gFstAct. MY AL 4,000 rpm & 50
1 ARt A5 #Pal JIAES PBSE 23] AlH
SFTE HAES 10% sucrose (JUNSEI, Chuno-ku, Tokyo,
Japan) $-& PBS& 7} 1x 10" CFU/mLe] H&& AH-335}a],
1% B, B9 ¥ 14 9 S. EnteritidisE 200 ul4, 155 C, Fo
g 14 & S. Typhimurium& 200 ulL¥, 715 D, GO & 15
& S. GallinarumE 200 pL# Z42F A8Estoinh. 3 44%
T 149 5C 5FFof| = wA AL AR 5/ A5t 9 1|
A RS LY, 1494 ZE AEAAE SIYAIA 7T,
2, W, AT SoERE 7HHES AFSte] Nandre &
(2011)0] 71&%t Wol wet 7t drde 455 25t
™, B2 € 5= Table 29 7|&8 5o A4zt I FH

7 meto|n|S A8 stel BAYF T ol H2 ALk

i

[¢]

e

2= A% Avl= 502 GraphPad software (San Diego,
CA, USA)E 0]&3}o] Tukey's multiple comparison testo]|
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HFSE one-way analysis of variance (ANOVA)©] 93} B+
F-Q?i‘:]' Po] 3to] 0.05 ostd wf ZAH g §9]/d0]
okl YriE o, BE Avts Hit+ EEHX mean+ SD)
2 HAEU.
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Weeks post prime immunization

Body weight gain post prime and boost immunization with
the trivalent Salmonella inactivated vaccine or sterile PBS in
chicken. Group A hens were non-immunized; groups B~D hens
were immunized with 7x10° cells/0.5 mL (S. Enteritidis 3x10°+S.
Typhimurium 1x10°+S. Gallinarum 3x10%) of the trivalent
Salmonella inactivated vaccine, respectively; and groups E~G
hens were immunized with sterile PBS, respectively. Data shown

are the means for all hens in each group, and error bars show the
standard deviations (SD).
=3
o Oa E 2.0 w0
e B QO L
&) 2 Oc 5’ 1.5 §‘
=P mp 3¢ N
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= 1 HE E s
= Br Zos \
@ HE mc & A
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Weeks post prime immunization

3

Weeks post prime immunization

93.5£47.2 g 57t
17} 243.5£40.7 g,
a7Asisick, 2012 27

N

. 1
A= 2 E:‘EL i}°l7} °*°*E¥ H ] @%—%01 B~D ¥
PBS &390 E~GY] At B% 13} WAl J& & 337+ 9
27 WAl HE T 357 I, AAL AeRA 54 Aot Y

WA A 9ot

-1
S
3]

WA HE A, WA 12 FE 5, 24 AF 5o 44 g71Fe
& A Psto] 7t Amdlel OMPsE o] &3t ELISAR 8% IgG 3
A 9715 2435 A= Fig. 29 Z3Lth. S, Enteritidis OMPs
2 ELISA—% ZA3% A7}, SAYERZQ A 189 FE A, 1
A4S 5 24 A4S T A 97k 4 04254011, 0.509+
0.18, 049o+0 092 A=, WAl HE+<Q B~D 159
739 A% Ae 7+ 0.49140.11, 0.368+0.09, 0.480+0.102

1 Hlsgt =0 U S EHUALH
12 JF Foll= 1.22740.07, 1.249+40.05, 1.269+0.112
2,22k BF Foll= 2.446+0.09, 2.450+0.11, 2.544£0.17
2 A Z7FsFA S. Typhimurium OMPsZ ELISAS &4
@- 7‘_:,&1_;,} %Aétﬂ}_q_o] A _j_g_g] x%i ;q 1;2} 2-12.3 6 2;1} 2]

3 T FAY97= 474 0.37740.09, 0.462+0.16, 0.599+
0.1791 ¥l WAIZQ) B~D IFOIA HF ARt 14 15 ¥
=T sk DA
N Nz 220 Sidi Ns
¥
N Oc O N Oc
\ mo =29 § mo
NIl @r =10 5.
% Br = 0.5 s Br
\ 5o \
S i Bc e 0.0 LN L N |/ i3 Ec
6 0 3 6

‘Weeks post prime immunization

Serum IgG titers against Salmonella Enteritidis OMPs (A), S. Typhimurium OMPs (B), and S. Gallinarum OMPs (C), respectively,
in hens intramuscularly immunized with the trivalent Salmonella inactivated vaccine or sterile PBS. Group A hens were non-immunized,;
groups B~D hens were immunized with 7x10° cells/0.5 mL (S. Enteritidis 3x10%S. Typhimurium 1x10*+S. Gallinarum 3x10%) of
the trivalent Salmonella inactivated vaccine, respectively; and groups E~G hens were immunized with sterile PBS, respectively. Data
shown are the means for all hens in each group, and error bars show the standard deviations (SD). Asterisks indicate a significant
difference between the values of the groups immunized with the vaccine candidate (*P<0.05) and those of the control group.
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ZF 1.634%0.12, 1.623+0.13, 1.654+0.15, 23+ & &
1.720£0.07, 1.709+0.07, 1.746+£0.102.2 A G7}7} 4
5ot E3SE S. Gallinarum OMPsZ ELISAE &7t
I SRR ATFY] HAS A, 1A S & 24 45 5
A G7H= 42 0.514.15, 0.477.08, 0.576.2701912.H, ‘ﬂi’ﬂ
3R B~D IFolA A A7t 14 HF F 1.668.18,
1.662.17, 1.671.122.2, 22+ HF ¥ 2.098.05, 2.063.08,
2.072.090.% Z7F5ltt. PBS HE#R E~G 152 S. En-
! S. Gallinarum® OMPs©]
T SR} BT A

l‘ mh‘d o 1N

teritidis, S. Typhimurium %
A A% 4, 13 9% 7 27 S

o7} g giet,
SN2 ATEH WA BF 15 B~D 159 A

oA Eeld Jo1E
S. Gallinarum OMPsZ A A=353l CD3'CD4" T-cells,
CD3'CD8" T-cells® #A& 43 23}, x4
CD3'CD4" T-cells W&-&0] 77} 16.28%+1.78, 17.22%+
1.32, 18.4%+0.68%1 BFH, WAl gF<Lol49] CD3'CD4" T-
cells B2 22.02%+2.01, 26.16%+1.3, 25.42+13.798
24}t zF ArdE OMPsZ A=% CD3'CD8* T-cells
SRR ALole 47 7.8%+1.45, 7.02%+
1.03, 8.67%+0.77%1 ¥, WAl HF<Lo|412] CD3'CD8" T
cells HE-EL2 11.24%+1.06, 9.86%+1.11, 12.56%+0.53%
=79 =] AcHFig. 3).

7} S. Enteritidis, S. Typhimurium,

=]
EH!TE

rlo
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(=
-
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Control Vaccine
Group Group

Control Vaccine
Group Group

Control Vaccine
Group Group

SE ST SG

ozt
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Qb
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2'} WA FE F 3740 S4HEEA A D5 ALt 2

Ardet #3572+ 200 ulB AEE oFA
E .:Z.—Efoﬂ S. Enteritidis, C, F &9l S. Typhimuri-
um, D, G Z1E9] S. Gallinarume i & % 3485 &=
%7} 7k 2x10° CFU/0.2 mLo] 7] 3}, o]F 14U%t 5
AF&-2 SISt T 23} Fig 4014 B vjg} 2ol 24T

120 -
>
S 1001
N’
2 801
s
— 604
w
E 40
S 20
)
0 —————

0123456 78 91011121314
Days after challenge

Survival rates after challenge with wild-type virulent S.
Enteritidis, S. Typhimurium, or S. Gallinarum in all chickens
of group B~G at 6 WPPI. Group A hens were non-immunized;
groups B~D hens were immunized with 7x10° cells/0.5 mL (S.
Enteritidis 3x10°+S. Typhimurium 1x10*+S. Gallinarum 3x10°%)
of the trivalent Salmonella inactivated vaccine, respectively;
and groups E~G hens were immunized with sterile PBS,
respectively. All hens in groups B and E, C and F, and D and
G were challenged with S. Enteritidis, S. Typhimurium, and S.
Gallinarum, respectively.

[
7]
*

N

n

% CD3+CD8+ T-cells w
S

<

Control Vaccine
Group Group

Control Vaccine
Group Group

‘Control Vaccine
Group Group

SE ST SG

T-cell immune responses. T-cell responses were evaluated by flow cytometry analysis of CD3'CD4" and CD3'CDS8" cell
populations using PBMC collected two weeks post the boost immunization. Cells were stimulated with S. Enteritidis (SE) OMPs, S.
Typhimurium (ST) OMPs, and S. Gallinarum (SG) OMPs, respectively. (A) CD3'CD4" T-lymphocytes population in immunized and
nonimmunized chickens. (B) CD3°CD8" Tlymphocytes population in immunized and non-immunized chickens. Values are shown as

meanztstandard deviation of 10 chickens per group.
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AMZAH0IM Chlorhexidine-inactivated Salmonella Enteritidis, S. Typhimurium 2 S. Gallinarum 37} #A19] §5H7}

Recovery of challenge strain from internal organs of the survived chickens

Group/ Challenge .

Organs strain Livar Spleen
A ¥ 10 0 0
B S. Enteritidis 10 0 5(50)
C S. Typhimurium 10 0 3(30)
D S. Gallinarum 9 5(55.6) 5(55.6)
E S. Enteritidis 10 0 9 (90)
F S. Typhimurium 10 1 (10) 4 (40)
G S. Gallinarum 0 - -

Direct culture (%)

Cecum
1(10)
2(22.2)

6 (60)
6 (60)

Enrichment culture (%)

Cloaca Liver Spleen Cecum Cloaca
0 0 0 0 0 0
2 (20) 0 50 (50) 2 (20) 2 (20)
2 (20) 0 0 40 (4) 30 (3) 3 (30)
1(11.1)  6(66.7) 5(55.6) 3(333) 1(11.1)
4 (40) 0 10 (100) 8 (80) 8 (80)
7 (70) 3 (30) 8 (80) 7 (70) 8 (80)

All chickens in groups B and E, C and F, and D and G were orally challenged with 2x10° CFU/0.2 mL of S. Enteritidis, S. Typhimurium,
and S. Gallinarum, respectively, at 6 WPPI. All the chickens were euthanized at 14 days after-challenge. Statistical analysis carried
out with Mann-Whitney U test. Group A hens were non-immunized; groups B~D hens were immunized with 7x10° cells/0.5 mL (S.
Enteritidis 3x10*+S. Typhimurium 1x10*+S. Gallinarum 3x10%) of the trivalent Salmonella inactivated vaccine, respectively; and groups

E~G hens were immunized with sterile PBS, respectively.
*Non-challenged.

**This represents the number of chickens that survived to 14 days after challenge and were necropsied.

Bl B, D, E, F 1% 109t & 1072 2% A
Z519 1, WA A= 5 S Gallinarume 48 ZE35 D 129
BF 3ART 122 Aol 15 HAfsto] £H L 14L37H4] 9
o BE A2t shATE S, Gallinarume 388% S G
JE9] A% 5235 94l 19te], 109}l 19te], 119X}
off 1mte], 1242t 2uk2], 1342}0] 2mte], 1443} 3ute]7t
217 HAbste] 10vhe] 25 H ARSI THFig. 4).
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