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Metabolic and Bacteriophage Identification of Brucella Strains Described
as Brucella melitensis from Cattle *

by MARGARET E. MEYER, B.S., Ph.D. a, Central Veterinary Laboratory, Weybridge, Surrey, England

Brucellosis is an endemic disease in the cattle
herds of Great Britain, but the disease is not present
in other of the livestock species in that country.b
While most of the infections in cattle are known to
be due to Brucella abortus, some are caused by an
organism that was at first regarded as Br. melitensis.c
It was soon recognized, however, that the organism
differed from classical Br. melitensis in its patho-
genicity for man and the guinea-pig. Stableforth
et al.b described them as " strains with all the bio-
chemical and serological characters of Brucella
melitensis, but their pathogenicity seems to be no
higher than that of typical Br. abortus and in fact,
as far as human infection is concerned they seem,
like Danish Brucella suis, to be possibly less patho-
genic ". Bothwell d referred to them as atypical
strains of Br. melitensis and also noted that they
appeared to be of " low pathogenicity " for man.
Morgan et al.,e while calling them Br. melitensis,
observed that they were lysed by Brucella bacterio-
phage, while cultures of Br. melitensis obtained from
laboratories outside Great Britain were not lysed by
this same phage strain. Thus, the true identity of
these organisms has remained uncertain.
The conventional biochemical and serological

determinative methods necessarily were the methods
used for describing these organisms. However, it
is now known that there exist strains of Br. abortus
that are indistinguishable from Br. melitensis by
the usual biochemical tests and also that there exist
other strains of Br. abortus that are serologically
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indistinguishable from Br. melitensis; f both of
these types of Br. abortus being differentiated from
Br. melitensis by their oxidative metabolic pattern
on substrates of amino acids and carbohydrates and
by their susceptibility to Brucella bacteriophage,
type abortus, strain 3.f
To obtain further information about the charac-

teristics of this organism isolated from cattle,
58 strains were examined for their oxidative meta-
bolic activity on amino acid and carbohydrate
substrates and for their susceptibility to lysis by
Brucella bacteriophage, type abortus, strain 3.
Additionally, 14 other strains of Brucella that had
been described as variants of Br. melitensis, but
whose identity was actually uncertain, were sub-
jected to the same procedures. The results of this
study are presented herein.

Materials and methods
All manometric procedures and materials used

in this study were identical with those described
previously by Meyer & Cameron.Y The methods of
phage susceptibility assessment and the conventional
serological and biochemical procedures were iden-
tical with those described previously by Meyer
& Morgan.f

Results and discussion

The accompanying table shows the oxidative
metabolism and phage susceptibility of 58 strains
of Brucella that have been isolated from cattle,
and have previously been called Br. melitensis. As
can be seen from this table, each of these strains
displayed the oxidative metabolic pattern that is
singular and definitive for the species Br. abortus,
and each strain was lysed by a Brucella bacterio-
phage that lyses only strains of Brucella that display

f See the article by M. E. Meyer & W. J. B. Morgan on
page 823 of this issue.

g Meyer, M. E. & Cameron, H. S. (1961) J. Bact., 82,
387, 396.
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OXIDATIVE METABOLISM AND SUSCEPTIBILITY TO BRUCELLA BACTERIOPHAGE, TYPE ABORTUS, STRAIN 3, OF
58 STRAINS DESCRIBED AS BRUCELLA MELITENSIS FROM CATTLE AND 14 STRAINS DESCRIBED

AS BRUCELLA MELITENSIS THAT PRODUCE HYDROGEN SULFIDE

ofumbrstrainsfconentoof Susceptibility

Description of strains oNs in Resbuiltchofmical tentinal Oxidative metabolic patterna to phage
__________ ~~~~strainsjbohtiates

Group 1:

Br. melitensis biochemically, Do not require COa for iso- These strains oxidize L-ala- All 58 strains
Br. melitensis serologically. lation. nine (54-215), L-glutamic were lysed.
All strains were isolated from acid (120-427), L-asparagine
cattle in Great Britain and Ger- 58 Do not produce H2S. (68-295), L-arabinose (25-
many. 167), D-galactose (99-278),

Grow on both dyes. D-ribose (111-530). They do
not oxidize urea cycle sub-
strates.

Group 2:

Br. melitensis biochemically, Do not require C02 for iso- Same as group 1. All 9 strains
Br. melitensis serologically. lation. were lysed.

9
Produce HgS for 4 days.

Grow on both dyes.

Group 3:

Br. melitensis biochemically, 5 Same as group 2. Same as group 1. All 5 strains
agglutinates monospecific anti- were lysed.
sera of both species.

a Figures in parentheses show the range in rates observed for the group.

the metabolism characteristic for the species Br.
abortus.h

In addition to the taxonomic evidence provided
by metabolic and bacteriophage data, the epidemio-
logical and pathogenic characteristics of these
organisms favour their classification as Br. abortus.
The presence of this organism in cattle has been
recognized since 1940,c but it has not spread to
goats or sheep and there have been no reported
cases of brucellosis in human beings due to these
strains, though known infected raw milk has been
consumed.b
Not only have Brucella strains of this description

posed a problem of identification per se, but their
uncertain identity has caused confusion in the
elucidation of the host range of this strain of Brucella
bacteriophage. In addition to the report of Morgan
et al.,e Jones i also reported the lysis of Br. melitensis
by this phage. All Br. melitensis cultures reported
by both investigators as having been lysed were
isolated from cattle in Great Britain and all have
the oxidative metabolic pattern of Br. abortus.
From the table it can be observed also that, like

h Meyer, M. E. (1961) J. Bact., 82, 950.
i Jones, L. M. (1960) Bull. Wid Hlth Org., 23, 130.

other species variants, these strains are not confined
within a limited geographical area. Several strains
listed in the table were isolated from cattle in
Germany.
The table also shows the oxidative metabolism

and phage susceptibility of 14 strains of Brucella
that have been described previously as Br. melitensis
strains that produce hydrogen sulfide.i As with all
other Brucella strains that have been examined for
their oxidative metabolism and phage susceptibility,
those that display the metabolism characteristic of
Br. abortus are susceptible to lysis by this phage
strain. These 14 strains are identical biochemically
with the strains identified as Br. abortus by Bevan.k
Serologically, they differ from them only in the
quantitative distribution of antigen measurable by
agglutination with monospecific antisera.

Conclusions
The 58 strains of Brucella that had been described

as displaying the biochemical and serological
characteristics of Br. melitensis but whose epidemio-

J Stableforth, A. W. (1959) Diseases due to bacteria. In:
Stableforth, A. W. & Galloway, I. A., ed., Infectious diseases
ofanimals, New York, Academic Press, vol. 1, p. 53.

k Bevan, L. E. W. (1960) Brit. med. J., 2, 267.
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logical and pathogenic features were anomalous
for this species have been found to be Br. abortus
both metabolically and in bacteriophage susceptibil-
ity. These strains should be regarded as Br. abortus.
The 14 strains previously identified as Br. melit-

ensis that produced hydrogen sulfide have also been
found to be strains of Br. abortus.
The realization that there occur strains of Br.

abortus whose features exactly duplicate those of

Br. melitensis when identification is made by the
conventional biochemical and serological methods,
and that their identity can be established accurately
by their metabolism and phage susceptibility, should
relieve the controversies concerning the host range
of this strain of Brucella bacteriophage, concerning
the epidemiology of Br. abortus and Br. melitensis
infections, and concerning the identification and
classification of organisms in the genus Brucella.

A Note on Local Treatment of Mice Infected Intraplantarily
with Rabies Virus *

by D. COHEN, a H. KOPROWSKI and T. J. WIKTOR, The Wistar Institute of Anatomy and Biology,
Philadelphia, Pa., USA

Guinea-pigs have generally been used for labo-
ratory studies of local treatment of rabies-infected
wounds. Previous work performed in this species
has indicated the possibility of a " blocking effect "
by various chemical compounds on the centripetal
spread of the virus from the infected wound to the
central nervous system. The use of guinea-pigs for
these studies has several shortcomings: results are
sometimes inconsistent, and the cost of purchasing
and maintaining them for 30-90 days is large.
Therefore Swiss white mice were employed in an
attempt to find a uniform, economical system with
which to study the treatment of rabies-infected
wounds.

Materials and methods

Swiss mice weighing 10-14 g were injected intra-
plantarily in one pad according to method described
by Krause b with 0.03-0.05 ml of a solution of mouse
brain suspension infected with the CVS strain of
rabies virus. The inoculations were administered
with a 0.25 ml tuberculin syringe through a 30-gauge,
3/4 inch needle. Immediately following exposure to
rabies virus the infected mice were injected in the
gastrocnemius muscle of either the same or the
opposite leg with compounds which were to be
tested for their " blocking effect " on the spread of

* Supported by Grant E-2954 from the National Institutes
of Health and United States Public Health Service.

a Present Address: Director, Government Veterinary
Institute, Beith Dagan, Israel.

b Krause, W. W. (1957) Zbl. Bakt., I. Abt. Orig., 167, 481.

virus from the site of infection to the central nervous
system. These compounds, administered either as a
suspension or as a solution, were inoculated in 0.1-ml
quantities from a 1-ml tuberculin syringe fitted with
a 26-gauge, 3/4-inch needle. The inoculated mice
were observed closely for several hours following
treatment in order to note the degree of local irrita-
tion produced by the compound under test; after
that they were observed daily and the number of
sick and dead was recorded.

Results of intraplantar inoculation of mice with
various amounts and various dilutions of rabies virus
indicated that an 0.05-ml inoculum of 10% mouse
brain suspension (containing approximately 1.6-5.0
x 106 mouse intracerebral LD50) was uniformly
lethal for the inoculated mice. This concentration of
virus was used throughout the experiments.

Since certain quaternary ammonium compounds
such as benzalkonium chloride (Zephirol) were
found in previous experiments c to prevent the
spread of rabies virus from infected wounds of
guinea-pigs, this compound was used primarily in
the experiments in order to evaluate the method of
testing.

Results and conclusions
The results shown in the accompanying table

indicate that 1% benzalkonium chloride and 50%
ethyl alcohol were effective in preventing the spread
of rabies virus from the site of inoculation to the
central nervous system. Although the mechanism of

c See the article by Kaplan et al. on page 765 of this issue.
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