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Some Evidence of the Efficacy of
Mass BCG Vaccination
KJELL BJARTVEIT 1 & HANS WAALER 2

To assess the efficacy of mass BCG programmes the authors have made a comparative
analysis ofage-specific trends in the incidence ofactive tuberculosis in the three Scandinavian
countries, where mass vaccination ofspecific age-groups has been carried out since the late
1940s, and two states of the USA (upstate New York and Ohio), where mass BCG cam-
paigns have never been conducted.

In the three Scandinavian countries a markedly more favourable incidence trend was
observed in the age-groups following the first inoculation-as compared with other age-
groups in the same country and with corresponding age-groups in the other countries where
a different BCG programme, or no programme at all, has been applied. The authors
consider that these observed differences in incidence trends reflect the influence of BCG
vaccination and, on this assumption, have attempted to estimate the primary effect of the
BCG programmes quantitatively, in terms of hypothetical " gained and lost cases " in the
various age-groups. They stress, however, that the significance of these gained and lost
cases must be evaluatedfrom an epidemiological viewpoint and that the relevant epidemio-
logicalfactors must be taken into account in the planning ofBCGprogrammes.

It has been conclusively demonstrated over the
years that BCG vaccination of human beings under
certain conditions induces some increased immunity
to tuberculosis (see, for example, Heimbeck, 1928,
1938; Aronsen & Palmer, 1946; Hyge, 1947; Dahl-
strom & Difs, 1951; Great Britain, Medical Research
Council, 1956, 1959, 1963). The most important
issue today is the question of the total impact on
the tuberculosis problem that can be achieved by a
specific BCG vaccination programme.

Since the Second World War, various countries or

areas have concenrtrated their BCG programmes on
certain specific age-groups. One would expect that
such programmes, if effective, would lead to a steeper
downward trend in tuberculosis incidence for these
age-groups relative to other age-groups, as com-
pared with areas where no BCG programmes have
been applied. It is the intention of the present paper
to study available statistics on the incidence of new
cases of tuberculosis from some of these areas in
order to find out if such an effect can be demon-
strated.

METHODS

For our purpose, it is essential briefly to analyse
what actually happens to the tuberculosis situation
when a vaccination is performed, and how the effect
is spread throughout the community. The indivi-

1 Medical Officer, National Mass Radiography Service,
Directorate of Health Services in Norway, Oslo.

' Senior Statistician, National Tuberculosis Register,
Division of Tuberculosis, Directorate of Health Services
in Norway, Oslo.

dual's immunity after vaccination is almost im-
mediately enhanced and will remain considerable
probably for several years, perhaps waning after
some time. The vaccination thus prevents him, for a
shorter or longer period, and at least partly, from be-
coming infectious with virulent tubercle bacilli, and
thereby reduces the infection rate in the community,
with further repercussions on other persons, vac-
cinated and unvaccinated, for a long period, in
principle for ever.
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One may distinguish various stages in the impact
of the vaccination:

(1) Primary effect: impact on the vaccinatedpopu-
lation due to the change in the individual's immunity.
This pertains to the primary as well as to the later
forms of the disease.

(2) Secondary effect: impact on the development
of tuberculosis in the total population due to the
reduced infectiousness among the vaccinated.

(3) Later effects: all other repercussions. The
reduced frequency of tuberculosis among the un-
vaccinated will reduce the amount of infection in the
community and thereby the future incidence.

Thus, BCG vaccination would have a favourable
effect on the total tuberculosis problem even if the
vaccination merely constituted a delaying mechanism.
The intention of the present paper is to give some

evidence of the primary effect of various BCG pro-
grammes, since over the relatively short period of
time for which data are available the secondary and
later effects will be negligible.'
When a mass vaccination programme is launched,

the impact on the age-groups concerned will be
gradual over time, for the following reasons:

(1) The actual performance and completion of a
BCG programme will always take time. Usually
there will be a geographically gradual coverage.

(2) BCG vaccine is given to tuberculin-negative
persons-those presumably uninfected. Initially,
any age-group will contain a proportion of infected
persons. The gradual replacement of this virulent
infection by BCG in a given population is a slow
process, the period required varying with the pre-
valence of infection at the outset of the programme.

(3) During the period studied in the present paper,
there has undoubtedly been an improvement in the
quality of BCG vaccine (Tolderlund, 1952).
One may therefore conclude that, in any BCG

programme, the age-groups concerned will benefit
only gradually from the programme.
As a consequence of the gradually increasing BCG

coverage of an age-group, the age-specific incidence
will develop a steeper downward trend in accordance
with the immunizing effect of the vaccination. The

1 Admittedly, the major epidemiological interest focuses
on the eventual change in the future infectiousness of the
vaccinated persons. However, the present method of analysis
cannot be applied with the data available, since morbidity
statistics from most countries do not permit a satisfactory
distinction to be made between infectious and non-infectious
cases.

age-specific incidence trends will, however, vary to
some extent from age to age, even in the absence of a
BCG programme. It is therefore only the trend in
the age-group concerned relative to the trends in
other age-groups that can actually reflect the impact
of the BCG vaccination programme.
The method of examining age-specific incidence

trends as a basis for the assessment of a BCG pro-
gramme has been applied by several authors. Moodie
(1961, 1963) has examined age/sex-specific incidence
trends in Hong Kong, where BCG vaccination was
confined almost exclusively to newborn infants-with
a coverage that gradually increased from 3.6% in
1954 to 71.5% in 1960. From 1954 to 1962 morbidity
(all forms of tuberculosis) in children under the age
of five years decreased by about 80% while morbidity
in adults fell only slowly during the same period.

In Denmark, where BCG vaccination has been
concentrated particularly on schoolchildren from
the first grade onwards, the most favourable trend
during recent years in the incidence of pulmonary
tuberculosis has been observed in the age-group
5-15 years (Groth-Petersen, Knudsen & Wilbek,
1957). This is demonstrated as a sudden decline
during the years immediately following the introduc-
tion of mass vaccination. In Praest0 County, the
vaccination of schoolchildren carried out during
1946-47 was followed by an abrupt decrease in
incidence in the age-group 8-14 years from 194748
on. In Holbaek County and in Copenhagen City,
vaccination of schoolchildren was carried out dur-
ing 194849, and in both places there was a sudden
reduction in the number of cases in the correspon-
ding age-groups from 1950 on. In Vejle County-
where BCG vaccination has been concentrated on
children of school-leaving age (13-14 years)-such a
sudden decline in incidence among the school-
children is not apparent, the reduction in the
number of cases having been gradual and less
pronounced. However, since the late 1940s, in Vejle
County, there has been a rapid decline in incidence
in the age-group 15-19 years (Groth-Petersen, 1952;
Winge, 1951; Slottved, 1952, 1958).
From Norway, Hansen (1961) reports a steeper

decrease in incidence in young adults (the group on
which the BCG vaccination programme has been
concentrated) than in children and older persons.
This steeper decrease in incidence appears in the
years following the introduction of the vaccination
programme, and is first and most pronounced in the
primary and early forms of tuberculosis, later and
less pronounced in the later forms of the disease.
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Hcwcver, to the above evidence one may raise the
objection that the differences in age-specific trends
could have existed without a BCG programme.
Katz & Kunofsky (1961), for instance, have observed
that in upstate New York, where no mass vaccination
has been undertaken, the steepest decrease in inci-
dence during recent years has taken place precisely
among the young adults. Consequently, if this age-
group in a community is vaccinated, the fact that it
shows the steepest decrease does not necessarily give
evidence of the efficacy of BCG vaccination.
The method applied in the present paper takes this

objection into account. We compare the pattern of
age/sex-specific incidence trends in various areas
where BCG programmes have been concentrated on
different age-groups and in areas where no mass
BCG vaccination has been applied. We compare
the incidence trend in a vaccinated age-group with

incidence trends in other age-groups in the same area
as well as with incidence trends in the corresponding
age-group in areas where no vaccination has taken
place. The differences in age-specific trend ratios
are analysed and various explanations are put
forward.

It should be stressed that we are not comparing
incidence levels. Completeness of reporting and
accuracy of diagnosis may vary from country to
country and, hence, available incidence statistics will
not be directly comparable between countries. How-
ever, it is not likely that, over a few years, any
changes in the said factors will differ by age-groups
from one country to another, and so far it is reason-
able to assume that the statistical pattern of age-
specific trends reflects the changes that have actually
taken place. Other factors affecting incidence figures
are discussed on pages 305-306.

MATERIALS

The areas included in this study are the three
Scandinavian countries-Denmark, Norway and
Sweden-and two states of the USA-upstate New
York (i.e., New York State excluding New York
City) and Ohio.' In the following paragraphs, a
survey will be made of the BCG programmes con-
cerned and of the statistical material on which this
study is based.

BCG VACCINATION PROGRAMMES

In the three Scandinavian countries, BCG pro-
grammes were launched on a large scale in the late
1940s. However, the programmes in these countries
have different patterns, in that the age at which the
first inoculation was performed varies from country
to country, as follows:

Sweden: Newborn babies.
Denmark: Children entering elementary schools

(at 7 years of age) and, to some extent, pre-school
children.
Norway: Children leaving elementary schools (at

14 years of age).
In each of these countries, the great majority of
the age-groups mentioned were covered by BCG

I Upstate New York and Ohio were selected because, in
1962, one of the authors (Bjartveit), during his tenure of a
WHO fellowship, had the privilege of studying tuberculosis
work in these two areas.

vaccination during the 1950s. In addition, in Den-
mark and Sweden, a concentrated school vaccination
programme has been carried out since the late 1940s.
In this way, most of the children leaving elementary
schools in all three Scandinavian countries were
covered by BCG during the 1950s, although in
Denmark and Sweden inoculations were given in-
creasingly at earlier ages.

In the two states of the USA, no mass BCG vac-
cination has been applied.

This gives an acceptable statistical basis for the
evaluation of BCG programmes.
A more-detailed description of the BCG pro-

grammes concerned is given below.

Denmark
Apart from mass vaccination programmes on Born-

holm from 1936 to 1940 and in Copenhagen from 1946
to 1948, the general use of BCG was extended only
gradually and slowly up to 1948 (Groth-Petersen,
Knudsen & Wilbek, 1959). As late as at the end of 1947,
only 5 %-10 % of the population had been vaccinated,
and for the country as a whole, excluding Copenhagen,
the approximate proportions of vaccinated persons were
as follows:

0- 5 years . . . . . . . 2%
6-13 years ...... . 8%
14-24 years . . . . . . . 13%
25 years and over . . . . 2%
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TABLE 1
PERCENTAGE OF BCG-VACCINATED SCHOOLCHILDREN AT THE TERMINATION

OF EACH SCHOOL YEAR, DENMARK, 1955156-1960/61 a

School year
Time of BCG vaccination

1955156 1956/57 T 1957/58 1958/59 1959/60 1960/61

1 st grade (7 years):

Before school entrance 56.0 52.0 46.7 39.4 32.7 30.7

After school entrance 17.4 21.6 24.1 26.3 28.8 34.4

Total ...... . . . 73.4 73.6 70.8 65.7 61.5 65.1

All grades (7-14 years):

Before school entrance 42.1 46.6 48.2 47.3 45.9

After school entrance 43.8 39.6 37.5 36.6 38.6

Total .-..... . . . 87.3 85.9 | 86.2 f 85.7 83.9 84.5

Source: Data based on medical reports for the Kingdom of Denmark, published annually by the National Health Services of
Denmark, Copenhagen.

a Results of examination by school physicians.

On 1 April 1949, a provision of the Danish School
Health Act came into force, requiring that all school-
children, through co-operation between the school
health officer and the chest clinics, should be examined
for tuberculosis, and that all tuberculin-negative children
should be offered BCG vaccination before they left
school. In the period 1949-51, vaccination was actually
given to rather more than 90% of the tuberculin-negative
schoolchildren of all ages. Thereafter, and up to the end
of the 1950s, it has been accepted practice, in all counties
but one, to vaccinate children when they enter school at
the age of 7 (Groth-Petersen, 1955; Slottved, 1958).
From 1955 onwards, country-wide figures are available

on the BCG status of schoolchildren. These figures,
which are presented in Table 1, show that, from 1955 to
1960, between 61 % and 74% of schoolchildren in the
first class (age 7-8 years) and 84 %-87% of all those aged
7-14 years were vaccinated either before or after entering
school.
At school-leaving age (14 years) the children are

retested, and the few who are tuberculin-negative are
revaccinated (Groth-Petersen, 1955).

In Copenhagen, the adult population above 15 years
of age was given BCG vaccination during a mass cam-
paign in 1946-48, during which 25% of those aged 15-34
years who were tuberculin-tested were BCG-vaccinated
(Winge, 1950). In the rest of the country, a mass cam-
paign was carried out in the period 1950-52. The per-
centages of the population BCG-vaccinated before and
during this campaign are presented in Table 2.

Military conscripts were tuberculin-tested and those
who were negative were offered BCG vaccination

(Winge, 1952). About 90 %-95 % of the tuberculin-
negative conscripts were BCG-vaccinated during the
period concerned (Table 3).
BCG vaccination of other groups of the adult popula-

tion was carried out only to a limited extent. Country-
wide age-specific data on these vaccinations are not
available.

Pre-school children in the age-group 1-6 years were
personally invited to the country-wide mass campaign
outside Copenhagen (1950-52), and 65% attended
(Groth-Petersen, Knudsen & Wilbek, 1959). BCG vac-
cination was given to 77.5% of those examined (Danish
Tuberculosis Index, personal communication, 1963).
Other systematic BCG vaccinations of non-exposed pre-
school children were carried out only on a limited scale
(Groth-Petersen, 1955). However, according to Table 1,
31 % of school entrants in 1960/61 were vaccinated before
reaching school age, the exact age distribution at the first
inoculation being unknown. For the years preceding
1960/61, the corresponding figures partly reflect the con-
centrated vaccination programme that was carried out
in 1950-52 in the age-group 1-6 years. Further details on
the number and age distribution of pre-school BCG
vaccinations are not available.
The BCG vaccine used in Denmark is produced by the

Statens Seruminstitut, Copenhagen.

Norway
From 1947 on, after more than twenty years of experi-

ence with BCG on a comparatively small scale, BCG
vaccination has been organized on a large scale (see
Table 4), based upon an Act empowering the Ministry of
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TABLE 2
PERCENTAGE OF PERSONS BCG-VACCINATED a BEFORE AND DURING THE MASS

CAMPAIGN b IN DENMARK, 1950-52, BY AGE

Age-group (years)

1-6 15-24 25-34 35-44 45+

Percentage of persons BCG-vacci-
nated:
Before campaign, and not revacci-
nated during campaign - 38.0 15.3 4.3 1.4

During campaign, including re-
vaccinations 77.5 39.5 31.7 24.2 14.8

Total . . . . . . . . . . . . 77.5 47.0 28.5 16.2

Percentage tuberculin-negative, un-
vaccinated during campaign - 1.2 1.5 *2.4 2.4

Percentage attendance at the cam- - 6 4 1
paign 65 64 67 43 12

Sources: Groth-Petersen, Knudsen & Wilbek (1959); Danish Tuberculosis Index (personal
communication, 1963).

a The percentages of BCG-vaccinated persons are based on the population examined, excluding
persons with active tuberculosis, persons previously reported as having tuberculosis, and persons
for whom no information on tuberculin status or previous vaccination was available (6.4 % of the
adult population examined were thus excluded).

b The campaign covered the entire country with the exception of Copenhagen County, the
island of Bornholm and a few smaller communities where campaigns had previously been carried
out. Pre-school children, aged 1-6 years, and the adult population, aged 15-34 years, were individually
invited.

Social Affairs to declare tuberculin testing and BCG
vaccination compulsory for certain groups of the popula-
tion.

Since the late 1940s, the BCG vaccination programme
has been carried out as follows:

(I) Under school-leaving age (14 years in primary
schools) only tuberculin-negative contacts are vaccinated.
However, all tuberculin-negative schoolchildren through-

out the country are tuberculin-tested once a year, and
those who are spontaneously positive are referred to the
regional chest clinic for further examination.

(2) General vaccination in primary schools at school-
leaving age, or one year earlier.

(3) General vaccination of all tuberculin-negative
persons between 14 and 40 or 50 years, in connexion
with the country-wide tuberculosis campaigns under-

TABLE 3
PERCENTAGE OF CONSCRIPTS WHO WERE TUBERCULIN-NEGATIVE AND PERCENTAGE

OF TUBERCULIN-NEGATIVE CONSCRIPTS WHO WERE BCG-VACCINATED,
DENMARK, 1946-60 a

1946-52 1953 ] 1954 1955 ] 1956 1957 1958 1959 1960

Percentage of con-
scripts who were
tuberculin-
negative 29.5 20.4 19.0 15.0 11.5 11.3 10.1 8.1 10.3

Percentage of
tuberculin-nega-
tive conscripts
who were BCG-
vaccinated 94.2 93.1 93.0 93.4 78.8 93.8 92.7 92 93

Source: Medical reports for the Kingdom of Denmark, published annually by the National
Health Services of Denmark, Copenhagen.

a Reports from " den ambulante tuberkulosestation
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TABLE 4
NUMBER OF BCG VACCINATIONS REPORTED TO THE

STATE BCG LABORATORY, BERGEN, NORWAY

Year | Number of vaccinations

1938 652

1939 663

1945 12 336

1946 15 725

1947 29 630

1948 124197

1949 120 122

1950 144180

1951 136 746

1952 a 152 814

1953 87 457

1954 78 394

1955 73 063

1956 77 733

1957 85 790

1958 82 640

1959 81 510

1960 79 760

1961 75 290

Source: Annual reports from the State BCG Laboratory.
aThe number of school leavers (elementary schools) In

1952 was approximately 45000.

taken by the National Mass Radiography Service. These
campaigns are carried out county by county, at various
intervals according to the counties' incidence rates
(Hansen, 1962). In the highest incidence area, the cam-
paigns have been carried out every second year; in the
lowest, every tenth year.

(4) General vaccination of all tuberculin-negative
persons in certain professional groups, among them
medical and nursing students, all personnel at hospitals,
homes for the aged and dental clinics, pupils in secondary
schools, teachers, fishermen, sailors and pilots. All
tuberculin-negative males are BCG-vaccinated when
called up for compulsory military service at the age of 19.
During their service time, they are retested at regular
intervals, and those who are negative are revaccinated.
The vaccinations under (2), (3) and (4) have mostly

been performed in accordance with the provisions of the
Act of 1947.
During the first five years after this programme was

introduced, the great majority of the tuberculin-negative

FIG. I
ESTIMATED PERCENTAGE OF PERSONS PREVIOUSLY
VACCINATED WITH BCG, BY AGE AND SEX, NORWAY,

1951, 1952, 1958 AND 1959

50 40 5'
AGE (YEARS)

Sources: Age-group 15 years and above: The figures have
been estimated on the basis of data from the national tuber-
culosis mass surveys. These country-wide surveys comprise
tuberculin testing, BCG vaccination and radiographic exami-
nations, and operate with an attendance of 80 %-95 %, covering
annually approximately 13 % of the adult population.

Age-group 14 years and below: The figures are based on
annual health examinations In the schools, covering approxi-
mately 95 % of all schoolchildren. The figures given do not
distinguish between the sexes.

population between 14 and 40 or 50 years was BCG-
vaccinated. The number of vaccinations reported to the
State BCG Laboratory increased from about 16 000 in
1946 to 124 000 in 1948 (Table 4). Since 1953 the number
of vaccinations has remained stable, at about 80 000 a
year. The coverage in the various age-groups during 1951,
1952, 1958 and 1959 is shown in Fig. 1. In particular,
it can be seen how the numbers vaccinated in the age-
groups 15-19 years have gradually increased, the proportion
having risen from 25 %-27 % in 1951 to 84% in 1959.
The vaccine used in Norway is produced by the State

BCG Laboratory in Bergen.

Sweden

According to the relevant compulsory notifications,
the number of BCG vaccinations carried out in 1940-42
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was as follows (Lundquist, 1949):
1940 .
1941 .
1942 .

4251
11 360
30 638

The majority of vaccinations fell within the age-groups
0-5 and 10-15 years.
The registration procedure was changed in 1943, and

from then on exact country-wide data on the number and
age distribution of.the BCG-vaccinated persons are not
available. However, according to reports from the
central dispensaries (Table 5), the number of BCG vacci-
nations increased rapidly after 1943, and the number
of persons vaccinated once had probably reached
500 000 by 1 January 1947 (Wallgren, 1947), and 1 000 000
by 1949 (Lundquist, 1949). (The respective total popula-
tions were 6.5 and 6.8 million.)
According to Lundquist (1949) and Dahlstrom (1962)

the BCG vaccination policy has been as follows:
(1) Vaccination of newborn infants in maternity

hospitals was initiated as a routine practice in 1943.

TABLE 5
NUMBER OF BCG VACCINATIONS PERFORMED BY THE

CENTRAL AND DISTRICT DISPENSARIES,
SWEDEN, 1943-56 a

Year Number of vaccinations

1943 57135

1944 84 032

1945 112 497

1946 119385

1947 131 342

1948 177 968

1949 172 345

1950 b 152 709

1951 121 816

1952 123 779

1953 101 598

1954 94 669

1955 82 816

1956 99 126

Source: Annual reports of the Swedish National Associa-
tion against Heart and Chest Diseases (Svenska National-
f6reningen mot Hj8rt- och Lungsjukdomar).

a Wallgren (1947) estimated that the yearly total of BCG
vaccinations performed was probably from one-and-a-half
to twice as great as the number of vaccinations carried out at
the dispensaries. After 1956 comparable figures are not avail-
able, since the reports from the district dispensaries were
dropped at that time.

b The number ot newborn in 1950 was approximately 115 000.

Thus, the rate of coverage of the newborn in maternity
hospitals in Stockholm increased gradually from 8.2% in
1945 to 93.2% in 1952 (Enell, 1955). During the 1950s
vaccination was given to more than 90% of Swedish
neonates born in maternity hospitals, where the over-
whelming majority of all deliveries take place (Dahl-
str6m, personal communication, 1964; Lundquist,
personal communication, 1964).

(2) BCG vaccination in schools was introduced by
governmental regulations in 1944 (Svenska National-
foreningen mot Tuberkulos och andra Folksjukdomar,
1956, pp. 159-166). Tuberculin testing is carried out and
BCG vaccination offered to the tuberculin-negatives at
school-entrance age (7 years) as well as at school-leaving
age (15-18 years). This routine was adopted soon after the
school programme commenced (Wallgren, 1947). Figures
for 1946 show that 64% of grade I pupils and 51% of
grade VIII pupils in the Stockholm elementary schools
were tuberculin-positive after BCG vaccination (Hjmrne,
1946). Figures from Stockholm for recent years show
that less than 5 % of the school entrants were tuberculin-
negative and unvaccinated, and that nearly all of these
were vaccinated during their first school year (Dahlstr6m,
1962).

(3) BCG vaccination in the armed forces was intro-
duced in 1941. Tuberculin testing of military personnel
showed that 32.9% were tuberculin-negative in 1941 and
36.8% in 1944. Of these, 61 % and 67% respectively
were vaccinated (Dahlstrom & Difs, 1951). Since 1945,
conscripts have been invited to come for a tuberculin
test at the district dispensaries before they enter the
services, and BCG vaccination has been offered to the
tuberculin-negatives (Wallgren, 1947; Dahlstrom, 1962).

(4) Since 1943-46, BCG vaccination has been com-
pulsory for tuberculin-negative individuals in certain
professional groups, before they enter employment
(Svenska Nationalforeningen mot Tuberkulos och andra
Folksjukdomar, 1956, pp. 156-158). This regulation
applies to persons entering medical or nursing schools, or
taking up any appointment on a hospital staff, in a State
mental home or in a public dental clinic.

(5) Except during mass campaigns in a few limited
areas, mass vaccination of persons in higher age-groups
has not been carried out.

The vaccine used in Sweden is produced by the BCG
Laboratory in Goteborg.

STATISTICAL MATERIAL AND DEFINITIONS OF A CASE

This study covers the years 1948-61, during which
the Scandinavian BCG programmes in general have
been operating. For that period age/sex-specific
incidence figures are available for all the countries
concerned in the study, except Sweden, for which
age/sex-specific figures are given only from 1951 on.
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From Denmark, Norway, upstate New York and
Ohio, figures for respiratory tuberculosis are avail-
able and are applied in the present mutual com-
parison of trends. The Swedish figures, however,
are given in terns of all forms of tuberculosis.
Assessment of the Swedish trends is therefore based
on comparison with Norwegian figures for all forms
of tuberculosis.
From Ohio separate figures for the two socio-

economic groups, non-whites and whites, are avail-
able. It is of particular interest to study the trends
for the non-whites, since the initial epidemiological
situation of this group is more comparable with that
of the Scandinavian population (see, for instance,
Fig. 2).

All case rates refer to reported new cases of active
disease.

At this juncture it is essential to give a survey of the
definitions and notification systems on which the inci-
dence figures are based, as well as an assessment of the
relevant discrepancies. The crucial question is: Is there a
difference in definitions and reporting systems, or has
there been a change therein, that would account for a
different pattern of age/sex-specific incidence trends from
one area to another? In particular, for each country it is
necessary to deal with the following problems:

(1) Which sites and types of disease are included in the
term " respiratory tuberculosis "?

(2) What are the criteria of activity?
(3) How is the term " new case " defined?

Upstate New York and Ohio

The definitions of notifiable cases refer to the classifica-
tions made by the National Tuberculosis Association
(1940, 1950, 1955, 1957) and to the classifications in the
fifth (1938) and sixth (1948) revisions of the International
Lists of Diseases and Causes of Death (Bull. Hlth Org.
L.o.N., 1938; World Health Organization, 1948).
During the period concerned (1948-61), the definitions

have been revised once, in 1950. In the 1940s the defini-
tions refer to the 1940 revision of classifications, and in
the 1950s to the 1950 revision, made by the National
Tuberculosis Association.

Sites and types. The registration refers to code 13
and 22a (1938 revision) and 002-007 (1948 revision) of
the International Statistical Classification. Thus the
registration comprises tuberculosis of lung (including
acute miliary), tracheobronchial glands, trachea and the
upper respiratory tract. Furthermore, primary tuber-
culosis and pleurisy are included in the group.

Activity. In the 1940s a distinction was made between
"(frankly) active " and " quiescent " cases of pulmonary

tuberculosis.' In 1950 the National Tuberculosis Asso-
ciation combined these terms of activity and made them
equivalent to the term " active ", which was defined as
follows: " Lesions as observed in serial roentgenograms
are usually progressive or retrogressive, but may be
stationary. Symptoms of tuberculous origin are com-
monly present, but may be absent. Sputum and gastric
contents almost always contain tubercle bacilli although,
in some instances, tubercle bacilli cannot be demonstrated
even after repeated cultures and animal inoculations.
With rare exceptions the tuberculin test is positive."

In this paper the figures before and after 1950 refer to
the equivalent term mentioned above. As far as primary
tuberculosis is concemed, mere conversion of the tuber-
culin reaction is not counted. Before and after 1950
registration of primary tuberculosis (upstate New York)
depends on demonstration of bacilli and/or associated
X-ray changes in the lungs that indicate a pneumonic
infiltration of the lung parenchyma, with or without con-
comitant hilar nodal enlargement.

Pleurisy is reported according to the following criteria
(upstate New York): Acute tuberculous pleurisy with
effusion, in absence of demonstrable parenchymal lesion,
trauma or other causative factor (New York State
Department of Health, 1941, 1956).
The incidence rates also include a pulmonary tuber-

culosis category called " Activity undetermined but
probably active ". This term is used when activity has
not been demonstrated from adequate X-ray and labora-
tory examinations, and indicates the provisional estimate,
necessary for public health purposes, of the probable
clinical status. The category refers to code 006 in the
International Statistical Classification (1948 revision).
The National Tuberculosis Association states: " Every
effort should be made to classify cases and to avoid this
category ".

New cases. Cases are reported to the local public
health officer, who forwards the reports to the state
department of health, which keeps a central register.
Since 1914 in upstate New York and the early 1940s in
Ohio, all reports have been checked in the central
register to find out whether the case has an earlier
record in the case file. Only those that are reported for
the first time are included in the figures presented.

Denmark
Cases of active pulmonary and laryngeal tuberculosis

have been notifiable since 1905. In 1951 the Danish
Tuberculosis Index, in co-operation with the chest

1 " (Frankly) active: Symptoms unchanged, worse, or
less severe but not completely abated. Lesions not com-
pletely healed or progressive according to X-ray examinations.
Sputum almost always contains bacilli."

"Quiescent: No constitutional symptoms. Sputum, if
any, may contain tubercle bacilli. Lesions stationary or
retrogressive according to X-ray examination; cavity may
be present. These conditions to have existed for at least
two months during which the patient has been ambulant."
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clinics, defined the present criteria, in general confirming
the criteria already in force (Horwitz, 1962, 1963). From
that time on coding has, with a few exceptions, been based
on the Intemational Statistical Classification.

Sites and types. The same types of disease are included
as mentioned under upstate New York and Ohio, except
code 006 (see below). Pleurisy was not notifiable before
1951. Nevertheless, some cases of pleurisy were reported
before 1951 and included in the statistics, the actual
number being unknown. However, as the cases of
pleurisy represent only a small proportion of the total
number of active respiratory tuberculous cases (in 1951-59
fluctuating between 4% and 7 %), it is not reasonable to
assume that the obligatory reporting of pleurisy in 1951
caused any significant artificial changes in the time trends
(Danish Tuberculosis Index, personal communication,
1963).

Activity. Cases of respiratory tuberculosis are regarded
as active, whether activity has been demonstrated
bacteriologically, radiologically or clinically (Horwitz,
1962). Where tubercle bacilli cannot be demonstrated,
the criteria for activity are as follows: " Other etiology
improbable, positive tuberculin reaction, chronic lung
lesions, determined from at least two X-ray examinations
separated by a three-month interval, roentgenological
signs of activity, and clinical signs or symptoms. The
diagnosis will often be supported by other observations,
such as conversion of tuberculin reaction, exposure to
infection, and the type of X-ray findings-for example, a
combination of fresh and chronic lesions with calcifi-
cations."

Cases of primary tuberculosis are notifiable when
bacilli and/or radiological signs of tuberculous activity
are demonstrated, while patients reported only because
of tuberculin conversion are not coded.

Cases of active pleurisy, presumed to be of tuberculous
origin, are coded without further definition (Horwitz,
1963).
Probably active cases (Intemational Statistical Classi-

fication, 1948 revision, code 006) are not included in the
statistics. Forms for these cases are returned, stating
that the subject has not been entered in the tuberculosis
register, and the physician is informed that a new notifica-
tion should be forwarded to the tuberculosis register if
definite tuberculous disease is found later.

New cases. The notification form is sent to the county
medical officer by the chest clinic for the district in which
the patient has permanent residence. When the case is
detected by the patient's physician, the notification is
sent through the chest clinic. The county medical officer
forwards the form to the Danish Tuberculosis Index via
the National Health Services. The Danish Tuberculosis
Index keeps the Central Register, which was established
in 1920.
On the report form a section has to be completed

indicating whether active respiratory tuberculosis has

been diagnosed earlier. A search is made in the Central
Register for earlier notifications. Only those who
have not been reported earlier as having tuberculosis of
the respiratory system are included in the incidence
figures.

Prior to 1950, when the Danish Tuberculosis Index
was established, the Central Register kept only those
patients on file who had been notified during the pre-
ceding eight years, and who had not died of tuberculosis
during that period. In consequence, it is probable that
some cases that have been regarded as fresh cases were,
in fact, reported prior to 1943. However, the number
of these cases will be negligible. It is known that in only
3.5 % of the relapse cases reported in 1952 was the
earlier notification of activity made more than eight
years before the reactivation (Danish Tuberculosis Index,
personal communication, 1963).

Finally, a new case of respiratory tuberculosis has to
meet the requirement that the diagnosis is made during
the same year as the notification or in the immediately
preceding year.

Norway
The present classification dates back to 1942. Cases

of infectious tuberculosis; regardless of site, have been
notifiable since 1900 (Esmarch, 1902), but in 1942 the
non-infectious forms also became subject to nominal
notification (Lundamo, 1953). For each municipality
there exists a tuberculosis case register, which is kept
by the local public health officer. In this register, the cases
are divided according to three categories of disease:
I. Infectious forms; II. Non-infectious forms; and III.
Erythema nodosum.
The criteria of activity applied since 1942 were based

on proposals made by Tuxen, and approved by the Nor-
wegian Physicians' Tuberculosis Society (Tuxen, 1936;
Oslo Helserad, 1940, 1941).

It has been considered essential that the notification
system should remain unchanged, in order to keep the
morbidity statistics intact during the years after the BCG
programme was initiated (Hansen, 1961).

Sites and types. In order to get statistics comparable
with those of Denmark and the two states of the USA,
the following sub-groups from the Norwegian statistics
have been combined in this presentation:
Group I: Infectious forms of tuberculosis in respiratory

organs
Group II: Non-infectious, active forms:

(1) pulmonary lesions
(2) hilar adenitis
(3) pleurisy

In the Norwegian statistics "miliary tuberculosis"
constitutes a separate sub-group of group II (non-
infectious cases). As this sub-group comprises both
pulmonary and non-pulmonary cases of miliary (dissemi-
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nated) tuberculosis, it is not included in the statistics
of respiratory tuberculosis as presented in this paper.'

Activity. Infectious cases (" destructive type ") are
defined as cases with tubercle bacilli demonstrable in
sputum, cavity and/or a tendency to phthisic progress
(Tuxen, 1936). Cases in which tubercle bacilli are
demonstrated only in gastric contents or on laryngeal
swabs are grouped as non-infectious, unless cavity and/or
phthisic progress are evident. This group also includes
cases in which only radiological signs of activity, other
than those just mentioned, have been demonstrated. In
fact the criteria for radiological evidence of activity
correspond to the United States criteria mentioned above.
There is no separate group for primary tuberculosis.

Primary cases with positive bacteriological and/or
radiological findings are registered under the groups for
non-infectious pulmonary tuberculosis, hilar adenitis or
pleurisy. Cases with tuberculin conversion only are not
counted.
Acute pleurisy of tuberculous origin is notifiable

without further definitions of activity.
New cases. Reported cases are checked in the local

registers, and new cases (not notified before) are registered
separately. Annual reports from the local register are
sent to the county medical officer, who forwards the
reports to the Central Bureau of Statistics. Cases that are
transferred from group III to group I or group II (see
above) are counted as new cases. Thus the figures in this
presentation contain some cases that have been counted
more than once. However, these cases are few (less than
5%), and it is not likely that there has been a change in
their age/sex distribution significant in the present
context.
A Central Case Register was not established till 1962,

and was therefore not in operation during the period
covered in this study.
The Norwegian figures that have been used in this

paper for comparison with the Swedish trends refer to
new cases of all forms of active tuberculosis, including
erythema nodosum. Since 1900 all cases of extrapul-
monary, infectious tuberculosis-e.g., intestinal, urinal
and skin cases and cases with bacillary secretions from
tuberculous fistulae-have been notifiable. Since 1942
the non-infectious, active extrapulmonary cases have also
been notifiable.

1 If the cases of miliary tuberculosis had been included in
the Norwegian figures, this would not have caused any
significant change in the age/sex-specific trend pattern. The
annual average percentage decrease of incidence of active
respiratory tuberculosis (see Table 7) for females aged 0-4
would have been: 9.5 % instead of 8.9 %; the rest of the
figures would have to be corrected at the most by 0.2 %.

Sweden

Compulsory registration of tuberculosis cases was
introduced in 1939 (Svenska Nationalforeningen mot
Tuberkulos och andra Folksjukdomar, 1956, pp. 7-12,
176). The notifications refer to new cases of all forms of
tuberculosis, excluding cases with lesions that are
evidently healed. Primary cases and pleurisy are included,
but not cases with tuberculin conversion only. Erythema
nodosum is included where a tuberculous etiology is
evident (Lundquist, personal communication, 1964).

Cases are registered at the central dispensaries, where
the notifications are checked for earlier records. Only
new cases are counted. The dispensaries regularly report
their data to the Swedish National Association against
Heart and Chest Diseases (Svenska Nationalforeningen
mot Hjart- och Lungsjukdomar), which forwards the
data to the National Health Board.

COMPARISON OF REPORTING SYSTEMS

The main points of the reporting systems in the
areas concerned are summarized in Table 6.
According to the definitions, the reporting covers

approximately the same groups of patients, the most
striking difference between the United States and the
Scandinavian figures being that the former include
"' probably active " cases. However, it is not likely
that the age/sex distribution of this group has
changed relatively during the 1950s.

In 1951 a change was made in the classification in
upstate New York, Ohio and Denmark. This does
not seem to have influenced the age-specific incidence
curves. It is rather remarkable how the continuity
of the age/sex-specific incidence curves is maintained,
and this is probably the best evidence for the reli-
ability of the curves as indices of the actual incidence
trends.
No data are available that would make it possible

to compare the completeness of reporting or the
effectiveness of checking the files for earlier notifica-
tions in the areas concerned. The figures would
certainly not be reliable for comparing the absolute
level of the incidence of tuberculosis. However,
according to the data available, there is no evidence
that the definitions and reporting systems per se
would cause a significantly different pattern of the
age/sex-specific incidence trends during the years
concerned.
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TABLE 6
REPORTED NEW CASES OF ACTIVE TUBERCULOSIS IN UPSTATE NEW YORK, OHIO, DENMARK, NORWAY AND SWEDEN:

SUMMARY OF DEFINITIONS AND REPORTING SYSTEMS

Upstate New York Denmark Norway Swedenand Ohio

A. Respiratory tuberculosis
Sites and types of disease included:

Tuberculosis of lungs Yes Yes Yes Yes

Tuberculosis of hilar glands Yes Yes Yes Yes

Tuberculosis of trachea Yes Yes Yes Yes

Tuberculosis of upper respiratory tract Yes Yes Yes Yes

Pleurisy (tuberculous origin) Yes Yes Yes Yes

Primary tuberculosis Yes Included in groups Included in groups Yes
above above

Tuberculin conversion only No No No No

Bacteriological and radiological findings inde- All new cases
pendently accepted as signs of activity Yes Yes Yes included except

those with evident-
"Probably active " cases Included Yes No No ly healed lesions

B. Non-respiratory tuberculosis
Sites included All All

Erythema nodosum (tuberculous origin) In-
cluded (Figures not used in this presentation) Yes Yes

Bacteriological, radiological and clinical flnd- All cases Included
ings independently accepted as signs of except those with
activity Yes evidently healed

lesions

C. New cases

Only cases reported for the first time Included Yes Yes a Yes a Yes

Checking for earlier notiflcation:

Source of information Central register Central register Local registers Local registers
(public health (central

officer) dispensaries)
Date checking commenced 1914 (New York) 1920 1900 b 1939

Early 19408 (Ohio)

a Negligible exceptions (see text).
b For non-infectious cases, since 1943.

OBSERVATIONS

In all the areas included in this study, the incidence
of new cases of tuberculosis has markedly decreased
in the post-war years (Appendix Tables 1-7; Iig. 2),
the average decrease (all ages) varying from 8%
to 14% per year, as demonstrated in Table 7. How-
ever, the trends experienced by different age-groups
within each area are different, and this pattern of

trends varies considerably from country to country.
As mentioned earlier, in the present paper we are

primarily examining the differences between age-
groups with respect to the incidence trends. This
aspect of the pattern may be elucidated by Table 7
and Fig. 3-5. In the graphs the average annual
percentage decrease in age/sex-specific incidence
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FIG. 2. NOTIFIED NEW CASES OF ACTIVE TUBERCULOSIS (PER 10000 POPULATION), BY AGE
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AND SEX, UPSTATE NEW YORK, OHIO, DENMARK, NORWAY AND SWEDEN, 1948(51)-61
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TABLE 7

ANNUAL AVERAGE PERCENTAGE DECREASE IN INCIDENCE OF NOTIFIED NEW CASES OF ACTIVE TUBERCULOSIS

Norway Sweden Denmark Upstate Ohio

Age- Respiratory All forms All forms Respiratory Respiratory Respiratory tuberculosis,
group tuberculosis, of tuberculosis, of tuberculosis, tuberculosis, tuberculosis, 1948-61
(years) 1948-61 1951-61 1951-61 1948-61 1948-61

Non-white White
M F M F M F M F M F M F !M F

0- 4 9.3 8.9 9.6 10.7 25.1 21.5 8.7 10.6 3.1 2.3

5- 9 8.5 10.8 8.0 9.9 25.9 25.9 12.1 10.5 4.6 5.7

10-1 4 12.5 11.8 12.3 11.8 21.9 20.2 19.0 24.0 6.8 9.1

0-14 9.8 10.5 9.6 10.4 23.3 22.2 12.7 13.5 4.4 5.2 6.9 8.1 4.8 3.4

15-19 19.1 20.6 18.4 17.9 17.0 18.0 18.4 20.2 11.6 14.6

20-24 20.7 20.8 19.4 20.8 17.3 16.0 18.1 17.2 11.7 14.6

15-24 20.2 20.7 19.2 19.9 17.2 16.8 18.2 18.4 11.6 14.6 12.7 15.2 12.8 14.2

25-29 18.5 17.5 19.6 20.4 12.9 13.0 12.1 14.1
10.7 12.9 8.9 9.7 11.3 12.9

30-34 12.6 11.1 11.2 11.1
11.6 13.4 12.2 13.8

35.39 9.1 9.3 7.6 11.1
9.3 10.9 9.0 8.7 10.4 12.2

40-44 6.8 8.1 8.2 7.9
8.1 10.4 6.7 10.0

45-49 6.1 5.8 7.3 7.0
10.5 10.6 7.9 10.4 9.3 11.7

50-54 6.6 5.5 4.7 6.2
8.5 9.8 7.7 6.9 41 5.R 35 6.5

8.3 9.2 5.9 8.4 9.0 12.3
60-64 4.0 6.0 2.8 6.6

65-69 3.1 4.8 3.3 4.2

70-74 3.0 7.1

60+ 5.9 8.6 5.0 5.6

65+ 5.4 6.9 5.8 7.7 5.9 6.7

70± 1.4 2.2

75+ 1.2 2.3

All ages 11.8 -14.1 -10.8 -13.0 -8.6 10.0 8.81 11.4 - 8.7 10.41 8.910.7 9.5 10.3

figures for Norway is compared with corresponding
figures for each of the other countries.' In each
graph the age-groups are shown along the horizontal
axis and the average annual percentage decrease in
incidence during the years 1948(51)-61 is given along
the vertical axis.

1 The average annual percentage decrease is calculated
as the regression coefficient of the log incidence. It appears
from Fig. 2 that the trends are all approximately logarithmi-
cally linear.

NORWAY-SWEDEN COMPARISON

(Fig. 3)

A marked difference between the patterns of the
two countries is demonstrated. The Swedish children
aged 0-14 have experienced a very favourable trend
compared with corresponding Norwegian age-
groups. The annual average decrease is approxi-
mately 25% in Sweden and only 10% in Norway.
This applies to both males and females. The age-
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FIG. 3
ANNUAL AVERAGE PERCENTAGE DECREASE

IN INCIDENCE RATES OF NOTIFIED NEW CASES OF
ACTIVE TUBERCULOSIS (ALL FORMS), BY AGE AND SEX,

NORWAY AND SWEDEN, 1951-61
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group 15-19 years shows the same trend for the two
countries (17% and 18% annual decrease for males
and females respectively), whereas for the older age-
groups the Norwegians seem to have experienced the
more favourable trend.
The pattern fits very well with the differences in

the intensity of the BCG programmes in various
age-groups as described above: the intense BCG
vaccination of Swedish neonates, a high BCG cover-
age of school-leavers in both countries, and the
extensive BCG vaccination of Norwegian adults (up
to the age of 40-50 years) in connexion with the
mass surveys.

NORWAY-DENMARK COMPARISON

(Fig. 4)

The Danes aged 5-14 have experienced a more
favourable trend than the corresponding age-groups

in Norway, whereas the older Norwegians have
experienced a more favourable trend than the Danes.
Also for the Danes, one observes that the most
favourable trend in these years has, in fact, been
experienced by the freshly vaccinated age-groups
namely, schoolchildren in elementary schools. The
similarity of trends in the age-group 15-19 years
should be noted, keeping in mind the almost
identical BCG coverage of school-leavers in the two
countries.
The trends experienced by the pre-school children

in Denmark and Norway are not very different.
BCG vaccination of this age-group has undoubtedly
been more widespread in Denmark than in Norway:
in the former country it has mostly been carried out
on a mass basis, and in the latter purely on a selective
basis (i.e., of contacts).

FIG. 4
ANNUAL AVERAGE PERCENTAGE DECREASE

IN INCIDENCE RATES OF NOTIFIED NEW CASES OF
ACTIVE RESPIRATORY TUBERCULOSIS,

BY AGE AND SEX, NORWAY AND DENMARK, 1948-61
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NORWAY-UPSTATE NEW YORK/OHIO COMPARISON
(Fig. 5)

In upstate New York and Ohio the age-specific
decline has a fairly similar pattern, the most favour-
able trend being in the age-group 15-24 years. The
pattern is, however, strikingly different from the
Norwegian pattern. The average annual decline in
incidence in older age-groups is almost identical in
the three areas, whereas a much more favourable
trend is observed among the Norwegian young
adults, on whom the BCG programme has been
concentrated. A favourable trend is also observed
among the Norwegian children, where a selected
group-namely, the contacts-has been vaccinated.
The trend patterns in the two states of the USA

are very similar. Additional support for the " rigi-
dity " of these observations is given by the fact that

FIG. 5
ANNUAL AVERAGE PERCENTAGE DECREASE

IN INCIDENCE RATES OF NOTIFIED NEW CASES OF
ACTIVE RESPIRATORY TUBERCULOSIS, BY AGE AND
SEX, NORWAY, UPSTATE NEW YORK AND OHIO, 1948-61

AGE (YEARS\

the two socio-economic groups in Ohio, the whites
and the non-whites, are very similar with respect to
the age-specific trends. This similarity and the dis-
similarity between the pattern of these two groups
and that of the Norwegians are interesting observa-
tions, particularly when one has in mind the different
epidemiological situation between the two groups
and between the two areas.

SUMMARY OF OBSERVATIONS

The observations may be summarized as follows:

(1) All age-groups in all of the five areas have
experienced a downward trend in the incidence of
tuberculosis during the post-war years.

(2) The various age-groups within each country
have experienced very different trends during this
period, and the age-specific pattern of trends differs
considerably from country to country.

(3) In the three Scandinavian countries, where
BCG vaccination has been applied, the most favour-
able trends have been experienced by the age-groups
most and directly affected by the BCG vaccination
programmes.

(4) In upstate New York and Ohio, where no vac-
cination has been applied, the age-group 15-24 years
has experienced the most favourable trend, but this
benefit is not so marked relative to other age-groups
as it is in Norway and the other two Scandinavian
countries. The same pattern is observed for the
whites and the non-whites in Ohio.

These observations are in accordance with reports
from the Scandinavian countries on hospitalization
of tuberculous children in the period after the
respective BCG programmes were launched. For
Sweden age-specific figures are available for the total
numbers of tuberculous patients discharged from
their first stay in tuberculosis hospitals. In 1961
these amounted to only 35 children under 15 years
of age and 2696 adults over the age of 15. Between
1951 and 1961 the number decreased by 94% for
children and by 50% for adults (Svenska National-
f6reningen mot Hjart- och Lungsjukdomar, 1952,
1962). Following the introduction of school BCG
vaccination in Denmark, there was a striking
decrease in the number of hospitalized tuberculous
schoolchildren (Copenhagen City, Praest0 County)
as compared with pre-school children (Kringel-
bach, 1952; Winge, 1951; Groth-Petersen, 1952).
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In Norway the number of hospital beds occupied
by tuberculous patients decreased from 1 December
1956 to 1 December 1960 by 39% for adults over
15 years and by only 26% for children under the

age of 15 (Gleditsch & Bjartveit, 1961). As of
1 December 1960, there were still 239 tuberculous
children (2.6 per 10 000 population in the age-
group 0-14) hospitalized in Norway.

DISCUSSION

QUALITATIVE EVALUATION OF THE AGE-SPECIFIC
INCIDENCE PATrERN

The present study has been planned and the
material analysed with a view to testing a certain
hypothesis-namely, that BCG vaccination has
a certain immunizing effect (including a delaying
effect), and therefore a mass vaccination programme
can be expected to have a marked influence on the
incidence figures. The observations presented give
ample evidence in support of this hypothesis. The
possibility remains, of course, that the contrast be-
tween the age-specific incidence patterns in the five
areas on which this conclusion is based might be
explained by factors unrelated to the BCG pro-
grammes.

Can the contrast be explained by factors inherent in
the notification and reporting systems?
It suffices to refer to pages 295-298 of the section

on materials. The conclusion is that we are unable to
find any evidence for an affirmative answer.

Can the different general antituberculosis measures
give a satisfactory explanation through special
age-specific efforts?
It is, of course, conceivable that antituberculosis

measures (exclusive of BCG vaccination pro-
grammes)-e.g., a mass case-finding programme-
with special emphasis on certain age-groups could
give rise to differences in the age-specific incidence
trends. If an age-group were covered by a case-
finding programme with an intensity (relative to
other age-groups) that changed with time, the
incidence trend could probably be affected. How-
ever, the limited material available does not give
evidence that such a change has taken place.

Can the diminished applicability of the tuberculin test
as a diagnostic tool caused by BCG vaccination
be responsible for the observed contrasts?
To the extent that the introduction of BCG vac-

cination concurrently leads to under-notification,
owing to the somewhat changed diagnostic value of

the tuberculin test, the age-specific incidence pattern
observed would be explicable even if the vaccination
had no immunizing effect.
The validity of this contention is difficult to dis-

prove. However, some facts about the Scandinavian
tuberculosis diagnostic work may elucidate the
point. As a rule, the diagnosis of tuberculin-positive
suspected cases is, in general, based entirely on
bacteriological and radiological findings, whether or
not the tuberculin positivity of the cases is due to
BCG vaccination. Similarly, tuberculin-positive
contacts are referred to X-ray examination irrespec-
tive of allergy-producing agent.

Special care is taken to avoid misdiagnosis among
the BCG-vaccinated population. For example, in
Stockholm, since 1946, all schoolchildren in grades I,
IV (from 1952 in grade V) and VII have been
X-rayed (Enell, 1955). In Oslo all school-leavers in
primary and secondary schools have been X-rayed
during the same period. This is the routine in many
other parts of Norway, and also in parts of Denmark
(see, for example, Groth-Petersen, 1952).
The relationship between the applicability of the

tuberculin test and the trend pattern may further be
elucidated by figures on forms of disease whose
detection is, in general, based on symptoms and
not on an active case-finding programme. This is
the case for tuberculous pleurisy and meningitis.
Norwegian figures on these early forms of disease
show a downward trend for the vaccinated age-
groups -that (as would be expected on the assumption
that the vaccination has an immunizing effect)
appears even earlier and is more pronounced than
the decrease in the number of pulmonary cases
(Hansen, 1961). Norwegian figures on meningitis
are given in Table 8.
Some considerations in connexion with the strik-

ing trend difference between Swedish and Norwegian
pre-school children might also be worth mentioning.
In neither of these countries is there a general case-
screening programme for this group, and therefore
the trend difference can hardly be due to changed
applicability of the tuberculin test for mass-screening
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TABLE 8
NUMBER OF NOTIFIED NEW CASES OF TUBERCULOUS

MENINGITIS BY AGE, NORWAY, 1943-57

Age-group (years)
Year

0-14 15-29 3

1943-45 97 55 30

1946-48 96 56 23

1949-51 57 32 18

1952-54 41 9 14

1955-57 24 0 12

Source: Hansen (1961).

purposes. In Norway the disease is detected in the
great majority of pre-school cases through contact
examinations (unpublished data, Central Tubercu-
losis Register, Oslo). It is unreasonable to assume
that contact examinations are more thoroughly car-
ried out in Norway than in Sweden.
One may conclude that if the only effect of BCG

vaccination were a considerable under-reporting of
cases, several thousands of cases of tuberculosis
among children and young adults would have been
left undiagnosed during the post-war years owing
to their tuberculin positivity after BCG vaccination.
Considering the epidemiological situation and the
general standard of health services (including school
health programmes) in these countries, this would
seem unlikely.

Can differences in the epidemiological situation
explain the contrasts?
It is undoubtedly true that the initial epidemio-

logical situation in the various areas differs, particu-
larly between Norway and upstate New York and
between Norway and the white population of Ohio.
The most favourable trend has been observed in Nor-
way in the age-group that initially had the highest
incidence. The favourable trend observed in this age-
group could then be due, hypothetically, to an elimi-
nation of the particular age-specific condition, what-
ever this might be. However, the whites and the non-
whites in Ohio, who initially had very different age-
specific incidence patterns, have in fact experienced
almost identical age-specific trends; and, furthermore,
Norway and Sweden had initially rather similar pat-
terns, but in the period 1951-61 have experienced
widely different age-specific trends. It is therefore

unlikely that differences with respect to the initial
epidemiological situation can explain the contrasts
presented.

* *

The most reasonable conclusion, therefore, is that
the BCG programmes applied are responsible for the
differences in the age-specific trends in the five areas.

QUANTITATIVE EVALUATION OF THE BCG VACCINATION

PROGRAMMES

In this section we assume that the patterns of the
age-specific incidence trends do, in fact, reflect the
efficacy of the BCG vaccination programmes as car-
ried out in the three Scandinavian countries. How-
ever, this pattern does not suffice for a quantitative
evaluation, since it does not take into account the
different case-loads in the various age-groups. A
favourable trend experienced by an age-group in
which the incidence is very low can easily be counter-
balanced by a relatively less favourable trend in an
age-group in which the incidence is very much
higher.
An attempt has therefore been made to illustrate

the magnitude of the impact of the BCG pro-
grammes. It should be noted that the estimates will
be somewhat hypothetical and only comprise the
primary effect of vaccination, as defined above.
For this purpose we have calculated for selected

age-groups the actual number of new cases observed
in the period, and the number of new cases that
would have been observed had trends from the
country with which we make the comparison been
applied. For the Scandinavian countries this is done
for the six five-year age-groups 0-29 years.
An example from the Norway-Sweden comparison

(Fig. 6) shows how these calculations have been
made. The number of cases in the period has been
estimated by calculating the area below the trend
(regression line).' For Sweden the calculations in
this example have been made with regression co-
efficients from Sweden, as well as (hypothetically)
with regression coefficients from Norway, and vice
versa. Thus, one observed and one hypothetical
value is calculated for the number of cases in each

The area below a regression line for the period 1951-61 is:
10 lo a +rt 1 a + rtL 1

Area 51/61 = I ln y dt=1 e dt =-fe |
J1 .1 rL

where y = a+ rt is the regression line with r as the regression
coefficient (== average annual incidence decrease in per-
centage). The calculations for each area have been based on
the 1955 population.
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FIG. 6
OBSERVED AND HYPOTHETICAL NUMBERS OF NEW CASES OF TUBERCULOSIS (ALL FORMS) FOR TWO SELECTED

AGE-GROUPS (MALES ONLY), SWEDEN AND NORWAY, 1951-61
(HYPOTHETICAL FIGURES BASED ON A MUTUAL INTERCHANGE OF INCIDENCE TRENDS)
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age-group during the period concerned. The dif-
ference between these two values is calculated and
denotes a loss if the observed number of cases is
higher than the hypothetical, and a gain if the
hypothetical value is the higher.

Norway-Sweden comparison (Table 9)
Norwegians aged 0-14 years have had a loss of

1938 cases in this period compared with what would
have happened if the Swedish trends had been
experienced. On the other hand, the age-group 15-
29 has experienced a gain of 1394 cases compared
with the hypothetical situation if Swedish trends had
been applied. Altogether in the age-group 0-29 a
loss of 544 cases is observed, corresponding to 4.3 %
of the cases actually observed in this age-group, or

to 1.7% of the total case-load. One observes that the
total net result tends to give an advantage to Sweden.
The total gain of 235 cases in Sweden represents,
however, only 1.3% of the case-load in the age-

group 0-29 and only 0.4% of the total case-load (all
ages) observed in this period.

Norway-Denmark comparison (Table 10)
As might be expected, Norway loses quite a few

cases in the age-group 0-14, the loss being con-
centrated particularly in the age-group 10-14. In
this age-group the Norwegian loss of 849 cases

represents 32.6% of the actual case-load observed,
which means that, with the Danish trend applied to
this age-group, one would have had one-third less
cases as a hypothetical outcome. On the other hand,
in the age-group 15-29 Norway has a gain, for all
three five-year -age-groups, of 2203 cases. For the
age-group 0-29 years a total Norwegian gain of 1051
cases is observed-i.e., 4.8% of the total case-load
in this age-group and 2.2% of the total case-load
for all ages. Correspondingly, compared with
hypothetically applied Norwegian trends, Denmark
has experienced a gain of 292 cases in the age-group
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10-14 (44.1 % of the case-load observed in this age-
group). However, the over-all result for the age-
group 0-29 is a loss of 263 Danish cases compared
with the situation if Norwegian trends had been
applied (2.9% of the observed case-ioad in this age-
group and 1.1 % of the total case-load (all ages)).

Norway-upstate New York comparison (Table 11)

Owing to the initially different epidemiological
situation in the two areas, a somewhat different
approach has been used for this comparison. As a
basis for the calculation of hypothetical trends we
have assumed that the ratio between the trends for
the age-groups 15-24 years and 40-49 years would
be the same in the two areas if no BCG programme
had been applied in Norway.' The age-group 40-49
years has been selected since it has not been directly
affected, to any large extent, by the BCG programme
in Norway. In other words, we are posing the
question: Observing the favourable trend experienced
by Norwegians aged 15-24 years (Fig. 5), what does
this advantage represent in terms of cases?
Table 11 shows for Norway a gain of 4010 cases

in the age-group 15-24 years, representing 8.2% of
all cases observed, and a loss to New York of 1490
cases, representing only 3.1 % of the total case-load
in that state. The primary effect of BCG in the
age-group 15-24 for the years 1948-61 constitutes,
of course, only a fraction of the total impact, which
in principle will affect all age-groups eventually.
The ratio between the values 8.2% and 3.1 %
indicates that Norway has gained more by its BCG
vaccination policy than upstate New York has lost
by not applying the same policy. This seems to be a

reasonable conclusion, since the BCG vaccination
in Norway was concentrated on an age-group with
relatively high incidence, whereas the same age-
group in New York was not notable for having
very much tuberculosis in 1948.

** *

Once again it should be stressed that the calcula-
tions above are only intended to give an idea of the
magnitude of the primary effect of various BCG pro-
grammes-on the assumption that these are reflected
through the differences in incidence patterns.
For a complete analysis of a mass vaccination pro-

gramme, a detailed study of the epidemiological
situation in terms of prevalence, incidence and
infection rates for various groups (for example, age,
sex, socio-economic, geographical and professional)
would be required. In addition the varying epidemio-
logical significance of individual cases in each group
has to be considered, and dynamic epidemiological
models have to be applied in order to assess the
complexity of the long-term impact. Furthermore,
the BCG programme has to be weighed against
other antituberculosis measures in epidemiological
as well as economic terms. Thus the unquestionable
advantage of a tuberculin test in unvaccinated per-
sons as an indicator of tuberculous infection should
be considered. Finally, the quality of the available
BCG vaccine, as well as the quality of the vaccination
technique, has to be taken into account. Such
factors are among those that need to be investigated
in a satisfactory assessment of the impact of any
BCG programme-preferably before the programme
is launched.

SUMMARY AND CONCLUSIONS

(1) In the Scandinavian countries mass BCG vac-
cination programmes have been carried out since the
late 1940s. The age level for the first inoculation has
in general been at birth in Sweden, at school-
entering age (7 years) in Denmark and at school-
leaving age (13-14 years) in Norway.

(2) For the period 1948(51)-61 age/sex-specific
tuberculosis incidence trends from the Scandinavian
countries are compared with each other and with
those of two states of the USA-upstate New York

I For New York the figures for the age-group 35-54 years
are used as an estimate for the age-group 40-49 years.

and Ohio, where no mass BCG vaccination has
taken place.

(3) In the three Scandinavian countries a marked-
ly more favourable incidence trend is observed in
the age-groups following the first inoculation-as
compared with other age-groups in the same country
and with corresponding age-groups in the other
countries where a different BCG programme, or no
programme at all, has been applied.

(4) Various possibilities are discussed that
might account for the observations presented. The
authors venture to state that only the effect of the
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respective BCG programmes gives a satisfactory
explanation.

(5) On the assumption that the observed dif-
ferences in relative age-specific incidence trends
reflect the effect of the BCG vaccination, the impact
of the vaccination in terms of " gained and lost
cases" has been estimated. Owing to the initially
heavier Norwegian case-load, Norway has ex-
perienced in the young adult age-group a greater
benefit (relative to the total case-load in this age-

group) than upstate New York would have gained
if it had carried out a corresponding BCG pro-
gramme. A comparison in terms of number of cases
between the Scandinavian countries is also made for
the age-groups under 30. years. The authors stress,
however, that the significance of gained and lost
cases in the various age-groups must be evaluated
from an epidemiological viewpoint, and that the
relevant epidemiological factors should be taken
into account before anyBCG programme is launched.
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RIESUMIt

Depuis la fin de la Deuxieme Guerre mondiale, la vac-
cination de masse par le BCG a et mise en ceuvre, avec
des modalites variables, dans certains pays; dans d'autres,
aucune prophylaxie de ce genre n'a et6 instauree. Par la
comparaison de l'incidence de la tuberculose evolutive
dans des regions ou les programmes de vaccination
s'adressent A des groupes d'age bien determines ou sont
au contraire inexistants, la presente etude tente d'evaluer
l'efficacit6 de la prophylaxie de masse par le BCG.
Dans trois pays scandinaves, les vaccinations de masse

ont debute au cours des dernieres annees precedant 1950.
En general, la premiere vaccination est effectuee, en
Suede, chez le nouveau-n6 peu apres la naissance; au
Danemark, les enfants sont vaccines A 1'age de 7 ans,
a leur entr6e a l'ecole, de meme que, parfois, les enfants
d'Age prescolaire; en Norvege, la premiere vaccination
par le BCG intervient au moment ou l'enfant, age de
13-14 ans, termine ses etudes primaires. Un autre element
de comparaison est fourni par la population des Etats
de New York (A l'exception de la ville de New York) et
de l'Ohio, aux Etats-Unis d'Amerique, qui n'ont bene-
ficie d'aucune campagne de vaccination de masse par
le BCG.
En adoptant comme critere le nombre de nouveaux cas

de tuberculose evolutive signales entre 1948 et 1961 dans
chacune des regions de l'enquete, on note, dans les pays

scandinaves, une evolution nettement favorable de l'in-
cidence au sein des groupes d'age ayant recemment
benefici6 de la premiere vaccination. La difference se
marque avec les autres groupes d'age dans un meme
pays, et aussi avec les groupes d'age correspondant de la
population des pays ou la vaccination de masse n'a pas
ete effectu6e ou a et appliqu6e a des sujets d'age different.
Au Danemark, par exemple, la diminution du nombre des
nouveaux cas est surtout apparente chez les enfants
ages de 5-14 ans; en Norvege, elle s'observe surtout chez
les jeunes adultes; en Suede, dans le groupe d'age de
0-14 ans. Parmi la population non protegee de l'Ohio et
de l'Etat de New York, on constate une tendance favo-
rable de l'incidence dans le groupe d'age de 15-24 ans,
mais la difference avec les autres groupes est moins nette
que dans les pays nordiques.

Les auteurs, apres avoir analyse differents facteurs qui
pourraient expliquer ces contrastes - manque d'unifor-
mite dans la declaration des cas, mesures generales de
lutte antituberculeuse dissemblables, divergences locales
en matiere de diagnostic et de d6pistage, particularites
epidemiologiques- concluent a une influence directe de la
vaccination par le BCG et proposent une m6thode pour
son evaluation quantitative. L'interpretation des,,r6sul-
tats obtenus devra cependant tenir compte de toutes les
donnees du contexte epidemiologique.
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