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Abstract: In order to measure in vitro cell-mediated immunity in the guinea pigs sensitized
with the killed bacilli of Mycobacterium bovis (AN;s), M avium (serotype 2), M tuberculosis
and M intracellulare (serotype 8), leukocyte adherence inhibition (LAI) test was established
using the antigens of purified protein derivatives (PPD) tuberculin. By using LAI test, speci-
ficity of cell-mediated immune responses of the guinea pigs inoculated with various Mycoba-
cterium spp was investigated, and comparison between values of LAI and skin test was also
made to evaluate the specificity of the newly designed test.

The results obtained throughout the experiments were summarized as follows;

1. The optimal concentration of PPD antigens for LAI test was 1 to 2mg per ml of medium.

2. When the leukocytes of guinea pigs sensitizecl with both M bovis(AN;) and M avium
(serotype 2) for 2 to 8 weeks were incubated with homologous or heterologous PPD antigens,
mean values of LAI test were 61.2+11.2 and 65.63-5.1% in homologous PPD antigens res-
pectively, while 30.0+3.7 and 32.8+5.7% in heterologous PPD antigens, showing the pro-
minently high value of LAI in the homologous system (p<{0.01).

3. When the leukocytes of guinea pigs sensitized with both M tuberculosis and M intracellu-
lare (serotype 8) for 2 to 8 weeks were incubated with homologous and heterologous PPD
antigens, mean values of LAI test were 67.972.9 and 66.9+5.0% in homologous PPD antigens,
while 27.4+7.4 and 24.4+7.1% in heterologous PPD antigens, showing the prominently high
value of LAI in the homologous system (p<{0.01).

4. Comparing with the specificity of LAI and skin tests on the basis of the value obtained
from the homologous system, deviation of reaction was revealed to be 49.5 to 100.2 in LAI
test, and —15.9 to 52.0 in skin test.
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MycobacteriumBE S 53| Mycobacterium bovisS]
gl 7 Ty 4EBRY Addez A
Ay FulukgQl skin test7t 73 Aoz o] Lx
2 gk b 2y B EAste FETL 9
T Az ATl Folde] Reox B4 2 B
et WSS 2w SR ES5 0] R g o YR F
Aoz H9¢ ¥ 3¢ o EAA L oAz
et ool A ®E dFAEL tuberculin ik
49 A%E BRY 22 AFAY AxH9us
q A BRI K R (leukocyte migration inhi-
bition test : LMI test)™%3} HE IR A5 (leukocyte
transformation test: LT test)»!® $& ¢8319 =z, 3
Tol v ¥AAA Py oz BERERIKARK(enzyme-
linked immunosorbent assay)!h!? & o] &3tz ¢
o},

AEES] GAEL o AP Eo] HolHo] Eo}
skin testd] AA & F2A7 2 BEEE ¥ BEREDS
+ 29 & %=z 23 v A 28y o)m] B
28 ZF AgAd AL €40 H38 2 BRY
7171 A4d€ Bazde o A=z A FEH
ol old &= ¥ Aoz A3} Rtz gt
a8l 22 MycobacteriumBeEEe A& A 3
HE g Y= B ASsn gHEe] oy L
A B Ay Age] guE Qe AFol .

A BR300 1 B8 (leukocyte adherence inhibition
test: LAI test)-2 Halliday 9} Miller®e] €3] murine
tumorel| A Fgo 2 zekE 9o EAMIELMER
% (macrophage migration inhibition test: MMI
test)' 18] {2l & o] 4F APWo A A FE
o Y, ST M, HEY BRSY S AR
AMEAQ) dFFgezr S8 v glon Eoj4o)
2 g4 78T Aoz 54 .

AR T AR A LAI testoll g 7] 24
P R ZEIAEE T3l HaF v e, o
A" LAI test® M bovis(AN;), M avium(serotype
2), M tuberculosis R M intracellulare(serotype 8)
ol ZAd 71U Az 9utg5¢ purified protein
derivatives(PPD) tuberculing HiFo 2 o] &3 &
Aeta 2 A HE skin teste} u] m3ted Mycobacterium
BEZd ®E A2z &3 9T S
+ WLz 9 AP & FY3gsld QoA A
PAA & 233l ulolct,

7 ™ BE

EREH X % Mycobacterium bovis(AN;),
Mpycobacterium avium(serotype 2), Mycobacterium
tuberculosis R Mycobacterium intracellulare(serotype
8)%} 711 ¥ (Hartley, 350~450g) 254-& REHLEH
FKETNA F3dol ftElstg .

Nk B : Mycobacterium bovis(AN;), My-
cobacterium avium(serotype 2), Mycobacterium tuber-
culosis R Mycobacterium intracellulare(serotype 8)
ERTEES 274 mld 5mge] 3 =% Freund's
incomplete adjuvant(Difco, USA)e] Yol #HIS =
EX 100°C oA 1A 7 AL4£5% o8 % £ F
F 5ol vleglF 0.3mlY 0.6mlE HFate FFA
.

PPD #i[R : Green®??] Wy & $£3}4 A =z% PPD
HRE 4°Col A nEsA Agstget. g7 23
AAANLE 95kl PPD HEE Y 2mge 4HBRME
(Gibco, USA)o] 10% #-+9d Eagle’s minimum
essential medium(EMEM : Gibco, USA)o] &3] A 71
F £°CoA A mEad A feERst g o

wim:/ivg e W oAt 23AlelA FASE
o] &3l wElF 3mlE AF AP =AY
(10 TU/mD)8 A sl 38t h .

Bk SR % AmMECPEE : F3os A=k ¥
Aol 0.15M NHCl¢ 3f5&= A ststz £EH 4°Cel
A 2087 Aste] AYTE HA AR G 500xgel
A 138 948 WETE FANRAG. FH9 9
¥ 7+ Eagle’'s minimum essential medium(EMEM)
ez 33 AP F LHARMF) 10%2 HF
EMEM wjA & 1~5x10%ells/mle] ¥ 57} 5|z & 2
A7 F fHRSAAG. Mxe 34 = (viability)E
0.14% trypan blues} M % E{HL F 4o hemo-
cytometeri}ol A dye exclusiono] <8 t}g& FX o=
A& 5 o}

% viability
___No. of cells showing dye exclusion
- Total no. of leukocytes

Leukocyte adherence inhibition(LAI) test : 743
AU B2 A2 JAUYdA Y5 dEgT E4d
(100p2)3} PPD HE-S 4 (100p)& =} - 9 & plastic
tube(100mm X 50mm)ell ¥ 3 37°C §Le52of A 303
T PR e 5o 94 wSAZAG. wgd A
ZB{AE cover slip(12x12mm)o) P&
cytometer(Neubauer Improved, West Germany)ej] 5

X100

hemo-
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JA) F FF57F F34d 44 F Y2 petri dish
(150mm diameter)s] @3 5% CO. ¥j¢7) (LEEC
Model, UK)s1 A 604 90%-7F #&A7 ohg 4004
Hul Aol A AYTF ALE99 8 squarese] & H
MRS A4S £ AA4SFA9A(PBS, pH 7.2)0 A
Z43 2~33] FASHA cover slipE E/AA AA
AR 283 A2 & cover slipE oA gz ¢4
A4 FU ¥l T BF¢ WY T <AE
A, Az 2 s AFvid PPDHEEY & 73t
A g wEdFo 2A5(leukocyte adherence) S =
A3 et

Aol A deizl FAF ot FA o A L3t % leu-
kocyte adherence(% LA), % leukocyte adherence
inhibition(% LAI)S A&&3ldcr. dojx Ade I
Sof wel t-test2 A KA AAAL.

remaining number
initial number

% LA= %100

% LAI=(1
mean % adherence with antigen

" mean % adherence with no antigen
PPD tuberculin skin test : MycobacteriumBeiol
248 A 8FA 7YY FRE AALEAA A
F =A% 28 2447k A G& 7FE el
A3 ME == B PPD #iF4 9 (Img/mD)< 103
H43ld 0.2mly F&F FFHl FAsz gz
EMEM:u A & FAMaH k. F4F ¥ 2447, 48417,
72Azel] FAF 4A" 299 JA & microcalliper

% ol 43ld RiES ERE AR

B R

PPDHiFRe| JMEEN wE 2|ud AmzRel Al
¥ I M bovis(ANg)el H3e A 3F8 AUYelA o
R Wy o H 0.5 1, 2 E 4mg/ml FE9 PPD

)x100

-bHiRE AEAZAE AS debtE % LAY % LAl
Table 13 7},

PPD-be] ¥=7+ 0.5mg/mld=] % LA 2 % LAI
= 414 9 38.5%°1% %, lmg/mldAE 30.6 2
54.7%, 2mg/mle] A$o= 32.1 ¢ 52.3, 4mg/ml
ol 37.2 2 44.8%0°) 4 t}.

L4E MycobacteriumBpo| W4FE 7| 52| PPD
BRol e % LAI . Mycobacterium bovis(AN;)o] 7+
il el % LAIE Fig 14 2E ube} 3ol
74 3 PPD-bot w3 A AL = 4.516.00] 91 2o
g F 2% o) 2e 62,3+5.002 Fr)ehyd 3 8%
ol2¥ 72.045.09 ¥& % LAINE »ych. 25404
8F Atole] HF % LAIA = 6l.2+11.2%% . BiE
#iJial PPD-a, PPD-t ¥ PPD-is} 7 w2472
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Fig 1. Comparison of leukocyte adherence inhibi-
tion (%) against in guinea pigs sensitized
with M bovis(AN;). Each point represents
the mean value®SD of triplicate.

Table 1. Effects of concentration of PPD-b on adherence of leukocyte from guinea pigs sensitized with

Mpycobacterium bovis for 3 weeks

PPD-b(mg/ml)

Exp. Control
0.5 1 2 4
1 68.3 39.6(42.0) 29.4(57.0) 29.3(57.1) 36.2(46.9)
2 66.7 40.8(38.8) 31.5(52.8) 33.2(50.2) 38.6(42.1)
3 63.2 41.6(34.2) 28.1(55.5) 31.4(50.3) 34.4(45.6)
4 71.3 43.4(39.1) 33.3(55.3) 34.6(51.5) 39.6(44.5)
Mean 67.4 41.4(38.5) 30.6(54.7) 32.1(52.3) 37.2(44.8)
( ):% LAI
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Fig 2. Comparison of leukocyte adherence inhibi-

tion(%) against homologous and heterolo-
gous antigens in guinea pigs sensitized with
M avium(serotype 2). Each point represents
the mean value£SD of triplicate.

A A 3 254 85 Aele BF % LAI= 7%
39.4+3.1, 30.6%3.5 € 20.1+:4.5% 24 HF 30.0+
3.7%0°| 7. ZF ¥ 2F WA 8FAtolo] FMEHIRES
REHEA o) doA % LAIY e $9% 2
(p<0.01) 7+ A= et

M avium(serotype 2)el 7138 7]Ug9 % LAIA &=
Fig 29 #ch. 743 & PPD-ast WS A#H € & 11.4
+8.0%01 5l Aol 7RI 25 o2 67.515.9%
2 Z73592 65044 59.0+4.5% 2 vha g
3, 8% o2 71.01+4.8% 2 H Ao 2slges
22 = 8F Atol9] HF % LAIN+ 66.6+5.1%%
th, ZF F 2% A 8F Abo|o] REHIFE PPD-,
PPD-t, PPD-b2 A@ &« & 22 42.8+5.8, 28.1
+5.8 % 27.545.5% 24 BT 32.8%+5.7%°lI%i+t.
73 % 25U A 8F Alolol FMEHIFE PPD-ad %
LAIX o} REHEE 7ol % LAIE # 3 H(p<
0.01)7F 1A = Aot

M tuberculosisol 7}AR 7|19 % LAIA+ Fig
3004 BE ulgl o] Z+%A PPD-to} ul3AZE o
6.14+3.4%°150d RAo| AF ¥ 68.5+7.5%2 F7st
G 8Fc] o2y 71.514.9% % HzA o} 23}
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Fig 3. Comparison of leukocyte adherence inhibi-
tion (%) against homologous and heterolo-
gous antigens in guinea pigs sensitized with
M tuberculosis. Each point represents the
mean value+SD of triplicate.
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Fig 4. Comparison of leukocyte adherence inhibi-
tion (%) against homologous and heterolo-
gous antigens in guinea pigs sensitized with
M intracellulare(serotype 8). Each point
represents the mean value+=SD of triplicate.
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Table 2. Comparison of the specificity of leukocyte adherence inhibition and skin test in guinea pigs

sensitized with Mpycobacterium spp

Mycobacterium LAI . Skin test I

sensitized* PPD-b PPD-t PPD-a PPD-i PPD-b PPD-t PPD-a PPD-i

M bovis(ANs) 0 49.5 100.2 96.8 0 —15.9 29.6 48.4

M tuberculosis 54.6 0 69.0 83.4 15.7 0 20.7 35.4

M avium(serotype 2) 75.7 68.4 0 55.0 52.0 44.3 0 28.6
M intracellulare(serotype 8) 93.2 78.9 74.2 0 22.4 44.6 28.9 0

a . Data obtained at 8 weeks after sensitization

value of homologue—value of heterologue

b : Calculated by the formula:

SARE W 12.555.5%1 5" Ao] 7F F 234 o]
27 64.514.5%2 F78tAd L 45 o238 74.0+
7.0%2 #HaA o F3gos, 6F0)4 62.5+5.3% %
Zadte Ag%E deElld. o J3F BT % LAIN
+ 66.915.0%°]%ltt. RMEHFEA PPD-a, PPD-t 9
PPD-bs} b8 A& = 73 F 2Fo A 8F Alo]o
Aol BT % LAI= 77 38.5+8.8, 16.9+8.6 ¥
17.8+4.1% 2M BF 24.4£7.1%°)1 A k. 3 2F of
¥ AR REHFAA 9o % LAIA Ao]d]
© 2529 $9Ae] o453 (p<0.01).

LAI test2} skin test2 Lt : M bovis(AN;), M
avium(serotype 2), M tuberculosis 2 M intracellu-
lare(serotype 8)% 71U go| 7447 ¥ 8% w LAI
tests} JEIERBBMIRIES skin testz}o] HolA g wlm
g ot MEHFAA Qo2 A& 7 Foz 3o B
HHURS A F v 2 ul Table 2014 &g u}
s 7ol LAI test2 & 919 4741 Fel S 49.5~
100.29] #o] 7} A 32, skin testo] A& —15,9~52,0
9] Aol7t o= gl

£ ¥

dA Ady AP s vddez $4¥2 e
skin testt EERBHEKEAN 98 44 Mzyg A
e FAW202 BERE, DM Mk R, 5% g
A EE TP 4= . Y Bk, B
t, Ex ®HHEY Y22 <o skin testd] 5o
Aol ¥4 FAZ ATz gof.Hhss

ol e HE sy & d3 AP A
24 H9nSAgo] Axd ut 9. B5%0 LAT test
T AgIN AE4 PFESAEEY & oA
2 g€ T 9 B-lymphocytes 5o s w&st
o lymphokines, €3] leukocyte adherence inhibition
factorg Fulsted Q@A 2 FAL ARG E A

value of homologue

X100

Aol Bt F3 givh. 852 my LAI test 5ol 4
ol 3 Ao 7t =3I AYu &o] Azstz A
TLdY stsAel deAol 2 Ao . 150

% Z5-& Hallidayst Miller'®e] 23] hemocyto-
meterE o] %3} M d=E LAI testd Mycobacterium
BB el & Az g5 A 882,
2 FolAE et AYE ekl dujHg o
2 79§ LAI testf] PPDHES S Aol A+ 1mg/
ml WA 2mg/ml7t A4 Aoz velbych(Table 1).
o] A2 dol PPDYIFES ¥=7t LAIMES] I3%&
o] FaHgleon B PPDHUEE 9y
TFoll E40) o] LAINMGoll 43¢ F+ A= AR
= et

M bovis(AN;s), M avium(serotype 2), M tubercu-
losis, M intracellulare(serotype 8)ol 7+a= v
o 4 LAI test® AA% 25 WEHFA g 5ol
o] EL Aoz #YEz LMI test®d LT testol] A
B3g A9 Fastd LAI testd o) &3 ERIERK
PiEFe AxA g FAo] st 3
ek, =g dbSA gl vEve fEs e
AzAg A3 AdelA BasEe Aoz ¥ A
A= ®lzdy & HEs BAHUL old A
o #fised Aol Padctz A At

2% MycobacteriumBE AL 3 LAI
test? skin test® A A wl2§ AF(Table 2) LAI
test} skin test® vl REHIF L) o5 AT KEME
9 slol & RAA MycobacteriumBrEol FaH )
g Axyd DA & Y3 =u LAI test} skin
test Bt} Fo]4go] grhe Atdol w3 F .

LAI testol]l A effector cellsS o 2] &} A} E0of 18,2 2] 5}
B-lymphocyte, macrophage =¥ polymorphs® 23
vk gk AW BRAA T AATH] HF 724
ol 4l 2 polymorphssl effector cellgl ez 33

ul 2] =
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= gk, 22 Mycobacterium Bl 731 7)Y
A AR WIETF=E JF AIAA AFe=e
effector cells @ A Z—A L7k A5 A Ao o)A
E THHA % Aol glor o Ao QAAE B
ATF7F slejof bz Az, -

" W

M bovis(ANs), M avium(serotype 2), M tubercu-
losis, M intracellulare(serotype 8)2] B IRFEH S 7]
ol AFAA ZAAD o AZY F9ueE A
HANo) A 2437 ¢t purified protein deriva-
tives(PPD) tuberculing #F o 2 o] £3lo leukocyte
adherence inhibition(LAI) test& 483l 7325 7
oo Alzg dgukgel A& APz z AHE
skin testsh W st LAI tests] Solds Fwetz
A dae AgE FP3A .

AL &3 deld Aae= L3 32,

1. LAI testell o] &5 PPDHifHe FA 5=+ 1mg/
ml3} 2mg/mle) ¢ o},

2. M bovis(AN;s) R M avium(serotype 2)& 73
A7 F 259A 8Fd Jde WY T sl HE
PPDfifRo2 APeRE A9 FF % LA 474
61.2111.2 B 65.6+£5.1%°| = REHFEE AL

$+E A7 30.0+3.7 2 32.8+5.7%EH RBEHIE
A2 Aol % LAIZL &A 3 &3teh(p<0.01).

3. M tuberculosis R M intracellulare(serotype 8)
E ZFAAZ ¥ 2FUA 85" AU WEFof e
% PPDHReE wSAZAE o A % LAIX = %
2t 67.9+£2.9% 2 66.9£5.0%°1%5 2 RE PPDHiE
o) ASE AR 27.4£7.4% R 2447 1% 2 FHE
PWEA=DA % LA #9384 £33 (p<0.01).

4. LAI test9 skin test® u)zdle] RIEHIEAN &
AR FAE J1Eo2 o BEHEY X E vl
g u} ub29] H e LAI testo] 4] 49.5~100.2& skin
test(—15.9~52.0) 2.t} A vtelwieh.

# £ X W

1. Muscoplat CC, Thoen CO, Chen AW, et al.
Development of specific lymphocyte immunosti-
mulation and tuberculin skin reactivity in swine
infected with Mycobacterium bovis and Mycoba-
cterium avium. Am J Vet Res 1975:36:1167-
1171.

2. Anja A, Kostiala 1. Delayed hypersensitivity in
the guinea pig immunized with killed tubercle

— 288 —

10.

11.

12,

13.

. &84, AF, AEA S

bacilli in adjuvant. 2. The effect of tuberculin
purified protein derivatives concentration of
peritoneal cell migration. Acta Path Microbiol
Scand Section B 1971:;79:281-284.

. Choi CS, Kim JH, Yoon YD.: Sensitivity of

repeat tuberculin test with bovine PPD, Seibert’s
fraction A(SFA) and avian PPD tuberculins in
visible and non-visible lesion reactor cattle to
HCSM tuberculin. Kor J Vet Res 1984;24(1):
50-57.

. Francis ], Seiler RT, Wilkie IW, et al. The

sensitivity and specificity of various tuberculin
tests using bovine PPD and other tuberculins.
Vet Rec 1978:103:420-435.

. Hagan WA. The no-iesion case problem in

tuberculosis eradication program. Cornell Vet
1941;21:163-176.

. Paterson AB. The incidence and causes of tuber-

culin reactions in non-tuberculosis cattle. Adv

Tuber Res 1956:7:101-129.

PR AR AR D EEREKE o © £

B8 Bl WT R, EBRARK K8k Bf
@ -EzC 1986.

. @&, Tuberculin [BHEFREL4] EFLHE-

e WERR W, ARBREESIE 1975:16(2):
151-158.

+AYY Rz gy
Ae ¢3 lymphocyte transformation. A}
Pl T2 3 1981;23:101-108.

Ayivor MD, Muscoplat CC, Chen AW, et al.
Whole blood lymphocyte stimulation for diagn-
osis of tuberculosis in cattle. Am Assoc Vet Lab
Diagn Proc 1976:19:.351-360.

Nassau E, Parsons ER, Johnson GD. The dete-
ction of antibodies to Mycobacterium tuberculosis
immunosorbent
assay(ELISA). Tubercle 1976:57.67-70.

Thoen CO, Armbrust AL, Hopkins MP. Enzyme-

linked immunosorbent assay for detecting anti-

by microplate enzyme-linked

bodies in swine infected with Mycobacterium
avium. Am J Vet Res 1979;40:1096-1099.
Halliday WJ, Miller S. Leukocyte adherence
inhibition: A simple test for cell-mediated tumor
immunity and serum blocking factors. Int J
Cancer 1972;9:477-483.



14.

15.

16.

17.

18.

19,

20.

21.

Halliday W]. Blocking effect of serum from the
tumor-bearing animals on macrophage migration
inhibition with tumor antigens. J Immunol
1971;106:855-857.

Maurer BA, Dean JH, McCoy JL, et al. Brief
Cell-mediated

mice againist papain-solubilized histocompatibi-

Communication: immunity in
lity and tumor-specific antigens by a macrophage
migration inhibition microassay. J Nat Cancer
Inst 1976;56:1075-1078.

Halliday W], Maluish A, Isbister WH. Detection
of anti-tumor cell-mediated immunity and serum
blocking factors in cancer patients by the leu-
kocyte adherence inhibition test. Br J Cancer
1974;29:31-35.

Halliday WJ, Maluish A, Miller S. Blocking
and unblocking of cell-mediated anti-tumor
immunity in mice, as detected by the leukocyte
adherence inhibition. Cellular Immunology 1974;
10:467-475.

Holt PG, Roberts LM, Fimmel PJ, et al. The
L.A.1. Microtest: A rapid and sensitive proce-
dure for the demonstration of cell-mediated
immunity in vitro. J Immunological Methods
1975:8:277-288.

Walters BAJ, Beardmore GL, Halliday WJ.
Specific cell-mediated immunity in the labora-
tory diagnosis of dermatophytic infections. Br J
Dermatology 1976;94:55-61.

Walters BAJ, Chick JED, Halliday W]J. Cell-
mediated immunity and serum blocking factors
in patients with chronic dermatophytic infecti-
ons. Int Arch Allergy 1974;46:849-857.

g s, ARy, JAaFd 5. APNUE Hd 719

— 289 —

22.

23.

24.

25,

2€.

28.

30.

Z2A% i35 FAg a9, Fdd
Fd TR 1988;15:65-71.

Green HH. Weybridge PPD tuberculins. Vet J
1946:102:267.

Fass L, Herberman RB, Ziegler RB, et al.

Cutaneous hypersensitivity reactions to autolo-

%971

fu

gous extracts of malignant melanoma cells The
Lancet 17 1970;17(1):116-118.

Halliday W], Webb M. Delayed hypersensitivity
to chemically induced tumors in mice and
correlation with an in vitro test. J Natl Cancer
Inst 1969:43:141-149.

89, A3, X% 4BERREER 2
tuberculin wb-&of A H & FHERC #oid. &
T TSR ATH A 1979;3:1-8.

Mackness GB. Cellular resistance to infection.
J Exp Med 1962;116:381-406.

. Gray DF, Jennings PA. Allergy in experimetal

mouse tuberculosis. Amer Rev Tuberc 1955;72:
171-195.

Powell AE, Sloss AM, Smith RN. Leukocyte
adherence inhibition: A specific assay of cell-
mediated immunity dependent on lymphokine-
mediated collaboration between T lymphocytes.
J Immunol 1986;120(6):1957~1966.

. Creemers P. The role of leukocyte subpopula-

tions in the indirect leukocyte adherence inhi-

bition assay in the mammary tumor virus
system, European J Immunol 1977;7:.48-53.

Jennings PA. Leukocyte adherence inhibition:
A microassay demonstrating antigen recognition
in cattle. Research in Veterinary Science 1979;

26:111-113.



