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The Degree of Protection Given by Living Vaccines
against Experimental Infection

with Brucella mnelitensis in Goats*
W. J. BRINLEY MORGAN, ANNIE I. LITTLEJOHN, D. J. MACKINNON & J. R. LAWSON

It has been shown by a number of workers that Brucella melitensis Rev. I vaccine
confers good protection against infection with Br. melitensis in sheep and goats. Although
Br. abortus strain 19 vaccine is widely used in some countries to protect sheep, it has not
been evaluated for caprine brucellosis. The purpose of the experiment reported in this
paper was to determine and compare the degree of protection given by living vaccines
prepared from Rev. I and strain 19 and by a non-agglutinogenic strain of Br. melitensis
against graded, experimental challenge in goats.

Under the conditions of the experiment, it was clearly shown that the Rev. I vaccine
gave much better protection than either strain 19 or the non-agglutinogenic strain.

There was no relationship between antibody response to vaccination and immunity but
there was some correlation between the allergic response and immunity; it is suggested that
the allergic response might be used as an initial screening test for evaluating Brucella
vaccines.

The vaccination of goats against brucellosis has
been reviewed recently by Renoux (1960, 1962),
Jones (1962), Berthelon & Royal (1962) and Morgan
(1964). The Rev. 1 vaccine strain of Brucella melit-
ensis has been used by a number of workers either
experimentally or in field trials (Elberg & Faunce,
1957, 1962; Elberg, 1959; Jones et al., 1958, 1964;
Alton, 1961a, 1961b; 1962; Renoux, 1962; and
Szyfres et al., 1962). Brucella abortus strain 19 vaccine
is widely used-for instance, in the USSR against
ovine brucellosis (Ivanov, 1963)-but it has not been
evaluated for caprine brucellosis.
The present experiment, sponsored by the World

Health Organization, was designed to determine the
degree of protection conferred on goats by the living
vaccine strains 19 and Rev. 1 against graded chal-
lenge with Br. melitensis. In addition, limited trials
were made using Br. melitensis strain B 115-a non-
agglutinogenic and non-virulent strain isolated from
goats in Malta (Alton-personal communication).

* From the Central Veterinary Laboratory (FAO/WHO
Brucellosis Centre), Ministry of Agriculture, Fisheries and
Food, Weybridge, Surrey, England. This investigation
received financial assistance from the World Health Organiza-
tion.

MATERLALS AND METHODS

Animals
Adult, non-pregnant female goats, obtained from

Ireland, were used. The animals were in poor con-
dition when they arrived and were given routine
anthelminthic treatment; even so, a number of
deaths occurred during the first few weeks.
The animals were randomly divided into four

groups-three experimental and a control group.
They were housed in four separate blocks, each con-
sisting of six loose boxes. Strict precautions were
taken during the feeding and handling of the animals
to prevent cross-infection between animals or infec-
tion of the personnel.
Each group was subdivided into three for graded

challenge (see Table 4 below), and these three sub-
groups were kept in separate loose-boxes within the
block.

Vaccines
Strain 19. The freeze-dried vaccine as prepared

at this laboratory was used. On the basis of viability
counts made just before vaccination, each goat
received 30 x 109 cells in 1.0 ml given subcutane-
ously.
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Strain Rev. 1. Smooth colonies were picked in
obliquely transmitted light under a binocular micro-
scope (Henry, 1933) and grown on serum-dextrose-
agar slopes for two days in air. This growth was
then used to seed Roux flasks containing the same
medium; after three days of incubation, the cells
were harvested in freeze-drying diluent (Bacto
casitone, 2.5% w/v; sucrose, 5% w/v; and sodium
glutamate, 1% w/v), ampouled and freeze-dried.
On the basis of viability counts just before vaccina-
tion, each goat received 1.1 x l09 cells in 1.0 ml
given subcutaneously.

Strain B 115. On glycerol-dextrose-agar this cul-
ture produces smooth-looking colonies but they are
auto-agglutinable in 1/1000 neutral acriflavine and
do not agglutinate in monospecific antisera. Such
colonies were grown on serum dextrose agar for
three days and harvested in the freeze-drying diluent.
Each goat received 45 x 109 cells subcutaneously
in 1.0ml.

Challenge
All the animals were challenged 16 weeks after

vaccination, using Brucella melitensis strain H 38.
Smooth colonies were grown for 48 hours on serum-
dextrose-agar, suspended in the freeze-drying diluent
(as used for the Rev. 1 and strain 19 vaccines but
also containing 5% v/v Brucella-negative bovine
serum), ampouled in 0.5-mi volumes and freeze-
dried. Viability counts and a check for dissociation
were made before drying and periodically after-
wards. For challenge, the contents of an ampoule
were reconstituted by the addition of 0.5 ml distilled
water and dilutions made in peptone water. Total
viable counts were made and 0.02 ml of the appro-
priate dilution was administered to each goat by the
conjunctival route within two hours of reconstitu-
tion.

Serological examinations
Blood samples were collected from all the animals

at least twice before vaccination, monthly after
vaccination and again immediately before post-
mortem examination. The sera were subjected to
routine agglutination tests using Br. abortus strain 99
and Br. melitensis strain H 38 as antigens. Both
antigens were standardized against the International
Standard Anti-Br. abortus Serum and adjusted so as
to give 50% (+ +) agglutination at a final dilution
of 1: 500 of the serum-antigen mixture. The antibody
levels were then expressed as International Units

(IU) per ml, as is recommended in the fourth report
of the Joint FAO/WHO Expert Committee on
Brucellosis (1964).

In addition, the sera were used for complement-
fixation (CF) tests, using techniques previously
described (MacKinnon, 1963). Under the conditions
of the test, 50% (++) fixation is given at a 1/120
dilution of the International Standard Anti-Br.
abortus Serum. This is provisionally taken to re-
present 1000 units of CF antibody; 50% fixation at
1/10 dilution therefore represents 83.3 units; 50%
fixation at 1/40 dilution represents 333 units, and so
forth.

Allergic tests
The brucellin used was kindly supplied by the

Standards Laboratory for Serological Reagents,
Central Public Health Laboratory, London, and
was used as received. The skin at the side of the neck
was clipped and the skin thickness measured; 0.1 ml
of brucellin was injected intradermally and the skin
thickness measured again after three days.

Bacteriological examinations
Media. The medium used for the growth of the

bacterial cells and for viability counts was serum-
dextrose-agar (Morgan, 1960). Total viable counts
were made by the surface-drop method of Miles &
Misra (1938), but using an Agla micrometer syringe
for delivering the drops on to the surface of the
medium. Colony counts were made after four and
seven days of incubation. For the cultural examina-
tion of tissues at post-mortem examination, serum-
dextrose-agar plus antibiotics (Morgan, 1960) was
used, the plates being examined after four and 14
days of incubation.

Typing of cultures. Representative colonies from
each culture plate were initially tested by slide
agglutination tests and at least one colony from each
infected goat was typed as previously described
(Morgan, 1961). In addition, tests of sensitivity to
penicillin (5 units per ml) and streptomycin (5,ug
per ml) were made to differentiate the Rev. 1 from
the challenge strain, as recommended by the Joint
FAO/WHO Expert Committee on Brucellosis (1964).
The plates were read after four days of incubation.
Reading the culture plates of post-mortem material
at four and at 14 days was also of considerable help
in differentiating colonies of Rev. 1 from those of
the challenge strain, since the Rev. 1 colonies are
appreciably smaller, especially at four days.
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POST-MORTEM EXAMINATIONS

The goats were killed starting four weeks after
challenge, representative animals from each sub-
group being killed each day over a period of 10 days.
Sera were collected for serological tests and cultural
examinations made from portions of the following
tissues: spleen, mediastinal and mesenteric lymph-
nodes, both left and right parotid, submaxillary,
retropharyngeal, anterior cervical, prescapular, pre-
crural, supramammary, and iliac lymph-nodes-a
total of 19 sites. Plates were read after four and 14
days of incubation and the results recorded as:
- (no growth), + (1-1O colonies), ++ (11-50 colon-
ies), +++ (51-100 colonies), ++++ (over 100
colonies per plate). Representative colonies were
subcultured for typing as described earlier.

ID50 estimates were made by probit analysis based
on either: (1) infection, i.e., the recovery of a single

Brucella colony or more of the challenge strain from
one or more sites, or (2) generalized infection, i.e.,
recovery of the challenge strain from lymph-nodes
other than those of the head and neck.

In addition, an index of infection for each group
was calculated (see Jones et al., 1964).

RESULTS

The mean serological response of the goats to
vaccination is summarized in Table 1, where the
results are given in terms of IU of antibody. The
antibody levels four months after vaccination are
analysed in Table 2, where it can be seen that four
animals vaccinated with Rev. 1 and three with
strain 19 were negative to the agglutination test
while 11 and nine respectively had serum antibody
levels in excess of 80 IU (+ +, 1/40). Only one
animal vaccinated with Rev. 1 and four vaccinated

TABLE I
MEAN SERUM ANTIBODY LEVELS AFTER VACCINATION

Months after vaccination a

1 ~~~~~~~23 4
Vaccine group

SAT SAT SAT SAT

99 H 38
CFT

99 H 38 HCFT 99 H 38
CFT

99 H 38
CFT

Strain Rev. 1 (44 animals) 470 533 214 185 185 211 152 243 250 173 214 221

Strain 19 (41 animals) 486 247 180 162 63 119 94 50 98 129 78 152

Strain B 115 (22 animals) 20 20 70 42 48 88 37 65 226 47 53 118

a SAT = serum agglutination test; 99= Br. abortus strain 99 antigen; H 38= Br. melitensis strain H 38 antigen. CFT = com-
plement-fixation test.

Results expressed In terms of IU of antibody for SAT and as units of antibody for CFT.

TABLE 2

ANALYSIS OF SERUM ANTIBODY LEVELS 4 MONTHS AFTER VACCINATION

SAT (Br. abortus 99 antigen) a CFT a

Vaccine group Mean No. of goats Mean No. of goats
antibody antibody +1,10 ++1,'10level Neg. <80 IU >80 IU level Neg. (70 units) (80 units)

(IU) (units) and less and over

Strain Rev. 1 (44 animals) 173 4 29 11 221 1 30 13

Strain 19 (41 animals) 129 3 28 9 152 4 26 10
S

Strain B 115 (22 animals) 47 10 11 2 118 11 9 2

a SAT - serum-agglutination test; CFT = complement-flxation test.
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TABLE 3
BRUCELLIN REACTIONS OF VACCINATED GOATS

Total Months after
Vaccine No. of

animals I 1 2 3 1 4

Strain Rev. I
Mean increase (mm) 44 3.70 4.00 4.11 3.82

No. of animals showing
increase of 2 mm or more 44 36 41 38 33

Strain 19
Mean increase (mm) 41 1.28 1.30 0.48 0.52

No. of animals showing
increase of 2 mm or more 41 18 17 5 7

Strain B 115
Mean increase (mm) 22 0.76 1.68 1.18 1.32

No. of animals showing
increase of 2 mm or more 22 5 7 6 6

with strain 19 had become negative to the comple-
ment-fixation test and there were respectively 13 and
10 with antibody levels in excess of 80 units (+ + at
1/10 and over). From Table 1 it can also be seen

that, in animals vaccinated with Rev. 1, the antibody
levels were higher when H 38 was used as antigen
than when 99 was used. The position was reversed
in animals vaccinated with strain 19.

Table 3 summarizes the brucellin reactions of the
animals in the different vaccination groups. After
vaccination with Rev. 1, the greatest mean increase
in skin thickness was 4.11 mm, which occurred three
months after vaccination; 41 of the 44 animals in
this group showed increases of 2 mm or more two
months after vaccination. With strain 19 vaccine, on
the other hand, the greatest mean increase was only
1.3 mm, which occurred two months after vaccina-
tion, and only 18 of the 40 animals showed reactions.
The position in the animals vaccinated with B 115

TABLE 4

DETERMINATION OF IDso IN VACCINATED AND NON-VACCINATED ANIMALS

1Dso (and 95 % confidence interval)
Challenge No. of animals showing: on basis of: Infection

Vaccination dose No. of - General- _ No Infection index(No. of animals General- No Gnrlzd index a for the
organisms) Infection ized in fectionInfection inection groupinfectionineto Ineto Geeaidgru

8.5x103 13 4 3 9 2.62x104 6.13x104 8

Controls 8.5 x 104 15 10 6 5 (1.06x 104 to (2.65 x 104 to 13 29.5

8.5xlOs 14 14 14 0 6.49x104) 1.40x10') 62

Strain Rev. 1 8.5 xlO 16 8 1 8 10.91 xl10 5.36 x10 1.9

8.5x10 13 8 2 5 b (5.49x104 to (9.04x107 to 6.0 5.5

8.5 x 107 15 12 5 3 2.16x 107) 3.18 x 10') 10.0

Strain 19 8.5 x 10' 15 15 10 0 55

8.5 x10' 15 15 10 0 All infected <8.5 x 10 60 43

8.5x107I 11 11 10 0 44

Strain B 115 8.5 x 105 8 7 5 1 20

8.5x10' 8 8 6 0 <8.5x105 <8.5x105 25 24

8.5x107 6 6 6 0 39

a Infection Index Total No. of +s recorded for all animals in each group
Total No. of tissues examined in each group x 4 x 100, where 4 is the maximum No. of +s per

tissue.
b Rev. I vaccine strain was isolated from the left precrural and both supramammary lymph-nodes of one goat.
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was similar to that after vaccination with strain 19.
The ID50 of Br. melitensis strain H 38 in the control

animals was 2.62 x 104 on the basis of infection and
6.13 x 104 on the basis of generalized infection
(Table 4). In the group vaccinated with Rev. 1, the
ID50, on the basis of infection, was 10.91 x 105-
approximately 42 times greater than in the controls.
But, on the basis of generalized infection, the ID50
was 5.36 x 108 -an increase of 8744. Of the 29
goats that became infected in this group, 20 had
localized infection, in nine of these one or two colo-
nies only were isolated from one lymph-node of the
head draining the site of infection. The Rev. 1 vac-
cine strain was isolated from the precrural and
supramammary lymph-nodes of one goat; since
the challenge strain was not isolated from this
animal, it is included with those with " no infection"
(Table 4).

In the group vaccinated with strain 19, all 41
animals became infected-38 with generalized infec-
tion-and no estimate of ID50 was therefore possible.
Similarly, 21 of the 22 goats vaccinated with B 115
vaccine became infected.
The index of infection in the Rev. 1 vaccination

group was 5.5, compared with 29.5 in the control
group, 43 in the strain 19 vaccination group and 24
in the B 115 vaccination group.
At autopsy, of the 28 infected animals in the con-

trol group, 24 gave positive reactions to the serum
agglutination test, three were negative, and the test
was not done in one (Table 5). Twenty gave reac-
tions to the complement-fixation test and seven were
negative. All these animals that were culturally
positive but negative serologically were in the low
challenge groups (Table 5). All the infected animals
given the high challenge dose (8.5 x 105) had
positive reactions to both serological tests. Five
animals that were culturally negative at autopsy gave
low-titred reactions to the agglutination test but not
to the complement-fixation test.

In the vaccination groups, 80 IU (+ +, 1/40) and
over were taken as " positive " in the agglutination
test and 80 units (++, 1/10) or over in the com-
plement-fixation test. At these levels, the serum
agglutination test was positive in more infected
animals than was the complement-fixation test-this
was more marked in animals that received the lower
challenge dose (Table 5). These differences were not
related to the residual antibody levels resulting from
vaccination (Table 2). The number of infected
animals positive to the serum agglutination test,
the complement-fixation test, or both, was not

appreciably greater than that positive to either test
alone (Table 6).
The relationship between the mean brucellin

reactions in the Rev. 1 group and the degree of
infection at autopsy is shown in Table 7. The mean
increases as well as the over-all mean increase in
those animals which were either culturally negative
or with localized infection at autopsy were greater
than in those with generalized infection but the dif-
ferences were not statistically significant, possibly
because of the great variations within each group.
In the other vaccination groups, nearly all the animals
had generalized infection and a comparison could
not be made.

DISCUSSION

The results of the present experiment were assessed
on the cultural examinations of goats killed at a
fixed but arbitrary time after experimental infection
via the conjunctival sac. Within these limits, the
experiment was designed to compare the degree of
protection given in goats by three living vaccines.
It is therefore difficult to compare the results of this
experiment with those where vaccinated animals are
exposed to natural infection-for instance, in field
trials or where the source of infection is experiment-
ally infected animals-for, under the latter condi-
tions, animals may be exposed to repeated heavy
infection or even to no infection and the route of
infection is also different. Data on abortions or milk
excretion were also not available for assessing the
results of this experiment.
The ID50 in the control group (2.42 x 104) was

similar to that reported by Jones et al. (1958) and
Renoux (1962), using the same challenge strain and
route of infection. Strains 19 and B 115 gave no
protection against experimental infection as all but
one of the animals (Table 4) became infected even
with the lowest challenge dose used. The index of
infection was highest in the strain 19 vaccination
group and was comparable with that for the control
animals given the highest challenge dose (Table 4).
The index of infection in the group vaccinated with
Rev. 1 was significantly less than for all the other
groups.
The ID50 in the group vaccinated with Rev. 1 was

42 times greater than that for the controls but, on
the basis of generalized infection, the ID50 was
increased by 8744. This great difference is accounted
for by the fact that 20 of the 29 infected goats in this
group had localized infection and it is a matter for
conjecture whether any of the animals from which
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TABLE 5
EFFECT OF CHALLENGE DOSE ON THE RELATIONSHIP BETWEEN THE SEROLOGICAL AND CULTURAL

RESULTS AT AUTOPSY

SAT results a CFT results 6
Challenge dose Cultural

Vaccination (No. of ults Number of animals Number of animals
organisms)

Pos. Neg. Not done Total Pos. Neg. Not done Total

Controls 8.5 x 103 + 3 0 1 4 2 1 1 4
_ 1 7 1 9 0 8 1 9

8.5x10' + 7 3 0 10 4 6 0 10
- 4 1 0 5 0 5 0 5

8.5 x10s + 14 0 0 14 14 0 0 14
_ 0 0 0 0 0 0 0 0

Total + 24 3 1 28 20 7 1 28
-2_ 5 8 1 14 0 13 1 14

Strain Rev. 1 8.5x105 + 5 2 1 8 1 6 1 8
_ 3 5 0 8 4 4 0 8

8.5x10* + 6 3 0 9 7 2 0 9
_ 1 3 0 4 0 4 0 4

8.5 x 107 + 9 3 0 12 12 0 0 12
- 1 2 0 3 1 2 0 3

Total + 20 8 1 29 20 8 1 29
_ 5 10 0 15 5 10 0 15

Strain 19 8.5x105 + 11 3 1 15 9 5 1 15
-_0 0 0 0 0 0 0 0

8.5 x 10' + 15 0 0 15 15 0 0 15
_ 0 0 0 0 0 0 0 0

8.5x107 + 11 0 0 11 11 0 0 11
_ 0 0 0 0 0 0 0 0

Total + 37 3 1 41 35 5 1 41
_ 0 0 0 0 0 0 0 0

Strain B115 8.5x105 + 3 4 1 8 5 2 1 8
-_0 0 0 0 0 0 0 0

8.5x10' + 2 5 1 8 3 4 1 8
_ 0 0 0 0 0 0 0 0

8.5x107 + 4 2 0 6 5 1 0 6
_ 0 0 0 0 0 0 0 0

Total + 9 11 2 22 13 7 2 22
-l 0 0 0 0 0 0 0 0

a Serum-agglutination test results expressed for controls as Pos. = any reaction at 1110 and over; Neg. = no reaction; and
for vaccinated goats as Pos. = ++ 1/40 (80 IU) and over; Neg. = < ++ 1/40 (80 IU).

b Complement-fixation test results expressed for controls as Pos. = any reaction at 1/2 and over; Neg. = no reaction; and
for vaccinated goats as Pos. = ++ 1/10 (80 units) and over; Neg. - < ++ 1/10 (80 units).
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TABLE 6
RELATIONSHIP BETWEEN THE COMBINED SERUM-

AGGLUTINATION (SAT) AND COMPLEMENT-FIXATION
(CFT) TEST RESULTS AND CULTURAL RESULTS AT

AUTOPSY

Combined SAT and CFT
results

Vaccination Cultural
result Number of animals

Pos. Neg. dNon Total

Controls + 25 2 1 28
- 5 8 1 14

Strain Rev. 1 + 23 5 1 29
_ 9 6 0 15

Strain 19 + 37 3 1 41
-_ 0 0 0 0

Strain B 115 + 14 6 2 22
-_ 0 0 0 0

only one or two colonies were isolated from one
tissue would have continued to be infected or might
have shed the infection if the post-mortem examina-
tions had been made later. The Rev. 1 vaccine strain
only was isolated from one goat at autopsy-20
weeks after vaccination. The results confirm those
of other workers as to the protective value of Rev. 1
in goats and as to its superiority over strain 19 in
natural exposure experiments (Jones et al., 1964).

Reference to Tables 2 and 4 confirms that there
was no correlation between serum antibodies and
immunity but there does seem to be a strong correla-

tion between the results of the allergic test and
immunity (Tables 3 and 4). Not only were the
actual increases in skin thickness greater in animals
vaccinated with Rev. 1, but the number of animals
which gave such increases was also greater than in
any of the other vaccination groups. In the Rev. 1

group, the over-all mean increase in skin thickness
was greater in those animals which were either
negative or positive with localized infection than in
those with generalized infection but the differences
were not statistically significant; this may be attri-
butable to the great variations that existed between
animals in this group. Ivanov (1963) also found a
relationship between allergic reaction and immunity
in sheep-but not between agglutinating or com-

plement-fixing antibodies and immunity. If these
observations could be confirmed, they would be of
considerable value as an easy method of screening
vaccines before proceeding to more elaborate infec-
tion experiments.

Observations on the relationship between the
serological and the cultural results at autopsy
(Table 5) are of limited value since only one serolo-
gical test was done at a fixed period after a deter-
mined dose of infection. In those infected animals
which received the lowest challenge dose used
(8.5 x 103 in the controls and 8.5 x 105 in the
vaccinated) the complement-fixation test was less
efficient than the serum-agglutination test. But it has
been the experience at this laboratory (MacKinnon,
unpublished) that, in infected cattle, the agglutinating
antibodies appear before the complement-fixing
antibodies and this may explain the differences
noted above.

TABLE 7
RELATIONSHIP BETWEEN THE MEAN BRUCELLIN REACTIONS AND RESULTS OF AUTOPSY

IN GOATS VACCINATED WITH REV. 1

Mean increase in skin thickness (mm)

No. of After vaccination ~~~~~~~~~~~AfterAutopsy result animals After vaccination challenge

I month 2 months 3 months 4 months Over-all mean I monthincrease

Negative 15 4.0 4.3 4.8 3.8 4.23 3.4

Positive, localized 20 4.1 4.0 4.6 4.3 4.27 3.9

Positive, generalized 9 2.1 3.4 2.4 2.7 2.67 2.7
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RtSUMt

Des groupes de chevres non gravides ont ete vaccines
contre la brucellose a I'aide de l'un de trois vaccins vivants
a base respectivement de Brucella melitensis Rev. 1, de la
souche 19 de Br. abortus, et de Br. melitensis B 115,
cependant qu'un groupe d'animaux t6moins ne recevait
aucune vaccination. Le titrage des anticorps seriques,
effectu6 avant et mensuellement apres la vaccination, par
les 6preuves d'agglutination et de fixation du complement,
n'a pas montr6 de corr6lation nette entre les titres d'anti-
corps et le degre re'l de protection confer6 par les diffe-
rentes preparations. En revanche, l'intensite de la r6ponse
a l'injection intradermique de brucelline (augmentation
de 1'6paisseur d'un pli cutan6) s'est rMvele un indice plus
pr6cis de la qualite de l'immunite postvaccinale. Les reac-
tions allergiques les plus fortes ont e observe_s apres
emploi du vaccin pr6pare avec Br. melitensis Rev. 1.
Tous les animaux d'exp6rience ont ete inocul6s, quatre

semaines apres la vaccination, par les germes d'epreuve,

souche H 38 de Br. melitensis, a doses croissantes. Les
DI50 ont e calculees, apres autopsie, en prenant comme
criteres soit l'infection (isolement de une ou plusieurs
colonies de la souche d'6preuve), soit l'infection genera-
lis6e (isolement de la souche d'epreuve dans des ganglions
lymphatiques desservant des territoires autres que la tete
et le cou). Chez les chevres temoins, les DIo ont WtE de
2,62 x 104 et de 6,13 x 101 germes. L'infection, gen6ralis6e
dans 38 cas, apparut chez tous les animaux (41 au total)
vaccines par la souche 19 de Br. melitensi.. Les 22 animaux
vaccines par le vaccin pr6par6 avec la souche B 115 comp-
terent 21 cas d'infections, dont 17 generalisees. Le vaccin
A base de Br. melitensis Rev. 1 donna les meilleurs resul-
tats: on ne constata parmi les 44 animaux immunises au
moyen de cette preparation que 29 cas d'infections dont
9 g6neraIisees; les DI50 etaient 42 fois (infection) et 8744
fois (infection g6n6ralisee) plus elevees que celles calcu-
lees pour le groupe t6moin.
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