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Combined vaccination with BCG and toxoid antigens*
J. GULD,1 A. LADEFOGED,2 & W. RAMH0J3

Simultaneous vaccination with different antigens has been widely practised in recent
years. A notable example is percutaneous smallpox vaccination together with the intra-
dermal injection of BCG. In contrast, the potentially even more time-saving procedure of
combined vaccination (i.e., with vaccines mixed prior to injection) has been tried on only
a very limited, experimental scale. Combined vaccination with a mixture of BCG and
toxoids has not been suggested before. Such a mixed vaccine, with diphtheria and tetanus
toxoids, was used in experiments in vitro and in vivo.

No deleterious effect of toxoids on BCG was found in terms of reduction in oxygen
uptake, germination rate, or counts of viable particles. The dose-response relationships
(delayed hypersensitivity and skin reactivity) for BCG with and without added toxoids
were compared in guinea pigs and no differences were found. The antibody response in
guinea pigs to toxoids mixed with BCG or with aluminium hydroxide was measuredfollow-
ing both primary and booster immunization. The primary response to toxoids was lower
with BCG than with aluminium hydroxide. In booster immunization, the response was
identicalfor the two mixtures.

It appears that not only is a mixture of toxoids and BCG innocuous (given intra-
dermally) but also BCG may have an adjuvant effect on the production of antibodies to the
toxoids. Further experimentation is needed, first in the guinea pig model and later in pilot
trials in man, to establish suitable dose levels. Furthermore, since BCG may act as an
adjuvant both in producing antibodies and in the cell-mediated response to the toxoids, it
would be desirable to clarify the possible interaction of these two immune responses in
protection against disease.

The possibilities of improving the efficiency of
immunization programmes by giving two or more
vaccines at the same time have been investigated and
discussed for some years. This research has been
reviewed by Rey (1) and H. G. ten Dam (2).
Simultaneous vaccination with BCG and smallpox
vaccine at separate skin sites has been widely
practised in recent years. There are no immuno-
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logical drawbacks and the practice undoubtedly
carries some operational and logistic advantages.

Experience with combined vaccination (vaccines
mixed for injection in a single shot) is scanty except
for similar antigens-diphtheria-pertussis-tetanus
(DPT). Heyworth (3) injected a mixture of BCG
and smallpox vaccine intradermally in children by
Dermojet and apparently obtained satisfactory
results and no undue reactions. Chambon et al. a
carried out a controlled trial ofimmediate vaccination
reactions (tuberculin allergy, antibody titres), com-
paring mixed BCG and yellow fever vaccine with
the two vaccines given simultaneously at separate
sites, with each vaccine given alone, and with placebo.
Intradermal injections were given by Ped-O-Jet.
All the vaccines gave equally good results under all

a Chambon, L. et al. Combined BCG and yellow-fever
vaccination by Ped-O-Jet (1971) (Unpublished document
WHO/TB/71.88).
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these circumstances, and no undue reactions were
obtained.
A mixture of BCG and toxoids has not been

suggested before, though recent laboratory experi-
ments have shown BCG to act as a powerful
adjuvant (4-6). In the preliminary experiments
reported below, only diphtheria and tetanus were
included as being particularly uncomplicated anti-
gens.
Three problems presented themselves: whether the

toxoids or their additives would have a bacteriostatic
or bactericidal effect, whether the immune response
to BCG would be inhibited by the presence oftoxoids,
and whether BCG would have an adjuvant effect for
toxoids approaching that of aluminium hydroxide.
Furthermore, since the subcutaneous injection of
BCG results in abcess formation (7), a combined
BCG-toxoid vaccination in man would have to be
given intradermally; the difference, if any, in the
response to toxoids given subcutaneously and given
by the intradermal route would then also be of
interest.

MATERIALS AND METHODS

BCG vaccine
The BCG vaccine was prepared from surface

cultures of strain 1331 (Copenhagen). Two routine
batches of freeze-dried BCG were used: batch 179
for experiments 1 and 2 and batch 195 for experi-
ments 3, 4, and 5. Dosages were determined in
milligrams of moist weight as measured before
homogenization and freeze-drying.

In vitro assays ofBCG
All methods used are described in WHO/TB/Techn.

Guide/77.9 a

Toxoid preparations
The purified toxoids used were routine preparations

from the Serum and Vaccine Department (8).
Benzethonium chloride in a concentration of
1: 20 000 had been added to each stock solution as
a bacteriostatic. Stock solutions were diluted further
in isotonic saline.

Diphtheria toxoid, batch U, containing 1770 Lf/mg
of total nitrogen and 1880 Lf/mg of protein nitrogen
(nitrogen precipitated by trichloroacetic acid) was
used in experiments 1-4. Batch 0, containing 1820

a This unpublished document is obtainable from Chief,
Tuberculosis and Respiratory Infections, World Health
Organization, 1211 Geneva 27, Switzerland.

Lf/mg of total nitrogen and 1875 Lf/mg of protein
nitrogen, was used in experiment 5.

Tetanus toxoid, batch XXI, containing 1965 Lf/mg
of total nitrogen and 1970 Lf/mg of protein nitrogen
was used in experiments 1-4, and batch XNII,
containing 2335 Lf/mg of total nitrogen and
2420 Lf/mg of protein nitrogen, was used in experi-
ment 5.
For each of the four batches, one Lf corresponded

to approximately 3 pg of protein.

Aluminium hydroxide
Aluminium hydroxide gel containing 4.85 mg

ofAl per ml (Alhydrogen) was obtained from Super-
fos, Copenhagen.

Animals
Guineapigs (Ssc: AL, albino, outbred, Statens

Seruminstitut) weighing 400-500 g were used in
experiments 3 and 4, and guineapigs of 250-350 g
in experiment 5. In each experiment equal numbers
of males and females were used, and the animals
of each sex were randomized.

Antitoxin titration
Blood samples were taken by cardiac puncture 4

weeks after vaccination and haemagglutination
titres were measured according to the method
described by Stavitsky (9) and Scheibel (10), adapted
to the Microtiter system. Antitoxin concentrations
were measured in terms of international units,
and are given in terms of logarithms to the base
of 10 (log IU).

IN VITRO ACTION OF TOXOIDS ON BCG

There is no particular reason to believe that
toxoids, which are chemically inert proteins, should
have any effect on the BCG organism. However, the
toxoids had been inactivated with formol and, while
in this case the formol was removed by ultrafiltration,
traces left might still have had an adverse effect.
More important, benzethonium chloride-which is
a bacteriostatic and might act as such also on BCG-
had been added to the toxoids and could not be
removed before the present experiments.

Experiment 1: oxygen uptake
Oxygene uptake is a fast and fairly precise

measure of metabolic processes and is assumed to be
correlated with the amount of live bacterial mass.
For this experiment, freeze-dried BCG vaccine was
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Table 1: Oxygen uptake by BCG (jul per 20 mg of
BCG over 4 h) with and without toxoids and benze-
thonium chloride

Diphtheria toxoid Tetanus toxoid
Benzethonium

chloride toxoid oxygen toxoid oxyge(mg/I) activity oxygn .. oyge
(Ifmi) uptake (L/i uptake

0 0 62 0 57

0 0 63 0 not
repeated

2.1 125 67 42 64

4.2 250 67 83 57

8.3 500 58 167 52

16.7 1000 49 333 50

reconstituted with diluted Sauton medium and
mixed with various amounts of toxoids, always to
a final strength of 6.67 mg (moist weight) of BCG
per ml. Each of the two toxoids was used in a

separate experiment with BCG.
The oxygen uptake of20mg ofBCG was measured

over 4 h in a Warburg apparatus, starting 20-30 min
after the antigens had been mixed. The results
(Table 1) were promising in that the reduction in
oxygen uptake for the highest concentrations of
benzethonium chloride and toxoids was hardly
significant. An experiment with two other in vitro
methods was therefore conducted.

Experiment 2: germination rates and colony counts

Determination of the germination rate observed
under the microscope after 1-4 days is a semiquanti-
tative method yielding information on the proportion
of living and dead BCG organisms. Colony counts,
in this case on Loewenstein-Jensen medium, take
more time but give a quantitative estimate of
culturable particles.
The same antigens were used as in the previous

experiment. After mixing the antigens, further
dilution and inoculation were carried out after one

hour and again after storage (incubation) for 24 h
at 4°C. These experiments did not demonstrate any
suppressive effect of the toxoids on BCG (Table 2).
Thus, if a bacteriostatic effect exists, it must be so

slight that it could scarcely impede the in vivo
response to BCG.

IN VIVO RESPONSES TO BCG MIXED WIT TOXOIDS

Experiment 3a: allergic response in guinea pig to
BCG in the presence of toxoids
In this experiment, guinea pigs were vaccinated

with BCG at the relatively low dosage levels at which
the dose-response function is known to be steep in
this model (11). Small doses of BCG-750, 7.5, 1.9
and 0.47 ng (moist weight) of BCG per 0.1 ml-were
mixed with each of the two toxoids, the latter in the
dosages used for vaccination in man-i.e., dosages
larger than those routinely used for assays of toxoids
in guinea pigs. In addition, BCG was given with
benzethonium chloride without toxoids and, as a

Table 2. Germination rates and estimates of culturable particles of BCG (0.75 mg/ml) after incubation for 1 h
and for 24 h with toxoid and benzethonium chloride

Diphtheria toxoid Tetanus toxoid

czl)orid toxoid germination rate a culturable particles toxoid germination rate culturable particles(mg/ri)e ativity (% at 72 h) (millions per ml) ativiid (% at 72 h) (millions per ml)
(U/ml) 1 h 24 h 1 h 24 h (Lf/mI) I h 24 h 1 h 24 h

0 0 50 25-50 3.76 2.03 0 25-50 25-50 3.12 2.93

2.1 123 50 25 3.76 2.51 41 50-75 25-50 3.41 2.88

4.1 245 (25)-50 10-25 3.89 2.47 82 25-50 25 3.17 2.87

8.2 491 (25)-50 10-25 3.59 2.12 164 25-50 25-50 3.01 2.53

16.4 982 (25)-50 (25)-50 3.33 2.18 327 25-50 25-50 3.13 2.44

24.5 1473 (25)-50 10 3.42 1.83 491 25-50 25-50 3.13 2.23

a The result is considered to be closer to the figure not in parentheses.
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Table 3. Tuberculin reactions (diameter in mm, means for 6 animals each) 8 weeks
after intradermal injection of 0.1 ml of BCG suspension

BCG dose (ng per 0.1 ml)
Additive

no BCG 0.47 1.9 7.5 750

None 3.1 6.6 6.3 11.5 14.2

Benzethonium chloride
only (10 mg/I) 5.2 6.3 11.3 13.7

Diphtheria toxoid
(555 Lf/mI) and
benzethonium chloride
(10 mg/) 3.8 a 7.4 9.0 a 8.3 6.6 a 12.3 10.7 a 12.8 14.4 a

Tetanus toxoid
(125 Lf/ml) and
benzethonium chloride
(6.25 mg/I) 3.8a 8.1 4.0a 3.7 3.3a 6.8 9.5a 13.9 14.2a

a Blood samples taken at 4 weeks.

control, without any ofthese additives. No aluminium
hydroxide was used in this experiment. All vaccina-
tions were performed by intradermal injection of
0.1 ml of BCG suspension.
The following estimates of culturable particles of

BCG per mg (moist weight) were obtained at the
time of vaccination, for the four mixtures:

BCG with saline only
BCG with benzethonium chloride only
BCG with tetanus toxoid
BCG with diphtheria toxoid

4.4 x 106
4.8 x 106
6.1 x 106
6.2 x 1O6

For each of the 4 dosages of BCG in each of
these 4 mixtures, 6 animals were immunized-i.e., a

total of 96 animals. Another 6 animals received only
a placebo injection. The 8 groups given toxoids were

duplicated and supplemented with 2 groups given
toxoid but no BCG (Table 3). Blood samples were

taken from the latter 10 groups for antibody titration.
The immune response to BCG was measured 8

weeks later by intradermal tuberculin testing (with
10 TU of RT 23 with Tween 80, the diameter of the
reaction being measured after 24 hours). The mean

reaction size in each of the 27 groups of 6 animals
(Table 3) was related, as expected, to the dose of
BCG, but there was no reduction in the allergic
response in the presence of toxoids or of benzetho-
nium chloride alone.

Experiment 3b: antitoxin response

As a control, heterologous antibody concentra-
tions were estimated. Tetanus antitoxin in the sera

from animals immunized with diphtheria toxoid

(without BCG) was below -3.4 (log IU per ml);
and diphtheria antitoxin in sera from animals given
tetanus toxoid (without BCG) was below -2.5. The
homologous antitoxin concentrations were as follows:

BCG dose Diphtheria Tetanus
(ng/O.1 ml) (log IUper ml)

0
0.47
1.9
7.5

750

-0.48
-0.50
-0.55
-1.08
-0.67

0.18
0.50
0.40

-0.09
0.49

There was no significant adjuvant effect of BCG,
which is scarcely surprising considering the very low
BCG dosages.

Experiment 4: BCG-induced skin lesions in the
presence of toxoids
Observations of skin reactions at the site of intra-

dermal injection of BCG in guineapigs over several
weeks following vaccination is a useful safeguard
against unduly high activity of the vaccine (which
might imply a high complication rate in man),
especially in the case of newly developed products.

In this experiment, 4 intradermal injections of
0.1 ml each were given to each guineapig, 6 animals
being used for each of 4 antigen combinations. Two
of these were to compare BCG alone with BCG
mixed with either diphtheria toxoid or tetanus toxoid
(both with benzethonium chloride), the third to
compare BCG alone with BCG with benzethonium
chloride (no toxoid), and the fourth (as a check
of experimental error) to compare BCG alone with
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Table 4. Size of skin lesions (diameter in mm, means for 6 animals each) at the site
of intradermal injection of 0.1 ml of BCG suspension, after 4 weeks

BCG suspension

Additive 0.0075 mg/ml 0.075 mg/ml
without with without with
additive additive additive additive

None 0.3 0.9 4.9 5.0

Benzethonium chloride only (10 mg/I) 2.5 2.7 5.7 5.0

Diphtheria toxoid (555 Lf/mI) and
benzethonium chloride (10 mg/I) 1.3 2.9 4.8 5.3

Tetanus toxoid (125 If/ml) and
benzethonium chloride (6.25 mg/1) 2.3 1.8 5.0 5.1

BCG alone. Each BCG test was given in duplicate,
with 1/10 and 1/100 of the usual human dose, one
part of BCG suspension (0.75 mg/ml) being mixed
with either 9 or 99 parts of one of the following:
diphtheria toxoid (555 Lf/ml) and benzethonium
chloride (1 : 100000), tetanus toxoid (125 Lf/ml)
and benzethonium chloride, benzethonium chloride
alone, saline.

In Table 4 the lesion size observed 4 weeks after
injection is shown, each line giving the means
for each of 4 mixtures given to 6 animals. There was
obviously no significant effect of the additives,
compared with that of pure BCG suspensions.

COMPARISON OF THE ADJUVANT EFFECTS OF BCG
AND OF ALUMINIUM HYDROXIDE

Experiment 5a: primary immunization
Toxoids (diphtheria and tetanus, mixed) were given

with either aluminium hydroxide or BCG (but not
with both and not without adjuvant); either sub-
cutaneously or intradermally (always 0.1 ml); and
at either of two dosage levels-(1) the usual human
dose level for both toxoids (50 Lf for diphteria and
12.5 Lf for tetanus), for aluminium hydroxide
(0.34 mg), and for BCG (0.1 ml of a suspension of
0.75 mg/ml); or (2) for all components, at dose
levels 10 times lower.
The design was a simple factorial design of 24,

the factors being: BCG versus Al (OH)3; the full
human dosage of antigens versus a 1/10 dilution;
intradermal versus subcutaneous; and female versus
male guinea pigs. There were 64 animals: 4 for each
of the 16 treatment combinations. As in the previous
experiments, all factors not controlled were com-

pletely randomized and all readings were carried
out blindly. Titration of antitoxins was carried out
over 4 days in a partly stratified and partly random-
ized order, relative to the experimental factors.
An analysis of variance of the 64 estimates (in

terms of log IU per ml) after primary immunization
gave the following results for diphtheria antitoxin:

Mean Variance
difference ss d.f. ratio

BCG vs Al(OH),
Full dose vs 1/10
Intradermal vs subcuta-
neous

Female vs male
Interactions
Within groups
Error

-0.55 4.76 1 9.27
0.75 8.96 1 17.49

-0.30 1.43
-0.26 1.06

0.50
0.52
0.513

1
1

11
48
59

and for tetanus antitoxin:

BCG vs Al(OH),
Full dose vs 1/10
Intradermal vs subcuta-

neous
Female vs male
Interactions
Within groups
Error

Mean
difference

-0.88
0.87

s'

12.51
12.09

-0.09 0.12
-0.12 0.25

0.24
0.35
0.332

d.f.
1
1

2.79
2.07

Variance
ratio

37.68
36.42

1
1

11
48
59

Thus, for both toxoids, two contrasts are highly
significant. There is a clear dose effect and the
adjuvant effect of BCG (if any) is weaker than that
of aluminium hydroxide. Yet the mixture of toxoids
with BCG gave a quite substantial antitoxin response
-see Table 5(a)-as is apparent from the control
values for heterologous antitoxins in experiment 3b,
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Table 5. Antitoxin concentrations in guineapig
sera (mean log IU per ml) after primary and booster
immunization

Diphtheria antitoxin Tetanus antitoxin
Adjuvant Human 1/10 Human 1/10

dosage dosage dosage dosage

(a) Primary immunization

BCG 0.08 -0.49 0.10 -0.70

AI(OH)3 0.81 -0.12 0.84 0.12

(b) Booster immunization

BCG 2.31 1.17 2.39 1.59

AI(OH)3 1.81 1.79 2.08 1.72

which were below -2.5, log values at least 2 below
the homologous titres obtained with the BCG
mixture in experiment 5.

Experiment Sb: booster immunization
Four weeks after the primary immunization, a

booster immunization with the same 8 treatment
combinations was given to 62 of the animals (two
had died). It was decided to re-randomize the animals
completely.a
The analysis of variance gave the following values

for diphtheria toxoid:
Mean Variance

difference s' d.f. ratio

BCG vs Al(OH)3 -0.06 0.06 1 -
Fulldosevs 1l/10 0.57 5.29 1 3.64
Intradermal vs subcuta-

neous 0.33 1.70 1 1.17
Female vs male 0.44 3.15 1 2.17
Interactions 1.49 11 1.03
Within groups 1.44 46
Error 1.452 57

and for tetanus toxoid:
Mean Variance

difference s' d.f. ratio

BCG vs Al(OH)s 0.09 0.14 1 -
Full dose vs 1/10 0.58 5.42 1 5.02
Intradermal vs subcuta-

neous 0.48 3.63 1 3.36
Female vs male 0.36 2.12 1 1.96
Interactions 0.82 11 -
Within groups 1.14 46
Error 1.079 57

a To use the identical treatment for each animal the second
time would have confounded the booster response with the
primary treatment. A half-replicate containing one-half at
the possible combinations of 8 x 8 treatments in 32 animals
of each sex was thought inadvisable because of the risk of
missing further data-i.e., in addition to those lost because
two animals died.

There is still a barely significant (Pc'Q95 %) dose
effect, but the difference between toxoids with BCG
and toxoids adsorbed to aluminium hydroxide is no
longer in evidence. So in this situation the adjuvant
effects would appear to be close to equal. The
relevant means are given in Table 5(b), which com-
pared with Table 5(a) indicates a strong booster
effect in all cases.

DISCUSSION

The results obtained appear promising as far as
they go. However, the absolute levels of antibody
titre were unusually high for all treatments, and it
would seem desirable to carry out further animal
tests of the adjuvant effect of BCG at levels of
toxoids routinely used for antigen-potency estima-
tions of vaccines. It would also be desirable to test
the avidity of antibodies induced in guinea pigs.
Furthermore, toxoids without adjuvant would have
to be compared with toxoid-BCG mixtures to
demonstrate any adjuvant effect ofBCG particularly
in primary immunization. After the completion of
such experiments it may be possible to define the
most promising dose level of a toxoid-BCG mixture,
for vaccination in man,b in the first instance in
controlled pilot trials of antitoxin response to
toxoids and allergic response to BCG.
While the immune response to BCG (as to myco-

bacteria in general) is predominantly a cell-mediated
response, the response to toxoids is traditionally
assessed in terms of antibody activity. It is now
known that live BCG may act as adjuvant, as do
the killed mycobacteria in Freund's complete
adjuvant. Indeed, the report of a WHO Scientific
Group (6) contains (on page 14) the following
statement:

" Stimulation of cell-mediated immunity is best
achieved with a freshly prepared culture ofBCG contain-
ing a high proportion of live bacilli: the mode of prepara-
tion and preservation of bacterial suspensions and the
strains used are of importance for the efficiency of BCG
adjuvanticity. There is evidence that optimum activity
depends upon the use of bacteria from the pellicle growth
rather than from submerged culture. Killed bacilli act
mainly to increase circulating antibodies."

Crum & McGregor (5) conclude from their
findings that a protein may bind firmly to the BCG

b This would have to be given intradermally. Incidentally,
unplanned observations in one of the present experiments
indicated severe local reactions to the intradermal injections
of aluminium hydroxide.
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organisms and that, once bound, it tends not to be
displaced by incubation with a different protein.
They mention the possibility that "the bound
proteins masquerade as intrinsic mycobacterial
antigens ", thus causing delayed type hypersensitivity.
Thus, the association of cellular and serological

responses would seem to raise the question of the

possible interaction of the two types of immunity
in the protection of the immunized individual in
each particular disease-no doubt a much more
difficult problem than obtaining simple empirical
evidence about the antibody response to BCG-bound
protein, in experiments in animals and man.
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RXISUMI

LA VACCINATION COMBINfE AVEC UN MELANGE DE BCG ET D'ANATOXINES

La vaccination simultan6e avec differents antigenes est
pratiqu6e a grande 6chelle depuis quelques ann&es. Un
exemple notable en est fourni par l'administration per-
cutanee de vaccin antivariolique pratiqu6e en m8me temps
qu'une injection intradermique de BCG. En revanche la
vaccination combin6e (c'est-a-dire au moyen de vaccins
dont le melange a et6 oper6 pr6alablement a l'injection),
encore plus prometteuse sur le plan de l'economie de
temps, n'a et6 pratiqu6e que d'une maniere limit6e et a
titre experimental. La vaccination combin6e utilisant
un m6lange de BCG et d'anatoxines n'avait pas encore
ete envisag6e; cet article rend compte des experiences
effectuees in vitro et in vivo avec un vaccin de cet ordre,
associant au BCG des anatoxines dipht6rique et t6ta-
nique.
Chimiquement, les anatoxines sont des proteines

inertes dont on peut penser qu'elles ne sauraient avoir
par elles-memes d'effet nocif sur les microorganismes
vivants composant le BCG. Le formol utilise pour leur
inactivation a et6 elimine par ultrafiltration, mais il
se peut que des traces en aient subsist6 meme apres
cette operation. D'autre part, et c'est l& un el6ment
encore plus important, le chlorure de benzethonium
ajout6 aux anatoxines en tant que bacteriostatique n'a
pas pu etre elimine avant de proc6der aux experiences.
Quoiqu'il en soit, les examens in vitro de BCG incube
pendant une duree allant jusqu'a 24 heures avec des
preparations d'anatoxines n'ont pas revel6 de diminu-
tion de sa viabilite qui soit significative statistiquement
ou biologiquement. Ces examens ont compris: la mesure
de l'oxygene absorbe (au moyen de l'appareil de

Warburg), la determination au microscope du taux de
germination (qui renseigne sur la proportion des bacilles
BCG vivants) et l'estimation de la quantit6 de particules
cultivables au moyen d'un comptage des colonies sur
milieu solide de Loewenstein-Jensen.
Dans une serie d'experiences sur le cobaye, la r6ponse

immunitaire au BCG - mesuree par la reaction a la
tuberculine huit semaines apres la vaccination - a
vari6 selon la dose administree (dont la plus 6lev6e se
situait encore a un niveau relativement faible), mais elle
n'a pas ete sensiblement diff6rente selon que des ana-
toxines avaient 6te ajoutees au BCG (en quantit6 relati-
vement 6lev6e) ou non (Tableau 3).
Une r6action cutan6e locale se prolongeant pendant

plusieurs semaines apres l'injection intradermique de
BCG chez le cobaye est indicatrice d'une activite trop
6lev6e du vaccin. La lesion provoquee a donc et6 mesur6e
pour deux doses diff6rentes de BCG (1/1o et 1/100 de la
dose humaine normale) seules ou combinees avec la
quantite correspondante d'anatoxine dipht6rique ou
d'anatoxine tetanique. Quatre semaines apres l'injection,
on n'a pas observ6 de difference notable dans la reaction
aux diffrentes combinaisons (Tableau 4).
On a egalement voulu comparer la valeur en tant

qu'adjuvant du BCG et de l'hydroxyde d'aluminium en
comparant les titres d'antitoxines obtenus, encore que
les bacilles vivants soient censes susciter principalement
une reponse immunitaire a m6diation cellulaire. Deux
series d'experiences ont 6t6 faites: l'une dans le cadre de
la vaccination primaire, l'autre dans le cadre de la vacci-
nation de rappel. Un melange d'anatoxines diphterique
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et t6tanique combin6 soit au BCG soit a A1(OH), a ete
administr6. Dans chacun des deux cas, une exp6rience
a ete faite avec une dose des divers 6l6ments corres-
pondant soit a celle normalement utilis6e pour la vacci-
nation humaine, soit a 1/1o de cette dose. En outre,
chacune des quatre combinaisons ainsi obtenues a ete
administr6e par inijection soit sous-cutan6e soit intra-
dermique, et a des animaux miles et femelles. Dans
chaque cas, on a procede au titrage des antitoxines
dipht6riques et t6taniques sur un 6chantillon de s6rum
pr6lev6 un mois apres la vaccination. Lorsqu'il s'agissait
d'une primo-vaccination, les titres d'antitoxines ont 6t6
manifestement plus 6lev6s pour les combinaisons avec
Al(OH)8 qu'avec le BCG. La r6ponse a 6galement 6t6
notablement plus 6lev6e pour les doses dix fois plus
fortes des divers 6l6ments. Apres la vaccination de rappel,
en revanche, on n'a pas constat6 de difference appr6-
ciable entre les titres d'antitoxines (alors beaucoup plus
6lev6s) suscit6s soit par la combinaison avec le BCG soit
par celle utilisant AI(OH), comme adjuvant. Ces deux
substances peuvent donc servir l'une comme l'autre

d'adjuvant pour ce type de vaccination. En outre, les
r6sultats obtenus avec les deux concentrations utilis6es
ne diff6raient plus tres sensiblement. Aucune autre
diff6rence ni interaction statistiquement significatives
n'ont ete not6es, ni dans les exp6riences de primo-
vaccination, ni dans celles de vaccination de rappel.
On peut donc conclure non seulement a l'innocuite du

m6lange d'anatoxines et de BCG administre par injec-
tion intradermique, mais aussi a la valeur d'adjuvant du
BCG pour la production d'antitoxines. L'ex6cution
d'exp6riences visant A d6terminer les dosages les plus
ad6quats serait desirable, d'abord sur un mod6le animal
(cobaye) et ensuite sur l'homme sous forme d'essais
pilotes. D'autre part, le BCG s'etant rev616 pouvoir
agir comme adjuvant aussi bien pour la production
d'anticorps que pour l'apparition d'une immunit6
cellulaire a l'6gard des anatoxines, les possibilit6s
d'interaction entre ces deux types de r6ponse immuni-
taire pour la protection contre chacune des maladies en
cause devraient encore etre eclaircies.
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