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Further Studies on the Heat-Stability of Freeze-Dried
Glutamate BCG Vaccine

Effect of storage at 300-500C on allergenic potency in humans

ANTON GESER 1 & YOSHIKUNI AZUMA 2

In order to avoid the necessity for continuous refrigeration of liquid BCG vaccine
during storage and transport in hot climates, various attempts have been made to develop
more stable preparations. Several studies have indicated that freeze-dried BCG vaccines,
and in particular the Japanese glutamate vaccine, are more resistant to high temperatures
than liquid BCG vaccines. The present paper reports the results of three studies in school-
children designed to compare the heat-stability of three dried vaccines (Japanese glutamate
vaccine, Japanese sucrose vaccine, and French glucose vaccine) and Danish liquid vaccine.
The results showed that the allergenic potency of the Japanese glutamate vaccine was not
much reduced even after storage at 42°C for one month whereas the liquid vaccine was
already seriously damaged after one month's storage at 30°C. Exposure to a temperature of
50°C for one month was found to reduce the allergenic capacity of all three freeze-dried
vaccines. As exposure to such high temperatures hardly ever occurs under field conditions,
it seems probable that the dried glutamate vaccine can be used without refrigeration even
in tropical countries. However, the duration of the allergy induced by the heat-treated
glutamate vaccine has not yet been definitely established. This question is under further
study.

It has been clearly established (Edwards et al.,
1953) that the allergenic potency of liquid BCG
vaccine is markedly reduced by storage, even for a
short period, at temperatures over 30°C. It is
therefore considered necessary to keep BCG vaccine
constantly refrigerated during storage and transport
in countries with hot climates. This requirement has
greatly complicated field work in the large-scale
BCG vaccination campaigns conducted with WHO/
UNICEF assistance in tropical and sub-tropical
countries.
A hope of simplifying field procedures was raised

when Japanese workers reported that BCG vaccines
having greater stability to heat could be prepared
by freeze-drying (Cho & Obayashi, 1956a; Cho et al.,
1956b; Obayashi, 1955). In recent years, the

1 Epidemiologist (WHO), National Tuberculosis Insti-
tute, Bangalore, India; (formerly, WHO Tuberculosis Re-
search Office, Copenhagen)

' Statistician, Division of Communicable Diseases, WHO,
Geneva (formerly, WHO Tuberculosis Research Office,
Copenhagen)

Japanese workers have investigated the effect of
adding various adjuvants to the vaccine during
freeze-drying, and promising results have been
obtained with sodium glutamate in concentrations
of 1% to 2%.
A field trial carried out in humans with the

Japanese dried glutamate vaccine showed that
30 days' exposure of this vaccine to 42°C caused
only a slight loss of allergenic potency as measured
by the intradermal reaction to tuberculin six months
after vaccination (WHO Tuberculosis Research
Office & Research Institute of the Japan Anti-
Tuberculosis Association, 1957). One of the three
studies reported here is a follow-up of this trial.

In the two other studies the heat-stability of the
dried glutamate vaccine is compared with that of
other dried vaccines (Japanese sucrose vaccine and
French glucose vaccine) as well as with Danish
liquid vaccine. These studies were undertaken in
children. As the studies had to be integrated into
a large research programme, only a relatively small
number of children could be included in each.
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MATERIAL AND METHODS

Two of the studies (Nos. 1 and 2) were carried
out by a team from the WHO Tuberculosis Research
Office in nine schools in the vicinity of Copenhagen
in connexion with the Danish tuberculin-testing and
BCG vaccination programme in schoolchildren. A
total of 350 first-grade children (7-8 years old) who
had not previously been given BCG vaccine and who
did not react to a Moro patch test were vaccinated
with the study vaccines. Four to six months after
vaccination, an intradermal tuberculin retest was
carried out and the vaccination scars examined.
Altogether, 293 children (140 in study 1 and 153
in study 2) completed the retest, while a few had
only their vaccination scars examined. These
children form the study population of studies 1
and 2.
The vaccinations in study 3 were carried out by

the WHO Tuberculosis Survey Team for West
Africa in four schools in Ilorin, Nigeria, in April
1956. A total of 368 schoolchildren, aged 5-17 years,
who reacted with less than 10 mm of induration to
an intradermal 5 TU tuberculin test, were vaccinated.
The tuberculin used for testing was PPD batch
RT 19-20-21 (Statens Seruminstitut, Copenhagen).
Six months after vaccination, 251 of the vaccinated
children were retested.' The results of this retest
have been reported in a previous publication (WHO
Tuberculosis Research Office & Research Institute
of the Japan Anti-Tuberculosis Association, 1957).
Nineteen months after vaccination a second retesting
was carried out by the survey team and the children
attending this retesting constitute the study popula-
tion of study 3.

Table 1 gives information regarding the various
vaccines included in each study and the conditions
under which they were stored. The freeze-dried
vaccines were kept in dry form whereas the liquid
vaccine was stored in diluted form ready for use.

In order to ensure comparability of the results,
the vaccine ampoules were randomly selected for the
various heat-treatments in all three studies, and
the different vaccines were allocated randomly to
the children in studies 1 and 2 and by rotation in
study 3.
The freeze-dried vaccines were reconstituted with

physiological saline immediately before use. Only

1 The first report included only children who completed
the tuberculin retesting whereas the present report also
includes children who had their vaccination lesions examined
without completing the tuberculin test.

one or a few batches per vaccine were used in each
study, and between-batch variations in heat-stability
could therefore not be assessed. In all three studies,
0.1 ml of the vaccine was injected into the super-
ficial layers of the skin of the left deltoid region.
The inoculating dose corresponded to 0.05 mg
(moist weight) of BCG, except in the case of the
liquid vaccine used in study 3, for which the dose
was 0.075 mg of BCG.
An intradermal (Mantoux) test with 5 TU of

PPD tuberculin (batch RT 19-20-21, Statens Serum-
institut, Copenhagen) was used throughout for the
retesting. The test was read after 3-4 days by measur-
ing the transverse diameter of the palpable indura-
tion in mm. No attempt was made to classify the
reactions as " negative " or " positive ". In order
to prevent bias, a certain number of unvaccinated
children were included in the retesting; thus the
reader did not know which children had been
vaccinated and which had not.
At the time of retesting, the vaccinal lesions were

also inspected and the size of the scar measured and
recorded.

FINDINGS

The results of the three studies in terms of mean
size of post-vaccination tuberculin reactions, by
vaccine and heat-treatment, are given in Table 1.
Complete distributions by size of the tuberculin
reactions are presented in Table 2.

Table 1 also shows the mean sizes of the vaccinal
lesions; these will not be discussed in any detail,
however. Since even killed BCG vaccine may
produce large lesions (Edwards et al., 1953), their
size is less useful as a measure of the potency of
the vaccine than that of the post-vaccination
tuberculin reactions.

Study 1. The results of the retesting show that
the mean size of post-vaccination reactions is slightly
smaller with unheated dried glutamate vaccine than
with fresh liquid vaccine and the difference (2.3 mm)
is statistically significant at the 95% level.

It is seen that even two months' exposure to
37°C does not reduce the allergenic potency of the
dried glutamate vaccine, though this exposure causes
a slight decrease (0.6 mm) in the mean size of vaccinal
lesions.

Study 2. The results of the retesting, as presented
in Table 1, give the impression that there is some
reduction in the allergenic potency of all four
vaccines with the heat exposures used in the study.
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TABLE 1

DESIGN OF STUDIES AND SUMMARY OF RESULTS

i Origin

Study and type of

No. BCG vaccine

2

3

Duration of storage
of vaccines Post-vaccination examinations

Mx 5 TU reactionsI Local lesions

Under Under heat

refrigeration a exposure N umber of Mean size Number of Mean size

childrenb of indura- uhidren c of scar

tion (mm) (mm)

Japanese dried 10 months
glutamate
vaccine 8 months

Danish liquid
vaccine

Japanese dried
glutamate
vaccine

None 521 11.6

2 months at 37 C 47 12.0

2 weeks None

(fresh)

10 months

9 months

50

44

41 13.9 39

None 13 12.1

1 month at 300C 7 13.6

month at 42 C 12 10.1

1~1month at 500C 9 9.3

13

6

12

11

5.5

4.9

5.9

5.5

5.0

5.3

4.2

Japanese dried 8 months None 10 14.2 12 5.4
sucrose
vaccine 1 month at 30'C 9 10.4 8 4.8

7 months 1 month at 42 C 8 10.2 8 4.4

1 month at 50C 9 5.1 10 2.7

French dried 6 weeks None 13 9.8 14 5.4
glucose
vaccine 1 month at 300C 14 10.6 16 4.3

2 weeks '1 month at 42'C 6 5.7 6 2.2

1 month at 500C 10 6.0 7 1.3

Danish liquid
vaccine

Japanese dried
glutamate
vaccine

Danish liquid
vaccine d

2 weeks
(fresh)

5 weeks

1 week

None

None

I1 month at 30'C

17 months None

1 month at 20O Cn
the day & 37'C
at night

16 months
1 month at 37cC

I month at 42'C

2 weeks None

(fresh)

9

12

12

14.3

13.5

5.2

10

I11

12

1St I2nd I1St I2nd 1st I2nd
49 132
47 39

55 45

52 35

48 40

13.7

13.2

12.8

12.1

13.5

5.5

4.9

2.4

1St 2nd

17.2 50 39 6.5

13.5 52 39 6.3

14.8 56 45 6.2

14.4 54 35 5.7

14.1 53 42 6.9

6.7

6.2

6.0

5.5

6.8

Time after

vaccination

4-6 months

4-6 months

6 months
(1st post-vacc.
exam.)

19 months
(2nd post-
vacc. exam.)

a Approx. 2'-4 C
b Completing retesting
c Including all children who had their scar read regardless of whether or not they completed the 5 TU test
d Given in dosage of 0.075 mg

12

1
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In order to investigate the significance of the effect
of heat exposure on the vaccines, the results of the
retestings were examined by regression analysis.'
The regression coefficients of the fall in mean size
(mm) of tuberculin reactions per temperature inter-
val were as follows:

Regression Standard
coefficient error

Japanese glutamate vaccine 1.2 0.51
Japanese sucrose vaccine 2.8 0.62
French glucose vaccine 1.6 0.59
Danish liquid vaccine 8.2 1.26

A potency-reducing effect of heat-treatment is
observed for all four vaccines, but the liquid vaccine
is significantly less resistant to heat than the dried
vaccines. Even the least intense exposure-30'C
for a month-reduces the potency of the liquid
vaccine considerably, whereas the dried vaccines
can be stored at a temperature as high as 50°C for
a month without losing their allergenic potency.
An analysis of the data on the heat-stability of

the three dried vaccines did not reveal any significant
differences between these products. It should be
remembered, however, that with the small numbers
of children allocated to each vaccine, only gross
differences were likely to come out as " significant ".
It has been suggested that the Japanese glutamate
vaccine is more stable to heat than the Japanese
sucrose vaccine (Obayashi & Cho, 1957), and this
is borne out by the trend of the present data.
The vaccinal lesions showed a reduction in size

with increasing heat-exposure of the vaccines, follow-
ing a pattern similar to the reductions observed in
the size of post-vaccination tuberculin reactions.

Study 3. In this study the untreated glutamate
vaccine produced the same degree of allergy as the
fresh liquid Danish vaccine, although the inoculating
dose of the liquid vaccine (in terms of weight of
bacillary mass) was 50% higher than that of the
glutamate vaccine.
One month's exposure of the glutamate vaccine

to a temperature of 42°C caused a reduction in the
mean size of the post-vaccination tuberculin reactions
of 1.6 mm when retested at six months and 2.8 mm
when retested at 19 months; these decreases are
significant by regression analysis. The level of

1 Regression analysis indicated that the decline in potency
was not a linear function of the temperature. On plotting
the intervals between the successive temperatures of exposure
equidistantly, deviation from linearity could no longer be
demonstrated, and the regression analysis was therefore
undertaken on the function thus transformed.

allergy observed at the time of the second retesting
was, however, practically the same for the glutamate
vaccine stored at 420 as for the fresh liquid vaccine.

Table 1 shows that there is a slight increase in the
mean size of the tuberculin reactions from the first
to the second retesting. This increase may be due
to the boosting effect of repeated tuberculin testing
on the BCG-induced allergy (Magnus & Edwards,
1955), or it may simply reflect differences in the
reading of the reactions, since different readers were
used at the two retestings.

DISCUSSION AND CONCLUSIONS

The temperatures of storage to which the dried
BCG vaccines were exposed in the present studies
were somewhat arbitrarily chosen. The intention
was partly to duplicate the temperatures to which
the vaccines may be exposed during field work and
partly to determine the upper limit of the temperature
range which is tolerated by dried BCG vaccine. In
choosing the durations of exposure to heat, the
guiding principle was that it would hardly ever be
necessary, even when working in the most remote
areas, to store the vaccine without refrigeration for
more than one month.

In all three studies the allergenic potency of the
unheated dried glutamate vaccine was first compared
with that of the fresh Danish liquid vaccine. The
result of this comparison showed that the glutamate
vaccine, even after 17 months' storage under
refrigeration, produced a tuberculin allergy that
was just as strong as that produced by the fresh
liquid vaccine.

Study 2 showed that the allergenic potency of'
the Danish liquid vaccine was already seriously
impaired by exposure to a temperature of 300C
for one month, whereas all the three dried vaccines
tolerated this heat-treatment well.

Study 2 furthermore demonstrated that exposure
to 42°C for one month was well tolerated, at least
by the two dried Japanese vaccines, whereas exposure
to as much as 50°C for one month markedly reduced
the allergenic potency of all three dried vaccines.
The practical implication of this finding is not
serious as it is very unlikely that a vaccine would
ever be exposed to a temperature as high as 500C
for such a long time, even under the most unfavour-
able field conditions.
The results of the retesting in study 3 showed that

the Japanese glutamate vaccine after exposure to
" tropical " conditions, i.e., high and changing
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temperatures, produces a tuberculin allergy equal
in strength to that produced by a fresh liquid vaccine.
This satisfactory level of allergy was found at six
months as well as at 19 months after vaccination,
which suggests that the allergy induced by the heat-
exposed dried vaccine is durable. It should be

remembered, however, that the boosting effect of
repeated tuberculin testing (Magnus & Edwards,
1955) may have prevented possible waning of the
BCG-induced allergy. Further studies of the dura-
tion of the allergy, specially designed to eliminate
this boosting effect, have therefore been started.

RtSUMt

Les essais se poursuivent en vue de comparer 1'effi-
cacite du BCG lyophilise - additionne de diverses
substances - destine aux vaccinations sous les tropiques,
et celle du BCG liquide, peu resistant A la chaleur.

Les auteurs de cet article ont procedd A une etude
comparative, en vaccinant des ecoliers au moyen de
BCG lyophilise avec glutamate ou saccharose (formule
des chercheurs japonais), de BCG lyophilise avec glucose
(d'origine frangaise) et de BCG liquide frais (d'origine
danoise). Ces vaccins avaient sejourne pendant divers
laps de temps A diverses temperatures, les unes corres-
pondant a celles qu'ils auraient a subir sous les tropiques,
les autres choisies afin de determiner la temperature
maximum de conservation. Les resultats sont les suivants:
Le vaccin au glutamate non chauffe, conserve pendant

17 mois au refrigerateur a produit une allergie tuber-

culinique aussi forte que celle du vaccin liquide frais.
Un sejour d'un mois A 30°C altere fortement 1'activite
de ce demier vaccin, tandis qu'il n'affecte nullement
celle des trois autres. Une temperature de 42°C pendant
un mois est bien supportee par les vaccins desseches,
particulierement par les deux vaccins japonais. Mais un
mois a 50°C diminue le pouvoir allergene de tous les
vaccins secs. (Cette temperature depasse evidemment
celles que les vaccins auraient A subir dans la pratique).
Une autre serie d'epreuves a confirme la superiorite

du vaccin japonais au glutamate. Celui-ci, soumis aux
conditions <( tropicales>) (temperature elevee et variable)
a produit la meme allergie que le vaccin frais liquide.
Un niveau d'allergie satisfaisant a ete observe aussi bien
apres 19 mois qu'apres 6 mois. Mais il y a lieu de tenir
compte ici d'un eventuel effet de rappel du aux injections
repetees de tuberculine. Ce sujet est mis A l'etude.
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