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<SUMMARY>

Purpose and
contents

Establishment of control measures for reducing a zoonotic pathogen,
Salmonella Enteritidis, in poultry

Determination and standardization of control measures for reducing
Salmonella spp.

Establishment of disease control and prevention system and

maximization of management effectiveness by applying the standardized
control measures for the pathogen reduction

Results

m Determination and standardization of control measures for reducing

m Establishement of the preventive control system and maximization of

Establishment of control measures for reducing a zoonotic pathogen,

Salmonella Enteritidis, in poultry

— Information collection on the control measures for reducing
Salmonella spp. in foreign countries including the US and EU

— Determination of effective control measures and analysis of
similarities with domestic control measures and applicability

— Survey on the incidence of Salmonella infection in domestic chicken
farms

— Confirmation for the effectiveness of biosecurity facilities and
disinfectants in chicken farms

m /n vitro assessment of the control meausres and the effectiveness for
reducing Salmonella Enteritidis (SE) at the farm level by the types of

farm and management through the application of the products to reduce

SE

— Confirmation of the effectiveness via determination of the control
measures for reducing Sa/monella spp. by using probiotics and
bacteriphages

— Isolation of probiotics derived from kefir, production of the
probiotics as feed supplements, and technology transfer by applying
the product at farm level

— Development of a PCR Kit to detect rapidly and specifically
Salmonella sero group D, including SE and S. Gallinarum (SG)

Salmonella spp.

— SOP development and standardization to reduce Sa/monella spp. in
chicken farms

— Development of biosecurity SOP for reducing Sal/monella spp.

— Isolation and selection of probiotic strains for the control measures
to reduce Sal/monella spp.

— Confirmation for the effectiveness of the selected probiotics reducing
Salmonella spp.

management effectiveness by applying the standardized control

measures for the pathogen reduction

— Confirmation of the effectiveness of the selected probiotics for
controlling Sa/monella spp. through field testing

— Establishment of additional research plan for the control measures
with the selected probiotics to reduce Sa/monella spp. in broiler and
layer chicken farms

— Suggestion of policy proposal for the introduction of national policy
based on the established control measures

Expected
contribution

m Contribution to the establishment of disease control and prevention

system and the production of safe products in the poultry industry via




development and application of the preventive control measures to
reduce Salmonella spp.
Establishment of the effective control measures, detection system, and
foundation to export poultry products by developing rapid detection
method for Sa/monella spp. in farms
Establishment of database of Sa/monella spp. strains, systematic survey
of Sal/monella infection, and contribution to globalization through
collaboration with National and OIE Salmonella reference laboratories

Keywords

Poultry

Salmonella

700n0sis

Control
Measures

Detection
Methods
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Serobvic Human Broiler-chicken Sum
isolates 96 (Mo.) isolates 9% (Mo.) % (MNol)

5. enterificlis AT7.2(17) 219 (14) 34.1(31)

S, hvphimiLionm 22.2(8) 234 (15) 25.3(23)

5. istanbul 2.5 (1)

S montevideo 2.8((1) 9.4 (&) T.7 ()

S. fondonr 28(1)

S. heidelberg 2.8(1)

S ohio 2.8 (1)

5. kambole 28({1)

S fennesses 2.8(1) 203 (13) 154 (14)

5. rissen 2.8(1)

S, schwarzengrund 2.8(1)

5. newpart 2.8 (1)

S. brandenburg 2.8 (1)

5. salamae 14.1 (9) 8.8 (9)

S, virginia 6.3 (4) 4.4 (4)

S, bovis-morbificans 4.7 (3) 3.3 (3)

Total 100 (26) 100 (64) 100 (91)
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Animal Welfare in the US — Cage Free Movement

H Cage-Free M Conventional

100%

80% -

60% -

40% -

20% -

0% -
2015 | 2016 | 2017 | 2018 2019 2020 | 2021 | 2022 2023 2024 | 2025 | 2026

Conventional|278.8|275.5(274.0(274.0 274.0 274.0(274.0(272.9 214.4/168.5 97.5 | 76.6
Cage-Free 12.2 | 245 | 26.0 | 26.0 | 26.0 26.0 | 26.0 | 27.1 85.6 131.5 202.5/223.4
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Hol ¥FRUGH o wje FaF

(W) Ardel &2 Salmonela enterica (S. enterica)®} Salmonella bongori (S. bongori)
o8 UHM, o] F S5 entaica= AH3SHE S mEt 657 oFF (subspecies)
o7 EF¥H: S enterica subsp. enterica (1), S. enterica subsp. salamae (Il), S. enterica
subsp. arizonae (Illa), S. enterica subsp. darizonae (11Ib), S. enterica subsp. houtenae
(IV) ¥ S enterica subsp. indica (VI).

(th) Axdleg} o}F (subspecies)2 2 EHol| & FAFY (O-antigen)@ F F7F
HE3Y (H-antigen)®] HYEH E/do] whe} serotyping= 53l subtypes, serovars

o2 U, ojo ARl 467149 dAFY (O-antigen) ¥ 119744 & HE

A (H-antigen) Zgoll 93l oF 2600452 dHPo 2 FE4.

(2 A drdg EFe 8 43S S Enteritidis, S, Typhimurium &= g}
Ui glen, HZ ol 72 A FEN ol & I o3 HHe= F

o o] Ry 9.

("h 20159 S= A AR FHEAATY AFAsCl G2, el et
dsol olgE Sl Feld drdelte] F8 A YPS S Enteritidis (23.4%),
Salmonella 1 4,[5],12:i-(12.7%), S. Bareilly(10.7%), S. Typhimurium(8.6%), .
Montevideo(5.6%) % °l& ©A A Fo] AA #59 61%(360/591)F AFAst= A
o2 HIES.

% o &

e

w H

: ~ MNumber % of of
Enteritidis Ranking  Serovars of total m
5 cases cases a4
23.8%

1 W Enteritidis 134 238 1
2 B 4,150,120 76 133 3
e 3 m Bareilly 63 112 10
II"E': 4 Typhimurium 49 B.7 2

.ar.n‘,;:'il|:‘_o| 5 = Typhi 31 65
Vichew ] ® Intantis 26 4.6 a

b ALY
Stariley 7 m Maontevides 24 4.3 6
M 8 m Stanley 18 3.2 12
Montevideo | 4,[5]),12:i:- g W Virchow 12 21 8
43% 13.3% g ®Paratyphi (AB) 12 21 11
11 W Rissen 10 1.8 15
Infantis

4.6% 12 W Agona 8 1.6 16
Typhi g 13 B Panama 8 14 13
5.5% ol Bareilly 14 ® Thompsan 7 13 ]
L 16 Newport 13 17

Other serovars 177 13.7

total 662 100

<79 10. 3 drdd dAFE 55 DA G (FH AR, 2015)>

R g e & AXFAAE S Enteritidis®t S Typhimurium
of o3t AFFo] MA| Ard}l AFE T =2 HES AATIT HiFHo 95



1 B Enteritidis 1,388 (18.0)

Mot serotyped  Partiallyserotyped  poyoh or nonmotile isolates : - Nﬂw?nn i pean

.-.l-:|-,-l| o, : ';\ isolates, 2.1% . 3 . Ty;:..hlmurium L

4 W Javiana 575 (7.4]

Enteritidis, 5 mS. 14,[5],125 497 (6.4

. d 18.0% 6 B Poona 198 (2.6]
i:c:;::ir:.l:;: Newport, ! - Ml_mnchen o
10.75% 8 W Saintpaul 157 (2.0

ParatyphiB Var.... 9 W Heidelberg 155 (2.0]
10 u infantis 148 (18]

Thompson, 0.9% 1 m Montevidea 133 (1.7)
Berta, 0.7% 12 B Oranienburg 133 (1.7
Missizsippl, 1.0% 13 S 113,23:b: 113 (18]
g, orwich, 1.2 11 ® Braenderup 99 11.3)
SHIIE 53 bee 1.5% Toahiririim, 15 m Norwich B2l
nramenhu‘rg,l.?% " qag 16 Bareilly 88 [1.1)
Mcnter:::;i::‘.ﬁ% s 17 = Mississippi 7 0.0
Heidelberg, 2.0% 18 & Thompson 71109
Riene E"(:E 36w S 14,[5)124- 6.4% 19 Sieds o
20 wmParatyphiB Var. L(+) Tartrate+ 53 [Il?l

TOTAL 7.719 (100.0)

<319 11. =9 Ardg dHFPE AsE DA dF (7= CDC, 2015)>

(*h 5E Hmaez

™
=
o

AZFY =8 HFPFL S Albany, S Agona,, S Virchow, S.
Typhimurium 22 &1 om, o] F S Agona, S. Virchow-2 Argholl A
Ae fdstH, 53] S Typhimuriume U A4Rde; AFs SApo A go] &
A= AP Y. ArFolA 71 &5t EQlE= AP R] S Enteritidis= =3
ThEoA EElEE T8 HE <ol xFFH= A= RIS

%5 EAllA Bed dndcte] @AY BEE(EUIAAER 2017)



Ranking HH| = A x|
1 [ Tpptie Albiin [ Typhicmin') [ Typhimurium |
2 Albany | Enteritidis | Agona Rissen
3 | Enteritidis | Virchow - Panama
4 Virchow Bareilly - Montevideo
5 Rissen Hadar - Agona
6 Montevideo Montevideo - Munenchen
7 Bareilly Rissen - Mbandaka
8 Infantis Gallinarum - Derby
9 Westhampton Infantis - Infantis
10 Agona Mbandaka - Oranienbarg
11 Gallinarum Oranienbarg - -

12 Hadar Panama - -
13 Panama Westhampton - -
14 Oranienbarg Munenchen - -
15 Newport | Typhimurium | - -
16 Munenchen Zerifin - -
17 Mbandaka Bovismorbificans - -
18 Bovismorbificans Newport - -
19 Derby - - -
20 Indiana - -

Unidentified

(oh) @A Axudete] i8] ZAH o R AFEE & gold standard A E AAPH-S
Kauffmann-White anti-sera serotyping HAFPH S 2, O (somatic)&¥ % H
(flagella) o thet A NS AFE glst= AAHY. 194 O
polyvalent antisera® AH&3te O IFES AAST & 7 OF antiseraE A&
sto] O e HF 2AT 29A=Z Add SANESS B3 HId S 249 °f
WHE A MAAHCE gold standard A X4} serotyping & & &85 U+

(*h 71¥&°] Kauffmann-White &d% 3RS 42 AP AA7HA 6-8Y oY
285H, 489 7|2 4 high quality®] &84S 8 E & mFefzola
AIZE B wge] 2R7F Boe dRo] A& =3 JdF YT A5 €4F &
A& TASA eFob o] W el Aol AREE M, cross-reactivityol] thik FHZ<I
Moz Q3 ol AT WHEo] 1t

h @A 222EdUyeds Ast] f& 23 Sl E]'%k?} %7]/‘101 /\}%Q
Qo Anulalio] AHojs Exoz HyrlE A
A7 2o

=
N
P
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WEN Y2 X2 BUSS B A Simpis Prerocol

il - N 2 o o o e
Ch7H O BEHHS S EEEE YA | unsuEsEuNY SR . .“. .ﬂ. .0.
& 5y e» eee Ge® eooe®
§ Vi g r i, - mpia ), o e e
5 Typhi, Swulyphl. s.l:luhlln]. ettt
T N B
Easy Imerpratation
@70 gHESn O U WY Salmoneila7t Obsl

CprtHEEEYS S JHBEREUEEM

wa B
A ' L -
il ‘ L 1

Hio agglulination = Aguluiination =
HEHS R H B AW HEGATIVE resull POSITIVE rosubt

<719 12, Andgt d4Y A4 AF <719 13. F-FIA %@‘ﬂ'%
flow chart, 2% 2] oF&<tx A, 2017)>

2. A7 B -9 BR

b2 1% aE QAR 8

1) 71=d%

ol

Oh FW EAR, HE, 54 5 ANRAE AAH BUEY Z2 o] FAls]
gmdel gy FAT B 9 AgARe] Aude dv v 5 AR e
o1&

2} #7t o] FojA A &aL

(p st Fel A 2003978 MAA] I FF3]AF] Aviagen Ltde] Axdlgl =y
HE 7S A st ZA Axed dig drdet RUEY 48 $Y

(th =il A 7= a1 Q= alternative serotyping W2 multiplex PCR7]¥4}F serotyping®ll
=gkE] o] lof, PCR product sizeZ7F &1E 4 o serotyping®] A& =7} ©ojzl
o= AR AF

(2h) A target DNA-specific probe®} sample DNAZFS] hybridization ¥H-&< ©] &3}
+ microarray 7|M = dRdete] O U3 H 33U 9 serotype-specific variable
region DNAE 7|¥ro 2 A|Z3} probeE microarray 7ol #-&3le] o2 4wy
gt PSS Aol &A%k WHol AAIEIL 2 serogroup A & D13 o]
FE&7d 0] =2 serogroup®] 7%, DI (discriminative index)7} @& F7} <l &
24 testE & oF skl 2] probe A|Ztol L8 %= Hl&o] Bu= IFAA
o] A& EZF serovar 5°]& <l SNP (single polymorphism sequence)E 2t 7
o] ot AR U+

(") 84 3F 5o]& < CRISPR (clustered regularly interspaced short palindromic
repeats) A A do] HTo| YREHUA AA7A F 287 AR EHYS
Hdez 949 5ol<l CRISPR #HAE &k, CRISPR x4k 74t
gk molecular serotyping {2 A@AFo] o, 8 FH Y Enteritidis2}
Typhimurium= E33 2] A FPoA =2 ASEE B =3, Aoy H
|HANA BAAH, HA & & Avk= ARl Aoy F43 iAol s o
 @AH¥=9 4%, CRISPR B #AASE )83 serotyping WHo]l w2 W3
55 Ho e Pl A &sr)d= ofEwol 3len, CRISPR 7|8 A xd




ek

99 $AW BT Y ATIL RIS} FrHH AT aTHE FAH

ol A&
« AZHN0| =2 serogroup 2}
* PCR product slze2 &0l Discriminative Index7t HHE
-5 Sarowmng EI-E mel  Serovar EO]E}E SNPE ;JE 3\.—]0] CHE:I%

-8 FFO AWM B Ik * 1HIE: 02 Probe HIZ

* Genetlc backaroundJt Ct2¥St serotypeQ AL DT 24 '
+ CRISPR J|HI & UI7t SXd SHH( Lo MHAR B

Mot NS HIS, BOLY, WEN0INE HES BRI ANE NE e |

<19 14. N2 @AY AAE 7ide oy gok>

Oh BAA &5 A A3, 20183 4/4 B7) 71 Il ARS F9 FAE

1,2005F mHE], AFAIE 7,4008F vhe], SAI= ©F 8,500%F whE] &, 30007 ©l’d E7F
dA 7= oF 1,000 7Y, SA 7k oF 1,500 F7HF low, At ALt
4

() A 2 AR AR el tstel Audet oo Pl ta AAH o
ST Fo @RY UF A% 4 xm/mpﬁol e A e Aews

7} W=
(th ol oAt 2o, 20161 A AlA

g vAE BT Aol BEE A%
TEE 9 512 (PCR7IVE AAR30% o) HEE d/dd. Aztoly T2 oA
13} 3

A&Z R Al 2 Aol SR A7 Aol wt HZole AL A& AA
‘ﬁ':'}/] —’—_8_7]‘ 1:17:101 Eoil/]'—]—- 9}]\‘1:‘ éxélol

(ZH =Sl 7Y mAdEd tg BT HAe 2 PCRe 7M. R e s
(multiplex), &A] X T(real-time PCR) ¥ FA| T3 AA7F 2 (multiplex
real-time PCR) 7|& 59 532 A 9& &3l bioMerieux, Siemens Healthcare$}
Thermofisher$} & 370¢] Zthd th=3 7|FEol oal o] FoA 21 U=

("H =W A% PCR 71 £G4} dHE A3 ARAS

AEA Azl oJstd 20179 Tt EAITES T3 Ul
Ao 2E A 6009 ool AFel FAEUE Aol FA4Y (=37

SHEATY, 2014). WA, 2 BdA S dRddae) e 5 HAbs




AZIEX (B EH)

7
6
3

X==XH: Food Safety Insights | February/March 201 7/KISTISE A2t )| = HE 011 ||
‘143 42 Market Report. 2016 24 OIS MDD ZAF AIZW B Hs= A2 Analysis
of the Global in Vitro Diagnostics Marktet/Analysis of the Aisa-Pacific Molecular
Diagnostics Markets, Frost & Sullivan (20131,

<" 15 AlAl Zd mAdE A HAF 3" AR RS

(B) BA7IadS

(7h AsH, F37, sAEE ol e drdet BRYEE 2 A7 ATES
AFHAAT DA7EA AAAQ] o8 T2 0] /WA egks.

@) AAAFA AR

(7h gl tig S Gallinarum(SG) % S. Enteritidis(SE) ol thet kg A=4 R AL
PYalo] 535 SHHAUS.

() sielars & drde}t daso] ARSEA flon, drdado] THHNE W =
B 2Hdo] MAHI A& shAIRE IUlelA s e} el thel A A A
e AHESL lom FA AS AEES AEE] A 18 A 3% ol Aol A
A Fdol &dE B EEHE AVIES FAEHA e

(6) x=3A

(7h #sl BAE A AR A A EFebd
ot 3leh4], 2814 fsladlsc] Y F de ALe AgHow ENsta A

d



Aol flsfacle] HYANES Adste] mnlatolA] bdsta 7R3 AFS H3
7] A% A ="HY T8-S H8F HACCP 5 Al='lo] =A%

(W) st HACCP AlZ=Hlo] Slsoll= =73t 2018 949 =3 Alo]a AR 4
TE Aol TASEA, AR A1 BIRAIE AW BARIMR vk FA] S
HAT7} IS ESE 3t AAH o2 HACCP 7|FS EFTES 58 A89.

& A &}

(th =el A% 7haElr2e S o] AQdARl sGe} S Pullorum(SP)oll thdk & 7d]
Z EYUEE Qe Ass 8 dRddwe tie ZUEY AAls F55H0UR

s

(7h S Gallinarum % S Enteritidist 22> @33 <l serogroup Dol &381™, A A}
]

A EA ol U@ G ol TR A 2
() WA SESKS el ) Gl AR W FE A

o 100% olFolA o3 e,
il

(th sGH 4l 3 wA}F o] (cross-protection)
5ol A= 7/\013}_1_ dﬂ”ﬂoiol/} ﬁ@é W == @R ol SEo Tk o
T fle Ae® Re.

() @A7MA= R-type?! eF=d57F A9 Stypez 35T Aldl= fla

("h A FHellA s drde} A erely 2o thdk WS Adstar A B
ocrne aiFl AR} AREE AsiMds T2 4d 8 did fe] A&

o] 7hsl Aok stH, olol wet &A HAtelA dd AAze| 4 WAl Hagh
&4

Y. 29 7% 42F U AY 98
(1) 71&ag

Oh #7 2 HE BelAE FAG L Beg %7 Aude JAZEage) 5]
o olo] m2 AEAo E WA 14

125 o] 9lg
(W FEARE) 257 F I79 49, Arde) F FFEFL e U4
7} & 5G9 SPell tial A= Al AR A EEATIL o, A5 ¢

QAA7E 5 SES STell sl F7kel AA mUE P ol HH el
BUEPL Qgste] B /EXNE 4R YAS 1Y,

(th Pl=ell s A s7HdlA ApEA oz 71t 1 A Wt v7 e $J5==F
fr=ste vl= 7S A & (NPIP, National Poultry Improvement Plan)< A3
sto], 2/do] ElE w7t thall Clean A& St o g Anulg WA
Z18y 3k,

() 7 2 vlgolA e &4 BEUHP S 5% 7la AHEdAY drdet o A%
ZAbste], wid ISt low, AlE s i 7o AR S Hlal AL
A=

(2) AgA

(7H F= HA AlolA| vlEo] & EUNA = T AR =0l el A A4k v]-§-ol A
O =2 7140 28 5HAY ¢ v|& 7H4 02 AE .



(B B2EA A% L A0 el AFFet FI3) Fom old meh et
WE AAH e ool =9E A% I 2 AAH NS AL £ YL

Contrasting housing systems in the EU reflect a variety of strategies

Mypes of housing for laying hens in the EU in 2015
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

= Organic
M Free range
Barn

W Cage

Itavi from EU Commission. 2015 data.

<19 16. ' 2= HA AolA HE >

(B) BA7IBdEZ

hH BANA AAAL] g ZE=ao] MTE A LS.

@) AAAIAA S

b FUet np kAR gl tid SG @ SEol thEk thkdk A=Wl @ A= Ale] E
5 =25 0]9le

(th Axdet il ARG Bl 8 Al =8 Ajlo] JWyHEA Q=

6) 2F3 A%

(7h ml=e] AS FA SR ATA oz TiQlste] 1 Aol wet e 95t s
= = HF7aAE A A E(NPIP, National Poultry Improvement Plan)< Al

Yot thE2Ql 7hao dANEY (R}t Adas F rolaEgzxnt 4AS 5
= E317] A Z2aRS NP T

(h e 2 Jhe BHFE2Y dJAI)] SP B SG Qo= tiaEA Q] AlF= dUAQ]l SE
of that TATe #YE THAE AFeH A o] FAF F7llA o= SE
Clean "}ZE Fo.




<71¥ 17. SE A FA 5% Bo%+= SE Clean "}=>

(th & FATY 3% 4+ 1€ o]%F ml¥ Boot swab AEE AFH3te 32l
AAE B F SEo| Uit Al Be8E AASES Hol e SE FAHoE ¥
H+= Ao+ 34| SE Clean A4S A5 .

(6) 71erd

(7hH 1990d il Amudlete] 2HH Ao 2 A AFF
drtaE 1996 12€0l =7bH el Ardet =
Control Program)< &A%t

nU

= g Abelv} Eo] BT E e
2 I3 (National Salmonella

(h ohe =ke) el g =2z ge), dkae) A BAHE dwdet)
Aol BA glo] dRdgt Aol &<l HHA SA 9 =5 74 Ha 59
A4HQ FAZ AW,

® 6. vtz A L ADAFAAM 2 Salmonella surveillance, 2000
Stage of production Age or frequency Samples taken Method
Day-old chickens 10 samples of crate material, 20 dead or destroyed chickens® Bacteriologic
1wk 40 dead chickens Bacteniologic
2 wks 2 pairs of sock samples Bacteriologic
4 wks 60 fecal samples® Bacterologic
Central reaning stations, 8 wks 2 pairs of sock samples Bacteriologic

broiler and egg sector 2 weeks before moving 60 fecal samples and ki{] blood samples’b

Bacteriologic, serologic

Breeders (hatching eoe 50 dead chickens or meconium from 250 chickens

production)-broiler and Every 2 wks taken from the hatchery™ Bacteriologic

egg sector Everywk 2 paurs of sock snmple-s" Bacteriologic

Hatchery After each hatching Wet dust Bactenologic

(vh) Top-down eradication 925 28, Ad8ATEY FA TS drde}t dg S

2 s, IATANME 5497 ¢ FAR B AEE AFHska, ke AR o]
FEE F ARE YA 2edeE oF s Bo.

(D olst & AAT Ardel AEE T2 =13 Ax, 80 dd] Fikel 65% ©



1998 1999 2000 2001

2002 2003 2004 2005 2008

<79 18 Avkae] Awdeh gy Bk 5 (B

The Danish Poultry Council)>

C A -
<1219 Wnkae) Adekd AFE WY w1 A5 @A

[$} =X

The Danish Poultry Council)>

Al 3A AFE HH

1. %lfr%—%?ﬂ"é 7tEAP sE R Andet AZste A% PA ds P+
7} V1% 9 EUS 93 299 /bgR 57h W A 408 gek A7Es

S AT g sk FAE B AG sy B4
F A0 Amde 2y 48 =4
Fé)

(2) =W EATH A drdet FHE AAE Bl dRbHQ] Arder FAE
< AF et
Fu 9 e Awde Bl MgHoR AeHy Y FENF - A9Zw)
%—e-%ﬂ]ﬁ

.
Mo — AR - BHHH FANE SHE APL



A
57, A 270, 8 e/, BE, 5571 37, Eol% 371

M 5% FHol wet Sirt

il

7B o= 207

=
=

Fo

3]

on

T 27Y,

o
=]

N, AEF 27,

)

B

AlolA Fejolnz AGHE, AW

]

6]0

F o%

Z
QAA o AFmS

3T ()
=4S

AH
=

ted 2704

)

E, A, vig, AtEFl o

(B 7heolA ABe o7

tol &

©7]= SE° WS

o)
=

=i}
=

5G, SpP

L —
|

o

g

A WA ARE A

s}

3)

H Atndle) o

(vh &4

A gong, A A A

A drdeto] o

1
| .

LR

oﬁ
0%

+

~

;OE
o7
o
el

0
o

ok X

RS

g Amdel Y AAE O 2= rapid whole blood test, rapid

A

- OIE°l A

serum agglutionation test, microagglutination test, standard tube agglutination

test, ELISA o]
- Abmdlglo] o]n)

o_m

R

A A A

g

bzs

o} @

o)
k=

SRS ERSEARY

o
=

A AT

NS

bol 3ha

S

SEEERtE

=

o

.
__OO

o
%0

ol
gl
%!

~X

2. Ard Az gy A4d # 2E3)

N
e

mK

s

gl

ahe ] 2,57 o] )

=i}
=

]

st in vitro

ko] A Eed Axdaed o

il

A7 AR
EEEE B

I3
=

I in vivo A

drdet 2ol ts

12l

®4

h o

o

an)!

o8
han |

=i}
=

o,

A, AbAl

AW A, Bk,

p—

o

o

3 a3

N
X

,.__HO
W

fo
L
w
=K
G

ol

Ao} Aol thgk

Hol— O_cl'

)

!

9

o}
1

A
Ny

il

™

N
23

ol

il



3

(h Axdzt B4 AbS ALE A ZYE Y 3 oedy 24
(th Axdzt BUHY A 3 ZUEHE Sigd e Az A 2 o9 ¥

oF 7hs on B,

2 SN a3 Audd A& g9 A AT 9T

oS bER sk U R drde @48 9T 24

(1) T FFR FtIA ReEe e w4y 2ude 833 245 st
A W/ ASFe 8/ w7 8 AR BAsske duksrtA BRNES
ARl 7 FH L WY 24 A,

Y. 8 84 €43 #5 d$ pan-genome +4S FF 5o vhA I
(1) Pan-genome &4

3l discriminative power”} ¥ whole genome sequencing (WGS)E 7|HIC =
}_

3l pan-genome #A7|ES WAES] dF I FE EATES 9G]

F AdoeE AHE 7HAL I, Salmonella ¥ T2 A W] tigh 93 A
T HA EUEE AFdA I F5EHATE T3] d5EHAS

(\}) Pan-genome species W E= o 93] FfFEH+= #d2 JEd A FH4A

(core genome)d} LF- ol O3] F-FE= A (dispensable genome) B &
A specieso| AT ER1EE XA (unique genome)Eol FFQA F& FA

(accessory genome)©.E T4 H.




<719 20. core gene ¥ accessory gene)

- Jacobsen et al. (2011)& 35709 Salmonella #5E2] pan-genome}
core-genomes A3 A3, Ardzt A FH | whet pan—genome»]—
core-genome®| 37 2] FAbo] A4 AP Wt vEs AU E

- Pan-genome 415 Fal 2 @AYo Eo|Z < unique genes= &l F 1o
3k mpAE A Aste] Azl Y FHN H8IFsAS AAF

(2) Two-step pan-genome -4

oh B "e o

A FA oA A=At e

two-step pan-genome analysi

39 Sol 44 BAE sl ok} 2o WHoE A AT 1

s T3 &
[e)

] o

[e)
PR =

(h B AFxAE Sdal drdzl @4y 2 7750 e G/ A ALl
gk librarys SE3AI, o] DB FolA Al 712 EHFS dFO= 407)9]8.
Enteritidis, 2771 ¢] S. Heidelberg, 4371 ] S Paratyphi CGSE 7}A| 21 Z+ serovar
of a4l 1st pan-genome w4-& T3l Zt2te] FH PO ZHE core genome &
= FEINAS

(t}) S. Enteritidis, S. Heidelberg, S. Paratyphi®| core-genomeE< 7}A 1L ThA] 2%}

B2 o

pan-genome =

A

s 27 7h, T A= FE

14, 41, 212131 6670 2] FHASC] AEHAS.

A7 w27t &

BRo g ZFste dispensable -F’r

2 se

A ¥E 5o FXA= S Enteritidis, S. Heidelberg, <} S. Paratyphl‘)ﬂ/\‘] VA Ay

340, 2,126, 184l

2,379 NS
drdd @49 3 AR
5 Ardd d3F 5o nAE e

Ko

=

T

= [e)
T?\}]\D

A,
Z A (complete genome sequence, CGS)©]

/‘O

ol 7t

7hsAd el AA.

oo X=o0
B o

%7} woral

=1
=t
=

r_>d

HREH

Bl
=l

0000000000000 00000000000

00000000 I..';....I.

¥

).
ng
ozt
U.E’.t
e
dlm
=]
40
A
>
HI
ix

[core-genome]

[serotype-specific genes(s)]

[core-genome]

¥

|serotype-specific ge

[serotype-specific genes(s)]

nes(s)]

<% 21. Two-step pan-genome 4 74>

(2 RS

A DBEHE] 3% S Enteritidis, S. Heidelberg®} S. Paratyphi®] CGS



("h

S+ &3t pan-genomei-A & F3l closed core-genome, & FHEH FAHFHE
SolfiAs drdel 49Se F2 299U S Enteritidisol A= oAU S
Heidelberg®} S. Paratyphi®l| A1 open core- genome P JYPEZE HolB=
serotype-specific genes= 47| A= FESF F9 CGS7F 283

A Ay ool o] AZEA EAHE 1F l-ﬂ_—rrO]-"’ AE 27709] core gene©]
FelHgen g7t HxE st EHFE 5ol A= S Enteritidisoll A 340
7N, S. Heidelbergoll A1 2,1267] ¢} S. Paratyphioll Al 2,379/ B o5&,

......

| ER— e |
=| - o

5841 Tiitrtiieee..... | SHeidelberg
e, —
..--_.,._._J._..____._L.__------r——---'- lS: uig!ﬁ

Paratyphi

<719 22. Two-step pan-genome &4 23>

ot Ardt F8 843 54 real-time PCR A& A&

(1) Two-step pan-genome &4 T3 d=dgte] o dAHFPE SolFdA=
ol-& 7hedt Axdette] Wi HHolH2RE Ztolw AlztE 97 —?
TS FRE Zor o4 ¥
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2},

- ARdE AL AA AL 9 AR s)
AAFE IS B AR A
1) Axdzl 3 real-time PCRES 7122 3 /dd EX7EQ fFEAH AFL
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ARE AAD A
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Sensitivity (21Z}=]9} specificity (S01=] 23 &AMl

v OE SMBONBN-SENAcmE = Z0| 674 1S A T MR HEUS B By

JI=0] GHI:H2 SRS AN
Pogitive Negative
Positive True Positive Fl'?':;% FI'CE#L“I?
XY™ RT-PCRE
=

False negative

(Tvpe Il error) True Negative

Negative

v HEMO| EIIEOF H| [cost), AlZH42 [time to result], ZH| [equipment] S 20N

JIEQ ST SN ZTE Hlu HA A
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1 AFETTAE 752U 7IeF 2xds ARSE A 3A 0 E 3
EHeEe a7 71 7R
7v vl B EUE 2§39 =909 7haR/ s7F W s Ast it A=A
(1) ¥1F L EUE T3 T 7hFR b O 4nde A0 g d7EA
(7h EU Axdet AZs 3ok A=A
@O EUANAE +8 939 73 ‘COMMISSION REGULATION (EC) No 2073/2005
on microbiological criteria for foodstuffs
(https:/ /eur-lex.europa.eu/legal-content/ EN/
TXT/?uri=CELEX:02005R2073-20140601)" &l 2J3] A=zudete] 21F W £
sl m-¢ dA4T 7ES AL e
@ WEe U¥ AVBE HEFY dAAel g /1EE BAAS A5 B DT
A 105 A% A LIS DA, AT f3 27190 B 255 9]
/é—UL‘ﬂﬂ. D]74-§-4 Z E Tv_:l—oHO]: 1;5':]-
@ A FNA S A Fo) AR Gou, CEESA Wit Aol
M2 20189 FE ZhEF WA WEHS A KE wl, Elanco A Salmonella
Enteritidis ¥ Salmonella Typhimuriumol] T3k M A1Ql Avipro Salmonella duo7}
2144} (CAGR 43.5%), S. Enteritidiso] 3t 21?1 Avipro Salmonella vac e7}
104902 747} 59], 14918 AAE A2 Salmonella®] ™3 A 7 o)
Ao o] FojAa e
@ EY 5 B FY F7H WA Oy WA Z2 IR0 1553717 35
Awde) Ay gEol TFEC] o), Samonela® AT AFE FA o tja) B
I EXSES

I
E8 FH A drdet #d 4 T IF

M1
1.6 Minced meat and meat preparations made | Salmonslia 5 0 |Absence in 10|EN/ISO 6579 Products placed on the
from other species than poultry intended to be g market during their
eaten cooked shelf-life
1.7 Mechanically separated meat (MSM) (%) Salmonelia 5 0 |Absence in 10/EN/ISO 857  |Products placed on the
) g markst during  their
shelf-life
1.8 Meat products intended io be eaten raw, |Salmonelz 5 0 |Absence in 25|EN/SO 6579 Products placed on the
excluding products where the manufacturing g market duning  their
process or the composition of the product will shelf-life

eliminate the salmonella nsk

M2
19 Meat products made from poultry meat|Salmonelia 5 0 |Absence in 25{ENASO 6579 Products placed on the
intended to be eaten cooked g market dunng ther

shelf-life




3£ 9. 20184

F9 A M

WAl vl &l =9, CEESA 7]+

e 94073 & (KRW, &9 CAGR
A4) (%)
1 IB 4/91 42,308,260 0.8
2 Vaxxitek hvt+ibd 27,532,153 13.6
3 Cevac ibird 22,662,341 144
4 Transmune 22,426,167 11.7
5 Avipro salmonella duo 21,411,452 435
6 Vectomune nd 20,930,979 6.5
7 Rt+ib+multi+nd+eds 17,248,113 8
8 Paracox 8 16,079,859 -9.6
9 Poulvac ib primer 15,580,905 12.6
10 Gumboro 228e 14,332,162 7.3
11 Rt+ib+multi+g+nd 13,230,022 8.8
12 Salenvac-t 12,064,907 4.6
13 Innovax-ilt 11,514,212 6
14 Avipro salmonella vaccine 10,456,400 94




A7 AF AHEE HF FH
19 n}-2) Marek
19 1B Poulvac IB Primer Zoetis
19 A Yo} Paracox 8 MSD
447 Ab o g Avipro Salmonella vac E
1399 1B Nobilis 1B4/91 MSD
o ND Avipro ND LS, Elanco
457 Gumboro Avipro Gumboro Elanco
557 IB Nobilis IB Ma5
679 ND Avipro ND LS, Elanco
75 Al mdl g} Avipro Salmonella vac E
97+ ILT Nibilis ILT, MSD
K AE Poulvac AE
= IB Poulvac IB China QX
145 ND Avipro ND LS, Elanco
E Abmd g Avipro Salmonella vac E




Erst- und Trinkwasserimpfungen

Datum Félligkeit Impfung Impfstoff Chargen-Nr
25.05.2017 1.LT Marek Marek
in der Briterei
25.05.2017 1. LT B Poulvac IB Primer Zoetis in der Brtterei
25.05.2017 1. LT Kokzidien Paracox 8 MSD in der Briterei
29.06.2017 | 4. LT 1. Salm Avipro Salmonella vac E G 009 700 (02/18)
G 024 100 (08/18)
07.06.2017 13. Tag 1.1B Nobilis 1B 4/91 MSD A 228 B1NO2 (09/17)
A 218 B2NO1 (06/17)
A 229 B1J04 (02/19)
12.06.2016 18. Tag 1. ND Avipro ND LS, Elanco G 031 211 (08/17)
18.06.2017 4. Woche Gumboro Avipro Gumboro Elanco F 018 011 (04/18)
29.06.2017 | 5. Woche 2.1B Nobilis 1B Ma5 A 190C 1NO1 (11/18)
06.07.2017 | 6. Woche 2. ND Avipro ND, LS Elanco G 031 211 A (08/17)
13.07.2017 | 7. Woche 2. Salm Avipro Salmonella vac E G 033 600 (06/18)
G 039 000 (08/18)
27.07.2017 9. Woche ILT (2xDs TW) Nobilis ILT, MSD A 069 AMO1 (04/19)
40.08.2017 | 11.Woche | AE Poulvac AE E 4473 K (10/17)
24.08.2017 | 13. Woche 3.1B Poulvac IB China QX 20 46 51 (05/18)
20 46 46 (05/18)
31.08.2017 | 14. Woche 3.ND Avipro ND LS, Elanco E 4475 A (09/179
07.09.2017 15. Woche 3. Salm Avipro Salmonella vac E E 4744 A (10/18)
L G 023 700 (05/18)

H. Salisch, FTA fur Geflige!
i alﬂaii—?‘?ﬁuuﬁim)fg )

Sstlivnsi

B E

L) pize 90 9

9417
3 10. FLoA L LHFT A

Pk

Alter Impfung Alter Impfung
Schlupftag Marek 7.LW 2. Impf. Salmonellose
1. Lebenstag | 1. Impf. Salmonellose 8. LW L. Impf. ILT

2. LW 1. Impf. IB 10. LW 3. Impf. Newcastle

3. LW 1. Impf. Newcastle IL.LW 1. Impf. AE

4. LW 1. Impf. Gumboro 13. LW 3. Impf. IB

5. LwW 2. Impf. Newcastle 14. LW 4. Impf. Newcastle

6. LW 2. Impf. IB 15.LW 3. Impf. Salmonellose
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A7 AF ALEE HE FF
195 n}-4) HVT+Rispense
144 ND
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1749 IBD

20 % Fowl pox

319 Fowl adenovirus

3445 IBD

379 ND+IB QX
4295 2w g} SGIR
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HS =Td | Asd | B | 237 H —— A
6 0/4 | o/4 | 0o/3 | 0/2 | 1/6 | 0/1 1/20
7 1/4 | o/4 | 0/3 | 0/2 | 1/6 | 0/1 2/20
8 0o/4 | o/4 | 0/3 | 0/2 | 1/6 | 0/1 1/20
9 0o/4 | o/4 | 0/3 | 1/2 | 0/6 | 0/1 1/20
10 0o/4 | o/4 | 0/3 | 0/2 | 0/6 | 0/1 0/20
11 0o/4 | o/4 | 0/3 | 0/2 | 0/6 | 0/1 0/20
12 0o/4 | o/4 | 0/3 | 0/2 | 0/6 | 0/1 0/20
13 0/4 | o/4 | o/3 | 0/2 | o/6 | 0/1 0/20
14 0/4 | o/4 | 0o/3 | 0/2 | o/6 | 0/1 0/20
15 0o/4 | o/4 | 0/3 | 1/2 | 1/6 | 0/1 2/20

A 1/40 | 0/40 | 0/30 | 2/20 | 4/60 | 0/10 7/200

X

(h FEEA AT 4L 20070 AZ F 20N FHeE lEen, It §7
= o] ©

(W) AZo e €38 Ax 29 = 21 Salmonella Virchow
T Salmonella GrampianZ ER1= 1o, dut ALS FA| A= Salmonella
Enteritidis7} E8l& o] 455 o] AEF S Qs

(th) S. Virchow % S. Grampian @A 82 Salmonella Enteritidis®} Bl 113l AFgol Al
=2 HYA S YA = EA| T HZ Ao 2 S, Virchow YA 4555
gt = 2371 o] AHHoE B 2 #Esjord Z Ut s

(7) AAHAY A BAFAd dis] A= 57 A el MEES JAgsiy, 7+

= 0 =
[e)
e B 3, 3, AEE,

rlo

—Ll

(8) Yut 4 S, Aol Fejol BFo] AHE, APVE, WA, v,
AT tate] AEYL AT,
9) AAA FERA AF g A7 ) et 2UEY 24 A

=
53(H, s, AlRE, &5, E3)o 25 3 RUHHS
ERED = o] Fohsle] F 6o2RE RUHYS
AR
(hH Alg A3, F 130719 A&
=, 29 %;XJ 12 W Al =
SE(Salmonella Enteritidis)

== =
) 1 [e] E
TFUZEE 7&%5& @E%‘EM @'éf‘fé gl 75_34

fru
ot
ro
i)
32
o

14. T E5A AF 4adA 54 Arde A= 23



Lals Sih AlRS | 2 = aH A
0/2 0/2 0/2 0/2 0/2 - 0/10
0/4 0/4 0/4 0/4 0/2 0/2 0/20
0/2 0/2 0/2 1/2 0/2 - 1/10
0/4 0/4 0/4 0/4 0/2 0/2 0/20
0/2 0/2 0/2 0/2 0/2 - 0/10
0/4 0/4 0/4 0/4 0/2 0/2 0/20
0/2 0/2 0/2 0/2 0/2 - 0/10
0/2 0/2 0/2 0/2 0/2 - 0/10
0/4 0/4 0/4 0/4 0/2 0/2 0/20
0/26 | 0/26 | 0/26 | 1/26 | 0/18 0/8 | 1/130

% el 87 W) Awde wUEY A4 2
Q% e g AR, 14 B A F 5E (LS, A
AwwE)oziy #7 BUHYS AAstglon, 23 W Al
% 89 2.

AEE | AFREE | bt A ATBE | A A
0/2 0/2 0/2 0/2 0/2 - 0/10
0/2 0/2 0/2 0/2 0/2 - 0/10
0/2 0/2 0/2 0/2 0/2 - 0/10
0/4 0/4 0/4 0/4 0/2 0/2 | 0/20
0/2 0/2 0/2 0/2 0/2 - 0/10
0/4 0/4 0/4 0/4 0/2 0/2 | 0/20
0/2 0/2 0/2 0/2 0/2 - 0/10
0/4 0/4 0/4 0/4 0/2 0/2 | 0/20
0/22 0/22 | 0/22 | 0/22 0/16 0/6 | 0/110




25 o HA Y4A+F) S, EnteritidisZ &
UENE YAY A 7Es dolides &
A= Al s dH dule] iAol =

(th <Lut AdA A 57k A5 7}3513”“01] gk Yalolgts AAskar AN
52 AF 5719 s Adrdte] ok Widle] AYEL A 2 Ax

=
AA) dmdetel g WAS AYsa A Som, GHA Al A
(Wb OIEo A AAsH A=udde}l &7 A (rapid whole blood test, rapid serum
agglutionation test, microagglutination test, standard tube agglutination test,
ELISA &) T 7Pd dWtd o2 AL8E = ELISAS ©| &3t AES 44T
Aoz FHE2 e FH T U=
2. Axdzt Az gl A9 8 2E3)
FH AT 713 Asdsta AstEEgaD

b AREE A W Y (FAF, WA 2 U oA AE £t T% 482
53 Andet o5 AY D B )
(1) Kefir2 28] fF4be] A 9 2udet oA A3S 58 £ 59l

WA FSEREH A 71]40}_1"4-/\] N2 DN1 (Lactobacillus kefiranofacience DN1
(KCCM11869P) 55 Al ool A &3t =. o FabdS F3 &2 7haFolA
drde} #59 Z:L < EHA R dpsta Ao s, FHAE thAlsk=
THOZ ARG THede Ho FA+

(7V) Lactobacillus kefiranofacience DN1= 283 & B W 4=z} Aztst 49

O FAHF(FEE H 2 AFolegtA A2 DN1 +#5(KCCM11869P)) 7t Sl Al

drdel A a3E B3 F AsAE T A8l F UM TR

<L
FTEATES AAFE S

@ A WA A9 73 A5 Adrdet olaxns gRlstr] st 1¢9% Hot
o] o] A ’é"]ﬂ At ARE F MY sETCE Yo AAE. 4 THEE
olg]&= F 6 P AS. ¥AUERTAe ARy F4HE, 4 dHExTode
saline%F Xé stRom, AT T A 1998 ®Hotg o fAFE

o

3tal 3t ¥ Salmonella Enteritidis RR-SE (Rifampicin resistant strain)

i
t



AFRAE. FAT A T

1.22x107 cfu® A+ FoAe)|=. Salmonella

Enteritidis RR-SE #3539 A-$ 59 3.2x107 cfu® AT+ EAaFqL.
Ardzts
34 HFT tSd Fs F5te WHolglo WA EHE Adrdzts
ATt A=

@ 7 HA AF2 F3l 10¢€ $9 A B ahsE g2lstr] 98] AAE
ANe. APE F 371 FETOE Yol AAHAS. Z4 TEE Hotg+s F
e e FANET e Ardd FAHE, o4 xRl salinet
HE3kA
om, ZEHlo|QE ARF BT A9 1978 Holgd fitldS FoIstal
FF
% Salmonella Enteritidis RR-SEE FAHF 3tA . T4+ 45 72
1.22x107
cfu ¥ &R E AT BA)FUS. Salmonella Enteritidis RR-SE #F9] 3¢ F

F 3.2x107 cfu? ATFFA TS ARAHE T4 JTS e FAS

EBoel Wojele) Ao mIE uy
@ Awdete] Aol

A5
+ AdolA T4HF

A%

o AH&¥ RRSE #F% Al

i}

T JEE Rifampicin-supplemented XLD A= 8] 2] & AF-8-3F % =

© HErpdE 2 Ay otz gpAl 2 DN1

FAr#S o) §

3 A% Awdet FAPFA Pol5e W A3t

Lactobacillus kefiranofaciens DN1& &
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Arwda FHAHPF HE5HA &+ 266.10 X 10° 33.70 X 10°
19 ¥
@ olst gol, Hwdel B AP 74 ZEujol oY FAF FEuAY s




Aslohestrl s DNI fAHES BEFOEH Hold] EEHoE Auues

ARSI B ALl BEH FATFE SO o] YAg ZRulole
2

AEL QA At AudarE A% v ARHRE o Y 3

Be

2 WMEHE Andee] 3¢ ARNFOEA ARHOE AFMe] 2mae

=

AT AFE Y] AAE 55 F F AL 2O /0.

(2) Lactobacillus kefiranofacience DN13 Kluyveromyces maxianus K1140723-059+¢] &% %
£S5 5% A4rdg dAs AE 2 53 &<

(7h A3dHa<d
O Ag 1: 1084=2] SPF 4tebAl Wolg] (Hy-Line Brown)E 61F [DeA %

SR =T, )4kt Lactobacillus kefiranofaciens DN1, 4) & 5+
Kluyveromyces marxianus KU140723-05, 5) FAT+ER T B3 639 E
EgrA)og s AF 1dAe 23 § (79 Fr=F ) AF
probictics& ©l& A% HFT § I o & rifampicindl A4S 7=
drdadts OA JEE 1 Oedd 1 o]FE 594 HE ol 64 4
SIYAA B W HES ArdgATE S8

@ 23 2 AF 139 2o dAdxHdoz B3 & 10, 1194 FHE ol probioticsS
AT T 2 e oA ARdagE HEE & 1394 G 9 W

L

® 4% 3 49 19 2& AP2A0E B3l 5 99A Hi g Andelwe
WA QEs3 10, 11970 2ol probioticss A%, 129 ol %
FdrdetdTE 54
E 16 A9 TFol ASE FAE, LR ARdEF
Lactobacillus Kluyveromyces marxianus S.  Enteritidis resistant
Group kefiranofaciens DN1 KU140723-05 IDE-7* to rifampicin
(LKF_DNI1) (KMAS) (SERR)
INC - - - -
*PC - - - +
PG1 + - - +
PG2 - + - +
PG3 + + - +
PG4 - - + 4

"Three of 6 chicks in NC and PC groups were orally administered 200 puL of MRS corresponding
LKF DNI1 culture medium, and the other three chicks were administered 200 pL of PDB corresponding
KMAS culture medium. Chicks in NC group were orally administered 200 pL of TSB corresponding
SERR.

INC = negative control

*PC = positive control

‘IDF-7, a commercial product containing Lactobacillus casei, Lactobacillus rhamnosus,
Lactobacillus plantarum, Lactobacillus acidophilus, Lactococcus lactis, Bifidobacterium breve, and
Bifidobacterium animalis ssp. lactis.
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Log,, (Viable SERR number)
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Ingredients, 7%

CGrower diet (021 d)

Finisher diet (22-35 d)

Corn
Wheat
De-fatted rice bran
Distiller’s dried grains with solubles
Soybean meal 44% CP
Rapeseed meal
Corn gluten meal
Meat and bone meal
Tallow
Lysine, 55%
Methionine, 90%
Limestone
Monoecaleium phosphate
Salt
Vitamin and mineral premix
Total
Caleulated nutrient composition, 7
AMEn (kecal kg)*
Dry matter
('rude protein
Crude fat
Ash
Total phosphorus
Available phosphorus
Digestible lysine
Digestible methionine
Digestible Met + Cys

26,50
30,05

200
22.80)
.00

65.45
.70
0.47
.30
(0.910)
.33
(.28
.22
L0000

2,829.02
89.21
22.56

(3,92
5,36
(.63
.21
L15
(. 5t
0.584

44 88
15100
3.00
L.10
E5.00
5.0
3.50
fi. 5l
370
(.54
0.25
(.87
(.20
.25
(.22
L0000

2,906.82
HO.00
2117

740
4.91
(.64
0.21
L.05
(.53
(.80

Vitamin A, 20,000 IU; vitamin D3, 5,000 IU; vitamin E, 30,000 ppm; vitamin K, 4,000 ppm;
vitamin Bl, 40,000 ppm; vitamin B2, 10,000 ppm; niacin, 70,000 ppm; pantothenic acid,
20,000 ppm; biotin 200 ppm: folic acid, 1,200 ppm, vitamin B12, 30,000 ug, Zn, 54,000 ppm; Fe,
54.000 ppm: Mn, 78,000 ppm: Cu, 8.000 ppm: Iodine, 1,200 ppm: Se, 180 ppm.

"Vitamin and mineral premix per kg.

*AMEn, nitrogen-corrected apparent metabolizable energy.

v o
& £
-l . 4
H‘:'ﬂh? \-tﬁ;ﬁ'
w P maoculation
i — -—
l | | | | | | | |
| 1 1 | | | I I |
Doy D9 D14 DIS Dle D7 DI18 D21 D35
Cirower diet Finisher diet
| 2 & . - & -
Body weight Body weight Body weghe
® represents BW measurement time point
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Bacteriophage (pfu,/kg)

10° " 107
ltem NC PC LP MP HP SEM P
BW, g/bird
D1 41.05 41.14 40.92 40.87 40.99 0.142 0.691
D7 147.3 143.0 140.6 142.2 143.3 1628 0.065
D14 312.0 308.5 319.5 328.0 315.5 6.504 0.281
D21 889" 592.7° f34.2" 655.0%" f42.7" 14.4] 0.001
D35 1,826° 1,686" 1,737° 1,750%F 1,747%" 27.75 0.021
At a week after CP challenge (days 17 to 21)
BWG, g/d/bird 53.84° 40.60° 44.96" 46.72" 16.74" 1.472 <0.0001
F1. g/d/bird 89.32° 77.40° 72.15" 73.62" 71.73" 2.057 <0.0001
FCR,g/g 1.661" 1.913° 1.614° 1.582" 1.545" 0.037 <0.0001

Abbreviations: BWG, body weight gain; FCR, feed conversion ratio; F1, feed intake; HP, hlgh -phage concentration {10
phu/kg); LP, low-phage concentration (107 pfu; Lg; M, medinm- ]}hae;munmnhanontl[l piu/kg); NC, CP-uninfected
negative control; PC, CP-infected positive control.

*Valnes are least square means of 12 replicates. Means within a row not sharing a common superscript are significantly
different { £ < (0.05).
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HoFola. A7 A4, B, 84 At 53, 29 35kl 3%

SAstAT A A dxz7e v "HE 279 Blaste] AAF, &

& &2 Z7Fst9th AFS W bacteriophage

£ 10°pfu/kg o2 FF3A S W AAE Aol e BAFH SAF Fias 43}
PARSY

o] frelxo=w Zrast
Koy, J4F F
H&E M & B3 =25 X A3tol ©|3tH, bacteriophage™ Fimeria spp. =
= CPoll o3k Ax2lo] A == Aure] 4o g Ad axirt =

Yt s, Agrt A g+ o] bacteriophage® 7= SAY 4
We&E e ¥ CPFE ZaNFe 34 W 388 At g5 A
zkol7F WA A ks, ko] AFESQ GOT ¥ GPTE Azt zto]7t = A

k= 8FAIT, total cholesterol®} nitric oxide &2 NE thE&FA 1 HF thx
T Hlust] FojH o g 7HAS 5. Total cholesterol bacteriophage 1L <&
A7F e EEAY TN NE 79 nHlaste] foldog F7ksk3ls. Nitric
oxide= Fol&olA &= LUAT bacteriophage A T H7F == EFA T FA
04 F7bete Aol YRS 28X o2 B A3 27 AFS W bacteriophage
HA7EA AARE Aol mE G HAE JAlsta AW CPE daAle AL
2 ZAE S, 53] bacteriophage A FolA= A AE tizF¢t Blnshe]
ARAAES dastaoy SAFEe] S8k <T, ©l= bacteriophage ¢CJ229]
72 SA S B &4l MAdH AR FéLY ol &E FEF CPao Al
g 2ddE T8l SAY AN Skl F40 diE 2 Ve € A= ARE.
% o] WHHg A= A dHAAZA SALH Z Vs & AR A%

_ﬁ
il
=
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3
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lo S

i, oot

3. F RN 839 qude A% Y A9 AL A7

7h =u 7R w7 U F2 Ande 9y odxE FAL
FsA7718: (F)7HR)
Ak [E]]
T8 HEE ML BEE 23y
=4 s=3XA 2T 21/200 10.5 S. Grampian, S. Virchow
dt 7/200 35 S. Enteritidis
MEHA S=2EX AT 1/131 0.77 S. Enteritidis
dt 0/110 0 -
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;2020 5YRE 89 Abo] 6wl ATA Y S THORRE AA Y A A4,
AR 9 B o2 RE ATYL YA S AEL AN o Ardekd
EAE0I%e. ofdl e ARdgt 9 A4dA 2 SA w7 W A4 dACA e
H AlTE RAFI dF F7HE SR s A7, F5, T, A&, A, AlF A9
AR 7HEF FPA A ZolA BElsk S Enteritidis 14579} S Typhimurium 5+& #
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Pseudomonas putida
Empedobacter brevis
Stapfviococcus saorophyiicus
Arthrobacter creatinolyticus
Acinetobacter jolnsonii
Aeromonas veromi
Stenotraphiomoenas matopiiia
Aeromonas popofii
Aeromonas salmonicida
Shewanella putreraciens
Stapfiyiococcus Xylosus
Stenotrophomonas sp
Aeromonas bestiarum
Aeromonas eucrenopiia
Aeromonas fivdrophila
Aeromonas media
Corynebacterium xerosis
Macrococcus caseolvlicus
SEapfviococcus emuorim
Stapfviococcus nepalensis
Unidentified bacteria 105
Sl 170
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<{1¥ 32. MALDI-ToFE ©]&% =Wl 7la&7tlA 289 rded 548>

. +8 84 €43 #F° 3 pan-genome 41 T3 5o v ek

(1) Next generation sequencing (NGS) 7|9 @3 ffEo Al@A H| &
o113 discriminative power’} #=< whole genome sequencing (WGS)ZE 7|4Hbo.
3} pan-genome 413} single nucleotide polymorphism (SNP) ¥4 =& =3}
strain 74, 994 24 2 g4 H3A uly] B4 S0 S o] il
AP Y& WGES 7|d 74 7jee vAEse] dF g ¥ 7 5AJus
Hked 3= 7]1E gold-standard A1 7 Hlalsto], vhekgk fadatel] o gk A
Al AAE = Advke FHE MR e, Salmonella R thE 7 ¥
ek g8 Aol WAl RUEE Ao I S a s Fw3 dSEHAS

(2) Pangenome< Tettelin et al. (2005)°] <J&] A& 7ide] TxHEJSH, 3 F
(species)ol] €3k i-Eo] MA7F HH3F F 442 He¥E. Pan-genome =7
open pan-genome¥} closed pan-genomel. @ W F%H. Open pan-genome TUFok3H
nAEE] EAstE A =Fd 3 vAETO], g2 vAE FEZRYH A=
& FAAES Wolso] #9§le] pan-genome?| £Vt FUbshE A& ovshH,
o2 ZA#A EAs= E cois & F U+ Closed pan—genome th& 7| &=

o}



Open pangenome

Closed pangenome

Total gene set of all strains

Number of sequenced strains

<719 33. Open pan-genome} closed pan—genome (Vemikos et al. 2015)>

Foll disk Hto] AstE AN M2 FAAES WolEolx k1 Wl F
A3k pan-genome & FA3E A¢E s, A2 AP

anthracisE = & 95 (Vemikos et al., 2015).

(3) Pan-genome species Ul R ol 93] FfE= A A3 A4 FHA

1=

(core genome)¥} YF 5o 93] Ff5+= F7A (dispensable genome) ¥ 5
speciesol] A vk gel¥] = F4 4] (unique genome)E 9] H &Sl & f A

(accessory genome)o. & A%,

Three genomes

Dispensable (Disp.)

U Fx0| o) BREE FIM | | ooy

. R S T e T i | Accessory
Unique Disp. ' Unique o T
A5 =0 oS SRElE FHA
<71¥ 34. Core and accessory genes>

ARtA 0% core genome P EO] 7|EAQl AETA 54 Fo FAY
EANS FY3teE GARER FAHE. Accessory genomeS WA &9 A Ao
ArA o)X= FARE, Az ] AE, FAA WA, MZE FFA 9
Aes 53 gol Aol AL F 5 Ak WM A 54 e
SAAER FAE. Accessory genomeS short repeated DNA sequencel}

(<))
=

B.

%



o)A & G + C contentZ o] Foj4 9= 497 BoH, phagert
transposon 53 #HEFH FAz & ¥E3= Hoz dHA 9S (Medini et al
2005).

(5) MW E2] S AA3E FHA= accessory genome® ¥E A, upEla Core
genome©®] Z3]| )= housekeeping gene?] variable regions 7]HFO. 2 d}i=
multilocus variable-number tandem repeat analysis (MLVA) #2413 multi-locus
sequence typing (MLST) 24& o] &3 mAE dx3g 4 nAE

FHEdoly HdAdH B8 FAAE] £3H MAES gdddd e

A= accessory genome 7|Rb EA o] Hls] dAHY £ F=rp HojA = Aol
=

=}

598 (Medini et al. 2005).

(6) Jacobsen et al. (2011)% 3571¢] Salmonella i+ % ¢] pan-genome3}
core~genome= A3 Ay Awdlel A3 ule} pan-genomed}
core-genome?| F-AA o] F7to] zhz MR U= AL FlsAS. w3 S
enterica®l 3= 22714 dHE S YEl = A9 S bongon.J genome<
2438 A3 28117019 core geneSJf} 7} Ao Eo]Z 2l unique genes®] A}
F5 F0E

(7) o] A3E vl S =2 pan-genome A& F3l 7t EH Y ]

genes® el ¥ 1o i HAS AZsHel Awdeh I

O]Z:I]?_]_ unique
T4 ALt E

oBL Afm

5, Paratyphi B
5 Agona

5 Heidelberg

74 5. Schwarzengrund
ol 462 o 5 o112

85 5 Seint Paul

5. Typhimurium

~ 133

5. Choleraesuis

126

5. Arizonae

5 Paratyphi C
T

5. laviana 50
l[ 111 5. Virchow
5. Typhi
\ 5. Tennessee
& Gallinarum 1 189
\
Enteri 29
- rnlﬂ...ldl\s_ 74 5 Hadar
5. Dublin e 127
g : 118 162 5. Kentucky

R 83
5, Weltevreden 4
5. Newpaort

5, Paratyphi &

Salmonella enterica

<79 35 Axdgt A3 o] wE unique genes % core-genome?] =7] (Jacobsen et al.,

2011)>
(8) ¥ FAIE ST pan-genome HAE o] &3 AR} HYY Ho| vy £H 53
Htol 5olA AAZFHAAWGES) ol& 7Hedt 71 3438 7kl e
nw o= pan-genome #A4& 93 Amvt FHdte] o] EAYE ol &
g 7 olE e Wk, AAf o] & Thed Ardeite] WGS Fob vihd WGS9
Fo] F&3 F7kek F42 pan-genome ¥AE Fa| Zhzbe] Amudghte] g
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Genome-wide screening of genes unigue to a serotype
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il
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<719 37. Two-step pan-genome 2] X2 %>

(Bh olgiel 2& &3 2 strains® complete genome sequenced] 3+ library =
53t 3, thekst Salmonella spp. 83 8S A E two-step pangenome

analysisE A A|3F5 .
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aard 5 Pesst 3 Aligrerent 3 taarehnr 3 syt oy Tkting e
C108 . fi -
i B c
1 [serotype. |Mo. of genjGenome Lists)
2 [Gatinarin] 161 |['S50538.5', “TBIE0.5T, 'T412450.3, 1412959,1, 1412587, %, 14124613, 1412565, 101 2962.3, '1412453.7', ‘1417454, 3, 1412443, 1417508, ', '1412500.3', 1124573, 1412458 3, 1412584, 14126003, '1412955.3, 145
3 Junknown 109 [['1157719.3', ' 2184935, ‘286011015, ‘280011875, ‘26001 IE77', ‘289001106, 28901, 230¢), "TRUO1 2721, "2HO01. 270G, JR001.ITAY, ‘2EH01AI06, 2801 364 T, "2HSOL, 36457, "ZHUOL AORT, 'IHO0L 4161, ‘2801 4174, ‘28501 a1
4 [Typhimmrh 62 |'28901, 2626, ‘28001, B66', ‘25901 3034', ‘2R01 3035, '2R901.3937', ‘78501, 3975", '1454645.3', 1454530, 3, ' 1454647, ‘1454640, F, ‘T454634.3, 1454676, 3, ‘1454638, 3', 1458645, 31 1454541, 3', '1454643.F, 'D0371.684), D037 11
5 |Paratyphi 43| 'SA380,6, SAIRNY, FEALI0D, PISTLG 157 SAINE 123, “SATRU A0, 'S4 INEI6, ‘SAIHR 111, SAIRHHT, SATHE 24', SAIE 14, SAANKAF, SAIE, 13, "SAIHM 34", ‘5 SR 2%, ‘SAIRE IS, SALER 105, ‘SAIME. 1 'SAIL0 47, Sa18H, i
& [Enteritidis 38 (1'149530.307, 140530, 318, 149530, 310, ‘140539, 320, '149539,321', '169539.324, "140530.325, 140530, 376, ‘140530, 327, ‘09682 &, '140550,897, '140530,883, '149539,594', 14953908, "140530. 895", ‘140530 887, ‘140539 4
T el 26|[1160717.4°, ‘1F90044.4', 51651, ‘20001 3650, 1124835, 8 11117, 611 116 611,122, 'B11 60, 11127, ‘611100, 61164, 6111207, 61 ).
B {Manteve 15 [|'28901. 3871, "1454609.3', '1454599,3', 1454611.3, '1459612.3', ‘14546133, ‘1454506, 3, 115965 56, '59201.071']
9 |Anatum 1 ¥, 14545833, 'SET12 101
10 [Newpornt 10423368 ) 34, 'IDHG1T, 36", "108519.357
11 [ryghi ]
2 7
13 |Dublin & 18,
14 [mntantis 550518, ‘595
15 [Thomesar 5 |['G00L1E, 'GO0.46', BO0.E, '600.9", N0G4551.5']
16 [Saintpaud 430105, 85', ‘9010586, '90105. 125", 90105, 102'] F
17 [earee 3|rsea04.13, 14, 552017 G R‘
18 3|'28901. 7759, '143370. 87", 143271 2| IENE lﬁ\ QCUs nam@m
19 |nrakam 21243565 ¥, '1241586.3')
20 [indiana 2 |'286783.14°, ' 28678I.4T|
21 [Paratyuhi 2|['54384.137T, '54388.139')
2 ol 213880673, 415187
23 [chalerses 3|Fanatae, ‘11e0az.m|
» 2[["1173939.4°, '936157. 5|
25 [Brandnky 2|'se201.924°, ‘59201923
26 s 2 |['59201.93Y", '59201.932']
27 [enteritidia 2 |I'28501. 406", *149530.8567
28 lAgona 2 [lana166., 1406 5]
2 [Rentucky |28501. 3675", 192955, 201°]
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open pan-genome FeH>
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Typhimurium)¥} 7 ¢ 33

=0

=

(S. Enteritidis, S. Heidelberg, S. Parapyphi, S. Typhi, S.
A aFow Foln AW A3 dmuet

dAYPE G E= 2o AT F A= PSS dAEAE F277L
APuE Ae A 53], drdgd S 1o FHAKR] Ffr(genetic
sharing)7} #1-%- E°} pan-genome 415 SalA = s drdllel P
o] mAE e Ao s Sasites As #dd

O FAA stuE 7HA L drdet dHPE 5ol v 4

With a gene
Ordered locus names ,' Enteritidis Heidelberg ID'IhersIParatyphiA Typhi Typhimurium Diveristy(%)
(fig|1962639.4 peg.422]INCTC7102 03938)] (0) ) 0)p (L) (1) () 50
('fig]1008297 7.peg.2893|UMMN798_2919") (0, (-1) (0,) Q) (1) (0,) 50
|(fig|28901.3934.peq.2362|DUIGS_11670") 1) (48] o] v 1) (©) 50
| {'figj108619.36.peg.l?SS{ABlSO_DSS?O',) {-1) (1) (i3] (-1.) (1) (0. 50
1('ﬁgi1]_325[}7".4‘pt=)g.4246]STBi-|UCCB_iil‘:IZO'.) (-1) (0.) (0,) (1) (1) (-1} 50
|(fig|10770854.peq.2249|DZA58_11020°) () (@) @] © 1) (L) 50
(fig]1008297.7.peg.3330|UMMN798_3347") {0, 1) (13] @) (-1) ) 50
('fig|90370.2473.peq.2327|SM221186_02789")  (-1) (-L) 0,) (0) (1) (0,) 50
! ('fig|1242107.3.peq.3446|LF725_16900") (-1) (0, (0,) (L) (1) (0.) 50
|(fig]1242098.3.peq.5063|LFZ16_24100") (0) (1) | (1) () 50
. (fig|28901.4167.peq.4251|CHE86_20885') (-1) (-1) (03] Q) (1) (-1) 50
-}
gh, (0: o] FdATF EAT F = 3 = 9dF), (18 o]




%) 23 D dnde @R So) vhA 24

\Ordered locus names

With two genes

Enteritidis Heidelberg Others Paratyphi A Typhi  Typhimurium Diveristy(%)

| (fig|1160760.22.peq 4788, 'fig|108619.36.peq.1755/A8180_08370]

| (‘fig|1160769.22.peq.4788", 'fig|211968.26.peg.3996|DBZ76_019395")
|(fig|26901.3934.peg 2362|DLIES_11670",
(ig|28901.3934.peq.2362|DLIEB_11670", i

(fig|28901.3934,pe9.2362|DUI6S_11670', ig|1132507 4,peg. 1531

(‘fig|28901.3934 peg 2362|DLIGB_11670",

('ig|28901.3934.peg.2362/DLIBB_11670', *ig|1412471 3.peq.6380)

('fig|28901.3034.peg.2362|DLIES_11670',
|figl28901.3934 peg. 2362DLIE8_11670',
(‘fig|28901.3934.peg.2362|DUIGB_11670",

©,-1) ©,1) 00 -1 L1y (10
(© -1) (©,1) 00 @1 (-1 1,0

fig|28901.4167.peg 4251(CHESE 20885  (-1-1)  (1,-1) 0.0 1,0 1L,1) (-1
/1081093 3.peq. 1416|SPUL_1377) L0 L0 ©0) (1,1 (1,-1) (0,1)

(-1,0 1,-1) 00 -1 1,1 (0.-1)

"fig|1271863 3.peg. 983|CFSANDG2050_06405) (-1, 0) (1, 1) 0.0 (L1 (1-1 01

(1.0 (L.0) 00 1-1) (L1 -1

"fig|1242088 3.peg. 3214]LFZ5_15595") (L) 10 00 (1,0 (L1 (0,-1)
i0]1016998.12.peq 1000|SPAB_01050") (L0 (L1 ©0 (L-) (L1 O
"fig|1271863.3.peg.75|CFSANG02050_01910) (-1 0)  (1,-1) ©0 (L1 ¢1,-1 (0,-1)

100
100
100
100
100
100
100
100
100
100

® A Al A =3 7R

Aede GHPE Sol vir B4

With three genes

=1

(=3
[ fio]1008257.7 peq 4251 UMNTSE_A332 , Fio[1008237.7 peq A434/UMNTI5, 2469, ‘g

11325074, peg4246|STBHUCCE 4192] (0, 0, -1)

( ) W&l WLL, Wi-4
{1ig|1008297.7 peg 4291|UMNT98_4332, fig|10082977.peg 4434|UMNTI8_4469', 'fig|1242098.3 peq.5063|LFZ16_24100") 000 @11 @LO OL-}) (L1-)) ©1L1 100

(fig|1008297 7 peg 4291|UMNTSS 4332 ig|10082977 peq 4434|UMNTOB 4469, ‘fig|28144 233 peg 3042) 0,0-7 11-) @10 ©LY) (L11 (@1-1 100
(fig|1008297.7 peg 4291|UMNTSE 4332, ig|1008297.7.peq 4434|UMNTSB 4469, ig|10770854 peg.122) ©00 (10 ©10 ©L-D 01-)] ©OLy 100
(fig|10082977 peg 4291|UMN7S8 4332, fig|10082977.peq 4434|UMNT98_4469', 'fig|286783 14 peg.1495) 000 @Li-H OL0 ©L) @il ©01-y 100
(fia|1008297 7.peg 4201|UMN795_4337' fig|1008297.7 peq 4434|UMNTI8 4469, fig|108619.119peg 1231 ABT84 05475)  (0.0,-1) (L 1-1) ©,10 @©LY) (110 ©1-) 100
{Tig|10082577 peg 4291 {UNNTSE 4332, fig|1173939.4 peg 2458|SEEW1655_11650 fig|289013934peg 2362DLIBB_1167C (0,0,-1) (111 @00 GL-) (L1-) @10 100
(fig|1008297.7.peq 4201{UNNTIE 4332, fig|1173939.4 peq 2458|SEEW1655_11650', fig11325074 peg 4246[STBHUCCE 41 (0,0,-) (L10) 000 ©11) @11 @1-Y 100
{fig|1008297.7 peg 4291|UMNTS8 4332, fig|11739394,peg 2458|SEEW1655_11650', fig12421073 peg 3446|LFZ25. 169007 (0.0,-1) (110 ©00] OL11 (L1l £ 10 100
(fig 10082577 peg 4291|UMNTSB 4332, fig|11739304 peg 2458|SEEWL6SS_11650', fig|289014167peg4251|CHEBG 2088 (0,0,-1) (L1-1) ©00 (©L0 (L1l {01-1 100
(fig|1008257.7.peg.4291{UNMNTSE 4332, fig|11739394 peg.2458|SEEWL6SS_11650', fig|10082977.peg B54UMNTSB.0870' (0,0,-1) (L1 -1 000 @L-) L 11 @10 100
{fig|1008297.7 peg 4291 {UMNTS8 4332, ‘fia|11739394 peq 2438/SEEW1655_11650, fig|28144.233 peg 3042 ©0-1) AL-1 000 0L @iy ©1-1 100
(fig|10082877 peg 4291|UNNTSE 4332, ‘fig|1173939.4 peg 2458 SEEW1655 11650, fig|211968 26,peg 3996|DEZT6 01938 (0,0,-) (111 00 @11 (11-1 (010 100
{fig|10082977 peg 4291(UMNTIE 4332, fig|1173939.4 peq 245E|SEEW1655_11650', fig|11598198 peg 820) ©0-) @1L-) ©00] @L1) @L11! 010 100
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Target gene

Primer name

Sequence

sef SalD sefd F GGCTTCGGTATICTGGTGGTGTA

sefd SalD sefA R GGTCATTAATATTGGCCCTGAATA
tr Sal sppF CTCACCAGGACATTACAACATGG
r SalsppR AGCTCAGACCAAAAGTGACCAIC




(1) S34% BddA e dxdet O5 D A& =8 PCR 7|E /e 2874
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(F) AFE5ATY AEAEHORE PCRY o] 7HE -ttt <94 =y PCR
Aok AA FEHE B fF557] "o 5T olst=2 FHst7] fsiAe
ofo] 23 F& FHHE 7)ol A Hojorsta WAae] R#tA oW FEHE
WAREo R A3 7HA Ao 2o

("h 53], PCR A ¢ke] F2 &< Polymerase, dNTPs, MgCly, primers, probe %52
A@AZE 247y FQllobsts AR o2 Qe AR AlZE, w=wEe] &4
watolyel Ay o/ T8 ddoz dFH

(vh A<, Sl PCR 71Eo A&7} gl 555431289 PCR 71E AFEel

M= AFS FAoR 7338 v Q5.
(AH 7F=el JoiA F8 B HFP2 IF Dol &3k S Enteritidis?} S
Gallinarumeo| ™ AJAtEA o A o] 4243 HAEol ojgk 8771 F7Fskal U+
R

(b weA B ATge SREAAZY] PCR AELS Fd 7|E A}
=l = Eo|ko Y3t AT H

(2) 71E7=(AF)He] 534 L %
<AlZF dfE 3 gl PCR Kite] 74 ol A>

A BiONEER
AE AccuPower® Salmonella spp. 3-Plex PCR kit

ﬂ—‘

WA

<l

AFE AR
AccuPower® Salmonella spp. 3-Plex PCR PreMix-- --—---—-- 96tubes
Positive control DNA 1iube
Size marker 1tube
D.wW 2tubes
Components
AFE 74 =

Top DNA polymerase
dNTPs(dATP, dCTP dGTP dTTP)
Reaction Buffer, with MgCl2
Stabilizer and tracking dye
8-Mop (dissclved in DMSQO)
Primers for InvA, SC and ST




1. DNA Preparation

- DNA extraction kit (k-3032) == SE{Hi X0l HI2FAIZ! Colony E
Boiling extraction 222 ALZ0l0 DNAE =Z8HCL.

2. Amplification

- Template DNA®H 31t 5= (D.W)E Z=4lstCh.

- AccuPower® Salmonella spp. 3-Plex PCR premix tubell| 3%} =24

18~16 (UNE E=CHHEE pellete 22 Hl4totAl =L}

- 71 CH2, AccuPower® Salmonella spp. 3-Plex PCR premix tubesi]
template DNA 2~4 (u)Z Z=CL

- Lyophilized green pellet0| Z H0|== 2 ~ 32 vortex® H, spin

A& downA| ZICH
- PCR B2 = HsollA 15 ~ 20CHA BtSEE2 SRAIIIALE
PCR PISMEEZ -20TCHAH AHZ EIMAI 228l
3. Detection of Amplified Products
- Agarose (Bioneer)& 0.5X TBE buffer (Bioneer)l{l =0 Et-Br
(0.5~1.0 yg/mL)S H ol 1.5~ 2% agarose gel 2 Z=H|&HCL
- 212t Size marker?t PCR &#Z2Z2 3 ~ 5 ul 2% agarose gel0il
loading &L}
- AgaroPower™ (Bioneer)0ll A high voltage(150v)Hl A, F 30~402

2t 9SS g

- Ultra-violet (UV) transilluminator2 Z2 & = Q2I5HCH

By 2=

-20°CO)|M 242 RE7|7ZF 2F.

A = AE A

ZA 1 uhol ool YAplE

PCR premix7} <§A] Jej= so] glof FEx ko] 27bs
H 2 470 o] 49 tubeo] A okS whE K el

<AlE @viE L gli= PCR Kite] 74 oAl - o= Alw>

A (@)TakaRa
A)Ed High Fidelity PCR. EcoDry™ Premix (Code 639280)
A =27} AdE
AF AR
AE T4




Always store any unused product at 20-22°C, either (1) back in the original foil pouch, re-sealed with desiccant;
or (2) in a desiccator.

e High Fidelity PCR EcoDry Premix 8-tube strips

NOTE: Each tube contains lyophilized master mix with the following components:

e Advantage® 2 DNA Polymerase Mix (includes a hot start antibody and a proofreading enzyme)

e MgCl, (2 mM final conc.)
dNTP Mix
Reaction Buffer

Cryoprotectant

Stabilizers
Optically Clear Cap Strips (8 caps/strip)

N
o
i
o

* =T EF2IS| PCR mastermix

* LE0Y =4 =T Advantage 2 DNA PolymeraseE 7|22 2 =% PCR =4

- High Fidelity PCR EcoDry Premix¥ 7F# 3174 PCRE 43
3t 4 9= A4 Ax 99 PCR mastermix ©|th. ZF tube
e 4 7AZxHE Advantage 2 DNA Polymerase Mix,
dNTPs, MgCI2¢9} PCR w37} E£3txo] o], Zglolmel
& gl H20% Hr7bsbd#u2 PCR WSS AAE 4= ¢

]1/]_ EZ/\] 1,]045 LgZ]—

A Sikils
3bA el AlFolt). o]} &4 mastermix
A

E 1208 doks 4: dov ool I
e oS &Y 5 At 8-strip tubed] ¥FE o] glo] T
gk vk wEE) AR U
-2 AFES

Hotstart8 Taq Start AntibodyE ¥3&3st=
TITANIUM Tagq DNA Polymerase®} proofreading A S
Zra 9y @4 7F &3%% Advantage 2 DNA Polymerase
Mix2 A Taq Polymerase®d.t} AH&Ao] w31 HT} ZA
PCR T%& & 4 t}h o]¢} & EH o7 cDNA library
Azfolv F=Y, 181 gt PCR $%S a3k PCR

A9l 488 5 9

=

AR

1. Assemble a Primer/Template Mix

Each tube of High Fidelity PCR EcoDry Premix requires the addition of PCR-grade water, primers,
and/or template in a total volume of 25 pl. Assemble a mix containing water, primers and/or template
with volume sufficient for the number of PCR reactions you plan to perform, plus an additional reaction
to compensate for pipetting errors.

Reconstitute the Premix

[

a. Pipette 25 pl of the primer/template mix into each tube.
b. Pipette up and down several times to dissolve each pellet, then cap the tubes.
c. Briefly spin the tubes in a microcentrifuge, and begin thermal cycling using the guidelines
provided below.
Recommended Cycling Parameters

W

Use the following guidelines when setting up your initial experiments. These are general guidelines—the
optimal parameters may vary.

“Ef 2= AL (20~227TC : HA Al H A BHE)
RIS HE e K
@A oA zEtoluE WM ER FUlstojorsta A2 HEe Jheshy
gA Ao B ol BESopst= B s AstA X9

A s 24749 4E npe] Hsd 55REAAEY PCRIIE




D A ESE g1l 9% GE Healthcare] E4% 2471 %8 53 A (excipient) &

of o3k Zejoln/Z2H  Zwet4 &4, MgCl2, dNTPs,
Z(IAC, internal amplification control)Z PCR ¥ H.oj
ol bl AE = A1 e] DNAW 3538 #4]3F &

R 71700 F=AA whge vz A%E $ e 0
PCRY|EZ 7|ute (o}g 29 1)

Conventional approach Ready-To-Go approach

AZENZ HEZAM2
DNA ¢, DNA

B
o
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\\_.'f

| ©+.o €0
RNAse Inhib.|

T7 pol.

5452 Ready-to-Go ¥
% Fa" 3

<96-well & ¢ Ready-To-Go 7|E o A]>

%3 Ready-To-Go7|%&<¢ &3>
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saszEL =z Al=([n) Ay =0 HEB(%]
Westhampton 9/10(90)
1241
sthazin Montevideo 1/10(10]
=H(3] Agona 3/3(100)
Montevideo 2/10120)
O SHHAZH10 Westhampton 7/10(70]
Enteritidis 1/10010]
= (3] Enteritidis 3/3(100)
gl Enteritidis 1/7(57.18)
==V Typhimurium 2/712857
Albany 1/7114.29)
Albany 7/34(2059)
Kentucky 4/34[11.76]
THI34
cxE Mz Enteritidis 15/34{44.12)
Virchow 8/34[23.53)
. THI2) Albany 2/21100)
== Typhimurium 6/6(100)
Il Typhimurium 2/6(33.33]
=HIiel Takoradi 4/6(66.67)
b =3 A7), 5, T, A5, A, A AGd X JtaF G AMESolA
23+ S Enteritidis 142} S Typhimurium 53¢ thal WGSE E3 WA
FAA4 9 FAA W Zeadd 24 AWAE
(\}) S Enteritidis ##5=of] thet A WA Z29UE A, 50%Y FFoA 371HA
o]} AYA classoll WAS Hole tAlUA (Multldrug resistance, MDR)©]

AE S BE S Enteritidis #FolA #A=E AG A Nalidixic acidol
YA o] shelEglew, Ampicillin (50%), Streptomycm (50%), Gentamycin (43%),
Tetracycline (43%)2] W&ol A=A

(th S. Typhimurium 59 A%, H2EZ FAA ] st 2F ZFAS 7HAE
Zlo] ElE A=

100%
80%
20%
- o l
AMP GEN STR A7l 1E clp MNAL TSM CHL NIF
BLEHEIE (% ) 43% 505 0% 43% 0% 100% 0% 7% 145

AMP Ampicillin; GEN, Gentamicin; STR, Streptomycin; AZI, Azithromycin; TE, Tetracycline; CIP
Ciprofloxacin; NAL, Nalidixic acid; TSM Trimethoprim-sulfamethoxazole; CHL, Chloramphenicol;
NIF, Nitrofurantain




<13 40. S Enteritidis®] A WA vlE>

2 BEAd A Z=9dH
. Capsule, Fimbrial adherence determinants, Macrophage inducible genes, Magnesium
uptake, Nonfimbrial adherence determinants, Regulation, Secretion system, Serum
resistance, Spv locus, Stress adaptation, Toxin, Invasion, Adherencee} ## % 367}
2 HYA FAA ] g Zz2addS AYPsAS. S Enteritidise] 749, Typhoid
toxin®} Capsule®} ##E Vi antigenS A st Ao E HAA FAAS B
3lal Qe ZAo] FelxAe. S Typhimurium® 7-$-, S Enteritidise} v15=8 oAt
2= o™, Typhoid toxin, Vi antigen, LPS O-antigen< A3+ Aol =& H

FAAE BASD dx Aol FAHAL.

Mo o o

ox o

¥ 20. S Enteritidis 2 S Typhimurium #&]F9] HUA 42 2998



Prevalence (%)
VF class Virulence factors S. Enteritidis S. Typhimurium
Capsule Vi antigen 0 0
Agf/Csg 100 100
Bcf 100 100
Fim 100 100
Lpf 100 100
Pef 100 100
Peg 100 0
Saf 100 100
Sef 100 0
Fimbrial adh Sta 0 0
imbrial adherence
determinants Stb 100 100
Stc 7.1 100
Std 100 100
Ste 100 0
Stf 100 100
Stg 0 0
Sth 100 100
Sti 100 100
Stk 7.1 0
Tcf 0 0
Macrophage inducible -~
genes Mig-14 100 100
Magnesium uptake Mg2+ transport 100 100
Nonfimbrial adherence MisL 100 100
Regulation PhoPQ 100 100
TTSS (SPI-1 encode) 100 100
TTSS (SPI-2 encode) 100 100
TTSS effectors
translocated via both 100 100
. systems
Secretion system ST ¢ Iocated
-1 translocate
effectors 100 100
TTSS-2 translocated
effectors 100 100
ACE T6SS (Escherichia) 100 0
Serum resistance Rck 100 100
Spv locus Spv 100 100
Stress adaptation SodCl 100 100
Toxin Typhoid toxin 0 0
Invasion Invasin A (Yersinia) 214 100
LPSO-antigen
Adherence (P.aeruginosa) 92.9 0
U. OIF 2 rdegl 5% A4 3 Data FTUFE 53 EAYEZ EARE
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TANS 1 TAHNSG 2 TSNS 3 FANS 4 THAHNSE 5

BREAE7 | 45 4.7 4.0 45 255 A 255 A 5.8 5.8
el A% 2E5F A 5.6 5.6 255 A 53 5.9 255 A

At 4k 3
oy TAUE 6 | sANB7 | ANEE | AU 9 | FAUE 10
1324 | 23]} | 13]2F | 23)%F | 13)AF | 238]2} | 133} | 23)AF | 13]2} | 23]%}
cAd= | 58 5.9 6.2 5.7 6.1 5.5 5.7 5.6 57 | 55
AFarsr] | 562 | 57 5.2 5.3 2HE5F A 5.4 5.0 2tE 5 Al
BERAE7 | 57 55 6.0 5.4 25 ZA 5.3 5.6 57 | 52
Hla=sr] | AEEA ZETA 60 | 53 | 55 | 57 AETA

ol 4R AREE 98 A4E SOPE MRoE ¥ BAwA $4 18-S 5o
AwdE oA % bs AR B

(1) FU FANS 719 B
(7l FHelA FANKE e 71 BB AA AR P} SOPE 2§42

FAsd A9

(th Agd FAlsrte B9s drde B9 SOPE WA

(th "728 dxdet WS ug oz F3o) dudat Kzdse] a7t =4
(1) T8 Wl Ardet ARSLE ko] wRelA EeE ARt thsho
in vitro AAE St FATY ARdE JAleS A5 S

(hH Ag Aol gzl B HEES AFst 2 FAA digk WAEF =4

oAHE AP AR =

Chloramphenicol @A) ol thall WAool EAste A4rde} ddgEHu = +&
Matslel ZAHZAFTE AFLTOEZH X}jz ©]%¥ Chloramphenicol 4§47}
z3d HX] ol Ao o AR E Fall ik AAe drde AdAss

el

(W) Prebiotics® fatate] AU A2 8l AT =& F e 74 AT A<
AyYgolH o5 98 thFet s|Ake] ZHESead 8 g2Eds st
O/\P—?F,] /\g E 120 A9 Foll A=) FEAFOEZRY drde} XT3




(7h Ardet AEsE 9% A ARs 98 AA, WA, 8%, 4571, 22X e
A % 2R FARE LSS
() fraae ol @ u, YAZ 3 7AH HAs) =RsEA dotnr] 93 &
M 9 AEEAL AEE AR
(B AR RFs] A8l et dASE A Breae.
(B AAZ B faEEe]l FHuEA 9 Fago] S5, S B Awy
e AL B,
(fh BHEA, G4, B FRdgo] S48 faEdl el 199 84 Wolel
of AA| in vivoddE AZ3sA =
E 23 APAY B 44 G4, 39FH 2 A oAs Bk A
Z] 2= ?')‘]—/‘\l-kl AR ==Y S| —
2 Ho e 165 rRNA NEE Iee, A=A oA
213 KMC-1 Lactobacillus N 26.33 N
plantarum )
213 KMC-2 Lactobacillus 0.02 ) N
= brevis :
Pediococcus
ol _
HA KMC-3 acidilactici 0.45 123.33 N
N Lactobacillus
] -
2 KMC-4 brovis 0.05 24.17 N
213 KMC-5 Lactobacillus N 9.08 N
Y plantarum )
7 KMC-6 Lactobacillus 0.07 58.83 N
brevis : )
Pediococcus
T -
=24 KMC-7 pentosaceus N 49.17 N
Pediococcus
J -
24 KMC-8 acidilactici 0.79 148.33 N
=7 KMC-9 Pediococcus N 55.83 +
pentosaceus )
2 KMC-10 Lactobacillus 1.68 3433 N
revis
213 KMC-11 Lactobacillus N 26.33 +
plantarum )
- Lactobacillus
] _
2 KMC-12 sakei 0.55 162.5 N
= Lactobacillus
3 _
7+ 7 KMC-13 brevis 0.02 445 N
7577 KMC-14 Lactobacillus 0.35 160.83 N
revis
= Lactobacillus
7V 57) KMC-15 curvatus 0.15 170 N
o) 3 Lactobacillus
=7 A KMC-16 plantarum 38.58 N
o 5 Lactobacillus
=yl KMC-17 plantarum 11.92 N
o 5 Lactobacillus
=44 KMC-18 brevis 1 0.17 N
o) 3 Lactobacillus
=7 KMC-19 brevis N 242 N
o) 3 Lactobacillus
=73 KMC-20 plantarum 0.03 98.33 N
o4 AYAY B fa@el 44, $UE 2 4mde dAs 37 23



By A @1k J 3 IEINR=Ph R
‘IQFEH Hﬁ]_:é: 168 I‘RNA (}\g%_&_) (}\g%_%) %ELﬂEﬂ ﬁxﬂo
AX LABI5II Lactobacillus N N rE
- Lactobacillus
1 _
2 LAB15-12 pentosts or plantarum 2.88 13.42 N
2 LAB15-13 L;f;‘r’}t’:flfrlr‘js N N N
a0 LABI5-17 Spoﬁg{f;f}fgl’;‘;éuus 352 2917 N
= LAB15-18 nggﬂﬁ; 122.11 122.1154 N
215 LAB15-19 Lactobacillus 124.69 124.6914 N
pentosus or plantarum
9% LAB15-21 Cgaa;ﬂ}‘;fls 118.49 118.4932 N
- Leuconostoc
1 .
23 LAB15-22 eucenosiac, 135.30 135.3043 N
2% LAB15-23 Engzgfgfrf“s 130.08 130.0813 N
212 LAB15-27 Lactobacillus N N S+
pentosus or plantarum
1 5 Lactobacillus
Faps| LAB15-28 Laciobact us 122.81 122.8188 N
s LAB15-29 ggﬁigggggﬂz 89.452 89.4526 o
=7 LAB15-30 _Pediococcus 12457 1245714 ++
acidilactici or lolii
Bacillus
J _
RS LAB15-32 linchacllus 78.512 78.5124 T
a0 LAB15-34 Sporﬁg}f;ytglrﬁ‘acj}”us 140.77 140.7767 N
Bacillus
F _
=% LAB15-35 T 125.48 125.4821 ++
21 LAB15-36 LaC{;Ei?;HuS 3.77 2833 N
o0 LAB15-37 Spoflg{f;}ﬁgl’rfgglus 122.00 122.0056 N
213 LAB15-38 Lactso;)féillus N 05 N
a1 s Cobacie N :
0% LAB15-41 cgsgﬂig;s 0.82 3
23 LAB15-44 Lactobacillus 0.73 0.08
Hp, A wdel AA5E 93 SR fAke] A rdel AAls in vivo A E
(1) dxde 47035 93 f4d FERFES 1938 SA Holgld Axde
ME) 2 El T 22(1.5x10° cfu/ml)E 2508 FAHEF &, 143 5 Fopzdo]
FAHE(LOX10cfu/5) 2 2F%(100 mg/ml) e ZH7 AT T g
2) it 9 23T Fo F 4N H, S B3 dAH g ARde
AdEZE T 2 F& AFELSIT f4td 2 23359 A4rdgl golss AN
- AAZ LABI5-27 4k, LAB15-32 -4k % LAB13-12 A4S STk A3 79
A Oz vls] BAHE U Arde dEgE Y2 U fFelH oz A4S

= o= 3l H3e

T 25, AFA TEFO in-vivo 43 A Ardzl JAF S s APTF 7



FE BAF Eo] A TR F4HE 75
132).0 o ~
Group 1 10 AR e Tij/& LABI>-11 Salmonella Enteritidis
revis
= O A
Group 2 10 7‘i I et LAB15-27 Salmonella Enteritidis
pentosus or plantarum
Group 3 10 HP ol #abed LAb15-29 Salmonella Enteritidis
edlococcus pentosaceus
A At LAB15-32
Group 4 10 Bacillus hncheniformis or Salmonella Enteritidis
sonorensis
Group 5 10 LT Salmonella Enteritidis
1 3]0 o
Group 6 10 AR e LAb13-12 Salmonella Enteritidis
L.sakei
1320 o _
Group 7 10 G ]TFLEH sajlz_e? }g_-%o B13-32 Salmonella Enteritidis
Group 8 10 ) Salmonella Enteritidis
Group 9 10 ) -
26. AvA FRF F , 247 5 AW U SEnteritidis §% A2

T Fof AA SR Mean log cfu/ml*
Group 1 LAB15-11 7.24
Group 2 LAB15-27 5.54%+P
Group 3 LADb15-29 7.08
Group 4 LAB15-32 5.78*
Group 5 3Z 6.31
Group 6 LAb13-12 5.99%
Group 7 LAB13-32 734 7.08
Group 8 - 6.92
Group 9 - 0

A ) SEnteritidis 4% #(Mean log cfu/ml)
Pone—tailed t—test ®A1& olgdto] ARTET FHYZET Abolo] P valueZ} 0.058TF 2& 7

FAFAHLE ool Akl £4 (#p<0.05, ##p<0.01, #+<0.001)
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a9 27, AFA SRS Fojo] mE, 24A7 H A o A4rde deggy s AF A3
249 34 6¢% 84
T S.E S.E S.E S.E
= o A Enteri o nteri o nteri o Enteri
or ;LZ,: > tidis® F o{f\q}%’\_ﬁ%\_ tidis % OU\;L b idis < OE\:L L3 didis oF
¢ e AT e e AT S SO M
G1 10/10 0/10 10/10 5/10 10/10 10/10 10/10 9/10
G2 10/10 0/10 10/10 5/10 10/10 10/10 10/10 10/10
G3 10/10 0/10 10/10 0/10 10/10 0/10 10/10 0/10

A BHAEAN b FHOE BRI Fg

B i H oA AR} qlEEyAdoR

AN
(\)_% T

ot

O9 28 A FEF Fofol| g, 2442k F AW W S Enteritidis 8% A%

243 39 799 27 4%

T Mean log CFU# Mean log CFU Mean log CFU Mean log CFU
Group 1 - 5.81 6.75 4.54
Group 2 - 4.9 6.71 -
Group 3 - - - —

AAHEE Y Ande} deejedAiF 4F (Mean Log CFU)

o}, Anulzl 73S 3 TH fAT A 9 B o] o Amug}l A%
in-vitro 29
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ANE 24 24
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etd DYEH 5= 74
Group 1 EFARAE A
Group 2 EFAAIE B 14-39
s A
Group 3 GAE ESA
Group 4 - _
Group 5 EFAMAE A 121-391, .
Group 6 EFAIAIE B A 02U -e
54 B o1\ 6701 , 1793
Group 7 oxrg Bary  (4-5%).6-78 31~35¥3HA 300128
Group 8 - -
Group 9 EAAE A 101-321
Groupl0 EFALA| = B AR
%KO]— C o)} Q]
Group11 oirg wary  (4-59).6-72
Groupl2 - _
A §E 4F A, EclA7Io] &7 RUHYS MBS ooz, 49 Ao ot TAA dRe vAdE 2 S
B & 94F A5 uA AA, E3 AV FAE YT gAHOZ, FA4Y F¥e w FALY @R WAL F AS
¥ 36. AlY ko] kA F
b/ el Axt
__[L_E_ = =1 =
I 53t 9% 9% 22 LIRS
(kg)
1 1. 1Y 1 -2
Group 5 63556.629 31 0000+a 09
Group 2 1.38 (FCR 1.448, 314 10000+a -394
Group 3 1.44 =8 5% 319 10000+a -195
o] A|E)
Group 4 1.46 314 12000+a -159
Group 5 1.94 349! 20000+a 20020
Group 6 1.8 CERIE S 2% 20000+a
Group 7 g Atz (FCR  1.439) 349 3, 4% 20020, 30030
Group 8 olAE) 30000+a
Group 9
Group 10
Group 11
Group 12
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Synergistic effects of the early administration of Lactobacillus
kefiranofaciens DN1 and Kluyveromyces marxianus
KU140723-05 on the inhibition of Salmonella Enteritidis
colonization in young chickens

Dangryeoul Bae, Dong-Hyeon Kim, Jung-Whan Chon, Kwang-Young Song, and Kun-Ho Seo’

ABSTRACT In this atudy, we alnwd to assess the
feasibility of the Iactic ackd bacterium [ oectoboecilus
ke feanafaciens DN (LKF_DN1) and the yoast Ky
veromyces marsanus KU 14072306 (KMAS), recently
Folnted foom lefir, i problotics. Specifically. we evadu-
ated theeffect of early ndministration of thesa 2 miemles
on the nhibition of Sabnonsle Fnterigdie (SE) oolond-
snbi in onalal chiels. We sl e amined the o ffocts of
expoaire of chicks to probiotics before SE exposure on
the reduction in the mumber of put SE. A total of 105 1-
day-old apecile pathogen-frée male layer chicks were
iaxd for B independent experinemisz The e tal
cldeks were modomly dividad into 6 groups [negative
control: basal dlet [BD] without pmbiotie: and SE; pee-
Bive contral  BD;  probletke group [PG] L
BD + LKF DNy PG BD + EMAL PG
BD + LKF _DNlI + EMASL: and PG4: BD+ & comr
mercial prdoct TDE-T), all of which, exceptl negative
oomtrol, wene coadminsterad with 5E gtrain resistant to
rifampicl (SERR ). We found that the adminstration of

LEKF_DNI and for EMAS reduced the number of viahle
oalls of the SERR arain in chicks by up to 190 koo,
relative 1o podtive aomitrel chickas Compamd with lite
asdminisgration (day [ 10 and D11}, early administra-
thon (D1 and D2) of the probiotics was mom affective in
reducing SERR coll nuumbers in the gut. Furthermore, we
detectad no significant diffsrenos in the reduction of gut
SERR ¢l mumbers in chicks fom the sums groups
éxposad Lo the probiotics at D) and D11 before and
after admimstration with SERR . Collectively, our find-
ings Indicats that, as distary additives, LKF DN1 and
KMAS showed potential prolotie acivity in chicks
Maraover, the combbation of the bhete acd bacieria
and/or yeast straly was found o eapidly peduce SE
pumbers b the ek gut and showed & probmgad
inhibitory =ffact againg 5E colonizstion. We, s,
proposs that the adndobiration of thess 2 problotles, as
early a8 posmibile after hatching, would be considerably
effactive in controlling 5E oolonization in the guis of
chicks.

Ky words: poultry, proldotic, Saknonelo Enteritidie: aarly adnudnstration, distary additive

INTRODUCTION

It i= esthnated that approximately 1.2 million cases of
the human disensse calpwaslosis ceour anmally in the
United States, ncduding 33,000 heeplitalizations and
A0 deaths (CDC, 2009 A shnificant propartion of -
man salimonelkals o 1s caead by Salmonels entenca
aitep. mitericnsarow ar Enteritidis (5. Enteritidis SE), a
moonotie  pathogen, which B contractad wia the
oorsumption of poultry ‘and poultry-derived producta
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ontamimatad with pathogenic Salmondly spp. (Ao
et al. 2015 Lee ef al., 2005 Fguale, A18). Poultry
meats and eggs have been oongderad a2 the main reser-
voirs of SE [CDC, 2018; ECDC, 3018). The subthams-
peutle use of aotibictes, which have prophylctic and
growth-promoting effects in food-producing  animals,
oontributead to meeting the dem amnds for anbmal proteins
and preventing bacterial dessses (Hao e al. 20014
Nhung et al , 2016), However, over the past few decades,
restrictions on the prophylactic sage of antibiotes in
animal fod hoave lad o reductions in meal peod e tion
and & oocomitanl meresss in bacterinl infectionms,
regulting in econdmic leepds in the poultry ndustry
(Geadde o al | 2007). Moreower, there has been an in-
crease In the lrequency with which Salmo nela-contami-
nated nwats, spes or Anbal-derived products can anter
the food chaln, which may potentially have a high
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Chasrndium perfringes is 3 ubiqu o Cran-posive, spore-forming bacasem. i oo contaminae many
eypes of el mean pomd oo and caose fod podsoning by peodocing sneTorns e small ineminesy
of humars and domesSc mamalt 'We inwstipzed the prealénoe:. toun-anding gene profile, and
anemicrodia | resimzance of C perfringens in boed, chicken_and pork mex purchased fhom read markes: in
Seoul, Kores, O perfringens was dewcted aconrding to ghe Inemas anal Or@nizagon for 53 ndardirgtion
TIIT, werth seame Mod s ont and confl rmed using the Viek 2 oyoem bn toal 38 O peringens Sorain
wene fsobited from 200 meX mmpis (35200, 19T Sry-three from chicken, and five from bee )
Amang Me s mon evaloed indodmg alpha. beo. epailon oD, smeenmonn [esonded @ Se cpe
el and el only $e cpe gene was deteced in 3l bokes by polvmeras chain reacson (FOE)
am plihe 2ot The arisrecroblll reosranee of @ welees wn evaluased ot ing the agar dileson meshod
and resisanoe to ampaallin (12038, 3162 tevagpdine (38 28, 1002), chioramphenicol (26/38 6841
mesonidole | i3S, 34T, and imipenem (27/38 71T) was ohmerved Intemstingly, 30 of the 38
taoltes | T SR) were maltiple-drog eoctang, showeng resisone e to more than thies diflerent 20 ami-
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L. Introduction

Omridum perfingem it one of the mod prevalent spore-
forming. rapufly gowing pathopene bacteria in the world [I]. &
s wadely distributed in the emviromnent snd B present in soil
sewage. lood, and dust |2) C perfingers has been remgniced a1 2
major public health ridk cusing various human, and veterinary
disesws [1] Thus bod suthorties in several coondries have
established the toberance limit for the exienoe of O perfringens in
raw mest producds; Kores hes zem tofersice policy for meast
produds gt sre conwamed aw and the USA has a performance
sndand of no mane than one kg growth during 2 stalsl ization gep
(conking) after hest featrment [45]

Mot diseases caused by C perfrimgens are mediated by one ar
mare g o) € perfingers |3 clondfied into sven tokigenic

ypei Ao hated on the production al vis magor tosine; al pha (2)
bets () epaflon (¢ fota (o) ent=mansn (CPE)L snd Nt | 7] Al
e genic tv pes of C perfingemn produce the 2 toxin that iz encoded
in the cpa gene. Additionally. type B produces fand ¢ taxin, type €
produees § toan type D produces ¢ s, type E prodionss i on,
type F produces (PE and type O produces bedl [7] C. perfringens
food-borme illnew & cused by type Fstrains that were brmerdy
called CPE-ponithe C perfrinigem type A strzins Ji] Thos deter.
mining the oidn type al C perfrngen: isbtes & cnigal to hetter
describe the potentisl risk of the molstes snd 1o &a0e the source of
cimtaminataon in various bod prododion seps [9)

€. prrfimpens camped 4 teodico-infectious fod-bome dines, in
which both infection by vizhle hacterial oell 2 well 25 thedr i
plays an impoiant ole mcasing gastroenteritn in the hast | 10}
€, perfingees mfections cuse g gangrene and food poboning in
harnand snd necrotidng enteritis in anirmad | 11 ] To mendmiize the
ecanomic kesed auved by thew infections, many ant microbials
such & ampicillin, tetracydine, chloram phenical, metronidazole,
and imepenem, have been awed presmpvely in the |hesock
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Abstract

Sadmorellt spp. 15 the most comnon cause of gosiminestinal lood polsoning worldwide,
and human salmonellosis 5 mostly caused by the comsumption of comaminated food.
Therefore, the development of rapid detection methods for Saulmoendls spp. and capid
identification of the soutce of infection by subtyping are mpartant for the survelllance and
monitaring of food-borne salmonellosis. Therefore, this review introduces (1) History and
nomenclaiure of Safmoende spp. (2) Epldemiology of Safmoenilhy spp., (3) Detection
methods for Sabmoenll spp. — conventional culture method, genetic detection method,
malecudar derection methods, and spemer, and (4 Subtyping methods for Safmoendly spp.
= p%ﬁ&d"flé]d gel elecirophoresis and repetitive sequence-based polymerase chain reaction
(PCR).

Keywords

Salmormells spp., daicy producis, culure method, genetic= or molecular-based detection,
aptamer, repetidve-sequence-based polymerase chaln reaction (PCR)

Introduction

The World Health Organization (WHO) defines foodborne lnesses as diseases, usially
gither Infections or wxic n namre catssd by agens thar enter the body through the
ingestlon of food 10, It has been reponed that in 2005 alone 1.8 million people dled
from diarrhoeal disenses and a great proportion of these cases can be atribued
comaminatton of food and drinking water [11, For example, in the USA, |t has been
estimated that foodborne disease may cause up 1o 76 million cases, 325,000 hospitali-
rarions, and 3000 deaths occur each vear [21, Though wiruses, bacteria, parasites. and
& variety of chemicals are causes of foodbome disease, the leading known causes are
bacterial, The widely cited USA estimare by Mead et-al [3] at the Centers for Disease
Control and Prevention (CDC) is thar non-typhoidal Salmonalls. Camprlobacter. entero-
hasmorrhagic Sxcherichia call and Listeria monacstagenes acconnt for the vast maiority
of bactertal food-borne disease. In additon, a recent national survelllince study in
Korea reported that non-tvphoidal Safsonef is the most important bacterdal cause of
sgnoradic cases of foodborne-illness. and followed by Staphviococres aursws &nd
pathogenle £ coff 14l Saimonalis spp. 15 the most common caise of gastrointestinal

J Doy 50 Botecrool Vol 38, Moo & [ 180
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Abstract

This study was conducted 10 evaluge the anibactedal activity against Cronobacter
sabazzetit and Selmonella enveritials as well a5 the sensory ancibutes of milk products
supplemented with various concentrations (control, 0,5%, 1.0%, 1.5%, and 20%) of clove
oil. In this sudy, clove oil was shown to have strong antibacterial activiries. In addition,
all the sammples were assessad by ten researchers trained in five sensory antribuies, namely,
vaste, flavor, color, wexture, and overall acceptability, Compared 1o the control, 5% clove ol
supplementsd] was the best In market milk, while in yogurt and kefir, 1.0% supslementation
was the best, In terms of sensary attributes, the kow score of color and favor of market
milk, voguort, and kefic is andbuted o the characersics of the supplemented clove oil,
Consequently, this study presents the possibility of producing bio-functional milk products
supplemented with clove oil and for comtroling the prowth of [odbarne pothogenic
bacteria in milk products using ciove oil

Keywords

ciover ofl, amibacterial acivity, sensory ariributes. milk products, eugenol

Introduction

Unell now, the traditional medicine based on the herbal trearment would play a
signiffcant role In human's health care [11. Especially, lots of planis for medicine have
been gaining wider acceptance, becouse It 15 namral production. Furthermore, various
medicinal plants have a few side effecs and higher efficiency than the anificially
synthesized chemicals (1] In fact over 80% of the worlds people would rely on
traditlonally plant-derived medicines which are the primary ways for heallng their
health {11

Among them clove (Srwium aromaticon (synonym)  sugends carfophrlacs is a
signifficant medicinal plant which iz widely used in folk medicine In many nations,
because of its wide broad of various pharmacologlcal functions [2], Generally, clove is-
an medium size tree (8-12 m) from Minasceas family native from the Malubu {slands in
east Indonesia, Brazil, S0 Lanka, Madagascar, Tanzania, and so on [2,3]

Especially, the clove essemial oll was generally extracted from the dey foral bud of
the clove tree, and has varlous Mofunctional activities on accoumt of the presence of
eupenol (CpHi0s) and other phenolic compounds [4], For example, dove ooil could act
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EEETES

2) Ardglrt oA E = MEL Polymerase chain reaction (PCR) ®HH S o] €3]
LT G =,
3) AbgEAIe] A9 EXALS WS B BEAE 5ol ¢ MY AE (0.7%) T
o] Armde} Ao R FXHGOY, A HAAF A AFHY T dJAA L
2 237 ser.Enteritidis® Q1% 32
4) HbH ) AP A Alo]A] ARSHFAS B Tl A= 110719 AEoA A A
Zo] XA AokS.
T Ardel AZ
v
A}8-H) 2= Ans 5= o
S I B U RN PO T Tz ow | oA
2 7F | 3 & o
AF
A 12} 0/2 0/2 0/2 0/2 0/2 — 0/10
2z} 0/4 0/4 0/4 0/4 0/2 0/2 0/20
B 12} 0/2 0/2 0/2 1/2 0/2 — 1/10
22+ | 0/4 0/4 0/4 0/4 0/2 0/2 | 0/20
C 1=} 0/2 0/2 0/2 0/2 0/2 — 0/10
5] 22} 0/4 0/4 0/4 0/4 0/2 0/2 0/20
D 12| 0/2 0/2 0/2 0/2 0/2 — 0/10
2z} 0/4 0/4 0/4 0/4 0/2 0/2 0/20
o 12} 0/2 0/2 0/2 0/2 0/2 — 0/10
2z} 0/4 0/4 0/4 0/4 0/2 0/2 0/20
Al 0/26 | 0/26 | 0/26 1/26 | 0/18 0/8 1/130
e K
T | A= iy =
A SLEER g | w | )
7F | 3 5 HE W E
AF
r 12} 0/2 0/2 0/2 0/2 0/2 — 0/10
. 2z} 0/4 0/4 0/4 0/4 0/2 0/2 0/20
= G 12} 0/2 0/2 0/2 0/2 0/2 — 0/10
H | 12| 0/2 0/2 0/2 0/2 0/2 - 0/10
I 12} 0/2 0/ 0/2 0/2 0/2 — 0/10
22} 0/4 0/4 0/4 0/4 0/2 0/2 0/20
I 12| 0/2 0/2 0/2 0/2 0/2 — 0/10
2z} 0/4 0/4 0/4 0/4 0/2 0/2 0/20
Al 0/22 | 0/22 | 0/22 | 0/22 | 0/16 0/6 | 0/110
[3E1. A=A 57 Arde} 54 23]
5 FA9 AY EAAMS WS 93 U AE F 2000 T 2109 AE
(10.5%)°] Fdoz FAHRoer, 543t EF dFFHof A e HFS
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6) HAAS W2Ael FUHA HAEH ARdel= gFE ser.Grampian¥
ser.Virchow@® &l ¥ 83

7) BHAR AlolA ARFHA L] FA| sTtM = BAETFAARYT AL 782 A
Z  (3.5%)0] Arrdel Aoz Felxglon, AR ser.Senftenberg®}

ser.Enteritidis® &1 % 32

T Arde As
A
B I RN I = A ;
L 4 S -1 P 7
)
« | [ 1/3 [ 1/3 [ 082 [ 1/2 | 3/7 | O/1 | 072
oxt | 1/3 | 2/3 | 1/2 | 0/2 | 0/7 | O/1 | 0/2 | 4/20
L x| 0/3 1] 1/3 | 22 1 0/2 | 0/7 | 0/1 | 2/2 5/20
oxk | 0/3 | 1/3 | 0/2 | 0/2 | 0/7 | O/1 | 0/2 | 1/20
w [ [0/ [ 03 [ 0/2 [0/2 [ 07 | 0/1 | 0/2 | 0/20
oxk | 1/3 | 1/3 | 1/2 | 0/2 | 1/7 | O/1 | 0/2 | 4/20
A ~ | 1A 0/3 [ 0/3 [ 0/2 [ 0/2 [ 0/7 | 0/1 | 0/2 | 0/20
2%k | 0/3 | 0/3 | 0/2 | 0/2 | 0/7 | O/1 | 0/2 | 0/20
o IR0/ [ 1/3 [ 0/2 022 0/7 [0/11] 0/2 | 1/20
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. R = I R S 2
@ Algn| 2| = | ¥ 47| " 7l
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4 | S 1A 0/4 | 04 0/3 ] 1/2 06|01 - | 1/20
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A 1/40 | 0/40 | 0/30 | 2/20 | 4/60 | 0/10 | — | 7/200
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