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Summary &horbar; Living vaccines induce immunity by lymphoid organs colonization that persists for a
while before subsiding. Brucella abortus 19 vaccine injected into the footpad of mice was shown to
colonize the popliteal lymph node and the spleen for at least 15 days before progressive disappear-
ance. Administration of an immune serum before footpad vaccination restricted the colonization to
the popliteal lymph node. The serum did not interfere with immunity when this immunity was measu-
red by the virulent challenge spleen count method at least 90 days after vaccination. Immunity indu-
ced by lymph node restricted vaccination was very efficient 90 or 180 days after vaccination and was
not boosted by a second injection administered 90 days after the first. This immunity was however
about 20% lower, expressed in loglo spleen counts, than immunity induced by a non-restricted sys-
temic vaccination which in addition was boosted by a recall. Restricted vaccination may mainly trig-
ger the T-cell limb of immunity, whereas systemic vaccination triggers both humoral and cellular
effectors.
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Résumé &horbar; Immunité induite chez la souris contre Brucella abortus par restriction de la
souche vaccinale 19 au ganglion poplité. Les vaccins vivants provoquent une colonisation limi-
tée dans le temps de certains organes lymphoïdes qui induit l’immunité. La souche vaccinale Brucel-
la abortus 19 injectée dans le coussinet plantaire de la souris colonise le ganglion poplité et la rate
pendant 15 jours au moins avant d’être progressivement éliminée. La colonisation peut être res-
treinte au ganglion par l’injection d’un sérum antibrucella avant la vaccination. Le sérum n’interfère
pas notablement avec l’immunité mesurée par le niveau de l’infection splénique après épreuve viru-lente, si celle-ci a lieu au moins 90 jours après la vaccination. L’immunité induite par la colonisation
restreinte du ganglion mesurée 90 ou 180 jours après la vaccination est très efficace. Exprimée en
loglo du nombre de bactéries dans la rate, cette immunité est toutefois inférieure de 20%, à celle
résultant de la vaccination systémique non restreinte. De plus, contrairement à celle-ci, elle n’est
pas renforcée par une injection de rappel. La vaccination restreinte stimulerait préférentiellement
les effecteurs de l’immunité cellulaire alors que la vaccination systémique stimulerait les deux effec-
teurs, humoraux et cellulaires.
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Introduction

The facultative intracellular bacteria Bru-
cella experimentally develops in mice a 3-
phases infection which may be accurately
quantified by splenic and hepatic bacterial
count time courses (Mackaness, 1964;
Plommet and Bosseray, 1977; Plommet
and Plommet, 1981, 1983; Bosseray e t
al., 1984). Immunity evidenced by lower
counts and/or earlier recovery of challen-

ged mice can be transferred from vacci-
nated donor to recipient mice either by
immune sera (Plommet and Plommet,
1983) or by splenic T- and B-lymphoid
cells or by lymph node T-cells (Pavlov e t
al., 1982; Plommet and Plommet, 1987).
Both living or bacterial fraction vaccines
may induce this transferable immunity :
the lipopolysaccharide fraction (LPS) was
thus shown to convey a high degree of
immunity in mice by monoclonal antibody
transfer (Limet et al., 1987).

In large animals, living vaccines are
usually recommended, as they are more
regularly efficient than fractions or total

cell vaccines (Joint FAO/OMS Committee,
1986). However, living vaccines, such as
B. abortus strain 19 or B. melitensis

Rev1, induce long-lasting serological res-
ponses, mostly directed toward the LPS
antigen (Diaz and Levieux, 1972) that

may disturb diagnostic tests used in sur-
veillance control programs. These res-

ponses can be limited to below significant
values by administration of the vaccine by
the conjunctival route instead of the usual
subcutaneous route (Fensterbank and

Plommet, 1979). Conjunctival vaccination
induces a vaccine strain colonization

mostly restricted to the lymph nodes of
the head (Plommet and Plommet, 1976),
whereas subcutaneous vaccination syste-
mically extends colonization to other lym-
phoid organs including spleen; hence a
higher serological response. Conjunctival-

ly-vaccinated cows and ewes were pro-
tected against an experimental challenge
as well as subcutaneously vaccinated

counterparts (Fensterbank and Plommet,
1979; Fensterbank et al., 1982, 1985).
Thus, anti-LPS antibodies should convey
a marginal protection only in these ani-

mals. In contrast, cell-mediated immunity
should be of paramount importance.

In mice vaccinated with a bacterial

fraction, T-cells extracted from locally sti-
mulated popliteal lymph nodes were more
efficient in transferring immunity than total
or T-splenic cells (Plommet and Plommet,
1987). It can therefore be hypothesised
that a lymph node restricted vaccination
may mostly induce T-cell dependent
immunity. Restriction to the popliteal
lymph node can be obtained by adminis-
tration of an immune serum prior to injec-
tion of the vaccine strain into the hind

footpad (Pardon, 1977; Plommet and

Plommet, 1983). By this method, lymph
node restricted vaccination was shown to
induce a very efficient immunity at a lower
level, however, than systemic (non-restric-
ted) vaccination.

Materials and Methods

Mice

Female mice, 5-6 week old, born at the Station
controlled animal building (filtered air at 2loC
and relative humidity 60%) from parental out-
bred CD-1 mice (Charles River, Elbeuf), were
randomly allotted to experimental groups of 6,
10 or 12 as indicated.

Bacterial strains

Vaccine strain 19 was originally obtained from
the National Animal Diseases Laboratory
(Ames, Iowa) and kept in a lyophilized stock.
The strain was freshly prepared from a lyophili-
zed ampoule on Trypcase soya gelose slants
(TSA) (BioMerieux, Marcy I’Etoile), harvested in
saline buffer after 24 h incubation, photometri-



cally ajusted and diluted to the required
concentration = x x 105 colony forming unit
(CFU) in 0.2 or 0.05 ml for subcutaneous or
footpad injection respectively. Exact doses
were retrospectively corroborated by dilution
and plating on at least 5 TSA plates.

Virulent challenge strain B. abortus 544 was
obtained from the Central Veterinary Laborato-
ry (Weybridge, England). It was kept and pre-
pared as strain 19 except that it required 10%
COg for growth. It was used at dose = x x 106
in 0.2 ml and injected intraperitoneally. As
strain 19 was inhibited by the addition of ery-
thritol (1 mg/ml) to TSA, differential counts of
both strains in doubly infected mice were car-
ried out by double-plating on TSA, with and
without erythritol, and double incubation with or
without C02 respectively.

Spleen counts
At appropriate times after vaccination or chal-
lenge, the mice were killed by cervical disloca-
tion and the spleens were aseptically taken,
defatted, weighed and homogenized with a

glass grinder in 9 volumes of saline buffer. This
first 1/10 suspension was then either spread
(0.2 ml) onto 2 or 4 TSA or TSA-erythritol
plates, then diluted and seeded as required.
When small numbers of Brucella were expec-
ted, the entire first suspension was spread onto
5-8 plates. After incubation with and/or without
C02 for 5 days, colonies were enumerated.
When no colony was found, one was conside-
red present on one plate to compute individual
log1o values and mean.

Popliteal lymph node counts
In footpad vaccinated mice, survival of the vac-
cine strain was followed by successive enume-
rations in the corresponding popliteal lymph
node. For this, the node was finely dissected,
defatted, and ground in a small saline buffer
volume and seeded onto 2 TSA plates. After
incubation, CFU were enumerated or estimated
when > 200 per plate.

Immune serum
An immune serum obtained from a large group
of mice chronically infected (3 months) with
strain 544 (Plommet and Plommet, 1983) was
used to restrict colonization by the vaccine
strain to the popliteal lymph node. For this,
0.1 ml was intravenously injected one day befo-
re footpad vaccination. This serum was also

used to measure the passive immunity thus
transferred and to test a hypothetical effect of
this passive immunity upon active immuniza-
tion.

Expression of results; statistics
Vaccine strain footpad injection was followed
in popliteal node and spleen by enumeration.
Results were expressed by frequency
(positive/total), and by the mean log10 CFU per
group. When these values were very low, the
mean of arithmetic values was used.

Vaccine immunity was measured by a

slightly modified standard method (Plommet
and Bosseray, 1977; Bosseray et al., 1984) :
mice were intraperitonealy challenged at a
convenient time after vaccination and killed for
differential counts 15 days later. Individual
spleen count (x) was transformed as follows :
loglo (x/logio x) before computation of mean
and standard error (SE) per group in order to
normalize data distribution and avoid bias in
variance analysis with low values (Bosseray
and Plommet, 1976). To avoid too many
negative values which could be predicted in
some groups with the standard challenge, the
standard dose was increased 5-fold to = 1 x
106 CFU.

Results

Vaccine strain colonization restricted to
the popliteal lymph node by immune
serum (Table I)
Restriction of colonization by the vaccine
strain to the lymph node was first tested in
groups of 6 footpad-injected mice after
being infused or not with immune serum
(Table I, Exp. A). The vaccine strain was
found in high number in the spleen of all
control mice up to 28 days whereas 1-3
CFU were found in the spleen of only 5
serum-transferred mice. Lymph node res-
triction was thus near total in this system.

Length and level of lymph node coloni-
zation resulting from this manoeuvre were
tested in a second experiment (Table I,
Exp. B) : mice vaccinated as above were



killed for spleen and lymph node counts
as indicated. All lymph nodes were infec-
ted for at least 14 days, then the infection
progressively disappeared from some

mice. Lymph node restricted mice had on
average a lower level of colonization and

recovered earlier. As before, the spleens
of restricted mice were not colonized by
the vaccine strain. Therefore immunity
resulting from lymph node restricted vac-
cination should come from this lymph
node stimulation only.

Effects of passive immunity on active

immunization

Because immune sera can transfer pass-
ive immunity measured in the model, and
because feedback regulation may modify
active immunization, it was necessary to

estimate both hypothetical effects.



considered sufficient to avoid direct effect
of immune serum. Spleen counts of the
challenge strain (Table II) indicated that
the transferred immune serum did not
interfere with active immunization. It was
also observed that the vaccine strain sur-
vived in large numbers in the spleens of
non-infused mice, hence a significant
splenomegaly. To avoid this problem, the
subcutaneous route was adopted for sys-
temic vaccination in following experiment.

Immunity induced by lymph node restric-
ted vaccination

Immunity induced by lymph node restric-
ted vaccination was compared to immuni-
ty induced by systemic vaccination injec-
ted either subcutaneously or into the

footpad in 3 protocols (Table 111). Differen-
tial spleen counts 15 days after challenge
showed that :

(1) One systemic vaccination conferred
a good protection independent of route
(subcutaneous or footpad) and time from

vaccination to challenge (90 or 180 days).
(2) A second systemic vaccination

significantly boosted the immune protec-
tion (one injection groups vs 2 injections
groups, P < 0.05).

(3) Lymph node restricted vaccination
induced a good protection - significantly
lower, however, than in systemic groups
(all systemic groups vs all restricted

groups, P < 0.05). This vaccinial (restric-
ted) protection was not boosted by a

second vaccination. On the spleen count
scale this protection amounted to 80% of
the one of systemic groups.

(4) The vaccine strain was found in

high numbers (from 2.0-6.0, mean 3.6) in
10 out of 70 mice in the systemic footpad
and in the restricted groups. This observa-
tion, in contrast with preliminary observa-
tions (Table I), may be a biased estimation
of the immune protection : vaccine strain
positive mice were on average more

infected by the challenge strain than

negative mice (Table 111). To avoid this

bias, the immune protection was also esti-



mated from negative mice only : it was

again better in systemic than in restricted
groups (Table 111, mean : 1.83 vs 2.42, P <
0.05).

Discussion

Immunity against brucellosis may be indu-
ced in mice by living or by killed vaccines
and can be transferred to recipients with
either immune sera or immune lymphoid
cells. While proteic antigens linked to the
cell wall are the best putative candidates

for T-cell mediated immunity (Dubray,
1987; Winter, 1987) LPS was shown to be
largely involved in humoral immunity
(Limet et al., 1987). Because in veterinary
medicine serological reactions following
vaccination are disavantageous, efforts

along several lines were attempted to

devise new &dquo;non-agglutinogenic&dquo; vac-

cines. Among them, conjunctival adminis-
tration of living vaccines was shown to
induce good protection but low serological
responses (Plommet and Plommet, 1975;
Fensterbank and Plommet, 1979; Fens-
terbank et al., 1982, 1985). Vaccine
strains administered by the conjunctival



route have to cross the mucosae before

successively colonizing several nodes of
the lymphatic chain. As a consequence,
only a few bacteria are able to reach sys-
temic lymphoid organs - hence the low
serological responses, contrasting with
those occurring after a subcutaneous vac-
cination. Cell-mediated immunity, in

contrast, may be triggered at a high level
by colonization of one &horbar; or a limited num-
ber of - lymph nodes, as in the tubercu-
losis model (Lefford, 1983).

Twelve years ago, we developed a
mouse model to control immunogenicity of
Brucella vaccines: spleen counts carried
out 15 days after a standard intraperito-
neal challenge gave a relevant immuno-
genic index of living or fraction vaccines
(Plommet and Bosseray, 1977; Bosseray
et al., 1984). In the model, both immune
sera and immune splenic cells may trans-
fer dose-dependent protection (Plommet
and Plommet, 1983, 1987). Because
Brucellae cannot cross the mucosal bar-
rier in mice (Verger, 1971), conjunctival
vaccination cannot be studied in this ani-
mal. However, colonization restricted to

one lymph node can be obtained by trans-
fer of immune sera before injection of
Brucella into the hind footpad (Pardon,
1977). In proper experimental conditions,
the vaccine strain can be totally trapped
inside the popliteal node. The immune
serum does not interfere significantly with:
(1) level and duration of lymph node colo-
nization; (2) induction of immunity, when
no restriction upon colonization is impo-
sed; (3) and on vaccinial immunity provi-
ded that it is measured 3 and 6 months
after transfer. Under those conditions,
comparisons between systemic and res-
tricted vaccinations can be carried out:

immunity induced by restricted vaccina-
tion was high, but about 20% lower when
expressed on the spleen count log scale,
than by systemic vaccination. In addition,
this immunity was not boosted by a res-

tricted recall, contrary to systemic vacci-
nation.

In T-cell mediated immunity directed
against facultative intra-cellular bacteria
such as Mycobacterium tuberculosis, long
lasting sensitized memory cells elicited
from a local lymph node infection express
a generalized immunity, even after com-
plete resolution of the bacterial infection

(Lefford, 1983). In brucellosis, immunity
differs from this tuberculosis model in at
least 2 aspects: (1) antibodies play an
important role; (2) cell wall fractions may
induce, at least in mice, a cell-mediated
transferable immunity. Nevertheless,
when living vaccines are used in such a
way as to suppress or limit antibody res-
ponse, T-cell mediated immunity is expec-
ted to play the major role. As locally sti-
mulated lymph node cells were shown to
be very efficient at transfer of immunity
(Plommet and Plommet, 1987), we assu-
med that in restricted groups, effective

immunity was mostly T-cell dependent. In
contrast, in systemic groups, both immune
effectors may act simultaneously but inde-
pendently because in transfer experi-
ments, no additive effects were observed
(Plommet et al., 1986). This predominant
T-cell mediated hypothesis in restricted
vaccination was reinforced by absence of
a recall effect since memory ’f cells are

long lasting (Lefford 1983), whereas anti-
body synthesis is usually boosted by a
secondary injection.

Survival of the vaccine strain was not
observed in spleen or node of control
mice after the 75th day (Table I). In
contrast, it was observed in footpad vacci-
nated and challenged groups 90 (6 mice)
and 180 days (4 mice) after vaccination.
The vaccine strain may thus survive in
small numbers in nodes or in other deep-
seated foci from which it cannot be reiso-
lated in control mice but may be reactiva-
ted by the challenge. Reactivation results
in a secondary growth of the strain by a



temporary break in the equilibrium bet-
ween bacteria and host under addition of

antigen(s) or of a virulent challenge
(Plommet and Plommet, 1988). A secon-
dary colonization of the spleen by the
vaccine strain may thus occur concomi-

tantly with colonization by the virulent

challenge. A differential count between
vaccine and challenge strains was there-
fore indispensable to avoid confusion bet-
ween both phenomena.

In conclusion, colonization of only one
lymph node by the Brucella vaccine strain
induces good and long lasting immunity,
probably mostly T-cell dependent. It may
be used as a model for other vaccination

systems for limiting the serological res-

ponse by restriction of colonization to
some lymph nodes, by association of a
dose and a route of administration such
as in conjunctival vaccination.
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