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SYNOPSIS

The authors describe a new and simple method of preparing
homogeneous suspensions of BCG from Sauton cultures by the
chemical action of Tween 80. Higher concentrations of bacterial
suspensions were obtained with this method than with any other
methods employed up to the present. The harmful effect exerted
on living bacilli and the decrease in viability during preservation were
slighter in the vaccine prepared with Tween 80 than in that prepared
by the ordinary grinding method.

At present, the preparation of homogeneous suspensions of BCG from
surface pellicles on liquid or solid media is carried out by a variety of
methods: grinding in an agate mortar; grinding by shaking with steel,
glass, or crystal balls; and exposing the bacilli to the action of supersonic
waves. The first of these methods is mainly used in laboratory work; the
second is used for the mass production of BCG vaccine in laboratories in
many parts of the world; and the third was formerly employed in the routine
production of vaccine in Japan, and is still in use there for experimental
purposes. While these methods have achieved their particular purposes to
some extent, certain deleterious effects on the living bacilli have been
observed, as well as considerable variation in the degree of bacillary dis-
persion among different preparations. Further studies on this problem are
therefore required. In the experiments described here, the authors adopted
a new method, using the chemical action of Tween 80.

Method

The first six experiments were made in order to determine the appropriate
conditions for obtaining homogeneous BCG suspensions by means of the

* This article will also be published, in Japanese, in Kekkaku Shinryo.
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action of Tween 80.1 These conditions include the relation between the
concentration of BCG and the concentration of Tween 80, and the effect
of temperature and of the period of contact with Tween 80 on the BCG
suspension.

FIG. 1. DEGREE OF HOMOGENEITY OF VACCINES PREPARED WITH
TWEEN 80*

* 5-mg/ml suspension of BCG

The bacillary mass from 8-day-old Sauton cultures was harvested by
filtering, the moisture was removed by pressing between two layers of
filter-paper, and the mass was then weighed and put into test-tubes or
Erlenmeyer flasks containing various concentrations of an aqueous solution
of Tween 80. The test-tubes or flasks were frequently shaken by hand in a
water-bath, kept at various temperatures during the operation. The contents
were then diluted with distilled water to a concentration of 0.1-1 mg/ml,
and subjected to macroscopical examination, in order to determine the
degree of homogeneity of the bacterial suspension. The results were
graded (-), (+), (+ +), (++ +), or (+++ +) (see Fig. 1) according, to
the number of bacillary particles present. For example, suspensions clas-
sified as (-) or (+) were considered suitable for human inoculation, since
these grades signified that the degree of homogeneity was such that only a
few bacillary particles were observed when the suspension was examined

1 Manufactured by Atlas Powder Co., Wilmington, Del., USA.
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macroscopically immediately, and that only a slight sediment was apparent
after it had been standing for some time. Microscopical examinations
were also made on the materials after staining by Ziehl Neelsen's method.
Further, the optical density of the bacillary suspension as a function
of the degree of homogeneous dispersion was determined; 10 ml of a
l-mg/ml suspension was pipetted into a test-tube and, after slight shaking,
the optical density was measured by means of a Coleman " Junior " spec-
trophotometer at a wave-length of 420 m,u.

In the next two experiments (see Tables VI and VII), culture tests were
made with the vaccine prepared by this method. Control vaccines were also
prepared by means of the crystal-ball hand shaking method, using the same
cultures as those employed for the preparation of the Tween 80 vaccine;
the method of preparation of the controls was as follows:

1197 mg (see Table VI) or 773.5 mg (see Table VII) of bacillary mass were put into
flasks of 500-ml capacity containing 500 crystal balls (first experiment) or 300 crystal
balls (second experiment) 7 mm in diameter. The flask was shaken by hand for 3 minutes
in such a manner as to grind the bacillary mass by friction of the crystal balls. Then
1 ml of distilled water was added, the flask was shaken for an additional minute, and
distilled water was again added to make a 100-mg/ml suspension.

Further, in the second experiment (see Table VII), the two types of
bacterial suspension were diluted with distilled water to a concentration
of 1 mg/ml, were dispensed into ampoules, and were preserved at 50C or
370C for 3 months. Culture tests were made immediately after preparation,
and after 7, 30, and 92 days. For these tests, 10-5 mg/ml and 10-6 mg/ml
bacterial suspensions were prepared by serial tenfold dilution, and 0.1 ml
of each suspension was inoculated on Ogawa's egg medium. 5 slants were
employed for one dilution and were incubated at 370C for 4 weeks, after
which the colonies were counted. In Tables Vl and VII, only average
numbers of colonies are presented.

Results

Table I shows the effect of temperature and the period of contact with
Tween 80 on the BCG suspension. The suspension was found to become
homogeneous when shaken for 30 minutes at a temperature above 380C.

Tables II(A) and II(B) show the effect of the concentration of Tween
80 on the number of bacillary particles in the suspension. In view of the
results mentioned above, these experiments were carried out at 380C.
Under these conditions, 5 % or 6% concentrations were found to be suffi-
cient to obtain homogeneity.

The relation between the concentration of BCG and the concentration of
Tween 80 is shown in Table III. The required homogeneity was obtained
only when the concentration of Tween 80 was 6 % and the concentration
of bacilli was increased from 25 mg/ml to 100 mg/ml.
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TABLE I. EFFECT OF CHANGES IN TEMPERATURE AND PERIOD
OF CONTACT OF TWEEN 80 ON BCG

Bacillary particles *

5 ml of 6 % Tween 80 solution were added to 500 mg of BCG.
* The number of bacillary particles is graded according to the classification described on

page 328.

TABLE II(A). EFFECT OF THE CONCENTRATION OF TWEEN 80
ON THE NUMBER OF BACILLARY PARTICLES

Concentration of Tween 1 2 4 6 8 10

Number of bacillary
particles ++++ +++ ++ - - +

500 mg of BCG in 5 ml of Tween 80 solution were kept at 380C for 60 minutes.

TABLE II(B). EFFECT OF THE CONCENTRATION OF TWEEN 80
ON THE NUMBER OF BACILLARY PARTICLES

500 mg of BCG in 5 ml of Tween 80 solution were kept at 38oC for 60 minutes.

Minutes
15 30 45 60

Temperature "

200C ++++ ++++ ++++ ++++

30'C ++++ ++++ ++++ ++++

380C ++ - - -

50oC + - - -
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TABLE 1II. RELATION BETWEEN THE CONCENTRATION OF BCG AND
THE CONCENTRATION OF TWEEN 80

Period of contact with Tween 80 (minutes)
Concentration Concentration

of bacilli of Tween
(mg/ml) 80 ( 15 30 45 60

25 1.5 ++

50 3.0 ++++ ++++ l ++

100 6.0 ++ + + +

Table IV shows the results of two experiments carried out in order to
determine the highest bacterial concentration that can be attained by the
Tween 80 method. In experiment 1, a concentration of 500 mg/ml was
obtained; in experiment 2, where 30 crystal balls were put into the flask to
facilitate shaking, a bacterial concentration as high as 800 mg/ml was
obtained.

TABLE IV. HIGHEST CONCENTRATION OF BACILLI OBTAINED WITH
TWEEN 80 VACCINE

Suspension shaken with 6 % Tween 80 at 380C.
* Concentration of bacilli: 500 mg/ml (5g+5m1).
C*Concentration of bacilli: 800 mg/ml (8g i-2ml) (30 crystal balls were used in this case).

Table V and Fig. 2 show the results of the measurement of optical
density. The degree of bacterial dispersion, expressed by the percentage of
light transmitted, began to show a constant value between 4% and 6%
concentrations of Tween 80. It was also seen that the vaccine prepared by
this method was much more opaque than the control vaccine. The results
of microscopical examination of the two vaccines are shown in Fig. 3
and 4.

In Table VI, the culture results of the Tween 80 vaccine are compared
with those of the control vaccine prepared by the crystal-ball hand shaking
method. No significant difference was found in the number of viable units
present in the vaccines prepared by the action of Tween 80 for 15, 30, 45,
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TABLE V. NUMBER OF BACILLARY PARTICLES AND PERCENTAGE OF
LIGHT TRANSMITTED AFTER CONTACT WITH TWEEN 80

Concentration Period of contact with Tween 80 (minutes)

Tween 80o 15 30 45 60

2 73% 54% 52% 45%2 ~ ++++ + ++

4 40% 37% 35% 33%

6 36% 33% 36% 34%

8 35+% 35% 34% 33%

Control vaccine 63 %
preoared by
grinding +

Concentration of BCG :100 mg/ml.

FIG. 2. OPTICAL DENSITY OF VACCINES PREPARED WITH VARIOUS
CONCENTRATIONS OF TWEEN 80

WHO~~~~~'13T
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FIG. 3. BCG VACCINE PREPARED WITH TWEEN 80

Concentration of Tween 80: 6% Temperature: 380C

FIG. 4. BCG VACCINE PREPARED BY GRINDING WITH CRYSTAL BALLS

or 60 minutes. Furthermore, the numbers of viable units in these vaccines
were five or six times as high as the number in the control vaccine.

The preservability of the Tween 80 vaccine in comparison with that of
the control is shown in Table VII. As was the case in the previous experi-
ment, the number of viable units in the Tween 80 vaccine immediately
after production was about five times as high as that in the control. Further,
the percentage survival after preservation for up to 3 months at either 50C
or 370C was higher in the Tween 80 vaccine.

10
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TABLE VI. VIABILITY OF VACCINE PREPARED
WITH TWEEN 80

Period of contact Viable units
with Tween 80 (minutes) (10-7 mg)

15 25.3

30 29.3

45 32.6

60 32.3

Control vaccine * 5.4

500 mg of BCG in 5 ml of Tween 80 solution were
kept at 380C.

* Prepared by grinding 1197 mg of bacillary mass with
500 crystal balls.

TABLE VIl. CHANGE IN VIABILITY OF TWEEN 80 VACCINE
DUE TO PRESERVATION

Viable units (10-7 mg)

after storage for'- Preservation
days and
tempe-
rature

Type of vaccine

immediatelytempe . -92 day,a

104.2 52.4 105.8 7.8 54.6 0.2
Tween 80 vaccine 104.8

(99.5) '50.0) (101.0) (7.4) (52.1) (0.2)

20.2 6.0 10.6 0.2 5.7 0.02
Control vaccine * 19.6

(103.1) (30.6) (54.1) (1.0) (29.1) (0.1)

370C

Figures In parentheses Indicate percentage survival after preservation.
* Prepared by grinding 773.5 mg of bacillary mass with 300 crystal balls.

Discussion

The experiments described here revealed that bacillary suspensions of
BCG can be prepared from Sauton cultures by the action of Tween 80 alone,
neither grinding with steel or crystal balls nor exposure to supersonic waves

being necessary. Tween 80 solutions of relatively high concentration must
be used, but since a fairly large bacillary mass is involved, the concentration
of Tween 80 in the vaccine will not exceed 0.01 % when it is prepared for

after
production

7 days at

50C 370C

30 days at

50C 370C SoC
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intracutaneous administration. It was also shown that far higher concentra-
tions of bacterial suspensions, and greater yields, can be obtained with this
method than with any other methods hitherto employed.

The Tween 80 vaccine contained five times as many viable units as the
vaccine prepared by the ordinary grinding method. If the amount of living
bacilli contained in BCG vaccine is estimated by the number of colonies
produced, the influence of the existence of bacillary particles must naturally
be taken into consideration, particularly when two kinds of vaccine are
prepared by different methods. Nevertheless, the results described here
suggest that the harmful effect exerted on living bacilli, and the decrease
in viability during preservation, are slighter in the vaccine prepared with
Tween 80 than in that prepared by the grinding method.'

The preparation of homogeneous suspensions of BCG has generally
been considered a matter requiring considerable technical training and
equipment. Since the simple method described here can furnish a homoge-
neous bacterial suspension with the minimum of damage to living bacilli,
it is hoped that it will facilitate the preparation of BCG vaccine.

RItSUMIE

Pour homogeneiser les suspensions de BCG destinees a la vaccination on a applique',
jusqu'a maintenant, diverses techniques: broyage dans un mortier d'agate, desagregation
par agitation mecanique avec des billes d'acier, de verre ou de cristal, action des ultrasons.
Ces methodes ont l'inconvenient d'alterer les bacilles vivants et de ne pas assurer toujours.
une dispersion reguliere.

Les auteurs de cette etude proposent une nouvelle methode, recourant a l'emploi de
Tween 80. Une culture de BCG de 8 jours sur milieu de Sauton, apres filtration et elimi-
nation de l'humidite au moyen de papier filtre, est repartie en eprouvettes ou en erlen-
meyers contenant une solution aqueuse de Tween 80. Ces recipients sont ensuite agites
a la main dans un bain-marie a une temperature et durant un temps optimums. Le
contenu est dilue ensuite avec de l'eau distillee, de faron aL obtenir une concentration en
BCG de 0,1-1 mg/ml. Le degre d'homog6neite est evalue macroscopiquement (de -
a ++ + +), d'apres le nombre d'agr6gats baciflaires observes. L'examen microscopique,
la determination de l'opacite de la suspension et la mise en culture sur milieu d'Ogawa
'a l'auf completent cette evaluation.

D'apres les experiences decrites par les auteurs, la suspension devient homogene-
apres 30 minutes d'agitation La une temperature superieure a 380C. On obtient le degre-
d'homogeneite desire en utilisant une concentration de Tween de 6% et une teneur en
bacilles de 100 mg/ml. La teneur finale en Tween du vaccin administre par voie sous-
cutan6e ne depasse pas 0,01 %, car la suspension originale, tres riche en bacilles, est
ensuite fortement diluee.

1 With regard to this problem, an interesting study based on the original work of Dubos was reported
by Grasset & Bonifas (Bull. schweiz. Akad. med. Wiss. 1951, 7, 71; and Amer. Rev. Tuberc. 1951, 64, 695).
They made comparative examinations by means of the electron microscope on BCG-vaccine suspensions-
from various manufacturing laboratories, all prepared according to the usual grinding method, and on those
obtained from dispersed cultures grown in modified Dubos medium. They found that the former vaccines
prepared by the grinding method showed considerable morphological and structural alterations, such as
ruptured, collapsed, bacilli and ghost forms, whereas the latter vaccines revealed a far greater degree oF
structural integrity.
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Le temps durant lequel le vaccin au Tween est soumis A l'agitation manuelle, qu'il
soit de 15, 30, 45 ou 60 minutes, n'affecte pas de fagon significative le nombre de bacilles
viables dans la suspension finale. D'autre part les cultures ont montre qu'il y avait
cinq fois plus de bacilles viables dans le vaccin au Tween que dans le vaccin prepare
par broyage de la culture. De plus, le pourcentage de bacilles survivants, dins les vaccins
conserv6s jusqu'A trois mois, A 50 ou a 370C., etait plus eleve dans le vaccin au Tween
que dans les vaccins t6moins prepares par d'autres methodes. Les auteurs estiment que
la m6thode qu'ils pr6conisent permettrait de simplifier notablement la preparation du
vaccin BCG.


