
CHAPTER 4

Public health benefits
This chapter introduces the concept ofpublic health benefits in terms of the previously

defined dimensions of the problem and of the available technology. Relevant to the mea-

surement of direct health benefits is the clinical efficacy of the technology, estimated by
means of controlled trials. Relevant to the measurement of indirect health benefits is the
epidemiological effectiveness of the technology, which expresses the number of future
cases prevented, as estimated from epidemiological simulation. " Aggregate health bene-
fits" is defined as the sum of direct and indirect benefits. Problems of aggregation-in
particular over time-are raised, and the concept ofpure time preference is introduced.
Procedures for computing estimates of efficacy and effectiveness levels, and of aggregate
health benefits, are outlined.

As a corollary to the definition of a health problem
given in Chapter 1 and the description of available
public health technology presented in Chapter 2,
a general definition of health benefits may now be
proposed: the reduction of the health problem by
the appropriate technology. Because both the prob-
lem and the technology relate to the community as
well as to the individual, it is to be expected that
this duality will again be reflected in the concept
of health benefits.
That part of the technology directly reducing the

clinical manifestations of disease may be defined
as the means of producing direct health benefits to
the individual(s) concerned. Such is the case in
what is generally referred to as curative medicine,
which may reduce disability, impairment, and/or
risk of premature death in the treated individuals.
All the beneficiaries are among those treated or,
more generally, subjected to the health activity
leading to such direct health benefits.
The other part of the technology acting on the

epidemiology of the disease-i.e., preventing the
occurrence of future cases-may be considered to
yield indirect health benefits to the community, in
terms of the aggregate disability, impairment, and
premature mortality avoided by preventing these
cases from occurring. In this instance the beneficia-
ries outnumber the individuals treated or in other
ways subjected to the health activity.
Thus we can distinguish two distinct types of

efficacy of public health technology: one is essen-
tially clinical and relevant to estimating direct

benefits to the individual (referred to as e); the
other is epidemiological and relevant to estimating
the indirect benefits accruing to the community
(referred to as E). There is no reason why the two
types should not be associated in any single tech-
nology, though in practice technologies may often
be rather specific in this respect-e.g., in the case
of symptom suppression. However, many primarily
preventive tasks can be credited with some degree
of clinical efficacy, as suggested by the prognosis
of the cases that have developed on account of the
limited epidemiological effectiveness of the pre-
ventive measures. Similarly, most antibiotics and
chemotherapeutic drugs, whose clinical efficacy in
the individual is the prominent property, can be
credited with a degree of epidemiological effective-
ness in that they reduce the community's exposure
to infection. These concepts of epidemiological
effectiveness (E) and clinical efficacy (e) can appro-
priately be applied to the technologies available in
the field of tuberculosis control.

EPI:DEMIOLOGICAL EFFECTIVENESS
OF TUBERCULOSIS CONTROL TECHNOLOGY

The definition of the tuberculosis problem by the
WHO Expert Committee on Tuberculosis (1964)-
viz., that it " can be conceived of as the sum total
of the individual suffering caused by the disease,
and the related social costs "-makes implicit refer-
ence to the epidemiological dimension of this disease.
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It has been suggested by Waaler 1 that the tuber-
culosis problem in a community should be repre-
sented as the cumulated sum, over all future times,
of the man-years of active, infectious disease that
will ever be experienced by that community.
Within the framework of these definitions, Waaler

& Piot (1969) discuss the concrete meaning ofefficacy
and effectiveness in tuberculosis control technology
by means of epidemiological projections based on
models, and in a subsequent paper the same authors
(Waaler & Piot, 1970) illustrate this methodology
with an actual model for estimating effectiveness.
In brief, given different levels of coverage with a
specified control measure (say, 65% and 66%
coverage with BCG vaccination), the difference in
the numbers of cases predicted to result after the
application of that measure at these levels can be
calculated over a certain period (for instance, if the
BCG coverage of a stated population is raised from
65% to 66% the number of cases expected to occur
over the following 75 years decreases by, say, 125).
If this procedure is adopted for each successive
cohort (by age) in each successive time period, it
leads to a measurement not only of the approximate
level of effectiveness, but also of its distribution
pattern in terms of age, and to an estimate of the
time at which these cases of tuberculosis would
otherwise have occurred. Both age and time esti-
mates are relevant in the context of the present study,
since public health administrators are daily con-
fronted with decisions involving intertemporal
choices and value-loaded questions of age-preference
in planning control programmes.

Naturally, effectiveness varies with the prevailing
epidemiological conditions. To estimate the marginal
effectiveness of tuberculosis control technologies in
the context of the epidemiological situation in the
Republic of Korea, Waaler (personal communi-
cation, 1968) ran a series of computer simulations
based on Korean demographic, epidemiological, and
operational parameter estimates. The analysis of
the printout by cohort, age, and time produced a
set of values of E over a period of 75 years corres-
ponding to the successful treatment with a standard
course of chemotherapy of one sputum-positive case
of tuberculosis and the BCG vaccination of one

1 Waaler, H. T. (1964) A note on the formulation of anti-
tuberculosis programmes (unpublished working document
WHO/TB/Techn. Information/29 Rev. 1.65). A limited
number of copies of this document is available to persons
officially or professionally interested on request to Distribu-
tion and Sales, World Health Organization, 1211 Geneva,
Switzerland.

Table 8. Estimated marginal preventive impact of
tuberculosis control technologies in the Republic of
Korea: (1) Marginal effectiveness (E) of treating one
case of tuberculosis by a standard course of chemo-
therapy, by age at treatment, (2) Marginal effectiveness
(E) of BCG vaccination by age at vaccination

(1)
Age at Number Number of cases Number of cases

treatment of cases prevented over prevented per
(years) treateda 75 years case treated (E)

0-14 100 114 1.14

15-44 100 517 5.17

45-64 100 248 2.48

>65 100 0 0

a "'Treated - means successfully treated (conversion rate = 1).

(2)
Age at Number Number of cases Number of cases

vaccination of persons prevented over prevented per
(years) vaccinated b 75 years vaccination (E)

0-4 2116 346 0.164

5-9 1974 311 0.158

10-14 1984 556 0.280

b - Vaccinated - means successfully vaccinated (clinical
efficacy = 0.8).

uninfected child. There was, at the time these
computer simulations were done, no specification of
chemoprophylaxis coverage in the Republic ofKorea.
The simulation model did not therefore compute a
marginal E for chemoprophylaxis.
The results of the computer simulations are-given

in Tables 8 and 9. Table 8 gives the computed
marginal preventive impact of chemotherapy and
BCG vaccination, and Table 9 shows the projected
age-time pattern of these prevented cases over
75 years. Because they have been simulated with
Korean data, these tables truly represent the esti-
mated marginal effectiveness of the technologies in
question-i.e., the effectiveness of the next BCG vac-
cination or the next course of chemotherapy, if given
under prevailing conditions as reflected by the
tuberculosis prevalence survey.

Tables 8 and 9 show, first, that the level of effec-
tiveness depends on the age of the treated patient or
the vaccinated individual, and, secondly, that there
is a marked difference in the distribution pattern,
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Table 9. Projected age-time pattern over a 75-year period of prevented cases of
tuberculosis after (1) chemotherapy or (2) BCG vaccination in various age groups at
the beginning of the period (to)

(1)

Age of Age at Time span (years)prevented treatment
cases (years) 0-14 15-29 30-44 45-59 60-75
(years) 01 52 04 55 07

0-14 0.061 0.044 0.061 0.061 0.061
0-14 15-44 0.064 0.043 0.060 0.058 0.058

45-64 0.077 0.036 0.060 0.052 0.056
>65 0 0 0 0 0
0-14 0.009 0.070 0.123 0.158 0.158

15-44 15-44 0.017 0.089 0.154 0.135 0.143
45-64 0.016 0.093 0.153 0.138 0.146
>65 0 0 0 0 0
0-14 0 0 0 0.053 0.079

45-64 15-44 0 0 0.007 0.073 0.070
45-64 0 0 0.004 0.080 0.060
>65 0 0 0 0 0
0-14 - - - - 0.026

>65 15-44 0 0 0 0.002 0.025
45-64 0 0 0 0 0.028
>65 0 0 0 0 0

(2)

Age of Age at Time span (years)
prevented vaccination

case (years) 0-14 15-29 30-44 45-59 60-75

0-4 0.040 0.049 0.095 0.063 0.029
0-14 5-9 0 0.048 0.096 0.058 0.006

10-14 0 0.049 0.099 0.052 0.005
0-4 0.026 0.179 0.078 0.017 0

15-29 5-9 0.070 0.132 0.070 0.009 0
10-14 0.068 0.085 0.058 0.005 0
0-4 0 0.040 0.167 0.003 0

30-44 5-9 0 0.106 0.119 0 0
10-14 0 0.182 0.072 0 0
0-4 0 0 0.029 0.118 0.014

45-64 5-9 0 0 0.090 0.090 0.045
10-14 0 0 0.156 0.085 0
0-4 0 0 0 0 0.043

>65 5-9 0 0 0 0.012 0.045
10-14 0 0 0 0.041 0.036

by age and time, of the preventive effect of these
two technologies. Table 8 suggests that the successful
treatment of one patient aged between 15 and
44 years is about 33 times more effective, in terms
of the number of cases prevented over the next
75 years, than the vaccination of one child between
the ages of 5 and 9 years. Moreover, the figures in
Table 9 imply that the preventive effect of treatment
is quicker to show.
The age-time pattern of effectiveness of chemo-

therapy was assumed to be applicable to chemo-

prophylaxis for the purposes of the study. A single
estimate of the effectiveness (E) was calculated as
0.280 for persons receiving chemoprophylaxis in the
age group 0-14 years.

CLINICAL EFFICACY OF TUBERCULOSIS
CONTROL TECHNOLOGY

The concept of clinical efficacy (e) has been stud-
ied for those tasks capable of exerting an influence
on the clinical course of disease.
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Several controlled clinical trials of preventive and
curative tuberculosis control measures have been
conducted in the course of the last 20 years. These
studies have been landmarks in the history of tuber-
culosis control, and have had far-reaching effects on
the tuberculosis control policies of most govern-
ments. A wealth of publications analyse the findings
of these studies, of which 3 are mentioned here for
reference.

First, in chronological order, came the British
Medical Research Council's BCG trial (Great Bri-
tain, Medical Research Council, 1956), which demon-
strated scientifically the efficacy of BCG vaccine in
noninfected subjects. In the cohort of vaccinated
subjects the risk of developing one form or another
of tuberculous disease was estimated to be only 20%
of that observed among the controls. The protective
effect was found durable in the second and third
follow-up studies (Great Britain, Medical Research
Council, 1959, 1963).
The controlled clinical trials of INH chemopro-

phylaxis conducted by the US Public Health Service
(Mount & Ferebee, 1961; Ferebee & Mount, 1962;
Mount & Ferebee, 1962; Ferebee et al., 1963) con-
cluded that this technology afforded a reduction in
the risk of developing the disease among recently
infected individuals: the risk was calculated to be
roughly 25% of that observed in the control group.
Horwitz et al. (1966) also observed a protective effect
of INH among the population of Greenland. The
follow-up studies of the protective effect of INH
prophylaxis do not, however, suggest durability of
protection.
A series of clinical trials of various treatment regi-

mens was initiated in 1958 jointly by the World
Health Organization, the British Medical Research
Council, the Government of India, and the Tuber-
culosis Chemotherapy Centre, Madras. The first
publication (Tuberculosis Chemotherapy Centre,
Madras, 1959) demonstrated the clinical efficacy of
alternative regimens of ambulatory or domiciliary
chemotherapy, in terms of the bacteriological con-
version of the patients, as well as other, less relevant,
clinical criteria. Several follow-up studies of the
cohorts of patients confirmed the long-term efficacy
of the therapy (Velu et al., 1961; Dawson et al., 1966).
The risk of persistence of the disease and/or relapse
among bacteriologically positive cases was found
to be of the order of 10-33% of that previously
observed among patients untreated with these
regimens.

All the studies mentioned were concerned with

demonstrating the efficacy of new technologies in
terms of the risk of developing disease or relapsing
into active disease. Any reference to the efficacy of
these technologies in reducing such manifestations
of the disease as disability, impairment, or excess
mortality was at best incidental. In comparing insti-
tutional treatment with domiciliary chemotherapy
and ambulatory chemotherapy, the Madras studies
showed that, other things being equal, one year of
bed rest was not essential for the bacteriological
conversion of the patient. Indirect evidence was also
brought forward on the considerably reduced risk
of dying from the disease in the course of, and in the
years following, treatment. No indication was ob-
tained of the frequency and extent of functional
(respiratory) loss, though the extent of radiological
lung involvement was carefully assessed. The other
studies do not dwell at length on these aspects,
though they do present suggestive evidence that the
extent and clinical course of disease, when it occurs
among vaccinated subjects or those given INH
chemoprophylaxis, are less serious than among the
controls. If, then, one wishes to assess the efficacy
of modern tuberculosis control measures in terms of
disability, impairment, and excess mortality risks,
other sources of information must be studied.

Conceptually, the question involves: (1) measur-
ing the level of disability, impairment, and risk of
dying in a noninterference situation-i.e., in the
absence of treatment; (2) measuring the same aspects
again when control measures-e.g., treatment-are
applied; and (3) measuring the difference between
(1) and (2) and relating it to the baseline. The result-
ing ratio would be an expression of efficacy.

In practice the estimation of efficacy could be
obtained from statistics from the pre- and post-
chemotherapy areas. An estimation of the baseline
level of disability, impairment, and excess mortality
was discussed in Chapter 1. Although several limita-
tions were encountered, a set of estimates was
arrived at by resorting to material from various
sources such as hospital statistics from different
countries and, in the absence of statistical evidence,
by recourse to quantified clinical judgement. No
doubt the same difficulties are likely to hamper the
estimation of the level of disability, impairment, and
excess mortality under conditions of interference-
e.g., the application of chemotherapy-, despite the
fact that this control measure is in wide use and
has been studied at close quarters.
With regard to the efficacy of chemotherapy in

reducing the number of bed-disability days, we do

s
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have the Madras findings, which showed that, with
a standard course of chemotherapy, a full year of
hospital bed rest could be dispensed with. An attempt
has been made to obtain other hospital statistics
from the postchemotherapy era. Such data were
made available by courtesy of the US Veterans
Administration tuberculosis hospitals (Tucker, per-
sonal communication, 1968) and could also be
extracted from figures issued by the Regional Hos-
pital Boards of England and Wales for 1949 and 1964
(England and Wales, Registrar General, 1954; Eng-
land and Wales, Ministry of Health & General
Register Office, 1967). The data are presented in
Table 10.
The efficacy of chemotherapy in reducing the

average duration of stay in tuberculosis hospitals is
taken simply as the ratio of the reduced number of
days to the duration of stay before chemotherapy
was available. That the efficacies vary is clear from
the table, and the data shown therein do not support
the higher values suggested by the Madras findings.

Table 10. Efficacy (e) of chemotherapy of tuberculosis
in terms of reduction of bed-disability days, by age of
patient, as estimated from hospital statistics in the USA
and England and Wales: (A) US Veterans Administra-
tion tuberculosis hospitals, (B) Regional Hospital
Boards, England and Wales

(A)
Average duration Age group (years)

of stay
(days) .44 45-64 >65 All ages

1951 235 300 299 273

1964 184 209 242 206

difference 51 91 57 67

difference 0.22 0.30 0.19 0.25
duration in 1951

(B)

Average duration Age group (years)
of stay
(days) 0-14 15-44 45-64 >65 All ages

1949 67 189 139 44 173

1965 80 82 79 73 121

difference -27 107 60 -29 52

e = difference -040 0.57 0.43 -0.66 0.30duration in 1949

(The negative e's in the Regional Hospital Board
material probably reflect the increased availability of
hospital beds in the 15-year time span considered;
the average duration of stay in hospital reaches more
or less the same level for all age groups by 1965,
and this trend, as well as the effect of chemotherapy,
is probably reflected in these figures.) The data
suggest that numerous factors involved in the insti-
tutional treatment of tuberculosis on a service basis
exert their influence on the implementation of new
policies founded on research evidence, and this fact
is consistent with the wide range of variation in the
figures for mean duration of hospital stay in different
countries commented on in Chapter 1.
Thus a valid estimate of the efficacy of chemo-

therapy in reducing days of temporary disability in
hospital for the different age groups is not easily
deduced from the available sources of information.
An attempt was therefore made to estimate this effi-
cacy in relation to the available data from the
Republic of Korea. During the period 1964-65 the
practice in that country was to treat tuberculosis
institutionally for an average duration of 100 days.
On the assumption of the Madras findings that
standard chemotherapy of tuberculosis renders hos-
pitalization superfluous, the number of bed-days
saved through the use of chemotherapy in the
Republic of Korea might be taken to be 100. A set
of efficacy values in respect of standard chemo-
therapy was derived from the 1951 figures for dura-
tion of bed disability in US Veterans Administration
hospitals so as to achieve a uniform reduction of
100 days, irrespective of age. The efficacy values
arrived at in this way are presented below:

Age group Estimated efficacy
(years) (e)
0-14 ....... ... 0.366
15-44 ....... ... 0.458
45-64 ....... ... 0.344
>65 ....... ... 0.344

These e values are used in applying the resource
allocation model to tuberculosis control. Their valid-
ity will be tested over a wide range of values in the
sensitivity testing reported in Chapter 9.
Turning to a measure of the efficacy of chemo-

therapy in reducing the permanent impairment caused
by tuberculosis, we are on even less firm ground.
There are no estimates available from the literature
of the loss of vital capacity in tuberculous patients
before and after the advent of chemotherapy. There-
fore clinical judgement, unsupported by statistical
evidence, must be invoked in order to estimate the
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Table 11. Excess mortality due to tuberculosis after the introduction of chemotherapy
(1960-64), by age group

Number of survivors without Number of survivors with Excess number of deaths
tuberculosis tuberculosis i g rus(er)Year in age groups (years): in age groups (years)::

15-44 45-64 >65 15-44 45-64 >65 15-44 45-64 >65

0 1 000 1 000 1 000 1 000 1 000 1 000 - - -

1 998 996 959 978 924 770 20 72 189

2 996 991 915 968 897 695 28 94 220

3 994 985 869 958 874 632 36 111 237

4 991 978 822 948 846 572 43 132 250

5 989 970 773 937 816 515 52 154 258

6 981 961 721 926 785 458 55 186 263

7 985 951 668 914 749 403 71 202 265

8 982 940 613 900 705 361 82 235 252

9 980 928 558 885 659 307 95 239 251

10 978 915 503 875 613 275 103 302 228

level of efficacy.
follows:

Age group
(years)

0-14
15-44
45-64
>65

The resulting estimates are as

Estimated efficacy
(e)

..... . . . . ... 0.6

....... . . . . ... 0.5

..... . . . . . . 0.4

....... . . . . ...0.0

Epidemiological studies on the efficacy of chemo-
therapy in reducing the loss of vital capacity in
patients would seem to be warranted.

In respect of excess risk of mortality, the 1930-34
Danish material presented in Table 1, Chapter 1

(page 14), has fortunately been replicated, with minor
differences, in a cohort study by Iversen (1967) for
the period 1960-64-i.e., after the introduction of
chemotherapy. The data are shown in Table 11.
By differentiating the excess number of deaths

presumably due to tuberculosis in the two sets of
age-specific cohorts, one obtains estimates of the
number of lives presumably saved by chemotherapy.
If, then, one defines the efficacy of chemotherapy as

the ratio of the number of lives saved by chemothe-
rapy to the excess number of deaths due to tubercu-
losis before the general introduction ofchemotherapy
(1930-34), one can calculate, for each age group,
year-by-year levels of efficacy in respect of excess

mortality. These levels are presented in Table 12.

For the purpose of the present study, the values
at 5 years were taken as the efficacy levels applicable
in each age group-namely, 0.87 in the age group
15-44 years, 0.64 in the age group 45-64 years, and
0.43 in the age group 65 years and over. (For com-
parison, calculation of the arithmetic means over the

Table 12. Efficacy (e) of chemotherapy of tuberculosis
in terms of reduction of the risk of excess mortality, by
age of patient

Estimated efficacy in age groups
Year (years):

15-44 45-64 >65

0 - _ _

1 0.89 0.80 0.235

2 0.88 0.75 0.544

3 0.88 0.75 0.453

4 0.88 0.70 0.453

5 0.87 0.64 0.429

6 0.85 0.63 0.409

7 0.84 0.61 0.352

8 0.83 0.59 0.276

9 0.80 0.56 0.213

10 0.80 0.43 0.133
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entire 10-year period would give 0.85, 0.65, and 0.35
in the 3 respective age7.groups.) The estimate for
age group 0-14 years was taken as 0.87.
No estimates of the clinical efficacy of BCG or

chemoprophylaxis are available in respect of dis-
ability, impairment, and risk of premature death
among'subjects in whom prevention has failed.

ESTIMATION OF HEALTH BENEFITS

In summary, the aggregate health benefit to a
community is the sum of the direct health benefits
accruing to treated individuals, and of the indirect
health benefits accruing to the community from the
prevention of future cases.
With specific reference to tuberculosis, we have

proposed that chemotherapy has both clinical effi-
cacy and preventive effectiveness, and that both
effects are measurable. Both direct and indirect
benefits from chemotherapy can therefore be esti-
mated. Similarly, BCG vaccination and chemopro-
phylaxis have both efficacy and effectiveness, but,
in the absence of estimates of the efficacy level in
respect of disability, impairment, and premature
death among subjects in whom prevention has failed,
only the indirect benefits of these technologies can
be estimated, on the basis of the measurement of
their preventive effectiveness.
The effectiveness and efficacy of these tuberculosis

control technologies proposed in this chapter are
summarized for convenience in Table 13. The values
of E and e given in the table have been used to
compute the benefits in the resource allocation
model. The mathematical computations are given
in Chapter 7, in which the model is explained.

Table 13. Marginal epidemiological effectiveness (E)
and clinical efficacy (e) of tuberculosis control techno-
logies, by age at intervention

Age at e in respect of:
Technology intervention E Dis- Impair- Mortal-

(years) ability ment ity

BCG vaccination 0-14 0.158 - - -

chemoprophylaxis 0-14 0.280 - - -

chemotherapy 0-14 1.14 0.366 0.6 0.87

15-44 5.17 0.458 0.5 0.87

45-64 2.48 0.344 0.4 0.64

>65 0 0.344 0 0.43

Finally, a brief reference to the problem of inter-
temporal choices may be in order here. The avail-
ability of estimates of the preventive effectiveness of
tuberculosis technology in terns of future cases pre-
vented allows one to take into account the future
consequences of today's decisions. This involves the
problem of time preference. The essence of this
problem is to find a means of comparing, say, two
cases of tuberculosis, one occurring (or prevented
from occurring) now, with another occurring at
some specified later time, so as to permit a deci-
sion on the relative importance of one or the
other-that is, if both cannot be given the same con-
sideration. This problem, as discussed by economists,
is reviewed by Feldstein (1965) and Waaler & Piot
(1970), the latter authors referring specifically to
tuberculosis. The concept involves the introduction,
in the computation of aggregate health benefits, of a
pure time preference discount rate so as to reduce
all future events to their present value.
The application of a pure time discount does not

raise problems of concept or application in the case
of discrete events such as deaths or discretely dis-
tributed quantities such as bed-days. In the case of
permanent impairment, which is continuous in both
extent and distribution, the discount would have to
be introduced in the computation of the duration
of reduced or prevented impairment. This duration
corresponds to the number of years of survival of
the individuals concerned, given their age, and the
time at which impairment commenced or would
commence. In this case, the life expectancy figures
for the Republic of Korea, presented in Annex 2
of Chapter 1, are discounted by an appropriate
factor. Computational details are given in Chapter 7.
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