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STUDIES ON THE ON-SET AND DEVELOPEMENT OF PULMONARY
TUBERCULOSIS IN JAPAN IN THE RECENT YEARS*

Tadao SHIMAO

Studies were made on the on-set and developement of tuberculosis in Japan in the recent
years. The incidence rate of tuberculosis in whole Japan has been decreasing from 0.37%
during the period from 1953 to 1954 to 0.17% during the period from 1963 to 1964. Under such
circumstances, high risk groups of new active tuberculous cases are consisted of higher age
groups over 45 years of age, especially those of male (Fig.1), those showing strongly positive
reaction to tuberculin (Tables 1, 2), and tuberculous contacts.

Round 1940, the incidence rate of active tuberculosis within 1 year after positive conversion
of tuberculin reaction by natural infection was 15 to 20%, and the rate has reduced to 5 %
in the reccent years. The annual incidence rate of tuberculosis during the period later than
1 year after positive conversion was approximately 0.5%, thus the risk of on-set of disease
is higher during the period soon after primary infection of tuberculosis. As described above,
the risk of on-set of disease was higher among persons who were strongly infected by
tuberculosis, and it was reduced at least 1/2 and maximum 1/5 by the BCG vaccination preceding
natural infection (Tables 4, 6).

Analysis was made on the virulence of tubercle bacilli, and marked difference of virulence
was found among strains of tubercle bacilli isolated from untreated cases of pulmonary tuber-
culosis found by the tuberculosis prevalence survey in 1963 and 1964. By animal experiment,
it was found that pathological changes obtained by the inoculation of strongly virulent tubercle
bacilli with viable unit 1.9 was more obvious than those of intermediately virulent bacilli with
viable unit 520 (Table 7). Dose of tubercle bacilli causing primary infection is estimated to
be less than 10 in the majority of cases, thus the virulence of bacilli plays the most important
role whether the disease occurs after primary infection or not.

The distribution of the number of primary foci found in one person by autopsy or radiogram
coincides well to Polya-Eggenberger’s distribution, and not to Poisson’s distribution (Fig. 2),
and the fact shows that invasion of tubercle bacilli causing primary infection occurs as the
frequently repeated invasion.

Persons with specific immunity to tuberculosis shows strong resistance to the invasion of
tubercle bacilli. Among strongly and medium reactors to tuberculin, no significant difference
was found in the incidence rate of tuberculosis between tuberculous contacts and the control.
The incidence rate of tuberculosis among employees of sanatoria showing positive reaction to
tuberculin on adoption was equal to that of the general population. These facts suggest that
the propability of on-set of disease by the exogenous reinfection was very rare, but possibility
of on-set of disease by exogenous reinfection can not be denied, as few cases of primary drug

resistance was found among cases who were definitely infected before the chemotherapy era.

* From Research Institute, Japan Anti-tuberculosis Association, Kiyosemachi, Kitatama-gun,
Tokyo, Japan.
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On-set of disease may by possible under such conditions as the invasion of strongly virulent
tubercle bacilli to persons with reduced specific immunity.

Among factors relating to the non-specific resistance of the host, presence of pneumoconiasis
increases the risk of on-set of disease.

Reduction of the incidence rate of tuberculosis in the recent years is explained first by the
reduction of the chance of infection, and secondly by the BCG vaccination extensively conducted
among younger generation (Fig. 3).

A study on the development of tuberculosis was made on active cases of pulmonary tuber-
culosis detected by the tuberculosis prevalence survey in 1953 and 1958. All cases were followed
up in 1964, and the rate of response was 87% and 83% respectively among cases found in 1958
and 1953. Among active cases in 1953, 23% died (11% by tuberculosis), 23% remained as
active, and 549 became inactive or healed. Among active cases in 1958, 15% died (6% by
tuberculosis), 26% remained as active, and 59% became inactive or healed. Mortality rate
from tuberculosis as well as non-tuberculous diseases increased with the raise of age, and
among cases over 60 years of age, 72% died during 11 years and 442 died during 6 years
(Table 11). The rate of cases became inactive or healed was higher among younger age groups,
and decreased with the raise of age (Fig. 4).

Prognosis of pulmonary tuberculosis is different markedly by the type of pulmonary lesions.
Fig. 5 demonstrates the tuberculosis mortality and the rate of cases bacame inactive or healed
by the type of pulmonary lesions among active cases in 1953. Type I (far advanced cavitary
type) and type II-3 (cavitary type other than type I with extent 3) showed the worst prognosis,
next type II-2 (cavitary type with extent 2), IIla (cavity suspicion), and B-3 (non-cavitary
infiltrative-caseous type with extent 3). Prognosis was good among type IV (well-defined cir-
rhotic type), H (hilar lymphnodes enlargement) and III-1 (non-cavitary type with extent 1).
The rate of cases received treatment during 11 and 6 years was 57% and 55% respectively
among active cases found in 1953 and 1958. Observing the rate of cases became inactive or
healed without treatment to the whole inactivated or healed cases, the rate was highest among
type II-1, next in type H and type CB-3.2, and clinical healing without treatment was very
rare among types II, IIla and B-3.2 (Table 12).

non-cavitary type with extent 1 is relatively good, but if once disease shows progression beyond

The facts suggest that the prognosis of

this border, risk of developing disease becomes higher and clinical healing is expected only by
active treatment.

In order to continue the reduction of the incidence rate of tuberculosis further in the future
and prevent the development of disease, the tuberculosis control program which have been
conducted in the past, namely casefinding, BCG vaccination, treatment and control of tuberculous
cases, must be continued and intensified, and through these measures, eradication of tuberculosis

from Japan is expected.
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Annual Incidence Rate of Tuberculosis by
Age-group and Sex (Azuma Village, 1957~65)
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Table 1.

School Children Observed by the Intensity of

Tuberculin Reaction at the Entrance

Incidence Rate of Pulmonary Tuberculosis among

|
Intensity of T.R.| Total | (4 @ | | @ | e !g*;g“-
Person years |99, 103.56, 080. 516, 814. 527, 456. 5t 15, 161} 30, 430§ 3,161
No. of new cases| 51 21 10 7 3 7 ’ 3
Incidence rate(%) 0.05 0.35 | 0.06 0.03 0.02 | 0.02 \ 0.10

Table 2.

Incidence Rate of Pulmonary Tuberculosis among

High School Students Observed by the Intensity of

Tuberculin Reaction at the Entrance

Intensity Day time course Night course
of T.R. Person No. of | Incidence | Person No. of | Incidence
years [newcases| rate (%) years |newcases| rate (%)
(5 789.5 4 0.51 197.5 3 1.52
) 4,094.5 5 0.12 561 1 0.18
(+) 5,417.5 7 0.13 1,349 7 0.52
() 660 — — 139.5 1 0.72
(=) 299. 5 1 0.33 237 — —
Total 1,1261 17 0.15 2,484 12 0.48
Table 8. Incidence Rate of Pulmonary Tuberculosis among
University Students Observed by the Intensity of
Tuberculin Reaction at the Entrance
Intensity Day time course Night coures -
of T.R. Person - No. of | Incidence | Person No. of | Incidence
! years |newcases| rate (%) years |newcases| rate (%)
), )| 1,887 5 0.27 881.5 8 0.91
(+) 5,387.5 13 0.24 1,566.5 3 0.19
(+£), ()| 458.5| — — 152.5 & — —
Uncertain 325.5 1 0.31 321 — ——
Total 8,108.5 19 0.23 2,821.5 11 0.39
Table 4. Incidence Rate of Pulmonary Tuberculosis

among Strongly Positive School Children and
Students Observed by the Previous History

of BCG Vaccination Before Entrance

With previous history Without previous history

of BCG vaccination | ~  of BCG vaccination

Person No. of |Incidence| Person | No.of [Incidence

years [new cases|rate (%) years |newcasesirate (%)
Primary school | 3,154 4 0.13 | 2,926. 5! 17 0.58
Middle school 1,298.5 1 0.08 985. 5! 4 0.41
Boy’s high school | 451.5 1 0.22 3056 | 3 0.98
Girl’s high school | 2,553 10 0.39 978 | 7 0.72
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Table 5.

341

Incidence Rate of Pulmonary Tuberculosis among School Children and

Students with Strongly Positive Tuberculin Reaction and Healed Findings

With healed findings (44> Total () Without BCG
Person No. of | Incidence| Person No. of | Incidence| Person No. of ;Incidence
) years |new cases: rate (%) years |new cases . rate (%). years |new cases: rate (%)
Primary school 282 | 2 070 | 1,231 6 | 0.48 665.5 5 . 0.76
Middle school 215 } 4 | 1.8 |1,14L5 3 . 0.26 53 | 3 0.57
Boy’s high school | 252.5| 2 0.79 756. 5 4 | 0.53 305 | 3 | 0.98
Girl’s high school | 476 | 7 1.47 | 3,526 17 i 0.48 973 { 7, 072

Table 6.

Incidence Rate of Pulmonary Tuberculosis among Employees of F.Bank by the

Intensity of Tuberculin Reaction and the Previous History of BCG Vaccination

With previous histpry Without previous history Total
Intensity of T.R of BCG vaccination of BCG vaccination )
y e Person No. of ; Incidence | Person ‘ No. of | Incidence | Person No. of | Incidence
years | new cases;’ rate (%) years| new cases: rate (%) years |new cases ! rate (%)
(4 4,751.5} 22 0.46 |10,19.5 93 | 0.91 | 14,943 | 115 . 0.77
() L 9,648 | 35 | 0.3 | 9,570 .66 0.69 | 19,218 | 101 | 0.53
1 ! i | ;
(+) | 7,934 ‘ 31 0 39 5,678. 5| 34 | 0.60 13, 612. 5“ 65 . 0.48
(+), (=) ;Lm7j 4 077 Lmaj 3 . 0.23 &m&q 17 0.54
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Table 7.

Dose Infection of Tubercle Bacilli with Different Virulence

Pathological Changes in Guinea Pigs Caused by Small

A BAE £8F

BHlOL&EE LT, BENEIT
MIFEIC 72 %0 BHEDSH\ NG EETHER

No.
(intermediately virulent)

s TRETLT LI, ET715LH

10-5mg | 10-®mg { 10-7 mg

LT 505, FKED AHOREDS

Strain Dose No. 105 (highly virulent)
of infection | 10-5mg | 10-°mg | 10" mg

Index of macro-| | '
scopical changes} 22,1 | 2L.2 | 19.0 | 14.7
Viscera 4.1 3.3 2.4 1.7
Lymph nodes 18.0 | 17.9 | 16.6 | 13.0
Weight of spleen 2.1 1.1 1.0 1.0
Viable unit in

bl it gm} 68.5 | 1030 | 7.3 | 6.2
Viable unit in

hva'hllOmg} 21.1 | 151 | 1.3 | 3.3
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8.4 5.2
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Table 8.
Observed by Previous History of Chemotherapy (1961)
-“-;_x:e;ious history _ sM 1 INH
of chemotherapy 10070' 100yil 10yc ) 5yc ‘ 5yi ‘ 1yc
Present (A) [14.7 |11.7 |14.8 |14.9 ! 13.5 6.8
None (B) |30})383]|31 1.3‘ 3.9 1.6
Ration B/A | 0. 20| 0.28 0.21] 0. 09‘ 0.29 0.24

PAS L ONPEER SR T Do 2 2L D

Ich! 10vyi lye " S N S TS - . .
PIRERE DR END & L VBRI
11.3 /18.5 7.8 =z r4us, #0557 Poisson 4+
2. fg z 22 2-; Lt bas, % OERETENE L E
019/ 0.3210.27 sy, FEO®LLBECH bR D

Notes. c: completely resistant i:

incompletely resistant
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Table 9.

343

Tuberculin Reaction and Bacilli Positive Rate by

Culture in Guinea Pigs at 30 Weeks after Inoculation

. . Tuberculin reaction Bacilli positive by culture
et shrovnl o R IR IO R
obs. - observed| lung | liver |spleen lzgé%g
10-% mg 10 ‘ — | = 2 8 — 5 1 2 3 3
at once 12 — 6 — 6 — 5 — — — 1
10-"mg<{ 10-"mg X3 at once 8 — — — 8 — 3 2 2 2 —
three times at 4 weeks
interval 9 - - 1 8 - 5 3 3 3 2
at once 15 1 1 5 -— 6 1 1 2 —
10-8 mg{ 10-3mg X 3 at once 9 — 1 — 8 — 5 1 2 3
three times at 4 weeks
interval 9 - - 1 8 - 5 1 1 2 1
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Fig. 4. Clinical Status of Activity in 1964 among
Active Cases in 1953 by Age-group
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Table 12. Clinical Healing Without Treatment among Cases Became
Inactive or Healed in 1965 by Type of Disease
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ealed in 1964| treatment] healed in 1964 treatment\
I with sclerotic-walled cavity 1 7 | - — 8 1 12.5
I with nonsclerotic-walled cavity 31 v 1 3.2 26 3 11.5
I with cavity suspicion 11 1 9.1 22 5 22.7
s, with infiltrative-caseous lesion 60 9 15.0 64 8 12.5
m, 1 187 101 54.1 211 90 42.6
M4, with fibrocaseous lesion 32 11 34.4 87 45 51.7
1, 7 153 107 70.0 454 284 62.6
H 13 10 77.0 19 10 52.7
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