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Abstract

Two attenuated bacillus Calmette-Guérin (BCG) preparations derived
from the same Moreau strain, Copenhagen but grown in Sauton
medium containing starch and bacto-peptone (onco BCG, O-BCG), or
asparagine (intradermal BCG, ID-BCG), exhibited indistinguishable
DNA sequences and bacterial morphology. The number of viable
bacilli recovered from spleen, liver and lungs was approximately the
same in mice inoculated with the vaccines and was similarly reduced
(over 90%) in mice previously immunized with either BCG vaccine.
The humoral immune response evoked by the vaccines was, however,
distinct. Spleen cell proliferation accompanying the growth of bacilli
in tissue was significantly higher in mice inoculated with O-BCG.
These cells proliferated in vitro upon challenge with the correspond-
ing BCG extract. Previous cell treatment with mAb anti-CD4 T cells
abolished this effect. Anti-BCG antibodies, as assayed either in serum
by ELISA or by determining the number of antibody-producing spleen
cells by the spot-ELISA method, were significantly higher in mice
inoculated with ID-BCG. Anti-BCG antibodies were detected in all
immunoglobulin classes, but they were more prevalent in IgG with the
following distribution among its isotypes: IgG1>(IgG2a = IgG2b)>
IgG3. When some well-characterized Mycobacterium tuberculosis
antigens were used as substitutes for BCG extracts in ELISA, although
antibodies against the 65-kDa and 96-kDa proteins were detected
significantly, antibodies against the 71-kDa, 38-kDa proteins and
lipoarabinomannan were only barely detected or even absent. These
results indicate that BCG bacilli cultured in Sauton-asparagine medi-
um permitted the multiplication of bacilli, tending to induce a stronger
humoral immune response as compared with bacilli grown in Sauton-
starch/bacto-peptone-enriched medium.
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Introduction

Immunization of humans with bacillus
Calmette-Guérin (BCG) as a measure to con-

trol tuberculosis has been applied worldwide
for several decades (1-4). However, the de-
gree of protection against tuberculosis con-
ferred by BCG has varied enormously in
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different studies undertaken to validate its
efficacy, with some studies indicating a level
of protection as high as 80% and others
reporting no protection whatsoever. Several
hypotheses have been put forward to explain
this very large degree of variability in protec-
tion, such as the strain of BCG used for
vaccination (5-7), the effect of environmen-
tal mycobacteria on the population (8), and
early infection in geographic areas with a
high tuberculosis prevalence. Although these
as well as other hypotheses may be invoked,
no conclusive evidence has been provided
so far for any of them (for reviews, see 1-3).
Nevertheless, and in spite of the low degree
of protection obtained, many countries have
continued the BCG vaccination programs
because they tend to reduce the incidence of
the more severe forms of the disease, which
lead to mortality, especially amongst chil-
dren (4).

Unquestionably, there is a very close an-
tigenic and taxonomic proximity between
Mycobacterium bovis BCG and M. tubercu-
losis that leads to strong cross-reactive im-
munity and demonstrable protection against
tuberculosis in experimental animals such as
guinea pigs vaccinated with BCG (9). There
is no knowledge, so far, about which compo-
nents present in dead and/or live BCG are
necessary and sufficient to generate protec-
tive immunity, and whether these very com-
ponents are also responsible for the extremely
variable protection seen in humans. Such
question, if answered in an unambiguous
way, would be of great significance for fu-
ture vaccination strategies for tuberculosis,
as well as for a better understanding of which
immune mechanisms are important for pro-
tection against intracellular bacteria and how
they can be activated in human subjects.

Regardless of the strategy used to im-
prove upon the BCG vaccines currently avail-
able, it is quite evident that a better descrip-
tion of the immunity generated by BCG vac-
cination either in humans or in experimental
animals would be extremely useful not only

for understanding the puzzling questions
about BCG vaccination and the variability of
its results in the human population, but also
in providing useful information for the gen-
eration of better vaccines, whether of the
recombinant or synthetic type. However, the
problem of empirically assessing the influ-
ence that several variables might have upon
immune protection is really great if we con-
sider the enormous number of variables to be
evaluated. These variables include, for in-
stance, differences between BCG strains used
for vaccine preparation (6,10-12) and varia-
tions in the methodology for vaccine manu-
facture that could result in important pheno-
typic differences when BCG invade host
cells, multiply and express different anti-
gens inside macrophages. In addition, varia-
tions such as the experimental animal cho-
sen for the test and their size and the route of
vaccination do play significant roles (9,13).

The purpose of this paper was to deter-
mine whether some variations in the compo-
sition of BCG culture media and in the final
processing of the vaccines influence their
capacity to induce a humoral immune re-
sponse in mice. One of the vaccines, the
intradermal BCG (ID-BCG), was cultured in
Sauton-asparagine medium and lyophilized,
and the other, the onco BCG (O-BCG), was
cultured in Sauton-starch/bacto-peptone-
enriched medium, and both were kept as
liquid suspensions. In Brazil, ID-BCG has
been currently used in vaccination programs,
and O-BCG has been sporadically used as an
immune stimulant during the treatment of
some tumors. These two vaccine prepara-
tions were selected for the purposes of
the present study.

Material and Methods

Animals

Male BALB/c mice (20-22 g body weight),
free of agents causing murine diseases, were
supplied by Instituto Butantan (São Paulo, SP,
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Brazil). The animals were housed in standard
facilities, with free access to water and food.
All animals were maintained under strict ethi-
cal conditions according to international rec-
ommendations (14).

BCG preparations

Attenuated M. bovis were derived from
BCG, Moreau strain, Copenhagen, seed # July
1978. Samples of the BCG seed were grown as
a surface pellicle on Sauton-potato solid medi-
um for 15 days at 37oC and the pellicles
containing bacilli were removed and trans-
ferred to Sauton-asparagine liquid medium to
obtain the ID-BCG, or to Sauton-starch/bacto-
peptone-enriched liquid medium (Instituto
Viscondessa de Morais medium) to obtain O-
BCG. ID-BCG and O-BCG were maintained
in these media at 37oC for 7 and 11 days,
respectively. The Sauton-asparagine liquid
medium contained 4.0 g asparagine, 0.5 g
sodium-potassium phosphate, 0.5 g magne-
sium sulfate, 2.41 g citric acid, 60 ml glycerol,
and 0.495 g green ferric ammonium citrate in
940 ml of distilled water, whereas the Sauton-
starch/bacto-peptone-enriched medium con-
tained 1.0 g soluble starch, 16.6 g bacto-pep-
tone, 0.5 g sodium-potassium phosphate, 0.5 g
magnesium sulfate, 2.41 g citric acid, 60.0 ml
glycerol and 0.495 g green ferric ammonium
citrate in the same volume of water. The pH of
both media was adjusted to 7.2-7.25 with 10%
NaOH and the media were sterilized by suc-
cessive passage through 0.45- and 0.22-nm
millipore membrane filters. The bacilli were
removed by filtration, homogenized, resus-
pended in sterile physiologic solution and dis-
tributed into appropriate vials. Since these
BCG vaccines are prepared to immunize chil-
dren against tuberculosis (ID-BCG) or to treat
some forms of tumors (O-BCG) they were
submitted to quality control measures in order
to verify if they met the World Health Organ-
ization requirements (15), such as the pres-
ence of viable bacilli with the morphological
characteristics of BCG in an amount of colony-

forming units (CFU) never below 2 x 106 and
the absence of other contaminating bacteria
and of toxic substances. ID-BCG is lyophilized
whereas O-BCG is kept as a fluid suspension.
ID-BCG and O-BCG must be used within 2
years and 35 days, respectively. Samples from
both BCG preparations were removed, some
were used for DNA analysis and protein con-
tent determination, while others were spread
on Löwenstein-Jensen medium for analysis of
colony formation after 14 days of incubation
at 37oC, of the morphology of the bacilli after
staining with the Ziehl-Neelsen method and to
determine if they were free of contamination
with other microorganisms. The protein con-
tents in both BCG preparations were deter-
mined by the method of Lowry et al. (16).
After confirming that the BCG preparations
contained only bacillus Calmette-Guérin, the
bacillus suspensions were adjusted to 1.5 x 106

CFU/ml and 1 mg of total protein/ml. DNA
analysis was performed by Dr. C. Martin,
Universidad de Zaragoza, Spain, using the
DR-PCR-spoligotyping method (17). To be
used in these experiments, samples of O-BCG
or ID-BCG were passed through 20-µm mem-
brane filters and the resulting bacterial cell
masses were washed twice with sterile PBS,
pH 7.4, and used either as a living bacterial
suspension (LBS) or as a crude bacterial ex-
tract (CBE) after sonication in a solution con-
taining 10 mM Tris-HCl, 100 mM NaCl, 0.5%
SDS and 25 mM EDTA, pH 7.8. The protein
contents in both LBS and CBE were adjusted
to 1 mg/ml. LBS was used as immunogen to
immunize BALB/c mice or rabbits, while CBE
was used as antigen to detect anti-BCG anti-
bodies by immunochemical methods.

Immunization

Groups of mice were immunized iv with
1.5 x 106 LBS of O-BCG or ID-BCG, while
the control groups were injected with saline.
Blood and spleens were collected on differ-
ent days after immunization. The blood
samples were allowed to stand until they
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formed a clot and the sera were used to
detect in vivo antibody production. The
spleens were weighed, the spleen cells were
harvested, their numbers counted with a
hemocytometer, and viability was determined
by Trypan blue exclusion. The splenic index
was calculated as described (18). The spleen
cells were suspended at 5 x 105 cells/ml in
supplemented RPMI 1640 medium contain-
ing 2 mM glutamine, 10% FCS, 100 U/ml
penicillin, and 100 µg/ml streptomycin. As
indicated, the spleen cell suspensions were
used either to determine the number of IgG
isotype anti-BCG antibody-producing cells
in vitro, or the number of cells capable of
proliferating upon challenge with BCG ex-
tracts.

Tissue distribution and in vivo
growth of BCG bacilli

To confirm the growth of BCG bacilli in
non-immunized and immunized mice, groups
of mice were similarly inoculated iv with the
BCG vaccines. Twenty-one days after inocu-
lation, groups of 5 mice inoculated iv with
LBS of O-BCG or ID-BCG (control groups)
were killed, and the spleen, liver and lungs
were removed, cut into small pieces and ho-
mogenized in sterile PBS. The tissue sus-
pensions were diluted in the same buffer at 1/
10, 1/100, 1/1,000 and 1/10,000 and spread on
Löwenstein-Jensen medium. After incubation
at 37oC for 28 days, the number of CFU was
counted. The results are reported as the num-
ber of CFU for each cell suspension in tripli-
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Figure 1 - Growth of BCG in nor-
mal and immunized mice. Two
groups of BALB/c mice (5 per
group) were inoculated iv with
1.5 x 106 CFU of O-BCG (panel
A) or ID-BCG (panel B). After 21
days the mice from one group
(control group, grey columns)
were sacrificed, their spleen,
liver and lungs were collected,
homogenized and grown in
Löwenstein-Jensen medium,
and the number of CFU was
counted 28 days later. The mice
of the other group (immunized
group, black columns) were chal-
lenged 28 days later with 1.5 x
106 CFU of the corresponding
BCG vaccine used in the first
inoculation. After 21 days the
mice were sacrificed, the organs
were collected and processed as
described, and the percentage
of viable bacilli recovered was
calculated.

cate. The other groups, also of 5 mice each
(immunized group), were allowed to continue
for an additional 4-week period and chal-
lenged with equal doses of LBS of the corre-
sponding BCG vaccine used for immuniza-
tion. The animals were killed 25 days later and
the spleens, livers and lungs removed and
processed as in the control group. The percent
reduction of recovered living bacilli from the
tissues of immunized mice was calculated
according to the equation: (number of CFU in
control mice - number of CFU in immunized
mice/number of CFU in control mice) x 100.

In vivo antibody production

Serum samples from blood of mice im-
munized with BCG vaccines were used to
titrate specific antibodies against whole BCG
bacilli by a standard enzyme-linked immu-
nosorbent assay (ELISA) (19). To determine
if the sera from immunized mice contained
specific antibodies to some relevant M. tu-
berculosis antigens they were tested also by
the ELISA method but using the 16-, 38-,
65-, 71-, 96-kDa proteins and the hetero-
polysaccharide lipoarabinomannan (a-
LAM), well-characterized M. tuberculosis
antigens, as probes.

In vitro antibody production and cell
proliferation

Spleen cell suspensions at 5 x 106 cells/
ml of supplemented RPMI 1640 were used
either to determine the number of IgG isotype-
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producing cells or to evaluate the T cell
stimulatory capacity of BCG vaccines. The
number of IgG isotype-producing cells was
determined by the spot-ELISA method (20),
using anti-mouse immunoglobulins IgG1,
IgG2a, IgG2b, IgG3 (Southern Biotechnol-
ogy Associates, Inc., Birmingham, AL, USA)
as probes. The T cell stimulatory capacity of
BCG vaccines was assessed by incubating
the spleen cells previously depleted of ad-
herent cells at 37oC under 5% CO2 for 3
days. Proliferation of T cells was monitored
by adding [3H]-thymidine (1 mCi/well; Amer-
sham Corporation, Arlington Heights, IL,
USA) to individual cultures on day 4 and
measuring in triplicate the incorporated ra-
dioactivity after 18 h. The results are re-
ported as the stimulating index which was
determined by dividing the radioactivity in-
corporated into cells treated with BCG ex-
tract by the radioactivity incorporated into
control cells. To evaluate the degree of TH
lymphocyte involvement in this putative cell
proliferation, the anti-CD4 GK-1.5 mAb
(American Culture Collection, Manassas,
VA, USA) was added (0.5 µg per well) to
some cultures before the addition of CBE
(100 µg). Percent inhibition was calculated
as a function of incorporated radioactivity in
the presence and absence of anti-CD4 mAb.

Statistical analysis

Data are reported as the mean ± SD.
Statistical analysis was performed by the
Student t-test and the level of significance
was set at P<0.05.

Results

Morphology

O-BCG and ID-BCG bacilli yielded
spreading colonies upon culture at 37oC in
Löwenstein-Jensen medium. Both types of
bacilli appeared as pink rod-like bacteria
when visualized by Ziehl-Neelsen staining

Figure 2 - Spleen cell prolifera-
tion in BALB/c mice inoculated
iv with 1.5 x 106 CFU of O-BCG
or ID-BCG. The spleens were
collected 21 days after BCG in-
oculation and weighed, the cells
were harvested and counted
and the splenic index was calcu-
lated. Data are reported as mean
± SD for 5 mice per group.
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(data not shown).

DNA analysis

Analysis of DNA polymorphism for both
strains, done by typing the spacer oligo-
nucleotides of direct repeats using PCR-
spoligotyping analysis, revealed the same
pattern for O-BCG and ID-BCG, matching
that obtained with samples from the original
BCG Moreau strain, Copenhagen, used as
reference. Thus, by these criteria, O-BCG,
ID-BCG and the original seed strain appear
to be genetically indistinguishable (data not
shown).

Growth of BCG bacilli in non-immunized
and immunized mice

Viable bacilli were recovered from spleen,
liver and lungs of mice 21 days after inocu-
lation with O-BCG or ID-BCG as assayed by
CFU in Löwenstein-Jensen medium (Figure
1). This figure also shows that in the groups
of mice immunized 21 days before either
with O-BCG or with ID-BCG the amounts of
viable bacilli recovered from these organs
were significantly reduced (over 90%) as
compared with non-immunized control mice.

In vivo spleen cell proliferation in mice
inoculated with BCG vaccines

Figure 2 shows that in mice inoculated iv
with 1.5 x 106 viable BCG bacilli the number
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increased more than 10-fold as compared
with control mice.

In vitro spleen cell proliferation

Figure 3 shows that spleen cells har-
vested from mice inoculated iv 21 days be-
fore with 5 x 106 CFU of BCG and previ-
ously depleted of adherent cells, proliferate
upon challenging with soluble BCG anti-
gens. The proliferation, as evaluated by [3H]-
thymidine incorporation, occurred in a dose-
dependent fashion when stimulated with 10
to 100 µg of BCG extracts, declining there-
after. The ID-BCG peaked with 10 to 100 µg
of BCG extract while O-BCG peaked with
330 µg. This effect was significantly re-
duced (over 80%) when the cells were pre-
treated with a monoclonal antibody anti-
CD4 T lymphocyte membrane receptor be-
fore challenge with BCG antigens (Figure 3,
inset).

Antibody production

Inoculation of mice with O-BCG or ID-
BCG induced elevated antibody levels in a
dose-response fashion from 0.2 x 106 up to
0.8 x 106 CFU of injected BCG. With higher
doses the antibody titers increased or de-
creased sharply in mice immunized with ID-
BCG or O-BCG, respectively (data not
shown). With the dose of 1.5 x 106 CFU, an
intermediate dose that induces a patent but
not the highest response, the antibody titers
increased slowly until the 91st day after
immunization (Figure 4). Although anti-BCG
antibodies were detected in all immunoglo-
bulin classes, highest titers were found for
IgG according to the following order:
IgG1>IgG2a, IgG2b and IgG3, and IgG2a =
IgG2b (Figure 5). This figure also shows that
the antibody titers were higher in all IgG
subclasses in sera from mice immunized
with ID-BCG as compared with O-BCG.
Quite similar results were obtained by deter-
mining through the spot-ELISA method the

Figure 3 - In vitro proliferation of spleen cells harvested from BALB/c mice inoculated with
O-BCG (open squares) or ID-BCG (filled squares) vaccine. Samples of spleen cells previously
depleted of adherent cells were challenged with different doses of the corresponding BCG
extract at 37oC. Cell proliferation was assessed by [3H]-thymidine incorporation and ex-
pressed as incorporation index. Proliferation of CD4-bearing lymphocytes was inhibited by
pretreating the spleen cells with the specific monoclonal antibody GK-1.5 (inset).
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Figure 4 - Humoral immune response elicited by BCG. BALB/c mice were immunized iv
with 1.5 x 106 CFU of O-BCG (open squares) or ID-BCG (filled squares). Blood samples
were collected just before immunization and then at 7-day intervals until day 91. Anti-BCG
antibodies were detected by ELISA. Each point represents the mean ± SD of triplicate
readings of the sera diluted 1/1000 (O-BCG) or 1/4000 (ID-BCG).

of spleen cells was increased significantly
on day 21 after inoculation. In mice inocu-
lated with ID-BCG the number of cells in-
creased over 4-fold, whereas in mice inocu-
lated with O-BCG the number of cells were
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number of BCG antigen-specific antibody-
producing spleen cells harvested from mice
immunized 21 days before with BCG vac-
cines (Figure 6). Sera from mice immunized
with BCG vaccines were also able to recog-
nize, as assayed by ELISA, some relevant
antigens already identified in pathogenic my-
cobacteria as the 65- and 96-kDa proteins
present in virulent M. tuberculosis strain
H37Rv. Antibodies against the 16-, 38- and
71-kDa proteins, as well as the heteropoly-
saccharide a-LAM, also present in virulent
M. tuberculosis strain H37Rv, were barely
detected or were even absent (Figure 7).

Discussion

Since 1972 BCG vaccines, the intrader-
mal BCG or ID-BCG and the onco BCG or
O-BCG, are currently being manufactured
by Instituto Butantan. Both vaccines are de-
rived from the same Moreau strain, Copen-
hagen, seed # July 1978. ID-BCG is obtained
after cultivation of the bacilli in Sauton-
asparagine culture medium. This vaccine is
produced on a large scale and is supplied in
lyophilized form to the Brazilian national
health services to immunize children. O-
BCG is obtained after cultivation of the ba-
cilli in Sauton-starch/bacto-peptone-enriched
medium. This vaccine is produced on a small
scale and, when requested by legal medical
prescription, is supplied in liquid form to
treat patients with some types of tumors,
mainly bladder cancers.

ID-BCG is a part of the vaccine pool used
in the Brazilian immunization programs
against tuberculosis. Approximately 4 mil-
lion doses of this vaccine are used annually
(Instituto Butantan). BCG is a component of
the United Nations Expanded Program on
Immunization (UNEPI) and is the world�s
most widely used vaccine. Results of 21
large clinical trials of various BCG vaccines
have yielded conflicting data about the effi-
cacy of BCG in the prevention of tuberculo-
sis. Protective efficacy ranged from -10 to

Figure 5 - Distribution of anti-
BCG antibodies among immu-
noglobulin classes and IgG iso-
types. Blood samples were col-
lected 21 days after iv immuni-
zation with 1.5 x 106 CFU of O-
BCG (open columns) or ID-BCG
(filled columns). Anti-BCG anti-
bodies were detected by ELISA
using specific monoclonal anti-
bodies anti-immunoglobin iso-
types as probes. Each point rep-
resents the mean ± SD of tripli-
cate readings of the sera diluted
1/1000 (O-BCG) or 1/4000 (ID-
BCG).

Figure 6 - Enumeration of spleen
cells producing anti-BCG anti-
bodies. Spleen cells were col-
lected 21 days after iv immuni-
zation with O-BCG (open col-
umns) or ID-BCG (filled col-
umns). The IgG1, IgG2a, IgG2b
and IgG3 isotypes were identi-
fied by the spot-ELISA tech-
nique. Each point represents the
mean ± SD of cells from a group
of 5 mice.
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As there were no reports describing ex-
perimental studies on the immunological
properties of these two vaccines, we decided
to submit them to a systematic analysis. Rep-
resentative samples of each vaccine are be-
ing analyzed with respect to their antigenic
repertoire and their capacity to induce both
cellular and humoral immune responses in
mice. In this report we describe the general
parameters of the humoral immune response
induced in mice by comparable samples of
both vaccines.

Samples of each vaccine were prelimi-
narily analyzed with respect to their mor-
phology and DNA sequences. The morphol-

Figure 7 - Anti-Mycobacterium
tuberculosis antibodies in sera
of mice immunized with 1.5 x
106 CFU of O-BCG or ID-BCG.
Antibodies  against the 96-, 71-,
65-, 38- and 16-kDa proteins or
lipoarabinomannan (a-LAM)
from virulent M. tuberculosis
were detected by ELISA. Each
point represents the mean ± SD
of triplicate readings of the sera
diluted 1/1000 (O-BCG) or 1/4000
(ID-BCG). ns, Normal  serum.

81% in these studies (21). Meta-analyses of
these studies suggest that BCG vaccines are
approximately 50% protective against the
development of tuberculosis (22).

O-BCG vaccine, in contrast, has been
used as a nonspecific adjuvant therapy in
superficial bladder cancer (23-25), and some
parameters of the local immunity induced
upon intravesical BCG inoculation such as
the lymphocyte population invading the blad-
der tumor (26), the cytotoxic activity of pe-
ripheral blood lymphocytes harvested from
patients with bladder tumors and treated with
intravesical injection of BCG (27) or inter-
leukin production (28) have been analyzed.
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ogy of the bacilli present in the two vaccines,
as determined by their appearance after Ziehl-
Neelsen staining or by the appearance of the
colonies after growth in Löwenstein-Jensen
solid medium, was very similar. The DNA
sequences analyzed by PCR-spoligotyping
of both preparations and compared with the
original seed Moreau strain were indistin-
guishable. Therefore, the ID-BCG and O-
BCG preparations used in the present study
appear to be similar.

However, with respect to their genetic
similarity, before a definitive conclusion that
substitution of some culture medium com-
ponents or modifications of the conditions
used to obtain the final BCG preparations
such as lyophilization apparently did not
change the bacterial DNA sequence, genom-
ic data should be obtained and analyzed
using more informative methods. This cau-
tion is further justified by recent studies
conducted on M. tuberculosis, M. bovis, and
the various BCG daughter strains for a better
understanding of the differences among them.
Their genomic compositions were analyzed
by comparative hybridization experiments
carried out on a DNA microarray. Regions
deleted from BCG vaccines relative to the
virulent M. tuberculosis H3Rv reference
strain were confirmed by sequence across
the missing segment of the H3Rv genome.
Eleven regions encompassing 91 open read-
ing frames of H3Rv were found that were
absent from one or more virulent strains of
M. bovis. Five additional regions represent-
ing 38 open reading frames were present in
M. bovis but absent from some or all BCG
strains (29). These investigators claimed that
this is evidence for the ongoing evolution of
BCG strains since their original derivation.
Therefore, the substitution of culture medi-
um components may interfere with the ex-
pression of some genes, but not with the
genomic constitution.

When approximately 1.5 x 106 BCG ba-
cilli were injected iv into naive BALB/c
mice, amounts of viable bacilli varying from

1.8 x 104 to 1.2 x 105 were recovered from
spleen, liver and lungs (Figure 1). In these
organs the bacilli find the conditions they
need to multiply. However, when compa-
rable amounts of bacilli were inoculated into
mice previously immunized also with viable
bacilli, the recovery of viable bacilli was
drastically reduced (Figure 1). These results
indicate that the immunized mice presented
an effective protective immune response
against BCG. The large amounts of viable
bacilli in the organs analyzed was associated
with splenomegaly. Spleen enlargement,
however, was significantly greater in mice
inoculated with O-BCG rather than with ID-
BCG (Figure 2). Spleen cell proliferation
strongly contributed to splenomegaly as
shown by the splenic index in the figure,
which is calculated as a function of cell
number and spleen weight.

Spleen cells harvested from mice inocu-
lated with BCG proliferated in vitro upon
stimulation with soluble BCG bacterial ex-
tracts (Figure 3). This effect was strongly
inhibited when the cells were previously
treated with the mAb Gk-1.5, a monoclonal
antibody specific for CD4 coreceptor-bear-
ing T lymphocytes. CD4 molecules prima-
rily occur on TH cells (30).

Proliferation of CD4 T lymphocytes is
compatible with the high specific antibody
titers induced in mice after inoculation with
BCG (Figure 4). ID-BCG, the vaccine used
to immunize children against tuberculosis,
induced higher antibody titers than O-BCG.
These results were confirmed by counting
the number of antibody-producing cells pre-
sent in the spleen cell suspensions as well as
by determining the presence of anti-BCG
antibodies in the distinct immunoglobulin
classes or in the IgG isotypes (Figures 5 and
6). Antibodies against the 65- and 71-kDa
M. tuberculosis proteins were also detected
in sera from mice immunized with BCG
vaccines (Figure 7). There is considerable
evidence indicating that various mycobacte-
rial cell wall-associated proteins or determi-
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nants are involved in the interaction of viru-
lent and non-virulent M. tuberculosis strains
with the host cells. The 65-kDa protein, for
instance, is one of the potent delayed-type
hypersensitivity inductors (31). Today we
also know that the mycobacterial HSP65
antigen can confer protection equal to that
from live BCG vaccine on mice (32).

Since cell-mediated immunity plays a
major role in host defense against mycobac-
terial infections (33), the high antibody pro-
duction in ID-BCG-inoculated mice, the vac-
cine currently used to immunize against tu-
berculosis, was apparently unexpected. In
fact, human tuberculosis disease and the
immune state of the patients exhibit two
distinct patterns: one in which the disease is
characterized by localized lesions associ-
ated with a strong cell-mediated response
and the other characterized by disseminated
lesions associated with high serum antibody
levels and low skin reactivity to purified
protein derivative (PPD) (34). Compatible
results were obtained in another study in-
volving patients of different ages. In this
study on both adult and pediatric patients,
the skin reactivity to PPD was inversely
correlated with serum antibody levels (35).

It is clear, therefore, that the complex
cellular interactions and molecular recogni-
tion involved in mycobacterial infections
emphasize the necessity to stimulate relevant
combinations of interactions in order to
achieve the desired response. The lesson
learned from the natural history of tubercu-
losis clearly shows that stimulation of the
correct CD4 and T helper subsets producing
a relevant TH1 response is very important
for a favorable outcome of the infection for
the host. According to recent findings, it is
possible to immunize mice with specific pu-
rified proteins and generate protective im-
munity against viable M. tuberculosis (36,37).
Protocols using non-replicating M. tubercu-
losis DNA instead of purified mycobacterial

proteins have also been recently published
(38,39). In these experiments two exciting
observations were made: DNA vaccines not
only prevented M. tuberculosis infection in
mice but also exhibited a pronounced thera-
peutic action on heavily infected mice. Al-
though the exciting vaccine approaches us-
ing purified proteins or non-replicating DNA
are very promising, investigations with liv-
ing BCG must continue. Despite its well-
known limitations as a preventing measure,
BCG continues to be the only available large-
scale manufactured vaccine to prevent tu-
berculosis. Additionally, it is an excellent
non-pathogenic living source of proteins and
DNA, many of which sharing functions and
antigenic properties with those derived from
pathogenic mycobacteria.

Experiments designed to evaluate the
degree of cell immunity developed along
immunization with these two BCG vaccines
are in progress in our laboratory. Besides, a
systematic study for the definition of the
medium composition that could allow the
growth of BCG endowed mainly with the
ability to induce an effective cell-mediated
immune response is also in progress.
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