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Development and Duration of BCG-Induced Allergy
in the Guinea-Pig *

KNUD TOLDERLUND', KIRSTEN BUNCH-CHRISTENSEN
& HANS WAALER 2

In assessing the biological activity of BCG vaccine by tuberculin testing of vaccinated
guinea-pigs, it is necessary to take into account the rates of development and waning of
allergy, and also the boosting effect on waning allergy caused by the tuberculin test itself
Using Danish liquid vaccine (in approximately standard dose), the authors have carried
out two series of tests, involving more than six hundred guinea-pigs, to evaluate the signi-
ficance of these factors. Post-vaccination tuberculin sensitivity was found to reach a
maximum within 1-2 months. Three months after vaccination the BCG-induced allergy
began to wane, and after 12 months it had dropped almost to the level observed in non-
vaccinated guinea-pigs. The tuberculin test had a strong boosting effect, however, and
even 12 months after vaccination the waning sensitivity could be considerably increased by
a single injection of 10 TU of tuberculin. An analysis of the results showed that the waning
of the level of allergy takes place gradually over several months. This is not an effect of
aging, however, as the response to vaccination was found to be independent of the age of
the animals. The indications of this study are that tuberculin testing ofguinea-pigs usedfor
the laboratory control of BCG vaccine is best performed about 6 weeks after vaccination.

The guinea-pig is widely used for the laboratory
control of the biological activity of BCG vaccine.
The value of guinea-pigs for this purpose depends
on how accurately and sensitively their response to
the vaccine reflects the variations in the vaccine.
Knowledge is thus required of their response-pro-
duction of allergy and immunity, local reaction-to
graded doses and to different types of vaccine, and
of the degree of individual variation in this response.
Information on the development and duration of

the BCG-induced allergy, as measured by the sensi-
tivity to tuberculin, would seem to be of importance
for determining at what time after vaccination the
allergy should be assessed.
A problem in this connexion is that tuberculin

testing as such may affect the level of post-vaccina-
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tion allergy. Thus Magnus (1957) has shown that
waning vaccination allergy in guinea-pigs is sub-
stantially enhanced by intradermal injection of
tuberculin (booster effect). This phenomenon has
been taken into account in planning the experiments
to be reported and we have further investigated
whether the boosting effect also occurs when the
sensitivity is no longer demonstrable.
A large number of investigations of the allergizing

capacity of BCG in guinea-pigs have been reported
by other authors. In some of these, the development
and duration of BCG-induced allergy have been
studied by vaccinating groups of animals with
decreasing doses of BCG and measuring the allergy
with a single high dose of tuberculin at regular or
varying intervals after vaccination (Boquet, Negre
& Valtis, 1929; Saenz, 1932a, 1932b; Birkhaug,
1933; Japan BCG Research Council, 1952; Tuber-
culosis Program, US Public Health Service, 1957;
Wu & Chang, 1957; Chang, 1958). In others, only
one or a few different doses of BCG were used and
the animals tuberculin-tested at regular or varying
intervals with decreasing doses of tuberculin in
order to determine the minimum dose of tuberculin
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producing a reaction (Boquet & Bretey, 1934;
Frappier & Fredette, 1935, 1939a, 1939b). Finally,
the two methods of investigation have been com-
bined (Birkhaug, 1949). However, as the animals in
all these investigations were tuberculin tested repea-
tedly, often with doses as high as 1000 TU, it may
be assumed that the results obtained have been
influenced to a varying extent by the boosting and
desensitizing effect of the tuberculin test itself
(Frappier & Fredette, 1939c). There is thus some
reason to believe that a true picture of the develop-
ment and duration of BCG-induced allergy has
not yet been obtained.

MATERIAL AND METHODS

Design of experiments
Two, in principle identical, experiments were

carried out on 270 and 394 guinea-pigs, respectively.
Each week, for a period of about 91/2 months in
one experiment and 131/2 months in the other, a
number of non-sensitized animals were inoculated
with BCG vaccine. Most weeks, randomly selected
guinea-pigs were kept unvaccinated as controls.
At the end of each experiment the allergy was
assessed, all the animals included in the experiment
being tuberculin-tested in the course of one day.
The development and trend of BCG-induced

allergy over a period of up to 131/2 months may be
distorted by seasonal variations and time trends of
several kinds. In order to control the possible
influence of such factors, the final assessment of
tuberculin allergy was carried out with an interval
between the two experiments of about 4 months.
The boosting effect of the tuberculin test was

examined by giving half the BCG-vaccinated
animals an intradermal injection with tuberculin
14 days before the final assessment.' The animals
given this " interim test " were selected at random
from each week-group of animals.

The vaccines
At the Statens Seruminstitut, Copenhagen, a

new batch of liquid BCG vaccine, containing 0.75
mg of semi-dried culture per ml (Danish standard
strength) is prepared every week according to the

1 Thus, none of the animals vaccinated one week before
the final assessment in experiments I and II and none of
those vaccinated two weeks before the final tuberculin test
in experiment II received a boosting injection. None of the
control (non-vaccinated) animals was given this interim
injection. However, later investigations (not published) have
shown that repeated injections of tuberculin do not sensitize
non-vaccinated guinea-pigs.

routine method employed by the Institute since
January 1952. Each weekly batch is tested by
vaccination of a number of guinea-pigs, one 10 ml
ampoule being selected at random from the batch
for this purpose. In addition, further samples from
the ampoules, selected at random, are subjected to
viability tests: adequate dilutions of the vaccine are
inoculated on series of 10 tubes of L6wenstein-
Jensen medium and colony counts are made after
incubation at 37°C.
The present study includes the animals vaccinated

with the batches prepared during the 131/2 months'
period 19 March 1956 to 29 April 1957. Table 1
gives for each of these batches the serial number,
the date on which it was tested, and the results of
the viability counts for the ampoules used for vacci-
nation of the guinea-pigs.

The animals

Only male guinea-pigs of the albino type were
used; the animals were 8-10 weeks old and weighed
400-450 g at the time of vaccination.
The animals were kept on a standard diet, which,

however, varied to some extent with the season of
the year.
The guinea-pigs used in experiment I had been

vaccinated with regular weekly batches of Danish
BCG vaccine, Nos 1197-1237 (prepared during
the period 19 March to 23 December 1956). In
this experiment, the number of animals vaccinated
each week was six and the number of unvaccinated
controls nil or one.
The guinea-pigs included in experiment II had

been vaccinated with the weekly batches Nos 1197-
1255 (prepared during the period 19 March 1956 to
29 April 1957). In this experiment the number of
vaccinated animals per batch was 1-4 for batches
1197-1221, 6-14 for batches 1222-1239 and 4-10
for batches 1240-1255, and the number of unvaccin-
ated controls was nil or one.
The total number of guinea-pigs in the study was

664.
The animals selected for vaccination were inocu-

lated intradermally in the abdominal region (pre-
viously clipped) with four doses of vaccine (0.1 ml
of 1/1, 1/10, 1/100 and 1/1000 standard strength)
(Jensen, 1946).

Tuberculin testing

The tuberculin sensitivity was assessed by giving
all animals, vaccinated as well as non-vaccinated,
two intradermal tests with 10 TU of Danish PPD
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tuberculin (batch RT 19-20-21, prepared at the

Statens Seruminstitut), one test being placed on the

left and one on the right side of the back below the

curve of the ribs.

For the booster (interim) test which was given 14

days before the final duplicate test, a single dose of

10 TU of RT 19-20-21 was used. The injection was

made alternately on the right and left side of the

back above the curve of the ribs.

T'he animals were clipped at the site of injection

before testing, and were tested in random order,

the order followed for the booster test being different

from that for the final duplicate test.

Reading of tuberculin reactions

Twenty-four hours after the tuberculin had been

injected, the test site was depilated and the reactions

read in the same sequence as the tests had been

given. No attempts were made to classify the

reactions as positive or negative; the induration

was palpated and its transverse and longitudinal

diameters measured with a millimeter ruler and

recorded.

The tuberculin tests were given and read by

specially trained nurses from the WHO Tuberculosis

Research Office.

FINDINGS

Table gives, separately for experiments I and II,

the tuberculin test results for each guinea-pig and

for each weekly group of guinea-pigs, according to

the interval between vaccination and tuberculin

testing. As regards the booster test, the result

given for each animal represents the mean of two

observations: the transverse and longitudinal dia-

meters of the induration of one reaction. In the

case of the final test, the result represents the mean

of four observations: the two diameters of each of

two reactions.

As the rate of development and the duration of

post-vaccination allergy seem to be essentially the

same in the two experiments, the results have been

combined. Fig. 1 shows, separately for animals

given and animals not given an interim test, the

mean size of reactions to the final test at different

FIG. I

RESULTS OF FINAL TESTING: MEAN SIZE OF TUBERCULIN REACTIONS, ACCORDING TO INTERVAL

BETWEEN VACCINATION AND TUBERCULIN TESTING
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intervals after vaccination. For the sake of com-
pleteness, the results of the interim tests are shown
separately in Fig. 2. The shape of this curve is, as
expected, similar to that of the curve in Fig. 1 for
animals not given an interim test.

In animals given no interim test the following
pattern is observed: BCG-induced sensitivity is
already apparent one week after vaccination; it
attains its maximum within 1-2 months, remains
stable for about one month, and then begins to
decrease steadily. At 12 months after vaccination the
sensitivity has almost disappeared, the reactions of
the vaccinated guinea-pigs being only slightly larger
than those of the non-vaccinated controls.
The animals given a booster test two weeks before

the final test show a different pattern. Apparently
the allergy induced in these animals does not
significantly exceed the maximum allergy developed
by the " non-boosted " animals. However, the
animals boosted as late as five months after vaccina-
tion show maximum allergy. During the rest of the
observation period a steady decrease is observed,
though this is not very marked, and even when the
booster test is not given until 131/2 months after

vaccination there is considerable sensitivity to
tuberculin. Table 1 shows clearly that the boosting
effect of the tuberculin test is a constant phenomenon
occurring in each individual animal.

Since the BCG-induced allergy is affected by the
tuberculin test itself, its changing strength in the
individual animal cannot be determined by direct
observation (i.e., by repeated testing of the same
animal). Consequently, the question may be raised
whether the descending part of the broken curve
in Fig. 1 reflects what happens in the individual
animal. The observed decrease in mean reaction
size might reflect a gradual decrease of allergy in
the individual animal, but it might also indicate that
an increasing proportion of the animals lose their
allergy as time goes by. To elucidate this question,
distributions by size have been made of the reactions
obtained in " non-boosted " animals at different
intervals after vaccination (Fig. 3). If the descending
part of the curve in Fig. 1 only reflects an increase
in the proportion of animals that have lost their
allergy, the distributions should show a clear bi-
modal pattern, one mode representing animals that
still retain their allergy and the other mode repre-

FIG. 2
RESULTS OF INTERIM TESTING: MEAN SIZE OF TUBERCULIN REACTIONS, ACCORDING TO INTERVAL

BETWEEN VACCINATION AND TUBERCULIN TESTING
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FIG. 3

FREQUENCY DISTRIBUTIONS OF TUBERCULIN
REACTIONS BY SIZE FOR DIFFERENT INTERVALS

BETWEEN VACCINATION AND TUBERCULIN TESTING
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senting those that have lost their allergy. If, on
the other hand, the fall in the curve reflects a gradual
decrease of allergy in the individual animal, the
frequency distributions should show a unimodal
pattern, the single mode being gradually displaced
to the left-towards smaller reactions-as the
interval between vaccination and tuberculin testing
increases.
The distributions given in Fig. 3 are for the two

experiments combined; they have been obtained by
dividing the " non-boosted " animals into five groups
according to the interval between vaccination and
tuberculin testing. The pattern clearly supports the

hypothesis that there is a gradual decrease in the
level of allergy, indicating that the curve given in
Fig. 1 reflects what happens in the individual
animal. The BCG-induced allergy apparently
wanes gradually.

Post-vaccination tuberculin sensitivity-as measu-
red by the reaction to 10 TU ofDanish PPD tubercu-
lin- is found to disappear within one year. At the
same time, however, the experimental animals have
become one year older. Could their lack of sensi-
tivity be explained by a general inability of older
guinea-pigs to yield skin-reactions to tuberculin ?
In a small-scale experiment, the results of which
are given in Table 2, it was found that whether
animals are one month or 12 months old at the
time of vaccination their skin-sensitivity to tuber-
culin will be the same when measured two months
after vaccination. This tends to confirm that the
broken curve in Fig. 1 actually reflects the changing
strength of BCG-induced allergy.

DISCUSSION

In the experiments reported, in which guinea-pigs
were vaccinated with specified doses of Danish BCG
vaccine, the vaccination allergy was found to reach
its maximum within 1½/2 months and to remain at
this level for about one month. As the rate of
development of the allergy in guinea-pigs shows
some individual variations it is clear that, in evalu-
ating the allergy produced by different vaccines,
the highest degree of accuracy will be obtained when
the allergy is at its maximum; on this part of the
curve the influence of variations between guinea-
pigs is at a minimum. Recent experiments by Tolder-
lund, Bunch-Christensen & Waaler (see page 185 of
this issue) indicate, however, that it may be insuffi-
cient to measure the allergy only once after vaccina-

TABLE 2
MEAN SIZE OF REACTIONS TO 10 TU TUBERCULIN
TESTS AT TWO MONTHS AFTER VACCINATION

ACCORDING TO AGE OF ANIMALS WHEN VACCINATED

Age at
vaccination 1 2 3 7 8 9 10 11 12
(months)

Number of 4 4 6 4 4 4 4 4 5
animals

Mean size of
reactions
(induration in
mm)

13.5 114.2 115.1114.0 15.0 14.0 15.8 13.9 13.0

183
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tion because the rate at which the allergy develops
varies with the strength of the vacine.
The study confirmed the observation reported by

Magnus (1957) that intradermal tuberculin testing
tends to boost waning allergy in guinea-pigs. Further-
more, it was found that the tuberculin test also had
a strong boosting effect in animals whose vaccination
allergy had disappeared: one year after vaccination,
when the skin-sensitivity of the vaccinated guinea-

pigs had decreased to the level observed in non-
vaccinated controls, it could be boosted almost to
its former maximum by a single intradermal injec-
tion of 10 TU.
The immunological significance of the boosting

effect has since been studied at the Statens
Seruminstitut in co-operation with the former
WHO Tuberculosis Research Office. The results
will be published in the near future.

RISUMt

Le cobaye est couramment utilise comme animal de
laboratoire pour evaluer l'activite biologique du BCG.
L'exactitude de cette evaluation depend evidemment de
la mesure dans laquelle la reponse du cobaye reflete
les variations du vaccin. I1 faut donc reunir le plus de
donnees possible sur la reponse du cobaye: production
d'allergie, d'immunite, reaction locale a diverses doses
et a divers types de vaccin, et evaluer l'amplitude des
variations individuelles des animaux.
Un des aspects de cette etude est I'effet que le test

tuberculinique lui-meme, revelateur de l'allergie, peut
avoir sur le niveau de l'allergie postvaczinale. II a et
demontre dans de precedents articles et par plusieurs
chercheurs que l'allergie declinante, chez le cobaye, est
stimulee par l'injection intradermique de tuberculine,
et que le test A la tuberculine frequemment repete peut
introduire une cause d'erreur dans l'evaluation de l'aller-
gie, par son action de rappel.

Poursuivant I'etude de ce probleme, les auteurs
exposent dans cet article de nouveaux resultats, relatifs A
I'apparition et A l'evolution de l'allergie au cours de
deux experiences concues de facon identique, qui ont
dure respectivement 9Y/2 et 13 /2 mois.
Chaque semaine, pendant la duree de l'experience,

on a pris un petit nombre de cobayes ages de 8 A 10 semai-
nes et on les a tous vaccines, sauf un, avec le BCG,
l'animal non vaccine, choisi au hasard, devant servir
de temoin. Les vaccinations ont et faites chaque semaine

avec le lot hebdomadaire courant de vaccin BCG liquide
produit par le Statens Seruminstitut de Copenhague, A
la dose de 0,083 mg.
A la fin de la periode d'experience, soit apres 91/2 et

131/2 mois respectivement, tous les animaux ont ete
soumis a deux tests intradermiques A la tuberculine
pratiques sur les deux c6tes du dos. On a employe une
dose de 10 UT de tuberculine PPD (RT 19-21) et on a lu
les reactions apres 24 heures en mesurant les diametres
longitudinaux et transversaux de l'induration palpable.

On a constate que I'allergie produite par le BCG
atteint son maximum un A deux mois apres la vaccination.
Par la suite, l'allergie decline graduellement et a presque
disparu douze mois apr6s la vaccination, la dimension de
la reaction etant environ la meme chez les animaux
vaccines et chez les temoins non vaccines.
La moitie des cobayes vaccines, le choix etant fait au

hasard dans les groupes hebdomadaires successifs, a ete
soumise A un test intradermique unique A la tuberculine
deux semaines avant l'execution du double test final.
Ce ((test interimaire * a eu un effet de rappel sur I'allergie
vaccinale declinante. Meme A un stade ou 1'allergie a
presque disparu, ce test a exerce un effet d'intensification
notable: parmi les animaux vaccines un an auparavant,
ceux qui n'avaient pas subi ce test interimaire manifes-
taient une faible allergie, tandis que ceux qui I'avaient
subi presentaient une allergie proche du maximum
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