ENpoTtoxIN AND BCG VACCINATION

height of antibody production. 3. It has been
tentatively concluded that the action 6-MP
is on the primary antibody response, rather
than on the anamnestic response.
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The establishment of tolerance to endo-
toxins derived from gram negative bacteria
upon repeated injection is attributed to in-
creased activity of the reticulo-endothelial
system (RES). Tolerance is effective against
many manifestations of endotoxin activity,
such as fever, leukopenia, shock, and Shwartz-
man reactions(1) and may last in mice for 4
months(2). Single or repeated injections of
endotoxin result in increased clearance of par-
ticles or large molecules from the blood stream

by the RES(3). Similarly, infection with viru--

lent tubercle bacilli or vaccination with BCG
were found to result in increased clearance
by the RES(4). In view of these findings it
appeared possible that BCG vaccination might
induce tolerance to endotoxin. This view is
supported by the fact that a single injection
of endotoxin increases resistance to tubercu-
lous infection(5) indicating some relationship
of the host’s reaction to these 2 biologically
active agents. Experiments were therefore
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undertaken to study the reaction of mice in-
fected with tubercle bacilli to endotoxin de-
rived from gram negative bacteria.

Methods and materials. Swiss albino mice
of the Webster strain were used. Lipopoly-
saccharide was prepared according to the
technic described by Westphal and Liideritz
from a strain of E. coli B(6). Preparations
were also obtained from the Difco Labora-
tories, Detroit, Mich. (Lipopolysaccharide E.
coli 026:B6) and from Wander S. A., Berne,
Switzerland (Pyrexal Wander).? The lipo-
polysaccharide was suspended in physiological
solution of sodium chloride and was injected
intraperitoneally. For vaccination 0.2 ml of
a BCG$ culture grown for 7 to 10 days in the
liquid tween-albumin medium was injected in-
travenously. In some experiments cord fac-
tor derived from virulent tubercle bacilli| was

1 The authors are grateful to Dr. E. Eichenberger,
Wander S. A., Berne, Switzerland, for supply of this
material.

§ BCG was obtained from the Henry Phipps Inst.,
Philadelphia, Pa.

| Cord factor was kindly supplied by Dr. Hubert
Bloch, Dept. of Microbiology, Univ. of Pittsburgh
Medical School, Pittsburgh, Pa.
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used for the preparatory injection. Cord fac-
tor was dissolved in mineral oil (25 pg/ml)
and 0.2 ml (i.e. 5 ug) was injected intraperi-
toneally twice at a 48-hour interval. In each
experiment LD;)’s were determined simul-
taneously in control and experimental animals
by injecting intraperitoneally groups of 3
to 5 mice each with dilutions of lipopolysac-
charide containing 1,000, 100, 10 and 1 pg
per dose (0.5 ml) respectively. Deaths were
recorded up to 72 hours. All animals were
usually tested 7 to 10 days after the prepara-
tory injection with BCG or cord factor.

For evaluation of the results the square root
of dosage units was used, because the square
root transformation yielded a closer approxi-
mation to a straight line upon probit trans-
formation of the ordinate, than did the loga-
rithmic transformation. A probit equation
using the maximum likelihood method was
then fitted to the groups to obtain an LD;,
and a standard deviation(7).

Results. The results are summarized in
Fig. 1, in which each bar represents the square
root of the LD;, in ug, the bracket indicating
2 standard deviation limits. 1) Effect of vac-
cination with BCG on sensitivity to endo-
toxin: (Chart A) The LD;, for endotoxin
was 357 pg in control mice and 7 pg in mice
which had been vaccinated 7 to 10 days pre-
viously. The course of the shock induced by
endotoxin in vaccinated animals appeared to
be more acute than in controls, i.c. death
usually occurred within 6 to 10 hours in the
vaccinated group and within 12 to 48 hours
in the controls. When mice were tested with
endotoxin at various intervals of time after
vaccination, some increase of susceptibility to
endotoxin became manifest within one to 3
days after injection of BCG. A rather sudden
change of LDj;, appeared between the 5th
and 7th day after vaccination (Fig. 1, chart
A). The state of hyperreactivity was still
detectable 70 days after vaccination. 2) Ef-
fect of cord factor derived from tubercle
bacilli on sensitivity to endotoxin. In an at-
tempt to investigate whether any single com-
ponent of tubercle bacilli could induce a simi-
lar state of hyperreactivity to endotoxin, the
cord factor, isolated by Bloch from tubercle
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FIG. 1. Mean of square roots of LDs, of endotoxin
in pg in mice pretreated with BCG, cord factor or
mineral oil. The brackets indicate 2 standard de-
viation limits. Chart 4 : Comparison of LD, in con-
trol mice with that in mice vaccinated with BCG
1 to 3 and 7 to 27 days previously. Chart B: Com-
parison of effect of pretreatment with cord faetor,
BCG and mineral oil.

bacilli was selected. This component, a tre-
halose dimycolate, is known to cause death of
mice after repeated injections of small doses
(8). Cord factor dissolved in mineral oil was
injected twice and the mice were challenged
with endotoxin 7 days later. The LDyy’s
were as follows (Fig. 1, chart B): In mice
which had received cord factor 15 ug, in con-
trols injected with mineral oil 441 pg and in
BCG vaccinated animals 6 pg.

Discussion. Contrary to expectation, the
results clearly indicate that mice infected
with an attenuated strain of tubercle bacilli,
namely BCG, became highly sensitive to le-
thal doses of lipopolysaccharide derived from
gram negative bacteria. This hyperreactiv-
ity appeared within 5 to 7 days and lasted for
at least 70 days. In preliminary experiments
in which mice were infected with a virulent
strain of tubercle bacilli, a similar degree of
hyperreactivity to endotoxin was found. Com-
pared with the effect of BCG vaccination, no
correlation existed between severity of infec-
tion and degree of hyperreactivity to endo-
toxin. It is known from earlier experiments
that certain acute and subacute bacterial in-
fections induce a state of increased sensitivity
to bacterial endotoxins. That is, a single in-
jection of bacterial culture filtrate or prepara-
tions of endotoxin causes a generalized
Shwartzman reaction in rabbits or guinea pigs
which have an active infection with cholera
bacilli, streptococci or Coxiella burneti(9).
In these experiments, the animals were tested
one or 2 days after infection. When guinea
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pigs were injected with a large dose of tu-
bercle bacilli (5 to 10 mg) and challenged
intraperitoneally with either suspensions of
heat killed E. coli or with culture filtrates,
the animals showed a much more severe re-
sponse than control animals leading to shock
and death(10). The high degree of reactivity
to these materials was interpreted as depend-
ing upon the persistence of nodular lesions
within the omentum due to deposit of large
masses of BCG. The mechanism of this hy-
perreactivity is unknown and usually de-
scribed as a generalized Shwartzman phe-
nomenon. Sufficient data are not available
from our experiments to decide whether this
high degree of sensitivity coincides with or is
dependent upon actual multiplication of tu-
bercle bacilli. It had been shown that BCG
multiplies in tissues of mice for approximately
2 to 3 weeks, and that the population of ba-
cilli declines gradually thereafter(11). In
our experiments the state of hyperreactivity
was demonstrable beyond this time, and prob-
ably not related to continued growth of bacilli
in the tissues.

The fact that cord factor, a trehalose dimy-
colate derived from virulent tubercle bacilli,
induced a similar state of hyperreactivity as
did BCG, would indicate that this reactivity
was not related to delayed hypersensitivity to
tuberculin, because cord factor does not in-
duce tuberculin hypersensitivity of this type.
Recently it has been shown that tuberculin
shock in guinea pigs may be due to a gener-
alized Shwartzman reaction rather than to
an immunological reaction of the delayed
type. These conclusions were based on the
fact that tuberculin sensitive guinea pigs re-
sisted high doses of tuberculin when they
were rendered tolerant by repeated injections
of lipopolysaccharide from E. coli(12). Ex-
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periments are in progress to investigate the
mechanism of the phenomenon here described
and to explore its possible role in pathogene-
sis of the tuberculous infection.

Summary. 1. It is shown that a single in-
travenous injection of BCG in mice induces a
state of hyperreactivity to bacterial endotoxin.
The LDj, for E. coli lipopolysaccharide is de-
creased from 357 pg in controls to 6 or 7 pg
in BCG vaccinated animals. This change ap-
pears around the 5th day after vaccination.
2. Trehalose dimycolate, a component derived
from virulent tubercle bacilli induces a simi-
lar state of hyperreactivity to endotoxin
upon single or repeated injections.

1. Thomas, L., in Benacerraf, B., and Delafresnaye,
J. F., Physiopathology of the Reticulo-Endothelial
System, Charles C. Thomas, Springfield, Ill, 1957,
p226. ) :

2. Abernathy, R. S., J. Immunol., 1957, vi8, 387.

3. Benacerraf, B., Sebertyen, M. M., Fed. Proc.,
1957, v16, 860.

4, Biozzi, G., Halpern, B. N., Benacerraf, B., Stiffel,
C;, in Benacerraf, B., and Delafresnaye, J. F., Physio-
pathology of the Reticulo-Endothelial System,
Charles C. Thomas, Springfield, IIl., 1957, p204.

5. Dubos, R. J., Schaedler, R. W., J. Exp. Med.,
1956, v104, 53. ‘

6. Westphal, P., Liideritz, O., Bister, F., Z. Natur-
forsckg., 1952, v7b, 148. v

7. Finney, D. J., Probit Analysis, Cambridge Univ.
Press, 1952. -

8. Noll, H, Adv. Tuberc. Research, S. Karger,
Basel, New York, 1956, v7, 149.

9. Pirsch, J. B., Mika, L. A, Van der Maaten,
M. J., Proc. Soc. Exe. Bior. ANp MEb., 1957, v96,
376.

10. Bordet, P., Ann. Inst. Pasteur, 1936, v56, 325.

11. Pierce, C. H., Dubos, R. J., Schaefer, W. B., J.
Exp. Med., 1953, v97, 189,

12. Stettson, C., Jr., Fed. Proc., 1958, .v17, 536.

Received July 11, 1958. PSE.BM., 1958, v99.



