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CHARACTZRISTICS OF SECONDARY CULTURES OBTAINED BY THE ACTION
OF BACTERIOPHAGE ON PLAGUE BACILLUS

Thoughts on the Mutation of Plague 3scillus Into Pseudo-
- Tuberculosis Bacillus

by
G. Girard

(Institut Pasteur. Service de la Peste)
(Pasteur Institute, Plague Service)

Ann, Inst, Pasteur 73 (1947),
PP 6h2-649

Among the bacterial speclies the plagus bacillus is perhaps the
most homogeneous one in respect to the action of bacteriophage. We have
never seen a strain which was naturally resistant to lysis by the b‘fg
teriophages at our disposal and which are active at a dilution of 10°°,
The lysis of the culture when the phage is added after 24 hours, and
its inhibition when the addition 1s contemporsneus with inoculation are
total and definite in almost all cases, and this property is utiliged
for the microbiologicsl diagnosis of plague (M. Advier, G. Girsrd) and
for the control of the purity of the strains (1). Samples maintained
over 50 years in the laboratory and deprived of all pathogenic power
55 well as very virulent strains freshly isolated from the human or
animal organism, behave in an identical fashion toward specific bacte-
riophages. OQur experience relates to several hundreds of strains, since
wo have always subjected all the cultures isolated at Madagascar between
1932 to 1940 to the action of phage and have done the same over the past
five years with the strains of other origin which make up our collection
in the laboratory. Recently J. Robic has brought us 19 new cultures from
Tananarive on which we obtained identical obeervations. Exceptionally
one sees the appearance of secondary cultures in the broth hemocultures
or subcultures , particularly if one utiligzes the bacteriophagic fil-
tiates maintained without transfers over several years at laboratory
temperature and whose virulence has, therefore, become strongly attenu-
atad .

liﬂ . Girard, These Annals, 1942, .68, 476, —J



‘ E. I. Korobkova (2), in a study performed at the Institute of-_1
Miorobiology in Saratov dealing with the variants or mutants obtained
in the aforementioned manner has stressed the great morphological di-
versity of their colonies and of the elements of which the latter are
constituted, desoribing, in particular, giant shapes with nuclei (3).
She noted a dissociation into clear-cut types R and S, the loss of vi-
rulence of the mutants, their more or less marked resistance to se-
condary lysis by & more active phage as well as the possession, in a
latent stage, of a lysogenic capacity among certain elements which had
becone phagoresistant. She has also observed certeain modifications of
the biochemical properties the most important of which, fermentation of
rhamnose with the production of acid, particularly deserves attention.
It is knowm, in fact, that this carbohydrate is always attacked by the
bacillus of the pseudotuberculosis of rodents, but never by the plague
b&cillus, and that the differentiation of the two gerns, so closely
related to sach other in many of their characteristics, is in part
based on this reaction.

The researches which we have carried out at Tananarive and Paris
and which are far from being as extensive as those of Korobkova, ne-
verthelsss confira her conclusions regarding the physiognomy of the
seoendary cultures. In the same tube one notes the two variants R and 3,
but the meoroscopic part S, which is present in excess in the case of

. the plague bacillus, does not contain in all secondary smooth (lisses)
oultures all the properties inhereant in this type such as are xnvwm,
for example, in the case of the Salmonells group. Thus in the case of
the plagus bacillus the presence of an antigenic carbohydrate-lipid
ocomplex is never detected (Pirowsky, Girard). As for the colonies
specifically denoted as *R" by Korobkova, some of them definitely have
an appearance which is practically never encountered in the case of
"ultrapure’ cultures (using the tera "ultrapure' according to the de-
finition of d'Herelle) of the bacilli of Yersin; they are dry, greyish
or translucent, with indented edges, very difficult to preserve, pro-
ducing on broth very delicate cultures which in stirring look very much
1ike a suspension of very fine and shiny sand.

The first secondary cultures which we observed came from a

very virulent strain of pulmonary plague whose inocula on nutritive
broths had been treated in some tubes by a phage isolated from the feces
of rats (R. rattus) and in other tubes by a phage found in fleas (X.
cheopis) taken from the same rats in an endemic-epidemic plague center
in Madagascar. The tubes remained clear for 12 days with the first
phage, 33 days with the second phage, after which time there developed
a culture having the appearance of a plague culture. Transferred to
gelatin, the two variants described by the Russian author were clearly
visible, but we failed to keep the colonies of R alive. Examination

|_(3) 5.I. Korobokva, ibid., p 4. ‘ ]
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l following the staining of the constituent elements of these origiml_-l
colonies revealed a wide morphological variety: only a few cocco=-
bacillar elements, but many small or large ring-shaped elements were
observed, as well as racket~ or biscult-shaped elements of which some
were enormous, poorly stained and evidently in a prelysic state. In
the subcultures these abnormal forms tended to disappear in order to
make room for the classic forms. Frankly it does not seem to us as if
the bacteriophage had provoked microbial structures which we do not
already know in cultures of plague bacillus whose morpnology undergoes
considerable variations according to the conditions under which they
develop (temperature, composition of medium, age of culture). These
so-called involutional forms may assume all the above-mentioned shapes
even in young cultures, but thls polymorphism is much more marked in
secondary cultures following the action of bacteriophage.

Fig.l. Plague Bacillus, Normal Colonies, Type S.

In these first experiments we have studied, from the point of view
of bilochemical properties and virulence, three colonies which could be
subcultured in series. Their behavior toward carbohydrates, and notably
toward glycerol and rhamnose, was the same as that of the original strain.
As for virulence, this had considerably diminished, but to a different
oxtent with each sample. Thus, variant B 7 no longer killed either the
guinea pig or mouse in doses 1000 times that of the original virulent
strain maintained in the same conditions as the secondary cultures. The
inoculation, on a shaved and excoriated portion of the skin of guinea
pig, of a suspension containing several billions of bacilli per cubic
centimeter did not lead to the slightest reaction. The suinea pig inocu-
lated via the cutsneous route treated 15 days later witn the pathogenic
strain from which this variant derived did not possess any trace of
immunity and succombed to acute plague after the same period of time as
did the control guinea pigs; but the mice resisted this exposure which,
however, killed the controls in 24 hours.With variant P6, non=virulent
both for the guinea pig and mouse, the opposite result was obtainodi-_]
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lguinea pigs resisted the exposure which killed the contro}ls in six -—1
days, while mice succombed in the same period of time as did the
controls, Culture B 26 was not found to be deprived of pathogenic power
since 1t caused the gulnea pigs to die of chronic plague in 12 days
when administered subcutaneously, and on shaved skin it produced an
adenitis which was resorbed in 15 dats. The subcutaneous inoculation of
mice remained without effect, but when inoculated peritoneally, the
animals died of acute plague in three days.

Fig.2. Plague Bacilli. Type R Bolony Under the Effect
of Bacteriophage

Observations of the same order were made in 1942 in Paris on a
variant derived from a virulent strain treated with plague bacterio-
phage (isolated by Advier in Dakar, in 1931, and kept since that time in
ampules at room temperature): Resistance of the guinea pig to inoculation
of large doses and subsequent immunity; weakened but still marked virulence
in the case of mice which die of chronic plague lesions in 6-8 days after
the inoculation of between one-half and one billion germs, while the
original strain in doses one thousand times less than the latter causes
them to die of acute plague in 2.3 days. As was the case above, this
variant has not undergone any changes in its fermentative properties
toward carbohydrates.

By an analogous procedure we have obtained secondary cultures of
strain E.V. (Girard and Robic) used as a live vaccine for the immuniszation
of humans and the preparation of serum~producing horses. The majority
of these cultures, true mutants, could only be subcultured in presence
of antiphage serum. One of them, studlied together with R, Neel, was
partly made up of S=type colonles (Strain E.V. 2 S) whose subcultures

L!:F' easily maintained without antiphage serum; they had the properEXJ
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ww oot beablon with the greatest of ease in physiological salinen*“T
-otuitlea, forming stable suspensions. Their antigen value and toxiclity
s#ev: hulow those of the original E.V. strain, but the blochemical
propertles were identical.

We will add that all the variants whose principal character-
bstles we have briefly described were lysed by s more virulent bacterlo-
2'v'ma than that which has given rise to them.

In a fatal case of bubonic plague treated by bacteriophage and
“ich wa followed together with Milliau (4) we made an observation
which deserves to be stressed because it was the only time as far as
~u dnew that two cultures were isolated -at the beginning of the illness
and after death, respectively- of which the second had the characteritics
of a true mutant, We did not grasp the full significance of this ob-
servation until much later. When one contrasts the lesions of chronic
plague produced by the inoculation, in the guinea pig, of material taken
from the bubos and liver after death with the customary high virulence
of the germ isolated from the bubo prior to treatment, the impossibility
vl keuping alive the germs isolated by the culturing of these lesions
wires US assume at the present time that this anomaly could be attributed
tv a contamination of the plague bacillus by the bacteriophage. In the
course of our long practice in the field of human plague we have not
noticed & similar occurremce and our guinea pigs inoculated with plagued
material always died with acute or superacute plague leslons, the
culture of the spucific agent having been easily obtainable and sub-
«uquently subculturable, even when this material originated in plague-
<iriken patients who were receiving bacterlophage as part of their
Lhurapy.

Discussion

On the vasls of the experimental facts which we are reporting it
1ollows that the plague bacilli which develop secondarily in the midst
<7 . virulent culture treated by a bacteriophage of low activity tend
ty legn 8l or part of thelr virulence, This remark naturally applies
crdy Lo colonies which may be subcultured in series and which exhibit
i o 3 YWe coafirm on this point the conclusions of Korobkova. The only
a.._rvataion which we possess of a mutant obtsained in vivo under the
4uilon of & specitic phage further supports this theory. Let us mention
1a par. e thet we cannot subscribe to d'Herelle's opinion who, envisaging
.- atusiity of the appearance of mutants in plague patlents treated
wip 1 terlophage which would only act to a partlial extent, wrote that
10 mutants of the plague bacillus are very virulent (5)." This is a
., r.iultous statement, not based on any experimental research. The fact

‘1« plapue patient who has received bacteriophage succombs to a germ

(7Y T Xvard and M. MAillau, Bull Soc. Path, Exot, 1935, 23, B00-883.

‘ e, Lo frenomenon of Cure in Infectlious Diseases, Masson, l
P 3 et W8 . —




| ot high viruelence, equal to that of the germ in a non-treated p‘ti:;:]
does not imply that the former germ is a mutant, but simply that it is

& normal bacillus that has not been acted upen by the lytic principle.
In all cases where we have studied, under similar conditions, the strains
isolated from patients or cadavers, we have found them —with the ex-
ception of the sole case referred to sbove and which invalidates
d'Herelle's thesis~ to be very sensitive to lysis by phage even when the
latter had been adu':1!s .ered duwring the course of the illness; they
proliferate in a normsl fashion and are in no way differemt from classic
strains.

As for the changes in biochemical properties of the secondary
oultures, indicated by Korebkova but which we ourselves have never ob-
served, the fact is of importance on account of the deductions which ar«
drawm by our colleagues in Saratov and whose significance should not be
underestimated. In fact, under the action of the bacteriophage, the two
mutants R and S having become avirulent and having acquired the proe-
perty of fermenting rhammose, should thus have lost the principal cha-
racteristics which distinguished them from pseudotuberculosis bacilli,
By analogous reasoning Pasteurella pseudotuberculosis could only be
) 8 tis mutated under the influence of the lytic principle. Already in
1 Latogereff and Moghilewskaja tended to comsider the becillus of
Malasses and Vignal as a verisat R of the bacillus of Yersin and W.F.
Barvey (6) ocensidered it, in 1933, as s plague bacillus in symbiosis

" with the bacteriophage.

This truly appealing oconcept which the Russian scientists deduced
logically from their work weuld tend to draw even closer the two microe
organisas which are already so closely related in meny of their pro-
perties. Nevertheless the hypothesis engenders serious reservations since
the individwality of these two pathogens remains indigputable. To make
from the bacillus of Malasses and Vignal a bacillus of Yersin of weakened
virulence does not correspond to the facts based on actual observation.

We do not here intend to develop this point of view any further and we
will 1limit ourselves to reminding our readers that in human pathology

the disease of pseudotuberculosis is a very definite clinical and bacte/ioc-
logical entity; it is a grave and generally fatal illness (7), while there
are ambulatory forms of bubonic plague, occurring rather frequently, in
which the specific agent does not retain all its classical characteristics.
The chronic plague of the guinea pig may quite resemble anatomically a
case of pseudotuberculosis, but bacteriologically it remains a case of
Plagrs.

In the absence of all apparent intervention of a bacteriophage,
8 8 sgver of t
(6) W.F. Harvey, Trop, Dis. Bull. 1933, 30, 338 and 412,
(?) &. Dujardin-Beaunets, Rgv, Path, Comp, 1938, 38, 884,

l_(_&) A. &ﬂ@ml. Ge EME 15&,\3}:: El;%o%iag\“m and O, Mossolova, m_J
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[ transmutation of plague bacillus into pseudotuberculosis bacilius

(5 strains out of the 214 in their collection). In reconciling these
observations with those of Korobkova, while we ourselves have never seen
anything similar and while none of our plague strains, subjected to
rogular control in this regard, acidified the glycerol- or rhammome-
containing media, we believe that this divergence may be attributed to

a characteristic peculiar to the Russian strains which, in the original
form, have the power of fermenting glycerol for the same reason as do
all strains of pseudotuberculosis. Glycerinated litmus -treated gelatin
cannot serve for differmtiating the two microbial species in Russia, but
for us it retains the full value assigned to it in 1926 by J. Colas-
Belcour. If one examines the problem somewhat more closely, one will re-
member that all plagus-bacillus strains without exception, of which

the rat and its fleas are the virus reservoirs, correspond to the type
described by Yersin in 189%, and ‘hat their passage by man, guinea pig
or mouse does not in any way alter their characteristics. On the other
hand the acidification of glycerinated media is a property of strains

of sylvatic plague such as are found in wild rodents, spermophiles of
the Russisn steppes, ground squirrels of California and also, sometimes,
in jerboas in South Africa. Since they alrsady possess one of the
particular characteristics of the bacillus of pseudotuberculosis, these
sylvatic-plague bacilli have the tendency to deviate toward the latter
type, wither naturally or under the influence of bacteriophage. It
would be very instructive in this line of thought to compare the toxi-
city of original cultures of these two sources: rat-caused plague and
sylvatic plague. Extracts or filtrates of plsgue culture are toxic for
the rat and mouse, those of the bacilli of Malasser are not toxic. let
us hope that the reestablishment of normal cultural relations on a global
scale will enable us to fill this lacuna by means of exchange of materisl
relevant to this study which at its highest level concerns certain as yet
obscure aspects of the epidemiology and prophylaxis of plague.

To swn up and by way of conclusion, we shall say that under the
actlon of bacteriophage one may note the appearance of secondary plague-
nacillus cultures whose dominant characteristics are, compared to the
straing from which they derive, weakened from the point of view of viru-
lanes and antigenic value, The colonles isolated from these secondary
~ultures ta e on the most varied shapes in going from type R to type S,
ihe latver veing only subculturable in series with or without the addition
of antiphage serun, In the case of certain sylvatic-plague strains muta-
tions have been observed, transforming secondary cultures identified at
t4o orizin as those of plague into bacilli of pseudotuberculosis, So far
this phonomenon has never been observed with murine plague strains ori-
ginating in areas where sylvatic plague 1s unknown. But it is important
+w uiderline that all the modifications brought about by the hacterio-
nhags -yariants R and S. loss of virulence, mutation- may be produced
aaturally, without having to attribute them to the action of a hypotheti-
=l iytic principle, since the strains modified in this way remain, as
An thesa from which derive, sensitive to lysis and are not by themselves

[ tyumrenie. The bacteriophage, however, provokes the onset of the ptgijss.



[ TBe sole manifestation truly a:tritutable to the bacteriophage is the
appearance of colonies of type R the majer portion of which doss not
survive subculturing and whose stuiy can only bo undertaken with the
aid of an antiphage serum. Thi: atudy remains %o bs carried out.

. ——y D 4



