
Bull. Org. mond. Sante 1968, 38, 135-140
Bull. Wld Hlth Org. 1

A Comparison of the Effectiveness
of Two Freeze-dried BCG Vaccines'

Against Mycobacterium leprae in Mice
CHARLES C. SHEPARD'

It has previously been shown that BCG vaccination affords mice protection against
Mycobacterium leprae and most of this work was carried out usingfresh liquidpreparations
of a strain originating from S. R. Rosenthal some years ago. In the present study, the
ef]ectiveness of the Japanese and Glaxo freeze-dried BCG vaccines was tested since such
preparations would make it possible to administer vaccine of standard viability anywhere
in the world, including leprosy-endemic areas. The Japanese and Glaxo vaccines, and the
usual fresh liquid preparations, were administered in equivalent amounts to mice, which
were then challenged with Myco. leprae. All the vaccines provided distinct protection. It
was not possible, however, to say which vaccine was most effective because their optimal
activities were not manifested at comparable times.

In previous publications (Shepard, 1965, 1966) it
has been reported that vaccination of mice with BCG
affords them protection against infections with
Mycobacterium leprae. The BCG vaccines used were
mainly fresh liquid preparations grown in the
laboratory usually from a culture taken from a BCG
vaccine obtained from Dr S. R. Rosenthal, Chicago
Research Institute, in 1955. A comparison was
made with liquid vaccine shipped from the Statens
Seruminstitut, Copenhagen, and this also was found
effective.

Freeze-dried BCG vaccines are now available that
make it possible to administer fully potent materials
anywhere in the world. Two of the most widely
used are the Glaxo 2 and Japanese products, and
these have teen used in two of the current field
trials of BCG against Myco. leprae (Brown, Stone &
Sutherland, 1966; Russell, Scott & Wigley, 1964).
However, these products differ in their properties,
and since the immunological basis for cross-protec-
tion provided by Myco. tuberculosis (BCG) vaccines
against Myco. leprae is not established, it was
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deemed important to test the two vaccines for their
ability to provide vaccine protection against Myco.
leprae in mice.

MATERIALS AND METHODS

The freeze-dried preparations were obtained
through the kindness of Dr J. Ungar, Glaxo Re-
search Limited, Greenford, Middlesex, England, and
Dr T. Sawada, BCG Laboratory, Research Institute
for Tuberculosis, Kiyose-Machi, Kitaiama-Gun,,
Tokyo, Japan.
The Glaxo vaccine (batch p. 147) was a product

for percutaneous use. The ampoules were intended
for rehydration with 0.3 ml, but they were in fact
rehydrated with 1.0 ml water, and Tween 80 was
added to 0.05% to prevent the spontaneous aggluti-
nation that occurred without it.
The Japanese vaccine (lot 11.063F), in ampoulcs

intended for rehydration to 5 ml, was rehydrated
with 0.5 ml per ampoule.
The liquid vaccine was prepared from a 17-day

culture of the Rosenthal strain in Tween-albumin
liquid medium; it was centrifuged once, and resus-
pended in 0.85% phosphate-buffered saline contain-
ing 0.05% Tween 80 and buffered to pH 7.3
(PBS-Tw). The amount of bacteria contained in the
three vaccines was judged primarily by Hopkins
tube measurements (1500 g for 60 minutes), but
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colony counts and microscope counts of acid-fast
bacteria (AFB) were also done. In making colony
counts of mycobacterial suspensions it has been
found important to mix each dilution on a Vortex
mixer 60 sec immediately before an aliquot is
removed.

Reactions to the vaccines were observed at the
vaccine site and in the regional (flank) lymph node
at intervals of 1-2 weeks until the 95th day.
A hand-lens and millimetre rule were employed.
The flank lymph nodes may be visualized in well-
shaven mice when the skin is wetted with alcohol.
The methods used for studies of the activity of

vaccines against Myco. leprae are reported elsewhere
(Shepard, 1965, 1966). In brief, the mice were inocu-
lated intradermally in the flank with 0.01 ml vaccine,
care being taken that the injection raised a distinct
bleb in each mouse. Each vaccine was given in three
10-fold dilutions, 1: 1 (undiluted), 1: 10, and 1: 100,
the latter two dilutions being made in PBS-Tw.
A group of 20 mice received each vaccine and each
vaccinated group was alternated with a control
group of 20 mice that received PBS-Tw only. After
32 days the mice were challenged with 5 x 103
Myco. leprae in the right hind foot-pad. Growth of
Myco. leprae in the controls was monitored by
counts of AFB in foot-pad tissues of pools of 4 mice
taken from 4 groups at monthly intervals starting
3 months after challenge. When the harvest of
Myco. leprae per foot-pad in the controls had risen
above 1 x 104, counts of AFB were made on pools
of the foot-pad tissues of 8 mice from each group.
The counts on each group were repeated 3 months
later.

Protection is defined as: log10 (AFB per control
mouse)-log1o (AFB per vaccinated mouse). Since
there was no significant trend in the harvests from
control groups, the control value taken was the
average for all the control groups. For the second
harvest less than 8 mice remained in some of the
control groups, so a weighted average was employed.
In the vaccine groups in the second harvest there
were at least 6 mice per pool, except in the Japanese
I :10 group where there were 5.

RESULTS

The measurements of the bacterial content of the
vaccines are given in Table 1. The Hopkins tube
measurements show that the three vaccines contained
about the same bacterial mass. The mice given
1 : 1 vaccines received about 0.6 1d bacteria per

TABLE 1

MEASUREMENT OF THE BACTERIAL CONTENT
OF THE THREE VACCINES TESTED

Hopkins tube Microscopic Colony count
Vaccine a ml bacteria count

(nil suspension) (AFB/ml) (CFU/ml)

Glaxo 0.06 2.8 x 10' 0.55 x 108

Japanese 0.06 3.1 x 10' 2.38 x 108

Fresh 0.075 8.7 x 10' 1.62 x 10'

a All vaccines in 1 :1 dilution.

mouse, and those given 1: 10 and 1: 100 vaccines
received about 0.06 pl and 0.006 p.l bacteria per
mouse, respectively. The microscope counts and
colony counts were affected seriously by the amount
of large bacterial clumping, and it could be readily
ascertained by low-power microscopic examination
of stained-smears that there were many large dense
clumps of bacteria present in the Glaxo product, few
in the Japanese vaccine, and an intermediate number
in the fresh preparation. Colony counts have been
recommended as a measurement of vaccine activity,
but it was apparent that they would not give a useful
comparison of bacterial viability between prepara-
tions that varied so much in the amount ofclumping.
The reactions to the vaccines are given in Table 2.

The local induration was distinct by 14 days; later,
because of frequent ulceration and variable healing,
the local reaction was more difficult to measure.
The Japanese and liquid vaccines gave somewhat
more local reaction than the Glaxo vaccine. (The
reactions in control mice could not be distin-
guished from those produced by injections, but they
were most probably nicks from the shaving, or from
fighting.) The regional lymph node enlargement
31 days after vaccine was about the same with the
two freeze-dried products. Between 30 and 100 days
after vaccination some of the mice developed dis-
tinctly enlarged lymph nodes, some even to a dia-
meter of about 1 cm. This late enlargement is
expressed as the proportion of mice with lymph nodes
greater than 4 mm. The phenomenon, seen most
distinctly with the liquid preparation, was somewhat
less common with the Glaxo product, and was
infrequent with 1 :10 and 1 : 100 dilutions of the
Japanese vaccine.
The growth of Myco. leprae in the controls fol-

lowed the usual curve. The numbers of AFB per
mouse were as follows: <104.20 at 92 days, 105.13 at
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TABLE 2
REACTIONS OF MICE TO THE VACCINES TESTED

Vaccine Reaction
and dilution at vaccine Lymph node Lymph nodesanddiution site a size b >4 mm c

(mm) (mm) (%)

Glaxo 1:1 2.0 3.5 21.6
1:10 1.2 3.5 12.3
1:100 0.1 3.0 13.3

Japanese 1 :1 3.5 3.5 28.3
1:10 1.6 3.0 4.0
1:100 0.6 2.9 3.3

Liquid 1 :1 3.2 4.2 26.8
1:10 1.6 3.8 32.1
1 :100 0.0 3.2 15.0

Control 0.8 3.1 0.0

a Average diameter of induration of vaccine site 14 days
after vaccine.

b Average diameter of regional lymph node 31 days after
vaccine.

c Percentage of lymph nodes with average diameters greater
than 4 mm at readings between 31 and 95 days after vaccine.

119 days, and 106.66 at 152 days after challenge. In
the 6-month (190-day) harvest of all the groups the
average for all the control groups was 106.31 (range,

105-95_106 59 in the different groups); in the 9-month
(258-day) harvest the average for the controls was
106.33 (range, 106.14_106.51 in the groups that had
6 mice or more per pool).

All the vaccines afforded protection (see Table 3
and the figure); it was not possible to state which
was most effective, however, because of the differ-
ences in the nature of the results at the two harvests.
At 6 months after challenge, shortly after the growth
of Myco. leprae in the controls had reached plateau
values, the results were nicely related to dose, and
the vaccines appeared to arrange themselves in order
of potency. However, at the second harvest, the
relative potency of the two freeze-dried products had
reversed, and the relationship between dose of
vaccine and protection was different for each
vaccine.
The change in numbers of Myco. leprae present in

the various vaccinated groups between 6 and 9
months can be easily comprehended in this experi-
ment because the average control harvest was nearly
the same in the two harvests. Thus, the fall in pro-
tection in the groups given upper dilutions of the
liquid vaccine represented an increase in numbers
of Myco. leprae (e.g., the harvest in the group given
1: 100 liquid vaccine rose from 105.48 to 106.23).
Similarly, the increase in protection in the groups

TABLE 3
AMOUNT OF PROTECTION AFFORDED BY GLAXO AND JAPANESE FREEZE-DRIED BCG VACCINES

AND LIQUID VACCINE GROWN IN THE LABORATORY

Vaccine
and dilution

Logo (AFB mouse)

6-month harvest a 9-month harvest b

Vacci r.e Sali ne Protection c Vaccine Saline Protection c

Glaxo 1:1 5.55 6.15 0.76 5.97 6.33 0.36
1:10 5.68 6.24 0.63 5.98 6.51 0.35
1:100 6.08 6.35 0.23 6.01 6.14 0.32

Japanese 1 :1 5.67 5.95 0.64 5.76 5.81 d 0.57
1 :10 5.83 6.27 0.48 5.56 e 5.95 e 0.77
1 :100 6.10 6.05 0.21 5.54 6.21 e 0.79

Liquid 1: 1 5.48 6.43 0.83 5.53 6.35 f 0.80
1: 10 5.52 6.37 0.79 5.95 6.47 0.38
1:100 5.48 6.59 0.83 6.23 6.35 0.10

6.309 9 6.326 g

a 8 mice per pool.
b 6-8 mice per pool except where indicated.
c Estimated as the difference between the vaccinated group and average of all the controls.
d I mouse.
e 5 mice per pool.
f 3 mice per pool.
g Mean.
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AMOUNT OF PROTECTION AFFORDED BY GLAXO AND JAPANESE FREEZE-DRIED BCG VACCINES
AND LIQUID VACCINE GROWN IN THE LABORATORY

given upper dilutions of Japanese vaccine represented
a decrease in numbers of Myco. leprae (e.g., the
harvest in the group given 1 : 100 Japanese vaccine
fell from 106810 to 105-54)

DISCUSSION

Myco. leprae is the most slowly growing of all

infectious agents, and experimental infections with
it develop much more slowly than the immune res-

ponse. Potency tests of most vaccines are carried
out according to schedules that measure the animal's
immunity at a single period early in its immune
response. In most tests the animal is challenged a

few weeks or a month after vaccination and the
results are read a few days or weeks later. However,
tests of vaccines against Myco. leprae occupy about
10 months after vaccination and necessarily focus
attention on early, as well as late, stages of the
animal's immune response. A previous study of the
effectiveness of vaccine given during the incubation
period (Shepard, 1966) indicated that vaccines could
exert their effect early against the Myco. leprae in the
inoculum itself, or late against the new growth of

Myco. leprae in the vaccinated animal. The early
effect was manifested as a delay in the appearance of
the logarithmic phase of bacterial growth, as if part
of the inoculated Myco. leprae had been eliminated
or its multiplication temporarily restrained. The late
effect was manifested as a lower plateau level on the
new growth of Myco. leprae, as if a smaller number
of Myco. leprae had triggered the response that leads
to the plateau.

In the present experiment the two types of results
could be seen in the results with different dilutions of
the liquid vaccine. An early effect was seen with
1: 100 liquid vaccine; growth of Myco. leprae was

merely delayed, and the harvest at 9 months was

nearly up to the control average. The more con-

centrated liquid vaccine produced a late effect; in the
mice receiving 1: 1 liquid vaccine the population
of Myco. leprae was at the same low level at the sixth
and at the ninth month.
With the Glaxo vaccine there was not much pro-

tection afforded by the 1 : 100 dilution, either early
or late. The more concentrated vaccine provided
some early protection, but late activity was not pro-
nounced with any vaccine dilution.

1st HARVEST 2nd HARVEST
(6months ) ( 9months )

1.0 1.0

C.)

0.5< 0.5-
C-,

0 II0 1

1:1 1:10 1:100 1:1 1:10 1:100
DILUTION OF VACCINE DILUTION OF VACCINE

W80 71498
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The Japanese vaccine afforded the least protection
as judged by the harvests at 6 months. However, at
9 months the calculated protection increased mark-
edly, and there was a distinct reduction in the
harvests from the mice receiving the upper dilutions
of vaccine. The decrease in harvest between 6 and
9 months would not necessarily mean that immunity
in the mouse had increased in the interval. In the
unvaccinated mouse this plateau period is marked by
distinct loss of viability; there is, however, no loss in
the total number of living and dead bacilli (Shepard&
McRae, 1965). Also it has been observed in another
mouse experiment that after the Myco. leprae were
killed by administration of drugs the number of
bacilli did not change significantly for about 1 year
(Shepard & Chang, 1967). Thus, the decrease in
bacilli in the present experiment would appear to be
an increase in bacillary elimination (or loss of acid-
fastness), as compared to the unvaccinated mouse.
Such a reduction in the bacillary population as was

seen with the 1: 100 Japanese vaccine between the
sixth and ninth month was unexpected and gives rise
to question about the reliability of the result. It is
difficult to apply statistical treatment to the counts
for harvests since the variation of counts does not
appear to follow a normal distribution. Nevertheless,
experience with this and other experiments of this
type (Shepard, 1965, 1966) indicates that in the
plateau phase when 8 mice are pooled the harvest of
any single control group is rarely less than the
average of all the control groups by more than
0.30 logarithmic units. The count at 9 months for
the mice receiving 1: 100 Japanese vaccine was
reduced considerably more than this. Also, in the
present experiment the expected degree of reliability
is reflected in the internal consistency of the treated
groups, there being a regular trend with the three
dilutions of each vaccine at each harvest.

It is sometimes assumed in the choice of a BCG
strain for an antituberculosis vaccine that the amount
of protection afforded is directly related to the

amount of tissue reaction stimulated by the vaccine.
HoWever, in the present experiment the protection
afforded against Myco. leprae was not distinctly
related to the amount of reaction observed at the
vaccine site or in the regional lymph nodes. With
1: 1 and 1: 10 vaccines there was some correlation
between the protection at 6 months and the size of
the regional lymph nodes at 31 days, which was
about the time of challenge and might, therefore, be
suspected of reflecting the early type of protection.
However, lymph node enlargement with a particular
dilution of vaccine was not required for early pro-
tection, as is shown by the results with 1: 100 liquid
vaccine. The lymph node enlargement between 31
and 95 days might be thought to be implicated in the
late protection since it occurred after challenge.
However, with 1: 100 vaccines there was inverse
correlation between lymph node enlargement and
protection at 9 months; the same was true with
1: 10 vaccines.

Considerations of results in mice lead to specula-
tion about the ways that vaccine protection might be
manifested against Myco. leprae in humans. If the
protection were exerted against the potentially infec-
tious inoculum, the result might be simple preven-
tion, or perhaps delay, of clinical disease. If the
protection were directed against the new growth of
Myco. leprae in the subject, the result might be a
stabilization of the infection at an early stage, or
perhaps a greater tendency for minimal disease to
resolve. Our background of experience with more
acute disease has a tendency to condition us to
think of vaccine prevention as a single event in the
infectious process. However, Myco. leprae infections
develop extremely slowly in humans also, and it
seems reasonable to assume that a protective effect
could be exerted at various times in the infectious
process. In this report, the slowness of the animal
infection may have served a useful purpose in forcing
attention on the lateness of the immune response
and its effect on a slowly developing infection.

RISUMI

L'auteur rappelle ses travaux anterieurs demontrant
que la vaccination par le BCG confere a la souris une
certaine protection contre l'infection par Mycobacterium
leprae. Ces etudes avaient e faites en utilisant une
preparation vaccinale liquide. 11 a paru int6ressant
d'6valuer l'efficacit6 de deux vaccins BCG lyophilises,
une preparation Glaxo et une preparation japonaise,

et de la comparer a celle manifest6e par le vaccin BCG
liquide experimente pr&cedemment.
Des souris ont recu par voie intradermique 0,01 mg

de l'une ou l'autre de ces trois preparations vaccinales,
i des dilutions de 1: 1, 1: 10 et 1: 100, de fagon que
les doses immunisantes comportent pour chaque pr6pa-
ration une masse bact6rienne equivalente. Pour chacun
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des groupes ainsi vaccin6s, on a constitu6 un groupe de
souris temoins auxquelles on a administre uniquement
du solute salin tamponne et additionne de Tween 80.
Apres 32 jours, on a pratique dans le coussinet plantaire
de chaque souris une inoculation d'epreuve de Myco.
leprae A la dose de 5 x 103 germes. A partir du 3e mois
suivant l'inoculation, on a verifie mensuellement la
croissance bacterienne chez les souris temoins, et des
que le nombre de germes a atteint la valeur seuil de 1 x 106,
on a procede A des numerations du meme ordre chez
toutes les souris. Ces comptages ont ete repetes A
intervalle de 3 mois.
Tous les vaccins se sont montres actifs et ont confere

une nette protection, mais il n'a pas e possible d'iden-
tifier le meilleur d'entre eux en raison d'une discordance

entre les resultats des numerations au 6e et au 9e mois
chez les souris vaccinees. En effet, au 6e mois, les donnees
fournies par les comptages concordaient parfaitement
avec l'importance des doses vaccinales utilis6es et l'on
pouvait classer les pr6parations suivant leur pouvoir
protecteur. Au 9e mois, en revanche, les valeurs relatives
d'activit6 des deux vaccins lyophilis6s etaient inversees
et le rapport entre la dose vaccinale et le degr6 de pro-
tection variait pour chacune des preparations.

L'auteur met l'accent sur la lenteur de la croissance
de Myco. leprae et sur les delais n6cessaires a l'obtention
d'une reponse immunitaire A la suite d'une vaccination
par le BCG. I1 examine l'importance de ces particularites
en ce qui conceme la pr6vention de l'infection chez
l'homme.
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