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Epidemiological Basis of Tuberculosis Eradication
10. Longitudinal Studies on the Risk of Tuberculosis in the General Population

of a Low-prevalence Area * t

OLE HORWITZ, M.D., ERIK WILBEK, cand.polit. & PENNIFER A. ERICKSON, B.A.

The introduction of chemotherapy dramatically changed the epidemiology of tuber-
culosis as the risk of infection was thereby nearly eliminated. The present paper illustrates
the risk of disease under these conditions. A large and representative segment of the
Danish population, a total of over 626 000 persons aged 15-44 years, was examined by a
standardized technique in 1950-52 and has now been followed for 12 years. It has been
possible by means of simple parameters such as infection and vaccination status, X-ray
lesion and age to divide the population into groups with widely different incidence rates.
The time trend in disease rates among vaccinated persons and natural reactors suggests
that post-primary tuberculosis is ofgreat significance in the present tuberculosis situation.
Three-quarters of all cases stem from the natural reactors. It would have been of great
practical significance to identify high-risk groups which yielded a great part of the patients.
This was not possible since the majority ofcases developed among reactors whose distinctive
feature was that they were infected at time of examination.

Not long ago, no means were available for a
direct attack on the ubiquitous tubercle bacilli. A
major principle in tuberculosis control in the
Scandinavian countries was therefore to increase
the resistance of the population by BCG vaccination.
Modem developments in chemotherapy, however,
brought about a dramatic change, since it became
possible to sterilize infection in the patients and
thereby eliminate the risk of its spread. It was a
reasonable first assumption that this change would
alter the epidemiology of the disease and thereby
lead to new approaches to the control of tuber-
culosis and a critical review of the means used so far.
Reports and data throwing light on epidemiology
under the new conditions are scarce (Palmer et al.,
1958; Groth-Petersen et al., 1959; Comstock &
Palmer, 1966; Styblo et al., 1967), and for this
reason the long-term studies initiated by the Danish
Tuberculosis Index are of interest. The basis for

* From the Danish Tuberculosis Index, 25 Svanem0lle-
vej, 2100 Copenhagen, Denmark.

t Previous articles in this series have appeared in Bull.
Wid Hith Org., 1959, 21, 5-49; 1964, 30, 609-621; 1966,
35, 483-508; 1966, 35, 509-526; 1967, 36, 703-718; 1967,
36, 719-731; 1967, 36, 733-746; 1967, 37, 893-906; 1967,
37, 907-925.

these analyses is the mass campaign of 1950-52,
which was planned and conducted as a combined
programme of health service and prospective re-
search. The present study, which covers a follow-up
period of 12 years, illustrates the natural history
of tuberculosis epidemiology in a low-prevalence
area. It aims at estimating primary and post-
primary disease among natural reactors and vac-
cinated persons, at estimating the impact of super-
imposed infections, and at identifying risk groups
in the general population.

BACKGROUND

Although pulmonary tuberculosis has been a
reportable disease in Denmark since 1905, the first
reliable incidence data available date from 1921,
when a central (national) register was established.
Fig. 1 shows the incidence of new cases in the period
1921-65 for the parts of Denmark covered by the
1950-52 mass campaign. The curve starts at a high
level with a rate close to 150 per 100 000. Thereafter
it shows a steady decline, except for an interruption
in the years around the Second World War; in 1950,
when the mass campaign started, it was at a level
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of approximately 50 per 100 000. Since morbidity
data are not available in many countries, mortality
rates are also given in the figure. Initially, the
mortality is at about 75 per 100 000; it declines
constantly until 1950, when it is of the order of 10
per 100 000.
Data illustrating the time trend in the infection

rate are not available, but spot samples on infection
prevalence do exist. In the 1930s, 90% of adults
aged 30 years were infected, being reactors to
Mantoux 10 TU. Almost 20 years later, in the
early 1950s, it was found that the proportion had
dropped to 60% in the same age-bracket (Groth-
Petersen et al., 1959). This decline must be con-
sidered to be mainly a result of the decrease in
human tuberculosis. It is true that bovine tuber-
culosis was eradicated in the same period, but this
factor probably accounts for only a small part of the
decrease. The infection from cattle takes place
mainly through milk and occurs early in childhood.
By and large, therefore, the cohorts which would
benefit from the elimination of this infection would
be those born in the mid-1930s or later, that is, those
who were 15 years or younger in 1950.
As a result of the decline in human and bovine

tuberculosis an increasing part of the rising genera-
tion was found to be tuberculin-negative. This
change was considered unfortunate as a series of
studies conducted during the 1930s and 1940s in
Scandinavia had shown that the risk of tuberculosis
during the first years of follow-up was higher among
tuberculin-negative persons than among tuberculin
reactors. This difference was thought to be the
result of the fact that the positives had specific
antibodies which protected them against tuberculous
infection. Since great faith was placed on BCG
vaccination, it was decided to perform a nationwide
vaccination programme in order to protect the
tuberculin-negative persons. One easily accessible
group was the schoolchildren, and special action
was taken by means of the school physicians and the
nurses. As regards pre-school children and young
adults other action had to be taken and for this
purpose a mass campaign was launched. It was
realized, however, that such a vaccination campaign
would offer good possibilities for case-finding if the
tuberculin examination, which was an integral part
of the vaccination, was combined with an X-ray
examination. Such a programme would provide
unprecedented possibilities for the study of current
tuberculosis epidemiology, but it was also visualized
as the basis of a new kind of prospective research.

When the mass campaign was finished, the popula-
tion could be divided into different groups-for
example, natural reactors, vaccinated persons, and
persons with or without X-ray lesions. By studying
the disease rates in each of these groups in the
following years, an estimate of the risk would be
obtained which would have great significance for
practical tuberculosis work. Groups with a high
risk would need close supervision whereas no
action need be taken against groups with a low risk.
With this in mind, it was decided to conduct the
Danish mass campaign in such a way that the data
could provide a solid basis for prospective scientific
studies.

The examination

The mass campaign started in February 1950 and
lasted nearly 3 years, ending in December 1952.
It covered all Denmark outside the capital, Copen-
hagen county and Bornhohn county, since local
campaigns had previously been conducted there.
The campaign was primarily directed towards pre-
school children aged 1-6 years and young adults
aged 15-34 years; however, older adults were also
welcome to attend.
The field personnel consisted of 4 specially trained

and constantly supervised teams. The examination
consisted of a single Mantoux test for all persons
and a 35-mm photofluorogram for persons over
15 years. The tuberculin used was of the purified
protein derivative type (RT 22 from the Statens
Seruminstitut). The dose was 10 TU, but in 2 coun-
ties covering 4% of the total campaign population
the dose was lower, at 5 TU. The tuberculin test
was read on the fourth day, the diameter of the
induration being measured and recorded on the
examination card. For those over 15 years old,
the 35-mm photofluorogram was taken at the same
time as the Mantoux test was given. The film was
read by the head of the county chest clinic and by a
reader in a central panel, each reading being in-
dependent of the other. Although the central panel
was established after the campaign had run for some
time, the central reading nevertheless covers 750%
of the persons examined. The two readings were
done according to a uniform code. If a suspicious
lesion was observed, the patient was offered further
examination, which included a full-size roentgeno-
gram and bacteriological examination at the local
chest clinic. The results of this supplementary exami-
nation were reported on a special form to the
Danish Tuberculosis Index.
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The record-keeping received great attention. The
identification data, including date of birth, occupa-
tion and complete address, were repeatedly checked
and recording of the results of the mass campaign
was done meticulously. Great care was taken to
avoid bias; for example, the tuberculin test was read
independently of vaccination history, for, if a
person had been known to have been previously
vaccinated, the nurse might subconsciously have
been tempted to read the test as positive, this being
the normal result of a vaccination.

Information on previous BCG vaccination

Originally, information on BCG vaccination
prior to the mass campaign was obtained by a
personal interview. All the participants were very
carefully questioned about previous BCG vaccina-
tion at their initial examination and the answer,
whether positive or negative, was noted in detail on
the examination card. However, a special study
revealed that not all previous vaccinations were
brought out by means of the interviews (Groth-
Petersen, 1953); it was therefore decided to supple-
ment the information with data from a nationwide
file for all previous BCG vaccinations.
From the time the Statens Seruminstitut started

regular production of BCG vaccine, it asked the
physicians to report vaccinations on special forms
which accompanied the vaccine, with provision for
batch number and identification data for each
person vaccinated. At the end of the 1940s this
reporting procedure was changed. At this time mass
BCG vaccination was started under the guidance of
the chest clinics and school physicians, and the
records for these vaccinations were filed in the local
chest clinics. It therefore became possible for the
Danish Tuberculosis Index to establish a nationwide
register for all the vaccinations in the adult study
population which had taken place prior to the
campaign; this was done by pooling the record
cards from the Statens Seruminstitut and those from
the local chest clinics. The vast majority of BCG
vaccinations in Denmark have been made by the
chest clinics and school physicians and it is therefore
reasonable to assume that the deficit in the estab-
lished BCG file is not large.
When the mass campaign was over, the records

in the BCG file were matched against the records
for the mass campaign population; the cards in the
two files were arranged in the same order according
to sex, date of birth and name, and the two sets of
cards were then compared. The matching com-

prised all persons who had participated in the mass
campaign, irrespective of whether they had provided
information as to previous vaccination or not.
If the cards matched, the information on the mass
campaign card was compared with that on the
vaccination card and supplemented or corrected as
necessary. Persons who had claimed that they had
already been vaccinated but for whom no matching
card could be found were still classified as vac-
cinated. The study population could be divided into
3 groups after the matching had been completed: a
group of persons with no history of vaccination and
no match with the BCG file; a group of vaccinated
persons who had a history of vaccination or a
match with the BCG file; and a group with unknown
vaccination status.

Information on previous tutberculouts disease

Information on the diagnosis of pulmonary
tuberculosis prior to the mass campaign was derived
from the central file of all notifications. As men-
tioned above, pulmonary tuberculosis has been a
reportable disease since the turn of the century,
the cases being reported on special forms which,
among other things, give complete information on
identification. Since 1921, all the notifications have
been collected in a central (national) file. As none
of the notifications has been destroyed, it was
possible to match all notifications against the mass
campaign records. If the cards matched, the inform-
ation from the notification form was noted on the
mass campaign record. Since extrapulmonary tuber-
culosis was not made reportable until 1950, inform-
ation on occurrence of this form of disease prior
to the mass campaign was not available. 1
The present study covers cohorts born since 1905.

The data for the oldest part of the study population
may be insufficient as regards disease which was
diagnosed when they were children, prior to the
establishment of the central register in 1921. As a
result, some of the patients whom we have registered
as first-time cases are in fact relapses and should
have been excluded. Of greater numerical signifi-
cance is the fact that case-finding was previously less
efficient than today. A number of mild and asymp-
tomatic cases remained undiagnosed and therefore
not reported; this factor would affect the older part
of the study population more than the younger age-
groups. Both these factors, the deficiency in the
register as regards previous cases and the less
effective case-finding in previous years, tend artifi-
cially to increase the rate in the older persons.
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Study population

When the mass campaign ended, all data were
transferred to individual punch cards; follow-up
data were also included in these cards. In order to
facilitate the handling of data, they were later, in
1963, transferred to magnetic tape; this operation
may explain why the tabulations in the present
paper may deviate a little from those given in the
previous report (Groth-Petersen et al., 1959). The
tape was also used to produce the special records
against which the tuberculosis notifications were
matched (see the section on follow-up cases).
The present study population comprises all

attenders in the 1950-52 mass campaign who
fulfilled the following criteria: (a) age 15-44 years
at time of the mass campaign; (b) neither a history
nor a diagnosis of tuberculosis at the time of the
mass campaign; (c) definite information on whether
or not the person had been vaccinated prior to the
mass campaign; (d) well defined X-ray and tuber-
culin status at the mass campaign.
As regards point (b), we have excluded 437 cases

diagnosed at the mass campaign and 4286 cases
diagnosed prior to the mass campaign.
As regards point (c), we have excluded 18 104 per-

sons for whom it could not be decided whether or
not they had been vaccinated prior to the mass
campaign.
As regards point (d), we have excluded 21 464 per-

sons who were not vaccinated prior to the mass
campaign and whose tuberculin test was not read;
8766 persons vaccinated prior to the mass campaign
were excluded because the tuberculin test was not
read, and a total of 2099 persons because the X-ray
examination was not completed. The latter group
comprises persons for whom no X-ray data were
available or whose miniature photofluorograms
were technically insufficient, plus persons whose
photofluorograms showed suspicious lesions but for
whom no full-size roentgenogram was available.
A total of 681 416 persons aged 15-44 years

attended the mass campaign, and we have excluded
55 156 persons, or 8.1 %.1 The study population
thus comprises 626 260 persons.
The attenders in the mass campaign comprised

about 60% of the total population in the age-group
15-44 years who lived in the 21 counties where
the campaign was conducted. As in most surveys,

IAmong the excluded persons, a total of 186 cases of
respiratory tuberculosis were diagnosed during the 12 years
of follow-up, corresponding to an annual rate of28 per I 00000.

the attenders could not be regarded as a strictly
representative sample of the total population.
However, a comparison between attenders and non-
attenders did not indicate any gross difference in
their distribution by sex, age, residence or occupa-
tion or in their incidence of tuberculosis (Horwitz
& Knudsen, 1960).

It may be calculated from Table 1 that 46% of the
study population were natural reactors, that is,
unvaccinated persons whose tuberculin reaction
measured 6 mm or more. This percentage may
seem surprisingly high for a country which for
decades has been listed as having the lowest tuber-
culosis rates. The explanation is that bovine tuber-
culosis was previously very frequent in Denmark
and caused a high number of infections in the
population. A special study (Magnus, 1966) indi-
cates that one-third of all the reactors had infections
of bovine origin and the true prevalence of human-
source reactors in the study population was thus
around 30% per cent. A total of 19% of the study
population was vaccinated before the mass cam-
paign; the vast majority in the group (117 000 per-
sons) reacted to the tuberculin test whereas 5000 per-
sons did not. The latter group was offered revac-
cination but refused it. Since these persons were
previously subject to vaccination which may have
conferred some immunity in spite of the negative
skin test (Tolderlund et al., 1967), they have been
included in the group of vaccinated persons. One-
third of the study population were non-reactors
who were vaccinated in the mass campaign. Among
these 207 000 persons, the majority (183 000 persons,
or 88%) had a primary vaccination; the remainder
(24 000 persons, or 12%) were previously vac-
cinated but reacted negatively to the tuberculin test
and were revaccinated. Finally, there is a small
group of non-reactors, 2% of the study population,
who were not vaccinated. While most of these
refused, a small proportion were not vaccinated owing
to criteria established in the mass campaign: when
the campaign had run for some time, it was decided
that non-reactors with suspicious lesions should
not be offered vaccination.

Approximately two-thirds of the 2622 persons
with suspicious lesions on the X-ray were natural
reactors, and about one-third belonged to the non-
reactors or previously vaccinated persons. A few
of the lesions in the two last-mentioned groups are
tuberculous, but the majority of them are of un-
known etiology (Groth-Petersen et al., 1959).
Healed or calcified lesions were found in a total of
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26 786 persons, or 4%. According to the coding
instruction, the presence of pulmonary calcifications
should always be recorded. Some of the persons
with calcifications also had healed (fibrotic) pulmon-
ary lesions but their number is not known since
preference was given to the calcification. Persons
listed with healed lesions and persons listed with
calcified lesions have therefore been pooled together
in one group in this study. The frequency of these
lesions was by far the highest among the natural
reactors (7%); among the other groups the fre-
quency was much lower (around 2%).

Follow-up procedure
The present study illustrates the incidence of

first-time cases of respiratory tuberculosis which
were diagnosed during the first 12 years after the
mass campaign. The follow-up period has been
determined for each individual, and has been calcu-
lated from the time he was examined. For persons
examined at the onset of the campaign, the period
of observation covers the calendar years 1950-62;
for persons examined at the end of the mass cam-
paign, it covers the calendar years 1953-64.
The follow-up procedures applied to a study

population in order to determine the frequency of
disease might be termed active or passive. An
active follow-up implies that the study population
was subjected each year to a standard examination,
for example, an interview or an X-ray examination.
A passive follow-up indicates that the cases were
diagnosed because the patients, on their own
initiative, presented themselves for a medical examin-
ation.
The follow-up in the Danish mass campaign is

basically passive since no attempt was made to
ensure a systematic annual screening of all attenders
during the whole follow-up period. We believe,
however, that the vast majority of the cases which
developed have in fact been diagnosed. Among the
factors supporting this assumption, it should be
mentioned that the general health and tuberculosis
control systems in Denmark may be considered
among the most advanced in the world; all examin-
ations for tuberculosis are free of charge; and a
highly developed public welfare system ensures that
the patient's standard of living is not reduced if he
contracts tuberculous disease; nobody need there-
fore fear financial loss as a result of a diagnosis of
tuberculosis. The low infection rate in the mass
campaign area also supports the contention that
most cases are in fact diagnosed.
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There are, however, strong elements of active
follow-up as a result of the activities of the chest
clinics. All Denmark is covered by a network of chest
clinics, with one main clinic and several affiliated
branch clinics in each county. It is a general rule
to refer all persons suspected of having tuberculosis
to these clinics; as a result, almost 90% of all new
cases are reported by them. In addition to the
examination of patients referred to them, the chest
clinics run their own case-finding programmes
directed towards the healthy population, and these
examinations include an annual mass miniature
radiography, generally 70 mm x 70 mm. A total of
200% of the adult population in the provinces is
examined annually, the vast majority thereof, nine-
tenths, being routine examinations. The rate of
examination is higher for the urban than for the
rural population (32% against 12%). In the urban
areas the examination rate is higher for males than
for females (390% against 260%), whereas the rates
are similar for the two sexes in the rural districts.
It should be realized, however, that to a large extent
it is the same persons who are examined from one

year to another. We have no details as regards the
examined persons' age and occupation, but it is
correct to say that they are mostly workers and
employees of factories and offices. Besides these
activities of the chest clinics, a series of local cam-
paigns were conducted in the provincial counties
during the years 1952-58, directed primarily to-
wards the older segments of the popvlation. They
were part of the regular health service and were
not correlated with our study. It should especially
be mentioned that revaccinations which took place
either during these campaigns or as a result of other
medical activity have not been transferred to our
records.

Fig. 1 illustrates the tuberculosis rates to which
the study population has been exposed during the
follow-up period. The incidence, which was around
50 per 100 000 in 1950, has gradually declined to a
level around 10 per 100 000. Previously, the incid-
ence rates were a good measure of the tuberculosis
problem, and thereby also of exposure, since a rather
constant ratio existed between incidence, prevalence
and mortality. Modern chemotherapy has, however,

FIG. 1

TIME TREND IN MORBIDITY AND MORTALITY FROM RESPIRATORY TUBERCULOSIS IN MASS CAMPAIGN AREA

loo
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completely changed this pattern. This is seen in
Fig. 1, which also illustrates the prevalence of
bacillary excreters; this rate is based on the number
of patients alive at the end of a year and among
whom tubercle bacilli have been demonstrated at
least once during the year. The rate, which is
available from 1950, starts at a high level, 130 per
100 000, and is 3 times higher than the incidence
rate. During the following years, the prevalence
drops dramatically and at the end is only 10 per
100 000-nearly identical with incidence. Chemo-
therapy has thus done away with the human re-
servoir of infectious patients; at the end of the follow-
up period, exposure practically only results from the
new cases. The mortality, which at the onset of
follow-up was around 10 per 100 000, gradually
decreased to the order of 1 per 100 000.

It is reasonable to assume that the sharp decline
in the tuberculosis rates was accompanied by a drop
in the infection rate. Data on this rate throughout
the follow-up period are not available for the whole
mass campaign area because of the widespread use
of BCG vaccination, but information exists in a
single county where vaccination of children was
discontinued from the mid-1950s. The infection
rate was partly determined from the prevalence of
reactors at school entrance and partly by a follow-up
of the non-reactors. The data showed that the
annual infection rate was in the order of 1 per 1000
with a tendency to decrease (Groth-Petersen, 1963).
This is probably a good estimate of the risk of
infection in the area covered by the mass campaign.

Follow-up cases

The organizational structure of the tuberculosis
control programme in Denmark, including the
highly developed compulsory notification system,
permitted the use of the normal reporting procedure
for following the study population. At the time of
the campaign, arrangements were made to obtain
well defined and uniform follow-up data and to have
a regular check on the efficacy and completeness of
the notification system. For example, the Statens
Seruminstitut, which serves as the central laboratory
for all bacteriological examinations in Denmark,
sends the results to the Danish Tuberculosis Index.

Reports of all cases of tuberculosis and all death
certificates on which active pulmonary tuberculosis
was mentioned as a cause of death have been matched
against the mass campaign register. Great care was
taken in the matching procedure. Clear-cut rules
were established and written down; the matching

was done by one clerk who was carefully supervised
and regularly spot-checked. Special care was taken
to obtain an unbiased technique: the matching was
done against special records which contained only
the identification data of the mass campaign popul-
ation and not any results of the examination itself;
this was important since there might be other
elements for a match and the clerk might therefore,
consciously or subconsciously, be more likely to
select one type of person; for example, she might
have preferred natural reactors to vaccinated persons
since it soon became evident that they had the high-
est morbidity.
During the 12 years of follow-up, 1388 first-time

cases of respiratory tuberculosis were diagnosed in
the study population. Our figures for the first
4 years of follow-up do not correspond exactly to
the data given by Groth-Petersen et al. (1959).
This difference results from the fact that some
patients reported in the years following this report
were stated to have been diagnosed in the first
4 years, while others had their original diagnosis
cancelled by the reporting doctor. A total of 88%
of the cases had a diagnosis of pulmonary tuber-
culosis 1 and 12% had a diagnosis of pleurisy. The
percentage of pulmonary tuberculosis was highest
for cases diagnosed among natural reactors (92%)
and lowest for those diagnosed among persons
vaccinated in the mass campaign (72%). Although
the percentage of pleurisy is lowest among the natural
reactors, the incidence of this disease is actually
higher among them. Among the cases of pulmonary
tuberculosis, the lesions were more severe among
patients who stem from the study population with
no lesion than from that with suspicious or healed
lesions, the percentages of cavitary cases being 43,
32, and 36, respectively. Among all the cases,
tubercle bacilli were demonstrated in 1107 patients,
or 80 %; the remainder were non-bacillary. The
percentage of bacillary cases was lowest (62 %) for
cases diagnosed among persons vaccinated in the
mass campaign; this is due to more cases of pleurisy.
If we look only upon the cases of pulmonary tuber-
culosis, the frequency is nearly the same in the
4 categories, at around 85 %.
One might have been tempted to exclude all

non-bacillary cases since their diagnosis might be
considered less definite. This point of view probably
had a sound basis in the days before chemotherapy

1 Pulmonary tuberculosis includes diseases with the code
numbers 001, 002, 004, 005 and 007 in the International
Classification of Diseases (1955 revision).
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when treatment was ineffective; bacilli could there-
fore nearly always, sooner or later, be demonstrated
in the " true " cases. Chemotherapy has, however,
changed this state of affairs. If a non-bacillary
patient is given drugs, he will nowadays, because
of the treatment, remain non-bacillary even if he is
a "true " case. Further, the non-bacillary cases
involve just as much hospital care, control and
follow-up as the bacillary cases, and they are there-
fore just as important a part of the burden of tuber-
culosis. For these reasons it has been considered
imperative to include the non-bacillary cases in the
follow-up patients.

RESULTS

The data now to be presented show that a great
number of factors influence a person's risk of con-

tracting tuberculosis. A simple presentation of the
results is therefore impossible, and a number of
criteria may be adopted on the basis of which to
analyse the data. We have chosen infection com-

bined with vaccination status as the principal
criterion. The main groups are: the natural reactors,
who had a rate which was 4 times higher than the

vaccinated persons and contributed three-fourths of
all cases; persons vaccinated prior to the mass

campaign, who had a rate twice that of the persons

vaccinated in the campaign and contributed one-

seventh of all cases; the persons vaccinated in the
mass campaign, who contributed one-eighth of all
cases; finally, there is the small group of non-
reactors who were not vaccinated.

Natural reactors

Among the 286 000-odd natural reactors, 987
cases were diagnosed, corresponding to an annual
rate of 29 per 100 000. The risk of disease, however,
varied greatly among different groups of reactors,
and in what follows this will be illustrated in some
detail.
X-ray lesions. Among persons with suspicious

lesions, the annual rate was 710 per 100 000 per

year; this was 30 times higher than that among
persons with no lesions, among whom it was 23 per

100 000. Among the persons with healed or calcified
lesions, the rate was 48 per 100 000, that is, twice
as high as among those with no lesions (see Table 1).

Fig. 2, based on Table 2, shows the changes in
the rate by time; a logarithmic scale has been chosen

TABLE 2
CASES OF RESPIRATORY TUBERCULOSIS DISTRIBUTED ACCORDING TO INITIAL VACCINATION STATUS,

X-RAY LESION a AND YEAR IN FOLLOW-UP PERIOD

Natural reactors Previously vaccinated Non-reactors vaccinated Non-reactors not vacci-
Year In persons in mass campaign nated in mass campaign

follow-up
S H N T S H N T S H N T S H N T

1st 35 10 71116 1 - 16 17 1 - 17 18 1 - 2 3

2nd 28 20 99 147 3 2 23 28 - - 15 15 - 1 1 2

3rd 14 14 92 120 - 2 19 21 1 1 14 16 - 1 3 4

4th 14 16 73 103 - - 24 24 - 1 14 15 - - I I

5th 11 7 67 85 1 1 22 24 1 3 6 10 - - 2 2

6th 3 5 50 58 - - 17 17 - - 15 15 1 1 - 2

7th 4 7 64 75 - 1 14 15 - - 17 17 - - 2 2

8th 4 12 60 76 - - 11 11 - - 17 17 - - 2 2

9th 6 7 53 66 - - 18 18 1 - 15 16 - - 2 2

10th 3 4 47 54 - - 11 11 - - 9 9 - - 2 2

11th 5 5 41 51 - 1 12 13 - - 6 6 _- -

12th 2 4 30 36 - 1 6 7 - - 15 15 - - 4 4

Total 129 111 747 987 5 8 193 206 4 5 160 169 2 3 21 26

a S = suspicious lesion; H = healed or calcified lesion; N = no lesion; T = total.
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FIG. 2 a high morbidity rate. Among the older persons the
TIME TREND IN INCIDENCE OF RESPIRATORY majority of the infections are of long standing and
TUBERCULOSIS AMONG NATURAL REACTORS, among this group the morbidity is lower. The table

also shows that young females have a somewhat
600 higher risk than the young males. This difference

417 -.Ldisappears with age; in the oldest age-groups the
rates are identical.

Vl i I 1I T The combined results of X-ray lesions, age and
2 --0 - time are given in Table l and graphically in Fig. 3;

again a logarithmic scale has been chosen. Among
young persons with suspicious lesions, the initial

IOO00_ :_ < SUSPICIOUSLESION- incidence was very high but decreased rapidly,
reaching its lowest value at the end of the observa-
tion period. During the follow-up period, 3 things

400
\ _ + | happened to the cohort: it grew older; it was subject

to better general living conditions; and an increas-
ingly longer period had elapsed after the onset of the

0 24 4 + --t 8 ._*_ >4 X-ray lesion and many of these lesions had there-

FIG. 3
t 80 = <5 jHEALED LESIONTIME TREND IN INCIDENCE OF RESPIRATORY

80 HEALED LESION

ITUBERCULOSIS AMONG NATURAL REACTORS,
60 /e ... zz .... t -- 1--- BY AGE-GROUP AND INITIAL X-RAY LESION

b% N ~~~~~~~~~6QOC

____t -1 tv t \ l___ 15-24 YEARS 25-34 YEARS 35-44 YEARS

- ~~~~~~~~~~~~~~~~~~SUSPICIOUSLESION

20It ---->< > l | \ HEALED LESION
l l | |NO LESION

0

0

2 3 4 5 6,7 8 9 l10 I11
YEAR IN FOLLOW-UP

0 80 -

600
because of the difference in the rates. Among
persons with suspicious lesions, the rate was initially t 400 -| _ _ _ i
extremely high but decreased rapidly until the sixth t __ _ _ _1
follow-up year, after which it was constant, by and x
large. It is noteworthy that the X-ray finding con- i 200 - --_-I I-
tinues to have a high prognostic significance; even :
at the end of the observation period about 20 times . _l
more cases were observed among those who initially 00 _ - -
had suspicious lesions than among those with no 88c __ _i_
lesions. The figure shows that the rate was falling 60C ___-___-__
among persons with no or healed lesions, being
reduced by nearly two-thirds during the observation 4 _
period. ,

Age and sex. Table 3 shows that the incidence is 2c b,
2-3 times higher among young reactors than among 0

the older. This trend may be explained by the fact
that the young reactors contain more recently ° 4 8 o 4 8 0 4 8 2
infected persons who, it is generally thought, have YEAR IN FOLLOW-UP
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INCIDENCE OF RESPIRATORY
TABLE 3

TUBERCULOSIS ACCORDING TO INITIAL VACCINATION STATUS, SEX AND AGE

Age at mass campaign
(years) Males

No. of patients

Females Total

Annual no. per 100000

Males Females Total

Natural reactors

167

242

284

432

129 271

538 987

Previously vaccinated persons

73 130

37 68

6

116

8

206

Non-reactors vaccinated in mass campaign

52 98

29 50

5

86

21

169

fore healed. No definite conclusion can be drawn
as to which of the 3 factors is responsible for the
trend observed. However, if the trend is solely the
result of aging, then it is reasonable to assume that
the last point in this curve should coincide with the
first point for the next cohort since the persons here
are of the same age. This is not the case. The fall
in the curve may therefore be attributed to the better
living conditions or the lapse of time after onset of
the lesion; the last-mentioned factor is the most
likely. The curves for the two next cohorts have a

similar trend (the number of patients in the different
groups are too small to evaluate whether or not real
differences in the time trend exist). The level for
the three curves decreases with age, indicating that
a suspicious X-ray lesion is of less significance
among older persons; the over-all rate in the young-
est age-group was 1500 per 100 000, in the next 800,
and in the oldest 400. The intermediate curves refer
to persons with healed or calcified lesions. The time
trend seems to be the same as for persons with
suspicious lesions, and the same difference in level,

with age, is observed. The lowest line in the figure
illustrates the time trend for persons who had no

lesion at the initial examination. Among the
youngest persons a sharp decline is observed, the
rates being reduced by nearly two-thirds. The most
likely interpretation is that this group contains a

high number of recently infected persons who
develop primary tuberculosis, but as time elapses
after the infection the risk of disease lessens.
A similar pattern was observed among the two older
cohorts, although the level was lower and the
decrease less sharp. These differences might be
explained by the fact that these cohorts contain
fewer newly infected persons.

Size of tuberculin reaction. Fig. 4 and Table 4
illustrate the risk of disease for the 3 cohorts ac-

cording to the size of the tuberculin reaction at the
mass campaign. In the youngest age-group, the risk
of disease increases considerably with size of tuber-
culin reaction; among those with the largest reac-
tions, the incidence was 3-4 times higher than among

15-24

25-34

35-44

117

190

142

Total 449

44

25

20

26

54

32

19

15-24

25-34

35-44

49

29

20

57

31

2

31

Total

29

90

12

14

6

13

15-24

25-34

35-44

15

19

13

15

13

16

10

14

46

21

16

Total 83

9

6

9

8

9

5

2

6

9

5

4

7
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TABLE 4
INCIDENCE OF RESPIRATORY TUBERCULOSIS AMONG NATURAL REACTORS AND PREVIOUSLY VACCINATED

PERSONS ACCORDING TO INITIAL SIZE OF TUBERCULIN REACTION AND AGE

Age at mass campaign
(years)

No. of patients

6-11 mm 12-17 mm >18 mm

Annual no. per 100000

6-11 mm 12-17 mm

Natural reactors
97 165

209 174

137

443

102

441

Previously vaccinated persons a

65 31

29 21

1

99 I 53

23 38

20 31

12 22

17 28
_I

9

11

1b0

10

15

15

- b

15

a Not included among previously vaccinated persons are 7 cases of tuberculosis which were diagnosed among the 5027
individuals whose tuberculin reaction measured less than 6 mm.

b The rates do not meet the requisite standards of reliability.

FIG. 4
INCIDENCE OF RESPIRATORY TUBERCULOSIS AMONG
NATURAL REACTORS, BY AGE-GROUP AND INITIAL

SIZE OF TUBERCULIN REACTION

45

40

0z 3'

: 3C

t 2C

t 2C

I!

0 2 4 6 8

YEAR IN FOLLOW-UP PERIOD

10

those with the smallest. The pattern was different
in the 2 older cohorts. It is true that there was some
increase from the small to the medium-size reactions
but from this group to the large reactions no further
increase was observed. In order to examine whether
the different trends were the result of different
patterns in X-ray lesion the rates were calculated
for the different X-ray categories. The same ten-
dency as shown in Fig. 4 was observed among
persons with no X-ray lesion; thus, the variation by
size of tuberculin reaction is not the result of different
X-ray status.

Fig. 5 shows the variation in the patterns with
time. Among the 2 older cohorts, the pattern
remained by and large the same, although the
curves assumed lower levels. Pronounced changes
took place in the young cohort. The rates for the
medium-size reaction decreased considerably with
time. Thus, at the end of the follow-up period high
rates occur only among persons with large reactions,
and the difference in rates between small and large
reactions has diminished. This change, which is also
observed among reactors with no lesions, may be
explained by the fact that the group of young per-
sons with large reactions contains many recently
infected persons who, in the first year after conver-
sion, have a very high risk of disease.

8

15-24

25-34

35-44

22

49

32

Total

>18 mm

103

15-24

25-34

35-44

73

30

21

35

Total

31

15

47

20

28

2 b

21

Non-reactors not vaccinated in MC

Previously vaccinated persons

.---Non-reactors vaccinated in MC
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FIG. 5
TIME TREND IN INCIDENCE OF RESPIRATORY TUBERCULOSIS AMONG NATURAL REACTORS, BY AGE-GROUP AND

INITIAL SIZE OF TUBERCULIN REACTION

INDURATION IN mm

Source of infection. Previous analysis of the tuber-
culin reactors has shown that the risk of disease is
much higher among persons who are infected from
human sources than among persons who are in-
fected from bovine sources. It was further proved
that bovine infection does not protect against post-

primary tuberculosis; reactors who were originally
infected from bovine sources but later became in-
fected from human sources had the same disease
rate as the purely human-infected group (Magnus,
1968). The significance of the bovine factor is
illustrated in Fig. 6 and Table 5, where the study

TABLE 5

INCIDENCE OF RESPIRATORY TUBERCULOSIS AMONG NATURAL REACTORS BY AGE AND EXPOSURE
TO BOVINE TUBERCULOSIS

No. of patients Annual no. per 100000

Age at mass campaign Low Medium High Low Medium High
(years) prevalence of prevalence of prevalence of prevalence of prevalence of prevalence of

bovine bovine bovine bovine bovine bovine
tuberculosis tuberculosis tuberculosis tuberculosis tuberculosis tuberculosis

15-24 92 152 40 66 53 26

25-34 150 217 65 35 30 19

35-44 82 130 59 19 20 20

Total 324 499 164 32 30 [ 21
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FIG. 6
INCIDENCE OF RESPIRATORY TUBERCULOSIS AMONG NATURAL REACTORS, BY AGE-GROUP AND EXPOSURE

TO BOVINE TUBERCULOSIS

population has been subdivided into 3 geographical
regions according to the prevalence of cattle tuber-
culosis in the counties in 1937-39. It was possible
to delimit a low-, a medium- and a high-prevalence
area where the frequencies of bovine tuberculosis
were 36%, 49%, and 63%, respectively. A great
difference in incidence was observed in the youngest
cohort. Among persons from the low-prevalence
area, where most of the reactors will be infected
from human sources, the rate is nearly 3 times
higher than among reactors from the high-preval-
ence area; in the latter group the greatest part of the
reactors is infected from bovine sources. However,
this pattern disappears with increasing age. The
most likely interpretation of this observation is that
the bovine-infected persons have become super-
infected with time and all reactors in the oldest
age-groups will therefore show infections from
human sources. As a result, the geographical
pattern will disappear.

Residence. Among the urban study population,
the incidence was nearly twice as high as among the
rural population (Table 6). Although the higher
examination rate of the urban population may

account for some of this difference, the pattern
agrees with the general assumption that urbanized
life involves a higher spread of infection. The
difference between urban and rural is relatively
smaller for the youngest cohort. This is because the
rates for the two residential areas were the same in
East Denmark; it has not been possible to establish
any explanation of this observation other than
random variation.

Persons vaccinated prior to the mass campaign
Among the nearly 122 000 persons vaccinated

prior to the mass campaign, 206 cases were diag-
nosed; this corresponds to an annual rate of 14 per
100 000. The number of cases is considerably
smaller than among the natural reactors and the
analysis is therefore less detailed.

X-ray lesion and time. The small group with
suspicious lesions and healed lesions had a higher
incidence than persons with no lesions, the rates
being 152, 22, and 14 per 100 000, respectively (see
Table 1). The number of cases diagnosed in the
2 first-mentioned groups was small (5 and 8), and
the division by X-ray has therefore been omitted in
what follows.
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TABLE 6
INCIDENCE OF RESPIRATORY TUBERCULOSIS ACCORDING TO INITIAL VACCINATION STATUS, AGE

AND URBAN OR RURAL RESIDENCE

Age at mass campaign
(years)

No. of patients

Urban Rural Total Urban

Annual no. per 100000

Rural

Natural reactors

15-24

25-34

35-44

129

245

137

511Total

155

187

134

476

284

432

271

987

60

40

26

38

43

21

16

23

Previously vaccinated persons

61 130

29

4

94

68

8

206

16

19

9

17

Non-reactors vaccinated in mass campaign

64

31

14

109

98

50

21

169

13

7

5

9

Fig. 7, based on Table 2, shows that the rates
are constantly decreasing during the follow-up
period, being reduced by two-thirds. This trend
corresponds to that observed among natural reac-

tors. It might result from infections occurring in
the few years between the vaccination and the mass

campaign (the majority of these vaccinations took
place a few years before the mass campaign.) Fur-
ther, the effect of the vaccinations prior to 1950 will
probably be limited since the vaccine at that time
was often damaged (killed) as a result of exposure to
light during production and use (Edwards & Tolder-
lund, 1952). The higher and longer exposure and
the less potent vaccination may explain the differ-
ence in morbidity and its trend among those vac-

cinated before and those vaccinated during the mass

campaign.

Age and sex. Table 3 shows that the incidence did
not vary systematically with age. This pattern may
result from the fact that all, or nearly all, among

the previously vaccinated persons had recently been
tuberculin-negative. If we assume that the infection
rate is the same for all adults, then the number of
recently infected persons would be of the same order
in all age-groups, and the rate of clinical break-
downs may therefore be identical. The table shows
that the rates are constantly higher among females
than among males, the over-all rates being 15 and
13 per 100 000, respectively.

Size of tuberculin reaction. Table 4 shows that
the risk of disease increased with increasing size of
the initial tuberculin reaction. Fig. 8 shows how
the risk varied during the observation period; as no

significant difference was observed between the
3 age-groups, they have been pooled. In the be-
ginning of the follow-up, the incidence increased
considerably with increasing size of reaction; among
those with the largest reactions, the rate was 3 times
higher than among those with the smallest. How-
ever, this pattern disappeared with time; at the end

Total

15-24

25-34

35-44

Total

49

29

20

29

69

39

4

112

11

14

11

15-24

25-34

35-44

13

16

10

1412

Total

34

1919

7

60

8

5

4

9

5

4

6 7
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FIG. 7
TIME TREND IN INCIDENCE OF RESPIRATORY
TUBERCULOSIS, BY VACCINATION STATUS

AT MASS CAMPAIGN

C3 60
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Lij 40

30

20

6 12 18
INDURATION IN mm

of the follow-up period the incidence was almost
independent of the initial size of the tuberculin
reaction. The pattern and its variation with time
have thus been the same as observed among the
youngest of the natural reactors (Fig. 5) and the
interpretation of the finding is the same.

Residence. Table 6 shows the incidence by resid-
ence; again the urban study population tends to have
the higher rates.

Persons vaccinated in the mass campaign
Among the 207 000-odd persons vaccinated in

the mass campaign, 169 cases were diagnosed,
corresponding to an annual rate of 7 per 100 000.

X-ray lesion and time. Among the small group with
suspicious and healed lesions, the incidence rate
was higher than among persons with no lesions, the
rates being 92, 10, and 7 per 100 000, respectively
(see Table 1). The number of cases in the 2 first-

FIG. 8
TIME TREND IN INCIDENCE OF RESPIRATORY

TUBERCULOSIS AMONG PREVIOUSLY VACCINATED
PERSONS, BY INITIAL SIZE OF TUBERCULIN REACTION
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mentioned groups was small (4 and 5), and division
by X-ray has therefore been omitted in the following
analysis.

Fig. 7, based on Table 2, shows that the rates
remained rather constant until the last 3 years of the
follow-up period, where they tend to be a little
lower. The observed constancy, which was also
reported in another trial (Great-Britain, Medical
Research Council, 1963), has been explained as the
result of an equilibrium between immunity and
infection rate. The immunity is supposed to wane

with time and this would tend to increase the rate
among the vaccinees. However, the infection rate
has decreased in the same period and this fact would
cause a decrease in incidence. If this explanation
is applied to our study, it must be postulated that
the immunity has nearly disappeared with time
because the infection rate, judged from the number
of bacillary excreters, diminished by 90% during the
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observation period.L As it is generally claimed that
the immunity lasts at least 10 years,2 other inter-
pretations may therefore be looked for. One is that
the effect of vaccination is mainly to hinder primary
disease, whereas it has little effect on the frequency
of post-primary disease. Animal studies support
this assumption. It has been shown that the effect
of vaccination is to delay disease rather than to
hinder it (Bjerkedal, 1964). If this assumption is
correct, the cas s observed among the vaccinees late
in the observation period are to a large extent the
result of infections which occurred early in the
follow-up period when the infection rate was
highest.
Age and sex. Table 3 shows that the rates are

high in the youngest age-group, whereas they are
low and identical in the two oldest. Offhand, it
seemed most reasonable to assume that the rates
would have been identical in all age-groups as was
the case among persons vaccinated prior to the mass
campaign. It has not been possible to establish any
likely interpretation for the observed difference;
the probability that it is due to random variation
is very small (P<0.005). Males and females have
nearly identical rates, which is a difference from the
pattern among both the natural reactors and pre-
viously vaccinated persons.

Residence. Table 6 shows that the urban popula-
tion had the highest incidence. This was mainly
due to the disease rates in the youngest age-groups.

Non-reactors not vaccinated in the mass campaign
Among almost 11 000 non-reactors who were not

vaccinated in the mass campaign, 26 cases were
diagnosed, corresponding to an annual rate of 20
per 100 000.

X-ray lesion and time. Among the small group
with suspicious lesions and healed lesions, the
incidence rates were higher than among persons
with no lesions. The number of cases was small (2
and 3), and the division by X-ray has therefore been
omitted in the following analysis.
The time trend for this group is given in Fig. 7,

which is based on Table 2. Initially, the rates are

1 It has been claimed that the infections which a patient
causes occur prior to diagnosis. If this is the case, the
incidence figures are more relevant in characterizing the
risk of exposure. Fig. 1 shows, however, that the incidence
was reduced by 80% during the follow-up period, and the
reasoning above may therefore still be valid.

2 Unpublished data from a meeting (1967) organized by
the WHO Regional Office for Europe.

slightly elevated, but during the majority of the
observation period they are constant. This con-
stancy seems surprising in view of the strong de-
crease in exposure to infection. One might therefore
assume that this group of non-vaccinees is a socially
selected group, living under specially high and
constant exposure. A fact supporting the view
that this group is not representative of the general
population is that their mortality from all causes
was 20% higher than among the other groups,
which all had the same mortality. However, another
factor may play a role. It may be that a considerable
number of the non-vaccinees were in fact natural
reactors but were registered as non-reactors owing to
shortcomings of the tuberculin test. The total
number of reactors in the mass campaign was
286 250 and a small error of 1 %-2% in the tuberculin
test would therefore load the group in question
with 3000-60 "false negative" persons. These
persons may have known, from previous examina-
tions at the chest clinics, that they actually were
reactors and therefore should not be vaccinated,
and may have refused the vaccination at the mass
campaign. It is possibly the tuberculosis incidence
of these "false negative " persons which was observed
during the follow-up period.

DISCUSSION

For efficient control of tuberculosis it is essential
to know the risk of disease in different population
groups. If the risk is high, close surveillance and
chemoprophylaxis are needed; if the risk is low,
regular checking does not pay. Two groups with
high tuberculosis rates have already been identified:
patients with arrested disease, especially those not
initially treated with chemotherapy, and persons
referred to the chest clinics because of symptoms.
The present study has revealed a third high-risk
group: persons with suspicious X-ray lesions.
Practically all other population groups, including
the non-reactors, belong in the low-risk category.
Among the natural reactors the risk varied according
to size of tuberculin reaction, sex, age, etc., but these
variations were of limited size. A burning need exists
for identification of other parameters, such as body
build (Palmer et al., 1957), which can delimit the
reactors into subgroups which have a high clinical
breakdown rate.
Long after primary infection the risk of disease

is low, ranging between 10 and 20 per 100 000 new
cases annually. All reactors still harbour living
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tubercle bacilli, but only a tiny fraction develop
active tuberculosis. The reason that only a few
break down whereas the vast majority lives peace-
fully with their infection is unknown and deserves
further research. Infection with the tubercle bacillus
is an absolute prerequisite for the development of
disease but it is far from being the only cause.
When tuberculous infection was frequent it was

generally claimed that a great part of the burden
of tuberculosis was the result of primary infection.
The present epidemiological situation is, however,
characterized by a very low infection rate, close to
zero. Most of the tuberculosis cases which occurred
in this study population of reactors must therefore
be post-primary cases. The data show that the
post-primary phase has a long duration, perhaps
lasting most of the person's life. The total number
of cases which occur in the post-primary phase may
therefore be substantial. Further, the post-primary
cases might well be those which are of real clinical
and epidemiological significance. The prognosis for
these cases is most serious (Iversen, 1967); also, this
type of disease leads to chronic lesions in the lungs
with fibrosis and cavitation and hence to an increased
risk of dissemination of infection.
The question has often been raised whether the

Danish mass campaign illustrates an effect of BCG
vaccination. In order to do so, the campaign should
have included a randomly selected group of non-
reactors which was not vaccinated, and which
would serve as a statistically valid control. How-
ever, the medical authorities of the Danish National
Health Service could not accept this design; there-
fore, the value of BCG cannot be assessed. The fact
that the rate was higher among the self-selected
group of non-reactors than among the vaccinees
may be due to bias as accounted for above under

" Results ". Nor do the higher rates among the
natural reactors than among the vaccinees de-
monstrate any possible effect of the vaccine, as has
been suggested by others (Styblo et al., 1967). The
natural reactors were all characterized by being
infected as opposed to the non-reactors, indicating
that their resistance and exposure were different in
the past. Further, according to the present view, all
reactors harboured living tubercle bacilli and might
therefore suffer from endogenous flare-ups. This is
in contrast to the conditions among the non-reactors
who were vaccinated in the mass campaign; owing
to the low infection rate, most of them remained
free of infection in the follow-up period.
The study has shown that the majority of the

cases occurs among the natural reactors. This raises
the question whether this would also have been true
if vaccination had not been administered to the
non-reactors. In other words, how many cases
would have occurred without vaccination under
normal conditions? No unequivocal answer can
be given as the effect of BCG is undetermined. A
series of controlled trials on the effect of mass BCG
vaccination has been published within the past
decade. Some of these studies indicated a high
effect, with a morbidity in the vaccinated group that
was 80% lower than among the non-vaccinated
controls (Great Britain, Medical Research Council,
1963; Aronson et al., 1958). Other studies (Palmer
et al., 1958; Comstock & Palmer, 1966), however,
have shown a much lower effect, between 15% and
30%. The low effect may result from "natural
vaccination" with atypical mycobacteria; this
assumption is supported by animal experiments
(Palmer & Long, 1966). Finally, studies have been
published from India (Frimodt-M0ller, 1960; Fri-
modt-M0ller et al., 1964, 1968) with varying results.

RE~SUME~

FONDEMENT tPIDEMIOLOGIQUE DE L'ERADICATION DE LA TUBERCULOSE:
10. ETUDE LONGITUDINALE DU RISQUE DE TUBERCULOSE DANS UNE COLLECTIVITt

VIVANT DANS UNE RtGION A FAIBLE PREVALENCE

Le pr6sent travail est base sur des donnees recueillies
pendant et apres la campagne de masse qui s'est deroul6e
au Danemark de 1950 a 1952. Il porte sur un total de
626 000 personnes agees de 15 a 44 ans, examinees au
debut de la campagne et remplissant a ce moment cer-
taines conditions: absence de tout antecedent de tuber-
culose; situation bien precisee en matiere de vaccination

par le BCG; existence au dossier des resultats de l'examen
radiologique et de l'epreuve tuberculinique.
Parmi les 286 000 sujets reagissant naturellement a la

tuberculine, on a diagnostique 987 cas de tuberculose
pulmonaire au cours des 12 annees de surveillance, ce
qui correspond a un taux annuel de 29 pour 100 000.
L'incidence a et 30 fois plus elev&e chez les personnes

illl
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presentant des images radiologiques suspectes, et deux
fois plus elevee chez celles qui presentaient des lesions
calcifiees ou cicatrisees, que chez celles qui etaient
indemnes de toute Iesion. Chez les porteurs de lesions
suspectes, le taux d'incidence a decru rapidement durant
les six premieres annees de la periode d'observation, puis
est reste constant. Chez les sujets jeunes reagissant a
la tuberculine, mais indemnes de l6sions, les taux se sont
abaisses regulierement, tandis qu'ils se maintenaient a peu
pres au meme niveau chez les sujets du meme groupe
plus ages, ce qui pourrait etre dO au fait que la proportion
des sujets recemment infectes est plus forte chez les pre-
miers que chez les seconds. Parmi les sujets reagissant
ai la tuberculine, l'incidence a ete deux a trois fois plus
elevee chez les individus jeunes que chez les individus
plus ag6s. L'incidence etait a l'origine beaucoup plus
elevee chez les sujets jeunes qui reagissaient fortement
a la tuberculine que chez ceux qui presentaient une reac-
tion peu intense, mais cette difference n'a plus dte cons-
tatee ulterieurement. Chez les sujets plus ages r6agissant
a la tuberculine, il n'y a eu que peu de variations de
l'incidence en fonction du diametre de la reaction.
La frequence de la tuberculose a et plus faible parmi
les sujets # reagissants )) originaires de regions oii la pre-
valence de la tuberculose bovine etait elevee que ceux qui
provenaient de regions oiu cette affection etait rare;
cette disparite a disparu avec l'age. Cette observation
corrobore l'hypothese selon laquelle les personnes qui
ont contracte une infection d'origine bovine sont peu
exposees au risque de tuberculose; cependant, lorsqu'elles
sont ulterieurement surinfectees par des bacilles tuber-
culeux humains, elles sont exposdes it la maladie dans la
meme mesure que les personnes infectees uniquement
par des bacilles humains.
Parmi les 122 000 personnes vaccinees avant la cam-

pagne de masse, on a diagnostique 206 cas de tuberculose
au cours des 12 annees d'observation, soit un taux
annuel de 14 pour 100 000. L'incidence ne variait pas
selon l'age, mais les taux differaient par contre en fonc-
tion du diametre de la reaction initiale 'a la tuberculine:
plus ce demier etait grand, plus le taux etait eleve. Cette
difference a progressivement disparu. L'incidence a dimi-

nue considerablement au cours de la periode d'obser-
vation; cette tendance est peut-etre la consequence
de l'apparition d'infections peu de temps apres la
vaccination.
Parmi les 207 000 personnes vaccinees durant la cam-

pagne, on a diagnostique 169 cas de tuberculose au cours
des 12 annees de surveillance, ce qui correspond 'a un
taux annuel de 7 pour 100 000. II n'y a pratiquement
pas eu de fluctuations de l'incidence au cours de cette
periode, constatation susceptible de plusieurs interpr6-
tations.
Dans le groupe des 11 000 sujets tuberculino-negatifs

qui ont refuse d'etre vaccines durant la campagne,
26 cas de tuberculose ont ete diagnostiques, soit un taux
annuel de 20 pour 100 000. Il est possible que ce groupe
renferme en realite un grand nombre de sujets infectes
lesquels, en raison de defaillances techniques lors des
epreuves tuberculiniques, ont ete etiquetes faussement
comme <(non rdagissants #. Cela semble confirmd par le
fait que dans ce groupe l'incidence est restee constante
pendant toute la duree d'observation.
On ne peut tirer aucune conclusion formelle de cette

etude en ce qui regarde les effets de la vaccination par
le BCG etant donne que l'enquete n'inclut aucun groupe
temoin, correctement choisi, de sujets non vaccines. Les
observations effectuees concordent avec l'hypothese selon
laquelle la vaccination peut conferer une protection
contre la tuberculose primaire, mais elles indiquent aussi
que le BCG ne protege pas contre les manifestations
postprimaires de la maladie.

Il semble, d'apres les resultats de cette etude, que la
tuberculose postprimaire influe considerablement sur la
situation presente en matiere de tuberculose au Danemark.
Les trois quarts des cas sont survenus chez des sujets qui
reagissaient naturellement a la tuberculine, et en majorite
chez des sujets ayant comme seule particularitd d'etre
infectes au moment oui la campagne a debutd. Il convient
de surveiller de pres les groupes exposes a un risque eleve
et de faire beneficier de la chimotherapie preventive
certains sujets particulierement vuln6rables comme les
sujets jeunes tuberculino-positifs et porteurs de lesions
suspectes.
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