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SYNOPSIS

The ability of a streptomycin-non-dependent strain of Brucella
melitensis to immunize goats against brucella infection and to
protect against the abortion phenomenon was determined in a series
of studies using both heat-killed and living cells of the strain. The
data presented contrast the efficacy of both types of vaccine and
demonstrate the importance of the relationship between mating date
and date of vaccination in the prevention of abortion. Also included
is an account of experiments on cross-immunity between infections
induced by tubercle bacilli and brucellae, using monocytes from
vaccinated and unvaccinated rabbits.

The search for a strain of Brucella melitensis which could be used in
the live state as an immunizing agent began with the studies of the Mont-
pellier group, culminating in the application of a living strain combined
with either the Boivin-type antigen derived from a virulent strain (Lisbonne,
Roman & Renoux, 1939) or with an anaculture of a virulent strain (Carr6re
& Quatrefages, 1951). In the USSR, the study and development of a clone
(BA) derived from strain 19 of Br. abortus has reached the stage of applica-
tion in small laboratory--animals -and in humans. Encouraging results
with the use of this live vaccine in reducing the number of cases among
occupationally exposed groups have been reported (Vershilova, 1954).

In the laboratories of the senior author, experiments to isolate a strain
sufficiently attenuated to function as a live vaccine began with the assistance
of Dr M. Herzberg. A streptomycin-dependent strain was first studied
which was able to confer protection to a promising degree on mice and
guinea-pigs (Herzberg, Elberg & Meyer, 1953). In the monkey and the
goat the strain was apparently too attenuated to be able to persist for more

* The investigations summarized in this paper were supported by the US Public Health Service (Grant
E-22) and by the World Health Organization.
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than two weeks. Protection of the monkey, while significant, was no better
with the living organisms than with the killed cells, while in the goat no
protection was demonstrated (Elberg et al., 1955).

The evidence indicated to us that growth as well as persistence were the
qualities needed to deposit a sufficient mass of antigenic material at or in
whatever sites were necessary in the brucella-immune process. Further
studies began on the non-streptomycin-requiring strains which had been
obtained when the dependent strain was placed on a drug-free medium.
Of some 30 clones so derived, a screening test for virulence in mice and
guinea-pigs resulted in the selection of a strain which immunized mice and
guinea-pigs. (See Table 1, from Herzberg & Elberg, 1955.)

TABLE 1. IMMUNIZATION OF MICE AND GUINEA-PIGS BY A STREPTOMYCIN-
NON-DEPENDENT CLONE ISOLATED FROM A STREPTOMYCIN-DEPENDENT

POPULATION

Immunized Controls
Experi- Immunization Size of
ment (dose) challenge infected/ % infected/ % X2 P

total protected total infected X P

Mice

1 1.1 x 105 cells 220000 13/22 41 16/16 100 6.4 0.02-0.01

22 000 10/20 50 14/14 100 7.1 0.01

2 200 7/23 70 14/16 87.5 9.1 0.01

Guinea-pigs

2 1.15 x 103 cells 2 150 7/27 74 16/16 100 19.2 0.01

215 7/23 70 18/18 100 18.2 0.01

21 4/25 84 15/18 83 16.5 0.01

3 1.1 x 104 cells 4400 8/13 39 9/11 82 0.408 0.7-0.5

440 3/18 83 15/15 100 22.9 0.01

44 2/16 87.5 7/8 87.5 9.7 0.01

Reproduced from Herzberg & Elberg (1955) by kind permission of the editors of the Journal
of Bacteriology.

The " derived mutant " (i.e., derived from the drug-dependent popu-
lation) has the following characteristics:

A. Colonial morphology and growth
1. 72 hours, pinpoint colonies
2. 96 hours, colonies 1 mm in diameter; counts are practicable.
3. Maximum size, ca 1-2 mm depending on conditions, but always

smaller than other Br. melitensis strains under same conditions.
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B. Biochemical tests

1. Dye tolerance: Thionin Pyronin Basic fuchsin Crystal violet
Grows in pre-
sence of: 1/200000 1/100000 1/200000
Is inhibited by: 1/100 000 1/400 000 1/50 000 1/50 000

2. H2S:
(a) Huddleson method (changing lead acetate paper daily): negative
(b) Allowing lead acetate to remain for 4 days: 3rd day: +;

4th day: +4+.
3. Urease-negative (Hoyer method).
4. Lyophilization: freeze-drying in a final concentration of 3 % lactose

results in an immediate loss of 25 % of the original bacterial popula-
tion; the dried preparation remains stable, however, for at least
2-3 months. This initial loss is not sufficient to constitute any
problem when dealing with concentrated suspensions.

The " derived mutant " will persist in mice spleens during 6-12 weeks,
depending on the strain of mouse employed. No gross lesions occur and
microscopically the tissue response is limited to a few foci of monocytic
accumulations which disappear a few weeks after injection. In the guinea-
pig a slight enlargement of the spleen occurs which disappears in a few
weeks.

Experiments in the goat were concerned not only with studies on resistance
to infection but also with those on resistance to the abortion phenomenon
(Elberg & Faunce, 1957). The persistence of the independent mutant strain
of Br. melitensis in the goat was first determined in order to plan correctly
the date of the challenge infection. It was desired to avoid the problem of
super-infection, with its complications in the interpretation of the immune
response. The immunity was therefore studied during the period of the
so-called " sterile phase ". Goats injected subcutaneously in the left pre-
scapular region with 1.5 x l09 cells of the vaccine strain were sacrificed at
various intervals thereafter. Their tissues were then examined exhaustively
for the presence of the organisms. At the 3rd week the infection was
generalized; organisms were recovered from the spleen, bone-marrow,
left and right prescapular lymph-nodes, left and right supramammary
nodes, right precrural and the mediastinal nodes. In two goats sacrificed
at the 5th week, the spleen, left prescapular and mediastinal nodes con-
tained organisms. During the 7th and 8th weeks, the goats contained
brucella in the left and right prefemoral and in the left prescapular nodes.
By the 14th week one colony was isolated from the left prescapular node
only. It was therefore assumed that at this time the animals had cleared
their tissues sufficiently to prevent the phenomenon of super-infection,
although not entirely eliminated, from being of overriding importance.
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Examinations of the blood of animals were carried out and revealed the
presence of the organisms only on the 7th day in one goat; in the second of
10 animals studied the organisms were recovered only on the 1st and on
the 6th day. In 8 other animals subjected to this test, no vaccine strain
organisms were recovered from the blood at any time throughout 3-4
months.

It was shown that antibodies were produced within the first ten days of
injection. The serological response of animals which received the living cells
of the vaccine strain was more intense than that of animals which received
the heat-killed cells of this strain. It must be pointed out that in our experi-
ence in this and earlier experiments, the agglutination titre provided little if
any information as to the animals' infection status. However, the phenome-
non of abortion which occurred in the unvaccinated goats was often pre-
ceded by a dramatic rise in the titre, but not regularly enough to justify the
prediction that in the event of such an increase an abortion would in fact
occur.

The ability of the non-dependent mutant to immunize goats against
brucella infection was studied in 25 animals. Thirteen animals were inocu-
lated subcutaneously with 1.5 x 109 viable cells. Twelve animals received
the same number of heat-killed cells, and 12 weeks following this inoculation,
all animals received a " booster " injection of 2 x 109 heat-killed cells.
Three to four weeks later, all animals were infected with 33 50%° infective
doses (ID50) of the challenge strain (830 000 cells). At this time, a third
group of 13 non-vaccinated goats was infected with the same number of
virulent cells. Mating of the animals was carried out two months after the
first injection of the vaccine strain and was completed about two weeks
before the challenge infection was given.

Animals which had received living cells of the mutant strain showed a
booster effect with respect to agglutination titres after the challenge infection.
On the other hand, the absence of organisms from the blood of these animals
stands in marked contrast both to the state of the animals which had received
heat-killed cells and to the response of the unvaccinated group of animals
(Table 2).

The data on resistance to the challenge infection are presented in Table 3.
No evidence of infection was obtained in the group of goats, or their kids,
which had received live vaccine. The pronounced ability of the live vaccine
is strongly contrasted to the inability of the non-living cells of the same
strain to protect against the dose of virulent cells employed. The prevalence
of abortion in the three groups of animals, shown in Table 3, is of consider-
able interest. Again, the ability of the living form of the vaccine strain to
protect against this manifestation of the infection is clearly evident. Not
all kids born of infected goats were infected themselves, although the great
majority were.

The distribution of brucellae in the tissues of 18 animals which aborted
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TABLE 2. ISOLATION OF THE CHALLENGE STRAIN OF BRUCELLA MELITENSIS
FROM THE BLOOD *

Number of goats showing brucellae
Number of davs after
challenge infection

14

21

28

35

42

49

56

63

70

77

112

living vaccine group **

(13 animals)

0

0

0

0

0

0

0

0

0

0

0

heat-killed vaccine
group

(12 animals)

2

2

7

4

3

4

1
0

0

0

* Distinguished by size of colony on Albimi agar at 72 hours
** On the first, sixth and seventh day after injection of the vaccine strain, one animal out of

nine studied yielded a positive blood culture when tested on t3n successive days.

TABLE 3. RESISTANCE TO INFECTION INDUCED BY A MUTANT STRAIN
OF BRUCELLA MELITENSIS

Vaccine employed

Living **

Non-living t

None, controls tt

Number of adult animals
at risk

13

12

12

Number of goats
infected *

0

10

10

* Judged on the basis of recovery of brucellae from tissues.
** Twelve live, uninfected kids were delivered. One uninfected kid was born dead

at full term.
t Nine abortions occurred in this group; all foetuses were infected. Three live

kids were delivered, one of which was infected.
tt Nine abortions occurred in this group; all foetuses were infected. Three live

kids were delivered, one of which was infected. One animal in this group was not
mated successfully, but when it was sacrificed 160 days after challenge it was found
to be infected. Of the two uninfected adult goats one delivered an infected kid.

is presented in Table 4, and confirms the observations of Renoux & Alton
(1955). Marked differences are to be noted between the spleen, lymph-
nodes, uterus and lung tissues as sites of localization of brucellae, on the one

hand, and the liver, kidney, blood and marrow, on the other.

non-vaccinated
controls

(13 animals)

3

6

6

3

3

0

2

l
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In an attempt to determine the effect of vaccination at varying times in
relation to the mating date, it was observed that when the vaccine was given
to 5 animals 57 days prior to mating no animals aborted and 5 healthy kids
were born. When the vaccine was given to 5 goats 2 days after mating, no
abortions occurred and 5 healthy kids were born. When the vaccine was

TABLE 4. ISOLATION OF BRUCELLAE FROM TISSUES

* All animals in this series had
to autopsy.

aborted within 48 hours prior

given to 5 goats 35 days after mating, 2 animals aborted, and when given
100 days after mating, all gravid animals aborted. It would therefore appear

that the vaccine strain should be used before the mating season in order to
be safe as well as effective.

The agglutination response in the various groups just referred to is
shown in Fig. 1-4. It will be observed that when vaccination was given
57 days before mating or 2 days after mating, the titre rose moderately in
the former group and then dropped, while in the latter, it rose to a higher
level but also returned to a low level. On the other hand, goats vaccinated

Tissue at autopsy Infected animals *

Blood 3/19

Spleen 15/19

Liver 3/19

Lung 10/19

Marrow 2/15

Kidney 9/19

Uterus 18/19

Left prescapular lymph-node 15/19

Right prescapular , ,, 15/19

Left precrural lymph-node 16/19

Right precrural , of 15/19

Left supramammary lymph-node 16/20

Right supramammary 17/19

Mesenteric 6/17

Hepatic 12/17

Left prefemoral lymph-node 16/19

Right prefemoral , ,, 15/19

Placental cotyledons 17/18
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FIG. 1. AGGLUTINATION RESPONSE IN GOATS VACCINATED 57
TO MATING (ABORTIONS: 0/5)

A

I

i
I1-
C2

DAYS PRIOR

35 days and 100 days after mating differed very little in their agglutinin
response from those which received a virulent strain. Whey agglutination
titres were negative, irrespective of the blood titre, except where vaccine-

FIG. 2. AGGLUTINATION RESPONSE IN GOATS VACCINATED 2 DAYS AFTER
MATING (ABORTIONS: 0/5)
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FIG. 3. AGGLUTINATION RESPONSE IN GOATS VACCINATED 35 DAYS AFTER
MATING (ABORTIONS: 2/5)

induced abortion occurred. In that case the milk titre was usually 1-2 times
higher than the serum titre. The titres which were determined after an
incubation period of 16 hours at 56°C were always 1/2-1/4 of the value
obtained when the tests were carried out at 37°C, irrespective of the use of
milk or blood serum as the materials under test. When the vaccination was
conducted correctly in relation to mating, organisms of the vaccine strain
were not recovered from the milk of the animals.

Repeated attempts to isolate the vaccine strain in the vaginal mucus of
our pregnant animals have succeeded only immediately prior to the act of
abortion and not earlier. We have no difficulty, on the other hand, in
isolating these organisms from the vaginal mucus after the act of abortion.

It is of interest to compare the status of events in areas where immuniza-
tion against brucellosis is intensive. A very large programme of vaccination
against human Br. melitensis infection has been carried out in the USSR
with strain BA, a derivative of a strain 19 Br. abortus population. Although
the results pertaining to the protection of humans are given in the various
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FIG. 4. AGGLUTINATION
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RESPONSE IN GOATS VACCINATED 100 DAYS AFTER
MATING (ABORTIONS: 4/4)

papers in terms of percentages of human groups becoming infected or not,
according to their vaccination status, it appears that a significant reduction
in the prevalence of human Br. melitensis infection has been induced by the
Br. abortus strain.

Figures on caprine immunization are not available to this extent, and
we have only the general statement that it appears to be successful. It is
quite obvious that the method adopted in the USSR for the prevention and
control of human brucellosis consists in the vaccination of the human and
not, as is traditional in the Western countries, in the immunization of the
animal reservoir species.

Soviet investigators are also reporting on studies in sheep, and it is
interesting to note that their highly virulent strain of Br. melitensis requires
about 150000 organisms to produce a generalized infection. In Dr Renoux's
laboratory in Tunis, and in that of the senior author in the USA, work has
been carried out on goat infections with Br. melitensis, and it is remarkable
that both investigators have determined, for quite distinct strains of Br.
melitensis, approximately the same value for the ID50-namely, 25 000
organisms. It has been found that this dose produces a highly generalized
infection in the goat.

a

._L
u
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719



S. S. ELBERG & K. F. MEYER

We have earlier reported on the histopathological response to vaccina-
tion using the streptomycin-dependent strain of Br. melitensis (Elberg,
Steiner & Doll, 1955). We have observed that the response to vaccination
with attenuated strains is characterized by early generalization and hyper-
plasia of the reticulo-endothelial elements of the liver, spleen and regional
lymph-nodes, which increase during the first phase of the vaccination
period and then gradually decrease as the organisms are eliminated, leaving
no permanent histopathological changes. The greater persistence of the
streptomycin-independent mutant which we are now using and the immunity
resulting from that vaccine confirm our own view and the views of
Vershilova & Kokorin (1954) in the USSR that the production of a high level
of immunity requires a very intensive and prolonged generalized vaccination
process, yet one which is relatively shorter than that induced by a typical
virulent strain.

All of our studies have involved the development of placental tissue in the
vaccinated goat on the assumption that the entire phenomenon of pregnancy
induces changes in the animal, which makes greater demands on the im-
munity to a systemic infection. It is perhaps in this aspect that a living
vaccine is effective.'

In experiments at the cellular level, we have studied the cross-immunity
between infections by tubercle bacilli and brucellae (Elberg, Schneider &

1 The above speculation is based on the results of experiments comparing the effect of various vaccines,
including our own, in non-pregnant goats. We are indebted to Dr Stableforth and his colleagues, Dr Jones
and Dr Alton, for letting us see these results in advance of their publication.

TABLE 5. ABILITY OF ABSORBED ANTI-BRUCELLA SERUM TO ENHANCE
PROTECTION OF IMMUNE MONOCYTES AGAINST BRUCELLA MELITENSIS

PARASITIZATION

Cells 5 Serum | Br. melitensis Average % degeneration
in sYstm |after 24 hours|after 48 hours

Test systems

1 Immune Normal + 35 54

2 Immune Immune + 1 2

3 Immune Absorbed + 3 4

4 Immune Immune + 1 1
(heated)

Control systems

1 Immune Normal _ 0 0

2 Immune Immune - 0 1

3 Immune Absorbed _ 0 0

4 Immune Immune - 0 0
(heated)
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TABLE 6. DEMONSTRATION OF CROSS-IMMUNITY BETWEEN
TUBERCULOSIS AND BRUCELLOSIS AT THE CELLULAR LEVEL

Source Source Cells exposed Average % degeneration
of cells of serum to after 24 hours after 48 hours

TB immune * Normal ** H37RV 57 65

It TB immune ,, 5 10

Is Br. immune of 1 25

Normal Br. mel. 6015 30 35

TB immune ,. 1 15

Br. immune ,. 2 16

Br. immune t Normal H37Rv 50 75

., TB immune 1 2

to Br. immune 2 27

Normal Br. mel. 6015 34 45

TB immune 2 2

Br. immune 4 4

TB immune Normal Dubos medium - -

TB immune ,, ,, 0 5

Br. immune 0 7

Br. immune Normal Dubos medium 0 0

TB immune ,. 0 1

Br. immune ,. 1 2

* "TB immune " indicates that the serum or cells were obtained from rabbits im-
munized with BCG (tuberculin positive).

** "' Normal " indicates that the serum or cells were obtained from normal rabbits
which were tuberculin negative and had no titre to the standard brucella agglutinating
antigen, kindly supplied by Dr C. Mingle, Agricultural Research Service, US De-
partment of Agriculture.

t " Br. immune " indicates that the serum or cells were obtained from rabbits
immunized with Rev. 1 strain (titre: 1: 1600).

Fong, 1957). The technique is of some interest and importance. Mono-
nuclear cells obtained from inflamed peritoneal cavities of rabbits are
treated with trypsin. After thorough washing they will maintain their
viability and will actually multiply when transplanted into glass microcham-
bers, in which the cells settle on to coverslips bathed in a medium composed
of rabbit serum and Tyrode's solution. When mononuclear cells of normal
or vaccinated rabbits are placed in contact with virulent brucellae and are
allowed to ingest these bacilli in the presence of normal sera, then washed
to remove extra-cellular bacilli and placed in a microchamber with Tyrode-
normal serum, we observe that ingested virulent brucellae cause destruction
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of the monocytes, although in the control chambers, where no bacilli are
present, the monocytes remain quite healthy.

When monocytes derived from vaccinated animals are allowed to ingest
brucellae and are suspended in Tyrode's solution containing serum from
vaccinated rabbits, no destruction of the monocytes occurs. On the other
hand, serum from vaccinated rabbits cannot protect monocytes from
unvaccinated animals. So it would appear that the monocytes and the serum
form two parts, at least, of a system interacting to withstand the degenerative
action of the brucellae.

The mononuclear response to vaccination is more specific than the action
of the serum. That is to say, a variety of antisera is capable of enhancing
the resistance of vaccinated monocytes or, more correctly, is capable of
enhancing the monocytes derived from vaccinated animals. Even anti-
Salmonella and anti-egg albumin serum will allow monocytes from vacci-
nated animals to resist the respective organisms. We are trying to learn
specifically what factor is operating in these sera, as it is not the specific
antibody (Table 5).

The specificity of the mononuclear cell is somewhat more narrow, but it
is striking because a mononuclear cell derived from a rabbit vaccinated
against Brucella is at the same time resistant also to the destructive action of

TABLE 7. MULTIPLICATION OF BRUCELLA MELITENSIS IN MONOCYTES DERIVED
FROM VACCINATED AND UNVACCINATED RABBITS
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tubercle bacilli. But a monocyte derived from a rabbit vaccinated against
Salmonella species does not resist bacilli even if bathed in serum from
BCG- or brucella-vaccinated rabbits. Conversely, from an animal immun-
ized against tubercle bacilli we obtain mononuclear cells which are not only
resistant to the destructive action of the tubercle bacilli but are at the same
time resistant to the destructive action of the brucellae (Table 6). The
ability of monocytes from vaccinated animals to retard Brucella multiplica-
tion intracellularly is clearly shown in Table 7 and confirms the general
findings of Pomales-Lebron & Stinebring (1957).

In conclusion, our observations are leading us to the view that much of
what we have considered to be the resistance to brucellae is non-specific in
the sense that it covers the actions of more than one organism, and specific
inasmuch as it is operative only against that class of parasite which normally
is intracytoplasmic in its location during the infection.

Studies on applied immunization against brucellosis must be concerned
not only with the specific immunity but also with those factors which
regulate the non-specific factors of immunity. What these really are and
what their importance is, or will be, in natural infection can only b3 con-
jectured at this time. But there is every indication that the way ahead,
leading towards a full understanding of the nature of resistance, and pos-
sibly towards the control of brucellosis in animals and human beings, will
be an interesting road to follow.
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RItSUME'

Poursuivant les recherches entreprises depuis une vingtaine d'annees dans plusieurs
laboratoires, sur l'immunisation contre la brucellose par des agents vivants, les auteurs
ont isole une souche de Br. melitensis, non streptomycino-dependante, qui paraissait
assez attenu&e pour &re utilisee comme vaccin. Ils ont evalue, chez la chevre, son pouvoir
protecteur vis-A-vis de l'infection et de l'avortement. Des cellules viables ont e injectees
A treize chevres, des cellules tuees par la chaleur a douze autres, en deux injections A douze
jours d'intervalle. Les accouplements ont eu lieu deux mois apres la premiere injection et
environ deux semaines avant l'injection d'epreuve. On n'observa ni infection ni avorte-
ment chez les chevres du premier groupe; celles du second groupe au contraire n'ont e
protegees ni de l'infection ni de l'avortement. Les foetus des chevres de ce groupe, ainsi
que ceux des temoins non vaccines, etaient infectes; la plupart des quelques petits de ces
chevres, nes vivants, 1'etaient aussi.

Les resultats de la vaccination en fonction de l'intervalle separant la vaccination de
I'accouplement ont ete evalues. II semble que, pour etre efficace, le vaccin doit etre admi-
nistre avant la saison de I'accouplement (un intervalle de 2 jours et de 57 jours a donne des
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r6sultats favorables) tandis que les injections faites apres I'accouplement n'ont pas
empeche I'avortement.

Etudiant A 1'echelle cellulaire les processus d'immunisation dans lesquels sont impli-
ques les mononucleaires, et l'immunit6 crois&e entre la brucellose et la tuberculose, les
auteurs concluent que ce que l'on appelle couramment la r6sistance a la brucellose est un
ph6nomene partiellement non sp6cifique, puisqu'il conceme plusieurs organismes
microbiens, et sp6cifique, si l'on entend par 1a qu'il est limite a la classe de parasites dont
la localisation normale durant l'infection est intracytoplasmique.

L'immunisation pratique contre la brucellose doit tenir compte non seulement de
l'immunite specifique, mais aussi des facteurs regissant les ph6nom6nes non sp6cifiques de
l'immunit6. La nature et l'importance de ces derniers sont encore inconnues.
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