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SYNOPSIS

Experiments were carried out to determine the effect of various
adjuvants on the preservability of dried BCG vaccine at 370C. The
substances tested included carbohydrates, proteins, amino-acid
derivatives, synthetic polymers, peptides and polypeptides, and
various combinations of protein, sugar, and salt.

The resulting vaccines were preserved for periods ofup to 8 months
at 370C, and were then subjected to culture tests. The highest BCG
survival-rate was obtained with sodium glutamate vaccine, no signi-
ficant difference being observed between the survival-rates with 1- and
with dl-sodium glutamate. Of the three concentrations of sodium
glutamate tested-that is, 1%, 5%, and 10%-the 1 % concentra-
tion gave the highest survival-rate.

From the results obtained with 1 % sodium glutamate as adjuvant
-a survival-rate per original suspension of about 10% and a viable-
unit level of about 10 in 10-` mg of bacilli after 6-8 months' preserva-
tion-it may be concluded that it is possible to produce a dried BCG
vaccine the viability of which will not be adversely affected by storage
for several months at room temperature, even in hot climates.

It is now a well-established fact that the freeze-drying of BCG con-
siderably prolongs the period of efficacy of the vaccine and that,
consequently, the dried vaccine is more convenient than the liquid vaccine
for use in vaccination campaigns. The dried vaccine, prepared with sucrose
as adjuvant, at present in use in Japan has been reported to retain its
allergenic potency for several years, provided that it is preserved at a
temperature not exceeding 5°C.8

It has, however, also been reported that the stability of dried BCG
vaccine is very much affected by a rise in storage temperature, both the
viability and the allergenic potency of the vaccine diminishing considerably

* This article will also be published, in Japanese, in Kekkaku Kenkyu no Shimpo (Recent Advances
in Research on Tuberculosis).
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at a temperature above 30°C.4 In view of the fact that BCG vaccine will, in
the future, be widely used in remote places where refrigeration facilities are
not available, especially in tropical and subtropical countries, the problem
of deterioration on storage at higher temperatures is a matter requiring
urgent attention. Since it did not seem likely that the sucrose vaccine in
routine use could be adapted to withstand higher temperatures, the authors
initiated a fresh investigation of the suitability of various adjuvants for the
dried vaccine, with the object of finding an adjuvant which would make it
possible for the vaccine to be stored at room temperature in hot climates
without losing its efficacy. In this study, the following experiments were
carried out:

Experiment 1

Method

A screening-test was made to determine the suitability of the following
substances as adjuvants: various carbohydrates-sucrose, glucose, lactose,
glycogen, dextrin, soluble starch, gum arabic, and mannite; a number of
proteins and their derivatives-human blood plasma (obtained by reconsti-
tution of dried plasma), horse serum, skim milk, gelatin, and peptone;
two amino-acid derivatives-dl-sodium glutamate and asparagine; various
combinations of protein, sugar, and salt-Hornibrook's adjuvant (lactose
plus various salts), nutrient broth, Sauton medium, and Kirchner's medium
(minas ser); physiological saline; and distilled water. Most of these sub-
stances were used as 1 % and 5 % solutions without adjustment of the pH.

Using 10-day-old, second-generation Sauton (S2) cultures of BCG,
a 20 mg/ml bacillary suspension was prepared, was diluted to 10 mg/ml
by addition of the adjuvant to be tested, and was dispensed into ampoules
in 0.5-ml quantities.

Lyophilization was carried out in two ways: (a) by the method employed
in routine production; 3 7and (b) by a method similar to that used in
routine production, but involving slight modifications. A chamber-type
desiccator was used in both cases.

(a) The vaccine was frozen in the desiccator at -26°C foronehour,
and the chamber was then evacuated to a pressure of 0.01 mm Hg. The
moisture sublimated from the vaccine was trapped in a condenser chilled
to -40°C by an ammonia refrigerator. About one hour after the start of
desiccation, the chamber was heated to 20°C and was kept at that tempera-
ture till the end of the drying period. The total period of lyophilization
was seven hours. When desiccation had been completed, air dried with
calcium chloride and sterilized by filtering through sterile glass-wool was
admitted into the chamber to release the vacuum. The ampoules were
then placed in an electric sealing-machine and sealed under vacuum.
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(b) In this case the total period of lyophilization was 17 hours. No
heat was applied during the first 12 hours of drying, but at the end of
that period the temperature inside the chamber was raised to 20°C.

Culture tests were made on the vaccines immediately after drying and
after storage for 8 months at 5°C and for 1, 2, and 8 months at 37°C. The
colonies were grown on Ogawa's egg medium and two ampoules were
subjected to each test in every case.

Results

The results of the culture tests are shown in Table I. The survival
immediately after drying was good with dl-sodium glutamate, horse serum,
the three kinds of sugar, nutrient broth, peptone, Hornibrook's adjuvant,
Sauton medium, and Kirchner's medium, and was fairly good with
asparagine, dextrin, gum arabic, skim milk, and gelatin. The survival-rate
after 8 months' storage at 5°C was highest with Sauton medium, dl-sodium
glutamate, peptone, Hornibrook's adjuvant, nutrient broth, the three
kinds of sugar, Kirchner's medium, and horse serum, thus showing that
the adjuvants which gave a high survival-rate immediately after drying also
gave a high survival-rate after preservation in the refrigerator. On the
other hand, in the case of the vaccines stored at 37°C, dl-sodium glutamate
gave a far higher survival-rate than any of the other adjuvants; the number
of viable units in 10-6 mg of bacilli after storage for 2 months was 5.8
(5 % solution) and 11.6 (1 % solution), and after storage for 8 months
was 17.0 (1% solution). Of the other adjuvants, those containing protein
and amino-acid, such as Sauton medium, nutrient broth, and horse serum,
showed moderately good survival.

Experiment 2

Method
Sixteen adjuvants were tested in this experiment: three carbohydrates-

sucrose, SCMC (sodium salt of carboxymethylcellulose), and calcium
gluconolactobionate (calcium " Sandoz ") ; two proteins-horse serum
and gelatin; various amino-acids and their derivatives-/- and dl-sodium
glutamate, histidine-cobalt-complex, /-proline, totamine (casein hydro-
lysate), and taurine; three synthetic polymers-Carbowax (polyethylene
glycol: Mol. Wt. about 4000), PVP (polyvinyl pyrrolidon: Mol. Wt. about
40 000), and Tween 80; and RNA (ribonucleic acid). Most of these
adjuvants were used as 1% solutions, the exceptions being horse serum
(50 %), gelatin (0.5 %), histidine-cobalt-complex (0.1 %), PVP (5 %), and
dl-sodium glutamate, which was also used in 10% concentration. No
adjustment of the pH was made.
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TABLE 1. SURVIVAL OF BACILLI IN DRIED BCG VACCINE PREPARED

Drying with heat
(number of viable

Type and concentration of adjuvant after storage
immedately after storage afestrgimmediately for 8 monthsj gafter drying at 5oC 1 month

Original suspension 6.97 x 10'

5% lactose 2.6 x107 7.5 x106 8.9 x105
1% 1.63x1071 1.45x107 4.1 x10*
5% glucose 3.15x107 9.5 x1O' 0.2 xlO'
1% 6.27x107 1.15x107 ++ (10-')
5% sucrose 2.87x107 1.65x107 1.08 x10'
1% , 2.1 x107 2.4 X107 ++ (10-')

Carbohydrates 5% glycogen 2.3 x1O' 0.1 x10' 3.5 x10'
1% , 2.0 x10 0.5 x10 0 (10-3)
5% dextrin 2.83x107 4.0 x107 1.5 xlO'
1% 1.03x107 5.0 x10 0 (10-')
5% gum arabic 1.23x107 1.75x107 6.5 x10'
1% 1.4 x107 5.0 x10' 0.1 x10'
5% soluble starch 7.3 x1O' 0.6 xlO 0.1 x10'
1% 0.3 x10 0.2 x10 0 (10')
1% mannite 2.3 x106 0.5 xl10'1 0.7 x10'

5% peptone 2.57x10' 1.15x107 8.1 xl10'
1% 4.35x107 1.0 x107 1.65 x10'
5% human plasma 1.0 x 10'

Proteins 1% of 1.0 x10'
1% gelatin 4.0 x10' 0.9 x10' 2.7 x10'
5% horse serum 3.73x107 1.45x107 +++ (10-')
1% ,, 4.7 x10' 1.0 x10' 2.13 xlO'
5% skim milk 2.63x107 1.25x107 3.0 x10'
1% 1.1 x107 3.4 x1O' 2.6 x10'

Amino-acid 5% d/-sodium glutamate 5.53x107 3.65x107 ++++ (10-')
derivatives 1% ,, 5.0 x107 2.8 x107 ++++ (10-')

1% asparagine 3.0 x107 2.05x107 ++ (10-')

Hornibrook's adjuvant 3.33x107 2.4 x107 1.53 x10'
Sauton medium 2.9 x107 3.6 x 107 +++ (10-')

Miscellaneous nutrient broth 2.57x107 2.55x107 +++ (10-')
Kirchner's medium 2.33x107 1.65x 107 3.7 x10'
0.85% saline 0.3 xl10 3.2 xl10 2.0 xlO'
distilled water 2.7 xl10 0.8 xl10 7.3 xlO'

++++ Confluent colonies numbering about 300
+++ Pt ,, ,, ,, 200
++ o f , , 100
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WITH VARIOUS TYPES OF ADJUVANT: EXPERIMENT I

application Drying at room temperature (5-100C)
units in 1 mg) (number of viable units in 1 mg)

at 37oC for after storage after storage at 37OC for
immediately for 8 months

2 months 8 months
after drying at 5,C 1 month 2 months 8 months

4.6 xlO i 3.23x107 2.7 x107 1.405 x1O' 0 (103) 1.9 x103'
1.05x10' 4.13x107 1.97x107 3.9 x105 1.95x10'
O (10-3) 2.73x107 5.06x107 1.0 xlo' 0 (10-')
1.65x10' 5.8 X107 2.1 X107 ++ (10-') 3.2 xl1O

4.53x107 3.56x107 ++ (10-') 0 (10-')
1.3 xlO 4.43x107 3.8 X107 +++ (10-') 1.05x10'

1.7 xlO' 8.0 x106 2.5 xlo0 0 (10-')
0(10-') 0 (10-l) 0.6 x106 0.5 x10 0 (10-3) 1.8 x109 4.0 x10'

1.7 x107 0.6 xlO 0 (10-3)
0 (10-1) 7.0 xlO 3.0 x106 0.5 xlo" 2.5 x lO
9.0 x10' 1.77x107 2.4 x106 4.5 x104 6.5 x103
3.4 x10' 1.66x107 2.6 xlO 1.0 x10'
1.0 x102 3.0 x106 1.7 xlO 0 (10-') 0.5 x10' 2.0 xl10
1.0 X10l 2.5 xl10 0.7 x106 1.4 x1O' 0 (10-') 0 (10-l)
0 (10-') 2.0 x10' 2.0 x10' 1.0 x10' 0 (10-') 1.0 x>10' 1.0 X10

3.66x107 1.65x107 ++ (10-') 2.05 x10' 2.05x10O
2.15x105 3.8 x107 1.9 x107 8.0 x105 5.3 xl1O

2.8 X107 8.6 xlO 6.0 X104 1.82x10'
6.3 x6lO 1.0 X10 1.8 xl0' 5.0 x104

3.0 x10' 1.5 x101 1.13x107 0.9 x10' 0.1 xlo" 0.5 xlO 1.0 x102
9.0 x105 6.53x107 1.8 X107 +++ (10-4) 1.25x106 1.22x10'
5.5 x104 6.05x104 4.63x107 1.1 X107 2.83 x105 3.05x105 1.94x10'
7.0 x10' 3.5 xl1O 6.3 xl1O 3.5 x106 3.43 x105 2.35x105
8.7 x10' 5.5 x104' 3.4 x1O' 4.5 x10' 2.9 x10' 1.2 xlO'

1.16x 107 4.9 x107 4.08x 107 ++++ (10-') 1.05x 107
5.8 xl1O 1.7 x10' 3.03x107 2.6 x107 ++++ (10-') 6.6 x1O6
8.0 x10' 2.0 x10' 0.9 xl10' ++ (10-') 7.0 x 10' | 3.5 xl1O

1.3 x10' 3.0 x1O' 3.87x107 2.86x107 1.73 xlO' 2.45 x10'
3.0 x106 3.77x107 3.6 X107' +++ (10-4) 8.0 x106 3.46x10'
3.0 x10 3.65x10 4.83x107 2.36x107 +++ (10-') 7.0 xl10 1.06x10'
0 (10-') 2.5 x101 2.75x107 2.74x107 3.3 x104 0 (10-') 0.5 x lO
1.0 x108 6.3 xl1O 8.4 x10 5.0 x104 5.4 x103 1.5 x109
5.1 x10' 4.7 x10 0.8 xl10 3.0 x10' 1.7 x10'

The cultivation test was carried out with an inoculum dose considered adequate for producing
a countable number of colonies, and the number of viable units in 1 mg was obtained by calculation.
But in cases where negative results were obtained, or uncountable colonies were produced, the
amount (mg) of Inoculum has been indicated in parentheses.
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For preparing the bacterial suspension, 9-day-old S2 cultures of BCG
were used. Lyophilization was carried out by the routine method with
heat application, as described in the previous experiment.

Culture tests were made on the vaccines immediately after drying and
after storage for 6 months at 5°C and for 1 month and 6 months at 37°C.

Results

The results of the culture tests are shown in Table II and Fig. 1. The
highest survival-rates after 6 months' preservation at 50C were obtained
with sodium glutamate, sucrose, and horse serum, in that order. The
same adjuvants also gave the highest survival-rates after preservation
at 37°C for 6 months, but the order of magnitude was different, horse
serum giving a higher rate than sucrose.

With the exception of sodium glutamate, the amino-acid derivatives
gave poor results even immediately after drying. In this respect, however,
the effect of the pH may have to be taken into consideration. The vaccine
prepared with 1% I-sodium glutamate gave higher survival-rates after
preservation at 370C than did the vaccine prepared with 1% dl-sodium
glutamate, although the latter vaccine gave slightly better results imme-
diately after drying and after storage at 5°C. As to the effect of concentra-
tion, the 100% sodium glutamate vaccine showed a high survival-rate
after 6 months' preservation at 50C, but gave a negative culture result
after preservation at 37°C for only one month-a marked contrast to
the 1% sodium glutamate vaccine, which gave very good results after
storage at 37°C.

Experiment 3

Method

In this experiment, in addition to sodium glutamate and sucrose, which
were used as controls, the following adjuvants were tested: two carbo-
hydrates-I-ascorbic acid and inositol; a peptide and a polypeptide -glycyl-
glycine and glutathione; and chlorophyllin. Most of these adjuvants were
used in 1% concentration.

For preparing the bacterial suspension, 10-day-old S2 cultures were
employed. Lyophilization and the culture tests were carried out as in the
previous experiments.

Results

The results are shown in Table III and Fig. 2. The survival-rates after
6 months' preservation at 5°C were highest with sodium glutamate (both
5 % and 1% concentrations), sucrose, and chlorophyllin, in that order.

662



EFFECT OF ADJUVANT ON PRESERVABILITY OF DRIED BCG 663

TABLE II. SURVIVAL OF BACILLI IN DRIED BCG VACCINE PREPARED WITH
VARIOUS TYPES OF ADJUVANT: EXPERIMENT 2

Viable units in 1 mg of bacilli

Type and concentration pH
of adjuvant original immediately 1 month 6 months 6 months

suspension after drying at 370o at 3700 at 500

Carbo- 1% sucrose 4.5 5.06x107 3.84x107 5.5x10' 1.8x10' 2.47x10'
hyd rates

1% SCMC* 6.6 3.86x 107 4x 100 1 x 10 2.7x103 9.5x 10'
1% calcium 5.7 4.2 x 107 1.08 x 107 7 x 103 4x10 2x106
"Sandoz" *

Amino- 10% d/-sodiumr
acids and glutamate 6.8 5.96x 10' 4.12x 10' 0 (10 5) 0 (100) 4.9x 107
deriva-
tives 1% d/-sodium

glutamate 6.8 9.12x 107 2.98x 107 5x 106 3.5x 10 4.48x 107

1% I-sodiumn
glutamate 6.5 1.29x1108 2.48x10' 1.6x107 1.3x107 2.69x107

0.1% histidine-
cobalt-complex 5.8 1.16x 107 1 X10' 2.5 x 103 8.77 x 10

1% /-proline 4.5 4.76x 107 5.6x 10 1 x 105 6.3x 104 8.7x 105

1% totamine 6.2 1.014x 108 1.8x 10 1 x 100 5.5x 104 8.3x 106

1% taurine 4.5 6.42x107 2.6x106 3.5x105 3.45x10' 1.43x10'

Proteins 50% horse serum 7.3 1.108x108 2.22x107 : xl10' 7x10'0 2.8x107

0.5% gelatin 6.0 2.32x 10' 1.8x 106 0 (10-') 0 (100) 4x10'

Synthetic 1% Carbowax 4.2 2.84x107 1x10' 0 (10-') 0 (10°) 1.5x10'
polymers

5% PVP 5.6 4.6x 107 4x10' 0 (10-2) 5 3.66x 10'
1% Tween 80 4.0 4.42x 10' 4x10' 0 (10-3) 5 1.5x 10'

Miscel-
laneous 1% RNA 3.4 3.2x 106 0 (10-a) 0 (100) 2.8x 10'

* Sodium salt of carboxymethylcellulose
** Calcium gluconolactobionate
The cultivation test was carried out with an inoculum dose considered adequate for producing

a countable number of colonies, and the number of viable units in I mg was obtained by calcula-
tion. But in cases where negative results were obtained, or uncountable colonies were produced,
the amount (mg) of inoculum has been indicated in parentheses.
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FIG. 1. SURVIVAL OF BACILLI IN DRIED BCG VACCINE PREPARED WITH VARIOUS
TYPES OF ADJUVANT: EXPERIMENT 2
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TABLE 1II. SURVIVAL OF BACILLI IN DRIED BCG VACCINE PREPARED WITH
VARIOUS TYPES OF ADJUVANT: EXPERIMENT 3

Viable units in 1 mg of bacilli

Type and concentration pH a
of adjuvant original immediately 1 after after after

suspnsinater ryig 1month 6 months 6 monthssuspension after drying at 370C at 37oC at 50C

Garbo- 1% sucrose 5.2 1.118x108 1.8x 107 1l4x 10'5 0.7x 10' 1.27x 107
hvd rates

1% /-ascorbic acid 2.8 7.78x 10' 1.5x1 0(102) 0(10-1) 4.3x10

1% inositol 5.4 1.272x 108dd 4.2x 106 5.57x 101, 1.7x 1 0', 5.O.x 1062

Amino- 5% d/-sodium
acids glutamate 6.6 1.515x 108dd 3.88x6107 1.487x 10. 0.3x 103 3.6x107

1% dl sodiumn
glutamate 6.6 2.98x106 3.8x107 2.17x 107 4.7x106 4.13x107

1% I-sodium
glutamate 6.2 2.28x 106 3.15x107 177x107 6.3x 10l 2.83x107

Peptides 1% glycylglycine 5.6 1.4x 107 4.2 x10Od d1.49x 10Old 0(10'.) 4.13x 10 9)
and poly-
peptides 1% glutathione 3.0 628x 107 0.7x 10' 0010-1) 7.7x 1060'

Miscel- 0.10, chloro-
laneous phyllin 6.0 1.2x 106 3.3x 10' 5.7x 10' 0.4x 105 2.17x 10'

The cultivation test was carried out with an inoculum dose considered adequate for producing
a countable number of colonies, and the number of viable units in 1 mg was obtained by calcula-
tion. But in cases where negative results were obtained, or uncountable colonies were produced,
the amount (mg) of inoculum has been indicated in parentheses.

After preservation at 37°C for the same period, the sodium glutamate (1 %)
gave much the highest survival-rate. There was almost no difference in
the rates with 1- and dl-sodium glutamate in 1% concentration, but there
was a marked difference in the results obtained with the 1 % and 5 % dl-
sodium glutamate vaccines after storage at 37°C, the former giving far
better survival.

Discussion

The above experiments revealed that of the various kinds of material
tested as adjuvant, only the sodium salts of 1- and dl-glutamic acid enabled
dried BCG vaccine satisfactorily to withstand preservation at 37°C.
Although such substances as horse serum, Sauton medium, and nutrient
broth gave fairly good survival, the rates were much lower than those



C. CHO & Y. OBAYASHI

FIG. 2. SURVIVAL OF BACILLI IN DRIED BCG VACCINE PREPARED WITH VARIOUS
TYPES OF ADJUVANT: EXPERIMENT 3

Log viable units in 1 mg of bacilli
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obtained with the sodium glutamate. Since all three experiments showed
sodium glutamate to be the most satisfactory adjuvant, the results are
considered to be reliable.

The highest degree of homogeneity on reconstitution was also obtained
with the sodium glutamate vaccine. The difference in homogeneity between
this vaccine and those prepared with the other adjuvants was most obvious
after preservation at 37°C.

In connexion with the use of adjuvants other than sugar in the pre-
paration of dried BCG vaccine, an experiment with many kinds of material,
including proteins, amino-acids, carbohydrates, etc., was carried out in
1953 by Hashimoto; 1 however, he gives only the survival-rates obtained
immediately after drying. With regard to the preservation of dried BCG
vaccine at higher temperatures, Ungar 9 has reported very good results
with vaccines prepared with horse serum and with 5% gelatin after one
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year's preservation at 26°C; the horse serum was particularly effective, a
survival-rate of almost 1000% being obtained. This experiment was
repeated recently by Hashimoto,2 who obtained survival-rates of 19.30
and 34.9% after preservation of dried BCG vaccine, prepared with 50%
horse serum, at 37°C for about one month. However, since the antigenicity
of serum itself must be taken into consideration, horse serum would not be
a suitable adjuvant for a vaccine to be administered to human beings.

As to dried BCG vaccine prepared with sodium glutamate, Kusamitsu
et al.5 reported in 1949 from the laboratory of the Research Institute,
Japan Anti-Tuberculosis Association, that it afforded a greater degree of
protection against thermal stress from 60°C to 100°C than did the dried
sucrose vaccine. This stability of dried sodium glutamate vaccine at higher
temperatures has been confirmed in our present study. Furthermore,
Miller & Goodner,6 who recently carried out experiments in the USA on
the production of dried BCG vaccine with various adjuvants-carbo-
hydrates, proteins, amino-acids, fatty acids, etc.-found that their sodium
glutamate and sodium aspartate vaccines gave the best survival after
preservation at 380C for 8 weeks-a result which, so far as the former
vaccine is concerned, is completely in accordance with our present findings.
These workers also reported that, in the case of sodium glutamate, there
was a definite optimal range of concentration-namely, between 0.1 %
and 0.25 %-and that higher concentrations were detrimental to survival.
In our experiments, 1 %, 5 %, and 100% solutions of sodium glutamate
were employed, and the best results were obtained with the 1% solutions.
It would, however, be premature to conclude that concentrations of 50%
and 100% are necessarily harmful to survival. In a previous study carried
out by us it was shown that the degree of sublimation diminished as the
concentration of adjuvant increased. Consequently, when lyophilization
is carried out under the same conditions, the vaccine prepared with an
adjuvant of comparatively high concentration will naturally have a higher
residual-moisture content than that prepared with an adjuvant of lower
concentration, and it is possible that this higher moisture content will
have a deleterious effect on the survival of bacilli in the vaccine during
subsequent preservation. Therefore, unless drying is carried out under the
conditions most suitable for the particular adjuvant concentration, it will
be impossible to give a decisive answer to the question of the optimal
concentration of adjuvant. Our vaccine prepared with 1% sodium gluta-
mate gave a survival-rate (per original suspension) of about 10%. This
rate is approximately the same as that obtained after 8 weeks' preservation
at 38°C by Miller & Goodner with their optimal concentration of adjuvant
and is far higher than the rate they obtained (about 1 %) when using a 1%
solution. Consequently, we do not think that a concentration of 1% will
prove to be inadequate. An experiment is now in progress which we expect
will throw some light on this problem.
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In our experiments, no significant difference in the survival-rates with
1- and with dl-sodium glutamate was observed.

With the exception of sodium glutamate, the amino-acid derivatives
gave poor survival. However, since these adjuvants were used without
adjustment of the pH, a further experiment, in which the solutions are
adjusted to the same pH, is required. In this connexion, Miller & Goodner
reported that the highest survival was obtained when the pH value was
about 7.

As to the other adjuvants we tested, it cannot be concluded that they
would all be unsuitable for preservation at higher temperatures, owing to
the fact that the lyophilization was carried out under limited conditions,
particularly with regard to the concentration of adjuvant. However, the
survival-rates obtained with these adjuvants were so much lower than
those obtained with sodium glutamate that our next experiments will
naturally be concentrated on the latter substance.

In Japan a viable-unit level of 3 in 10-6 mg of bacilli is considered to
be the minimum for an effective vaccine. The vaccine prepared with 1%
sodium glutamate showed a viable-unit level of about 10 in 10-6 mg of
bacilli after preservation for 6-8 months at 37°C-a result which leads us
to believe that it is possible to produce a dried BCG vaccine which, so far
as viability is concerned, can withstand preservation at about 37°C for
several months. Whether this is true also of the allergenic or immunizing
properties of the vaccine is a question for further study.0

RESUME'
Les auteurs cherchaient un adjuvant a ajouter au BCG lyophilise pour que celui-ci

conserve sa viabilit6 et son activit6 allergene lorsqu'il est expose pendant de longs mois
aux temperatures tropicales ou subtropicales.

En trois series d'experiences, ils ont essaye un grand nombre de substances: hydrates
de carbone, proteines et derives proteiques, derives des acides amines, polymeres syn-
thetiques, peptides, polypeptides, etc. Ces substances etaient ajoutees au vaccin sous
forme de solution avant la lyophilisation. On lyophilisait selon le procede ordinaire.
Puis, les ampoules scellees etaient conservees les unes a 5°C pendant 6 ou 8 mois, les
autres a 37°C pendant 1, 2, 6 ou 8 mois. On cultivait ensuite sur milieu d'Ogawa a l'ceuf,
afin d'evaluer le taux de survie des bacilles du vaccin.

De tous les produits essayes, seuls les sels de sodium de I'acide 1- ou dl-glutamique
(en solution a I %) ont assure au vaccin. une stabilite suffisante. On estime au Japon
que pour ere efficace un vaccin BCG doit avoir au minimum un niveau de viabilite
de 3 unites par ml d'une dilution a 10-6 mg de bacilles. Or, le vaccin prepare avec le
glutamate de sodium a 1% presentait encore un niveau de viabilite de 10 pour 10-6 mg
au bout de 6 et 8 mois de conservation a 37°C.

Les auteurs en concluent qu'il est possible de preparer un vaccin BCG lyophilise
capable de conserver pendant plusieurs mois une viabilite suffisante a des temperatures
voisines de 37°C.

a The results of an investigation of the effect of storage at 37°C on the allergenic potency of dried BCG
vaccine are given in the article by C. Cho et al. on page 671 of this number of the Bulletin-ED.
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