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CERTAIN CHARACTERISTICS OF BCG-INDUCED
TUBERCULIN SENSITIVITY

WHO TUBERCULOSIS RESEARCH OFFICE *

SYNOPSIS

Post-vaccination tuberculin sensitivity is being used to evaluate
the immediate effects of the extensive WHO/UNICEF mass BCG
vaccination programmes currently in progress. During the past five
years the Tuberculosis Research Office has been studying the tuber-
culin sensitivity produced by BCG vaccination, and the present paper
discusses some of the most important characteristics of BCG-induced
allergy. The material for the paper was drawn from-the results in
five countries of vaccinating more than 6,000 schoolchildren and
retesting them at one or more intervals after vaccination.

Tuberculin sensitivity produced by BCG is not the kind of
response that may logically be described as " positive" or " nega-
tive ". Rather, vaccination always produces, or increases, sensitivity
to tuberculin, although, with some vaccines and in some persons, the
degree of sensitivity produced may be low. BCG-induced allergy can
best be described by the distribution of the sizes of the tuberculin
reactions and summarized by the mean and standard deviation of the
distribution. The common practice of classifying post-vaccination
reactions as " positive " or " negative " is biologically meaningless
and may be the cause of many fallacious notions about the allergy
produced by BCG.

The degree of post-vaccination allergy varies with the potency
of the vaccine used: a potent vaccine has been shown to produce
allergy about as strong as that produced by natural infection wher-
ever carefully controlled studies have been made. No evidence was
found that allergy wanes or is lost after intradermal vaccination:
the impression that it does so may often have been the consequence
of the practice of revaccination and of ignoring the influence of
experimental error. Unless very weak vaccines are used, there is no
indication that superinfection can be identified after vaccination.
The diagnostic value of the tuberculin test is thus being destroyed
in many places where mass campaigns are being done, particularly
in those places where a high degree of tuberculin sensitivity is being
produced.

The significance of tuberculin sensitivity in relation to immunity to
tuberculosis is still a matter of intense controversy, one school of thought

* Many members of the staff of the Tuberculosis Research Office contributed to the studies reported
in this paper, the work of Agnete Andreassen, Helena Burzynska, Birthe Johansen, Erna Kj0lholt, Minna
Madsen, and Oskar Friis Jensen being of particular importance. The vaccine and the tuberculin used in this
work were prepared under the direction of Knud Tolderlund of the Statens Seruminstitut, Copenhagen.
Knut Magnus was responsible for analysis of the material and, with Lydia B. Edwards, prepared the paper
for publication.
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believing allergy and immunity to be independent, perhaps even anta-
gonistic, and the other that allergy and immunity are closely associated.
Leaders of the WHO/UNICEF BCG vaccination programmes have aligned
themselves with the latter, adopting the view that in practical programmes
" conversion " of the tuberculin reaction from " negative " to " positive "

after vaccination signals the acquisition of immunity. Early in the course
of the mass BCG programmes, however, it was discovered that the frequency
of " conversions " often (and inexplicably) fell far short of what had been
expected. This disturbing situation was the main reason for the decision,
taken early in 1949, that the Tuberculosis Research Office would devote a
major part of its activities to the study of BCG vaccination and BCG-
induced tuberculin sensitivity. Results of a number of the studies have
already been reported.'-6'9 The present paper discusses some of the most
important characteristics of the tuberculin sensitivity produced by intra-
dermal vaccination, with special reference to everyday problems in the
practical work.

Material and Methods

Material for the paper is derived from a series of studies on school-
children in Denmark, Egypt, India, Mexico, and Pakistan. Although done
as part of the regular BCG service programmes, all the work has been
planned by the Tuberculosis Research Office and carried out by field research
teams especially trained to follow uniform procedures.

More than 6,000 children were vaccinated and had post-vaccination
tests at one or more intervals between November 1949 and September 1954.
Most of the children were in the age-group 6-14 years; with few exceptions
they were pupils in municipal schools. Except in one area in Denmark,
the school populations included few, if any, previously vaccinated children;
all children, however, were asked if they had been vaccinated and were
examined for BCG scars: only those with no record or sign of previous
vaccination are included in the material.

All the vaccinations were done with vaccine obtained from the Statens
Seruminstitut, Copenhagen : 31 regular lots (0.75 mg/ml) prepared between
November 1949 and March 1953. The vaccine was kept refrigerated and
was used within one month of preparation.

All the testing was done with a single batch of PPD tuberculin,
RT XIX-XX-XXI from the Statens Seruminstitut. The tests were given on
the dorsal surface of the forearm by injecting, intradermally, 0.1 ml of
dilution containing 10 TU (in Denmark, Egypt, and Mexico) or 5 TU (in
India and Pakistan). Reactions were read at 3 days by measuring the trans-
verse diameter of induration in millimetres ; the field teams were instructed
not to attempt to classify the reactions as positive or negative. Vaccination
was done on the left shoulder by injecting, intradermally, 0.1 ml of vaccine;
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only children reacting with less than 6 mm to 10 TU (less than 8 mm to
5 TU in India and Pakistan) were vaccinated. (A more detailed description
of methods and techniques is given on pages 17-38 in Edwards et al.5)

Findings

The fundamental characteristic of the tuberculin sensitivity induced by
intradermal vaccination with BCG is illustrated in fig. 1, which gives histo-
grams of frequency distributions of tuberculin reactions obtained in the five
different countries. The horizontal axis shows the diameter of reactions in
millimetres of induration, the vertical axis shows the frequencies of reactions
of specified size.

The distribution for Denmark is based on nearly 10,000 tuberculin tests
in more than 4,600 children and includes all the 10 TU tests made in children
vaccinated with standard strength vaccine in a series of studies carried out
in Denmark during the past five years. It includes tests made at intervals of
from 6 weeks to 5 years after vaccination. Distributions for the other
countries are based on smaller numbers of tests, all made between 6 and
12 weeks after vaccination.

All five distributions have a fairly symmetrical, unimodal pattern that
resembles a normal probability curve. The unimodal form of the distribu-
tions implies that there is only one type of response to vaccination: all the
vaccinated acquire some measure of tuberculin allergy. Admittedly, a few
children apparently show little response, having reactions which, at the pre-
vaccination testing, would have qualified them for vaccination. Evidence
that even these children have more allergy after, than before, vaccination,
however, may be derived from the Danish material where, for research
purposes, 100 TU tests were given to children at the time of vaccination
and to those who had reactions of less than 6 mm to the 10 TU test at any
time after vaccination. Altogether, only 29 out of 9,810 post-vaccination
10 TU reactions measured less than 6 mm in size. For 16 of the 29 instances,
results are available for a 100 TU test given and read both before and after
vaccination. As shown in table I, the post-vaccination 100 TU reaction
was always the larger: all the pre-vaccination reactions except one measured
less than 6 mm, while all reactions were 6 mm or more after vaccination.

As shown in fig. 1, the average size of reactions of the five distributions
ranges from 13 mm to 18 mm, and almost all reactions measure between
6 mm and 26 mm. The level of allergy is very similar in the five countries,
considering that the 10 TU test was used in some countries and the 5 TU
in others. With the 5 TU test the whole distribution is displaced about
3-4 mm to the left. This difference between response to 5 TU and 10 TU
among the vaccinated conforms with that found in a previous study.-8 It
would thus appear that when groups of school-age children are vaccinated
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FIG. 1. DISTRIBUTIONS BY SIZE OF
REACTIONS TO THE INTRADERMAL
10 OR 5 TU TEST AMONG VACCI-
NATED SCHOOLCHILDREN IN DEN-
MARK, EGYPT, MEXICO, INDIA, AND

PAKISTAN

RESEARCH OFFICE

FIG. 2. DISTRIBUTIONS BY SIZE
OF REACTIONS TO THE INTRADER-
MAL 5 TU TEST AMONG FILIPINO
SCHOOLCHILDREN VACCINATED IN

THE MASS CAMPAIGN
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TABLE I. CORRELATION BETWEEN SIZE OF REACTION TO 100 TU BEFORE AND
AFTER VACCINATION *

Size of reaction to 100 TU after vaccination (mm of induration)

0-1 2-3 4-5 6-7 8-9 10-11 12-13 14-1516-1718-1920-2122-2324-25 Total

0-1 1 2 1 2 2 1 . 9

8cc 2-3 .l2 . .... 3
.00 2~~~11 3

Cco 4-5 l l l 3

I Ua 9Co
0E

_ °) E
,, 16-17 ,. 1 1

Total 1 3 2 3 5 1 16

* The table comprises only those children who, at a retesting period, showed a reaction to 10 TU
of 5 mm induration or less.

with a standard vaccine, and carefully tuberculin-tested with a standardized
product, the results give no indication that factors such as race, place of
residence, nutritional status, and the like influence the response to BCG.

But such uniformity in the allergic response to vaccination is not always
found in practice. Special teams organized to assess the results of current
WHO/UNICEF BCG campaigns in various parts of the world a have
found wide (and unexplained) variations in the degree of post-vaccination
tuberculin sensitivity. Recent results obtained in the Philippines by the
WHO Western Pacific Regional BCG Assessment Team, working under
the technical direction of TRO, may serve as an illustration. Fig. 2 gives
the distributions of tuberculin reactions for five groups of schoolchildren.
These children had been vaccinated in 1953 by the mass compaign teams
with regular batches of BCG from the Alabang Institute, Manila ; they
were tuberculin-tested after vaccination by the assessment team during
the spring of 1954. The distributions are arranged according to degree of
post-vaccination allergy, with the strongest allergy at the top and the
weakest at the bottom. The one at the top for children from Guinacot has
about the same position on the size scale and about the same average reaction
as shown in fig. 1 for children who had been vaccinated and retested by
special research teams in India and Pakistan. The four other distributions
are progressively displaced to the left toward lower degrees of allergy, but
they do not lose their unimodal character.

So far as is known, nothing in the records of the mass vaccination in the
Philippines can account for the variations in results: for example, why

a For a report of the BCG assessment team working in the South East Asia region, see page 101.
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the post-vaccination reactions for children in Tubigon average 11.8 mm,
while those for children in San Antonio, given the same batch of vaccine,
average 5.2 mm. Results of research studies on Danish schoolchildren have
shown that similar variations can be produced experimentally by reducing
the potency of the vaccine. Though specific evidence cannot be given, it
seems logical to suggest that the post-vaccination allergy from the Philip-
pines BCG campaign varies because an unknown factor (or factors)
attenuates, often considerably, the potency of some of the regular batches
of BCG.b

The results presented here and in previous papers justify, we believe,
a broad generalization about one aspect of the character of BCG-induced
tuberculin sensitivity: tuberculin reactions of a group of persons vaccinated
with the same vaccine form a symmetrical, unimodal, probably normal
distribution. Its position on the size scale is determined primarily by the
allergizing potency of the vaccine. There is no indication that BCG-
induced tuberculin sensitivity is qualitative, that is, that after vaccination
some children become sensitive and others do not as a result of a BCG
infection.

Stability of BCG-induced tuberculin sensitivity

Observations are available only from Denmark for studying the stability
of BCG-induced sensitivity over a period of years. The Danish material is,
however, unusually appropriate for this purpose. Yearly observations have
been made for five years on groups of schoolchildren in the same age-span
and from the same districts, and none had been revaccinated by the time
they left school and thereby became unavailable for further study. Further-
more, the prevalence of tuberculous infection is so low (estimated to be
about 5% in the school groups) that a waning of post-vaccination sensitivity
could not be masked by tuberculous superinfection.

Fig. 3 gives the results of tuberculin tests made from 6 to 13 weeks after
vaccination and yearly thereafter. The material is the same as shown for
Denmark in fig. 1, subdivided here according to the interval of time since
vaccination. The number of children retested at each period decreases for
two reasons, neither of which affect the comparability of the groups retested
annually. First, new groups of children have been continually added to the
study during the 5-year period 1949-54. All have had the 6-13 weeks retest,
but the number retested after one year is necessarily smaller, as it includes
only those vaccinated in 1949-53--children vaccinated in 1954 can, of
course, not have the one-year retest until 1955. The groups retested after
two years were vaccinated in 1949-52, and so on down to the small
number retested after five years, which represents only those vaccinated

b Results of studies currently under way suggest that part of the variations may be due to variations in
the potency of the tuberculin.
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FIG. 3. DISTRIBUTIONS BY SIZE OF
REACTIONS TO THE INTRADERMAL
10 TU TEST AT DIFFERENT INTER-
VALS AFTER VACCINATION AMONG

DANISH SCHOOLCHILDREN
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in 1949, the year when the study began and when only a relatively small
number was vaccinated. The second reason for the decreasing numbers from
the 6-13 weeks to the 5-year retesting period is that children are continually
being lost to the study because they finish school. The frequency of children
still in school who failed to participate in the retesting was extremely low
(and about the same) at each retesting period and does not affect the results.

The six distributions in fig. 3 demonstrate that post-vaccination sensi-
tivity persists practically unchanged for five years. The slightly lower
averages shown for the upper two histograms do not, we believe, indicate
that allergy increases during the first year after vaccination. Rather, they
reflect the fact that, with more experience, the nurses tended to read the
reactions as slightly larger. During the past three years, however, when
duplicate readings indicated that the readings had become uniform and
stable, the distributions differ only slightly: the average size of the reactions
varies by about 1 mm only from year to year.

Although the data will not be presented in this paper, similar results
on the stability of post-vaccination sensitivity have been found for the
groups of Danish children who were vaccinated with fractional doses of
BCG or with vaccines attenuated in other ways.

That BCG-induced allergy is always stable, however, cannot be asserted
carefully controlled studies, for example, the one reported from Muscogee
County, Georgia, USA,13 clearly show a striking loss of tuberculin sensitivity
during the interval from 6 months to 3 years after vaccination. Thus, it is
quite possible that the stability of allergy may differ under different
conditions.

Comparison of BCG-induced with naturally acquired sensitivity

The pattern of post-vaccination tuberculin sensitivity is clearly different
from the pattern of tuberculin sensitivity usually found in an unvaccinated
general population. Fig. 4 shows distributions of tuberculin reactions in
unvaccinated groups of schoolchildren in the five different countries and,
for comparison, the distributions of post-vaccination reactions (previously
shown in fig. 1 and fig. 3). Whereas after vaccination the distribution of
reactions is unimodal, before vaccination it is usually separated into two
parts. There is one concentration of large reactions (presumably repre-
senting those infected with tuberculosis) and one of very small reactions
(presumably representing the non-infected). The higher the prevalence of
tuberculosis in a community, the higher the proportion of children in the
group with large reactions. In Denmark, for example, where the prevalence
of tuberculosis is very low, the right-hand group (the presumablv infected)
is very small. The pattern of the distribution is, however, the same as in the
other countries where the proportion of children in the right-hand group is
larger and, presumably, the prevalence of infection is much higher. The
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shape of the distributions for the non-infected, the left-hand group, differs
in the five countries, and the significance of these differences is discussed
in other papers (see pages 63 and 101).

As shown in fig. 4, the distributions of reactions for children vaccinated
with standard strength vaccine are very similar to those for the presumably
infected groups of children shown in the distributions directly above them.
In all countries (though comparison is difficult for Denmark because of the
low frequency of infected children) the two distributions have about the
same shape: the reactions are distributed symmetrically and with about the
same dispersion around a central value. Moreover, the reactions of the
vaccinated are nearly the same size as those of the naturally infected, though
the average tends to be slightly smaller.

The degree of sensitivity produced by natural infection with virulent
organisms is remarkably constant,11 as has been shown for schoolchildren
and tuberculous patients in different countries (see page 63) and for student
nurses with different degrees of contact with tuberculous disease.'0 This
is in sharp contrast with the BCG-induced sensitivity which may vary,
according to the potency of the vaccine, from very weak to about the same
sensitivity as after natural infection. Fig. 5 demonstrates the relation
between the dose of BCG injected and the resulting allergy, giving results
after vaccination with successive tenfold dilutions, from standard strength
to 1/10,000 standard strength of one regular batch of BCG vaccine. The
distributions are displaced to the left as the dose of BCG is reduced, but
they retain their unimodal form. (The results closely resemble those for the
different groups of Filipino children shown in fig. 2.)

If, in fig. 4, the dispersion of the reactions in the group of naturally
infected is compared with that among the vaccinated, the two are found to
be very similar. As all the vaccinated have received the same dose of BCG
or as uniform a dose as possible, this similarity has important implications
about the dose of virulent tubercle bacilli necessary to produce tuberculin
sensitivity. It suggests that either the infecting dose of Mycobacterium
tuberculosis is much more uniform than would be expected or the host
response is surprisingly constant irrespective of the infecting dose.

Discussion

The fallacy of the positive-negative classification

The common practice of classifying post-vaccination tuberculin reactions
as positive or negative represents a casual adoption of the method used for
classifying reactions in unvaccinated populations, where the term " posi-
tive " refers to presumably infected persons and " negative " to the unin-
fected. While the biological meanings of " positive " and " negative " are
clear when applied to an unvaccinated population, the terms are without
biological meaning when applied to a vaccinated population. All the
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FIG. 5. DISTRIBUTIONS BY SIZE
OF REACTIONS TO THE INTRADER-
MAL 10 TU TEST, ACCORDING TO
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vaccinated have been infected with BCG, and, as a result, all have acquired
some degree of tuberculin sensitivity. To separate post-vaccination reactions
into " positive " and " negative " is simply to divide a unimodal distribution
at some arbitrary point on the size scale.

Although very widely used, the practice of expressing post-vaccination
results in terms of the percentage " positive " must be regarded as a very
crude index of the sensitivity acquired by a group of vaccinated persons.
In addition, much confusion has arisen because of the disagreement about
where, on the broad scale of tuberculin sensitivity, the point of separation
between " positive " and " negative " should be made. For example, some
workers regard only large reactions to a weak dose of tuberculin as " posi-
tive "; others are satisfied to call small reactions to a strong dose " positive ".
Thus it becomes almost futile to try to interpret results from different
observers when, for example, one uses a criterion of 5 mm to 250 TU as
" positive " and another uses 10 mm to 5 TU. When, as is not infrequelnt,
neither the criterion nor the dose of tuberculin is stated, the percentage
" positive " index is essentially meaningless.

Even when the same criterion is used, the percentage " positive " may
conceal wide difference in the degrees of sensitivity produced by vaccination.
As may be seen from the upper three histograms in fig. 5, the pronounced
difference in the sensitivity produced by vaccines diluted over a 100-fold
range in dosage would be practically obscured if the results for each dose
were expressed as the percentage of reactions 6 mm or more in diameter.

Finally, the positive-negative concept, as applied to vaccinated groups,
carries with it a connotation of success or failure that cannot but influence
the sizes recorded of the tuberculin reactions. Evidence from many sources
suggests that if good results are desired, the reader unconsciously tends
to interpret doubtful reactions as " positive ". Conversely, if revaccina-
tion is regarded as important, doubtful reactions tend to be classified as
" negative ".

The allergy of a vaccinated population can best be assessed, we believe,
by giving the distribution of sizes of reactions to a specified dose of tuber-
culin. However, as the distribution of reactions among the vaccinated is
usually approximately normal, this distribution can be characterized by
the mean size to define its location on the size scale and by the standard
deviation to define its dispersion.

The implications of random evperimental error

Tuberculin-testing after vaccination is often undertaken to select per-
sons for revaccination: those with reactions regarded as " negative "
would, it is assumed, benefit from revaccination. Revaccination of the
" positives " is regarded as superfluous and, perhaps, as contraindicated
because of the fear of local complications. Despite the absence of a scien-
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tific basis for judging who may or may not need revaccination, practical
programmes are proceeding today on the assumption that those classified
as " negative " need revaccination, those classified as " positive " do not.
It is not unimpcirtant, therefore, to show how random experimental error
influences the present dubious practice of using the positive-negative
concept to select persons for revaccination.

In a group of persons given the same vaccine, variations in the recorded
sizes of the tuberculin reactions may be attributed to three factors: varia-
tions in the technique of vaccination, individual differences in capacity to
develop allergy, and experimental error in giving and reading the tuberculin
tests. Studies of these sources of variation have shown that experimental
error in giving and reading the tests accounts for almost half the total
observed variation.'2 Thus, the observed reaction size cannot be regarded
as an exact estimate of a person's sensitivity: The more an observation is
found to deviate from the average of the group, the greater is the probability
that experimental error has influenced the observation. This may be
demonstrated in the present material.

FIG. 6. DISTRIBUTIONS BY SIZE OF POST-VACCINATION
TUBERCULIN REACTIONS OF CHILDREN WITH REACTIONS LESS THAN 6 mm,

OR MORE THAN 28 mm (UPPER SECTION), AND OF REACTIONS
IN THE SAME CHILDREN AT THE NEXT RETESTING PERIOD (LOWER SECTION)
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In the data given in fig. 3 (for Danish children), there were 20 of the
4,627 children, who, at some retesting period, had a reaction of less than
6 mm, and who were tested again at a later time. At the other end of the
distribution, there were 21 children with a reaction of more than 28 mm
at some retesting period who were again retested later. The distributions
of the reactions of these 41 children are shown in fig. 6, the upper section
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giving the earlier reaction, the lower section the later one. All the children
who had had very large reactions had, at a later retest, much smaller ones,
averaging 21.7 mm. None of them exceeded 28 mm. All the children
who had had small reactions had, at a later retest, much larger ones, aver-
aging 1 1.0 mm. Only 4 of the 20 were still below 6mm. Thus, if a reaction of
less than 6 mm had been considered an indication for revaccination, only
4 of the 20 children originally qualifying for revaccination would still have
qualified at a later test.

Another illustration of the significance of experimental error is given
in table II, showing the correlation between the results for 126 vaccinated
persons given two 5 TU tuberculin tests at three months' interval (without
revaccination in the interval). Using the criterion that reactions of less
than 6mm are "negative", 12 persons would have been candidates for revac-
cination on the basis of the first test. But, according to the second test, 8 of
these 12 had reactions of 6 mm or more and would not, therefore, still
have qualified for revaccination. Further, 4 persons considered " positive "
to the first test were " negative " to the second. Thus, of the 16 who at
either of the two periods had a " negative " reaction, only 4 were " negative"
at both periods.

Superinfection of a vaccinated person is often thought to be indicated
by an increase of the tuberculin reaction from one retesting period to
another: either from " negative " to " positive " or from a weak " positive "
to a strong " positive "reaction. However, such an assumption is unreliable,
because the apparent change in allergy is often caused by experimental
error. For example, as shown in table II, the 8 persons whose reactions at
the first period were smaller than 6 mm and at the second period larger
than 6 mm might well have been regarded by some workers as " converters"
owing to superinfection.

It should be emphasized that the experimental error in tuberculin-
testing is unavoidable. In the present material it is probably much less
than would be found in most practical tuberculin-testing work: the nurses
who made the observations had had a great deal of experience; they were
selected because of the accuracy and uniformity of their technique, and
were given enough time to do the work carefully. In practical work, and
particularly under conditions geared to speed rather than to accuracy,
experimental error must be expected to be much greater. Recognition of
how these errors operate may contribute to a sounder interpretation of the
results of practical tuberculosis control work.

Reconciliation

The present material and its interpretation are not compatible with
much that has been written and is believed about the tuberculin sensitivity
produced by BCG vaccination. It is generally believed that post-vaccina-
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TABLE II. CORRELATION BETWEEN SIZES OF TUBERCULIN REACTIONS
TO INTRADERMAL 5 TU TESTS GIVEN AT TWO PERIODS WITH THREE MONTHS'

INTERVAL, AMONG PREVIOUSLY BCG-VACCINATED PERSONS

Size of reaction to first test (mm of induration)
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tion sensitivity is usually, perhaps always, weaker than that produced by
tuberculous infection; that some persons are incapable of developing
tuberculin sensitivity after vaccination; that BCG-induced sensitivity
is not stable-it wanes and, in some persons, may be lost-and that the
diagnostic value of the tuberculin test is not destroyed by vaccination,
because virulent infection induces a more intense reaction than BCG.

That BCG-induced tuberculin sensitivity is necessarily much weaker
than the sensitivity observed among the naturally infected is not confirmed
in the present material. Results given here and in other papers clearly
show that the degree of post-vaccination sensitivity depends on the strength
of vaccine used: it is possible to produce almost any degree of sensitivity
by varying the concentration or the composition of the vaccine. Recent
results from the WHO/UNICEF BCG assessment teams now suggest that
much of the work in the mass campaigns has been, and is still being, done
with attenuated vaccines or vaccination techniques that produce a low
degree of tuberculin allergy, although a strong allergy approaching that
caused by natural infection has been shown to be attainable in these
populations.

That some persons may appear to be anergic after vaccination is due,
we believe, to the way post-vaccination tuberculin reactions have been
interpreted. Ordinarily, a person is classified as " negative" when his reaction
after vaccination is still within the size range that qualified him for vaccina-
tion. Such persons may not infrequently be found, particularly when
weak vaccines are used. However, it cannot be concluded that the allergic
status of such persons is unchanged by vaccination. In our experience
such persons may be shown (with stronger doses of tuberculin or repeated
tests) to have become mnore sensitive after vaccination than before, although
this may not be obvious from the results of a single, small-dose test. Though
it is not possible to say that persons with a biological incapacity to become
allergic after BCG vaccination do not exist, we can conclude that among
school-age children, at least, they must be more of a medical curiosity
than a practical problem.

That BCG-induced tuberculin sensitivity appears to wane or to be
lost may be the consequence of trying to study the duration of allergy
and to practice revaccination in the same group of persons. The two are
incompatible. The study of duration of allergy obviously cannot be based
only on the persons not revaccinated at previous periods, because they
represent those with the strongest degrees of allergy. On the other hand,
to include the revaccinated in the group being followed requires making an)
assumption about what their allergy would have been had they not been
revaccinated. The assumption commonly made is that they would have
remained " negative " throughout the follow-up period. As pointed out by
Groth-Petersen,7 when the revaccinated persons are counted as " negative "
at successive retesting periods, this will necessarily produce a steadily
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increasing number of " negatives " and, as a result, a spurious decrease in
the percentage remaining " positive "-interpreted as a loss of allergy.
The mistake lies in ignoring the influence of experimental error in tuberculin
test results. Tuberculin reactions considered to be " negative ", i.e., below
a certain size, at one retesting period are not necessarily " negative " at the
next period. As shown in fig. 6, almost all the children in the present study
who might have been classified as " negative " at one period could have been
classified as " positive " at a later period.

That the diagnostic value of the tuberculin test may be destroyed by
vaccination is clearly demonstrated by the present material. When a potent
BCG vaccine is used, the distribution of post-vaccination tuberculin reactions
closely approaches that of the naturally infected members of the population.
Under such circumstances, the size of the tuberculin reaction cannot be
used to identify persons infected with tuberculosis. Nor has extensive
experience in tuberculin-testing both vaccinated and naturally infected
persons provided any indication of other ways that might be used to dis-
tinguish the sensitivity produced by vaccination from that produced by
virulent infection. In former days, when most adults reacted to tuberculin,
this may not have been important, but in many places today, and in more
tomorrow, tuberculous infection, even of adults, may well become the
exception rather than the rule. The tuberculin test may thereby become
of increasing value to find and diagnose cases of tuberculosis. It may also
be expected to become of increasing importance for differential diagnosis
in medical practice: if positive, to lend support to a diagnosis of tubercu-
losis; if negative, to shift attention from tuberculosis to other conditions,
for example, lung cancer, where an early diagnosis may be of the utmost
importance.
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RItSUME'

On se fonde sur la sensibilite post-vaccinale a la tuberculine pour evaluer les resultats
immediats des vastes campagnes de vaccination en serie au BCG actuellement entreprises
en collaboration par l'OMS et le FISE. Au cours de ces cinq dernieres annees, le Bureau
de Recherches sur la Tuberculose a etudie la sensibilite tuberculinique consecutive A la
vaccination par le BCG; le pr6sent article examine quelques-unes des caracteristiques les
plus importantes de l'allergie provoquee par le BCG. Cette etude se fonde sur les resultats
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qu'ont donnes, dans cinq pays, la vaccination de plus de 6.000 ecoliers et les epreuves
post-vaccinales de contr6le plus ou moins espacees.

La sensibilite tuberculinique produite par le BCG ne correspond pas a une reponse
du type <(tout ou rien> ou a une reponse que l'on puisse logiquement qualifier de (( posi-
tive)> ou de <(negative )>. Bien plut6t, la vaccination produit ou augmente toujours la
sensibilite a la tuberculine; toutefois, avec certains vaccins et chez certaines personnes,
le degre de sensibilit6 engendre peut etre faible. L'allergie due au BCG peut etre le
mieux definie par la distribution de frequence du diametre des reactions tuberculiniques
et exprimee sous une forme succincte par la moyenne et par l'ecart-type de la distribution.
Le classement habituel des reactions post-vaccinales en ((positives)> et <(negatives>
est depourvu de signification biologique ; il peut etre a l'origine de nombreuses notions
fallacieuses sur la nature de l'allergie produite par le BCG.

Le degr6 d'allergie post-vaccinale depend de l'activite du vaccin employe: chaque
fois que l'on a effectue des etudes minutieusement contr6lees, on a constat6 qu'un vaccin
actif produisait une allergie a peu prms aussi forte que celle qui est due 'a l'infection natu-
relle. L'allergie plus faible que l'on a precedemment obtenue -et que l'on obtient
encore - lors de nombreuses campagnes de vaccination en serie peut etre en partie
attribuee a l'emploi de vaccins attenues ou 'a l'application d'une mauvaise technique. On
n'a observe aucun fait de nature 'a prouver que l'allergie diminue ou disparait apres la
vaccination intradermique : la revaccination, d'une part, la meconnaissance de l'influence
possible de l'erreur experimentale, d'autre part, sont susceptibles de donner l'impression
qu'un tel phenomene se produit. Rien n'indique qu'il soit possible de deceler 'a I'aide d'une
epreuve tuberculinique une surinfection survenue apres la vaccination, 'a moins que le
vaccin utilise ne soit guere actif. La valeur diagnostique de 1'epreuve 'a la tuberculine se
trouve ainsi radicalement compromise dans de nombreuses regions oit l'on procede a des
campagnes de vaccination en serie, en particulier dans celles oit les vaccinations ont pro-
voque une sensibilite tuberculinique de degre elev6.
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