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The past few years have witnessed a rapidly developing and widespread
use of BCG vaccine as an antituberculosis measure in many countries
throughout the world. Under the international auspices of the Joint
Enterprise,' many millions of children and adolescents were tuberculin-
tested and vaccinated. Similar campaigns are now in progress or are being
planned jointly by WHO and the United Nations International Children's
Emergency Fund (UNICEF) for many other areas. While the long-range
effect of these extensive immunization programmes must await critical
evaluation during the coming years, the immediate effect of vaccination is
currently being gauged in terms of the tuberculin allergy produced by BCG.

Recent surveys conducted in Ecuador, Egypt, Greece, India, and Syria
following BCG-vaccination campaigns have revealed that the level of
tuberculin allergy in the vaccinated children is much lower than that
observed in Denmark. Moreover, marked differences in allergy have been
found within and between countries, even among children who were vacci-
nated with the same lot of vaccine. Variations of this nature call attention
to the urgency and importance-from the standpoint of the actual conduct
of BCG campaigns-of determining the principal factors which influence
the production of post-vaccination allergy.

During the past two years, the effect of certain qualitative and quanti-
tative changes in BCG vaccine on the character and size of post-vaccination

* This is one of a series of studies on BCG vaccination carried out as a co-operative undertaking by the
Joint Enterprise, the Statens Seruminstitut, and the Tuberculosis Research Office, World Health Organization,
Copenhagen. The first and second of these studies have already been published by WHO (Bull. World Hlth
Org. 1950, 3, 1, 279).

1 The Joint Enterprise is the name given to the international mass BCG-vaccination programme carried
out as a co-operative effort of UNICEF, the Danish Red Cross, the Norwegian Relief for Europe, and the
Swedish Red Cross.
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Mantoux tuberculin-reactions and local vaccination lesions has been
investigated. The factors usually cited for failure of BCG vaccine to
produce adequate levels of tuberculin sensitivity have been found to
have only a limited, or negligible, effect. No important effect on the size
of Mantoux reactions, either 8-10 weeks or 1 year later, was observed
when standard strength BCG vaccine was used up to 21/2 months after
preparation, or after storage for one month at 200C or for 5 days at 370C.
Variations in the amount of vaccine injected from 0.05 ml to 0.2 ml or in
the depth of injection from very superficial to almost subcutaneous did not
appreciably affect the development of post-vaccination allergy.

In seeking an explanation for the low levels of post-vaccination allergy
found in the more southern countries, in contrast to Denmark, exposure
of the vaccine to sunlight or even strong daylight was naturally con-
sidered as a possible important cause of a qualitative change in the vaccine.
The first results of vaccination with vaccine deliberately exposed to sunshine
have sufficient significance with regard to the practical execution of
mass-vaccination campaigns for a preliminary report of these findings to be
presented now.

The investigation was carried out in Copenhagen in the fall of 1951.
Ampoules of BCG vaccine2 were placed on a block of ice exposed to sunlight
for periods of 1, 4, 12, and 23 hours between August 24 and September 3-
a period of uncertain weather during which a total of only 50 hours of
sunlight was recorded by the Copenhagen Weather Bureau. While it was
possible to utilize periods of sunshine between 9.45 a.m. and 2 p.m. for the
shorter exposure times, to obtain 23 hours it was necessary to use late-
afternoon sunlight as well. Except for the specified periods of sun exposure,
all ampoules were stored in closed containers at 20-40C until use 21 and 22
days after the preparation of the vaccine. Additional ampoules of the
same batch were kept constantly refrigerated and not exposed to light to
serve as controls.

Vaccinations were carried out on schoolchildren, non-reactors to the
Mantoux 10 TU 3 test, who received, in rotation, the control vaccine and
vaccines exposed to sunlight for different periods. About 9 weeks later
the children were retested with the same dose and batch of tuberculin, and
the vaccination lesions were examined.

The results of the first post-vaccination examination and of the colony
counts made of the vaccine at the time of use are summarized in table I.
One hour of exposure of the vaccine to sunlight resulted in a marked drop
in the mean size of the post-vaccination tuberculin reactions from 19.5 mm
to 9.6 mm. Continued exposure caused a substantial further reduction in
allergy. The effect on the local vaccination lesions was also a pronounced
drop in size after one hour of sunlight and slight further reduction after

2 Statens Seruminstitut lot number 959
3 0.1 ml contains 0.0002 mg of Statens Seruminstitut PPD, lot RT XIX-XX-XXI.
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TABLE I. MEAN SIZE OF INDURATION OF TUBERCULIN REACTIONS AND
VACCINATION LESIONS 81/2 WEEKS AFTER VACCINATION, AND RESULTS OF

CULTURES MADE AT TIME OF USING VACCINE

Mean size of
Number of induration Number of children
hours of (mm) Number of

exposure_ coloniesexosurccie per ml of
tof vaccinet Mantoux

vaciato examined vaccine
tosunlight 10 TU vacinaions vaccinated retested for

reactions lesion lesions

0 19.5 10.3 48 40 44 9,620,000

1 9.6 5.4 48 39 44 8,740

4 8.9 5.1 48 46 46 364

12 5.7 4.4 48 42 44 0

23 7.1 4.7 47 39 41 0

longer exposures. The colony counts are in agreement with the field
findings; a tremendous reduction in the number of colonies occurred
after sun-exposure for one hour. After four hours' exposure, only a few
viable bacilli were present and the ampoules exposed for both 12 and 23
hours showed no growth from undiluted vaccine.

Although exposure of the vaccine to sunlight is the first of the various
factors studied which has caused a rapid and marked traumatic effect on
the allergy-producing capacity of BCG, this may not be the only cause of
the wide variations observed in post-vaccination allergy in different coun-
tries. The capacity of children to respond to vaccination with the develop-
ment of tuberculin sensitivity may actually vary, and this is one of the
subjects now being studied. It is noteworthy, however, that the countries
in which the lowest levels of post-vaccination allergy have been observed
are those in which sunlight is strong and daylight hours are long. If the
effect of weak northern sunshine is so marked, it is possible that strong
skyshine may also have a potent traumatic effect on the vaccine.

In actual field campaigns, vaccine is not normally exposed to direct
sunlight, but exposure to strong daylight is common. The results reported
here should be viewed as preliminary and further work is necessary for
confirmation.

* *

Since this paper was submitted for publication, the authors received
reprints of two papers, one by Mamoru Sato-entitled " On the preserva-
bility of BCG vaccine "-in the Science Reports of the Research Institutes,
Tohoku University (1951, vol. 3, no. 1)-and the other by Tatsuro Kobayashi
-entitled " Vacuum desiccation of BCG in frozen state "-in the Tohoku
Journal of Experimental Medicine (1949, vol. 51, nos. 1 & 2), reporting
similar results from exposure of BCG vaccine to sunlight.
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SUMMARY

A series of field and laboratory studies
of BCG vaccine were begun in the fall of
1949, as a co-operative undertaking of the
Joint Enterprise, the Statens Seruminstitut,
and the WHO Tuberculosis Research
Office. In the present paper, the prelimi-
nary findings of an investigation, carried
out in Copenhagen, on the effect of sunlight
on BCG vaccine are reported.

Samples from the same batch of BCG
vaccine were exposed to sunlight for 0, 1,
4, 12, and 23 hours, and were then used to
vaccinate schoolchildren who had not
reacted to the Mantoux test with 0.0002 mg
of purified protein derivative (PPD). After
9 weeks the children were retested, using
the same dosage and batch of tuberculin,
and the vaccination lesions were examined.

The mean size of the tuberculin reactions
after vaccination with the vaccine which
had been exposed to sunlight for one hour
was 9.6 mm, as compared with 19.5 mm
with the control vaccine; exposure of the
vaccine for longer periods caused a sub-
stantial further reduction in the size of the
reactions. The size of the local vaccination
lesions decreased in a similar way.

Colony counts made at the time of using
the vaccine showed that, after one hour's
exposure to sunlight, the number of
colonies per ml was reduced from 9,620,000
to 8,740, and that no growth from undi-
luted vaccine occurred after exposure for
either 12 or 23 hours.

RESUME'
Au cours de l'automne de 1941, l'(Euvre

Commune, le Statens Serumsinstitut (Co-
penhague) et le Bureau de Recherches sur
la Tuberculose (OMS) ont entrepris de
concert une serie d'etudes pratiques et
biologiques sur le vaccin BCG. Le present
article rend compte des premiers resultats
d'une enquete, effectuee a Copenhague,
concernant les effets de la lumiere solaire
sur le vaccin BCG.
Des echantillons d'un meme lot de

vaccin BCG ont 6te exposes a la lumiere
du soleil pendant 0, 1, 4, 12 et 23 heures et
ont et6 ensuite utilises pour vacciner des
ecoliers qui pr6sentaient une reaction
negative au test de Mantoux 'a 0,0002 mg
de PPD (derive proteinique purifie). Au
bout de neuf semaines, les enfants ont
subi un nouveau test avec la meme dose et
le meme lot de tuberculine, puis les reac-
tions vaccinales ont ete examinees.
La dimension moyenne des reactions

tuberculiniques apres inoculation du vaccin
expos6 a la lumiere solaire pendant une
heure etait de 9,6 mm, alors que, dans le
cas du vaccin t6moin, elle etait de 19,5 mm.
Une exposition de plus longue duree
entraine une r6duction encore plus sensible
de la dimension des r6actions. L'etendue
des lesions vaccinales locales diminue de la
meme maniere.

L'enumeration des colonies faite au
moment de l'emploi du vaccin a permis de
constater qu'apres une heure d'exposition
a la lumiere du soleil le nombre de colonies
par millilitre tombait de 9.620.000 a 8.740
et qu'aucune colonie ne se developpait
lorsque le vaccin non dilue avait et6
expose au soleil pendant 12 ou 23 heures.

248


