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Use of an Epidemiological Model for Estimating
the Effectiveness of Tuberculosis Control Measures

Sensitivity of the Effectiveness of Tuberculosis Control Measures
to the Social Time Preference *

H. T. WAALER 1 & M. A. PIOT2

Different combinations of coverage levels ofBCG vaccination and of case-finding and
treatment may achieve the same problem reduction in epidemiological terms. But the same
problem reduction, in man-years of tuberculosis, may be valued differently in social terms.

1
A social-time-preference parameter, of the form ( , is relevant to this evaluation and

(1+r)t
the level of r is critical for policy decision. The present paper studies the sensitivity of the
effectiveness ofBCG vaccination and of case-finding and treatment to the level of r, and
the epidemiological mechanism underlying such sensitivity. A high value of r can be
visualized as corresponding to a close planning horizon, a lower value ofr to a more distant
one. At any level of epidemiological effectiveness, a planner with a high value of r would
favour case-finding and treatment, and a planner with a low value of r would tend to
emphasize BCG vaccination. This influence of the social-time-preference parameter on
the planner's decision is found to depend on the discounting effect of the parameter on the
one hand, and on the different age- and time-patterns of the preventive effect of the major
control measures, on the other.

INTRODUCTION

Human problems are not assessed in real or abso-
lute terms, but in relative terms. They are com-
monly expressed in a symbolic form readily related
to subjective experience. For instance, it is generally
observed that the seriousness of problems is sub-
jectively felt by people to increase with proximity
and to decrease with distance-whether in space
or time.
As a problem of human suffering, tuberculosis is

conceived as a painful reality by certain members of
the community, i.e., the patients, and as a vague
threat by the others. The magnitude of the threat
is subjectively estimated by people in terms of the
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Communicable Diseases, World Health Organization,
Geneva, Switzerland; at present, Medical Officer, Project
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amount (prevalence) of active disease in their en-
vironment, or in terms of past experience in their
own entourage (incidence). Thus the proximity of
the disease, in time or space, is relevant to the
perception and conception of the "problem of
tuberculosis" by the individual member of the
community.
A similar element is present in the public health

planner's understanding of the problem, as it has
been defined in the first paper of this series (Waaler
& Piot, 1969), i.e., in epidemiological terms. It is
recalled that the tuberculosis problem of a com-
munity at a given point of time comprises present
and future cases-some of which will develop even-
tually in individuals who are already infected, not
yet infected, or indeed not yet born. Thus time is
part and parcel of the definition. On the other
hand, as the whole community is involved, the
spatial element is not explicit in the definition.
From whatever point of view the tuberculosis

problem is considered, it appears pertinent to intro-
duce the notion of " present value" of a case of
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tuberculosis occurring at time t, t+1, . . . t+m, and
that of a case prevented from occurring at these
points in time.

In terms of welfare theory, for each case of
tuberculosis there is a negative utility (on some
subjective scale) to the individual concerned, and

cases of the disease have a (presumably also
negative) social utility, being some function, e.g. the
sum, of the n individual utilities. Whatever the indi-
vidual utility scale and the social utility function,
therefore, one can visualize the problem of tuber-
culosis as the total social disutility associated with
the disease. It js assumed, as a corollary of the
previous statement applicable in the context of
control programmes, that the utility, to the indi-
vidual of preventing his disease, and to society of
preventing n cases, are the exact complements of
the disutilities associated with one or n cases of
the disease.
The question of the " present value " of some

future event can be stated in the form, familiar to
economists, of intertemporal choice, whereby the
relative utility of some identical event occurring
now or later is compared; and also in the form of
indifference curves, showing the equivalence of quan-
tities of the same thing available at different times.
To illustrate the concept, one could imagine an

enquiry aiming to elicit from individuals an answer
to the question: Knowing that you run one risk
in a thousand of contrating tuberculosis this year,
when (next year, the following year, etc.) would you
be prepared to run a risk twice as hiin return
for the certainty of not having the disease before
then? In order to establish indifference curves of
society, one might then aggregate the individuals'
time preferences, and so obtain an idea ofhow many
cases today are " worth " (on the individuals' value
scale within a given community) a stated number of
cases arising n years from now. Alternatively, one
might try to elicit such a statement directly from
the social planner, in this case presumably the
Tuberculosis Officer for the city, county or count^j.
One might consider many more or less sophisti-

cated formulas for directly comparing present and
future cases of tuberculosis, taking various clinical,
epidemiological, sociological, etc., relationships into
account. In the field of social planning, in general,
Feldstein (1965) has proposed an interesting social-
time-preference function, which would appear to be
applicable to health planning as well as to any other
sector. However sophisticated the underlying assump-
tions might be, one would, in the end, simply apply
a discounting factor to express the relative value of
events (here: cases) spaced in time, and so the " pres-

FIG. I
SCHEMATIC DIAGRAM SHOWING THE NATURAL TREND OF TUBERCULOSIS

WITH TIME AND THE EFFECT OF TWO DIFFERENT CONTROL MEASURES (a) AND (b)
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ent value" of all present and future cases. With a
discount factor of r %, the "present value" of a
new case occurring one year from now would be

(1 +r), and more generally a case occurring t years

from now would have a present value of (1 ±ra
In this way, the present value of future cases depends
on the rate r and on the time of occurrence t.

It must be stressed that, despite the use of the
phrase " discount rate ", it is not the economic value of
tuberculosis that one assesses at different times, but
its psychological and sociological value as a source
of human suffering. This being so, it is difficult to
suggest valid levels of r, even in a precisely defined
situation.
The rationale of the present study is that, if the

value of the tuberculosis problem, i.e., a specified
number of man-years of tuberculosis, in a well-
defined situation, depends on psychological and
sociological considerations, these might have an
influence also on decisions concerning tuberculosis
control, seen as the application of epidemiologically
effective measures to change the course of the
disease. This problem has been raised by the authors
as follows: Assuming that the problem P can be
reduced by an equal amount over, say, 100 years
by two control measures (a) and (b), measure (a)
doing so immediately but gradually, whereas (b)
achieves the same result later but drastically, as
shown in Fig. 1, different social-time-preferences-
expressed by different values of r-might lead the
social planner to give precedence to (a) over (b)
or to (b) over (a), irrespective of cost considerations.
Although these may be extreme cases, it remains
that the combination of (a) and (b) could show
sensitivity to the level of r.
As it is suspected that the available tuberculosis

control measures exhibit different time patterns in
their epidemiological effect, it would be necessary
to quantify these differences by suitable analysis in
order to understand the practical implications of
different social-time-preference rates.

OBJECrIVES

The objectives of the present study are therefore
twofold:

(1) To study the sensitivity of the effectiveness, in
terms of problem reduction, of the major tubercu-
losis control measures to changes in value of a
social-time-preference parameter r.

(2) To study the underlying epidemiological mech-
anisms of such sensitivity, if any, more specifically
to elicit the difference in age- and time-patterns of
the effectiveness of control measures, as evidenced
by changes in the incidence of tuberculosis by age
and time.

METHODS

The epidemiological simulation model used for
this study has been described previously by Waaler
& Piot (1969). The programming of computer runs
simulating various intensities of case-finding and
treatment, and various intensities of BCG vaccina-
tion, continued over the entire simulation cycle of
100 years, with a model population of 10 million,
was presented in the same paper.

In the computation of the " tuberculosis prob-
lem " (P) and of the " problem reduction " (delta P)
corresponding to each intensity level of control mea-

sures, a parameter I(+r)t representing the social-

time-preference of the community and acting like
an ordinary discount factor, has been applied sys-
tematically to the number of man-years of tuber-
culosis in each successive 5-year progression period.
This is achieved by programming the computation

1
of the value of ,fort=0, 5, 10, ... 95, 100(1±rY
and for r=0, 0.02, 0.04, 0.08 and 0.16 respectively.

Evidently, for r=0,
I

is always 1, which
(1+r)t,

means that the undiscounted value of P is always
available for comparison. The study of the values
obtained forms the first part of the present article.

Fig. 2 gives a graphical representation of the
influence of the parameter r on a unit value of 1

at time zero by means of the curve -=f (t)
(1 +r)

from t=O to t=100.
This figure illustrates the marked reduction of the

unit value that is achieved with time by even the
lowest value of r, and the gradual shift of the slope
of the curve towards the origin as the value of r
increases. The implication of this shift will be
discussed in the second part of the paper. It is
enough at this stage to consider the implication

of the illustrated values of
I

, for various r
(1+r)t

values at one specified time. For instance, the rela-
tive "6 present value " of 1000 man-years of tuber-
culosis occurring at t = 25 years will be 610,

-3



4 -H. T. WAALER & M. A. PIOT

FIG. 2

THE VALUE OF - FOR FOUR DIFFERENT VALUES OF r
(I1+r)t
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375, 146 and 24 respectively, for r = 0.02, 0.04, 0.08
and 0.16.
As indicated in the first paper in this series, the

computer print-out also presents, in every simulation
run, the incidence of new cases of tuberculosis,
by age and time, for every 5-year progression period
over the entire 100-year cycle. This was done in
order that a close study of the age and time pattern
of incidence could be made. It is further recalled
that a series of pairs of simulations was undertaken,
involving percentage coverage levels of 0 and 1,
9 and 10, 32 and 33, 65 and 66 and 99 and 100,
respectively, with case-finding and treatment and
BCG vaccination.' By differentiating between these
pairs of runs, the marginal effect of an additional
1% of control measure at various coverage levels
is assessed numerically in terms of reduction of the
incidence by age and time. In this way, one obtains

1 In the tables of the present paper, coverage is expressed
as a fraction of the population (e.g., 0.66). Two fractions
separated by a dash designate a differential coverage within
a specified control measure (e.g., 0.32-0.33 indicates a 1 %
difference at the 33 % coverage level).

In the figures, coverage is expressed, for graphical conve-
nience, as a percentage figure (e.g., 66). Two percentage
figures separated by a dash designate coverage levels for
.the two control measures (e.g., 33-66 indicates 33% treat-
ment coverage and 66% vaccination coverage).

In the text, coverage is expressed either as a fraction or a
percentage.

distributions, by age and time, of cases prevented.
It is these distributions that are analysed in the
second part of the present article.

FINDINGS

As stated above, the computer programme intro-
duces in the computation of P a discount factor
(l+r) whose value ranges from 1 to 1.16.
Applying the discount factors as above to the

problem value P corresponding to the four extreme
programmes illustrated in Fig. 2, we obtain the
following " present" values (Table 1).

In this table, the column 0.00-0.00 represents the
natural trend of the endemic without vaccination,
case-finding or treatment; the column 0.00-1.00
presents the influence of a 100% vaccination cover-
age without treatment; in column 1.00-0.00 that of
a 100% treatment coverage without any vaccination,
and finally the column 1.00-1.00 presents the trend
that could be expected with a 100% coverage with
both vaccination and treatment. The figures in
Table 1 are calculated from data in Appendix
Tables 2 and 4 of the paper by Waaler & Piot (1969).
The columns show the effect of r on the present
value of P. It is seen, for instance, that in the
absence of any control measure (0.00-0.00) the
value of P is reduced to 0.14 of its undiscounted
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TABLE 1
CUMULATED SUM OF MAN-YEARS OF TUBERCULOSIS (P)

UNDER FOUR EXTREME PROGRAMME COVERAGE
ASSUMPTIONS, FOR VARIOUS VALUES OF r

Coverage of

r CFIT 0.00 0.00 1.00 1.00

BCG 0.00 1.00 0.00 1.00

0.00 492 677 336 797 250 179 208 849

0.02 281 506 229113 166 538 150 537

0.04 191 440 170 378 124 790 117 505

0.08 116 882 111 837 85 439 83 319

0.16 70040 69 334 57 553 57171

value when r is raised to 0.16. The same table
shows, in column 1.00-1.00, that raising r to the
same level reduces the value of P to 0.27 of its un-
discounted level, while in the intermediate columns
this ratio takes the value 0.23 and 0.20 respectively.
This differing effect of r depending on the pro-
gramme-intensity level provides the first evidence of
the sensitivity of the epidemiological effectiveness of
tuberculosis control measures to the parameter r as
an expression of the social-time-preference rate.

Fig. 3 illustrates the relationship of P to r for
the same programme-intensity levels as before. For
graphical convenience, a logarithmic scale has been
adopted in the absciss.
As r rises towards its highest value, the pairs of

curves 0-0 and 0-100 as well as those for 100-0
and 100-100 tend to move closer to each other,
to the point of becoming almost indistinguishable
at the right of the graph. This is because the initial
slopes of the curves 0-0 and 100-0 are steeper than
those of 0-100 and 100-100. Those initial slope
differences indicate a different sensitivity to r of the
problem reduction achieved with and without BCG
respectively-at least for low values of r. This
finding provides a further clue that the estimation
of the effectiveness of various tuberculosis control
measures may be diversely affected by different values
of the parameter r. It also leads one to suspect
that there exists a difference in the pattern of the
action exerted by the two major control measures.

In order to proceed further in this analysis one may
consider, instead of the total effectiveness (in terms
of P), the marginal effectiveness (in terms of SP).
For this purpose, the simulation runs, introduced
in the previous paper (Waaler & Piot, 1969), for

FIG. 3
P-VALUES, IN MAN-YEARS OF TUBERCULOSIS,

UNDER EXTREME ASSUMPTIONS OF TREATMENT
AND VACCINATION COVERAGE (%)

FOR VARIOUS VALUES OF r
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estimating the marginal effectiveness of an additional
1 % coverage with one, the other, or both control
measures, can be utilized. Extracting from Appendix
Table 3 of that paper, for instance, the figures
shown in Table 2 corresponding to the 0.65-0.66
coverage levels were obtained.

This table presents the values of P and of the
marginal-problem reduction SP corresponding to
the different values of r as applied in this study.
The values of P corresponding to 66% coverage by
both case-finding and treatment, and BCG vaccina-
tion (column 1), as well as those corresponding to
65% coverage by one and 66% by the other col-
umns (2) and (3), are all seen to decrease gradually
as the value of r rises from 0 to 0.16. From a super-
ficial inspection of these figures, there does not

0.16
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TABLE 2
CUMULATIVE (P) AND MARGINAL (MP) NUMBERS OF

MAN-YEARS OF TUBERCULOSIS PREVENTED BY
BCG AND CASE-FINDING AND TREATMENT AT

65s-66% COVERAGE LEVELS, FOR VARIOUS VALUES
OF r

__ ~~~P.p~~~~~8
Coverage of

r
CF/T 0.66 0.66 0.65

(2)-(1 ) (3)-(1 ) (5):(4)
BCG 0.66 0.65 0.66

(1) (2) (3) (4) (5) (6)

0.00 254 587 255 110 255 781 523 1194 2.28

0 02 176 287 176 492 177 004 205 717 3.49

0.04 134 074 134 167 134 553 93 479 5.15

0.08 92 005 92 032 92 266 27 261 9.66

0.16 60 924 60 928 61 038 4 114 28.50

appear to exist a marked difference in the trend
under the influence of rising r values. A reference
to the figures representing the marginal-problem
reduction is, however, more rewarding: besides
confirming the relatively lesser marginal effective-
ness ofBCG compared with that of case-finding and
treatment, columns (4) and (5) of the table show a

striking difference in the sensitivity of the marginal
effectiveness of BCG and case-finding and treatment
to the level of r. While, for instance, 523 indis-
counted man-years of tuberculosis prevented by
BCG are reduced gradually to a value of 4 when
r=0.16 (i.e., by a factor of 130), 1194 undiscounted
man-years of tuberculosis are reduced only to a

value of 114 when r=0.16 (i.e., by a factor of
approximately 10) as a result of case-finding and
treatment. These figures confirm the higher sensi-
tivity to high values of r of the effectiveness of BCG
in comparison with case-finding and treatment, at
least at the 65 %-66 % coverage levels. A close
inspection of the figures in Appendix Table 1 of the
earlier paper confirms that such a sensitivity exists
at all coverage levels.
The ratio "marginal effectiveness of treatment:

marginal effectiveness of BCG " is presented in the
last column of Table 2. At undiscounted values
of 8P, this ratio is shown as 2.28. As r increases
from 0.01 to 0.16, this ratio rises rapidly from 3.50
to 28.50, thus giving another expression to the
varying sensitivity of the major control measures
to sdialtime-preference.

In order to appreciate fully the significance of
this finding, the reader may revert to Fig. 2, which
gives the " present value " of one " unit " for various
values of r and t. The curve for r=0.16 descends
rapidly and becomes asymptotic at a very low. level
from 20 years onwards. For lower values of r,
such low levels are either not reached at all or they
are reached after a much longer period (50 years
for r=0.08). In other words, at high values of r,
events occurring at or after 20-50 years are, so to
speak, reduced to insignificance by the discounting
factor, whereas they would retain a substantial
" present value " for a lower r.
The observed difference in sensitivity to r between

the effectiveness of BCG and that of case-finding
and treatment is compatible with the hypothesis
that the time pattern of their epidemiological effect
is markedly different-for instance, that BCG has
a later impact than case-finding and treatment.
After a certain time, cases " prevented " by vaccina-
tion would be simply discounted into insignificance
by a high value of r.
The second part of this paper will attempt to

elucidate this question. For this purpose, use will
now be made of the available incidence figures.
The time trend of the incidence of tuberculosis

under the four extreme assumptions regarding tuber-
culosis control, extracted from the previous paper,
is presented in Fig. 4. In this figure, curve 0-0 rep-
resents the natural trend of the endemic without
vaccination, case-finding or treatment; curve 0-100
shows the influence of a 100% vaccination coverage
without treatment; curve 100-0 that of a 100%
treatment coverage without any vaccination, and
finally curve 100-100 presents the trend that could
be expected with a 100% coverage with both vac-
cination and treatment. The material from which
Fig. 4 is drawn is presented in Appendix Tables 2
and 4 of the paper by Waaler & Piot (1969). These
curves clearly indicate a different time-pattern under
different programme assumptions, in support of
the above hypothesis.
From the pairs of runs simulating 0-1, 32-33,

65-66 and 99-100 percentage coverage levels, it has
been possible to study the time and age at which
cases are prevented by an additional 1% coverage
at these various levels.

BCG vaccination

The distribution of cases prevented by an addi-
tional 1% of BCG vaccination coverage (from
65 %-66 Y.), by time and age, follows a characteristic

6
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FIG. 4
INCIDENCE OF TUBERCULOSIS BY TIME UNDER FOUR EXTREME ASSUMPTIONS

OF TREATMENT AND VACCINATION COVERAGE (%)
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pattern which, in the present material, is found
irrespective of the vaccination coverage level and
is illustrated in Table 3.

Case-finding and treatment
The distribution of cases prevented by an addi-

tional 1% of case-finding and treatment coverage
(from 65Y%-66Y%) is similarly presented in Table 4,
as typical of the pattern at all coverage levels.

Age-distribution
Tables 3 and 4 present (right-hand column) the age-

distribution of the prevented cases at the 65 %-66%
coverage level. It is seen that the modes as well as
the medians of the age-distribution differ; the cases
prevent by vaccination are younger-their modal and
median age being respectively 30 and 40 years-than
cases prevented by case-finding and treatment-
whose modal and median ages are 40 and 50 years,
respectively. If the duration of the disease were
assumed to vary with the age of the patient, a differ-
ence in the mean age of the cases prevented might
affect the cumulative number of man-years of dis-
ease prevented. In this way the effectiveness of vac-
cination and of treatment would depend also on the
age at which cases of tuberculosis are being pre-

vented. In the present material, such a difference
in the clinical course of the disease is assumed
(and effectuated by means of an age-specific survival
function) and it may, as a result, have contributed
to differences in sensitivity of the effectiveness of
these control measures. However, the present mate-
rial does not lend itself to a further investigation of
this point, and it is therefore not possible to state
precise relationships between age and sensitivity.

Time distribution
The difference in the time-distribution of cases

prevented by an additional 1% of BCG or case-
finding and treatment is perceptible from a mere
inspection of Tables 3 and 4. The totals by period
provide a more precise means of comparison: the
total number of cases prevented by an additional
1% of vaccination and by an additional 1% of
case-finding and treatment, coverage at various
coverage levels are shown in Appendix Table 1 and
Fig. 5 presents this information in graph form.
The grand totals of Tables 3 and 4 (N= 399

and 287) and the subtotals by time do not necessarily
tally with the corresponding figures in Appendix
Table 1, third and seventh rows respectively. The
reason for this lies in the procedure of the computer

7
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FIG. 5
NUMBER OF CASES PREVENTED BY AN ADDITIONAL 1% COVERAGE

OF EACH OF TWO CONTROL MEASURES AT VARIOUS COVERAGE LEVELS

U

o

programme. The values are treated as real figures
in the calculations, whereas decimals are omitted
in the computer printout. The sums of figures with
omitted decimals are expected to be at variance
with the real totals. Since the actual incidence
figures in Tables 3 and 4 are the result of subtraction
from two prevalence tables, the error may be
additive for each age and time cell. However, the
bias will be negligible.
The two sets of curves in Fig. 5 are similar in

presenting a sharp rise, one single mode and a
gradual decline, but the curves showing the cases
prevented by BCG are systematically shifted to the
right in relation to those representing cases prevented
by treatment. This pattern provides an insight into
the quantitative mechanism through which the
effectiveness is reduced as a function of coverage
-namely, a lowering of the peak effect of either
control measure. These data confirm the earlier
finding that, as the coverage level increases, the
number of cases prevented by an additional 1%
of vaccination or of treatment decreases. Fig. 5
also suggests that a qualitative change is involved
as well-namely, a reduction in the time taken to
reach the peak with increasing coverage.

It is seen from the same graph that, at any cover-
age level between 1% and 100 %, the peak effect of
case-finding and treatment precedes that of BCG
vaccination by a fairly long time, in the range of
15-20 years. At 1 % coverage the modal number
of cases prevented is falling between 25-35 years
for case-finding and treatment and between 40-50
years for BCG vaccination. Fig. 5 suggests that the
shift in time of the peak effect is more marked for
BCG than for case-finding and treatment. Yet, even
at 100% vaccination coverage, the peak effect of
BCG occurs later than that of the first 1% treatment
coverage: at 35 years as against 30 years. Thus
the difference in sensitivity to the social-time-prefer-
ence rate, reported earlier, can be almost certainly
ascribed to the now observed difference in time
pattern ofeffectiveness ofthese two control measures.
The findings of this study can be summarized as

follows:
(1) The effectiveness (in terms of problem reduc-

tion) of the major control measures, whatever the
coverage level, is highly sensitive to a parameter
expressing the social-time-preference. This is a direct
consequence of the way in which the problem is
defined in this paper.

10
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(2) For any value of r, the effectiveness of BCG
vaccination is more sensitive to this parameter than
that of case-finding and treatment.

(3) The higher the value of r (in other words the
closer the planning horizon), the more important is
the difference between the two control measures in
their sensitivity to the social-time-preference para-
meter.

(4) This difference in sensitivity is explained mainly
by differences in the distribution, over time, of cases
prevented. On the whole, BCG affects the incidence
of tuberculosis later than case-finding and treatment.

(5) It may also be explained partly by a difference
in the age distribution of cases prevented by these
two control measures.

DISCUSSION

One may question the general validity of the
above findings. The sensitivity of the effectiveness
of the major tuberculosis control measures to the
parameter r is merely a reflection of the fact that r,
as well as time, is a part of the problem definition.
Looked at in this way the finding would be trivial.
The degree of sensitivity of effectiveness to r, how-
ever, is not. High sensitivity has been observed at
all tested levels of r, which cover an arbitrary, but
acceptable, span of planning horizons. Even at the
lower range, e.g. 0.00-0.02, sensitivity was con-
siderable.
The difference in sensitivity between BCG and

case-finding and treatment appears related to the
internal mechanism of epidemiological effectiveness
of these measures. Whether this observation would
be confirmed under very different initial conditions
(technical, demographic and epidemiological as-
sumptions) cannot be stated conclusively from the
present material. Yet, it is worth noting that in the
present simulations, the conditions of transmission
of tuberculosis vary considerably in time, depending
on the control programme involved, thus creating
a wide range of epidemiological and demographic
relationships as illustrated in Fig. 4. Thus it seems
to be acceptable to postulate that the observed dif-
ferences in sensitivity would be reproduced under
different initial conditions. Further investigations
with the model may throw light on this point.
What are, then, the practical implications of these

findings? It has been stated in the introduction that
it would be difficult to justify ascribing a particular
value to the parameter r in our present state of

knowledge. Yet, the most relevant finding ofthe pres-
ent study is precisely that the value of r is highly
significant in evaluating the effectiveness of tubercu-
losis control measures.

In order to facilitate the discussion, it may be
appropriate at this stage to seek some concrete
expression for r. The phrase " planning horizon "
has already been used, though without qualification
so far. Literally it is the point beyond which the
planner does not see. While this is essentially a dif-
ferent concept, in practice, the social-time-preference
can be translated into planning horizon terms by a
simple convention. The reader should revert to
Fig. 2 for reference. If it was conventionally agreed
to disregard all values below 0.05 and, if the baseline
of the graph in Fig. 2 were raised to that level, it is
seen that the curve corresponding to r=0.04 would
reach this threshold level at t=70 years; similarly,
that the curve for r=0.08 would reach it at t=35
years; and the curve for r=0.16 at t=17.5 years.
These periods might be considered the planning
horizons corresponding to these r values. Alterna-
tively, a higher threshold might be adopted, namely:
0.125, which is approximately the level reached by
the curve for r=0.02 at 100 years. In this case the
planning horizon corresponding to r=0.04 would
be 50 years, that to r=0.08 would be 25 years, and
that to r=0.16 would be 12.5 years.
Thus these conventional threshold values generate

two sets of arbitrary planning horizons. The reader
may adopt one or the other or choose his own set.
The purpose here is not to set a norm, but to pro-
vide a handy index of the otherwise elusive social-
time-preference concept.

Planning horizons (years) for different levels of r

Criterion 0 0.02 0.04 0.08 0.16

> 0.125 100 100 50 25 12.5
> 0.05 100 100 70 35 17.5

In the next pages, we have conventionally adopted
the latter, corresponding to the 0.05 criterion.
A closer planning horizon is equivalent to favour-

ing case-finding and treatment, whereas a more dis-
tant planning horizon-will favour BCG vaccination.
This warrants sociological studies to elicit the social-
time-preference of communities in relation to tuber-
culosis; but sociology may not be in a position to
do so at present. Simulations, such as those pre-
sented here, provide a basis for discussing the impli-
cations of different values of r for the decision-maker

11
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FIG. 6
PROBLEM-REDUCTION, IN MAN-YEARS

OF TUBERCULOSIS, FOR FOUR DIFFERENT LEVELS
OF TREATMENT AND VACCINATION COVERAGE (%)

BY VALUE OF r

r

or, conversely, the significance of decisions made in
terms of implicit social-time-preference. The rela-
tionship between practical planning decisions and
hypothetical values of social-time-preference is rep-
resented in Fig. 6, which is based on Appendix
Table 2. Problem reduction in man-years is shown
on the veitical axis, and the various values of r used
for the present study, on the horizontal axis. The
five curves represent various control programmes in
which the coverages aimed at by the planner are
arbitrarily assumed to be 100%, 66%, 33%, 10%
or 5% for both control measures.
Two hypothetical examples are illustrated in this

nomogram. In the first example, an increase in the
coverage level from 33% to 100% (from point A
to point B) by both BCG vaccination and case-

finding and treatment is assumed to take place on
the basis of some decision. It is seen to result in a
reduction in the tuberculosis problem by approxi-
mately 40 000 man-years with r= 0.04. If, at the
same time, r were raised to 0.08 (from point A to
point C), the value of this problem reduction would
be nullified. Raising r from 0.04 to 0.08 is like
focussing on the next 35 years instead of the next
70 years.

In the second example, a programme is assumed
which achieves the same coverage level of 33 %. An
increase of r from 0.00 to 0.04 (from D to A) would
amount to lowering the extent of the problem reduc-
tion by 126 000 man-years and this is equivalent to
reducing the coverage from 33 % down to 5% (from
A to E). Moving r from 0.00 to 0.04 is like focussing
on the next 70 years instead of the next 100 years-
the limit of the simulation period.
The value attached to a programme, as expressed

in terms of the coverage achieved, is consequently
dependent on the social-time-preference that one has
in mind. A statement about the effectiveness of
raising the coverage of a programme is worthless
without reference to the planning horizon of the
decision-maker.
The other important finding of the present study

is the difference in sensitivity between the effective-
ness ofvaccination and ofcase-finding and treatment.
A graphical illustration is given in Fig. 7. It presents
on the vertical axis the marginal problem reduction
and on the horizontal axis the values of the time-
preference parameter. The curves shown as unbroken
lines represent the marginal problem reduction (in
discounted man-years of tuberculosis) achieved by
an additional 1 % of case-finding and treatment at
the stated coverage levels of the two control mea-
sures; the curves shown as dotted lines represent
the marginal problem reduction achieved by an addi-
tional 1% of vaccination at the stated coverage
levels.
The data are presented in Appendix Table 3,

first column. Let us consider the relationship be-
tween the marginal effectiveness of control measures,
the coverage levels and the social time preference.
In real life, a decision-maker would be facing this
problem whenever he contemplated a change of
policy regarding one of the control measures only
(for example, launching, or discontinuing, a BCG
vaccination programme). Where no control mea-
sures are currently applied, the first 1% of a BCG
programme, with a zero value attached to r, achieves
a problem reduction of. 2400 man-years whereas the
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EPIDEMIOLOGICAL MODEL TO ASSESS TUBERCULOSIS CONTROL MEASURES

FIG. 7
MARGINAL PROBLEM-REDUCTION

BY AN ADDITIONAL 1% TREATMENT
OR VACCINATION COVERAGE

AT VARIOUS COVERAGE LEVELS BY VALUE OF r
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---- additional 1% of vaccination

first 1% of case-finding and treatment would do
this only if the value of r were raised to 0.015. Alter-
natively, when a planner, assuming a value of r

equal to zero, allows a BCG vaccination programme
of 100% coverage to drop by 1 %, this corresponds
to tolerating approximately 300 preventable man-
years of tuberculosis. The same could also be the
result of curtailing the case-finding programme by
1 % if at the same time the planner changed his value
of r from zero to 0.05. The implications are as
follows. It has been shown in the previous paper
that for purely epidemiological reasons, decisions
about a tuberculosis programme should not be made
in terms of coverage only, because the marginal
effectiveness of vaccination and of case-finding and
treatment depends on the pre-existing coverage level.
In this paper, it is further shown that the effective-
ness of these measures is strongly influenced by the
parameter r which is an implicit component of the
problem definition. Marginal changes in coverage
of one measure are not equivalent to changes of the
same magnitude in the coverage of the other. If,
however, such changes are valued as equivalent by
the planner, this means that he is changing his esti-
mate of social-time-preference. As shown in the
two examples above, the implied changes in planning
horizons are not always unimportant: indifference
between the first 1 % coverage with BCG vaccination
and with case-finding and treatment implies a rising
value of r from 0 to 0.015 which corresponds to
no significant difference in the planning horizon as
conventionally defined here; but in the 100% cover-
age example, where the question is one of relaxing
the intensity of the programme by 1 %, indifference
implies a value of r rising from 0 to 0.05 which
corresponds to a 60-years difference in the planning
horizon. Such a difference in planning horizons is
not trivial and it must be concluded that in making
their policy decisions concerning tuberculosis con-
trol, planners should make explicit statements about
the applicable social-time-preference rate, especially
at high coverage levels.

R,1SUM9
EMPLOI D'UN MODELE EPIDEMIOMETRIQUE POUR EVALUER L'EFFICACITE DES MESURES
DE LUTTE ANTITUBERCULEUSE: INFLUENCE DE LA PREFERENCE INTERTEMPORELLE

DE LA SOCIETE SUR L'EFFICACITg DES MESURES DE LUTTE

La d6finition donn6e pr6c6demment du < problbme * de
la tuberculose implique une dimension temporelle en ce
sens qu'elle y inclut tous les cas, pr6sents et futurs.
De son c8t6, l'individu 6value le risque et les consequences
de la maladie en se ref6rant a son exp6rience subjective;

une myopie psychologique s'y manifeste comme ailleurs:
ce qui est proche parait plus important que ce qui est
lointain. Ces raisons ont incite les auteurs a introduire
dans la d6finition du problbme la notion de *valeur
pr6sente s des cas de tuberculose, notion qui repose sur
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la th6orie de l'utilit6 et, plus particulierement, sur le
concept d'indiff6rence intertemporelle. La valeur pr6sente
d'un cas survenant apres t ann6es peut etre exprim6e par

la formule 1 it r est un taux < 0. Dans le modele(Il+r-)t 0

pr6sent6 pr6cedemment, le calcul de la magnitude du
probleme tient compte d'un taux de preference intertem-
porelle variant, arbitrairement, entre 0 et 0,16 par
6chelon logarithmique.
Le but de la pr6sente 6tude est d'6valuer l'influence

que pourrait exercer r sur l'estimation de l'efficacite de
divers programmes de lutte antituberculeuse, et d'ana-
lyser les m6canismes epid6miologiques sous-jacents, le cas
6ch6ant. La m6thode de la simulation sur ordinateur a ete
appliqu6e sur la base de donn6es pr6sent6es ant6rieure-
ment. Les r6sultats sont les suivants:

1) A tous les niveaux de couverture, l'efficacite 6pide-
miologique du BCG et du traitement s'est r6v616e haute-
ment sensible aux changements de r.

2) L'efficacit6 du BCG s'est montr6e plus sensible i r
que celle du traitement.

3) Cette diff6rence s'est r6v616e d'autant plus marquee
que r est 6lev6.

4) Cette diff6rence s'explique par le mecanisme d'action
des mesures antituberculeuses, notamment par l'6chelon-
nement dans le temps des cas evit6s, le BCG agissant sur
la transmission plus lentement que le traitement des qas.

5) Elle s'explique partiellement aussi du fait de lI'Age
des cas 6vit6s.
Ces r6sultats donnent lieu a une discussion des inci-

dences pratiques du parametre r, en mati6re de planifica-
tion des services antituberculeux, dont les conclusions
sont notamment:

1) Une d6cision concernant la mise en place, le renfor-
cement ou I'abandon d'une mesure antituberculeuse ne
saurait etre prise sans r6f6rence, implicite ou explicite,
a un horizon de planification plus ou moins lointain,
correspondant aL une valeur precise de r.

2) Une s6rie de d6cisions cons6quentes implique une
valeur de r constante.

Etant donn6 la sensibilit6 de l'efficacit6 des mesures
de lutte antituberculeuse par rapport a r, et en l'absence
de donn6es et de methodes valables pour estimer la pre-
ference intertemporelle d'une population, la simulation
sur l'ordinateur offre la possibilit6 d'etudier les conse-
quences d'un eventail d'hypotheses pertinentes.
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H. T. WAALER & M. A. PIOT

APPENDIX TABLE 2
TOTAL PROBLEM REDUCTION OF VARIOUS
COVERAGE COMBINATIONS (MAN-YEARS OF

TUBERCULOSIS)

Coverage of

r CF/T 0.05 0.10 0.33 0.6 1.00
BCG 0.05 0.10 0.33 0.66 1.00

0 34 498 64 381 161 276 238 090 283 828

2 13 204 25 058 66 911 105 219 130 969

4 6 429 12 363 34 709 57 366 73 935

8 2 432 4 750 14149 24 877 33 563

16 796 1 572 4 909 9116 12 869

APPENDIX TABLE 3
MARGINAL PROBLEM REDUCTION OF 1% CHANGE
IN COVERAGES (MAN-YEARS OF TUBERCULOSIS)

Coverage of

r CF/T 0.00-0.01 0.00 0.32-0.33 0.33 0.65-0.66 0.66 0.99-1.00 1.00

BCG 0.00 0.00-0.01 0.33 0.32-0.33 0.66 0.65-0.66 1.00 0.99-1.00

0 4939 2421 2175 1015 1149 523 753 312

2 2 045 727 1125 355 717 205 497 131

4 1066 266 684 148 479 93 355 63

8 440 56 333 37 261 27 209 20

16 154 8 132 6 114 4 99 4

16


