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A large scale computer service is not always available in many countries with tuberculosis
problem urging for its epidemiological analysis. For the purpose of facilitating such works in
those countries, a simple epidemiological simulation model was made to calculate annual trends
of prevalence and incidence of tuberculosis and its infection, tuberculosis mortality and BCG
coverage in the population with parameter values average in the population, but not specific for
age groups or birth year cohorts.

Starting with the initial conditions estimated with results of the National Tuberculosis Preva-
lence Survey, 1953, and the two-year Follow-up Survey, 1953/1955, 50-year trend was calculated
to approximate the trend observed by the five national surveys made during 1953~1973. It was
estimated that the prevalence of bacteriologically confirmable tuberculosis would be remaining
over 0.19% during 5 years from the last survey in 1973, the tuberculosis mortality over 7 per 100,000

and the risk of infection about 0.2%, should no drastic changes occur in the progress of the

National Tuberculosis Programme and the living conditions. Comparing the thus estimated trend
with “natural course”, estimated by the simulation with no tuberculosis programmes, the tuber-
culosis problem reduction rate by the National Tuberculosis Programme, giving a total of 2.397
million treatment-years and that of 52.114 million primary BCG vaccinations during 25 years
from 1953, was estimated 46.5%, 55.6% and 13.0% respectively by patient-years, tuberculosis deaths
and tuberculosis incidence. The number of BCG vaccinations equivalent to one treatment-year
in the problem reduction was approximately estimated 352, 457 and 31 respectively by patient-
years, tuberculousis deaths and tuberculosis incidence for the 25-year period. Further, the simu-
lation calculation gave a warning information that the prevalence of tuberculosis would go back
to its value of 15 years ago in 10 years, should all the tuberculosis programme activities be
stopped.

The possibility of applying the model to other countries with shortage of informations was

also discussed.

* From the Research Institute of Tuberculosis Japan Anti-Tuberculosis Association, Kiyose-City, Tokyo
180-04 Japan.
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Fig.1. Flow of the Population between Different

Categories of the Tuberculosis Epidemio-
logy Model
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Table 1. Simulation Model of Tuberculosis Epidemiology

POP; =POPg#(1—Do+Bg) - vvvreeeermmmmreeianiiianns
INF1=INFo*(1— Do) Hinfo correreriie
BCG1=BCGo#(1— Do) bego «++vrererrserrsmmmnsinnnis
TB1=TBo*(1—Do)—TBDo—CUREo+incp «++ree-vveeeee

info=kx(TBo— TRo)*(POPo—INFo—BCGPo)/POPo

BCGPo= BCGO*p ................................................
TBDo= (TBO —TRO)*T 4 TRoxT’ «eevervenniin

CUREo=TRo*REGoxC/2

inco=ix(INFg—TBo):++v+-rrerrrrerurrsoneeriunsiiesiiiininen
TRo=TBpkCOV ++ereevereerersermmimmuamiaiarisasoiieens
bego=(POPy— BCGo)*(1 — Do+ Bo)*(1 — A)+BCGo+Bo

REG1 =1 — (1—REGo) £ er-vs+sevrsseereermrmmaninrenees
COV1=COVot(1—COVopkgrrrrerereresrssarseassiaerinns
BimBokb e veeereeeemreeriieiie e

Dl = Do*d

Symbols: Suffixes 0 and 1 indicate the year of the value,

POP; that at 1 year.

like POPo being the population size at 0 year, while

POP=population size: INF=the number of the tuberculosis-infected; BCG=the size of BCG-vaccinated popu-
lation: TB=the number of tuberculosis cases: BCGP=the size of BCG-protected population: inf=the number
of tuberculosis primary infections: bcg=the number of primary BCG vaccinations: TBD=the number of
tuberculosis deaths: CURE=the number of tuberculosis cases healing in one year: inc=the number of new
tuberculosis cases occurring in one year: TR=the number of tuberculosis cases under treatment: REG=the
ratio of regularly treated cases in TR: COV=the treatment coverage in tuberculosis cases; B=the birth
rate; D=the general death rate; k=the ratio of the risk of infection against the prevalence of non-treated
tuberculosis cases: T=tuberculosis death rate in non-treated cases: T’=that in the non-treated; p=overall
protection effect of BCG vaccination: C=overall annual cure rate in regularly treated cases: i=annual
tuberculosis incidence rate in infected non-tuberculosis population: A=annual declining rate of the preva-
lence of the non-vaccinated: f=annual declining rate of irregular treatment; g=rate of annual increase of
the treatment coverage relative to the prevalence of the non-treated in all tuberculosis cases: b=the birth
rate trend: d=the death rate trend.
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Table 2. Five-year Trend of 0~64 Year Age
Group of 1953 in the Prevalence of
Unvaccinated Tuberculin Positive Reac-
tors and Non-reactors and the BCG-
vaccinated

‘ 1953 1058

Unvaccinated positive reactors | 41.65% 1 144.20%

Unvaccinated non-reactors | 24.22  19.16
BCG-vaccinated ‘ 34.13  36.64
Total 1100.00  100.00

Rough estimate of 5-year risk of infection
- (increase of TB-infected)
(infection-susceptibles) —(BCG-vaccinated)

. 44.20-41.65
APPTOX. o pp—(36.64—34.13) 0117
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Table 3. Comparison of the simulation Results with Observed Estimates

|

i Prevalence of Treatment

Population TB prevalence k TB mortality | TB infection ‘ ‘BCG coverage \ coverage

Year| (A0 | ()| (107%) (%) | (%) |__ (%)

i Ob- { Simu- | Ob- | Simu- ' Ob- | Simu- | Ob- | Simu- | Ob- Simu- | Ob- | Simu-

i served| lation| served| lation | “served | lation ' served| lation | servedl lation | served lation
1953 87.033  87.033 7.447 7.447 | 66.5 | 69.6  44.8 | 41.80  34.1 [ 34.20 20.76
1954 88.293  87.911 6.662 62.4  61.7 41478 | - 35.75 22.98
1955' 89.275+ 88.807 | | 5.942 | 52.3 E 54.5 44.63 | 37.28 25.14
1956 90.259 | 89.719 | © 5.289  48.6 | 48.1 44.37 | | 38.76 27.25
1957| 91.088 | 90.648 | | 4.702 | 46.9 | 42.4 44.03 | ‘ 40.21 | | 29.29
1958192.0103 91.595  5.616  1.181 | 39.4 | 37.4 2.0 | 436 332 | 41.63 31.3 i 31.27
1959 92.971 | 92.559 } | 3.723| 355 | 33.0 | 43.15 43.01 | | 33.20
1960 93.418* 93.541 1 3.324 | 34.2 | 29.2 42.64 i 44.36 | 35.08
1961 94.285 | 94.541 | 2.979 | 29.6 | 26.0 | 42.10 45.68 | | 36.90
1962 95.178 | 95.560 | 2.681 | 29.3 | 23.2 41.54 46.96 | | 38.67
1963 96.156 | 96.506 = 1.914  2.432 i 24.2 | 20.9 | 38.5 | 40.95 ; 47.1 | 48.22  40.4 1 40.39
1964 97.186 | 97.652 2.217 | 23.6 | 18.9 40.36 | 49.45 | 42.07
1965 98.274% 98.726 | 2035 228 17.2 39.76 50.64 | 43.69
1966 99.056  99.820 | | 1.879 | 20.3 | 15.8 39.16 | 51.81 | 4527
1967, 99.637 100.933 Y C17.8 | 14.5 38.55 52.96 46.81
1968 100.794 [102.066  0.924 | 1.633 16.8 | 13.5 | 35.6 | 37.94 t 52.9 | 51.07 | 48.3  48.30
1969 102.022 [103.218 | 1531 16.1 | 126 37.34 | 55.16 | | 49.75
1970102.736*/104.392 | L 1.449 | 15.5 | 11.8 36.74 56.22 | | 51.16
1971}104.345 105.585 | | 1373 13.0 | 111 36.15 57.26 52.54
1972 105.742 |106.800 | L 1.307 | 119 | 105 35.56 58.27 | 53.87

‘

1973 108.035 | 1.203 | 1.247 11 [ 10.0 34.98 | 58.5 59.26 4.1 55.16
1974 109.292 | | 1.193 | 9.5 34.40 | | 60.22 ‘ 56.42
1975 110.571 L1 . 9.0 33.83 | 6116 57.64
1976 111.872 - 1,100 | 86 33.27 | | 62.08 58.83
1977, 113.195 - 1.08 83 32.72 | 62.98 59.99
1978 114.541 | | 1.020 l 7.9 32.17 | 63.86 61.11

Population*) by the population census.

FEtEDFETEFBICVRIL DT,

JEEROHER D IARE T L 1 5 ANA DOHERIE, 19534
L[EMEANND 87.033X10° XTEMAL L L, BIFHAER
1.837% LR 0.8273% 23 EH F 4 0.093% &
1.2787% TRz F 5 L0 L LTHAMIL 72,

(FsHZ) 2 HEBMEREZ TERLZ O T, TOHKEA
BRIVBALIDLDLL, THEHIIOVTORARE
FE Lz, ZOGEDRE LT, BEORRMEIEEE
WL, FOHROERE, ZOHBROPTIIBERESE —
MHEDOERPICEEND, JOFERTOERE L EEH
AHRHE D CHEEICHEET 5 2 LIXREER O T, UT0X
HBRIGED Fizit i e T oz, Thbb, FERGEEK=
R HRE R BB ZHE X iR X 1/2, Bk 0E
FT X AR I EORRAMEREEL, LhAoT
B % 1 EROZHFE ORI FENOER LR TE
VL0 LLTH S, HAMZHRLEW 60% &L,

|

Litk, & 11% OFPETITRAUREP B THL0L L,
RAMZHE P OIREREI—ET 9% L L1z, EEO
FAELTIR, Zhid, EROTEE PO ERAERIE
FI19534  29.70% H 5, WK A8mMEBE LT,
197350 47.57% (A2 TN 2@ EZ %L T\
%

4. BUABOERLBABEEOHE

F3z, ERGEIC X 5 A0, EEMMEEERE,
TR, BURYeE, BCG BEFER, HIMEMiREL
THEL, 1953~1973EDM O NAFE s L OSEER
FEOD (2 X SHEEME & L THRT,

BRARGEIZ XA A0, AOFEHAOHEM L Y ¢,
19594 £ TR/, THUBITOR@RIH, D
FEIT19654EF TiE +£0.54X 108 LLNIZ L Y& 0, LLigiE
FREDKRENLD, 19708 —1.656 X 10° A3k # T o
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Table 4. The Trend of Prevalence, Mortality and Incidence of Tuberculosis by Various Schemes

(See the footnote of Table 5)

} Tuberculosis prevalence (%) 1 Tuberculosis mortality (%)

Tuberculosis incidence (%)

NAT NTP ‘ NTP , o e NTP A o e e NTP
- 4NAT NTP TR BCG NAT NAT NTP TR BCG CNAT I\:\I:}:’,P,TR,B(‘(J CINAT
1953 '7.447‘7.447.‘7‘447‘7.447‘ 7.447 '0.7550.6960.6960.755  0.696 0.5000.5000.5000.500 0.500
| i | | ‘ | \ | |
1958 i5.9324.181‘4.184 3‘926‘ 4.181 ‘0.602‘0.3740.3740.6015 0.374 0.502;0.4940.4960.503‘ 0.494
1963 ‘5‘1472.4322‘45215.097}’ 2.432 ‘0.522‘0.2090,210;0.517( 0.209 0.5090.4680.4760.492 0.468
1968 14.730‘1.633‘1.669‘4.5891 1.633 04809.1350.138;0.465‘ 0.135 0.5080.4350.4480.472 0.435
\ |
1973 4.504‘1.2471.2924.234 1.247 !0.457‘0.1000.1030.42% 0.100 ‘0.5070,4020.4190.4493 0.402
| ! | | | ]
1978 ‘4.381*1.020‘1.070‘3.950’« 1.020 0.444‘0.0790.083;0.4011 0.103 0.5060.3700.3890.424 0.370
1983 ;»1‘3170.863‘0.915!3.7041 1.919 0.438‘0.0650.0690.376‘ 0.194 0.506}0.3400.31‘)1().‘100‘ 0.343
1988 ‘4.288‘0‘7130.7973.479‘ 2.320 ;0.435‘0.0550.0590.353 0.235 0.508:0.312‘0.335().375 0.326
1993 14.2830,651‘0.7023.268 2.489 0.4349.0470.05110.331} 0.252 0.5100.2860.3100.352  0.317
1998 4.2940.5750.6243.068 2.555 0.4350.0410.0410.311 0.259 0.51—1;0.2630‘286;0.330‘ 0.312
2003 14.318‘0.511().5583.880 2.583 ‘0.438;0.0350.0390"_")2 0.262 0.5190.2410.2640.309 0.311
1953/1978 |
Cumulative  12.8586.8826.959 12499 6.882 1.3120.5820.5881.278 0.582 1.2591.0951.1221.172 1.095
sum ( < 106)
AP/P ) 46.4745.87 2.79 46.47 55.5955.182.68  55.59 12.9610.866.84  12.96
1953 /2003 ; ‘ ‘ i
Cumulative 21.2909.6659.941; 23.761' 11.493 12.7680.7590.7772.421 1.340 ‘\2.9622.081:’.]332.373 2.178
sum (X 106) ! | |
AP, P (%) 64.5863.5712.93 46.89 725671.91112.52 51.57 29.7426.29(19.89) 26.45
Fig.2. The Trend of Tuberculosis Prevalence by Various Schemes
2
\ No TB programme
\“
2 Yy
N Treatment programme
1 \\ P //— Treatment +BCG programme
O]953 1958 1963 1968 1973 1978 1983 1988 1993 1998 2003
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Fig.3. The Trend of Tuberculosis Mortality Rate by Various Schemes
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Table 5. The Trend of Prevalence, Incidence and Risk of Infection of Tuberculosis by Various Schemes

Prevalence of TB infection [

Incidence of TB infection |

Risk of TB infection (%)

vear %) o (%)

Tl 'NTP 'NTP NTP

NAT NTP TR BCquNATwNAT NTP TR | BCG_ANATlNAT NTP TR BCG Zar
1953 14.5044.8041.8044.80 44.80 1.010.80 0. 80 1.01 0.80  3.65 2.90 2.90 3.65 2.90
1958 15.0943.6243.9341.88 43.62 | 0.860.32 0. 43*0.63‘ 0.32 | 2.91 1.41 1.41 2.91 1.4
1963 45.4240.9541.7843.59, 40.95 0.800.14 10.25 0.44 0.1 2.52 0.71 0.7} 2.50 0.71
1968 45.07:,.0439.1941.71; 37.94 | 0.780. 07‘ 0. 16‘0.33 0.07 | 2.32 0.41 0.42 2.25 0.11

| | j
1973 43.1334.9836.5230.59 34.98 | 0.790.04 0.12 0.27 0.04 2.21 0.27 0.28 2.08 0.27
| |

1978 15.0732.1733.9457.38 32.17 0.800.03 | 0.09 0.22 0.08 | 2.15 0.19 0.20 1.94 0.50
1983 15.1120.5631.4735.19, 30.09 | 0.820. 02{ 0.07 0.19 0.21 1212 0.14 0.15 182 0.94
1988 15.2627.1429.1433.05 28.79 ' 0.840.01 | 0.06 0.16 0.32  2.10 0.10 0.11 1.70 1.14
1993 45.5024.9226.9631.01 28.06 0.860.01 10.0510.14 0.40 | 2.10 0.08 0.08 1.60 1.22
1998 43.4822.8724.9220.07 27.73 0.880.009 0.04 0.13 0.45  2.11 0.06 0.06 1.50 1.25
2003 46.2520.9923.0227.24, 27.67 | 0.900.007 0.03 0.12 0.50 | 2.12 0.04 0.05 1.41 1.26

Footnote: NAT: natural course (no TB programme): NTP: National TB Programme (treatment+BCG): TR: treatment
programme alone; BCG: BCG programme alone: NTP—NAT: NTP stopped after 1978.
Cumulative workload for 1953~1978: (NTP) 2.397 million treatment-years+52.114 million vaccinations:
(TR) 2.430 million treatment-years;
(BCG) 52.114 million vaccinations.
Cumulative workload for 1953~2003: (NTP) 4.093 million treatment-years+116.843 million vaccinations;
(TR) 4.249 million treatment-years:
(BCG) 116.843 million vaccinations.

Table 6. Efficiency of Treatment and BCG Vaccination Programmes
in the Tuberculosis Problem Reduction

1953 ~1978
per 100 treatment-years
per 100 BCG vaccinations

1953 ~2003
per 100 treatment-years
per 100 BCG vaccinations

umber of vaccinations |

equivalent to one i for 1953/1978
treatment-year in the -
problem reduction | for 1953/2003

TB incidence

TB-years TB deaths
|
242.75 1’ 29.79 5.63
0.68 | 0.06 0.16
B ‘_5‘*
408.30 | 46.85 | 18.33
3.02 0.29 ; 0.50
352 f 157 34
135 157 { 36

B 3.4% ERFIT 1SRRI EES,

BB AE S/ 20, 21058 ~ 1968 FE- O RIL EREFZ 1=
TBMEBELIZL AL =3 575, 19734 ED R R
1% BREL D &L s,
HEMERZ O RE L, EEBRE I AHERLD
iz 0.004~0.144% DE%TFT, EEAEOHAOLE
B, & <I21963, 1968 FEEDHH M EIE & LT
R TH O LR E G B LT, ZOWEOHHE
VRELILELELZONDOT, fIHEE LERTR,
EBOFRROMEM L, X2 D 1958 4 & 1963 £ R
RSB E S 0T Xz e LB E RS,
BB O 3eHEE. LA O 1 EGEYTEE
12X AT, 1953/54 0.05%, 58/59 4F0.03%, 63/644F

0.02% TH2/=A%, Aot 2 HARI% O EASRE
NBEDOFRFLOT, TS 51T, 0.05% < H\V0DE
FFIRED BRI CHTPIT ORER AL D105 = 2
bz, LVOHREOZ LU, EREGETIX
4 OFARHFH O L 512 1953 0 0.05% 7> 51973
0D 0.04% ~FRRL TV 5,

BE OIS L FEREUE =~ AV A, S oESis
ﬁ@r;)wwﬁu%%ﬁﬁmﬁfﬂ IR G OHER
BB URREGENIL D B2 2R O,

5. BMEHBECLZBEMRORFHHEOKTE

BRSO T, 19534 IR F A — B h o -
boLTHE, %5 60O NAT Oz msn 28 HE
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Fig.5. The Trend of Annual Risk of Infection by Various Schemes

|

| |
\ ‘\ !
30.0 = | T T .

To—l 1 1

S ——
No TB programme
Bee Programme !

No TB programme

Y NWOO

R R-1-1-1-1-]

NN W R U

|
|
|

Treatment programme |

?
i
|
I
\
|

,Treatment -+ |
BCG programme |

C cooom

o

<
IS
)

RGO W A U O NEDO
T

0.15} ‘ : - ) S S

0.1 ‘ ‘ 5 A ‘
1953 1963 1973 1983 1593 2003

AR, TR, BEER, TR, ARG R R, RO, T A 2 ~ 51T Lz, Th
CRRYY) FEMREROWB G 6 h 5, NTP Of DK, FZHALGNH X HIT, WEHR, HRR, KRR
WX BER D 19534E LARE DA RIZ X AR SR T ML Tk, SO IENRO DR EBNIED, i
W5, FERE ORI Z OWEOEOZE IRl B XU AARAERIZOVTIE, THEELL
Ehs, [M2, 3,4, 5 ICENFRAERE, KEER, FEH T BCG HMEONELIHYREI 6N, 218, T
R, AEMREROREGRO T TOHER (Treatment+ M OHORICHA B AR X S 12, FEEROBRL, TOW
BCG Programme) Lz L T HEE (No TB T AHiRPEE BCG #HEODNEOTIX Y b/h&v, T
Programme) *#55F, Zh 6D 2 g o E AL 2 mEEELS, i, 72k 23 BCG HOAIZ LA TR TE S
X X B REEMEOM L EH DL TV 5, B0 & 505, HFETHEMRC L 5®IcLoT
1953ELNER AR Lo THKBEL) 11X, 1953  HEEKD, L) X9, AHEOHTFC X MR
F T AT O I ORI DRIz S Eh T RzX5L0ThH 5,
VEHRL, bHAAEL DEKBRTIIR, FROBREES DT, FIWEIIRT LI, 25
FEAGRRIC X SRR OBV E 2 A 5123, AR EEICREE 2.397X10° (AR L 52.114%x 108 © BCG
LOELE Y LR TOEIDOF P ERTH D, FK 4 TS TO A2 2 L2 5, — DR BRL
DO FERIZIE, 1953425 R # L USOFER D5 B E T, MHEOHFO—FEF X8 EONRTHD L,
F(HEOBEHRX 1FEORED, BERT, BERR  £6I1RT L O, 1953005 ER » BEAT T,
BHTLThH D, RBEORVER, BRBETOMIIN 100 AHEDH 2D 242.8 BEF, 29.8 FHLIE, 5.6 Hi%
T ARSI LAWY OB AP/P) 2 Lo TR L, AWTRi&h, %7 BCG 100 wiEkH-Y 0.7 B
sz L, bOEOREE OEEREI R, 1953 4, 0.1 B, 0.2 HRANTFHSRII LItk B,
SEPIE D25ER T, R O BEERID46.5%, RRTRIORTXIIZ, ZThi3. BZBEE, HEER,
RS4RI D 13%, BEETRF D 55.6% DB & FREEFREIZOVT, ZhFh 352, 457, 34 ® BCG #)
LTH#EEND, % 4, 5 ([TIXIBMELUERERIAFEOS  BES L IBREICLRT 2 FHRE S22 L 2 &k
iz X % (TR), BCG #HD A TOxE (BCG), 1978 LTV2, bBETO LIEREOTHRASRLE LS
ELIERIE D IE (NTP-NAT) O A ISV TOERE  », BCG 1 FIEROERD 2,000 ERETHLZ LT



19754 7AH

EET DL, ARELETTO BCG EEOHRIL, 0
BHEIZ LR bOLTEbb TF Ty by
BRIV, FEHEHERAOLAEEL Y LIS MRVGE
iZiz#i3 5 BCG HEMO Y-+ R E &M, Zhnrb
LOhabhb,

6. BEOBFEFEKROTA

PLED X 50z, 195347 H2SER D fE G F % DR
RIEMIU 72235, B 7B R il SRR L ERRO#Y
FRAPREL TVDE R SERREORED L iz,
&5 25 MO ORI T o2, % 1~6, K
2~5 IZREORER LI RLTH S,

RERRE, WEFOROEETRE DS, 5K)
OBFTIRFIHEIT 1/7, HHT 1/10 28 L 7=28, k
DBFETIEIE L LIZ 12 ETIZL b L, 703
£ 4, MAITFT X902, BEF CGRRER) O
ML A 6 0F EHLE T, BT D254 & 1i2i3iE 7/10
CRYT B, Lo T, RAKTERISRT X1, 50
FROFRERERDFL, BHEERG TIXRII D254
ORWYERD 1.4 %, FHEECRHTIE 1.3 Fhroick
L, HigERITIE 2.3 > T v 5,

H5izRoh5D X5z, FERGE L RO25FEH O
DEIWY, RO FERNTIT 1/15 T ETHA LT
LZO1ZxFL, KO 25 HEEIZIX 1/4 I T BT ER
LA

b U b 1978 LUERERZ A B & — Ok L7 020k
M2 ~5iTmLckdie, HHRE, WEE, BIRE, F
MRBREO TR LA R L, 5 E%ITX1058 1
BT, 10FEHICIXISERTORAEIZ L, £ D, 254/ TiX1953
F£LI%E BCG RO L AHBITES 0T,

1953 LIk, FEZARBLHTRLEHR KDL, &
FZV 72D ZFOWUDEE DAL 05 2, fEst
RIZ X DFEEMEREREIES &, S%IIKE LT
b ZOMEAENTRE 20 X ) BEIRY 5L 5n 5, kb
DFFE, Din LR O R RIAH LRI EIC
*+ 2 BCG #Ef G ST iug, BEEEOE
BAARHD IS LA TRLTVS VX X9,

1. EREHRSR
HAFE=A— P EOHEO/R DI, 2AHEZ—EL
THRD 720 O HBRAV R 1 e 2 (20 U TRlisRZ )

PHBHREE TER L, 1953E/BEERE K-S
P X 0 T L TS0LER D b 23 E D #kE DIZFAY R

207

B ORI E & 1TV, 1953~ 1973 DR OHERS 73Tl L
ZT7e ZORFIZIEIZ X0 R RT3
A0 THRBRE] b, BFEORE 1T BCG DA
ThhEEaoBRE AL, Zhbizd Lov T
S DRI TR & F ONROWEZ{T D72, 19534 %
D 25RO FE A HIZ X A FBEMEO ORI BEER
T 46.5%, FEHETRIT 55.6% tHfEEsA S, £
7z, ZORRIGEI DA, 1975F 0N O
JRRIT 0.11%, BERYHRIT 33.8%, (farkgu) 4R
RIT 0.23% LHEES NS, MEAEE GO EEE
OHEBB 2 HET A EFREVTLEDE A, BEO D
BOMILIFE X, 5% 25 FRAHBRIT 0.1~0.05%,
W RE 10 Fgt 10~3, FIKH 0.04~0.02%, gy
H0.25~0.05% FRIEOFHEAN TERT 2 A EL =
niz,

ZofERI, B, BCG RS X UNAA O
B Rkl A 8ar, Shn sl 5 AFRREAERO
BLEELZ LB > TESICHET LI L, Zofho
FREE LHEE C L E RSO B AR A RE
T AHZ IR Y, HHRAROECIZIZOCTLINK
D RBR AR TH D LEAOND, /2T ORI
AR R OT, KEERB AL L, AR
500 38, 50 A ® Y — 2L oS FERBTOHEIE
BTHY, MRS E TR X5 ZKGETS
AETH 5,

DT, ZORED 72l 2 DEBh &\ ot 7R
P &SR 7 T s BRI £ & R ZE AR R 0[]
LR OEmE R LV,

X ik

1) =RB— - HAESE, &% 16199, 1971.

2) Waaler, H. T., Geser, A. and Andersen, S.: Am.
J. Publ. Hlth., 52 : 1002, 1962.

3) Waaler, H. T.: WHO/TB/Techn. Information/61,
1968.

4) Waaler, H. T. and Piot, M. A.: Bull. WId. Hith.
Org., 41 : 75, 1969.

5) Waaler, H. T. and Piot, M. A.: Bull. WId. Hith.
Org., 43 : 1, 1970.

6)~12) JEAEA: FEIZERERE T ~ VI, 1955~1970.

13) FAH: MI48ERZERRE I, 1975.

14) Great Britain, Medical Research Council: Brit.
Med. J., 1: 973, 1963.

15) ARUFNER: #5%Z, 47 : 3, 1972,





