B S (HEGER - EE)

RE S 2 RIS NI T B I R

BN S AR BRI 2 BT

IR - TBIRRAEZ R GEEYIN R
HE2HRAE - ACK IR
JREbETZE © KB
HHEHART - 1044E8 H 5 HE 107412 H 27 H
WEHM 1084 1 H30H



AL

ARG E AT - B EN AR TE - HFREE R - 0fE
Foda o BERACHAS KR (Clostridium perfringens) Ry S5pi A4 BRI Z
— WARBWI SR EIERRE - A EELRBENENREY)TE > RHRE
IS [ SRR 3 - AR R BRI AR 6 H{RSETAVERIER - R EEUA
AR YE » DU SEEORBLA L A BN - FFEEEE RN - BHRZRETR
FAREL R FLER /N SR AR 2 AT M © SEERREATRSE FTER 2 B R MR RSP AR B R
WA EZR (cpe) BR - ¥ HMEURER © EUmtEE)TE - BEUZER 0B E
TR AL netB - fitam S B ECE H B S AORAVEME - KE gt A R AR - HE
ANG I  FEHE A LL R RO A BN B s T2 7 Rk » 0 netB BEARAIE G K
HHBEANEETE R RIS R R EOR DAIEEE - fEA HMA It E 28
PRI RIAIE - BRSO E IR RPN - D ERET R I T - BBl
PR netB kIR /2 SR AE R 25 HOAR B D o R 6 252 AR SSRGS 3R (BRI AR 3%
R (N s 8 SR SR E SR RS ) BHRIZURE RN T 4 G F 35 -
TSR RR T PR A R R E RIS (p<0.05) » FEERARE
LA R T IR Ry RE R IBSE MRS R SRR - SO LIAEAS 16S rRNA FLRAGEE

( Metagenomics i 7t £ tAHERAS 5L #E & 22 R5 1A Clostridium sensu stricto 1 &( Genus )
B (B S R IR B ) BB eI T B IE I I 3R A 38 AR B B e rHRA T (p
<0.05) - FRJERIFEFHIMKE - Clostridium sensu stricto 1 J& iy HAt Al 7R 2
BTSSR MRS R SRR AEAR © T B DABRER R R AR A S [ S mAVAS IRETR - TR



YNJEIE4E T—5E & Clostridium sensu stricto 1 JBAHEAC &3 2 R TFH9/EFH » (3% B4
EAZERG R BT - DIEESISEMERG 3R - RSB MBI T — E B E AR 7
R P 75 22 AR R R B T S M 7 SR B o e B B A 48 4 O B et 1
RRABNEEY P HE AR o 55T T A SRR MRS S B S
o WEB TG - (RN RIS S T PR R R EER T - £
eI R 2B D S5 R H G £ il — £ & Clostridium sensu stricto 1 B4l

R A R T 1 A 2205 P MR P B TE SRR MR 3 35 AR AURRISE - IE4S R T 1E Rl A SR
BRIEFA 2% » WEAAYR I A B R =g A R



................................................................................................................................ Vil
............................................................................................................................... Viii
= SRS - (TP 1
— S 2 TR 1
- e ot = T 1
R e = -1 TP 2
(—) /ety s =t i = X T 2
() R A B oottt 3
(Z) I ETEZE LR oottt 4
QLS =517 e e OO RTT 5
CFL) BT TR oottt ettt ettt e ettt n st 6
(7)) BB oottt et e en et 7
() BRI T oot e et e ettt et ee et e en e et e 7
1. B R EIEZY oot 8
2. 5= e T TR TSRO 8
3. BB ettt ettt ettt ettt 9
4. B R T2 oo ettt ettt e ettt 9
T = 11 e 10
QAN A 5T 10
=R L Gyl a2 N 12
—  BFERXEFHEEERERGTEERI R R B0R 22
T R B BB A BRI e, 13
() 0 oo ettt 13
() A ettt 15
(G =011 TS UT TRV 17
— -~ BUBSBStMBRUEE NG netB BN 2 ERK
B R AR R TR A GRS R R ENEE ... 19
() T2 ettt ettt 19
() A ettt 20
() B B oottt ettt ettt 22
=~ DI4ERE 16S rRNA ERAB R F0 3T BE RS R o HAL B e
ZRTFEBE— R 2 B E R B SR MG R 2R < BH
M 24
() T2 ettt ettt 24
() A ettt 25
() B B oottt ettt ettt 34



BBy M ettt ettt 36
BB v I e 42
T s BT R oo s 43
BE v BB oot re e 58
FfsE— ~ #hm Anaerobe BHFERF] G 2 58— TR oo 58
Ffs%— ~ 2018 FEE PR Z & am il DR 2 IR R e 64

Vi



Table 1.1

Table 1.2

Table 1.3

Table 1.4

Table 1.5

e R e L3t S L )= 5. (O 5
FE ALK PCR K qPCR 5[4 S HIEIE YRS oo 14
FE SRVE R o M B B B R S IE B R g R R A IS SR % netB

BT G-ty OO 16
s 1 5B 2 TR SR ERG 3 ZE IE R 3 B v 21
5B 3 FEVE MRS 38 ZE BRI T B v 27

vii



Figure 1.1
Figure 1.2
Figure 1.3
Figure 1.4

Figure 1.5

Figure 1.6

Figure 1.7

Figure 1.8

E1E

netB T ZE AL qPCR AZEZLEEHHAR . o ovovveveerrereeeie s 15
SER 1 KBS 2 B AR BT oo 21
BB AT AR MRS B PRI oo, 22
g 3 A[El e BAH A SR & 7 2205 K BRI E VIR 28
s 3 HeHEEE RS BN E B S e AR T (B

MEtAgENOMESEY ZETT ) weveeeeieieieiere ettt st 29
s 3 e R H T E MR N A BB T v 31
s 3 A2 K G B N IR R A (DAPRS JE@ o B AETT) ”
LI LEfSe orifrale 3 BROLIERS 3% 4H S AR 22 o P 72 FEIRTRE oo 33

viii



EESPE
—~  H#Y

SR BB A 2 B 5 TH B B S G SRS HIBEE S T T
SR EEER R T B A MR Y P BN S A ERYESEE A R bz
BB NE A T R EEH] » B E SR BRI 2B HEREE

AERBEROT R HIBE B ATV E B A4 - DI s B A e e e b 2 2% -

= WEEE
7RI ERIME T (Clostridium perfringens) B4R T A B MR

(Foodborne pathogen) = — » i A BIERGE R (liness) ElaY) s (Food
poisoning ) - AEEIEFLYIER 1 H & ARGE T (Batz et al., 2012; Centers for
Disease Control and Prevention, 2017; Scallan et al., 2011 ) » fFZFEHI 5 [S5IEIE M40 3%
(Necrotic enteritis : NE) -~ ¥feBRAHEE RIGHET 6 H{ESSITHIERIER - ©HR
LB ORI » DURCE A U AR B SR SR B M - (HIS SRR GO
EEITITE - DU A SORES T LARTE « 8BRS 2 TSRS )7 A R e
BB - PESTE RS AR 2 2 R AR 2R HAk B e B i (Pathogenesis )

K FLE N I A 2 B



= R RS
(—) B ek RiatimE:ANl
A BUFE R R B i N30 Ry IR AT B AR 2 — (Petitetal,

1999) - HFRIEN B E AR HE R AR (cpe) - JAEFAH{L (Sporulation )
A2 HE AR5 # 2 (Enterotoxin ; fifl CPE) G BB P HER TR - (RIB35
BRI K i E & (Centers for Disease Control and Prevention ; CDC) &iH4r
st A cpe ARAY A BUE RIS R A TR BENE RS 1 58 ARIIGE T
i TR RV AR R~ A RGEA (Grassetal, 2013) - HAEZUEER
SRS LA 0 S A B B A S IR A AR (Schlundt 2015) - {HA
EPRA cpe AR E RIS AL ERVEIY) » DU A R RZEREE 2 S 0%
HAERE (McClane, 2007 ) » 2= S HFTEE - cpe AN — HEEH » &AL 552 (CPE) »
— ISR NFRER IR T Ry e h s Erh 3 MRS E R B ( Sarker et al., 1999 ) -
PRIt - cpe AR T HRUE B N EY P BB E N EN T EEBERE - BRI

BB ey A AR N B R A - W TER A -
FoEBRTA cpe HSRZE ROEME S A B T REAVAF B AR - —TEA L AST
BT 2,659 (EXREREMW) - NELUREYITHT A BUE RICHE S R B S e R e T
» GESEA R 5%HY T EERRTT A cpe LA (Daube etal., 1996) - &URIEHE /D
Y RS RO IR R A B P AR - SRR & AT Ry A T2 RAERE A
BEBEYTHE AR —  {HE 2011 1% - KASWEHES [ BAEaYhHEE
s - BEYAREEY) P HEEPEE HEZ A B E RS R4 B



HARITWE LRSI - SHEBUREE REORFT AR FE SRR - (H)5
FACFARE - SOESSH EHERRAT A B RIS A BT S (Hook et al., 1996;
Schiemann, 1977) - Z2jtt - AWHFEZZ TUCEEHIE S ~ WEERE =285 N B B e 55 4k
TR A BIFESRACHASF R TR > DUTIRE D cpe FLIA R AH B 5 R AL A B 8E - AR FLBL Y
A 2 B

(=) BRI

T SR A R B 85 - o EX P51 ( Gram possitive ) [BR&E B > =] ZE 24 2 A ( Spore )
RIFEHETTMEA RAVAEFRSE (Novak etal., 2003) - ERIBEIZ FAEREREE KA
BV EN > I HEAER (Timbermontetal., 2009) - 47 @Y Firmicutes
P9 (Phylum) -~ Clostridia 4] (Class) -~ Clostridiales H (Order) - Clostridiaceae
£} (Family) ~ Clostridium & ( Genus ) ;7 perfringens F& ( Keto-Timonen et al., 2006 ) -
ol 5 |E A R EW) TS G E R (Uzal, 2016) - ERHHEER A KEFEEN
(Toxin genes) » FIL I LUEA £/ 17 figg 2R (Toxins) - (HEHHEGRZ FHE 13
TR EBEFTRRHVEEN - N FR Rl ss 2R e & P A EE RIS N R
( Extracellular enzymes ) {77 B/ 1 HUE TE Fir 75 1V°& 73 ( Myers et al., 2006; Shimizu et al.,
2002) - WEBZENE T RN EER (Freedman et al., 2015; Rood, 1998; Uzal et
al., 2014) - HRNIEEEEE R KRR i LUPRERIIERAH A ~ 5 (3% T (Diarrhea) KH5EE
IE (Enterotoxemia) - AT R AT (Virulent factors)  (Shimizu et

al., 2002; Songer, 1996 ) -


https://en.wikipedia.org/wiki/Clostridiaceae
https://en.wikipedia.org/wiki/Clostridiaceae

DA

(=) B EHEZEAN
FESRIEHAF HR TR A AR A M5 25 > o (alpha) ~ B (beta) -~ ¢ (epsilon)

g1 (iota) EEHYEZHHZ (Majortoxins) -~ EAl R[22 (Minor toxins) -« {5
VURE T S5 2R A A AR BCH AR AR N B Ay - HEE A9 /s A~ B~ C~ D B E 7178
# /74 (Toxinotypes) (Van Immerseel et al., 2004b) - &{[EF )81 555 A REfi H
i RAN - LURERE T - SRR RIEIR > G40« cpe BRRZRIHFTZERT CPE
B2 O LI AEEYT 5 0 netB FRNFRIFZE LR Necrotic enteritis B-like (NetB )
TR GIE SIS X o AR AR Y B A R iR I R AR R
Table 1.1 - R EHFRAVEL [ > A BIEAS cpa BN - U EL alpha 5% > {HB
AU cpa ~ cpb K etx LA > 7 llEA: alpha ~ beta fz epsilon 352 - [F3# - C A4
[ alpha Ei beta 252 ; D U4 & alpha £ epsilon 35% ; E ZIE4: alpha &% iota 55 °
MmE—sF A E RGN AN EEE N EEER - Ol [ AR - ARG
A cpe Jz cpb2 FE[RNjE4: CPE B CPB2 52 (Gibert et al., 1997; Songer, 1996 ) >
HHIR A netB AL NetB 3525 - H Al > netB B[R fH: NetB FE& H At A

RUFESRACHAF R B > FEERIBSEIERS R B3 E eI EL netB A ERAAERAME

(Keyburn et al., 2008; Keyburn et al., 2010 ) -



Table 1.1 ZERICHAZFHMK BRI 81 R R AN
HR AN /)% (Toxinotypes )
( Toxins) (Genes) A B C D E
FHEHFEER Alpha cpa + + + + T
Beta cpb - + + - -
Epsilon etx - + - + -
lota iap - - - - +
MfiE@®= CPE cpe +/- +/- +- +- +-
Beta2 cph2 +/- +/- +/- +/- +/-
NetB netB +/- - - - -
TpeL tpeL +/- + +/- - -

(") AT
PR PR RIR 33 22 . e 2R HY 3 DA T B4 - 1 £2/E( Gas gangrene )
AVIEAR (A A B SRARBAF B BT FTEERY alpha S5 FTEEC FERGw MUERN Y

=

R

Nt

o
e
[

HREFAEAR BRI FTEERY epsilon 352+ (PR FERE TS IERG SR AL C

[

7 R AE AR B T AR AE A beta 352555 (Awad et al., 1995 ; Uzal et al., 2014 ; Sayeed
etal., 2008) - ZAifi #E EIIEMERG K AVEE 4 - NEWRTAEE MR A R HRENA
HEC AL A GBS AR A ER IR T (Attachment
factors ) 24T 2% ( Bacteriocins ) S [F{E A - 4 AE S e IRIEMERS 3% (Petit et al., 1999;
Prescott et al., 2016a; Uzal et al., 2014) - FrA4HE A G FTEA P ER SR Z VA -
IRt RyeE IR (Virdlent factors) > HAFIFR 7322 LIS > HEhas N T BLEE B 1R
SEMERG 3R B S ee < BRI M - AT — B R AURH e S8 B R 453 -



(7)) BV R
BEMERG R F R AT (R DEURy C BY) 7 SR A HE o B BT P 5 [E R HE 2R 1E

ViR » 6 HA 22 B Jejunum ) A SBE3E I By iR Paiva and McElroy, 2014) »
2 R 6 HECH S EARZME - B 2 £ 6 Bl i 7 B3N - LIS Bl
R RER RS E AR (La Ragione and Woodward, 2003) - [Hf—4FIUZELS
TIRESE A IR EE1% 25 2 3% ( Cooper et al., 2016 ) » 385 #5748 5-10 & ( Merck Veterinary
Manual, 1998 ) - 4 Al RAETHETE » SETTHAY 2-10%» J1VA =1 22 50%HY 5 ( Paiva
and McElroy, 2014) - SRAIEGPRSER Ry e 082 - NEERSEIE 4 85 (Huddling) -
JIFEAH AL (Ruffled feathers ) ~ BREe ~ Tl S HERSE T » LI A 28 = (Acute )
BT PR (Subclinical ) WfEAYRE » TeMERIRRAE TR » il HE HYHEEAR 1-2 /NEH B TR
TR > K PRA AR B4 2 3 S Bl A2 B E T2 ( Cooper et al.,
2013; Martin and Smyth, 2009 ) » JZ 35l o & A LSRR LR N © BRAZESD -
3 £ 6 Hifiepa SR R FE B SRS I n A2 {As - BIADKEE ~ BER - 9555 - fRsk

( Capercaillies ) ~ $i§ ~ EEH15H &, ( Bluebirds ) ~ BN/ NEERE ( Lorikeets ) 57 55%& ( Cooper
etal,, 2013) - Sif TN EBUR IR S EE (Flock) P a7 Ky 12.3% (Hermans
and Morgan, 2007 ) > REERRES T2 37%HYE 4% BRIk F & EETFE 6 HiE
ZEJTHYES: (Van Der Sluis, 2000; Wade and Keyburn., 2015) - N FEA H AR
[EIRE ~ BV e BT AME 67 RAVETDRIFIRLELR 7y - DURCRA BRI TRPTE GHE

TP aESEERG % 0 g R AYERR (Hermans and Morgan, 2007 ) -



FEEABRRBERENTUER - RFEIRIIAGTR T 1E B R (e K

(Antimicrobial Growth Promoters : AGPs) -~ 785t TR SRR % - (i
BARREE o BEPRIIEHA e & EA DM - I AT R E

F & Ess NIRRT RE s - BOMEI RIS 2E 1 AGPs IYEER] » Iiw B RedE
FE e (Liuetal, 2010) - HIFRIELAARA B A LUA RN - R
AGPs IITEIE T » REBAEFEREGIRSHENS - BRI F AR (Re-emerging) A%
S E T YR o s SR B KIS (Casewell et al., 2003; Gaucher et al., 2015;
Timbermont et al., 2011; Van Immerseel et al., 2009 ) - IS » FZE aE SERE MRS i E £

W5 e afE= K S TENT oS > DUTITAR K 2RI = & B Er i H Sl e M (e e

(7%) BuptssE

REB M MRS AR IR R AT TE FERE E A KBV IME TR R
P2 (Theoretetal., 2016) - {HAEEERIEMERS R AVEURIRIEERE - CAFDEREHEE
—HRIEATS B8R - 2P LRA A IERIESFIRES BN - 15

HAEE N+ (Predisposing factors ) ‘=& & G N IR R B e (LA B ST E P s =

IER

AR > Bo e Bls DR SLEIE R EABSTIER 3R+ iR AR AR S Ak
NERY)T B E N Z RSy - HRRENL -

() FERT
PRI N AR B B A B R IS I N B AE B (RIS LA M v 154 - 3% i

jJT

=
VEEEJEH RSS9 (Craven, 2000; Van Immerseel et al., 2004b ) » &K@47=ERif 5T 88

7 BT LR S SRR - SR T A DAY SR 2 Rt B T
7



Kt DUBEA RS Hotk AN B AT B 2R R HANHE IR T A 3B -
o SN B FEER E L ~ AR RIS B H B0 R BRI IR 2l (Non-starch
polysaccharides - NSP) ~ [« e eIt pams (ANEet s (R 3ey - #HEtan
FSGHILTER ) ~ fiE7EZR (Mycotoxin) ~ i k2 (EOR % %H (Lee etal., 2011; Park et

al., 2008; Prescott et al., 2016b; Thompson et al., 2006; Williams, 2005; Williams et al.,

2003) -

1. ERER Rl

HERER R R SPka2E (Eimeriaspp) ZHF A ENEL/ MENKE

/

C’U

B > A AR S AR IR IS SRR T IR (Williams, 2005) 5 <5 - BRaE:R

@a
v

BEA SRR E SRR X - W © EEERUING b ARG R AR
EEFIASIEIIITZE (Van Immerseel et al., 2009; Williams, 2005; Williams et al., 2003 ) »

DR #E p e 4B AR 2R H B2 (k2 RS SR REAR B 2 B 1 DASGSE. (Van Immerseel et

P2

al., 2004b) - AN - BRERERG IR E/ NG EER - 553 T Al e SO IRk &
H (Mucin) ZE4: » ARIE TN B S IR R HUE S B B T JE AT & (Collier

etal., 2008) -

2. fREHT
GHEEHEQ/INE B REEGEEEFIH (Cereals) 2(mF17&EH (40
k) HERIZ B SEAE MRS 36 (Cooper and Songer, 2009; McDevitt et al., 2007;
Williams, 2005 ) [fi(R BEE &H m & 8N alE b HACE MRS ERR 2 BRE(NSP ) -

HENRG N B YIRRERRTE - Jeké Hm iR I ] - AT & A SRS R S AL
8

&AL

ﬂ



HETE TR B S A& (Annett et al., 2002; Langhout et al., 1999) - [ » 32 XEYE ] 8l
R AHIRE B IIEER S IR EERE SR (Kleessen etal., 2003 ) - {f #E 2 SR A< A SR AR
I AEERE 42 (Shojadoost et al., 2012) 5 [fif NSP AN HE{EEL 7Y » 59 nIE Rt Vi e
Fr & 73 ( Choct and Annison, 2007 ) - 2 A = @) 8 H HYalRHC S B2 g & )

FORTHR At AR SRR R 5 B 17 & Y AR R - (e KR 1G5 (Drew et al.,
2004; Titball et al., 1999 ) - &alitt v 5 & E Y FEfs [EIRF S 4 RS E pH {E (McDevitt et
al., 2007 ) EAIGEERG N =S (Stanley et al., 2012; Stanley et al., 2014b) » FI[FAERIE

HAZFREM R A R B A

3. SRy I

& B B R RSN E B IS SR RS 3R HY 38 4% (Moore, 2016) - H
AIE AR EE A FE B8R (Infectious bursal disease : 1BD) ~ #EEHAEE M
( Chicken infectious anemia ; CIA) K E 17585 (Marek’s disease : MD ) ¥ #5R 57
S eyt (Hoerr, 2010) - JRERFEIAFHIMEFAE © » 20 H RIS %
A A I B TR ALY B B2 M4 ( Gholamiandehkordi et al., 2007; Stringfellow et al., 2009;
Timbermont et al., 2009; Williams et al., 2003) - 534 » (& EEGERYFH K 5
o5 S SRIE RS SR R MIEZ R R Pl s B e R - RN RAREES

=% (Hoerr, 2010; Tsiouris et al., 2015a, b) -

VA

4. WEHER
=R EMEN R SE R T B 2R E AN —ah #) (Secondary fungal

metabolites ) » H rp & %052 ( Aflatoxins s AF) ~ E K FRE#EE ( Zearalenone s ZEN) ~
9



@2 (Ochratoxin A 5 OTA) -~ {RE# 2 (Fumonisins ; FUM) - &2
(Trichothecenes) - 411 : @H-#52% ( Deoxynivalenol ; DON) IR T-2 2 » BE.
g xS iEF A ENEEEZR (Murugesan etal., 2015) - T2 > IEH- 35247
fe AR R b R RIS S RIS IR S B Y ERVIEAL - BB RS

AT 4= (Antonissen etal., 2014 ) - b4 - WFFE REEERR R AT DA o2 & il

BB a5 B NG R E MARE PR (Cryptdepth) - (R HEE S EIBIEMER 3R
( Antonissen et al., 2015 ) - e R 55 2 0 A RIS T s HIEIRTE 4 (Prescott et
al.,, 2016b) - HH S AHEH R HIHIHY 77 R S 2 SRR K AVET 7y - Rt

—ZHEF -

5. FLAMMA
AW TR > FAEER] (Jang etal., 2013 ) KRR AL NIAVH AL ( Siegel

etal., 1993) H] LA IR ESRITIERS % A BURL M BB -

(V) /NG

R H RIBRERTTHE IR 14 2 R A R 2 M R B S i A 2 BRI - M2
T HE S SRR R VBRI - DUHR LR RIS a 2 B © MEsZm Ry R
D AR B A S PN - SRS B U A K E AT 2 S - 2R
et em IR WWERZIANIE)TE » Bl SRS IE £ - B
HUAIZ A (Prebiotics) ~ 7i/EEE (Probiotics ) B HA )& 255 RS E A
SRACHEZF MR ~ D5 R i 1 s 2 O SR S I S e A T 1 4 T P 3 B R 2B AT
VAR EEE - (HREF AR5 BIRERR I [ B2 R R ]



SPTERR © INIE > ER AR B RIS AR BB N TS (A - PR

WA FRINTIIARIS AR TR 2R - ISR EORE i - 8 oRks T Aa -

11



A - HIREEREN

FotRaT HEEERILIERS SR VB 5 A ERRIRYE - S5 PEEH HHE

KB S T SR 2 e L S R TR AR A L [R5 T B L P 2 SR A SRR B

PESR TR ME PR B e SAH BE R i S s #E L 1E S AR R R 25 2R AR N B AT EER R Ry
TERRENGERE > WRERETHRETEIT - DR AN E S e
WA > WARAGTEER (cpe ) ALNTRAT BT SRa T 2R IR A SR A R S e i L N S e A
Z Al -

P& BRI I ZOW PR B s N D o 2 A BT MRS Sk S i
[FIRHERC A FIEE S N T HEITRIS - SR RIS AR B 5 I TS ELAF A
KRR E 2 8 -

£ P ECIE ] E AL Z SSRGS SR SR - oA A (RIS A 1 B SR e
PRI E 28 MRV - FHEA & A E BN T2 SR IR MRS R Y
S > WEFAN AT RE Z Bt - DIBHR R 1T Z B it -

12



— R ERKEFEKREERERFETERITMEE R BN 2R M

B BN AR AL R M

T2 [ Ry R A SR B P B BT 5 [ S8 iy EE 58 N ( Awad et al., 1995;
Keyburn et al., 2008; Sarker et al., 1999; Sayeed et al., 2008; Uzal et al., 2014 ) - jAEEE
BEIEIMERG RFFET - netB FE 2R AR R HARIR A A= HY NetB B2 3R AHGg T & 00 152
a2 AR Molecular Koch’s postulate ) » 1% 157 & 205 HYEH#E( Keyburn et al., 2006 ) >
BB B ZN MR ERE T SRR S BB RN RR I HE R E N G2R
SHEAVYFEE A ERTA netB BLNER Al i Bl PIRR e it S5 #E BT
1:H% 3% (Cooper and Songer, 2010; Keyburn et al., 2010; Smyth and Martin, 2010;
Timbermont et al., 2009) ~ ZAif » ZLH T ER SR EG R H R =45 RAF A%
7= AV HEEHR HEE R B RN B netB F:[A] (Abildgaard et al., 2010; Bailey
et al., 2015; Llanco et al., 2015; Martin and Smyth, 2009; Smyth and Martin, 2010) - I
B H#EE T EERRANA netB AL - MIREFNEUHERR (Martin and Smyth,
2009) - [EAh - BBEETA netB ERAIVEMRAETTING » 1Y A HARA# A Ty
[FEISZET > SRR HEE SRSt R (Zhou etal., 2017) - [AIL - netB KA

A Y B i o By s A L BB MR 209 > LU -

(—) &
RS ~ INREESES N B I EE SR G 15 EREIGRHE K 15 EREAIR
EEHENZEEEM » DUREEEE s E - L A EElbaiE e (Biochemical

tests ) [ EX&ifEEE7 E (Polymerase chain reaction ; PCR) =D A Ee B AV A Ay e
13



SRACHAZFRIML R 1% > ZEHUHIE PR DNA - I LLgtH i B S 2R AR NS 53 (Primer

sets - 3£, Table 1.2) #£17 PCR gl ; $1¥f netB £N » S5fii fl s S BUEAYRIR &

Mg 7585 K7 JE( Real-time or quantitative PCR; gPCR ) E i FE N TEAT BT M & - qPCR
SAERURE Hh AR L Figure 1.1 FERAAS S DAGET I3 A5 s 2B 1 i 2 AR BRI AR,

IR EEEE =R (p<0.05)

Table1.2  FFIAN PCR J qPCR 5[ # R H I AR

Tn  IHIEEY)

BN BN 517 Sl FP3 (5-3") °C)  (bp) 2E R
o o Gk SISO wo
o o ok ICTCTOGSCONY
o s G ATTMNONCINS
o e SR TCOMTIOOINE
o e S MASTSTOOC g e
oo o GECSSMCUCIOII s
o s TEE IUICCOMCITIOS s

NETBL TGATACCGCTTCACATAAAGGTTGG e
netB GUA33338 \ crpr  ATAAGTTTCAGGCCATTTCATTTTTCCG  OF 169 s

165 16SL  CATCATTCAACCAAAGGAGCAATCC .. ..
RNA  Y12669  Jecn  CATTATCTTCCCCAAAGACAGAGC 60 262 R

14
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Figure 1.1 netB Z3Z &[N qPCR FEAERTAE AT 4R

5 netB T2 ELIN BYIE S5 1B L PR BE TE O AT A ZEHIUET B DNA I HETT 10 37778
(/£ 1 ng 5] 100 ag) 1% DUEF7S [ F-EHEFT PCR » DLFTES Ct $i(E Bl R RS S g
34 1 4 > FEPRE B 2.92 x 10% & 29.2 4y y = -3.4571x + 38.397 (R?
=0.9999; HIERCE AE=95%) -

() &%
PLPCR gl bt 30 Ik 7E FAGHEEF A B Y 7 R ERIAE 5 FTA 2B R( n=30)
Hky ATRIE » HIGARIET cpe BN - BURAWTFTAT o> R M 2 R AC R S He B
PR EIESEIERS R B R R E (n=15) SUEHEE (n=15) - B 34 EREE
FE o ST R USSR - BN 66.7%E AT A cpb2 ALK » 6. 7% A netB
N > 6. 7% trel ZA > EUREMRELSLIE R WIREHE cpb2 ~ netB & tpel
FAE R AT 22 F A2 B - 30 bR RGP AUt B 3 2 A R BRas Fa T

41 Table 1.3 -
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Table 1.3 FESRICHALF MR I UM BIR S IR BRIk 25 2R AR AR IS SR s netB &[4

BigEwEL
N e netB
ﬁ?:ﬁ ARIETE gjgjg ;%g UG cpa cpb etx iap cpe cpb2 tpeL PCR  GPCR Copies/100 ng
DNA
JP17 B’%igfiﬁﬁa - - A+ - - - - 4 + + + >2.92x10°
[ESkZS

1IN Broiler F1 NE A + - - - - + + + + >2.92x108
2N Broiler F2 NE A + - - - - - - - - -

3N Broiler F3 NE A + - - - - - - + 7.26x10°
4N Broiler F4 NE A + - - - - - - + 4.19x10
5N Broiler F5 NE A + - - - - - - - + <2.92x 10
6N Broiler F6 NE A + - - - - - - - + 1.35x10°
7N Broiler F7 NE A + - - - - + + + + >2.92x10°
8N Broiler F8 NE A + - - - - + - - + <2.92x 10
9N Broiler F9 NE A + - - - - + - - + 1.76x10°
10N Broiler F10 NE A + - - - - + - - + <2.92x10
11N Broiler F11 NE A + - - - - + - - + <2.92x10
12N Broiler F12 NE A + - - - - + - - + <2.92x10
13N Broiler F13; H2 NE A + - - - - + - - - -
14N Broiler F13; H2 NE A + - - - - - - - - -
15N Broiler F13; H2 NE A + - - - - + - - - -

1C Broiler P1 non-NE A + - - - - + - - + 3.11x10
2C Broiler P1 non-NE A + - - - - + - - + 7.49x10
3C Broiler P1 non-NE A + - - - - + - - - -

4C Broiler P1 non-NE A + - - - - + - - - -

5C Broiler F14; H1 non-NE A + - - - - + - - - -

6C Broiler F14; H2 non-NE A + - - - - + - - + 2.96x10
7C Broiler F14; H3 non-NE A + - - - - + - - + 4.40x10
8C Broiler F15; H1 non-NE A + - - - - + - - + <2.92x10
9C Broiler F15; H2 non-NE A + - - - - + - - + <2.92x10
10C Layer EC1 non-NE A + - - - - - - - - -

11C Layer EC1 non-NE A + - - - - - - - + 7.23x10
12C Layer EC1 non-NE A + - - - - - - - <2.92x10
13C Broiler EC2 non-NE A + - - - - - - - - -
14C Broiler EC2 non-NE A + - - - - - - - + 6.45x10
15C Broiler EC2 non-NE A + -

AEE R AR W g P ESELG JEC R S BIEE NE C BEIEIT SE S non-NE
KB IF A EE -

O R I 7 R T 7 netB 2L A fredn s 122 [ 722214 (Wilcoxon Rank-Sum Test; p
>0.05) -

b1 GPCR f#l netB HEPH4% 51( Table 1.3)  EOFEIHRAFAT neth HRLPRBTE -
[EELE RS EHRAFILE - SE4EEHER 225 (Fisher's exact test; p > 0.05) » net HP

T IF I EEEER 73 > T3% IR IR K 60% 1L EfaTT A netB FA » i BFfH] ELieal (=]
16



PCR 55 » 4315 3651 (p>005) - qPCR Htli%ky 66.7% » 35, PCR ff
Hi% 6.7% o

% |- cpb2 ~ netB % tpel. S5 KR 745 b1 netB HLpRM Bk £ SLISST
VRS ARG (EEIEA SRS - BT | SRS R e
WERAYEEHE N ESEN) (RIS  EEaRA netB BRI » 2
S P B MRS GPCR (T » DURIBBEITAS -

(=) &t

I HER M RSP IR E AR ARG 2 AN I e T 5
INHE AR 0 A4S SR BB T4 B —%0 (Keyburn et al., 2006; Van Immerseel et
al., 2009) - EpiREETTH > AR netB AR R IR K RS 1A
T BRI BRI BT netB LA ERE (Johansson et al., 2010; Keyburn et al.,
2010a; Martin and Smyth, 2009 ) - {EAMAFEH]H qPCR #E{ T RIZEEL - famim £
15 #EE AR R HASF R B - RER 2518 netB ZA > H b MITETEER K
FRBORAGETEE B R TR netB BRNIF S K ARE A B E1F et
FESRICHASF AL TR E0 VSRR - EEER (66.7%) netB AR R ~E » &
FRTEF TSR o B ZE SRR S R R R B T o B BRI B i 2 B R R 1R (o
HAERES D) i R S 37 HENEA HoM A 72 B iR - (R netB o AHRA A
REVRHE > HHEYES BN T IO F SRR o i T A IR sl o0k
saf5 © 4 Zhou & AL 2017 FEAHSEEEER - B netB BRI A B s B ik

17



DR S s » BA HAMA A S By NELoc-1 ERRIf7 NEL Ry S8 » A 5 HFHES
R ERTR>Z5E45H ] (Zhouetal., 2017) -
FHIA BEEE IR MRS 3% ] i Fy 26 IR~ 3 [B] 2 B 2 5% ( Multi-factorial disease ) »

REVIFTRRIEE P REIEE SR EREE - iR > 5 AN

Bl
5

A RIEIAR A - DAFI IR i S 4 SR e S R AL B B RE E i 1

18



= BIUHEEEILHEREEA ARG netB BN Z BRI
PR R B RN T R E(F RSN RR S T E
PRIEH (AR LA netB BLINHYZE SRACHA S AL IR & 2 SRR o

BB B ENEERT A netB BN » s ARt B 1T RV S » 5 (383 MERS X (Martin
and Smyth, 2009) ; SSEMEIEH - GRZEEENT20T - B DU R R &
Vs #E S 40 SR T 2 AR BB SE RS 3% ((Craven, 2000; Van Immerseel et al., 2004 )
Fo ok NI RBRZ IR BRI » 15 e R L R SR ISR IR R SR S8 e I e = - AR A
A netB BLHIZE RACH P AR R EAER 48 IR+ X AL FHHERIR s A 2 s B - (AL
BT E SR T B MS R IHERE  DIE—EURER - BURERGEE
e 2 BRI e/ BB s R T TUET - HR AR B RS R TR TR
SR -

(—) J3&
RIFHHTEELT 2 S5 R AR T LIaHE - 5 1 SR AsF R+ 6
2 (EpR T4 - 540 21 & - 7RI REUREREEEAE (CPL-T1) R pREfy#EI4H
(CTL-TL) - 55 2 SalBndi A 85 H B0l ROER s RS A R 1 » 70 s 3 (R
HZH - AR R 21 & » IRIBERDUIS R O ERE R BUR BRI EE (CPL-T2) - ERDA
o iR 1 B R 20 B PR BB et [F] U SfeAH. (CP1+Eimeria-T2) DL ERDIE & H daikt
(CTL-T2) HYHIR4H - 2 TR 0 Al Rl 21-23 K - R HE AT 2 ZRERIR
A ECERIE TR » DABRER R - 43Rl 9-10 R DAps FIBR & i 47 T LI BREA 35 K

#2E( Coccidiosis ) » &8 RS EINEE > 5 RIS 14-15 RESLUERS 2.5x10°
19



colony-forming units (CFU) /ml /Y 3 ml E /R #EfT O8R4 » 47 5#E4E 3-4 K - Hig
PR ERF AT #E & - TR E B EMERS R I KBRS TE - BYIsBatH R
T Sob BREESE B PEPREE TR EE (Mississippi State University ) B 5@ €
(EHZEgEZE - N aBYEfiRE T -
BESEMERS % 2 FITE PR A Keyburn 5 A A 2006 fEAT 17154 (Keyburn et al.,

2006) #EfT > &LHIIR{E - /NERER AR AR 0 70 /NGRS E F 1
71 NERER RS 1-5 IR EENELEURER A & 2 77 > /NEREREA 6-15 ja /Sl
BOEEGEERILE R 3 7 /NIBREIRE A 16 i (&) MU EEEESEECEER LS R

453 o /NGRSO R 2 0 (2) DAIEF > SEE RSSEIERE R Z P -

(=) &R
et 1 o B I netB 25N 2 e SR A A SR HUAR IR I s #E & ( CP1-T1)

BAFHFRIEMESG R (40 Table 1.4) - 5eatla 2 thIA G4 Y& 8 A e R e
NS T netB BN AR AR i (CP1-T2) - BRAS [S#RILMERG R K
Bl > (HERA AR (2/19 2 10.5% ) - 5ol e & A ekt R Oe e Bk BT T - LA
A netB BN SR IR B (CPL+Eimeria-T2) 534 i ST IER
REG > AR ERER (5195 26.3%) - Hifgatirik > sEE N T2 B8 -
i o Hp Lo oy - B IR AH M S AR R AHEE B 4RE T2 B2 M (p<0.05) - 4
PG R AAREFH RN TS RS A E RN R # A T2 0
N BRESEMERG SRS A B B EE M O B SR BT RSN T2 8
SRR (Figure 1.2) -~ SRS S AR AT Figure 1.3 -

20



Table 1.4 5% 1 R 2 Bt EIRIEVERS SR ROVEU ikt 7 8

NE lesion score
%]

0+ v 000000
-1 T T T T
\:\’\ AN #\"{" :<Ib :{'r
&K A & X
&
r\"@
o
Figure 1.2 &B5 1 el 2 B4HmE B

BEiERE R 2B RACP R 8 £
(NE) Z=B1 - o BRI ER 2 & - AETFF

A5 (Tukey's test 5 p<0.05) ; E5E (*) REREFEEAREME (p<0.01) -

21

= RS P L, BRI RE
B W emrt o 1 2 o3 o4 T R (MenssD)
1 CP1-T1 - 1 20 0 0 0 21 0 0.950.2
CTL?*T1 - 12 9 0 0 0 21 0 0.43+0.49
2 CP1-T2 + 0 17 1 1 0 19 2 1.16+ 0.50~
CP1+Eimeria>T2  + 0 14 0 4 1 19 5 158+ 1.02~
CTL:T2 + 6 15 0 0 0 21 0 0.71+0.46
, BTEHESS RN T © RET = iy R\ 25 B -
2Eimeria - 56  CTL - #0744 * Mean - “FFE © D PEEE o
*RA B A =2 (p<0.05) **/tf%ﬁﬁm/# ¥ (p<0.01)-

A ST MRS, 36 S I - BTN 35
BErstE 2 RAIMELL B b



Figure 1.3 XiaFatBRAT RAERSEIER R AR

(A) 3B 1 ZEEREE (B) I itk l - (B) 3% 2 ° +iEEaiHES
SEVEEDUI R 3 - (C) wlli 2 1 ZERGRE S S MEBSEI: i # 3 (D)
AR 2 ZERGRAIE R MBS E R B IR AT R ¢ Rt 8 4

(=) il

WE SRR - B RS IR R E PR B MERS R A3 B A
B E (Uzaletal, 2015) - JCHGZ A LAZEE NetB HZRIVENE - — B0 R2is
PR AE SRS SR E AT (Keyburnetal., 2008) © 24711 > IS EE05EE VIR KAl
IR e Y R sttt = A eh 45 A Ty 281 i) - w55 1 &l Cooper and Songer,
2010; Keyburn et al., 2010; Timbermont et al., 2009 ) Ei/sEkz5<F (Smyth and Martin,
2010; Timbermont et al., 2009 ) - [T ZHE L EE BV AT 50 o 280 » HHEEEELE
MRS SR e R A4 - ACEE A R A 1 Y A e B ER E R AV TS IE (Broussard

et al., 1986; Gazdzinski and Julian, 1992; Long, 1973; Porter, 1998 ) - AIEfHZ &%=

22



RACHACF AR B ELEA % N T HY S LA E T EF TSR - S5 R HH B A8 FH 77 A netB 5k

idT

Y R R SRR IR B A S AR SR IERS 3% - RATIA S E R ER B AR
BRextz - GFRIEUREIRAVEE T - A EF %R o S EAVEERIN T - BV
KR A R B B MR B M I > IS IR netB BRI SR A A S At
TR DU 7 3 N T 3 B BB E VRS SR S R [ R P A R FEA R 224551 -
IEH A M A netB ARV A RICHASF AL A~ #85( Martin and Smyth, 2009 ) -
A A netB BNV BB EF R R FR R 33 N A3 N AITA] 5 33850 MRS 3% (L
etal., 2017) -

AR netB BRI 7 RACHH P AL I 70 3% S8 N Iy 2 B T S m] 2 A2 R0
FoP JE 4t R T B R R B R RS VAR BURNEE » SR SRS S MR T netB AR
A i BRSO ER T BT 6 P BRI BB PCR TR0 - EA T Reatam
AT > EHEE— 5T BT SR4E SR TSI > netB BEREZEE 10° - PCR 5[t > ALK
i D& netB ARNEIEPREE PCR Al & 44 F netB AL - &L
SRR Ty SRR SRR B DL gPCR Rl » B FIHTA netB BRA] - (R - BR3¢ A
T S A HE IR MRS SRS R By - 2D S BT A netB BNV R
HEHAZF HEIAR TR L s s IR - S R B BT MR RS SR A S8 FEE 25 Ry i -
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|11

LA#ERE 165 rRNA BN ERH Sl EE R IR A AR R R 2 N
TE—RifF 2 BEFHERE SRR X B R Z Bl
IR SRS AEBR T AR S AR B A7 AL R S SR T AR B (R
S AR IAIFEEH > BN YRR N RR AT B2 A g o e
#EDAE(Pan and Yu, 2014 ) /= {ie i A SR AR S AR A 9 A B 24 ( Rehman et all.,
2007) - (HHEEZ S R E RAHE PRI T 452 (Feng etal., 2010; Li etal,
2017b; Stanley et al., 2012b; Stanley et al., 2014) - [4} » B4R B HHBTSCEET -
HERILIERS SR 2 ERG A A Escherichia-Shigella e FREEIEIERVHZR (Lietal,
2017b; Liuetal., 2010) - ks B4R ] AE S BULEE EITSLIERS SRV SR I BLELS - T2
e 5EEEE (Moore, 2016; Prescott et al., 2016a) - RfRa A &R EREY)
SRS PR G 34 B IIBTIERG 3K - ARIHI TS HE R S At B
B 2 ZERG AL A TRE P BRI - BPASRG E B AH BL Rfe BT RS 3R S fee 2 B
R AT REEURIRR R # -

(—) &
AR SE M b Feas R - LI A netB FR[AIAY & SR A S Htk B OF (R R (7 5%
N7 (FEEE R R ERER ) BTk % % 2 & 2 BIHY T =UF RIBSE R R 5 1%
i - Asllr (582 3) fEA] 50 & 1 HiR#® > 775 54 » BHIRE s &N

Lo YRR AL RS I (CPLTS) » B4 : AR R

-+

ATk g R 4H (CP1+Eimeria-T3) - C4H © R IE ZF RAS B BBk s BRI Rl

1% BAERE (lauric acid ) [fjya4H ( CP1+Eimeria+Lauric acid-T3) - D 4H : EEJEFEK
24



ERE4H (Eimeria-T3) kz E4H ¢ ¥fIAH (CTL-T3) - slBRifR 19 H » &FKadkm

B B 10 H DAps R e i e T LI AR S BRERE - 1M AR SRR iU R e B

ﬁ

1A% 15 HIBF LU 2.5x10° CFU/MI (1Y 3 ml BEREFT 18RI » #4144 K - IARi4
1 WA BT T E e - SREEEEZE N BN BV E TR BRI AT - [F
IRFRC SR IR AL MERS SR ZE BB 0 B -
HA% - FAHEEEL 3 R ERNEY)ZHUE A DNA - BRAHTEERE DUSSEIERS 3R

B ORI BRI 238) BB > A2 3 CRVHAMARERRL T ER 15y
e > IR ABE AR I 8 O S HVEEERG N EWIRA » SERiEEHLTY DNA LIgt
#] 16S rRNA V3-VA4 & Y5 [T B IEZ B L P YY) - TR I A & A RS ESE
FIHYS [ EERAISCE (Library) - SER&l{E& 25 MiSeq® System 7z HHAHAG 16S
RNA FLAFPITE R - FryI &S A B AR EE(Q > 20 )1% - LLERAG UPARSE algorithm
(Edgar, 2010) -~ RDP Classifier v2.11 (Wang et al., 2007 ) ~ Qiime v1.9.1 ( Caporaso
etal., 2010) & R package v.3.3.1 ( http://www.R-project.org/ ) #E{ T4 EHE/E ST EEETT
Operational taxonomic unit (OUT ) B8 K2 5747 » 55{8 F MetagenomeSeq ~ STAMP
(Parksetal., 2014) k LEfSe (Segataetal., 2011) % T B A EARME

HYETE -

(=) &%
WESE BT Feas R - (B RSP AR B OF [F)45 T = 28 1 R R Bk 8
JERE T AU DIt a7 5 B 2 SRAE VRS SR ZE 61 - 3400 Table 1.5



FHEIG N B PI4EHG 16S IRNA F3Il o ffréd iR - Z2R5 N IEHE BIAH PA Lactobacillus
B (fHEEEL(E 41.2% ) K Clostridium sensu stricto 1 & (39.1% ) A+ » HIR by
A FEEE (8.7% ) ~ Weissella (3.6% ) ~ Enterococcus & (1.9% ) -~ Escherichia
Shigella & (1.8% ) k¢ Staphylococcus J& (1.6%) - Hf5% (cecum) NIEEEHLL
Bacteroides /& (fHEE E & 75.5% ) & T H2 At A fEE & ( 17.2% ), Escherichia
Shigella /& (3.1% ) - Eisenbergiella J& (1.7% ) J Anaerotruncus & (1.5% ) (Figure
1.4) o
AT e RAC I SEIEAR B B inze BG4 Clostridium sensu stricto 1 (54.75% ) -
Escherichia Shigella (9.57%) & Weissella (4.99% ) J&rIA0%I e » (0 2 BE 1
/> Lactobacillus (25.44% ) J&Hy%E (Figure 1.5) - EEJaiBkas ez s b hnze is
A Weissella( 16.01% ) Eid Staphylococcus( 6.51% ) & HYAH ¥ & & » {H 5/ Lactobacillus
(30.66% ) Eil Clostridium sensu stricto 1 (27.69% ) EBHATEEE - S SEN S
TR R ER s BN RN AL FITars s YR LIRS 3% ] 2= R5 A Clostridium sensu stricto 1
(71.89% ) BT E EEEEHIE (p <0.05) - Escherichia Shigella (4.68% ) #&
_EF-{H8/) Lactobacillus (16.99% ) ~ Weissella( 0.44% )  Staphylococcus( 0.40% )
JBHIAHESEE o PLECAFIAH A1 2 #E 6 B B A AR A HH A B AR 2 MRS i sk

7> o
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Table 1.5 &t 3 BISLIERS R R BIBU IR 7 8

B A NE
4HA1 B NEE SR8 ZE
0 1 2 3 4 o
A CP1-T3 0 9 1 0 0 10 1.11+0.31% 1
B  CP1+Eimeria-T3 0 8 0 1 1 10 1.50 + 1.02%2 2
C CPl+Eimeria+LA-T3 0 7 1 1 1 10 1.60 + 1.02%2 3
D Eimeria-T3 - - - - - 10 - -
E CTLLT3 5 4 0 0 0 9 0.44 + 0.50 0

‘LA - 1R CNE CBEIEIERSSE © CTL -« 054 -

P R EHE S R ISR B 52 [ 2R (Tukey's test 7 p<0.05) + ZHE (%) (0%
ARFEEEEME (p<0.01) -

LRI B — R E R A T B E KA A A #/E -
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100

(A) 1 = B)

751 Genus
Anaerotruncus

. Phyl . - Bacteroides

o um o
fa Y & Butyricicoccus

@® Actinobacteria @

e 2 - Clostridium_sensu_stricto_1
] [ Bectoroidetes &
2 o b = - Eisenbergiella

= N . | B B . . B . . . anobacteria
= 50 4 3 - Enterocaccus
< . Firmicutes <<

o © [l Eschericnia_shigelia
= . Others =
% ) % - Lactobacillus
£ . Proteobacteria 2

- Others
- Staphylococcus

B veisseia

254

Al Bl C DI El AC BC CC DC EC Al Bl CJ DJ El AC BC CC DC EC
Group Group

ioo Ls2 LS4 LS3 LS4 Ls2 LS3 Ls2 Ls4 LS3 LS4 Ls2 LS3
Genus

- Others

754 . s .- . . . . . . - . . . - . 8 . ¥ B . . - ] e . Enterococcus
Eisenbergiella

. Butyricicoceus

. Staphylococcus

. Anaerotruncus

W veisseia

. Escherichia_Shigella

254+ . g . 8 . . o . . . . 3 . . . o g . g . o - o . . . . e . Lactobacillus

. Clostridium_sensu_stricto_1

[ :cteroices

501

Relative Abundance(%)

Y I PPN NI NNV NN DNDND
I I S e I R R R e R R e

Figure 1.4 5l5& 3 A[RIIE EAAELHEE 2 2285 K B RG T8 E VT HHAE Ak

(A) B (B) [l (5 I 2R EHIEAA 225 o S PR AIERIAE G - 3 BT T 45
LR OMETEE - (A) - (B) EINHAHERESSBILIEPT (Phylum) REE
(Genus) 77 - (C) (Bl HIEEL I % 58 22 B3 S ST AP AHIERTAH Pl » T DUV
LFRA 10 A 8 T AT -
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f__Lactobacillaceae;g__Lactobacillus

(A)

(B)

f__Clostridiaceae_1;9__ Clostridium_sensu_stricto_1

20
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(C) f_Leuconcstocaceae;g_ Weissella (D) f_ Staphylococcaceae;g_ Staphylococcus
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Figure 1.5

i 3 S AH HEEE 7RG e B He N B R 7 0 1T LA metagenomesSeq #:77)

( A) Lactobacillus & , (B) Clostridium sensu stricto 1 & ; (C ) WeissellaJ& ; (D)
Staphylococcus & ; (E) Escherichia shigella & - (F) Eisenbergiella & - * /= p

<0.05 ;/** F£IR p<0.01l-
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— AT ERAE MRS SR YRR TR 8 > S FRLL Clostridium sensu stricto 1 AR
(KT E&HERIPEFIEE ) RIESEE » pt o Bulls - A SRS - f0
TPkt 8 4 73 #EERSAIHY Clostridium sensu stricto 1 EAHE S S7% 75% 5 2 78 3
TTHEEHET B K 50-75% (Figure 1.4) - ZUEENE 734 (Heat map analysis ) B
B 7 - B BE 11 > SRS MRS Sk 29122 R5 N Clostridium sensu stricto 1 Ja§ K 72 R 3
ZERIAS N — 2 i Figure 1.6 ) DL 3 k% 4793 Fir( Principal component analysis ;
PCA 455 » Clostridium sensu stricto 1 J& Ry sE 145 % ZE BilE+ + B = RR = & ( Figure
1.7) » 550 STAMP 347 » i SR AR S B B R R AT RV FITass S USRS E MERG 3%
Z2H5 A Clostridium sensu stricto 1 [& Bl E @ A< R SR IR P R ER B 0 (Welch's

t-test 'p<0.05) ~LEfSe 4347 £ EL STAMP AH[EAV4E 5 » Z2i5 A Clostridium sensu

stricto 1 Jg5 il /e SR I S M R A TR 2 b - (Figure 1.8)
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OTU_0001 -
QTU_0002 =

OTU_0003
OTU_ 0048
OTU_0005
OTU_0004
OTU_0006
OTU_0007
OTU_0014
0TU_0008

QTU_0024 -

0TU_0021
OTU_0011
0TU_0016
OTU_0030
0TU_0019
0OTU_0009
0TU_ 0012
QTU_0017

0TU_0018 -

OTU_0023

0TU_0020 -

0OTU_0037
OTU_0015
OTU_0010
OTU_0022

2
c2u 0

CJ-1 us4)
CJ-3 13

B B3 sy
] -I -

Al-21(s2)

!
[ Bl-1usy

Al-3

B s

529 OTU_0001
l QOTU_0002
OTU_0003
QOTU_0049

. OTU_0005
529 o1u_ooos [ [ ] ]
[ ]

OTU_0006
OTU_0007 |
oro o« [N W o S
QOTU_0008

oTU_0024 [ | |
OTU_0021 BE Bl
onucors [ M0 S
OTU_0016 | | B
oreeeso I 1 IR I
OTU_0019

QTU_0009

OTU_0012 |

0

OTU_0017 BER 0 B
[ ]

oTU_0018 ||

oru_cozs [ 0 [ ] ] ]

oru_cczo [INE M HEN NEN BRN n
oru_cos [N I NN BET R

OTU_0015

orucon [ [ N THN B

QTU_0022
Species

Bacteroides Bacteroides_fragilis -
Clostridium_sensu_stricto_1 Clostridium_perfringens -

Staphylococcus Staphylococcus_saprophyticus _subsp_saprophyticus -

Peptociostridium Peptoclostridium_difficile -

NA Clostridium_sp_AUH_JLC235

- Enterococcus - Enterococcaceae
- [Ruminococcus]_torques_group - Lachnospiraceae
_ Butyricicoccus ] Ruminococcaceae
Ruminiciostridium_9
Bifidobacterium - Bifidobacteriaceae -
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SEELEERIEMERG SRS TR (B 2H) R iReH (E4H) &N EHELHE -
IR MRS 3 4H B2 Z2 A5 A Clostridium sensu stricto 1 & B 22 3 1 1
(39.1%—>71.89% ) - Escherichia Shigella &5 (1.8%—>4.68% ) &8 EFf » {H
Lactobacillus EEF A=V (41.2%->16.99% ) > Weissella (3.6%->0.44% ) &
Staphylococcus (1.6%->0.40% ) [EEHE SRR D o A EEIEMERS R 22 RGN EAH —
B 2 30 Clostridium sensu stricto 1 J& 5 #8223 i1 ££F8 Lactobacillus B E K&
D o B orbtgTE L ERAE MRS 3k -l Escherichia-Shigella &4 A3 FE =] A2 Eda%
RV EEARR - AL A Rl BRI ERS R A C 4H > 524 3 #EEIY RISt
VRS SR 21 > (HELZER5A Escherichia Shigella &I FHIAHRIEE > (S RAMEIE
R4l (<1.8%) - FL&ESREUR > BISLIMERS R A5 HEE Escherichia-Shigella E4li Y
WETEAT R EA: - a4 A i 2 B R S BT MRS S s S8 Feg Y R RE PR (R
{85 MetagenomeSeq ~ PCA ~ STAMP & LEfSe Z & IA = T ZE iGN 3=

—_—

B BT B B RVEE IR - — Bt #E 22 R A Clostridium sensu stricto 1 /&4
R 1 208 FEE e T A SR M B 3R 3 AR B LR RHRAME (p < 0.05) - [T SRACHEZF Ffi
& BN Clostridium sensu stricto 1 EEAHE#EAY— & {£7Y STAMP Bl LEfSe 734
th R BRI R 3R AR R T AH A M - (R BR T 2 REHE S B R LAAH - Clostridium
sensu stricto 1 &Y HAMAE /RS EL T PR SR AR - HEr S ER B AE R ST i —
&% Clostridium sensu stricto 1 J& HAM AT I B 7L HEEIBIEIMERS SR 20w i ErY

A
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Clostridium sensu stricto 1 B4HEEE L IEFE ZEEE /D » (RSN EAFRY Clostridium
sensu stricto 1 JEAH R B2 SR AR SRR B ) R I8 I BRaa R T R B S TE - A4
PE 5 {H EYMET—E & Clostridium sensu stricto 1 B4 ( Ae45 T SR EE

M) SR SRR - ATAT ARSI - fa eI B

Tl

JRPE Clostridium sensu stricto 1 4l #E AZEERNE—EER  NZEBNELZE
IR RIS - QAT ST S TIE MRS 3% - DRI » SRS s g sl Rt U s

filg S A A BOR VYA BRI BRI RE & CREN A = RN E ) AR R

F K

li’

5391 > g fEg nT LU/ N A Clostridium sensu stricto 1 [l B Bz SR A A SF Rtk
EWIEATTE - AR BERIENERS RV BRI A RCRIE 2 — -

F el & SRR R - A TRSRIVNETRE /) (Bertevello et al., 2012; Dierick et
al., 2004; Zentek et al., 2012) » EGAWIFEE M FEEBEDTEBSEMERG K » R ERH 4R
(Timbermont et al., 2010) - (NIt - AGHIE & i FH A AR UR B S A RLR Y -
S EB AR R ERS N B A L - 45 BRI H Rl AR D SRS 3%
A3 AR RO I B AT - SRS IO ZE B Y E RACRE SRR TR AV 8 E - 5 A
HERRIRATRTERET TG T T - MEARP R S X -
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EFELZEEHRELEEY)EH S (Food and Drug Administration ; FDA) &
EZEES (United States Department of Agriculture ; USDA ) 43 735 28l FS & TLEEY) Kz
(BT A E B2 (Federal Food Drug and Cosmetic Act ) ~ B FS Al i 282 ( Federal Meat
Inspection Act) ~ & 2 55 & & s 25,7 ( Poultry and Poultry Product Inspection Act)
K EanfgAik (Egg Products Inspection Act) Se/AR EAEHHER IR & KA TIEUFEIE - BAA
HHER RS EEHEERESMENT R AeRENa () @ ZREH Ti2RE
(Adulteration) | R "HEERAE (Misbranding) | HI1T 5y - ZRHEECRATEANE 1 -
JFAIE > FDAEEE S AR 2% L0 FHYFTA Bin » USDAEBEAGL ~ S0 dn M in
Oy TEpanE 1) - MERERHSA _EiaiSass (Pre-market approvals ) ki i50m i
(Post-market surveillance ) HYFfii 2 FCE - FDA & FRACRE T - WEER
B EERHVEDH] - USDA RIIE AR R s im i  Thase - il minE 4 T sE
(40iEl 2) & B - {RATE R > IR AT e E 46 T IR RIS ~ 4
SIETENETE - MEFILEF - SR (Suspension) KzEfmsH[H (Recall)
FEHEN o MRS AN G R R ERE N TS B2 R AL > FDA
FUFEENT FDA ®anAiL (FDA Food Code 5 #1[E 3) » fRftEimZ & uial
SHRRRG 2 — BT R M R EE 275 B B S8 M I RIERI R E foid sk -
HABRCIEERY T EOEHEE - NBRIRFAVERE - BT RiRE - RELH
RIS - MBS ROVER - SR max il ER - J5/KR S SR L B

i ~ LR A BRI -
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EXHIBIT 3-1

INVESTIGATIONS OPERATIONS MANUAL

This table summarizes information concerning jurisdiction overlap for commerdial products regulated by either or both FDA and
USDA. It does not cover products made for on-site consumption such as pizza parlors, delicatessens, fast food sites, etc.

FDA JURISDICTION USDA JURISDICTION
21 USC 392(b) Meats and meat food |The Federal Meat Inspection |The Poultry Products The Egg Products Inspection Act
products shall be exempt from the  |Act regulates the inspection of |Inspection Act (PPIA) defines egg to mean the shell egg of
provisions of this Act to the extent of |the following amenable defines the term poultry as  |[domesticated chicken, turkey, duck,
the application or the extension species: cattle, sheep, swine, |any domesticated bird. goose or guinea. Voluntary grading
thereto of the Meat Inspection Act.  |goats, horses, mules or other |USDA has interpreted this to |of shell eggs is done under USDA
FDA responsible for all non-specified |equines, including their include domestic chickens, [supervision. (FDA enforces

red meats (bison, rabbits, game
animals, zoo animals and all
members of the deer family including
elk (wapiti) and moose)). FDA
responsible for all non-specified birds
including wild turkeys, wild ducks,
and wild geese.

carcasses and parts. It also
covers any additional species
of livestock that the Secretary
of Agriculture considers
appropriate.

Mandatory Inspection of
Ratites and Squab (including
emu) announced by
USDAJFSIS April 2001

turkeys, ducks, geese and
guineas. The Poultry
Products Inspection Act
states poultry and poultry
products shall be exempt
from the provisions of the
FD&C Act to the extent they
are covered by the PPIA.
Mandatory Inspection of
Ratites and Squab
announced by USDAIFSIS
April 2001

labels/labeling of shell eggs.)

Products with 3% or less raw meat;
less than 2% cooked meat or other
portions of the carcass; or less than
30% fat, tallow or meat extract, alone
or in combination.

Products containing less than 2%
cooked poultry meat; less than 10%
cooked poultry skins, giblets, fat and
poultry meat (limited to less than 2%)
in any combination.*

Closed-face sandwiches.

Products containing greater
than 3% raw meat; 2% or
more cooked meat or other
portions of the carcass; or
30% or more fat, tallow or
meat extract, alone or in
combination.*

Open-face sandwiches.

Products containing 2% or
more cooked poultry; more
than 10% cooked poultry
skins, giblets, fat and poultry
meat in any combination.*

Egg products processing plants (egg
breaking and pasteurizing
operations) are under USDA
jurisdiction.

FDA is responsible for shell eggs
and egg containing products that do
not meet USDA's definition of "egg
product.” FDA also has jurisdiction in
establishments not covered by
USDA,; e.g. restaurants, bakeries,
cake mix plants, etc.

Egg processing plants (egg washing,
sorting, packing) are under FDA
jurisdiction.

Products that meet USDA's definition
of “egg product” are under USDA
jurisdiction. The definition includes
dried, frozen, or liquid eggs, with or
without added ingredients, but
mentions many exceptions. The
following products, among others,
are exempted as not being egg
products: freeze-dried products,
imitation egg products. egg
substitutes, dietary foods, dried no-
bake custard mixes, egg nog mixes,
acidic dressings, noodles, milk and
egq dip, cake mixes, French toast,
sandwiches containing eggs or egg
products, and balut and other similar
ethnic delicacies. Products that do
not fall under the definition, such as
egg substitutes and cooked
products, are under FDA jurisdiction.

Cheese pizza, onion and mushroom
pizza, meat flavored spaghetti sauce
(less than 3% red meat), meat
flavored spaghetti sauce with
mushrooms, (2% meat), pork and
beans, sliced egg sandwich (closed-
face), frozen fish dinner, rabbit stew,
shrimp-flavored instant noodles,
venison jerky, buffalo burgers,
alligator nuggets, noodle soup
chicken flavor

Pepperoni pizza, meat-lovers
stuffed crust pizza, meat
sauces (3% red meat or
more), spaghetti sauce with
meat balls, open-faced roast
beef sandwich, hot dogs, corn
dogs, beef/vegetable pot pie

Chicken sandwich (open
face), chicken noodle soup

Jurisdiction for products produced under the School Lunch Program, for military use, etc.

s determined via the same algorithm

although the purchases are made under strict specifications so that the burden of compliance falls on the contractor. Compliance
Policy Guide 565.100, 567.200 and 567.300 provide additional examples of jurisdiction. IOM 3.2.1 and 2.7.1 provide more
information on our interactions with USDA and Detention Authority.

& 1+ FDA & USDA & EEFE —ER
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B 2 ~ USDA & inZ2 & ZE Food Safety and Inspection Service (FSIS)
BEREAHKE

Food Code

U.S. Public Health Service
FoA

2013

US. DEPARTMENT OF HEALTH AND HUMAN SERVICES
o Health Service * Food and Drug Administration

College Park, MD 20740

& 3 - FDA R

HERBUERE IR AN e T eRERCEIATIERRE - |
TP T 2 e EE - MO R A nT Re b e T22RE - AR IR i BE R M
EARRE IR TEGE G - REaYhHER ARl - SABEEERERE > EeLESf
HETTEEH > —HRZHEEL - BUTE AR K S s LB R - 5%
R & H A B E L R CE A BT A RIRBUFGESRHIEED
R EMRGE R EMEN R R - B7RAERE - AHEET - #EE Y]
FEHHIF RIS SRR NARZIER - SRS -
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HWE M BT HEEHERSRER ERN EmE N BRI - SRPTEE - )5
FACHATREAR H/KR ~ 2258~ 188~ Al (WE%) ~ Bandidm (AemiiLT
W) BB At (AR ) » I AR SR B G B 54 - RV B A
FELE ISR E A ZE B E TR E - Wt S R BIAATHEER K AT 54

s E (A& E T AIEAEE S © https://www.cdc.gov/foodsafety/outbreaks/index.html ;

https://www.fsis.usda.gov/wps/portal/fsis/topics/recalls-and-public-health-alerts/current-r

ecalls-and-alerts ) -~ FfHBAFHEIILAERGRIEEFAPE TR » WAKERSIEE MR

e A SR R RREET - 2R AR AR R AV B B > AT DA By
SETEPARA R A TR SE T 275

E A A B MR TS - SREIST I AT DUETRAER Sy o HH SR R A
SIS TR EE M A A > REEE TR LEYZ 2 ROEREE > WG EH
BOl% - HEUNS TR0E8 » LS SRR S UG © HR BN GRS BN &
i EEHERR e R R AT B R B B R B - Gl I [E4E T REE) -
PR RAAL > FELIESENOSS IR - D& PR TE 5 Ryl - 2
FEETABIR RS =513 (National Poultry Improvement Plan 5 NPIP) - FH5R & 5%
H TSP IRAR R RO SRR TAE - SR BRI KO 53 e 30 EE (5
WE 4) - REGNES BB > SEERICRR > FRRD &l L

AIREREZ TSR B E BRI A HESh R -
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[H 4 - ZEEREXGEETEOFIRREENEEFRE

SKELER T SERELHIE S, —EAE ) BPkER (Fall) K&Z (Spring)
2 {EELHA - DKREREAT9A 8 HFAteE 12 A > BREHAIL 1 HEI5 B ERHE
SRR (Summer Session) {HE24: B HEERERR - EEIM LSRR 7 EE RN
ERF IR AR R EU R B AT - Rt - HEDR R4 B P2 R B
ELORE0E - A E A R R R R S R RS T » DURFECEIA SRR AT RS -
SEEIESE A VAIER 60 (BT - AE S EHIE - EEPSI ISR - sad A
AIBHTE » MRS EEEE T e - PN R RERHA T A ERE » &
KR 60 (HE2 BT H3E - Hrp 20 (B B MEHIER ) - BIEHIEFRTR
BEEIRIR © 2 PISRETERE K 3 PSS & (Seminar) - ST &rHY HAUTET B
B EAIAI T 2BUEIL T - ABIHTERE S o MBS & - BIATEEE
@ 5eatE (Ph.D. Research Proposal ) - i SEMHBHHIRBIY BHEFEETIZZ R
/N HETTIREHTERS S (Qualification exam) - E{EF Al Bdrattatls - BaE
s LI B 7y - SR A BRI AR - DB s BRI TR I
ZRAGAR  MEHCEFTRR M A et B A S E: M - A E R EREE - 5T E
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B R R A - M AT ERRISE Y TR - DUBIL R RTERY )T H R
{7 - A% - BIERS M-8 A (Ph.D. candidate ) &18 - B.OERIFHTZE L -

SERCHSE TAF R B RS 1% - IR APz B/ NEFR H R B AR -
2 A LB R SN B T A B S B kR - AR A& RTAZ/ N
ZEOGE - FEHRIAE » LG8 RIS AT AT RRE 7 Fofd BEE % - Al
ST LB - R ASBLEERERESR NS HEAENRA - HF 3 E+E
FRAFFE 2 Y ] A R TR SO NS - T RetE SR H RN S - (R NGH
AR (EAERBEIIREE  MaAREAWOA » R BEGR
SHEEEEE A SIS B - BRI S 0 L A i Re B

it

EERIMEEATERGE - RREERIENE S - A —EREA -

AIAFE U SR T — e B E Y B R T i 2 R AR R IE T T
HEJR I 7 SR R SR AR B BN R AR B M - R A BB han AR
JE\BR o AR DI T R R IBIE MR 3R P S R - MBI BT - RS
B2 RS T o M R S AV E R T - FEEH R SR - R T
el — & Clostridium sensu stricto 1 B4R faf % N TR N Z= R N 1B fE 1
EIESEVERS K B A RS o ISR R a RIS R R IEH 2 2% WERARE
I H R 5% e P U A U -
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BRI s ~ PR B - BUENT - BT R AEE
HEFE A IR T, B E RS A S > KB EEEE FDA ~ USDA
K. CDC FHRIMH A& 1F - ST _Eriailass & isln i ie e ic e - AR
W HE AR - BEREAZERYIhEES - BNt R R EE £
R HA BTG - B A H ERETEEE - BRI T e A e
BRI > HEGTEREY) > FEEEENGEERIEEE - B BREE s
REVTAAYERAE o AN - REIRY) T ERGIGRER - ZHEEY) (M) KA EREK
WrE e S A R JERF IR S SO B G E R LU T R BV EE TAE -

SRR ST R A A RS EERIEREE - Rl SEEAESE (A
BonZE TR BURIIES ) AVl S IR R S 3II4R - R 2B SR 343 -
B (LHERR) W E BRI RS 2 T HEHR - S HERARE » W
HEF H e ERF RIS A TS K FeieE > CSMARERES - BRI
Wm > ek ] ERREI I BN EBE S AT I SR ANRETR - sHEEEGEE
AR GETERNS ) FECEHIEE - — s REEERERE - 55—
BEINAA R EIRG R - B HRASE A LR PR B - S94h - SSEE G R e
REEARAFER - P HIIHIEE A MERNEEEE Y 24 £
B ZEIARSE R K sG> BUSTE LML » RACEHFBER AN HIE
Ko AR R B S B IR AT AT
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Necrotic enteritis (NE) in chickens, a Clostridium perfringens infection, has re-emerged due to the removal
of antibiotic growth promoters in feeds in recent years, thus contributing to significant economic losses
for the industry. Toxins produced by C perfringens in conjunction with predisposing factors are
responsible for the onset and development of NE. Recently, several lines of evidence indicated the po-
tential role of plasmid-encoded toxins in the virulence of NE, particularly necrotic enteritis B-like (NelB)
toxin. However, the association of NetB, beta2 toxin (CPB2), and C perfringens large cytotoxin (TpelL) in
clinical NE isolates are not well-established. Therefore, we characterized the toxinotype and the presence
of netB, cpb2, and tpel genes in 15 NE-producing and 15 non-NE-producing C perfringens isolates using
conventional PCR and quantified netB among those isolates by quantitative PCR {(qPCR). All isolates were
characterized as toxinotype A and were negative for cpe, which is associated with human food poisoning.
The netB was detected in 6,7% and 70% of NE-producing isolates by PCR and qPCR, respectively. [n 15 non-
NE-producing isolates, netB was not detected by conventional PCR, but was detected in 60% of isolates by
qPCR. The presence of and the copy number of netB were not significantly different between NE- and
non-NE-producing isolates (p > 0.05). No difference was observed between NE- and non-NE-producing
isolates in the presence of cph2 or tpel (p > 0.05). These results suggest that the presence of netB, cph2,
and tpel, as well as the copy number of netB in C. perfringens is not correlated with clinical NE. In
addition, we suggest that gPCR, but not conventional PCR, be used Lo detect netB.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

strategy used to control C. perfringens-associated NE in poultry [4].
However, the phase-out of AGPs due to concerns regarding the

Necrotic enteritis (NE) is an important enteric disease in broiler
chickens [1] characterized by necrosis and inflammation of the
small intestine. NE is caused by Clostridium perfringens, an anaer-
obic, endospore-forming, and a Gram-positive bacterium, which
results in significant levels of mortality in the clinical phase and loss
of productivity and poor feed conversion in the subclinical form. Up
to 37.3% of commercial broiler flocks could be affected by NE,
contributing to an annual loss of 6.25 cents per bird and 6 billion
dollars to the global poultry industry [2,3]. In the past, in-feed
antimicrobial growth promoters (AGPs) were the most effective

Abbreviations: NE, necrotic enteritis; AGPs, antimicrobial growth promaoters;
qPCR, quantitative real-time PCR.
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spread of antibiotic resistance has resulted in a spike in NE inci-
dence, and hence considered as a re-emerging disease by the
poultry industry [5—8].

C. perfringens is classified into A, B, C, D, and E toxinotypes based
on the production of four major toxins, alpha (=), beta (j3), epsilon
(e), and iota (1) toxins [9]. NetB, a pore-forming toxin from NE
strains of C. perfringens, has limited protein sequence identity to the
beta-toxin of C. perfringens, which causes mucosal necrosis of the
small intestine in humans and animals. It plays a major role in the
virulence of NE based on an in vive study demonstrating that the
wild-type and complemented netB C. perfringens strain produced
pathognomonic lesions in the small intestine, but a null mutant
could not. In contrast, a cpa mutant strain that did not produce CPA
toxin, still produced NE in an experimental challenge study [11].
Although the expression of netB fulfilled the molecular Koch's
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postulate, several lines of evidence dispute the importance of netB
on the pathogenesis. A proportion of C. perfringens strains isolated
from healthy chickens possess netB with some degree of in vitro
NetB toxin production, but these chickens do not develop NE after
challenges with nefB-positive isolates [12—14]. Low carriage rates of
netB in C perfringens isolates from NE-affected chicken farms have
been noted [15], and isolates without net8 also produce NE
[12,13,15—17]. In addition, use of netB positive C. perfringens alone,
without predisposing factors, failed to consistently reproduce NE in
the challenge model [18]. These findings indicate that the patho-
genesis of NE is highly complex and other factors should be
involved and crucial in the disease development. Meanwhile, a
number of studies demonstrated that predisposing factors were
required for NE development [19—21], and with a combination of
predisposing  factors, degradative enzymes, and toxins,
C. perfringens could conceivably trigger NE, resulting in intestinal
tissue destruction, bacterial colonization, and enterotoxicity
[10,15,22]. Besides, isolations of neiB-positive C. perfringens from
healthy birds further provide the evidence that a simple
C. perfringens infection without other components is not sufficient
to induce NE. Therefore, it is worth examining the possibility that
netB may originally exist in all C. perfringens, not exclusively in NE-
preducing isclates. Last but not least, Nakano et al. [23] recently
found that netB and tpel were also present in C. perfringens isolated
from healthy humans by PCR assay, peinting out the possibility that
the presence of those genes may not correlate with the virulence of
NE. Based upon these findings, we hypothesized that C perfringens
isolates from NE and non-NE chickens may harbor net8 and other
virulence genes regardless of the origin of the isolates. Tradition-
ally, analysis of toxin genes in C perfringens depends on a con-
ventienal or multiplex PCR, but quantitative real-time PCR (qPCR) is
recognized as the superior technique with higher sensitivity and
quantitative ability. Therefore, the aim of this study was to inves-
tigate the relevant toxin genes (cpa, cpb, etx, iap, cpe, cpb2, tpel, and
netB) in NE-producing and nen-NE-producing C. perfringens by PCR
and to quantify the virulence gene, netB, by qPCR. This study pre-
vides a better understanding of the association of net8 with clinical
NE and also demonstrates a sensitive qPCR assay to detect the
presence of toxin gene.

2. Materials and methods

2.1. Isolation and identification of C. perfringens from NE-diseased
and non-NE chickens

The jejunum was targeted and collected to isolate C. perfringens
in this study. NE-diseased chicken was defined by observing clinical
symptoms and pathognomonic lesions in the small intestine. On
the contrary, non-NE chicken was grossly inspected and deter-
mined by the absence of NE lesions in the same site of the gut.
Fifteen jejunal tissue samples of NE-diseased chickens were ob-
tained from thirteen broiler farms. For non-NE counterpart, four
out of fifteen samples were collected from a processing plant and
five jejunums originated from chickens at each different houses
within two separated farms. The remaining samples were collected
from specific pathogen free (SPF) layers and broilers evenly in un-
treated control groups of two chicken trails. Afterwards,
C. perfringens were isolated by streaking scrapings of the jejunal
mucus membrane on blood agar plates (Fisher Scientific, Pitts-
burgh, Pennsylvania, USA] followed by an overnight anaerobic in-
cubation at 37 °C. The anaerobic condition was achieved by using
container system sachets {BD Biosciences, San Jose, California, USA)
or anaerobic jar {Sigma, St. Louis, Missouri, USA) with anaerobic gas
generators (Fisher Scientific). A single colony with double hemo-
Iytic zones was subsequently transferred to an egg yolk agar plate

(HiMedia, Mumbai, Maharashtra, India} for an additional overnight
anaerobic incubation at 37°C. Following incubation, a colony
harboring a positive lecithinase reaction was selected and cultured
on a highly selective tryptone sulfite neomycin (TSN} agar plate
(Sigma) and incubated anaerobically at 46°C for an additional
18—20h. A black colony presumptively identified as C. perfringens
was then transferred to 10 ml thioglycolate broth {Himedia} and
anaerobically incubated at 37 °C overnight for further identifica-
tion, total DNA extraction, and stock storage. Each strain or isolate
was confirmed as C. perfringens using RaplD ANA II biochemical
tests (Fisher Scientific} and PCR assays targeting the 7165 rRNA gene
(Table 1).

2.2, Bacterial DNA extraction

Total DNA was isolated from the overnight broth-brown culture
inoculated with single colony of C. perfringens from plate by using
an Ultraclean Microbial DNA Isolation Kit (Mobio, Germantown,
Maryland, USA) following the manufacturer's instructions with
some modifications. Briefly, the bacterial suspension was mixed
with a lysis buffer and 20 pl of 20 mg/ml proteinase K {Fisher Sci-
entific). The mixture was subsequently incubated at 65°C for
15 min to lyse the bacterial cell wall and to prevent DNase digestion
of DNA. In order to avoid DNA shearing, the tube containing the
reaction mixture was secured on a flat pad and horizontally vor-
texed for 10 min. DNA was sequentially eluted with 30 ul 10 mM
Tris-HCl (pH 8.0), separated on a 0.8% agarose gel {BD Biosciences)
for the quality assurance, and stored at —20°C until use.

2.3. PCR amplification of C. perfringens toxin genes

Major toxin genes, including cpa, cpb, etx, and iap, as well as
miner toxin genes, cpe, netB, cpb2, and tpel, were detected by PCR
with specific primers (Table 1). ATCC strains 13124, 3626, 12917,
51880, and 27324 were used as reference strains for toxinotyping
(A, B, C, D, and E, respectively) and as positive controls for cpb2 and
cpe. Strain JP17, kindly provided by Dr. John E. Prescott, was used as
the positive control for netB and tpel. PCR amplification was per-
formed in a 20-ul volume containing 50 ng template DNA, 10 x Tag
buffer (NH4);504, 1.5 mM MgCly, 0.2 mM dNTP mix, 1U Tag DNA
polymerase (Fisher Scientific, Pittsburgh, Pennsylvania, USA}, and
0.2uM of each primer on a thermocycler (Applied Biosystems
GeneAmp PCR System 9700}. The protocol was as follews: 1 cycle of
95 °C for 2 min; 35 cycles of 95 °C for 1 min, annealing temperature
for 1 min, and 72 °C for 1 min; and a final extension at 72 °C for
10 min. For netB, the assay conditions were modified to: 1 cycle of
95 °C for 3 min; 35 cycles of 95 °C for 305, annealing temperature
for 30 s, and 72 °C for 30 s; a final extension cycle of 72 °C for 5 min.
The amplified products were analyzed on a 1.5% agarose gel and
stained with SYBR Safe DNA Gel Stain (Fisher Scientific). PCR
amplified products on the gels were extracted, purified, and
sequenced to ensure 100% match of reference sequences.

2.4. Quantitative real-time PCR {qPCR)

To estimate relative abundance of netB in NE- and non-NE-
producing C. perfringens isolates, 20ul reaction mixture was
analyzed using a QuantStudio 5 Real-Time PCR System (Fisher
Scientific). The mixture contained 10ul PowerUp SYBR Green
Master Mix (Fisher Scientific), 0.5 uM netB primer (Table 1), and
100 ng template DNA. Three technical replicates along with corre-
sponding positive and negative controls were included for each
plate. The qPCR amplification cycles were as follows: 1 cycle of
95 °C for 2 min; followed by 45 cycles of denaturation at 95 °C for
55, annealing and extension at 60 °C for 30 s, and dissociation steps
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Table 1
Ciostridium perjringens PCR and qPCR targeted genes, primers, and amplicon lengths.

Gene GenBank accession number Primers Sequence (5'—3') Tem (°C) Product (bp) Reference

cpa 143545 CPASL AGTCTACGCTTGGGATGGAA 55 900 [38]
C(PASR TTTCCTGGGTTGTCCATTTC

cpb X83275 CPBL TCCTTTCTTGAGGGAGGATAAA 56 611 [38]
C(PER TGAACCTCCTATTTTGTATCCCA

cph2 L77963 CPB2L AGATTTTAAATATGATCCTAACC 53 567 [39]
(PB2R CAATACCCTTCACCAAATACTC

e M95206 CPETXL TGGGAACTTCGATACAAGCA 56 396 [38]
CPETXR TTAACTCATCTCCCATAACTGCAC

iap X73562 CPIL AAACGCATTAAAGCTCACACC 57 293 [38]
CPIR CTGCATAACCTGGAATGGCT

e X81849 CPEL GGGGAACCCTCAGTAGTTTCA 57 506 [38]
CPER ACCAGCTGGATTTGAGTTTAATG

tpel EU848493 TPELF ATATAGAGGCAAGCAGTGGAG 55 466 [37]
TPELR GGAATACCACTTGATATACCTG

netd GU433338 NETBL TCATACCGCTTCACATAAAGGTTGG 61 196 This study
NETBR ATAAGTTTCAGGCCATTTCATTITTCCG

165 rRNA Y12669 165L CATCATTCAACCAAAGGAGCAATCC 60 262 This study
165K CATTATCTTCCCCAAAGACAGAGC

at 95°C for 1 s; 60 °C for 20 s; and 95 °C for 1 s. To differentiate the
specific netB amplicon from non-specific products, the DNA melting
curve was performed to confirm the specific amplicon. Likewise,
amplified products were separated on 1.5% agarose gels to confirm
that the size was the same as the positive control.

2.5. Efficiency of the qPCR assay

The PCR preduct of net8 was cloned into pGEM®-T Easy Vector
Systems (Promega, Madison, Wisconsin, USA) to generate plasmid
DNA containing specific sequence of netB. The amplification effi-
ciency (AE) of the qPCR for netB was examined using a 10-fold serial
dilutien ef the plasmid DNA ranged frem 1ng to 100ag (ag).
Standard curve was established based on the threshald cycles (Ct)
plotted against the logyy values of the gene copies (Log-copy). The
linearity was observed with the equation: y = —3.4571x + 38.397
(R? =0.9999; AE = 95%), where y is the threshold cycles and x is the
amount of the targeted gene with log, value (Fig. 1).

40

33.446
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N
o
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2.6. Statistical analysis

The average threshold cycle (Ct) from the positive replicate
samples was used for calculating the copy number of netB, which
was expressed as logig copies/100 ng DNA. After log transformation
of the copy number, the difference in copies between NE- and non-
NE-preducing C. perfringens was analyzed with the Wilcoxon Rank-
Sum Test using SAS software version 9.4 (SAS Institute, Inc., Cary,
North Carolina, USA). Fisher's exact test was used to compare the
difference in frequency of netB, cpb2, and tpel between NE- and
nen-NE-preducing €. perfringens isolates. A level of 0.05 was
considered statistically significant.

3. Results
3.1. Isolate identification

Thirty C perfringens isolates were recovered from the jejunum of

9.24

¥ =-3.4571x + 38.
R?=0.9999

5 6 7 8 9

Log-copy of netB

Fig. 1. Standard curve of the net® by qPCR. It shows Ct-values of isolate samples plotted versus the log value of quantified netB copy numbers. The 10-fold serial dilutions (from 1 ng
to 100 ag) were prepared ranging from 2.92 » 10° to 29.2 copies of netB gene. The linearity was observed with the equation: y = —3.4571x + 38397 (R® =0.9939; AE =95%).
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clinical NE and non-NE chickens in 15 broiler farms, one processing
plant, and two experimental control groups {Table 2). All isolates
were identified as C, perfringens through biochemical tests and 165
rRNA gene sequence confirmation by PCR.

3.2, Toxinotyping and detection of toxin genes by PCR

All thirty C. perfringens isolates were characterized as toxinotype
A (Table 2). None of these isolates carried cpb, etx, iap, or cpe. Of the
thirty isolates, twenty (66.7%) harbored cpb2 (11 in the NE group
and 9 in the non-NE group)}, two possessed netB (6.7%), and two had
tpeL (6.7%). The prevalence of cpb2, netB and tpel in NE-producing
isolates was higher than that in the non-NE producing isolates.
However, no statistical significance was noted. The simultaneous
carriage of netB and ipel was observed in two isclates.

33. gPCR

The carriage rate of neiB in NE-producing C. perfringens was 73%
(11/15) compared with 60% (9/15] in the non-NE-producing isolates
(Table 2). The NE-producing C. perfringens carried a higher copy
number of netB than the non-NE-producing isolates; however,
there was no statistically significant difference (p > 0.05). Copies of
netB in NE-producing isolates varied among different farms. Six NE-
producing isclates carried lower netB copy number than non-NE
producing isolates.

Table 2

3.4. Comparison of the netB detection by conventional PCR and
gPCR

The detection rate of net8 in total C perfringens isolates was 6.7%
(2{30) by PCR compared to 66.7% (2030} by qPCR. In detail, the
netB gene was recognized in 13.3% (2/15) and 73.3% (11/15) of NE-
producing isclates by PCR and qPCR, respectively. However, net8
was not found in non-NE producing isolates by PCR, whereas 60% of
these isolates (915} were positive for netB by qPCR (Table 3).

4. Discussion

C. perfringens isolates recovered from NE-producing chickens in
this study were all toxinotype A, but were negative for cpe, which is
consistent with previous studies [5,11 . The pathogenesis of NE has
been the subject of considerable interest for over a decade in order
to develop effective prevention and mitigation strategies. The NetB
texin, encoded by netB, was shown to be an important virulence
factor through several experimental challenge studies and epide-
mielogical surveys [12,24,25]. However, a recent study found that
netB alone, in the absence of other NELoc-1 genes, was unable to
restore full virulence in the challenge model performed by Zhou
et al. [18]. This finding suggested that other genes present in the
same pathogenicity locus, NELoc-1, and their encoded products
were required for regulation of netB and for full virulence.
Furthermore, global gene expression of netB harbored by
C. perfringens was demonstrated to be highly modulated by envi-
ronmental conditions [26]. These results indicate that netB may
exist in each C. perfringens isolate, and the disease development

Distribution of toxin genes and copy number of net8 in NE- and non-NE-preducing Clostridium perfringens isolates.

Isolate QOrigin Source Health status Type pa cpb etx iap cpe cpb2 tpel netB

PCR qPCR Copies/100 ng DNA
P17 Reference NJA N/A A + - - - - + + + + =292 % 10*
IN Broiler F1 NE A + - - - - + + + + >2.82 % 10°
2N Broiler F2 NE A + - - - - - - - - -
3N Broiler F3 NE A + - - - - + - - + 7.26x%10°
4N Broiler F4 NE A + - - - — + - - + 41910
5N Broiler F5 NE A + - - - - - - - + <2.92x10
BN Broiler F& NE A + — — - - - - - + 1.35%10°
N Broiler F7 NE A + - - - - + + + + >292 x 107
8N Braoiler Fa NE A + - - - - + - - + <292+ 10
9N Broiler Fo NE A + - — — — + — - + 1.76 x 10°
10N Braoiler F10 NE A + - - - - + - - + <292 %10
1IN Broiler F11 NE A + - — — — + — - + <2.92 % 10
12N Broiler F12 NE A + - - - - + - - + <292 % 10
13N Broiler F13; H2 NE A . - - - - | - - - -
14N Braoiler F13; H2 NE A + = = = = = = = = =
15N Broiler F13; H2 NE A + - - - - + - - - -
ic Braoiler P1 non-NE A + - - - - + - = + 311x10
2C Broiler P1 non-NE A + - - - - + - - + 74910
3c Broiler P1 non-NE A + - - - - + - - - -
4c Broiler P1 non-NE A + - - - - + - - - -
5C Broiler F14; H1 non-NE A + - - - - + - - - -
6C Broiler F14; H2 non-NE A + - - - - + - - + 29610
JC Broiler F14; H3 non-NE A . - - - - | - - i 440 % 10
a8c Braoiler F15; H1 non-NE A + = = - - + = = + <2.92 % 10
aC Broiler F15; H2 non-NE A + - - - - + - - + <292 %10
10C Layer EC1 non-NE A + - = - - - - = - -
1c Layer EC1 non-NE A + - - - - - - - + 723x10
12C Layer EC1 non-NE A + - - - - - - - + <2.92x10
13C Broiler EC non-NE A + - - - - - - - - -
14C Broiler EC2 non-NE A + - - - - - - = + 645 10
15C Broiler EC2 non-NE A + - - - - - - - - -

AbbreviationsF, farm; H: house; P, processing plant; EC, experimental control; NE. necrotic enteritis; non-NE, chickens not affected by NE or healthy.
The copies of netB was calculated by the equation: y = —3.4571x + 38.397 (R? = 0.9999; AE = 95%).
No significant difference of mean log-copies of netB between NE and non-NE group (Wilcoxon Rank-Sum Test; p > 0.05).
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Table 3
Comparative resulls of netB carriage by PCR and qPCR in NE- and non-NE-preducing Clostridium perfringens isolates.
Status
NE non-NE
Cenventional PCR netB + 2 0
ned — 13 15
Sublotal 15 15
qPCR nets + 11 9
netB — 4 6
Subtotal 15 13

AbbreviationsNE, necrotic enteritis; non-NE, chickens not affected by ME or healthy.

No significant difference of prevalence detected by qPCR between NE and non-ME group (Fisher's exact test; p> 0.05).

depends on certain regulatory mechanisms to either activate or
suppress genes. In other words, C. perfringens isolated from NE and
non-NE chickens may all possess netB, but it may only be expressed
under certain conditions, promoting the development of NE. Thus,
the carriage and quantity of netB in NE- and non-NE-producing
C. perfringens isolates were re-assessed in this study. The low
detection rate of net8 by PCR (6.7%) was consistent with that of a
previous study (4.1%} [15], indicating that NetB was not an impor-
tant virulence factor, or at least not as important as originally
thought. Nevertheless, qPCR data demonstrated that the preva-
lence of neiB was high in both NE and non-NE isolates {73% versus
60%, respectively}, showing that netB is present in the majority of
C. perfringens regardless of NE production status. No significant
difference of prevalence was observed between these two groups
regardless of the detection method was used. The net8 gene could
be detected at the amount of 10—20 copies by qPCR, whereas high
copy numbers (~10%) were required for a positive identification by
PCR in this study. Abildgaard et al. [13] noted the potential signif-
icance of NetB toxin in virulence; however, the presence or absence
of net8 in C. perfringens itself is insufficient to predict the patho-
genicity. Regarding the quantity of netB, NE-producing
C. perfringens isolates possessed higher copy numbers than non-
NE isolates on average. Among eleven NE-producing C. perfringens
isolates, two had abundant copies of netB, while the remaining nine
carried relatively low copies of netB and yet still established clinical
NE, suggesting that the quantity of net8 in C. perfringens is not a
reliable indicator of pathogenicity as well.

NE-producing C. perfringens strains/isolates typically carry two
to five highly conserved, low-copy number plasmids [27]. The netB,
cpb2, and tpel toxin genes are encoded in pathogenicity loci on
different large plasmids [27-29]. As C perfringens ordinarily relies
on plasmid-encoded toxins to produce NE in chickens [30], the
prevalence of cpb2 and ipel, in addition to neiB, were selected for
this investigation. Several epidemiological studies suggest that
cpb2-positive C. perfringens isolates are highly associated with
enteric diseases in domestic animals [31]. In the present study, the
high carriage rate of cpb2 in NE and non-NE isolates was observed
by PCR; this result was consistent with other findings [32-35]. We
alse found that cpb2 was not differently distributed between iso-
lates from NE-producing and healthy chickens, which disputes that
there is an association between cpb2 and NE, as previously reported
by Crespo et al. [32].

Regarding tpel, our PCR data were in accordance with other
findings [14,15,36] and revealed low frequencies of tpel carriage in
NE-preducing isolates. The tpel gene was found only in netB-pos-
itive isolates. These cbservations indicate that the putative TpeL
toxin may not be essential for NE in chickens due to such a low
carriage rate. However, one study demonstrated that several tpel-
positive C. perfringens in the absence of neiB causes typical NEin the
disease induction model [16], propesing that the Tpel texin or
ancther toxin plays a role in NE pathogenesis. In another challenge
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experiment, inoculation of broilers with tpel- and netB-positive
strains was associated with greater severity of gross lesions
compared with strains containing only netB, suggesting that tpel
potentiates the effect of other virulence attributes of NE strains
[37]. Collectively, these data indicate that the role of ipel in path-
ogenesis remains inconclusive.

In summary, we demonstrated that a qPCR assay was a sensitive
and reliable method for characterization and quantification of net8
in C perfringens. The results provide not only new insights into the
prevalence of potential virulence toxin genes in C perfringens
populations from NE and non-NE chickens, but also a conclusion
that the presence or absence of those genes as well as the quantity
of netB are insufficient to predict an association with the virulence
or pathogenicity. As NE is a multifactorial disease, the un-
derstandings of gut microbiota, environmental conditions, and
regulation of virulence genes and attributes are recommended and
those are rationally required to elucidate the dynamic pathogenesis
of C. perfringens.
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significantly lower (p<0.05) than NC on d22 for M6CP, and remained
nearly parallel with NC through d57. though not significantly lower. In
Exp 2. d22 BW for NetBl Low and Supernatant were not significantly
lower than NC, but GCP, M6CP. NetB1. and Washed had a significant
reduction in BW that required a week or more to meet NC growth. EM
played a role in clinical NE. while extremely elevated levels of CP alone
were required to produce subclinical NE, where BW was impacted with-
out notable clinical signs. This separation in BW can be used to measure
effectiveness of intervention tools against NE.

Key Words: necroticenteritis, growth, Eimeria, Clostridium

M41 Characterization and Quantification of Toxin Genes in Necrotic
Enteritis (NE) Producing and Non-NE Producing Clostridium
perfringens Isolated from Chickens Wenyuan Yang*®®, Chung-Hsi
Chou, Chinling Wang Mississippi State University

Necrotic enteritis (NE) caused by Clostridium perfiingens is a re-emerg-
ing disease in chickens in recent years, contributing to enormous eco-
nomic losses to the poultry industry. Toxins produced by C. perfiingens
as well as other predisposing factors are responsible for the onset and
development of the disease. However, the importance of plasmid encod-
ing toxins NetB. CPB2. and TpeL. to clinical NE cases is controversial.
Therefore, we compared the toxinotype and the presence of nerB, cpb2,
and fpel genes, in 15 NE-producing and 15 non-NE producing C. per-
fringens 1solates using the conventional PCR and the quantitative PCR
(qPCR). Results indicated that all 30 isolates were characterized as toxino-
type A, and all were negative for cpe gene which is associated with human
food poisoning. The nefB gene was detected in 6.7% of NE-producing
isolates by the conventional PCR. whereas 70% by the gPCR. In 15 non-
NE producing isolates. no nefB gene was detected by the conventional
PCR but 60% of isolates were positive for netB by the gPCR. The pres-
ence and copies of nerB gene were not significantly different between NE
and non-NE producing isolates. No difference was observed between NE
and non-NE producing isolates in the presence of ¢ph2 or ipel gene. The
results suggest that neither the presence of netB, ¢pb2 and tpeL nor the
copy number of netB genes in C. perfringens is correlated with clinical
NE. The gPCR should be used to detect the presence of nefB gene instead
of the conventional PCR.

Key Words: NE, Clostridium, toxin, gPCR. netB

M43 The effectiveness of lauric acid and Akkermansia muciniphila
against necrotic enteritis in chickens Chinling Wang*, Hsin-Y1 Lu, Wei-
Yun Yang, Yue-Jia Lee. Scott Branton Mississippi State University

Necrotic enteritis (NE) caused by Clostridium perfiingens (CP) is a mul-
tifaceted disease and requires many predisposing factors to facilitate the
development of the disease. C. perfiingens grows favorably in the alkaline
and mucin-rich intestinal conditions. Akkermansia muciniphila (AM). a
mucin-degrading anaerobe and a probiotic supplement, has anti-inflam-
matory and the improvement of gut integrity effects. Therefore, the objec-
tive of this study was to test if lauric acid or 4. muciniphila can protect
chickens against C. perfiingens challenge. Chickens were divided to nine
groups, CP. CP+ Eimeria, CP+Eimeria+ lauric acid, CP+Eimeria+AM,
CP+AM. Eimeria+AM. AM., Eimeria or placebo. Results showed that the
NE lesion score in lauric acid or AM treatment group was not significantly
different from the CP or the CP+Eimeria challenged group. Our gPCR as-
say also confirmed that chickens with necrotic enteritis lesions had signifi-
cantly higher numbers of CP in the jejunum. ileum and cecum than the CP
challenged birds without NE lesions. In conclusion. neither lauric acid nor
A. muciniphila supplement prevents chickens against the CP challenge.
Interestingly, the composition of gut microbiota seems to influence the
development of NE lesions in chickens.

Key Words: Clostridium. enteritis, acid, chickens. probiotics

M44 Effect of zinc sources and doses on the presence of Necrotic
Enteritis in broilers caused by C. perfringens Greg Mathis*, Brett
Lumpkins, Agathe Romeo, Stephane Durosoy Southern Poultry Research,
Inc.

Clostridium perfringens-induced Necrotic Enteritis (NE) has become a
great concern to the poultry industry. which has resulted in a significant
decrease in growth performance, poor feed conversion, and increased
mortality. A trial was conducted with 72 cages starting with 8 chicks each,
which was divided into 3 groups of 24 cages: one group fed with 80 ppm
of Zn from zinc sulfate (ZnSO,) and the others with Zn from potentiated
zine oxide (ZnO) source (Hizox®, Animine), at 80 ppm or at 120 ppm.
Then, each group was subdivided into 3 groups of 8 cages: non-challenged
birds. challenged birds with non-medicated feed and challenged birds with
virginiamycin at 20 ppm. A randomized block design with 8 replications
of 8 chicks per cage was used. and P<0.05 was used to determine the level
of significance. All diets were fed experimental diets ad /ibitum through-
out the study. On D14, all the broilers were orally inoculated with a low
dose of E. maxima. On days 19. 20 and 21, the birds in the challenged
groups were orally dosed with C. perfiingens ~10° cfu/mL. Birds and feed
were weighed by cage on DO, 14. 21. and 28, and performance parameters
were measured. On D21. 3 birds from each cage were sacrificed and ex-
amined and scored on the degree of severity of necrotic enteritis lesions,
from 0 (normal) to 3 (sloughed and blood small intestine mucosa). The NE
model was successtul in producing a heavy NE infection. The therapeutic
level of the antibiotic Virginiamycin (VIR) improved the performance of
all of the challenged birds. Challenged birds fed either level of the poten-
tiated ZnO had improved growth performance compared to ZnSO4 fed
birds. The 120 ppm level had the most significant feed conversion ratio
and lowest NE mortality of the challenged non-antibiotic groups. These
results emphasize the benefits of a potentiated ZnO source in reducing
Necrotic Enteritis compared to ZnSO,

Key Words: Enteritis. zinc. broilers

M45 Characteristics of Gallibacterium anatis isolated from poultry
samples Jessica Hockaday*“S, Alejandro Banda, Jay Kay Thorton, Lifang
Yan, Martha Pulido-Landinez Mississippi State University CVM Poultry
Research and Diagnostic Laboratory

Over the last decade the Poultry Research and Diagnostic laboratory
(PRDL) has seen an increase in clinical cases of Gallibacterium anatis.
G. anatis 1s a naturally occurring commensal bacterial of the upper respi-
ratory system in poultry that has been shown to have pathogenic effects
in many avian species. Clinical presentations associated with G. anatis
include upper respiratory signs. decreased egg production. salpingitis,
peritonitis, oophoritis, and airsacculitis and has been isolated m broilers,
broiler breeder and commercial layer flocks. Field strains of G. anatis
collected throughout the Southern US in 2016 and 2017 were evaluated
for this study. Samples from layers. broiler breeders, and broiler chick-
ens were cultured, microbial sensitivities performed along with molecu-
lar genotyping and phylogenetic analysis. As an emerging pathogen the
understanding of appropriate techniques to isolated and further evaluate
G. anatis 1s useful to many aspects of poultry medicine and diagnostics.

Key Words: Gallibacterium anatis, Field samples, Chickens
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