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This preliminary result in the study of the bacterial
viruses of Brucella also opens a field of research of
great practical significance. The taxonomy of the
Brucellaceae and the genus Brucella has given rise to
heated controversies, which have not yet been settled
conclusively. In many cases the form of the disease
involved has not been sufficiently emphasized.
The introduction of a characteristic in Brucella

determination which is definite in outcome has
marked advantages over the characteristics which
differ only in the degree in which they are manifest
in the different " species ". Thus bacteriophage
typing can profitably be added to the following
characteristics:

(a) disease description;
(b) monospecific agglutination of the causal

organism;
(c) CO2 dependence;
(d) H2S production;
(e) dye resistance;
(f) diethyldithiocarbamate sensitivity;
(g) urease activity;
(h) carbohydrate fermentation.
At the present state of our knowledge of the phage

typing technique in brucellosis, this method of
determination should be added at the bottom of the
above list of tests, but if expectations are realized,
it may well be that phage typing will rank high up in
the list, as a test to be given prime consideration.
The phages studied by Parnas and Braun appear

to be specific for Br. abortus. It may be possible

to obtain phages specific for Br. melitensis in a
similar manner.
The Br. suis phage used in the present work was,

however, derived from a Br. abortus phage parent
stock. Apparently this " suis " phage is the result of
a mutation shown up in a Br. abortus variant culture
when the variant possesses " suis " characteristics.
The result indicates that " broad spectrum " as well
as " strain specific " phages could be obtained,
whereby a specificity of Brucella strains, much
greater than hitherto available, could be determined.
What remains to be done is to characterize these

phages g and to study their mutation range. The
variants have to be examined in connexion with
the correlation between their effects and the virulence
and epidemiology of the disease.
The phenomena of genetic structure, interference,

transduction of bacterial characters and latent phage
in Brucella have suddenly become urgent questions
in the study of brucellosis.

* *
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University of Pretoria, for kindly doing the electron
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g Coetzee, J. N. (1958) S. Afr. J. Lab. clin. Med., 4, 147

Comparison of Phage Typing with Standard Methods of Species
Differentiation in Brucellae *
by Lois M. JONES, Department of Bacteriology, University of Wisconsin, Madison, Wisconsin, USA

In view of the general interest in the taxonomy
of brucellae,a and the recent reports on the use of
brucellaphage for typing cultures,b-e it was con-
sidered timely to examine a number of strains
obtained from widely scattered geographical areas
and various hosts.

* Published with the permission of the Director of the
Wisconsin Agricultural Experiment Station.

a Internat. Bull. bact. Nomencl., 1959, 9, 175
b Parnas, J., Feltynowski, A. & Bulikowski, W. (1958)

Nature (Lond.), 182, 1610

Parnas et al. b reported that the Russian phage
lysed typical Brucella abortus but did not affect
atypical strains, Br. melitensis or Br. suis. The
fourteen brucellaphages which Parnas isolated from
his own culture collection were similar to the Russian
phage in their host range. A preparation of phage

c Drimmelen, G. C. van (1959) Nature (Lond.), 184, 1079
dl See the note by G. C. van Drimmelen on page 127 of

this issue.
e Stinebring, W. & Braun, W. (1959) J. Bact., 78, 736
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from Dr Parnas was sent to Dr Stableforth, Wey-
bridge, England. It was found that a number of
Br. melitensis cultures isolated from cattle in England
were lysed by this phage preparation.f Van Drim-
melen c reported that phage obtained from Dr
Stableforth lysed Br. abortus but not Br. melitensis
or Br. suis, whereas a phage derived from that stock
was shown to lyse Br. suis also.d Stinebring &
Braun e working with a bacteriophage preparation
of Russian origin, observed lysis only with smooth
and intermediate strains of Br. abortus.

Materials and methods

In the present study a phage preparation obtained
from Dr Stinebring was propagated on Br. abortus
strain 19 as described by Stinebring & Braun.e
Cultures to be tested were spread on Albimi brucella
agar plates and allowed to dry before five phage
dilutions, containing from 10 to 105 plaque-forming
units, were dropped on the surface. All susceptible
cultures were lysed at the limiting dilution of phage.

Cultures of brucellae were gratefully received
from the following sources:

(1) FAO/WHO reference strains from Dr A. W.
Stableforth, Weybridge, England.

(2) Cultures recently isolated from cattle in
Wisconsin by Dr W. Ray, University of Wisconsin,
Madison, Wis., USA.

(3) Cultures from cattle in Britain from Dr A. W.
Stableforth.

(4) Cultures from humans and cattle in the Belgian
Congo obtained from Dr T. Wiktor,9 Elizabethville,
Belgian Congo.

(5) Br. melitensis vaccine and challenge strains
from Dr S. S. Elberg, h University of California,
Berkeley, Calif., USA.

(6) Cultures from Dr Margaret Meyer,i University
of California, Davis, Calif., USA.

(7) Cultures from humans in the USA, Malta,
Turkey, Argentina, pigs in the USA and cows in
England from Dr I. F. Huddleson, Michigan State
University, East Lansing, Mich., USA.

f A. W. Stableforth and W. J. B. Morgan-personal
communication, 1958

g Vandepitte, J. & Wiktor, T. (1951) Rev. belge Path.,
21, 218

h Elberg, S. S. & Faunce, K. (1957) J. Bact., 73, 211
i Meyer, M. (1959) J. Bact., 78, 130

(8) Cultures recently isolated from cattle and goats
in Malta by Dr G. G. Alton.
Smooth or intermediate clones were selected from

each of the cultures prior to further study.
Methods recommended by the Joint FAO/WHO

Expert Committee on Brucellosis i were followed for
species differentiation. Albimi brucella agar was
used throughout the study except for the growth of
strains of Br. abortus (type II Wilson), for which
5% equine serum was added. All cultures were
tested in the presence of three concentrations of
basic fuchsin and thionine (1/50 000, 1/100 000 and
1/150 000) on duplicate plates which were incubated
in air and 10% CO2. It was observed that some
cultures which did not require added CO2 for growth
on Albimi agar grew better in the presence of dyes
when CO2 was added. A dye concentration of
1/100 000 gave the expected results with the FAO/
WHO reference strains, which were included in all
experiments.

Monospecific sera were prepared in rabbits as
described by Jones.k Gel-diffusion plate tests were
performed by Dr M. S. Redfearn and Dr D. T.
Berman,. using 1% phenol extracts of the cultures
and unabsorbed anti-brucella sera. Only those
cultures which reacted with monospecific melitensis
serum in the agglutination test produced precipitate
lines.

Results
It can be seen from the table that most of the

cultures differed from the three reference strains in
one characteristic or more. These cultures have not
been given species designations with the exception
of Br. neotomae.m

Thirty-one of 38 cultures isolated from cattle and
five cultures from humans were lysed by the bru-
cellaphage. Although most of these cultures had
the in vitro characteristics of Br. abortus, nine of the
strains from cattle were agglutinated with mono-
specific melitensis serum (rows 6 and 7). Br. meli-
tensis and melitensis-like cultures from goats, sheep,
humans and cattle (in Malta only), Br. suis strains
from pigs and humans and Br. neotomae strains
from wood rats were not lysed by the brucellaphage
employed in this study.

i Joint FAO/WHO Expert Committee on Brucellosis
(1953) WId Hlth Org. techn. Rep. Ser., 67

k Jones, L. M. (1958) Bull. Wld Hlth Org., 19, 177
1 See the note by these authors on page 133 of this issue.
m Stoenner, H. G. & Lackman, D. B. (1957) Amer. J.

vet. Res., 18, 947



RESULTS OF COMPARISON OF PHAGE TYPING WITH STANDARD METHODS OF SPECIES DIFFERENTIATION
IN BRUCELLAE

Agglutination
Number Origin of cultures Growth on with

of C02 H2S 1/100000: a monospecific Gel LysisRow cultures require- pro- sera: diffu- by
examined ment duction sion phage

Hosts Countries Basic Thio- A M1 fuchsin nine .

1. Br. abortus (e.g.,
strain 544)

2. Aerobic abortus

3. Aerobic abortus,
somewhat thionine-
resistant

4. Dye-sensitive abortus

5. Thionine-resistant
abortus

6. Abortus biochemically
and mel/itensis sero-
logically

7. Bovine melitensis

8. Br. mel/itensis (e.g.,
strain 16M)

9. Dye-sensitive me/i-
tensis

10. Mel/itensis cross-
reacting with
abortus

11. Mel/itensis biochemic-
ally and abortus se-
rogically

12. Br. suis (e.g., strain
1330)

13. Danish suis

14. Br. neotomae

5

9

5

4

5

19

9

2

8

8

1

2

84 c

Cattle

Cattle,
humans

Cattle,
humans

Cattle,
humans

Cow

Cattle

Cattle

Goats,
humans,
cattle

Goats,
humans,
cattle,
sheep

Goat,
human

Humans

Pigs,
humans

Pig

Wood
rats

USA,
Britain,
Malta

USA,
Belgian
Congo
Belgian
Congo,
Sudan

USA,
Britain

Malta

USA,
Britain

Britain

USA, Malta,
Uganda,
Mexico,
Argentina

USA,
Malta,
Turkey,
South
Africa

Iran,
Alaska

USA,
Turkey

USA

USA

USA

+

+

+ or-

+

(+) - (-) +1280

+ (+) I- (-) +1280

or-I + (+) I-(+) +1280

+

+

+

(-) - (-) +1280

(+) - (+) +1280

- (+) - (-) -20

+ (+) - (+) -20

+ (+) + (+) -20

+ or- (or-(+) (+)

+

+

-20

(+) + (+) +80

(+) + (+) + 1280

(-) + (+) +1280

-20

-20

-20

-20

-20

+640

+640

+640

+640

+640

-20 or
+40

-20

- (+) + (+) +1280 -20

- (-) - (+) +1280 -20

+

+

+

+

+

+

+

+

+

+

+

+

a Results obtained from plates incubated in air and in 10% C02 are recorded, with the latter in parentheses.
b 4 of 5 cultures required C02 for growth. 3 of 5 cultures required serum and C02 for growth, a type frequently designated"type 11, Wilson ".
c A total of 34 Br. abortus cultures from 7 Wisconsin herds giving identical results within the herd group were recorded as 7 cul-

tures.

A considerable number of cultures having the
serological or both the serological and the bio-
chemical characteristics of Br. melitensis have been
isolated from cattle in Britain and recently from
cattle in Wisconsin (rows 6 and 7). Those cultures
tabulated in row 7 of the table had been tested by

the author in England and found to be indistinguish-
able from the melitensis reference strain 16M. In
the present experiments, however, when incubated
in air they were more sensitive to thionine than
was 16M. When incubated in 10% CO2 they were
identical with 1 6M. (In this respect they were
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similar to the strains listed in row 9.) Although
occasionally present in raw milk, these melitensis-
like cultures have not been associated with human
disease and it has been suggested n that such
cultures are of a less virulent type than those
encountered in the Mediterranean area. The use
of brucellaphage shows that melitensis-like cultures
from cattle in Britain are different from melitensis
strains found in the Mediterranean area, and are
similar to Br. abortus in their susceptibility to lysis
by phage. Cultures shown in rows 7 and 9 would
have been indistinguishable without the use of phage.

It was of interest to know how the Brucella strains
isolated in Malta would react to the phage test.
According to Alton 0 the goat population in Malta
is rather heavily infected with Br. melitensis, whereas
a relatively small number of dairy cattle are infected.

'n Stableforth, A. W. (1952) Proc. roy. Soc. Med., 45, 79

About two-thirds of the cultures isolated from
infected cattle were Br. abortus and the remainder
were Br. melitensis. Some of the dairy cattle had
been imported from Europe. Of twelve recently
isolated cultures obtained from Malta, two abortus
cultures from cattle were lysed by phage, whereas
seven melitensis cultures from cattle and three
melitensis cultures from goats were not lysed by
phage. This would suggest that the cattle contracted
the melitensis infection from the goats in Malta.
With the exception of the melitensis cultures obtained
from cattle in Malta all strains from cattle were
lysed by the phage.
Rough cultures derived from one bovine melitensis

and four aerobic abortus strains were no longer lysed
by phage. Parnas et al.b and Stinebring & Braune
have previously reported this finding.

0 Alton, G. G. (1959) Brit. vet. J., 115, 96

Application of the Gel-Diffusion Technique for Typing Brucellae *
by M. S. REDFEARN and DAVID T. BERMAN,
Department of Veterinary Science, University of Wisconsin, Madison, Wisconsin, USA

A qualitative serological differentiation of smooth
Brucella strains has been made by means of the gel-
diffusion technique using unabsorbed sera.

Bruce & Jones a reported that a diffusible pre-
cipitinogen which was readily obtained from smooth
cultures of Br. melitensis was not demonstrated from
similar preparations of Br. abortus and Br. suis.
Carrere et al. b observed a precipitin line of identity
between trichloracetic acid extracts of Br. abortus
and Br. melitensis but not with a similar preparation
of Br. suis. Olitzki & Sulitzeanu C regularly de-
monstrated six to nine precipitin lines from extracts
of the three species but an additional strong preci-
pitin line, designated the "M" antigen, was produced
with a sonic extract of Br. melitensis. The present
report describes a simple method for the preparation

of a standard antigen for the gel-diffusion test and
the results of application of the method to 84 strains
of Brucella from ten countries previously classified
on the basis of biochemical and serological tests.!

Standard antigen was prepared from Br. melitensis
16M (WHO/FAO type strain). Growth after
48 hours' incubation on Albimi brucella agar in
ten Roux bottles was suspended in 50 ml of distilled
water containing 1% phenol and heated at 65°C for
one hour. Test antigens were similarly prepared by
heat extraction following the harvest in 1 ml of
phenolized distilled water of a 48-hour culture
(ca. 25 x 1010 cells) of each of the other strains. All
cultures were previously examined to ensure that
they were in the smooth or intermediate colonial
phase.

* Published with the approval of the Director of the Wis-
consin Agricultural Experiment Station (Paper No. NS 303).
This work was supported in part by grants from the
Research Committee of the Graduate School with funds
furnished by the Wisconsin Alumni Research Foundation
and from the Animal Disease and Parasite Research Division,
Agricultural Research Services, US Department ofAgriculture.

a Bruce, W. & Jones, L. M. (1958) Bull. Wld Hlth Org.,
19, 187

b Carrere, L., Roux, J. & Serre, A. (1958) Ann. Inst.
Pasteur, 95, 588

c Olitzki, A. L. & Sulitzeanu, D. (1958) Brit. J. exp.
Path., 39, 219

d See the note by L. M. Jones on page 130 of this issue.
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