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SYNOPSIS

The authors describe experiments which were carried out to
determine the effect on the allergenic potency of dried glutamate
BCG vaccine and dried sucrose BCG vaccine of storage at high
temperatures.

The two vaccines in question were inoculated into school-
children after storage for one month at the following temperatures:
5°C, 300C, 38.5°C and 50°C. The tuberculin reactions of these
children were examined 4 and 12 months after the vaccination, both
Japanese Old Tuberculin (OT) and Danish purified tuberculin
(PPD) being used in the testing.

After storage for one month at temperatures exceeding 30°C,
the allergenic potency of the dried glutamate vaccine was consist-
ently higher than that of the dried sucrose vaccine. The decrease
in potency of the dried sucrose vaccine was evident after storage
at 30°C for one month, whereas the dried glutamate vaccine showed
a significant decrease in potency only after storage at 50°C for the
same period. This tendency was observed in the tuberculin testing
up to 12 months after vaccination, and, furthermore, was apparent
whether the post-vaccination tuberculin allergy was estimated in
terms of erythema with OT or in terms of induration with PPD.

On the subject of the heat-stability of dried glutamate BCG vaccine,
two studies have already been carried out with a view to determining under
what storage conditions this vaccine would remain effective. The first study,
which was reported by Obayashi et al. (1957), concerned the results of
inoculation of schoolchildren in Tokyo with dried glutamate vaccine stored
at 37°C for one to nine months. When these results were compared with
those obtained with dried sucrose vaccine preserved under similar condi-
tions, it was found that the allergenic potency of the glutamate vaccine
was consistently higher than that of the sucrose vaccine. Furthermore,
while a slight decrease in the potency of the glutamate vaccine was observed
after storage for three months at 37°C, storage for one month at this tem-
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perature did not appear to have any adverse effect on the potency. The
second study was carried out on Nigerian schoolchildren by the WHO/
UNICEF Tuberculosis Survey Team for West Africa (WHO Tuberculosis
Research Office & Research Institute of the Japan Anti-Tuberculosis Asso-
ciation, 1957). The allergenic potency six months after vaccination of two
different lots of glutamate vaccine stored at various temperatures was
compared with that of a batch of fresh liquid vaccine stored at 2-40C. The
results showed both lots of dried vaccine to be remarkably heat-stable:
even after 30 days' exposure to tropical temperatures, no marked loss of
allergenic potency was observed.

Although these reports agree on the superior heat-stability of dried
glutamate BCG vaccine, before this vaccine can be put into routine use
under tropical conditions, more information is required on the effect of
various high temperatures on it. Furthermore, in the previous Japanese
study, Old Tuberculin (OT) was used for the tuberculin testing and the reac-
tions were assessed by measuring erythema-the routine practice in Japan-
and therefore it was felt that it would be highly desirable to carry out a
similar study, using purified tuberculin (PPD) and measuring induration,
as is done in many other countries.

In view of these circumstances the following new study was made on
the heat-stability of dried BCG vaccine.

Materials and Method

Two kinds of dried BCG vaccine were prepared as follows:

Lt No. Date of Age of Amount of bacilli Adjuvant forLt ° preparation cultures (moist weight) freeze-drying

X-128-B 6 July 1956 Sauton, 5 mg 1.5% sodium
8 days glutamate

V-512-B 29 August 1956 Sauton, 2.5 mg 1% sucrose
9 days

The technique of lyophilization was similar to that used in the routine
production of dried vaccine.

From the time of productio'n to the beginning of March 1957 (i.e., for a
period of six to eight months), these vaccines were stored at 5°C; they were
then kept at various temperatures-5°C, 300C, 38.5°C, and 50°C-for a
period of 30 days, after which they were again stored at 5°C until the end of
April 1957, when they were used for the vaccination.

The children inoculated were first-year pupils of eleven primary schools
in Omiya City, near Tokyo, who had not previously been vaccinated with
BCG and who either did not react or reacted only with induration of less
than 9-mm diameter to 5 TU of Danish PPD. In all, 1211 children were
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vaccinated. The children in five of the schools received sucrose vaccine and
those in the remaining six schools received glutamate vaccine. Within
these two groups, the four kinds of vaccine (that is, the vaccines stored at
5°C, 300C, 38.50C, and 500C) were inoculated in rotation in each class of
the school. Furthermore, some of the children in the sucrose vaccine group
were subjected to inoculation with glutamate vaccine stored at 50C, for the
purpose of comparing the responses in this group with those in the other
group. Thus in this group, five kinds of vaccine were used in rotation.'

On the day of vaccination, the vaccines to be used were reconstituted
in the morning, subjected to culture tests on Ogawa's egg media, and then
taken to the school in a vacuum flask containing ice. The vaccination was
carried out over a period of about one month, starting at the end of April
1957. The vaccine was always injected intradermally, in a dose of 0.05 mg,
into the dorsal surface of the left upper-arm.

Tuberculin testing was done 4 and 12 months after the vaccination
with two kinds of tuberculin-namely, Japanese OT (Lot 502) and Danish
PPD (RT 19-21).2 The PPD was sent from Copenhagen to Tokyo by air,
just before the start of each testing period, in the form of a stock solution.
When the testing was started, this stock solution was diluted with a phos-
phate-buffered saline containing 0.01 % Chinosol to give a concentration of
5 TU per 0.1 ml. This diluted tuberculin was stored in a refrigerator and
used throughout the period of one testing, which covered about one month.

Each child was given duplicate intradermal 5 TU tests, one in the left
forearm with one of the tuberculin products, the other in the right forearm
with the other product. Moreover, the study was so planned that the total
number of those who received each product in the left arm was approxi-
mately equal to the number of those who received it in the right arm. Also,
the study was so devised as to avoid the repetition of tuberculin tests at the
same site. For this purpose, the flexor surface of the forearm was divided
equally into three parts-upper, middle and lower-and the pre-vaccination
testing was done in the centre of the lower part, the first post-vaccination
testing in the upper part, slightly towards the outside of the arm, and the
second post-vaccination testing in the middle part, slightly towards the
inside.

The reactions were examined approximately 48 hours afterwards by
two examiners, each of whom was responsible for the reading of the reac-
tions of about one half of the children in both groups. Transverse diameters
of erythema and induration were measured, and the presence or absence of
double erythema was noted. The same observer read the reactions at 4 and
at 12 months after vaccination.

'Details of the vaccination schedule are shown in Table 5 of the article by Obayashi et al. on page 1 151.
'The Danish PPD was obtained from the Statens Seruminstitut, Copenhagen, through the courtesy

of Mr M. Magnusson of that institute and Dr J. Guld and Mr K. Magnus of the WHO Tuberculosis
Research Office, Copenhagen.
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The local reactions at the site of vaccination were examined 4 months
after the inoculation; the transverse diameters of scars were recorded.

Results
Culture tests

The results of the culture tests carried out on the vaccines used for
inoculation are shown in Table 1. As stated earlier, four to five kinds of
vaccine were used in a school, and the vaccination was carried out in five
to six schools on different days, culture tests being done each day on each
kind of vaccine inoculated. In Table 1 only the average number of viable
units for each kind of vaccine is shown. It can be seen from this table that
the number of viable units was a little larger in the dried glutamate vaccine
than in the dried sucrose vaccine, even before storage at high temperatures.
After storage, the difference between the number of viable units in the two
kinds of vaccine increased with the rise of storage temperature.

TABLE 1. VIABILITY OF VARIOUS DRIED VACCINES AT TIME
OF INOCULATION

Number of viable units in 1 mg of bacillary mass
Type after storage at

of dried

vaccine
50C 30°C 38.5°C 500C

Glutamate 2.8x 10'0 2.5x107 1.3x 107 3.6x106

Sucrose 1.4x 107 3.3x106 1.2x 106 1.2>x10O

Glutamate * 3.0x 10'

* This vaccine was used in rotation with the sucrose vaccines.

Tuberculin tests
The results of the tuberculin testing after vaccination are shown in

Tables 2 and 3, and Fig. 1 and 2. For the sake of brevity, the intensity of the
tuberculin reactions has been expressed only in terms of the mean size of
erythema with OT and the mean size of induration with PPD. The results
of a variance analysis of these data are shown in Table 4 and can be sum-
marized as follows:

1. In the case of the dried glutamate vaccine, a decrease in the allergenic
potency was observed only after storage at 50°C, while in the case of the
dried sucrose vaccine a decrease in potency was already evident after
storage at 30°C. However, storage of the sucrose vaccine at 38.5°C resulted
in a comparatively small decrease in potency, detectable only in the erythema
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after 12 months. On the other hand, storage at 500C markedly affected the
allergenic potency of the dried sucrose vaccine.

TABLE 2. MEAN SIZE OF TUBERCULIN REACTIONS 4 MONTHS AFTER
INOCULATION WITH DRIED GLUTAMATE AND SUCROSE VACCINES

STORED FOR I MONTH AT VARIOUS TEMPERATURES

TABLE 3. MEAN SIZE OF TUBERCULIN REACTIONS 12 MONTHS AFTER
INOCULATION WITH DRIED GLUTAMATE AND SUCROSE VACCINES

STORED FOR I MONTH AT VARIOUS TEMPERATURES

Erythema with OT Induration with PPD
Type Temperature Nme

of dried Temperate Nbtested mean standard mean standard
vaccine storage size deviation size deviation

(mm) (mm) (mm) (mm)

50C 114 19.39 4.49 16.25 4.74

300C 112 18.85 4.41 15.49 5.06
Glutamate

38.5°C 110 18.75 4.47 15.06 5.04

500C 111 16.74 5.64 13.14 6.89

5°C 132 18.70 5.05 14.89 6.87

300C 133 16.57 5.86 12.37 6.70
Sucrose

38.5°C 138 17.13 6.05 13.41 6.72

500C 125 14.58 6.57 10.63 7.35

Glutamate | 5°C 131 19.07 4.67 15.86 5.92

Number Erythema with OT Induration with PPD
Type Temperature

of dried of mean standard mean standard
vaccine storage vaccinated tested size deviation size deviation

(mm) (mm) (mm) (mm)

5°C 123 110 15.97 4.85 13.43 4.32

300C 121 i11 16.34 4.95 13.55 4.59
Glutamate

38.5°C 122 114 15.56 5.12 12.38 4.61

50°C 120 113 13.38 4.84 11.11 4.73

5°C 145 135 15.06 4.66 13.25 4.02

30°C 146 135 13.08 5.60 11.61 5.24
Sucrose

38.5°C 147 142 14.43 4.83 12.23 5.24

500C 143 134 12.72 5.91 10.95 5.92

Glutamate 5°C 144 140 j 15.69 - 4.91 | 13.87 44.49
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2. There was no significant difference between the allergenic potency
of the dried glutamate vaccine and that of the dried sucrose vaccine after
storage at 5°C.

FIG. 1. MEAN SIZE OF TUBERCULIN REACTIONS 4 MONTHS AFTER
INOCULATION WITH DRIED GLUTAMATE AND SUCROSE VACCINES

STORED FOR I MONTH AT VARIOUS TEMPERATURES

FIG. 2. MEAN SIZE OF TUBERCULIN REACTIONS 12 MONTHS AFTER
INOCULATION WITH DRIED GLUTAMATE AND SUCROSE VACCINES

STORED FOR I MONTH AT VARIOUS TEMPERATURES
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TABLE 4. COMPARISON OF ALLERGENIC POTENCIES OF BCG VACCINES
ACCORDING TO RESULTS OF POST-VACCINATION TUBERCULIN TESTING

After 4 months After 12 months

erythema with OT induration with PPD erythema with OT induration with PPD

G-5°C:G-30C * G-5°C:G-30C * G-5°C. G-30°C * G-5°C`. G-30°C *

G-5°C*.tG-38.5°C * G-5 CXG-38.5°C * G-5°C`.-G-38.50C * G-5°Ct-.G-38.5°C *

G-50C>G-500C G-5OC> G-50°C G-5°C>G-50°3C ** G-5°C> G-50°C **

S-50C>S-300C ** S-5C>S-30C ** S-5C>S-300C ** S-5C>S-300C **

S-5°C#S-38.5°C * S-5°C-%:S-38.5°C S-50C>S-38.5°C * S-5°C-*-S-38.5°C *

S-5°C>S-500C ** S-5°C>S-50C ** S-5°C>S-50°C ** S-5C>S-50C

G-5°C-4S-5°C * G-5°C4S-5°C * G-5°C4S-5°C * G-5°C-.S-5°C *

G-30°C>S-300C ** G-300C>S-30C ** G-30°C>S-30°C ** G-300C> S-30C **

G-38.5°C-*-.S-38.5°C * G-38.5°C-*S-38.5°C * G-38.50C> S38.50C*-* G-38.5°C--*-S-38.5°C *

G-50CI-S-50C * G-50°C-*S-50°C * G-500C>S-500C ** G-500C>S-50°C *

* No significant difference in potency observed
** Difference in potency observed at the 1% significance level

*** Difference in potency observed at the 5% significance level

3. The allergenic potency of the dried glutamate vaccine was consistently
higher than that of the dried sucrose vaccine after storage at 30°C.

4. The same tendency was observed after storage at 38.50C, though
the difference was not so marked as after storage at 300C. It was noted
that the post-vaccination tuberculin reactions of the sucrose vaccine stored
at 38.5°C were stronger than would have been expected from the results
of culture tests on this vaccine; also its allergenic potency was found to be
stronger than that of the sucrose vaccine kept under similar storage condi-
tions in our previous experiments. The reason for this is not clear at present.

5. After storage at 50°C the same tendency was observed; although
there was no significant difference in the tuberculin reactions induced by
the two kinds of vaccine after 4 months, the reactions after 12 months were
definitely stronger in the group inoculated with the glutamate vaccine than
in the group inoculated with the sucrose vaccine.

Local reactions to vaccination
Table 5 shows the size of the vaccinal lesions recorded for each type

of vaccine four months after vaccination. The results are expressed in terms
of mean size of scar. It can be seen that, in general, there is a correlation
between the size of the vaccinal lesion and the intensity of the tuberculin
reaction induced. This is especially marked in the group inoculated with
S-38.5°C vaccine, where the relatively larger lesions, as compared with
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the lesions of the groups inoculated with the other sucrose vaccines, corre-

spond to the stronger tuberculin reactions in this group.

TABLE 5. DISTRIBUTION OF VACCINAL LESIONS BY SIZE 4 MONTHS
AFTER INOCULATION WITH DRIED GLUTAMATE AND SUCROSE VACCINES

STORED AT VARIOUS TEMPERATURES

.Type of Temperature Number Mean size Standard
dried vaccine of storage examined of(mm) (mm)

It was also observed that there was a significant difference in the size
of the vaccinal lesions between the two groups inoculated with glutamate
vaccine stored at 5°C. This is probably due to the fact that the reactions
of these two groups were measured by different examiners.

Discussion

The above findings confirm that, as stated in our previous reports
(Cho & Obayashi, 1956; Cho et al., 1956; Obayashi & Cho, 1957; Obayashi
et al., 1957), dried glutamate vaccine is far more resistant to thermal stress
than dried sucrose vaccine is. In the present study, the superior heat-
stability of glutamate vaccine is reflected in the degree of tuberculin allergy
induced by the vaccination. When the vaccines were stored for one month
at temperatures exceeding 30°C, the allergenic potency of the dried gluta-
mate vaccine was always higher than that of the dried sucrose vaccine. A
decrease in the potency of the dried sucrose vaccine was already evident
after storage at 30°C for one month, whereas no significant decrease in the
potency of the dried glutamate vaccine was observed until after storage
at 50°C for the same period. This tendency was noted in the tuberculin
testing up to 12 months after the vaccination, and, furthermore, it was

observable both in the measurements of erythema with OT and in those of
induration with PPD. In the reactions after 12 months, both the difference
in potency between the S-5°C vaccine and the S-38.5°C vaccine, and that

5°C 111 7.61 1.32

30°C 113 7.42 1.15

38.5°C 115 7.17 1.40

500C 114 6.87 1.63

5°C 136 5.81 1.47

30°C 135 5.47 1.66

38.5°C 142 5.85 1.60

500C 134 5.26 1.46

5°C 140 6.29 1.41
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between the G-38.5°C vaccine and the S-38.5°C vaccine, were regarded as
significant according to the measurements of erythema with OT, but neither
were regarded as significant according to the measurements of induration
with PPD. In the latter case, however, the difference was only a little short
of the 5% significance level, so that it can be stated that there was
hardly any difference between the results expressed in terms of induration
with PPD and those expressed in terms of erythema with OT.

It was also observed in the present experiment that there was an increase
in mean reaction size from the first test at 4 months to the second test at
12 months after vaccination. This trend is not in agreement with that noted
in our previous reports. The chief difference in the technique of tuberculin
testing between this experiment and our previous experiments is that, in the
present experiment, a different site was used for the first and the second
tests, whereas in our previous experiments the tests were usually given
repeatedly in the same site. As reported by other workers (WHO Tuber-
culosis Research Office, 1955), tuberculin reactions in previously used sites
appear sooner and fade sooner than reactions in new sites, and in our
experience the reactions at 48 hours are far weaker in a used site than in a
new site. This is at least one reason why in our present experiment the
reactions at 12 months were stronger when compared with those in our
previous study.

Also, the so-called " boosting " effect of a duplicate tuberculin injection
might be responsible, to some extent, for the increase in tuberculin sensi-
tivity at 12 months (see Magnus, 1957; Magnus & Edwards, 1955). How-
ever, we have as yet no satisfactory data on which to base a discussion, and
further studies will be required on this problem.

As to the correlation between the reaction with OT and that with PPD,
a discussion will be given in a report which will appear in the near future.

RESUME

Les auteurs apportent une nouvelle demonstration de la superiorite du vaccin BCG
dess&he' au glutamate, sur le vaccin au saccharose, dans sa resistance A la conservation
aux temperatures elevees. Ces deux vaccins ont ete injectes a des ecoliers, apres avoir ete
conserves un mois A 5°C, 30°C, 38,5°C et 50°C. Des tests postvaccinaux ont ete effectues
apres 4 mois et 12 mois, soit avec de la Vieille Tuberculine d'origine japonaise, soit avec
du PPD provenant du Danemark.

La superiorite du vaccin au glutamate a ete confirm&e cette fois par le degre d'allergie
postvaccinale provoque par la vaccination, qu'il soit mesure par les r6actions A l'une ou
l'autre des tuberculines precit6es, erytheme ou induration respectivement.

La dimension moyenne des indurations consecutives A l'injection de PPD etait plus
forte apres 12 mois qu'apres 4 mois. Ce resultat ne concorde pas avec les observations des
precedents rapports, ou l'on avait note au contraire des r6actions plus faibles au second
test. Cette divergence peut s'expliquer par le fait que dans la derniere s6rie d'essais, la
seconde injection de tuberculine a 6te faite A un endroit du corps diff6rent de la premiere
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injection. Or, il est connu que les reactions provoquees par la tuberculine au meme endroit
sont plus faibles la seconde fois que la premiere. I1 se peut aussi, que dans cette recente
serie, un effet de rappel ait intensifie la seconde r6action par rapport i la premiere. Ce
point reste a l'etude.
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