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When in 1921 Calmette and Guerin obtained the final strain of attenuated bovijie bacilli, which they called BCG, by means of serial subcultures
on bile potato, the question arose as to what medium would best maintain
the valuable properties of this strain. As Sauton's liquid medium was
particularly favourable for the growth of eugonic cultures of the tubercle
bacillus, these two workers carried out tests with this medium, but soon
found that after several serial subcultures the cultures grew more slowly
and took on an abnormal appearance. This medium was accordingly
abandoned and replaced by glycerinatpd potato which was in its turn
replaced by Sauton potato. It is on this latter medium, by fortnightly
subculture, that the BCG strain is maintained at the Institut Pasteur.
Sauton's medium is now used only for the production of thick films
for the preparation of BCG vaccine. For this purpose two passagesand never more-on Sauton's medium are carried out.
The present authors thought it would be of value to reconsider the
question of serial subculture on Sauton's medium and to study the behaviour
of the BCG strain as a result of these subcultures. This investigation was
inspired by some unexpected results obtained with this technique in Denmark. At the State Serum Institute, Copenhagen, Jensen maintained the
BCG strain-Number 423-sent him by Calmette, on Sauton's medium
from 1931 onwards. The setbacks encountered by the Danish workers
with this strain have been recorded by Jensen 1 and by Holm,2 who have
described the changes in " virulence" observed in the BCG strain which
they maintained in this way. It goes without saying that the word " virulence" used here does not imply any actual pathogenic power but only
1 Jensen, K. A. (1946) Acta tuberc. scand. 20, 1
2 Holm, J. (1946) Publ. Hlth Rep., Wash. 61, 1298
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the ability of the strain to induce, in guinea-pigs inoculated intradermally
with a minute quantity of the culture, the appearance of a typical nodule
which later disappears. The Danish workers noted that the change in
" virulence" coincided with a decrease in allergizing power in the children
vaccinated and with a slowing-down in the growth of the cultures on Sauton's
medium. They attributed this loss of " virulence" to the maintenance of
the strain on the medium in question and observed moreover that all that
was necessary to restore the culture's initial " virulence" was to transplant
it from time to time on to bile potato. Van Deinse & Petrova 3 showed
that bile had no enhancing effect on the low degree of " virulence" necessary for effective BCG vaccine. Holm moreover observed that culture
on bile potato was unnecessary and that, whenever a reduction of " virulence" was observed, it was enough to carry out subculture more often
-every 7 or 8 days instead of every 14 days-to keep the "virulence"
at the required level.
The writers of the present article have had occasion in previous publications to criticize the Danish workers' interpretation and to show that it
is not a question of a reduction of " virulence" but only of a decrease in
the vitality of the strain, which was being grown on an unsuitable medium.
It was thought that it would be useful and interesting to re-investigate
the problem of the changes in the BCG strain produced by successive
subcultures on Sauton's medium.
In the course of a series of preliminary experiments it was found that
the growth of the culture slowed down after the fourth or fifth passage
on Sauton's medium; this was jugt as apparent in films subcultured every
8 days as in those subcultured only every 15 days. Their weak, irregular
growth shows a striking contrast with cultures from the strain maintained
on potato, at their second passage on Sauton's medium (normal cultures).4
Investigations were begun early in June 1948. Four flasks containing
Sauton's medium were seeded with a potato culture of 14 days' growth.
These four cultures formed the basis of two series of experiments. In the
first series the cultures were transplanted every week (8-day series); 5 in the
second series this was done every fortnight (15-day series).5 The appearance
and weight of the cultures were noted at each subculture. From time to
time guinea-pigs were inoculated intradermally with 0.01 mg. of cultures
of different ages, and with cultures which had been maintained on
Sauton potato.
Two methods were used for inoculating the guinea-pigs: simultaneous
intradermal injection of different cultures at various points on the skin,
3Van Deinse, F. (1948) Amer. Rev. Tuberc. 58, 571; Van Deinse, F. & Petrova, A. (1948) Ann. Inst.
Pasteur, 74, 171
4 This abbreviated form will be used henceforth in the present article to describe the cultures from strains
maintained on Sauton potato.
'
These abbreviated forms will be used henceforth in the present article to describe the cultures of
these two series.
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FIG. 1. EFFECT OF SAUTON'S MEDIUM ON THE BIOLOGICAL PROPERTIES
OF BCG CULTURES-I
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and injection of a single culture; the latter enabled the degree of allergy
produced by each culture to be estimated.
By seeding very diluted suspensions (0.00001 mg. per ml.) on LowensteinJensen's medium, it was possible to observe the proportion of viable bacilli
contained in the films. It is not possible in this article to record in detail
the observations made and only those of most general interest will be
described.
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From the third passage on Sauton's medium, both 8-day and 15-day
cultures showed a less luxuriant appearance; the most striking thing was
the slowing-down of the initial growth. While cultures grown on potato
and transplanted on to Sauton's medium appeared, at the second passage,
after 8 days' growth, in the form of thin, slightly puckered films covering
the surface of the medium and extending lightly up the sides of the flask,
cultures of the 8-day and 15-day series grew very slowly from the fourth
passage onwards. An 8-day culture appeared in the form of dry granules
floating on the surface of the liquid and not like the rapidly-growing thin
veil that would normally be found in cultures of this age (see fig. 1).
It is worth noting that the serial subculture of a culture of tubercle
bacilli of the human type on Sauton's liquid medium, carried out either
every 8th or 15th day, gave similar results to those carried out with BCG.
The growth ofcultures subcultured serially on Sauton's medium was not
only slow, but irregular, as was shown by the weight of the cultures determined after drying between sheets of filter paper. Even when these veils,
with the abnormal and partially wet appearance described by Guerin,
succeeded in covering the surface of the medium, the weight of the cultures
varied and never reached that of cultures of the same age from normal
strains, at the second passage on Sauton's medium.
The determination of the weight of these various cultures gave the
following average figures:
Type of Culture

Normal cultures (from strains grown on potato) .

Age

Weight

10-11 days 2.25 g.
17-18 days 4.90 g.
24-25 days 5.20 g.
Serial cultures on Sauton's medium (8-day series) . 10-11 days 1.25 g.
17-18 days 3.35 g.
24-25 days 3.60 g.
Serial cultures on Sauton's medium (15-day series) . 10-11 days 2.35 g.
17-18 days 3.20 g.
24-25 days 3.50 g.
Another striking fact was that a single passage on Sauton potato
was enough to restore the vitality of a culture which, after 10 days' growth
in the liquid medium, presented the appearance of a thin granular layer
(see fig. 2). This shows that, if it is desired to maintain the BCG strain
on Sauton's medium, it is sufficient to carry out a single subculture on
potato after every three or four passages (it is not essential to use bile
potato) to ensure the regular, normal growth of the cultures. In view of
the particularly strong preference shown by BCG for a potato medium,
it may be doubted whether it is advisable to maintain this strain on Sauton's
medium-even if a passage on potato is carried out from time to time-
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FIG. 2. EFFECT OF SAUTON'S MEDIUM ON THE BIOLOGICAL PROPERTIES
OF BCG CULTURES-11
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and whether it would not be better to maintain it on the medium it prefers,
as is, in fact, generally done.
Serial subcultures on Sauton's medium affected not only the appearance
and weight of BCG cultures, but also the size of the bacilli. A large number
of bacilli, both from normal cultures and from cultures maintained by
numerous passages on Sauton's medium, were measured microscopically.
These measurements gave the following average figures:
Type of culture

Age

Normal cultures (from strains grown on
potato).
Serial culture on Sauton's medium (8-day
series) .

Average kngth of bacilli

10 days
12 days

3.001 i
3.35 it

10 days
12 days

2.08 IL
2.75 u

Serial culture on Sauton's medium (15-day

series) .1.............

.

10 days

2.27

u
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It will be seen that the bacilli from cultures grown exclusively on Sauton's
medium were smaller by a quarter or a fifth than those from normal cultures.
It follows that a suspension of bacilli of the first type contains a larger
number of micro-organisms than a suspension of bacilli of the second
type. This difference in size of the bacilli, depending on the media on which
they are grown, must be taken into consideration, as it may influence
considerably the results of tests for the standardization of doses of vaccine.
By seeding highly diluted suspensions of these various cultures on
Lowenstein-Jensen's medium, it was shown that serial cultures on Sauton's
medium contained proportionately as many viable bacilli as normal cultures
did.
The factor characterizing the " virulence " of the various cultures was
also tested. Ninety white guinea-pigs, weighing from 450 to 500 g., and
previously submitted to strict quarantine in order to eliminate any
sick animals, were given intradermal injections of minimal doses (0.01 mg.)
with the object of testing the intensity of the local reactions produced.
The conclusions drawn from these observations are as follows:
1. Time-lag between first injection and appearance of local reaction
This was independent of the type of culture injected and varied from
5 to 10 days in different animals.

2. Intensity of local reaction

The local reaction took the form of a nodule, the size of which was
variable and will be expressed henceforth in the present article by the
following signs ±, +, + +, + + +. The degree of intensity of the reaction
depended on the type of culture injected. Maximum intensity was reached
after 10 to 12 days, whatever culture was used.
Week-old cultures of the 8-day series and normal cultures of the same
age produced reactions of the same intensity (+ + +). Normal cultures of
2 to 3 weeks' growth gave, except in one case, distinctly stronger local
reactions (+ +) than cultures of the same age from the 8-day series (± or +).
In assessing these reactions, account should be taken of the fact that, for
the reasons already described, a given weight of culture of the first type is
equivalent to a larger number of bacilli than the same weight of culture
of the second type.
All the cultures of the 15-day series, of 7, 11 and 35 days' growth
respectively, produced reactions which were much weaker than those of
the normal cultures. The intensity of reaction barely exceeded i.
3. Duration of local reaction
The duration of the local reaction was dependent on its intensity.
With normal cultures, of, at most, 4 weeks' growth, the reaction lasted
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3-4 weeks; with cultures of the 8-day series, of not more than 14 days'
growth, it lasted 3-4 weeks (if they were older than this the reaction did
not last more than 2 weeks); with cultures of the 15-day series, whatever
their age, it lasted a maximum of 2 weeks.
4. Intensity of tuberculin reaction
The intensity of the tuberculin reaction produced by intradermal
injections of BCG, seemed to depend neither on the type nor on the age
of the culture injected. We were unable to find any connexion between
the skin reaction to tuberculin in the guinea-pigs and the local reaction
produced by the injections. This question would certainly merit further
study.
*

*

Certain general conclusions may be drawn from the studies briefly
described above:
1. Serial subculture of the BCG strain on Sauton's medium, carried
out every 15 days, causes loss of vitality in the culture. After about 20
passages the power of the culture to produce a local reaction also diminishes.
This observation agrees with that made by Jensen at Copenhagen. According to the tests made, however, the allergizing power does not appear to
diminish so rapidly. The number of passages carried out was doubtless
insufficient to influence the allergizing power in the wvay observed by the
Danish authors.
2. Subcultures carried out more frequently maintain the power of
the BCG strain to produce a local reaction at a level comparable to that
of cultures grown by the classical method, provided that cultures of less
than 7 days' growth are employed. Our experiments confirm those of
Holm on this point. Cultures of the 8-day series, of more than 7 days'
growth, become less active than normal cultures and give rise to smaller
nodules. However, increasing the frequency of subculture has no intensifying effect on the growth of the cultures.
3. As Jensen observed, the introduction of a few passages on bile
potato is sufficient to restore the vitality of the strain completely. We
are, however, in a position to add that the presence of bile in the medium
and repeated passages on potato are unnecessary; our experiments show
that a single passage on ordinary potato is sufficient to restore the normal
growth of the strain.
4. We observed that bacilli in BCG cultures constantly subcultured
on Sauton's medium are, on an average, smaller than those in normal
cultures. This important observation shows that the standardization of
doses of BCG vaccine will be possible only if standard techniques for the
maintenance of the strain are adopted.
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These observations confirm and supplement those made by Guerin
25 years ago: that Sauton's synthetic liquid medium is unsuitable for the
maintenance of BCG and that those who continue to use it are liable to
encounter untoward complications.
SUMMARY
The loss of vitality undergone by BCG cultures grown exclusively on Sauton's liquid
medium is studied and the findings of the Danish workers on this point discussed. From
the fourth passage onwards, the cultures grow less profusely and less rapidly and form
granules instead of films on the surface of the liquid; the size of the bacilli is reduced
and their power to produce local reactions in guinea-pigs is diminished. A single passage
on potato restores the vitality of the culture. The authors conclude that Sauton's liquid
medium is unsuitable for the maintenance of BCG. If it is employed, it is necessary
to carry out a subculture on potato after every 3 or 4 passages. At the Institut Pasteur
the BCG strain is maintained by subculture on Sauton potato, and Sauton's liquid
medium is used only to produce films suitable for the preparation of the vaccine.

