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The Present Position in Brucella Phage Research
A Review of the Literature

M. S. DRO2EVKINA, M.D.'

It is only comparatively recently that efforts to isolate andpurify stable Brucella phages
have met with success. This success has important implications for the epidemiology and
possibly the control of brucellosis, and the author has therefore thought it opportune to
summarize and review the present state of research on Brucella phages.

After giving an outline of the history of Brucella phage isolation, she goes into the
methodology of phage isolation from numerous sources, of phage reinforcement, and of
determination of the lytic activity ofphage. This is followed by a discussion of the biological
properties, morphology and typing ofBrucella phage, and of lysogeny in Brucella. Finally,
she reviews the promising research that is being done on Brucella typing with specific phage
and on the use of antiphage serum in diagnosis, and discusses the possible use ofphage in
the treatment and prevention of brucellosis.

HISTORY OF THE ISOLATION OF BRUCELLA PHAGE

The history of the isolation and study of Brucella
bacteriophage is very instructive. It shows that
success in isolating this phage is closely dependent
on knowledge of the antigenic structure of Brucella.
Up to 1950 only a small number of papers had

been published on the search for Brucella phage, a
search which in the overwhelming majority of cases
had been unsuccessful.
Thus Gwatkin (1931) tried to isolate Brucella

phage from material taken from cows suffering from
brucellosis. He investigated milk, faeces, aborted
foetuses, foetal membranes and blood but failed to
find a bacteriophage active against Br. abortus in
any of these materials.

Attempts by Korolev (1938) to demonstrate
bacteriophagy in brucellae were also unsuccessful.

Balandin (1939) on many occasions tested filtrates
of 25-month broth cultures of Brucella but failed in
every case to demonstrate that these filtrates in-
hibited brucellar growth in any way.

Attempts by Williams-Smith (1949) to find lyso-
genic strains of Brucella and to discover bacterio-
phage in filtrates of faeces, the uterine fluid from
cows that had aborted, milk and other materials
also ended in failure. In no instance was any trace
of bacteriophage found.

1 State Scientific Research and Plague Control Institute,
Rostov-on-Don, USSR.

Bogdanov (1938) succeeded in bringing about
lysis of brucellae by non-specific bacteriophage.
By subjecting the bacteriophage against the causative
agent of paratyphoid abortion of mares to multiple
passage in cultures of Brucella of the three types he
succeeded in adapting the phage to the lysis of
Brucella of the melitensis type at a titre of 10-6.
Attempts by other authors to adapt non-specific

bacteriophage for the lysis of Brucella failed. In
experiments by Balandin (1939) the highly active
plague and typhoid-paratyphoid phages proved
inactive against Brucella. Williams-Smith (1949)
tried to adapt bacteriophages against Salmonella
typhi Vi (types G and F), Bacterium coli, Bacterium
pseudotuberculosis and Streptococcus lactis but failed
to secure lysis of Brucella by any of them. Experi-
ments to adapt non-specific bacteriophages carried
out by Williams-Smith (1949) also failed to give any
positive results.
The first five strains of Brucella phage active

against Brucella abortus were isolated in 1940 by
Sergienko, ?ul'c & Natovic from soil and river
water. Nemsadze, Pophadze & Kilosonidze (1958)
announced that they had on some occasions suc-
ceeded in detecting the presence of phage in filtrates
of museum cultures and freshly isolated cultures of
Brucella on a solid medium. More highly active
strains of phage were obtained from a mixture of
faeces and urine from human brucellosis patients
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and from sewage in Tbilisi. These phages also,
however, proved unstable and quickly perished.

Pickett & Nelson (1950, 1951) observed bacterio-
phagy in cultures of Brucella organisms recovered
from the blood of patients. They also examined
filtrates prepared from bacterial suspensions and
broth cultures of mucoid variants for the presence
of phage. When typical Brucella organisms were
mixed with tenfold serial dilutions of these filtrates
in broth and subsequently inoculated on to a solid
medium, plaques were obtained.

Dimitriu, Cerbu & Vasilesco (1959) observed zones
of lysis in Brucella cultures in 1953 but the phe-
nomenon proved unstable and the authors failed to
obtain active phage in serial passage.
The facts quoted above showed that the bacterio-

phagy phenomenon occurs in Brucella. However,
not one of the research workers mentioned had
succeeded in obtaining stable laboratory strains of
Brucella.
At the beginning of 1950 Drozevkina (1951)

isolated specific bacteriophage from the vaccinal
strain Br. abortus 19. In the same year she isolated
seven further strains of bacteriophage from museum
cultures of the melitensis and abortus types.

Research carried out in subsequent years to
improve methods of isolating and reinforcing the
bacteriophage, together with parallel research on the
antigenic structure of Brucella, led to the isolation
of a considerable number of strains of bacteriophage
from various types of material. Thus Brucella phage
was isolated from museum cultures and freshly
isolated cultures of Brucella (Drozevkina, 1951;
Drozevkina & Kiriceva, 1955; Ostrovskaja, 1957;
Salmakov, 1958; Parnas, Feltynowski & Bulikowski,
1958b; Lazuga & Renoux, 1960; Gargani & Pin 1);
from the blood, cerebrospinal fluid and urine of
brucellosis patients (Drozevkina, Misnaevskij &
Uraleva, 1957); from the urine of infected goats
(Lazuga & Renoux, 1960); and from the stomach
contents, blood and internal organs of aborted
foetuses of farm animals (Drozevkina & Tosto-
korova, 1956; Salmakov, 1958). Using the methods
of isolating and reinforcing Brucella phage devised by
Drozevkina, Mamacasvili (1957b) obtained phage
from museum and freshly isolated cultures of all
three types of Brucella, from vaccinal strains and
also from the faeces, urine and milk of vaccinated
cows. Pophadze & Abasidze (1957), employing the

I In: Round table discussion on Brucella phages, 1961
(unpublished working document WHO/Bruc/125).

methods used for isolating the bacteriophage from
sewage, obtained four strains of Brucella phage from
sewage and from cowdung in one of the herds
infected with brucellosis. Carrere, Roux & Mandin
(1956) isolated bacteriophage from the blood of
persons suffering from brucellosis. Parnas (1961b)
isolated phage from the faeces and urine of cattle.

Such, in brief, is the history of the isolation of
Brucella phage.

Subsequent investigations showed that the par-
ticular characteristic of Brucella phage which makes
it difficult to isolate and especially difficult to rein-
force is due to the presence in the Brucella organism
of a surface, somatic, labile antigen not known
before, described by Drozevkina (1954) under the
name of Vi-antigen.

Selection of cultures corresponding to the phage
type, based on the presence or absence of the Vi-
antigen in them, ensured success, which was also
furthered considerably by improvements in the
techniques of Brucella-phage isolation and reinforce-
ment.
The availability of a large selection of stable

laboratory strains of Brucella phage, isolated from
various materials, made it possible to begin to
study its basic qualities.

METHODS OF ISOLATING AND REINFORCING
BRUCELLA PHAGE

In devising methods of isolating Brucella phage
Drozevkina (1956a, 1957a) started from the same
basic working principles as those underlying work
with phages against other species of microbe. The
details of the method of isolation were, however,
modified.

Isolation ofphage from cultures
It is recommended that museum Brucella cultures

and freshly isolated cultures should be selected from
seedings on Martin-agar slopes (pH 6.9). To do this,
four or five freshly-made, moist agar slopes for each
strain should be inoculated with the Brucella
organisms from which it is wished to isolate phage.
The inocula should be incubated for 48 hours at
37°C, after which they should be kept at room
temperature. Daily examination of the cultures
should, at various intervals, reveal changes indicative
of the presence of phage. These changes usually
take the form of the culture going " glassy " and its
growth disappearing. Sometimes only a vague
trace remains at the site of a once abundant growth
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of the culture. This dissolution of the culture may
occur over areas of various extent, even proceeding
as far as complete lysis of the whole inoculum.
Sometimes single colonies of " secondary" growth
appear on the site of a completely lysed culture. In
a number of cases, instead of diffuse " glassiness ",
plaques of pinhead size are found against the back-
ground of a continuous microbial growth. Cultures
of this type look as though pierced with a multitude
of pinholes.

All test-tubes containing inocula in which phage
has been found to be present should be filled up
with Martin broth (pH 7.2). This operation must
be done in a sterile manner by means of a 5-10-ml
pipette. The amount of broth to each test-tube
should be 8-10 ml. It is desirable that at least 3-4
test-tubes containing inoculum from one strain
should be covered with broth.
These test-tubes are put in the incubator at 37°C

for 5-10 days. The duration of incubation depends
on the freshness of the original inoculum. Fresh
5-7-day cultures are incubated for five days, whereas
old 20-30-day cultures must be incubated for 10 days.
The broth in these test-tubes is generally turbid,
and the research worker should not be disturbed
by this. Subsequently the culture is filtered through
Chamberland filters (L5) or No. 1 or No. 2 mem-
brane filters.

Before the beginning of filtration the filter should
be wetted with 20 ml of sterile broth, after which
the contents of all the test-tubes containing inoculum
from one strain should be pooled in it for filtration.
The mixing of different strains is not permissible
since it would destroy the purity of the phage strain
obtained. It is preferable that filtration be done by
gravity or under very weak pressure.
The filtrate obtained represents the initial phage.
When using this method of phage isolation, Parnas

(1960) employed different media and different
incubation times. Agar slopes containing glucose
and serum were inoculated with Brucella cultures
of 3-6-months' growth, taken from his own
collection. After three days' incubation 8-10 ml of
sterile liver broth and serum (pH 7.2) were added,
after which the cultures were put in the incubator
for 6.20 days and then filtered.

In addition to this method of isolating Brucella
phage from cultures, the method in which pieces of
agar are cut out from the culture in places where it
is infected with phage can be used.
For this purpose Parnas (1960, 1961b) recom-

mends that a piece of agar containing an inoculum

of phage-infected Brucella organisms should be
removed and placed in broth with an 18-hour growth
of Br. abortus 19. After 24-hours' incubation
2.5 ml of this culture are transferred into 5 ml of
an 18-hour broth culture of the same Brucella
strain. The transfer is repeated several times and
then tests are made for phage. If phage is found to
be present, the material is filtered through a No. 3
Berkefeld filter and then through Chamberland
candles (3L5). Before and after filtration the pH
is adjusted to 7.6. Liver broth and serum of pH 7.2
is used for seedings.

Isolation of phage from blood, urine, cerebrospinal
fluid, foetuses and internal organs
Drozevkina (1957a) recommends that a bottle

containing 50 ml of Martin broth (pH 7.2) should
be inoculated with 1 ml of the material to be investi-
gated for the presence of bacteriophage. To this
is added 0.6-0.8 ml of a 4-5-hour broth culture of
Brucella. It is desirable when isolating the phage
and during the first passages to use a fresh culture of
Brucella organisms isolated from the same source.
If none is available, another freshly isolated culture
should be used which has been carefully checked
for the absence of phage.

In isolating phage from blood for seeding, whole
blood is used without added preservatives, but
blood serum and clotted blood can also be used.
When phage is to be isolated from urine, the urine
is first alkalinized a little and passed through a
Seitz filter, after which it is transferred in a sterile
manner into broth. When phage is being isolated
from the internal organs of slaughtered animals, or
from their aborted foetuses, pieces are pounded up
in a mortar or cut up with a scalpel, and bottles
containing 50 ml of Martin broth (pH 7.2) are
inoculated with the suspension. The inocula are
placed for four hours in a refrigerator at between
4°C and 6°C and then transferred to an incubator,
in which they are kept for a further 14-16 hours
at 37°C. They are then filtered through L5 Cham-
berland candles or through a No. 1 or No. 2 mem-
brane filter. The filtrate thus obtained is checked
for the presence of bacteriophage.
The inoculation of solid media with this material

with a view to isolating phage gives poorer results.
Most laboratories use the methods described above

for isolating Brucella phage.
Isolation ofphage from sewage
Pophadze & Abasidze (1957), when they isolated

Brucella phage from sewage and liquid manure from
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cowsheds, used the methods generally applied for
this purpose. They added to two 900-ml specimens
of sewage 100 ml each of concentrated broth
(10 times as concentrated as usual) made from liver
hydrolysate, with glucose (ph 7.3). Then they added
to one specimen 10 ml of a 24-hour broth culture
of Br. abortus, and to the other 10 ml of a 24-hour
culture of Br. melitensis. The seeded flasks were
incubated for 30 days at 30°-33°C. During this time
several samples were taken (after 24, 48 and 72
hours, and on the 5th, 6th, 10th, 15th and 30th days)
and filtered through L5 Chamberland filters. The
filtrates were tested for the presence of phage. When
this method was used, phage was successfully
discovered in most cases in the 6th-day filtrates.

Isolation ofphage from the faeces and urine of cows
Parnas (1961b) recommends that 1-2 ml of faeces

or urine from cows suffering from brucellosis'
should be placed in 50 ml of broth with a 6-hour-
growth of a phage-sensitive culture of brucellae.
The cultures are incubated for 5 or 6 days at 37°C
and then filtered and tested for the presence of
phage.

Methods of reinforcing Brucella phage
The reinforcement of any phage is based on the

principle of subjecting it to a number of consecutive
passages in a susceptible culture. At the same time,
methods of reinforcing phages active against various
species of bacteria differ in detail and determine the
end-result of the passage. It is more convenient to
carry out passages in a liquid nutrient medium of
optimum composition and pH for the species of
bacteria concerned.
The initial Brucella phages are very weak and

their reinforcement is a matter of considerable
difficulty.
To reinforce and multiply Brucella phage the

method usually used is the one described by
Drozevkina (1957a). Before reinforcement begins a
number of preliminary investigations are needed.
It is necessary to choose a culture to " nurture" the
phage, to determine the optimum relationship
between culture and phage, and also to establish the
time of filtration.

Martin or liver broth (pH 7.2) is recommended
for this work.

In reinforcing the phage the correct choice of a
susceptible culture is of great importance. This'
is made by qualitative tests on a considerable num-
ber of strains. Passages in a culture of brucellae

possessing a certain degree of resistance to the
phage concerned may lead to attenuation of the
phage instead of its reinforcement. Therefore, a
culture should be chosen for passage which is com-
pletely lysed both in fluid media and on solid media.
Brucellae freshly isolated from patients or animals
are the best for this purpose.
The correct correlation between the amounts of

culture and of phage is also of great importance.
This is determined by the results of a special experi-
ment. A given quantity of the phage and various
amounts of the culture are placed in a number of
bottles containing 50 ml of Martin or liver broth
(pH 7.2). A 4-5-hour broth culture of Brucella is
used in amounts of 0.2, 0.3, 0.4, 0.5, 0.6 ml, and so
on up to 1.5 ml. The mixture of culture and phage
is shaken, placed in a refrigerator for 4-5 hours and
then transferred for 14-16 hours to an incubator
at 37°C. After this the contents of each bottle are
filtered separately. All the filtrates thus obtained
are titrated on solid and liquid media. The best
phage for titre and completeness of lysis will show
the optimum correlation between culture and phage
which it is essential to use in passages for phage
reinforcement. In most cases the optimum cor-
relation will be found within the following range:
1.2-1.5 ml of the phage and 0.6-0.8 ml of the culture
to 50 ml of broth. To determine the time at which
filtration should begin, the time of onset of maximum
lysis of the culture must be determined by the usual
methods.

After the investigations described above have
been carried out, reinforcement of the phage
isolated may be begun. It is convenient to inoculate
500-ml flat bottles containing 50 ml of Martin or
liver broth (pH 7.2). On the day before the passages
are made, a dry agar slope should be inoculated
with a susceptible culture. After 15 hours' incu-
bation at 37°C it should be transferred frcm the
slope into tubes of broth, which are then incubated
for 5 hours at a temperature of 37°C. To seed the
stock bottles a 5-hour broth growth of brucellae is
used. The amounts of culture and phage previously
determined by titration are placed in bottles con-
taining 50 ml of broth. The bottles containing the
inocula are carefully shaken and placed for 4-5 hours
in a refrigerator at 4°-6°C, after which they are
transferred for 14-16 hours to an incubator at 37°C.
During the incubation process the inocula should
be shaken in order to improve aeration. At the end
of the time indicated, the inocula are filtered through
L5 Chamberland filters or a No. 1 or No. 2 mem-

AA



THE PRESENT POSITION IN BRUCELLA PHAGE RESEARCH 47

brane filter. The phage obtained after the first
passage is titrated in solid and liquid media. If the
phage obtained is stronger than the initial phage,
passaging may be continued. If, however, it is
weaker, an error must have crept in.
For the phage to reach maximum strength and

titre it is not necessary to subject it to a large number
of passages. Usually five or six consecutive passages
made at intervals of three to five days will be enough.
The absence of any increase in titre in subsequent
passages will show that maximum titre has been
reached.
Museum strains of phage should be stored at

8°C and should be " fed" by single passage once a
month.
Any quantity of them can be cultivated from

monovalent museum phages by the above method,
as the need arises.

In contrast to this method, Parnas (1960, 1961b)
uses for phage-multiplication passages a seeding of
phage in an 18-hour growth of Brucella.
A somewhat different method of phage multiplica-

tion was used by van Drimmelen (1959).1 The basic
culture for phage multiplication-Br. abortus 19
in a shake flask-was inoculated with 1 ml of phage
and incubated on a shaker at 37°C for 48 hours.
After this the culture was centrifuged (at 3000 r.p.m.
for one hour) and filtered through a collodion
membrane (pore size 570 ,u). The filtrate was heated
to 60°C for one hour to ensure freedom from
bacterial cells.

METHODS OF DETERMINING THE LYTIC ACTIVITY
OF PHAGE

To determine the lytic activity of Brucella phage,
Drozevkina (1956b) recommends making seedings
on 1.4% glucose-glycerine Hottinger agar or liver
or Martin agar of pH 7.2. There are several ways
of setting up this test. Two of the most convenient
are outlined below.

First method
0.1 ml of a suspension of an 18-hour growth of

brucellae in physiological solution containing
500000 000 or 1 000 000 000 organisms per ml is
inoculated on an agar plate in a Petri dish. A spreader
is used to distribute this suspension evenly over the
surface of the medium. Two dishes-experimental

1 Drimmelen, G. C. van (1959) Types of "species" of
Brucella organisms characterized by phage lysis (unpublished
working document WHO/Bruc/200).

and control-are seeded in this way at the same time.
One drop of phage is spotted on to the dried bacterial
mat in the experimental dish by means of a fine
Pasteur pipette. The dish is tilted slightly to allow
the drop of phage to form a " pathway ". After the
inoculum has dried, the dish is turned over and
placed with the control dish (which does not contain
phage) in an incubator for incubation at 37°C.

Second method
This is a slight modification of the method usually

used for determining the phage types of bacterial
cultures.
On the reverse side of a Petri dish containing one

of the agars listed above, a grid is marked consisting
of eight to ten squares. On the surface of the agar
corresponding to two squares situated side by side
one drop of a suspension of brucellae containing
500 000 000 organisms from an 18-hour agar culture
in 1 ml of physiological solution is spotted on to
each square. Then the drop of suspension is allowed
to dry for 15-30 minutes and a small drop of phage
of somewhat smaller volume is spotted on to the
first square. The suspension of brucellae in the
second square serves as a control. It is convenient
to use platinum loops of different sizes to transfer
the suspension and the phage. After drying, the
dish containing the inoculum is turned over and
placed in an incubator at 370C. By this method it
is possible to test on one Petri dish the sensitivity
to phage of four or five cultures or the lysability
of one culture by 7-9 strains of phage.
The results obtained by either of these methods

are read twice-after 24 hours' incubation at 37°C
and then after a further 24 hours at room tempe-
rature.

SOME BIOLOGICAL PROPERTIES OF
BRUCELLA PHAGE

Freshly isolated strains of Brucella phage are not
very active and their titres rarely exceed 10-1-10-3.
In some cases phage activity is so slight that it
cannot be titrated. However, after several conse-
cutive passages in a susceptible culture phage activity
increases and reaches 10-9-10-"1 (Drozevkina, 1951;
Mamacasvili, 1957b, 1958; Pophadze & Abasidze,
1957; Parnas, 1960; Ostrovskaja, 1961).
Many strains of Brucella phage are characterized

by their failure to produce lysis in a fluid medium
in all cases. Obviously this is connected with the
presence in the culture of microbial cells resistant
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to phage, whose multiplication obscures the lysis
phenomenon in a fluid medium but affects its mani-
festation considerably less on a solid medium. In
support of this theory Ostrovskaja & Solov'ev (1960)
quote their findings by electron microscopy: all
photographs taken after 18-24 hours contact between
phage and culture show among the mass of phage-
sensitive organisms resistant cells to which phage
is not adsorbed, even though the preparation con-
tains a large amount of phage.

This circumstance has caused considerable diffi-
culties in work with Brucella phage and for that
reason many of its biological properties have still
not been adequately studied. The most complete
study of the biological properties of Brucella phage
is that by Ostrovskaja (1961) on the Tbilisi phage
strain isolated by Pophadze & Abagidze (1957) from
sewage in 1955.
The rate of multiplication of this phage strain and

its relationship to the multiplicity of infection was
studied by the Adams' technique (1959), filtration
through a No. 1 membrane filter being substituted
for centrifuging. Various multiplicities of infection
were tested, ranging from 100 to 0.0001 phage
particles per microbial cell. Samples were taken
after 5, 10, 15, 20 and 30 minutes and after 1, 2, 3,
5, 9, 12, 15, 18, 24 and 48 hours. In not one of these
experiments did the author succeed in discovering
the moment and extent of adsorption. This was
possibly due to the slow nature of the adsorption
process and its occurrence at different times.
The results of these experiments showed the

significance of multiplicity of infection in the dyna-
mics of Brucella phage multiplication. Mean figures
showed that at any multiplicity 7-hour contact of
the phage with the bacterial cell did not lead to any
change in the number of phage particles. In the
period between the 7th and 9th hours a divergence
began to appear between particle numbers for diffe-
rent multiplicities of infection. This divergence had
still further increased by the 12th hour of contact.
Optimum figures were 10-1-0.1-0.01 and the least
favourable 100-0.001-0.0001 particles. Ostrovskaja's
data showed how slow is the life-cycle of Brucella
phage, which lasts not for minutes, as in the case
of other phages, but for hours. The phage multi-
plication curve repeats in time the Brucella multi-
plication curve, in which the lag phase is fairly long,
amounting to between 9 and 15 hours in the case
of laboratory cultures. The maximum increase in
the number of phage particles corresponds to the
lag phase of Brucella growth. At optimum multipli-

city of infection (10-0.01) and with an initial con-
centration of brucellae of 10-6 per ml, one observes
a growth in phage titre only after 9-12 hours' contact
of the phage with the bacterial cell at 37°C. In this
the quality of the culture medium is of great
importance. In these experiments the best proved
to be Medium D, consisting of yeast- and fish-
hydrolysates. The works of Brinley-Morgan 1 and
Jones, McDuff & Wilson l also testify to the slow-
ness and inconstancy of the process of adsorption.

Brucella phage is marked by a high degree of
resistance to the action of various physical and
chemical agents. Thus, according to Ostrovskaja's
observations (1961), this phage will keep for up to
two years (the length of the observation period) in
a refrigerator at 4°-6°C, and also at room tempera-
ture in broth or in buffer mixtures of slightly alkaline
(pH 7.3) and alkaline reaction (pH 8.3). An acid
medium (pH 5.5) is less favourable for the main-
tenance of the phage. Drozevkina's data (1956b)
show the length of time for which polyvalent
diagnostic phage preserves its lytic power and titre.

Ostrovskaja (1961) and Brinley-Morgan 1 showed
that the Tbilisi strain of phage is thermostable. The
phage is destroyed only when it has been subjected
to a temperature of 85°-90°C for as long as
30 minutes.
The bactericidal effect of fumes of 40% formol

appears after 5 hours' exposure. 50% carbolic acid
inactivated a considerable amount of the phage only
after 24-hours' exposure; a 100% solution of carbolic
acid began to kill the phage after 5 minutes' contact.

Irradiation with a bactericidal lamp led to signi-
ficant inactivation of the phage after only 30 hours'
exposure. Phage is quickly destroyed by 10%
chloroform (Jones, McDuff & Wilson 1), but is
unaffected by toluene (Brinley-Morgan 1).

MORPHOLOGY OF BRUCELLA PHAGE

The first attempt to study the morphology of
Brucella phage under the electron microscope was
made by Mamacasvili (1957a), who obtained a
series of photographs of the phage at a magnification
of 8500 x -13 200 x. Somewhat later Parnas, Felty-
nowski & Bulikowski (1958a, 1958b) obtained
photographs of Brucella phage at a magnification
of 16 000 x . On their photographs, Brucella phage
appears as a round, elementary body measuring

'In: Round table discussion on Brucella phages, 1961
(unpublished working document WHO/Bruc/215).
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60-80 mi,. On one photograph the moment of the
" attack " on the bacterial cell by the phage particles
was shown; pictures were also taken of bacteria at
particular stages of change, surrounded by aggrega-
tions of phage bodies. Brinley-Morgan, Kay &
Bradley (1960) and Brinley-Morgan 1, who studied
Brucella phage obtained from Poland at a magnifica-
tion of 40 000 x, discovered that the phage had a
head of hexagonal shape, with a diameter of about
65 m,s and a very short tail of 14 my attached to one
corner. A similar morphology was observed by
Jones, McDuff & Wilson."

Interesting material on the electron microscopy
of phage lysis of brucellae is given in the paper by
Ostrovskaja & Solov'ev (1960), who found Brucella
phage to be characterized by a predominance of
perfectly round particles without tails, measuring
40-60 m,, which these authors took to be the
heads of the phage. Sometimes the phage heads
inside the cells were shaped like doughnuts or rings.
At the same time, particles with tails were found
in small numbers either free or on the surface of the
brucellae. In some preparations aggregations of
filamentous structures were observed. This difference
in morphology is explained by the authors as being
due to the phylogenetic youth of Brucella phage.

Electron microscopic studies of the phage lysis of
Brucella shows that the process is very slow and that
adsorption capacity is very low, particularly during
the first hours of contact.

NATURE OF THE PLAQUES

The size and form of plaques varies very consider-
ably in different strains of phage and ranges from
large plaques with a diameter of 8 mm to very small,
punctate plaques hardly visible to the naked eye.
Side by side with oval plaques, some are perfectly
round while others are of irregular shape. While
some plaques have an absolutely clear " floor "

showing no signs of any growth of the culture, a
central area of secondary growth is sometimes
encountered. Sometimes the " floor " of the plaque
is covered with a solid layer of Brucella culture.
The nature of the growth on the edges of the

plaque may be used to distinguish between strains
with an even edge and no zone of lysis in the adjacent
culture and strains which produce a wide zone of
incomplete lysis of the culture round the edges of
the plaque.

1 In: Round table discussion on Brucella phages, 1961
(unpublished working document WHO/Bruc/215).

During our work, a clear relationship appeared
between the form and size of the phage plaques and
the strain of Brucella against which the phage is
active, the composition of the medium, its con-
sistency and the thickness of the agar layer (Drosev-
kina, 1956b; Ostrovskaja, 1959).

In his work with four phages isolated by Parnas
from strains of Br. abortus and Br. suis, Jablonski
(1961) noted three types of plaque. In accordance
with the notation adopted by American investigators
he called them " rm ", "tu " and " r ". A tendency
to change was noted in these phages. The common
" r " type changes to the "rm " type but the reverse
change is rare. The " tu" type very rarely changes
to "rm ".

TYPING OF BRUCELLA PHAGE

A difference in antigenic structure between various
strains of Brucella phage was discovered when they
were cross-tested with antiphage monovalent sera
obtained by immunizing rabbits with the corres-
ponding phage strains (Drozevkina, 1955b; Ostrov-
skaja, 1961).
The use of " pure " strains of Brucella phage is

often accompanied by the appearance of " secondary "
growth. In numerous experiments by Drozevkina
(1956c, 1958b), it has been established that secon-
dary cultures show unchanged resistance to the
strain of phage under the effect of which they were
obtained. Secondary cultures proved to differ from
one another in their susceptibility to various strains
of bacteriophage. Study by Drozevkina (1956b) of
over 80 strains of Brucella phage isolated from
various materials demonstrated the existence of two
distinct groups of phages, which differ in the nature
of their lysis of susceptible cultures. Some of the
phages are inclined to produce a limited zone of
lysis in the form of a well-marked circle at the site
of application and a narrow " pathway " where the
drop of bacteriophage runs down over the culture.
Other phages are inclined to give rise to an extensive
zone of lysis on a bacterial mat of a culture sus-
ceptible to them.
These observations demonstrate the existence of

various types of Brucella phage. Their identifica-
tions has yet to be accomplished, however; and it
must be preceded by the very considerable under-
taking of selecting " races" of phage from different
parts of the world and studying their biological
characteristics.
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LYSOGENY

Almost all research workers working with Brucella
phage have drawn attention to the high proportion
of museum strains and freshly isolated strains of
Brucella that are infected with phage. Thus Mama-
cagvili (1957b) isolated 18 strains of Brucella phage
from 53 strains of Brucella of all three types.
Ostrovskaja (1957) discovered bacteriophage in
64.3% of the 197 strains of brucellae she studied.
Forty strains of bacteriophage were obtained by
Parnas (1960, 1961b) from old museum cultures of
Brucella. Lazuga & Renoux (1960) isolated 19 lytic
filtrates from lysogenic strains in a collection. The
fact that bacteriophage is present in the overwhelm-
ing majority ofmuseum- and freshly-isolated Brucella
cultures (Drozevkina, 1951; Drozevkina & Kiriceva,
1955) and the successful use of antiphage serum
for the bacterial diagnosis of brucellosis served as
a basis for more detailed study of this phenomenon.
When examining cultures of 40 strains of Brucella

on soft, damp agar, Drozevkina & Haritonova
(1958) discovered and isolated bacteriophage from
16 strains of Br. melitensis, six strains of Br. abortus
and two strains of Br. suis. These cultures are
classified by the authors as " pseudolysogenic "-
i.e., cultures in which phage exists at the expense of
a small number of cells susceptible to it. In a special
experiment with 24 strains of Br. melitensis and four
strains of Br. abortus, which seemed free from phage,
latent phage was found in seven strains of Br.
melitensis under the effect of ultraviolet rays. The
existence of lysogeny proper and pseudolysogeny in
Brucella was confirmed in subsequent work by
Mamacasvili (1959), Pamas (1960) and Lazuga
& Renoux (1960). These facts show how wide-
spread lysogeny is in Brucella.

VARIABILITY OF BRUCELLA CULTURES UNDER THE
INFLUENCE OF PHAGE

It has been determined that the addition of phage
to a Brucella culture causes a higher degree of
dissociation than occurs in the absence of phage.
The main tendency is to a change from smooth

to rough with a great number of intermediate forms.
Dwarf L-forms of the microbe giant forms and
pigmented and mucoid variants may be seen.

Jones, McDuff & Wilson 1 reported a phenotypic
change in the colonial morphology of intermediate

I In: Round table discussion on Brucella phages, 1961
(unpublished working document WHO/Bruc/215).

cultures of Br. abortus caused by phage. These
cultures were not lysed by phage within 24 hours,
but by 48 hours they gave a mucoid, white growth in
the area of the phage drop. When this growth was
streaked on agar plates, white and bluish-grey
colonies developed. The white, mucoid colonies
carried phage and on reinoculation segregated into
white and bluish-grey colonies. White colonies that
were not mucoid were rough and phage-resistant.
The bluish-grey colonies were stable on re-inocu-
lation, carried no phage, and retained the same
sensitivity as the parent culture. When the white,
mucoid colonies were incubated for 6 hours in
phage antiserum, the phage completely disappeared
and only bluish-grey colonies grew. In the opinion
of the authors the white, mucoid colonies were
carrier clones in which lysis was delayed until after
cell division, thus producing a colony containing
some phage-free progeny. With the accumulation
of the phage, the colony became sticky, possibly
because of the action of the phage enzymes on the
cell surface. These authors also referred to the
presence in the cultures of spontaneous mutants
that had great selective advantage in the presence
of phage.

According to the data of Drozevkina (1956c,
1956d) and Parnas (1961a, 1961b) 1 Brucella cultures
infected with phage are characterized by a weakening
of their biochemical activity (weaker formation of
H2S, catalase and urease), atypical behaviour on
media with thionine, fuchsin and diethyldithio-
carbamate. In a number of cases the changes in
serological activity and virulence are marked. In
Pamas's opinion (1961b) the phage lyses only the
S forms of Brucella and it leads to their degeneration
and the selection of the atypical R forms.

Research by Dubrovskaja, Ostrovskaja & Glubo-
kina (1958) demonstrated that the metabolism of
Brucella organisms treated by phage is sharply
disturbed and this manifests itself in changes in
their chemical composition. The use of Tbilisi
phage by Ostrovskaja (1960) produced a number of
Brutcella variants of reduced virulence. The fourth
variant was subjected to detailed investigation; it
differed from the original strain Br. abortus 146 in
its sharply reduced virulence, failure to agglutinate
in 0 serum, the possession of a mucoid capsule and
changes in the morphology of its colonies.

Study of the chemical composition of the original
strain and this variant (Dubrovskaja, 1960; Dubrov-
skaja & Ostrovskaja, 1960) showed that the variant
had a bigger content of lipids (26.4% more), neutral
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fats and stearins, but a smaller content of phos-
phates. Considerable shifts were discovered in the
content of nucleic acids. In the phage variant there
was a notably reduced amount of ribonucleic acid
whereas the content of deoxyribonucleic acid had
increased almost twofold. The composition of the
polysaccharides had also changed under the influence
of the phage. Arabinose and xylose, which were not
present in the original strain, appeared in the
variant. Of the 18 amino-acids of the original
strain, 17 were discovered in the proteins of the
variant. The missing acid was amino-butyric acid.
This variant proved to be stable. The attenuated
virulence and the signs of dissociation were main-
tained in the variant even after 9 months' passaging
through guinea-pigs and white mice. This suggests
that its study as a vaccinal strain may be promising.

IDENTIFICATION AND TYPING OF BRUCELLA ORGANISMS
WITH SPECIFIC PHAGE

Testing of the range of the lytic activity of Brucella
phage on a great number of representatives of other
microbial species has shown it to be strictly specific
to Brucella species. In experiments by Drozevkina
(1952, 1957b, 1957c), Pophadze & Abasidze (1957),
Dimitriu, Cerbu & Vasilesco (1959) and Parnas 1
Brucella phage failed to lyse any culture ofPasteurella
tularensis, Salmonella typhosa, Salmonella para-
typhi A and B, Salmonella enteritidis, Shigella dysen-
teriae 1, Shigella flexneri la and 2a, Vibrio cholerae,
Pasteurella pestis, Corynebacterium pseudotubercu-
losis, Proteus vulgaris, various streptococci and
staphylococci and other microbial species.
The strict specificity of Brucella phages and also

the successful use of specific phages in identifying
plague, cholera, dysentery and other cultures served
as a basis for the preparation of polyvalent Brucella
phage for diagnostic purposes (Drozevkina, 1957b).
The testing and approval of this preparation by

Drozevkina & Kiriceva (1955), Drozevkina, Uraleva
& temenkova (1955) and Novol'cev (1959) for the
identification of freshly isolated cultures fiom human
beings and animals suffering from brucellosis made
it possible to recommend it for wide practical use in
brucellosis control laboratories.
The test with polyvalent diagnostic phage makes it

possible to determine easily and quickly the strains of

1 In: Round table discussion on Brucella phages, 1961
(unpublished working document WHO/Bruc/215).

Brucella, and whether they are typical or differ con-
siderably from the normal.
According to the findings of Parnas & Kotlinska

(1961), the overwhelming majority of streptomycin-
resistant strains of Brucella are considerably more
susceptible to the lytic action of phage. The
penicillin-resistant variants of Brucella are also well
lysed by phage. The high degree of specificity and
the extensive range of validity of the polyvalent
Brucella phage now manufactured make it a valuable
diagnostic aid.

According to the generally accepted bacteriological
classification there are three types or variants in the
genus Brucella:

Br. melitensis=Micrococcus melitensis Bruce
Br. abortus= Bacillus abortus bovis (Bang)
Br. suis=Bacillus abortus suis (Traum).

Recently, a new variety of Brucella-Br. interme-
dius-has been isolated from goats and sheep; this
is intermediate between Br. melitensis and Br.
abortus.
The types of Brucella vary slightly in their cultural

features; but-more important-they are charac-
terized by a different pathogenicity for man. Their
typing is therefore of great taxonomic and epide-
miological importance. Unfortunately, typing me-
thods are rather complex, and in some cases they
are not sufficiently reliable.
At the moment the question of the suitability of

Brucella phage for Brucella typing cannot be con-
sidered finally settled. Thus Pophadze & Abasidze
(1957) state that the Brucella phage strains isolated
by them are able to lyse only the abortus type. This
has been confirmed in work by Ostrovskaja (1959,
1961), Stinebring & Braun (1959), van Drimmelen
(1959, 1960) 2 and others.
At the same time work by Drozevkina (1956b,

1959), Carrere, Roux & Mandin (1956), Mamacasvili
(1957b), Parnas & Bulikowski (1958), Dimitriu,
Cerbu & Vasilesco (1959), Lazuga & Renoux (1960),
Brinley-Morgan, Kay & Bradley (1960), and Tomov
& Todorov (1960) and Wundt 1 carried out with a
considerable number of phage strains and freshly
isolated strains of Brucella, gives no support to such
conclusions. Thus Drolevkina studied the type-
specificity of 62 of her own collection of phage

2 Drimmelen, G. C. van (1959) Types of "species" of
Brucella organisms characterized by phage lysis (unpublished
working document WHO/Bruc/200).
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strains-isolated from the aborted foetuses of cows
and sheep, from human blood, from manure and
from museum cultures-on 452 strains of Brucella
of the three types. The overwhelming majority of
phage strains showed clearly marked polyvalence
and caused lysis in an average of half the Brucella
strains, no matter to what type they belonged or
what the origin of the phage. Only one or two phage
strains showed a somewhat more marked specificity
in regard to a particular type of Brucella.
The careful study of phages conducted by Parnas

(1960) from the point of view of phage-typing also
indicates that they have a wide range of action. In
work with 205 Brucella strains he did not succeed
in finding a single phage specific only for the bovis,
suis, or melitensis strains. He did encounter,
however, phages which predominantly lysed a par-
ticular type of Brucella.
The phage strain known as Tbilisi and isolated by

Pophadze & Abasidze, when tested on reference or
museum strains, possesses specificity in regard to the
abortus type. Study of the same strain on a large
collection of Brucella organisms and particularly on
fresh strains showed its polyvalence. Thus, accord-
ing to the findings of Dimitriu, Cerbu & Vasilesco
(1959), the Tbilisi phage lysed 100% of Brucella
organisms of the abortus type, 77% of the melitensis
type and two strains of the suis type. This agrees
with Drozevkina's data (1959).
The attempt made by Drozevkina (1959) and

Parnas (1960) to obtain typing phages by lengthy
year-long adaptation of new strains to a particular
Brucella type did not produce the desired results.
The work of the last few years shows that among a

large number of polyvalent phages narrowly specific
phages are nevertheless encountered.

Continuing his research on Brucella phage types
Parnas (1961b) discovered among 17 freshly isolated
phage strains, one S phage isolated from manure
which lysed only the bovis type. Two other phages
lysed only the suis type. In 1961 Pophadze and
Abasidze (unpublished) isolated a new strain of
phage active for the abortus type.
The research of van Drimmelen 1 is of great

interest. The phage of Russian origin he received
from Dr A. W. Stableforth of the Central Veterinary
Laboratory, Weybridge, England, consisted of a
mixture of phages, since it produced plaques of
different sizes. As a result of selection of phages from

1 Drimmelen, G. C. van (1959) Types of "species " of
Brucella organisms characterized by phage lysis (unpublished
working document WHO/Bruc/200).

an isolated plaque on B. abortus 19, type-specific
phages were successfully obtained. Phage 58-f-1
lysed only Br. abortus and did not affect Br. suis or
Br. melitensis, while 59-f-2 and 59-f-3 lysed Br.
abortus and Br. suis. Using these phages van Drim-
melen drew up a system which makes it possible to
differentiate between the three classical types of
Brucella organisms:

Strain Lysis by strains of Brucella phage
58-f-i 59-f-2 59-f-3

Br. melitensis 16M
Br. abortus 544 ++++ ++++ ++++
Br. suis 1330 - ++++ ++++

Unfortunately this research was based on a
limited number of cultures, mainly reference strains,
and therefore requires more extensive verification.

This is all the more necessary in that Parnas
(1961a), in tests on standard strains of Br. melitensis
16M, Br. abortus 544 and Br. suis 1330, established
the type-specificity of several Russian (Tbilisi and
Drozevkina) and Polish phage strains. However,
the testing of his own strains of phage among these
on a considerable number of typical and atypical
strains of Brucella showed that there are no type-
specific strains among them.

Nevertheless the work quoted opens up prospects
for the phage-typing of Brucella.

In addition to the search for and use of typing
phages, the use of critical dilutions of phage de-
scribed by Lazuga & Renoux (1960) deserves atten-
tion. In their experiments, of eight phage filtrates
some at critical dilutions showed selective sensitivity
to a particular type of Brucella.
The research carried out in various laboratories

shows that in regard to their sensitivity to phage
Brucella organisms often fail to fit into the classifica-
tion now adopted, one and the same phage strain
lysing two or three types of Brucella (Drozevkina 2;
Mamacasvili, 1957b). The different degree of
susceptibility to phage lysis within one type is
proved by the material quoted in the paper by
Jones (1960), who compared the phage method of
Brucella typing with the standard methods recom-
mended by the Joint FAO/WHO Expert Committee
on Brucellosis (1953) on Brucella organisms isolated
from human beings and animals in various countries.
The majority of these Brucella organisms differed
from the reference strains to some degree.

2 In: Round table discussion on Brucella phages, 1961
(unpublished working document WHO/Bruc/215).
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Thirty-one out of 38 cultures of Br. abortus
isolated in Britain from cattle and five cultures
isolated from human beings were lysed byBrucella
phage. Nine of these cultures were agglutinated by
monospecific melitensis serum. At the same time
none of the Br. melitensis and melitensis-like cultures
isolated from goats, sheep, human beings and cattle
in Malta and none of the strains of Br. suis were
lysed by the phage used in the study. This research
showed that in sensitivity to phage, melitensis-like
cultures isolated from cattle in Britain differ from
strains of the melitensis type found on the Medi-
terranean littoral.

In the experiments by Brinley-Morgan, Kay &
Bradley (1960) Brucella phage obtained from Poland
lysed all cultures of Br. abortus and 24 out of 33 Br.
melitensis cultures isolated in Britain. The phage
did not act on the four cultures of Br. suis tested.

Attempts to type Brucella organisms of the bovis
type by means of specific phage were undertaken by
Parnas & Bulikowski (1958) and subsequently by
Lazuga & Renoux (1960).

In his recent work, Parnas (1961b) checked the
effect of 10 of his own collection of phages on 242
strains of Brucella. The results of this research
helped to classify Brucella strains by phage group.
Most of the strains could be grouped around four
phages; the remaining phages did not attack the
majority of the cultures.
These experiments do not yet provide a basis for

final conclusions but they point to the existence of
definite Brucella phage types.
The continuation of research on phage typing of

Brucella seems promising.
Ostrovskaja & Gol'dfarb (1959) tried out the

possibility of using the phage titre growth test with
a view to discovering brucellae in the environment.
However, the slow growth in phage titre characte-
ristic of Brucella phage, particularly when the
number of Brucella organisms in the original material
is inconsiderable, reduces the value of this method
as a speedy means of indication. Thus, in examining
small volumes of water artificially infected with
Brucella, the presence in 1 ml of water of 1000 micro-
bial cells could be detected by the phage titre growth
test only after 48 hours' contact. In examining large
volumes of water Brucella was discovered after
48 hours only when there were at least 1 000 000
microbial cells per ml of water. In examining earth
and milk negative results were obtained. The phage
titre did not increase except in relation to the dura-
tion of contact. Thus the phage titre growth method

can be used for the detection of Brucella organisms
only on material little contaminated with the or-
dinary microflora. In such cases brucellae can be
detected in a shorter time than by bacteriological
examination.

DIAGNOSTIC IMPORTANCE OF ANTIPHAGE SERUM

The presence of bacteriophage in the organisms of
sick people and animals not only causes variations
in the bruceliae but in a number of cases even
makes it difficult to isolate them. When they are
seeded on to nutrient media the Brucella organisms
may be completely lysed by their own bacteriophage.
This has made it necessary to look for means of
inhibiting bacteriophage and increasing the " inocul-
ability " of the Brucella organisms when pathological
material is being examined. With this in view
Drozevkina (1955b) prepared and tested a Brucella
antiphage serum.
As demonstrated by Fomiceva et al. (1955, 1956),

Fomiceva & Balandin (1956) and Fomiceva (1960),
the use of nutrient media containing antiphage
serum increases by 2y2-3 times the proportion of
successful Brucella isolations. At the same time, the
period required for the test is markedly reduced. As
a rule, a growth of Brucella organisms when they are
first isolated appears after 48-72 hours, while on the
media usually used for these purposes growth
occurs only after a considerably longer period
(7-10 or even as long as 20-30 days).

In cases when, on ordinary media, only a scanty
atypical growth appears, parallel sowings of the
same material on media containing antiphage serum
not infrequently yield an abundant and typical
growth of Brucella organisms.
The method devised by Fomiceva (1957) for

preparing antiphage serum in large animals (horses
and rams) has made it possible to obtain large
quantities of the serum and to use it extensively in
bacteriological laboratory work.

Brucella antiphage serum was also prepared
in 1958 by Parnas, Feltynowski & Bulikowski,
in 1959 by Mamacasvili and in 1961 by Ostrovskaja
and by Brinley-Morgan.

PHAGE THERAPY AND PROPHYLAXIS

Only a few investigations have been concerned
with the use of specific bacteriophage for brucellosis
therapy and prophylaxis.
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The data given in the papers by Drozevkina,
Misnaevskij & Uraleva (1957) and by Drozevkina,
Novosel'cev, Uraleva & Mignaevskij (1960) show
that bacteriophage is present in the blood of the
overwhelming majority of brucellosis patients. At
the same time, during the infectious process a rise
in phage titres is noted as the condition of the
patients improves.
The results of experiments on phage therapy of

experimental brucellosis (Drozevkina, Haritonova &
Uraleva, 1956; Drolevkina, Prostetova, Uraleva &
Haritonova, 1959) show that considerable changes
take place in the animal organism under the influence
of bacteriophage. Thus the administration of phage
to guinea-pigs and rabbits suffering from brucellosis
leads to their desensitization, to a swifter rise in
agglutination titres and to an increase in the rate at
which these animals rid themselves of brucellae.

Experimental research on the phage prophylaxis
of brucellosis (Drozevkina, Prostetova & Harito-
nova, 1959; Pophadze, Abasidze & Karicagvili,
1959) demonstrated that the introduction of phage
into the organism at the same time as or immediately
after infection leads to the localization of the cau-
sative agent within the primary site of infection (the
place of injection and the lymph-nodes) and speeds
up sterilization of the organism.

In experiments on white mice, Parnas (1960) and
Parnas & Burdzy (1961a, 1961b) also established
that Brucella phages possess certain preventive
properties.

Prostetova (1959) showed that Brucella phage is
capable of persisting for a long time both in a
healthy guinea-pig (up to 30 days) and in a guinea-
pig infected with brucellosis (over 45 days).

CONCLUSIONS

As will be seen from the above review, research on
Brucella phage began comparatively recently but has
already given certain results. Brucella phage has
been isolated and stabilized and is being studied in
laboratories in many countries. Its special features
and basic properties have been demonstrated.
Suitable methods of work with this phage have been
evolved. The role played by phage in the variability
of Brucella organisms, in lysogeny, etc. has been
established.

Side by side with the study of the basic properties
of Brucella phage research has been conducted into
the possibilities of using it for practical purposes.
Work aimed at using phage for improving the bacte-
riological diagnosis of brucellosis has proved parti-
cularly fruitful. Two new diagnostic preparations
-polyvalent phage and antiphage serum-have been
developed, tested, approved and introduced in
practice in the laboratories of the Soviet Union.
The extensive research begun in many laboratories

on the phage typing of Brucella organisms suggests
that this line of investigation is promising.

In view of the great importance of the phage
problem for the microbiology and epidemiology of
brucellosis, international co-ordination (possibly
under WHO auspices) of the research carried out in
the laboratories of various countries would seem to
be needed.

It must be assumed that a further extension of
research on Brucella phage will provide much new
and useful information of both practical and
theoretical importance.

RK1SUM1

Ce n'est qu'en 1950 que l'on a reussi a isoler des phages
de Brucella. Les etudes entreprises au cours des annees
suivantes pour ameliorer la methode d'isolement et de
renforcement des phages ont mis en evidence un nombre
considerable de races, provenant de tous les types de
Brucella (colonies de collection ou souches recemment
isolees), de l'urine, des feces ou du liquide cephalorachi-
dien de brucelliques; de l'urine et des feces de chevres
ou de vaches infect6es; du contenu stomacal, du sang et
des organes intemes des feetus d'animaux domestiques
ayant avort6; des excrements de troupeaux infectes.

Les souches de phages fraichement isol6es n'ont qu'un
faible pouvoir lytique. Leur titre ne depasse pas 10_1 10-2.
Plusieurs souches sont caracteris6es par l'inconstance de
leur pouvoir lytique en milieu liquide. Le cycle du

Brucella-phage est ralenti. I1 s'exprime en heures - et
non en minutes comme celui d'autres phages. Les Bru-
cella-phages manifestent une resistance 6lev6e i l'action
des agents physiques ou chimiques.
Le microscope 6lectronique permet de reconnaitre des

tetes de phages hexagonales, de 65 zu de diametre,
munies d'une courte queue fix6e a l'un des sommets,
mesurant 14 u de long.

Presque tous les chercheurs s'accordent a reconnaitre
la presence de phages dans une forte proportion des
cultures de Brucella, qu'elles soient en collection ou
fraichement isolees.

L'addition d'un phage a une culture de Brucella pro-
voque un haut degr6 de dissociation, gen6ralement dans
le sens lisse rugueux. Des colonies naines ou geantes,
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pigment6es ou muqueuses apparaissent en meme temps.
Les colonies parasit6es par les phages perdent de leur
activite biochimique (baisse de la production d'H2S,
de catalase, d'ur6ase); elles presentent un comportement
atypique dans les milieux de culture contenant de la
thionine, de la fuchsine, du di6thyldithiocarbamate. Dans
de nombreux cas, on observe des modifications nettes
de l'activit6 s6rologique et de la virulence.

Les Brucella-phages sont hautement sp6cifiques. I1 a
ket possible, sur ces bases, de preparer un phage poly-
valent destine au diagnostic de la brucellose, qui permet
de deceler une souche de Brucella meme modifiee.
La question de la lysotypie des Brucella n'est pas encore

resolue. La grande majorite des races de phages s'est
montr6e polyvalente, et produit la lyse de souches de
Brucella, quel que soit leur type. II existe cependant
certains phages qui lysent de preference un type precis
de Brucella. De l'avis de l'auteur, les etudes de lysotypie
sont prometteuses.
On utilise aussi le serum anti-phage pour ameliorer les

chances de depistage de la brucellose par culture sur

plaques. L'addition de ce s6rum double, triple ou quin-
tuple la proportion d'isolements positifs, et diminue la
periode d'examen: des colonies de Brucella apparaissent
2-3 jours apres ensemencement, sur le milieu additionn6
d'antisMrum (contre 7-10 ou m8me 20-30 jours sur les
milieux sans serum). Les serums anti-phages sont pre-
pares sur le cheval ou le mouton, en quantit6s suffisantes
pour les besoins des laboratoires.
On trouve presque toujours les Brucella-phages dans

le sang des brucelliques. Le titre en phages augmente a
mesure que s'ameliore l'etat du malade.

Les premieres experiences de phago-prophylaxie ou
-therapie indiquent une limitation du d6veloppement
de la maladie et l'acc6l6ration de la destruction bacte-
rienne. Ces etudes sont a poursuivre.

L'importance de la question des Brucella-phages pour
la microbiologie et l'6pid6miologie de la brucellose
engage a etendre ces etudes et a souhaiter qu'elles soient
coordonnees par l'intermediaire des centres de la bru-
cellose etablis par 1'OMS.
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