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Determination of specific antibodies to mycobacterial antigen has been in practice with
relative simplicity by the introduction of enzyme-linked immunosorbent assay (ELISA).
The prerequisites to ELISA are the specificity of the reaction and reproducibility and
stability of the results, but, in addition to such technical problems, one of the most
important problem is how to evaluate and explain the results. As for the determination of
anti—mycobacteria antibodies in patients sera, many reports have already been published
from various laboratories. In these reports, most authors evaluated their results depending
on optical density or on the ratio of optical density of the test serum to that of the
standard serum (Table 1). But such values are rather arbitrary ones under the specified
assay conditions determined arbitrarily by each laboratory. By our preliminary examina-
tions, these values varied remarkably by the minor changes in assay conditions and showed
1'% who calculated antibody—titer
of a test serum according to the standard curve prepared from the standard serum,

very poor reproducibility. The method of Kusano et a

appeared to give more objective values than any other methods. However, in addition
to a difficulty to keep the standard serum of high antibody—titer to be available any time,
their method is only valid where the slope of the optical density—dilution curve of a test
serum is identical with that of the standard serum, but it is not a case and the optical
density—dilution curve of each serum is quite different each other. If the slope of a test
serum is not identical with that of the standard serum, different dilution of the same test
serum will give different values as the titer of that test serum.

Considering these problems, we proposed a new method in this paper. The principle of
our method is :
1) Use six two—fold serial dilutions from 10 to 320 times for each test serum.
2) Determine A OD according to the procedures summarized in Fig. 1 and obtain A OD vs
log (dilution) curve.

* From the Research Institute of Tuberculosis, Japan Anti—Tuberculosis Association 3—1-24
Matsuyama, Kiyose—shi, Tokyo 204 Japan.
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3) Compute a theoretical formula for the linear portion of the curve as Y=A,tA, (log X),
where Y =A OD and X = dilution, after the appropriate correction if necessary.
4) Determine the antibody—titer of the test serum as X—value at Y = 0.

Antibody—titer obtained by this method was not influenced by the amount and/or
potency of either the antigen or the secondary antibody as shown in Fig. 4 and Fig. 5. This
method was very stable and reproducible, and gave an objective value which could be
statistically manipulated and be compared with the data obtained in different laboratories
under more or less different assay conditions.

By this method, we determined the anti~PPD-IgG and —IgM titers of healthy adults
and compared with those of patients of tuberculosis and other mycobacteriosis. Anti—PPD
—IgG and -IgM titers of healthy control showed logarithmic normal distributions, and
normal mean value and normal range were calculated as 190 and 34~1050 for IgG, and 308
and 92~1032 for IgM, respectively. Anti—-PPD-IgG titers of active tuberculosis patients
and other mycobacteriosis patients, most of the latter have been suffering from the disease
due to Mycobacterium avium—intracellulare complex, were significantly high as shown in
Fig. 6, 7 and Table 2. No difference was observed between these two patient groups. More

specific antigen than PPD should be used to differentiate these diseases.

There was no

significant difference in IgM titers between patient groups and healthy control.
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Xt BHURM DRIES, HEHEBICITA3L51iD,
Bicu ohOR@ENMESNTVWEY 2 Tablel
IRT LI, ThSOHEDORETI, HBROMUEI
W (OD) 2D, FhiEEMED OD Dk
BHOLNTWED, ThoDHIZHEETHREL.
WERHETTO, WHITEOMEIGEET, HED N
PR, BRESTRIGEONECR, KISHR, RIGE
IS EH A DRIESRMIC L > TRE s h, HEE
IKZ UL, sz 2 Bl TIRE <, S
ZEMHEOBRBEE LB T2 L RTERY, Fx bEY
1 BB & 7o id 2 BTS2 W 72 OD, AZHEMIE O
OD&E DA LI X BHEERET LD, EFH0DH 3
FERAEDZENTEE > 1,

IhoOBEHN» S, MIERHOES ICEAGSNIT W,
HATLEETTREYS, IRZEMOF— s BN TR 2,
SHER L E RS 5 HRERF L, BHBRINED 2 1575
6 BRERYEHV, BIMKK SO MERTE oWk %
TUMMEE T2 D, BbEETH D EOfERER"R, B
iZ, TOAHRERWTERREED IgG, IgM Hikif
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PR : HA BCG BIEHRAHEI CIP RBREMRE
A PPD #if50)

BRI 2 IRPUA : Kirkegaard & Perry ##4 Goat
—anti—-human IgG (7 )— & U IgM (u)—alkaline
phosphatase #Eakbifk

# B : Research Organics £ % p—Nitrophenyl
phosphate (p—NPP)

U VIME7 V7 3 v : Armour %! Bovine serum
albumin Fraction V (BSA)

Carbonate buffer, pH 10 : NaCO; 2.332g, NaH
CO; 2.352g, NaN; 0.2¢g,/1, 4°CR#E

Tween—PBS-buffer : KH, PO, 13.6g, NaCl 86.5
g, NaN; 2.0g, Tween 20 5.0 ml//, 5SN—-NaOH iz T
pH 7.0 1%, FRMHRA, HHICERL T 10 EHKR

BSA-PBS buffer : KH, PO, 13.6g, NaCl 86.5g,
NaN; 2.0g, BSA 10.0g//, 5N—-NaOHicT pH?7.0
ICHE, EERMEE, ERIEEL T10 f5ER

DEA buffer : Diethanolamine 9.6mi, MgCl,
6H,0 0.203g/l, 5N-HClicTpH9.8 1c#%¥, 4°C
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Table 1. Determination of Anti—-Mycobacterial Antibodies
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Author Year Dilution Mengalifation Referens
Nassau et al 1976 100, 500 Optical Density 1)
Viljanen et al 1982 100 Optical Density 2)
Kalish et al 1983 16 — 1024 Optical Density 3)

(CSE)
1000 Optical Density
Koshino et al 1984 100 Optical Density 4)
Konishi et al 1984 40 — 5120 End point 5)
(log2 N/10)
Zeiss et al 1984 1000 Ratio to standard 6)
Optical Density
Kiran et al 1985 100 Optical Density 7)
Daniel et al 1986 75 (Blood) Comparison to 8)
standard serum
Chawla et al 1986 100 Optical Density 9)
Gandhi et al 1986 50 Optical Density 10)
Krambovitis 1986 40 Optical Density 11)
Kusano et al 1986 | One point Titration curve 12)
using standard
serum

R
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Microplate : EEK~N=2 54 MBI ELISA 7 v —
F MS-7196 F, 96 Wells

ELISA Reader : Dynatech #t % Microplate
Reader MR—600 .

Computer : Apple 8! Epson TF-20, Dynatech
% Immunosoft System Disk
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S TEHRE LS K W—F AR LT,

4. [EHEREZEOY PPD-1gG KR U —IgM Hiikff
ToDSNV=T R BAIEFERESR (ZhZT 0596



552

Microwell Titer Plate : 96 wells

Coating with PPD
5 ng/ml PPD in carbonate buffer,
J pH10.0
50ul/well, overnight, 4°C
Blocking with BSA
1% BSA in Tween—PBS
l 200 #l/well, overnight, 4°C
Washing with Tween—PBS 4x

Addition of Test sera diluted to 10x ~ 320x
with Tween—PBS
l 50 #l/well, 60 min, room temperature
Washing with Tween—PBS 3x, then with
BSA-PBS 3x

l

Addition of Alkaline Phosphatase—Conjugated
Anti—Human Immunoglobulin G or M
0.5 #g /ml in 1% BSA-PBS
l 50 #l/well, 60 min, room temperature
Washing with BSA-PBS 4x

Addition of the Substrate
1 mg p-Nitrophenylphosphate,/ml
DE A buffer
50 ug,/well, 30 min, 37°C
Termination of the Reaction
| 1.5N NaOH, 10041/ well
Determination of OD 410 with Microtiter
Reader

|

Data—Analysis and Calculation of the Titer

Fig. 1. Procedures for PPD-ELISA

& 2006 iwowT ko, i PPD-1gG R U
—IgM LA Z R IE L7z DD 7V — FORIEHR
BES—H LT, —FELTHS L E L, Fig.
6 ICRT & 912 IgG KU IgM Hiifliiz W3 h & 6 BUE
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il & BREERZE Aok, FIEE £ 2 X FHERZEEFIREL
ZRNZTNEHABICR L CIERME & B & L, EH
SE¥E P PPD-1gG T 190, —IgM < 308, IEH &
BHIZZhZh 34~1050, 92~1032 T&H - 7= (Table 2,
Fig. 6, Fig. Do

5. KERGAE B E K U E BIPIREIE BE OBl PPD-

IgG KR U —IgM fiifffh
AIEARER % Table 2, Fig. 6, Fig. TIT/RY FE4TE

% % me2r ®1lw

1:10 1:20 1:40 1:80 1:160 1:320

Serum 1 PPD (+)
PPD ()
Serum 2 PPD (H)
PPD (—)

Fig. 2. Dilution of serum
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Formula: S-C

Results :
1 0. 2720
2 0. 2230
3 0. 1900
4 0. 1450
5 0. 1090
bad data

Regression Parameters, Statistics and Results
Regression equation
OD (C)=+ 4. 02806E—1 —1. 34206E~1 x Log (C)

Regression parameters,

Coefficient of determination = 0. 997
Coefficient of correlation = 0. 998
Standard error of estimate = 0. 004

Comparison of the Standard Data with the
Regression Prediction

Measured Predicted

S1 10.000  0.272 0. 269
S2 20.000 0.223 0. 228
S3  40.000 0. 190 0. 188
S4 80.000  0.145 0. 147
S5 160.000 0. 109 0. 107
o %—Z \PS IgG No. 480
P a3l N
i E-1 N
c N
a 1.9 ~
1 E-1] N
N\,
D L 5] \\
e E-1 “~
n . .
s L1[E1 E1 E1l El EZ2
i E-1 v T v
t 1.0 20 4.0 8.0 1.6
y Concentration
Fig. 3.

PUEE LTHW e PPD 288—43FTId7 <, heteroge-
nous TH 5T LI bEBTHAIN, RKICHE—DTE
EAEFFICHVWEZE LTS, H—0FLicERoRRR
ERMNFELET B ENCLABNTHD, FLBE—D
PURRER I L T H affinity % avidity 25217 5
HHOBHEORGEMEAS N, fEILcIhs0EE
WECTREWI ENLVIREANBEBTHS S,

F 7N S Y ORERRED METIRRINEIED, HAKS
ELTED ODICE L R RHEREZTUAMEE 32
FHitig, BeroHRITEVWbDOTH B0, SHEREET
O ODEOTMHY »IcidMiEC EICRIED, »EYD
BTEEZSIVTETLTWSHSZ L, RIGKEKRS D
EWCHES 2R BTN D 5,
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Formula : S-C
Results:

. 2720
. 2230
1900
. 1450
. 1090
. 0970

D U1 B W N
coocoooco

Regression Parameters, Statistics and Results

Regression equation
OD(C) = + 3.82589E-1 -1.19779E-1xLog (C)

Regression parameters

Coefficient of determination = 0. 979
Coefficient of correlation = 0. 989
Standard error of estimate = 0.011

Comparison of the Standard Data with the
Regression Prediction

Measured Predicted
S1 10.000 0. 272 0. 263

S2 20.000 0. 223 0. 227
S3 40. 000 0. 190 0. 191
S4 80. 000 0. 145 0. 155
S5 160. 000 0. 109 0. 119
S6 320. 000 0. 097 0. 083
2.7,
O E-1[\_PS IgG No, 480
p G
to2.3] N
1 E_l '\
C \\
a
1.8
g N
N
D4l N
¢ Bl AN
s 9.7IE1 E1l E1l E2 E?2
i E-2 J T T '
t 1.0 2.4 5.7 1.3 3.2
y

Concentration

Correction of Data
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wx N, FEHUEICA 2K E b, SIREM
DHEHSTTHETS, HEHMER 7S E %R 5 HEARET L 12,

ZOFER, MED 10505 320 (5% TD 2 57K 6
BRI EHRV, RERECLKHFEO 0TS v 7%
BX, HEOOOD»SHEHE D75 s 0D %%
LOWKA OD &IMEARE G0 oficA OD-
U G0 A E, 20EERSOBFRR Y =
Ag+ Ay (log X) Z23kd, Y=00& 20D X ZHAM
L334, 6 BEEROS THEES ICHEAIRES D,
ROEYIHETH D LEERTE

ELISA ol E FHic i3, MEICHEERIETELOD
RFHdsH, Z0IEROEETHVENOy b T
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Aop Sample : I, T, AOD
Sample : PS 683
0-9 PPD  Titer 0.9 PPD Titer
® 1 u 812 ® 1 ug
0.8 O 05 770 0.8 O 0.5  4.42x104
X 0.25 808 X 0.25 3.69x104
o7 A 0125 84 0.7 A 0125 587x104
0.6 A 0.0625 1L ¢ A 0.0625 206 x 104
o .
0.51" 0.5|°
0.4 0.4 ?2
) Ay
0.3 0.3
0.2 0.2
0.1 0.1
0

0
10 20 40 80 160 320 640 1280 10 20 40 80 160 320 640 1280 2560

Dilution Dilution

Fig. 4. Effects of PPD Concentration

AOD
AOD

10 Sample I.T. 1.0 Sample: S. Y.
0.9 ® 005 ug 0.9 0.05 g

il X 0.025 ug 0.025 g
0.8 O 0.8 0.01 ug

A 0.005 ug

0.7 0.7
0.6 0.6

o
0.5 ° 0.5
0.4 0.4

A
0.3 0.3
0.2 0.2
0.1 0.1 *

o X M

0 0 R S

8 16 32 64 128 256 512 1024 2048 2 4 8 16 32 64 128 256 512

Dilution Dilution

Fig. 5. Effects of the Amount of the Secondary Antibody
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Table 2. Anti—PPD Titer in Mycobdcteriosis
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Tuberculosis
: A M Others Normal
Active Inactive
3342 395 3273 294 190
IgG
(13.7x105~8) (3285~47) |(135%105~8)| (3469~ 25) (1050~34)
464 331 378 247 308
IgeM
(3764~57) (1673~65) (4869~ 29) (2638~23) (1032~92)
1x108
1x107
1x108
1x105
1x104 .
i
: :
1000 :: : T
§ 1y .: .
500 (it ..
1 : .
.o H
H e |
100 * .
2.
50
active inactive Atypical Other Lung Healthy -
Tuberculosis Mycobacteriosis Diseases Control

Fig. 6. Anti PPD-IgG Titer
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1x104

1000

00 °

active inactive

Atypical
Mycobacteriosis

Tuberculosis

B BB WIS

)

Other lung
Diseases

Heal thy
Control

Fig. 7. Anti PPD-IgM Titer

AOD
1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

- A
T T T --PS495
A

\\\\\3 PS501
R

0

0.2

0.1

10 20 40 80 16

Dilution

Fig. 8. Various Patterns of OD—Dilution Curve
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MV BEAHRREO R LD OBOHT I LIS 50T,
“HY DIEFREBETH HARBREL QLKL b, BEEGR
REELOHE DI I P LD EBRNTHZ LEbN S,
ZOWMETIE, PiEE LTHERO PPD 2\, &
EOHFLO EE I HHIB HERNEERICH 572D,
AFLPTL, HRES SN TVWAHEE LT PPD
EIRAIEH, FERIEICB T BHURMMERIED 720 DHUR &
LT PPD SEUIRB&DTH B E SR, BlICHREL
BRINERBOBVWEETH S, LrL, EOHENEL
AT 5 & IRERTIE, ODEPEEME OD E
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DEHIBEHKDIZHITS, TADHENBRLTWS EE
Z 5o
FIREIERE R O EMIREERE I >V T Bl
TEZAT - 1203, IREMAEIZIE BB K OFEE T DR B AE 2
FTHOVYUAME, HicEv IgC fUkliZRTENS S
Nl TN DIHRKDZMW, HEBRED DY, HEHKT
R DM 78 &1 B 1 2 GUARMIRIE O EERIIE HE >
WTRBNCHET 5, F IGEMERSKIERE & IEERIT
BREE R & OffiTId, PPD A2HiEE LTHWEIRD
TRERAONLP -1, KOEREOSVEREZHR
FHELTHONE, COmEEENTE 2 g RS
NTBYH, SHOBEE L TRITERT 20,

] ]

1. M O E R AR ot 250EM (G,
IgM) @ ELISA I & 2 IEEERKRET Lo 10650 5
320 fEE TD 2 EMPUC &L B 6 BREFAIRMEZE M, #t
i ELISA TOBOYEE, REMIcARERKE & - TE-
FORERE — MR O K2 &, © DELRRS % SF
L TRD I RICHER A OFFE 0%, Z OIMiEOH
A& L 7o

COFA DFikiE, 6 BREFIRINGE % K 5 s C
IR B 208, LM, MR ORERZRE DO
EORBMICHBVT, ROEYURSETHEEEZ D,

2. TOFHETHE L IER RS OB PPD il
D IEHEFEHE I [gG < 190, IgM T 308, 1EH&FHIE
ZNZFN 34~1050 & 92~1032 TH - 20

3. FERIE B R O FEE BIDURR RIAE 5 0 PiA i ic >
WT O U T, IEEIMMEAE T BB & IEE AR B AE R
FRAEBEZEW [gG BUAM AR L, mWEoMicE
HOEBAHONLD T, MEDER DT, £V
RREOFGVIEOBIRSHSE L Bbh b,
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