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Studies on Johne’s Disease-Free

Cattle Herds in Jeju

Wan-Choul Kang

(Supervised by professor Dusik Lee)

Department of Veterinary Medicine

Graduate School, Jeju National University, Jeju, Korea

Abstract

Mycobacterium avium subspecies paratuberculosis (Map) is a causative
agent of Johne's disease (JD), a chronic progressive intestinal disease of
cattle. Johne's disease is common in all countries with a significant impact on
cattle industry. The control of JD is difficult for many reasons. First, the
long subclinical phase of the disease often allows the infection to spread
without occurrence of any clinical evidence of illness. Also, although a range
of diagnostic tests is available, they are often not sensitive enough to detect
infected animals in the subclinical phase of the disease.

This study introduced JD eradication program to assure and maintain farms
disease free in Jeju cattle herds based on analysis of critical management
points adopted in 6 model cattle farms.

1. Infection with Map was examined for serum samples collected from a



total of 554 cattle with chronic diarrhea in 310 farms by enzyme-linked
immunosorbent assay (ELISA) during 2010 to 2013. Map positive sera were
313 (66.5%), containing 10.5% from cattle younger than 2-year-old, 61.3%
from between 2- and 4-year-old, 22.4% from between 5- and 7-year-old, and
5.8% from over 8-year-old cattle.

2. The results observed using several JD diagnostic tools were evaluated
for their association with ELISA S/P ratio in 27 slaughter cattle positive for
the disease. Cattle with higher ELISA S/P ratio had more reduced the
average live weight and carcass weight. In IS900 PCR and acid fast staining
(AFS) of ileum tissue, 15 (65.5%) and 16 samples (59.2%) were positive for
Map, respectively. In both PCR and AFS, Map was detected in all 5 samples
with over 200% of ELISA S/P ratio, while it was not in all 9 samples with
below 150% of that. Different gross and histological finding were observed in
the ileum samples according to ELISA S/P ratio. Ileum samples from all 5
cattle with over 200% of ELISA S/P ratio had been prominently thickened,
indicating that they were much more corrugated in cattle with higher ELISA
S/P ratio. Chronic enteritis lesions were found in 3 samples from cattle with
between 100 and 149% of ELISA S/P ratio, while granulomatous enteritis
was observed in 5 samples from cattle with over 200% of that. These
findings indicate that the owners might be used to preplan for the culling and
slaughtering of cattle in subclinical phase of JD based on the score of ELISA
S/P ratio.

3. A total 6 Map were isolated from 14 fecal samples of JD positive cattle
and were identified by IS900 PCR technique. Only 5 isolates possessed
IS1311 insertion sequences, Cattle type (4 isolates) and Bison type (1 isolate)
found in IS1311 PCR-REA using Hinfl restriction enzyme, and 1 isolate was
nontypeable due to 1S1311 PCR negative.

4. The prevalence of JD was examined using 915 cattle from 27 farms to

select model farms for planning of JD eradication program in 2010. The JD
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positive farms were 22 (81.5%), containing 106 (11.6%6) cattle positive for the
disease. Based on the prevalence of JD, breeding regions and scales of
breeding cattle, 6 model farms were selected to adopt critical management
points for JD eradication program. The critical management points were
focused on control plans of JD positive animals, purchasing plans of animals,
and management plans of calves, of community pastures and of livestock
markets. Finally, the prevalence of JD was decreased during 3 times
examination for JD every 10 to 12 months and each prevalence was 12.0%,
5.5%, and 2.1%.

5. This successful example of 6 model farms marked the beginning of
widespread participation in JD eradication program. The prevalence of JD was
12.2% of cattle at 2010, the first testing year, however it was 3.2% at 2013,
forth testing year. Numbers of voluntary farms participated in JD eradication
program were also 25 in 2012 and 43 (75% point increased) in 2013 operated
the program.

Therefore, the JD certification system obtained from this study provided an

opportunity to minimize JD infecting cattle in Jeju.

Key words : Johne's disease certification program, Bovine Johne's disease,

Mycobacterium avium subsp. paratuberculosis, Jeju
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Table 1-1. ‘The number of breeding cattle and the sex ratio of Korean

Native Cattle (Hanwoo) in Jeju

Cattle

Region Hanwoo (%) Total
Beef Dairy

Female Male Subtotal

Jeju-si 11,0561 (63.8) 6,283 (36.2) 17,334 (100) 2206 4,067 23,607
Seogwipo—si 7,947 (62.0) 4873 (38.0) 12,820 (100) 130 596 13,546

Total 18,998 (63.0) 11,156 (37.0) 30,154 (100) 2206 4,663 37,153
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Table 1-2. The sex ratio of Korean Native Cattle (Hanwoo) by age in Jeju

Age (year) and sex Total

Region <1 1-2 2<

F M F M F M

Jeju-si 2,161 2,238 2,163 2,427 6,727 1618 11,051 6,283

Seogwipo-si 1,866 2,049 1,320 1,686 47772 1,138 7,947 4,873

Total 4016 4,287 3483 4113 11,499 2756 18998 11,156

(%) (48.3) (51.6) (458 (B41) (80.6) (19.3)  (63.0) (37.0)

F; Female: M; Male
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Table 1-3. The classification of breeding scale on farms and breeding cattle

Breeding scale (herds)

Item Small Semi-large Large Enterprise Total
(<30) (30-49) (50-99) (100<)
No. of farm 728 150 131 95 1,104
(%) (65.9) (13.6) (11.9) (8.6) (100)
No. of breeding 8735 5741 3.985 18,692 37.153
cattle
(%) (235) (15.5) (10.7) (50.3) (100)
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Table 1-4. Reported Johne's disease outbreaks by year in Jeju and Korea
from 2001 to 2009

Year
Item
2001 2002 2003 2004 2005 2006 2007 2008 2009
No. of 1 6 2 7 2 17 36 52
cases
Jeju
No. of 7 16 5 10 4 21 53 93
animals
No. of
The e 1 6 10 28 30 20 2 48 111
whole
country ~ No- of 2 45 39 73 69 122 53 93 277
animals
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Primary objective:

To minimize Economic loss by JD in Jeju

Track records of
foreign countries
(Chapter 1)

(Chapter 2)

Comparison of

diagnostic test

Estimation of
economic loss
(Chapter 1)

Selection of Model farm

¥ [Critical Management Point : CMP] €—

(Chapter 3)

+ Positive animal

+ Calf

+ Com. pastures

+ Livestock market

Johne' Disease Certification
Program in Jeju [JDCPJ]

(Chapter 3)

Jeju Province :
Running and
supporting of JDCPI

Committee :

status

JD Certification

Estimation of farm

Jeju Veterinary
Research Institute :
Monitering and

certification

JD Free cattle herds in Jeju

ig. 1-1. Outline of the thesis.
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SH(Murray 2} Smith, 1996).

tH(Van Kruiningen, 1992). 2 H
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S

Herrold's egg york i

A =

bol 714 wol ALgE =

S

]
amphotericin

ST, =
= 1

i

l

=] Z A

U

8

polymyxin B, trimethoprim/

acid,
FhE,

nalidixic
=
=

B,

e

KeX
=

A 222~ =2 mycobactin

}

!

=]
i=i

FAA 7}

S
317] W&ol mycobactin J

p=2
o

sulfamethoxazole

3} A

LR
oS

hexadecylpyridinium chloride
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HPCO)E A A st JAAZ b AEE wiA 5 FgH(Dundee 5, 2001;
Timoney %, 1983). 2#1}t o] #AA HPC He=Z <lste] auwAE 10°
CFU Ax #2d 5 2dov(Reddacliff %, 2003), A4S slole 2ol <of
02% AxyE o9 Ayt MAEA &S 4 At Whittington,
2 w57 29 dledl 100 CFU/g A% EAlska s of 23
A wks T WA Rt hed ez deA Jrh(Markal, 1970). ¢
100 CFU/g ©]’d9 #AE EHo= wjEshA gt
o] Bt} AL <o #& Wi Al E A 15-25%2] AlSoA T 2
TS A& + A (Whitlock® Buergelt, 1996). @9 H o] w2 <]Ad
A AlFel A A Bld BE s 91%0l EEkAn FddF e A el
45-72% = A3E°] SolxA "k Aty dAe] AFAA vl B
A7 AAA Bgo] A2 ¥ (Alinovi %, 2009; Crossley %, 2005).

FZeodl= vl FHAE AEFS] fe e oz PCR 7|Hel @eol &
¥ glon, 53] auvliAe &£& A7 Hste] 1S900 A Y FHAAE HE
e s d= PCR 71WE /HEs ek 1S900 A d A= =7]7F 1451 bpE
A el A fFHA Sl 15WA 20789 copyE 7HA AL e (Collins &, 1989;
Li %5, 2005). =3 IS900 FAAE A3 &A0S900-RFLP)2 A gl&td 3714

rr

AzRE o7 AEEE=dH o]5S ZHZF Bovine type, Sheep type, Intermediate type
o2 939 i Mundo, 2005). Lt AR AFAEL 159003 AR A7 A
7F & Ml EAska 17] el 57, ISMav2, I1SO2, ISO4 2 1S1311
AxE AEstel avldAY FdA A ZE&s7 = SATHLI T, 2005
Paustian 5, 2010; Stanchi, 2007). IS900-RFLP A 3gleo] 7§ zeo] @& ko
DNAE Zo = dt= @3o] 7] wiEel o5 5387 913 Weto= IS1311
FAAZ AFda 42 AskE IS1311-REA 7]1We] /HetEo] gt #4213
TiEol &&Ea vk o] W 7
Sheep type % Bison typelZ QU3 EFT & Jd& FHS 7IA dr}
(Kaur %, 2011). 1o %= &3t PCR 719

TR A Aoy ALK AARE =AY THsAol AV

oAl w gulste]l HIFEAY HIMEA G2 FE R =4

N

W ET 2tk w27 Cattle type,

i

_20_



’ ’ 8).
A V1 200 ()

J

3

48

g

sy o=
oy SN B w1 [ - i~ o B
— — a ) Ry O_E .NE Et E.E 0 —_— e} Mﬂ
1H@E%ﬂﬁyé%m.m%@@ urmo%woﬁuﬁujmeﬁ Ikl
22 & =) _ = ® = 5 ooy W " SO o * oA o X
w9 do fat — Z W o & © B g X o oy B F o -~ 5
T oW o4 W . R - o NS
RS ﬂ.&ﬂﬂmm_gﬂ%w{ s P T L ER AT S
o o x B oo m o5 o % m \D/a m o= o Wo = g oR - . :Mﬂ 760 1
o0 @ T 70 E & < g 3 - = W el Bl O M o H o~ = = o
BROW oy T o 2o Ty E2 52 Ty w T8 GO
m - frAﬂ . 17_.D m HIJI Onﬂ . — Pﬁw R ”/N\ ﬂﬂb ‘mﬂ ‘.:L 1,Ur| \_ﬂa ﬁo ‘mﬂ -~ E‘* °
o -3 mur]amm%m(.nﬂrﬂﬂ 4 TR e oo 9
G T TR S T X S oo o I ay 0% oo oy S5 4 W
oo g d S =z R g B A " ED Pox ow % <
m o= 8 ™ o S CRG o % m X
nERdCY ST R RS 0% g S ie 82T
W ) T el 5 5 = ﬂ/ﬂ T 1m MAm = e ok __oL o 5o Zo = _xE =
"o ok ol z I _ ~ = & 5 = o To B T M T X % A pa)
_ - 2o o e R = e o o]
o T X u@ﬁuuuaimu% =R CURN TR
~ B o5 L T ox E R g el R > Moa o=
— ™R g D o X o Z ) o) ~ o7 o
~ ﬂ,._ BN ol OT ! m = > X lyl ,DrL < ZT A ) A
_ = > qro2p T 0D s B Njo . of B o 5 0|
A,_ . X o IR < " Em o 2 e @) < » O own
5 E ¥ @ oo g W™ g wo =y R ) =
o I g & ok o B ] lo N
ﬂ%.mx1ﬂﬁgaAmw% oo TEL® 5 0 TR
,Nro — o N - K o, <= 0 o o _ -~ O o oA R WD
wo 1__/l N QM 8 S ON or Ogo m NN KX o —_ = i_- v O_E
N ow s N R T I < o S N~ bo
my_zaﬂﬁrﬂ.&ﬂﬂ%ﬂﬂomﬁuw T ) T o=
= = ~ ) . ) )
o < 1‘rl_wyl ﬁo K ,UI = m oy @ m ._ohw M T "o i lo ‘% m 5.0 ~n
SN TSI FRE RS SN S BE 1
o - oo~ = 3 ! T = . X
@ﬂﬂm%%@M%@%ﬂdmw1 T 22,83 uN
~ B T o do oo mo O Br N g2 2 o o F zo o~ = & B T o
~ ,_L. ~N E S X HA_I il o = M \UI o o ‘HOI ~a “ T ox R ~
~ <0 o H HL HL /m X oy .._m_ﬂ_ . = 0 # o — X K3 ,ﬁ -~ =5 OC N
B L By s S o & o o 5 & I oz A F mw N o LB T
el S K m oy B < 8 £ B LLOLX},¢Q.17%6%
T ® o Loy TS 8 ST e X 4T g TR
o|J O o - TR X N —_ S
s 5 amﬁqmgé@.crﬂ»%ﬂﬂ% ESLE ISR
S T W o = g P s m 3 on W w = 8 5 v o» 2
= ,_L.o X 7RO "o M TR x w Wo & WA "B R T 2 W R
& BRB N T RWE D txl

of AR o=

A Al

_21_

tH(Giladoni 5, 2012).



fvze)

e

—~
file)

il
—~
fite)

il

—
fite)
vzl

X

el

;OO
=0

aon

o A FAA

AAbel Al YERG ELISA g2 v #4549l o).

g

SERE

R

o~
T

A

_22_



Az R P

AL 522 & uE oA FdE =A
1. E8AM=

2010 -8 2013974 AFA Gl A AAF FAS Hol: =59

& o7 AF FEAAAIGA Lo 9FH 31070 = 554F9] dHS A

Abg3tth Zhzbe] FAEL 3000 rpm, 4ColA 1587 YA 2as & 4
kul

S 1.5 ml microtube®] 53 & HAAF AR -20C W&o B A3

.
u|
_lZi

=2
ofo
off

of\i
12

M=% ™ (ELISA)

N
ol
k>

ELISA+ ID screen paratuberculosis indirect ELISA kit (ID.Vet. innovative
diagnostics, France)Z A}g3lo] A Ao Ado) wel &S 3t H=
X E NEEAHA2007 S = A A4S 96-well plated] 7z welldl

100 A EF3F] 24TolA 453 &<k vHEAIZl = 300 e PBSE 33] A%

=
BN
i)

3}al, anti-ruminant IgG-peroxidase conjugateZ 100 pl® 713 v} 21Tl A
304 < WESA AT o] % PBSE 33 AMFsta TMB 7|4 &H45 100 w0

wroke] A Ao 103 HESAIZ ¥ stop solutions 100 w04 7138}

BEe AAAN GEHA ERFEAR FEE=U50 mE SASAT 4 FF
70%

EA SR FHER Ui g WEERE kst 70% WvhE 54,
t}
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=5F &5t EL1sA &Y ViAol gt ZHAFH H|2

FHNA =A==

20118 20129714 A ALl A auldy A4 FdaAde Ta =

Ay

2 Zot9 167 B4 27 &

o
ﬂJ ﬂl
11t
st
=2
o
2
ofr
ol
s
)

2. HelstE HAl

7 AA e A, A%F L 8F Aue F9 P4 o]RE s

7}
7158k A F9 g4 A Avl(mild), T

m
8
@)
(ol
[©)
=
Q
—t
@
SE,
>
ro

Attt 14o] ¢ndE IS HHEHE AL H ddrHd x
wet shebdA Eujste] 3-4 um FAE AES AAE oS By zAH4AE 9
3ol hematoxylin and eosin (H&E) 924 % 3% W Mycobacterium
paratuberculosisE 13t 7] flsto] A A< Ziehl-Neelsen &4
AAGA T @Ao] 2 24 AH Sdkol=E e F 374 (Olympus
BX51, Japan)& ©]-§3dko] H

Walzzstdog 4ol HHE Audt A<ed(mild enteritis), THA 2 SolF
A ZFod (chronic and granulomatous enteritis) &2 FHF3atgch. A9 afa3 #
atAo] T W HET T AFAEZE ArlstA AaEo A= A
, HETS SEAAEL e e dee WA A, aAIAE
stalo] o} A ) Al E(multi-nucleated giant cel)?] 74 U= A=

HolTy g BEagn

N
N
ao
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e A &

2

o,
0,

A E=F9o A 3 FERE AF st ol A4S 9%
PCRS 3ttt g4 2 1 gol i3 F5(distilled water; DW) 10 mE
Fo] fAs F 1500 rpmell A €94 F@sta 45 300 e FH skl QIAGEN
DNA mini Kit (Qiagen, Germany)® DNAZ FZ33th. 3% DNA FEE&
AAL AR 70Tl A Bastslh.

3.2 PCR primer2| Y€7|M<

N
3

YTt A&ES Y3 primers 1S90 AU FHAE Eo)l¥ow FE3)
MEZA T

gl
= 97] able 2-1¢] YebA v} 2ok (Vary &, 1990).

Table 2-1. Oligonucleotide primer pairs for the detection of Mycobacterium

avium subsp. paratuberculosis

Primer Sequences (5" to 37) Size (bp)
Forward CCG CTA ATT GAG AGA TGC GAT TGG

229
Reverse AAT CAA CTC CAG CAG CGC GGC ATG C

3.3 PCR HIE2x 7

oulie A=S Y F=3 DNA 2 w9 22 primer 0.5 gl (20 pmol)
2 DNase RNase free distilled water 17 S PCR premix (Maxime PCR
premix, iNtRON biotechnology, Korea)ell H7}sle] #E wh&82Fo] 20 ul7}
HEE Stk PCR %31 94T 527 ®b&3 thg 94T, 60T 3 72Tl
7v7y 30%4 353 WHEstal HFE 72Tl A 1027 w&stddth PCR 5% PCR
Thermal Cycler Dice TP600 (TaKaRa, Japan)g ©] &3} %t}
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SN 7 wWAES FHslo]l 1.5% agarose gel Aol A A 7]

o = S )
W T8 F 7t7he] wt

t}& ethidium bromide €405 w/ml in DW)So 2 < M3} o},

[e]
UV transilluminator (Mupid-Scope WD, TaKaRa, Japan)=® 3]7d°] Wi Az 2
T2 glskAt
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uZol FASN 54 A

1. kU= ==

oG E A 1479 EWe AFHAS avldS widsidoh 29 2 g&
30 me] Wit TRV 23 me o] Al ¥kel il mRkete] A2

7+ AR AEd 5 mS FHSel 25 mle 0.9% hexadecylpyridinium
chloride (Sigma, USA)”7} $t/%¥ 1/2 x brain heart infusion (BHI) brothe] 50
ml APl HIredTh Al@He whEHo®m H o] 4 myksto] Aol A
18-22A1%F &t AAstdth. A $5 % 900 rpmeolA 107 &<k 94 &2lst
of AZAS Wl AAELS amphotericin B (Gibco, USA)7F 718 A4 &
o 1 meoll ATkl 37CAA 2447 &< A 2] 5T

olgt ol H A" W ARAS FAAG mycobactin-J7F g

o A 30+

Herrold's egg yolk (HEY) medium 3 tube®} mycobactin J7} 3% XA &L
HEY medium 1 tubeel Zt7} 0.2 me® HFste] Algd3a wplls =804 %<
AE H 2538 A9 159 &b 37TCoAA wik § o] AtHo=RE <
s SRS W FHoE A vplE dds] & C

T TR wiF FA T4 AR5 #FstHA 16-205F s A

2k} 4 tH(Chiodini 5, 1984).

2. U 3

M
vk
)
ko
i
g

rlo

|toll thek =4S [S900 PCR 7"He 2 33t tHTable 2-1).

A A Al JEs dee® FHeto]l 1 mee] "yt Sl £dske] 12,000

rpmel A 1027 A4 Zefskdith e Hea g9 S5 300 wE ¥
#e =9 A F Yesdd ¥4EsAEE dsste]l 12,000 rpmell A 105 A



3. Map strain typing

Map strain typing< Marsh 5(1999)3 Whittington & (2001)] W] 38}
of Fastsieh. IS1311 A7 %2 $1% PCR primer= Table 2-29F o] A
skt avlvr FAS 98 +#Hd DNA FE=<S PCR  premix
(AccuPowerTM PCR HotStart PreMix kit, Bioneer, Korea)oll ¥ o] tfe-2] =4
o2 FEFATY. PCR 272 94°C, 523 £ & 94°CollA 30%, 62°Coll A 15%,
72°Col A 139 o2 353] HhEstal HE 72°Col A 101t whgstth =
Z3% 608 bpe PCR AHES A5 2 Hinfl (Enzynomics'™, Korea)Z = 3}
AAste] 49 gFd S dEst

3
o}

ftlo
)
b
off
a4

(37°C, 1hr) 2% agarose gelolA] A7) 4%

(Wittington &, 2001).

Table 2-2. Oligonucleotide primer pairs for Mycobacterium avium subsp.

paratuberculosis strain typing by 1S1311 PCR

Primer Sequences (5’ to 3) Size (bp)
Mb56 GCG TGA GGC TCT GTG GTG AA
608
M119 ATG ACG ACC GCT TGG GAG AC
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m. 4 x

b
ok
™,
i
ftlo
I
)
|o

2 A5 s=AE el dgHa dASdE Bole JiA
of tigt av® A FAdELS Table 2-37 2o HEFE=E= F 3100 54 =+

2277 B2 (73.2%)0 A, I H MAEEE 5545 F 3135(565%) oA A %

FHRs 20129 7HE =2 A A E01.3%)S Hola = vbH, )

3
2 20119(65.0%) 7Hd =A Uehd & A gadsts 43S Hola

Table 2-3. Sero—prevalence of Johne's disease by ELISA method

No. of farms

No. of positive

No. of animals

No. of positive

Year tested farms (%) tested animals (%)
2010 104 71 (68.2) 179 87 (48.6)
2011 98 69 (70.4) 137 89 (65.0)
2012 69 63 (91.3) 166 106 (63.9)
2013 39 24 (61.5) 72 31 (43.1)
Total 310 227 (73.2) 554 313 (56.5)
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2. A 2d JiNe HEY B2

ELISA #HAtzR @A FFo= e JiAE A9z E43 A3= Table

2-48F 2o F 31374 A FAEAMA T 24 mIRE 10.5%, 20014 44 61.3%, 5

oANA TAl 224%, 84 o]Xde] 58%= et A A EC] M w2 AW
2014 44 Afol e AR ZAE R OH, ol5 T Ha A= 1ML Ao

sl s A

Table 2-4. Sero—prevalence of Johne's disease according to the age of cattle

Age (year)
Total
<2 2-4 5-7 <
No. of positive
33 192 70 18 313
cattle
(%) (10.5) (61.3) (22.4) (5.8 (100)

*; Minimum age of sero-positive cattle was 18 months.
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=5F &5t EL1sA &Y ViAol gt ZHAFH H|2

1. ELISA S/P Zf0f| MIE =F A2 vl

=EF Estd 27F9 A YA =ESE diNem AEE Hir AAF
(average live weight)¥} ¥t A5 Y (average carcass weight)= ELISA S/P &
¥ vlal FASAT F 277

ol g tH(Table 2-5). H1 A
b= %S dEhdia Al 53] ELISA S/P gkel  100-149¢0 %

150-199%2 F71e o AAF} A5F 25 7P g2 Fa F5 Hola AT

o it A FE 416kg, Bt AFEE 24%kg o=
)

¥ A &Y% ZF ELISA S/P #o] S71&<
1

Ju

A

ol

Table 2-5. The average live and carcass weight of slaughtered cattle

according to ELISA S/P ratio

S/P ratio of ) Average Average
No. of animals . . .

ELISA (%) live weight (kg) carcass weight (kg)
70-99 6 507 304
100-149 3 500 300
150-199 13 390 234
200< 5 318 191
Total 27 415 249
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2. =50 ojet & HAIY H|4

=S F9tE 27 SF9oA B S 9 Y He

ALRE A3t A, TS
AH(Table 2-6, Fig. 2-1). °|&
wAg A3 S/P ghol 150% m Rt

Table 2-6. The severity of gross corrugations in ileac mucosa according

ELISA S/P ratio

ki
g
>
o
N

o
)
ol
oX,
o
f
o,
=2
%0,
3@

o) A7 72+ 8%, 4F 2 155 =

A A 719l ELISA S/P 3 ] alsho]

2 9e A= A EtA

B S Holi gl WA, 150% ool S/P S HA I AdE A A o A]
5

gt A4S Soksa 9 AFe etk 53 S/P gl 200%

o,

=2 =i ¢)
5o =

-
1

X

>,

©

to

S/P ratio of

Corrugation levels

Total
ELISA (%) Mild Moderate Severe
70-99 5 1 0 6
100-149 1 2 0 3
150-199 2 1 10 13
200< 0 0 5 5
Total 8 4 15 27
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Fig. 2-1. Tleum of Johne’s disease sero—positive slaughtered cattle showed
severe thickening with serosal reticulation. (A) Note mild (B), moderate (C),

and severe (D) mucosal corrugation.
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vzl

X

of
ol

o)
2]

A
Njo

el

Fol AAFgH
9] AL E ELISA S/P 3%

fite)
il

qoz A

&

A

Gl

1372 EFHAG. A

)
=

13+

=
)

TR
i~
2

m}

™
TR
i~

%

o

I+ % 552 YEstor], ELISA S/P gho] 100-149%<%1 7HAl 3F& &

RA el M = ot

Al

etk 22y S/P ghel 150% ©]

£

o] &

o

AATH(Table

O]—O

200% ©]
2-7).

Table 2-7. The severity of histopathologic lesions in ileum according to

ELISA S/P ratio

Total

Severity of enteritis

S/P ratio of

Mild Chronic Granulomatous

ELISA (%)

70-99

100-149

13

150-199

200<

27

13

13

Total

%

Tor

il

o

of)
ol

of FAA Tt

AA ] F&o] s o] A h(Fig. 2-2). o

N
ok

Z7he g o
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Ho

G A Z ok T ATHAE ] A2 ol A

Fig. 2-2. Histopathologic lesions of ileum in Johne's disease sero—positive
slaughtered cattle (A-C, H & E stain; D, Ziehl-Neelsen staining). Note mild
entertitis (A), chronic enteritis (B), granulomatous enteritis (C), and
multinucleated giant cell (C, Insert). Acid-fast staining demonstrated
numerous red-colored bacteria in epithelioid cells and multinucleated giant

cells (D, Insert).
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2.2 PCR

ol

Lol Estd auly A A JHAl 2779 I weg 24 Aol o

PCR A3 155(55.6%)°l A 229 bpe vy Eo] FxA7 AZ5AHFig.

ro

2_

w
el

=
El
Hm
ﬁd
L
es)
—
—
N
>
&
Mg
)
s
—
a1
(@)
X
=)
EI
f
HU
pIe
rlo
e
2
=2
>
rr
g
@
=
g
of
o

r >
oX,
n2
1

REo A S UEh Fe] HEHA estou, S/P grol Eobd
S &l F7rstA v (Table 2-8). 3¢9 #HAF 5 PCRe 7% ELISA
S/P gkol 150-199%¢1 7RAl 13%F % 105%(76.9%), 200% ol4e] 7HA] 5% H%F
(100%) ¥4 Yttt =3k kA Aol A= ELISA S/P gkel 150-199%
A AS 1157(84.6%), 200% ©]/21 NA & 5% EF(100%) w4 44 s H
ol i ANATHFig. 2-2). F 7HA FAHAF 7IHS wug A3 PCR 7Y Hth

A A el A A ARAIZE 15 Bl dE AT

-
J
o%
(o

N

Table 2-8. Comparison of the results using antigen detection methods such as

PCR and Acid-fast stain according to ELISA S/P ratio

S/P ratio of ELISA No. of No. of positive cattle (%)
(%) animals PCR Acid-fast stain
70-99 6 0 (0.0) 0 (0.0)
100-149 3 0 (0.0) 0 (0.0)
150-199 13 10 (76.9) 11 (84.6)
200< 5 5 (100) 5 (100)
Total 27 15 (55.6) 16 (59.3)
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M 1 2 3 4 5 6 7T M

500bp

- — PE

Fig. 2-3. Gel electrophoresis of IS900 PCR product from ileum tissues of
slaughter cattle. Lane M, 100 bp DNA ladder; lane 1, positive control; lane 2,

negative control;, lane 3-7, representative tissue samples.
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uZol FASN 54 A

1. Mycobacterium avium subsp. paratuberculosis®| &2 A =3

A4 QZE avd 949E F ELISA AAdA @4 ddoz Y &

145 9] AAl A EE Herrold's AP Aol HEF38to] 2057 S<F wjokatA A A

o A VAP AT 6EA29%)NN allFoR AHE AFdee] BAy

otk WA Aol fetdow aulitre] FAo] Feld Avl: Wit 12F90w,

A owE A4S 7E wel g Re ASE 17% oo Ao Mg BAe
A k18

Fig. 2-4. IS900 PCR amplicons for isolated bacteria from fecal samples. Lane
M, 100 bp DNA ladder; lane 1, positive control; lane 2, negative control; lane

3-8, Map isolates.
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2. MAP strain typing

e 6709 evHEFE dFdez IS1311 A FAAE A

4= 5 =

ﬂl

PCRS +33t Ay 57 FolA 608 bpel 5ol 4t=Eo] 5% AH(Fig. 2-5). <
Z3 608 bpe] PCR ZZAES A& Hinfl (Enzynomics'™, Korea)o& A
ot Ay 4709l = ZHZE 323 bp, 285 bp, 218 bp % 67 bpzE Aty o
Cattle typel. & HEHF% A2, YA 17] #5F+= 323 bp, 218 bp 2 67 bp= At
Fo] Bison typelZ 7/ EHUTHFig. 2-6). IS900 PCRAIAM = YAdollony

[SI311 PCR= S o2 vebdh e w5 vlad 5= = 20

M 1 2 3 -4 5 M

<— [
500

Fig. 2-5. Gel electrophoresis of 1S1311 PCR product from 5 of 6

Mycobacterium avium subsp. paratuberculosis isolates (Lanes 1-5). Lane M,

100 bp DNA ladder.
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323bp

218 218
67 67

Fig. 2-6. Agarose gel electrophoresis analysis for IS1311 PCR product of
Mycobacterium avium subsp. paratuberculosis digested with Hinfl restriction

enzyme. Lane M, 100 bp DNA ladder; lane 1-4, Cattle type; lane 5, Bison

type.
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PCRoll & ¥ Ao=
2 9F 23% A=A Aoz ®WiuE i Wells 5, 1999).

sulvts wWolA WG AS 1 WHAEE 50% ©]sko] ™ (Gelberg, 2007
Whitlock %, 2000), #% el 2uli#s wgd & Jde A2 FEE 100
CFU/g o143l Aoz da#lAd Juh(Chiodini 5, 1984). A&l Uy dA45
& HolWAl ELISACA 44 Uetd 147 5 67(429%)0 A aulto]
FH A olE A A8l 1S90 FHA 5] PCR 7IHelA= 61F EF
FdE YERd oy IS1311 F-A o] PCR 7IWelA = 5utFrte] A4S o
EFSATE Ale] BMadolv FAA g zole B8 AT #x, s
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233

Development of Certification Program for Johne's

Disease-Free Cattle Herds 1n Jeju
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2 U ZEE flet SV E 43

1. AMSE MES 98 EHAR

AFA G F9oA 2y A FPE&S 2AE7] 9ske] 2010 2770 B3
o 2HE 91579 dHe AUt BT AASF e wE o A FEE
S ZAFE7] 918l 20100 HE] 20129744 b FEE el WEstE 247 HF
20459k A% A Ul A ASE = 107 53 592F 5 Agel Fodsant. 7hz
o] gdEL 3000 rpm, 4TColA 1587 94 #E3 F AZFAS 15 ml

microtube®] =7 AAF A7MA] -20C Y& BT 5 ELISAAALES A A&t

= & M (ELISA)

N
|=0II
I'.E

ELISA+ ID screen paratuberculosis indirect ELISA kit (ID.Vet. innovative
diagnostics, France)& AF&3sto] #A|xALe] Ade wel A& Fastet. HE

siAE ZHHEAH1:2008 A 2 A4 A4S 96-well plate®] 7z welloll

=
BN
i)

100 w0 FEF=38}o] 24Col A 458 =<k HESAZl & 300 o] PBS=E 33] A3
3}, anti-ruminant IgG-peroxidase conjugateE 100 w2 7}t th-& 21T ol A
30+ &<k HESAIHT o] PBSZ 33 AlFstal TMB 712 £9& 100 A

wToke] A Ao A 103 HESAIZ ¥ stop solutions 100 w04 7}38}o]
WSS AAANZ AHAA ERFEAR FEEU0 mE SIS 7 %
ZoA SFAUE FHEE Uw @S NEE2 ey 70% vRvks 54, 70%
o]t& YR AAHI AT
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2 =Uyd¥ JF3E fjet A3 =23 L

1. 2dd 28 =233 3o S SAN=

W

gold AMFA Z2addd oSty E sWste HHES AFA &4 2974

543 AAEA 2A 82 A HFFoR F 115G 51507 A AF A

tH(Table 3-1). Ztzte] dAE5L 3000 rpm, 4Tl A 15827 94 243 & &

J<S 1.5 ml microtubedl %71 ELISA AAF A7bA] -20C W% BAedr. vk
!

1
FESGI AEAS B ARE v B A

Table 3-1. Number of cattle and farms of new participants in the program

No. of farms No. of animals
Total
Year ‘ Janimals)
Jeju-si Seogwipo—si Jeju-si Seogwipo-si (farms/animals
2010 9 18 526 389 27/915
2011 1 15 194 280 16/474
2012 9 16 726 901 25/1,627
2013 10 33 554 1,580 43/2,134
Total 29 82 2,000 3,150 111/5,150
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Table 3-2. The sero—positive rates of Johne's disease by ELISA in 2010

No. of positive (%)

No. of tested

22 (81.5)

27

Farms

106 (11.6)
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Sero-positive levels of farms (No. of farms)

m =30 u =20 m=>10 m <10 o

Fig. 3-1. Distribution of cattle farms according to sero—positive levels for

Johne' disease.
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Table 3-3. The positive rate of Johne’s disease according to breeding types

of cattle
No. of positive No. of positive
No. of farms farms (%) No. of cattle cattle (%)
Pen 10 9 (90) 592 31 (56.2)
Pastures 24 15 (62.5) 294 43 (14.6)

3. U AlH=sFe MF

20109 «ul® A ALl gk 277 B T AHEG AL 67AEA
2o §HES 120%S JEAG 24 fFHE] 20-30% Ateldl B3
10-20% Atole] &7, 10%vwkel 54 Z4 2542 AAsidth AGE = A5

7}
= A, 1A 10057 ol 574, 50014 1005 Abol &4, 307 AFE Ak
e 54 72t oA AAsta o 2AS S5 ey EA ) 6

242 H% 4459 0H Table 3-4).

Table 3-4. Johne' disease status of farm participated in eradication program

Farms Regions No. of positive/cattle tested (%)
A Jeju-si 15/56 (26.8)
B Seogwipo-si 8/33 (24.2)
C Seogwipo-si 4/30 (13.3)
D Seogwipo-si 7/59 (11.9)
E Jeju—si 14/162 (8.6)
F Jeju—si 9/135 6.7)

Total 57/475 (12.0)
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Table 3-5. Critical management points for management of model animal farms

References Critical management points

Johne's disease * Prompt culling of clinical cattle

positive animal e Separation of subclinical cattle from other animals
e Slaughtering of subclinical cattle through rapid breeding
process
Calf * Bring the clean cattle to a separate and clean shed
e Early weaning and separation of new born calf from
subclinical cattle
e Separation of facility and pasture from adult animals
e Use clean facilities in calf housing
e Secure replacements and additions from herds that
participate in the Johne's disease eradication program
Community pastures o pocymentation of number of animals and information of
farms
* Appending the report on ELISA test
* At exit, documentation of the recording on the number
of animals (death, rearing etc.) and on the other disease
occurring
e Removal of ponds and then replacement to irrigation

facilities

Livestock market e Providing of document of ELISA test for dams of calves
that auctioned
e Providing of separated paddock for calves from Johne's

disease negative farms
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< 13.3%, 11.9%°14 1.3%9 59% =, 10% ©l3te] *dA4&S BYd E, FEF&
86%, 6.7%°14 2.1%% 1.0%= At ol& HAZELS HAdFo] AEA<l
AL ZoJ o2 AALSE Fastg o 12 AAMA = 12.0%(57/475)9) 3HA] <
Ae&s BYon 23 AAAI 55%(25/451)F  #Aasth 33 AAME I
2.19%6(12/560) 5 vebWo] 124 A A IR FA &0 Hit 9.9%7F HAsHATH
Eul

Holl oJa) -t el auly FA FAd AAVE Sds] AAE A=

Table 3-6. Change of sero—positive rates of Johne's disease in 6 model farms

which participated in eradication program

No. of positive/No. of cattle

Farm
st (%) 2nd (%) 3rd (%)
A 15/56 26.8 2/31 6.5 0/49 0.0
B 8/33 24.2 8/64 12.5 3/88 3.4
C 4/30 13.3 2/58 3.4 1/77 1.3
D 7/59 119 6/46 13.0 3/51 59
E 14/162 8.6 6/148 4.1 4/193 2.1
F 9/135 6.7 1/104 1.0 1/102 1.0
Total 57/475 12.0 25/451 55 12/560 2.1
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Table 3-7. Annual positive rates of Mycobacerium avium  subsp.

paratuberculosis by region

No. of positive/ No. of animals (%)

Year Total (%)
Jeju-si Seogwipo-si

2010 44/526 (8.4) 62/389 (15.9) 106/915 (11.6)

2011 1/194 (0.5) 9/280 (3.2) 10/474 (2.1)

2012 22/726 (3.0) 67/901 (7.4) 89/1,627 (5.5)

2013 20/554 (3.6) 44/1,580 (2.8) 64/2,134 (3.0)
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Table 3-8. Age distribution of cattle positive for Johne's disease

Age (year)
Total
<2 2-4 5-7 <
No. of positive 48 14 48 19 269
(%) (17.8) (57.3) (17.8) (7.1) 100

2y AR me 53 Rrng dude 24
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rol

ZA3= Table 3-99F
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C o9 2F 4152 vERyth 20104
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2010 53504 2013 2352 464 F7HEASS & F AU
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Table 3-9. Distribution of cattle farms according to sero—positive rates for

Johne' disease

No. of farm (%)

Sero—positive

2013

2012

2011

2010

rates

3 (11D 0 (0.0) 2 (8.0) 0 (0.0)

=30

6 (22.2) 1 (6.2) 0 (0.0) 0 (0.0)

>20

8 (29.1) 1 (6.2) 4 (16.0) 5 (11.6)

>10

5 (31.3) 15 (60.0) 15 (34.9)

5 (18.5)

<10

9 (56.3) 4 (16.0) 23 (53.5)

5 (18.5)

16 (100) 25 (100) 43 (100)

27 (100)

Total
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Inspection Inspection Class
Cycle Procedures Certification

1YR Application

2' Grade ¢ —> 2' Grade
Result
A

Positive <_> Negative —

2YR Application

2% Grade i —Y 2°Grade
Result
A

Positive & Negative —

3YR Application

13 Grade \ 4 —Y 1°Grade
Result
A

Positive é Negative —

4YR Application

1* Grade
Result

Positive #’ Negative

Fig. 3-2. Feedback for Johne's disease certification program in Jeju.
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209 s 9% A IES vidsith o] TR Fofsts 54
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