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SYNOPSIS

Early in 1953, nearly 2,000 schoolchildren in Jabalpur, India,
were tuberculin-tested, and 1,200 of them vaccinated, in a co-
operative study designed to determine whether exposing the vacci-
nation site to strong sunlight immediately after injection of BCG
would affect the development of tuberculin allergy. Follow-up
examination in 5-6 weeks showed that the tuberculin reactions
(and vaccinal lesions) averaged the same size in three groups of
vaccinated children: (a) those whose vaccination site was exposed
to sunlight for a period ranging from 0 to 45 minutes immediately
after vaccination; (b) those exposed for a full 45 minutes after an
interval ranging from 0 to 45 minutes after vaccination; and
(c) those not exposed during the study period. It would thus appear
unnecessary at the present time to recommend shielding the vac-
cination site from sunlight immediately after the vaccine has been
injected.

In some of the tropical countries the level of tuberculin allergy has been
disappointingly low in a great many of the groups of schoolchildren retested
after international mass BCG-campaigns. Studies directed towards finding
the responsible factor (or factors) have shown that vaccine exposed to direct
sunlight or strong daylight, even for a matter of minutes, rapidly loses its
allergy-producing potency.' The use of light-exposed vaccine undoubtedly
accounts to a large extent for low post-vaccination allergy, but it does not
appear to be the only cause.

* This report summarizes the results of a co-operative study undertaken by the Tuberculosis Research
Office, World Health Organization, Copenhagen, and the Indian Council for Medical Research, Government
of India. Five previous reports on co-operative studies have been published by WHO (Bull. Wld Hith Org.
1950, 3, 1, 279; 1952, 5, 245, 333; 7, 201).

t This article will also be published, in Spanish, in the Boletkn de la O.ficlna Sanitarla Panamericana.
1 See Bull. Wd Hlth Org. 1952, 5, 245, 333.
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In looking for other possibly significant technical variations likely
to occur under ordinary field conditions in a mass campaign, sun exposure
of the vaccination site immediately after injection of the vaccine had been
considered. Sunlight, it was reasoned, might affect the viability of the BCG
organisms deposited in the superficial layers of the skin, and so affect the
development of post-vaccination allergy. A preliminary trial was made in
Denmark, in 1951, by exposing a small group of children to a maximal
therapeutic dose of carbon-arc light within one hour of vaccination and at
3-day intervals thereafter for a total of six weeks, while a comparable group
vaccinated at the same time was not so exposed and served as control.2
The level of tuberculin allergy (and the average size of the vaccinal lesions)
was not significantly different in the two groups when examined after six
weeks. Another preliminary study was made early in 1952 by Dr. M. L.
Mehrotra, medical officer in charge of the BCG teams in Kanpur, India, by
exposing the vaccination site of a few children to direct sunlight for 30
minutes after vaccination and shielding others.3 Comparison of the tuber-
culin allergy in the two groups after eight months showed suggestive, but
not significant, differences.

The purpose of the present study was to obtain more conclusive evidence
on whether the tuberculin allergy induced by BCG vaccination is affected
by exposing the site of vaccination to strong, natural sunlight immediately
after the vaccine has been injected.

Plan of Study

The study was planned as a joint undertaking of the World Health
Organization through its Tuberculosis Research Office (TRO) in Copen-
hagen and the Indian Government through its Council for Medical
Research (ICMR). The work was done under the technical direction of the
TRO; Indian Government and ICMR representatives acted as advisers
for the project.

The work was carried out in 11 schools in Jabalpur, India, during March
and April 1953; of a total of about 2,000 schoolchildren tuberculin-tested,
1,200 were vaccinated and 700 re-examined 5-6 weeks later.

On the team's first visit to the schools, all the children were given an
intradermal (Mantoux) test with 5 TU (0.0001 mg) of purified protein
derivative (PPD), batch RT XIX-XX-XXI from the Statens Seruminstitut,
Copenhagen. Three days later the reactions were read by measuring the
transverse diameter of erythema and induration with a millimetre ruler.
Children with indurations measuring less than 8 mm in diameter were
considered eligible for BCG vaccination and were allocated, by rotation, to
three groups. Group A was to have the site of vaccination exposed to direct

2 Heinild, S., Edwards, P. Q., Foght-Nielsen, K. E., Hansen, K. G., Magnus, K. & Scheibel, I. (1952)
Acta paediat. (Uppsala), 41, 415

' Personal communication
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sunlight immediately after the vaccine had been injected; Group B was to
have the site exposed after a varying interval of time; Group C was to have
no exposure during the study period. Before vaccination, the clothing was
removed from each child's left shoulder, and he was given a special mark
indicating the group to which he had been allocated. Vaccination was then
given by intradermal injection of 0.1 ml of BCG vaccine (Statens Serum-
institut batch 1038 or 1039).

Immediately after vaccination each child in Group A was sent outdoors
into the strong, direct mid-day sunshine to expose his vaccination site, under
supervision. He stayed in the sunshine during the remainder of the 45-minute
vaccination period. Children in Group A thus had their vaccination sites
exposed for periods ranging from 0 to 45 minutes, the exposure in each
child beginning immediately after he had been vaccinated. They were then
brought indoors for a full 45-minute period.

Children in Group B were kept indoors during the 45-minute vaccinating
period and then were sent outdoors into the sunshine to expose their
vaccination sites for 45 minutes. Thus, all those in Group B had a full
45-minute exposure period, but it began from 0 to 45 minutes after
vaccination.

Group C were kept indoors during the two successive 45-minute periods.
Though the study design may seem rather complicated, it was planned

to permit of quantitative evaluation of the effect of immediate or delayed
exposure to sunlight, if exposing the vaccination site should affect the
development of tuberculin allergy or the vaccinal lesions.

The team returned to the schools 5-6 weeks later to retest the vaccinated
children (with the same batch and dose of tuberculin) and to measure and
describe the lesions at the vaccination site. New students in the schools
and students who had been absent for the pre-vaccination examination
were also tested at this time.

Throughout the study, efforts were made to have the work as uniform
and objective as possible. Detailed directions for the work were written
in advance and each person on the team was responsible for a particular
job. For both the pre- and post-vaccination examinations, one nurse
gave all the tuberculin tests and another read all the reactions. The reader
dictated her measurements to a secretary so that she would not see the child's
card ; thus, the reader could not be influenced by knowing to which of the
three exposure-groups a child belonged or even whether he had in fact
been vaccinated, as the new (not vaccinated) students were included during
the post-vaccination examination.

Results

Frequency distributions by size of induration of 5 TU tuberculin
reactions are given in fig. 1 for each of the three groups of vaccinated

7
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FIG. 1. DISTRIBUTIONS BY SIZE OF children. The results are re-
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St. Dev. = standard deviation (except the last) on each curve
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on observations in about 25 children; each point for 45-50 minutes' exposure
is based on 6-11 observations. Neither the duration of exposure nor the
interval between vaccination and exposure appears to influence the results:
for both allergy and vaccinal lesions, the curves show only minor and incon-
sistent deviations from the corresponding mean values for the non-exposed
controls (Group C).

Immediate or delayed exposure of the vaccination site to direct sunlight,
for periods ranging up to 45 minutes, appears to have no significant effect
on the degree of tuberculin allergy or on the size of the vaccinal lesions
5-6 weeks after BCG vaccination. Thus, it would seem unnecessary at the
present time to recommend shielding the vaccination site from sunlight
immediately after vaccination.

** *

In addition to the results germane to the study's main purpose, informa-
tion was obtained on the pattern of naturally acquired tuberculin sensitivity
in Jabalpur schoolchildren. The upper section of fig. 3 gives the frequency
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FIG. 2. MEAN SIZE OF INDURATION OF MANTOUX 5 TU REACTIONS AND OF
VACCINATION LESIONS 5-6 WEEKS AFTER BCG VACCINATION
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MEAN SIZE OF INDURATION OF MANTOUX 5 TU REACTIONS AND OF VACCINATION LESIONS OF GROP C.
NOT EXPOSED TO SUNLIGHT

45-50

distribution by size of reactions to the 5 TU test given to nearly 2,000 chil-
dren for the purpose of selecting those eligible for BCG vaccination. The
distribution is clearly divided into two concentrations of reactions, one

group (on the left) with little or no reaction, and the other (on the right)
with strong reactions. The latter group, with a modal reaction of 16-17 mm,
probably represents the infected part of the population, i.e., the positives;
and the group with little or no reaction the uninfected, i.e., the negatives.

The frequency curves, by age, in the middle section of fig. 3 are consistent
with the assumption that the children with strong reactions have been
infected. As would be expected, the lower age-groups contain relatively
more negatives and correspondingly fewer positives than the higher ones.

Children appear to transfer, with age, from the negative to the positive
range on the scale, leaving a persistently low frequency of reactions in
the area between the two groups.

Further information is gained from 5 TU tests (with the same batch
of PPD) given to all the patients in three tuberculosis hospitals: Lady
Linlithgow Sanatorium, Kasauli ; King Edward Sanatorium, Dharampore;
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FIG. 3. REACTIONS BY SIZE OF FIG. 4. DISTRIBUTIONS BY SIZE OF
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and Lady Hardinge Sanatorium,
lo l Dharampore. The frequency distri-

Ea l4. bution by size of reactions (lower
0 4 2 20 28 section of fig. 3) shows a single group

INDURATION (mm) concentrated around an average of
nearly 17 mm. Some persons have

very large reactions, some small, but the group as a whole has reactions
of about the same average size and covering about the same range on the
size scale as the presumably infected children shown above. In the distri-
butions of patients as well as of positive children, the mode is around
16-17 mm and all but a very small proportion in either group have
reactions measuring between 8 and 24 mm. In this connexion, it may
be noted that practically all the patients (99%) had reactions measuring
at least 5 mm in diameter to the 5 TU test.

In fig. 4, a comparison is made between the allergy found in the new
pupils who had not been previously tested or vaccinated (section a) and
the children vaccinated 5-6 weeks earlier (section b), both groups being
tested at the same time, by the same person. Contrast is seen between the
forms of the two distributions. The unvaccinated children, as already seen
in fig. 3, are clearly separated into two groups-the presumably infected
on the right, and the uninfected on the left. But the vaccinated (like the
tuberculosis patients), all of whom have been infected, form a single group.
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The mode of the distribution of reactions in schoolchildren after BCG
vaccination was 14-15 mm, while that of the natural positives was 16-17 mm
-a difference of only a few millimetres. It is possible that the maximum
level of BCG-induced allergy had not yet been attained, as the retesting
was done so soon after vaccination. Even so, the level ofallergy produced
by a standard strength vaccine, carefully protected from light, was suf-
ficiently high to suggest that the poor results reported from some of the
international mass campaigns are probably not due to racial incapacities
to respond to BCG.

RJSUMI2

Au cours des campagnes de vaccination au BCG, on a constat6 dans certaines r6gions
tropicales des reactions tuberculiniques post-vaccinales excessivement faibles. L'emploi
de vaccin ayant subi I'action du soleil - ce qui lui fait perdre, on le sait, une partie de
son activit6 - ne paraissait pouvoir A lui seul expliquer ces faits. Parmi les causes pos-
sibles, on envisagea l'action du soleil sur la surface vaccinee, sitot apres vaccination.
L'experience ne confirma cependant pas cette hypothese. Des groupes d'enfants, chez
lesquels les points d'application du vaccin furent exposes au soleil durant 0-45 minutes, les
uns sitot apres vaccination, les autres apres 3/4 heure, presenterent apres 5-6 semaines des
r6actions tuberculiniques post-vaccinales qui n'etaient pas significativement difftrentes
de celles de groupes temoins, non exposes.

Ces etudes experimentales ont permis en outre de faire diverses observations sur la
sensibilite naturelle A la tuberculine des ecoliers de Jabalpur, et de comparer les dimensions
des reactions positives A la tuberculine apres vaccination A celles de sujets atteints de
tuberculose, dans trois sanatoriums. On peut en conclure que le niveau d'allergie produit
par un vaccin d'activite standard, soigneusement protege de la lumiere, est assez 61ev6
pour que l'on doive attribuer A des facteurs raciaux, et non A des imperfections techniques,
les anomalies dans la reponse au BCG, qui ont motive ces recherches.
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