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Bacteria re-isolated from liver
and allantoic cavity fluid
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™ SG (Salmonella gallinarum) @3 Luria—Bertani (LB) brothol| tl
L

@ 44 1x10° CFU/m

H(UHUY, SHUY, MEUY, v[HUY) i z2F

oF5104 OD(650nm)Zk S5
2 9E F AEdel 24 SARCE HoIE B4 R 42 brown

layers (Hy-line) AF23}04 1ODPEIM' a7 Foigt

® 42| AFZH(isolator)

OlA 232 AFSSHH HAlOFE 2HErE

Hi 2| A | ol= = I. Hi|Ad I o= -H- __I.L‘=| slo
@ O_l'—_'loo AT T 2 O_Ir_-IOO HA T O T [Lm —||_I
Number of chickens found dead st indicated dpi®
Acoumupisted
Strain chicion Pathogenicity
IOl Yy
] 2 3 4 5 L T B 9 10 11 12 I3 14 -

T v S — T e
A1 T-DW 005 1 4 3 2 110 (1003 v
AlB-GOVP-014 1 2 3 3 1 IV10 (100) v
Al 6-NMRA-O29 1 = 3 10 (GO) v
AIR-MRA-O14 1 1 1 1 i 1 1 710 (7 v
AL9-DW.00% 5 1 G 10 (G0) o
AI2-DW.-0L3 2 | i 1 2 10 (70) v
SG %R win (o) AN
AL T-DW 003 -
Aspit aie (0) AN
AL T-DW-005 . ’
AwanlAspiC o'Le (o) AN
PBS control win (o
Uminoculated i
cotrol - - e - - . - — cadsalhid)

"Day post mfcction. "Sumber of dead chickens'total manber of inoculatod chickons
"W: virulence. AV: avimulence

=

[SHS=0M SCGS4 TF2 Wy &el]

o

® 6, 10, 13, 169
membrane; CAM)2} 6

- BEYy, ¥E) BB

A2 nEDIZE AN

5 = =
=2t efofe] 22 allantoic cavity; AC), €222 (chorioallantoic
H Zgto] LHEEML| (yolk sac; YS)oll A2 UEZ} SG B 2FH (5] A Bl 4=

: 10" ~ 10® CFU) 20004 HMZst

@ 59 ok Hetst AEfjore| HAL 2 Aot 13U H0| AC 222 HESIE I o3E HH

H|m o} 7Esste sl

1 =

st
=

Age of embryoldays)

Strain Route

6 10 13 16
28791 (V) nd* <1 2.7 (2.0-5.4) 34 (29-3.8)
Al7-DW-00D5 (V) il <] 22 (1.4-2.7) 3.1 (2.6-3.6)
AIB-GCVP-D14 (V) nd <] 3.5 (2.9-4.0) 3.9 (3.1-4.6)
SG 9R (AV)" nd 23 {1L.B-2.8) 6.5 (6.1-6.9) 6.5 (6.0-7.0)
287191 (W) i =1 2.1 (L.6-2.6) 4.2 (3.54.7)
AlT-DW-005 (V) —— nd <] 1.9 (0.9-2.4) 4.1 (3.6-4.5)
AlB-GCVP-014 (V) nel <] 2.8 (24-3.2) 4.4 (3.9-5.1)
SG 9R (AV) nic 24 (1.6-2.7) 39 (3.4-4.5) 54 (4.9-6.1)

28791 (V) <l nd nd nd

A1T-DW-005 (V) s <l nd nd nd

AlLS-GCVP-014 (V) =1 nd nd nd

SG 9R (AV) =] nd nd nd

"W virulence "AV: a

virulence “nd: not done. ‘Log ELD:(95% confidence interval).

[#Fd HAH vlm YIt]

- Asdel Za|Ugel Rl Wed Bo 29 s

@ 132 o| Z2t AElotel
® CFU) 20044% 1570 H

8+ZH(allantoic cavity; AC)oll At=UH2} SG b 2k (5] Afufj%= 1 10" ~
3
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@ 59 =of HEtstnd AtEst
: Log 10 ELD 50 <4.0; &4
> 6.1 22 HIIEH95% LI=|

ELD

(o)

M oz

)

0 @ttt 42 Hol2|oMe| HAIES H
: 4.0 < Log 10 ELD 50< 6.1 ; H|HHA:

Strain '\rlunnlir}‘“r_lur; chickens LogsELD: 95% CI
28741 (Hy 10010 { 104)) 27 21 - 3l
A1T-DW-005 (H) 110 (100) z.2 14 - 2.7
AIB-GCVP-014 (H) 1w ED {100y 35 249 — 4.0
Al6-MRA-029 (M) a0 (60 5.1 45 - 56
ATE-MRA-014 (M) T (70 5.0 43 - 57
Al7T-DW-005 Awaal (M) 5710 (50) 55 50 =60
S5G 9R (AVY I (0 6.5 6.1 - 69
AlT-DW-005 AspiC (AV) I () 6.7 6.1 =75
ALT-DW-005 AwaalaspiC (AV) w10 () 7.8 71 =90

"Highly virulence. "Moderately virulence. “avirulent.

[Mmdal Ze|uEel SN Was Bt 2Y &3]

— ofe|= WA mo}

M 13| =2t AHefole] 232K allantoic cavity; AC)ol| AtZ'A2} SG HY 2kCH (5| Mufj4= 10" ~

10® CFU CFU) 2004% 1571 H&&t
@ 52 Sob Zztslnl AESH ELD 50 2t AMEEH 23} 41749l ofelFE
(78.05%)= THSAA, 97H(21.95%)= SHANO2 Byl
OS2 A8 29 7jwe 95 AlgE 2 A8 84 7| B33 &
O 5 9 &5 Al 2ot Al oI5 o EZSHSOP)
O RiEo| AN 282 95 AIFEAIS) B, AlE 52 F, 77| 2 &e|, BAKIS of

St

—

|£
o

grlsto] o|S 3274

al
=<

xE Agst 8=
1. &3] (General)
2= A = vl o
GER/001 saatAnAAMe] abd, TR, BiE 9 =3t
GER/002 AlHe] 29
GER/003 AlEe] 71& W a4
GER/004 Alubs ol 4l IS T
GER/005 Al =f2o] )
GER/008 AlEA A M2] Abdat ke
GER,/ 007 AlE 7| EAERC] F|1EuErE T TE]
GER/008 AlE 71EAER £2] 718, =74 U ¥
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GER/011 ABEAAL] AT I obE e
GER/012 H|AFAFER 2bAE A] CHA{=bH
GER/013 A8 7] &4
GER/014 21s] 77
GER/015 ==Hja] 7122 T
GER/016 At2o] EAHA
GER/017 ZEE R ArEst AlSSo] thiet B2
GER/018 Cixldalde] 29 U e
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2. 2124 B.% (Quality Assurance Unit)

B a1 = Sl
QAU/001 MEEEE Ao AT
QAU/002 AlZ|Md Yzo| Eaje} b
QAU/003 AEEAE FEE
QAU/004 FE8 7o) BA
QAU/005 =70l =
QAU/008 == QPN
3. Al@ 272 (Sample)
Iic H = H|11
SAM/001 Aldedel 2% 9 23
SAM/002 AlgEEe] =4 ¥ &o
SAM/003 AMHEER 2] FZT obEd] sk A[A
SAM/004 Lsiede) ST gtEd st AA
SAM/005 AlgEde] 29 == el A
SAM/006 AlHE Alete] #
4. 7] /7]7]%44] (Equipment)
sc A = H|21
EQM/001 ZHH| 2} 717]dujo] TS SOP A A
EQM,/002 ZH| gl 717]-24]2] AraF Fe]o] s 712w
EQM/003 ol g0] AFLT} 2
EQM/004 Ul'Dlju]ﬂ'lﬂ AR T TH
EQM/005 E2xg0] At} T
EQM/006 OReATYCS] Ablal 2]
EQM,/007 A]i‘-@ﬁ 9] Ab2ab o]
EQM/008 AR S To] ApLal )
EQM/009 AAiE 0] ARETE #e]
EQM,/010 DeepFreezer?] ARETL 34T
EQM/011 E2a8 =AkAe] ARLT T
EQM/012 ZreErs 7|9 ARRIF
EQM/013 Alekdzbne] Argat He|
EQM/014 R alEe]7]e] AreTt EE
EQM/015 SzidiA|2] ARLTF T
EQM/016 ZEhEO|Ee] ARS D e
EQM/017 Do F7|e] ALREF T
EQM/018 Ho|BH =2 AFRIf o)
EQM/019 mzEuo] AlLT} g
EQM/020 dizto]|A 2|0je] Abedr e
EQM/021 SHAZE7]9] AFET B
EQM/022 =E17|9] ArEaf 2
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5. AlgME0E] (Test Organism Management)
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6. | =A%

S A = Bl
FAT/001 HolBAHEE)
PAT/002 Aldoj2
FAT/003 HE[HAL A Al
PAT/004 i E(rat ¥ mous=)
PAT/005 SotazET|E
PAT/006 O (rat 2 mouse)
PAT/007 S ohAbE 8]
FAT/008 A7 egEd
PAT/00% oFEkAL
PAT/010 =z =l 3 EaE
PAT/011 Az
PAT/0Q12 EFE]
PAT/013 T, Z=0)
PAT/014 ubd
PAT/015 Al A (Hematoxylin Eosin GAR)
PAT/016 £ oA
PAT/017 =Ha| ZAlFc
7. 84 44153 N¥
= A H = H| 11
AOT/001 = FT54E AlE - Bofg =d
AOT/002 Al A A
AOT/003 Al = AA
AQT/004 AlEEE #HE(Ed)
ACT/005 Alg 5 gEar &
ACQT/008 A Fejet FAAE
ACT/007 alEH 71 A42] Ak
8. 2=/ aZAlY
I A= OE!
SET/001 2EAMGEHAYE - Lo2] i
SET/002 e s e A i
SET/003 Ald H =
SET/004 +E#2] #z
SET/005 A3} B
SET/006 2|28 7 Ao] AhM
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9. T =829k 9)4tA]|E (Clinical Veterinary Medicine)

B H = K10
CVM,/001 UMAE 2AZ|e] ZLAET
Al#HFR2 = AlHoicls =0 Eat=) Y A2 AACIRL =
cawooz | oS SRR e e o e
CVM/003 JISESAE AEAEUAS] AR L3
CWVM/004 AESE 28519 £9
CWVM,/005 72 o B3
CWVM/006 e b v e B )
CVM,/007 UHAE Z71E2E B YAZR B9 ZX] AR
CVM/008 CHANE g B
CVM,/009 UHAEE SE20%E B OEA2Y AT AT
CVM/010 HEA o] TE AR
CVM/011 716 Al 27 £F B AFEAN Tad AR
10, 52480]27]7] Y4219 (Clinical Veterinary Device)
Sl H = H] i
CVD/001 54, =8 0 A5k 29d] W3t AR
CVD/002 AEY] B, MR 2 FEME, 2T &5 5 24T
- [et A
CVD,/003 YA LA7] e ERARE
T /00 Algaiodal, AlddEAr, feoa, ey AUx 59
CVD/0O! | maxar g 3z e BR AR
CVD,/005 7| 27rExtet A|Sakelate] AL P2l
CVD/006 A58 +8519 59
CVD,/007 7|2 9 m3g
CVD,/008 b Tl ARt Ba
CVD/009 PP 27|28 B UAIEA] T =R AR
CVD/010 olabald 2B BT
CVD/011 AAEE FELAE EE EA S #Y] A
CVD/012 AlEEord AlE W
s MEM BE2 £ IR AIFAAZ® &9 ¥ ARREA
CVD/013 o Mot A
O MEAMIEFAUA = A2 &
O nHAMAEFAXH(HPANR Ea| HHAl So| datS4tol & LIEHX| 2= N
HMAZFAXHLPANS 5 ZEZH S 2
- Y ofEE[FE UaezE HAM HILE Sol 3AYSFT MY
® I RSt ofFE Z2lSH5to] ofelFel 54 &4
« ILHoll= MS96-like(1996-1999), Clade A(vaccine-01310/01; 2000-2006), Clade
B(2002-5i%) A&0| wdsts A2 M =(R12n, =|Z20|= Clade Boll &3l= 0t
o UAHAEZE E7tst Ues FAHE ZME
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$.07-like.

KU 10-154-like:

D6-like:

BB5/06-likn

i CLADE B
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TofE D 1o 20hz 204
(=] I = AL [=]
[ZL MHAM ASFAX ASFT 4]
SITT | Ao o GO N AL ADT 4. (DT rmiiid] T
[HOFFIEEZ 1 Ao moa/SHOMH SEMRHENIHN Halake (00T orosant]
St 1 Aot A SR R 8 T
H8 HA gene
KU114/07-like
e — (C47109 like)
. Lineages/sub-
Lineages Nooades S5 | e T U e T sy
BulikeY280-like e T T ]
Eurasia  |[31-ike e i T1/08-ike Clade B
S o A
43%-ike/Korean-like e Ko BT HORG T T (116/04
North like
Arierica ! Korean
TSRO PN LN D1 Sl e DT 0 KU1u-1 94-Iike Ilneagenike
e 1PERD00 HIND KIL-158 bt 20072005
Sl o A | KU 2003 201
ISzt s o = pmcrau)
KTISF728 | R a4 AN b
T T S AT R A § 41
Ko EA00, |22 SEADE e Dot
2 WA Ser el BE T m‘-ﬂﬂ%ﬁkd‘m‘ﬁl
865/06-like
Q30/04-like
[ Clade A
(01310/01 like)
MS96-like
_ a ; Korean lineage (Wild bird
Red: DIDAD T e
Biue: vaceine strain Sy M5 gl s T North America
Purple: 10% death in SPF E— e = —
5 H Ao S v = o [=) L= SL 3 == H
@ ASsoR M2 S3t I EXe oflFe leA WAN WIS S5 SATEF Mg
sl=l= o == = =] o mHylE Asis
- oM FASHE AMHAM ASTRAUXE oif20M HEM HILE s 21t

0~100%2| HAtgS 2
* Korean lineage, MS96-like, Clade A(SL-4P), Clade B(KU10-194-like: C16, C21),
Clade B(KU114/07-like; C41, 51, 54), unclade(D3, C44) OIR|FE MZE et
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Phy tree Gene Mortality in
ctant Strain mouse
Lineage Cluster (%)
1 Korean lineage J T 9.1
2 MS96-like A 25 T2T
a B AlNGS-3P ni
4 Clade A 01310401 like B AlISL-4P 364
5 B AlNS3-4F nt
8 O C16-CT 91
T Clade B KU10-194-like D C21-T 100
8 E D26-T a
o c C3-CT nt
10 c Co-CT (4]
11 C C14-T a
12 = C15-T nt
13 K C28-CT (4]
14 K D30-T 0
15 Clade B KU114/07-like H C31-T nk
18 K C3I6-T nt
17 H CA40-T i}
18 I Cc41-T [i]
10 E CAT-T a
20 H C51-CT nt
249 LE3 C54-CT 364
29 L D3-CT T2T
>3 C44-T T3
[(MHEHN AZFUX olRA0|A e HAM HIL]
Sy, §3Hol8lAa, BN} HEZE 2, &Y 43
{HAM QIEFOALS| & HAM 2H =2
+4FEo| SPF B3 Al R 2x10'EIDsy 8122t 7|Ho2 SHYE s
F2F Tob YuTE I BAWS T 32U, 5UN, 7Y OPTH CL MES 22
5
1 [ I
\ L 1 I I H
bd| :il ? '(f 14d
0P, CL 0P, CL 0P CL
3Ichickensacrificed 3 chicken sacrificed
(MM AEFAHX} & Haldd mH]
EHQl MX|E o MEsHx| RS BIIE Sof ®WohY EEs
Held Wt M2 X YASA
- duBMoEE 2, MAEXMSH JHE, M7, AT 253, HIF E RE, AHE
HE Y, FR3F, ol g=Xst S0/0d, ZHE JHAH A ZHEE
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- UNBAS TATS T 2UN FE UK BES|ON, YUHO 2 3UUARE 6

)

« KU10-194-like(C21), KU114/07-like(C54, C44) ofelF+= HEZ2| ZHE
iAol M 2l atSato| 2HEE

Clinical sign (%) in SPF chickens after HON2 infection

100 -
a0 - emgmm Korean fineage
{7 In=6})
80 4 =l M596-like
(25 (n=6])
70 - a3 Clade A
(A}/SL-4P [n=6])
€ s0- i 1J10-199- ke
] (c21 (n=10})
= 5p - 5 ((U10-194-like
g (16 {n=5))
£ 40 e KU114/07-like
(c54 (n=10))
30 - 7 KUI114/07-like
\ (c4t (n=6))
20 - o b, g KU114/07-like
b 2 (€51 (n=6))
10 - \\" ant
(C44 (n=6})
o - 1] e i | S =10 Nt
4DPI 5DPI 6DPI 7DP1 8DPI appi 100P| (p3-cT)

Days post-infection

7Hx+|01w ZHEHE
<Mooz ZAE JHHMoAM sordtHo] EEN, £3] KU10-194-like(C21),
KU114/07-like(C54), MS96 Of2|Foll A= Alst 2Fato| ZHEHE
® HelM Yot st X & dlolA HE

c SAYS = 3UM, 5L, 72 OP, CL swab HE2t HWEEV|UH(H, FY, &M, ]
&, AIEH 7|3, CT)el Hio|2{AE gRT-PCRE =olgt

* OP, CL swaboilA BlO|2{A HEES ZAet 21}, OP AIRMIME SAES = 32M
off 74z =2 X7t ZHEHE. CL swabAlZ2= OP AlZ2et= Ct2 34YE = 524Hof
7 =2 RI7F HEE. ARE HES AR 1HF AlZ|of ek Jto|=E2felE HIA|
2 ol
T A=

Virus detection (cloacal swabs)

800
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560
2
OR3P i nc Rl
opsom H i
£
0 ORI 5500
200
10
0

foleninege VSSEle  Caed  WHBe WIOIite KUY it WILSOTR: QYO Ke @ 3 Km‘l eage MSSEike oA KUXC-A9%ike KULO-I%-ike KU M’H WziefOr-ihe WIZEThe T

w7, (W5) AUSLEP [=H) 1016) [} [ = (o [ (wes) RSP =) o) ) ) ca4)
BolM NMHAMAZRANX AHE] [CL AlZOllM HMHAMOAZRANX AHE]

[OP Al2OIA MHAMOIZZNX} Z L AlBolA AMEHAMOIZZAX

- AEYY|UY Hiolz{AE A& 2o, CTeb KoM A&80] 7H =420 1 2oljol =
H
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Virus replicated in internal organs

Virus replicated in internal organs
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Zhang JE et al, The use of embryonic chicken eggs as an alternative model to
evaluate the virulence of Salmonella enterica serovar Gallinarum. PLoS ONE.
2020;15(9):e0238630

PLOS ONE

PLOS ONE Wirulense of 8 Galinanum in embryanc chicken egas.
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PIEB02-7, 20006512 K i welght boss, depression, diarehes, decreased egg production, and high morbidiy wnd mortality
Pranning s Baliation bor Tathariogy 4 Food, FT hat slmost been aeadicated from developed counteles, such as Austealia, Noath Anwer-
AESEARCH AFTICLE Jaeetumand et yIPET}H WA ey 0 it European oountties, However, b many developing counteies sush s Africa,

The use of embryonic chicken eggs as an b i et s, the Mo Eatand Central s Soath America, 1 1 an iaportant pouly diesse
. . e R s MAETRA 119058-2) 3. The with significant econantic impact |11, In South Korea. since the fisst FT sutbreak was reporced
alternative model to evaluate the virulence of Byl ol 1997, the diseass b il mattciselle, with mAcat cases nccurring in the hrown ey luy-

Seoatuk MaomlUnirsty 20 T fanters iy, which comstitute the majority of the eommereial egg Induscry [1]

Salmonella enterica serovar Gallinarum Nat v i W, 0 coblrim it ‘Many sirsiegies have been dopred 1o reduce the occurrence of FT, including the establish-

" the b a0 15 Suppeeting Ineematice
e

Funding: Ao wha ecved sach smare Mis
Fang . Kinka it o Pl and Evaistion
e Agiuiues s Forsiny

APET] ncugh Agrisdlune Food and Ruié Al
Coevsgerce Tachningies Proguan ke Eecilig
Crealhe GobalLeaus. lunuded oy Mingsy of
il Fosa and Rl Wtass AT

4 - » 2 s | BELR MM i hyghone standardn and the e af antiblotics and vaceines [5]. Among theen, vaceina-
ideng e Bel Wel'3, B Yeoun Chal e Shang's Hima Samn den o' tion as been fosced 10 be the mest practical snd effective strategy for controlling FT 3]
nkengy Gompeting Itirade Th MG Gt BS2M0 .y atly, st stisies ave focused on e developrent of vaccines against T [5], To develap
et o Diamases, Callage of Vesmnnary Mecieira and et 4 vaccine, animal models ase often wsad for saféty and effectvensss evaluation. For example.
m;';’m"";‘;“:?:‘;‘“ Hesal Lol i S0 Hommn 1 Bl U b Y the chicken pathigsnicity test i the miost comumionly used infiction madel in FT. However,
unecessary anumal expesiments should be avoided and theis ethical avpects dhould be consid-
& Thes s ikl mirk ered. Various acts and lass have been pessid to contral the unethical use of aniniidh and min-
ol R ATk IR iz the sulfering of animals during experiments |7}, Even if animals are used for the final
evaluation, it & y that sbiernative nethods are upplied dusing ih ]
Wages: I it the Sa¢ 0Tl Baperdents 4 high, requising spiciained sclliies e
Abstract specially trained persomial, which further limlts the upplication of such infection tests [4].
S R P S e A s In order to overcome the reluted to-anknal 1 to avoid wnethi-
Fbpie p ‘cal procedures, various animal experiment alieratives have heen proposed. such a5 costiputer
Eyslemic demens d 5 Kioree K71 i sl cell o tise cultures, and aliernative urganiens [7].
3 i mciiogat il fic ket g ek Vaiskirica of - Gl inastin: Hobavi. i it The chicken enbeye lethality sssay (ELA) can be used a5 an aterative tool 16 stidy the vir-
it by sovarml Tectory, Inclucing sitical vondideratione: codta. ad e need nrapetiil. ulence of various pathogens including bacteria (Escherichia cofi, Franeisella spp.. Staphylasac-
ized fagiliiies. Hence, achichen embrye ity assay (ELA) mods] to deter- cusinurenss, Clogtridiien perfeingens, 5 erdinia enteracolitica, Cioplobacter fejunl, Riemerelle
mine tha vinence o 5. Gallnarum, Thize virent ans three aviulent rapresentative it faecls), Ty (Candicka ofbdcae, Asperyi-
strains, which by the ehit i ware used to perform the Tus funigatios), parasites | Evmeria fenella) and viruses (West Nile virus, |apanese encephalitis
ELA The most sigrificant difference hatwaen the wirulent and avrulent stzains could be Virtsh [9-20], It s adaniages such us being a fustee, more Sensitive, cheaper, mure specific
abserved whan 13-day-oid smbrycs viathe A fars and rsltively simple assay without any ethical considecations.
days. Bassd on & 50% embryo lethal dose (EL D), isolsles considersd to be vinuent nada Tt the case of Safonnell, the sepoets of the wse of ELA muainly ivolve Saleonella enteric
LogisELDuy of < 4.0, moderately vinulen! siraing had s LogioELDs of 4.0-8.1. and atirlent serovar Pullarum (5. Pullartn) and Satmorella enterica serovar Typhimurin: (8 Typhimur:
aLogiELDen of > 6:1. D jos bo nvade the lver v ) {21-23], Howeves, 1o our nowledge. an ELA-of S, Gallisuaruss has not been previously
oo bt i O it ST o et s et i T nepared S, Gallinarum s o hosi-adapted serovar, and can be (rnsnitied o chicks hrough
messimm colorny-forming uréts (CFL) o the virulert staiwas about 10,000 imas Fighsr g which sgests St i can it and oullply i chicher by, Therefoce, we spes-
ettt o e Lt st i o v at & clys palinlect. The ELA rsaula of 42 ekt ulated that ELA can be used ssaan alternative o assess the visulence of 8. Gallisum. Each
atrion showad that Bty Tes%) . pathogen s its own characteristics, and it Is important (o study the cortesponding pathoge-
2 : nieity crfterka, Moseaser, virulence evaluation of §. Gallimssum isolutes contributes to the
(21.4%), and aviruiant (24%) s st e s D P s e Sy B N
e, viulence evalution and pahogenic mechanisms, s wel 3 vicdine
EL Aean et il dltave mroliod o badsss Ie il of A Clalinarten. #hizy developriabt. Tn this stidy, we arablishied o ehicken embeyo model for evaluating the viry
i ottt siicl 6 vinlenos gebet vinulanna evelufion. petogerinmechaniam lence of S, Gallinarum strains and applied this model 10 field strains from clinical cases of FT.
and vaoine
Materials and methods
Ethical statement
Al experisnental und animal sanigement procedures wese undertaen i accordance with
Sabntonell entern seruvar Gallinarum {8, Gallinarum) is the casative agent of fowl typhioid e requireemente of the Animal Care and Ethics Commities of Jnabul National University.
(FT ) a serious systernse disense that causes huge economic losses 1o the comemescial poultey The antnal facility at feonbuk National Usiversity is fully sccredited by the Natianal Assacia-
industry [1]. This disease vceurs at all ages in chickens and ischarseierized by severe anorexia. o of Laboratory Asdmal Care (approvid aumbes: CENU 2020-059,
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PLOS ONE

Virulense of & Gali in

PLOS OME

Virulenoe of & Galiranm in embryoric chicken eges

Bacterial strains and growth conditions

Strains of 8 Gallinarum 287/91 (NCTC 13346), AL7-DW-005, and ATE-GCVP-014 (flekd
stzatns wsed in the present study) were selested as representative visulent steains and the vac-
clase Nobills SGO5 (Intervet International, Boxmeer, The Netherlnds), AL7-DW-005 Aspic
(3t s & visulince faclor encoded within the Sabaonella patbogenicity lsland 2) and
AlTDW Cwere sebected as avirulent strains |2 } The above
mlant strains were constructed bn our lab. Forty-twn feld strains were isobsted from elinical
samples of chickens (layer, brosler, and Korean native chicken) at necropsy from 2016 w2019
in South Korea All strains were stosed in Lucia-Bertand (L5} medium containing 20% glycesol
1 =T0°C, wnd then cultured an LB agar at 37°C for 24 h. Before vach experiment, a single cal-
iy was plcked and inoculated i LB broth and incubated overnight at 37°C with a shaking
speed 0l 180 rprm, and the culture beoth was then wsed for the asay.

Effect of chicken embryo inoculation age and route on virulence

Spectfic pathogen-feve {SPF) chicken embiyos (Hy-Vac Lsboratory, Redfield, Towa, U5}
were incubated untl use bn a constant temperature bncubatur it 37°C with A0 10 60% humidity,
To determine the optimal inoculation age, 6. 10, 13, and 16-day-old ensbeyos were selected. To
derermane the optimal insculation soute, allantoic cavity [AC), chorioallantole membrane
(CAM) and yolk sac (¥S) were selected Six-day-uld embryns ware inoculated only vis the ¥5.
Ten-day-old, 13-day-old, and 1-dday-ohd embryos were inocubated via the AC and CAM.
Three viruleat stenins 26791, AL7-DW-005, ALS-GOVP-014 and sne avirulent steabn SGOR
were wsed in (his experiment,

Batteria were growa to a density of 1.1 by 0D, {approxtmately 1 10° CEU ml ) and diffee-
ent divses were sbaised by serial 1-fold dilution. Fiftev chleken embiyos wers wsed per dilu-
tion. Vitality was nstessed every 12 h by candling for 5 days and deaths were rovonded.
Emmbryos that died within 24 b of inoculating wese assuned to have suffered lethal travma due-
g the bnoculation and viere removed from the experiient. Different doses were used 1o
desermine the 50% embryn lothal desse (ELD.,,) of each sirain [26]. Dead embryos and embryos
that survived the experiment were chilled for at Seast 4 b at 4°C followed by necropsy. The fal-
Towinng scoring systems were used w assess the gross lesions of the embryanic body and lver.
Embryonic body: | for nuemal, 2 foe smediv hody size, 3 for soall bedy stze and 4 for smsll
body size plus hemorrhage, Embryonic Bues: 1 foe normal, 2 for swelling, 3 for few necrone
foel. 4 for multiple necrutic foct, Bacterial se-isnlation was pecformed from the AC Huid and
the embryonic lver

Chicken pathogenicity test

The eleven selocted 8. Gallinarum steains wese wsed to challoage hickens ti confism thale vit-
ulence. Ten Salmanslli-fee d-day-old Hy-Line brown Liyers in each group wers used 1o evalu
ate the vieulence of the 8. Gallinarum strains i vive, Lo arder to guasstes the best
environmental conditions, te solator conditions (temperature, humidity, Ventilation) were
constantly monitared. The whole sistaking care of or handiing the liboratory animals was
well tralned. Each of the 8. Gallinarum strains was orally inoculaled into the chickens al a dose
of 10" colony-formisg units {CFU) |27, Afies inoculation, the chickens were checked wice
day o 14 days, The clinseal signs were scored ay 0 for Leing noental, 1 for being deprassion
and ruilled feathers, 2 for depression, ruled feathers, sespiratory distress und 3 for the dbove
mentomed clintcal signs plus anorexia, emactation and green-vellowish diarehea. and 4 for
death. When birds showed the clinical score of 3 (humane endpotnt), the chickens were
hurnancy saceificed by cervical dislncation pertacmed by trained veterinarians immediotely

PLOS ONE| httan:idcs o 10 1571

PLOS ONE

al pane B236610 - Septembar 10, 2020

ans

Virulenze of & Galinanm in smbtyoric chicken eggs

“Table 1. Etfect of th
Viruknse

Vinilen =
AL7 LW
ABGCVEOIL

Avirulent
T Videw

Avitulent
Virule

Avirulent s

ViR CL 80 comlldence lntervil
e uf hicken embeys {daysl
Bl o done:

i,

B0 S

g

Y371 il . e AL

FrETTT
|

wa 154

cam b e |

Ly
TRt
3=

Lassi
asn)

= =

Chicken pathogenicity test

Steans 263/, A17-DW-005, and ALS-GCVI-01 € showed 1000 moetality over 14 days
fm=100¢ ) ALS-MEA-029, ALS-MRA-084, A19-DW-008, A19-DW.013, and
ALF-IW-DOS et showed S0-70% maetality and 50-80% of chickens showed clinical signs
at 140 i, Clinica] signs and mortality were not observed for SGOR AT7-DW-00SA4IC, or
ATF-LIW-D05 4wl AspiC, In addition, 1t shouhd be noted that sbx chickens died bfore reach-
ing the humase endposnt, nad the nther 110 chickens were euthanized. After secopsy, all bac-
terial re-lsnlation results wese Sufmonelli positive,

Determination of virulence of representative strains by ELA

s b b Tt %, e Logyo LD, values 0fthe virulent strains weee 4.0 or less (4.0 was th
Ilghest value within the 03 g the visulent steding), whereis the Log, FLT, vahies
of the avirulent steains were 6.1 or greater (6.1 was the lowest valoe within the 95% Cls amang
the avieulint strains). Thevefore, the Log, ELT, value range of the moderately viulent stealis
could be defined as 1.0-6.1. None of the embryes inoculsted with PES died during the 5 days.

Based an the scoring system shown Lo 514 Fo gross lesions of the cmbryonic body weee
noted and recorded. There were no datistical differences among the three strains {A17-DW-
005, AZE-MBA-014, and SGIE) when 107 CFU was inoculated into chicken embryos by the
AL(P = 005) When 10" CFU was e uluted, theee was i statistical diffesenice between
ALT-DIW-D0S and AT5-MRADT (P = 0051 However, whein 107 CFU was inoculated, there
vt & significant statistical difference umong the three stralns (P < 045) (518 Fig).

Baded o the scasing systemm of S34 Fig, the gross lesions of the ebryinle lver were
scored. There were no sttistieal difforonces amung the three deains (415 DW-005,
ALE-MRA-O14, and SGOR) when 10° and 104 CFU ware inoculated, respectively (9 > 0.05)
However, when 106° CFU ywas tnoculuted, there wa u sigaificant stasstical difference smung
the three deains (P < 0.05) 526 Figh Hence, when 10° CFU was noculated into chicken
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125 Dnesgeite oiar effiets, some of the chickens used in the presént study died befre cuthanasia
{natursl death by fowd typhasd]. All desd animals incloding nateal death and euthanasis were
necrapsled in arder (0 evaluate the presence of 5. Gallinarum. Surviving chickens were eutha-
nized a1 days post-inoculatinn (dpi), and bacterial re-islation was eonducted,

In avo growth curve

To campare the growih curves of viruleil siraing and avisulent sizains in o, mbryos were
inoculated with three virlent strdns 287/91, A17-DW-003, ALS-MRA-O1L and one avieulent
Atrain SGIR Twenty 13-day-old eggs inoculated with 10° CFU per steait via the AC were sac-
rificed at 0, 3, 6, 12, 16, and 24 b and daily thereafier for 4 days {a total of 5 days). Three eggs
weere used for each time point. A group inoculated with clerle PBS was alw assesed. The AC
Mhusds and livers were collected aseptically. The viable bacterial counts were estimated by plat-
g dilutions of the AC Husd and homogeaized ver onte Maconkey agar plates

Virnlence assessment of the field strains by ELA

To evaluate the virulence of field struins, 42 field strains thatorigleated from clinical cases
were lested. ELD,, values were determined by inoculating diferent dilutions of the strains
into the AC of 13-day-old chicken embryns accordlng to the method described shove, Fifteen
g were invcaluied per dilution.

Statistical analyses

Statistical analysds wis performed using SPSS version 210 (SPSS Inc., Chicago, 1L USA).
ELD,, values and 95% confidence intervals (Cls) were caleulated by using probit analysis of
Bl 2], The ome- way analysis of variabie (ANOVA) wis tied for the analysts of sighificam
differences between ELDL, valies of vieulent and avisulent straing using different agelroute
cormbinations: Ong-way ANOVA was also used for the analysis of dgnificant diffuren s in the
CFU of diffesent steains at the mdlésted Hime posnts froem the AC Quid and embryonic lives,
tespectively. Differences were considerad statistically significant at: ™ P<0.05, 7" P, ™"
P,

Results
Effect of chicken embrye inocilation age and route on virulence

T determime the optimal nocalation age and route, different embrye ages and inoc lation
toutes were selected. Asshown in Tuble 1, in teems of the age of the chicken embryo, ELD,
valuses ohtained from 13-day-ohd chicken enbryas were higher than those nbtalnad from
10-day-old ehicken embiyos. Simikisly, ELD o values obtained fom 16 day-old chicken
esnbiyon st highie than those ubtaised feomm 13-day-old chicken etsbryos.

Regarding the inoculation route, oll 6-day-old chickes embeyos died when ineculated by
¥5, sohich indicated that virulent aid avirulent steasns conld not be thesugh the
VS route, Baied on the results of statistlcal snalysis, 13 day/AC (P = 000001, 13 day/ CAM
(P = 0001371}, 16 day/ AC (P = DO000B), aivd 16 day/CAM (P = D006511) (52 o) could
e used 1 distinguish between virulent and avirulent steains. When the 13-day-old chicken
embryos were inoculated by the AC, the most significant dilference between the ELD,, vlues
ol e virulent and aviruleat strains was than fested. Therefore. 13 day! AC was the aptimal
invculation combintion theough which the virulent and warlent steats could be distin-
guished 10 the greatest extent.
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entbryos by the AC, virulent, modurately virulent and avirulent steatns could ko be distin-
utshed Tased ot the sesrlng results of the e lesions of the ebryoni body i embryonle
Tiver.

Correlation between growth in ovo and virulence

It v eoswih eurves were determined in lioth the AC Duid and the embryonic Lyers 0 fnwes-
tigate the eareelation between replication (e invision capability) o7 5. Gallinarum and steals

wiculence {fig 1) By comparing the bacterlal loads in the AC fluid, it could be abserved within
he fitst 24 houts that the four strins sudtiplied o almast the same rate and sesched about 10"
LCFUMmL The bacterial counts of the virulent sad moderately virudent strains were maintaned

AC fluid

=8 A17-DW-005
~-287/01

e A18-MRA-014
—H—=SGIR

12k 18h 24n 24
Timie past inoculntion

6l 3d 44 34

Liver

——157/91
~E-AlT-DW-0038
=i ALS-MRA-014
===SCIR

180 ] el 3

i 3 il 12h wl St
Time post inoculation
Fig 1. Grotth 491 ALT- DD, and SG9K with 18° CFU o the AL of 13-day i exmbeyomic
chicken eggs i = 31, (A] Fhe iesn 25U preses i e AC Sabd wa Gafionwed irver e (] U useans CEL poesers i the embrpues liver v fillowed oves
s 1 e et e s 4 o . i i A cgga tnwclred wieh
Pt e
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at 107 10 10% CFU mlat 2-5 dpl: Howsver, thse bracterial countof the avirulent strain decreased
slightly at 24pl, and was maintained at 10° to 1° CFU/m] upto 5 dpa. By comparing the bacte-
ol counts in the livers, the numbers of virulent. moderately virulent and aviralent strains.
wwere significantly different at4 snd 5 dpi (7 < 0001}, AL S dpl. the Bactesial numbers of the
wirulent and modesately vieelent stralas b the liver wiete about 10.800 and 100 tines higher
than that of the avirlent strain, respectively.

Virulence evaluation of field strains by ELA

Forty-twe field stratns (shown i Table 3) isolated from clinical cases, tneluding e eight §.
Galllsarumm suraims challenged in chickens, were isnculated o 15-day-old embryos via the
AC o confirm their vieulence (Fig 2). The ELA results of the 42 field strains showed that
thisty-tws strais (76,29 ) were viedent, nine were moderately virulest 204%), and one strain
with avirudent (24%)

Discussion

The chicken pathegenicity test bs the traditional methud used for assessing the virubence of S
Galliarum. However. the wee of chicken models s Linited by several factors, bacluding eihical
considerathons, costs, and the sequirenents for specialized facilities, For decades, embryonic
eggs have bean wsed a5 convenlent alternative mfection model for tudying visuses and evalu-
atlng bacterial visulence [4]. Howaver, to our kisnwledge, entlsiyos have sover bovs used a5 5
el 1o study the virulence of §. Gallinarums, Studies have shows that for 8. Pullorum and §
imurium, the higher the virulence of the strain in chickens, the higher the mortality rate
al e straln in chicken embryas, suggestiog that ELA could be used to assess the virulence of
8 Pullosum and 5. Typhimurium straing, Heace, In the present study, we analyied whether
ehicken ennhiryos could he wsed as a madel for studyiag the virulence of 5. Gallinarun

According to the published literature, both chicken embryo age and inoculation route have
a rnutrked effect on the lethaliny of chicken einbiyos. The susceptibility of different chicken
canbryo ages 8 day, 13 day. 16 day) to viralent, pactially virulent and avirlent strains of E. col
s been stidiod. which showed that 16-day-old chicken embryas were the most sesistant [11].
The effect of the embeyos age on the suscepribiliiy o lethal infection with & anasipestifer was
als sepastid: ¥ day > 10day > £3 day > 15 day [15]. 3 addition, shmilar experimental results
Tive been seported for fangal chicken embryo mfection tests [4, 0],

Comsistent with these studies, pur results also showed that with increasing age, the embryo
becaine fore reststant { Lable 1), Except for the inoculation route of ¥, as the embryo sge
increased, the sensitivity of the emlryo decreased, and the stain ELD., increased accordingly.
It has bes the linwressed Faibdier ermbryas i gathogen infection may
reflect the matutation of the embryonic immune system, The enhanced immunlty can reduce
the brden of tacteria on the boet and prevent the spread of pathogens, thereby lmproving the
survival rate of the host,

Fust thee ermbryn inoculation route, we chose the three mast commonly used mutes, AL,
CAM, and V5. Fiest of all, in terms of the ¥$ route, our results showed that 6-day-old embryos
were 30 susceptible that both virulent and avirulent steains caused 100% morality. Similae
results have been reported for £ colf and Enterucaccas faecaliv (E. fagcalis), The VS route could
not distinguish the virulence of £, call dsolates because both viruleat and non-verulent steatns
Taud 100% mortality [12], The Y5 inocubation roate produced high embeyo mortality, which
mnadde it difficult 1o distinguish the virulence of E. farcalts strains and 1o estimate the LD, [ 3
Thus, thoculation via the Y5 bnot agpropriae (o use i the ELA 1 estimute the virulence of
5. Galllnarum srains,
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Fitn sigedroute combinations {Tabie 1) [ 8], In conclusion, our experimental results emphasized the
AL DW.o Lver Imyportance of the age and route-of inoculation for the detesiminaton of the viculence of 5. Gal-
ALLGOVRDI vt a7 lussasuism s the ELA.
MGV e ket = comparisan of the growth curves of representative virulent, moderately vinulent and vir-
w Al MEADIE L m wlent strains b the AC showed that the difference b vieulence was not reluted o e prolifers-
B Aoty | L [ o ability of bacteria i the AC. Because the AC fuld ibelf supports excellent bactesial
2 asbwam Lover 8 rowth. the prolifeeation rates of the strains were almest the same ia the fisst 24 houes, with all
0| AmMRAs Lnr 5 of the bucterial counts reaching sbout 10" CFU/m (Fig 1) Although the sumber of hacteria i
| arsGcve s | e - e avirulent strains had ecreased over the next few days, it still maintained a bacteeial con
2% |mscrron | tme i sentration of about 16° CFU/ml.
| Ars.ionn Lver 4 However, by comparing the colonlzation levels of bacteria in the livee, it could be seen that
e b Lot the higher the virulence of the strain, the stzonger its invasiveness o the liver. By comparing
[ NERD Lzt 1 i bugtertal counts in the lves, it could be seen that the highee the virulence of the strain, the
ME ol Lt L, Teigher thie level of bactesial colonization. On 4 und 5 dpl, the bacterial load of the vieulent
At L & steaint i the liver was 10°- 10 times highee than that of the avieulent steain, Alsa, we bseeved
il e = hiat hout S0-909% of embryos inocufated with irulent dlraiing 257/91 and A17-DW-b0S died
saniow e . ot 4 and 5 dpl, but enbryos inoculated with avirulent strain SGIR did not Thesefore, we spec-
LT e o ulate that virulent strains have a stroag ability to invade the liver, Jeading to the proliferation of

Reygarding the AC sind CAM ineulation eoutes, oir results sowed that, compred with
‘e CAM route, the AC route wis better for distinguishing virulent and avirulent strains, The
st significant diffesence (< 000K (57 Tab%) was demonstruted in 13-day-old
ensbryos inoculated via the AC mute, although differences could also be seen amony ather

a Large sumber of hacteria, which may be the main reason lor embryn death.

Based on the optimal agefeonte combination of 13 day/ AT, we determined the ELD 4,
values and 95% Cls of multiple virlent and wvirulent representutive siralns, By compiring
the 95% Cls, we have defined the criteria for the virulence of 8. Gallinarum
strains in ELA. Regarding the criteria for virulence classification, the selection of
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st 267(91, ALT-DW-005,

According to the reculti of the chivken path-
s ALE-GEVE-014 all showed 100% moraliy, so
elected as pepresentative virulent strains [Table 2). In contrast, SGOR.ALT-DW-
Q03AspiC, and A17-DW-005 AwaalAspiC;, which showed (% mortality, were selected as rep-
tesentative avirulent strains

the virulence 1s the second issue 1o be considered. In the present
study, we clearly observed & correlatinn between the inoculation doge and ebryo martadity
Althiugh o tepocts an ELD g hve been found b the Salmanclli-telated leratute, LTy

b virulence i othet Boctorta, 1t was repored tha was atleast
nce benwwien the leass virwlent (ELD, 0, > 3.3x10% and most viralent (ELD

ter fefini straisis [ 175 Lo addition, for Neisserla mesingiticis, it was

1 law viruletsce steatns had an ELThy of 10° CFU o2 greater, and high viulence
strains had an ELD, of approxdemately 10° arless | 271, In our results, there was up to 3.5-lag
différeice batween the ELD,q valted of the virulent and avirulent strains, which indicated that

o 0 elasalfy

th

the visulence of S Gallinarum strains could be aceurately distinguished by ELDg (/01 1), 1n
adiition, 2t shown in Table 2, there was a elear coerespondensce between the chickes pathoge-
nlelty test and ELA. The vieulence of §. Gallimatuns on chickens was reflected in the ELA_ The

results of these studies indieated that ELA could be used o5 an altesnative method 1o evaluate
the viralence of §. Gallinarum.
Adcording to the ceitessa difined o the presest study, in the

feld st of 8 Galll-
 (76.20) isalated were viculent, o small pact (21 4%} were modee-
ately virulent and only ane (2.4%) was avieulent. I8 the present study. most of the strains
were virulent or moderately virulent. This may be because the majority of the sirains were
froom sick and dead chickuss Tn addition, the suceesstul isalation of an aviulent
straln dndicated that ELA could be used to creen for natueal attenuated vacelie candidates.
These results vortfied that the ELA can be applied so evaluate the virulence of fleld strsins of
5 Gallinarum

narum, most of the stra
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51 Table. The death pattern of the represeiitative strains,
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52 Table. Statistical analysis between ELD,, values of virulent and aviralent stralns in dif-
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51 Figs Scures of gross lesions of the embryonic body, (A) Scoring standard for the chicken
embryonic body, {a) A score of 1 for & normal body (b) A score 6f 2 fod a medium body size
(e} A score of 3 for a small body size. (d) A score of 4 for a s.nul! buody size plus hemorrhage.
{B) Scares of the embryonic body alter inoculaion with 16, 10% o 107 CEU of A17-DW-005.
18-MRA-014 and SGII
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52 Figg, Scowes of gross lesions of the embeyonic liver. (A) Scoting standand for the grass
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