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The Duration of BCG-induced Tuberculin Sensitivity
in Children, and its Irrelevance for Revaccination

Results of Two 5-year Prospective Studies

J. GULD,' H. WAALER,2 T. K. SUNDARESAN,3 P. C. KAUFMANN 3 & H. G. TEN DAM 4

It had been shown earlier, in a retrospective study, that tuberculin sensitivity is stronger
in children tested for the second time after vaccination than in those tested for the first
time after vaccination. The hypothesis that the tuberculin test itselfmay reinforce sensitivity
to a further test has now been confirmed in 2 strictly controlled prospective studies, which
are reported here. The results refer to the tuberculin reactions S years after vaccination.
These reactions were significantly larger in children who had had an intermediate test
(less than S years after vaccination) than in those tested for the first time at 5 years.
This was found equally for several BCG products, but there was a significant tendency for
the PPD batch RT 19-20--21 to have a more pronounced effect than the other tuberculins.

Itfollowsrfrom the results of these studies that a possible waning of tuberculin sensitivity
cannot be revealed by regular tuberculin testing. Moreover, experiments in guinea-pigs
have shown that restoration of sensitivity by means of an injection of tuberculin does not
influence the acquired resistance; there are no particular reasons to believe that this should
be different in man. Thus the authors consider the very common practice of giving regular
tuberculin tests to vaccinated children, in order to decide on possible revaccination, to be
devoid of any scientific basis.

It has been shown in a small retrospective study
(Magnus & Edwards, 1955) that, in children vacci-
nated several years previously with BCG, tuberculin
sensitivity is stronger in those tuberculin-tested for
the second time after vaccination than in. those
tested for the first time after vaccination. The
hypothesis that the tuberculin test itselfmay reinforce
the sensitivity to a further test was confirmed in
animal experiments (Magnus, 1957; Tolderlund,
Bunch-Christensen '& Waaler, 1960) and later in
human populations (Ferebee & Mount, 1963; Raj
Narain et al., 1966).
Two prospective 5-year studies of this phenomenon

in BCG-vaccinated children are reported here. The
aim of the second study was to investigate how the
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phenomenon is affected by the use of different
tuberculins and vaccines.

MATERIAL AND METHODS

The first study was started in 1955 in recently
vaccinated children of 14 primary schools in Copen-
hagen suburbs. When in the first grade, the children
who did not react to a tuberculin patch test had been
vaccinated with the routine Danish liquid vaccine
(0.075 mg per dose). In 4 of the schools, post-
vaccination tuberculin tests had been given 10 weeks
after vaccination, before the present study was
planned. However, owing to a poliomyelitis vac-
cination campaign at about the same time this
retesting was not done in the other 10 schools.
The 295 children who had received the post-

vaccination test and the 531 children who had not
were randomly allocated to one of 6 groups. Four
of these groups, each consisting of about 1/9th of the
children, were to be given a single tuberculin test
1, 2, 3, or 4 years, respectively, after vaccination.
The fifth group, 2/9ths of the study population, were
to receive 4 tests, one in each of these years. The
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control group, about 1/3rd of the children, was
given no test during this period, but each year these
children had their vaccination scar examined, as had
the children in the test groups. The exact composi-
tion of the various groups may be seen from the first
line of figures in Table 1.

Five years after vaccination, the whole study
population, including the controls, was given a
tuberculin test. The comparisons between the various
groups are all based on the results of this final test.
The tuberculin product used throughout the first

study was PPD of the batch RT 19-20-21 (in buffer
diluent, without Tween) and the dose was 5 TU.
The sites used for tuberculin testing were the upper,
middle and lower dorsal part of the left forearm, and
the middle and lower dorsal part of the right forearm.
In each child, the 5 sites were used in random order
over the years, no site being used more than once.
The second study was started in 1956 in 16 schools

in suburbs of Copenhagen. This study was planned
before the vaccinations were performed, and no
10-week post-vaccination testing took place. Further-
more, within each of the 6 test groups the children
were allocated, according to a closed random proce-
dure, to be vaccinated with one of 6 different vaccines
and to be tested with one of 4 different tuberculin
products. Otherwise, the design was similar to that of
the first study. In total, 724 children entered this study.
The vaccines used in the second study were: the

routine Danish liquid vaccine in its then usual
strength (0.075 mg/dose) and in 1/16th of this
strength; 2 Japanese freeze-dried products designated
as X-99D (freeze-dried with sucrose) and J.3B (with
glutamate); and the liquid and freeze-dried vaccines
from the Institut Pasteur, Paris. The Japanese and
French vaccines were used in the strengths recom-
mended by the respective manufacturers. All vac-
cines were administered in a dose of 0.1 ml.
The 4 tuberculin products used were: Danish RT

19-20-21 (without Tween), 5 TU; International Stan-
dard of PPD of Mammalian Tuberculin (PPD-S),
5 IU; French IP48 (several lots), 5 TU; and Japanese
Old Tuberculin (several lots), in a dilution of 1/2000.
The intradermal tuberculin testing and the BCG

vaccination were performed according to the
techniques now described in documents WHO/TB/
Techn.Guide/2 and WHO/TB/Techn.Guide/3.1

All examinations were done in a double-blind

Copies of these unpublished documents are available to
persons officially or professionally interested on request to
Tuberculosis, Division of Communicable Diseases, World
Health Organization, 1211 Geneva, Switzerland.

manner. Children not to be tested in any particular
year were nevertheless lined up among the children
to be tested, and their presence on the occasion of the
examination was recorded.

RESULTS

The results of the first study are summarized in
Table 1, which gives the distributions of the 5-year
tuberculin reactions separately for each test group.
The control groups shown for comparison consist
largely of the same children from year to year, but
for each group given an intermediate test in a parti-
cular year the control group has been made strictly
comparable by excluding those control children who
were absent in the relevant year(s) of testing.
The accompanying figure shows, in the form of

histograms, the distributions of the 5-year reactions,
combined for all children given one or more inter-
mediate tests (within 1-4 years after vaccination)
and separately for the controls, the latter weighted
in the same way as in Table 1. Children tested
10 weeks after vaccination are shown separately.
From Table 1 it may be seen that a considerable

part of the children dropped out of the trial and
therefore could not be tested in the fifth year. Since
the number not tested is of the same order of
magnitude in all the groups compared, and since
there is no reason to suspect that the absenteeism is
in any way related to the level of tuberculin sensiti-
vity, it may be assumed that the lack of information
on these children does not introduce an element of
bias in the comparisons. In this connexion it may
also be mentioned that the participating children
were ignorant of the groups to which they had been
allocated, and that none of the children present ever
refused to be tested. The number of children who
were tested the fifth year but absent on the days that
the tests were read was small in all groups.
One fact that emerges immediately from Table 1

is that the mean 5-year reaction in the intermediately
tested groups is always higher than that in the
control group. The difference is not significant in
every instance, but the over-all difference is highly
significant. This confirms conclusively that a
tuberculin test by itself is capable of maintaining or
restoring tuberculin sensitivity.

In this respect it should be noted that the reactions
in the intermediately tested groups are in each case
more homogeneous (standard deviation about
3.5 mm) than in the controls (standard deviation
about 5 mm). This finding is compatible with the
assumption that the effect is a maintenance of (or
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FREQUENCY DISTRIBUTIONS OF TUBERCULIN REACTIONS, 5 YEARS AFTER VACCINATION,
SEPARATELY FOR CHILDREN GIVEN INTERMEDIATE TESTS AND FOR CONTROLS

CHILDREN TESTED 10 *EEKS AFTER
VACCINATION

GIVEN INTERMEDIATE TESTS

CONTROLS

CHILDREN NOT TESTED 10 WEEKS AFTER
VACCINATION

GIVEN INTERMEDIATE TESTS

CONTROLS

4 8 12 16 20 24 28 32 0 4 8 12 16 20
REACTION SIZE (mm)

12

W MM

restoration to) the original allergy level (as is also the
case in guinea-pigs--Tolderlund, Bunch-Christensen
& Waaler, 1960; Tolderlund, Weis Bentzon et al.,
1967), rather than a boosting beyond the original
strength. The controls might comprise some children
whose sensitivity has started to wane at 5 years and
others whose sensitivity had not started to wane;
children given intermediate tests would all have had
their original allergy uniformly maintained. On this
hypothesis, onewould precisely expect not only a lower
mean but also a larger variance among the controls.
The mean difference between the reactions in

children with intermediate tests and in the controls
may be summarized as follows:

Intermediate
tests at:

1 year
2 years
3 years
4 years
Every year

Tested 10 weeks Not tested

tfer acctnatton 10 weeks

after
vaceinato after vacetnation
+1.6 +1.7
+2.0 +3.0
+2.1
+1.5
+2.1

+2.5
+1.9
+3.2

There is no significant interaction of these differ-
ences with the timing of the intermediate test. The
tendency towards a larger difference in children
tested after 10 weeks than in those not tested after
10 weeks is not significant. A comparison, in terms
of absolute reaction size, of children with and with-
out a 10-week test is not strictly valid as the observa-
tions were made in different groups of schools and
the separation of the children into these 2 categories
was unplanned.
The results of the second study are summarized in

Table 2. As in the previous study, a considerable
number of children dropped out before the fifth year
for various reasons, all apparently independent of
tuberculin sensitivity. Here again there was no
significant relationship between the timing of inter-
mediate testing and the effect on tuberculin sensiti-
vity. For this reason the data for all children who
had at least one intermediate test have been presented
together. Among the children allotted to inter*
mediate testing there were 20 who had the 5-year
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TABLE 2

TUBERCULIN REACTIONS 5 YEARS AFTER VACCINATION, IN CHILDREN HAVING HAD AT LEAST
ONE INTERMEDIATE TUBERCULIN TEST AND IN CONTROLS

Tuberculin reactions after vaccination with indicated vaccine

Dansh/1 anih 116Japanese Japanese French FrenchToa
Tuberculin JDanish 1/1 Danish 116 J.3B X-99D liquid dried Total

Mean Mean Mean Mean Mean Mean Meanl Stan-
No. size No. size No. size No. size No. size No. size No. size dard

(mm) (mm), (mm) _ (mm) _ (mm) (mm) (mm)1 error

Tested 14 19.07 18 15.28 15 21.40 14 20.57 11 15.82 11 19.731 83 18.58

RT 19-20-21 Controls 3.67 15.41 7.50 9.78 6.17 14.65 7.00 16.57 7.50 12.24 2.50 13.80 34.3 13.47

Difference 3.66 5.50 6.75 4.00 3.58 5.93 5.11 1.13

Tested 13 18.92 10 13.30 16 17.69 18 17.61 9 17.00 11 16.82 77 17.10

PPD-S Controls 7.67 16.26 6.00 12.33 7.34 15.11 6.00 21.00 6.00 14.00 5.50 14.28 38.5 15.53

Difference 2.66 0.97 2.58 -3.39 3.00 2.54 1.57 1 1.11

Tested 11 13.73 14 8.21 15 13.40 14 11.64 12 13.25 13 11.85 79 11.94

IP 4,8 Controls 8.00 13.25 6.67 6.67 7.83 10.28 8.33 10.70 6.34 8.69 5.67 9.74 42.8 10.05

Difference 0.48 1.54 3.14 0.96 4.56 2.11 1.89 0.79

Tested 13 15.23 15 11.53 16 16.56 13 115.31 9 16.67 11 15.82 77 15.051
Old Controls 6.67 18.00 7.00 11.14 7.83 15.92 12.00 9.50 4.67 17.86 6.00 11.67 44.2 13.36
Tuberculin

Difference -2.77 0.39 0.64 5.81 -1.19 4.15 1.69 1.37

Tested 51 16.90 57 12.21 62 17.26 59 16.39 41 15.51 46 15.87 316 15.70

Controls 26.00 15.66 27.16 9.94 29.15 13.93 33.32 13.36 24.49 112.82 19.66 12.11 159.8 13.02
Total

Difference 1.24 2.27 3,33 3.03 2.69 3.76 2.68 0.59

l Standard error 1.27 1.34 1.391 1.44 1.33 1.58 0.59

test but who had been absent at the year of inter-
mediate testing. These children have been excluded
from the study. For the purpose of this presentation,
the controls have been weighted correspondingly
according to their chance of having been excluded
from the study because of absenteeism had they
instead been allotted to intermediate testing.'
From Table 2 it may be seen that the tuberculin

sensitivity induced by all vaccines waned over the

1 A control child, had it been allotted to intermediate
testing, would have had a 1/3rd chance (2/9ths as against
4/9ths) of being allotted to the group tested every year (in
which case it would not matter if it were absent up to 3 times
-it would still have been tested at least once) and a 2/3rds
chance of being allotted to a single intermediate test, which it
would have had a 1/4th chance of missing had it been absent
in any one year. Its chance of being excluded from the study
by being absent once would then have been 2/3 x 1/4= 1/6, and
its tuberculin reaction at 5 years must be given a weight of

years and was more or less restored by intermediate
tuberculin testing. The differences observed between
the various vaccines in this respect are not statistically
significant.

Similarly,- the table shows that all tuberculins
were capable of restoring tuberculin sensitivity. The
analysis of variance,2 however, showed that there is
a significant difference between the effects of the
various tuberculins:

only 5/6. Similarly, a " control " absent twice would have
had a chance of exclusion of 2/3 x 2/4 =1/3, and its reaction
is given a weight of 2/3. Hence the number of children in
some of the control groups appear as broken figures.

' The analysis of variance has been based on certain
assumptions, such as equality of numbers tested, uniformity
of variance, etc. These assumptions are not strictly true in
the present instance but, nevertheless, as a broad indication,
it is considered that the results of the analysis of variance
can be accepted.
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Source of Degrees of Sum of Mean Variance
variation freedom squares square ratio

Between
tuberculins 3 54.1715 18.0572 3.2232

Between
vaccines 5 19.3975 3.8795 Not

Error 15 84.0335 5.6022 signif.

Total 23 157.6025

In fact, only RT 19-20-21 appears to have a pro-
nounced restorative effect on tuberculin sensitivity,
but, considering the other 3 tuberculins together, it
may be said that they showed this effect fairly con-
sistently, albeit to a much lesser extent. (For the dif-
ference between tuberculins, see also Magnus, 1957.)

DISCUSSION

These studies confirm previous findings by the
WHO Tuberculosis Research Office (1955): children
repeatedly tested with tuberculin after BCG vac-
cination will maintain a high sensitivity even after
5 years, whereas children not tested in the intervening
years will show weaker reactions (Magnus &
Edwards, 1955). But it is striking that even for the
latter group the sensitivity after 5 years is quite
substantial,' in contrast to past beliefs about a fast
waning of sensitivity in some children and a corre-
sponding need for revaccination. It is also striking
that all the vaccines used give tuberculin sensitivity
of the same long duration. Disagreement in the past
about the duration of BCG-induced sensitivity can
thus scarcely be due to the use of different vaccines
in different studies of the problem.
The phenomenon of waning BCG-induced tuber-

culin sensitivity and its restitution by means of an
injection of tuberculin has been amply demonstrated
in guinea-pigs (Magnus, 1957; Tolderlund, Bunch-
Christensen & Waaler, 1960). It follows the same
pattern as in man except that the waning of sensitivity
in animals occurs very much faster than in man.
Several experiments in guinea-pigs have shown that
these variations in sensitivity (waning as well as
tuberculin-induced restoration) have no correlation
at all with variations in acquired resistance, as
demonstrated by survival after virulent challenge
(Magnusson, Jespersen & Weis Bentzon, 1960;
Tolderlund, Bunch-Christensen & Guld, 1967;
Tolderlund, Weis Bentzon et al., 1967). When the

1 Intervening natural superinfection might have been
postulated as a cause of the maintenance of sensitivity, were
it not that the infection rate in the kind of population studied
is known to be exceedingly low.

sensitivity has apparently waned, some acquired
resistance remains; conversely, when the sensitivity
is restored by means of tuberculin testing there is no
simultaneous increase in the level of resistance.

There is neither empirical evidence nor any obvious
theoretical reason why this should be any different
in human beings. The very common practice of
revaccinating on the basis of waning of tuberculin
sensitivity, and of withholding vaccination from
persons who after tuberculin testing (often regularly
repeated) fail to show waning of allergy, has therefore
no scientific basis whatsoever, as already discussed in
a previous paper (Tolderlund, Bunch-Christensen &
Guld, 1967).
Under these circumstances, how are rational

decisions concerning revaccination to be made?
Since it is quite possible that in man resistance
acquired from BCG wanes over the years, at least to
some extent, as it does in guinea-pigs, it may be
profitable to vaccinate each individual twice or
perhaps several times during his lifetime. As shown
above, the intervals cannot be based on the duration
of tuberculin sensitivity, either in the individual or in
a population as a whole; they can be based only on
evidence from controlled trials of the duration of
protection in man. So far, such evidence is scanty,
and it is subject to the criticism that the protection,
which is presumably operative at the time of natural
infection of the individual, is registered only at the
time of clinical break-down (of the non-vaccinated
controls in the trial), sometimes many years after
infection.

Nevertheless, what little information is available
(Aronson et al., 1958; Great Britain, Medical
Research Council, 1963; Frimodt-M0ller, Thomas
& Parthasarathy, 1964) indicates an impressive
duration of protection that could only partly be
explained away in the manner indicated. To revac-
cinate for instance every 3 years, as has been current
practice in a number of places, is almost certainly
overdoing things. On the other hand, there is no
positive indication that the protection lasts much
beyond 10 years.

There seems to be a sound case for early revaccina-
tion where it is found or suspected that a vaccine
used on a certain occasion has been much too weak.
In such a case, the decision about revaccination may
be based upon the average level of allergy among all
children vaccinated on the particular occasion. A
special case is vaccination of newborn infants, where
the dosage of BCG is kept particularly low for fear
of complications. In such a programme revaccina-
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tion with a higher dose of BCG may be considered-
for instance, at school age. It should be noted that
in these cases it is irrational to exclude any persons
from revaccination on the basis of the strength of
their individual BCG-induced allergy.' All who were
poorly vaccinated should be revaccinated with a
stronger vaccine. There is no evidence that indi-
viduals vaccinated with a given vaccine are the
better protected the stronger their skin sensitivity
happens to be (Hart, Sutherland & Thomas, 1967).
The WHO Expert Committee on Tuberculosis

(1964) summarized the position as follows:

"In countries with a high level of transmission, the
widest possible coverage with BCG vaccination should be

1 It is an entirely different matter that the tuberculin test
might be used for the purpose of excluding persons who
have become infected with tuberculosis since their previous
BCG vaccination. This would at least be justifiable in theory,
even if it is very difficult in practice (Guld, 1957).

ensured as early in life as feasible. In strictly controlled
trials under varying epidemiological conditions, the
difference in the incidence of tuberculosis between the
vaccinated and the controls has been found to remain
practically unchanged for many years after BCG vacci-
nation. There is no indication so far that revaccination
would be necessary within five to ten years after successful
vaccination-i.e., vaccination followed by a satisfactory
level of allergy on sample retesting a few months
after vaccination. Thus, the second vaccination cover-
age should take place before school-leaving age (12-
15 years).

" In countries with low transmission-that is, of the
order of 2% of specific tuberculin reactors at school-
entering age-primary BCG vaccination could be post-
poned until the children leave school, and this one
vaccination may be sufficient."

It is unlikely that any new experimental evidence
will emerge in the next few years to modify this
conclusion.
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RtSUMti

On a montre, au cours de recherches ant6rieures,
que lorsque des 6preuves tuberculiniques sont pratiquees
apres la vaccination par le BCG la sensibilit6 post-
vaccinale est plus 61evee chez les enfants qui subissent
le test pour la seconde fois que chez ceux qui le subissent
pour la premiere fois. Les r6sultats, rapportes dans le
pr6sent article, de deux etudes prospectives d'une dur6e
de cinq ans confirment 1'hypothese selon laquelle le test
tuberculinique lui-meme peut renforcer I'allergie.
La premiere etude a debut6 en 1955. On a reparti

en 6 groupes 295 enfants ayant subi une epreuve tuber-
culinique postvaccinale et 531 enfants vaccines par le
BCG sans test cons6cutif. Les enfants des 4 premiers
groupes ont fait l'objet d'un test respectivement 1, 2, 3
et 4 ans apres la vaccination. Dans le 5e groupe, une
epreuve tuberculinique a 6te pratiquee chaque annee.
La sensibilit6 des enfants du 60 groupe (groupe temoin)
n'a pas Wte recherchee au cours de cette p6riode. Cinq ans
apres la vaccination, on a pratique une 6preuve tuberculi-

nique chez tous les enfants et compar6 les resultats.
Un meme lot de tuberculine, le PPD RT 19-20-21,
a la dose de 5 UT a et6 utilise tout au long de l'etude.
Les dimensions moyennes des r6actions tuberculiniques,
apres 5 ans, ont ete sans exception plus grandes dans les
groupes ayant subi une ou plusieurs epreuves inter-
mediaires que dans le groupe temoin, ce qui confirme
que l'epreuve tuberculinique est capable par elle-m8me
de preserver ou de faire reapparaitre la sensibilite a la
tuberculine.
La seconde etude, entamee en 1956, a porte sur 724

enfants. Elle a ete conduite de la meme fa$on que la
premiere, mais on a utilise diverses pr6parations vacci-
nales (un vaccin liquide danois, a dose normale ou plus
faible, deux vaccins japonais lyophilises et le vaccin
liquide ou lyophilis6 de l'Institut Pasteur de Paris) ainsi
que quatre pr6parations diff6rentes de tuberculine (PPD
danois RT 19-20-21, PPD-S, plusieurs lots de la pr6pa-
ration francaise IP 48 et plusieurs lots de vieille tubercu-

14
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line d'origine japonaise). On a constate que la sensibilite
tuberculinique postvaccinale s'affaiblissait progressive-
ment, quel que soit le vaccin employe, mais qu'elle
pouvait plus ou moins reapparaitre si l'on procedait
dans l'intervalle a des epreuves tuberculiniques. On n'a
note a cet egard aucune difference significative entre les
diverses preparations vaccinales. D'autre part, les dif-
f6rentes tuberculines ont eu pour effet de renforcer la
sensibilite, mais on a observe sous ce rapport une activite
beaucoup plus forte du PPD danois RT19-20-21.

Ces resultats indiquent que la repetition des epreuves
tuberculiniques ne permet pas de d6celer un affaiblisse-
ment eventuel de I'immunite. L'experimentation chez
le cobaye montre d'autre part que la reapparition de
I'allergie 'a la suite d'injections de tuberculine ne modifie
en rien I'immunite acquise, et tout laisse a penser qu'il
en va de meme chez l'homme. La pratique courante
qui consiste a repeter les tests tuberculiniques chez les
enfants vaccines afin de juger de la necessite d'une nou-
velle vaccination ne repose sur aucune base scientifique.
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