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SYNOPSIS

The immunizing potency of liquid BCG vaccine prepared by the
Tween 80 method was compared with that of control vaccine prepared
by the usual grinding method. The former vaccine revealed higher
immunizing properties than the latter although its inoculation dose
was only one-fifth as great.

With sodium glutamate as adjuvant, freeze-drying was carried out
on both vaccines. The viability of the resulting dried product was
higher with the Tween 80 vaccine than with the control vaccine up to
12 months' preservation at 5°C, and the allergenic potency of the
dried Tween 80 vaccine stored at 5°C was higher than that of the
control vaccine. When the dried vaccine was preserved at 37°C for
a long period, the degree of decrease in viability was more marked in
the Tween 80 vaccine than in the control vaccine.

A method of preparing homogeneous suspensions of BCG from Sauton
cultures by the chemical action of Tween 80a has been reported elsewhere
by the authors.4 Higher concentrations of bacterial suspension were
obtained with this method than with any others hitherto described; more-
over, the harmful effect exerted on living bacilli was found to be slighter
than with the usual grinding method.

In the present study the method was used, first, for an immunizing
experiment with the vaccine and second, in an attempt to make a dried
vaccine from the BCG suspension.

Immunization with Liquid BCG Vaccine prepared by Tween 80 Method
Method

The bacillary mass from 8-day-old Sauton II cultures was harvested
by filtering, the moisture was removed by pressure between two layers
of filter-paper, and 20 g of this material was put into a 500-ml flask con-

* This article will also be published in Japanese in Kekkaku (organ of the Japanese Association for
Tuberculosis).

a Manufactured by Atlas Powder Co., Wilmington, Del., USA
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taining 20 ml of 5% solution of both Tween 80 and sodium glutamate.
The flask was kept at 39°C for 45 minutes in a water-bath, and was
frequently shaken during the operation.. The contents were then diluted
to a bacillary concentration of 100 mg/ml with 5% sodium glutamate.

With the same cultures as those employed for the preparation of the
Tween 80 vaccine, and by means of the usual grinding method,3 control
vaccines were prepared as follows.

20 g of semidry bacterial mass were placed in a 5-litre flask with a
round bottom containing 3500 crystal balls 7 mm in diameter; the flask
was rotated on a shaking-machine at 130 revolutions per minute. After
4 minutes 10 ml of 5 % sodium glutamate solution were added to the flask,
and after rotation for an additional minute the contents were diluted
with the same sodium glutamate solution to make a 100 mg/ml suspension.

Both Tween 80 vaccine and the control vaccine were further diluted
with sterilized distilled water to final concentrations of 0.002 mg/ml
(Tween 80 vaccine) and 0.01 mg/ml (control vaccine).

Thirty-six tuberculin-negative guinea-pigs weighing approximately
350 g each were divided into three groups each consisting of 12 animals.
Two groups of these animals were injected subcutaneously in the left
side of the abdomen with 0.5 ml of the two kinds of vaccine: thus, the
inoculation dose was 0.001 mg for the Tween 80 vaccine and 0.005 mg
for the control vaccine. The degree of allergy induced in each animal
was determined every two weeks (after challenge infection every three
weeks) by means of an injection of 100 tuberculin units (TU) of old
tuberculin (OT).

Six weeks after the inoculation the immunized animals and the non-
vaccinated controls were inoculated subcutaneously, in the right side
of the abdomen, with 0.001 mg of virulent human-type tubercle bacilli
(strain KH1). This dose produced 5.0x 104 viable units after four weeks'
incubation on Ogawa's egg medium. Six weeks after the challenge
inoculation, the 32 surviving animals were killed and subjected to autopsy,
and the macroscopic changes produced in the lymph-nodes and viscera
were assessed. The criteria of macroscopic changes were identical with
those in the previous reports." 3

Quantitative culture tests were carried out on the liver of the animals.
A portion of the liver weighing 0.3-0.5 g was excised and ground
thoroughly in a porcelain mortar; the ground material was then diluted
with a 1% solution of sodium hydroxide, and inoculated on five slants
of Ogawa's medium in 1-mg quantities. At the end of four weeks' incuba-
tion, the number of colonies was counted.

Results
The number of viable units contained in the vaccination dose was

38.8 x104 for Tween 80 vaccine and 18.5 x 104 for control vaccine, the
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number still being greater in the former than in the latter, in spite of the
fact that the inoculation dose of the control vaccine was five times as large
as that of the Tween 80 vaccine.

The results of tuberculin tests after inoculation of the vaccine and
after the challenge infection are given in Table I. The reactions were
found to be slightly more intense in the Tween 80 vaccine group than
in the control vaccine group, but this difference became imperceptible
after the challenge infection.

TABLE I. CHANGES IN TUBERCULIN REACTION

Weeks after
vaccination

o 2 4 6 9 12
Kinds of (chaevaccine inecin)einoculated infection)

Tween 80 vaccine 0 12 15 18 24 23

o 11 12 12 20 20

Control vaccine 0 11 12 12 20 20

0 04 0 04 21 18

Non-vaccinated controls 0 0_0 0 21 18

The reactions were read 24 hours after intracutaneous injection of 100 TU of OT.
The upper and lower figures indicate the average diameters (mm) of induration and erythema

respectively.

The results of the macroscopic findings at autopsy are shown in Fig. 1.
The control vaccine group showed slightly more marked tuberculous
changes than the Tween 80 vaccine group, especially in the involvement
of lymph-nodes. The non-vaccinated group revealed the most conspicuous
changes of all the three groups.

The average number of viable units contained in I mg of the excised
liver was 48.6 in the non-vaccinated group, whereas negative counts were
obtained in the two vaccinated groups.

Preservation of Dried BCG Vaccine prepared from Suspensions
by Tween 80 Method

Method
In the first experiment, bacterial suspensions were prepared with

9-day-old Sauton II cultures according to the Tween 80 method. For
an adjuvant, 2 % sodium glutamate solution was used, and the final
concentration of both bacilli and Tween 80 was 80 mg/ml and 0.8 %
respectively. For the control, 80 mg/ml BCG suspensions were prepared
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FIG. I. COMPARISON OF PROTECTIVE EFFECTS OF TWEEN 80 VACCINE
AND GROUND VACCINE AS SHOWN BY DEGREE OF INVOLVEMENT OF

EXPERIMENTALLY INFECTED GUINEA-PIGS

WHO n727

B

A = Tween 80 vaccine group B Ground-vaccine group
C = Non-vaccinated controls

E13 = Lymph-node involvement = Viscera involvement
The height of the columns indicates the degree of involvement of lymph-nodes and viscera

expressed by the total number of (+) signs (for explanation of signs, see page 301).

by means of the usual grinding method, from the same Sauton cultures
and using the same concentrations of sodium glutamate as in the Tween
80 vaccine.

These BCG suspensions were dispensed, in l-ml quantities, into
sterilized ampoules, and subjected to 8 hours' lyophilization according
to routine method.3 The maximum temperature inside the chamber
reached 24°C.

In the second experiment, bacterial suspensions were prepared both
by the Tween 80 method and the grinding method, just as in the first
experiment, using 9-day-old Sauton II cultures. As adjuvant, 5 % sodium
glutamate solution was used, and the final concentration of bacilli was
made to 100 mg/ml. In the case of Tween 80 vaccine, Tween 80 was
contained in 1% concentration. Lyophilization was carried out similarly
to the first experiment; only in this case the temperature inside the chamber
was raised to 40°C during the last two hours.
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In both experiments, the resultant dried vaccines were preserved at
5°C and at 37°C for 12 months, and were subjected to culture tests several
times during that period according to the method described above. To
reconstitute the Tween 80 vaccine, distilled water warmed to 40°C was

used, for reasons described on page 301.

Results

As shown in Table II and Fig. 2, the number of viable units in the
vaccine before freeze-drying was approximately eight times greater for

FIG. 2. COMPARISON OF PRESERVABILITY OF DRIED TWEEN 80 VACCINE
AND CONTROL VACCINE BY CULTURE TEST

= Tween 80 vaccine preserved at 50C
= Tween 80 vaccine preserved at 370C
= Control vaccine preserved at 50C
= Control vaccine preserved at 370C
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the Tween 80 vaccine than for the control vaccine. After lyophilization
and preservation at 5°C for 12 months, the viability was still higher with
the Tween 80 vaccine than with the control vaccine. When the vaccines
were stored at 37°C, the number of viable units was also greater with
the Tween 80 vaccine until the end of three (Experiment 2) or five (Experi-
ment 1) months, but afterwards the viability of Tween 80 vaccine became
lower than that of the control vaccine.

Reconstitution of Dried Tween 80 Vaccine

Method

With the dried vaccine used in the previous experiment (Experiment 1),
the effect of changes in temperature of diluent on the reconstitution of
the vaccine was examined. Both the Tween 80 vaccine and the control
vaccine were reconstituted with sterilized distilled water previously warmed
to various temperatures, such as 15°C, 30°C, 40°C, and 50°C. The degree
of homogeneity of the resulting bacterial suspensions was macroscopically
graded (+), (++), or (+++), according to the number of bacillary
particles present, as has been described in a previous report.4 In addition,
the optical density of the bacillary suspension as a function of the degree
of homogeneous dispersion was determined; 10 ml of a 1 mg/ml suspension
were pipetted into a test-tube and, after a slight shaking, the optical density
was measured by means of a Coleman " Junior " spectrophotometer at
a wave-length of 420 m,u.

Part of the vaccine used for this experiment was subjected to a culture
test.

Results

Table III shows the effect of the temperature of diluent on the homo-
geneity of the resultant BCG suspension. It was observed that Tween 80

TABLE I1. NUMBER OF BACILLARY PARTICLES AND PERCENTAGE
OF LIGHT TRANSMITTED AFTER RECONSTITUTION OF DRIED VACCINE

Temperature of diluent
Type of _______________ _______________

dried vaccine-

150C | 300C 400C 500C

Tween 80 56.0% 37.8% 38.2% 31.7%

Control 59.5 % 58.8 % 63.2 % 65.9

* For explanation of symbols see above.
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vaccine became more homogeneous with the rise of the temperature of
the diluent. Such a tendency was not observed for the control vaccine;
rather it became less homogeneous when the temperature of the diluent
was very high. The above tendency in the Tween 80 vaccine was observed
also when the vaccine was reconstituted with cold diluent and afterwards
warmed to a temperature as high as 40°C. The resultant vaccine became
far more homogeneous than the vaccine before warming.

Table IV shows the result of the culture test. Corresponding to the
degree of dispersion of bacillary particles, the number of viable units
was observed to increase or decrease; in the Tween 80 vaccine the viability
increased with the rising temperature of the diluent, whereas the result
was rather reversed in the case of the control vaccine.

TABLE IV. EFFECT OF TEMPERATURE OF DILUENT
ON NUMBER OF VIABLE UNITS

Temperature of Viable unit in a 1-mg dose
diluent

Type of 150C 300C 400C 50C
dried vaccine \ 3 4 5

Tween 80 14.3 x 106 26.2 x 106 38.8 x 106 38.0 x 106

Control 16.2 x 1056 12.4 x 106 9.0 x 106 5.0 x 106

Inoculation of Dried Tween 80 Vaccine in Man

Method

Dried Tween 80 vaccine and the control vaccine employed in the
previous experiment (Experiment 2), which had been preserved at 50C
for approximately 11 months, were used for this study. The children
inoculated were first-year pupils of primary schools in Saitama Prefecture.
Pupils who had not previously been vaccinated with BCG, and who had
no reaction or who showed erythema of not more than 9 mm in diameter
after tuberculin testing with 5 TU of OT, were selected. They were
vaccinated intracutaneously with 0.025 mg of Tween 80 vaccine, and
with 0.05 mg and 0.025 mg of control vaccine. Culture tests were also
made on the vaccines used for inoculation.

Tuberculin reactions were examined 1, 4, and 12 months after vaccina-
tion. 5 TU of OT were injected on the flexor surface of the left forearm
and the site was examined after approximately 48 hours.

Vaccinal lesions were also examined after 1 and 4 months.
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Results

The results of this study are shown in Table V.
The number of viable units contained in the vaccination dose was

9.2x 105 for Tween 80 vaccine and 6.2x 105 and 3.1 x 105 for control
vaccines. Thus the number of viable units for Tween 80 vaccine was
larger even when the inoculation dose was half the quantity of the control
vaccine.

The intensity of the post-vaccination allergy expressed with the mean
size of erythema was greatest with Tween 80 vaccine (0.025-mg dose)
followed by the control vaccine in doses of 0.05 mg and 0.025 mg, in that
order.

The size of lesions which develop at the vaccination site was slightly
larger for the Tween 80 vaccine than for the control vaccine, as was shown
both in the percentage of scabs after 1 month and in the size of scars
after 4 months.

Discussion

Our previous study 4 revealed that liquid BCG vaccine prepared by
the Tween 80 method contained approximately five times as many viable
units as the ordinary vaccine prepared by grinding.

In order to make an exact comparison, by the culture test, of the numbers
of living bacilli between two lots of BCG vaccine prepared by different
methods, it will always become a critical question whether or not the
two given lots have similar degrees of bacillary aggregation. However,
in the experiment described here the immunizing property of Tween 80
vaccine was also proved to be greater than that of the control vaccine,
although the inoculation dose of the latter was five times larger than that
of the former; thus the above difference observed in the number of viable
units between both kinds of vaccine will be attributed to the actual differ-
ence in the number of living bacilli between the two lots.

This difference was observed also in the vaccines after they had been
subjected to the process of freeze-drying. Concerning this point, E. A. North
(cited in International Union against Tuberculosis 2 and Rosenthal 5) also
reported that the viability of the dried vaccine a prepared from BCG
suspension by the Tween 80 method was four times greater than that
of the dried vaccine prepared by grinding.

When these vaccines were placed at refrigerator temperature, the
number of viable units was always larger with the Tween 80 vaccine than
with the control vaccine up to 12 months' preservation. These findings
were also confirmed by the human inoculation results. Thus, after
11 months' preservation at 5°C, the Tween 80 vaccine still possessed higher

a For freeze-drying, lactose was used as adjuvant.
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allergenic potency than the control vaccine did, even when the inoculation
dose of the former vaccine was half the dose of the latter one.

The vaccinal lesion was slightly stronger with Tween 80 vaccine, which
may also be attributed to its higher potency.

Sufficient data have not yet been obtained for the freeze-drying of the
Tween 80 vaccine. According to our experiment, when the dried Tween 80
vaccine was preserved at a high temperature (37°C) for a relatively long
period, the decrease in the number of viable units became more marked
as compared with the control vaccine. The reason is not clear at present,
but the authors consider it possible that the degree of desiccation attained
in the Tween 80 vaccine, especially in Experiment. 1, was insufficient to
secure its heat-stability. In the freeze-drying of the vaccine in Experiment 2,
the temperature of the desiccator was raised to 40°C during the final two.;
hours, and the decrease in viability of the resulting Tween 80 vaccine
after preservation at incubator temperature was less obvious in this case
than in the first experiment. For reconstitution of the dried Tween 80
vaccine, a better homogeneity was achieved than otherwise either when
warmed diluent was employed or when the vaccine was warmed for several
minutes after the reconstitution. This is rather contrary to what occurs
when ordinary dried vaccine prepared by the grinding method is
reconstituted.

These experiments have revealed that the high potency observed in
the liquid Tween 80 vaccine is still maintained after the process of lyophili-
zation. In order to secure the heat-stability of the resulting dried vaccine,
however, further studies will be required, especially on the adjuvant and
the method of freeze-drying.

RIASUMJ!

Dans une s6rie d'experiences, les auteurs ont compare le vaccin BCG liquide homo-
gen6ise par le Tween 80 au vaccin obtenu par la m6thode courante du broyage de la
masse bacillaire (vaccin de reference).

Pour apprecier le pouvoir protecteur des deux vaccins, les auteurs ont r6parti en trois
groupes 36 cobayes ne r6agissant pas a la tuberculine. Les deux premiers groupes ont ete
chacun vaccines par voie.sous-cutan6e avec l'une des preparations, le troisieme n'a pas
et6 vaccin6 et a servi de temoin. Le degre d'allergie etait determine toutes les deux semaines
chez chaque animal it l'aide d'une inoculation de 100 UT de vieille-tuberculine. Six
semaines plus tard, on a injecte par voie sous-cutan6e, aux animaux vaccin6s et aux
animaux t6moins, 0,001 mg de bacilles humains virulents. Apres six autres semaines, les
32 animaux survivants ont et6 sacrifies et autopsies. L'examen des lesions macrosco-
piques des ganglions et des organes a montre que le vaccin Tween 80 possedait un pouvoir
immunisant superieur aL celui du vaccin de r6f6rence, bien qu'il ait 6te injecte a une dose
cinq fois moindre.

Les deux vaccins ont ete soumis a la cryodeshydratation, avec du glutamate de sodium
comme adjuvant. D'apres le resultat des contr6les par culture, la teneur en germes vivants
du vaccin Tween 80 dessech6 6tait plus elevee que celle du vaccin de ref6rence apres
11 mois de conservation ai 5°C; l'activite allergene du vaccin Tween 80 etait 6galement
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superieure. Mais si les vaccins desseches etaient conserves trbs longtemps A 37°C, la
perte de viabilite etait plus accentuee avec le vaccin Tween 80 qu'avec le vaccin de
ref6rence.

Dans la reconstitution du vaccin Tween 80, on a obtenu une meilleure homogeneisa-
tion si le diluant 6tait chauffe ou si le vaccin 6tait lui-meme chauff6 pendant quelques
minutes apres avoir 6t6 remis. en suspension. I1 semble que ce soit le cas contraire pour
le vaccin de ref6rence.

Ces experiences permettent de conclure que le vaccin liquide Tween 80 conserve sa
haute activite immunisante apres le processus de lyophilisation. Cependant, il faudra
faire d'autres recherches en vue d'assurer au vaccin sec un degre eleve de stabilit6 A la
chaleur.
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