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Abstract : Salmonella Enteritidis (SE) has been a major causative agent of food-borne human disease due
to consumption of contaminated eggs and poultry meat. To prevent SE infection in poultry, and therefore
minimize human infections, vaccination with either killed or live SE vaccine is suggested. We evaluated
a newly developed killed bacterin using a representative SE isolate in Korea. Among pool of SE isolates,
two highly virulent isolates (the one isolate from chicken, the other from human) were selected by measuring
mortality in mouse and chickens administered. The chickens were injected intramuscularly with killed
vaccine and were challenged with highly virulent SE strain 3 week after vaccination. The recovered colony
count (cfu/g) of spleen and cecal content in the vaccinated groups was reduced compared with those of
the unvaccinated control group. The antibody level in the vaccinated groups was higher at 3 week post
vaccination. These results indicate that vaccination with killed vaccine was effective in preventing the
infection of virulent SE. Further study for a large number of layers should be needed for the effect of
egg production, SE shedding in feces, persistence of antibody level.
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Table 1. Salmonella Enteritidis strains used in this study

Origin of isolation Strain No. PFGE’ type Phage type Antimicrobial resistant pattern’

B270 A6 PT35 AM-TIC
B277 A6 PT35 AM-TE-S-TIC

Chickens B295 Al PT7 AM-TE-S-TIC
B296 A6 PT35 -
B298 Al PT17 TE-S
B322 Al PT1
B350 Al PT21 AM-TIC
B352 A6 RDNC* -

Humans B365 Al PT3 -
B369 Al PT21 AM-TE-S-TIC
B390 A6 RDNC -

*PFGE: pulsed-field gel electrophoresis, "AM: ampicillin, TIC: ticarcillin, TE: tetracycline, S: streptomycin, *RDNC: reacted

but did not conform.
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2 ¥R A [12].

A o2 Ax W 7|Asks HaAlY A, £}
WA RT= Aiilo] o] 34421 Aoz &
HA ko 18, 20], A2 W} 71-AM ] Salmonella 73
TE AEA AYS ST BEEAde] kg A
Ale] kel e Aol HAEIT [, 12, 15,
24]. 2t iAo Azols B =8I A7k
29 =W, WA IEIsA T A He A
7 A71E 4 AT [8].
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AU JE AR F AGA|, Al Eu | AR So|

=
s FAStY Jv ZAEL S A (crude outer
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RS AW W] dF UM = oln 83t
Ha A, A " FANA ARSEZE gt (9, 11,
14]. =3Pl e 52 kA o]9)d, 53] v AR
det P Ae] et oo ARE 4 9l
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A 2 A A s A 9 HollA Eelgh =
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SE #F

2 AFHL ool A HellA £E% SE F 173
F2 A2 2 pulsed-field gel electrophoresis, TAYA] 7+
X418, phage type 55 ASHATH [19]. 2 5 WX
Z?1 phenotypes 7zl Aol A €] #-2]F 55:(B350,
B352, B365, B369, B390)2} HollA 2] ®2]5 657(B270,
B277, B295, B296, B298, B322)2 ¥3§3F & 1159 SE
£ A ste] & A3l ARS8 TH(Table 1).

Holz|olAM S| SEQ| HWalN I}

ZF 1152] SE 2|5 nutrient brothol] 53 &
37°CollA ZlEnneket = wjFAjo] 5 6 x 107 cfw/
02 mLZ ZA3At 2dFE Holelg 24 4379 40
v T2 02ml HES 5 10¢7 HAA LS S
sto] 7153ka, 1094 H= 2ol ZF LFollA BES
Holglg FAste], BAS AFstd #& A&t
F W&Eo] X3 WAL fA=E dof fAAS THE
% 10 mL selenite cystine broth(SC; BD, France)oll 23
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41°C0l 24A17F & v %3t & MacConkey agar(BD,
France)9} XLT4 agar(BD, France)oll &3l th % &
37°CollA] 2417k v ket & Ardete] 24 {55 ¥
Aot 7MY =2 HAES Bl #FE A 52
22 WA 2SS AT 23 AP A Ad
H #FE A7l AFs WHUE aeet £ 3x 107
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v 02 mlY AR JES F 2770 HAE J*zL
ST HAREA] &2 ®olg]e] Ae TEAZ] * 71
I gl s A=A A AHSA 2 479
FAE =43 3 HF% buffered peptone water(BPW;
BD, France)S 2719 1 mL¥ 713 ¥ A8}
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397 BT B8 & EFAS nutrient
agar, nutrient broth 2 thioglycolate agarel] Z+zt %35}
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(wiw), 2] 243 B3t dAE 20%% F7He
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;H}_:,L_O_ BH/\]{;H/\] PBS 02 mLS ZHJ%_O}oi\;]_ Al z47-
25 % 794 SE B369 % 32772‘2 w2]g 02 mL
A(10LDso) BN E FAHES 5 1097 IS =
AFSFaAT.
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Microplate agglutination test(MAT) 2 ELISA

SEjA] At GHS wEd = SEol thEk A
7Fe MAT ¥ A|335<91 Salmonella D group ELISA kit
(BioChek, Hollandyg AH&-3te] S48ttt MATE 4
Alst7] flal] LS ofefiok o] Axskirtk. SE B277
£ tryptose phosphate broth(TPB; Difco, USA)l H%
Sk & 37°CollA] 6~8A17F 8 vl 31T -‘E’- wj Fel-S
A28 & A=l e 2 A3 & AHES PBSE
F3F9t}. Formaling #H¥ 5% 03% E% A7k &
37°ColM 37 E&3keE F 7,000 rpm, 10i27F $141%
23 5] PBSE AGFER AT T MATE Fo=
AH8-3199 T} 96 well microplate wello] 50 uL PBSE &
%f& AW el JHEHES sould Ak F 2

813t} B8slE SE dS welld 50 ul® €32
#C 2T WA F g0 Lol o
NS BYSANE DTS

ELISA -2 SE3A| =74 & ELISA kit(BioChek,
Holland)y& AH&-313] ™ Az 3|ALe] WPt = A 813
o} -4—'— ELISA reader(405 nm)E ©]8-3l9 $3=E =
3k 3 vy o] 71F8)e] SR E AMEste] SEFA| 7}
& S48kt
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WAHFT I WA E o2 Abo] ] A 7HMAT
537, S/P value) 2 7)ol A EElgt cfue] ZFol=
Unpaired Student’s #-testS AA]3F1 2™, p-valueZ} 0.05
Hop 25 A frelde] e BeR 7t

2 3
Hot2| oM Held Mg

$43, phage® (phage type, PT), 34 WAE 5
o] AFE Btz MAS AFda} wollA Ba)e o g A
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SE EeFE 3¢9l Wolglol 22+ 6 x 107 cfu/0.2 mL
A AFR JES F AAES AT EYTHTable 2). &
1171 SE £&81F 5 AFgelA 289 B365T+ HA M
o] 100%°]3 I TS0 & B369FE 90%2] HAMES
UeRith gellA EaE B277, B295 ¥ B270 £EF
© FARET 40575 42 315(77.5%), 237(57.5%)
2 229%(55.0%)7F HAFE o] Al R TR tha v
HARE-S BT}, WAgol|A o] #78]&2 B3905+= 60%
A3, B277, B369 2 B3225E ZF2} 20%, 40%, 40%2]
&S VERATH(Table 2).

12 A1E AollA] Algks} gollA E2dE tE 45
17 ZolA 8232 B277, B295F 2 Al 3
9l B36559} B3695-7} Aol =& Ao = Yeht 4
Mol EEFE0 sl Wolgol FEate] #xke 2 3

71 EEE&S A 59% Wolgol 459 SE
BEYFE 2 3x 107cfu(1z} A2 172 dose)& HE

g F 25t SRS RSl wiel T B277%
B295FE YA 8571 mAtE o] HAREO] 26.7%%
Ve AFREE) 321 B3659F B3695= 2H2t 74, 17
7} #AALE o] HARES 27t 23.3%9} 56.7%= VEFS

Table 2. Virulence of Salmonella Enteritidis in chickens

(Ist)

Origin of . .. o, Recovery in
isolation Strain No. Mortality (%) cecum (%)
B270  22/40 (55.0) 0.0
B277°  31/40 (77.5) 20.0
i B295"  23/40 (57.5) 0.0
hick
Chickens B296  13/40 (32.5) 0.0
B298 10/40 (25.0) 0.0
B322 16/40 (40.0) 40.0
B350  30/43 (69.8) 0.0
B352  22/40 (55.0) 0.0
Humans B365°  40/40 (100.0) 0.0
B369°  36/40 (90.0) 40.0
B390  30/40 (75.5) 60.0

*Strains were selected for further experiment.

THTable 3). F7IW Hel&S e A3} AldEe|s
ol B369F= HolA 44 % 10° cfgs 718 =4 £
Q0m, B365TE 3.4 x 10° cfgZ}t el = At B
252 B27759F B295F = vl A zkzt 6.1 x 10° cfi/
g, 1.6 x 10° cf/ge] F2|EATH(Table 3). 7ol 2] £
A v B Ee cfudths 10~1008) A% v
& Ao g AFAEAT B369, B277, B365, B295F O
2 =k WA e &2 B277F9 B369F 7t
7t 60%= 7HE =7 R EAL B365F= 20%7F 22
HRom B295F= WAl HAEFA] S(Table 3).
HAREH 70 E2lgo] 7P 52 4575 Yol
7P =L dFR skl AFREEF B369ToF B
2|5 B27755 Agste] Bl FRAFE AN
A=

OAOIMe| SE S&s} tilo| o{Snt XA}

Aol B3k B369F9} HollA £k B277EE
Azs B@slile] wolans Asy] &) A=
T2 dosed] 23 ALS nlg-2~9] Bt 0.2 mLA H
3l th WAIHE 2359 wild type SE B3695 9}
B2775& TS v H7RHE 10LDsE 34H
T3t = 1097 FEsh AEES A 283}
WAL HEER] B R A9 B36Y EE B277
T2 FAFES B9 BT A= 0] 100%S] HAA S
UERITHTable 4). o] ®ksll B3l HEst &
FTAPET 22 AF BF 70~100%2] E AEES
RBAT 5545 B369NAHE-B36954 HE, B2774
AHE-BITEARENRE, T olFTT(B369NANHZE-
B2773A%E, B277HAHE-B3693 A F)e AE
&9 zfo|o} F MAIHFTF AEL] Aol #F
%] AATH(Table 4). 7220 o] SE B&s}u
Alo] /g SExtel thal w9 52 WoladE
e

SE EEsMAE M5 HollMel wolEn
upe-2 AJFA AEo] =W BICOFE A 2o

Table 3. Virulence of Salmonella Enteritidis in chickens (2nd)

Recovery of Salmonella Enteritidis in organs

Origin of isolation Strain No. Mortality (%)

Liver (cfu/g)

Spleen (cfu/g) Cecum (%)

Chickens B277" 8/30 (26.7) 5.3 x 102 6.1x 10° 18/30 (60)
B295 8/30 (26.7) 2.0 % 10 1.6 x 10° 0/30 (0)
Humans B365 7/30 (23.3) 2.9% 10 3.4 %10 6/30 (20)
B369" 17/30 (56.7) 9.8 x 10° 4.4 %10 18/30 (60)

* . . . .
Strains were selected for inactivated vaccine.
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Table 4. Protection of Salmonella Enteritidis inactivated vaccines against homologous and heterologous challenges in

mice
. . Content Survivor rate (%) against
Vaccine Strain
(cfu/mL/dose) B369 (%) B277 (%)
Vaccine 1 B369 18.0 x 10® 8/9 (88) 9/10 (90)
Vaccine 2 B369 9.0 x 10 9/10 (90) 10/10 (100)
Vaccine 3 B277 28.0 x 10% 10/10 (100) 9/10 (90)
Vaccine 4 B277 14.0 x 10% 9/10 (90) 7/10 (70)
Non-vaccine 0/10(0) 0/10 (0)
(cfu/g) 500 . cecum
A
spleen
400 Titer 13 ——Vacl Vac2 4 Control
)
10 —
300 - s o
3 \/
200 | s
4
100
2
0 = l I —_— - 0 /s
Cont VacI VacIl Cont VacI VacIl Cont VacI VacIl ~21dpi o dpi 6 dpi 13 dpi 20 dpi
6 dpi 13 dpi 20 dpi
Fig. 1. Mean colony forming unit of Salmonella Enteritidis B
bacteria recovered from spleen and cecum in chickens. Titer 1,60 —+=Vacl —#-Vac2 —i—Control

Egshla ol wol g3 gollA st waly £
3HE B36979] $RRS dElte] e Al
2 1.8 x 10° cfw/mL)=} WA 20 A #3FeF 9 x 10° cfw/
mL)E Al&e] AR 7FEE ' 3058 10wy
N o= U Al 123 WAl E wale &
Z 0.5 mLA FRLSH FEsch 2] 45 9
21 g2l PBSE 0.5 mLA 95U FEsih HE
3F 3 YA GEYF BRTIFE ATE 15x10°
cmLEA FAHEST F 64, 138 2 20¢A] ol 2+ &
HE 34, 35 2 45 TEHAIR $ A8 g 3 v
WA RS AT AR T FEF
of ot FAl= HAHA] LAUTE FHAFTT 6UA
o B E AR Nas HEsA] g 2T
o] 739 wiollA 189.1 cfu/ge], WM& 420.0 cfw/g
o] SE7F E2]| = AthFig. 1). Hal12e] A5 BgolA
= AEHA FU%AL gl M = 22.7 cfu/g®] SE7F 8]
H ATk WAal272] 739 WA oAM= 49.0 cfge] 2
AT vFME 1344 cfi/ge] BB Ho] WA 17T} 2
9] 739 w7t gl nAgol A dHEe]7F izl Blsf
o)A A Hokth FAHESF 13YA TS A
st Ad 2] A9, v E WA zhzt 157
cfig B 22.2 cfu/ge] 2] E| o) WAl 17-2] H9=

Of

o\

(SIN)

—_—
1.20
1.00

~21dpi o dpi 6 dpi 13 dpi 20 dpi

Fig. 2. Titer of Salmonella Enteritidis were detected by
microplate agglutination test (A) and ELISA (B).
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ol A R =] ekokeh. WAllwte] 79 B 9 v
oNx AF HEHA] &Y WA27] A9 BN =
AZEA kot vAdol A 504 cfw/g] SEZF 2=
Atk

SE S35 YHEEE A7t =A
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MAHE A (21 dpi), TAHE A0 dpi), FAHF
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% 6, 13, 2024(6, 13, 20 dpi) Aol =ef3F Fe] ol
3] SE Eo] 3A|71S MATS} ELISAS A}8-3le] &=
g8kl th(Fig. 2). MATS| 7§ WA Foll = Bl
HEF 370 dpiy7HA 543 SRt 2 o) § 2=
H|S23 FA7HE 20 dpiZbA] A1&sk3ich, vha thzete]

739 0dp7H = FAVE AEEA vt AP
B A7 AsEY Q7R MAIFEZROE A
3] ket ELISAE 243 A9 FAVEe 9AHE
5 3= 3] s ?— ARSHA| = A H]
Set TR TerElr A0 2 UERsiTE WAl 1)
A2Atele] 7te] frold Qe Afole F T/ Al
AN HZHA] ATt 2] A7 A
=70l 7AW Ve YR 21 dpiE A€
e MAIHERY RS oA I zpolrt B
ZE o), WAl WA Abooll= frelde] 9l
= Apol7h R gkt

L.
Hole] SEEe) U AU A5 SE A
99 4z olojxy] 1% e o A 2 A%

S AFT AEoA ] HEE w 3«1 AR A=
[7, 15, 21]. wehA %MW SE g 7] fslA= &
sl Azl Agmale] AR JesiET 9ok dnky
07 SEZ W|E3 Salmonelladt-S X W 714 9]
7] wii2ol Ayguiale] sl Wol gyt 94
stohar deiA 9lnt (20, 21) e ARde Y
Aol gk Qb A7 H2 A7) A glom ol
3 o]-fe WolF7}F BeAd AR Wolg Qs HY
go] BdE & Q= Mol 7IQlgt) [19]. B&sluale]
o3 A== e T2 IgGolH, k=3t Ayl
o] FAE 1gGH [gAS FE AT [18, 24].

SE B3l e 32 AAYd WYg fFrstal AlE
A w7l W2 F88] FEdkA] Kl 2oE dEA
ATk [24]. 22U HollA SE kS 913 B33} wial
o] Abgef ik Fide] HZ oA tiFEHI St o
B ZA (oil-adjuvantys AME-3F 283} WALS FES A
A= B SEHH%HJEPJ A, Hﬁgﬂ‘; SET-#2
A, UH =

s smoazaq @7} 9452 3
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tlo

&3] - H3d - FES
Hig A5 ZAR §43, goAd, A WA
WS EdE QAT RAFE AU [19]. o5
oA 71 Wede] B #E Adstaal vk
229} g HESE & A AT Salmonella
R e Hade wis v=20 (7, 10, 13, 22].
Virulence factors EH A FAE E3H8E U] =2 (endo-
toxin)2] 7]5o] 2 L&A AL, enterotoxin} cytotoxin
So] A Ut} [7, 22, 27]. I AuA Ee] 2
1A}, AT, A BEAR Tl H/dol ol Eh:P
uh9-28} Wolz|o A 9] SES] B B A2
FH o we gah Lu 5 [22]12 SE2 ulhr*oﬂ
TE HE AS o 2ol HAPE 48417F ool
ojdtia Hisiglom, 1 5 [1]2 w29} BolE]o
ATE FARETE ANAE W 642%S] HAXF UERE
o Bk
SERtE]Foll A = PTo| whz} Wote] o)X o] X3t
7] W Zel&ol] v=2A vehtaL gl o] e] Bare
o8l SE PT47F 2AFoA 78 &2 A7 W IF
A AARES Bl gl (10, 13]. 2y Add
7ol 2dojM = SE PT47t U2 PTS} Bl o, A
g4, v ARA, FEA 4 AR | odA
Lol glo] fAbsitE Bake ik [16, 17]. W2
ALgE FAAE &3he SE #el e sEts vk
*°ﬂ*154 Yol v < Slvke Balvt Sl [26].
5 [2212 SE PT49} PT89| #-2|FE Alo]<] nlg-
*oﬂ tHffP LDsy& 10%~10% cf/mLE TheFalA] Yepdtt
3. RIS Poppe 5 [27]2 SE PT4E 1U4% 9] H
olg]ol] A7 HEAE W el x Eeldt SE E2lF
Hr} °f‘%°ﬂ*1«l SE 2T el o Aok B
TEATH A 5 [112 SE 28139 LDspS 0.25-5.0 x 107
cfymLZ E;o}%}%ﬂ], B AFdAE SE &F
B277(PT35)2] LDsp 1.5 x 10° cfivmL&Z WERSTE Cooper
= (121 B9 Qe SEZ 1293 9] Wolzlo] 10° cfw/
mLE HEYS W 570l e A Stk By
AT & Aol 13978 Wolgld A+E 34
AT F AH 225 B369TE AHEerdS W 100% =
AHEE BT
SE /\}B‘Oﬂﬁ o] SEREF % f‘a%*é?)r wolsel

29 falfi A0 WAL A5 ol A3
%8 FARENC] ST Aol o] MAIFe 5
U HFE FAUED Pol53t FAIAE Ain
o} MATS 55 Er o150l FFE FAUFH
A3k Wolsel gloiAls SWH Aol & HolA) gsko
o, MRHF Rl Aol Fslepl A3 s

SEMAIS] ol By A7 FAUE TS
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& 9 #5(cfug= WAl Woles ekt &
83k 71Eelnt [12, 15]. FAHT F 64A, =z
vl WAl WA2E HEe oA B v
#iEee WAt FA3E T B3YAdE dR2e]
TR A W] wite] MAHE ] Bt
AR o]FfR)A] ZYPrh. FAHFT T 2084 =
0] 735 AWM T ] 7t HAS B HAgel A
= o] | EA Utk WAl HELAAM = B
HFe|A] o] HAEERA] ko), WAl2 FFolM=
HPo| Mgk o] E|H AT o2 § zfol= HAE H
Z3t A Q] Afo], Bel M A W& e wo &
4, FART T o5 wEske AR 5, olE 8”1l 9
3 o ot BElgo] S e J0E Alsd
t}. Young 5 [281 E&st WAl JE = oA g
log2.5 cfu?] SE7} E&]= o, Wal v FE2o|A SE
7} log 3.0°] AZFHA Tk B 13}, Freitas Neto &
[14]2 SE PT4E A|2tel 883} 2 MAlS 2057, 25
9, 31577 Holld 2% JET 5= 19 & 794
ZAR B = B [ B o i e e e o L P S B
&2 ztol7} glvkal B arskgirt.

WAHE & FA= HE 13 JFS s A
T T 330 =2 FAE Fgsks AoE et
15514 9k vz A, TEF
TR e FASHLE Y 3 A8E * HEH
of 93 A7t = Hlo] AU
B AFM = AR AF5S WAsk= SE 25
7GR uhe-2 g Hollxo] WS S-S ¢ A

3

of

E)JF

= S

= =

weh WAFTE ARESle] Alxg B8] wale] it
Woledt A e AHEdTh AxF SEEgst
WAL ofe] WA SERE T thell ek Woja st
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