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<SUMMARY>

Immunodiagnosis of Bovine Tuberculosis and
Molecular Typing of Mycobacterium bovis

Bovine tuberculosis, caused by Mycobacterium bovis, is one of the
major ZOOHOtiCA ‘diseases in Korea affecting more than 500 dairy cattlé
each year. Due to its importance to dairy industry and to public
health, the major control strategies include test and slaughter.
However, only tuberculin test positive animals are removed selectively
from the infected herds mainly due to lack of sufficient funds for
compensation for slaughteriﬁg all animals. Therefore, Sensitive ‘and
specific diagnosis of bovine tuberculosis is the most important factor for
effective control of the disease. The single intradermal tubercan test
(SIDT) in the caudal fold is the standard diagnostic test for bovine
tuberculosis in Korea, which has been reported as modérately sensitive
and specific. As alterﬁate methods, serodiagnostic tests and IFN—r test
have been developed and evaluated in many couhtries, but their
efficiency has been controversial. Therefore, this study was initiated to
evaluate serological tests and in vitro cell-mediated immunity tests for
diagnosis of bovine tuberculosis, and their results were compared with

caudal fold tuberculin test in the Kyunggi province.

<Serological tests using culture filtrate protein>

M. bovis ANS strain was grown in Sauton medium, and culture
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filtrate (CF) protein was prepared from the culture supernatant and
designated as "bovine CF.” Likewise, CF protein was also prepared
from M. auz;um serovar 2 and designated as "avian CF.” Antibodies to
CF antigens were detected by an en;yme-linked immunosorbent assay
(ELISA). Seroreactivity to bovine CF in sera from tuberculin test
positive cattle was compared to avian CF, and only serum sample with
higher reactivity to bovine CF by >20% than to avian CF was
considered M. bovis infection. In general, sercreactivity to bovine CF
was much higher than that to avian CF in sera from tuberculin test
positive cattle, thus indicating M. bovis infection. However, more than
one third of tubércu]in positive cattle had 19w seroreactivity to both
bovine and avian CF proteins. This may imply that the serological test
using the CF antigen is not a good method for detecting M. bovis

infection.

<Glycolipid antigens of M. bovis>

Glycolipid antigens of M. bovis were also examined for serodiagnosist
of bovine tuberculosis in this study. Total lipids were extracted from
heat-killed and freeze-dried whole cells of M. bovis and fractionated
through the Florisil column using increasing proportion of methanol in
chloroform solution. The lipid fraction with 5% methanol and flO%
methanol gave a higher seroreactivity with sera from tuberculin test
positive cattle and rabbit anti-M. bouvis BCG serum. However, both
glycolipid fractions did not give greater sensitivity or specificity than

bovine CF antigen.
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<Recombinant MPB70 protein>

MPB70 protein was described as the major secretory antigen of M.
bovis and specific to the species and has been widely used for serodia-
gnosis of bovine tuberculosis. In this study, recombinant (r) MPB70
protein was prepared by cloning and expression of the gene encoded
the MPB70 protein. The rMPB70 protein was purified and used in the
ELISA for detection of antibodies to M. bovis. Of 57 tuberculin
positive cattle, 51 (89.5%) were seropositive while none of 90 tuberculin
negative cattle from farms with no history of bovine tuberculosis .cases
last three years had seroreactivity over the criteria. Thus, the ELISA
using TMPB70 protein gave a sensitivity of about 90% and specificity of
100%. Interestingly, 9 (7.3%) of 124 tuberculin-negative cattle from
farms with recent history of outbreak of bovine tuberculosis were
seropositive. Careful monitoring such seroreactive cattle would be of

great value in evaluating the significance of serological test results.

<Serogical test using milk samples>

In order to facilitate serological test as a screening test, milk samples
which were collected from milk tank in each farm were used for
detection of antibodies to M. bovis antigens. The seroreactivity to
rMPB70 in milk was well correlated with that in serum .from each
cattle (R"2=0.61, p<0.05). When individual cows from farms with
anti-rMPB70 antibody positive were examined, at least one animal were
seropositive, thus indicating that milk sample testing from milk

collection tank would be effective in identifying farm(s) with
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seropositive cows. Of over 3,800 farms examined, 153 (about 4 %)
were seropositive to rMPB70 protein. The proportion was roughly
matched with that of farms with history of bovine tuberculosis outbreak
last ten years. Although the significance of antibodies to MPB70 still
need to be determined, it would certainly be worth evaluating the
serological screening test for identifying farms with M. bovis infected

cattle.

<ELISA kit using rMPB70>

A prototype ELISA kit for detection of antibodies to rMPB70 protein
was prepared and evaluated for reproducibility. The kit was
satisfactory both for milk and serum samples between laboratories

participated in the comparative analysis of the kit.

<In vitro cell-mediated immunity test>

Lymphocyte transformation test(LTT) and IFN-7 test were employed
for diagnosis of bovine tuberculosis. - Both LTT and IFN- 7 tests were
well .correlated with tuberculin test résults. Due to its simplicity, how-
ever, IFN- 7 test was preferred as in vitro cell-mediated immunity test
for bovine tuberculosis. During the initial evaluation, the IFN-7 test
gave a sensitivity of over 90% and specificity of 100%. However, a
recent field evaluation, only 6 (66.7%) of 9 cattle were positive by the
IFN-7y té.st, and 11 (4.096) of 276 tuberculin test negative catt1¢ from
farms with recent bovine tuberculosis outbreak. Those cattle’ with

IFN-7 test positive need to be monitored for future tuberculin test
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reactivity to verify the significance of IFN- 7 test.

<Molecular typing of M. bovis>

In order to employ in epidemiologic investigation, molecular typing
methods of M. bovis were explored in this study. During the study,
restriction fragment lengti'x- polymorphism (RFLP)v typing methods were
established using IS6110, IS1081, DR sequence, and pTBNI12 probes
form M. bovis. In addition, PCR-based typing methods such as
variable number tandem repeat (VNTR) typing aﬁd outwar:(:l-l.’CR
typing were established, and their results were compared witl.il those by
RFLP analysis. Due to simplicity, however, PCR-based typing in
combinatioh of VNTR tyf)iﬂg and outward-PCR typing were breferrea
for strain differentiation of M. bovis, which may ‘be useful in tracing

M. bovis infected herds and movement of the infected animals.

<Bovine tuberculosis in Kyunggi Province>

Boviné tuberculosis outbreaks in the Kyunggi Province last 10 years
were analyzed. Tuberculin test positive rate increased from O.QZ% in
1990 to. over 0.29 recent years.. The total of number of tuberculin test
positive catﬂe iﬁ the Kyunggi Province accounted more than two-thirds,
and inéidénce of the disease in the Kyunggi Province was: about three
times greater than that of the other provinces in Korea. Of 31 local
districts in the Kyunggi Province, 13 (42%) had less than 5 tuberculin
test—positi;/e cattle iast five years, while 11 (35%) districts had more

than 30 tuberculin positive cattle. Particularly, there was an: explosive
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outbreak of bovine tuberculosis this year in the Hwasung district where
more than 300 cattle were tuberculin test positive, which was about 5
times over the previous years. Of 370 farms with bovine tuberculosis
outbreak, 128 (34%) farms had more than two outbreaks and accounted
more than two-thirds of total number of tuberculin test positive cattle.
This suggested the . importance of slaughtering all animals in the

infected farms.

<Recommendations>

The current bovine tuberculosis control programs in Korea are far
from ideal. One example of the shortcomings is to take only tuberculin
test positive cattle to slaughter house and to keep the rest of animals
in the farm mainly due to lack of funds for compensation for each
slaughtered animal. In addition, there was no concerted effort to
mobilize the existing resources including funds and man powers for
bovine tuberculosis control. Based on the findings from this study, the
following recommendations were drawn for further effective control of
bovine tuberculosis.

1. To form an advisory council overseeing bovine tuberculosis
control programs. The council will examine the bovine tuberculosis
activities each year and formulate and enforce new direction of the
programs.

2. To designate _ah area for | experimental implementation of new
bovine tuberculosis control strategies below and to secure sufficient

funds for the new programs.
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a. To employ classification systems for bovine tuberculosis status
such as bovine tuberculosis free farms or free area based on the testing
records last five years. If a farm had no history of bovine tuberculosis
last five years, the farm would be designated as bovine tuberculosis
free farm and examined every four years. However, if there is a farm
with M. bovis infection within 300 m, all animals in the free farm need
to be examined every year until the infected farm reaches the free
status.

b. To enforce restriction of movement of animals in the M. bovis
infected farms and to retest all animals within 30 days.

(1) Comparative cervical. test for caudal fold test positive animals.
(2) IFN-r and serological tests for all animals in the farm.

c. To slaughter all animals from the M. bovis infected farm and
to disinfect soil and facilities and not to allow new animals for six
months. ‘If the owner of the farm does not want total slaughtering, all
animals over six week old should be examined every two months and
under "res-triction of movement. If all animals were tuberculin test
negative in two consef:utive. tests, those animal need to be retested
again after six months, followed 'by yearly testing. If the farm has no
more tuberculin test positive animals for five years, it will be qualified
for designation of bovine tuberculosis free status.

d. To enforce surveillance of bovine tuberculosis by screening
farm using serological test for milk samples from collection tank each
farm. Milk samples need to be tested four times a year. If a farm

becomes seropositive twice, all animals need to be examined either by
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caudal fold tuberculin -test or IFN-y test. In addition, domestic
animals such as beef cattle, farmed deer, and goats, etc. in the M.

bouis infected farm and farms within 300 m need to be examined for

bovine tuberculosis.
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SRS AYstL k. U $AYY Ao W AS
PAYF ol wAF & zYAYZY JEl B¢ EE B
2 sHE Aol %.iogsm Sy AYF PPDO] ] Sojwrg WE
ZHRET (47, 48). ol H|Bo|wtge] ¥ LAY FAVAL
2387 % FWAAY U $PANP PO zZFAWZ

PPDE FA]o] o] &3l comparative cervical test (CCT)& 23}

-2
M Ho

N
ofx

P

= Yelst 271813 9o, 2ol IFN-r testE® HZAQ Ha}
2 AYAY =qstas dF7 Bus) AWFolcl (6, 49).
ET Ut A A A ZEofAEGUNSE = Aol &



AR o7Y QoA AZuAEG S0 JHY A Lol [
, d 4 ath (50). olHY AL CRES A
S nj Zsly) WEol VAAAE AN UAYe] BzHoE
o]gstelt AFE of ueteld AWtz Yt 53] Atz AY
ol WENAY LA £ A A AEujE o]
At o] AFY FAo| YU ojFolA AZL HustE Fo 7
4ol ¥ 4 grh.

uY, BAAERF JEE ol 8stel PYAYTE Aystl 5
AGoltt Bazie] $RAYFE AntArg stetsis] g Ay
Q ZA @77 AWFoITH2L, 22, 32). oAV WFATE 49
olFollt EX PN UATE LAY B¢ SHAYZY
ZAde FAzAsE o WS F85HA o] 8Y 4 Tt

mpety & d7atAeldE 2] vete $AY g kol
= $AY Ak Bl FGsA VY 4 At REIY AYA
AP g =Yslol 2 RS Br8ln £AY 2d$7 EAyste
Bag Bt 3EsA AHY 4+ Qs de AAstR, ot of
e $AY HANGS W ABold HAEst 1 ¢
£24& ¥z stgc. |

2

i)
fir:

H2Ad AUy "Ha

2 d7HAE £2% B4 2 Uzt 2oy $7Y Aun
¥R 86dol 8570 B 120F004 90dol: 3174 B3 BEE 7
astgdout 3ol 8270 B M6FE Fstdon, 9dEdL:
2005 ol4oz A FVHD A& 2A(L, Holold ABT B9
taol @7H 3 gtk olatel BAL wx AAYY WREI} ¥

fd



23 o2 FHEY U3 AR (6, 11, 30, 39) Hjof &4 7
oln], RIZE7} AT &2 M= AA/Y(6, 8, 9, 37)eE A
AHE ARY AL e et LN AW olHELL o S A
o7 23Y + Ydrt.

LAY JUdFd P AYF(Mycobacterium bovis)(8, 13)2
fevety 22 A ASFEE IR AdE AgdAx %
do] 7hsstch(8, 10, 19). whetq LAY Yool BEUAU 7
£ A, HA, d4 F UE A $ES EE AdedA And
Yo en(7), AU WAL S 2IY o F1FY P AHY
T g TAol dA a¥sa Uth

Atgte] BF o] dAHI AHFPE 2este A8 AW o

E5F AIDSY Ak, ¢, AJo]y, Gy Fof &3l HYo] A
BEE B¢ $YAYE Fol 3H Z ¢ AY2E oUW ¥
ol Qth(35). welA MARAIFANE SHAYFo] YL
S 7L A AAY SEZAYFo] Uy FRE 2B AA
& 7233 glth (WHO, personal communication).

oFoju ZFF F8 FAFIANE AW 993 o
oAit& Eo o)Al AN F o] A doni(14-17, 28, 29,
6), olg uetdA +AYY FHX 7 7153l 222 -?—a]qa}ow
E AQEL AAEY =4F AAFIeE $2Y YUy S Ao
$2YS HA7 Jbedteh. 53] W0 AASt] FEH F2YA
SAYo] HAFHA dny: AYY JELF T =3 d& +
AAEH U SAHAE AF3] ddFHoloF & Aejrh

1. 71e¥d &4

[ syt AWt gl 49 AYY FAYHS FHF



d Uiy es AAsty FHEE Aok PPDE o] 3l F
T+t UTHAWY L FFAEE PYAA 23 A4z 29).
2 AdAdE $EAYIS FAY YuF (B 2¥AYF)

ol de] Atafjste] glems SPAYF PPDIE TuUitg Zato] o

€8 7 HFoFd Ngeg P49t € £= Ak (6, 11,
30, 37). ol& HAUSII st g AAlolA dHA BLol

T EHAE SIESF A ddon, AAE Aot dFAEE A
Azt #A % ¥ 5 1€ ZAE HASRES FHojrh(2,
3, 5, 12, 13, 31).~ du o8 7R AN dFAE At &
FAYF S B FHY AT oy AFolrh

¥ AYF PPDE o] &Y I FoldE A A
AFolM e 12182 oA ¥ ZA¥F PPDo] $H A B9 23t Lo A
= &8 F&yol $3¥ZAYF PPDY ZYAYF PPDE FAlo A
Fste] MU E wlaste] P YPoH(6, 11, 30, 37). WV da
ABH ole FHAY MUrg AAPES FoldoAE A7 o
on, H& EAAHE A2 AR} ¢F2YR RgHoh. &
Zyztel e 227t FESIA Aoy TR HEY ulol Ysid
FHFY AuUrSAALY RAEE 65.65FE4CHE). & FAY
ol ZEE £29] o s IURFHALAAM S oltt.

F2Y AP nAEY HolEE &7 AW AFE F3ld
2F, FAAE, I FoAE oln BAYPos PAAA,
ZF FANE, UEHERAUHIN-r)e] &3 5& o] &% HAYPS

oo(6, 8, 18, 20, 25, 27), o] AAY R
95%U 9], 2|3 Hol=x 96%71F o] ofF wERUMY A2 o
ol §UET} ot drt. metd 2 UztdANE 9 B A



TS HYSt2 HIAFE AA ofdolMq 49 AYF A A o] &
U 4 UAES 7S HEste o] At

' & Yol UAAHUYE FHolU HYY L] ¥
2 A YoM vid A F4o ity $AY AA L A st of 3
T 2u fE vl A3 7 BAE wid AAstA 23
3glen, At ¥ PYPPe= APLE BF FHotlA RY F ¢
29 2 BRAUYY e &dA HEAL 4+ AUt =Y AW
£ B3 olFol A& Ff e 3 LdA= AEAIA H
of &8 AYYEH I o3 AAPolrh

¥E, 3 T $BFYIFY Ade] o8 AdgE, FPEe
2HE FF Y BIES ¥aY F glol AAUZERE HAF
olgisict. U A2 EAREHF sy UdE FF Ty
Hol ZHed (9, 21, 22, 32)of uwiel LYFAYFY FHo] st
Brp azyes $PAYE HAY 4 oA HA

2. ZAAHQA &
SAYE HHALY ool sl AL BEEE A2 A4
& UAeR AVAZ YUNE AAE AW At 19933 Eof
o} 250,000 0] T WL AAsIAon 14652 FHLE AN
313 ¥ s be] B dtAc(l). 1994d == L7 2005
7t Yo (4), 19959 S0l o Wold Rog ojatstdrh. A
EHE Adsxs 22 wAE duds od A2 B2 g
22 ujd FAL sted Wy HuE $u 10,0008 F L2 AL
strete 25990l ©U Zolm, EAAEHE 49 &u|7 ¢ 10
g 5 ujd 35ed BEe TriAA &4lo] Yg How 2R

i



greh. . ¥H I Yoz ol E AW Feldx A w
dote A& 2T FAFLE AXY £ Q& FEY 7}
Y 4 o, SAYHAIL AAHE E5F 2 VIl ¢ A
A Zojrh

3. A3 E 39

SHAYZL AolE ZAstd AYUL o 4 Yo Fay
A4+2E AYHos BABL ZFAARELS YA o o VNG
7hA 2 Qrh(7, 33, 35). WA FHaoM LAYl TAHA 9z
238 fuPcE A2l LHABA Uy BUo= dsjo Fu
dol= IA @ ula 4+ ok, WH A= ASAGY oy
e WAUAEEEE Ho Ax o AgdA $FZYo|
netid &N E AFAR glol 28}E AY ALEAAE Y
ol AE wobd 4 gt wetA o|g o] AHE EAE 1
dol WA sty MM E $AYY HHJ AZY EAon, £ 47
HAGAE SAYY AelE AYs volsta AAHA Yo W
¢ 22 A2E AFstaa stac

2]

A3d FUe BHJI&e IFA 2AF

12U 2 Mg 8%

B d7aAe] HYATBA FUE FuPAT LN E B
FAol wat AZE WU ok 200,000ut2e] AL Fhed
100,000u}2] 8] Ao tisted FHFIU IPUZAAE AYsixn
. ol Alete SwWAUZL PPDE o] &alT glom, FFA
HAYMZ PPDY HlAWSAPL 45t AR Ath3). ANE F

Ny



AddFadde AL W d¥ AL dF kg @
o ittt FAZeE AEsL et AN 53 AEL £+
AR Aol st dch. FAARRAGgLAAE: ¢ AYRe
el % $X7e2 ¥iHo oy o £¥AYF FF4 2
7182 Y= glA] edslrh

ox,
o 16 Jo

oy

2. F9 B 71&9 ¥

F8 AAEXII & 33, HAAE, 0F, sfuct SolAdE &
o AP JA FEY IS AA o $¥AYF PPDY} =Y
Z¥F PPDY] BlutSAAE ¥Aslz k6, 8, 11, 14, 17,
37, 42). N2E A¥H FAHoE 9¥AYFE Yol iy A
A}, AEoiARGNSAAE FZFFANS A} Zal AdEHE
(IFN-r) @4t A5 & ol &35 glth(24, 37, 38, 40, 41). o] F
FolE $HAYT YL 2YAYF YU S Ao vz Ayl
TREYE Yol ti Hgo] UFuE o]} RYAYF YYrT}
¥E doltt #AESE FY3ta el

8 FYF A&YHeE FHELAHWLS(PCR)Yo] da] o] &
Ha gen(23), $¥AYF FFWY Ao|AE FII Hdo
HLA A HFHE o] L3 pulse field gel electrophoresis, 1S6110
EL pTBN28] probe& o]-&%t RFLP¥, ERIC-PCR 52] 7]Yo] o]&
g3 grch (9,21, 22, 32).

3. 8 Januy Ay
Wa) 28 Fuw el FAT & AWLPHA B
Huute AAlE $HANZ PPDE o83 You, ZYAURY



& ol &Y v 2AAE AWt UA 47 dEo] v Fo|hg

AW FHY A7t FF A& Aoltt. 2YAYF T AAdA d
Z

71 g 8ol Hrh HolAd AAYHE =UT i EZAT =HH
ol A BAY &AL %E 5 A& Helth

¥ FHFY gAY AT} b dEe FFEE 4
dag Aaste 22 vetd Ao 49 Ay 2o ¢
ojgi g AlFoltt, metAM UAET 3 AW HEA HAAE =
A thd LY AYF AFE 29 $AY PPt EAFe 5
A& Hrh AFoz Fohdo] AAYRAE 270 o/ 5T 4+ 4

& Zojr},
A4d Q7L BE L WS

1. 47782 HZEBE

7h) 48 AU Aoz YPEe FolEst 90 ~ 95%
He wdanses AUstd 2 Ustold 49 AU HAF
z7)ol AdstzA staict.

W) M2e 29 28 Awi&s 2 ety 2o $Y¥ZY
F ZAAEE ZAstd 49 AYE BArio] WLy AEE A
Fszx st

T $RANFZE 2AY 4 Y& 74 JUs £¥AY
F¢ ATVAZE 2AY 4 Y= BAANANE ¢ 29 FYY 2y
gHe +Psi Wey HuE ABstax stach..

gh) & a3xAAE +8EA FHE el Y& o] 83



of £2 tiE VEE AW AdE W FEALHFY AWed ¥

A& sHsted S8t gl

2. A7UE

) WA a8 FAuy APdel whel FHAY Aol
A FEeE U 2ofd HHzy, e 5 d7AE Ao
t}, .

W) FHAU AUe BHSolN MY AFAZolH £
AUF W, 253 VAR, ATo) WNg AX 23,
PCR W& o]8Y FWE 5& AWstdrt.

o) $¥AYRI} 2YFUZoSNY WU A4S AL
Zustn 2 YRR YUSES ol gstel BistALh

%) $HAUDI} 2PAYZ OV YA Aol Y B
g Bastn 1 B4& wEste, YA JUe BYstac

ah) Bl HUEE AAA G4 A9 24 48 oA
o2 YAAANE AL Bold uPEE BT

uh) MRS AAIE BUE ol st YRFFALE T IFN-y
9 2745 AEu) AN AE 3374 E YUsAT,

A) FHAY B4 A% 24U A8 oS SFAYR ©
ZYAYZ Yol Y METh) BN AXE ZAbste} ADH
H}2& Brshec,

o) FHAUGHA A2 YHEY B Jlet ATAR ¥
zH7 A2E A2oT ¢ DA A2 Y & wNAA,
IPN-y 2324 5o AANAAE vzstd e AP Az
=9 Bol4g Bristar),

H
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2t) B AFHA A Ady M2 AANYE okddol T3
o 22 L¥AYF ZHANE 2, MEL HAs P &
AP WL a0 AIFANEolM FulgAA, BHARAAAE A
st A2 FAbHe) #84& Brstar

) HUEAA MY FAE FFo EANAEYS YL
o] g3t SHAUF FFN ol & I Jlag HYsiA
t}.

7}) ATANE FYstel 22 2YY HAS AW 2 A

A3} ey A A st st
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A1d A2

oAy HAAGoIN SHAWF ZEY £& FHSIA A3
Ae g 28% asolrt. ¥xj FAAFLE dE ol&HE
e S¥AYF PPDE ol &% Iuukg Axbgelct (1, 5). 28
U 3y g AApg e £7hA Ackst EAAL kA= ook 3 8
Ut muube AAabde AEod 49k =& &350 wEd
cyAYFe] AEY FEGANE £ AYF Yol WA X
St 452 FuwrgAstel 244 4 Attt (10). ol VYL
T2 mycobacteria ZHAR o A ZYolut UFolME EF
B 4 gt} (11, 12). AAE Lo $¥AUF S AL 3% ¢
2ol 2old 2@ F7lol MUt 4olden (5), $AY ¥R
B £8 tjdos AR Az $¥AYFol AE&HAU ¥E=
o] gl ASoE LS ZHate]l 24U o7t Wl (5 6). w
A Tu ure Aol g4 $¥ AY¥FE ALE Aws] AY
Py o e YHAAAE o gslaie W dFE VWSt U2, 3,
4, 9). Y L¥AYF Uiy FAE FE F 674 ol Fel Yy
Bh}y) mZe] U wgHARTE &A LAHE @Al v
(5). 2y Zawslel My NEAA ZasE Fde WUdE
A MeHE oty mEo Al AE FAe MU AAY
AT BYFoT o] &Y 4 At} (2, 10). EY Atge] A¥You o}
Hol e &2 ¥AE Ueld F ol g AEnARLS

Rol wotd BAZY ZMg At Eoty] WRo] PREHeA

fr

ol
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ol wol WAML (6). nlAsixg $AURY LA U}
e A% 2ho] Fol Wol WAY 4+ gom, TE 2ojA A
dgel W 4 Ath wetd Y LA Uy YA AZE oY
H Zdold B o LAY HAANGA $85A oY 4 .

Authg Fate £ s EARe Aale olgstt SyAYZ
PPD7} T}2 mycobacteria o8& 54 &%éﬁi{éo]b} Eoo L} B
5 Aol dal EAE < Yo 22 WUAY 2 VSsjo] £
AN 28 mycobacteria o] ZAHUS AT MSoHo
2 @4 1S UBhd + gtke Rojt} (2, 5, 8, 9). oY B
AAE HYsts] fiA HI HY F2 BAIAAE $u2
U PPDSY} ZYAUZ PPDE FAlo] EY The el iy B3
o 2718 uEstel £ AW PPoo] O 2A VY Boojut o
Y @¢e= AF Rz ol (2, 5 8, 9). Y L U
g MR AU £AIAE ol AYstA U2 9o} u]So|w
ol T FHVFLL T AEHL 2E Y4+ UL RoT 2
A9,

SYANT PPOE PYAY Tl FAEA Bulste od YU
FAZ A7 BaHe ANYE Sue FA HEOE F4Y By
YLo|nE SN Folu AV A% U Vg $
g3 AFE AW Ao} (7). el B B2 £¥
Yol Folt YU UAsA o|8Y + YoET uay oy
Ygo] QY FEVE AVY 4 Y= FFo| AUt} o|g Zo] &
2Y Aol Holg ARAII A% WHe U wA AAE
gt A7E Wus Wstz Yok

SAY YA WolN AT FesA Taisior ¥ aar

¥



oJEE EF &Y + AUt ¥UE A FHol M o4 FHoY
I 3¢ HEHLR gl AAHA okt MY SolsiA JRY

SHAYF MEY Lol WL ¢ Aol Ao
3 BAA HLES o] &3l dFEIE AUt} (13, 14).
2ol 713 de| o]&EE ¥H> MPB70 whuid P ow oyAUG
ol Bolgt $Ho| glo] HlaY L BolE£E Urhj: FHo] A}
(7, 15, 16).

d 5 BHo] Ru¥ o el oY ¥E AVHY §84L
ARE +BY I Ade $FY wy AR, HA B 27
st mycobacteria ¢ 28, A¥ W So| wet 2 A e
A Ueld 4 gems 92 uely Ao o8 A L
o RAMAAY #84 Bzl Westth weld & A7
AL $RAUFY o8 stx B Fuistz $AY P
2490 YA SRolN YANE Hastn ARG B ¥HA
9o #44< Wrbstaat st |

B BARELY P ol 8] 8 AYZ L pHstn £
Y g F3 Ak A3t Bus AYHI ). §I £4
Uetet ol 4o mujzt 2o oL AWMNE $AY
g BR 47} T2 RO o Ested A2e Bae] £ANE 2
Bsltete 2o 2ME A M. 1Y A2 $¥A
g F4FE 73l molecular typing 7]do] B E o] 773

YHLE FF FUEE #Bs= Aol bl Ak 1 F¢ &
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8 AYF2e 78L& 1S6110 probed ©o]§3l= RFLP, pTBNI2
probe& ©|-&3h= PGRS, 2|3l WNTR 7' & ciadt whyo] &9
Ach wetd 2 AEAAdME ol WS HYsto £ et
2 SZAY LALLM Ee¥ ¥ FYFY FFY type EA}3}
3z} st

H2d A= % YW

1. &5

2 aazseld ol&¥ FFE $YAWF  (Mycobacteriun
bovis.). ANSZF =9} 28 AYF (Mycobacterium avium) serovar 2 3
o, RS FPsaAddo|y £ ol Ogavarllo] A
ajorsE A A}&3ldct. ¥ M bovis BCG(Pasterur)d 52} rapid
groverdl M. phleiz®& @Al vl gEeadold RIS 9
t FFE& ol &3tarh

2. &2 WY

oyANF e WAL T ALL FulFs] 93l
Ogawa ¥ix|o] At} FA $HAYF M bovis ANS FF3} 23
AYMF M aviung AA ZAuiA el 13] vt cthg Sauton ¥j
Ao A e 433 At wjokstgct. M phleit Ogawa uix]ofx uj

g3t FAE AHgstalct.

7}, ujored whA (culture filtrate protein) 3lel o] Fuj



LPAYFN ZPYAYF AL ARFFA v vl
ool viwlA HES ammonium sulfate® FAX|F| ALl ultrafilt-
ration & o] &35t HZAA LY culture filtrate(CF) 3

o2 gystgcl.

1}. w3 (glycoprotein) 3¢ £

SyAYFe] YA ¥L S £l A3t WA M. boivs ANS
FF 9} BCGHFFE wjg Y thS FAE Bot dAesloq FFAIY Tl
2 574 Azsgr. FAESYEEH AFEEE #F718m (chloro-
form:methanol 2:1)2 Al&o]jA 48A17 2% tl& Florisil
colunng o] &3} chlorofornz} methanol®] H=8& gl§t Smj2
=Y stdrt.

T, SAAR 23 MPBTOR Y o] F
1) BCG genomic DNAS] &g

PCRS 9% 9B ZAYF genomic DNAE= freeze-boil method& A}
23to] 438l ct. Freeze-boil method= ®i¥ M bovis BCG &
o] Mg B© loop Fo 100-200 ule] WFH FHF7H EAUE
microcentrifuge tubeo] Y& ¥, vortexE o]&3dlo A HS F
T EolA 583 Foltirt dNALe @7 del= 3B S 3-53
HEsle] M EHo] HAEF Y224 genonmic DNAZL 8] e
A st wWHog, PCRE 2% genomic DNAS] £2lo] Al&HE %
Holt}, olo] 5-1083te] JHEUER 7D AXY HE T Jtetd
3l ¥ A& e & 2-5 ulE PCRo| Al-&3}4ltt.



2) MPB70 %4 RA=ALL PCR £F
M. bovis BCGS] MPB70 ¥y HAXRE FEY3t7] ¢35t MPB70
BY FHAE PCRE o] &3l FFHstgdrt. PCR -89 242 KCl
50mM, Tris-HC1 10 oM (pH 8.3), MgCl; 1.5 mM, gelatic 0.001%
(w/v), dNTP each 200 uM, Tagq 1.25U, primer 10 pmoleo]glrt}.
PCR ¥h-&2 denaturation 2% 95ColA 58S 1 cycle,
denaturation temperature 94°CojlA 1%, annealing temperature
58°Coll Al 1%, elongation temperature 72°CollA] 1829l cycleg 35
¥, g3 oY e Z final elongation temperature 72°Coll Al 10
7 £3stgden, PCR $Fo| AL % primer?] sequence: T}
3 g,
MPB70-5": 5’ -GCGGATCCGGCATGAAGGTAAGAACAC-3’
MPB70-3': 5’-CCCAAGCTTAACGCCGGAGGCATTAGCAC-3’
PCRO] Bt 5 ul H X2 sampled 1.0 % agarose gelo] A7
E3to] PCR FFo] HFHL=E +YHJAERY o459 FZ3 PR

g 2718 HAdstdch

3) MPB70 3}¢1 RAx} PCR AHE S TA 2 (19)
4FHA FFol HAY PR AEY UnxE Tl 1.0 %
agarose gel?} 1X TAE bufferE o|&3}le A7 45313 DNA ¥l
7} A+ HHE 7R dA=#=z AGI F Geneclean kit
(Biol01)& o]&3lo} DNARHE B =3ttt A AY DNAS 15-20 ul
o WY FR4ol HU F o3 2-3 ulE PR AE FTYS ¥
E]el  pT7-blue(Novagen)ol]  ligationd}iL X-gal/IPTéw color

selectiong& Fdlo] Wdles SES AUt S2YE DNAY €A
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< Automatic DNA sequencer (@A ojt] ¢Are]3t d74)2 HA
Sle] PCR 38 Fo] 44 4 9l nismatched nucleotide?] &z| o

& HAstadct

4) MPB70 3} FA=}Y] cfAF Ud WE 29 subcloning(19)
pT7-blue, 224§ Welo] 22y © WBPT0 R A LA %
ol A FArhddsts] ¢ls) A2y wyA 4y WeQd peE30S] Banm
HIS’—} Hind 111 site® <T}A] &A %i‘z}ff}‘}it},:» TA vector‘;)ﬂ
clening®le] 9l MPB 70 YR A=Ate] ORFE QIAGENA}S] pQE
expression vector system® 2 in-frameo] % =& subcloning& 4l
Al 3L TH(6). o]0}, Restriction enzyme digestion mapping &

3to] Wdls S8& AR S ¥Usdc)

5) thgFol A WHE MPB 70 A2 Wyl Ha
WE A FEo] MBPT0 TAL WHEER Y ARE YA
Aol M2 BN YW U P27 MI5E pQE30:MEPT0 2
£o2 WANWsIT MBP70 DAY UPG SIS-PACEE sy

Th. SDS-PAGE %2 Laemnli (17)¢] %H-& =3 ¥ SDS-PAGE Wy

o=

€ A1&3lgdrt.  olul, polyacrylamide gel® S E7} 7.5%-12.5%7}
A gradientE & gel& AlL3lEon, 30 mAR 3A2 Ay 453
th. A7) ¥%o] BY gel® coomassie brilliant blue R-250
(Sigma) o2 @N3to] UPY g Exiare Yelstyct.
Aol AP S22 Uy 59 IPIGE Tt AEG A
gl A= whfe] o] HAHE 2AL HYsidr). o
o}, MPB708] ciggilo] HQAH o] M5 FFE ciarujgste]

25



Ni-NTA columm& A}£3} overproduce® MBP70 wh¥ A& & =319
t}. pQE30 U@ WE e NF wWetol: 6709 histidineo] ¥ 3 dlof
Ni-NTA colummg o] €3t 43 wEA £E7 & YIS A
g 4 gt

gu, WYy B HAE 918 Western blot hybridization
& 4-¥s}gct}. Western blot hybridization Towbin et al. ¢
w (18)o] wiel Aol A7 g5 B SDS-PAGEE nitrocellulose
membrane® 2 &2 ¥ olo skim milk7} 5% HItElo] ol TBST
(10 mM Tris.Cl, pH 7.5, 150 mM NaCl, 0.05% Tween 20)& 7}3}
1A 7t 59t Ar2o|A incubationdtgrt. olF Z 13} AR 14
2, 23 AT 142 A o 1AL Brbste @A
o] wj uPH TIWAL anti-His antibodyE o] &3t western
blot& 33t FUSISATE.

6) iz ud MPB70 A=Y whAY A 2 HiY

WPBT0 ZY Ve Aol FAY UE FFE A 100
/mé Ampicillin, 254g/mé Kanamycin®] 20m¢ Luria-Bertani(LB) u}
Ao AZsle] 37T 18212 AY wjgstdrt. o) YA S 1/50
232 100/g/n¢ Ampicillin, 254g/mé Kanamycin®] 400mé¢ LBuj%]oj
Azsto] Asoold 0.D.0] 0.7-0.97F E& uiztx wjdy ¥
isoprophyl - 8 -D-thiogalactopyranoside(IPTG) & H7lstedd A=
3 whag el tPPate R3] Iste] 37TolA 5212 ATGul
stgdch. IPTGE =¥ AHuIY S dAdEestodr FALE +
At £33 FASE ANFEF LYo AAHR F 20T A 24
At BEANFE 4TolH HAM FEFTF 189 5m¢ Guanidine

%



HC1-QlAt$4 -8 98 A(6M Guanidine HCl, 0.1M Na- phosphate, 0.01M
Tris-HC1 pH8.0)2 2 HEAAF 1A LFU A&UFAAM FAE
£FA7 F 10,000x g2 FAEestq] A 5 YTE Guanidine
HCI-Q1Atb 3 8o AR X3}1¥l 8wl Ni-NTA (Quiagen) resinofl 33}
A= 1087 ¢ Guanidine HC1-QAH &L AlA, 553 Urea-¢l4th
Z229) B(8M Urea, 0.1M Na-phosphate, 0.01M Tris-HCl pH8.0)%}
Urea-¢l4F+32 o) C(8M Urea, 0.1M Na-phosphate, 0.01M Tris-HCl
pH6.3)C. 2 A3 F ¥ 250mM imidazole-Urea-Q 4t 38 CE =z
2y wudg 3ot FAY A2YAYI L FASIAAM dF
& A7 F SDS-PAGEE HI3tSirt

7) MPB70 2§ 2% <A o] ool ZAcEdd L FA

tigFelA dy@d MPB 70 2 YA (rMPB 70)& TiFEH]S)
71 93t oiAF 6L F P A2Y YA S Apogd A
¥ ofjgF ol WY inclusion bodyTtg EYste Eelstgrt.
¥2]® inclusion body: denaturation, renaturation, FPLC(fast
preparative liquid chromatography)®¥ S XS AA rMPB
70 UL BA}E JaS FYsiAch FPLCE o] &3t FAT
rMPB 70 3¢ 2] +4+5 & SDS-PAGER R A}stitt.

8) BCGol Al MPB70% 2] U -pYMC HE RS E2Y
#lol A AHE¥ rMPB70R Y-S uiF ol ddEE Zlojrt. Idd
MPB703 & e F i Ydol22 tiFdoA Udd A2 T
dEol 97l "ol AAee] AHIZolM Fo¥T HUE HITY
Ro2 RZEE G 4 #F3HI A= BCGEI 22



gabdol A MPB70R Y& HP A HoF ¥} uwlety & dFoAEs F
Az A2y 7P L2 MPB70% WS BCGol A wyAlF17] $13te] BCG
£ vty wrPweol AWFL shuttle vectord] pYMC-His Hig
of MPB70% Y RKAAAE FEJ3tdct. pMC-His WEHE Z=2Y 3
71413t} TA vectoro] cloning®l o] 9l MPB70 ¥FH=te] ORFE
pYMC-His shuttle vector®} ligationg 4¥3}i CaCl, YH & E3}
o tAFo] FAAMSI DNAS uize s <ot pYMC-His W
£ Ni-NTA resing o] &3l WdH @A FA 7} 7h3ich

9) Mycobacteria ¥+F H vl 2A

M. smegmatis= mc’155 substraing& A}&3lgEd, vdgS
M-ADC-TW(0.05% Tween 80, ADCE 3 7}1¥t Middlebrook 7H9 ] nj
Z]: Difco Laboratories, Detroit , Mich., U.S.A.)¥a wjxjolA
37°C2 29 A™ WYY F 1/100 Fu & 2L Y viAo] A
Z3t9 3 TiA] 37°CollAl 24413 A" wfegsidct. Ay wiAe
M7H108 ] o] 25ug/ml kanamycin sulfated M 7}3le] A}&3tact.

M. bovis BCG= BCG(1173P2) substraing Alg3dlgen, wid
2hg M-ADC-TW o wjzlo] FE & F 37°C2 23 A% vy
t}. de wix]oj= M7HIO uvj=jo] 100ug/ml kanamycin sulfateg}

100ug/ml cycloheximided A 7}3}o vl Qs}ict.

10) Electroporation 2
pYMC-His:MBP70 EE&820 2 HFAAHY vZXF2=HEH iR
plésmid DNAE c}at Fu[3dtod gt fast growing mycobacteria?l

M. smegmatiso] electroporation?] W oz FAAHRIIACE.
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mycobacteria®] electroporation®] 3 ZzZ & B A7l o3
HA%Y zAL ALLATE. M smegmatis®] ncll5s F3o
electroporation®, FF& M-ADC-TH oA six] 1Lo] HZE3to
ODeso Ztol 0.5-1.00] ¥ uwfztA] 37°Collq AT vjeF & F AZolA
902 BxI3te Y4 &2 (6,000rpn, 4°C, 10%)3t FAE +3

A3 %
od zAoE tiA YA Eeldtdct. #AE 4°C, 10% glycerol
100nl 2 FESIY 5Q 2ALE tha] 94 Festd3, tiy #A4
£ 10% glycerol 50mlE M2§ t}S 2E2HOF 10% glycerol 2l

stgct. 43" FAE 4°C, 10% glycerol 250ml 2 ¥ ElS}

of ¥Ersto] -70°Co 50ul®) EFdte] BF3IAT}. Electroporation
& DNA (5pg-5ug: #Hth ¥3 5ul)2} H3FE AX 50ulg EYF ¥
0.2cm pulser cuvetteof ‘dof 2A13F e} wjoFste] M=) uvf=jo] H
Z3}edrt. w¥lx]o]l: pYMC-His shuttle vector®] selection marker
el kanamycing Yol VAAUH SES M3t

BAAHY MycobacteriunE ¥ ¥ pYMC-His WE] 2] promo-
ter?l heat shock promoter& FX3}7] 3}l ’—‘1%“?.’.'. Z 72 heat
shock& 5o MPB 70 % thyfde Hd g fF3tddct A2y ¢
WA wyo] HEoERE SDS-PAGEER ¥HAstch AT M
smegmatisol A 2] w@o]l ¥ B ¥, FFE M bovis BCGE v}
32o] .MPB 70 StuiwiA S wWHBIGTE, M bovis BCG= (1173P2)9]
electroporation F3& M-ADC-TW <JA] ujx] 500mloj e
ODsoo Ztol 0.5-1.00] ® wiz}x] 6-7d 7 37°Coll A A& wj Gt
38 FL 1A% 20A BAst Y4 £2] (8,000rpm, 4°C,

158)3t 1/10 Fu2] &% /¥ (30mM potassium acetate, 50mM

MnCl,, 100mM KC1, 10mM CaCls, 15% glycerol)ol EE A]#A Ao



A 1582 FAT F dAd 2@ (3,000rpn, 4°C, 158)3t] FAE
259, $HEH FAE 4°C, 10% glycerol® A3l T =
Aoz A HdA £, #HFFo=2 10 glycerol
5m1(1/100 33])o] HE}3to] 50ul®y] EFdlo A&t AT).
Electroporation®] DNA ¥ %+ 500ng/cuvettel. & A}L&3lo, At
12.5kV/cm, L2 10002, AL 25uFE AHg¥ct. 37°CE 23

9 5% C0, M7l 377 sfgshaTh

11) 32 A%

Plasmido] &J¥ ¥ IHES HAS7] 34 ¥ I/ BCGe}
M. smegmatisollX plasmidE ¥ e|3tgdrt. M=) ufxjojr A
mycobacteria 2 ®}& M-ADC-TW 4] uwj=x] 10mlof] AFE3ted 37°Co]
A 237 ujo¥dt ¥ 1mlE microcentrifuge tubeo]] EF3¥ =
A Esleg F& AT} Pellet2 150ul®] solution I (50mM
glucose, 25mM Tris-HC! (pH 8.0), 10mM EDTA)C.. & ¥ E}3s}o] 37°Co)
A 24212 B8t 300uld] solution II (0.2N NaOH, 1% SDS)
E AN F d3odAM 1087 F A3, 225ul®] solution III
(3M potassium acetate, pH 4.8)& #HJ}ste A THZ t}L AL
ol 108 3 LAdEelstadct. 4392 phenol/chloroform
(1:1)& Z¥3te] A E 28 F &3t 2818 ethanolZ DNAE
FAAZAc, A Felslq 33 DNA= ethanolS A A3z,
RNase ?0ug/ml7} BFE TE &5 £ (10oM Tris-HC1l, 1mM EDTA)
S0ule] &3y AH M7 FF3ted DNAE HASI3Tt

12) VWestern blotting

FAARY 257 Aok DUUL VAEAY AR E ¥
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71 $13}o] Ni-NTA-HRP conjugated ©]&3} Western blot& 433}
dch. $4 & FF (M smegmatis)®] FAAR A3} ¥ FAE
0.D.ew0=2.00] ¥ wj7z}x] wj} ¥ ztz A Eelste] £, 4
glalad sz 23 MY ¥ PE Rl Ultrasonicator (vibra cell,
Sonics & Materials inc. Danbury, Conneticut. U.S.A.)E 2087
Ao sld A2E Y H, = QA Ee (15000rpn, 4°C, 30E)3}
o] WAEL AAY F 42 YL 0.2un acrodisk (Millipore)Z o
A3 g FHgSstdct. A% F (SDS-PAGE) 2 Laemmli
(17)¢] wd& ¥ SDS-PAGE WY& Ah&s3talrt. o=, poly-
acrylamide gel ¥ %7} 7.5%-12.5%7}2] gradient& & gel& A}
g3u, 30mA% 342 A7 FFstdn. B7 45l BY gele
coomassie brilliant blue R-250 (Sigma)2 2 @M3le] UHH b
Wae] Exiarg FAgch YR YA HAEL 913 VWestern
blot hybridization® ¥ SDS-PAGEX Towbin et al. 2] %ol wt
2} mitrocellulose membrane2 2 &% ¥ olo] skim milk7} 5% 3
J}E]lo] &= TBST (10mM Tris.Cl, pH 7.5, 150mM NaCl, 0.05%
Tween 20)& 7}3te] 1A13t ¢ A-2o)M incubationdtgitt. ol F
z} 12} AR 1A, 23 A2 1AZ AN oE AASE HFA
sto] A A Z T

oY

3. ¥ He
7b. A Lol i FAY A&
£2] AN SRAYF Yol T ¥AE FAE3H7] AMA
enzyme-linked immunosorbent assay (ELISA)& ol&3tdct. Z &

Zo] mwjokel CF¥Y =& rMPB70¥ Y Y Zf BYUS 1 uwg/nl2
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carbonate/bicarbonate &% 8 (pH 9.6)¢o] 343 tiL 100 ulS
ELISA® microtiter plate®] wello] £33 4‘CojA o 1647
71 BYES FRAAT. FAEHA Y2 ¥YU2 0.05% tween 800
EHE QJASFLY(PBST, pH 7.4)2 2 well A3l 5%
normal goat serumo] XtH PEST ¢ (PBST-NGS) 200 ulg ¥
37 Col 4 122t HQ blocking AlZth  Blocking £ AW
thS 3 & M phlei7t XYM PBST-NGSE o] 1:3002. 8 3] 43}
o 100 uly weuoﬂ Y 37°ColA 9087 HHgAIATH Well &
PBSTE 43 M3 <} PBST-NGSo| 1:20,0000.8 3|23
horse-radish conjugated goat anti-bovine I1gGE& 100 ul 2 =Xy}
sto] 1A% 5S¢ vk g2 PBST%OJJ&E 43 M Hstgrct. npxjgt
£ 2 o-phenylenediamimine 7] A& 100 ul 2 Y31 A4 15
T UM AIZ ThE 2N H2S04 S o ® wbg g A FARL
490 nmoll A &Pt ¥Fdo] AIIE welld HF FHE29} 3o
gt welle]l B2 FHES Hol& B M| o] §stac).

U, B A Aol iy gAY AR
BAA Yol o A FAEE ELISAY S ol &statth. 23y
A YA A gdolt HYA &Y Fol tween 80 Ao
EuHo & Ff welldd AAHI wj&o] RE Lo tween

80 ¥¥e Wrstx gz AWe AWstAT)
o $RolN $EANZ YA AZ

Sfol Exsts $RAYF Ydol o ALY RBL YR
S0 /& 1:58 HMY ok gdolA 14 ELISAYE o] &3}
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4. $34¥9F ey

7}.  Southern Blot Hybridization o &%t F3o 74y

1) delelol 5 % wjokyy

2 AHolM AHEH M bovis ANS T3 TN EeH da
FF 2 FFc FHUFAARERTL (Qd)oly oo,
bovis BCG 1173P2, Phippst titZA¥ys] AYd 7oy Az n
gttt ¥w, A AolA E2¥ M bovis 57 FF9 DNA F&2E2
Dr. M. Salman(Colorado State Univ. Fort Collins, Colorado)® 2
FE AFgol AdHol A&t Z FFY wjYE egg-based

Ogawaoll X v} g3t} &=]3}gct.

2) Genomic DNA2] 2.

ZA¥F2] genomic DNA £ 2]+ Van Embden 52} ®hy (27)& ulz}
Atgstoivt. wig® # 1 loopE uwtr 400428 TEZ} €2 micro-
centrifuge tubeo] Wol 80To|A 2087 71gstey HFstgrt.
o 7]oll 50£2] 10mg/mé lysozymed 4 o] vortex3}t: 37TColA 2 A
Zt vpoFdlal, 54£2] proteinase K&F 70482 10% SDSE Yo 37T
|4 2212 thAl wjokstelth. ThAl 10048 SM NaClg Yol A&
F 1004£2] CTAB/NaClE& H7Fsti AA7F VNS d wjztx] Hoj&
¥ seold 65TA 2087 HIVF Aol AsFrh ool
A 500 ul®] Phenol/Chloroform/Isoamyl alcohol(PCI)& Wo] =
A=t 12000rpmoll A 923 HHENT H H3YE MEL tube
of &3tk o47lo] 500 ule] CIE Yol A% cla] 1200 rpmoi A



9E N YAEsidct. AEYE FeEdte 0.6x 2isopropanol &
Yol -20TolA 30237 wjeksitizl  12000rpne] HEE 4TOjA
2057 QAR stgct. A2edg Wal 70% EtOH 1meg $ol
DNA pellet& ®o}3F3 4T, 12000rpmoE 1083 WA stglct.
Badg e F7FolA w3 408 TEE Yol DNAE 5o 4
£t

3) Genomic DNAY] A¥F 4 A
o} 3 54g2] genomic DNAE 2 8] Pvu II (10u/m)E A |3}
37ColA 247 E¢t A}E i 7149 6x DNA sample bufferE
DNAol Yol H& ¥, 0.8 %] agarose gel 2 WAl A7 4 F 3l

4) Southern blot hybridization

2 Fe] genomic DNA 2|2 Southern blot hybridization
Van Embden $¢] Wy (27)& uwhel Ag3tglch. 1S6110 RFLPo] A}
4% DNA probe: IS6110 A#& 7]&< PCR WY (20)& ©] &3l
ZEZY 5 APEL P 118 A3t AL§Rch PCRO] AHEH
primer sequence: 5°‘-GTTCTTGGAAAGGATGGGGT-3'&} 5'-CCAACTCGA
CATCCTCGATG-3'(21)2.& () ulol@Uyole]r A3ty Ap-§3Rict.
PCRE ZZ% 1,160 bp 3718 DNA fragment& Pvu IIE ATISIA
9 Z fragment: 410 bp, 2E%F fragment: 740 bp7} HEd 2z
& RFLP?] probe® A}&3ii=d], ZZY DNA fragmentE&=*P-dCTP
(NEN, Boston, MA)E o]&3}o] random priming reactiong ©]£&3}
o] labeling 3}o] A}-&3tcl,

IS1081 probe RFLPo] A}€¥ probe® Z2 WP o= PCRE ©o|&



3o} A Zs g, primer sequence: 5 °‘-AAGCGAGCTGAACGCGCA
CTG-3'%} 5 -TGGATGCCCAGGATCTCTCGG-3'©.F 320 bp 3712 DNA
fragment& F &3t (22). $EZF DNA® DNA fragmentt= ECL
kit {Amersham International plc, Amersham, United Kingdom)&
Fsted A&tk DR probei 36-merql oligonucleotide,
sequences= 5 ‘-GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC-3° olglx
(23) (F) Hlolrolo| A A =3Ble] AR5t rt. ProbeE A}£¥H
DR sequenceyx= 3’ -oligolabeling and detec- tion system(Amersham
International plc, Amersham, United Kingdom)& F+¢38te] A==}
7t A ol whet Abg3tacl.

pIBN12 (24)= M tuberculosisoll highly repetitive3t DNA sequenced
detectiond 4= Q1= probe® M. Donald Cave (University of Arkansas,
Little Rock, Arkansas U. S. A.)E HE o]l Al¥Ho] a}235}gdc)
pIBNIZE Z¥FFU P Z AT bEe vl-¢ Z}AQ probe2 ¢
A glom, 53] IS6L0S probe= A RFLP EAol &3iy s
e 2FE o MAdUstA EFsted /8% ZeE AEI gl
pTBN12E A}-231 RFLPE 2P AW HFFE2] genomic DNAE Alu [ & Avtl
st o] &3tlcl.

L}, PCR 7| & ol 8% $¥AYZF 7y
1) Genomic DNAY] &2
PCRA| A}2¥ genomic DNA: Qtx] A3t ule} B2 freeze-

boiling method& o] &3}y Ez|stgrl.

2) 1S6110-based Outward-PCR typing
Ross(25)2] wH e -uje} 1S6110 element A}o]2] flank
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sequencesE FH3t] A strain e xolE dopuiE WEA
outward PCRE A}-&3%ir}. A}£¥ PCR primer: 5°‘-CIIICCGGGGCGGT-
TCA-3'E I+ inosineo|t}, 1S61102] 3’ PCR primer: 1561108
inverted repeats $]o] annealing 3lEE 1 QFtT WIS
1S6110¢] ul@& ¥}StEE mersto] 1S6110 Ato]2] flanking
sequences& ZE 514},

PCRE ¥ 50-100 ng?] genomic DNA®} PCR buffer ([20 pmole
primers, 3 mM MgCls, 1.25 U of Tag polymerase, 200 uM dNTPs)oj
Al Ak, PR RA2 AL 94°ColA 102 Wbgstan, ¥
94°Coll A} 18, 58°CollA 18, 72°CollA 283 d44$ & 353 =HE
ol upx|w} WkEF, 72°ColAN TER VI FZ& F AU
PCR A& 2 1.5% agarose gelo] H7| P F3le AAE HAsIAT}.

3) UNTR typing
UNTR 2 & $/% PCR ¥h-$2] %¥3} PCR primer sequence S
Frothingham3} Meeker-0'Connell (26)¢] PCR % Hof ule} A| 334l
tl. PCR 24L& A& 95°ColA 10837t WHgslx, ¥ 94°CollA 1
T, 60°ColA 1 727l A 1EZ AaitSE 353 HEIA niA
g WrgF, 72°ColAM TED gt FEE FF YT PCR AELS
1.2% agarose geld] A7 QFstey AAE FAstArl.
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A3d A4 4 2@

1. ¥4 5443

7. ujo¥et 2 (culture filtrate protein) 342l 54

SHANZN 2PAYZE P 2 ol Zu|g wel
Thy g e dgel 24 HEL vlasts] ¢lstod SDS-PAGE RS
ZAR A/ Fig 13 2Th $WAMZA M boviss] CFU 3
2YANFA M aviwd] CFUY 2ol AFAYFA M tubercu-
Josise] CFYQZO] 28 WA 4R Bl Fol HIY o]
7t et B3 FUY ZEY FRAAAE FuISE lotd] o]
U @Az stde A wuds 74 42 me #HE usy
thowWetd 2 BQ $RAWZE QUL Y PPDE 26T 7
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Fig. 1.

SDS-PAGE analysis of culture filtrate proteins from

‘Mycobacterium species.

Lanes M: size markers, 1: M. tuberculosis YMCA1,

2: M. tuberculosis YMC3, 3: M. avium heat
inactivated, 4: M. avium batch 17, 5: M. avium batch
29, 6: M. bovis AN5 batch 2, 7: M. bovis AN5 heat
inactivated, and 8: M. bovis AN5 batch 25.
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Subject ID

Fig. 2.

0.D. 490 nm

Seroreactivity to M. bovis CF antigen.
BTB: bovine tuberculosis; C: controi

39



o 2.

mostgch. o AN FAay £ Y& RS $YAYF PPOE
o] g3 WUty FHLY AE ThREL 2Tl wsie nj$
B YAE R
Mol 29Ut Qthe Folth, AN WL VLS $PAYF
e 27jolAY o] AUl 28 FAstx Bt AZujAR
qutgo elstel Atd AHEE Aol Uehd 4 lch

Bw AW PP HIN ZYAYZY M aviun CF P
of Ci¥ BAIIE EE M bovis CFol Ti@ A7 Hrh @A o

re
a
rlr
it
X
e
-z
o%
o¥,
o
2
X
(r
o
2
r T
olo
o,
2
o

o

o} M. bovisol] BEH Z Lol M bovis CF ¥Po] Fo|H22 &5
A gy & 4+ Yoot (Fig. 3). uwetd M bovis CFFUES
A Aol o]yt E M avium CFEAZ AL3IA ALY F$
npx] T Ujur-g Z ALl comparative cervial testHE B A Y Fof

e A% E ol VY 4 A& ANFHATH

Y. 2A138 (glycolipid) ¥ 54

FA2RE {780 E o8l &Y AA ZEE Florisil
columno] A7 th chloroforn € )3} methanol &Y v &S
disle] EYT HEL Bol ARAA ZZo] ¥y A4S 2
stgdct. WA M bovis ANSTEFE] BA A Yo ALEE +AY
o} ool WA EO| M bovis BCGFF UF (M. leprae)&
2zt dgAz e A3} HSAA ZAsHHTh. Fig. 404
RoE Aol o] $AY PAS Y AR FsiA Ugsie B
A 3A-L 5% methanolo] X W chloroforn §WLE {3

A

-

re
oft

glo]n], 40-50% methanol fojo 2 EHI |- P2 M bovis



0.D. 490 nm

Fig. 3.

M. bovis CF
#1 M. avium CF

0.0
BTB1 BTB2 BTB3 BTB4 BTB5 BTB6 BTB7 BTBS

Subject 1D

Comparison of seroreactivity between M. bovis
and M. avium CF antigens.
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O0.D.490 nm

Fig. 4.

1.5 .
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4 Bovine TB
] Anti-M. leprae
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Lipid fractions (% methanol in chloroform)

Seroreactivity of lipid fractions from M. bovis AN5.
Crude lipid extract was applied to a Florisil column
and eluted with increasing percentage of methanol
in chloroform. Seroreactivity was determined by
ELISA.
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157  m Anti-M. boivs BCG

1 Bovine TB
‘B Anti-M. leprae

OD.490 nm
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Lipid fractions (% methanol in chloroform)

Fig. 5. Seroreactivity of lipid fractions from M. bovis BCG.
Crude lipid extract was applied to a Florisil column
and eluted with increasing percentage of methanol
in chloroform. Seroreactivity was determined by
ELISA.
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Seroreactivity of the GL5 antigen with sera from
tuberculin positive or negative cattle. Seroreactivity

was determined by ELISA.
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Fig. 7. . Seroreactivity of the GL40 antigen with sera from
tuberculin positive or negative cattle. Seroreagtivity

was determined by ELISA.



Bovine TB serum
M. bovis BCG
M. tuberculosis
M. avium

M. intracellulare
M. scrofulaceum §
M. gordonae }§
M. kansasii

M. xenopi }
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M. chelonae
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M. malmoense
M. simiae

M. asiaticum
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Fig. 8. Seroreactivity of the GL5 antigen in rabbit antisera
-against 14 Mycobacterium species and a serum

from tuberculin positive cattle. Seroreactivity was
determined by ELISA.
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Fig. 9. Seroreactivity of the GL40 antigen in rabbit antisera
against 14 Mycobacterium species and a serum
from tuberculin positive cattle. Seroreactivity was
determined by ELISA.
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Fig. 10. Comparison of seroreactivity between the GL5
antigen and mycoside B with sera from tuberculin
positive cattle. Seroreactivity was determined by
ELISA.
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Fig. 11. Comparison of seroreactivity between the GL5
and GL40 antigens with sera from tuberculin
positive cattle. Seroreactivity was determined
by ELISA. ‘
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Fig. 12. SDS-PAGE analysis of the culture flltrate proteins
- (Iane 1) and rMPB70 (lane 2) of M. bovis and
molecular mass maker (lane M). The proteins in the
~ gel were stained with Coomassie Blue. The arrow
head in the lane 2 indiéates the 22 kDa native
MPB70 protein. The molecular mass of the purified
rMPB70 was 25 kDa.



Fig. 13. Reactivity of the rMPB70 protein with sera from
tuberculin-positive cattle (lanes 1-4) and negative
cattle (lane 5) in Western blotting. The prestained
molecular mass marker was in the lane M.
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Reactivity of the rMPB70 protein with sera from
tuberculin-positive cattle or negative cattle.. The

seroreactivity was determined by ELISA:
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Fig. 15. Seroreactivity to the rMPB70 protein in rabbit
antisera against 14 Mycobacterium species and a
serum from tuberculin-positive cattle. The
seroreactivity was determined by ELISA.
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Fig. 16. 1gG seroreactivity to the rMPB70 protein in sera from
tuberculin positive cattle. The seroreactivity was
determined by ELISA.
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IgG seroreactivity to the rMPB70 protein in sera from
tuberculin-negative cattle. The seroreactivity was
determined by ELISA.



Table 1. Seroractivity to rMPB70 in sera from tuberculin-positive and
negative cattle

Seroractive* to rMPB70

Tuberculin test No. assayed
No. : (%)
Positive 29 26 (89.7)
Negative 30 .0 0)

* Criteria for seroreactive : 0.D.49%0nm =0.15
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Fig. 18. Comparison of reactivity between M. bovis CF and
rMPB70 antigens in sera from tuberculin-positive
cattle. The seroreactivity was determined by ELISA.
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Table 2. Seroreactivity to M. bouvis antigens in sera from cows

A Fg*

3 AAL T
No. (%)
M. bovis CF (MB-CF) 518 43 (8.3)
M. avium CF (MA-CF) 518 94 (18.1)
O.D.(MB-CF)
_— 518 8 (1.5)
O.D.(MA-CF) '
M. bovis mycoside B 518 53 (10.2)
M. bovis GL 40 518 54 (10.4)

* YA 7)1FE : OD. 490> 0.40
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Fig. 19. IgG seroreactivity to rMPB70 in sera from tuberculin
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Each dot indicates an individual serum samples,
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samples with O.D. readings under 0.10. The bars
indicate the mean absorbance of each group.



Table 3. Detection of IgG antibodies to rMPB70 antigen in sera from

dairy cattle
Seroractive®
Groups of cattle No. of cattle i
No. (%)

Tuberculin reactive 57 51 (89.5)
Farms with

) 124 9 (7.3)
tuberculin reactors
Farms without

90 0 0)

tuberculin reactors

* Criteria for seroreactive : IgG O.D. 490nm =0.40
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Fig. 20. Comparison of IgG seroreactivity to rMPB70
between serum and milk samples from tuberculin-
positive cattle. The seroreactivity was determined
by ELISA.



Table 4. IgG seroractivity to rMPB70 in milk from dairy cattle

_ Seroreactive
. No. of farms
Dairy Plant  Batch .
examined :
No. (%)
1st 294 11 (37N
A
2nd 449 15 (3.3)
1st 369 13 (35
B
2nd 430 23 (5.3
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Seroreactivity to rMPB70 in milk tank from dairy
farms with cattle. The seroreactivity- was determined
by ELISA.
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Fig. 22. Seroreactivity to rMPB70 in milk collected from each
cow in the fars (A & B) with cattle suspected having
bovine tuberculosis in screening test using bultk milk
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Table 5. Detection of IgG antibodies to M. bovis antigens in milk from
individual dairy cows.

Suspected cows

Farm LD. No. Cows

' No. (%)

A-D B 6 (11.5)
E 20 3 (15.0)

F 28 3 (10.7)

G 25 1 ( 40)

H 20 1 ( 50)
Total 145 14 (97
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$AE oo iR WYY TAS B dFGNE AT + At
aY WA BYY FEel Wey AL A SayA
MPB7OR ol TR A A2HAL o £AY
Quit & 7t & Solxs} dntel spolth. WwAHo
o &g AGHARY Aol QA AFo] $AUo] iy YA
AAE 223 e x4 dehd ® Fag strlds @
el HE olFTin Mz, R YARAE Bold £2Y 2
= JUsE BRe Hohd Fof olutx da) 24
e $2Y AVAANA YRS ABHE Rol Y Rolth,

Bad a9 RolA rMPB7OR o] thy RAAANE Bt} B
= 2R Ade B ¥AYE YA VYL ZAshac
YEATIIBY FAE FUAHATFLE Foto] Hu 3,800 §
e} WASFolA MPBIOT Ul ThY PAE ZAY A3 153 F
oy wA W4ANE RE st PSS 4.0%xg Uehln
(Table 6). ol x|t 447 A7EolA 13 ofx S| w4
stold Bate] 49 ugol of 3.5% Wt A Hol: 1px] e

TRl A GEA FEFF J1ed o FET LAY
UAEA T RIS PAAAY S84S BA U £ g A
olt}.

@ 7lx BA% ARE 1 B¢ £33 G489 UAHA g
82 N9 BREINE T} £2AY VAR Q3 04T AL
B&E UEh) ool oyt FWAAIL o FolHol & Aolth, Bu
AA Fol B gAdAel FHA B A" wAAA A

T gqos VAHAY, BY BE 47} HuigHsel 24

p=4
Zgole FRelMe AP +2Y F4F BAEFE Hohd

0%
oX,
o
bt go
N
N
o
ox
2o
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Table 6. Prevalence of antibodies to rMPB70 antigen in dairy farms in
Kyeonggi province

FAFY SR

A9 AR A5
No. (%)

jii]l 31"52 959 43 (4.5)
FFET, TAT 1,020 27 26)
4 A F 279 16 (5.7)
3 g A 304 17 (5.6)
ol A & 512 25 (4.9)
G A 2 485 12 (25)
gEFFA 245 13 (5.3)
A 3,804 - 153 (4.0)
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to o884 g Zolth. wEel YAPA] 4 FHe. B
4ol tist] FUY AAE Ax sl AR YA 24 I
g At Q4 47 HAY Aol SholMe MR
SAY ¢4 REEHE NS THOET Hopd 4+ Ug HeoE
A2,

3. ¢% 292 25 FEH9 ¥y W w2y

7}. Southern blotting 7] ol &% ¢y AHYF T I

suAUZe] 29 A3 oSAYE Hetstr) st BES
oA EY ¢F¥ZYZL genomic DNAE F2|¥ F RFLP (res-
triction fragment length polymorphism) 7] & o| &3l &8 A
WFS EstgAct.  RFLP 7]'go|’, #F8 genome o] &3t
repetitive DNA elements’} genomelf2] ojgl tiydt Ao, ctiP
¥ copy 2 EAYE ol &3t YAeltl. Genomic DNAE HE I
APHAALE A F S Y repetitive DNA elementE probel 2
A}£31e] Southern blot hybridization® <4=3135}74 X ™, genome
Yol &3l DNA element?] $JR8} 4o] uwie} 2t F3 nict Z
7] ©}2 banding patterng UEN|A ¥t} o] RFLPE o] &3}
Zt FFE AEstEd A8 ¥ 4+ Ut

B dFolE M bovis FFo ffl‘7ﬂ W=l o8 MY copyrt &
At Ro% oalA gt insertion sequence familyQl IS61103}
IS10818 22t A}g3te], 98 HWF2e] DNA polymorphismg =
AL, o $8 AUFF DHel ABY 4+ A 4R E =

A}stdct. E3, insertion sequence BTl X ¥ W copy
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47} genomelol] &3t Aoz A 9 direct repeat
sequence (DR)&} ZA¥YF | Za3}l= repetitive seq_uenceé—
detection® 4 9l& probe?l pTBN12 plasmidE Dr. M. Donald
Cave (Univ. Arkansas, AK, U.S.A.)ZHEH o] o|& Ag3sdd,
1S61102} 1S10812 & FEEHA g& FFUE 28 4 d& A9
AT Zisidrt. AE L HAstd, ¢YAYIFEHE genonmic
DNAE E2|3ta, 1S61103} 1S1081& probel B 3l blotoﬂ AHE- &
genomic DNAE A ¥UH L Pvu IIE, DR sequences$} pTBN12§-
probe E 3} bloto]] A2 ¥ genomic DNA: Z‘ﬂ'{l’i.’b_-/lliz 12
2tzt Axiste] 24zbe] probe§ A}§3tol, Southern blot hybridi-

zationg& A] ¥ 35t}

1) 1S6110& probeo 2 2}& 3 RFLP 84
IS6110 full-length DNAS probeo 2 A}g3}o] Tt %Tr,] M,
bovis genomic. DNAS ci¥t RFLPE 4-¥3}A =1 o}z Fig. 223 2
23E €& 4=‘9,lt}.: a4, 1861108 W¥-ol: P.y'qII AHE
A A2 7F olo] o] .DNAE PwiillE A2 3lA HH LEF fragment
9} Y& fragmentE U¥ A ®r}, 1F& Q2% fragmentE probe
o2 Agst= ;géroﬂ-é M. bovis genomic DNA uof -&zj3l:
1S61109] copy 48 ¥obd 4 9lth 1861109 2EF fragnentd
probe® 2 Abg3tel Al#E Southern blot hybridization& A%
Azte AYo] A 7 FF7 M bovis EE FFU SAYo
B suteld 2=24E LW A dRFEFA ZF, ¥ A A
¥ 19 band7} UElY, olE 9BV AYFF L genomic DNAUO] ¥
A A F e 1S61100] EAst= A& & 4 9ldrt (Fig.

flo



23). ol Hxe] ostd, 1, 3, 4H FFol& 17019 1S61100], 2
3 58 FFo= 2719 1S61100] 25t e o 4 g}
EY, U3 3 4H FFe 283 54U FFRE N2 gL 73
E ZEdE o 4 ddrh wWelAM, I1S6110& A& ¥ RFLPo| 2)3)
e EE $HAYFFU M bovis BCG Japanese, M. bovis BCG
Phipps, M. bovis BCG Danish Fo] A =E r}& FF2 7Yy
W, M. bovis ANS, M. bovis BCG 1173P2 A, B, C&}= MZ x}o|7}
e o2 uvetyct. ol Ml FFM bovis BCG 1173P2 A, B, -C
i+ France?] Pasteur Instituted]A M. bovis BCG 1173P2& M &
THE Al7lo] £ ol HUAMAN Adsla & 322 Ay 2
2 4372 8 4 dr}.
¥, 1S6110& PwilE Autste ¥ AUF fragmentS g,
1§ probe2 2 }-§3t= F ol strainzte] zlol7l o & UE}
e A& & 4+ UAch. &, 9F fragmentE probel T ALY
BfolE ¥ 7MY 1S6110 element7t Exjste FFete Z7] s
714 band7} Yety} FFE 7€ 4 k. 2y, 1S6110
A2l fragment& AMEY HRPolxE Y/ fragpent} L8F
fragment& 247} ALE 49 A2 22 A=Y BEYE &= 3
o2 Azt &, Fig. 230]A4 B gl%o] IS6110 MA fragment
& A8 ASolx M bovis Japanese, Phipps, Danish £¢] #F3

o

t MR & FFE BHol sssln, M bovis ANS, M. bovis
BCG1173P2 A, B, C, 2|3 QAFF 1, 3, 4W3} 2, 5%o] ME
T2 FF=2 449k, webM, sy o] 48] 1S6110 fragmentE
probeE ALY WO+ Q& Zos AEANE 4 drl.
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Fig. 23. RFLP analysis of M. bovis strains using full length
fragment of 1IS6110.



2) 1S1081& probeo 2 A}£-3 RFLP 4

% Al insertion sequenced! I1SI1081& probeE A}-& 5} o
Southern blot hybridizationg $#sladt}. o AHMNL $of
AHE3t™ 22 blotg strip¥t ¥ A1&sloth.  Fig. 240] UE
Uixel, 1510812 1S61100] wmstel 2¥AUF o] we 2
copy7t EATIEZ FF 9 ol U Loy HoE AMzZEY
Th @A ALE¥ 1S6110 probeo)] oj3] W E =z oot 'M. bovis
ANS7F ThHE 3o thdEE E, 839 JAFZEFY Sy
patterng Zt= A& 8 4 gt a8y oA, Is6l1002: 32
EHY M. bovis Japanese, Phipps, Danish 23 So] A2 FiE

A dE A& B 4+ g4dr)h

3) DR& probeo 2 X183 RFLP 84

#lolld A8 Az 2 $HAYFIZES genomic DNAE Alu
Ie% Hxslo] 36-bp direct repeatel DR sequenceE probed}
th. 3 Ao gBW, M bovis AN52] banding pattern2 T} 2
T2t A Aot un, FF 1, 3, 4MF 2, 5¥o] BL
pattern® 2 FREE tH, 1 9 tE EF FFEL 2uHA o
= A& & ¢ vl (Fig. 25). welM, 1561103} 1S1081& 3%
¥ Southern blot hybridizationo] 2]3%} HEY oy Wy

HgsA] Bole Aoz AE AL 4 A

4) pTBN12& probeo 2 A}£3} RFLP &4

PTBN12= M. tuberculosisoll highly repetitive¥t DNA sequence



IS1081

2 3 4 5

Fig. 24. RFLP analysis of M. bovis strains using /S1081
sequences as a probe.
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DR

Fig. 25. RFLP analysis of M. bovis strains using DR
sequences as a probe.

82



£ detection¥ 4 9= probeZ M. Donald Cave (University of
Arkansas, Little Rock, Arkansas U. S. A.) E4F¥ ulo}l Al g of
Abgstedcth. pTBNIZE ZA¥FFU S¥AYFF] A Wi &
22 ol probel T UFA gon], H3] 1S6110& probeE 1§
RFLP &Moo 2l3lA ZHEx 4+ FF& o AUsiA EFsted
443 Aog @l pIBNI2E A1E3 RFLPE ¥ ARIFE
¢ genomic DNAE Alu 122 HAdste o] &sigct. & A ¥ o A
AT P AWFFE pIBNIZE probe2 2 Sto] RFLP 4 & T3
@ e Fig 260]4 REo], e IS6II0E probeo® AR
RFLP £4o] 2sjds A2 od ¥R2 Za=d dgd, M
bovis BCG 1173P2 A, B, CS}, QI+@F1, 3, 58 2, 4 pIBNI2
o SsAE 4EsA e 2 ¢ 4 QAT 2, M bovis
ANS, M. bovis BCG Phipps, Danisbﬁ’»} AArFZF.1, 2, 42} 2, 5]
NE e FF2 do FEHA A4S0, plBNI2 probe HA]
1S61102} 1S1081& ™ 33t Southern blot hybridizationof &% ™8
HY olate] WEy 2 AFstx R3tArt

. PCR 7] o] &% £3A¥FF A

¥H PR AW FFZE7IML RFLP i3t wlzsto, o
A Aol stk 4, FRE wgsted AL Aol WA
2, DNAE ¥elsts A2zt ko] ¥@ WAHTH EY Southern
blot analysis 528 4AQ8FE AUE &Y 4 9ot oy
PCRE o] 8% F7 ZuWol & typing A7, RFLP £ Az
of fastA uethd, Weolxs AN We w=do] 2IHE



pTBN12

Clinical Isolates
2 3 4 5

51
LB
RS«

Fig. 26. RFLP analysis of M. bovis strains using pTBN12
sequences as a probe. The probe was prepared
by digesting the plasmid pTBN12 with EcoRl! and
BamHil.



Southern blot hybridizationg A& % Yo+ ¢g& Aoy HIH
t}. metq PCRE AE3le ¢3FYF FFE HYS A%sid
o H27bx A dE PRE ASYT $¥AUIF PuPosk
YNTR typing (Variable Number Tandem Repeats)z} IS6/10& 7|2

8} outward-PCR¥ o] Qlt}.

1) VNTR typing

AZYAF FAA ol Al sl4+7t £t tandem repeat
& PCRE o|§3ld FHFHezy 2zt FFEF ZEst:e A
variable number tandem repeat (VNTR) .typing ¥ & o[-&3lo] ¢3
AYF & %%%fﬁt}. olu] ofuM]ABVE Esle] M tuberculosis
complexo] &Aste A2 @eA Q= o4 tanden repeat
family (A;F)g 5 -4 e # P-CR.‘primez"% =g v o
o, o]F o]&3lo] ¢HAYFF DNAYH 7] PCRS AIE u} gl
th. ¢l RFLP A oA A& v} ol BCGE EYSHE 759 =
& M bovis F7% 588 YNTFE AH&stel WIR typing® A
A ATE Fig 276lM ¥ 4 Atk 1 A4S oo 2w,
UNTRE o] 8% FHzhddol gsiMe AgFF 1, 2, 54 3, 14
o] 2, 5¥3E HE & FFE ZAEHE AL H 4+ vl
(Table 7). ¥, EZE S¥AWFF M bovis ANS, M, bovis
BCG ~J$panese.' ﬁhipps 5ol AE & FFE ZhdE=EE ud, M
bovis BCG 1173P2 A, B, C 53 M. bovis BCG Danisht= A2 74
H7] §E ALz ey}, o] AEY FAJE E of, WIR typing
< ol $¥AYLF ZH 52 RFLP 43 vy o, 3 A
2ol 7t Qe Zeoz ABZEAch wetA RFLP &4 6] H|ste HA



M. bovis - Standard Isolates  Clinical Isolates

M 1 23 4567123475

18ibp d - [P I T

Gartp 7T e e e e

Primer A

Fig. 27. - VNTR typing of M. bovis strains. Primers-A-C
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M. bovis Standard Isolates Clinical Isolates

M 123456712345

~

- [

Primer D

Primer F

Fig. 27. VNTR typing of M. bovis strains. Primers D-~
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Table 7. Number of VNTR repeats in M. bovis isolates.

VNTR primers

M. bovis isolates
A B C D

M. tuberculosis H37Rv | '3. ‘v1.2 4 3
M. bovis AN5 6 12 5 5
M. bovis BCG Japanese 5 12 5 3
M. bovis BCG 1173P2 A 5 12 6 2
M. bovis BCG 1173P2B 5 12 6 2
M. bovis BCG 1173P2 C 5 12 6 2
M. bovis BCG Pipps 5 12 5 2

M. bovis BCG Danish 5 12 6 2

Clinical Isolate 1 7 12 5 5
Clinical Isolate 2 7 12 5 5
Clinical Isolate 3 7 12 5 5
Clinical Isolate 4 7 12 5 5
Clinical Isolate 5 7 12 5 5




€ol’t PCRS B2 Aduo] $YAYI S 33 4 & Wies
dRAAM s8stro JYY FAolet: FES 4 4 ddrch

2) 1S6110-based outward PCR
ol dF¥ vl 9l insertion sequenceql IS6110 sequence?] o}
Zol Zx5}E inverted repeat sequenced o] &8to] outward PCRE
433l ct.  Outward PCRO| %, primer7} u}ZwW3}e 33EE 1
Qhslo], 1S6110& flankingStiL Q& F418 DNA sequenced Z&
e WU duddE Fstel, WIR typing, IS6110-based
outward PCRO] FF typingol] %%*&7}% ol ul glolct. oiujA
B Z2AE EUE 1o, T 7358 BE $YAYF T 5539 @
FolA ANE LBAYIFIFE ALt outward-PCRE o] &3
typingg TR sHgTh  Fig. 28014 EoE PCRY Z} tiE 25
ote] zbd ¥ 2 UNTR typing}t Wz sl Hojxl: ."}‘?i 912 W
Sol osj = ZHo] ol WY M bovis BCG 11732 B7} AL} Boj
t EA31A 4 Ex9 bandE RALo2H TIE FFE EFIE
¥H, dMdF 1M 29 58 Zhed, 540l 1, 2 FF9 &
band7b glol ThE 234 HoT EFY 4 4tk wetd, WNIR
283t o 2ol 1S6110-based outward PCRYY & Al%ytosy &
BEYZFY AdYo] Bt YHE 4 UAF ALoE S, 2
2322, PCRE o] &% $3AYFY 33 w2 Fefo RFLP £
APz vayg of, o HSHAE, A%, FHsio, Yopride B
Tl o 232 EY ¢ e PHd Rez AEX Y.



156110-based Outward PCR

M. bovis Standard Isolates Clinical Isolates

M 1 2.3 4 5 6 7 1 2 3 4 5

1508 bp

6 bp

Fig. 28. Outward-PCR for molecular typing of M. bovis
strains.
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4. F2Y HIADINEY Hyz g Y7}

7h. 249 334 JjES Az

2 AFAAY F2 FEF9 shust 2% Aol oy YN
ZR3He JEE AUt Y BE SolN FANE ABsA S
AY ZFdoAF 12 ZAA (screenting test)o] o]L3l= Ao|t}.
Aol 7€t viol Fo] A7 FF ¢¥ANF ¥Y sed #3
Z}ZHZ&Q?l‘ﬁP_i Zu]% MPB7O%} o] HIZtE S} SBolxol glolA
718 &L A3 E vetdlch. whebM rMPB70E Y & o] &3 ¥
BALIEE vtz stgon, 44 ¢ 279 & 224
7194 Hﬂwéqﬁ'iggi 3 2 A8 ELISA kitZ 34 set
(of 3,400 ¥ FAZ)E AZsd 3 7733 Y5 A7/ Dol
Al Aol % 7tstgct.

ELISA kit Wje] 24& chaz Zt}.

| 1) rMPB70 3}$1o] F2t® ELISA plate

2) B Y 3) %éfﬂ*—i‘ﬂi (20X)
4) =3¢ AY (100X) 5) 57149 (100X)
6) 71ALHEZY 7) g F A

ELISA kit® ol 8% YAAAIRE ches 2o},
1) RE Aot 4% A% 30880 A et
2) BAEHY ELISA plated 7ulo] WRY A=Y mjx
Uexs Wested YRR ot
3) AMY Ao ANE 1:1000 2 4},
(o], ZA] 5 ul + AA A 500 ul)
®, AAT $HU Aol 1:3u) 3 Ayt
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4) EME ZAAE 2 welle] 100 ul & Y3 37°CelA

5) s&ANAE FH4E 200 Nl
(o, 2N Y 50 ol + 3FF 950 ml)

6) Nt EHES HHY M Yoz 53 MA Pl

7) SEZAYAFY (1008] HFY)S FUA Iz
1:1008] 2] gtct,
(o, 2 AYANY 200 ul + FEA e 20 nl)

8) MY FUAAL 100 ul/well B Y3 37°CollA] 1A
Rk-g Al T

9) MFEHEE HHH MAYo 2 53 A A},

10) 537189 (1008 55 )& 7| ALELF Y= 1:1008)
3 4 ot
(o], 2713 200 ul + 7]ALV2Y 20 ml)

11) A" 7A AL 100 ul/well & Y3 AoA 308
A At

12) ¥+ A Yg 50 ul/well & P31 450/620 nmollA F3
=& &3

PR Bt 23

FHE7} 0.40 o] B S Yo UFII T e Ui

SHA 5 $AY do oy FLHANE AAUCE

AN 7Y dE FRE 0.2501 & ¥4 UYL

4. $29 ¥3AYs =G B
oM EHY $AY YAAY JEY FEHE BstnA WA
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3} LRAAE ol &3l UL AANE FT AF7¥A AT
Bo M LAARE AUYINEE o] 8% HA AA¥E wlasidch WA
oY P49} 249 AL Tz Qs FF AR
% FEITF JNBoM FAlol 2t AAY A Fig. 2994 &
ol uie} o] wlg &2 ATH/A (R"2=0.944, p<0.05)F el
. B 5UY $/E F /@A AAY A} g4 wf w2
B BRAE Ve (R*2=0.806, p<0.05)(Fig. 30), ¥ A& &3}
o] Zu)¥ FIYIEE 1 AP 1S &S ¢ F ATh

EY HSR3A FRER 37749 EFLBILRKE AAT 2H
22700l ] R4 UEl S &L 6.2%E uetdlch. o= oH9
Z Aol A ELISA kitE A}831x] 93 rMPB70R L& AM&3tAE 7
9 4.5 - 5.8%% YAFHYES Uehd FFSolojA ELISA kit
& Ay A$ UREG 4% 9 S ¢ 4+ 9ldrh.. ELISA
kKit& AHgste] ¥4& uvetdd F 2278 7p2dl 1570 (68.2%)=
olAe ZAtelA 13 ol FAIPHE Uetld FFelmz, & 4
FolA gyt $AY FAG ELISA kit $AY Fdo] YAISS
d BAL AMstEe o mle F8Y Aoz 47

B dFo)A Ayt ELISA kito] % HAZAze} 93 FYE CF
3el, ZPAYF CF Y, 223 rMPB70RUE o]-&¥ ZAtelA
2y oz eyt AP AHE 27970 EFY K E Y=
vl 2%t ¥} Table 864 RE uvie} o] AANY FAIYE e &
dol gL 97.1x2 m]¢ Egith EE ¥AM A Aze 2
Y ZgsE Brh 39U 3R] ol FojAciley, UNAANE B
713 ERANLOZ o] ¥ B9 & Ao AU ELISA kit
g ol gdlodx Ry Aeg Py

o%
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Fig. 29. Comparison of performance of ELISA kit for
detection of antibodies to rMPB70 in serum
samples between laboratories.
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Milk samples
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Fig. 30. Comparison of performance of ELISA kit for
detection of antibodies to rMPB70 in milk
samples between laboratories.
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Table 8. Comparsion between ELISA and kit for the dectection of
antibodies to rMPB70 in milk from dairy farms.

ELISA
Kit Total
+ p—
+ 11 5 16
— 3 260 263
Total 14 265 279

Agreement rate = 97.1%



42 43} 29

dal del ol gEHI e $AYY Uit $PAYF YL

i Azeidgtss FFste Aot Iy A9 AEe
M MEsiAG LS JAH QU2 FA 7} golx7] Wi
of #ME ZWsl: Wy & WRATY Yo AsHUL)

SFY YPADYE Adstsel Y Fay 2FL ARSI
g3t WA MFols] HEol B AFlNE $WAYZT Wy
2 39 (culture filtrate: CF), & MENolA 228 wxa 8
¢ (glycolipid), Zglx -ﬁ—aﬂ_x}zﬂzﬁﬂ 7]\?3_<>_i A Argr rMPB70%
4 Fulsted 2 LU UREY Bold e ula B,

SYAYPZ CFYUS AU FS WBUEE Lo, way B
OlE7t Wtth BOIEE& &ol7] $istel WA o] M phlei F
AE Asstgon, ZYAWF (M aviun) CFUPol Th g
& vaste] $HAUZ CFYLo] Y BANSHO &S AL
GHoz TSt Aol wigAsAtt. LYAYZFY YA ¥
20§ Bt en, mycoside BE ESE wAW EYe uz
7b wzd wgten, WHEC &L 2YE Solwsl wadm wo
edue AT WEFAA AHE Holx| gith.

Neo] FAANZYIYPLE AT MPBIOF YL URET o

2
o 2

A

-~

90sgon Holzx 100} Ho o mF AP AXRE eI
ch. oirt ¢ 3d olueo] LAYl ALY EA A4 sty
o} 7x7}8ro] rMPB70¥ ol dAdolr] wiEe] Iuhrg &

Soll FdQ AS SuANF ZAAN gt AW o]
FolAoit PATEY {840 #8H 4 AUt §3] AT FEA
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F-7| oA Bt Azpe] Ehd mujurg oA :
E rMPB70% ol chyt FAF Aol 100F 71 A @gurgg e}
W ARE793.5%% nl¢ wolvt EQ AdEo] $AYo| g3}
99 17 5% 28878 tigeR 39 Ay A3 nl»ﬂ'ﬂ%'%"*é

9% BEF ¥yAFgoldrt. IuUute 24 276%F Ly UE

4o
5
\’
n
o
Ra)
o
{o

(12.3%)0) 4 418 Uehl Sojso] EAZE AJ 7% 54
o Bt BUY AAY BF $U $2Y AR E B0}
WYVSAAY HEHE AL 4 A Aotk |

S2Y YAATY VUL SHUE FPUI $8oly PN
Ag AEstdTh AN Al ¥R wAY S8 wAsE
MR A3 B YBBAS LERIT (R*2=0.61, p<0.05). _i%-?g
W WA A AN SRAA VALY Boly AU S5
AZAE AN A3 FolE 15 olgel N e AW Uehi
£ 27} des BAKAT. ety BRYALEE Brlus A4
shiete Y QPO UHE A7 9k BRE ANY 4 9
&g AAstch

1§ 2AEZ F7=u 3,800 A BHE Aos PAAALE A
AR A3 o ) Bl $FY Aol qu YA wAsa
tho ool £dZ 13 o4 WAY Byt A Hrk4el o 3.5%al
e Telsid wANE WABs 47 e RE ohztn Azy
o EQ $FUe BT ERAeE 2u%A ANAL UREE B
o g WHeT FAs YHBHE GULE FolEs} e 7
Aoz W AAste Mol wdsitn AEY ° FyRa
28 e FHoT $7Y Yol iy PMAALE U5

= Zo] uig A sicl,

o
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AR 23 TMPB70R RS o] 831 Y3} SRolN £JAYF
of thdt YANE ZE317] At TLAY A PA S Y (ELISA)S
ol&3 UNZAE IUJNEY AAFEES ARdden, YEAFNH
3} SUT WA $4E HOT AULS B B BIAY
< ZzE dAdrt.

P AYF FFLEIIM O 1S6110, 1S1081, DR sequence,
pTBN12 52| probed ©o]£3%t restriction fragmex{t length poly-
morphism (RFLP)7|Y & ¥ysia FF2EY & vjasiyct. =3
polymerase chain reaction (PCR) typing 7|} 22 variable
number tanden repeat (VNTR) typing-‘-’—}. outward PCR typingd & &
3sted RFLP 7]z ¥ ZAYL ZHsYE vay A PCR
typing 7ol 27 HWEYL uxsEA AN A Bl
Rl BF +REYNIY  PYPJIMLeE WIR typingy 3}

outward-PCR7| Y] & &3l Zlo] ulg 2 sigict.
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N3z MEZoiEHEE J(Yo ofst

g8 7=

Ald A A

dutzog SHAWFE u£3o] mycobacteriao] ZEW ApY
oJU SES 2 ¥do] tistel AlEujsfE ol 2]BH’£!°I
th ®A del ol &EE Aty AYoll 4o $AYAY wHe
AENADGNSE AANA st PPDE o &Y FHEA 1y
dhgZatolni (1), 2 AzE ZEH AXY AEXADGNS 5
of me WEHET} S ThE 4 gtk 2JnE SHAYF 7
QY 2dAeE RS AAel SHY A9t Wol WPEE AF
Baxjel whe 66%ol A 95%7tx] WYL mje Msigen, WF 72%
drh (2, 3, 4). oA A $HAYZ AELY & %=
7 HungAAe] &4 EL gy B Uehd 4 gon, o
FY 252 SHEHA 43 TE L0A F& AN 7AEPel
% gt}

EuEd IuUut-$L delayed-type hypersensitivity ¥}g 2
suAUF Zgdoz wde] 7AW YX THES Bolste e
gFen, SojHa 249 uFolYA 247 BE Bz 9
th (1, 5 6). FolxQ 4L 7Y CD4 T MEJ FLdZAAN
Lo MHC class [I-RPF LA e Vgt Uehbs dAxtold, v
BojHel a4k BHHY T MEEo] FASHE cytokined] o 5}l
k715 & whgolT):

ol Zol o] FUY AN ojupe T MEus A

=2
=2
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& AEBUIA 33t whgol Ui ofo A AAsHE wup
SAMNET BYsA F3Y 4 AU Rolth. AUV $8A
YF Fdol uiY T MEBALE FFSE JHeFT 2ok
lymophocyte transformation test (LTT)>} A]& = dct (4, 7, 8).
a2y HIole LITHAIMETE st ®aols Lo Loy
IFN-7 2217 d2] $853 Atk ol: T A=E7 8 230
st} YP2Y F9 IFN-7 9 JatPo] Frlete Hg o|@d: B
22 AAZ LTTHAIS IFN-7 AA1e] F2e HAE e ARAAS
Har} (4, 9). & dFE36] oA SyARF] HaH 28
NELE ¥ o MutgAAte] HREL 65 652, IFN-y A}
o RUZEE 93.6%, 123 F slx AAE HAY AL 95 2%y}
2 ¥k (2, 4). webA IFN-7 AA7F Sy AR AgEs
453 &oton, IFN-7 AAIY Bolxt: 96.2%xF mojutg 7
98.8xH T} ThA Watou $AYWY EAHA HAE AL £8
¥ 4 A= $ZolArt (2, 4). IN-7 A = sLbe] A
S¥AYF PPDY} XY AYF PPDE SAlo] AIUPOE A8}y
bEol XFZAYFoly 7)e} (B Ho] &3l mycobacteriao)
&5 Uehite v So|itgd AT $4$ nFL Yayy 4
githe Aolt} (2, 4, 10). 53] $2) uete} Pol $HAWZ PPD
Rt& A3l single intradermal tuberculin testo]] &8} 7
Sol IFN-7 BA18] £Q& Fo|EE &o|7] ¢t upgtalsiria A4
Zigict, wetd B 3ol LITA AL} IFN- 7 AALE &3}
2 AHE Mg RAle Abel wimstel AR B A Zojhd
ANGANE P AU FEY 4+ YEsE Fisinal
stglct,

-

PaX-]

lo

2
—
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Hzd s L ¥y

7h REZ FAwNs

EEVR R

UEFE BxY Aol Eelstgdrt. Heparin Hal3t & dJg
dojA RPMI 1640 uix]o] 1:5 3% c}g dd 20 ple
ficoll/hypaque (density 1.074-1.077, Pharmacia) 10 mlo]] 33}
oJA 2,000 rpmof A 207 94l YET 2L Pt oA
YZFE RPMI 1640 uixlo] 23] AN X RPMI 1640 wj x|
(penicillin/streptomycin, L-glutamine, 10% FCS X §)oj 3] 43}

‘ﬂt}.

2) AT FANS

%IE—T’-%— 1 x10%m18] =2 343 X 96 well plate (Costar)
of 100 p1% wjedstdct. ol LPAWF CFYUS 10 pg/nly
TEE %‘ﬂﬂ T2 543 vl Q¥ F H-thymidine 1.0 uCi (speci-
fic activity 6.7 Ci/mmol, Amersham, UK)E 2} wello] HJ}slxn
18x] 2+ ‘3 B3t F M EE cell harvester (Skatron, Norway)Z
harvestd}3l cocktail solution& A 7}8 ¥ B counter® radio-
activityE &3 sldcl. Y=F F4A AL cpmolu} stimulation
indexZ ZASHAT,. Z¥ARZ] BAHo YUD ZANZ o)
¥ I FANSY] EA ARE YAy sl ZYAYF CF
VU PHAYE CF Yo YRIE I g 2 FAE
¥ &3t T},

. IFN-7 F4}

107



428 UxYdolA SHEZAYF Yoz A3Y B IFN-79 A
Ng ZAs7] 9BME whole blood assayS Aestgct. @A
gl A2y UYL A H2 ¥ 24 well, tissue culture tray
o] 1ml 2 3 welle] £33 bovine PPD, avial PPD, 2283 tj=x
T+O 2 RPMIE S %,’7}'3}91}!:}, Avian PPD2} bovis PPD A& well
At SET 200 /0 7 YAS 10044 Yol HEEES 27
204 /ato] = stelth WA WA B HS F WT, 5% 00,
APIIIN 1624 A5 ALSLLL. Pipetteo T 2t wellol] 3]
L 8Ag 1.5 nl tubeso] EoT, 2000rpmold 108 Fob WA
¥ ¥Aank pipettel 2 3]3}0] AJ2-L microcentrifuge tubeso] &
A ©rh. IFN-7 ZALE dFd ool 28 Z2$¢ & 2-8C
of B@S, oW 7|2 nysol & AP -20Te] BBStACH

g2xE IYZIE PPD ¥Po s AIA e I A2 YA
IFN-7 ¢ #3& BEMHE o] G kit (IDEX Co., U.S.A. Ei CSL
Laboratories, Australia)& A}&3}gct. ®A kito] X¥Eol gl
£ microtiter plate?] 2} wello] Green Diluent& 5022 Y ich.
IFN-7 343 & A% sample® 22 ¥ vwello] Yo 332 Q43 &
4 U2 8% 3 wello] nixIe g YojFarh F4& W 3
442 A& microtiter plate shakero]d 18 H¢b 2 Molz
F Aol & A T S A AT Kito] ZHEAQE 204} &
& A3¥qe 3]'33}‘_’1 trayS 53] M A3t ot R Hz) A3
¥ trayE 7] R ¥ absorbent papere] 3-43 Z}H A HAA JIs3 @
olgle )& A A8ttt Blue Diluento] 1008] conjugate %3 o)
& 43t} Zt wello] 1004 Y3 FZE Yol oM A
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S WA Th wellg NYU ANAE 68 AHstar) 7]
A 2490 1008 chromogen 53Ug M3l 2 wello] AHY
AANY AL 10048 YT FAS Woi Wol AT Foly 308
2 VSAAT. BA BE A A 2 vello] 5048 Yol WL
BANAD B FA 5ol 450m filterS A1Gste] FREE
a3 sach.

IFN-7 &40 &3 $ANZAL DAL kits] AZH o)A 77
¢ 71Ee A8, WA AW KTPS S4Uz
229 BF FBE 4889 WY ¢S vshiol s, uE A
o A WEe 30% o4 WAUA UET stdrh WY A
2 F2] nil antigen plasma sample& 0.050|3}8] FEIEE ®
t}. o] #$ bovine PPD sample®] FZE7} 0.100]Ato]w oty o g
nAstg ey wel avian PPD sample®] FFE7} bovine PPD
samples] BHE B} AU ¥od 1 5EE 2yAUF) 7
9 oz wBRsAL.

A3d A3 ¢ 23

7b. RIZF FAAMGo] o $AYY WAL

da] oA ABHZ gl FHED At FAYA A
EAAUEHAE AAsHE Rolth, ol HALE APAA A
T £ gA 7] Sl B dIYFolNE 20 Peig s Y
ZI3E HUgo] o] g3l $HAYUF YYo= FAAA 1 24
Mg ZAtsta, IFN-7 AEFEE St iR} u)

3

Jhstaat stk $AYM F4S Gelst SHTZE 13F0A
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IS st culAdgS AWstdch AT Zdygde u
bovis CF ¥4 & o] &3tgdom, Fig. 164 & 4 Qo] $42 6
o 5 ool vi¢ w2 Y=ZF FANES UERC

agu, e 3oy g3 FARNGol n sty Yo EA
P A=7tE A7) ¢3lA o] =2 USDAO A AJAtste] Zalo] o] &
2 9lE Bovine PPD 3413} 1 P4 S ulaP vl o3ly & @
FolN BAY M bovis CF Bol O &S YET FAVSE Y
E}WiTH(Fig. 2). wetd M, bovis CF RAE YT P ZAwrgoly}
IFN-y Ate]l FE3] o] &Y 4 A& Ao A3y, FANGE
VERA] 92 3019 A A F APAe] &I S B
A7 AU & ¢ Q& olfolA muURkEA A AldPY Y=
S-S HAL F37 2ol 7t Tt ol g ¢ W 9 A
AHE B3t dEol sl Aoz Fyir.

W, YT FAANGO|M M bovis CFEEZ M avium CFEHYY
Lo xolzt 9l& JHE vla¥ A Fig. 304 & £ Kol ¢4
Yol M bovis CF{o] M avium CF¥Q BT} A=
ZAuee Bl &7 $=3tdct. ok YANSAAIAN MR
gd=o] M bovis CF o] TIE mycobacteriadf{lo] chit 32}

N

g

2

A2PNZE SHAIRE AR M boviso| Bt Fo|stA st AN
S L AENARGNEES FESI:s A= JJY 5 Arth

L. IFN-r ZAtel % ¢ ¥ AgAc

HEF S-S} IFN-r NZAAE VL2817 ¢ist] 2 Y
FMF 14FS IURIHAAE ¢ + e 4% A= o4
HE 65 5 EF 2058 tjdes w2 AL st Ao A
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Lymphocyte proliferation assay in the presence
of M. bovis CF antigen.
BTB: bovine tuberculosis; C: control.
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Fig. 2. Comparison between M. bovis CF and PPD
antigens in lymphocyte proliferation assay.
BTB: bovine tuberculosis.
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Fig. 3. C'omparison between M. bovis and M. avium CF
antigens in lymphocyte proliferation assay.
BTB: bovine tuberculosis. '
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gstgeh. WA SHAYZ F Yol oY YT ZFANLE 2a}
& F3 Fig. 4004 B uie} Zo| LAY FHLN Fo4 UA
e FANLE Vst o5S trez o3

ZYAUZ CF o] WY =2 24 3

AstnEs BE $YAYF CF hdo] AU 2 BeS Uk
(Fig. 5), $¥AYTo] ZEHALS YAtz Yok =¥
CFYgde] o £ N$E Y ALl BRAZS Listd 23
& FYShE YE7EAVLY FIE NYHEY U% £ P
4 91 Aojth.

2 2 YPOT YIIE AINY F IFN-7 9 AL S
A3} Fig. 60ld B wiel Yol LAY PN IFN-7 ¢ Fab
ol ul¢ &A Usht FHAY AN IN-7 42 delxn Y=
7 2408e ul¢ WAL B A Uehdrh T IRN-7
9 ABE FT $BAYZF CF Yo Uiy VY 2PYAYZ
CF %Y A3 HlAP WUE Fohd HAY + Ysch(Fig. 7).

it o Y= FAWSe Az} IFN-r ZAHY FHE 3y
g PP ol FHcid Aol UEluith. ol Al Sy
43 ZEAAY AN Bolg AZuARGNE 5] Aol
71 i€ Zeojrt. weld F k] HA BE g4

£ VS ANIANY 84, U4, 2en QHez B
4 9lg Aolth. U B A7AAAE LAY ¢S
o}zl A} Pelzade oul2 dste] 2
dch. A IFN-r Y S FRE 0.10& AFEeE H3)

3712 A8Y He HY FoE AAHE 15

ol
€ US 2yt wetM I IFN-r JIEE $£US S ALY

2,
o2
oX,
N
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Fig. 4. Proliferation of peripheral blood monocytes from
cows in response to M. bovis CF antigen.
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Fig. 5. Comparison of proliferation of peripheral blood

monocytes from cows between M. bovis and M.
avium CF antigens.
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Fig. 7. Comparison of IFN-y production of peripheral blood
monocytes from cows between M. bovis and M.
avium CF antigens.

118



2l Ueteld HE3t7] S A2 V€S At Rol vy

T}, SAAAZY rMPR70F o] T A EujsiBGNE

LAY gdo] i PANE AH T FE3I:= d AER /A
A2 2% rMPB703 Y& ¥ Ubg AAty AEIW AMErjAESLS
Aatel ALY 4 e 7HE ZAstdch HwA A @3 A Zesy
Hutg o] Hol4d & RAsHI] Sldte, $AYFY =59 Jhs’d0l
g v Loy EEsts AR Fol WAL st A3 ¥y
°2 A3AH YL ZAwrg(lymphocyte transformation test:
LTT)3} IFN-7 8] A3 =& =zastadch. & 3279 T9olA ¥
A& 2123l LTTR} IFN- y 4TS ZAlgtnl 98 AYF o B
T AN S Ueldien, 1R4M 23 A¥F ¥ AFA] IFN-
y ol 4 AA FAstdAct. UM AHY FHEILET &
oA PN hEE $UFYR ¢ AIA YZT FAVS
3 IFN-7 A4t 3 tge B AL FYUst & o ¥4 1 ot
o] £ AYIY MEHDAUNSAAL & LZFF NS AL} IFN-7
ARANZ $HAYF L 2PAYF 2E 4RE NIY 4+ AL
< A At

AP AEofAEGRS AA ARE AF 298t FeY
< Fig. 8%} Tl thRF(Fig. 8-A)olAHE ¥UAF Az &
F FAuEgo] dojux] Ygtont, AYYY L E(Fig. 8-B)ollA
P AYF PPD} culture filtrate FPo] AFE Bfoy =
HANF U AVAYF PPDY Yol thsiA = ¢S 1gS YEelY #
FAYF SotgA4E EArh FuEe AL FIAAAMRYYL

1=

rr
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2 £u]3 rMPB70% o] th3 A X PPDU culture filtrate3}d o)A
Y &2 E4E UEI rMPBTOY U E KR EUuL A Ao o] &
¥ 4+ JdS& AAstgrl.

gl Mg Aot AL Y N2EF

TE 2 ATl Fu|Y ol cF ¥} FANARZY rMPBTO
g FHESARSAA o] &84S ZAstna AUSE Guinea
pig§ ol gste] MNUVSAAE AWstdch. VA YN $47
UFs) ajotl s Al Tehstel AN T 2R AYZE PO}
¥ AYF PPD, L2 rMPB70 AP 5 o83t Iuulg A=
& vz JHsAc]. °*‘€ﬁi&é.i 22 A17) Guinea pigd] I ujol
7 P AFAY the 48N Lol ARUSAAE WY FAe
Fig. 92} Zct}, oj4t3t vle} go) %’éﬂi culture filtrated
dol gt gl 71 won, AWAWE 12 2HFYF g
o «oladch.  rMPB70¥ o) Ty ¥hgE PHIIFR] Smm 233}
dou, AFeg FAANY VAL AYL Arjdes ye
ol ¥HE MPBTORYol2dy] wEe] WSHEE H2H uetsige
H, 9 AuwdEe westn VYL ZIVTHE MBIORUE
FHEUANE AAlol ALY + S RoE AU

rfe

. $2Y BARR SAZ] ot YA ¥ IN-y AA

8 Uelold da) Agstn A $AW B g S
ZY P47 wAsE ALY SelElT OB SAZE ars
A E7] PRl 5U BN $AWo] ALaN WS A}

gk 2 A AE H2od U AaboM $FY @Pe)
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WA 30 B HNULe 24 FAZ Uv wAAA
IEN-7 AAME AMstd 1 AAE wzstach AAE 92 3
F Jhed YAAAS V-7 24 BF FHA 29§42 3
£ & F ANAAN YA ASE 052 YASS 66,7090
B, A @3 GASA gk AL 1052 333wl gk,
aels $2Yel WASAY BF Vi FAS shed Folx 15
ol ol A A IN-y Zrtel ZF FHA A shFol WA o
W& T Aol g4elUHE el sA ARE YA &
Aotn EP NPBY AT Aol $HANR] 2IH
dths e 2 4+ s

Wb WA $2 uel £ BN 22l N NURS
PG B ARY Aol $ARS TAS oo, 9
FoO4 Ase BUYA NP FY A 48 S0 Aol 2y
WS Ado] $2AY AL o)SY 4 g Ao oy $37
¥ 7d B3 ¥ 73 He PPLET Hohs AsdE H2
4£432 $AWo WPy B duHoT zAHD, $Ru
YA 2 VAANE AWSE Holw, FUAAAA UG BA
S} IFN-7 ZAME AAStd $AUZ ZESE Atk MY 3
37 wastichn A7y

[y
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A4d 43 2%

$AY AL AT HUBSAN} Aol AEZojARGN S
FPss Ao WHAMA ZAsh: WYPeT YI7 FANLA
At (LTT)®} IFN-y ZBAHE Algstdrct. LTTHYP A IFN-7 Axles
B AB|AE Uehion, B oy BE subs A Aste &
2 YAEE Btk IFN-7 PA: SUNSAANE JFeE @
o VAT Folwst 95% olAHAUT LU AT YEATAD
A4 VR ALWrE +4T A3} UUNLAA FES 9% e
6% (66.7%) To] IFN-7 ZAlelAd RFdolgdon, Hujthg Aol
249 2765 71eE 115 (4.00old IN-7 AA FHS Ve
th o]y XolE& IFN-7 Ha} FIEZS UAE xojd £ gle
o, AR Bgol dde] £3Y8 VAEFA P 2w ny
gAY MPES Qo gELE 238 4 At PF 24
Ha Saold $AY od9e] wA A s gz Ale
IFN-7 28] T84 & E4sts Aol ugystact.
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SAYL 29 73 220 AW HUEA AZALE oty
A1E 943 AaddEes FAsn ged, sg Yy FuQ
‘AAE S ZE” $UE o8l £Y 2y UG WA
ot HIT LAY UBE AHEHU(L), 90d 38FolA 984
57752 150) ol4e] Budel WA Z74E Hol: Y2, o|F A4
=7} 50% o4& AL Yol olo] iy FHY Mol e7H:
e ARl

SAY YANS AV ol AYAY ol H Mot w3}
o2 498 e A4 9 Q=Y R AU $AY 2
Ayme s 45t Fdtiug $skE o BasE Zo)
lggsitt, § use U $FY uvPgos o gty Yt
HuUtey s ofed WRES} HolEr B Aze AW JYe
St} sty zrlel $AWE AVsto] FAZA Amste
Ag A4 e Aot

FHEY MUutgAAY] A= (sensitivity)7} W& RE 9]
o ogel Wed Adelw(2), oo BPE Astel amlzag;,e;—:—
gaigol 48 A WAL AV AW Y= ol $37
Wel WA Auige] titt JAIE AWRY Thoen F(3)o] 1983
WJoll purified protein derivative(PPD) U o]& dzajolx}
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(ELISA) Zapdol ol §37] A #ste], AF= W Aol A
& A7 2ol Qon, 1989delE Fifis S(4)o] MPB-70 o] g} 3
HS A SAYY YA Aol YA AJNE ARes
% 3L}, Harboe F(5) Wood 5(6)8 WEAHEAIL Eolx:
e gou UAEs ¥ Ros A¥AS} vielwic ¥,
1990d o] Rothel Foll &3te] IFN-y A} Wio] 7uE Yz o
N ElZEe} BolEst 27t 100524 SHY ARE RGOLHT) of
F Wood ‘& FWhiphle 5(6, 8)ol3 AHA} wPEI} 80xsEZo
E v Fo] kg UAE Rolux Rttt  HIeol:s o7 A
Fdol Uit }A Ravt @23 gloy &2 wye] ulsto T
sitia Bt 3 AR g AFor.

22 83 AA YHULS $AY AP o] L A PgME
F7t 238 Y (screening)& 3t AAIWHLEA 343 Jx7) nf
$ B uetEn, 53 92 vkl go] Ay 30 dm iyt
HE ol &3l A2 2y 2AFNo] Y2 ALFos 2}

A UE EY URES UGS B u BASA 23 HE A}
Wyolety FzEch WARH ADYAL A4 v go] Az, Fa

AT o Aol REY AAHE w]$ shue] AFst
A= Loy Agtol gt szl

ety 2 PSA2TBeANE BAEY ALY AR B
Sto] 29 WY U3 o ey A8 E sz, A)E

e AAstel 22AY A4 Pde] AT WUBIY, 23 T4
AA ol ch¥ ELISAY R IFN-7 ZAPHE Sl AASI 4T A
Z3E vla 243t U $2Y AP AAapdgoeA €3
3 Fipge Fd olg7ts AFE I EAL YL

% -

i
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H2d s € ¥H

1. A71=d $23 442 A8 £4

A=W A FolA 19943 %E 1998 E7A] $2Y 85
AP D A2E A=, ANgEs E43tqcl

2. SAYE gy APA AP y-interferon ¥
ELISA A<y zle] A% vz

7l A¥EA=

1998 = of QHatAl B2 Fe HAAHE 5THoA LAYl thiy
stglom, olF AN BF AP U fHAYFo] A
Hol o1& 58S s 127 H4 A% $HE A e
o2 HAFstAct

o AAby

AR AAE Astel AALol thsted £ WS 10018
AYY Fof UL AAZ PPDE caudal-foldo] FF 3ttt 7
AT AUE 10 ol F Sl IPN-7 AAE 9ot ANARLE
ol AW Aelstdon, UnA 5 nli ELISAZALE 95t 153t
Al ¥ €38 Bestarh. ug HA AE $ste 48-724]
ol Baol &A3t ;AL stden, IFN-y AAl:s ZHAFIE
(CSL Laboratories, Australia)& F¢3ste] Zgto] Ag3}ct.
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ELISA ZAb=  MPB-70% Y& Atgstglon dAoista offcfdt
AM (F)ALTIZ 3tedF AFH A dztolat AEE AHE3t
AAE AAstdnh olm Ay W HMquas 1:1000 Arh
IS H A2 FE ol st =eiA s, ¢8-S U 5
7kel AbS A F4=9 IFN-7 W ELISA A A3 §4 BF ol o
stde 171 ¥ 22 WYoE AFAAE AAlstArh

3. 4% slAAA

$2Y WU WA A3 FPWY ol Thetels AFS 3
AE 2 57} lymphnode (SIE, 3stet, 4w, 7, FA)E A
2 $ASel A FAlo] Aol 2P AAE
Astgnh. 8¢ 2Y8E AL ¢lste] acid-fast@telgolg 9|
3t Ziehl-Neelsen method& o] -&3}9ich. |

gr oY
e

mZ:

4. FAAE

Wuikgd, IFN-7 ZAbd @ ELISA Zapdel oy A 44
% 2422 UelEF McNemar®] one-to-one matching EA A e
BH(9)& o183t 2 A& wla stfen, AAEE FAY
28 % &¥E +EY 4+ 9t gold standard 7} Q7] W =
A A Zol thy /S B2Y £ g0 F8 FE WA v
F(FHH SEFX2 / 3F87)& €A Axsto via ek, 9
o K2 4&(significant level)& 5% +E 22 A4 stgich.
B G WSl i FYY 23 F¥F HAA AAE B
2 Z AAEEY AA dAE B FY¥EE VEIY T
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A3d Hi d 323

1. Z712d £33 430e] 2212 A}EH

A7l 2o A 1990d # 1998\47]}x] 9dzt A3t AW o

o?f.
4o

¥ e

= ¢ 2,000F8 JA&2 199042 0.02%04 19962 0
2 of 10017}F F71stdch (Table 1). o] ¥ A& 1997\»15_01]
17078 oz 47 Zaste FPol Ao, 19986+ 273
F7b @Agste] thAl 0.28%ti 2 woliem, 1999dxel= 109
A 48772 WRLE 0.3l B & wobd Aoz oydrt. o
Yo $2Y FHL 471 Frlstes o]RE HEY ¢ AL TAF
Ae @2u 3 FAAYGE Hrt ZYsA FAste =9
AE & 5 Atk & £FYo] UYIAY SHS YFIo=
A st weld 3 B¢ GARHA GUW FYSE AT
o2 F3dch _

A=A 19903 FE 1997d =7tx] WY $HY ggL 4
t 907FEH AF 1,396F2 66.2%0] M PRict (Fig. 1). ¥ A%
T FRAAM F7IE7 AR v o] 42sFEo|2R WAPH| &R
Axpsid A7A=5 & Ao o 3w AL W} (Fig. 2). ol

S Aol W2 47 YAFEH AFHI wo FFAYF 2
d@E 7137 W dELE APt ueld Bz Y
BPAGL g2 vt AN ¢FY ZHo] nj F2¥ UL A
25ln, 1 w2 $AYL Nrl EdFoT AR Ry AL
tha AFHd EAZ e 4= ch

Z2UA $ZY P4 UAMEHE EFEE BEAY A

rlr

e
m}L ofi

lo,

r

131



Table 1. Z71=W A=Y $2Y Y4 E

45 ANFF FdFT BHE
1990 87,228 21 0.02
1991 87,883 35 0.04
1992 88,008 54 0.06
1993 88,117 85 0.10
1994 107,579 198 0.18
1995 132,658 197 0.15
1996 132,426 300 023
1997 140,345 266 0.19
1998 98,249 278 0.28
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19904 =58 1996d7tA] 7d FHol= 13 olx HAsHdA FF
37071 7heu) 13 w8 Bo] 242702 65.4%F 2|8, 23] o]
A UAERL 1288302 34.6%8 Ax|3tx olct (Fig. 3). 2
U} 23] oA U BEFolA F 520F7t A2 BAF AA
9 58.4%8 XA} Y F4¢ U $£& 13 LAHFPETL
2.6uiLt o &ttt (Fig. 4). weld 3% 897t 28 o ¢
40 Bgg A 54 SOAL 5 29%m 134 FAdug A
euid Mg EHdes $AWE 2AY 4 U ALET 4RV
t}.

BH, A7 AFE $AY LALRE 19943 7 19994712
6 AI2E FUSIA BAT A 19949 =oE $2Y HAAY
& AAE 31 Al Z s 1270 Al 2N 1F o8y +2AY &
47 wAstgrt (Table 2). 53 B2, FPYA, BFFA,
EZAZ, ZHF 5 671 A FolA 176F7F L3t A 198F F
88.9%5 A}x| sttt ol $ZAY Aol BEFXHolN FFHLE
sl olgg AL glon, ok FEAY AW FH& K
Z3 glch, gy 1995 EolE 2270 Al FolA $Z o] LA
o] 1994d o] w3 10708 A] Feo| F7istdrnt. o]
ARG AdFEAY HATF 19959 % AU ¢ BHH
AAY, 199495 SAY UREZY ZEL7 F99 A ZLE 9
Ex5dSS ¢Asta gk weld $AYS Hoh AR Uy
37 SMAE HE A Zol LAY WY FANEE o
28 Ayste Zo] uigkAY Zolct 1996 $AY WA 57
3 A}t S LAY WAESLI 19959 R T} 1009 £ F7Hst
gt ol Y FolMT AY=o] uasied ¢ 80FI F7Y A

= 1994d =
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Table 2. 3712 Al2d¥ $2Y $A4%

Alzd | UdE | 59 E | 96dE | 97dE | 989 % |99d10¥
4N 0 2 1 0 5 0
A 0 0 0 0 0 0
kR 0 2 0 0 0 0
QA 0 5 5 0 0 0
FAA 0 0 43 5 1 0
B A 0 4 2 11 0 0
e Al 38 18 1 9 10 54
TFAA 0 0 0 0 0 0
QHAEA] 7 6 22 0 46 14
TG A 2 1 2 5 10 18
A Al 0 0 0 0 0 0
T2 A 0 1 0 0 0 0
FgFEA 26 18 1 0 10 13
QA 0 10 0 0 0 0
Al F A 0 22 8 16 32 4
TEA 0 3 0 0 0 0
2| 4 A 0 0 0 0 0 0
3 Al 3 0 1 1 0 1
FF T 1 14 3 5 2 19
oA FZ 7 0 0 2 0 0
A 49 47 124 62 59 311
o 0 8 3 16 50 8
BET 0 3 2 0 0 0
ik b 0 2 0 0 0
XIAL 28 17 3 13 45 3
7+ & 2 2 51 13 1 19
i 0 3 10 7 0 0
o] M A| 15 1 5 2 0 0
40T 0 0 0 0 0 0
A 0 0 0 0 0
AxA 0 8 13 3 7 14
73 3 20 0 0 0 0 0
A 198 197 300 170 278 487
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ol 22 feldrl. 2 A 435U wAsgen, 1
sl Qtatal, ZHRZ, BEZ SoAE 105 o4 $AWe] UAs}
drh. 1997d o] SAY WAL} dowol4t ZAsgen, o A
dEo] Z@LE wol Erisids] WEo= Pzych  1998d Ko
thil Erbstgon, QHabAl, BAZ, AFA, BFEZ SN t4
ul A 31 o} :,(Tabl.e 2).

A7 EolAq 1999UE $AY Wae] B AIE HAZ A
Bl $AY Ao FUHoT Zsiy Polth (Table 2). 3
H2e Ef?g 27} 2L 199699 1,3009) 7oA 1999 93044
Ne BASEOU, $RANY By FHY 4= w8dse] 114 B
oM 1999d 5o} 267 BRoz Zrlstgen (Fig 5), WAL
£ 199U 5] 59%olAd 1999UE 109% ¥ 3252 AYE A

[

2]

A BAT4 48752 64,158 AT ATt (Fig. 6).  olx= 1996
dxe] o 3u) ;_—_ra]:’_ 1997d =2} 19983 WAFEgo] o 5#}]1'}
7 g ol 2 YAEAMI} werio] AlZF AP o).

2. $AWFY AUN-TYUA AL AHYYU IFN-7 &
dPALY S ¥3 vz '

7. B39 AA 8%

% 12 "B 3o thst] AALE HABA2U SBI FFolA AP
Ay A Adl nges A oA Agstden, 3 115
3 39558 tldo® AASADT 1xNE HHS 2375, 2310
Ne F4EZ A4 o AL 51FE 242 AL 0)F 35

HE AL 485l Ba3d FAEF L o}l Table 13} Zt}.
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U, Za A

R 85 AAE 1498 dyes AAE WA stgon U
Aol 3742 WY& ol% AMNE AAsATH S e] o
AR} JcRPe B4 3T 223 RN AQH 157}
HAgstgh. IFN-y AA A3} ISEROI A 15, JCER 6%, HDER
3%, SHEReIA 1571 22 @4uH Btk (Table 3).  ELISA]
AR YA A3 HELE AT 107 SPolN FHST wa
Hen & FHTEE 4FAT. ANES GAX BAY o4 @
4ol WAL FHE 3 1071 FRo] BFYen Bd ANARE
Table 49} i,

F ud Are 14 ANAH 94 % L4 FH ook R
o A% A T4 Unal F3e 13 A A F IN- A4 :2
ELISAO] @ A A3 49 oz 13 24 na
& des A ANSA. AAdA IoRAY F2 e oF
756l A e 2 HD%-’E}——] 12} Hat of oy *7} ThA] o o
o2 WAl Wet YYPET RHH 2 ) FF 3 8Fol4 ¥
B PYSs BAHAG. IFN-y 24} A3} I, HD ¥ SIERo]
A 5%7t FHO=, ELISAC] &% wAAAAI} JH, B33 1B

& AAY 97 FRIN FUF7 P wAHAG, 2 5%
A4 3 1257 @uez wandon B34 23 A4 Az
Table 53} Zt},

dr

o

i)

3. ¢4e ¥ U 2% 243
AR G4 1T O PR dAsgen, gy

%9 (G2, s, BAW, BE, FHW)Y UEBAY oS

-[r:
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Table 3. Total cattle and test numbers by each.farm

farm | total | cattle | cattle | ~test number | test.-
name | number prod‘ucmg nc?n-pr?du Ist o duplicate
' milk |cing milk d number
Total | 395 237 158 237 51 18
JD 80 38 42 38 3 3
JS 32 18 14 - 18 3 3
JC 21 12 9 12 19 18
HD 14 14 - 14 15 13
SJ 70 47 23 47 3 3
SMH 44 . 32 12 39 - 1
JH 12 4 8 4. 1 1
DS 14 13 1 13 2 5
S6 24 16 8 16 2 9.
SC 37 20 17 20 .2 2
KHS 47 23 24 23 - -
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Table 4. The results for the lst test

1st Test result

rarn Total Caudal fold |7 7iMerfero)  ppigy
sum | P* | N®* | P [S®| N P N P N
Total| 237 | 33 | 204 | 3 | 1 | 233 [ 11 | 226 | 24 | 213
JD | 38| 3| 3 8 | - 38 3 35
JS |18 | 4 | 14 18 | 1 17 3 15
J |12 | 7 5 |3 9 6 6 1.| 1
HD | 14 | 6 1|13 |3 11 4 10
S) | 47 | 3 | 44 47 | 1 46 3 44
SMH | 32 | 3 | 29 2 | - 32. 3 29
JH | 4 4 4 - 4 - 4
DS [ 13 | 1 | 12 13 | - 13 1 12
SG |16 | 2 | 14 16 | - 16 2 14
sc |20 2 | 18 20 | - 20 2 18
KiS | 23 | 2 | 21 23 | - 23 2 21

¥ P is Positive
¥ N is Negative
¥ S is Suspect
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Table 5. The results for the 2nd test

2nd Test result
i Remark
Total Caudal fold - IFN-» ELISA
SM|P | N|P|S| N|P| NP |N
Total | 51.[12 | 39 | 7 | 1| 43 | 5 |:46 | 16 | 35
b [3]1] 2 EE 3 [.1]-2
S 31| 2 3 3 [ 1] 2
J [19|8 |11 |7 12217 |1 |18
WD |15 4 |11} |-1 (14| 2| 13]3/]12
sy |3 ]z2]1 3 |1 2 2 |1
SMH 1| - ' 1| -
M |- |- - - - -
DS |1 1 1 1 1
sG | 2|2 - 2 2 | 2
sc |2 (11 2 2 |1 |1
KHS | 2 | 2 2 .2 ] 2

¥The suspected cow at HD farm was regarded as positive due

to double-suspect test results contipuously,
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F& AAstdct. $¢AAAN 659 HESTHANA SolF 27
& BESAY}. 5 AES ¥AE B (Ziehl-Neelsen Method) &
slo] BAUY A KolF £AE B 654 UnR| 55F 35
gzl R AYFo] FARNT. o2AN F IuUiutg 34
$ 115 3 9FdA AYF S ¥ HA3tAch

AA 5 AAlo] BAQYU ¥ HAFaLE 131e 23 A A 288
Foon, ofF FHLE IULSHEA A 115, IFN-y HalolA
165 ELISA A AtolA 40F2 AE g UM 71T uig
Zol BHYs] dETd SHFE BFYS A& gold standard 7}
glen® o7l McNemar?] one to one matching ¥z} o382

% ¥ 4] & (positive - duplicated ratio = PDR)& AArstedc}.

(A) Caudal. fold vs IFN-7y

Caudal fold

+ -
IFN-7 + 5 11 16 x° = 0.89
- 7 265 | 271 PDR = 35.7%
12 276 | 288
(B) Candal fold vs ELISA
Caudal fold
+ —
ELISA + 2 34 36 x‘ =131
- 10 242 252 PDR= 8.3%

12 276 | 288
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(C) 7 -interferon vs ELISA

IFN- 7
+ | - .
ELISA + 4 34| 38 x‘ = 237

12 238 | 250 PDR= 14.8%
16 272 | 288

HUtS FAN IRN-7 ZAPEE 5% RASEOIH oA Ul
Wold Qs ez Ueitoy ( x* = 0.89 €3.84) A2 TE @
N wamoln, PORG ¥ @ 35.7x O WE £ESE F ANYS 2
o7t 28 Aolekz BFHI olANTt (A). B} ColAst ol
T2 T Zapgel vlaE chi-square Zto] BF 13.1 ¥ 23.7 521
We wA UEien, oAe wase AAds FxA etk
Ae @ 4 UdTh EW PORE 8.3% U 1482 E wATh

238 4 BE Aol ¥ ©l Table 4 % SelM2 ol
DunE el AT WAETt 45 257, IN-7 AL 457 2
g3 ELIs AAbde 1057tded, IUUSEs 2srke ANy
axpgel @4 t57bd B AT F¥HYen, oo &
ELISA ZAbY Hohe SN AANS IFN-7 AAbgel &0 Hgw
A28 Uit o o

zYedadest @A 74T ust ol 11T FE$F 950l
)e] AYFE Al e, olF gold standard= % ] IFN;Z%‘
NIHE 657 PHo 4 UNE 67%E YT, ELISt]
@ AAGNE 15%] BT Ukt 94 dAE 1xE Uehd
c}. ojlRoE & ﬂi, IFN- 7 Aol ELISA ¥AZbjRch
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WbEEz wol fatgte o 4+ dgoh adu, 84 oz
th¥t False positive ratio® ¢ 47} ol =} EME% Al
A 71 g3, o2 Ast  AZkA] Aabge Ao wlm S¢S
7HE A& Bt

WA 5718 A MPB-70° & o] &3 ELISA ZAloA 3
WA At MUY WA MRS A} 7-100 F AHEA 2
T gl iyt A A7) ¢ thEohs Holth, &, MPB-70
BHE o] & ELISAZ Aol A w Uik A} o] ¥R 115 2 1
TAMT A g ihg g vehdoy, MuutgAA * 7-10Q 2
of Y Y 107 BFelN F4NS S BACT (Table 6). o
AW YL oln) ZHolz BRIW ul gon(2), L¥AYF 7
EEA AL 2dHE HURg HAle] F 7-100 Ao AN} &
obx| 2] 47l wiEol Muiwtg HaA ¥
of ZEHALTE AVt wN YA UPEE &Ko)y 9
e BULEAA F 7-10do] WG AMAsS Hapsis Fo
v} gt 2] 3} c},

T 7oA A 7HR AAabtg e dAY 2 9942 s}
71 93 oln] dFH WHE ofsjo] HEsle] YolHE £ AR}
A3, 3 Azt IFN-y Zabddo] ELISAo] o3t Az bby R
RS 23 o fAsos 2Ee Uzed, A4 ag
T uvhe o] 7 HabPe WREY FolE: AEsiA Regr).
gdOE ol& 2] gold standard®2] P4 L SH YA $EF o
oF 813, o]& uigLE ZF ZaAbHY RAEY Bol=E AR
FE2 ¥Ye A7 du"Ety I $4Y WG] BLEo}
U Aoz Pyl

oov
E
oX
ofy
(lo
o
ot
my
2
1]
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Table 6. Comparison of seroreactivity to rMPB70 before
and after intradermal tuberculin test in

tuberculin reactor cattle

Seroreactivity (O.D; 490 nm)

Cow ID No. Before After
tuberculin test tuberculin test
ii 0.16 0.85
12 0.21 0.81
23 0.23 NT
5889 0.04 0.78
6334 0.03 0.69
6462 0.02 0.81
9274 0.05 0.75
9275 0.02 0.76
9276 0.09 0.65
9327 0.02 0.87
2 0.63 0.92

- NT : not tested.
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A4d HA3 2%

A 100] M7 A7 $AY NS 2HU AP $3Y
WS} Hge]l A F7stn glon, ALY B T4 o
3pe] 28 AN Rol T ARt ) A BS VAES et
W2 gtk A=W 317 AR 7hedle 2007 ARoA 1500 %
WA gom, HYP, A, AFA, WHA, AEA, GIF
A SolA o 105 ol4 WAST stk Hel 1999 Eolt 34
ZolA 3000 F o4 wastel AFetn ZAW welriol A
. AN AR 370 AE BHY A 4w 1287 Ftel
M 23 ol4 WASL glom, 2 WA T4t AA o} 60xF A
Astz gt weld $A¥e 2A ANAL 23 ol WS
of hAlAE A S+ SHAE 5 2V $AY BAPNE +1
st Aol wum st |

$29 Zagd Wutsd, IFN-7 FAabd 2ela ELISA 2
A BT HIY BYOT Az okl FLAWL AL,
ANTiAe 98dso] $AY 34 thixdel A $IE U4
125718 tidos sttt AR IFN-7 ZAPHo] ELISA Hby
B WupS Al $AY Res dTHo (X =0.89), ¥
FHQAEL 35.7%2 Wt IMUNSAAAI} FPSE 1T 4
on o]F e AAL 65 LEIREI(54.5%), & ¥}
AFoTE 957} 40T WASATHSL.8%). FH HAS 9T
DY AYA RARAE IN-7 ZAgo] 67% UX &g ELISA 7
WMol 11% YA&e UEATL Ty RAAAE e As ¥
7-10Q Zol AAY F$ VREE 0wol 4 HaTh
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