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In a previous paper the effect of exposing BCG vaccine to direct
sunlight for periods of from 1 to 23 hours was reported. One hour of
exposure resulted in a very marked decrease in the allergy-producing
capacity of the vaccine and a great reduction in the colony count. In
this paper, the preliminary results of additional work, dealing with exposure
of the vaccine to skyshine, indoor daylight, and to sunlight for short
periods, are presented.

BCG vaccine 2 was shipped by air to Egypt and there exposed in
ordinary clear glass ampoules to skyshine (open sky but without exposure
to the direct rays of the sun), to indoor daylight, and to direct sunlight.
The duration of exposure varied from 30 minutes to 4 hours, most of it
carried out during the course of actual field vaccination work between
22 and 25 October 1951.3 Ampoules of the exposed vaccine were then
returned to Denmark for field and laboratory comparison with ampoules
of the same lot of vaccine which had been stored at 20-40C at the Statens
Seruminstitut. Laboratory observations included colony counts of viable
organisms; field study included the vaccination of comparable groups of
children, and observations on post-vaccination tuberculin sensitivity and
the size of vaccination lesions 12 weeks' later.

* 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. Three of these studies have already been published by WHO (Bull. World Hlth Org. 1950,
3, 1, 279; 1952, 5, 245).

5 See Bull. World Hlth Org. 1952, 5, 245.
2 Statens Seruminstitut lot number 967, prepared 12.10.51
3 The temperature varied from 260-280C during exposure to skyshine and indoor daylight, and from

370-380C during sun exposure for two hours or less. The vaccine was kept on ice during the 4-hour exposure
to sunlight. Except for specified periods in the light, all vaccine was kept in closed boxes in ice-cooled con-
tainers until use.
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In addition to the above work, vaccine 4 was exposed on 3 Decem-
ber 1951, in Copenhagen, to skyshine for from 15 minutes to 4 hours,
and to direct sunlight for from 5 to 60 minutes.

TABLE I. EFFECTS OF EXPOSURE OF BCG VACCINE TO SUNLIGHT, SKYSHINE,
AND INDOOR DAYLIGHT IN EGYPT, OCTOBER 1951: DATA ON POST-VACCINATION
ALLERGY, SIZE OF VACCINATION LESIONS,AND COUNTS OF VIABLE BACILLARY

UNITS a

Mean size of induration of Mean size of induration of Estimated number of colonies
MAantoux (mTurmati)on vaccination lesions (mm) per ml of vaccine

ximate _.
time of
expo- vaccine exposed to vaccine exposed to vaccine exposed to
sure

sun- sks inendoor sun- indoor in doorsk;hiyshi ne [ lj lskyshine day- sunlight skyshine dlhtlight adaylight light light dayligh

0 20.5 9.0 9,710,000

minutes (8.6) * 19.9 (5.5) * 8.3 growthbb

1 hour (9.9) * (19.1) (5.9) * (8.3) * * 6,880,000

2 hours (11.7) * 20.0 (6.6) * 8.4 g orothb * 7,320,000

4 hours 9.6 10.3 * 5.2 6.1 * no 0.2growth c

a The figures in brackets indicate that the means given are based on small numbers (14 to 18)
of children vaccinated and retested. The non-bracketed figures are based on the findings for 33
to 83 children. Asterisks (*) indicate no observations.

b No growth from 20 tubes, each Inoculated with 0.1 ml of a 1/150 dilution of the vaccine
c No growth from 20 tubes, each inoculated with 0.1 ml of undiluted vaccine

Preliminary findings are given in tables I and II. They show again
that exposure to sunlight results in an enormous decrease in the allergy-
producing.capacity of the vaccine, in the reaction at the site of. vaccina-
tion, and in the colony counts, and that damage can be produced in a
very short time. After 30 minutes' exposure the post-vaccination Mantoux
reactions had decreased in mean size from 20.5 mm to 8.6 mm, the vaccina-
tion lesions from 9.0 mm to 5.5 mm, and the colony count was reduced
approximately a thousandfold. A decrease in colony count was seen
after the ampoules of vaccine had been in the sun for only 5 minutes; after
4 hours no growth was obtained from undiluted vaccine.

The ultimate effect of skyshine was almost as marked as that of direct
sunlight, but slightly longer periods of exposure were required to produce
the same results. Four hours' exposure to skyshine had approximately
the same effect on post-vaccination allergy and size of vaccination lesions

' Statens Seruminstitut lot number 973-b, prepared 23.11.51. Temperature during exposure was 40C.
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TABLE II. COUNTS OF VIABLE BACILLARY UNITS
IN BCG VACCINE BEFORE AND AFTER EXPOSURE TO

SUNLIGHT AND SKYSHINE IN COPENHAGEN,
DECEMBER 1951

Estimated number of colonies
per ml of vaccine a

Time of exposure
to light vaccine exposed to
(minutes)

sunlight skyshine

0 7,809,000

5 4,223,000 *

15 1,183,000 3,083,000

30 8,000 1,234,000

60 E6 42,000

240 * 49

a Asterisks (*) indicate no observations.

as exposure to direct sunlight for 30 minutes. Only an occasional colony
was cultured from the undiluted vaccine.

In contrast to the striking effect of sunlight and skyshine, exposure
to indoor daylight for two hours had little effect on post-vaccination
allergy, but there was a slight reduction in the size of the vaccination lesions
and in the colony count. However, it should be pointed out that " indoor
daylight" was much less precisely defined than sunlight or skyshine, and
longer or other conditions of exposure might have given entirely different
results.

As the mass BCG-campaigns have been extended to tropical coun-
tries, much of the vaccinating has of necessity been performed in the open.
In our studies, shade alone is found to offer but little protection to the
vaccine when exposure to skyshine remains, and even very short periods
in the sun have been found to decrease the allergy-producing capacity
of the vaccine. These findings may go far to explain the variable results
of vaccination reported in the past.

SUMMARY

In this paper, further observations on
the effect of light on BCG vaccine are

presented.

RESUMt
Cet article pr6sente de nouvelles obser-

vations sur l'effet de la lumiere sur le
vaccin BCG.
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Ampoules from the same batch of BCG
vaccine were exposed in Egypt to skyshine,
indoor daylight, and direct sunlight, the
duration of exposure varying from
30 minutes to 4 hours. The vaccine was
then returned to Denmark where it was
submitted to comparative tests against
the same lot of vaccine which had been
stored at 2o-40C at the Statens Serum-
institut. These tests included making
colony counts of the viable organisms,
and observing the size of the vaccination
lesions and of the post-vaccination tuber-
culin reactions in comparable groups of
children.

Another batch of vaccine was exposed,
in Copenhagen, to skyshine and direct
sunlight for periods of 15 minutes to
4 hours, and 5 to 60 minutes, respectively,
and counts of viable bacillary units were
made.

The results, in addition to confirming
that exposure to sunlight for short periods
produces an enormous decrease in the
allergy-producing capacity of the vaccine,
in the size of the vaccination lesions, and
in the colony counts, showed that the
ultimate effect of skyshine was almost as
marked as that of direct sunlight, though
slightly longer periods were required to
produce the same results. Four hours'
exposure to skyshine had approximately
the same effect on post-vaccination allergy
and vaccination lesions as exposure to
direct sunlight for 30 minutes. The effect
of indoor daylight was comparatively
slight.

It is thought that this striking effect of
skyshine and sunshine on BCG vaccine
may go far towards explaining the variable
results of vaccination which have been
reported in the past.

Des ampoules d'un meme lot de vaccin
BCG ont ete exposes, en Egypte, A la
lumiere du jour (A l'abri des rayons du
soleil), A la lumiere du jour dans un
local et A la lumiere solaire directe; la
duree de 1'exposition variait de 30 minutes
A 4 heures. Puis le vaccin a ete renvoye au
Danemark oui on l'a soumis A des epreuves
comparatives avec le meme lot de vaccin
conserve a une temperature de 20-40C au
Statens Seruminstitut. Ces epreuves com-
portaient l'enumeration des colonies d'or-
ganismes viables ainsi que l'observation
de la dimension des lesions vaccinales et
des reactions tuberculiniques postvacci-
nales parmi des groupes comparables
d'enfants.
Un autre lot de vaccin a e expose a

Copenhague, A la lumiere du jour et A
la lumiere solaire directe pendant des
periodes respectives de 15 minutes A
4 heures et de 5 A 60 minutes; puis on
a compte le nombre d'unites bacillaires
viables.
Non seulement les resultats ont confirme

qu'une exposition A la lumiere du soleil
durant de courts laps de temps diminuait
considerablement le pouvoir allergenique
du vaccin, la dimension des lesions vacci-
nales et le nombre des colonies, mais ils
ont demontre que 1'effet dernier de la
lumiere du jour est presque aussi prononce
que celui de la lumiere solaire directe; il
est toutefois necessaire de prolonger
legerement la dur&e d'exposition si l'on
veut obtenir les memes resultats.
Une exposition d'environ 4 heures A la

lumiere du jour produit le meme effet sur
l'allergie postvaccinale et les lesions vacci-
nales qu'une exposition de 30 minutes A
la lumi6re solaire directe. L'effet de la
lumi6re du jour a l'interieur d'un local
est comparativement plus faible.
On estime que l'effet si marque de la

lumi&re du jour et de celle du soleil pour-
rait peut-etre expliquer les resultats
variables de la vaccination obtenus par
le passe.
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