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SYNOPSIS

The constancy of the three species of Brucella (Br. abortus,
Br. suis and Br. melitensis) is discussed with regard to both the
historical background and current research, and the pertinent
literature is reviewed and interpreted. The authors maintain that
members of the genus Brucella are not labile nor are they subject to
spontaneous species alteration; stability of the recognized species is
confirmed when test reactions used in speciation are standardized
and controlled. Particular stress is laid on the epidemiological value
of retaining the original species designations. The conclusion that
Brucella species are biologically stable is substantiated by the
authors' combined experience of more than 30 years in the isolation
and typing of Brucella derived from a variety of sources.

Since the official recognition of the genus Brucella (Meyer & Shaw,
1920), the composition of the genus, the criteria for designation of species
and the biological stability of the member species have evoked continued
discussion and controversy. In recent years there has been intensification
of interest in these questions. A wide range of proposals has been advanced;
for example, to transfer organisms, often ones not closely related to the

* This paper was presented at the Fourth Inter-American Congress on Brucellosis, 6.8 October 1957
Lima, Peru.

t The conflicting viewpoints on the problem of Brucella speciation are well exemplified in this article and
that by G. Renoux on page 739, and they serve to bring into focus the fundamental considerations involved
in a problem which is the cause of much confusion in the minds of authorities dealing with both laboratory
and field aspects of brucellosis.

The Joint FAO/WHO Expert Committee on Brucellosis in its third report recommended that the question
of species designation in the genus Brucella be referred to the International Committee on Bacteriological
Nomenclature. This action was taken at the 7th International Congress for Microbiology, which was held
in Stockholm in August 1958. A committee was appointed to study this question in the interval until the
8th International Congress for Microbiology, scheduled for 1962, at which time an official decision will be
taken.-ED.
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previously recognized species, from other genera to the genus Brucella;
on the basis of minor differences, to recognize new species within the
genus; to retain but a single species designation. The concept of species
stability has even been challenged in several quarters and reports have
been made of transformation of one species into another by residence in
particular animal hosts. It is appropriate at this time to re-examine these
matters critically.

Historical Background

To provide orientation in the field, and to aid in proper evaluation of
the points at issue, a brief historical review of the origin of the genus and
the designation of its member species should prove helpful. The birth
of the genus was long delayed. Brucella melitensis (Micrococcus melitensis)
was isolated and described in 1887 (Bruce) and Brucella abortus (Bacillus
abortus) in 1897 (Bang). A period of twenty years then elapsed before the
careful studies of Evans (1918) demonstrated the close relationship between
these two organisms. Several more years passed before this relationship
was accepted and the genus Brucella established. Two main factors which
contributed to the delay in recognition and acceptance of the similarity
of these organisms were the failure on the part of Bruce to recognize the
bacillary form of the organism he described, and the inclusion by Evans
of Bacterium bronchisepticus in her comparative studies.

Meyer and associates confirmed and extended the observations of Evans.
In comparative studies of 53 cultures (21 identified in authoritative labora-
tories as M. melitensis, and 32 as B. abortus of bovine and porcine origin),
they found that all of the M. melitensis cultures showed bacillary charac-
teristics at some stage in their growth, and concluded that " the causative
organism of undulant fever of man and of Malta fever in goats cannot
be distinguished morphologically or biochemically from the organisms
responsible for infectious abortion in domesticated animals ". In sero-
logical studies of these cultures (Feusier & Meyer), employing the agglutinin
absorption method, all the strains of B. abortus fell into one group. This
was not true of the strains of M. melitensis. All the strains of both organisms
were classed in one of four serological groups. Group I contained all the
B. abortus strains (including the " B. abortus" strains of porcine origin),
and one strain of M. melitensis. The majority of strains of M. melitensis
were placed in Group 2. These strains showed a closer antigenic relation-
ship to B. abortus than to the other strains of M. melitensis. Group 3 was
represented by a single culture, Meyer's No. 7 (later Evans' No. 428), which
had derived from a human case of Malta fever, the culture having been
provided by Sergent of the Institut Pasteur, Tunis. Group 3 antiserum
was markedly different from Group 1 and Group 2 antisera, but it agglu-
tinated strains of Group 4 to at least 30% of the homologous titre. Group 4
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was comprised of paramelitensis strains, characterized by non-agglutinability
in most of the other antisera, and lack of ability to stimulate the produc-
tion of a potent antiserum in either rabbits or guinea-pigs. This serological
grouping, as employed by Meyer, was based upon a technique involving
absorption to extinction. On the basis, then, of morphological, cultural,
biochemical, and serological studies, it was advocated that B. abortus be
removed from the genus Bacterium and that the abortus-melitensis group
be placed in a new genus " Brucella" (after Bruce).

For inclusion of Br. melitensis and Br. abortus in the same genus it was
necessary to furnish proof of their likeness. This having been established,
attention was directed toward defining differences between members of the
group which could serve as a basis for designation of species. For obvious
epidemiological reasons, it was of importance to be able to trace a Brucella
infection to its possible source-goat, cow, or hog. Accordingly, all of
these early attempts to differentiate species were aimed at distinguishing
between strains of Brucella isolated from these three different hosts. Diffe-
rentiation of the species assumed still greater importance when it became
known that each species, though primarily infective for a specific host,
occurred in hosts other than the most common.

In 1914, an organism thought to be Br. abortus (B. abortus) had been
isolated by Traum from a premature pig obtained from a farm in Indiana
where abortion had occurred in hogs. The initial isolation was made in
unsealed culture tubes, indicating a difference in cultural characteristics
from those possessed by most strains of Br. abortus which had been isolated
from bovine sources. Two years later Good & Smith reported the isola-
tion of Br. abortus (B. abortus) from an aborting sow; this strain too seemed
to be less dependent upon special atmospheric conditions than most strains
of bovine source. The apparent difference in atmospheric requirements
of the porcine organism was noted again by Doyle & Spray in 1920.

The report of Huddleson in 1921 that bovine strains required an increased
carbon dioxide tension for growth on initial isolation offered a sound
explanation for the growth differences noted above for the porcine strains.
Buck, in 1924, demonstrated that Br. melitensis on primary isolation deve-
loped in a normal atmosphere with a rapidity equal to if not greater than
in one containing an increased carbon dioxide tension and considered that
this characteristic permitted differentiation of Br. abortus and Br. melitensis.

In 1927, Huddleson & Abell described differences in hydrogen sulfide
production by strains of Br. abortus (bovine, porcine, and human origin)
and Br. melitensis. Under the conditions of this study, strains of Br. meli-
tensis produced no detectable hydrogen sulfide, while those of Br. abortus,
regardless of source, produced detectable amounts of the gas. On the
basis of further observations, Huddleson stated that there was sufficient
difference in hydrogen sulfide production by bovine and porcine strains to
separate them into two distinct groups.

10
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In a search for a simple and reliable single test which would permit
differentiation of the primary types of Brucella, Huddleson (1929) developed
the dye differentiation test. This test was applied to 310 strains of Brucella
isolated from man, cattle, swine, goats, and horses in America, Europe,
and Africa. By their growth reaction in the presence of the dyes thionin
and basic fuchsin, all strains fell into one of three groups: those inhibited
in growth by thionin but not by fuchsin (Br. abortus or bovine strains);
those inhibited by fuchsin but not by thionin (Br. suis or porcine strains);
and those capable of growth on media containing either thionin or fuchsin
(Br. melitensis). As a result of these studies he proposed that the genus
Brucella be divided into three main species: Br. abortus (Bang), Br. suis
(Traum), and Br. melitensis (Bruce).

By 1933, the epidemiological value of typing Brucella by the methods
developed by Huddleson (carbon dioxide requirement, hydrogen sulfide
production, and growth inhibition on media containing thionin and basic
fuchsin) was clearly apparent. Huddleson (1934) had applied these test
procedures to 1147 strains derived from infections in man, cows, hogs, goats,
sheep, horses, fowl, buffalo, and a dog. Although the majority of the strains
had been isolated in the USA (68.9 %), there were included in the study
cultures originally isolated in 21 other countries (France, Tunisia, Argentina,
Italy, Malta, Great Britain, Germany, Denmark, Hungary, Rhodesia,
Sweden, Chile, Uruguay, Switzerland, Netherlands, Algeria, USSR, Belgium,
Mexico, Cape Colony, and China). Of 494 isolations from cows (USA,
Great Britain, France, Germany, Argentina, Switzerland, Tunisia, Chile,
Uruguay, Denmark, Belgium and China), 96.6% typed as Br. abortus. Of
145 cultures isolated from hogs (USA, Denmark, Hungary), 98.6% typed
as Br. suis. All of 51 strains isolated from goats (USA, France, Italy,
Argentina, Tunisia, Malta, and USSR) typed as Br. melitensis. This was
strong evidence, indeed, for the preference of Br. abortus for cattle, of Br.
suis for swine, and of Br. melitensis for goats-the animal hosts from which
they had first been isolated. The epidemiological value of these associations
was, and is, of great practical importance. It has been confirmed repeatedly
by numerous investigators. This point should not be lost sight of.

The results of the immunological studies by Meyer and associates,
previously quoted, should be given careful attention. While all the Br.
abortus strains fell into the same serological group, the Br. melitensis strains
were not homogeneous in antigenic structure. Even discounting the possible
bearing of bacterial dissociation on the results, studies by Evans (1923, 1937)
and Francis (1931) led to similar conclusions. Huddleson in 1929 concluded
that all strains of Br. melitensis could not be distinguished from Br. abortus
and Br. suis on an immunological basis. Despite this early recognition of the
limitations of serological typing procedures, in certain quarters undue
weight has been given to these reactions in the designations of Brucella
species. With the introduction of monospecific absorbed serum in 1932
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(Wilson; Wilson & Miles), further confusion was introduced due to the
quantitative nature of the antigenic relationship and the lack of homo-
geneity of Br. melitensis strains. From the previous studies it should have
been apparent that monospecific serum made with a single strain of Br.
melitensis could hardly be expected to differentiate adequately all the strains
of this antigenically more variable species. Furthermore, dissociation of
Brucella cultures used for preparation of antisera markedly affects the
specificity of the product. In most laboratories this factor has not been
controlled and in the authors' opinion probably will not be adequately
controlled in the future. Experience has shown that results in different
laboratories are often not in agreement. Accordingly, antigenic typing as
now carried out should be given little weight in the designation of species,
and certainly should not be used as an argument for the creation of new
species within the genus. Nevertheless, using smooth cultures for the pro-
duction of typing sera, in the authors' experience most cultures of Br.
melitensis have been differentiated from the abortus-suis group by this
method. It should be emphasized that the criteria used to select a smooth
culture are of the utmost importance. The opinion that stability to acri-
flavine or heat adequately denotes the smooth phase is too widely prevalent.
Single colony selection employing the criteria of Huddleson for the smooth
phase with confirmation by guinea-pig infectivity employing small numbers
of organisms should be mandatory in selecting cultures for preparation of
antisera for serological characterization of Brucella strains.

Differential Characteristics

The requirement of an increased carbon dioxide tension by Br. abortus
on initial isolation is the most distinctive and consistent characteristic of
this species. Since once lost this characteristic is never regained, all isola-
tions of Brucella should be made in an atmosphere containing an increased
amount of carbon dioxide and prompt and unequivocal determination
made of the need for this gas. This test is of paramount importance for
designation of a strain as Br. abortus. Unfortunately, in many laboratories
this determination is not critically made and a most valuable piece of evid-
ence for species differentiation is lost forever. More careful determination
of this requirement would eliminate a great deal of controversy and dis-
agreement between laboratories.

The determination of hydrogen sulfide production is dependable and
the results are constant if the test is done in a standardized fashion with
inclusion of reference cultures giving known reactions. The authors prefer
liver agar for this test, although it must be carefully made and tested to
assure reliable results. A standardized medium is all-important, for if sulfur
compounds are added to synthetic media all three species produce copious
amounts of the gas for days. Dissociation has some effect on the results of
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the test. Br. melitensis cultures which in the standard test produce none,
or little, of this gas may when dissociated liberate significant amounts.

Growth in the presence of the dyes thionin and basic fuchsin has perhaps
yielded the most reproducible results in different laboratories. Adherence
to standard media and methods and inclusion of reference strains each time
a test is done are necessary for dependable results. Several years ago, in
accordance with recommendations made by the FAO/WHO Expert Com-
mittee on Brucellosis, the World Health Organization furnished the various
FAO/WHO Brucella Centres with portions of the same lots of these
certified dyes. This has proved valuable in reducing the discrepancies in test
results between laboratories. It should be recognized that a single dilution
of these dyes will not serve for differentiation of all strains of Brucella. If
the recommended dilutions do not differentiate particular strains, by
employing other dilutions and comparing the growth with that of reference
strains, most cultures can be assigned to the proper species. If this practice
were universally adopted there would be fewer reports of untypable or
aberrant strains.

The determination of urease activity as an added aid in differentiation
of the species has been proposed (Bauer; Hoyer; Pacheco & de Mello).
This test does not distinguish all strains of Br. melitensis from Br. suis and
should be regarded as a supplementary test yielding results of about the
same degree of significance as serological typing. It is important that
actively metabolizing cultures be employed in the test. This test has some
value in characterizing strains occurring in localized geographical areas.

Unfortunately all the tests used for differentiation of Brucella species
measure quantitative rather than qualitative differences. It is most necessary
that the techniques used be standardized and rigidly controlled. These
points were emphasized and standard procedures described in the second
report of the Joint FAO/WHO Expert Committee on Brucellosis. Even
minor changes in technique may invalidate results. Reference strains
should always be employed for proper control of the procedures. Even -so,
it should be realized that no single test is dependable enough to serve for
species identification. All the standard tests should be employed and critical
judgement used in each instance in interpreting the results and determining
the relative weight to be accorded each test result.

Despite the use of standard tests and procedures, which have been
described, test results are dependent upon conscientious adherence to the
details of technique and exercise of judgement which comes only with
.experience.

It is widely recognized that the three species defined by employment of
the above procedures are adequate for classification of 95 % or more of all
Brucella strains isolated regardless of source. Further, there is agreement
that this classification has great epidemiological value, since Br. abortus
is most commonly found in cattle, Br. suis in swine, and Br. melitensis in
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goats and sheep. Any proposal for the creation of new species, based on
minor differences, which would weaken these epidemiological associations
should be viewed with alarm. On the other hand, in certain geographical
areas variants of these three species occur. These may, however, be logic-
ally assigned to one of the existing species despite their non-adherence in
certain particulars.

The Danish variety of Br. suis produces no hydrogen sulfide, but adheres
to the species description in other particulars and, most important, produces
disease in swine indistinguishable from that due to classical Br. suis. Rhode-
sian abortus strains do not require added carbon dioxide for growth but
otherwise behave like Br. abortus, including their preference for cattle. It is
logical to include this stable variant in this species. Similarly, strains which
have been designated Br. abortus (Wilson) (Huddleson, 1952), which fail
to grow on either differential dye medium but require added carbon dioxide
and have been derived from cattle or man, are aptly placed in this species.
The recognition of these variants and their assignment to these respective
species preserves the epidemiological values of the present classification.

From time to time proposals are made to transfer members of another
genus to, or to include newly recognized species of organisms in, the genus
Brucella. Currently, this genus comprises a closely knit group of organisms
as regards morphology, antigenic structure, cultural characteristics and
pathogenicity. It is the opinion of the authors that no organism should
be considered for inclusion in the genus that is not morphologically similar
and antigenically closely related to the present members, and preferably
that any such organism should qualify in all the areas mentioned.

Recent Research

Any valid system of classification of bacteria must be based 'n stable
characteristics of its member organisms. In recent years the concept that
members of the genus Brucella are labile and easily change their characteris-
tics under the influence of environmental factors has received renewed and
unwarranted support. Let us examine the evidence. This concept appears
to be based on evidence of two sorts: scattered reports of experimental
infection of animals with subsequent recovery of a species other than that
used to produce the infection; and the continued reports of isolation of
strains of Brucella said to be atypical and not adhering in all respects to the
characteristics of any of the three classical species.

Experiments in vivo

Wilson & Evans reported what they believed to be a case of apparent
mutation of Br. melitensis to Br. abortus upon passage of a strain of Br.
melitensis, isolated from man, first through a monkey and then to a pregnant
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heifer. Five weeks later Br. abortus was isolated from the stomach contents
of the new-born calf. In a repeat experiment, using four additional pregnant
heifers from the same herd, they failed to isolate Br. abortus from the calves
of any of the animals, but did recover Br. melitensis from the spleens of
three. Initially, the sera of all five heifers gave negative results when tested
for agglutinins. The most likely explanation of this observation is that in
the first experiment the heifer was naturally infected with Br. abortus. It is
well known that cattle may be infected for months before agglutinins become
demonstrable.

Washko et al. fed to hogs the milk of cows with udder infection due to
Br. abortus, including strains previously isolated from naturally infected
swine. While they recovered Br. abortus as long as 62 days later from the
swine tissues, they also recovered Br. suis in four instances. It is to be noted
that this work was carried out on premises where for a number of years
swine experimentally infected with Br. suis had been quartered.

More recently it has been reported (Renoux & Carr&re) that Br. meli-
tensis was recovered from guinea-pigs and sheep experimentally infected
with an atypical strain of Br. abortus. Later, one of these workers reported
the recovery of Br. melitensis from goats experimentally infected with
Br. abortus, strain 19. An attempt was made to confirm the latter finding
in another laboratory. The results were entirely negative.

It is significant that, with the exception of the experiment employing the
guinea-pig, in all instances claimed as possibly representing species trans-
formations, the " mutants " were the species most commonly found pro-
ducing natural infection in the respective animals. The agglutination test
is of even less value in detecting all cases of infection in individual hogs
and goats than in cattle. In the opinion of the authors all these instances
represent undetected infections in the experimental animals prior to use,
cross-infection, or technical errors.

In contrast to these few unconfirmed reports of " mutation " in vivo,
there are numerous reports dealing with experimental infections of cattle,
swine, and goats, employing species other than the one most commonly
found infecting them, with recovery only of the species used in the experi-
ment, unchanged in any detail. Cows have been experimentally infected
with Br. melitensis and Br. suis; hogs with Br. abortus and Br. melitensis;
goats with Br. abortus. Especially noteworthy are the studies of long-term
residence and repeated passage of Brucella species in an aberrant host.
Gihnan and co-workers, using four strains, passed Br. abortus through series
of two, five and six hogs with total length of residence in the hog of 239
days in the latter instance. No detectable change occurred in the cultures
and their infectivity for guinea-pigs remained unaltered. Cameron & Meyer
passed Br. abortus, strain 19, consecutively through 21 hogs. The total
period of residence of the organism in these swine was 406 days. All cha-
racteristics of this strain, including infectivity for the guinea-pig, were
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unchanged. Doyle (1939) passed two strains of Br. abortus through a series
of goats. One strain was passed consecutively through six goats, extending
over a period of 385 days, the other through five goats, extending over a
period of 318 days. The strains remained unchanged and retained their
infectivity for cows and guinea-pigs. Henricsson & Lindstrom likewise
passed Br. abortus through a continuous series of seven goats. There was
no change in any property, including dye sensitivities, hydrogen sulfide
production, serological properties and pathogenicity for monkeys.

Hoerlein experimentally infected eight hogs intravenously with Br.
melitensis (American type, high urease activity) derived from a naturally
infected hog. The longest period of residence within the hog was 30 weeks.
All isolates recovered resembled the original culture in all particulars.
Uninoculated controls exposed to the experimental animals developed
infection, and cultures isolated from these hogs likewise remained unchanged.
In conjunction with L. M. Hutchings and D. B. Taylor we have just com-
pleted an experimental study of the infectivity for hogs of four strains of
Br. melitensis (low urease activity) with individual strain characteristics.
Three of the four strains resided in hogs for 265 days, the fourth for 119
days. Cultures were taken at intervals over the period of bacteraemia
(8 to 134 days) and at necropsy. A total of 76 isolations were studied
minutely, not only for conformance to the characteristics of the species,
but also in regard to the minor strain differences noted above. In all ins-
tances isolates yielded results in complete conformity with the strain charac-
teristics of the organisms prior to use in the experiment.
We have maintained all three species of Brucella in guinea-pigs by serial

passage, without growth on culture media at any time, for a period of four
years. All cultures recovered at intervals from these guinea-pigs have
continued to conform in all respects to the characteristics of the respective
species.

The biological stability of Brucella species in these in vivo experiments
is most convincing. The stability of Brucella species in vivo is further attested
by the fact that Br. abortus infection of cattle and Br. melitensis infection
of goats occur all over the world, and Br. suis infection of swine occurs
wherever brucellosis of swine has been reported. The inter-host stability
of Brucella species is confirmed by the fact that all three species have been
reported as producing natural infections in a variety of animal hosts (for
example, Br. abortus in man, horse, fowl, goat, sheep, hog, dog, deer; Br.
melitensis in man, cattle, sheep, hog, fowl, guinea-pig, rat, dog, cat, rabbit;
Br. suis in man, cattle, horse, dog, hare, fowl, rabbit). The stable variants
which are recognized, e.g., the Danish variety of Br. suis, are limited in
geographical distribution. Were the members of the genus Brucella labile
and constantly changing in characteristics under the influence of environ-
mental factors, then instead of three species and a few recognized stable
variants, there should be many distinguishable species with specific host
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preferences. It is worthy of note that where recognized stable variants
(e.g., Danish suis) occur, they are in general the sole representative of the
species in a limited geographical area.

Experiments in vitro

The most meaningful data on the stability of Brucella species in vitro
are obviously those obtained in a single laboratory by the same investig-
ators over a period of years. Accordingly, we propose to describe our
experiences relative to this question.

During the past 17 years the authors, in their laboratoires at the Uni-
versity of Texas, the University of Chicago, and the National Institutes of
Health, Bethesda, Md., have isolated hundreds of cultures of Brucella
from naturally infected human beings, cattle, and swine. These cultures
were all typed by the methods of Huddleson and no difficulty was expe-
rienced in assigning any of the isolates to one of the three species of Brucella.
In addition, thousands of cultures have been isolated from experimentally
infected animals. In no instance was an aberrant strain, or one other than
that inoculated into the animal, recovered. We have discovered occasional
instances of technical errors in labelling of cages or cultures, and marking
of animals, which could have led to confusion had they not been detected.
It is fundamental, yet too frequently assumed to be unnecessary, that every
culture be typed immediately prior to, or simultaneously with, its use in
experimental study.

In our opinion, many " aberrant" strains of Brucella represent aberra-
tions in applying the standard typing procedures rather than real differences
in the organisms. This opinion is based on experience in typing many
" atypical " strains sent to us by others. However, even strict adherence to
the details of the procedures will not wholly substitute for critical evaluation
of the test results.

The stability of the characteristics of Brucella employed in species
designation, when cultures are maintained on laboratory media for long
periods of time, is of prime interest. We have recently checked the stability
of these characteristics in 34 cultures which we isolated from hogs approxi-
mately nine years ago. This group of cultures consisted of nine strains of
Br. abortus, 11 strains of Br. melitensis, and 14 strains of Br. suis. They
had been maintained since isolation by storage at 4°-6°C on slants of liver
infusion agar, with transfer at 3-4-month intervals. At the time of transfer
they had been subcultured first to slants of trypticase-soy agar (because of
the greater stimulatory effect on growth) and then to liver agar for storage.
Each culture had been subcultured on laboratory media a minimum of
70 times. Observation of colony types present revealed that each culture
contained dissociants. Pure phase S or SI types were isolated from these
cultures by single colony selection and subjected to the various typing
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procedures. In each instance these cultures gave appropriate reactions in
all tests which were in accordance with those obtained at the time of pri-
mary isolation. All nine cultures of Br. abortus had retained their carbon
dioxide requirement; dye sensitivity was unaltered for all cultures as was
the hydrogen sulfide production and urease activity.

The role of dissociation in rendering cultures unsuitable for typing by
serological methods is universally acknowledged and does not warrant
discussion here. That dissociated cultures have reduced virulence, or are
avirulent, likewise has been well established. To study the stability of the
characteristics in question, we derived mucoid and rough dissociants in
pure phase from the group of cultures mentioned above and determined
their reactions in test procedures concurrently with the tests on the S or SI
phases of the respective cultures. All of these variants tested exhibited the
same dye sensitivities, carbon dioxide requirements, hydrogen sulfide pro-
duction, and urease activity as the respective S or SI phases from which
they were derived. As was to be expected, a marked difference was noted
in their serological behaviour.

In further support of the stability of the characteristics used for typing
Brucella, over the years in our laboratory many cultures which had been
properly maintained on laboratory media for long periods of time have
been re-examined and without exception have been typed in accordance
with the characteristics of the designated species.

Since the virulence of Brucella strains is closely correlated with the
smooth (S) form of the organisms, the most meaningful data relative to
the stability of the property of virulence are derived from determinations
made on cultures in pure S phase. We have isolated many strains of Bru-
cella in pure S phase and maintained them over periods of several years.
All of these S cultures have uniformly produced infection in guinea-pigs
when injected in small numbers, and when re-examined at intervals there
has been no change in the approximate number of cells needed to produce
infection. Further, S cultures re-isolated from stock cultures which had
been maintained in the laboratory for as long as 16 years have all proved
to be of high virulence. The stability of the low virulence of Br. abortus,
strain 19, and of other special strains of Brucella, when tested in many
laboratories over a period of many years, likewise attests to the stability
of this property.

To be sure, by laboratory manipulations (" training ") Brucella strains
may be made to assume dye resistance and other properties atypical for
the species. However, no one has confirmed the transformation of one
species into another in the laboratory or in nature.

While it is of philosophical interest to speculate that all Brucella species
may have originated from a common ancestor, the characteristics of the
respective species and in particular those currently used for differentiation
of the species are most stable.
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RESUME

Les auteurs defendent la these de la stabilite des caracteres du genre Brucella, d'apres
des annees d'exp6riences et d'etudes de ces bacteries, l'isolation de centaines de souches
provenant d'animaux et d'hommes infectes. Ils mentionnent plus particulierement la
stabilit6 recemment confirmee de 34 souches isolees iH y a 9 ans (9 Br. abortus, 11 melitensis
et 14 suis). Toutes les cultures contenaient des dissociants, mais les formes S et SI avaient
garde leur specificite et leurs caracteres vis-a-vis des colorants. En phase S, la virulence
se maintient durant des ann6es. On n'a pas fourni de preuves de la transformation d'une
espece en une autre.

L'historique de la decouverte, des premieres etudes, puis de la designation sous le
nom de Brucella des micro-organismes d6crits en 1887 par Bruce et en 1889 par Bang,
est r6sum6. Les auteurs exposent ensuite les caracteres permettant de distinguer les diverses
especes (culture en presence de colorants, exigences en CO2, production d'H2S). La valeur
des 6preuves s6rologiques est egalement discutee. Le typage antig6nique des souches ne
devrait pas servir de base au classement des souches ou a la designation de nouvelles
especes, en raison des variations qu'il peut presenter. Toutefois, les auteurs estiment qu'il
est possible de distinguer la plupart des souches de melitensis de celles d'abortus par les
reactions serologiques, 'a condition de se servir de cultures lisses pour la pr6paration des
serums, reconnues telles par des criteres d6finis avec pr6cision.
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