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Inactivated Brucella abortus organisms of the smooth (S) or rough (R) strain
were tested comparatively on two T-dependent immune responses: mixed-lym-
phocyte reaction and delayed-type hypersensitivity. The intravenous injection of
S organisms depressed the two tests, whereas R organisms increased mixed-
lymphocyte reaction and did not alter delayed-type hypersensitivity significantly.
This observation may be helpful in understanding the differences in adjuvant
properties of S and R brucellae.

Heat-inactivated Brucella abortus, an anti-
tumor agent in mice (2), can alter the antibody
response against sheep erythrocyte (SRBC) an-
tigens (7). Recently, smooth (S)- and rough (R)-
phase cultured organisms were shown to affect
differently the anti-SRBC response. In particu-
lar, R preparations, but not S, increased the
number of antibody-forming spleen cells 4 days
after intravenous (i.v.) injection in a mixture
with SRBC (3). In the present work, it was
questioned whether the different adjuvant prop-
erties of the two bacterial strains also applied to
thymus-dependent immune reactions.
As previously reported (3), B. abortus strain

B19 was used to prepare S (B19S) and R (B19R)
heat-killed organisms. The bacterial suspensions
were injected i.v. into (C57B16/DBA2) F, hybrid,
6-week-old female mice (Centre National de la
Recherche Scientifique, Orleans).The doses in-
dicated in the figures are expressed in dry
weight.

Mixed-lymphocyte-reaction (MLR) experi-
ments were performed with spleen cells pooled
from groups of four F1 mice pretreated or not
with B19S or B19R organisms. Cell suspensions
at 1.5 x 107 per ml of culture medium (RPMI
1640 [Difco] supplemented with 10% fetal calf
serum [Flow]) were added to equal quantities of
mitomycin-treated spleen cells (mitomycin C
[Sigma], 20 ,ug/ml, 37°C, 30 min). The mitomy-
cin-treated cells were sampled either from nor-
mal Swiss mice for the stimulated cultures or
from normal F1 mice for the control cultures.
Cultures were done in six replicates in Microtest
II plates (Greiner), using 0.2 ml of cell suspension
per well. After 3 days of incubation at 37°C in a
5% C02-air mixture, 1 ,uCi of [3H]thymidine

(TMM 48B, Saclay) was added in each well.
After 24 h of additional incubation, the cells
were removed with a multiple automatic sample
harvester (Dynatech), and their radioactivity
was counted. The MLR index was expressed as
a ratio of mean radioactivity in stimulated cul-
tures to that in control cultures.
The delayed-type hypersensitivity (DTH) to

SRBC antigens was measured according to the
technique of Lagrange et al. (1). Briefly, groups
of 5 mice (15 for the controls) pretreated or not
with Brucella preparations were sensitized by
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DAYS AFTER BRUCELLA INJECTION
FIG. 1. One-way MLR ofspleen cells sampled 1 to

9 days after iv. injection of B. abortus. Symbols: (0)
50 .g ofB19S; (0) 50 pg ofB19R; (A) 150 pg ofB19S;
(A) 150 pg ofB19R; (U) 500 pg ofB19S; (O) 500 pg of
B19R.
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FIG. 2. DTH to SRBC, injecting SRBC at different times after treatment with 500 jg of B. abortus B19S
(hatched bar) or B19R (dotted bar).

i.v. injection of 106 SRBC. Four days later they
were challenged with 108 SRBC injected into
one hind footpad. The following day the swelling
provoked by the reaction was measured by the
difference in thickness between hind footpads.
The thymus dependency of this reaction has
been well established (4).
The results of MLR experiments are shown in

Fig. 1. Preinjection of B19S organisms clearly
diminished the ability of spleen cells to mount
a response. The effect, still attenuated with 50
jig of organisms, was very clear-cut, using injec-
tions of 150 and 500 ttg. The diminution of reac-
tivity reached its maximum on day 2 and lasted
for a longer time with 500 than with 150 jig. In
contrast, B19R-pretreated animals had a gener-
ally increased response.
DTH to SRBC antigens also was affected by

prior treatment with Brucella organisms. The
inoculation of 500 Mg of B19S immediately pro-
voked a diminution of the reaction, which was
still apparent on day 10 and returned to normal
on day 20 (Fig. 2). In contrast, B19R did not
alter the response significantly.

Thus, the two tests were in agreement in
showing that B19S depressed T-dependent re-
actions whereas B19R did not affect or increased
them. These opposite effects may explain results
previously obtained (3) on the anti-SRBC anti-
body response: B19S and B19R may have acted
differently on the T-dependent control of the
response, with B19S activating suppressor cells
and B19R activating helper cells.
The depression of T-dependent responses

seems to be related to the i.v. method of injection
of B19S organisms. Indeed, after subcutaneous
inoculation in a mixture with SRBC, B19S was
shown to increase the DTH to the antigen
strongly. Used with Freund incomplete adju-
vant, it was very effective in inducing experi-

mental allergic encephalitis (unpublished data).
Corynebacterium parvum exhibits similar prop-
erties. Injected i.v., it was shown to depress
MLR, phytohemagglutinin reactivity, and graft-
versus-host reaction (6), whereas when used in
Freund adjuvant it induced DTH (5).
The nondiminution of T-dependent responses

after i.v. injection of B19R, a bacterium devoid
of surface agglutinogens, suggests that the strong
antigenicity of B19S plays an important part in
the genesis of the depression of T-cell-mediated
reactivity.
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