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I .- I CDUCTION

The folloing microbiological study, limited to the cultural and
biochemical aharacters, represents only part of a acmplete study that
we are making on Malasses and Vignalls bacillus and its rcle in huan
and animal pathology,

After having for a long time occupied only the attention of ve-
terinarians, Malasses and Vignal's bacillus has been creating in the
last few years a new interest by reason of the extension of our knowl-
edge of its role in human pathology. This knowledge, originally li-
mited to a few rare observations of a septicemic form (less than twenty
in the world.vide bibliography) and to a few still more rare obser-
vations of localized forms (ocular, pulmonary and perhaps splenic),
has been enriched by the discovery of a major form: acute mesenteric
adeWtis with Malassez and Vignal's bacillus (Knapp and Masshoff,
19541 Knapp, 1954; Graber and Knapp, 1955; G. Girard, 1954-1959).
This organism has now became almost cacnnonplace and several hundred
cases of it have been diagnosed in less than ten years throughout the
world, more than one hundred of which in France during the last four
years.

In a second stage, the individualization of purely digestive
forms (Kulbmann and Hermann, 1955; Braun and Muller, 1957; Knapp,
1959; J. Schmidt, 1959; Mollaret' 1960-1962), of forms limited to a
nodose erythema (Merger, 1962, Molaret, 1962) or of ganglionic forms
with a localization that is no longer mesenteric but cervical, (Mol-
laret, 1962) shows the increasingly Important position that this germ
is ouping from now on, both in medical and surgical pathology.

In another field, we seem to be witnessing at present an exten-
sion of the geographic distribution of the infection among animals,
and this role, increasing as it becomes better known, of Malassez
and Vignalls ba,4.lus both in human and in veterinarian medicine justi-
fies the bacteriologiwal study that we present here.

Finally, from the doctrinal point of view, the study of this
germ is perat±ralarly interesting in view of its relationships wvth
the piag., baiillus, relationships that are close enough to raise a
double pr. blem, one purely practical, the problem of oriterih of dif-
feren:' t,'on of the two germs, the other dopatic and taxonami- ,
comning their wme~t degree of relationship and their posit.ion in
sys lematologya

Siu-e we bhd a oollection of strains of Malassez a"- Vignalfs
bacillus that we received frm Truohe, Dujardin-Beametz, 0. Girard,
and increased fram tine to time with strains that we isolated in man
and animal, in addition to those that were sent to us for identifia-
tion and inptL g [See Note), and numerous strains of Yersin's bacillus
kept in the Plague Department of the Pasteur Institkte and in its
branches outside of the capital, we tried to determine the present
state of knowledg on the cultural and biochemical character of
Malassez and Vignal's bacillus.

(ENotest] We are particularly grateful to Dr. A. Lucas,
Director of the Central Laboratory for Veterinary Research of the
Ministry of Agriculture, for the abundant material for which we are



indebted to him.)
Our stu4 tas extended to 617 strais of this germ, 497 of which

were isolated in France and 120 abroad [See Note], of the folling
anma rigins:t

Hares *oeo,*,*o.oooo 286 strains
Ouineai gs *,,,,.,, 53
Bir'ds .... 5,..

Rabbits ....... 37

Rats an Z oo . 19

Va.rious oo* oo,* **. 104
and that are distributed as follow in the five serologic types known
at presents

ypeI ..... ,.... 402

pe IT 6....... 6
w ......... 6

Unclassified (auto-agglutinative) strains ... 57

((icte:) A amber of then aredue to the kindness of Mme. G.
V. Do!an uoh o (Oamaley Institute, Moscow), IMe. L. A.
Timof wlv (Intitute of Antiplape Research, Irkutsk), Mr. V.
Frederiksen (Goverment Barom Institute, Copenhagen) and Mr. P. Zwart
(Insti~tate for Tropical and Protozoan Research of the Royal University
Of UtrechtO ;)

We have had the privilege, thanks to Dr. H. Marneffe, Assistant
Director of the Pasteur Institute at Paris, of being able to undertake
our work under Dr. . Oirard, head of the Plague Department of the
Pasteur IntitOte, and to benefit in that way from his invaluable
experiences

Another privilege was granted to us by Professor V. van
Straelen, President of the Institute of National Parks in the Belgian
Congos the privilege of workim in 1955-1956 and 1957-1958 on the
exceptional staff of the Albert National Park, ancient central Afri-
can hane of the plaUe. Our interest in this germ was born while we
were iselating alases and VTigal's bacillus [See ote] in Dendroy-

amcaht In kuensori (1958).
tHenceorth we shall use onmy the term Malasses and

Vignal's baoil3.s and reject the terms Pas&Wur a 4eeotaberulocis
amd 1podouer 8os in view of the constant confusion theycreate.
Mlasse and lignal's bacillus, *hlh was as unfortunately classified
in the gm Uns as were the agents of plague and tularmia,
does not have, as do he other two, aiW other connection with PaseA-

nUseptica. than a morphological reseblance that a umberofoe
soes &Inhave. In daly practice (in particular in requeste for
serologic wzatwons), there is constant confusion between

asan ,both of h~
t m hm patology. The tern y t .m therefor, leads to
confusion.

Iss tern peeadotuberculois is just as dangerous Malassez
and Vignal's bacillus rpm-negative and nen-acid-alcohol resistant,
has no connection, either with the tuberculosis baoillu or with the
paratuberculosis bacillis, or with 21.7l.ot Ej Io~b~r 1
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I (Prcisz and Nocard's bacillus), or with the great number of Opseudo-
tuerculoses3 whose various agents, inert or alive, bacterial, my-
cotic, parasitic, etc., are perpetuallv onfused with Pasteurella
Peudotaberculosis.

The most constant and serious confusions occur between "tiber-
culosis3 , "paratuberculosis' and "pseudotuberculosis",, We can no longer
coont the muber of patients subjected to Rimifon after a positivs
serodiagnosis of 'pseudotuberculosis.' Therefore, we shall henceforth
,,RA only the term Malassez and Vignal's bacillus and we hope to see
both the term of Pasteurella and of pseudotaberculosis rejected -1M so
far as it is concerned.)

We express particular gratitude to Madame D. Piechaud and to
Mr. m. Piechaud, who discovered the first French case of acute me-
senteric adenitis with Malassez and Vignal's bacillus (1952), for the
experience fran which we derived great profit.

Finally, we are very grateful to Mr. A. Chevalier and to Made-
loiselle M. C. Deplanche for the very efficient technical assistanc-e
they ga.ve us in this work, and to Mademoiselle S. Lagniez, whose cal-
laboration we owe to the financial generosity of the SPECIA Labora.
tories.

U



-GLTR~. OAPACTUS

1. General culture conditions.

Ralaws~ and Vignal's bacil.u grows easily In the usual medims
and has no specl mtritive requirements.

Berlmn (1942), while he was stadying comparatively the require-
,ento of the eifferent for accessoary growth factors, de-
waetrated that Nlasses and Yignal's bacillu, like Tersin's bacillus,
develops perfectl]y 4,, a sythetic -,edim on,tining 15 amino aide,

apoh P. bextia
does not gow without the addition of nicotnmaide and patothenica"~a

these modest nutritive requiments are sufficiently clear,so far as Tersin's bacilus is onoered, to remmend different tooh-

niques fo differentiating the two gew :
a* M The utilization of simple, plain geloe would

pen acording toessonova,'k distinction based on the fact that
in this. medimn Torsin's baoll. u sual],7 grows restriedly,7 in iso-
lated colonies, whereas Malas se, and Vip ml1s bacillus is abundantly
developed after 21 hours. Taylor (1?33), in the Report a the efkne
Insttut fgg &e IM, 191.. reeomeds the following differentiation
othad based on "ing. a uLU number of germs on plain gelose: with

the aid of a 1 = rod, dilutions of the two gems are made in tubes
containing 10 al of p1Wiologic mom. These dilutions are then seeded
by spreading pert on gelose with blood with a rod 1 = in diaeter and
pert an plain golose, but with a 5 = rod. Tersin's bacillus yields
distint colcuies an gelose with blood, but no culture appears on plain
gelnee, * eas alasse and Yitbal's bacillus grows equally well on
both med=4s

Da'janilaBumets (193), like 0. rard, likneise sees in the
meqwal apiditr of development of the two germs a good differentiation
owiterim A MLgverggs 'every pm that, when it leaves
the or a mpows ra$~ a n gelose is not a paUe baillus' (G.

b ee _ Son This medim was proposed
by essnoa (1929) who dmstrated that, although cultures Of KASSses
and Vignalos bacillus and Term's bacillus are idenUtcal on gelose
without bwillm. or on a culture medius with a low IR. the eubina-
tim ot faw factros, 'poor' gibse (in which bouillon is replaced 7
plain or distilled water), a weak gelose concentration (3 par in,
100), lm P (5.9 - 6.x) and a all maount of Inooalum, permits the
u'oehtca of a culture ony with Malases and Vignal's bacillus.

to Pabi ni (1 ), t of gloe-that hav been u" for several
Tersin's becil cultures in suosoesim and hay had the bacilli
rmoved by ussbi1 with phsiologic ero, becme unfit for cultivating
this gemp but still pendt the developement of alasses and Vig al's
baeillz and vice-versa.



Petragnani (1937), recomended, in order to differentiate the

plague bacillus 'fran other germsN (although without specifying Malassez
and Vignal t s bacillus by name) the use of gelose that has been used for
cultivating Yersint s bacillus and then autoclaved and rehydrated.
Yersints bacillus would not grow any more in these "exhausted' mediums,
in contrast to the other species.

The use of these two techniques did not yield any conclusive
results*

c. Sythetic medIUM. Mayeda (1927) proposed a synthetic
medium free from proteins, not suited for the growth of Yersin's ba-
cillus or for Pe septica, but in which Malassez and Vignal's bacillus
develops in three days.

The addition of glycerin (Baumann, 192; Poppe.. 1928; Dujardin-
Beaumetz, 1934) or of sugar (Poppe) or of sertm (Baumann, 1927) favored
the cultures. Cultures were especially abundant in Nicolle and A,-
lairet s medium (gelose with glycerin peptone bouillon (1 part in 100)
and macerated potat6, according to Dujardin-Beaumetz (1934) and Hauduroy
(1953). According to Topley and Wilson (1954) and Knapp (1960) and
ourselves, the cultures are not influenced by the addition of serum
or of glucose and they are slightly inhibited by glycerin.

According to Jackson and Morris (1961), Malassez and Vignalts
bacillus, as well as ersin's bacillus, does not develop in human
serum beyond 24 hours, unless iron is added to it.
Culture temperature.

The extreme culture temperatures compatible with the vitality
of the germ are 40 and 430 for Wilson and Miles (1955) and Bergey
(1957), 00 to 400-410 for Zlatogoroff (1004), 00 to 450 for Toumanski
and colleagues (1935).

Zagari (1890) gives the figures of 460 to 480 as the upper
culture limit, whereas Zlatogoroff (1904) and Dujardin-Beaumetz (1934)
state that there is no more growth above 400-.10. Lucet (1898), never-
theless, obtained cultures at 400-410 and Toamanski and colleagues
(1935), who observed growth between 400 and 450, give this last figure
as the temperature limit for the development of Malassez and Vignal's
bacillus and lersin's bacillus.

The lower temperature limit was probably +50, according to Poppe
(1928). For Dujardin-Beaumets, colonies do not appear before the
seventh day between +80 and +100. For Zlatogoroff, the germ would
probably not develop at 00, but Toumanski and colleagues obtained a
culture at that tmperature and observed that at extreme tamperatares,
both upper and lower, Malasses and Vignal's bacillus cultures are al-
ways more luInriant than cultureb of Tersin's bacillus, a result tl ,t
contradicts those obtained by Oalli-Valerio (1903) who observed, when
he was cultivatiM the two germs ecparatively between +10 and .50,
a slight development of Tersin's bacillus comencing with 15th hour
and of Malasses and Vignal's bacillus only after 48 hours. According
to Sokhey and Eabbu (1943), lersin's bacillus would probab4 develop

n bouillon between -20C and 4450C.
According to flatogoroff, the slowing down of the growth of

Malassez and Vignal's bacillus appears below 18o.200; Knapp (1959)
confimed these last figurest the cultures are sightly retarded at
180.2o, tut after two or three days at this temperature they display
the sae desii7 as the one to tko day cultures at 300 or 370 .

The optimum temperatare likewise varies according to the writers:
the best yield was obtained between 300 and 380 for Zlatogoroff and for



Poppe. 370 for Iniet as we1l as for Courmont and Panisset (1914) and
for Preston and Maitland (1952), between 220 and 300 for Zagari (1889)
who ebserveda poor yield at 380..390, 300 for Thal (1954i) and for
Wilson and Kilos (1955); according -to KrApp (1959) tgreit~bt

multipian of the gem takes, place at 300 and the optimum is included
between 2AO and 370* Personally, we locate this optimam between 280
an 370,, but two points must be taken into consideratiowj

a. On the one hand, the vitaW31' of the germ is influenced very
much by the oulture temperature. Although a number of authors were
able to keep cultures in the incubator at 370 for varying periods of
time (three months an geloee for Lacet (1898), sevenity-two days on
r ieoe and thirtr-five days in bouillon at 380 for Megnin and Moery
l89l)t others observed a rapid stoppage of the cultures.* Thus Gate
and Bills* (1928) ascertained thAt the germ did not develop at 370
beyond bra to three generations, a figure that is certainly qite in.
sufficiaut, but we also at tinessaw cultures die off beyond one
week at 770.

O.. the oonti-ary, their vitality is altered less at 280, as
had been domsntrated bV Incet (1898) whose strains were still trans-.
plantable after four monthg of cultivation at 280, whereas they were
not trasatable after three months at 370.

be On the other hand, the culture temperature influences a
inber of characters of the germ, such as nobility, dissociation,
viralmwe and various biochemical qulities. This influence will be
discussed in detail in the respective chapters; lot us only say here
that the-tendency to form rough, variants and the tendency to lose no-
bility, virilence and even vitality at 370 (although germs in phase S
retain their maxman virulence between 220 and 280 __ P. Boquet, 1937,
Prest-, an Xaitand, 1952), should make us prefer systematically
cula teperatures included beteen 200 and 300. Nevertheless, certain
tests require a particular themivo optimus Y70 for examining urease,
180 for a oulture In Simms' seai=. 280 for attacking sodium malo-
nate (Wallarit, 1961).

It appears, moreover, that the incubation temperature may In-
fluenoe +Ae cul1ture at the time of isolations Rosentwald and Dickinson
(19")o P1ey (1956) and Knapp (1956) discovered some human or animal
strains that gm, itien isolated, only at room temperature. This Is
the temperature recomended b7 Pfeiftfer as far back as 1889.

96 e optinm 90 required by Waass and Vignal' s bacillus is
plaed between 6 -nd 8 (Knapp, 1959).* The extreme limits of tolerance
were 5.s and 8,4 for L. Korobkova (1929), 6.5 and 9 f or J. Dams (1951),
5. 2 ad 10 for Knapp

Aording to Deseonova (1929), although Malasses and Vignal's
becillus arnd Yersias bacillus tolerate the same acidity (5.9 to 7)
in the usual gelose medis, all the strains of Yersin's bacillus did
not develop In goloees at Ai 6.4 and below without a definite conom-
tratim of geloe (2 parts In 100), as contrasted with Malaxas and
Yigmal' besilb that alwys pbws on this modium (Desonova' e acid
pow orglose).

9We agdity of the mediums involvs the appearance Of long, fila..
mentous forms, Like the ooe that Oate and Blla (1928) observed on
- j - od's a Adim. It also favors the ooourrenoe of ft-variants
(Knapp, 1959*1 and tends to Interrupt the mobility of the goe.

AltboIo#, aowoding to Preston and Maitland, rif variations have
no influno an mobilitj, aooerding to P. Doquet, who checked peral..
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leLLy variations in pH and mobility at 280 in a Sautfr ',"' o+ic ,Al-
ture mediim containing 2 parts in 1,000 of glucose in place of glycerin,
mobiJity decreases as acidity increa -t. According to Ynipp, a few
rare strains may still retain mobility at pH 10, and all are immobile
at pH 4. The optimum pH for obtaining a good mobility is between 7
and 7.3 (P. Boquet, 1937, Preston and Maitland, 1952).
Influence of atmospheric oxygen.

The bibliography on the subject has been especill'y rih in
differences in opinion on this point ever since Nocard and Masselin
(1889) established the potential aerobic and anaerobic chara .tar of
Malassez and Vignal's bacillus.

The possibility of development in anaerobiosis was smbsequently
denied by Zlatogoroff (1904), Megnin and Mosrn (1891), who state that
'repeated attempts to cultivate in a vacuum or in the presence of an
inert gas, such as illuminating gas, have consistently remained with-
out result', by Messerschmidt and Keller (1914), Kakehi (1916) whose
cultures 'on gelose in a vacuum in accordance with Bulloch's method
(pyrogallol, potash, washin with hydrogen) did not show any appre-
ciable growth in three d- out spread rapidly in the presence of
oxygen', by Schutze (1925) for whom 'strict anaerobiosis inhibits
grom.th completely' and by Dujardin-Beauetz (1934) whose cultures
"were almost zero when deprived of air'. According to Sacerdotti (1905),
"anaerobic cultures on both gelatin and gelose by exception give rise
to growth. If, after eight to ten days of anaerobiosis, the cultures
are again put in contact with oxygen, the development is irregular.
It is regular only if the germ has remained not over two to three
days in a mediU deprived of oxygen'. Wilson and Miles (1955), finally,
did not obtain any culture in scab-gelose.

Other writers are of a less definite opinion! for example,
Lucet (1898) for whom 'the cultmres are less abundant in a vacuum than
in air', or Courmont and Panisset (1914), Barsin! (1935) and Winkle
(1955) who observed a better growth in the presence of oxygen.

On the other hand, the potential aerobic.-anaerobic character
is affirmed by Preiaz (1894), who states, however, that 'the bacillus
grows deep in the puncture and in the gelatin layer, even though it is
very thin, much more poorly than on the surface', by Pfeiffer (1899),
Nocard and Masselln (1899), by Cipollina (1900) who considers the germ
potsntially anaerobic, although it 'seems to grow less well in the ab-
senqe of oxygen', by Vicenzi (1909), Poppe (1913), Saisawa (1913),
Baimamn (1927), Weitzenberg (1934 and 1935), Bergey (195?), etc.

Knapp (1959) confirmed the potentinl aerow-naerobi: chiricter
o! Malasset and Vignal's bacillus with the following reservitions
that explain the differences in opinion of the foregoing writers,
on the one hand, the inhibitive action of anaerobiosis on growth is a
function of the medi used. Thus, whereas growth at 3?T, 220 and 20
in tryptose bouirlan is identical in aerobiosis, it is slowed down by
anaerobiosis Li plain bouillon or in bouillon with serm ar glucose
added. On the other hand, the behavior in anaerobiosis may vary with
the strains and with their ap. That is wty some of them, when they
leave the organism, are incapable of developing in anaeroblosis at
370 and are cultivated only in anmerobiosis at 220 (Knapp, 1960).
Finally, the tendancy toward dissociation and the apparane of R-
forms is greater in anaerobiosis (Knapp, 1959).

Although Schttse and Hassanein (1929) demonstrated that, in
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liquid *Olture mediums, o~wgen exerted an inhibitive action on bersin's
bacillus and not on Nalasses and Vignal's bacillue, and although they
proposed using this character to distinguish between the tvo germs,
the differences in behavior of Malaseez and Vignal' a baoillus and Ter-
sin's bacillus in deaerated solid mediums (deep gelose, VI' glucose
gel...e, Legroux's gelatin gelos) do not seem to have recaived ar
attention from a practical point of view, in spite of the conzsteicy
of the aspects displayed. We veeded, by way of comparison, aw~eral.
hundred strains of both gems in these different mkediums and we always
obtained a development of Malasoft and Vignal's bacilus In the entire
upper part of the tubes [See Note 1), whereas the plague bacillus d..
velops only in the anaerobiosis area and only rarely yields colonies
in the aerobic area of the mediums [See Note 2), characters alreadky
observed by Me Piechud. Therefore, Malase: and Vignal's bacillus
must be consi.dered a potentially aerobic-anaerobic, while the behaior
of Teriins bacillus in deep gelose tends to confirm the results of Rao
(1940) apd Herbert (1949). According to Girard and Nel (1946), there
probably is reason,, moreover, in so far as the latter germ is cor.-
corned, to consider the number of germs seeded and the date that co-
lonies appears 'Let us note.' these authors write, 'that, although -with
seeding on the order of 500,000 to one million germs colonies are ob-
served in the entire upper part of deep glucose gelose, irith the emounts
of germ that we iuaed,. In thi s experiment (varying from 50 to 50,000).~
during the first two to three days we saw colonies only in the anaero.
biosis area of the gobose; the development was seen in the meso-
aerobic and aorob~c areas only after this period of time. We observed
the s=e y*ienaenon with IF glucose deep gelose, 2 parts to 1,,000,
that yields results comparable to the ones obtained with Uclaf glucose
peptone stab gel....0

((Note 1s] According to J. Dr~as (1958) and Percebois (1961),,
the colonies were probably more numerous in the area of aerobiosis; we
did not verify this.)

((Note 2:) Exoept for Girard and Robic's E.V. strain that grows
in the entire upper part of the medium.)

Culture base on wall seedimes

The facility with which Malasses; and Vignal's bacillus is cul-.
tivated is contrasted with the difficulty, even the impossibility, of
obtaiznn a devebopnent of berai' s bacillu in bouillon or on gelose
when using a wall. nmber of goe, a difficulty that numerous writers
have pointed out and attempted to explain as due to various causes:
presence of inhibitive substanoea (Drennan and Teague, 1917; Girard,
1936), oxidationi of the cultre mediun (Wright, 1934), production of
oxygenated water (Rao., 1939; Herbert, 1949), etc.

Schtte and Hassanein (1929) confirmed the ease of development
of Mlasses and Vignal' s bacillu, even using a reduced inoculum, when
they attributed a special senuitivity of YZrsin's bacillus to atmos-
pberio oxgen, and ihen they made omparative seedings of Mal&ssez ai4
Vignal's bacillus, Tersin's bacillus and LP.gi.a with a @mall number
of germs and by adding sodium sulfite or blood as a reducing agent of
the aed&=*.

in a more, general way and in comparison with Tersi's bacillus,
in the sue mediums and under t6 sane conditions, Nalasses and Vig-
nal's bacillus is capable of being cultivated using a mall number of
gems. Seedling of rufficiv.ntly developed dilutione of both germs on



gelose shows the much greater facility of Malassez and 7'alfs ba-
cillus for growing on the basis of a light seeding. The same is true
when pathologic products, infinitely les rich in bacilli, are used
when it is a question of Malassez and Vignal's bacillus than when it
is a question of a plague bacillus. Bezsonova, Egorov and Meluiko~a
(1940) proposed differentiating these two germs by seeding them on
gelose using progressively decreasing dilutions.

Girard (1956) demonstrated that the inhibitive action of beef
bouillon on the growth of Yersin's bacillus, a phenomenon whose practi-
cal consequences Baltazard and Babmanyar (1960) appear to be the only
ones to have emphasized, was without effect with regard to Malassez
and Vignalts bacillus: 'Quite some time ago E. Dujardin-Beaumetz had
told us that it was very difficult te obtain well isolated colonies of
P. 2estis on gelose; either nothing grew if the seeding was too small,
or the colonies were confluent with the denser inoculates. In tne pia.ge
laboratory solid or liquid mediums were prepared with macerated beef
with the addition of an equal volume of Martin's peptone or of 20 g
per liter of a ccmercial peptone. On the other hand, nutrient ge-
latin was copletely satisfactory from this point of view, although
it differed from the preceding mediums only by the substitution of ge-
latin for gelose. R. Devignat (in a personal communication) has al,.
ways used gelatin successfully to count the viable germs in a given
suspension of P. pestis. Therefore, we wondered if gelatin did not
have, like blood or serum, the power to neutralize the inhibitory
substances in bouillon. The experiment confirmed this. We prepared
a nutrient gelatin according to the formula for our medium A (nutrient
gelose with bouillon plus 20 parts in 1,000 of PTV peptone) in which
the gelose was replaced with 150 parts in 1,000 of gelatin. One drop
of P. pestis dilution, that was incapable of growing on the original
medium A, in a Petri dish, produced, after spreading ont, the develop-
ment of colonies in a number approximately equal to the number pro-
vided by the peptone gelose. Only a slight delay was noted in the ap-
pearance of colonies on gelatin, although the dishes had been left,
in both cases, at laboratory temperature, about 200C.

Let us add that the addition of blood to the peptone gelose
does not introduce ary favorable element in this medium that is self-
suffiient. However, it is not detrimental to it either.

It was interesting to determine if the inhibitory effect of beef
bouillon was also effective on Pasteurella pseudotuberculosis by virtue
of affinities between this micro-organism and P. pestis. It was not.
Mediums A (nutrient gelose with bouillon plus 20 parts in 1,000 of
PTV peptnme), B (same medium with the addition of 10 parts in 100 of
deflbrt .ted blood) and C (PTV peptone gelose, 20 parts to 1,000,
without bouillon) behaved in an identical manner with a number of
colonies of the same order after seeding dilutions limited to 10-5
and 10-6 with a density analogous to the density of L and
observing the same technique.
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2. General charaoters of the cultures,

Rapidity of cultivau-.

It is analogous, according to Delbanco (1896), to the cultiva-
tion rapidity of &gherchia coli. Malassez and Vignal's bacillus, on
usual culture mediums, rapidly yields a macroscopically visible culture,
detectable in liquid medium (in peptone water perhaps better than in
plain bouillon), omencing with the sixth hour at 370 and at 280,
whereas the colonies on gelose are visible to the naked eye comnencing
with the tenth hour of incubation at either one of those two tempera-
tures.

The development is still faster than the growth of !ersin's
bacillus (Wilson and Miles, 1955). This rapidity cf the cultures,
especially on leaving the organism, has a definite orientation value:
'every microbe that grows rapidly on gelose on leaving the organism
is not a plague bacillus' (G. Girard).

Alkalization of the mediums.

The tendency of Malassez and Vignal's bacillus to alkalize the
mediums has been noted for a long time (Klein, 1900, Korobkova, 1929;
Dmjardin*eauets, 1934: etc.) and some writers proposed using this
character for differentiation with Yersin's bacillus (Jurkevitch, 1911).
Thus, the ediu proposed by Nikanoroff in 1927 shows up the greater
speed of alkalization produced by Malassez and Vignal's bacillus. It
is composed of Martdn's bouillon previously fermented with yeasts in
order to eliminate all sugar from it, gelose 2 parts in 100, adjusted
at PE 54 and with the addition of methyl green 0.07 parts in 100 or
phenol red (or cresol) 0.01 parts in 100. When seeded in striae on
such a nedium, Malasses and Vignal's bacillus culture, beconing more
and more abundant, produces a rapid change, whereas the lersin's bacil-
lus cultare is more meager and does not produce a change before 5 to
7 days.

Phenolphthalein bouillon (Zielieozky, 1902) or 'bouillon without
sugar with tVmol blue proposed by Nikanoroff (19Z7) and taken up by
Sebftze (1929) give similar results.

Korobkova (1929) specified that alkalization is always pre-
ceded by acidification, appreciable if the initial pH is 6.4, insig-
nifiant or zero if the initial pH is 5.8 to 6.0. Then the alkaliza-
tion increases constantly, reaching its maximum by the 30th to 35th
day.

A daily camparison of the pH in the cultures of lersin's ba-
cil-i and Malassez and Vignal's bacilli shows that, in the latter, al-
kalization is clearly faster, especially if the initial pH is 5.8 to 6.0
and during the first week of cultivation. After this period of time,
the differences in pH between the two cultures decrease progressively
and the final PH is identical for both geas toward the 30th to 35th
day*

Preston and Maitland (1952) confirmed the initial acidification
point out by Korobkova and ascertained that the changes in pH are less
pronounced at 220 than at 370, with a more rapid cultivation at this
last temperature.
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No strains of Malassez and Vignal's bacilli have ever '-en pointed out
as producing a pignentation, except for cultures made on potatoes.

~Odor.

Although some writers (Gate and Billa, 1928; Winkle, 1955)
point out that they did not notice arq special odor given off by their
cultures, others take it in account. Thus, according to Lucet (1898),
Malassez and Vignalls bacillus "emits special volatile products that
impart to the cultures, whatever they may be, a va?7 particular nau,-
seous odor of putrefaction'. Courmont and Panisset (1914) likewise find
a "disagreeable' odor in cultures in bouillon, milk, gelatin and cna-
gulated serum. Ravaglia (1932) mentions an odor 'resemblIng somewhat
the odor of colibacillus" in one strain. According to Pr~isz (1894)
'cultures that are a bit old give off a rather strong bad odor that is
more characteristic than the morphology of the culture'.

DuJarditBeametz (1934) describes this odor as "disagreeably
urinous'. Totiie-Ippoliti (1916), Sanfelice (1926) and Barsini (1935)
speak of an lalliaceous' odor close to the one described by Vix, , nzi
(1890-1909) in connection with Bacillus opale agliaceo. Six strains
studied by Hendriksen and Jyssm in 1961 emitted 'a strong odor,
disagreeable at times, quite different from the odor of Pasteurella
multocida' 9

This character is far from being constant, but, as M. Piechaud
and we have remarked several times, certain strains give off an odor
that is difficult to define but frankly disagreeable.

Specific gravi!Z of the cultures.

Stiegell (1908), who measured the specific gravity of the cul-
tures of various bacterial species, gives the figures 1.177 and
1.215 for cultures of Malassez and Vignal's bacillus on gelose, 80
and 40 days old, respectively.
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3. Characters of the culture, on solid mediums.

Oslooe.

Phase S is the one under which Malassez and Vignal's bacillus is
most usually found. Colonies of this type, developed in 24 hours at 370,
are snail in size, not over 0.25 to 1 = in diameter, round, smooth
and slight3y convex, transparent and clear at first, soaetimes irn-
descent with a bluish reflection (Preisz, 1896). The edges are sharp
and even. They become progressively opaque with a whitish reflection
at the sane time as the center rises and appears to be more refractive
than the periphery. After 48 hours the colonies double in size and are
frankly opaque.

Growth is always slower at 220. Colonies developed at this
temperature are more mucous and more moist. The surface is smooth
or slightly granular (Knapp, 1959).

At roan temperature the growth is appreciably slowed down;
nevertherhWafter 48 hours the'bultures are identical to the ones
developed at 370 (F. Kauffmann, 1933).

Although this is the aspect of the germ colonies in phase S,
the appearance in cultures at 370 of dry, flat colonies, with a slightly
granular, dull or shagreen-like surface, while the edges lose their
evenness, announces the R-dissociation.

Colonies of Malassez and Vignal's bacillus never present the
viscous consistency so frequently found in strains of Pasteurella Restis
that have recently left the organism (Eastwood and Griffith, 1914;
Derigat, 1934).

Serum telose and asctI&c ielose.

On serm gelose and on asoitic gelose, the colonies are scarcely
more voludmu than on plain gelose and attain a diameter of 2 to 3 n
by the second day. Clear and transparent during the first 24 hours,
they becee whitish or grayish after 48 to 72 hours.

Althoug Baumann (1927) obtained colonies that were a bit lar-
ger by adding senum to the gelose, Wilson and Miles (1955) rightly dery
ary influence by the serum.

Gelese with blood

Growth was probably better on gelose with rabbit blood than on
sorm gelose, according to Seal (1951), while Knapp (1959) and we
foud no difference between the two mediums.

On gelose with horse or rabbit blood, the colonies are more
compact than on plain gelose, according to Topley (1955). That is chiefly
true for colonies developed in 24 hours at 180, and at 280 they are
larger than the ones developed at 370. They reach a diameter of 2 to 3 m
after 48 hours.

Acording to Devignat (1953), 'at 200 C and at 300C, all the
strains of melmik e .. and of pj=W Pestia
develop at df peedswithbutthidiersity ing able to be
atributed either to the species or to the variety or to the virulence.
levertheless, if the culture is made on the surface at 370C, it is
observed that the growth speeds and the aspect of the various strains
became uniform, at least for 24 hours. After 48 hours at 370C, four
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out of five strains of Pasteurella pseudotuberculosis become grayish
and different from Pasteurella pests'.

In the first 24hours the colonies are clear and transparent;
they become opaque, grayish or whitish after 48 to 72 hours. Abutyrous aspect of the colonies was observed by Mathey and Siddle (1954).
The action on the red corpuscles will be considered farther on.

Coagulated serum.

Growth is always less good on coagulated ox serum than on ge-
lose (Baumann, 1927; Wilson and Miles, 1955). The colonies are not
visible to the naked eye before 36 hours and never are greatly developed.
Even after one week they do not exceed 0.5 to 1 mm. Very convex, white
or opalescent, they have a glossy appearance with a visible reflection
when light touches the surface lightly. They do not become yellow
slowly as is sometimes the case with colonies grown on gelose.

According to Pfeiffer (1889), Poppe (1928) and Seifried (1937),
sheep serum produces better cultures than ox serum or human serum.

Dorset's medium.

Here the aspect is similar to the one obtained on coagulated
serum (Moss and Battle, 1941). Both mediums are not liquefied.

Perolat s S.,T. medium.

This medium, composed of serum, egg yolk and potassium tellurite,
has also been used, primarily by Italian writers (Dessy, 1925), with
the same results as with the preceding one.

Gelatin*

Colonies appear after 24 to 36 I.,urs on gelatin in a Petri dish
incubated at 180 to 200, They are extremely tenuous and reach the volume
of a pin-head only after 48 hours. They are uniformly round, shiry,
whitish, and project above the surface of the medium (Megnin and Mosar,
18il), 7hat never is liquefied.

Parietti (1890), Preisz (1894) and Delbanco (1896) observed an
opacification of the gelatin in the vicinii y of the colonies that are
surrounded by a whitish or bluish ring.

Pfeiffer (1889) pointed out the formation of small needle-shaped
crystals around colonies on gelatin. According to Parietti (1890)
and Delbanco (1896) the same fomations may be observed on the butt
of gelatin inoculated with a central puncture. Preis- (1894), who
pointed out the prodntion of more voluminous crystals deep down in
cultures on plain gelose., denies the formation of crystals in gelatin
and removes the value that Pfeiffer attached to it.

In the bottcu of gelatin seeded by a central inoculation,
growth is filiforw, confluent at the top, discrete deep down and does
not involve liquefaction. According to Knapp (1959), growth is faster
in gelose-gelatin than in plain gelose or in glucose gelose.

Potato.

Although a very few writers (SwellenpWbel and Hoeese, 1915)
did not obtain azW development of Malasses and Vignal' s bacillus on
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a potato, most of them state that this type of culture is possible
(Pfeiffer, 1889; Zwick, 1908; Boncinelli, 1932; etc.), but is always
very meager and most frequently very slow (Pfieffer, 1889; Nocard and
asselin, 1889; Klein, 1889; Zagari, 1889; Megnin and Mosny, 1891, etc.)

in the form of a glossy film that is first colorless or whitish, then
yellowish or chamois-colored and, much later, definitely brown (Lucet,
1898; Zlatogoroff, 1904; Schutze, 1928; Barsini, 1935, etc.).

According to Courmont and Panissat (1914), the colonies, pale
yellow at first, become brownish-red at the same time as the potato
itself is colored a very dark green.

In spite of this opinion and in spite of the opinions of Parietti
(1890), Of Preis (1896) and of DuJardin-Baumetz (1934), the pigmentation
never extends to the entire medium but remain limited to the culture.

The growth on potato was better at roa temperature for Delbanco
(1896) and also it was possible only around 200 according to Brigham
and Rettger (1935). According to Bergey (1957), it was barely visible
before the seventh day. In fact, the culture, more abundant at 370 than
at 180, is visible cmencing with the second to third day.

For DJardin-Beaumetz (1934), the growth on potato depends much
on the degree of natural acidity of the tubers. Although, according to
Preiss (1894). the bacillus grows as well on a definitely acid potato
as on an alkaline potato, most of the writers recowend the latter
(Pfeiffer, 18891 Poppe, 1928; Decouse, 1934; Cecarelli, 1950).

DNjardiuBeamets compared the limited culture of Malassez and
Vignal's bacills with the camplete absence of culture of lersin's
bacillus an potato. There is too much unevenness in the develepment
of Kalassez and Vignal's bacillus on this medium to be able to retain
this criterium. Besides, the tests that we made yielded, according to
the varieties of tubers used and according to the season, results that
were too disparate to enable the slightest conclusion to be drawn from
them.

Involution forms were frequently observed on this medium (Sa-
cerdotti, 1905; Zrick, 1908).

Lelso's .tMd (desychoate-citrate-snr).

Thal and Chen (1954) and Baltatard and colleagues(1956) proposed
this culture medium to differentiate Malassez and Vignal's bacillus from
lersin's bacillus, According to Thai and Chen, after 48 hours at 370
Tersints bacillu cultures are meager; the colonies, reddish in color,
do not exaed the size of a pin-head and the medium is unchanged, where-
se the coleniss of alasses and Vignal'o bacills are larger in size,
opaque and yellew ii color, as the whole medim turns in general.

Knapp (1959), hen e a cemparing the culture rapidity of
Malasses and ipal's bacillus on plain gelose, gelose with blood, Indo's
gelose, and dezyceholate citrate agr at 220 to 370, fowi a slight
inhiitijon of the cultures with the last-mentioned sedium.

At 220 the colonies are mooth, clear and transparent during
the first 24 hours; then they beams slightly eloua and yellowish-
brow after 48 to 72 hours. The medium itself is not modified,
counter to Thal and Chen's observatioe. At 370, the cultures tend
towrd an 3.&ssociatice that, at this temperature, was more frequent
an this maim than on gelse with blood or on %do's medinm (Knapp,
1959-190).

Althe4 gh Mal and Chen believe that Leifson's culture medium
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facilitates the isolation of Malassez and Vignal's bacillus when using
contaminated material, Knapp (1959) believes that it is not suitable
for isolation when human stools are used. Nevertheless, Daniels (1961),
who made coprocultures systematically on different mediums, considers
that the best results are obtained on Leifson's medium, by means of
which he was able to isolate the bacillus once in man and nine times
in the guinea-pig.

Judging frm our experience, Salmonella-Shigella' s culture
medium gives results corparable to the ones obtained on Leifson's me-
dium, but neither of them, nevertheless, offers the advantages of the
medium recommended by E. J. Morris in 1958.

MacConkaet s medium.

On this medium, utilized originally by Rosenwald and Dickinson
(194) at the time of an epizootic in turkeys, Malassez and Vignal's
bacillus produces, according to these writers, colonies that are
strictly analogous to colonies of Salmonelleae. Although for some
writers (Topley and Wilson, 1955) colonies grown on MacConeky's medium
are meager and confluent and are no longer transplantable after 48
hours, culture on it is, on the contrary, satisfactory and viable,
according to Henriksen and Jyssum (1961). The absence of development
P. setica on this medium was a good means of differentiation of Malassez
and Vignal s bacillus and Tersin's bacillus, for Topley and Wilson (1955)

Wilson Blair t s medium

Aording to Knapp (1959) and Percebois (1961), M. Piechaud
probably did not obtain cultures on this medium with the strain that
he isolated in man in 1952. In fact, Piechaud's article does not
mention the use of this medium.

At az rate, it is difficult to cultivate Malassez and Vignalts
bacillus on it: Knapp (1959-1960) did not obtain visible cultires
after 48 hours at 370 and at 220 he only obtained, after massive seed-
ing, a very meager culture with a greenish or chestnut coloration of
the culture medium.

ndo's welose.

Culture is good at 220 on this medium. The colonies that at
firs-" are flat, clear, transparent then slightly cloudy, attain in
48 hars the sme size as on plain gelose or on gelose with blood and
do not produce amy modification of the medium. At 370, on the other
hand. the culture is slightly wrinkled and tends toward dissoiat'4on.

Lactose g hloge with bromothymolble

On this medium, colonies are small, smooth, moist, cpalesiant
and blue, 7.ivex with smooth edges (Moss and Battle, 1941).

Drix lski'u m edium,

According to Vourload (1906), Drigalski-Conradi's lactose
cultire medim lets Malasses and Vignal's bacillus be differentiated
frao Tersins bacillus, aOn this medium colonies of plague bacillii -15-



are colored red and the entire medium takes on a general yellowish-red
tint slailAr to the coloring of 2 Colonies of pseudotuberculosis
rgdenM are not colored but the medium takes on a general bluish-
greentint dilar to the coloring of the t~phic bacillus. That is
probably an important distinguishing character for diagnosing the plague
bacillus and for differentiating it from the peendotuberculosis roden-

iXrche (1927), Baumann (1927), Truche and Bauche (1929),
Palla ke and Mena (1932) confimed the aspect of colonies on this
medims *Thin, barely visible, bluish, round, after 24 hours; they are
more blue aud more round, after 48 hours, and become darker and lose
their trsnsparen,0 (Truche and Bauche).

Orskov and Kappas (1930) reecmended the addition of 1 part in
100 of sucrose to this medium on which colonies were then dark blue.

According to our oun experience, Nalassez and Vignal's
bacillus is easily gon on Drigalski's medium at 370, 220 and 180 and
yields mist, glossy, bluish colonies that are more clear and more whitish
than the medium itself. The appearance of R-colonies in more frequent
at 370 than at 220 and especially than at 180.

JIstmmaen's laftose oe.

Conies ar. easy to grow in it at 280 and ai 370, more slowly
at 180. Th@7 are ihit, upaque, convex and glossy. Their onfluence
prodces a rapid alkalization of the aedium.

Salmions" ns.Mi4 .lags sm-,

Here the developant of colonies is better at 28o than at
370 or at 180. Colonies in this =edium are whitish, glossy, opaque,
with a slight rose reflection. Dissociation, constant at 370, is
much more rare at 280 in this medium.

lk cl ,ture medium gives'guod results for isolating the ba-
oIMIn stools.

Colonies appear a bit faster at 280 and take on a bit larger
sies in comperison with cultures incubated at 370 and 180. After
24 hours, they are opaque and whitish, someties slightly rose, and
an the e**nd dcy take on a deep violet coloration, without a metallic
reflection.

5h appearwno of R.-forms at 370 om this culture medium is more
rare than an Leife's medium.

nc Mg atgAb 's (1926) eatiaa violet aedAm.

On this nedlum, derived trm Dreman and ?eague's (1917) and
containing 0;025 parts in 100 of of eltite and a ementration
of gmtin violet that varies according to the bacteriostatic effect
desired wdth repard to hrogj, ?Ua and other ontsminants,
colonies of Ealase andiYIgal'sbilli display a coloration that
is restricted to thex periphery, tea colonies of ersin's
bacilli are only colored In their oester. Thee resulte were partially
cofiried by Dessoncva (1929) and Kruchi (1951). According to the
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latter, if the growth of P. septj~a is effectively del1;. 5(' to 60
hours and is even completel inhibited by incubation at 300, pig-
mentaticn of the colonies of Malasse? and Vignal's bacilli may be uni.-
form and not exclusively localized at the periphery.

4. Characters of cultures in liquid mediums.

Bouillon,

Pfeiff-r (1889) seems to have been the first to point out the
clearness of cultures in bouillon, with the proliuction of flakes and
deposits.

Lucet (1898) gave the following very cmplete description cf
cultures of Malassez and Vignal's bacillus in bouillon: uIt gr-ws
abundantly when it io seeded in beef bouillon with the addition ;f
peptone, and salt. In twelve hours it causes a pronounced turb-ty that
increass subsequentl still more and, in 24 hours, forms, on he

sides and bottom of the culture flask, a whitish deposit that ii d-
stributed uniform3y or in the form of large piles. This depo3it,
that is little adherent to the sides of the container, is easiLy set
in motion by agitating and the lumps are broken up. Then the cul.
tures assume a very spelil muddy appearance. At rest the deposit
forms again and the medium is cleared up somewhat, remaining at the
same time, nevertheless, still quite c1ouy until the time, quite
a while later, when &l growth ceases and when the microbes finally
fall to the bottom of the container in the form of an extremely abun-
dant pile, still lacking in adherence. At this time tte boAlci'n
recovers its clearness.

Moreover, toward the fifth day in the incubator at 370, or
later at a lower temperature, the surface of the nutrient LAq id is
covered with rather thick, more or less numerous, whitish films.
These films, not very resi-tant, easily dissociated, resembling greasy
droplets congeaed on a cold liquid, begin to appear either on the
edges or in the middle of the free surface. They spread out litt 1e by
little, tToinh each other, agglomerate and form a superficial membra-
nous skin entirely covering all the liquid that then loses a bit :,f
its cl.7diness. But this membranous covering is not very consistent.
The slightest agitation breaks it up and reduces it to fragments
that fall to the bottom of the culture flask. Nevertheless, it farms
agai:n very rapidly under the same conditions and this 'ontinues
until t he .mrtrient medi-am Is exhausted, becoming, however, each time

e.js i-sd less thtck.
'Sonetimes this skin is not continuous and exists ony in the

form of small 3IlVnds, varying in size, that float on the surface )f
the sabstrauri. At other times it is replaced by a simple ring
adher:ng to the sides of the container, at the level of the points
of ,)nta;t of the bouillon. Finally. it usually does no '- form
in cultures made be!,v 200, or forms very slightly in them.*

Delbaz' ' (1896), Salsawa (1913), Messerscluidt and Keller
(1914) observed the homogeneous cloudiness, but always sligh, ,f
cultires in baillon.

According to Klein (1906) and according to the Reports of the
Pla4ue Cimdssimn in India (1900), the turbidity Is no. hcmogene ias,
while a .- r-ii.g to Zl~stogoroff (1904), Petrie and .aalistr (1911),

Poppe (1913), the bouillons remain clear. These differenzss &ere
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fovnd by Kake in his ecmparative studr in 1916: 'Although the grovth
of the gem in bouillon is not very energetic, there is no strain that
deM not produce a certain aovnt of turbidit that decreases in time
and disappears entirely sooner or later. With certain strains the
oleainess disappears in a few days, whereas with others it persists
for same time.*

Seoh~t (392B) was the first to have demonstrated that the
S-variants prouee a diffuse cloudiness with the secondary formation
of a ring then of a film, while the it-variants yield a flaky culture
with a aore prononed skin, an abuidant deposit and, sometimes, the
cmplete absence of turbidity.

Knapp (1959) confrlmed that the S-forms produce a uniform
cloudiness at 370 and 220 in pepte bouillon with macerated meat.
This clodiness Is alwys more preimmed at 370 than at 220 during
the first 24 hours. Clarification with the formation of a deposit and
the appeargn of skin oefra after two or more days.

The R.forms that grow faster and more abundantly at 370 than
at 220 gow without clouding the medim with a rouh or flaky deposit.

e intersediate forms first produce a diffee cloudiness with
a deposit and then sbsquently a clarification of the culture medium
(Boquet, 1937) .

Lortbe (1926) believed that he was able to differentiate avian
strains froa rodent strains according to the aptitnde of the latter
to form a foled skin, bat his later observations, confirmed by the
obeervations of Truche and Bauche (1929) on strains coming from
turkas, demonstrated the analogous behavior in plain bouillon of
all the stmins, regardles of the sour*e.

The formatica of stalactites, presented in 1897 by Khabrine
as peculia to erin 's bacillus, is also foud in Malasses and Vig-
nal's bad"]u9 as vu meatrated by Tartakowuki (1901), Elatogo-
reff (1904), and the membene of the Plage Cmision in India (1906).
This aspect, frequent in the R-ferm of Malasses and Vignal's bacillus,
therefore, oamot be used t differeatiato the t germs (NJardin-
Demeots, 193: ollitaer, 1954). Rafkine (1897) demonstrated that
theee proets, starting at the surface, are facilitated by the addi-
ti e f a flm effatt7 1iquid to te nedim. It is possible to
obtain the s~ formations after several days of incubation and with-
cat aq &4ftftv*, provided that all vibration is avoided in the =1-
taes (lhtsew, 195). aM and stalactites have. in fact an
etr fftg4U1 and the ulihtet shaki of the teot tabe is suf-
fieeat to preo tate them to the bottm.

Se adten of sem or of glaeoee to the peptone bouillon
with aseerated seat does not Improve the oulta", but grwth is more
abundant and umltl.ioatiomn amwe rap in trptone bouillon (Kwapp,
1959) V

peptoms ater. in a s metration of 10 to 15 perts In 1,000,
is an exwel.t sultare medis fr Malaisen emd igale' bacillus,

priftad that ewtarln peptmes (P.T.V.. ,.7., bactopeptone Dfeo)
are mus ajd for Terla's basifls. In eaeison with cultares In

btWhls e 3*ime diveloped in peptw =ater Is L aes slight,
opeesa32 at labrater temperatare, during the first A hours, but
after' i hrom te aspect beeeme practically identical in these
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mediums, and the cloudiness can even be more pronounced at 280 ir pep-
tone water than in bouillon.

Just as they do in bouillon, sk1 and stalactites assume an
identical aspect, but the deposit is generally greater.

Peptone water with the addition of 0.5 parts in 100 of glucose
(Otten, 1926) is acidified in 7 days up to a pH at 4.6-4.8, while the
addition of only 0.05 parts in 100 of glucose produces a realkaliza-

tion with a pB at 7 to 7.2, after initial acidification. This se..

condary alkalization of the peptone water with a weak concentration
of glucose was proposed as a diagnostic differential between the

plague bacillus and P, septica, with the latter reaching a possible pH
at 5.1 to 5.5 or 5.8 to 6.1.

According to Zlatogoroff and colleagues (1928), realkalization
occurs more rapidly with the R-forms than with the S-forms of Malassez
and Vignal's bacillus.

least water aW potato water,

Malassez and Vignal's bacillus, like Yersin's develops rapidly

in it, as opposed to Pasteurella septica (G. Girard, 1942),

Bouillon Ath tetrathionate.

Rosenwald and Dickinson (1944) observed the survival of the ba-
cillus in this medium. Knapp (1959) confirmed that after twelve hours

in Difco tetrathionate bouillon there was no decrease ir the number

of gems, VhWr.s there always is a definite numerical reduction in

Leifsonts bouillon with selenite.

Barsiskovt s medi.

After Otten (1926) and Poppe (1927). Kurauchi (1931) made a

comparative study of the action of Malassez and Vignal's bacillus,

of Yersin'a bac11us and of P. septica in Barsiekov's litmus bouillon
containing I part in 100 of glucose, 0.5 in 100 of sodium chloride,

adjusted to PH 7.6 and incubated at 300, with the following results:

Malassez and Vignal's bacillus produces a strong acidification &,-d

coagulation of the medium in 24 hours, while P tC& does not

cause any modification, and coagulation with ersin s bacillus oc Ars

later (three to seven days) and is particularly irregular (18 str&ins

out of 29)

5. MoiiY

The mobilitT of Malassez and Vignal's bacillus escaped many

writers for a long time (Malasses and Vignal, 1884; Pfeiffer, 1889;

Zagari, 390; Delbanco, 1896; Zatogoroff, 1904; MacConkey, 1908;

Petrie and Macalister, 1911; Roemisch, 1921, etc.). Their descrip-

tions, without always specifying, however, the observation condi-

tions and the cultare temperatures, verify, the Immobility of the

germ.
The first mentions of its mobility were mada in 1889 by

Grancher and Ledoux-Lebard who observed the loss of this mobility

in old cultres, by J. Ce oront and by Nocard and Masselin who des-

cribe this bacillus as very mobile. Ray and Sugg 1*1893) compare
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Malassez and Vignal's bacillus with the typhus bacillus Idue to its
mobil-ity, the number and form of its cilia'. "

Preisz (1894), in view of the preceding descriptions, af-
firms the isnnobility of the microbian chains, but recognizes 'real3y
some movement$ in the isolated bacilli. Parietti (1890), Sacerdotti
(1905), Canetto (1905) confirm the mobility. Klein (1899-1900)
does not obserte any mobility in hanging drops but describes one or
two short cilia visible after argentic impregnation. Galli-Valerio
(1902), in his discussion of the differentiation elements of Malassez
and Vignalls bacillus and Tersin's bacillus, insists on the mobility
of the latter, contrary to Gordon's (1897) opinion, without, however,
reporting asy mobility in the former.

Kossel and Overbeck (1902) deserve the honor of having de-
fined the mobility conditions of Malassez and Vignal's bacillus as
a consequence of a study by Moronesco (1899) on a germ isolated from
milk and 'close to Salnonelleae', immobile at 370 and mobile at room
temperature. The same difference Jm behavior according to temperature
was observed by Kossel and Overbeck in three strains of Malasses
and Vignalls bacillus.

Byloff (1906) confirms this mobility in one strain and verifies
the presence of a polar cilium. The influence of temperature on ci-
liatton was again confirmed by Burckhardt (1914), Henschen (1918)
and 'lasaj (1921) who, although he was unable to observ6 any mobilliV,
states that he stained a single extra-polar cilium.

These observations, however, are not admitted by everyone:
Gotseblich, in the second edition of Kol-e. and Wassermann (1912),
entrenches himself behind the opinion of Preisz, while Lehmnn and
Neumann (190), To' r Ippoliti (1915), Kakehi (1916), Lerche (1927),
Beck (1928), Poppb .n the third edition of a treatise by Krauss and
Uhlenhuth (1928), describe Malassez and Vignal's bacillus as immobile.

Arkwright (1927) confirms its mobility at 18o.260, that is,
according to him, a character adequate for differentiation with
Yersin's bacillus, at the same time as he demonstrates the existence
of a thermolabile flagellar antigen.

These fundamental facts were taken up in the later studies of
Schtze (1929), F. Kauffmann (1933), eitzenberg (1934), P. Boquet
(1936, IeyWnthal (197), Himelfarb (1937), Favorisova (1938), Preston
and Maitland (1952), Knapp (1956), limova (1956).

The mobility of Malassez and Vignal's bacillus must be con.
sidered as a fundamental character: there are no immobile strains
(Knapp) just as there are no mobile strains of Tersin's bacillus
(a. Girard, Pollitzer, etc.), This charactr, whose importance was
emphasized by Favorisova, Arkright, F. Kauffnann, constitutes in our
opinion the surest eo1tural criteri for differentiation with Yersin's
bacillus [See Note], in spite of the practical difficulties emphasized
perhaps excessively by Pollitzer.

([Notes] With one single reservations by bacteriophage
action, Brunet (1952) obtained some definitely immobile mutants of
Malassez and Vignal's bacillus.)

The most remarkable peculiarity of the mobility of Malassez
and Vignal's bacillus is its rigorous subordination to temperature
conditions: zero at 370 [See Note], mobility appears toward 300
(Preston and Maitaand; Bergey). It is evident at 160-.200 (Favoritova,
Arkwright, Levinthal, etc.) or 200 to 230 (Thal, 1954), in practice
it is easily observed at room temperature.
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(D ote: Although almost all the strains obey this mle, same
exceptions have, hoever, been pointed out. Although descriptions by
Marracini (1935) of strains mobile at 360 do not carry any zonvictizn,
Arkwrilght (1927), as well as Weitzenberg (1935) and Wolff (1956)
observed same slightly mobile strains at 370. Knapp (1956) observed,
under the electron microscope, some ciliated elements in two strains
cultivated at 370. G. Girard (1953) likewise reports a human strain
that is as mobile at 370 as below 250. Knapp (1959) gives as a sup-
plemontary argument in favor of a possible mobility at 370 the pre-
sence of anti-H antibodies in rabbits immunized with cultures made at
37o and killed by heating to 560-580 (P. Boquet, 1937) or with phenol
( napp, 1956). This is in contradiction with the observations of
Preston and Maitland.)

According to Preston and Maitland, the "critical" temperature
for variations in mobility is in the vicinity of 300. At Z.0, 80% of
the germs are still actively mobile. At 280, only 50% are slowly
mobile. At 31.50 only one cell, very weakly mobile, was fomd by these
writers. At 340 all mobility disappears.

Mobile germs in a culture at 18o20o rapidly become immobile
again when they are brought up to 370. Preston and Maitland, never-
theless, observed a temporary persistence of the mobility at 370.
This persistence probably did not exceed one to two hours, according to
P. Boquet. Inversely, strains cultivated at 370 and then placed at
220 display already after several hours a certain number of mobile
elements.

These variations in mobility, easily observable in vitro, have
also been noted in vivo. P. Boquet did not find arq mobile elements
in the peritoneal exudate of a guinea pig that had been infected,
8 to 24 hours before, with germs cultivated at 200. The loss of
mobility, besides, is very rapid in the peritoneal cavity. One. hour
after the injection of 4 ml of very mobile germs the exudate no lon-
ger contains anything but innobile germs.

Conditions of aerobiosis or anaerobiosis have no effect on
mobility (Weitzenberg).

The optimm pH for the appearance of mobility is from 7 to 7.3.
In a glucose culture medium mobility disappears progresively together
with the acidification of the medium (P. Boquet).

According to P. Boquet (1936), Malassez and Vignal's remains
Immobile at 180-200 in Martin's bouillon and displays only a slight
mobility in thi same medium or in plain bouillon with the addition
of 10 parts in 100 of horse serum. On the other hand, mobility
is evident in germs cultivated on gelose with an agar comnetration
of 1.5 to 2 parts in 100 that is neutral or slightly alkaline (PH 7 to
7.3), and freshly prepared or in the condensation water fran this me-
dium. It is also evident after 8 to 14 hors in Sauton's synthetic
medium, containing 2 parts in 1,000 of glucose in place of glycern.

The addition of serm or of glycerin to the bouillon does not
produce ary appreciable modification in mobility, according to Weitzen-
berg. Only Favorisova considers serum as facilitating its appearance.

The property of producing flagella constitues a stable and
tranamissible character when the vegetation temperature stays aroland
200. When it reaches 370, this property disappears temporarily,
manifestlg itself again as soon as conditions become favorable ag-in.
Nevertheless, if the inhibitory action is prolonged, the temporary
character may became permanent, according to P. Boquet who, after he
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had kept two strains of Malassez and Vignal's bacillus for several
years, was unable to produce the reappearance of their mobility at 200.

Age could be a cause of definitive imobility in strains pre-
served in a collection, according to Favorisova, and P. Boquet ob-
served the same inmobility only in the R-variants of two old strains.
However, we did not observe this ourselves, since we easily demonstrated
the mobility of strains that had been preserved for more than 20 or
even mure than 30 years.

It seems that the preservation conditions play a part equal at
least to the part played by age. Weitzenberg ascertained that four-
week old cultures, kept at a low temperature, were more mobile than
24-hour old cultures coming from strains kept at 370.

Contrary to P. Boquet's opinion, for whom mob 4.lity was improved
neither by successive transplantings nor by preservation at 200, repeated
transplantings in soft gelose or in serum bouillon and cultivation ,
180-200 allow the most mobile elements to be chosen from each strain

(Favorisova, 1938; Thal, 1954).
When Korobkova took up again, with Petrova and Salaeva (1960),

the studl of strains obtained by her in 1937 from lersinla bacillus
subjected to the action of the bacteriophage and whose characters had
been sufficiently modified so as to be no lorr differentiable from
the characters of Malassez and Vignal's bacillus, she ascertained,
nevertheless, that these strains remained strictly immobile.

Every strain does not have the same aptitude for giving birth
to elements endowed with mobility (Favorisova; P. Boquet), and some
writers thought that they could establish differences according to the
animal origin of the strains. Strains of human origin were especially
considered by same as always immobile. That is why the strains iso-
lated in the classic examples of Albrecht (1910), Neugebauer (1933),
DNjardin-Beamets, Ballet and Cebron (1938) were described as immobile
(with no indication, however, of the culture temperature) and that is
vby Moss and Battle (1941), Smyder and Vogel (1943), Topping, Watts
and Lillie (1938), describe as a fact the immobility, at 180 and at
370, of the strains that they isolated. Knapp himself (1954) and

Knapp and Masahoff (1954) shared this conviction while studying three
strains isolated from mesenteric adenitis in man.

In reality, a subsequent examination of these strains was to
reveal their mobility. Thus Plasaj demonstrated a ciliation in Al-
brecht's strain. Likewise we observed the mobility of strains from
Duj&rdim auuetz and colleagues, Moss and Battle, Szoder and Vogel,
Topping and colleagues. Knapp (1956), finally, showed that the ino-
bility of the strains was really more apparent than real, related
only to the number of flagellate elements that was too small to show
up by stainin the cili or with the Wng-drop technique. On the
other hand, the use of Bader's method (initial culture in bouillon at
22o followed by massive seeding in soft gelose, 3 parts in 1,000,
in Craigie tubes) shows up the mobility of every strain of Malassez
and Vignal's bacillus.

Although no doubt about the mobility of human strains must re-
main, it is not the less true that, at the time of their isolation,
their mobility is at times much slower and more difficult to demon-
strate' A, n in strains of animal origin (See Note).

(Diote:] Weitzenberg, however, reports a strain isolated in a
horse (Poseuioryli strain) the mobility of which was particularly dif-
ficult to verify.)
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Although the majority of the strains that we isolated from hu-

man mesenteric ganglions showed up as mobile commencing with the first
isolation, in them and not in others mobility may be late in appearing
(M. Piechaud, 1952) and difficult to demonstrate. Wildfuhr (1959)
and Beer (1960) share this opinion.

We made the same finding with strains isolated in the monkey,
which can also Appear imobile at the time of their isolation (Mol-
laret, Sizaret and Vallee, 1962).

In practice, it is not always easy to prove the mobility (Weitzen.
berg; Pollitzerl Knapp), and repeated examinations and transplantings
may be necessary.

According to G. Girard (1953), 'the hamogeneous cloudiness of
cultures in a liquid medium at 250 C and below has been given as a
sign of mobility, in contrast with the aspect of cultures at 370 C
like cultures of Pasteulla 2estis at every temperature (skin and
snow flakes in a clear liquid). We have seen enough exceptions con..
eer*Ug the plague bacillus according to the culture medium used (pep-
tone water or bouillon), to the incubation temperature and above all
to the age of the strains, so as to assign only a relative value to
this character.'

A simple examination in a hangin g-drop (Favorisova), or on a
slide under a cover-glass, of a drop of culture in bouillon may suf-
ficebut 0. Girard also advises against it in view of the risk of
doubtful interpretation.

Lovinthal (1937) suggested the direct observation of colonies,
a technique taken up by F. Kauffann (1233), Weitzenberg (1934) and
modified by Himelfarb (1937) [See NoteJ and Wildfuhr (1959).

([Notes] Eimelfarb, moreover, recommends, in order to distin-
guish true mobility from molecular motion, replacing the physiological
serum with a 1 part in 100 sublimate solution that suspends mobility
and does not alter the brovnian movements.)

Seal (1951) advised a culture in soft gelose incubated at a
temperature of 250. This is the technique that we employed because
of its simplicity and effectiveness and that 0. Girard defined as
follows in his project for the unification of methods for differentiat-
ing Z e l pestle from .Pasteur&Q-2gle-dotuberculosi (1953):
Ivory soft peptone golose t5 parts In 1,000 of gelose), pH adjusted
to 7.2, distributed on the butt of the tube to a height of 5 to 6 om.
It is seeded by means of a center injection with a stiff platinum
wire carrying a 24-hour old culture on slanting gelose. Two tubes
are seeded like this, one of which is incubated at 200.220 C, the other
at 340.370Cs 2eudo ereuloss displays all around the
seeding streak a a eas that has the appearance of a cylinder, in
relation to the diffusion of the microbe in the gelose, indicating its
mobility at 200.22,0. Pasteyrella 2estis yields a culture that is
striot3y limited to the seeding streak. A reading may be taken already
after 24 hours, but there is no disadvantage in waiting three to four
days, if the germ is rowing slowly.'

Devignat (1953)suggested a complex Ourea-inulimobility'
medium, inluding 05 part in 100 of agar and l parts in 100 ofgelatin.

Prestan and Maitland use Craigie tubes that they advise, more-
over, sealing in order to avoid desiccation of the gelose.

These cultures in soft gelose are not free from criticism,
according to Pollitser (1954) for whom the mobility of Malassez and
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Vignals bacillus must be distinguished from the tufted appearance that
Tersin's bacillus may display in this medium after several transplant-
ings. Therefore, in addition to using the gelose culture medium, it
is always necessary to resort also to direct examination in the fresh
state and to staining the cilia after cultivation In a liquid medium
inoculated at 18o.200 or between 200 and 300 (Knapp, 1960). The
choice of the julture medium assumes a particular importance in this
research. Knapp (1959) ascertained that, although most of the germs
in strains cultivated in plain bouillon have three to six cilia, ele-
ments provided with only one to two cilia are found only when the cul-
tures are made an gelose.

Favorivova (1938) advises the use of very soft gelose (0.15
parts in 100) Dr of serum bouillon, and Wolf (1956) advocates the exa-
mination of tbe condensation water from tubes of slant gelose (1 part
in 100) that has been incubated for 18 hours at 220.

Various techniques for staining the cilia have been recommended:
same writers suggest Rhodes' (1958) technique; Weitzenberg (1934--i935)
used Zettnowts (1891); Preston and Maitland (1938) advise Com and
Wolfe t s (1938); Gmison and colleagues (1951) and Wolf (1956) sug-
gest Leifson t s (1930) modified; and Knapp (1959) advises Sous' (1948)
technique.

The number and the arrangement of the flagella have been subject
to controversy for a long time. Klein (1899), after agentic impreg-
nation, described one to two polar flagella. Byloff (1906) described
one single short cilium that was not as long as the bacillary body.
According to Byloff, the shortness and the singleness of this organ
accounted for the slight mobility of the germ. According to Burckhardt
(1914), most of the elements are aciliated, only a few germs have from
one to three short, peritrichous cilia, rarely four. Plasaj (1921)
observed only one cilium, growing between the pole and the equator
of the gem and several times as long as the microbian body. Levinthal
(1930) described an unustal type of ciliation, with a single cilium
or a tuft of cilia growing at one, and sometimes at both poles. In many
Loma the ilim is probably not inserted at the pole itself but

sbngside or quite some distance away. In amphitrichous strains, the
cilia are growing in a diagonally opposite position. eitzenberg
(1933) finds, in general, two cilia, sometimes four and five and even,
in one ease, six cilia. The extrapolar position is the most frequent,
according to him. If the germ is monotrichous, the location of the
cilim is lateral. In germ that have two cilia these are located
on either side of the bacillary body, opposite each other, or diago-
nally to each other. The long form mw appear peitrichous. The
tufts of cilia described t Levinthal are exceptional for Weitsonberg.
Boquet (1937) found, out of twelve strains, only one polar cilium and
rarely four to five extra-polar cilia in most of them, a description
taken up by J, Dwaa (1958).

Since Preston and Maitland's (1952) studils and above all since
Knappls (195 6-1959) it appears to be well established that Malasses
and Vignal's bacillus has on the average three to six cilia, located
peritriohously. wolf (1956) found in average of two to five and Bergey
(1957) counted frm one to six.

Although electron microeco did not enable Parnas (1956) to
establish a ciliatin, Knapp (1956)s by using the same technique as
well as Soust stain, was able to state that most of the strains culti-
vated in plain bouillon at 220 had three to six peritriohos ailia and



very exceptionally only one to two cilia, located in that case in
Juxtapolar position. In the same strains cultivated this time on gelose
with blood, Knapp no longer found anything but germs provided with
only one to two cilia and three very exceptionally.

Although the influence of temperature on the mobilit of Malassez
and Vignalls bacillus is evident, its mechanism remains unknown. It
is not beside the point to recall that this is a question of a pheno-
menon that does not properly belong to Malassez and Vignal's bacillus.
The slowing down (Ch. Nicolle and Trenel, 1902) or the suppression
(Braun and Schaffer) of mobility under the influence of physical or
chemical factors was observed a long time ago, and, especially, the
influence of temperature on mobilit was already noted in various
specites, not only by Mironesco (1899) as we have seen, but also by
Ferrier (1895), Migula (1900), Matzuschita (1901), Nicolle and Trenel
(1902), Helm (1911), Burckhardt (1910), etc. More recently, Mrrison
(1961) observed in his strain 981960 of Escherischia oli, aciliated
and immobile at 370, the formation of cilia and the appearance of a
mobilit after incubation at 200. Therefore, it is a question of a
phenomenon that does not concern exclusively Malassez and Vignal's
bacillus and whose mechanism has not yet been elucidated.

Arkuright tried to see in the immobile form of Malassez and
Vignalls bacillus an adaptation to parasitism in manmals similar to
the adaptation that was observable in Salmonelleae. This finali tic
interpretation does not give us arq information at all even on the
mechanism of this adaptation.

Preston and Maitland (1938) advanced several hypotheses. Ac-
cording to them, the appearance of flagella at 200 and their disap-
pearance at 370 could be due either to the establislment of dif-
ferent physicochemical conditions (especially with regard to the
medilmus pH at various temperatures), or to the production of an en-
zyme capable of lysing, only at 370, the flagella themselves or some
substance indispensable for their synthesis, or to a mutation fol-
lowed by selection, wnder the influence of temperature, of the only
mobile elements, or, finally, to the existence of different metabolic
processes at 370 and at 220, a phenomenon that is close to the find-
ings made by Hills and Spurr in 1952 on the acid deaminases of Ter-
sin's baciUs1. Preston and Maitland's experiments threw out the first
three hypotheses and it seems that research must be directed tmvard
establishing the difference in the metabolic processes at 220 and
at 370, In fact, the disappearance at 370 of the mobility of strains
of Malassez and Vignal's bacillus cultivated at 220 does not seem to
be linked to the loss of fla gella but to the establishment of coiditions
unfavorable to a group of metabolic phenomena accounted for, in Preston
and Maitlandls experiments, by the heavy mortality observed at the
time the mutures were transplanted from 220 to 370.

These find1n are added to Morrison's on the paralyzing avtl.on
of incubation at 370, in the presence of ohloramphenicol, an the cilia

The "esis of differences at 220 and at 340 in the set.-
bolic processes conerning the aobility of Malassez and Vignal's
bacillu is, moreover, in perfect agreement with the fact that, not
only mobility, but also a nber of other characters are likewise
influened by the culture temperature. This had been known for a long
time, in so far as the viralence of the germ is concerned. Appreciable
differences were also noted in its behavior at different temperatures
in the presence of sodim citrate, urea and sodium malonate (Mollaret, 1961).
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6. Dissociation.

Saisara (1913) and Popp@ in the same year were the first to
ropo-t dissociation phenomena in Malassez and Vignal's bacillus. Three
years later, Kakehl described three forms of colonies: transparent,
shin and slightly bluish "A' colonies that he considered as the normal
frme, clouding the bouillon with slight involutions; opaque, grayish-
white 'B* colonies that do not cloud the bouillon but form flakes, a
deposit and a skin; and mixed 'C' colonies closely resembling the pre-
ceding ones but with a bluish peripheric ring, clouding the bouillon
unifor4 and produoing flakes and skin.

Then various types of colonies are described by Arkwright (1919),
Roaisch (1921), miller and Gdadky (1927) and especially Zlatogoroff
and Mogilewkaia (1927-1928) who distinctly individualized the characters
of the S. and R-variants, their biocheical and serologic identi and
their uneven virulence. These facts were taken up by Haupt (1928)

who doseribed three aspects of the bacillus in bouillon: homogeneous
tutidite, homogeneous turbidity ith flakes and stalactites, and iso-
lated flakes and stalactites; then by Pokrovskaia (1930) who, in addi-
tion to the L. and S-forms, described an intermediate '0' type; finally
by Vedder (1933), P. Boquet (1936-1937), IAtje (19 1), Knapp (1959), etc.

The wooth and rough variants constitute the two usually ob-
served aspects, with the mooth form being by far the one most fre-
quently found

S-dcnies on gelose are smooth, round, convex, glossy with even
edges, uniforml translucent or whitish, whereas the rough colonies
are uneven, notched, larger, flat, with a dunll dry appearance, opaque
and capable of being picked up with an ceae all in one piece.

Colonies that do not answer the description of either one of
these two types were described: 'mixed' or 'Cr colonies of Kakehi,
0O colonies of Pokrovskala, *transitory* colonies of Zlatogoraff and

Moghilowska, AB' colonies of P. Boquet with a raised central area,
surrounded by a flat area with irregular edges, 'intermediary' colo-
nies of Knapp, etc.

The S-colonies are easily smulsified in pbysiological water
and te suspensions obtained remain hamogeneos after four hours
in the incubator (takehi, 1916; Pokrovskaia, 1930; P. Boquet, 1937),
ohereas the R-colonies are difficult to soulsify, have a tendency to-
wmrd =to-agglutinatiou (Idtje, 1941) and Producing suspeoains with
large flakes. The canalstem of the character of the ualsios in
phsiological water at 370 led P. Boquet to suggest replacing the terms
'mooth' and 'rough' with 'honogeneeus" and 'agglatlnable'.

After 24 hours in bouillon at 370 the S-variants, stable, cloud
the culture medumM unitormly, bereas the k-variants develop into mall
flakes or staatites (Pokrov kaia. 1930).

At 200, in soft geloe, the colonies are fatty and the dif-
ferental characters of both tpes are loss clear; the R-variant,
however, preserves its agglatlnabillty In j7siologieal water at
370, When they are cultivated at 200, both variants contain mobile
gems (P. Doqt, 1937).

Morphological ditferenece. in the germs in both phases were noted
by m-er-s writers (Kakeuig Ztogoroff and Mogilowskaia; Pokrovskaial



I~tje, etc*).
The germs in phase S are thinner and longer (1.5 to t), even3

colored, whereas the germs in phase R are larger, thicker, more intense-
ly and at times more unevenly colored. Only Zlatogoroff and Mogilews.
kaia describe the germs in phase S as shorter and the germs in phase
R as longer and thicker.

According to Kakehi, the formation of chains of ten to 15 ele-
ments was characteristic of the rough forms.

Biochemical behavior of the S-and R-variants.,

Although for most of the writers (Pokrovskaia, 1930; Thal,
1954, etc.) there is no difference in the biochemical behavior of
the S- and R-variants, others report differences that at times are
qualitative but most frequently quantitative.

Thus, according to Kakehi, the B-variants (phase R) attack
adonitol more slowly than the A-variants (phase S).

Miller and Gladki (1927) described a strain whose S-variant no
longer attacked glucose.

Zlatogoroff and Mogilewskaia (1927-1928), while examining the
behavior of the two variants, R and S, in the presence of glucose,
levu.lose, galactose, manntol and ulcitol noted that the attack by
smooth strains was always slower. The difference, still appreciable
at the 36th hour, disappeared after three days. Zlatogoroff reports
a strain whose R-variant alone attacked dulcitol.

In the glucose culture aedium, recomended by Otten for dif-
ferentiating ersin's bacilli and Malassez and Vignal' bacilli, the
smooth variants of the latter produee less acidity than the P.-variants.
The same is true in Rlvelfarb's maltose cultare medium.

According to the comparative study of the fermentation speed
of glucose, levulose, galactose and maltose made by P. Boquet (1937),
the smooth strains are, in the majorit7 of the cases, more active in
the presence of these stbstances than the rough strains and acidiMica-
tion is already clearly tarked even in th first hcurs in glucose and
levulose metuis. iOn the other hand, peptone water with the addition
of glycerin is acidified more rapidly by the rough variant than by the
S-variant.

Barsini (1935), <.wen he was filtering the two A and B variants
of a strain of Malasses and Vignal's bacillus on a bongie, noted that
the A-variant (in all likelihood .aooth) was easier to filter than
the B-r!Lmt.

H.G.S, Karin (1943). who applied Robin's reaction (an emulsion
of yonng e*ubres of gram-negative bailli in a conoentrx'ted solution
of sodiu or manesim slfate profuees a definite agglutination zly
in the case of gems in phase S) to different PasW1re ae, noted
that only the smooth colonies of alasses and Vi's bacillus showed
this a&G3;atinabilitj. The reaction reined negative with Tersin's
bacillu and P 6 .

The moh Aoes r agglutinated better by serus prepared
with hmologms or hetarologouB mooth strains than they are by
ser= prepared with their mm strain of a non-Adissociated origin or
with the R.variant. Nb~issociated oultres are agglutinated in the
snome wa b7 a hamologow serm or by a ser prepared with one of their
S-varints. (flatogoroff and Moglewskala, 1928). The R-oolonies are
characterised b the absence or little develo;pent of the 0 antigen



(Th~lai. 19%).
Whtn it exists, the hemolytic power of the R-. and S-variants is

identical (Devignat, 1954).

Pathogeic Rowe of the variazts.

As early as 1930 Pokrovskaia noted the extreme virulence of
gemin phase Sforisbite mice andguinea-pigs, whereas germs in phase
R, in the same dosages, are not always mortal or are so only always
after a longer period of time.* The experimental disease assumes an
acute for'm after Inoculation of the S-form and a chronic one with the
R-fom. Autopsy reveals an efflorescence of necrotic foci in the first
case, ibile the nodules are rare or absent in the second. Only Fertig
(1962) obtained an inverse results the R-variunt killed the guinea.-
pig more rapidly than the S-variant.

Pomovskaias results were confirmed by Ziatogoroff and Mogi-.
lewskaia and then by Idtje, According to the latter, in the natural
disease of the animals the S-form is the one that is isolated in acute
cases and the Ff-fo in the course of chronic infections.

Dissociation factors.

Slmple aging of the cultures constitutes, as P. Boquet (1937)
noted an important dissociation factor of the germ. According to Thal
(19514 some old strains no longer develop except under the fl-form.

5he caposition of the culture medim may also favor dissocia-
tianl 1s, according to fl.tgoroff and Mogilewskaia, the quality
of the peptone probably deftrmines one or the other "ope Witte's
pepton favors the appearance of type R, whereas Merck's causes the
appearance of amooth colonies,

Kalcehi, when omaparing the rapidi+.7 of appearance and the pro-
portion of variants, appearing in various culture mediums, boullon,
liteus milk and sagar medios, concluded that glucose, and +,ben mawni-
tel, are the beat zmtrient factors for dissociation.

According to P. Doquet, the addition of 0.5 to 2 parts in 1,000
of glucose in non-glycerin Saxton's liquid, In which cultures of Ma-
lasses and lignul's bacillus are ordinarily poor, favors the develop-
ment and the differentiation of the P.. ad S-type.

Acording to Knap (1959), the appearance of the t-variant
is especially rapid at 370 on Leifans nediva (desaivholate citrate
agar)* It is Lso favored by using Rho's sulfite gelose.

Acowding to kajardin4saaueta (19314), dissociation is probably
not present in strains Isolated In hares, --na~~ and canaries.
Personally, we have nver differentiated between the animal origin
of the strains.

The t;;1eny toward dissociation varies appreciably from one
strain to another# Some of them dissociate easily and produce stable
variants, vhereas others, more recently isolated, yield unstable
variants, according to P. Doquet.

The Propcortion of clonies of either Imp varies according to
the strains (Ziatogoraoff &ad Moisukla crding to the age.
Te ==ber of ft-colonies obtained by P. Doque was larger when it was
a question of stains that had been Isolated for a long tim.

The 69Wa in the appearanee of dissociation In bouilloni varies
from seve to fifty days, according to the strains. It is probably
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more rapid in vivo. The S-& R transition may be obtained at the eighth
generation* The R'PS transit 4 on, difficult to obtain on gelose, is
more easily produced in bouillon and especially in vivo (Pokrovslaia,
1930).

Stability of the variants.

Although the R-variant is observed to be stable in vitro, the
stability of the S-variants obtained is a function of the strains, of
the culture mediu and of age (P. Boquet). Thus this writer demonstra-
ted that, although the variants obtained with sce strains are unstable,
others, that appeared to be stable on gelose, showed fluctuations
according to the cultare medium utilized: Oln Martin's glucose bouil-
lon, 2 parts to 1,000, or with the addition of 1/10 of normal horse
serum, the S-variant produces small flakes, while the R-variant
causes a uniform cloudiness in Martin's bouillon with the addition
of 1/5 of its volume of Legroux's artificial ascites. On glucose gelose,
20 parts in 1,000, the S-variant provides uneven, flat, opaque colonies,
very closely resembling the rough type colonies. All the particular
aspects observed on special culture mediums are transitory and dis-
appear to make wVa for the rough and smooth characters in all their
distinctness mhen a culture is transplanted on the usual mediums (bouil-
lon and gelose). By straining Martin's bouillon every twenty-four
hours, the S-variants of acne strains are kept in a pure state. But
after they are several days old, a dissociation of R-elements is pro-
duced; These elements mW be isolated easily by means of a sub-zul-
ture on gelose- Under the same conditions, the R-variant of the same
strains remains table*'

In vivo, the strains inoculated in the animal do not undergo
any modifications and are found again in the phase in which they were
inoculated, according to P. Boqubt, who was able to re-isolate some
S-cc1;nies by using organs from a guina-pig put to death on the third
day after intra..peritoneal inoculation of 2 al of a &-hour old cnIture
in phase S and of colonies in phase R in another animal inoculated under
the s,=e codltions with the R-variant of the saMe strain.

These results contradict Miller and Oladkty's (1927), according
to mh=, in the tourse of its passage through the animal, a return to
the initirl phase is observed in every organ, except in the spleer,
and Zlatoeoroff and Mogilmwkaia's who, after the death of the animals,
re-isolated either the huologos phase of the one inoculated, or the
other one, or the piase of intermediate aspects. We also made theI same abser= tions.These divergent results may be due to the fact that the re-

isolation of the straius was =ade by P. Boquet in animals put tj death
three " after inooulaton and by Zlatogroff and Hogilewskaia after
cmp~at evolution of the eaqeriental disease and spontaneous death.

Pokrovskals (1930) experimet justify t is ont o view.
The inoculation of heavy doe of strains in phase S in miuee auses
death without the appearance of R-forms, ubereas the injection of weak
doses prxahoes a slow death and permits the isolation of S-forms as
well a of R-fars and of intermediate type colonies. Inversely, the
injection of heaiy doses in phase R ma cause death without the appear-
anoe of S..ft-n ard, if weak doss of phase R are inoculated and if
death o=3urs, the transition of the R-form to the S-form is observed.
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In MMABOLIC CARACTES

1. Ganeral metabolic properties,

a. Stu& of the g&Idati. enzyatic systes.

Ca-tale

mVery writer conducted research on this subject obtained a po-
sitive reaction with Malassez and Vignal's bacillus as well as with
Tersints bacillus (Kurauchi, 1931: Brigham aad Rettger, 1935; Savino
and Anchezar, 19391 Macchiavello, 19 1t Cecarelli, 1950; Mathey and
Siddle, 1954 1 Devignat, 1954; Topley and Wilon, 1955; Ochi and col-
leagues, 19561 Bergey, 1957, etc.).

We made the same observation on all our strains of Malassez
and VIgnals bacillus and of Tersin's bacillus.

The reaction was also positive with every strain of P. septica
that we exnined, in conformity with the conclusions of most writers
(Topley and Wilson, etc.) and contrary to the opinion of some (Kurauchi,
1931).

Bi and Rettger (1935) were the first to verify the absence
of peraxtdase in Malasees and Vignal's bacillus, in Yersin's bacillus
Esee Not and in P results confirmed by Steel (1961) with
regard to the first two gems. The remilts were variable with P. septica,

(Diet] Only Gordon and McLeod (1928) found a slightly positive
reaction with a single plague strain.)

RuIrtlsen and Jys u (1961) inferred the absence of oxddase
in Ralasses and Vignal's bacillus, as contrasted with P, septica. P&

%Wi Kovacs, t, by spreading streaks of the eultre
on filter paper ad aft" a drop of aqueous solution of dimetkql.paraphe~leneimie hydochloride, I part in 100, ve very consistently

verified the absence of oxidase in Malassez and Vignal's bacillus andYersins baellu and its preaenee In nineteen strains of P. septiea.

ZMaination for a cytoohrowe oxidme (lafd reaction) was negative
with all our strains of Malasses and V'gn&.1s bacillus and positive
Ath our strains of P&.JgSb.

be Auon of emiat.. ihh~b~t~5a

Herbert (1949) se" to have been the ret to Awtv the action
of potasaim qwn& on the rowth of Yersin's bacillus. Braun's
test was first used an alasses and Vignal's bacillau by Knapp (1959)
iho found it positive (absence of culture). Lindman. Wintsch and
Nedinger (1960) ade the "as observation on two Wman strains.

We cwfimed tme results (1961), with 327 strains, ,=- of
W bch and none of Torsin's bacIll. grew in a clture edian cont..
aii 15 al per 1,000 of a 0.5 parts in 100 solution of patasuim
cranide. On the other hand, out of 15 strains of ?&-ptLea, 8 pro..



duced a culture between the 36th hour and the 48th hour. Steel and
Midgley (1962) confirmed the variability in the behavior of this
fastmentioned species in a cyanide medium.

c. Detadroaenas. 

Brigham and Rettger (1935) observed that in the presence of
sodium succinate methylene blue was decolored by Malassez and Vig.
nalls bacillus, Tersin's bacillus and P. septica; the time for the
reaction varied with the species. Thus Malassez and Vignal's bacil-
1us produced a cemplete decoloration in ten minutes, whereas YersLn' s
bacillus and P seZtca required incubation at 370 to start the re-
action and a period of thirty minutes to complete it.

d- Modifications of the oxidation-reduction potential during
the cmurse of the cIture.

Br4iam and Rettger (1935) demnstrated the presence of a re-
ductas) in Malassez and Vignal's bacillus and mero s writers stu-
died the reduction power of this germ in the presence of various
dyes in the hope of demonstrating a difference in behavior that could
be used to distinguish it from Tersin's bacillus.

Megnin and Momrw (1891) were the first to point out the decolo-
ration of gelose with red fuchsin.

The reduction of alachite green, demonstrated by Zlatogoroff
(19o4) but not observed t Zwick (1908), was used by Petrie and Ma-
calister (1910-1911) i&o sungested bouillon with malachite green [See
Note as a differential culture medium, a mediu used by Kakehi
(191)9 SchAtie (1928), Korobkova (1929), Cecarelli (1950).

(Ciotes ] A confusion occurs frequently with regard to bouil-
Ion with malachite green, improperly called by same Loeffler's medium.
The real weffler's medium with malachite green includes, in addition,
lactose and glucose (Trawinski, Zbl, f. Bakt, 1922, 88, 25) and has
nothing to do with bouillon to only malachite green has been added
that is used In examining for the reduction of this last body.)

In addition to malachite green, Cecarelli verified the re-
duction power of Malasset and Vignal's bacillus in the presence of
Janus gren, thionin, metkblene blue and neutral red.

Neutral red is reduced, according to Korobkova (1929) and
Cecarelli (1950). It is not reduced, according to Zwick (1908),
Bamam (1927). Beck (1928), Truche and huche (1929), F. Kaut6nu
(1933), 9 xrdi.Bamet (1934), Bareln (1935), Rauduroy (1953).
Devignat (1954), Peroebois (1961). According to our experience,
Malaaas and Vial's bvil does not reduce neutral red. We ib-

served this with 172 strains seeded both in a gelose cult.ure medium
and in glumose V. F. bomillon, 2 parts in 1,000, in a Hall tube.

Korobko-a (1929), who made a systematic study of the reduction
power of Walasses and Tlnal's batillus and of Tersin' baillus in
the presenoe of various dyes in artin's bouillon with pH 6.8 - 7,
with a laboratr7 taporature of about 280-300, noted that both
germs eduied, but the first ne mch more rapidly or more intensely,
the following dyres in the order of increasing dlfficUliest thionine.
meathlene blue, Janns green, indigo disulfonate, neutral red, mali.-
chite green and litmus. Neither ore of then reduces Congo red and
safranine.

-31-



Ivanovski and Sassykina (1930) suggested as a differentiation
criterium of the two germs Schardinger's reactini: 0.5 ml of Schar-
dinger's reagent (5 ml of a saturated alcoholoc solution of methylene
blue and 5 ml of formaldehyde to 22 ml of water) are added to 3 ml
of a two-day old culture suspension in physiologic water (3.5 X
109 gems per ml). The whole is put under liquid petrolatum in an
incubator at 300. Malassez and Vignal's bacillus produces a total
decoloration in less than one hour, whereas tersin's bacillus only
gives a slow, partial decoloration. This reaction that we used is,
in effect, very reliable.

We prefer, nevertheless, to investigate the reduction of methy-
lone blue on cultures in a liquid culture medium, and, rather than
in plain bouillon, in milk with the addition of a drop of an aqueous
solution with 1/100 of methylene blue per 10 ml tube. Under these
conditions, Malasasez and Vignal's bacillus produces, already in the
first 204 hours, a definite reduction whose translation is different
from the one produced by Yersin's bacillus. With the latter reduction
always begins in the lower part of the tubes and moves up more or
less higher, according to the strains, whereas Malassez and Vignal's
bacillus produces a reduction that always appears half-way up the
tubes under the form of a white ring (sometimes two) suspended between
the surface and the depth of the medium whose coloration remains un-
changed.

According to Savino and Anchezar (1939), Costa (1947), Topley
and Wilson (1955), Knapp (1959), Malassez and Vignal's bacillus and
P. stica reduce methylene blue contrary to Tersin's bacillus. Also
according to G. Girard (1953), methylene blue is zeduced by Malassez
and Vignal t s bacillus and not by Yersin's bacillus. I fact, when it
was investigated as we have just described, reduction was constant
with every strain of Malassez and Vignal'3 bacillus and of Yersin's
bacillus that we examined.

Litmus is not reduced either by Malassez and Vignal's bacillus
or by Yersin's bacillub (Devignat, 1954).

e. Reducton of nitratese

The aptitude of Malassez and Vignal's bacillus for reducing
nitrates into nitrites is variously evaluated according to the writers.

For Schtze (1928), Ravaglia (1932), Kelser (1938), Hauduroy
(1953), Marracini (1953) (but the authenticity of the strains des-
oribed by the latter is more than doubtful) it is probably incapable
of this reduction, whereas its ability to reduce, variable for Dungall
(1931), is affirmed by Knoovalova (1930), Brigham and Rettger (1935),
S'janova (1961), Devignat (1953), Knapp (1959-1960).

Oat of 533 strains of Malasses and Vignalls' bacilli seeded
in macerated meat and peptic hydroj ysate of pork belly bouillon with
the addition of 1 part in 100 of nitrate, we observed reduction in
three days at 370 in 530 of then. One strain (468-1) that did not
reduce at 37o, reduced, however, at 280 and at 180. Only two strains
(157-1 and 266-1) did not produce amv reduction, since the reaction
was controlled by the addition of zinc powder.

The reduction of nitrates does not make possible a differ-
entiation from Teraints bacillus, according to Brigham and Rettger
(1935) and especially according to Devignat (1953) who specified that
both the ancient and the oriental varieties of this germ were equally
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capable of producing the same reduction.
This reduction of nitrates into nitrites by Malassez and Vig-

nal's bacillus, and by some strains of Yersin's bacillus, must not
be confused with the production of nitrous acid in culture mediums
not provided with nitrate (see below).

f. Tetathionate-reductase.

Discovered in various bacterial species by Pollock and Knox
(1943), this enzyme that catalyzes the reduction of tetrathionate
into thiosulfate was investigated systematically by Le Minor,
Pichinoty and Coynault (1962) in various gram-negative bacteria. We
refer to this etud and to one by Pichihoty and Bigliardi-Rouvier
(1962) for a description of the techniques utilized.

According to Le Minor and colleagues, who examined 69 of our
strains of Malassez and Vignal's bacillus, 23 of Yersin's bacillus
and 16 of P. septica, tetrathionate-reductase could not be established
except in this lastnentioned species and it is lacking in the first
two.

g. Coag2lae and fibrinoXysis.

Jawetz and Meyer (1944) observed, in virulent and avirulent
plague strains, a coagulating activity in the presence of rabbit
and guinea-pig plsamas. We did not make the same observation with
Malassez and Vignal's bacillus, azr more than we were able to detect
in it arq fibrinolytic activity in the presence of guinea-pig fibrin,
whereas Madison (1936) confirmed a pronounced fibrinolytic power in
the presence of rat and guinea-pig fibrin with lersin's bacillus.
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2. Action on carbohydrate substances.

a, Aoti.n on ntoses, hexoses disaccharides, trisaccharides,
no cides acohols and glucosides.

The action of Malasses and Vignal's bacillus on the various
carbohydrate substances has been the subject of a large number of
studies, some of them devoted exclusively to the study of this germ
(Pfeiffer, 189 De Blasi, 1908; Lerche, 1927; Christensen, 1927;
Poppe, 1928; Haupt, 1928; Schltze, 1928-1929; MNrch and Krogh-Lund, 1931;
F. Kaufhann, 1933; ftansky, 1948; Van Dorsmen, 1951; Thal, 1954;
Marthedal and Velling, 195.; Wilson and Miles, 1955; Goyon, 1956;
Knapp, 1959, etc.), others searching, in a study of so-called fer-
mentation reactions, for differentiation criteria from Tersin's ba-
cillus (Gali-Valerio, 1902-1903; Zlatogoroff, 190.; The Plague
Commission in India, 19C8; Vourioud, 1908; MacConkey, 1908; Swellen-
grebel and Hoesen, 1915; Otten 1926; Bishop, 1932; Boncinelli and
Aradas, 1933; Uriarte and Villason, 1935; Wu, Chung and Pollitzer,
19361 Russon, 1939; Savino and Anchezar, 1939; Prado, 1940; Kurauchi
and Nagata, 1950; Seal, 1951; G. Girard, 1953; Devignat, 1954;
Polliter, 1954; K. F. Meyer, 1958, etc.).

From a suMey of bibliograpy on the subject, and from our
personal experience extending to 617 strains, it is obvious that
Nalasses and Vignal's bacillus is capable of producing acidity in
a constant maer by using the following bodies: rhamnose, arabinose,
ylose, glucose, galactose, levulose, mannose, dextrose, maltose,

trehalose, melibiose, amidon, mannitol, glycerin, esculin, argutin,
salicin and in an almost constant manner with dextrin and inulin.
This acidification is never accompanied by the production of gas
(Delbanco 1896, etc,), although Hauduroy (1953) mentions its pos-
sibili [See Note).

([ote:] Gracia Mira's (19&5) study, to which Hauduroy refers,
reports some very questionable strains, at the very least, that de-
compose glycerol, maltose, salicin and laclo with gas. The various
gasogenic strains that have been described, such as the ones that
Nicolle and Sparrow (1928) isolated at the time of the second epizoo-
tic observed by them in guinea-pigs in the Pasteur Institute in
Tunis and that acidified dextrose, mannitol and maltose with gas,
cannot be considered as authentic Malasses and Vignal's bacilli
either.)

Lactose, sucrose, melezitose, erythrol, inositol, dulcitol
are never acidified by Malassez and Vignal's bacillus, and melitose,
arabitol and mygdalin are acidified only very exceptionally.

With sorbitol and adonitol the results are variable.
On the whole, these characters are remarkably stable, and

authentic exceptions are relatively rare. Although a number of
strains have been 'described by various authors as having atypical
fermental characters, a study of most of them did not enable us to
find the indicated discrepancies. Knapp (1959) attributes real ex-
ceptions either to temporary variations, or to differences in the
culture mediums utilised or the incubation temperatures. We lay the
blame, puMarily, on the culture mediums (peptone in particular)
or on the indicator used, and we consider real exceptions to be very

! rare
Acidification of carbobydrate substances by Malassez and Vig-
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naltz bacillus is usually rapid and may be observed cc',&.;encing with

the first 24 to 48 hours of incubation.
With certain strains, and above a"! with certain sugars in a

peptone culture medium, it is possible to observe a color change
phenomenon due to secondary alkalization by production of ammonia.
Thus Devignat (1961) demonstrated that in peptone water with phenol
red containing 2 parts in 100 of inulin the medium turned definitely
yellow in 48 hours, then bright red toward the third or fourth day.
Snyder and Vogel (1943) observed the same phenomenon when salicin
was acidified by the *Spokane" strain.

With the exception of glycerin, whose acidification must be
sought in a solid medium, we studied the behavior of Malassez and
Vignal's bacillus with the same results in Hiss's medium and in pep-
tone water, 2 parts in 100, using phenol red as an indicator and
achieving a final glucide concentration of 2 parts in 100. The
choice of the peptone assumes a particular importance in studying the
acidification of certain carbohydrate substances, like, for example,
salicin and dextrin. The choice of the indicator also is not imma-
terial, as Devignat (1961) ascertained in connection with the acidi-
fication of unulin.

The various sugars are acidified in an identical manner at
180, 200 and 370, Nevertheless, some exceptions have been pointed
out: the acidification of glycerol is probably weaker and slower at
180-200 than at 370, according to P. Boquet (1936), Beaudette
(1940) observed, in a strain isolated in a blackbird, that maltose
was acidified more slowly at 180 than at 370. The acidification of
esculin, while it is slow, is more evident at 280 than at 370 (Molia-
ret, 1961).

The S- and R-variants usually show no differences in behavior
in the presence of carbohydrate substances. Nevertheless, according
to Zlatogoroff and Mogilewskaia (1928), the R-variant probably fer-
ments glucose, levulose, galactose, mannitol and dulcitol more
rapidly than the S-variant. The opposite was observed by Kakehi
(1916) with respect to adonitol and especially by P. Boquet (1937)
with respect to glucose, levulose, galactose, maltose. Only glycerin
was acidified more rapidly by the R-variants.

The individual reactions of strains of Malassez and Vignal's
bacillus are, on the whole, stable and characteristic (Knapp, 1959),
just like strains of Yersin's bacillus (Pollitzer, 1954). All the
strains preserved in a collection in the Pasteur Institute by Truche,
Dujardin-Beaumetz, G. Girard, and then by us, some of which for more
than thirty years now, have not shown, in subsequent examinations,
any difference in their behavior in carbohydrate culture mediums in
comparison with the original studies.

Differences between the fermental characters of a strain on
isolation and after subsequent transplantings have been observed
only very exceptionally. Gate and Billa (1928) report a strain
that fermented only levulose at the time of its isolation but whose
subsequent transplantings fermented maltose, mannitol, glucose, xylose
and glactose. On the other hand, Mathay and Siddle (1954) isolated a
strain in a turkey that, camencing with the isolation, acidified not
only arabinose, glucose, maltose, mannitol, levulose, rhamnose, tre-
halose and xylose, but also sucrose; this last-mentioned character
disappeared after several tranaplantings. In some cases, transplant-
ing in the animal seemed to strengthen the glucosidolytic power to
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sme strains, like Beaudette's (1940) or the one that we isolated
in a hare (1961) and that, although it did not acidU y esculin lni-
tially, gave us, after being transplanted in the rabbt and after
action of the bacteriophage, cultures that acidified- this glucoside.

Action aon ntoge.

Ma ee It would not be possible to consider the action
of alassez and Vignalls bacillus on rhamnose without comparing it
with the action of lersin's bacillus in view of both the dogmatic
and the practcal Importance of the behavior of both germs with
respect to this bod.

Rapid acidifcation of rhamnose culture mediums by Malassez
and V4gnalls bacillus is a rule that has no exception (G. Girard).
Although, according to Stephan (1941) and Brunet (1952), Bitter and
Dolamonova mentioned strains that do not ferment rhamnose, all the
authors are unanimous in confirming the rapid acidification of rham-
nose culture mediums. The strains described by Hissig, Karrer and
Pasterla (1949), Terni and Kircheis (1950), Marracini (1953), as not
aci ifying rhInnose show, moreover, too many abnormal characters to
enable us to retain thi as authentic Malasses and Vignal's bacilli.
Ippen and Stoll (1959) described a strain isolated by them in a deer
as acidifying rhaInose weakly, but the sub-culture of this strain,
transplanted in a rabbit that those authors sent us, acidified
rhamnose, without ax possible doubt, in 24 hours.

Sme strains might possibly produce a secondary alkalization
after an initial acidification, like the "Spokane" strain of Srqder
and Vogel (1943), The sample of that strain that we examined did not
produce this selondery alkalization for us, a fact that probably
does not take away aytbng from the value of the first acidification.

Therefore, the fermentation of rhamnose must be considered as
an essential character of Malasses and Vignal's bacillus, and the
rapidit7 See Note) of this fermentation is one of the best criteria
for differentiating it from lersin's bacillus.

(Eote:) The possibi1ity of a late change has been pointed
out: s5 days (Thal, 1954); 8 days (Geurden and Willens, 1940)

The differenoes in behavior of the two germs with regard to
rhmnose were originally pointed out by Vourloud (1908), Swellengrebel
and Hoesen (1915), and then were confirmed by D'Auncy (1923) and
Schttze (1928). Bessonova (1929) and Bessonova and Loblow (1930),
who compared the behavior of ten strains of Malasses and Vignal's
bacillus and 160 strains of Tersin's bacillus in a rhamnose liquid
culture medium, confirmed the production of acidit. in 24 hours by
the firstpmentioned, whereas not one strain of the second-mentioned
bacillus caused modifications after three weeks of observation. The
culture medUm recamnended by Bessonova (peptone litmus water contain-
ing 005 parts in 100 of peptone, 0.5 parts in 100 of sodium chloride
and 1 part in 100 of rhanose) met with great favor from then on
and a test for fermentation of rhamnose was considered as the only
sure biochemical criterium for distinguishing between the two germs
(Bocinelli and Aradas, 19334 Uriarte and Villazon, 1935, etc.).
Neverthelass, Korobkova (1936), when studi1ng 32 strains of Tersin's
bacillus that had been preserved for more than twelve years, ob-
served the acidincation of rhnose by four of them and concluded
that Eezsonovas culture medium could no longer be considered as a
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sure differential medium. Then Berlin and Borsenkov (i 32) showed

that mutants capable of acidifying rhamnose could appear in cu.zltures
of Yersin's bacillus after more than sjs days in a rhamnose medium
and they limited the period of observation of Bezsonova's medium to

a maximum of two to three days, in order for it to retain its full
value" Ttuans1k (1939) confirmed this late acidification (five to
fourteen days) of the rhamnose with 84 out of 260 strains of Yersin's
bacilli and associated this positive rhamnose character of certain
plague strains with their age. Krainova (1939) specified that only
plague strains fran southeastern Russia, China and Mongolia, that
did not ferment rhamnose initially, became capable of doing so after
successive transplantings in a rhamnose medium, and acidificition
could even be evident in the first 24 hours, as in the cas of
Malassez and Vignal's bacillus. There was, therefore, a relation-
ship between the geographic distribution of the plague strains
and the fermentation reactions of rhamnose analogous to those
that Kurauchi had observed in connection with the fermentation of
glycerol. Krainova was able to establish a relationship between the
aptitude for acidifying glycerol, making the acidification of rham-
nose a special property of the strains that ferment glycerol, and,
for this reason, connected plague strains fran southeastern Russia,
Mongolia and China, that fermented glycerol and were capable of aci-
difying rbomose after succesive transplantings in a rhamnose medium,
with Malassez and Vignal's bacillus, in contrast with strains coming
from India or from Madagascar that did not have, right at their ori-
gin, the property of fermenting glycerin.

More evidence was still to appear that was of a nature to
disturb the value of Bezsonova's mediu. Thus Bezsonova herself
described five vwild" strains of Yersin's bacillus that fermented
rhamnose not after transplanting but as soon as they had been isola-
ted. Devignat (1954) likewise observed a delayed acidification and
Brygoo and Courdurier (1955), while studying the behavior of 105
strains frcn Madagascar with respect to rhamnose, found two of them
that were capable of using this body at the very beginning, 54 ca-
pable of acidifying at least once in the ccurse of various tests and
they obtained some mutants that acidified rhamnose from strains that
usual~y produced only a late and inconstant acidification. Similar
mutants had been obtained by action of the bacteriophage by Korob-
kova (1937) or on Kndols culture medium with rhamnose by Englesberg
(1957).

Although this group of characters takes away from the non-
fermentation of rhamnose by the plague bacillus the doctrinal strict-
ness that the supporters of Bezsonova's medium thought that they
could put into it, peptone water with rhamnose is still of same value
in differentiating Malassez and Vignal's bacillus (G. Girard) proidded
that the technique recamnended by this author to the Committee of
Plague Experts in 1952 is utilized: 'The favorable culture medium is
inspired by the formula reo ended at one time by Bezsonova, but
there is an advantage in raising the proportion of peptone to 10
parts in 1,000 instead of 5 parts in 1,000 as Bezsonova room-
mended*

'Formulat Peptone (azW type) ....... 1 g
NaCl ..................... 0.5 g
Jlhnose oe1e.eooooeoeeo.o 1 g

distilled water .. • .••••••100 ml
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Adjust the PH at 6.. Filter on an L3 bougie and distribute in 9/10
tubes in a valiie of 2 to 3 ml. Add sterilely one drop of Andrade's
inicator reagent in each tube (acid fuchain: aqueous solution 0.5
Parts In 1001 100 ml; Na(H N: 16 ml. Sterilize fifteen minutes at
1350e Solution very slightly rose-colored. Keep in ampules in the
refrigerator) * Checkc the sterility and keep the tubes covered in
the refrigerator in order to prevent evaporation.

$At the time of use,, seed one culture flask on slanting gelose.
Pat in the incubator at 260 to 280C. In case of fermentation, the

* mUediam, that is very slightly rose-colored, changes to bright red.
After 24or 48 hours the result in obtained.

M~e sensitivity of the indicator is such that one may be
hesitant about interpreting the result with certain plague strains.
In this ase b9 recamend a parallel test made with the same inediwn
but without indicator* 12ter 3 days of incubation, 4 to 5 drops
of mtwl red (Clark's s~kution with 0.1 g to 100 in alcohol diluted
to 1/0i.) The M~m beetmes red if there is fermentation. It takes
on a yellow tiit in the opposite case.

OW way of control, an authentic strain of P. Dseudotubercu-
buss may be seedibd under the above conditions. This will provide,
a means of comparison as well as a rhamnose-negative strains of P.

Was's Its acidificaton in 24 hours is constant, accord-
ing to umadou opinion* The possibility of slowness is mentioned
Only 82ceptonally: 3 days (Swellengrebel and Hoesen, 1915), 5 days
(Thal, 1954), or still later (Deaudette, 1940). The results were
probably variable according to Hnatko and Rodin (1962). Issaly
(1950-.1953) determined that the acidification was identical, whether
it was a question of levoga or dextrogyric xylose.

Otoft206 straSiBsexaoined by us, all of them, including
Enitko, an Rodin's, scdifed mylose in 24 hours.

kA4abi : Arabinose, used by a very great number of ex-.
poimentwii, &o~md itself to be acidified by aizost all the
strains.' Nevertheless, Devignat (1954) pointed out the possibility
of exceptions and strains that do not acidify arabinose are
described by llrbaiui wa louvel (1937),, Karlason (1945), Van
Dorssen (1952) Bo Hnto and Rodin (1962). The possibility of late
fermentation is mentioned by Moerch and Krogh-Iand (1931), Moretti
1938),9 Beaudette (1940),. Geurden and Villuas (194o) , Thal (1954).

Ottt of 206 strains studied by us, all feomented arabinose,
in 24 hours, includin H=ato and Rodin's.

Russo (1940),g while examining the action of nine strains,
observed that detrogyric arabinose was never acidified, only
levogric arabinose. According to Issaly (1950-53), on the other
hand, L-arabinose and D-arabinose are acidified identically.

* Action on hexoss

~ oempt for Miller and Gladby (192?) one of %hose
*strains Prdue an S--variant that did not ferment glucose, all the

authors have uamosyverified its acidification by Nalasses
and Vignalls bcillus. The members of the Plague Couisuion in India

* (1908) insisted on the constancy of this character, as did Wi, Chung
and Poflitzer (1936), etc.

There is probably always a more active acidification of glucose,



as well as of levulose, mannitol and maltose, by Mala :.e : and Vig-
nal's bacillus, according to Swellengrebel and Hoesen (1915). Otten
(1926) based a differentiation test in peptone glucose water, 0.5
parts in 100, on this difference in activity and rapidity.

Galactose: The acidification of this substance may be con-
sidered as constant, in spite of the very rare exceptions pointed
out by Lesbowries (1934) Grancini (1939), Karlsson (1945) and Pol-
litzer (1954). Some strains mar acidify only after 3 to 5 hours
(Swellezgrebel and Hoesen, 1915; Mirch and Krogh-Lund, 1931; Rosen-
wald and Dickinson. 194; Karlsson, 1945).

Out of 200 strains exmined by us, all fermented galactose
in 24 hours.

According to Kurauchi and Nagata (1930), Malassez and Vig-
nal t s bacillus is probably restricted less in its development by
the acidity produced in a liquid medium with galactose or with le-
vlose than ersin's bacillus.

&eMuoset The acidification of levulose is a constant cha-
racter, accor-din to every author except Dungall (1931). Of 205
strains that we examined e found no exceptions to this rule.

Swellengrebel and Hoesen (1915) insisted on the constancy and
the rapidity of this acidification. According to them, this last
character constitutes a good argument for differentiation from Yersin's
bacillus.

Let us recall that one of Gate and Billa's (1928) strains,
alread mentioned, did not acidify, on isolation, ary other sugar
except levulose.

S The action on sorbose was studied by Christensen
(1927), Swellengrebel and Hoesen (1915), Russo (1939), Macchiavello
(1941) who never saw it acidified by Malassez and Vignal's bacillus.
Only Tmansl (1958) considers the acidification of sorbose to be
constant.

2Mtose: All the writers and especially Saisawa (1909-
1913), Lerche (1927), Sohbtze (1927), Christensen (1927), Truche and
Bauche (1929), Bishop (1932), F. Kauffmann (1933), Russo (1939),
Moss and Battle (1941) are unanimous in affirizg the acidification
of dextrose by Malasses A Vignal's bacillus.

SOse The acidification of mannose is constant, accord-
ing to all those who have conducted research on the action of Ma-
lasses and Vignal's bacillus on this hexose (Mirch and Krogh-Lund,
1931; Bishop 1932; F. Kauffmann, 1933; Russo, 1939; Marthedal and
Veiling, 195%; Devig:at. 1954). Karlison (1945) alone points out a
strain that did not fement it*

hooes We found in studies written on this subject that
two an or. o conducted research on the action of Malassez and
Vignal t s bacillus on fuoose, Russc (1939) with nine strains and
Macchiavello (1941) with only one, observed the absence af acidl-
fication.

Action n disachArides,
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Latoe The absence of acidification of lactose, intUily
observedib7y-teiffer (1889) and Lucet (1898),. was confimed by every

a Rbse11I (193t9)9 Swellengrebel anid Hoesen (1915) and Macchia-
vello (1941) alone admit the possibility of an acidification of lac-
toe by Malase and Vignal's bacillus. Miller and GladIty (1927)
likewi~se claimed that it could be acidified, :if riot in bouillon, at
least in Barsiekov's culture medim, but Kurauchi (1931), using the
same meditm (matrose..lactose-litmus bomillon) * observed no acidifi-
cation after three weeks of observat3ion. Knapp (1959) obtained
acidification of lectose only late (4 to 5 weeks) and by four strains
Only. We never found it ourselves in 617 strains that we smuined.

On the other hand. with Tersin's bacillus, according to Devig-
nat (1934)t llactose often displays a slight but definite fermenta-
tion only after a rather long contact time, on the order of one to
two weeks and only in the presence of phenol red as art indicator. We
never saw a change In lactose culture medium with the addition of
Andrade's indicator* This acidification of lactose, pointed out by
Pollitzer and that Kursuchi considers as constant but slow (three
weeks ) and weak (A6 6.1), may be accelerated in the presence 'of
phenol red$ by seeding nonk-proliferative germs in a container with
sugars. e observed it irregularly In strains of three varieties,
but none of the peudotuberculosis strains made lactose ferment under
the same 00oitionse Therefore, in practice, it is necessary to
consider lactose as irregularly,, weakly and slowly hydrolyzable by
P2y-si and as non-decomposable by Pasteurella vesudotuberculosis.'

i A Laotoaida (0.iP.G. reaction).

Lo Minor and Ben Eamida, (1962) after having demonstrated aS9 ga-
lactosidase in different k trclac$Maceae, made the sawe investigation
by mwa of omparison in otherspie ademonstrated its presence
in four strains of MWalaac and Vignal' a bacillas at the same time
as thorestablished itabsence intosrains of .ISU . We
onducted the sams research (1962) with IA Minor in Z40 strins of
Malassez and Vignal's bacillus, 72 strains of rersin's bacillus, 19
strains of - 24 strains of Pjgacai,1 strain of P
Ngv4U and 1 of P.noraia. All thesrinsof Malasses L
Vigna's bacillu used, regardless of their serologic type, date of
isolations anbua or geop'apbic origin, gave evidence of having a

4 gaaoede that produced a strongly and rapidly poeitive re-
action. The same In time of Tersin' a bacillus and P. hSI~ea

Cb heoter ans s j Md and 1. nviciaA gave etidence of
lacking this enwmE', as did LU ofoustanofP ut w
thought that we had found there an additional arguet on e was
necessary, for differentiating P.jP~j from Tersin's and Nalasses
and Vignal's bacilli, but we ane endebted to W. Prederiksen for 5
authentic strains of -jj4 --at -+hakt acidified lactose in 24 hours and
therefore, produced 1 itiwi a positive O*I,,P.G. reaction. This
differential character, therefore, does not have the value that we
thoUht that we could attribute to it.

U~oweiSince the Intial observations of Vourload
(198) -Si-rW-(1910) and Sweflengrebel and Boses (1915),

every writer has confirmed the acidification of maltose by



Malassez and Vignalls bacillus and Yeru li's bacillus. Studies on the
subject mention only two strains that do not acidify this disacchar-
ide, Messerschnidt and Keller's (1914) and Moss and Battie's (1941)
"New Orleans' dtrain. In fact, this last mentioned strain, that has
been preserved It the laboratory since 1948, gave us a rapid fermen-
tation of maltose when we studied it in 1961. Beaudette (1940)
isolated, in a blackbird, a strain that did not acidify maltose in
48 hours at 370, but that did acidify it after remainIg another
24 hours at room temperature. After it was transplanted in a mouse,
the sane strain acidified maltose culture mediums in 24 hours at
370o

Every one of the 207 strains whose behavior we examined, pro-
duced acidification in 24 to 48 hours at 370.

The rapidity of acidification of maltose, greater with
Malassez and Vignal's bacillus than with Yersin's bacillus, as
Swellengrebel and Hoesen (1915) and Schastvy (1910) pointed out, was
utilized by the latter who suggested litmus-maltose gelose, 1 part
in 100, as a differential culture medium. Himmelfarb (1927) used
the same principle, but in a liquid culture medium: peptone water,
0.5 parts in 100, containing 0.5 to 1 part in 100 of nialtose, in-
cubated at 280-300 for 48 to 72 hours after which a 'ew drops of
methyl red are added. The differences in staI4ng are unfortunately
too slight to make a sure differentiation possible (Zlatogoroff;
Boncinelli and Aradas, 1933).

Sucroge: In contrast with P. septica, Malassez and Vignal's
bacillus never acidifies sucrose, according to almost all writers
on the subject,. provided that specimens carefully checked beforehand
by Febling t s reaction (Devignat, 1954) are utilized. Vourloud (1908)
Swellengpebel and Hoesen (1915) alone consider this acidification
to be habitual.

Sons exceptions are admitted by Va, Chung and Pollitzer
(1936), Topley and Wilson (1955), Bergey (1957), Knapp (1959-1960)
and Prevot (1961.).

Of 10 strains isolated in a hare by Goyon (1956), one aci-
dified sucrose.

The acidification is probably irregular, according to Urbain
mid Nouvel (1937), Beandette (1940). Gaiger and Davies (1955).

Verge and colleagues (1937) isolated in a cat a strain that
acidiA ed sucrose in 48 hours and then alkalised the medium toward
the tenth dmy. The sa=e was true for Moss and Battle (1941) with
the ONew Orluans" strain, but, in our hands, this last-aentioned strain
never gave us similar reactions.

Lmymomicz (1925) isolated in the urine of a little girl a
strain that acidified sucrose weakly. Another one, isolated by Mathey
and Siddle (1954) in a turkey, acidified sucrose, when isolated, but

lost this property after several transplantings.
Rsbig and colleagues (1949) described two strains as acidi-

fying sucrose that Kuapp and wa, who examined them, cannot consider
as authentic Malassez and Vip'-" 19 bacillt.

We observed no aeidi!...ation of sucrose in 218 strains exam-
ined and we consider this character as a good argument for dif-
ferentiation with P. septiga.

-41-



Its acidification is constant for all writers on the subject.
Seal (1951) alone points out two strains (P.R. (I) ) and (P. R. (M))
that do not acidify trehalose. Wolff (1956) puts the fermentation
of trehalose nn the same level as the investigation of mobilift
for differentiating Malassez and Vignal's bacillus and Tersin's
baci-In , a belief that cannot be retained. Acidification of tre-
halose 1 Tersints bacillus was variable for Pollitzer (1954) and
cor tant for Devignat (1954).

eIslNoeeL Nelibiose is acidified by Malassez and Vignal's
bacillus, acoi to Rasso (1939), Prado (1940), Macchiavello
(16941), Poflitzer (195). Winkle (1955) and Knapp (1959-1960). Knapp
who adts the possibi3ity of exceptions. contrasts this acidification
of Nelibiose to the absence of acidification by P. septica and by
Yersints baillus (1960). Russo and Prado likewise consider that
the fermentation of nelibiose is peculiar to Malassez and Vignal's
baillus and is as valuable as the acidification of rhamnose in dif-
ferentiati it from lersin's bacillus. Derignat (1954) confimed
the rapid acidification (A hours) of aelibiose by three strains of
alasses and Vgnal t s bacillus %fereas ly medieval strains of
P. w. acidified it toward the 7th day. This glucide, there-
fore,cod appear with rbhase smong the substances that make a rapid
diffore ation possible, except where the medieval variety of P_
e is present.*

21e t acidified, according to Devignat (1954)
and Christiansee (1918) cellonbiose is probably acidified, according
to Russo (1939), but with exceptions. Macchiaveflo (1941) described
a strain that acidified cellobiose slowly.

Ree3sitose is never acidified either by Malaesez
and Vipal's bacillus (Christensen, 1927); M rch and [rogh-maid, 1931;
F. aufftsam. 1933: Russo, 1939: Savino and Anchesar, 1939; Beaudette,
19401 Naodhdavello, 191411 Tansky, 1i90 Knapp, 1959), or by Tezain's
bacillus (Deviat, 1954).

Nelitose is not usually acidified, although the possibility
of exceptions is a& tted by Marray-Pullar (1932). Geurden and Wil-
lms (1940), Seal (19)1). Dev iat (1954). Politner (1954), Klimova

j Amidon is acidified, according to P rch and Krogh-
IJad (1 ,RuseA (1939), Savino and Anchesar (1939), Macchiavello
(1941). Devignat (1954) confireod this acidification to which. how-
ever, there are exceptions, sucb as Deaudette's (19140) strain. Geurden
nd Villas's (1940) strans. a strain isolated in a cat by Verge

and colleagues (1937). the strain isolated in a toucan by Urbain and
Non-e1 (1937)

Aceoer. to Kauffan (1933) and Xodrnja (1933) the action



probably varies with the strains.
In 150 strains of Malassez and Vignal's bacillus that we exami-

ined, acidification of amidon was alwah- obtained in 24 hours.

,ITalini Almost every author (Galli-Valerio, 1902-1903; Kaicehi,
1916; Roemisch, 1921; Christensen, 1927; Schdtze, 1928; M~r.h and
Krogh-Lund, 1931. F. Kauffmann, 1933; Urlarte and Vill-zon, 1935;
Verge and colleagues, 1937; Savino and Ancezar, 1939; Seal, 1951;
Klimova, 1956 consider inulin as consistently not acidified by Mdaissez
and Vignal's bacillus.

Some exceptions are admitted by certain writers (Pciliitzer,
19541; Winkle, 1955). According to Tumansky (1958), the res.lts ara
variable, but generally there is no acidification.

Nevertheless, Swellengrebel and Hoesen (1915), ILS3C (1939)
described strains that acidify inulin and Mendonca Machado and Trans-
montano Pelouro (1943) found fi-e such strains out of ten strains
studied by them. Knapp, after having considered, in an earlier stidy
(1959), the acidification of inulin to be exceptional, givas it as
almost constant in a later publication (1960).

According to Devi& at (1954) (1961), divergencies in these
results are due to the choice of the indicator: Othe five strains of
Pasteurella 1seudotuberculos13 that I studied gave a weak acidifica.
tion that is revealed only with indicators as sensitive as phenol
red or bromothymo3 blue. Writern who state that there is :.o fermen-
tation of inulin worked, in my opinion, with indizators like litmus
or Andrade's indicator with acid fuchain that are r.ot very sensitlve.
With phei-.! red, that turns yellow at PH ± 6.9, and bromothym~.l blue,
that tarns yello at pH ± 6, acidification is constantly detectable,
at least for the five strains of Pasteurella Pseudotuberc-..losis on
which we experimented.'

G Its acidification was obtained by Mirch and Krogh-
Lund (193) with abupt thirty strains, and Tmansky (1938) considers
it as constant.

Russo (1939), Machiamello (1941), Pollitzer (1954), Wi2Jkle
(i 55) believe that Nalassez and Vignal's bacillus does not aclaify
gl1cogen, with very rare exceptions. The results are probably v .-
riable, according to F. Kauffmann (1933).

For Prado (1940) constant acidification by Tersin's bal'iilas
and non-acidifi-ation by Malassez and Vinal's bacillus are the r.le.
In fact, irregularities in the behavior of Malasse. and Vi.-i's
bacillus and Tersin's bazillus (Matumoto, 1149) do not ena4ble us tc
coflrm this rale.

2eati~n OpLniors differ or. the action zf M,. ,se i.-4 Vig-
nal's ba,;lus on this body: there Is probaoly no ferment-t-1.-n, a -
cording t" Saisawa (i313), Aaum an (.; 7), F. Kaxffman: 1933),
Losbo~ries (1934), -Aarsinl (1935), Uriarte ad 7111¢r z (3), '

Verge anti ,leUes (1937), Russo (1939), e,,rden ;,nd Willem (.940),
Rosenwald and 1tkinaon (19,44), Kirlssor. (1 45), inrtiedl ad 461drg
(1954). Var. Dorssen (1955), Topley and *-1., on 6.955).

There is probably a slow, weak acidif1-.i ton, A-. oro±n tc
Mirch and Krogh-Lund (1931), Beaudette (i"0O), Ma-7ciaveUlo (1941),
Devignat (1954). Acidification is probably constant. ncf:ording
to Mao-Conkey (1908), Swelengrebel and .fcesin (1915). Lercne
(1927), Christensen (1927), Knrauchl (19,1), Savino and AnChr-ir (1939).I 1_4-



Boncinefli. (1932)9 who considered tW4s fermentation as conetant,
suggested a synthetic dextrin cul1ture medium at PH~ 6 and including,
as indicator,, bromothymol blue. Onlj Malasses and VignalV3 bacillus
probably producea a chaage to blae-green.

Knapp, after he had originally (1955) given acidifeation as
the rule with the possibility of exceptions, changed his mind on this
point (1960) and considers the action to be variable, xharing thus
in the opinion of Seal (1951), Pollitzer (1954) and K. F. Meyer (1958).

We believe the acidification of dextrin to be constant, pro-.
vided that a peptone suitable for this test is used. 170 strains
did not acidify in ten days in the preatee of PTV peptone. whereas
they did so in 24 hours in the presence of IBF peptone.

AMo on MIWO&ylOIl

GIxycerol: DNJardin-Beaumetz and Simard (1925), Vnen they were
making a comparatively study of their plague strains with a strain
of Halasses and Vignal's bacifll", aoted, contrarily to Vourloud,
that this strain acidified glycerin culture mediums. Colas-Belconr
(1926) verified the reality of this feomentation and proposed g].ye-rin,-
iaus rolose, as a differential c-2Ztare madirs. BGe3onOma and Kno-
valova (192?) confirmed Colas-Be4cour's results in so far as action of
Malassez and Vignal's bacillus or, 11,yorcl to concerned, but took
away quite a bit of the diagw~otic Importance of this action by de-
motrating the existence of a glyerol-positive variety of 1er'sin's
bacillus. G* Girard (1928) confirmed Colas-Zelcourls observations
on the behavior of Malasses and Vignalls bacillus, but Kuraichi
(1930), then Kowasima (1934) and NAtumoto (1949~) demonstrated in turn
the existence of two varioties of Tersines bacil of which Kurauchi
was the fixrst to point out the geograp*i~c distribution,,

Although the fermentation of glycerol is no longer a formlal
prooft of diffrentiation from the plague bacillus, it still is a con-
stant character of Malasser. and Vignal's bacil1lq [See Note 1).
Of 617 strains that we exwimined we never found aW that did not
comply with this rule. In a bibliography ttat is oeocially rich on
this Point, Castellani (1938-1939) and Tumansky (1958) are the only
ones who point out the possibility of exceptione LSee Note 2).
Castellani, who admits the possibility 4'nnfrenaino g3y..-
cerol by certain xtrains, similar to rhamaose fmr certain other
strains,, suggested a differential culture medium including these two

bde*(DNote 1:)] With an Important reservation, in view of Brunet's
(1952) production of strains that lost all effect on glycerol after
action of the bacteriophage.)

((.Note 21) ]gracin (1953) described a strain that does
not acidify glycerol, but whose other characters (non-fermentation
of rhamose, non-reduction of nitrates) make one at least suspect the

The possiblity of slowness in acidification of glycerin
culture nedimus has been pointed out: three days (Swelleagrebel
and Hoesen, 193.5; Nathey and Siddle, 1954), five days (Piechand,
1952), eight days (Ceurden and Willems, 1940; Lesbouyries, 1941).

The choice of the culture sedium assumes a great importance
in the staut of the attion on glyo'iol, A number of anthors have
noted the absence of acidification by Nalasset and Vignal's bacillus
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in Sternts mediim (F. Rauffxrnn, 193.3; Savino ard Aniz"r, 1939)
or its slowness (Le.bo isr, 1941). Therefore. therec.,
mered by Girard to the Wo.rld Healt. .irsxdzation (19*3) will be
used: *Uistrilbute in 16 to 18 = teat tubes 6 fiil of peptone galose
(20 parte; in 1,000 of a peptone such as bactopeptone, trypto-ie, casein,
Uclaf) salted 5 parts in l,000 and filtered, and adtA six drops of
neutral glycerol per tube. Adjust the v1 at 6.8, sterilize at II- OC
for 20 minutes, Let it cool to 500 0 and add two drops of Andrade's
reagent in each tube. Shake slowly a d let the gelose R.sume a
slanted position.

' Seed rather generously on the basis of a culture cf slant
goloss and incubate at 280o32O. Already after 24 hours, often after
48 hours and aiwnys after 5 days, the result is obtained. The more
or less iuten." red tint of the culture meadln indicates that there
ha bean acid fefrt.ntation of the glycerol.

One of the two camplex differential mediums suggested by
Devig7at (1953), (culture medium ), is based. on the fermentation
of glycerol, of rhamnos, and on the reduction of nitrates.

ltanitl: Although Tumanky (1958), even though he considers
this alcohol as u. =lly acidified by Malassez and Vignal's bacillus,
gi-ns this character, nstertheless, as variable, all the writers and
we eonsidtr this fermentation as constant. We verified it in 600
strains.

We have found, in writing on the subject, only two strains
described as not acidifying mannitol: one of them isolated in a duck
by Krauss and Hensel (1961), the other one isolated in man by Moss
and Battle (1941). Nevertheless, we saw the second of these two
strains acidify mannitol in 24 hours.

The two strains described by H~ssig and colleagues did not
produce acidification, but we have already expressed reservations on
their authenticity.

Sweflengrebel and Hoesen (1915), who believed that mannitol
is acidified more actively by Malassez and Vignal's bacillus than by
Yersin's bacillus, offered this fermentation as a criterium of dif-
ferentiation.

ddonitol: Adonitol is probably not acidified, according
to Christensen 1927), Savino (1939), Geurden and Willems (1940),
Marthedal (1954), Devignat (1954), Pollitzer (1954). It is
probably constantly acidified, according to Vourloud (1908), Galli-
Valerio (1902-1903), Kakehi (1916), Schftze (1928), Truche and Bauche
(1930), Kurauchi (1931), Bishop (1932), Uriarte and Villazon (1941),
Macchiavello (1941), Lesbouyries (1941), Mendonca (1943), Cecarelli
(1950), Winkle (1955).

The action is variable, according to Thal (1954).
For Twmanskr (1958) there probably is no acidification,

generally, whereas Knapp (1959) considers acidification as the
rule with some exceptions.

This acidification, like the acidification of salicin, is
constant for Haupt (1928) and is sufficient, according to him,
for differentiation with Salmonella iallinarum.

A frequent slowness in acidification was noted by Bishop
(1932) with six strains of Malassez and Vignal's bacillus and Kakehi
(1916) demonstrated that the divergencies were due to this slowness
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in acidifications "every strain of this organism, without exception,
forms acid in the space of a certain length of time with considerable
individual differences in the rapidity of the action. Such action
ues not noted by XacCokae (190r), Petrue and Maalister (191)andI Saisawa (1913), due probably to the fact that the observation was
not pesued for a safficiently long tim..' Kkehi demonstrated,
besides, that Mdelays in the change that begins after seven to ten

q and does not reach its maximum until after 21 and 24 days may
be shortened by transplanting in an adonitol medium. Tbe maximum
is reached in 10 to 14 days by the first sub-culture and in 5 to 7
days by the second one. However, sane strains may produce only a
very weak acidification that will not be visible until close to the
28th day°'

One of Beaudette's (19W) strains acidified adonitol slowly
only after being transplanted in a mouse.

According to our own results, one strain out of two does not
ferment adonitol, regardless of the length of observation time.

Sor l It is not acidified, according to Lerche (1927),
Bck z (1928), Moerch and Krogh-Lund (1931). Ruso
(1939). ThaL (193) Devignat (1954), Tumansky (1958), etc. Ac-
cording to Brighm and Rettger (1935), this character, that is cannon
to Malassez and TIgnal's bacillus and to Tersins bacillus, contrasts
these gem with I. setica, an opinion confirmed by Knapp (1959-1960)
who admits, however, the possibility of exceptions in so far as
Malassez and Vipal's bacillus is concerned,

The acidification is variable, according to Pollitzer (1954),
1. F- Mqe (195), Enatko and Rodin (1962). It is probably weak,
according to Macchiaveflo (1941) and constant for Galli-Valerio (1902),
Savino and Anchezar (1939), Geurden and Willas (1940).

Strains that acidify sorbitol have also been described tq
Topping and colleagues (1938), Schaffer (1939),Cecarelli (1950).
Strains of Hssig and colleagues (1949), Terni and Kircheis (1950)
cannot be retained.

According to our experience, the action of Malassez and Vig-
nalls bacillus on sorbitol is variable. Although three-fourths of
the strains produced no acidification, same of them, among the rest,
are capable of producing a commencement of change and certain ones,
more rare, acidify definitely.

Da etol Its non-acidification is almost constant. Politzer
(1954)9 V e (105), Tumansky (1958), Knapp (1959), mention the
possibility of exceptions. We are familiar only with the ones pointed
out by Vourloud (1906) Swellengrebel and Hoesen (1915), Roemisch
(1919), Schlffer (19395 and Barsini (1935) and we ourselves did not
find arq acidification in 300 strains examined.

flatogoroff reports on a strain whose R-variant, alone,
acidified c=lcitol. Romisch (1921) observed the opposite phenomenon.

Jn±il It is never acidified, according to all the writers,
and we did not find any exceptions in 200 strains that we examined.

( kehrXls It is never acidified, according to Schttse
(1928)' and Krogh-Lund (1931), Kauffmann (1933), Russo (1939),
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Devignat (1954), Pollitzer (1954), Klimova (1956), Knapp (1959-
1960), etc. OnLy Galli-Valerio (1902-1903) and Tumansky (1958)
mention the possibility of exceptions.

Arabitol: Savino and Anchezar (1939) consider it as nct
not acidified, as does Russo (1939) who points out, however, the
possibility of exceptions. One strain isolated in man by Macni,;..
vello (1941) acidified arabitol weakly and slowly.

uercitol: The action of Malassez and Vignal's bacillus
on quercitol, not acidified by Yersin's bacillus, according to d~aunoy
(1923), and acidified, according to Tumansky (1958), was not studied.

Action on gucosides.

Esculin: Russo (1939) was the first to mention the acidifica-
tion of esculin by Malassez and Vignal's bacillus, a result that was
confirmed by Macchiavello (1941), Jamiesson and Soltys (1946), Tumansky
(1958). Mendonca Machado and Transmontano Pelouro (1943) were the
only ones who did not observe this acidification that Parnas (1961)
confirmed with 45 strains studied in bouillon with 1 part in 1,000
of esculin, In an eralirer study (1961) we obtained acidifi( ation
in less than 24 hours with 318 strains out of 327 on gelose that
contained 1 part in 1,000 of esculino Only two strains induced a
late darkening (13 and 15 days), whereas another strain acidified
ese-aJin only after being transplanted on a rabbit or by action of the
bacteriophage. Only six remained eompletely negative. In the present
study, of 617 strains that we examined we found only 13 that did not
acidify esculin.

The darkening of the seeding injection is usually appre-
ciable during the very first hours of cultivation. If it occurs Ljter,
it always appears first at 280.

Esculin is also acidified by Yersings bacillus in less than
24 hours and it never is by P. septica.

AmyQdA: It is not acidified, according to Christensen
(1927), Schitze (1928), Mrch and Krogh-Lund (1930), F. Kauffmarn
(1933), Russo (1939), Devignat (1954), Klimova (1956), K. F. Meyer
(1958), Tumasky (1959). The possibility of exceptions is pointed
out by Vourloud (1906) and Knapp (1959). According zo Pollitzer
(1954), on the contr;Lry, acidification is the rule.

Miravet the Issaly (1950-1953), whi.le making a parallel stady
of the action on amygdalin, salicin, arbutin of 11 strains of Malassez
and Vignal t s bacillus, 11 strains of Yersin's bacillus and 48 strains
of P. seltica, did nct see any of these strains produce a change in a
gelose culture medium containing 1 part in 100 of amygdalin.

Arbutin: Acidification of arbutin by Malassez and Vignal's
bacillus was noted by Christensen (1927), Schttze (1928), Barsini
(1935), Raisso (1939), Ma:ohiavello (1941), Miravet de Issaly con-
firmed that Malassez and Vignal's bacillus, like lersin's bacillus,
acidified arbutin but P septica did not. According to these writers,
its fermentation is probably on a par with the fermentation of sali-
cin.



SAJJ.a According to the general opinion, salicin is acidified
alost constantly. Althoug Knapp and asehof (1934), in an earlier
stu4, concluded that there was no acidification, Knapp (1959-1960)
reversed himself on this point and considers the acidification of sali-
ein as constant, with very few exceptions. Some exceptions were also
pointed omt 1q Chistensen (1927), Haupt (1928), Pollitzer (1954),
Winkle (1955). The possibility of slowness in acidification was pointed
*ut (Christenxe 1927)1 Bishop, 1932; Mirch and Krogh-Lund, 1931;
Oearden ud Wllema, 190; Rosenwald and Dickinson, 1944; Thal, 1954;
Hnatko and Rodin (1962),

The action is probably variable, according to Kodrnja (1933),
Stephan (1941)t Narthedal and Welling (1954).

Aoarding to SzTder and Vogel (1943), the 'Spokane' strain
profdoes acidification in 24 hours, and then alkalisation on the

Haupt (1928), although he adnitted the possibility of excep-
tiors, saw in the acidification of salicin by lasses and Vignal's
bacillus a good elment of differentiation with oella
and Ku-mehi, and Nagata (1930) contrasted fermentation by alassez
and Vgalls bacillus and by Zersin's bacillus with the absence of
acidification by p. e a result confirmed I Issaly (1950-1953)
who obtained acddi atin in 24 hours of a gelose rlture median,
1 part in 100 of salicin, by lerin's bacillus and by Malasse. and
Vignalts bacillus, whereas one single strain out of 48 of P. septica
gave bin the same result.

The choice of the peptone is eapeeialy important for investi-
gating the acidification of paliain. 142 strains examined by us
did not give us az7 aidifiottion after three weeks of observation
in peptma water containing 2 parts in 100 of salicin when we used
nV pe ne., whereas the change was constant in 24 hours with IBF

* pete.

Tarim reactions must be considered in relation to the act-

difioat i4 of oarbabydrate substancess

b. Prodntion of aoebaethvlearbLnol.

Nalasses and Vignal's bacillus and Terin's bacillus do not
prode aoetjjethlarbinol (negative Voges-Proskauer reaction).

e wih W 0$ alasses and Vipnal's bacillus and
Ter intaci ip ain a Clark and Luba culture medim an
evident a d that is disclosed by lasting with methyl red. atheq
and Sidtle (1954) alon pointed out a strain that gives a positive
reaction at the time of its isolation and then a neative one with
the subseqnent sub-cultures.

o7 AS"io an sodiM gitr&ate.

K1 piechand (1952), wile staing a straln recently isolated
in a man, observed that it did not develop on a Simonsis culture

u. Acording to Thal (1934) and Devinat (1934). Malaises and
ipnalls baclls and lersin's bacillus are incapable of utilizing

soi eitrat, as the sole source of carbon. Inapp (1939) seeded
the sme meim with 1 strains of Malauses and Vignal's bacillus of
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types I to V and observed that, although there was no culture at 370,
three strains yielded a minimum culture at 220 in 10 to 21 days.

We studied (1961) the behavior of 327 strains of Malassez and
Vignalts bacillus at 180, 280 and 370 on Simmons ts medium, Christensen's
medium and in citrate bouillon, 1 part in 100, with the following
results:

No strain develops at 370 on Simmons's medium. On the other hand,
at 180 most of the strains of types I, II, III and V produced a very
poor culture starting with the tenth day, on the average, with, more
slowly, a definite change of the medium. This change appears, ge-
nerally, in two to three weeks and even later, toward the 78th day.

This change is due to mutants that produce the appearance of
rare white colonies contrasting with the yellowish appearance of
the rest of the culture. The number of these colonies varies accord-
ing to the strains and often, when various tests were made, with one
same strain, die no doubt to the more or less large amount of inoculum.

Transplanting these colonies on a Simmons citrate culture me-
dium shortens progressively the time of change down to 48 hours, as
Marneffe had already observed in 1959. These mutants, nevertheless,
remain incapable of growing at 370 on Simmons's culture medium.

At 280 one strain out of three, approximately, does not develop
or produces only a very meager culture, without ever causing a change
in the medlum. Those that develop at this temperature always produce
a change still later than at 180.

The addition of two drops of glucose, 30 parts in 100, per
tube, according to D. Piechaud's (1962) technique, shortens very
appreciably the time of change that then usually occurs in less than
one week and, most frequently, in 48 hours. But even under these
conditions it is still impossible to obtain a culture at 370

The behavior of strains of type IV is appreciably different
from the behavior of strains of other types. Although these strains
do not develop at 370 arW more so than the others at 180 and at 280,
a change in the medium occurs in much shorter periods of time than
the ones observed with most of the type I, II, III and V strains.
Although this change did not appear until the 15th day in certain
tests, we obtained it in most cases between two and four days.

On Christensen's culture medium the results are identical, with
the same precocity of change by type IV strains.

In citrate bouillon, 1 part in 100, most of the strains of
Malassez and Vignal's bacillus acidified the citrate in 15 days, but
only at 180.

Tersints bacillus and P. septica do not modify these three
mediums,

d. FermenttIon of tartrates and mucate.

Neither D-tartrate (Kauffmann, 1933; Stephan, 1941; Cecarelli,
1950; Thal, 1954; J. Schmidt, 1959; Mollaret, 1961), nor L- and I-
tartaric acids (Mollaret, 1961), nor sodium mucate (Thal, 1954),
are acidified by Malassez and Vignal's or Yersin's bacilli.

Fermentation of sodium malonate. In Leifson's sodium malonate
bouillon none of the 32? strains of Malassez and Vignal's bacillus
of types I, I, I1 and V that we studied (1961) acidified malonate,
regardless of the incubation temperature. On the other hand, the
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three strains of t'pe IV that we had at the time produced a change
of the mediu in 48 hours at 280 and in 4 to 7 days at 180 , whereas
tbea was no modification at 370 .

* Two other strains of type IV that we exmined subsequently
yIelded the sine results. On the other hand, a sixth strain of the
sam 1Vpe, isolated by JO Bouton and E. 0. Hall using the stools of
a ch-ld suffering from meseteric adenitis did not acidity malonate.
This fezuentation, although it seems indeed to be an exclusive atti-
bute of tpe IV of Malasses and Vignal's bacillus, is not, however,
a constant character of it.

The obsence of acidification of malonate by Malassez and Vig-
nal' bacl"I was confirmed by Steel and Midgley (1962).

i -.5 1 .,



3. Metabolimu of nitrogenous substances.

a. Proteoytic ger.

Pfeiffer (1889) was the first to observe that Malassez and
Vignalls bacillus is lacking in any proteolytic power. Neither plain
gelatin, nor Kohn's gelatin, nor coagulated serum or egg albumin is
acidified by it. There is unanimous agreement on this point and no
strain in our collection was an exception to this rule, regardless
of the incubation temperatures and the length of observation.

b*' Decomposition of urea.

The d ecomosition of urea by Malassez and Vi~nals bacillu-s
is an imprtant character both for its constancy and for the fact
that there -are no strains of Yersin's bacillus that show this same
proper=y.

Urease in halassez and Vignal's bacillus was demonstrated for
the first time in 1950 in the general microbiology laboratory of the
Pasteur Institute by J. Gaillard whose work was not published. In
the same year, Fauconnier and Chevalier (1950) made known the identi-
cal results obtained by them in G. Girard's laboratory. These results
were confined by Issaly (1950-1953) and then by Thal (1954) with 186
strains and by Thai and Chen (1954) with 204 strains of Malassez
and Vignalls bacillus and 50 strains of Yersin's bacillus.

In 1961 we examined the behavior of 32? strains of Malassez
and Vignal t s bacillus at 180, 270 and 370 in the following culture
mediums: Fergusonts medium, Roland-Bourbon-Sturm's urea-indole medium,
Christensents urea medium, and placenta-urea bouillon recomended by
Sohier for proving the presence of urease in certain Corynebacterium with
the following formula:

(Sohrab 194?) placenta bouillon ...... 100 ml
Urea solution, 50 parts in 100 ....... 5 ml
Creson red solution, 0.4 parts in 100 5 ml

In a urea-indole medium and in Ferguson's medium, we observed
change in less than four hours, as Fauconnier had demonstrated,

most often within an hour, some times in fifteen minutes or even
almost immediately. In these time-pericds the temperature did not
modify the rapidi -f the reaction. On the other hand, with some
strains that give a late reaction the change always appears first at
370, In these cases the time required for the change according to
temperature is usually definites for example, change in six hours at
370 and in twenty hours at 180.

On Christensents medium change appears toward the 20th hour,
as Thal and Chen observed. Temperature does not modify this period
of time.

In plaeataurea braillon, the change stnrts toward the sixth
hour at 370 and alrMs later at 280 and especially at 180. This
last.nentioned milture medium guve us more consistently positive re-
suits than the other three. Thus, strain 35-II ('pheasant" strain)
that Faucomierg in 1950, had found to be negative in a urea-indole
medium and in Ferguson's culture medium and that had given the same
results to Devignat in 1954, also showed up as negative to us on
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those two mediums as well as on Christensen's culture medium. but
it showed itself as positive in a placenta medium (the controls toSh*io urea had naturally not been added did not change).

On the other hand, three recently isolated strains (230-1.
23- and 232.1) that we found to be positive' late in a urea-indole

eulture medium, Ferguson's medium and Christensen's medium (more
than A hours and, for me of them, more than 4A hours), showed up.
an the contrary, fra the time of isolation as positive in placenta
bouillon (successive transplanting. of these strains on gelose pro-
gressive3y reduced for two of them the time required for change in
a urea-indol medium and in Ferguson's medium to six hours beginning with
the third transplanting and to four hours beginning with the eihth.
This eoplais, without doubt, uy we found strain 25-fl, that in 1950
Faueooier had found to be negative on these same mediast to be posi-
tive In four hours on a urea-indole medium and on Fergue on's medium).

The decnmpsition of urea by Nalasses and Vignal's bacillus
is, therefore, a constant character in the 617 strains of this gem
that we eznImG - Although only 4 produced a late change on a urea-
indole culture medim and on Ferguson's medium and only one remained
definitely negative an those same modiums, all of then appeared to
be capable of deoomppIg urea'in placenta bouillon.

On the four medims used, Tersin's bacillus and P. septica
always showed that they were lacking in urease.

tp until the present time no strain of Malasses and Vignal's
baeS.UZ bo ben fonnd that is not capable of decomposing urea

ee reas every strain of Tersin's bailu studied
by a gr#a nmber of writers has always been dmonstrated as incapbble
of do w. &Iee Note 2). The value of *i test Is Increased all
the more 1W the fact that, although Rmnot (1952) succeeded in making
Ralases and 'ignalls baAllns lose. by action of bacteriophage, two
of its most important loharacters, mobility and the capacity for aci,-
di~lng glyoeral, Its behavior in the presence of urea did not, on
the other hand, undergo aW modification.

(Diote Is J The strains published by Hsg and colleagues
(1919) as g i- urease have too mar aberrant characters to be
retainedo =thOu al'Jaaova (1961) mentions three strains of
Nalass an Vam nipal's bacillus laing in urease, we have received
from Nadm Boulaova Jucanko, who studied these strains in the Ga-
sale" nstittte, apurance that they really decomposed urea in 24

(Dote 2s] The strain isolated tr Beas (1950), so peculiar
in seveal rense and iose ureasia aetivity Fauconaer (1950)
verfed will not be retaized. On the other hand, G. Girard (1953)
pointed cut a strain at Tersin's bacillus capable of decomposing
uea.; We took up the lt* of this strain, Isolated in man in Ker~a
by Ieisech It produes, in effect, a chaae of the uroa-Indoe
medM in three dMs and of Christe e's medimu in 8 days, but it
ha. hewwr, no effect an the pAaoenta--ura bouillon.)

The estbliuesst of urease constitutes, therefore, one of the
b t and eve in our opinion, +Ae surest eirtOrIa of differentia-
tion. Although the Ne of the placent,-urea cultare medim turned
cut to be i for eeral rare strains, in curre t practice
Ferg esss *eWmn, the um u-dole medim and Christemm's urea
,edim or the omplex urs ,, , &aliebilit medim of Devlgnat (1953.-
19341) maim a definite diagnosis easily possible.
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c. Production of catabolites.

Indole: Ever since the first observation that was made by

Lucet (1-1, the absence of the formation of indole by Malassez
and Vignal's bacillus has been confirmed unanimously.

Zeiss (1914) described a strain that produced indole but
whose other characters left great doubts on its real identity. Only
two writers obtained traces of iadole in peptone water (Murray-
Pullar, 1932 and Sautu Riestra, 1929), the latter after eight daVs
of cultivation.

Of more than 600 strains examined by us none produced indole
in peptone water or in a urea-indole medium after ten days of inc-
bation at different temperatures. This character that may be Con-
sid4red as absolute in Malassez and Vignal's bacillus and in lersin's
bacillus is compared with the constant production of indole by P.septcae

fuona: The production of ammonia by Malassez and Vignal's
bacillus is constant (Wilson and Miles, 1955; Bergey, 1957; J. Dumas,
1958, etc6) Y. It is probably less strong than the production of am-
monia by Yersints bacillus, according to Devignat (19).

Nitrous acids The reduction of nitrates into nitrites has
often been confused with the production of nitrous acid at the ex-
pense of the proteins in a culture medium strictly lacking in nitrates,
since both phenomena are controlled by the same reaction (Griess's
reaction). The _anl of Methods for Pure Culture Study of Bacteria(19112) and Degnt (1952) insisted rihtfll on the need for distin-

guishing these two actions whose confusion accounts for the discre-
pancies in the results of same authors who adhered to the differen.-
tiation of Malassez and Vignal's bacillus and lersin's bacillus by
establishing one or the other of thao actions.

Thus Fusco (1927-1932) and Micheletti (1932), after having con-
cluded that 'every culture that does not give a positive response to
Griessa reaction is not a plague culture', remove, nevertheless,
all value from tUls reaction for purpose of differentiating with Malassez
and Vignalls bacillus, because they also obtaine a positive reaction
with a strain of this bacillus (strain 'PG 33' of the Lister Institute).
Gore (1930',, on the other hand, although he confirmed the presence of
nitrite in plague cultures in peptone water without the addition of
nitrate, did not observe any in cultures of Malassez and Vignal's
bacillus in the same culture medium.

Knovalova (1930) demonstrated, while examining 10 strains of
this bacillus, that, although they all reduced nitrates, only two
produoed nitrites in mediums lacking in nitrate, whereas out of 146
plague strains only 9 reduced nitrates and 6 gave a positive reaction
in bouillon without nitrate. According to these contlusions, and
according to Wu, Chung and Pollitzer (1936). distinction between the
two germs is probably not possible with Griess's reaction.

Petragnani (1937), has a different !opinion. According
to him,, Tersin's bacillus, alone probably produces nitrous a-id in
liver bouillon, but Girard (19405, after having obtained a 'very
slight3y positive' reaction with the "Sydney Rowland w strain of-
Malassez and Vignalts bacillus with 103 strains of Yersin's ba-
cillus, variable results with four strains and negative with nine
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otkers, rMoves the absolute character from the reaction recmended
by Petragnani.

These divergencies are now explained to us as such by the fact
that the thee varieties, medieval, oriental and ancient, of Tersin's
badI.u do not have the same aptitade for reducing nitrates into
nitrites or for producing nitrous acid in mediums lacking in nitrate,
as they are especiafly explained by the possible confusion of these
two jtienonn

The ProdUtion of nitrous acid by the oriental and encient va-
rieties of Tersints bacillus and its non-production by the medieval
variety were demmstrated bytnovalova (1930), Devignat (1951),
Baltasard and Aslani (1932), Devignat and Chevalier (1952), Devignat

The prodation of nitrous acid by Malasses and Vignal's ba-
cil is oamieted an as follows by D4ignat (1954): This pro.
dution of ntrm acid does not se to be attributable to the de-
emj~~stin of peptones, in the cheaical sense of the word. The few
~rie neat that we wre able to perfom (1952) Would see to indicate

that the stisive degradation of proteins, for exmple by papain,
mkes the substrata unfavorable, whereas the lare protelnie molecules,
suh am the ne@ contained in macerated eat, are very favorable to
the appearance of the pheamenon ifhee process must differ logically
fret the me that intervenes in the reduction -f nitrates.

The five peudotu4berclosis strains in our possession did
not give a Oriess reaction in ratrient bouillon. Nevertheless, they
denaurefd the protein or proteins involved in the reaction. In
fact, *ile we sta4ing our three negative aedieval strains,
M.38, 39 and I.O, on the one hand, and the five negative pseudo-
taber es strain an the other hand, we observed the folla i

A saql of a fear-dV old culture in bouillon at 30C of
medieval straim and of peendotberca osis strains did not produce
OzieeSl reaction, as ba been predicted. We pat all the tubes of
boillon in a klk for ten mimtiss, in order to kill the microbes
with hat After ooling, the dead microbes are deposited in the bot-
to of th tube, leavlfg a clear liquid floating on top. We seeded
in this bcalibi by seam of proliferative germs, a strain of ll -
m Mu 4b a geu that posesses the propert of inducing theap.

peommof th 102 iIn plai bouillon (Hnriques, 1942). After
for des of tIs soomUrl cIltivaton, which becomes very abwnant,

eaed OrUiLs.. loator. We observed that the reaction was po-
sitive in the tub *w the M strains fecrmed the primary cultcu
ud ihat it um negative in the five tube in which the PST strains

had beeo caltivated befohand. The events Uaspied, therefore.
as if the nedieval varie af plape strains did not alter the
i o roteia, that rmained sensitiv to em

*ne the W t rlosls strains denatured poin
witheut caudng the nitrou ian to appear or by exteMIng the disin-
tepaticm to a mne adva ed staUge.

ba mama, the antique and oriental varieties of P s
strains nitrJ& eertain potei and the medieval variet ii
te intact; On the other hand, all the strains of PO Fleo'

uls r de d theoe &me Prtes, sne of t .hn, to
"GWu(l90), by pmow" the vitrou a, detectable by mnsm of
Ohie"Is ijctm, =4d others, including our five, by decauposing
taem in a aftt mownr.
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After we had seeded 533 strains of Malassez an. 'Ljna's ba-
cillus in the same culture medium as the one used to investigate the
reduction of nitrates (macerated me't .rid peptic hydrolyozate of pork
belly), but without the addition of nitrate, 301 of then gave, on the
third day of incubation, a strongly positive Griess reaction, where-
as of the remaining 132, that were re-examined after five nore days
of incubation, 55 gave a definite rose coloration and 177 a completely
negative response.

In the presence of PTC peptone, 518 strains out of 533 this
time gave a definitely positive Griess reaction on the third day.

d. ExminatiUon for sulfuretted hydrogen.

Although, according to Haupt (1928), Schftze (1928), Gore (1930),
F. Kauffmann (1933), DuJardin-Beaumetz (1934), Wu, Chung, and Pollitzer
(1936), Pollitzer (1954), Thai (1954), Wildfuhr (1959), Ul'Janova
(1961), etc., Malassez and Vigal's bacillus does not produce sulfu-
retted hydrogen, a number of writers are of a ccntrary opinion:
Savino and Anchezar (1933), Russo (1939), Macciavello (1941), Moss and
Battle (1941), Rosenwald and Dickinson (1944), Cecarelli (1950), Van
Dorssen (1951), Uriarte and Villazon 1953), Gaiger and Davies (1955),
Bergey (1957).

The production of hydrogen sulfide is probably variable, ac-
cording to DngaU. (1931) and Topley (1955); it is zero or very weak
according to Knapp (1959-1960), who investigated it in Kligler's
medium and on SDI Difco agar.

The differentes in the techniques utilized partially account
for these divergencies. Thus Grancini (1939) noted that the same
strains that produced a darkening in gelose with sodium thiosulfate,
in cystine gelosO, in gelose with sodium sulfate, did not produce any
in gelose with potassium sulfate. According to Devignat (1954) Non
gelose with lead (lead acetate Difco agar), Malassez and Vignal's
bacillus darkened the medium slightly along the seeding inJection where-
as it is not possible to detect the slightest darkening in Kligler's
culture medium. Iron, therefore, would not be suitable for use as
an indicator in this study of Malassez and Vigral's bacillus.'

Of 400 strains examined we never observed any darkening rn-
gardless of the incubation temperature and the length of observation,
either in Kliler's medium, in Christensen's medin= modified with fer-
ric-mmomacal citrate, in gelose medium 4 parts in 1,000 with the ad-
dition of 1 part in 1,000 of sodium hyposulfite and two drops of a
solution vith 1/1C of lead subacetate per tube of 10 ml of medium.
or on strips of acetate paper or lead subacetate paper inserted in
tubes of culture on liver gelose. Although it is constant, starting
with the 3th to 7th day in glose with lead subacetate, to observe a
browning alougthe seeding injection, there is never any real dark-
ening. Therefore, we consider that under these conditions Malassez
and Vigal's bacillus does not produce hydrogen sulfide.

Rosemn-li and Dickinson (1944) isolated, at the time of an
epiznotic in turkeys, sevtrsal strains some of %6iich gave, on isolation,
same traces of hydrogen sullide, although one did not produce any
until it had been transrlanted on a guinea-pig. We trwsplinted a
certain umber of our strains in a guinea-pig without making the sane
observation.
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6. l M for lysine decarb ls, tr ohan deaminase
ad the t-ransformation of phenyla-1 nipe in phenL-pyruvic acid.

These reactions are negative at 180, 270 and 370 with every
strain of Malassez and Vignal's baciluss Yersin's bacillus and P

(eptiNa (ollaret, 1961).
Henrikssen and Jyssum (1961), Steel and Midgley (1962) con-

firmed the absence of phenlalanine deaminase in the Pasteurellabacilli.

The establishment of an ornithine decarbozylase in P. septica
is probabJv a supplementary differentiation criterium with Malassez
and Vipalts and ersin's bacilli, according to Steel and Midgley
(1962).

f. _Bhavior in milk,

Malassez and Vignal's bacillus and Yersin's bacillus grow easily
in milk that is never coagulated by them (Pfeiffer, 1889; Delbanco,
1896; lIcet, 1898-18991 Klein, 1899-1900; Zwick, 1908; Schtze,
1928; DmJardiz-Beaumetz,, 1934, etc.). Only Galli-Valerio (1903) con-
trnsted the coagulation of milk by Malassez and Vignal's bacillus
with the absence of coagulation by Tersints bacillus, an assertion
criticized by Lebmanm and Leumann (1907), Vourloud (1908), etc. The
few strains described as capable of producing a slow coagulation
(Cagnetto, 1905) were certainly not authentic Malassez and Vignal's
bacili.

The progressive alkalization of litmus milk was mentioned by
Sehftze (1928), Savino and Anchezar (1939), Mathey and Siddle (19,1;),
etc. According to MacConkey (1908) and Kakehi (1910), it appears
toward the 3rd to 4th dsq at 370 and reaches its maximum on the 5th
diy! According to Reis and Nobrega (1936), it took longer (5 to 7
days.) It is slow and weak for Topley (1955) but constant for Mao-
Coake, (1908) and Petrie and MacAlister (1931), according to whom this
rsatil may serve to differentiate from Tersin's bacillus. Kurauchi

* (1931) insisted n the alkalization produced in four to seven days
- by Malassez and VignalOs bacillus in contrast with the acidification

produced by Tersin's bacillus in 24 to 48 hours and the absence of
modification by Pe 8etia. Brigham and Rettger (1953) likewise see
in it a distinguishing character from P, segcac.

MaeCay, according to Moss and Battle (19I), considers this
criterium as certain and gives as constant, after a slight initial
acidification, a definite alkalization occurring at the end of three
to four ds to one week.

However, this alkalisation is not admitted by all, and the
absence of modification of litmus milk is mentioned by Klein (1899-
1900), Lerche (1927), Truche and Bauche (1929), Barsini (1935), etc.
likaronof (1927), W, Chung and Pollitzer (1936) even take away all
value 'frm this medium for differentiating Malassez and Vignal's
bacillus from Teruin's bacillus due to the inconsistency or to the
weakness of the alkalization by the first-mentioned bacillus and to
the posibility of abnormal reactions with the second.

Devignat (19311) observed with five strains of Malassez and
Vipal's bacillus $a very definite alkalization in a few days at 300
and a bluing after 24 hours of contact at 370 beteen a mixture of
an equal part of lit o milk and of a thick suspension of non-
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proliferative Malassez and Vi&nal's bacillu=."
Of 103 strains that we examined, all produced alkaliiation ix

one week at 370,

Litmus Whey: MacConkey (1908, then Otten (1926), suggested
using this medium to distinguish the plague bacillus from Malassez
and Vignal's bacillus. The slight acidification produced by the first-
mentioned bacillus and the alkalization induced by the second were
confirmed by Dujardin-Beaumetz (1934), G. Girard (1953), Knapp (1959).

An initial acidification phase usually precedes alkjati-i.
(MacConkey, 1908; Swellengrebel and Hoesen, 1915; Otten, 1926; Dumas,
1951).

Nevertheless, a number of authors did not observe any alkali-
zation (Truche and Bauche, 1929) and others take all value away from
this medium (Pirie, 1927; Miller and Gladky, 19 7; SchAtze, 192 ).

98 strains of Malassez and Vigal's bacillus examined by -as
produced bluing of the medium in 24 hours at 370.

go Action on the red corpuscles.

Malassez and Vignal's bacillus is completely lacking in action
on red corpuscles, according to almost all the writers on the subject
(Romisch, 1921; Baumann, 1927; Boquet, 1937; Terpilowska Rutkowska,
1938; Wilson and Miles, 1955; Bergey, 1957; Knapp, 1960; Percebois,
1961, etc.) or, according to some, it probably produces a slight he-
molysis (Barsini, 1935) or a late hemolysis (Stephan, 1941) only ex-
ceptionally (Dumas, 1958). The absence of hemolysis followed by hemo-
digestion is reported by Henriksen and Jyssum (1961). A butyrois
aspect of the colonies, although the gelose became clear and chest-
nut-colored, was mentioned by Mathey and Siddle (1954).

Certain writers have insisted on the lack of uniform sensitivity
of the red corpuscles in various animal species. Thus Malassez and
Vignal t s bacillus probably hemolyzes red corpuscles in the horse, the
rabbit and the guinea-pig, according to Korobkova (1940) [See NoteJ
and in the sheep, according to Pomanskaya (1959).

((Notes] According to Communal (1945), Korobkova stated that
Malassez and Vignalts bacillus did not hemolyze the red corpuscles
in man and in the camel. We did not find this statement in Korobkovals
article.)

According to Moss and Battle (1941), the human strain isolated
by these writers, lacking in action on human red corpuscles, caused
a beta type hemolysis on gelose with rabbit blood and the production
of methamoglobin on gelose with meat extract and rabbit blood with
the addition of 0.5 parts in 100 of dextrose.

The following are the conclusions of Harisijades (1953), -ftsr
having studied the action of Malassez and Vignal's bacillus on the
red corpuscles of various animal species at different temperatures
and at various pH values: Malassez and Vignal's bacillus probably
hemolyzes the red r.rpuscles of the rabbit, guinea-pig, horse and
not of the sheep, ox, dog, rat, goat and chicken. This hemoJlytic
activity depends both on the pH and the temperature. Thu5 the op-
timum pH is 8 for rabbit and guinea-pig blood and the optimum tem-
perature is 370 for the hemolysis of the red corpuscles in the gainea-
pig, 300 for the rabbit and 220 for the horse.
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Devignat (1954) made the following observations with the R-
and S-variants of three strains of Malassez and Vignal's bacilluss
*There is no trace of hemolysis after 48 hours of incubation at 370,
but after 48 additional hours of cultivation at the ambient temperature,
the R- and S-variants of two strains out of three are surrounded by a
definite area of beta type hemolysis on sheep and rabbit blood but do
not lyse guinea-pig blood. A third strain did not produce hemolysis
after an additional observation for four days."

We exzained the behavior, at 180, 280 and 370 on gelose with
horse blood at pE 7.4 and on gelose with rabbit blood at pH 7.8, of
120 strains of Malassez and Vignal's bacillus without observing the
slightest trace of hmolysis after 4 days of incubation. Since De.
vignat had observed hemolysis on3ly after 48 additional hours of obser-
vation at ordinary temperature, we re-examined our cultures under the
smne conditions. n y one strain that did not hemolyze horse or rab-
bit blood either at 180 or at 370 produced a slight heno3,vsis on gelose
with horse blood after 48 hours of incubation at rocm temperature
following an initial incubation for 48 hours at 370.
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IV - VITAITY. PRESRVATION AND SENSITIVITI TO PHYSICAL

AND CH~{ICAL AGENTS AND '0 BACTgRIOPRAGE

1. Vitali in artificial culture mediums.

The long vitality of the germ in the various culture mediums
has been observed for a long time. For Lucet (1898), one of the pe.
culiarities of the germ is 'the long time during which it preserves its
vegetative power and its virulence in cultures. Cultivated on gelose,
left in the incubator at 370 for three weeks, then preserved at la-
boratory temperature and in the light, it still provides very beauti-
ful cultures when, after seven months, it is seeded again. In the same
medium or in peptone bouillon it is still capable of growing after
reamainin in the incubator for three months at 370 and four months at
28 °  A culture in bouillon, six months old, kept partly in the incu-

bator at 280 and partly at laboratory LnMperature kills in three days
with a 2 cc dose inoculated in the blood stream of an average sized
rabbit.'

Megnin and Mosm (1891) saw the vitality and the pathogenic
power of cultures in gelatin preserved at 380 persist for four months
and for 30 to 35 days with cultures in bouillon kept at the same tem-
perature;

Truche and Bauche (1929), Dajardin-Beaumetz (1934), Lesbouyries
(1941" insisted on the satisfactory vitality of the germ in bouillon
and in gelose or in formulated serum under liquid petrolatum (Truche,
1938), bat the best deomwstrations of its good preservation were sup-
plied by Polettini (1924) and Merlini (1938). Polettini, who trans-
planted in 1924 some cultures on gelose or in bouillon preserved
in sealed tubes by Sacerdotti 22 years earlier, obtained, from the
gelose tubej, cultures 'that have preserved their virulence, although
with a certzin attenuation.'

Merlini, who transplanted in 1938 four other cultures on gelose
sealed by Sacerdotti at the same time as the preceding ones, that is
36 years earlier, obtained from one of them a culture whose virulence
'although -ot cm pltely gone, was, nevertheless, certainly attenuated
in comparison with hat Polettini had observed.'

The preservation conditions and especially the temperature in-
fluence the vitality of the germ considerably. Although Lucet (1898),
Nepin and Mosv (1891), etc. were able to distribute cultures after
a more or less long period of preservation at 370, this temperature
is certainly one of the worst, as was first observed by Grancher and
Ledoux-Lebard (1889) whose 'cultures on agar 35 days old and pre-
served at 200 are fertile and virulent, whereas at 300 under the same
age and seeding conditions they have lost their fertility and their
virulence is doubtful, while at 370 they have lost fertility and vi-
rulenc&'" Then it was observed by Gate and Bila (1928), according to
whom 'strains preserved at laboratory temperature stayed alive even
after more than one month, whereas in the incubator at 370 the microbe
no longer grows after two or three generations."

What we have said about the influence of the culture tempe-
rature on vitality dissociation and virulence, applies likewise to
the preservation of the strains.

Granoher and Ledoux-Lebard (1889) state, in addition, that 'if
the ladk of virulence for the rabbit is considered as a sign of death,
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it may be said that at 300 or 370 cultures on gelose live from four to
five weeks* At 200 life lasts longer and we have not yet determined
its limit.

Ramon (1914) believes that cultures in bouillon kept in the re-
frigerator preserve their viruleince for several months, just as
Basset (1946) does for whom preservktion in deep gelose in the refri-
gerator keeps the vitality and virulence intact for at least eighteen
xonth2 We know that in fact, under these conditions, these periods
of time have been exceeded by far.

According to K. F. Meyer (1958), cultures on a blood culture
medium reain alive for years.

Personaly, we consider as an excellent preservation process
the use of formolated serum (See Note], covered with liquid petro-
latum, preserved, after seeding, in the dark and at a constant tampe-
ratore not exceeding 150 to 200.

((ote t ] To 500 ml of horse serum add one cc of commercial
formal, mixl after a few moments of contact, add one cc of ammonia
(at 220 Baume) to neutralize the formaL-dehyde. Increase with two
parts of distilled water and sterilize for fifteen minutes at llOO.

We were able to transplant sacme strains preserved under these
conditions for 15 and 20 years, and, of several hundred strains,
we never saw az lose their vitality or, appreciable, their virulence,
ta)dng into account individual variations in virulence from one
strain to another; It appears to us that aging does not alter virulence
very appreciabY, in as much as we were able to establish it in our
oldest s.train On the other hand, repeated transpantings are an
obvious cause of weakening (Ravaglia, 1932; Dajardin-Beametz, 1934;
Peroebois, 1961, eto), 0 Basset (1946) considers that annual trans-
plantings do not weaken virulence for at least five years, but he
admits, nevertheless, a considerable attenuation toward the tenth
year and advises, with Dujardin-Beaumetz, Lignieres, etc. trans..h planting same strains annually in guinea-pigs.

Lyophilized strains remain transplantable for years, accord-
ing to G e. Meyer (1958) and Knapp (1959). This process seems to
Us, however, to be definiteWy less good than preservation in Truche's
medium or in gelose in the butt of a tube inoculated with a central
injeotiom; It appears, but this is still on2y an impression, that
lyophilized strains undergo a rapid decrease in their sensitivity to
the various bacteriophages used for an eventual 3ysotyping(P.Nicolle,
1962); On the whole, the conolusions of Heckly, Anderson and Rocken-
macher (1958) on the 3yophilisation of Tersin's bacillus are valid for
Nalassez and Vignalts bacilins.

In practioe, we use conjointly preservation in formolated ser
and in golose peptone water [See Note) distributed in tubes 8 mm in

t and closed with rubber stoppers to avoid desiccation and seeded
by cenral injection. The mall amount of space taken up by this
last.mentioned material facilitates its storage in the refrigerator
at +406.

((Note:) Vaillant pepton, 10 g
ebig extract, 5 g

Nel, 3 g
Gelose, 10 g
Mlain water, 1,000
Adjust at P 7.4 - 7.5
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Parallelly with these two methods, we also pre3ve our strains
at -250C, a temperature close to the -23oC recammended by Mead, Wess-
mann, Higuchi and Surgalla (1961) for Tersin's bacillus, but we have
not yet had a sufficiently long period of time to evaluate this pro-
cedure.

2. Preservation in pathologic products.

The persistence of the genm in tissues kept at a low tempera-
ture was demonstrated by Moss and Battle (1941) who successfully
inoculated guinea-pigs with macerations of pancreas and ganglions
removed from a man who had died of septicemia caused by Malassez and
Vignalls bacillus and preserved in the refrigerator at 400 F (or
+0'.4 0C) for 16 days.

Knapp (1959) investigated systematically the duration of per-
sistence of the germ in infected organs preserved at different tam-
peratures, and concludod that the preservation period is at least three
months at +2o'C, from ten to twenty days at 220 C, from three to five
days at 370 C and from one to two days at 450 C.

We also have observed the bacillus retain its vitality for two
months at +40 C in organs (especially the spleen of guinea-pigs in-
fected experimentally or in human meseteric ganglions).

The persistence of the germ in the stools of animals infected
orally is irregular, but on the whole much shorter.

3. Preservation of the germ in nature.

The preservation of the germ in the outside environment has
not been confirmed up the present time except by experiments that
are at least very unreliable, since the determination was not al-
ways made by inoculation in the guinea-pig and never directly by cul-
ture, Under these conditions, the appearance of Malassez and Vig-
nalts bacillus in guinea-pigs inoulated with earth (Grancher and
Ledoux-Lebar, 1899), air collected on a wad of cotton (Chantamesse,
1887), milk (Parietti, 1890; Klein, 1900), water (Klein, 1889; Fraenkel,
1924), fodder (lig' 'eres, 1898), liquid manure (Klein, 1889), does not
in anr way enable the statement to be made, far from it, that the germ
was really present in the inoculated material.

Nevertheless, although it has not been demonstrated, the pre-
sence of the bacillus in the outside environment may be considered as
certain (with reservations, however, with regard to the length of its
persistence, its little resistance to light and desiccation), and it
is spread by the stools (Paul and Weltmann, 1934) and by the urine
(Lory, 1911 Bryner, 1906; De y, 1925; Flamm and Kovak, 1958) of
infected animals (Mollaret, 1960).

Morris (1958) demonstrated the persistence of the bacillus
in samples of artificially contaminated earth or straw. We also
observed that Malassez and Vignal's bacillus, like Yersin's bacillus,
could remain alive for at least five months in sterilized earth, that
has been sufficiently hydrated and preserved at room temperature,

The " mg persistence of Malassez and Vignal's bacU12us in water
must be admitted by virtue of the epidemiological consequences that
it implies; According to Cecarelli (1950), the grm can resist auto-
lysis for 95 days in distilled water at 370. We confixmred this rs-
sult.*
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i. ActM of tirsical ants.

4a Res tanoe to he!An.

The thermoresistance of Nalassez and Vignal's bacillus has been
various evaluated, according to the writer. Lueet (1898) has the
hanr of being the first to have insisted on its weak resistance to
heats 'This microbe does not stand high temperatures well. Thus,
it is kiled, in a liquid culture medimm, after staying six to seven
minutes in a b heated to 550 and, in the dry state, fastened
on siM threads, after having been subjected for two hours to a dry
heat of 6o.0:

For Roemiseh (1921), it resists for thirty minutes at 450 to
500 and; according to Zlatoguroff (190), fifteen minutes at 570 and
eight minutes at 600 in a liquid culture medium. It resistance is
greater on a solid culture medium on which it is probably not killed
until after one hour and thirty minutes at 600.

Most of the authors studied its resistance at 600 C, but they
give results that are particularly discordant. Destruction at this
temperaturs Is babl3y accoplished in one minute , according
to TMioen (1902), eight minutes for Zlatogorof (1904), ten minutes for
Cecarel1U (1930)t Wilas and Miles (1955), Bergey (1957), thirty
minutes for Saisawa (1913) and DuJardin-Beaumetz (1934), sixV minutes
for Dnato ad Co rad (160).* Sachdeva, alra and Taneja (1956) suc-
ceeded in sterilizing cultures only after hmting for two hoars at

, and, according to . t. Maeyr (1958), salne suspensions are
bably not unifonay destroyed after heat"ng for three hours at

6W Acomoling to Pfeiffer (1889), De.baoo (1896) and Popp*e (1928),
heating tu, one hour at 600 produces the loss of its virulence with-
out altering its vitality, and heating for two hours is necessary to
caue death at this temperature, results that agree with Knapp's
(1959)g acoording to whom ^utue suspensions in pl~siological water
are not destroyed each tins by heating for 180 minutes it 500-600 and

q still yield a slow, discontinuous culture; heating for one hour
at 550.&P" on the other hand, destroys all the gers.

Ace dg to Nessersheiidt and Keller (1914), their resistance
is probably ten minutes at 660, and one minute at 700, according to
coaareoi (195o);

Fur Lapieres (1898), Malsse and Vignalts bacilus resists
I ten minutes at 10-750 and dies at 840-50, According to Sbiu
(M and Dinato and Corrado (1960) , it probably resists ton tirntea
at 666.40(. lhis last teaperature is prbab endured for three
nmtes, aeoding to Truche (1938). Accordin to K. F. Heyer (1958)

and acordinig to NA (1959), the baci.llu is idIed in five to ten
mte. at 700,800.

Tvttrsappliti (1916), ,ho considers the gem to be very
Aeoiut, belieyk tat dip heat (atem) kIl it in thirtr minutes
and that it ma resist fort-five minutes at 600-650, ten minutes at
800, =ee to three minutes at 1000 and is probably destroyed orly after
firtem mnte. at 80 and five miantes at 1000, The action of dop
beat vas also st ed by Trache and kuche (1929). acording to whom
sit redt dop heat for thirty to fort seconds at a temperature
of 600, at 800 it is killad in ten smintes, wereas it resists for
three to five minutes at the am tmperature (sic).

At 100o heat kills it in ton mintes, according to De Blasi

-63-



(1908) and i thirtTy to forty seconds, accordng Lu 7.. (I33).
None of these writers, unfortunately, sperified tha exper~nent

conditiotss, especially the density of thr aultures used or if he .t>g
was aczxiplished wiLth or without stirring or shaking.

Knapp (1959) pointed out the part played by the erie: ;:.
conditions and the lack of uniformity of resistance of the v'rias
strL.s. Of ten strains whose thermoresist-ince was studied p/ it-
on saspensions in milk, partly on cotton threads impregnated ith

dried cultuiAre, only two were killed after exjxi'sre to 60C fLr slx.y
minutes and all of them resisted one mint e at 700-740 and fiftea.:
seconds at 850. Only one to three strains were killed in one -wo
minutes at 850.

On the whole, the thermoresintLarce of Malassez 1Zd Vign.". s
bacillus is weak and it must not be forgotten that the simple trs-
planting of cultures fram 220 to 370 is always accompanied by i
high mortality, as Preston and Maitland (1952) have observed.

b. Resistance to cold.

Pfeiffer (1889) reported that a period of seven hus at
-90 or two hours at -160 did not alter either the vitality or the

virulence of the germ. We learned, later, that low temperatures,
far from being detrimental to its preservation, constitute, on the
contrary, one of the best ways to ensure it. The experiments that

we performed at -1500 and -250 C have so far given us excellent
results.

0. Ajtlx. of sunlight.

Malassez and Vignal's bacillus rasits its aion poorly (Do
Blasi, 19081 Saisawa, 1913; Poppe, 1928; Dujardin-Beaonetz, 1934;
Lesbouyries, 1941). According to D Blasi, it is killed by an ex-
posure of four to six hours to diffuse light. For Saisaw-, a culture
mounted on a slide is destroyed in thirty minutes by direct :ight;
it resists eight hours in diffuse light, and twenty.-four hours "in

roan light." Poppe confirmed the destraction of dried germs in thirty
minuates of exposure to the siin.

do Actio-Of desiccaton.

Dejs'tion is also mortal "Delbanco, 1896; Sa!sawa, 1913;
Poppe, 1928; jDjxd.1x.-Beaametz, 1934). When the gems %re piced
in a desic utor, they are killed in five hours, according to Si-
sawp and forty-oight hours for Poppe and for Pfeiffer.

5. Resistarce to checicl agents.

I part in 1,000 of sublimate kills Ma:assez and

Vignalls bmr..lus 'almost instantanecraslv', acc:.rilrg to D.:Jardin-
Beamuet (1934), in one minute, according to Cecr3li (1930), in
fifteen t) - drVY seonds, according to Tctir-Ippoliti (1916) and
Lesbmuyries (1941), in fifteen to thirty minutes, acaordlng t. Tce
(1938). 0.01 parts in 1,000 of sublimate kill it in two hoirs (K. F.

Meyer, 1958).
According to Knapp (1959), cncentrations of I part *i 100,



0.1 part in 100, 0.01 part in 100 and 0.001 part in 100 kill it
in the following times, rospectively: immediately, thirty seconds,
one-half to five minutes and 120 minutes.

C Aocording to Saisawa (1913), Malassez and
yignal's2 eIlis killed in five minutes by phenol, I part in 100,
and in less than two minutes by phenol in a concentration of 2 parts
in 100. According to K. F. Meyer, the action of phenol, 1 part in
100, is probably slower, requiring five to thirty minutes. Phenol,
3 parts in 100, destroys the germ in two minutes, according to Ce-
carol.

Wth a concentration of phenol 5 parts in 100, death probably
does not occur for five to ten minutes, according to Truche (1938)
and Lesbouries (1941l).

The figures given by Totire-Ippoliti (more than one hour's re-
sistane is a I part in 100 solution and five to ten minutes in a 1
part in 50 solution), cannot be retained, due to the technique used
tF. this Witeir.

According to Knapp, phenol in concentrations of 0.25 part
in O, 05part in 100, 1 part in 100, 2 parts in 00 and 5parts
in 100 probably destroys the gem respectively in three to twenty-
four homrs, inet to one hundred twenty minutes, five to thirty
minutes, oe.-half to two minutes and, finlly, in thirty seconds.

L 43 The era is killed in twenty minutes by s'l-
furl. Cig3pte n10fecarelli).

oo2 " Malasses and Vignal's bacillus is probably
destaq5i-iieour by formaldehyde, 4 parts in 1,000 (Truche
and Banah., 192M Trshe, 19381 Loebouwries, 19&1).

MIdividnal diffemneos in the sensitivity of the strains were
*ntod out by Hamtko and Rodin (1962), one of whose strains was
killed by fomaldehyde in a concentration of 1 part in 100 and another
mne rosited It.

According to Knapp, the germ is probably destryed in thirty
seconds by fcSL debye, 5 parts in 100, in five to ten minutes by
f~1 d , 0.5 part in 100 and 1 and 2 parts in 100, in ten to
twty imtes by fwmadede, 0.25 part in 100 and in thtr ainates
to am hr by fomaldebyde, 0.1 part in 100.

hAI&, Al o.hol, 40 parts in 100, destroys the bacillus ix-
MAt4Vv din to Saisa, and alcohol, 60 parts in 100, il

it in ono-al to five sites, according to 1.7. Mayer. According
to napp, the destruction time is half a alnte for alcohol !-- a con-
eenwrntien of 96 ad 75 parte in 1009 e-haf to five aimts fLO al-
*h*It 65 part in 100, and fifteen to thirty minutes for alcohol,
4o and 50 pts in 100.

td Silver nitrate, 0.0W1 part in 100, kills the
eem~t acording to t. T. eWfer, a time that is COn-

fired bt Knapp ho obtained the imediate death of the gem with a
omesiratios of 1 part in 100, ia e0-half to five inutes with a
eeoentration of 0.1 part in 100, in oixty to wue hundred twenty --
natee with a eonentration of 0.01 part in 100 and in 0e hudred
twety ninuts with a coentration of 0.001 Parts in 100.
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Iron sulfate and copper sulfate: Both destrc, *..6 Cern i- .n
hour in concentrations of 3 to 5 parts in 100 (TrachIe uid Bau-he;
Lesbouyries; Truch).

Urotropin: Urotropin, 10 parts in 100, kills the germ in
twelve hours (Cecarelli).

Soda: Soda, 4 parts in 100, destroys it in one hour (Ce-
care i--3

De According to Brigham and Frettger (1935), growth is in-
hibited by methylene blue, 1 part in 300,000, thionine and rystl
violet, 1 part in 100,000, and brilliant green, 1 part in 1,000,000.
The slight sensitivity of Yersin's bacillus and Malassez and Vig6Il's
bacillus to gentian violet is the basis of Meyer and Bat:helder's
(1926) culture medium.

6. Cultures in *hostile" salt or bile mediums.

Sodium chloride: The addition of sodium chloride to a cul-are
medium produces a slowing c a cessation of growth starting with a
certain conce+ ation along with the appearance of involution f: rms.

The concentration limit that is ompatible with cultivt',r,
varies according to the authors: 2 to 3 parts in 100, a:cording tc
Saisawa (1913), 6 to 10 parts in 100, according to Skorodurof and
Somorovitch (1926), 8 parts in 100, according to BoncLnelli and Aradas
(1932), 30 to 40 parts in 100, according to Percebois (1916), e-.

In fact, two points are to be considered: the nature of the
medium and the incubation temperature. indeed, it seems that the
tolerance for sodium chloride, on the one hand, is slightly grsater
in liquid culture mediums than in solid mediums (thus, according
to Smirnova, 1928, the inhibitive concentration, is probably 3 parts
in 100 in gelose and 4 parts in 100 in bouillon). and that, on the
other hand, a given concentration is better tolerated at 220 than
at 370, Thus, according to Knapp (1959), a culture in salt bouillon,
3 or 4 parts in 100, is possible at 220, whereis it is meager or absent
at 370.

In bouillon, the involution forms, a club or filament aspe't
or thick forms that are faintly and unevenly dyable, appear as soo
as the sodium chloride concentration reaches 2 parts in 100. They
are more frequent at 3 parts in 100 and dominant at 4 parts in 100
(Saisawn, 19131 Skrodumof and Samorovit-.h, 1926; P. Boquet, 1937;
ToppinM and colleagues, 1938; Moss and Battle, 194).

On salt geloe, 2 parts in 100, Saisawa (1913) obtired
onljy a meager culture, while no culture appeared after three days on
gelose, 3 parts in 100. On the se culture medium, Ravagli(1932)
obtained a good culture, rich in filents forms and l lJsLytng
poorly in plysiologi-al water. Knapp (1959), when he Altiv-ted
twenty strains on salt gelose, 2 parts in 100, did rot obseris a-v
modifiations in the cuItures or ax, invo-C.tion forr.s at 220, while
at 370 foarteen of the strains displayed a defirite alowing of '41er
developent with a preponderance long filanentxas forms. These In-
valutLon forms were more frequent on salt ge] oe, 3 pArts Ir 100,
and no strain developed on gelose, 4 parts In 100.

Acoording to P. Boquet (1937), the filamentous elemer.t de-
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velop more readily at 370 on salt gelose, 3 parts in 100, whereas a
higher concentration (5 parts in 100) probably favors the appearance
of globose yeast-form elements.

A rmzbor of writers believed that they were able to differen-
tiate Malassez and Vignal's bacillus and bersin's bacillus according
to their uneven capabilit for growing in hyerpealine mediums (Sai-
sawa, 19331 Skoroduof and Somorovitch, 1926; Dieudeonne and Otto,
19281 Haas, 1938 Pollitser, 1954), but their opinions differ as to
the results and as to the concentration required. Thus, a concentra-
tion of 6 to 10 parts in 100 probably inhibits the cultivation of

Malassez and Vignalts bacillus, according to Skoroduvof and Somoro-
vitch, whereas, according to Boncinelli and Aradas (3933), gelose in
a concentration of 8 parts in 100 probably permits the cultivation of
Malasses and Vignalls bacillus and not of Yersin's bacillus. Accord-
ing to K I &irnova (1928), neither of the two germs tolerates a
higher concentration than 4 parts in 100 in bouillon and 3 parts in
100 in gelose, and this test would not enable any conclusion to be
drawn,.

The appearance of involution forms in one or the other of these
gems on bypersaline gelose has also been invoked to differentiate
them' According to Rankin and Leumann (1897), salt gelose, 3 parts
in 100, produces the appearance of involution forms only in lersin's
bacillus. Galli-Valerio (1903), Wadsworth and colleagues (3,947) con-
firmed this difference, whereas, for MacConkey (1908), the involution
forms are probably not any more frequent in one of the germs than in
the other-

These statements on the specificitY of the involutional forms of
Tersin's bacillus on salt gelose, 3 parts in 100, in comparison with
the involutional forms of Malassez and Vignal's bacillus, were supported
only isufficiently by Pollitzer (1954). Nevertheless, when it is

Uvated on gelose, 3 parts in 100, Malassez and Vignal's bacillus
probab3y presents a morpholog that is different from the morphology
of Tersinst bacillus under the sane conditions. Thus, Topping and col-
leagues (1938), when they used this technique with their strains of
Malaisez and Vigl's bacillus of human origin, observed involution
forms that looked 'like ordinarily long, slender, slightly incirvate
rods or average-sized rods gathered in bundles with an appearance
resembling that of diphtheritic bacilli; alongside of these non-
characteristic forms, round, voluminous forms, with a colored pri.
phery and resembling the balloon-shaped elements produced by P. gestis
in 24 hours on gelose with a 3 parts in 100 concentration of sodium
chloride, were, on the other hand, more rare.' According to Devignat
(:954), the difference is uncertain: 'P. pestis develops, on gelose

%ith a concentration of 3 parts in 100 of sodium chloride, classic
involution forms that have the general appearance of an irregular

sphere bristling with roughnoss and pitted with vacuoles. Under the
sem conditions, ?,, pgudotuberculosJ& does not yield any forms that
are more or less spherical but, rather, elongated elements, at times
inourvate like a cmaa. Moreover, it seems, as Zlatogorof confirmed

for the first time and as has been confirmed by other observers
(Polli tzer), that the involutional forms of plague bacilli on salt

gelose, 3 parts in 100, already appear in 24 hours, much more rapidly
than with other species.'

In a general way, these criteria rest only on shades of dif-
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ference and neither the inhibition of the growth of e.h.r of these
germs in hypersaline cultare mediums, nor the morphological difere-es
on these same mediums have the value ttiat was initially assigned t_
them.

Action of bile: According to certair authors (Knapp, 1959),
the cessation of multiplicaticn or even the lysis of Malassez and
Vignalts bacillus in culture mediums containing 25 to 50 parts r. 100
of bile had probably been observed b Cernaianu (1928). In fact,
Cernraiisra, although he was speaking of "all the Pasteurella", seems
indeed, to have had in mind only P. multocida.

P. Boquet (1937), Truche (1938) obtained no modification
of culture in bouillon by adding 6 parts in 100 of ox biLe, bait they
obtained a slowing of the growth with a concentration of 30 parts ix,
100.

According to Decouze (1934), the addition of bile to cuit.re
mediums inhibits cultivation without altering the vitality of the germ
that remains transplantable, a result confirmed by Knapp (1959) wh.:,
although he did not observe any growth after four weeks of cultvation
at 370 in mediums containing 50 parts in 100 of bile, did not observe
any numerical reduction in the germs that had been seeded.

F. Kauf.ann (1933), while studying comparatively the beharior
of Malassez and Vignal's bacillus, of Yersints bacilluas and of P.
septica in bile and salt culture mediums, did not observe any ,
vation inhibition except in the last-mentioned of these germs. These
results are close to the results of Wilson and Miles (1955) for whmn
Malassez and Vignal t s bacillus and lersin's bacillus give, in br.e
or salt mediums, liquid or solid, unsuitable for the growth of P.
sep42ca, a slight but definite culture that disappears in two or
three days by autolysis.

Ther-efore, bile culture mediums are of no interest in differ-
entiating Malassez and Vignal's bacillus from Yersin's bacillus
(Pollitzer, 1954).

Action of sodim ricinoleate Its action was studied by Relmann
and Rose (1932) who observed a clarification of suspensions in phy.-
siological water up to a dilution of 1 part in 1,600. Acordlng t
these writers, Spencer demonstrated that suspensions of Yer-.i 's
bacillus and of P. tularensis were completely clarified with 1/200
to 1/800 dilutionst suspensions of Malassez and Vignalts b , -i2::s
were partially clarified with a 1/25,600 dilution and ctipletely 'Lari-
fied with a 1/800 dilution.

7. Senstivity to bacteriophage.

Setting aside the theoretical problems raised by bater'.-
phages of Yersint s and Malassez and Vignai's bacilli, we shall take
up here only their practical utilizatioa4 .

According to Sugino (1932), Advier (1933), Bezsonowv and ,
leagues (1938), Tumansky and Yastchuk (1938), plague bacterlophage
is strictly specific to Tersin's bacillus. It probably does nct
produce any lysis of Malassez and Vignal's bacillus and it constitutes,
therefore, a convenient and sure method of differentiation.

The first limitation on this spuli2,t Was made by P. C. Flu
(1927) who demonstrated that plague bacteriophage was alsc capable of
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lysing -ZhLdhLd colA. The opposite was demonstrated by Girard and
Wollaann 1943) who established the sensitivity of Yersin's bacillus
to certain dysenteric bacteriophages. Lazarus and Gunison (1947) ex-
tended the 3ytic action of plague bacteriophage to the Salmonelleae.
D'Herelle (1933), then Girard (1942 and 1943), observed that plague
bacteriophage could display the sae inhibitory power with regard to
certain stralns of Nalasaes and Vignal's bacillus as its specific
bateophagea; Devignat (1954) also obtained, by using Gfrard'
plague bateriophag, a lysis of Malaasez and Vignalts bacillus,
that at first was slow and incomplete, then rapid, after subjecting
this gum to plague bacteriophage.

ese results were confirmed by Lazarus and Gunnison (1947)
who obtained the lysis of 19 to 27 strains of Malassez and Vignalls
bacills by a plague bacteriophage, followed by the 3,Tsis of all their
strains after adaptation, and, the following year, by Gunnison and
Lazarus (1948) who extended these results to 40 strains of Malassez
and Vignalls bacil.lus

Under these conditions, discrimination between Malassez and
Vigial ts bacillus and Tersin's bacillus by means of bacteriophage
seemed to be iapossible in practice, in spite of the reservations of
P. C. nu and T Flu (19WJ .5), but later studies by Gwmison (1950),
Guiison, SheviY, Zion and Abbott (1951) and of Gunnison, Larson and
Lazarus (1951) showed that by working at 200 and by using a bacterio-
phage solution ten times stronger than the one that induces a confluent
lysis ('critical testing dilution:), it was then possible to differen.
tiate the two gems.

Cavanaugh and Quan (1953) proposed an easy diagnostic tech-
nique by using dried or 1yophilized strips of filter paper preserved
in sealed tubes under nitrogen after Impregnation with plague bactiero-
phage The application of one of these strips on a young culture of
Tersint s bacillus on blood gelose incubated at 200C produces, after
18 to 24 hours, a 1 mm lsis area, hereas, under the same conditions,
no lysis is produced on cultures of Malassez and Vipal's bacillus.

Ul$Janova (1961) obtained lysis by means of specific bacterio-
phage of 37 strains of alassez and Vignal's bacillus isolated by her
fra 1955 to 1959, hiloe two were lysed by plague bacteriophage. In
the same year, Plankina and Ogneva (1961) observed a similar sensiti-
vit to plague bacteriophage in five strains of Malassez and Vignal's
bacilli that come from marmots, Wle the bacteriophages isolated
from four of these, strains revealed themselves as active oly on alas-
sez and Vignal t s bacillus and on the only arirulent strains of Yer-
sings bacilus

Knapp (1962), when he used one of G. Girard's bacteriophages
that had never been in contact with Tersin's bacillus, concluded that
it had a high specificit with regard to Malassez and Vignal t s ba.-
cillnus and he saw in it a supplementary diagnostic element for this ba-
cillus, drawing up, however, limitations on its use in an area of
plague erds, limitations that are added to the ones formulated by
G. Girard as early as 19 2.

The various serotpes of Malassez and Vignal's bacillus
seem to present appreciable differences in their sensitivity to
bacteriophage. Knapp (1962) observed that the confluent lysis obtained
on strains of tpes I, II, I and V is not found in strains of type IV
that displiy only some isolated lysis areas. On the other hand,
strains of types I, 11, IV and V are little sensitive to bacteriophage
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suspensions multiplied on type III strains. These observations are
added to the ones made by Dt ,-1gna+ in 1954 with the same bacterio-
phage: The process of calculating the number of lsed areas brings
to light a quantitative difference between the +**wee varieties of
PO &M on the one hand and the spkmcies P. pseudotuberculosis on the
other hand. Morecver, it results once more from the variable sensiti-
vity to the same bacteriophage that the genus P. pseudotuberculosis is
much less homogeneous than the genus g We made the same
observation in e l.quid medium (see below).

From a practical point of view, the utilization of bacterio-
phage is a supplementary diagnostic element. If two tubes of peptone
water or of bouillon are 3eeded simultaneously with a culture of Malassez
and Vignalts bacillus and if one drop of bacteriophage suspension is
added to only one of them, it is possible to see in this last tube,
after the appearance of a cloudiness that is always more precocious
than in the control tube, a rapid clarification that lasts a more or
less long time*- The time of appearance of the secnndary cultures
varies with the serological type of the strain used, waereas with
type I, II, IZE and V strains the secondary cultures do not usualjy
appear before the second, often the fifth or eighth day and even are
c*pletely lacking at times. The clarification observed in type IV
cultures is often incomplete, and, especially, much shorter lasting.
The secondary cultures appear commencing with the eighth hour.

Aside from this difference, the 617 strains in our collection
all were revealed as sensitive to bacteriophage in a liquid culture
medium, regardless of whether it was a question of Girard's "YersinN
phage, of fluts 'C' phage or of Girard's OPSTO phage. These same
bacteriophages produce a strictly analogous lysis on every strain of
Yersint s bacillus that we used. This elementary technique, there-
fore, can be used only outside of every of plague endemy. Aside from
this limitation, it constitutes a rapid and sure diagnostic method.

Although, also according to Girard (1953), the lysis of both
germs, regardless of the bacteriophage used, has nothing specific
about it, an indication may, nevertheless, be provided by the fact
that the secondary cultue always appears more rapidly in the tubes
that have received heterulogous bacteriophage.

The choice of a liquid culture medium for performing this test
is not imaterial. As A, Chevalier has observed, secondary cultures
always appear later in bouillon than in peptone water, with the dif-
ference between thb two being able to be as great as several days.
On the other hand, depending on whether the bacteriophage suspension
canes from a filtrate of a culture in bouillon or in peptone water,
the lysis obtained will likewise be of uneven duration. Secondary
cultures always appear later when the bacteriophage cames fron a
culture in bouillono Therefore, in practice it would be better to use
this last-mentioned medium systematically, both for making the test
and fo' multiplying bacteriophage, since the combination of both
factors make the often incomplete and always transitory lysis more
apparent in the case of type IV strains.

The influence of the medium used to multiply bacteriophage on
the more or less long duration of the lysis that it produces must be
distinguished from the influence of the medim on the power of this
bacteriophage itself* A culture filtrate in bouillon in a 10-4 dilution
hill have the same activity as a culture filtrate in peptone water in a

diluti;
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FinalJy,we can extract the following results from a study cur-
rently being conducted in collaboration with P. Nicolle and G. Brault:

ati of the lyso enesis of strains of Malassez
and V 9l baciUu i,

Uen test strains endowed with a very broad sensitivity to
nmerous bateriophages (s yphi lysotpe A, subtype Tananarive, S.

3ysotype , , oli K 12 So coliA36, . col4Lisboes,
Bordet, a lla aaradysenterias Y6 R, numerous strains of

rsl hhaelrd, Malasses and Vignal's bacillus, etc.)
are useds the results hawc -1- 4s been negatiVw, :. agreement with the
results that have alre been published in this field.

B Det ition of the spectrum of sensitivi of Malassez
and VI.nal strains to baeteriophazes:

a* Eerinents on 25 March 19581 Twenty-four Coliphages fran
the olle tion In the Bacteriophage Service, tested on 15 strains of
Malasses and Vgnalls bacillus, allowed us to observe a great diver.
sity of lyti: -eactions consisting of six different images:

Image 1: strains 4-I and 19-I [See Note]
Image 21 strain 21-I

zage 3: strains 35-I. 66-1i, 82-1I, 3-Ill 78-V, 83-Ill
and 91-V

Imago strain 46-II
Image 3: strain 75-V
Image6: strains 32-I, 190, f and 210-I

((ote: The Arabic numerals correspond to the numbers of the
strains in our colleetion and the Roman naerals indicate their sero-
logical ~.

b. Second experiment (5 December 1961): Eighteen strains of
Malassez and Vignalts bacillus were tested with 5 phages taken from
drain,.water and multiplied on the following Malassez and Vignal strains:
114-1v z33-9I, 2349I, 276-I and 411.I.

There again a certain diversity in the reactions was observed,
pemitting the 18 strains to be divided into three lytic groups.

The first lytic group includes only type III strains: (strains
3-.I0 1#9-= 2ZL-flI, 452-111; 453-3l, 434-In).

The second group includes 7 strains of type In (50-I1,
83. 9 12.=, 123-1, 150I, 162- i,165-In), 1 strain of type
IV (298v) and I strain of type V (52-V)

The third group comprises only type IV strains (5-.-IV, 95-IV,

In conclusion, by using 5 phages taken from drain-water, three
lytic groups were obtained. The first and the third are antigenically
homogeneous, since all the strains of one belong to type III and all
the straims of the other to tope IV. The second group, on the contrary,
includes a majority of type In strains and a minority of strains of
tes IV and

As a result of these facts type III can be subdivided into
2 lysot s yp (lyc groups 1 and 2 and type IV also in 2 lsotypes

(3yTic groups 2 and3)
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c. Third experiment (11 July 1962): 13 phages were used, 8 of
which came frm drain-water and 4 were preparations adapted from phage I
of the complementary 3ysotyping of lysotype A of S.- =i (icolle,
Pavlatou and Divernsauss lethod, 1953, competed by Nicolle, Diverneau
and Brault, 1958 (P. Nicolle, G. Diverneau and J. Brault, Bull. Res*
o i a 1958, M 89-100).

These phages were tested on 27 strains of Malassez and Vignal's
bacillus, 5 of which were type I, 6 type II, 8 type IMI, 4 type IV,
1 type V and 3 of an undetermined type.

The besults of this experiment demonstrated that by means of those
13 phages the strains of Malassez and Vignal's bacillus could be grouped
in six 3ysotype groups according to the sensitivity spectrum of the
Arainse

The first group (sensitive to all the phages, exc!ept to phages
3, 5 and 7) includes 3 strains all belonging to type III, strains 3-111,
122-111 and l49-..m')*

The second group is sensitive to all the phages except 4 (1,
3, 5 and 7). It comprises 5 strains of type III, 2 strains of type
IV, 1 strain of type II and 1 strain of an undetermined type.

The third group is sensitive to all the phages except 5 (1,
2, 3, 5 and 7). It includes 5 strains of type I (strains 500-I,
502-I, 503-I, 504-I, 512-I), 1 strain of type II (strain 400-1I),
2 strains of type IV (strains 95-IV and 298-IV) and 2 strains of an
undetermined type (strains 489 and 505). This group, therefore, does
not contain azq strain of type III or of type V.

The fourth group is sensitive to 7 phages, which are phages 4,
8, 9, 10, 3I, 12, 13. It includes only one single strain of type II
(strAin 398).

The fifth group is sensitive only to 2 phages (4 and 10).
It includes two strains (479-II and 480-II), both belonging to type
II.

Finally, the sixth group is resistant to all the phages ex-
cept one (12). Likewise, it includes one single strain (103-Il)
that belongs to type I.I The results of this last experiment confirm and expand the
results of the first two. They indicate clearly

a. That the strains of Malassez and Vignal's bacillus show
rather varied spectrums of sensitivity to a set of bacterio-
phages.

b. That same of these spectrums are homogeneous from the
antigenic point of view; that is to say that they contain only
one single antigenic type (first group: type III; fifth group: type
II). This homogeneity suggests an interesting relationship between
the antigenic structure of these strains and their 1ysotypic image.

o. That certain antigenic types may be subdivided into se-
veral 1ytic groups. Thus type In strains can produce the reactions
of 1ytic groups I and 2; type II strains were distributed in 5 ly-
tic groups (2ytic groups 2, 3, 4, 5, and 6); type IV strains can
be subdivided into 2 lytic groups (2 and 3).

On the other hand, all the type I strains, 5 in all, were
classified in lytso group 3 that contains, nevertheless, a small
number of strains belonging to other antigenic types (1 strain of
type 11, 2 strains of type IV and 2 strains of an undetermined type).

do Some antigenic types are not represented in certain lytic
groups, although these groups were not revealed as homogeneous from
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the antigenic point of iew. Thus, no type I strain appears in 1lytio
comps laend 2 andno tMp MI strain appears in lytic group 3.

In view of such results, one has, therefore, the right to
think that it is possible to 1ysot"p Nalasses and Vignal's bacillus
by means of Itiages taken from drain-water and ptages from various
other surose. Of course the proof of the epidemiological value of
smob a 3vsotping romains to be established.
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V -- BIOCERUCAL IDENTITY OF THE VARIOUS STRAINS
AND THE CASE OF SEROTIrPE IV

Lerche (1927) and Sch tze (1928) demonstrated that all the
strains studied by them, although coming from different animal spe-
cies, formed a remarkably homogeneous group in their biochemical "e-
havior, Knapp (1960) did not find any cultural, biochemical or se-
rologic differences between strains of human origin and strains of
animal origin either.

The systematic study if the 617 strains in our possession did
not enable us, any more so than the above-mentioned authors, to dis-
cover the slightest difference, regardless of the animal source. the
geographic origin or the age of the strains.

On the other hand, if the behavior of the various serotypes
of Malassez and Vignal's bacillus that are known at present is con-
sidered, certain peculiarities can be found among the type IV strains,
to the exclusion of any other type.

The acidification of sodium citrate is usually faster (2 to 4
days, generally, at 180 to 200) with this type of strains than with
the others that require, on the average, two to five weeks.

Only type IV strains ferment sodium malonate at 180 and at
200. Although this character is not constant since it is lacking in
one of our six strains of this type, we found it, nevertheless, in
this group alone.

Sensitivity to specific bacteriophage is definitely less in
type IV strains, Inhibition, when it is studied in plain bouillon,
is always less definite and more transitory and the secondary cultures
much more precocious. Knapp (1962) also observed that the confluent
lysis obtained in types I, I, II and V strains was missing from
the four type IV strains examined by him and which displayed only
areas of isolated lysis.

The sensitivity to certain antibiotics, especially colistatin,
of type IV strains is also different from the sensitivity of other
types of strains (Courtieu and colleagues, 1961).

The absence [See Note 1) or at least only occasionally their
small pathogenic power (Thal, 1952, 1955. 19 6. 1962) also contri-
butes to their individualization LSee Note 2].

([Note 1t] This character is not onstant, however. Bouton
and Hall (1961) isolated, in an acute case of mesenteric adenitis
in a child, one strain of type IV that was as virulent as the other
types of strains, This strain was the only one of this type that
did not ferment malonate.)

( Note 21 ) This avirulene for mamals peculiar to type IV
strains is no longer found, fer example, in the louse. Krynski and
Beola (1962) observed that " =II, IV and V strains were equally
virulent in a lose that had been infected anally, in contrast with
strains of type I and especially of type I.)

Although the umber of type IV strains in our possession (six)
is too mall to authorise a formal conclusion, it is none the less
true that these peculiarities, in spite of the exceptions pointed out
in the notes to the preceding paragraph, provide this type with a
certain originalitV within the group of Malasses and Vignal's ba-.
lus that is, moreover, so homogeneous.
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VI -RELATIONS WITH 13313S BACILLS
AND TAOOC PROBLKS

Two questions must be discussed here: on the one hand, the
relations of Malassez and Vignal's bacillus with Terain's bacillus,

on the other band, the relations with the other species that at pre-

that Eaase: and Vignal's bacillus must occupy definitively in sy-

a* Raions yith luin's bacillus.

This problem is smed up in two questionst what are, from a
practica. point of viev, the factors that enable the two germs to be
differentiated, and what is, from the dogmatic point of view, their
enact degree of relationship? Although, from the viewpoint of the
cultaral and biochemical criteria, it is now easy to answer the first
question, the second one is an infinitely more delicate matter.

Fran a practical point of vie, two tt suff ce to to di-

during the last sixt~y years, the unevenness in the rapidity' of culti-
vation and the disparitr in the nutritive requirement& of the two
germs, the differences in pH observed during their development or the
differences in behavior noted on certain culture mediums (potato,,
litw milk, deaerated mediums, Leifson's mediuim, etc.) or in the
presence t certain carbob~vdrate substances (rhamnose and glycerol
most of ill, but also melibiose, etc.), the differences in sensitivity
to the bacteriophags detected under special, precise circumstances,'
etc.e, ocstiLtute, indeed. valuable arguments, none of them, never-

of theae two tests should be raised, we would assign it to the deter-
mination of m-ea... Althog in fact, certain strains of Nalasses
and Vigilts bacl'ilu are probabl~y capable of losing their nobility'
definitIve37, eithae accoding to Favorisova (1938), due to mere
aging (we have not, however, oberved it ourselves in strains pre-
served ithout tranpatn for aore than twent years) , or, ac-
ording to kunet (1932), due to action of bacteriophage. the use
of this latter techniqe has never enabled us to obtain mutants in-
capable of deomposing urea.

In fact, the real problesm does not seem to us to be the
differentiation of the two gaer, bnt rather the determination of
their emo degree of relationship. Iberef ore, we shall mphasize
here prrly ane parallel, factors:

We shall do no more than "Men, without underestimating
their importance but because the Uis outside the framework of this
stmo. the analogies that exist in the aStigeic and PbysiO-PathO-
logic sphee the existence of *lose antigenic relations that
have as their Mansequdnes the posibili of crossed vaccinations,
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the analogy of behavior in Xenopsylla choipis (Blanc and Baltazard,
1944), and, finally, the analogy in the pathogenic modalities. In
connection with the last point of view , it must be emiphasized that,
although there are differences, they are exclusively quantitative and
are due only to differences of degree in virulence, while the gang-
lionic tropism is identical in the bubonic forms of the plague and
the mesenteric forms of the infection due to MIalassez and Vignal's
bacillus, the puilmonary or septiceinic manifestations of both diseases
are identical and the toins of the two germs, so similar in their
nature (Girard, 1950), have the same nourotroplam. Finally, the histo-
logical substrate of the two infections also is completely super-
posable: wplague is a pseudotuberculosis", according to Dujardin-
Beaumetz,

Therefore, the only difference seems to be, finally, merely
a 90~stion of degree in virulence, however, this calls for the

-following romaeswi :' " ,caused by Malassez and Vigvral's ba-
cillus in man were, before antibiotic therapy, just as mortal as
the plague septicuiias themselves. Mxperimentally, the same animal
species (dog and cat) prove to be immune to both germs, and, espe..
ciaflly, the supreme differentiation criterium thtt was constituted
for a long time by the susceptibility of the white rat to Yersin's
bacillus and its imunity to Malassez and Vignal's bacillus, must
be reconsidered since the isolation, by 0. V. Juscenko (1957-1959),
of -strains of Halassez and Vignal's bacillus that are highly pathogenic
for the rat and always more pathogenic f or the white mouse than for
the guinea,-pig. Finally, this virulence criterim is particularly
weakened if one takes into account the weitence of spontaneously
aviralent strains of Teisin's bacillus or, as Girard (1947) has
demonstrated, of strains that lose part or even all of their virulence
after contact with bacteriophage.

The susceptibility of both germs to the same antibiotics and
especially to the se* bacteriophages also constitutes a remarkable
similaritj factor at the same timia as it demonstrates in the best way
the fragility of the biochemical differentiation criteria to the
extent that Korobkova (1937) Was able, by means of this technique, to
make Ieraints bacillus acquire the ability to ferment rhamnos and to
the extent that Brunet (1952),* on the contrar7, was able to make
Malassez and Vignal's bacillus lose its locomotor apparatus.

If ones is satisfied with the only two differentiation criteria
that we have definitively retained, nobilty and decomposition of trea,
the following reiarkmxut beaade: in so far as the mobility of
Malasses and Vial's bacillus is concerned, an the one hand its dis-
appearance under the special conditions that we have pointed out weakens
its dopatic Importance considerably, on the other hand Its strict
subordination to temperature conditions must be reconciled with the
analogoas influence exercised by temperature on a aumber or characters
of Tervin's bacillus, for example on its nutritive requirents (Rile
land Spur, 1932). In so far as the doeomposition of =*ea is con-
cerned, we believ that this character cannot constitut.e, byv itself,
a sufficient distinction at the 'genus' level or even at the 'species*
level and it must be retained only at the 'variety' level, like the
fermentation of glycerol, the reduction of nitrates or the production
of nitrous aci.

Under the"e conditions, we believe that Malasse: and Vignal's
bacillus should be comparod with Tersin's bacillus on the s*me 9-7arietym
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level as the varieties that Devignat (1951) individualized under the
toe 0oriet-alIs' Oantiqual and 'mediaevalis in this last mentioned
species, since this comiparison has, like the subdivisions proposed
by Devignat, in addition to a biochemical basis, a geographical basis
constituted by the fact that Malassez and Vignal's bacilu has
never been isolated in the tropical zone, particularly in the southern
Sahara, the Belgian Congo, Madagascar or Viet-Nam, as Girard (1960)
emphasized*'

We consider, finally, therefore, that both species, Tersin's
bacillus and Malase and Vignal's bacillus, that are, at present,
still separate and classified one wnder the genus Pasteurella. (re-
yusan, 1887), the other under the genus Cilopasteurella (Prevot,
19118), ought to be brought together, as shown in Table I, below,
in the same genus Yersinia,, proposed by Van Loghem (1944-1945; 1946).

TABLE I

ge3=s species variety urease gl.ycerin nitra-
tes

orientali 0 0 +

lersninSia 0+

Is it possible to develop the coparison further? Already,
in 19280 Matopwof and Nogilevskaya considered Malassez and Vignal's
bacillus to beo an H..variant of Tersin's bacillus, and Harvey, in 1933,
as a plague bacillu in symbiosis with a bacteriophage. Subsequently,
Devignat saw In those two &erms the mutants of a s*me original ape-
clog, and in order to explain the disappearance of the medieval
plague fro ftv".e pjblishod. in 1951, the hypothesis of a trans-.
formtion of the io oylsvariety of Tersin's bacillus into Mals-

*sand Tignals bai"n ypothesis that is aWed to Le-rine's
(1IM) and Doin*124l and Aradas's (1933). who had admitted, from a
theoreticeal point of view, the pmoibility of transition from one to
the oth r mo

Have those lbqpotheees began to be confirmed? In 191. Roland
reported that b7 cultivating the plague bacillus in a solution of its
-m moleoprotein'be hA succeeded In transforming it into Ralasses

and Visnul's bacills, but the discrimination criteria admitted by
this author, based only an degrees of virulence. prevent us from sub-.
scribing to his conclusions. The am* is true for the verlants of
Ralesee and Vignal's bacillus that flatogorof and Nogilevskaya ob-
tsined in 1928an Pr'rskqra in 19341.

in 19%, Dessonova, Leuskqia, Holodtzova. and Roslova re-.
Ported five comes of spontaneous Itrazimtatation8 of Tersin's 5 ha-
ciflus into Nalasses am Ilpal's bacillus that had occurred be.-
tuewi 1929 and 1936 In 21 strains preserved in a collection.

Twmnak reported, two years later, a case of transformation,
u~the Inflone of a plague bacteriophage, of Yersin's bacillus

into a gem Othat resembled very closelY the pendotuberculol



bacilli', a result that was close to Korobkavals who, in 1937, pro-
duced, by also subjecting Yersin's bacillus to the actiorn of a plag:e
bacteriophage, a series of modifications among which were the loss
of virulence and the acidification of rhamnose culture mediums.

Faddeeva stated, in 1939, the progression of these transfor-

mations as follows: The virulent strains of Yersin's bacillus are
transformed into avirulent straini of the same germ which in turn
are transformed into R-form avirulent strains of Malassez and Vignal's
bacillus, and then into S-form virulent strains of this last-mentioned
bacillus.

Finally, although all these observations report transitions
of Yersin$s bacillus to Malassez and Vignal's bacillus, an opposite
phenomenon was reported by Blanc and colleagues (1944; 1962) as a re-
sult of experiments on the behavior of Malassez and Vignal's bacillus
in Xenopsylla cheopis.

A particularly pertinent discussion of these observations will
be found in Pollitzer (1954) and, especially, in Girard (1947). Indeed,
none ofthese observations has been able o be repeated every time
(Pirie, 1929) or even to provide a demonstration, really above all
criticism, of the reality of mutations of one species into the other
(therefore Blanc and we ha- Limited ourselves to writing in con-
n5ction with one of thest -transformations" that "everythlng occurred
ai but it is none the less true that they form a group of
facts that are, to say the least, disturbing and that plead also in
favor of a more than close relationship between the two germs.

b* Relations with the other species of the genus Pasteurella
and taxonomic ms,... .

An examination of Table II, below, shows sufficiently that
between Yersint s and Malassez and Vignal's bacilli, on the one hand,
and Pasteurella seica or m ultocida, on the other, there are strictly
no characters that justify keeping these three germs classified anry
longer in the genus Pasteurella (Trevisan, 1887), and no one could have
expressed better than i rT942) the need for separating the first
two germs from !ute lU in the strict sense 'the development of the
plague and peeudotuberculoais bacilli in yeast water and in potato
water, the absence of flocculation of a serum antiplague filtrate of
Pasg altare, the total absence of lysis of the Pasteul!a
genus by an antiplague bacteriophage whose polyvalency and activity
are very pronouned, add still more to the bundle of arguments invoked
for separating Yersints and Malasses and Vignal's bacilli from the
Eas!e 4 enus. In fact, what do they have left in comon? BI-
polar tiing, due to which they were formerly integrated into the
same genus. Let us recognize that at present this character has
nothing specifi about it.'

The production of indole and the fermentation of sucrose by
P.somtl-oa and the non-fermentation of glycerol, of rhamnose and of
eaculin, the absence of antigenic relations (except for the lipopoly..
saccharide isolated fr.m P. multocida type I bt Bain and Knox in
1961), the difference in behavior in the henatophagous insects, the
presence of a tetrathionat-reductase and the absence of bt.a galacto-
idase confirm again, as if it were necessary, the contrast between

P. e ca on the one hand and the MalsseZ and Vignal's and Tersin's
S i .1I1 I i o th e o t h e r ,
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Finally,, the presence ini comparison with thtse three genus of a
specis as different in its morphology anid in its cultivation require-

ment asthe t~ent of tularemia, tasteurella. tularensig in the present
state of nomenlature, also call& for a division of the gena Pasteurella
whose nomenlature and taxonomy have been shown byr Talbelt and Sneath
(1960) to be incorrect*

We have already outlined (see page 2 , abqve) the regrettable
practical. consequences of the present Clas3MfCatior and the ambi.
guM7~ oroated by the teo= Pasteurella. To the extWnt that nomenclatuare
has-the objective 'of avoiding or rejecting the use of tenus ariha names
that maq cause errors or ambiguity and bectsie, consequently, a so1ree
of conifusion" (flaudhro7, 39"), we believe that the tarm Patuel
and the genus that it designates should be reserved for the single
speies -o eptica. We subscribe then fully to the propoaal to group
Iersin's a ad Malasses wAd Vigaall's bacilli in the now genus !er.sinmla
(Van Loghon, 194)0 as ve do to Dorofeef~s (-9*47) prpsl aeup
by Olsiifiev mid colleagues (1959) and by Philip and Owen (1961)o
to pat tho %gent of tularmila in the new genus !.Eanelsolla (Dorofeef,



TABLE II

DMM AL CHARACTERS OF NAMSSEZ AND VIGNAL'S BACILLUS.
OF USD4'S BACILLUS A OF PASTEUPJEA SEPTICA

Malassez and Yersin' s Pasteurella
Vignal's ba- bacillus se.ica

cillus

Mobilityat 20t " + 0 0

Urease + 0 0
Ind-ole 0 0 +

cultivation
on potato + 0 0

yeast water + + 0
hydrolysate of
gelatin or Berk-
marmts medium + + 0

?acCoi*ys ' .
medium +. + 0
Morri's - .. . .

mediu + + 0

Sucrose 0 0 +

Rhamnose + 0+ 0
GlyVcerin + 0+ 0

Esculin + + 0

MUThred + + 0

Tetrathionate reductase 0 0 +

Beta galactosidase + + 0

Antigenic relations + + 0

Bacteriphagic relations + + 0
Persista'ce In Xeno-

-s1a po+ + 0
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