Kekkaku Vol. 46, No. 4

BARRCPITOIHEHEETAED > X7 454K

BHSOEgLEY v HFC oL

% K & -
BT aRER

-1 Y/ H 3
BRBRNRA Vv I—PER

2t SE4H5£11 5268

ESTIMATION OF FUTURE EPIDEMIOLOGICAL TRENDS OF
TUBERCULOSIS IN JAPAN AND THE EVALUATION
OF TUBERCULOSIS CONTROL PROGRAMMES
BY SIMULATION ANALYSIS*

(The 45th Annual Meeting Symposium)

Shoichi ENDO and Kunio AOKI

(Received for publication November 26, 1970)

If it is possible to estimate the future epidemiological trends and features of tuberculosis
and to evaluate tuberculosis control programmes in the past, it will be very helpful to select
the most effective control programmes against tuberculosis and to establish the best way for
eradication of tuberculosis.

We tried to resolve this problem by simulation analysis using the epidemetric model of
tuberculosis.

Waaler constructed a beautiful mathematical model of tuberculosis by which it is possible
to simulate a variety of epidemiological situations of tuberculosis and antituberculosis program-
mes. This model is so constructed technically that it lends itself to rapid solutions by computer.

Waaler model was modified to be able to input the parameters we have had, as shown in
Fig.1. The population has been divided into 6 groups, that is, i) Non-infected, ii) BCG-
protected, iii) Infected <5 years, iv) Infected >5 years, Inactive and Healed cases, v) Active
case with cavity, vi) Active case without cavity. The transfer events between each subgroup
are indicated by inter-connecting arrows in Fig.1. Various parameters used in the model were
determined and estimated from the available data such as the results of nation-wide tuberculosis
prevalence surveys and their follow-up studies, and vital statistics in Japan. The results of
several epidemiological studies on tuberculosis were referred.

All epidemiological flows over time take place simultaneously with the aging of the
population quinquenially. It is programmed for an electronic computer, as flow chart and

equations are shown in Fig.2 and Table 1.

* From the Hoseien Sanatorium, Japan Anti-Tuberculosis Association, Higashimurayama-shi,
Tokyo 189 Japan.
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The initial situation was set at 1958. The output which the model generated has been
examined comparing the results of tuberculosis prevalence surveys in 1963 and 1968, and
almost the same figures could be obtained. Calcifications has been continued from 1968 to
2013, quinquenially. The initial prevalence of active cases was 3 millions in 1958, and it
decreased to 2 millions in 1963 and 1.5 millions in 1968.

Results : 1. Estimation of decreasing trend of prevalence

Three paths of reduction were estimated from the calculations.

Course A has the conditions, that is, the present TB control programmes will be continued
in 1968 to 2013 and the medicare will be able to improve at the same magnitude as in 1963
to 1968. Incidence rate of active cases from Infected >5 years in the same as in 1963 to 1968.

The result is shown in Fig.3. The rate of reduction was gradually lowering and it will
be estimated that the number of active cases drop in 1988 below 1,000,000 level.

Course A’ has more favorable conditions. Incidence of active cases from Infected >5 years
will be decreased at the rate of 10% every five years, owing to level-up of the socio-economic
conditions and the medicare.

It will be estimated, that, prevalence of active cases down to the level of 1,000,000 in
1978.

These results may suggest that, the past TB control programmes and improving medicare
made the reduction of the cases with sputa positives, consequently it caused, the reduction
of risk of infection. High rate of BCG vaccination accelerated this trend. However, they
could give little influence on the decrease of incidence of active cases in the subgroup “Infected
>5 years”, which has been occupied 36% share of the population in 1968 and the decrease in
number are very slowly. The other factor to hinder the rapid reduction of prevalence is that
about 40% of active cases will be remained in the same subgroup “active cases”, even after
five years strong antituberculous treatment.

2. Evaluation of TB control programmes

(1) Evaluation of TB control programmes were carried out by using this model.

Potential protection of BCG was estimated under two conditions.

Schedule B’ : BCG vaccination was completely stopped in 1958 to 1978 and protective power
of BCG at 1958 is 0%. The other conditions are the same as course A. The trends of
prevalence will be shown in Fig.18, that is BCG vaccination saved total 4,170,000 person
year of active case for these 20 years, but the effect will be eliminated as the risk of infection
decreases. If the protective power of BCG is 80% instead of 50% in course B/, which value
was obtained in BMRC studies, the more effect of BCG had been expected (Schedule B').

(2) Potential protection of chemoprophylaxis to the subgroup “Infected >5 years” was
estimated, because majority of active cases will be derived from this group in the future.

Schedule 1 (or 2) has the conditions, supposing that, incidence rate in tuberculin strong
positives be 3 times (or 5 times) higher than that in the other type of tuberculin positives and
protection power of chemoprophylaxis be 50%.

a : Chemoprophylaxis was carried out only in the group “Infected >5 years”.

b : Chemoprophylaxis was carried out both in “Infected >5 years and <5 years”.

The results were shown in Fig.19. A great amount of reduction of prevalence occurred
after 15 years.

These results from simulation analysis may afford appropriate answers to understand the
epidemiologic features of tuberculosis in the last decade and have disclosed more realistically
several factors hindering the more rapid decrease of tuberculosis in the future. At the same
time, it suggests that the coming TB control programmes should be pointed to the reduction
of the number of the subgroup “Infected >5 years” and the improvement of antituberculous
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medicare.

Four patterns of prevalence of infection by age were indicated (Fig.22,.
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They

may show the epidemiological features and trends of tuberculosis and the effect of TB control

programmes in the district, and suggest what the most effective way of TB control programmes

are in each district.
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Table 2. Rates of Infection and Risk of
Infection for 5 Years by Age
(1958, 1963 and 1968)
Age ‘ Rate of infection* Ri’ikm?fs i?gﬁgon
1958 1963 1968 1958~631963~681968~-73
0~ 4 4% 2% 19 4% 22, 1%
5~9 11 8 4 7! 35 2
10~14 21 | 17 11 14 7 3.5
15~19 38 32 28 24 12 l 6
20~24 55 53 40 28 14 7
25~29 65 | 67 59 | 24 ' 12 ! 6
0 ~34 75 74 ' 2 1 ; 6
3 ~39 84 8 77 20 10 5
0~44 | 83 87 | 8 12 6 | 3
45~ 49 © 8 | 8 ’w 5 2 1
50~54 | 80 | 84 84 | 3 | 1 | 1
55 ~59 77 80 | 80 2' 11 0
60~64 | 75 | 75 77 0 1 0] 0
65~69 70 70 72| 0 | 0 0
70 ~74 | 65 | 65 | 65 0, 0 0
5~ |60 60 60| 0 0 0

* Rate of infection is not synonym of the infected in
our model, but rate of tuberculin convertors, which
include the BCG-protected.
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Fig. 3. Risk of Infection and Prevalence of
Bacillary Excreter by Age
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Course A : The present TB controls programmes will
be continued. Incidence of active cases from
the infected >5 years will not be changed
after 1968.
Course A’ : Incidence of active cases from the infected

>5 years will decrease at the rate of 10%
every 5 years after 1968, owing to level-up
of the socio-economic conditions and medi-
care.

Course A" : The conditions are almost the same as A, '
but the effect of medicare on active cases is
the same as that in 1963 to 1968.
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Fig. 8. Prevalence of the Infected >5 Years
by Age (1958 to 2013)
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Fig. 12. Proportion of Active Cases by the
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Fig. 13 Prevalence of Active Case by
Age and Year
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Fig. 14.

Prevalence of Active Case with
Cavity by Age and Year
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Fig. 15. Risk of Infection for 5 Years and
Prevalence of Active Case by
Type of Disease
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Fig. 18. Estimation of Potential Protection of BCG
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Course A : The present TB control programmes will be

continued in the future.
: Supposing that BCG vaccination was stopped
and protected power of BCG is 0 in 1958~1978.
Schedule B’’ : Supposing that protective power of BCG is
80%, as shown in BMRC reports.
B’,B” : The other conditions were the same as

Schedule B’

course A.
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Fig. 19. Estimation of Potential Protection of
Chemoprophylaxis Reduction of Prevalence
by Chemoprophylaxis to Tuberculin
Strong Positives (1968 to 1983)
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A : The present TB control programmes will be continued
(course A).

Schedule 1 (2) Supposing that incidence rate among
tuberculin strong positives is 3 times (5 times) higher
than that among the other type of positive reactors,
and protective power of chemoprophylaxis is 50%.

: Chemoprophylaxis against the infected >5 years only.

b : Chemoprophylaxis against both the infected >5

years and the infected <5 years.

0
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A Variety of Epidemiological Situation
of Tuberculosis by Age

(Schematic Presentation)
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A : TB was very prevalent in the past.

TB control

programmes were poor. Risk of infection is still
high.

B : TB was very prevalent in the past, but is now con-
trolled pretty well. Risk of infection is low.

C: TB was not so prevalent in the past. TB control
programmes were poor. Risk of infection is still
higher.

D : TB was not so prevalent in the past, and is now well
controlled. Risk of infection is low.
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