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SYNOPSIS

Trials are going forward to determine whether intradermal
tuberculin testing with 10 TU at yearly intervals after BCG vacci-
nation may prevent waning of BCG-induced allergy in school-
children. Meanwhile, two experiments to the same purpose, carried
out in guinea-pigs, are described. They show that waning allergy
in guinea-pigs can be substantially enhanced by intradermal injec-
tion of either purified tuberculin or Old Tuberculin, the effect
lasting for at least 8 weeks, even with so small a dose as 5 TU.
It is pointed out that this enhancing effect has been demonstrated
only in BCG-vaccinated guinea-pigs and that it is not known
whether the same phenomenon would occur in guinea-pigs infected
with living human tubercle bacilli.

In a previous note 1 data reported from follow-up studies of school-
children suggested that intradermal tuberculin testing with 10 TU at yearly
intervals after BCG vaccination may prevent waning of the BCG-induced
allergy. The data were not derived from a systematic study, however. New
trials have therefore been started for confirmation and further investigation
of this effect of the tuberculin. These trials are carried out in schoolchildren
and will be completed during a period of five years.

In the meantime, the two experiments reported below have been carried
out in guinea-pigs, as the waning of BCG-induced allergy in these animals
occurs sooner than in human beings.a

First Experiment

This experiment was designed to determine whether BCG-induced
tuberculin allergy, once it has begun to wane, can be enhanced by giving
one or more intradermal tuberculin tests and, if so, how big a dose of
tuberculin is required.

a Preliminary experiments had shown that in guinea-pigs the allergy started to wane within six
months after vaccination.
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Material and methods
The study was carried out on 40 white, male BCG-vaccinated guinea-

pigs. About seven months after vaccination, all the animals were tested
with 5 TU to see whether tuberculin tests given during the preceding month
had affected the post-vaccination allergy.

The 40 animals had been divided into two groups, I and II, of 20 animals
each. These two groups were then separated at random into four sub-
groups: a, b, c and d. Group a received four interim tuberculin tests, one
every week; groups b and c received one only, group b at the beginning of
the month and group c at the end; while group d, serving as control group,
was given no test. The dose used for the interim tests was 5 TU in group I
and 100 TU in group II.

All tests were made with purified tuberculin, batch RT XIX-XX-XXI,
from the Statens Seruminstitut, Copenhagen. A volume of 0.1 ml of the
dilution was injected into the skin on the back or flanks of the animal, and
each test site was used only once. The data given below are based on the
average of the longitudinal and transverse diameters of induration, read
after 24 hours.

Results
Table I permits comparison of the allergy observed in the different

groups. In the groups given interim tuberculin tests, i.e., groups a, b and c,
the reactions to the final 5 TU test average from 9 to 12 mm compared with
only 6 mm in the control group d. The vaccination allergy is thus clearly
and consistently enhanced by injection of tuberculin. t

TABLE I. MEAN SIZE OF REACTIONS TO 5 TU IN GUINEA-PIGS 7 MONTHS AFTER
VACCINATION ACCORDING TO THE NUMBER OF INTERIM TUBERCULIN TESTS

GIVEN

Interim tests: 5 TU Interim tests: 100 TU
(Group I) (Group II)

Arimal subgroup
number mean variance number mean variance

of (mm) of mean of (mm) of meananimals animals

a: Tested 4 times during
previous month 4 9.4 1.54 4 9.5 0.26

b: Tested once, at the be-
ginning of previous
month 4 11.1 1.54 4 11.8 0.26

c: Tested once, at the end
of previous month 4 9.9 1.54 3 * 12.3 0.35

d: Controls, not tested pre-
viously 8 5.9 0.77 8 6.1 0.13

* One animal died during the study period.
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There is no clear relationship between the dose of tuberculin injected and
the increase in allergy. The increase is slightly larger in group II injected
with 100 TU than in group I injected with 5 TU, but the difference is not
statistically significant. Furthermore, comparison of group a with groups b
and c shows that animals given four injections have lower allergy than
those given one injection only. This suggests that repeated post-vaccination
tuberculin testing may result in a combination of " boosting " and
desensitization.

Second Experiment

The purpose of this experiment was (a) to obtain information on the
duration of the allergy-increasing effect of post-vaccinal tuberculin tests,
and (b) to ascertain whether this effect could be obtained with another
tuberculin product and with a lower dose than used in the first experiment.

Material and methods
The study included 44 white, male BCG-vaccinated guinea-pigs and

was carried7 out over a two-months period, between 5 and 8 months after
BCG vaccination. The 44 animals were divided at random into 16 groups
of 2 animals each, and two groups of 6 animals each, the latter serving
as control groups. At 8, 4, 2 or 1 weeks before the assessment of allergy,
the 16 groups were given an interim injection with 1 or 5 TU of RT XIX-XX-
XXI or Old Tuberculin (prepared at the Statens Seruminstitut). For the
assessment of allergy a final test with 5 TU was given, the same tuberculin
product being used for this test as for the interim injection. The two control
groups, not tested previously, were given 5 TU of RT XIX-XX-XXI and
Old Tuberculin (OT), respectively. The testing and reading techniques
were the same as described for the first experiment.

Results

The results are given in Table II and illustrated graphically in Fig. 1.
In all the groups receiving interim tests, except those given 1 TU of RT
XIX-XX-XXI, the allergy is significantly higher than in the control groups.
This effect of the tuberculin injection decreases with time, but can be
observed even after 8 weeks. There is no demonstrable difference between
animals given interim tests with I TU and 5 TU of OT. The groups tested
with OT, however, show larger reactions than those tested with RT XIX-
xX-XXI.

A better understanding of these results will be obtained from Table III,
which shows the size of the reactions to the interim tests. It is seen that the
test with 1 TU of RT XIX-XX-XXI, which has no apparent allergy-
increasing effect, gave reactions averaging 3.2 mm. As this is very close to
what is found when pure buffer diluent is injected, the test has scarcely
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TABLE II. SIZE OF REACTIONS TO 5 TU, 7 MONTHS AFTER VACCINATION, IN
GROUPS OF GUINEA-PIGS WITH AND WITHOUT INTERIM TUBERCULIN TESTS

evoked any allergic reaction. It also appears from the table that a 5-TU
dose of OT elicits much stronger reactions than does the same dose of
RT XIX-XX-XXI. Because of this difference in potency between the two
dilutions one cannot conclude that the allergy-increasing effect of OT is
stronger than that of RT XIX-XX-XXI.

Summary and Conclusions

When the BCG-induced allergy in guinea-pigs is on the wane it can be
substantially enhanced by intradermal injection of tuberculin. This has
been demonstrated with purified tuberculin as well as with Old Tuberculin,

Interval
Tuberculin Tuberculin between
dilution dilution interim Reaction size Mean
used for used for and final (mm) (mm)
final test interim test test

(weeks)

Controls, _ 3.0 3.5 7.5 6.7
not tested previously 8.0 8.5 9.5

8 6.0 7.0 6.5
1 TU

4 3.5 7.0 5.2

2 8.5 11.0 9.85 TU RT XIX-XX-XXI
of 1 5.5 8.0 6.8

RT XIX-XX-XXI 5 TU 8 4.5 11.0 7.8

ofTU4 7.0 11.0 9.0

2 7.0 9.0 8.0
RT XIX-XX-XXI

1 12.5 13.0 - 12.8

Controls, 3.0 6.0 6.0 7.1
not tested previously - 8.5 9.0 10.0

8 5.5 11.5 8.5

ofTU4 10.5 13.0 11.8

2 14.0 17.0 15.55 TU Old Tuberculin
of 1 13.5 14.0 13.8

Old Tuberculin 8 10.0 12.5 11.2

ofTU4 10.5 10.5 10.5

2 10.0 14.5 12.2
Old Tuberculin

1 14.0 15.0 14.5
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FIG. 1. MEAN SIZE OF REACTIONS TO 5 TU, 7 MONTHS AFTER VACCINATION, IN
GROUPS OF GUINEA-PIGS WITH AND WITHOUT PREVIOUS TUBERCULIN TESTS

TUBERCULIN RT =-XX-=

PREVIOUS TEST I TU

PREVIOUS TEST 5 TU

II III I
8 4 2 1

WEEKS SINCE PREVIOUS TEST

OLD TUBERCULIN

PREVIOUS TEST I TU

PREVIOUS TEST 5 TU

i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I
Not 4 2 1

prviously WEEKS SINCE PREVIOUS TEST
tested

TABLE III. MEAN SIZE OF REACTIONS IN GUINEA-PIGS TO I TU AND 5 TU OF
RT XIX-XX-XXI AND OLD TUBERCULIN 5-7 MONTHS AFTER VACCINATION

given in doses sufficient to evoke an allergic reaction. The enhancing
effect has been found to persist for at least 8 weeks. Repeated injections
of tuberculin may be less effective than single injections, possibly because
the enhancing effect may be partially offset by a desensitizing effect.

Enhancement of tuberculin allergy by injection of tuberculin has only
been demonstrated in BCG-vaccinated guinea-pigs. Whether the same

phenomenon occurs in guinea-pigs infected with living human tubercle
bacilli is not known. In non-infected guinea-pigs the weak doses used in
the above experiments did not result in any sensitization, according to the
results of experiments not reported here. Furthermore, it should be pointed
out that the effect was studied only in animals in which the vaccination
allergy had decreased from its maximum. Whether the allergy can be
raised above this maximum by means of tuberculin injections is not known.

Data from the follow-up of vaccinated schoolchildren suggested that
intradermal testing with 10 TU at yearly intervals had prevented the waning
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of post-vaccination allergy.' It seemed surprising that a weak dose of
tuberculin could have such a long-lasting effect. That this may be the
case seems, however, to be supported by the present studies. Weak doses
of tuberculin, such as 5 TU, eliciting only small reactions in the vaccinated
guinea-pigs, were found to have an effect which lasted for at least two
months.

The degree of allergy induced by BCG vaccination varies with the
strength of the vaccine used. Recent large-scale studies in animals 2-6
have shown that when groups of animals receive vaccines of different
allergy-producing capacity, the allergy and immunity in the different
groups are closely correlated. Whether tuberculin-induced variations in
BCG allergy, as described in this paper, are accompanied by corresponding
variations in immunity is a problem of theoretical as well as practical
importance, which remains to be investigated.
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RESUME

11 a e signale qu'une injection intradermique annuelle de 10 unites de tuberculine
pouvait entretenir l'allergie provoquee par la vaccination au moyen de BCG, qui norma-
lement decroit au bout d'un certain temps. Afin de verifier cette assertion, on va suivre
pendant plusieurs annees des ecoliers vaccines soumis A des tests tuberculiniques reguliers.

D'autre part, l'auteur a entrepris des experiences sur des cobayes chez lesquels la
reponse allergique a la vaccination est de plus courte duree que chez l'homme, et commence
A diminuer six mois apres la vaccination. Les experiences ont et effectuees sur 40 cobayes
males, vaccines par le BCG sept mois auparavant. Ils ont ete soumis a des tests tuber-
culiniques de 5 UT et de 100 UT, en quatre doses hebdomadaires ou en une dose men-
suelle.

Les resultats indiquent que l'allergie en voie de diminution peut etre stimulee par des
injections intradermiques, soit de tuberculine purifiee, soit de Vieille Tuberculine. Des
injections repetees semblent moins efficaces que des doses uniques; il est possible que la
stimulation soit partiellement compensee par une desensibilisation. Les reactions suscitees
par 5 UT, quoique faibles, ont persiste pendant deux mois au moins. Les essais n'ont
porte que sur des animaux vaccines par le BCG. On ignore si les resultats seraient les
memes chez des cobayes infectes de bacilles humains vivants.
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