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EPIDEMIC OF TUBERCULOSIS ESTIMATED FROM
THE DISTRIBUTION OF REACTIONS TO PPD SKIN TEST

Toshihiko NAKAMURA* and Seiroku TOKUCHI
(Received for publication May 20, 1985)

A bimodal distribution of the sizes of erythematic reactions to tuberculin test were
observed in the group of young adults who had been exposed to a smear positive tuber-
culosis patient. Most of them had been vaccinated with BCG in the past.

A simulation analysis was conducted by using reference group to define the factors
which transform a unimodal distribution into a bimodal.

Two conditional parameters, the proportional rate of the small group with enlarged
erythema to the reference population and the excess size of erythema by new infection were
employed to analyes the transformation of distribution curves.

The results showed that the unimodal distribution turned bimodal .on condition that
the proportional rate is within the range of ten to eighty percent, and that the size of
erythema increases by more than 30 mm.

The first peak which represents the population vaccinated with BCG lowers and the
second peak which shows the newly infected population heightens when the proportional
rate increase.

So long as the proportional rate exceeds eighty percent or erythematic reactions vary
very widely, the distribution becomes hardly bimodal.

The intensity of infection and the proportional rate of infected persons can be esti-
mated from the distribution of reactions to tuberculin test even in the BCG-vaccinated
population.

Key words : Epidemic of tuberculosis, Tuberculin #F—7—X : {EMOERRE, v~vs ) VRS,
test, Tuberculosis infection iy g

*From Tokyo Health Administration Center, NTT 1-2-1, Hitotsubashi, Chiyoda—ku Tokyo
101 Japan,



464

F C® I

S ED R Iy, BEiC B C GEEEME LS T,
R EIc L A EFRZ AR bERIFIN TV 5.—77,
HREBEZOERUERISH F 0EDET, HOTRIBA
ER SN - AR I B RFIFEDOHED,
FEENL DX HICE T,

T oL, REEBEEREICEM L RAERB XU %
OFBERICY ~vy ) YRIE GITYRIBET %) B
HAITI, EMEERO Y RISEHS RO g
5, EMBRREOFEEOHR ARSI D THRET 5,

1. BEORRLREBOME

=

o BB E 9 S
T AERENFERI NI, COBREREHLOMEROEH
ANTHE O L ET 2HE1%E <, 0D r 58U
VWEARATHROT, 118 T, RE18H(ZZHB
%) oV INREESUEMERS L1780, BIC6 D
ABBIRZ AT - o0 &7, WAISIETAIC, Fi
BOIZESE LOHAHEATZ(UTHREL T 5) Ty
RIGHRE AT, HEER (UTREBHLT L) O

i & hBRET L 7o

2. %,

¥

B &

1) FHEHERk
RTEE L BBOERIT E bITIBE 52T D EHIC
B0, MBEOHICODEERDENEZ P70 (F1)o

WANG2E1 A PaOELEZ T, 47 F— 6 5EE 2) BCGHMEE
F1 BB L UBBEOFEHEK
18—205% 21—231% 24—2T5% Bl
= B B 41 (34.7) 65 (55.1) 12 (10.2) 118 (100)
xt BB 115 (46.5) 54 (21.9) 78 (31.6) 247 (100)

BCGEERIMBAERTE DDA % LT3,
REHOPED B C GHEREERIL, 1% 1 ~3ETH
0, NBEOSH G IZIFE/ET, BHEERE L 5%
TH -7

3) v RUGKRE DA

v RIGDB R RBERS. 3%, XHHEF9.6 %T,
5 mmiEfE o e RREROS AT, B1okDiT,
EHICIbmm~19mmic =27 15 0, 30mmE TOH
BITEL LTV 528, REBEHOIIIIS0Mm~55mmic

IV EDDE— 7 EFHOTIREARL T (K1),
SR ERO VM IERER29. 3mm, MHE25. 9 mm
T, SEERICKk St REICLD, | BOBRETHE
FEMRD S FERE0mm LD F 3R (3, REEE23,
7%, SHBEEA8 BEELVEEBDI, BFEICOVT
bEBEEENAD SN, BEE15mmPl ED D 5K,
RER65%, MBERBBTH -1

B C GRS v RISHE & Oicid. BEEEMR
D SN - T,

(%) -
24 — -
, RHE| BE
% § 118 | 247
X | 29.3] 25.9
16 Y i BB Sp| 14.1] 11.5
12
8 BT
| VoS
oLt i N NAN
0 10 2 30 40 5 60 70 80 90
FFER (mm)
1 vRERRERDODMR



1985 4 9 A

4) PR ORGE

1IADKRBZ TREEELDDIE 1203, 6 7 %D
IBIMRZ T 1 ZOMFERIEN RS Nce TOBEDB
CGHEI2[ET, TDHD Y KIGIFWVDH15mmiEE T
Hotc 0D, Sl TERGR EINKEE LS BT
THoteo BERBATRREBRETH - 7203, 4 &I
L OFRDORENROSNT, 57 ABkICE FIEAYRL
TEO, VIBRMGD R Ao S S SIE DR & N,

3. BRELCLBZ YRS HELD
UIalb—vavIC&k BB

B C GHRE®RD v KIS ZIERD Il L - dhig
It 5H0 | B C GEHERRD & W BREO R AEHD S
&, BCGIt L BIEMERRIT, ZDHDARBYIC L B
INSTSIEFRERERASE S 0, £ REICS BIOXMEER D L

465

HHEHITHOPE LT BIEHEORA R C &8
ZWEEZOND, MIENS BT A2, T
52HBEPER SISV EBMETHD, SEIORER
DRI AR LT &, EHO—HiTomu gy
DRI -7 EEZRLTH S EEbN S,

2T, BCGEEEEDESOENICH /72 BRYsit
0, YRIGOM Wi 558684, vab—v
a3 Vick DR L7,

Hi s WBEOYISS ARG, C ORI 1213
G2 e ERGE L, B AZ T e A ERNIC 9
HER (DITEYEHE L, TRY) &, BEICKB5
FEAKE (mm) O 2 DOEHOEHIC KL 5 HhROZEAL
TR L, BRI RFRERE 5 mmERTHT 72 &%
Z[E—DEETRT > 72& L, BYITHES SHROEHD
Eibx, R2OHETIHRELL (#£2),

£2 HEHOBHEGL, RFEESZNTN0mmBE KL I HEDOEHEL
FARPERBI |~ 9 [10~|15~]20~|25~|30~ | 35~ |40~ |45~ |50~ | 55~|60~ | 65~ | 70~| 75~|80~ 85~|90~|95~
X HEEE D FEEL 2| 26| 62| 52| 41| 17| 15| 10| 10 8 1 1 2
20 % WV B 04| 52]12.4|104| 82| 34| 3.0/ 2.0/ 20| 1.6] 02| 02| 04
20 % ¥4 I % 04| 52|124|104) 82| 34| 3.0| 20| 20| 1.6|02]02/04
G BOER | 1.620.8]49.6/41.6(32.8/13.6 | 12.4| 13.2/120.4|16.8| 9.0| 42| 4.6| 2.0 2.0| 1.6]0.2|0.2|04
R D RBCE B RIRM AR E30mmIc—E L7 MR RRERRIC—HT 5 (K2),
t}%é; K2nkLdic, SSHBEED —EIT BRGED T 5 &, 2) @%%ﬁ%%SO%K“ELt%% D RGIROEEAICHE

SR I S 50, GRS 3 AR IZT &
WMOEHDPEHICHEH L, B1OBRIELT»SBELT
< BEFDDIL T, BGFEEHDED B I DN TES
20, B2 OWEEHNE LIS TOL YL 100 %I
155 E, MHORIEZOF EHELICHEHL, E-70

- C, MBI EHICHEET S0, RIBEDHDDOEEIT
BELLLVDOT, RELOSHICHHIL TE-IDFHS
FIREITHE L 75 %0 FRIARB,S20mmA#BALZ 5 &, R
RGO D REHBECMERNE > T, RS
L1355 (K3),

(%) 1 JRYT K B RULD K EE
24 - 30mmic—5E L 7o 0D gy
HIPHD HLAITLE S D EAL
20 1 @ FRYERID 534
® REGL#FA20%
16 © BEYLulH40%
O RGLHEPH60%
® R GLHEH80 %
12 1
8 4
4 |
0 =
0 10 20 30 40 50 60 70 80 90 100 (mm)
TTHRRER
B2 ERAEEEEHOZILITLE D v RIS DEH



466

RO EF (PD %80%IC—EL T

(%)
2] 1A 0D RIRIERITLED DD EAL
®— ®RAAID 57
20 | IOmmi’ééj(
©20mmigk
16 ®30mmiEkK
PI= (1-F}/Fo) x100 =80
12
8 ;
0 I . . 4 : .
0 10 20 3 40 5 60 70 8 90 100 (mm)
TRIRER
B3 RAFEOE(ICLED v RIEAHDOED)
%) @ HRBEED AR D 7R
24 | ® BEHDYaENZN10mm, 20mm,
30mmd DA (RGEFRIZ80%)
20 ®  © RAEUmmLFiE30mm, 15~29mmid20mm,
— 30mmbl Eid 10mmigA (EZEEEIZ20%)
16 -
12 ]
8 |
4 |
o4 e .
0 20 30 40 50 60 70 8 g 100 (mm)
HIRER

3) BEIFAR0% & L, /D3I ND 1A, £NE
N10mm, 20mm, 30mmd DK LI5S :

4 RFHARE 3BRIHCHD IBEDNHDOED)

TSR T - 1o ey, BROEFA10% 5 580% DFH
20, RFEEARMOMmMEBLSE, TOERDSL
Fild Tl & 75 B ETREMEAS R X W BLEIFEAI80% % i

-7

LHHICEEL, E—/70ESIN29D 1iIciishs, i
BARIE TSRS (K4D®),

4) FREFE20% B L U80BICDVT, RIRDERE,
FF14mm F TIE30mmEN, 15~29mmi320mmiEin,
30mmbPl E 3 10mm¥ghnE Lizise : BRI kLS
n. 1) ichk~T, LbicE2oBBEDELES (K
4 D)o

DL DT O R A BT UL,

@® HDEMEoN . BCGEERERO &V ERICH

Z, £1-3RFOHMMA—ERICEFET, ToDEM
KEWVEEIR, FOEMADS I BE LSS0,
@ HDHEHBOE -7 DES :  BRYUCK ZEHROEEL
DESFBHICLD, BCGIRLBHE 1 DEFESILO,
HHICH 2 DEAIES DS, BRGNS 51CONT,
H1DBILIDELRD, Z2ONIETHE2DENELR
5o o, RELICLO b EDOFRRRICIES EHEI,
LEHICEBIZEDIELILADT, FH2OE—7DESE



1985 % 9 A

ZHITHB L TEL 75 3,

® E—70ME: REEAREL:—-EIKLIIEE, K
LHIDBCGIREBE—7 &, BPBICTELE 20
— 7 LRI, RAREARIC—HT %,

© BYgDHEH :  FROBAKRDS, BYHIO REHED
B4 2RKAE (LITE L8509 %) 28Z 585413, E
DERIT, BPEFICHYS T 257100 B HICBE 505,
EHDPODOBENIEODT, EOEHFoL HLEHBDE
DEHF EDtms, BEOFEHBEIGETE 3, b,
(1—F;/Fo) xX100=R4:#ifH (%) &35 3),

4.5 0=

BCGEREBITEHONTOROLHIETI, v RIGKRE
FEGUR LA BB b BN ETH o TD X H75H
BT—IRICREDEET 5 &, Y RIGHHIE IgA RS
TEDBHIONTV 329, COBA, H 1 DiREEHEIC
EBbDTHO, 52 DEBEHRIBLEIC LS bDTHb,
4B B C GEEERR DO m O EENCH 7o B T -

%
50 -

40 -

30|~ ri\

467

1BED Y RIEDHDOE,E Y I ab—va VICKOR
Frlio COBALEH, “BIEOHEIRY SN, &
1DBERIBCGIREBHDTHO, 52 DIEHH 275K
ROFBICEIDZBDTH 1z L L, #iciSBYhi
T > TCHRBEOHBEBLT NI, BCGIKE > TERS
NTOIBRER, BYECE > TTEH LvBIRkNEn,
TGO TN, BREEDG VIS HT o IR AE
HITEST, LB BHEFRE S0,

Frrc RGN H > TORHDB B EIE SN EH O
EDODBERIT, BEGC KB RFBREBDIE S DS DEE
WhHB, BREY ZTOREICY KIGICKBFITHED 1
BlE LT, BRAEDEMRBEMEZFIAL TS0, TO
Bl Y RISDFRIE ZIBMEITIE > THEWD, L L, BiI4E
DP/TRICHNTRE L GHICEEZNTED, E—2 %
¥WI3AD1DESIETLTOADT, TOMICEREK
D H > 12 ATREME I MO TR E Vo B THA/FTRER
Ik 0T, COEMDIBY YA ZIFIc T &
1132 (H5D 1) COPITIEY RIGRFRDED S E

1. vy ) YRIBHFD DR

— EMFEDERNDH - T F
o-—-o AL

= (1-F1/F0)*x100=T8

(I |

90 100

2. vy ) VEIBRROED D

O] Bk 2010 - 1085
w— Y SZ) 1 RO S

f

20 10 0 +10 +20 +30
e ¥ K O #E

1 1 Il 1
+50 +60 +70 +80

®5 ®EHFEOELNIEKED Y vy Y v RIS
(BRFERIC &0 pRERD



468

WHBELERDRENTO B, TONHD O RE%
S - 2 AREED K E WRIR 0 2l & LD i%x
B, Bgea 20 EROS M4 RS & KRS 10mm
~35mm D EHTIZIFEHFICHH LT b, THUTHTTAD
FRITAES 3) KM T 5. LIEDRERM S COFIH 1%
HELOEODOEF KD HEHBE ML, BRFEAEDIE
SOEVBREVLDHEEZEZ LN,

LD E LS5 DEFDRE SICHBT 2 EELRT
ELT, BAERIENSS 5. —MRIICEHIRORE R
ROCEFHDOBRYC L F 0, BYROME bmOEARE D
EHERISNHDT, TOBEDNIT ML 15 5 0]kE
HHKE VD, RIBMORE T3, BREOHMIILL L
D, BEOBEBEDISLOEHRELHLIDT, HHIFH
Btk E 1 B BAENREZNEEZ SND,

FE DAL B 1 2 S AED ERFE DO HE 1L
FIHBNCTES, 2OPT, v RISREKFED BE S
NTVRDRERSY D 1FIOATH S, TORID
BERICK 2 EREDEEITEM L7187 S SR T
BB, TR EBE DD BOBEEED & - o7
HEBDbLN D,

EROEMFAEF TY RIGHEOHE SN TV S 6D
1z, RS9I K 2L TFEREDHN S 5. ZOFITIHE,
WIFEBED NI RO NI 1 FERNC N TR E L FIT
BELCTB0, BPEAZH 1 - o/ NERD AR ITED
A>T 5, THIREDIEITFHERD 2) IK&HEL,
SRR A AR R > S HERT T AUE0% L7155, T D
THEHINADEF, BEOVHERL FHED DML
AR A R LTV B T & T, O RLERIF24
% LHEET SN B,

SEHRE LBl BHBEOMRIE, WBEEO10%h558
gL, FAREHBEmmIEA L 735 ORI BIL T i,

ASEIDY I ab—va YITKBERIS, FEICLD
T -tctedd, HANRRESEO S ETOD, Rotr
HFHDMTICI £ 5 72h8, 3 v Ea—5 A2FBTHE,
X O BELEMOBEEIC X AEENIS IR TH

2
N
R
=
o
W
«©
ain

5. #% B

BRI TS EE LML, SRRSO
PR ASEROD Y BUSRERE AR L, BICHBEOS
HEARWT, YIalb—va vk, BEMSET -7
BEa0 Y BIBA RO Z L AT L1,

B C GBEEREED & W BED s AL D 72 1 e 4
2B E, BEIC K B Y RIBRFRBOBAL, EHD
10%~80%iTike T » o & =1, S madhfRid gt s 5
AlEEMEDSR &, RO HFAD80% A A, £ /o3 FER
DERBRITT SOENREVIEGEIT, BIEMEE T 505
AR E WV, F/, MBERDNG & B TE L, B
ZOHFCREARGT T S LD AJETH B WHEER
DEAEPE SNBOEETE, BEOSRALRO v KIG
SHS, FERIBmm~20mmAE L& Uz IERS AR
TENZNDT, BpaEEbNIcE M v KIGS fihs
5, b AEEBREORIOHED AIGETDH O, FRHXE
t#EIDEEZ B,

X ik

1) WEEM : BCGHEEHTDY Nvy ) v RIED
PHITE | 1Ic20\WT, k%, 45: 213, 1970.

2) EREME . KRy ~vs ) YO NKIGH, 1%, 39
: 319, 1964.

3) Rust,P,et al. : A method for estimating
the prevalence of tuberculous infection, Am
J Epidemiol, 101:311, 1975.

4) BREF  FEIRFG, P419, TS,
R, 1975.

5) BEEM . —BERNICE T KO ERRA,
HAN#EE, 30: 77, 1983.

6) MJIFIE# A : SEAEOHKERRAICOVWT, Hf
B, 36:20, 1977.



