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I - INTRODUCTION

The following microbiological study, limited to the cultural and
biochemical characters, represents only part of a complete study that
we are making on Malassey and Vignal's bacillus and its rcle in human
and animal pathology.

After having for a long time occupied only the attention of ve-
terinarians, Malassez and Vignal's bacillus has been creating in the
last few years a new interest by reason of the extension of ocur 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-wide bibliography) and to a few still more rare obser-
vations of localized forms (ocular, pulmonary and perhaps splenis),
has been enriched by the discovery of a major form: acute mesenteric
adenitis with Malassez and Vignal's bacillus (Knapp and Masshoff,
1954; Knapp, 1954; Qraber and Knapp, 1955; G Girard, 1954.1959).
This organism has now became almost camonplace and several hundred
cases of it have beon 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 (Kulhmann and Hermann, 1955; Braun and Muller, 1957; Knapp,
1959; J. Schmidt, 1959; Mollaret, 1960-1962), of forms limited to a
nodose erythema (Morger, 1962, Mollaret, 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 ocoupying fram now on, both in medical and surgical pathology.

In another field, we seem to be witnessing at present an exten-
sion of the geograrhic distribution of the infection among animals,
and this rcle, increasing as it becomes better known, of Malassez
and Vignai's bacx'llus both in human and in veterinarian medicire justi-
fies the bacteriological study that we preaent here.

Finally, from the dootrinal point of view, the study of this
gern is partisularly interesting in view of its relationships with
the piagrs basillus, relitionships that are close enough t¢ ralse a
double problam, one purely practical, the problem of criteriu of dif.
feren:iation of the two germs, the otheir dogmatic and taxoanomis, ir=
cerning their exunt degree of relationship and their positiom in
sys tematology.

Sinze we had a collestion of strains of Malassez aand Vignal's
baciling that we ressived from Truche, Dujardio-Beaumetz, G. Oirard,
and increased fram time to time with strains that we isolated in man
and animal, in addition to those thut were sent to us for identifioca-.
tion and typlag [See Note], and numerous strains of Yersin's bacilius
kept in the Plague Depariment of the Pasteur Institite and in its
branches outside of the capital, we tried to determine the presont
state of knmowlodge on the cultural and bioshemical character of
Malassez and Vignal's bacillnus.

([Notes] We are partiovlarly grateful to Dr. A. Lusas,
Director of the Central Laboratory for Veterinary Research of the
Ministry of Agriculture, for the abundant material for which we are
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indebted to him,)

Our study was extended to 617 strains of this gemm, U497 of which
were isolated in France and 120 abroad [See Note], of the following
animal origins:

Bares cecesesecccees 286 strains

m&-pi‘ﬂ sessecee 53 '

KLY YTy Y u5

MeN cecesscccsccoces 36

hbbiu [ I XXX I XY R Y X ] W ‘

Monkeys cesscesccess 23
Rats and 5100 ceveee 19

Turkeys seececcercee 1%

Various secseccecece 104
and that are distributed as follows in the five serologic types knowm
at presents: '

Type 1 escecssscssse HO2

w I s0cacesecsee 119

m IIx 0000000000 ZI

TyPe IV ceseesencone [

v 0000000 COIOIIDT 6 )

Unclassified (auto-agglutinative) strains ... 57

([Wotes] A mmber of them are due to the kindness of Mme. G.
V. Bulanova~Zhuchenke (Gamaleya Institute, Moscow), Mme, L. A.
Tnofeyeva (Institute of Antiplague Research, Irkutsk), Mr. W.
Frederiksen (Govermment Serum Institute, Copenhagen) and Mr. P, Zwart
(Institate for Tropical and Protosoan Research of the Royal University
of Utrecht.):)

We have had the privilegs, thanks to Dr. H, Marneffe, issistant
Director of the Pasteur Institute at Paris, of being able to undertake
our work under Dr. G. Girard, head of the Plague Department of the
Pasteur Institute, and to benefit in that way from his invaluahble
experience,

Ancther privilege was granted 1o us by Professor V. van
Straelen, President of the Institute of National Parks in the Belgian
Congos the privilege of working in 1955-1956 and 1957-1958 on the
exoeptional staff of the Albert National Park, ancient central Afri-
oan hame of the plague. Our interest in this germ was born while we
were isolating Malasses and Vignal's bacillus (See Note] in Depdrohy-
rax t in Ruwensori (1958).

(Motes ] Henceforth we shall use only the term Malasses and

Vignal's baciline and reject the'terms Pastaurella peendopmberculosis
and "pseudotuberculosis® in view of the constant confusion they aeate.
Malasser and Vignal's bacillus, which was as unfortunately classified
in the gems as wvere the agents of plague and tularemia,
does not have, as other two, any other connection with

septica than a morphological resemblance that a mmber of other
species alsc have, In daily practice (in partlioular in requestr for
serologic examinations), there is constant confusion between P_qﬁ

and both of which
owmn pathology. The tem » therefore, leads to

confusion.

The term pesudotuberculosis is just as dangerous: Malasser
and Vignal's bacillus, gram-negative and non-acid-.alscohol resistant,
has no connection, either with the tuberculosis bacillus or with the

paratuberculosis bacilli, or with Gorypebacterium ppeudotmberoulopls

-2




(Preisz and Nocardfs bacillus), or with the great number of "pseud:-

tuberculoses® whoze various agents, inert or alive, bacterial, my-

cotic, parasitic, ete., are perpetvally ronfused with Pasteurella

» eudotuberculcs

The most constant and serious confusions occur between "tuber.

culosis®, "paratuberculosis® and "pseudotuberculosis®. We can no longer
count the mmber of patients subjected to Rimifon after a positivs

CF serodiagnosis of "rseudotuberculosis." Therefore, we shalli henceforth

A ugse only the term Malassez and Vignal's bacillus and we hope to ses

P both the term of Pasteurella and of pseudotuberculosis rejected in so

; far as 1t 1s concerned.

; ' ~ We express particular gratitude to Madame D. Piechaud and to

i . Mr. M, Piechaud, who discovered the first French case of acute me~

P senteric adenitis with Malasser and Vignal's bacillus (1952), for the

i : experience fram which we derived great profit.

Finally, we are very grateful to Mr. A. Chevalier and tc Made-
moiselle M, Co Deplanche for the very efficient technical assistance
they gave us in this work, and to Mademoiselle S. Lagniez, whose col-
laboration we owe to the financial generosity of the SPECIA Liabora-
tories.




g and Vignal's bacillus grows easily in the usual mediums
and has no special mtritive requirements.

Berlman (1942), while he was studying comparatively the require.
ments of the Uifferent Pasteyrells for accessory growth factors, de-
nonstrated that Malasses and Vignal's bacillus, like Yersin's bacillus,
develops perfectly in a synthetic medim coataining 15 amino acids,
mineral salts and glucose (differently from P. geptica and P
Lengis), as it does in hydrolysate of gelatin, in vhich P, septiea
does not grow without the addition of nicotinamide and pantothenic
aclde

These modest mutritive requirements are sufficiently clear,
so far as Yersin's bacillus is conocerned, to recamend different tech~
niques for differentiating the two germs:

8¢ %‘ The utilisation of simple, plain gelose would
permit, ace gsonova, b distinotion based on the fact that
in this medimn Yersin®s bacillus usually grows restrictedly, in iso-
lated colonies, whereas Malasses and Vi !s bacillus is abundantly
developed after 2% hours. Taylor (1933), in thou%w

0 1031, recommends the foll g erentiation

& small number of germs on plain gelose: with

o ald of 2 1 mm rod, dilantions of the two germs are made in tubes
taining 10 ml of physiclogic serum. These dilutions are then seeded
spreading part on gelose with blood with a rod 1 mm in diameter and
part on plain golose, but with a 5 mm rod., Yersin's bacillus yields
distinct colonies on gelose with bloed, but no culture appears on plain
gelose, whereas Nalasses and Vighal's bacillus grows equally well en
both mediums,

Dujardin?Besmmets (1934), like G, Girard, likenise sees in the
unequal rapidity of development of the two germs a good differentiation
ariterim t "every -gorm that, when it leaves
the crrn:.., grows ra on gelose is not a plague bacillus® (0.
. 1g ®
be

Wm.ﬂ%h This nedim was proposed
by Bessonova 29) who demonstrated t, although cultures of Malasse:

and Vignal®s bacillus and Yersin's bacillus are identical on gelose
without bedlllmn, or on a cul‘ure medium with a low pH, the combina-
tim of feur fsctors, "poor® geldse (in vhich bouillon is replaced by
plain or distilled water), a weak gelose concentration (3 parts in.
100), low pH (5.9 -~ 6.1) and a small smount of inoculum, permits the
production of a culture only with Nalasses and Vignal's bacillus.

N haugted® medd ad Svapooinated® mediume, According

933), tubes of ge : been used for several
Yersin®s bacillus cultures in sucoession and have bad the bacilli
removed bty wvashing with physioclogic serwm, became unfit for caltivating
this germ, but still permit the development of Malasses and Vignal's

bacillus and vice-verss.
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Petragnani (1937), recamended, in order to differentiate the

‘plague bacillus "from other germs® (although without specifying Malassez

and Vignal®s bacillus by name) the use of gelose that has been used for
cultivating Yersin's bacillus and then autoclaved and rehydrated.
Yersin's 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.

ce Synthetic medimms, Mayeda (1927) proposed a synthetic
medium free fram proteins, not stuited for the growth of Yersin's ba-
cillus or for P, septica, but in which Malassez and Vignal's bacillus
develops in three days.

The addition of glycerin (Baumann, 1927; Poppe. 1928; Dujardin-
Beaumetz, 1934) or of sugar (Poppe) or of semim (Bawmann, 1927) favored
the cultures, Cultures were especially abundant in Nicolle and Ali-
laire?s medium (gelose with glycerin peptone bouillon (1 part 4n 100)
and macerated potatd, acrcording to Dujardin-Beaumetz (1934) and Hauduroy
(1953)s According to Topley anc 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 Vignal's
bacillus, as well as Yersin'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 4° and 43° for Wilson and Miles (1955) and Bergey
(1957), 0° to 40°-41° for Zlatogoroff (1904), 00 to 45° for Toumanski
and colleagues (1939).

Zagari (1890) gives the figures of 460 to 480 as the upper
culture limit, whereas Zlatogoroff (1904) and Dujardin-Beaumetz (1934)
state that there 1s no more growth above 400.410, Lucet (1898), never-
theless, obtained cultures at 400-41° and Toumanski and colleagues
(1935), who observed growth bstween 400 and 450, give this last figure
as the temperature limit for the development of Malasse: and Vignal's
bacillus and Yersin's bacillua.

The lower temperature limit was probably +59, according to Poppe
(1928). For Dujardin-Beaumets, colonmies do not appear befare the
seventh day between 480 and +10°, For Zlatogoroff, the germ would
probably not develop at 0°, but Toumanski and colleagues obtained a
culture at that tmmperature and observed that at extreme tamperatures,
both upper and lower, Malasses and Vignal's bacillus cultures are al-
ways more lmxuriant than cultared of Yersin's bacillus, a result tr 4
contradicts those obtained by Galli-Valerio (1903) who obsarved, when
he was cultivating the two germs comparatively between +1° and -5,

a slight develomment of Yersin's bacillus commencing with 15th hour
and of Malasses and Vignal's bacillus only after 48 hours. According
to Sokhey and Habbu (1943), Yersin's bacillus would probably develop
in bouillon between -2°C and +45°C,

According to Zlatogoroff, the slowing down of the growth of
Malasser and Vignal'!s bacillus appears below 180.200; Kpapp (1959)
confirmed these last figures: the cultures are siightly retarded at
180.200, tut after twc or three days at this temperature they display
the same density as the ome to tio day cultures at 30° or 37°,

The optimum temperature likewise varies according to the writers:
the best yleld was obtained between 300 and 38° for Zlatogoroff and for
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Poppe, 370 for Incet as well as for Courmont and Panisset (1914) and
for Preston and Maitland (1952), between 22° and 30° for Zagari (1889)
who ebserved a: poor yield at 380.399, 300 for Thal (1954) and for
Wilson and Miles (1955); according ~to Knipp (1959) thé gredtdat
mltiplication of the germ takes place at 300 and the optimm is included
betwesn 00 and 370, Persomally, we locate this optimum between 280
and 379, but two points must be taken into consideration:

a, On the one hand, the vitali‘y of the germ is influenced very
much by the culture temperature. Although a number of authors were
able to keep cultures in the inowbator at 379 for varying periods of
time (three months on gelose for Lucet (1898), seventy-two days on

lose and thirty-five days in bouillon at 380 for Megnin and Mosny
1891); others observed a rapid stoppage of the cultures. Thus Gate
and Billa (1928) ascertained that the germ did not develop at 370
beyond two to three generations, a figure that is certainly quite in-
sufficient, but we also at times saw cultures die off beyond one
week at 779,

O the contiary, their vitality is altered less at 280, as
had been demonstrated by lucet (1898) whose strains were still trans-
plantsble after four months of cultivation at 28°, whereas they were
not transplantable after threo months at 379.

be On the other hand, the culture temperature influences a
mmber of characters of the germ, such as mobility, dissociation,
virulence and various biochemical qualities. This influence will be
discussed in detail in the respective chaptars; let us only say here
that the tendenay to form rough variants and the tendency to lose mo-
bility, virulenos and even vitality at 370 (although germs in phase S
retain their maximm virulence between 22° and 280 .. P, Boquet, 1937,
Prestca and Maitland, 1952), should make us prefer systematically
cultare tamperatures included between 200 and 300, Nevertheless . certain
tests require a particular themic optimum: )70 for examining urease,
189 for a oculture in Simmons' medimm, 20° for attacking sodium malo-
pate (Mollaret, 1961).

It appears, moreover, that the incubation temperature may in-
flusnoe the culture at the time of isolation: Rosemald and Dickinson
(194%), Foy (1956) and Enapp (1956) discovered some human or animal
strains that grew, when isolated, only at roam temperature. This is
the tempsrature recamended by Pleiffer as far baok as 1889,

The optimmm pH required hy Malasses and Vignal's bacillus is
placed between 6 snd 8 (Knapp, 1959). The extreme limits of tolerance
were 5.8 and 8,4 for B. Korodkova (1929), 6.5 and 9 for J. Dumas (1951),
5¢2 and 10 for Xnapp.

According to Bessonova (1929), although Malasses and Vignal's
bacillus and Yersin's bacillus tolerate the same acidity (5.9 to 7)
in the usasl geloece mediums, all the strains of Yersin's bacilluns did
not develop in geloses at pH 6.4 and below without a definite concen-
tration of geloes (2 parts in 100), as oontrasted with Malarses and
Vignalts bacilins that always grows on this medium (Besscnova's aoid
poor geloee).

The acidity of the medimms involves the appsarance of long, fila-
mentous forms, like the omes that Gate and Bills (1928) observed on
Saboursud®’s » timm. It also favors the ococurrence of R-variants
[Knapp, 1959 and tends to interrupt the mobility of the gemm.

Althor gh, accerding ¢o Preston and Maitland, pfl variations have
po influenc' an mobility, acoeeding to P. Boquet, who checked paral-
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lelly variations in pH and mobility at 280 in a Sauter -rwihetie la
ture medium containing 2 parts in 1,000 of glucose in place of glycerin,
mobility decreases as acidity increas2:. According to Knipp, 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),

ence of atmospheric en,

The bibliography on the subject has been especiilly ri:h in
differences in opinion on this point ever since Nocard and Masselin
(1889) established the potential aerobic and anaercbic charactar of
Malassez and Vignal's bacillus.

The possibility of development in anaerobioeis was subsequently
denied by Zlatogoroff (1904), Megnin and Mosny (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 Schutre (192,) for whom "strict anaerobiosis inhibits
growth eampletely® and by Dujardin-Beaumetz (1934) whose culturas
"were almost zero when deprived of airf, According to Sacerdotti (1905),
®anaerobic cultures on toth 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 develomment is irregu’ar,

It is regular only if the germ has remained not over two to three
days in a medium 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 examplse,
Lucet (1898) for whom "the cultures are less abundant in a vacuum than
in air?, or Courmont and Panisset (191%), Barsini (1935) and Winkie
(1955) who obsarved a better growth in the preseace of oxygen.

On the other hand, the potential aerobic.-anserobic character
is sffirmed by Preisz (1894), who states, however, that "the bacillus
grows deep in the puncture and in the gelatin layer, even though it is
very thin, mush mure poorly than on the surface®, by Pfeiffar %1899),
Nocard and Masselin (1899), by Cipollina (1900) who considers the germ
potantially anaerobic, although it "seems to grow less well in the ab-
senacs of axygen', by Vicenti (1909}, Poppe (1913), Saisawa (1913},
Baumaan (i927), Weltzenberg (1934 and 1935), Bergey (1957), etc.

Knapp (1959) coanfirmed the potentisl aero.anaercbi: charicter
of Malassez and Vignal's bacillus with the following reservitions
that axplain the differences in opinion of the foregoing writers:
on the one hand, the inhibitive action of anaercbiosis on growth is a
function of the mediux used, Thus, wvhereas growth at 377, 220 and 2°
in tryptose boulllom is identical in aerobiosis, it is siowed down by
anaerobiosis i1 plain bdbouillon or in bouililon with serum or glucose
added. On the other hand, the behavior in anaerobiosis may vary with
the strains and with their age. That is wvhy some of them, when they
leave the organimm, are incapable of developing in anaeroblosis at
370 and are cultivated only in anasrobiosis at 22° (Xnapp, 1950).
Pinally, the tendsncy toward dissociation and the appearan-e of R-
forms is greater in anaerobiosis (Knapp, 1959).

Although Schitse and Hassanein (1929) demonstrated that, in
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liquid onltare medimes, oxygen exerted an inhibitive action on Yersin's
bacillus and not on Malasser and Vignal's bacillus, and although they
proposed using this character to distinguish between the two germs,

the differences in behavior of Mslassez and Vignsl's bacillius apd Yer-
sin's bacillus in deaerated solid mediums (deep gelose, VF glucose
golose, Legroux's gelatin gelose) do not seem to have received any
attention from a practical point of view, in spite of the consistency
of the aspscts displayed. We seeded, by way of compariscn, asveral
hundred strains of both germs in these different mediums and we alweys
obtained a develoment of Malassdz and Vignal's bacillus in the sntire
upper part of the tubes {See Note 1], whereas the plague baciilus de-
velops only in the anaerobiosis area and only rarely yields coloniss
in the aercbic area of the mediums [Ses Note 21, characters already
observed by M, Piechuud., Therefore, ¥alasser and Vignslis baecillus
must be considersd a potentially aerobis-anaerobic, whils the behavior
of Yersin®s bacilius in desp gelose tends %o confirm the results of Rao
(1940) and Herbert (1349). According to Girard snd Neel (1946), thers
probably is reason, moreover, in sc far as the latter germ is con-
corned, to consider the number of gsrms sseded and the date that co-
loniss appear: "Let us note," these authors write, "that, although with
seeding on the crder of 500,000 to one million germs solionies are cb..
served in the entire upper part of deep glucome gelose, -7ith the amounts
of germs that we wused in this experiment (varying from 50 to 50,000),
duaring the first two to three days we saw colonies only in the anaero-
biogis area of the gelose; the development was seen in the meso-
aercbic and asrobic areas only after this period of time. We observed
the same phenomenon with VF glucose deep gelose, 2 parts to 1,000,

that ylelds results comparable to the ones obtained with Uclaf glucose
peptone stad gelose.”

({Wote 11] According to J. Dumas (1958) and Percebois (1961),
the colonies were probably more numercus in the area of aerobiosis; we
did not verify this.) )

([Wote 21] Except for Girard and Robic's E.V. strain that grows
in the entire upper part of the medium.)

The facility with which Malassez and Vignal's bacillus is cul-
tivated i3 contrasted with the diffioculty, even the impossibility, of
obtaining a dsvelomment of Yersin's bacillus in bouillen or on gelose
vhen using a small nmmber of germs, a difficulty that numerous writers
have pointed out and attempted to explain as due to various causes:
presence of inhibitive substances (Drennan and Teague, 1917; Girard,
1956), oxidation of the culture medium (Wright, 1934), production of
oxygenated water (Rao, 1939; Herbert, 1949), ete.

Schiitze and Hassanein (1929) confirmed the ease of develoment
of Malasser and Vignal's bacillus, even using a reduced inoculum, when
they attributed a special sensitivity of Yersin's bacillus to atmos-
pheric oxygen, and when they made comparative seedings of Malassey aud
Vignal's bacillus, Yersin's bacillus and P. gseptica with a emall mumber
of germs and by adding sodium sulfite or blood as a reducing agent of
the medium,

In a more general way and in camparison with Yersin's bacillus,
in the same mediwms and under thé same conditions, Malassez and Vig-
nal's bacillus is capable of being cultivated using a mmall number of
germs. Seeding of mufficiuntly developed dilutions of both germs on
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gelose shows the much grester facility of Malassez and ™ rmalte ba-
¢illus for growing on the basis of a light seeding. The same is true
when pathologic products, infinitely less riech 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 Melnikova
(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 phenamencn whose practi-
cal consequences Baltazard and Bahmanyar (1960) appear to be the only
enes to have emphasized, was without effect with regard to Malassez
and Vignal®s bacillus: "Quite same time ago E. Dujardin-Boaumetz had
teld us that it was very difficult tc obtain well isolated colonies of
P._pestis on gelose; either nothing grew if the seeding was too small,
or the colonies were confluent with the denser inoculates. In tne piague
laboratory solid or liquid medimms were prepared with macerated beef
with the addition of an equal volume of Martin's peptone or of 20 g
per liter of a commercial peptone. On the other hand, nutrient ge-
latin was campletely satisfactory from this point of view, although
it differed fram the preceding mediums only by the substitution of ge-
latin for gelose. R. Devignat (in a perscnal 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 nsutralize the inhibitory
substances in bouillon. The experiment confirmed this. We prepared
a mtrient gelatin according to the formula for our medium 4 (mutrient
gelcse with bouillon plus 20 parts in 1,000 of PIV 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 criginal
medium 4, in a Petri dish, produced, after spreading out, the develop-
ment of colonies in a mmber approximately equal to the number pro-
vided by the peptone gelose. Only a slight delay was noted in the ap-
psarance of colonies on gelatin, although tae dishes had been left,
in both cases, at laboratory temperature, about 20°C,

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

It was interesting to determine if the inhibitory effect of beef
boulllen was also effective on Pasteurella pseudotuberculosis by virtue
of affinities between this micro-organism and P. pestis. It was nct.
Mediums A (nutrient gelose with bouillon pins 20 parts in 1,000 of
PIV peptme), B (same medium with the addition of 10 parts in 100 of
defibriaated blood) and C (PTV peptone gelose, 20 parts tc 1,000,
without bouilion) behaved in an identical manner with a number of
colomies of the same order after seeding dilutions limited to 10-5
and 10-6 with a density analogous to the density of P. pestis and
observing the same technique.




2. General gg;aeg_ rs of the cultures,

Rapidity of cultivation,

It is analogous, according to Delbanco (1896), to the cultiva~
tion rapidity of Rsch coli. Malassez and Vignal's bacillus, on
usual culture mediwms, rapi yields a macroscopically visible culture,
detectable in liquid medium (in peptone water perhaps better than in
plain bouillon), coemencing with the sixth hour at 37°© and at 28°,
vhereas the colonies on gelose are visible to the naked eye carmencing
with the tenth hour of incubation at eithsr one of those two tempera.
tares.

The develoment is still faster than the growth of Yersin's
bacillus (Wilson and Miles, 1955)., This rapidity cf the cultures,
especially lea the organism, has a definite orientation value:
fevery microbe that grows rapi 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;
DujardineBeametz, 1934; etc.) and some writers proposed using this
character for differentiation with Yersin's bacillus (Jurksvitch, 1911).
Thus, the medium proposed by Nikanoroff in 1927 shows up the greater
speed of alkalization produced by Malasser and Vignalfs bacillus, It
is composed of Martints bouillon previously fermented with yeasts in
order to eliminate all sugar from it, gelose 2 parts in 100, adjusted
at pE 5.7 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 & medium, Malassez and Vignal'’s bacillus culturs, becoming more
and more abundant, produces a rapid change, whereas the Yersin's bacil-
lus cultare is more meager and does not produce a change before 5 to
7 dayse

Phenolphthalein bouillon (Zielieczky, 1902) or bouillon without
sugar with 1 blue proposed by Nikanoroff (1927) and taken up by
Schiitze (1929) give similar results.

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

= A dailly camparison of the pH in the cultures of Yersin's ba-
¢ill4 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 betwsen the two cultures decrease progressively
and the f£inal pH is identical for both germs 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 229 than at 370, with a more rapid cultivation at this
last temperature.

Pigment.
-" 0-
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No strains of Malessez and Vignal's bacilli have ever t:en pointed out
as producing a pigmentation, except for cultures made on potatoes,

Odor,

Although some writers (Gate and Billa, 1928; Winkle, 1955)
point out that they did not notice any special odor given off ty their
cultures, others take it in account. Thus, according to Lucet (1898),
Malassez and Vignal's bacillus "emits special volatile products that
impart to the cultures, whatever they may be, a vary particular nave
seous odor of putrefaction®., Courmont and Panisset (191%) likewise find
a "disagreeable® odor in cultures in bouillon, milk, gelatin and coa-
gulated serum, Ravaglia (1932) mentions an odor "resembling samewhat
the odor of colibacillus® in one strain., According to Praisz (1894)
fcultures that are a bit old give off a rather strong bad odor that is
more characteristic than the morphology of the culture®,

DujardineBeaumetz (1934) describes this odor as "disagreeably
urinous®s Totire-Ippoliti (1916), Sanfelice (1926) and Barsini (1935)
speak of an ®alliaceous® odor close to the one described by Viroenzi
(1890-1909) ir comnection with Bacillus opale agliacec. Six strains
studied by Hendriksen and Jyssum in 1961 emitted "a strong odor,
disagreeable at times, quite different from the odor of Pasteurella
multeocida®,

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 disagresable.

Specific gravity 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 cultures on solid mediums,
Geloge,

Phase S is the one ander which Malassez and Vignal's bacillus is
most usually found. Colonies of this type, developed in 24 hours at 37°,
are small in size, not over 0.25 to 1 mm in diametsr, round, smooth
and elighktly convex, transparent and clear at first, sometimes iri-
descent with a bluish reflection (Preisz, 1896). The edges are sharp
and even, They become progressively opaque with a whitish reflection
at the same 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.

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

At room temperature the growth is appreciably slowed down;

« nevertheY§B® after 48 hours the dultures are identical to the ones
‘ developed at 37° (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
svenness, amnounces the R.dissociation.

Colonies of Malassez and Vignal's bacillus never present the
viscous consistency so frequently found in strains of Pastsurella pestis
that have recently left the organism (Bastwood and Griffith, 191h;

Devignat, 1954).

Se o ¢ gelose

On serum gelose and on ascitic gelose, the colonies are scarcely
more volumimous than on plain gelose and attain a diameter of 2 to 3 mm
by the second day. Clear and transparent during the first 24 hours,
they became whitish or grayish after 48 to 72 hours.

Although Baumarm (1927) obtained colonies that were a bit lar-
ger by adding serum to the gelose, Wilson and Miles (1955) rightly deny
i any influence by the serum.

Gslope with blcod,

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

On gelose with horse or rabbit blood, the colonies are more
oompact than on plain gelose, according to Topley (1955). That is chiefly
true for colonies developed in 2% hours at 189, and at 280 they are
larger than the cnes developed at 37°. They reach a diameter of 2 to 3 mm
after 48 hours.

According to Devignat (1954), “at 20°C and at 30°C, all the
e g
develop at erent spe wi t 8 diversity 1s to be
atiributed either to the species or to the variety or to the virulence.
Nevertheless, Af the culture is made on the surface at 379C, it is
observed that the growth speeds and the aspect of the various strains
become uniform, at least for 2t hours. After 48 hours at 379C, four
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out of five strains of Pasteurella pseudotuberculosis become grayish

and different from Pasteurella pestis”.
In the first 2% hours the colonies are clear and transparent;

they became opague, grayish or whitish after 48 to 72 hours. A
butyrous 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 (Bauwmann, 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), Peppe (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
serun (Moss and Battle, 1941). Both mediums are not liquefied.

Pergolals S,E,T, medimm,

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

Gelsg. o

Colonies appear after 24 to 36 hours on gelatin in a Petri dish
incubated at 18° to 20°, They are extremely tenmuous and reach the volume
of a pin<head only after 48 hours. They are uniformly round, shiny,
whitish, and project above the surface of the medium (Megnin and Mosny,
1811), That never is liquefied. '

Parietti (1890), Preisz (189%) and Delbanco (1896) observed an
opacification of the gelatin in the vicinity of the colonies that are
surrounded by a whitish or bluish ring.

Preiffer (1889) pointed cut the formation of small needle-shaped
crystals arovnd colonies on gelatin. According to Parietti (1890)
and Delbanco (1896) the same formations may be observed on the butt
of gelatin inoculated with a central puncture. Preisz (1894), who
pointed out the production 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 botton of gelatin seeded by a central inooulation,
growth is filiform, 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 (Swellengrebel and Roesen, 191%)
did not obtain any development of Malassest and Vignal's bacillus on
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& potato, most of them state that this type of culture is possible
(Pfeiffer, 1889; Zwick, 1908; Boncinelli, 1932; etc.), but is always
very meuger and most frequently very slow (Pfieffer, 1889; Nocard and
Masselin, 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, etec.).

According to Courmont and Panissst (1914), the colonies, pale
yellow at first, became 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 Preisz (1896) and of Dujardin-Baumetz (1934), the pigmentation
never extends to the entire mediwum but remain limited to the culture.

The growth on potato was better at roomm 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 37© than
at 189, is visible commencing with the second to third day.

For Dujardin-Beaumete (193%4), 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 recommend the latter
(Pfeiffer, 1889; Poppe, 1928; Decouze, 1934; Cecarelli, 1950).

Dujardin-Beaumets compared the limited culture of Malassez and
Vignal!s bacillus with the complets absence of culture of Yersin's
bacillus on potato, There is too much unevenness in the develcmment
of Malasser 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 siightest conclusion to be drawn from
them, )

Involution forms were frequently observed on this medimm (Sa~
cerdottd, 19053 Zwiek, 1908),

Leifson® esoxychoate-cltrate-a

Thal and Chen (1954) and Baltatard and colleagues(1956) proposed
this culture medium to differentiats Malassez and Vignal's bacillus from
Yersin's bacillus. According to Thal and Chen, after 48 hours at 37°
YTersin®s bacillus cultures are meager; the colonies, reddish in color,
do not axveed the sise of a pin-head and the medimm is unchanged, where-
as the colonies of Malasses and Vignal's bacillus are larger in site,
opaque and yellow in color, as the whole medium turns in general.

Knapp (1959), when he was comparing the culture rapidity of
Malasses and Vignal's bacillus on plain gelose, gelose with blood, Endo's
gelose, and desoxycholate citrate agar at 220 to 370, found a slight
inhibition of the cultures with the last.mentioned medium.

At 220 the colonies are mmooth, clear and transparent during
the first 24 hours; then they become slightly cloudy and yellowish-
brown after 48 to 72 hours. The medium itself is not modified,
counter to Thal and Chen's observations. At 370, the sultures terd
toward an R.lissoclation that, at this tamperature, was more frequent
on this medium than on gelose with blood or on Endo's medimm (Knapp,

1959-1960) «
Althotgh Thal and Chen believe that Leifson's culture medium
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facilitates the isolation of Malassez and Vignal's baclllus 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 from our experience, Salmonella-Shigella's ctlture
medium gives resulis carparable to the ones obtained on Leifson's me-
dium, but neither of them, nevertheless, offers the advantages of the
medium recammended by E. J. Morris in 1958,

MacConkey!s medium,

On this medium, utilized originally by Rosenwald and Dickinson
(1944) 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, septica on this medium was a good means of differentiation of Malassez
and %ﬁ's bacillus and Yersin's bacillus, for Topley and Wilson (1955)

Wils ts medium

A :sording 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, Plechaud's article does not
mention the use of this medium.

At any rate, it is difficult to cultivate Malassez and Vignal's
bacillus on it: Knapp (1959-1960) did not obtain visible cultures
after 48 hours at 37° and at 22° he only obtained, after massive seed-
ing, a very meager culture with a greenish or chestmt coloration of
the culture medium,

Endo!s gelose,

Culture is good at 22° on this medium. The colonies that at
first are flat, clear, transparent then slightly cloudy, attsin in
48 hoirs the same sige as on plain gelose or on gelose with blood and
do not produce any modification of the medium., At 379, on the otier
hand, the culture is slightly wrinkled and tends toward dissocia*lonm.

Lactose gelose with bramothymol blue,

On this medium, colonies are small, smooth, moist, cpalestant
and blue, ~ovex with mmooth edges (Moss and Battle, 1941).

Drigalsid's medjum,

According to Vourloud (1906), Drigalski-~Conradi's lactose
cultare medium lets Malassez and Vignal's bacillus be differentiated
from Yersin's bacillus: ®On this medium colonies of plague baciili
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are colored red and the entire medium takes on a general yellowish-red
tint similar to the coloring of goli, Colonies of pseudotuberculosis

by are not colored but the medium takes on a general bluish-
green t similer to the coloring of the typhic bacillus, That is
probably an important distinguishing character for diagnosing the plague
bacﬂ."l'm and for differentiating it from the pseudotuberculosis roden.

Lerche (1927), Baumann (1927), Truche and Bauche (1929),
Pallaske and Meyna (1932) confirmed the aspect of colonies on this
medium: *Tuin, barely visible, bluish, round, after 2% hours; they are
nore blue and more round, after 48 hours, and become darker and lose
their transparency.” (Truche and Bauche).

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

Acoording to our ovm experience, Malassez and Vignal's
bacillus is easily grown on Drigalski's medium at 370, 22° and 18° and
yields moist, glossy, bluish colonies that are more clear and more whitish
than the medlum itself. The appearance of R-colonies is more frequent
at 37° than at 22° and especially than at 180,

Colonies are easy to grow in it at 280 and au 379, more slowly
at 180, They are white, upaque, convex and glossy. Their confluence
produces a rapid alkalisation of the medium.

Salmonella~Jhigells's medium,

Here the development of colonies is better at 28° than at
379 or at 189, Colonies in this medium are whitish, glossy, opague,
with a slight rose reflection. Dissocoiation, constant at 37°, is
much more rare at 280 in this nedium.

This oculture medium gives guod resultes for isolating the ba-
oillus in stools.

Eosin-neidyians blue gelose,

Colonies appear a bit faster at 28° and take on a bit larger
sise in ocmparison with cultures incubated at 37° and 189, after
2% hours, they are opaque and whitish, sometimes slightly rose, and
on the second day take on a deep violet coloration, without a metallic
reflection.

The appesarance of R-forms at 37° on this oculture medium is mare
rare than on leifson's medium.

On this medimm, derived from Dremnan and e's (1917) and
in 100 of sitimm te and a oconoentration
of gentisn violet that varies according to the bacteriostatic effect
s P and other ocontaminants,
's a coloration that
is restricted to their periphery, whereas colonies of Yersin's
bacilli are only celered in their oentar. These results were partially
confirmed by Bessonova (1929) and Kursuchi (1951). According to the
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latter, if the growth of P, septica is effectively del-;cd S to 60
hours and is even campletely inhibited by incubation at 300, pig-
mentaticn of the colonies of Malassez and Vignal's bacilli may te uni.
form and not exclusively localized at the periphery.

4, Characters of cultures in liquid mediums,

Bouillon,

Pfeiffar (1889) seems to have been the first to point out the
clearness of cultures in bouillon, with the proluction of flakes and
deposits.

Lucet (1898) gave the following very camplete description cf
cultures of Malassez and Vignal's bacillus in bouillon: “It grows
abundantly when it ig seeded in beef bouillon with the additjion =f
peptone and salt. In twelve hours it causes a pronounced turblity that
increades subsequently still more and, in 24 hours, forms, on ihe
sides and bottam of the culture flask, a whitish deposit that is di-
stributed uniformly or in the form of large piles. This deposit,
that is little adherent to the sides of the container, is easlly set
in motion by agitating and the lumps are broken up. Then the cul.
tures assume a very spe-iil muddy appearance, At rest the deposit
forms again and the medium is cleared up somewhat, remaining at the
same time, nevertheless, still quite cloudy until the time, quite
a while later, when all growth ceases and when the microbes finally
fall to the bottam of the container in the form of an extremely abun-
dant pile, still lacking in adherence. At this time the bouilim
recovers its clearness.

Moreover, toward the fifth day in the incubator at 370, or
later at a lower temperature, the surface of the nutrient _13.id is
covered with rather thick, more or less mmercus, whitish films.
These fiims, not very resi-tant, easily dissociated, resembling greasy
droplets congealed on a cold liquid, begin to appear either on the
edges or in the middle of the free surface. They spread out little by
1ittle, toich each other, agglomerate and form a superficlal membra-
nous sicin entirely covering all tha liquid that then loses a bit of
its elmdiness. But this membranous covering is not very conaistant.
The slightest agitation breaks it up and reduces it to fragments
that fall to the bottam of the culture flask. Nevertheless, it forms
agaly very rapidly under the same conditions and this continues
un*1l *he muirient medium ls exhausted, becaring, however, euch time
1855 ad less thick.

*Satines this skin 4s not contimuous and exists only in the
form of mmall islinds, varying in size, that float on the surface of
the substratuu, At other times it is replaced by a simple ring
adhering to the sides of the container, at the level of tne pulnts
of :nta.t of the bowillon. Finally, it usually doss no’ fom
in cuitures made beiow 200, or forms very slightly in them.®

Deloan:y (1896), Saisawa (1913), Messerschmidt and Keller
(1914) observed the hamogeneous cloadiness, but always sliight, »f
cultures in boutllon.

Ancording to Klein (1906) and according to the Reports of the
Plague Commission in India (1908), the turbidity is no. hamogensous,
while as:>riing to Zlatogoroff (1904), Petrie and Mazalistsr (1911),
Poppe (1913), tbe bouillons remain clear. These differencas were
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found by Xakehi in his camparative study in 1916: "Although the growth
of the germ in bouillon is not very ensrgetic, there is no strain that
does not produce a certain amount of turbidity that decreases in time
and disappears entirely sooner or later, With certaln strains the
cloudiness disappears in a few days, whereas with others it persists
for same time®,

Schiitse (1928) was the first to have demonstrated that the
S.variants produce a diffuse cloudiness with the secondary formation
of a ring then of a film, while the R-variants yield a flaky culture
with a more pronounced skin, an abundant deposit and, sometimes, the

absence of turbidity.

Enapp (1959) confirmed that the S-forms produce a uniform
cloudiness at 37° and 220 in peptess bouillon with macerated meat.
This cloudiness is always more projounced at 37° than at 22° during
the first 2 hours. Clarification with the formation of a deposit and
the appearffi® of skin occurs after two or more days.

The B-forms that grow faster and more abundantly at 37° than
at 229 grow without clouding the medium with a rough or flaky deposit.

the intermediate forms first produce a diffwse cloudiness with
a deposit and then subsequently a clarification of the culture medium
(Boquet, 1937).

Larche (1926) believed that he was able to differentiate avian
strains fron rodent strains according to the aptitaude of the latter
to form a folded skin, but his later observations, confirmed by the
observations of Truche and Bauche (1929) on strains eoming from
turkeys, dmmonstrated the analogous bebavior in plain bouillon of
all the strains, regardless of the source.

The formation of stalactites, presented in 1897 by Khabrine
as peculiar to Yersin's bacillus, is also found in Malasses and Vig-
pal's bacillns, 3s wvas dmonstrated by Tartakowski (1901), Ilatogo-
roff (190h), and the membeys of the Plague Commission in India (1508).
This aspect, frequent in the Ruforms of Malasses and Vignalfs bacillus,
therefore, ocammot be used to differentiats the two germs (Dujardin-
Deaxmeis, 19%; Pollitser, 1954). Hafkine (1897) demonstrated that
these prodnots, starting at the saurface, are facilitated by the addi-
tion of a fila of fatty liquid to the mediwm. It is possidle to
obtain the same formatioms after severasl days of incubation and with-
out any additive, provided that all vibration is avoided in the cul.
tores (Pollitser, 195%). Skin and stalactites have, in fact an
extrene fragility and the slightest shaking of the test tabe is suf-
ficieat to precipitate them to the bottmm.

The additien of serwm or of glucoss to the peptons bouillon
with naserated meat does not improve the culturq, but growth is more
nml)lnt and multiplioation more rapid im tryptone bowillon (Knapp,
1959)»

Deptone WAtSl.

water, in a scnoentratiom of 10 to 15 parts ia 1,000,
1s an axcellant culture mediwm for Malasses and Vignal's bacillus,
provided that ocertain peptenes (Pe?.Y., I.B.F., bactopsptons Difco)
are used, and for Yersin's becillus. In emmparison with cultures in
bouillsn, the clondiness develeped in peptone water is always slight,
espeeially at laboratery temperature, during the first M hours, but
after A8 hours the aspect Lecemes 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 bouillen, skin and stalactites sssume an
identical aspect, but the deposit is generally greater.

Peptone water with the addition of 0.5 parts in 100 of gluccse
(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 pH at 7 to 7.2, after initial acidification. This se.
condary alkalization of the peptone water with a weak concerntration
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 508 to 6.4,

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.

Yeast water and potato water.

Malassez and Vignal's bacillus, like Yersin's develops rapidly
in it, as opposed to Pasteurella septica (G. Girard, 1942),

Bouillon with tetrathionate.

Rosemwald 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 germs, vherees thers always is a definite numerical reduction in
Leifson!s bouillon with selenite.

Barsiekov's medium,

After Otten (1926) and Poppe (1927), Kurauchi (1931) made a
comparative study of the action of Malasser and Vignal's bacillus,
of Yersin's bacillus and of P, septica in Barsiekov's litmus bouililon
containing 1 part in 100 of glucose, 0.5 in 100 of sodium chloride,
adjusted to p 7.6 and incubated at 30°, with the following results:
Malussez and Vignal's bacillus produces a strong acidification and
coagulation of the medium in 24 hours, while P, septica does rot
cause any modification, and coagulation with Yersin's bacillus occurs
later (th;oe to seven days) and is particularly irregular (18 strains
outOf29.

5. MoblAit,

The mobility of Malasser and Vignal's bacillus escaped many
vriters for a long time (Malasser and Vignal, 1884; Pfeiffer, 1889;
Zagari, 1390; Delbanco, 1896; Zlatogoroff, 1904; MacConkey, 1908;
Petrie and Macalister, 1911; Roemisch, 1521, etc.). Their descrip-
tions, without always specifying, however, the observation condi-
tions and the culture temperatures, verifv the immobility of the
goern,

The first mentions of its mobility were mada in 1889 by
Grancher and Ledoux-labard who observed the loss of this mobility
in old cultares, by J. Cowmont and by Kocard and Masselin who des-
cribe this bacillus as very mobile. Remy and Sugg .1893) campare
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Malassez and Vignal's bacillus with the typhus bacillus "due to its
mobility, the mmber and form of its cilia®, *

Preisz (1894), in view of the preceding descriptions, af-
firms the immobility of the microbian chains, but recognizes ¥really
same movement® in the isolated bacilli. Parletti (1890), Sacerdotti
(1905), Cagnetto (1905) confirm the mobility. Klein (1899-1900)
does not observe any mobility in hanging drops but describes one or
two short cilia visible after argsntic impregnation. Galli-Valerio
(1902), in his discussion of the differentiation elements of Malassez
and Vignal's bacillus and Yersin's bacillus, insists on the mobility
of tke latter, contrary to Gordon's (1897) opinion, without, however,
reporting any 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 Salmonelleae®, immobile at 370 and mobile at roam
tenperature., The same difference in behavior according to tamperature
was observed by Kossel and Overbeck in three strains of Malassesz
and Vignal®s bacillus.

Byloff (1906) confirms this mobility in one strain and verifies
the presence of a pular c¢ilium. The influence of temperature on ci-
liation was again confirmed by Burckhardt (1914), Henschen (1918)
and Flasaj (1921) who, although he was unable to observe any mobility,
states that he stained a single extra-polar cilium,

These observations, however, are not admitted by everyone:
Gotsehlich, in the second edition of Kolle.and Wassermann (1912),
entrenches himself behind the opinion of Preisz, while Lehmann and
Neumann (1907), To’ ‘re Ippoliti (1915), Kakehi (1916), lerche (1927),
Beck (1928), Poppe .n the third edition of a treatise by Krauss and
Uhlentuth (1928), describe Malassez and Vignal's bacillus as immobile,

Arkwright (1927) confirms its mobility at 180.260, that is,
according to him, a character adequate for differentiation with
Yorsin®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
Schiitze (1929), F. Kauffmann (1933), Weitzenberg (1934), P. Boquet
(1936}, Levinthal (1937), Himmelfarb (1937), Pavorisova (1938), Preston
snd Maitland (1952), Knapp (1956), Klimova (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 Yersin's bacillus
(6. Girard, Pollitzer, etc.). This charactsr, whose importance was
enphasized by Favoriscva, Arkwright, F. Kauffmann, constitutes in our
opinion the surest eultural criterium for differentiation with Yersin's
bacillus [See Note], in spite of the practical difficulties emphasized
perhaps excessively by Pollitzer. ‘

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

The most remarkable peculiarity of the mobility of Malassez
and Vignal®s bacillus is its rigorous subordination to temperature
conditions: zero at 37° [See Note], mobility appears toward 300
(Preston and Maitland; Bergey). It is evident at 169.200 (Favoriusova,
Arkwright, levinthal, ete.) or 200 to 23° (Thal, 1954), in practice
it is easlily observed at room temperature,
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({Fotes] Although almost all the strains obey this rule, some
exceptions have, however, been pointed out. Although descriptions by
Marracini (1935) of strains mobile at 350 do not carry amy conviction,
Arkwright (1927), as well as Weitzenberg (1935) and Wolff (1956)
observed same slightly mobile strains at 37°, Knapp (1956) observed,
under the eleciron microscope. some ciliated elements in two strains
cultivated at 379, G. Girard (1953) likewise reports a human sirain
that 48 as mobile at 37° as below 259, Knapp (1959) gives as a sup-
plementary argument in favor of a possible mobility at 37° the pre-
sence of anti-H antibodies in rabbits irmunired with cultures made at
370 and killed by heating to 569-58° (P. Boquet, 1937) or with phenol
(inapp, 1956). This is in contradiction with the observations of
Preston and Maitland,)

According to Prestorn and Maitland, the "criticai" temperature
for variations in mobility is in the vicinity of 300. At 270, 80f of
the germs are still actively mobile. At 289, only 50% are slowly
mobile, At 31.5° only one cell, very weakly mobiie, was foind by these
writers. At 34° all mobility disappears.

Mobile germs in a culture at 180-20° rapidly become immobile
again when they are brought up to 37°. Preston and Maitland, never.
theless, chserved a temporary persistence of the mobility at 37°.

This persistence probably did not exceed one to two hours, according to
P, Boquet, Inversely, strains cultivated at 37° and then placed at
22° display already after several hours a certain number of mobils
elements.

These variations in mobility, easily observable in vitro, have
also been noted in vivo. P. Boquet did not find any wobile elements
in the peritoneal exudate of a guinea pig that had been infected,

8 to 24 hours before, with germs cultivated at 209, 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 immobile germs.

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

The optimum 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 189.200 in Martin's bouillon and displays only a siighi
mobility in this 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 concentration
of 1.5 to 2 parts in 100 that is neutral or slightly alksline (pH 7 to
7.3), and freshly prepared or in the condensation water from this me-
diume It is also evident after 8 to 1% hedrs in Sauton's syathetie
medium, containing 2 parts in 1,000 of glucose in place of glycerin.

The addition of serum or of glycerin to the boulllon does not
produce any appreclable modification in mobility, according to Weitzen-
berg. Only Favorisova considers serum as facilitating its appearance,

The property of producing flagella constitues a stable and
transmissible character when the vegetation temperature stays arocund
200, When it reaches 370, this property disappears temporarily,
manifesting itself again as soon as conditions becom2 favorable again.
Nevertheless, if the inhibitory actlon is prolonged, the temporary
character may become permanent, aceording to P, Boguet 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 immobility in strains pre-
served in a collection, according to Favorisova, and P. Boquet ob-
served the same inmobility only in the R-varlants 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
sven nmore than 30 years, ‘

It seams 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
2%-hour old ocultures coming from strains kept at 379.

Contrary to P, Boquet's opinion, for whom mobility was improved
neither by successive transplantings nor by preservation at 209, repeated
transplantings in soft gelose or in serum bouillon and cultivation v
180.200 allow the most mobile elements to be chosen fram each strain
(Favorisova, 1938; Thal, 1954).

When Korobkova took up again, with Petrova and Salaeva (1960),
the study of strains obtained by her in 1937 from Yersin's bacillus
subjected to the action of the bacteriophage and whose characters had
been sufficiently modified so as to be no lorger differentiable fram
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 smme
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 isc-
lated in the classic examples of Albrecht (1910), Neugebauer (1933),
Dujardin-Bsammets, Ballet and Cebron (1938) were described as immobile
(with no indication, howsver, of the culture temperature) and that is
why Moss and Battle (1941), Snyder and Vogel (1943), Topping, Watts
and Lillie (1938), describe as a fact the immobility, at 180 and at
379, of the strains that they isolated. Knapp himself (1954) and
Knapp and Masshoff (1954) shared this conviction while studying three
strains isolated from mesenteric adenitis in man.

In reality, a subsequent examination of these strains was 1o
reveal their mobility. Thus Plasaj demonstrated a ciliation in Al-
brecht’s strain. Likewise we observed the mobility of strains from
Dujardin-Beaumetz and colleagues, Moss and Battle, Snyder and Vogel,
Topping and colleagues. Knapp (1956), finally, showed that the immo-
bility of the strains was really more apparent than real, related
only to the .nmber of flagellate elements that was too small to show
up by staining the cilia or with the langing-drop technique. On the
other hand, the use of Bader's method (initial culture in bouillon at
220 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 musti 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 than in strains of animal origin [See Note],

([Wotes] Weitzenberg, however, reports a strain isolated in a
horse (¥Pojeziory" 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 diffioult to demonstrate. Wildfuar (1959)
and Beer (1960) share this opinion,.

We made the same finding with strains isolated in the monkey,
which can also dppear immobile at the time of their isolation (Mol-

R laret, Sizaret and Vallee, 1962).

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

According to G. Girard (1953), "the hamogeneous cloudiness of
cultures in a liquid medium at 25° C and below has been given as a
sign of mobility, in contrast with the aspect of cultures at 37° ¢
like cultures of Pwm E‘o_stia at every temperature (skin and
snowy flakes in a clear liquidj. We have seen enough exceptions con~
oeraing the plagne 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-
fice,but G, Girard also advises against it in view of the risk of
doubtful interpretation. :

Levinthal (1937) suggested the direct observation of cclonies,
a technique taken up by F. Kauffmann (1933), Weitszenberg (1934) and
nodified by Himmelfarb (1937) [See Note] and Wildfuhr (1959).

([Note:] Eimmelfarb, mereover, 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 brownian movements.)

Seal (1951) advised a culture in soft gelose incubated at a

; temperature of 259, This is the technique that we employed because

; of its simplicity and effectiveness and that G. Girard defined as

: follows in his project for the unification of methods for differentiat-

; ing Pas stis from Pas eudotuberculosis (1953):

! "very soft peptone gelose (4 to 5 parts in 1, of gelose), pH adjusted

{ to 7.2, distributed on the butt of the tube to a height of 5 to 6 em.
It is seeded by means of a centsr injection with a stiff platinum
wire carrying a 2i-hour old culture on slanting gelose. Two tubes
are seeded like this, one of which is incubated at 200.220 C, the other
at 340.370C, % pseudotuberculosis displays all around the
seeding streak a clom 8s t has the appearance of a cylinder, in
relation to the diffusion of the microbe in the gelose, indicating its
mobility at 200.220, Pasteurella pestis yields a culture that is
strictly limited to the seeding streak. A reading may be taken already
after 2% hours, but there is no disadvantage in waiting three to four
days, if the germ is growing slowly."

Devignat (1953) suggested a complex ™urea-imlimmobility®

g medium, including O.5 parts in 100 of agar and 11 parts in 100 of

gelatin.
Preston and Maitland use Cralgie tubes that they advise, more..

over, sealing in order to avoid desiccation of the gslose.

b These cultures in soft gelose are not free from oriticiem,

|
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acoording to Pollitser (1954) for whom the mobility of Malassez and
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Vignal's bacillus must be distinguished from the tufted appearance that
Yersin'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 180.20°0 or between 20° and 300 (Knapp, 1960). The
choice of the culture 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 cula
tures are made on gelose.

Favorinova (1938) advises the use of very soft gelose (0.15
parts in 100) or of serum bouillon, and Wolf (1956) advocates the exa-
mination of the condensation water from tubes of slant gelose (1 part
in 100) that has been incubated for 18 hours at 229,

Various techniques for staining the cilia have been reccammended:
some writers est Rhodes' (1958) technique; Weitzenberg (1934-1935)
used Zettnow's (1891); Preston and Maitland (1938) advise Conn and
Wolfe?'s (1938); Gunnison and colleagues (1951) and Wolf (1956) sug-
gest Leifson's (1930) modified; and Knapp (1959) advises Sous' (1948)
technique,

The nmunber 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 baclillary 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 fram
one to three short, peritrichous cilia, rarely four. Plasaj (1921)
observed only one cilium, growing between the pole and the equator
of the germ and several times as long as the microbian body. Levinthal
(1930) described an wmsual type of ciliation, with a single cilium
or a tuft of cilia growing at one, and sometimes at both poles. In many

ms the ciliwm is probably not inserted at the pole itself but
&ngs!.de or quite some distance away. In amphitrichous strains, the
cilia are growing in a diagonally opposite position. Weitzenberg
(1933) finds, in general, two cilia, sometimes four and five and even,
in one case, six cilia, The extrapolar position is the most frequent,
acoording to him, If the germ is monotrichous, the location of the
cilimm is lateral, In germs that have two cilia these are located
on either sids of the bacillary body, opposite each other, or dlago-
nally to each other. The long forms may appear peritrichous., The
tufts of oilia desoribed by levinthal are exceptional for Weitzonberg.
Boquet (1937) found, out of twelve strains, only one polar cilium and
rarely four to five oxtra-gohr 0oilia in most of them, a description

Since Preston and Maitland's (1952) studies and above all since
Knapp's (1956-1959) it appears to be well established that Malasses
and Vignal's bacillus has on the average three to six cilia, located
peritrichously. Wolf (1956) found &n average of two to five and Bergey
(1957) oounted fram one to six.

Although slectron nioroaoqx did not enable Parnas (1956) to
establish a ciliation, Knapp (1956), by using the same technique as
well as Sous® stain, was able to state that most of the strains culti-
vated in plain bouillon at 220 had three to six peritrichous oilia and
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very exceptionally only one to two cilia, located in thsi 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 mobility of Malassez
and Vignal's 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 physizal cor
chemical factors was observed a long time ago, and, especially, the
influence of temperature on mobility was already noted in various
species, not only by Mironesco (1899) as we have seen, but also by
Ferrier (1895), Migula (1900), Matzuschita (1901), Nicolle and Trenel
(1902; Heim (1911), Burckhardt (1914), ete. More recently, Morrison
(1961) observed in his strain "8196" of Escherischia coli, aciliated
and immobile at 370, the formation of cilia and the appearance of a
mobility after incubation at 209, Therefore, it is a question of a
phenamenon that does not concern exclusively Malassez and Vigna.n.'s
bacillus and whose mechanism has not yet been elucidated.

Arkwright tried to see in the immobile form of Malassez and
Vignal's bacillus an adaptation to parasitism in mammals similar to
the adaptation that was observable in Salmonelleae. This finalistic
interpretation does not give us any information at all even on the
mechanism of this adaptation.

Preston and Maitland (1938) advanced several hypotheses. Az
cording to them, the appearance of flagella at 200 and their disap-
pearance at 37° could be due either to the establishment of dif-
ferent physicochemical conditions (especially with regard to the
medimm's pH at various temperatures), or to the production of an en-
zyme capable of lysing, only at 370, the flagella themselves or same
substance indispensable for their synthesis, or to a mutation fol-
lowed by selection, under the influence of temperature, of the only
mobile elsments, or, finally, to the existence of different metabolic
processes at 370 and at 220, a phenamenon that is close to the find.
ings made by Hills and Sparr in 1952 on the acid deaminases of Yer-
sin'a bacillus, Preston and Maitland's experiments threw out the first

three hypotheses and it seems that research must be directed toward
establishing the difference in the metabolic processes at 220 and
at 37°% In fact, the disappearance at 37° of the mobility of strains
of Malassez and Vignal's bacillus cultivated at 220 does not seem to
be linked to the loss of flagella but to the establishment of coaditions
unfavorabls to a group of metabolic phenomena accounted for, in Preston
and Maitland's experiments, bty the heavy mortality observed at the
time the cultures were transplanted fram 220 to 370,

These findings are added to Morrison's on the paralyeing actlon
of incubation at 37°, in the presence of chloramphenicol, on the cilia

of
go%ﬁuhotﬂtmatwuﬂn}hﬂmthonw

bolic processes concerning the mobility of Malasser and Vignal's

bacillus is, moreover, in perfect agreement with the fact that, not

only mobility, but also a muader of other characters are likewise

influenced by the culture temperature. This had been kmown for a long

time, in so far as the virulence of the germ is concerned. Appreciable
differences were also noted in its behavior at different tamperatures

in the presence of sodium oitrate, urea and sodium malonate (Mollaret, 1961).
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Salsawa (1913) and Poppe in the same year were the first to
report dissoclation phenamena in Malassez and Vignal's bacillus., Three
years later, Kakehi described three forms of colonies: transparent,
shiny and slightly bluish "A® colonies that he considered as the normal
form, clouding the bouillon with slight involutions; opaque, grayish-
vhite "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
uniformly and producing flakes and skin.

Then various types of colonies are described by Arkwright (1919),
Roemisch (1921), Miller and Gladky (1927) and especially Zlatogoroff
and Mogilewskaia (1927.1928) who distinctly individualized the characters
of the S- and R=variants, their biochemical and serologic identity and
their uneven virulence. These facts were taken up by Haupt (1928
who described three aspects of the bacillus in bouillon: hamogeneous
tarbidity, hamogenecus turbidity with flakes and stalactites, and iso-
lated flakes and stalactites; then by Pokrovskaia (1930) who, in addi-
tion to the R~ and S-forms, described an intermediate *0" type; finally
by Vedder (1933), P. Boquet (1936-1937), 1Atje (1941), Knapp (1959), etc.

The smooth and rough variants constitute the two usmally cb-
served aspects, with the amooth form being bw far the one most fre-
quently found.

S-colonies on gelose are smooth, round, convex, glossy with even
odges, uniformly translucent or whitish, whereas the rough colonies
are uneven, notched, larger, flat, with a dull, dry appearance, opaque
and capable of being picked up with an cese all in one piece,

Colonies that do not answer the description of either one of
these two types were desoribed: "mixed" or "C® colonies of Kakehi,

"0 colanies of Pokrovskaia, "transitory" colonies of Zlatogoreff and
Moghilewskala, "B® colonies of P, Boquet with a raised central area,
surrounded by a flat area with irregular edges, "intermediary® colo-
nies of Knapp, eto,

The S.colonies are easily emulsified in physiological water
and the suspensions obtained remain homogeneous after four hours
in the incubator (Kakehi, 1916; Pokrovskais, 1930; P. Boquet, 1937),
vhereas the R-colonies are difficult to emulsify, have a tendency to-
wvard mto-agglutination (Id4tje, 1941) and producing suspeasions wvith
large flakes. The consistency of the character of the emulsions in
physiological water at 37° led P. Boquet to suggest replacing the terms
"smooth® and ®rough® with "homogeneous® and "agglutinable®,

After 24 hours in bouillon at 37° the S-variants, stable, cloud
the culture mediumm uniformly, vhereas the R-variants develop into small
flakes or stulactites (Pokrovskaia, 1930).

At 200, in soft gelose, the colonies are fatty and the dif-
ferential characters of both types are less clear; the R-variant,
however, preserves its asgglutinability in physiological water at
37° When they are cultivated at 200, both variants contain mobile

germs (P. Doquet, 1937).
Morphology of the variapnts,

Norphological differenccs in the germs in both phases were noted
by mmerous writers (Eakehi; Zlatogoroff and Mogilewsksia; Polrovskalag
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The germs in phase S are thinner and longer (1.5 to 34), evenly
colored, whereas the germs in phase R are larger, thicker, more intense-
iy and at times more unevenly colored. Only 2latogoroff and Mogilews-
kala 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.

Blochemical 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,
levulose, galactose, mannitol 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 whoge R-variant alone attacked dulcitol.

In the glucose culture medium, recammended by Otten for dif-
ferentiating Yersin's bacilli and Malassez and Vignal'! bacilli, the
saooth variants of the latter produce less acidity tham the R-variants.
The same is true in Himmelfarb's maltose culture medium.

. According to the comparative study of the fermentation speed
of glucose, levulose, galactose and maltose made by P, Boquet (1937),
the amooth strains are, in the majority of the cases, more active ir
the presence of these sabstances than the rough strains and acidifica-
tion is already clearly miarked even inthe first hcurs in glucose and
levulose mediums. On the other hand, peptone water with the addition
i of glycerin is acidified more rapidly by the rough variant than hy the
; S-variant.

Barsini (1935), when he was filtering the two A and B variants
of a strain of Malasser and Vignal's bacillus on a bougle, noted that
the A-7ariant (in all likelihood mmooth) was easier to filtsr than
the B-rariant.

#‘, HeOaSe Morin (1943), who applied Robin's reaction (an emulsion

of yonng muliu-es of gram-negative bacilli in a concentrated solution
of sodium <r magnesium sulfate produces a definite agglutination amly
in the case af germs in phase 3S) to different Pas e, noted
that only the smooth colonies of Malasser and s bacillus showed
this agglutinability. The reaction remained negative with Yersin's
ol ‘

The m es are agglutinated better by serums prepared
wvith hanologms or heterologous ssooth strains than they are by
serum prepared with their own strain of a non.dissociated origin or
wvith the R.variant. Non-dissociated cultures are agglutinated in the
smme way by a hamologous serum or by 3 serum prepured with one of their
’ : S-variants. (Zlatogoroff and Mogilewskaia, 1928). The R-colonies are

characterized Ly the absence or little develoment of the O antigen
-2]-
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(Thal, 1954).
When 1t exists, the hemolytic power of the R- and S-variants is
identical (Devignat, 1954).

4s early as 1930 Pokrovskaia noted the extreme virulence of
germs in phase S for white mice and guinea-pigs, whereas germs in phase
» 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 form after inoculation of the S-form and a chronic one with the
R-form. Autopsy reveals an effldrescence of necrotic foci in the first
case, while the nodules are rare or absent in the second. Only Fertig
(1962) obtained an inverse result: the R-variant killed the guinea~
Pig more rapidly than the S-variant.

Pokrovskaia's results were confirmed by Zlatogoroff 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 R-form in the course of chronie infections.

Dissoclation fators.

Simple aging of the cultures constitutes, as P, Boquet (1937)
noted, an important dissociation factor of the germ. According to Thal
(19545- same 0ld strains no longer develop except under the R-form.

_ The camposition of the culture medium may also favor dissocla-
tion, Thus, according to Zlatogoroff and Moglilewskaia, the quality
of the psptone probably detarmines one or the other type. Witte's
peptone favors the appsarance of type R, whereas Merck's causes the
appesarance of smooth colonles,

Kakehi, when oomparing the rapidity of appearance and the pro-
portion of variants, appearing in various culture medims, bouillon,
litams milk and sugar mediums, concluded that glucose, and then manni-
tol, are the best mtrient factors for dissoclation.

According to P. Boquet, the addition of 0.5 to 2 parts in 1,000
of glucose in non-glyoerin Santon's liquid, in which cultures of Ma.
lasses and Vignal's bacillus are ordinarily poor, favors the develop.
nent and the differentiation of the R. and S-types.

According to Knapp (1959). the appearansce of the R.variant
1s especially rapid at 37° on leifson's medim (desoxycholate citrate
agar). It is also favored hy using Endo's sulfite geloss.

Acoarding to Dujardin-Beammets (1934), dissociation is probably
not present in strains isolated in bhares, guinea.pigs and canaries.
Personally, we have never differentiated between the animal origin
of the strains, ‘

The tendency toward dlssociation varies appreciadbly from one
strain to ancther. Some of them dissociate easlly and produce stable
variants, vhereas others, more recently isolated, yleld unstable
variants, according to P. Boquet.

The proportion of colonies of either type varies according to
the strains (Zlatogoroff and Mogilewskaia) . * according to the age.
The mmber of R-colonies obtained bty P. Boqus. was larger when it was
s question of strains that had been isolated for a long time.

The delay in the appearance of dissociation in bouillon varies
fron seven to fifty days, according to the strains. It is probably
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more rapld in vivo, The S-» R transition may be obtained at the eighth
generation. The RYPS transition, difficult to obtain on gelose, is
more)easﬂy produced in bouillon and especially in vivo (Pokrevskaia,
1930).

Stability of the variants.

Although the R~variant is observed to be stzble in vitro, the
stabllity of the S-variants obtained is a function of the strains, of
the culture mediwn and of age (P. Boquet). Thus this writer demonstra-
ted that, although the variants ottained with sose strains are unstable,
others, that appeared to be stable on gelose, showed fluctuations
acecording to the culture medium utilized: %In Martin's glucose bouil-
lon, 2 parts to 1,000, or with the addition of 1/10 of normal horse
serum, the Swvariant produces small flakes, while the R-variant
causes a uniform cloudiness in Martin®s boulllon with the addition
of 1/5 of its volumme of Legroux's artificial ascites. On glucose gelose,
20 parts in 1,000, the S-variant provides upeven, flat, opaque colonies,
very closely resembling the rough type colonies., All the particular
agpects observed on special culture mediums are transitory and dis-
appear to make way for the rough and amooth characters in all their
distinctness when a culture is transplanted on the usual mediums (bouil-
lon and gelose). By straining Martin's bouillon evsry twenty-four
hours, the Se~variants of soms strains are kept in a pure state, But
after they are several days old, a dissociation of R-elements is pro-
duced, These elements may be isclated easily by means of a sub-cule
ture on geloss, Under the same conditions, the R.variant of the same
strains remains ssble,?

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, Boquét, who was able to re-isolate same
S-calgnies by using organs from a guinea-pig put to death on the third
day after intra-peritoneal inoculatiocn of 2 ml of a 2hour old culture
in phase S and of colonies in phase R in another animal inoculated under
the sme conditions with the R.variant of the same strain.

These results contradict Miller and Gladky's (192), according
to vham, in the course of its passage through the animal, a return to
the initirl phase 1s observed in every organ, except in the spieer,
and Zlatogoroff and Mogilewskala's who, after the death of the animals,
re-i13olated aither the hamologons phase of the one inoculated, or the
other one, or the phasre of intermediate aspects, We also nade the
same oShoarvations,

These divergent results may be due to the fast that the re.
isolation of the strains was made by P. Boquet 4in animals put to death
three dars aftar inoocvlation and by Zlatogoroff and Mogilewskaia after
canplote evolution of the experimental disease and spontaneous death.

Pokrovskala's (1930) experiments justify this point of view,

The inocalation of heavy doses of strains in phase S in mice causes
death without the appearance of R-forms, whereas the injection of weak
doses praduces a slow death and permits the isolation of S-forms as
well ar of R-forms and of intsrmediate type colonies. Inversely, the
injection of heavy doses in phase R may cause death without the appsar-
ance of 3=forms aid, if weak doses of phase R are inoculated and if
death sccurs, the transition of the R-form to the S-form is ohserved.
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IIY — METABOLIC CHARACTERS
1. Ganeral metabolic properties,

8. of the da on tic systems

Catalase,

Every writer conducted research on this subject obtained a po-
sitive reaction with Malassez and Vignal's bacillus as well as with
Yersints bacillus (Kurauchi, 1931; Brigham and Rettger, 1935; Savino
and Anchezar, 19393 Macchiavello, 1941; Cecarelli, 1950; Mathey and
Siddle, 19543 Devignat, 1954; Topley and Wilson, 1955; Ochi and col-
leagnes, 19563 Bergey, 1957, etc.).

We made the same observation on all our strains of Malassez
and Vignalts hacillus and of Yersin's bacillus,

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

Oxidass.

Brighsm and Rettger (1935) were the first to verify the absence
of peraxidase in Malasses and Vignal's bacillus, in Yersin's bacillus
[See Nots) and in gggggc_a,, results confirmed by Steel (1961) with
regard to the first germs. The results were variable with P, septica.
([wote:] Omly Gordon and Mcleod (1928) found a slightly positive
reaction with a single plague strain.)
Henriksen and Jyssum (1961) infe:red the absence of axidase
in Malassez and Vignal's bacillus, as contrasted with P, septica, P,

hemozytloa, 2, mg}w&ca; and P, tularensis,
By using Kovacs e, by spreading streaks of the culture

on filter paper and adding a drop of agqueocus solution of dimethyl-
paraphenylenediamine hydrochloride, 1 part in 100, we very consistently
verified the absence of oxidase in Malasser and Vignal's bacillus and
Yersints bacillus and its presence in nineteen strains of P, septica,

Srtochrawe 9Xidase.

Boination for a cytochrome oxidase (Nadi reaction) was negative
with all our strains of Malasses and Vignul's bacillus and positive
with cur strains of P, septica,

be Actlon of epxvmabic ARhibAtGrs.

Herbert (1949) sesms to have been the first to dudy the action
of potassimm cyanide on the growth of Yersin's bacillus. Praun's
test vas firsi used on Malasses and Vignal's bacillus by Knapp (2959)
who found it positive (absence of culture). Lindemmann, Wintsch and
Hedinger (1960) made the same cbservation on two human strains.

We confirmed these results (1961), with 327 strains, none of
which, and none of Yerein's bacillng, grev in a culture medium cont-
aining 15 nl per 1,000 of a 0.5 parts in 100 solution of potassium
cvanide. On the other hand, out of 15 strains of P, geptica, 8 pro-
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duced a culture between the 36th hour and the 48th hour, Steel and
Midgley (1962) confirmed the variability in the behavior of this
last-mentioned species in a cyanide medium.

Ce Ogenase,

Brigham and Rettger (1935) observed that in the presence of
sodium succinate methylene blue was decolored by Malassez and Vig-
nal's bacillus, Yersin®s bacillus and P, septica; the time for the
reaction varied with the species. Thus Malassez and Vignalt!s bacil-
lus produced a camplete decoloration in ten mimutes, whereas Yersin's
bacillus and P':" segt_ica required incubation at 37¢ to start the re-
action and a of thirty minutes to complete it.

d- lodifications of the oxidation-reduction potential during

the course of the ture

Brigham 2nd Rettger (1935) demonstrated the presence of a re-
ductas? in Malassez and Vignal's bacillus and mmerous 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 Y rsin's bacillus.

Megnin and Mosry (1891) were the first to point out the decolow
ration of gelose with red fuchsin.

The reduction of malachite green, demonstrated by Zlatogoroff
(1904) taut not observed Ly Zwick (1908), was used by Petrie and Ma-
calister (1910-191i1) who suggested bouillon with malachite green [See
Note] as a difforential culture medium, a medium used by Kakehi
(1916), Schttze (1928), Korobkova (1929), Cecarelli (1950).

[Notes] A confusion occurs frequently with regard to bouil.
lon with malachite green, improperly called by same Loeffler's medium.
The real wcefflerts medium with malachite green includes, in addition,
lactose and glucose (Trawinski, Zbl, f oy 1922, 88, 25) and has
nothing to do with bouillon to only m;tchgte 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 Malassez and Vignal's bacillus in the presence of
Janus gresn, thionine, methylene blue and neutral red.

HBeutral red is reduced, according to Korobkova (1929) and
Cecarelli (1950), It is not reduced, according to Zwick (1908),
Baumanny (1927), Beck (1928), Truche and Bauche (i929), F. Kaufmann
(1933), Dujardin-Beawmets (1934), Barsini (1935), Hauduroy (1953),
Devignat (1954), Percebois (1951). According to cur experience,
Malisser and Vignal's bacillus does not reduce neutral red., We ob~
served this with 172 strains seeded both in a gelose culture medium
and in glunose Ve Fe bouillon, 2 parts in 1,000, in a Hall tube,

Korobkora (1929), who made a systematic study of the reduction
power of Malasser and Vignal's bacillns and of Yersin's bacillus in
the presends of various dyes in Martin®s bouillon with pH 6.8 - 7,
with a laboratory tempsrature of about 280-300, noted that both
gems reduded, hut the first one much more rapidly or more intensely,
the following dyes in the order of increasing difficulties: thionine,
methylene blue, Jams green, indigo disulfonate, neutral red, mali.
chite green and litms., Neither ore of them reduces Congo red and
safranine.
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Ivanovski and Sassykina (1930) suggested as a differentiation
criteriun of the two germs Schardinger's reacticn: 0.5 ml of Schar-
dingerts 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 germs 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, wheress Yersin's bacillus only
gives a slow, partial decoloration. This reaction that we used is,
in effsct, very reliable,

We prefer, nevertheless, io investigate the reduction of methy-
lene blue on cultures in a liquid cultare medium, and. rather than
in plain boulllon, in milk with the addition of 2 drop of an aqueous
solution with 1/100 of methylene blue per 10 ml tube. Under these
conditions, Malassez and Vignel's bacillus produces, already in the
first 2% 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 highar, 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 (socmetimes two) suspended between
the surface and the depth of the mediim 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, _septica reduce methylene blue contrary to Yersin's bacillus. Also
aeco%mg to Go Girard (1953), methylene blue is ceduced by Malassez
and Vignal's bacillus and not by Yersin's bacillus. Ia fact, when it
vas investigated as we have just described, redustion was constant
with every strain of Malassez and Vignalls bacillus and of Yersin's
bacillus that we examined.

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

e. Reduction of nitrates,

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

For Schlitze (1928), Ravaglia (i932), 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 reductlion, whereas its ability to reduce, variable for Dungall
(1931), is affirmed by Knoovalova (1930), Brigham and Rettger (1935),
U ! janova (1961), Devignat (1953), Knapp (1959-1960).

: Out of 533 strains of Malassez and Vignal's bacilli seeded
in macerated meat and peptic hydrolysate 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 them, One strain (468-1) that did rot
reduca at 379, reduced, however, at 280 and at 18°, Only two strains
(157-1 and 266-1) did not produce anv reduction, since the reaction
was controlled by the addition of zinc powder.

The recduction of nitrates does not make possible a differ-
entiation from Yersin's 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, musi not
be confused with the production of nitrous acid in culture mediums
not provided with nitrate (see below).

f. Tetrathionate-reductase.

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

According to Le Miror and colleagues, who examined 65 of our
strains of Malassez and Vignalls bacillus, 23 of Yersin's bacillus
and 16 of Pg septica, tetrathionate-reductase could not be established
except in s last-mentioned species and it is lacking in the first
two.

g+ Coagulase and fibrinolysis.

Jawetz and Meyer (1944) observed, in virulent and avirulent
plague strains, a coagulating activity in the presence of rabbit
and guinea.pig plasmas. We did not make the same observation with
Malassez and Vignal's bacillue, any more than we were able to detect
in it any fibrinoclytis 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 Yersin's bacillus.
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2e Actigg on_carbohydrate substances.

pentoses, hexoses, disaccharides, trisaccharides
d glucides, polyalcohols and glucosides.

The action of Malassez 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, 1889; De Blasi, 1908; Lerche, 1927; Christensen, 1927;
Poppe, 1928; Haupt, 1928; Schlitze, 1928.1929; Mfrch and Krogh-Lund, 1931;
F. Kauffmann, 1933; Twmansky, 1948; Van Dorssen, 1951; Thal, 1954;
Marthedal and Velling, 1954; Wilsen and Miles, 1955; Goyon, 1956
Knapp, 1959, etc.), others searching, in a study of so-called fer-
mentation reactions, for differentiation criteria from Yersin's ba-
¢illus (Galli~Valerio, 1902-1903; Zlatogeroff, 190k; The Flague
Commission in India, 1908; Vourloud, 1908; MacConkey, 1908; Swellen-
grebel and Hoesen, 1915; Otten 1926; Bishop, 1932; Boncinelli and
Aradas, 1933; Uriarte and Villazon, 1935; Wu, Chung and Pollitser,
19363 Russon, 1939; Savino and Anchezar, 1939; Prado, 1940; Kurauchi
and Nagata, 1950; Seal, 1951; G. Girard, 1953; Devignat, 195i4;
Pﬂmuﬁr. 195“; K. F, Hmr, 1958, tho)o

From a survey of bibliography on the subject, and from our
personal experience extending to 617 strains, it is obvious that
Malassez and Vignal'!s bacillus is capable of producing acidity in
a constant manner by using the following bodies: rhamnose, arahinose,
’ xylose, glucose, galactose, levulose, mannose, dextrose, maltose,

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

[Notes] Gracia Mira's (1945) study, to which Hauduroy refers,
reports some very questlonable strains, at the very least, that de-
| campose glycerol, maltose, salicin and lactose with gas, The various

gasogenic strains that have been described, such as the ones that

] Nicolls 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 »l)ae considered as authentic Malassez and Vignal's bacilli
elther,

Lactose, sucrose, melezitose, erythrol, inositol, duleitol
are never acidified by Malassez and Vignal's bacillus, and melitose,
arabitol and amygdalin are acidified only very exceptiomally.

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 'desoribed by various authors as having atypical
P fermental characters, a study of most of them did not enable us to
i ‘ £ind the indicated disorepancies. Knapp (1959) attributes real ex-

i ceptions either to temporary variations, or to differences in the
! i culture mediums utilized or the incubation temperatures, We lay the
| : blame, primarily, on the culture mediums (peptone in partioular
b _ or on the indicator used, and we consider real exceptions to be very
! . rare.

0lymerigze
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nal'z bacillus is usually rapid and may be observed cuuw:cncing with
the first 2% to 48 hours of incubation.

With certain strains, and above o1l 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
Vignalts 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 umlin.

‘ The various sugars are acidified in an identical manner at
180, 200 and 37%, Nevertheless, some exceptions have been pointed
out: the acldification of glycerol is probably weaker and slower a*
180-20° than at 379, according to P. Boquet (1936). Beaudette
(1940) observed, in a strain isolated in a blackbird, that maltose
was aclidified more slowly at 18° than at 37°. The acidification of
esculin, while it is slow, is more evident at 280 than at 370 (Mcllia-
ret, 1961).

The S~ and Revariants 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 duleitoi 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 acldified more rapidly by the R-variants.

The individual reactions of strains of Malassez and Vignal's
bacillus are, on the whole, stable and characteristic (Xnapp, 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 levulcse 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, commencing with the isclation,acidified not
only arabinose, glucose, maltose, mannitel, lewvulose, rhamnose, tre.
halose and xylose, but also sucrose; this last.mentloned character
disappeared after several transplantings. In some cases, transplant-
ing in the animal seemed to strengthen the glucosidolytic power to
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8 same strains, like Beaudettefs (1940) or the one that we isolated

i in a hare (1961) and that, although it did not acidiiy esculin ini-
tially, gave us, after being transplanted in the rabbit and after
action of the bacteriophage, cultures that acidified this glucoside.

| Action on peptoses.

; . Rhamnoge: It would not be possible to consider the action
‘ ) of Malassez and Vignal's bacillus on rhamnose without camparing it
with the action of Yersin's bacillus in view of both the dogmatic

and the practical importance of the behavior of both germs with

i respest to this body.

Rapid acidification of rhamnose culture mediums by Malassez

g and Vignal's bacillus is a rule that has no exception (G. Girard).

; Although, according to Stephan (1941) and Brunet (1952), Bitter and
Dolomonova 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 Hiasig, Karrer and
Pusterla (1949), Terni and Kircheis (1950), Marracini (1953), as not
acidifying rhamnose show, moreover, too many abnormal characters to
enable us to retain them as authentic Malassez and Vignal's bacilli.
Ippen and Stoll (1959) described a strain isolated by them in a deer
as acidifying rhamnose weakly, but the sub~culture of this strain,
transplanted in a rabbit that those authors sent us, acidified
rhamnose, without any possible doubt, in 2% hours.

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

Therefore, the fermentation of rhamnose must be considered as

: ‘ an essential character of Malassez and Vignal's vacillus, and the
| : rapidity [See Note] of this fermentation is one of the best criteria

% for differentiating it from Yersin's bacillus.

([Note:] The possibility of a late change has been pointed
out: 5 days (Thal, 1954); 8 days (Geurden and Willems, 1540).

The differences in behavior of the two germs with regard to
rhamnose were originally pointed out by Vourloud (1908), Swellengrebel
and Hoesen (1915), and then were confirmed by D'Aunoy (1923) and
Schiltze (1928)., Bezsonova (1929) and Bezsonova and Lochow (1930),

‘ who compared the behavior of ten strains of Malassez and Vignal's
: bacilius and 160 strains of Yersin's bacillus in a rhammose liquid
i culture medium, confirmed the production of acidity in 24 hours by
| the first-mentioned, whereas not one strain of the second-mentioned
bucillus caused modifications after three weeks of observation. The
culture medium recomnended by Bezsonova (peptone litmus water contain-
ing 0.5 perts in 100 of peptone, 0.5 parts in 100 of sodium chloride
: and 1 part 4n 100 of rhamnose) met with great favor fram then on
; and a test for fermentation of rhamnose was considered as the only
: sure biochemical criterium for distinguishing between the two germs
: (Boneinelli and Aradas, 1933; Uriarte and Villazom, 1935, etc.).
Neverthelass, Korobkova (1936), when studying 32 strains of Yersin's
baoillus that had been preserved for more than twelve years, ob-
served the acidification of rhamnose by four of them and concluded
that Bezsonova's oculture medium could no longer be considered as a
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sure differential medium. Then Berlin and Borsenkov (1;3") showed
that mutants capable of acidifying rhamnose could appear in ciltures
of Yersin's bacillus after more than sir days in a rhamnose mediwu
and they limited the period of observation of Bezsonova's medium to
a maximm of two to three days, in order for it to retain its full
values Tumansky (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 from sontheastern Russia, China and Mongolia, that
did not ferment rhamnose initially, became capable of doing so after
successive transplantings in a rhamnose medium, and acidification
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 Kurauchl had observed in connection with the fermentation of
glycerol, Krainova was able to establish a relationship betweei 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 from southeastern Russia,
Mongolia and China, that fermented glycerol and were capable of aci-
difying rbmmmose after succesive transplantings in a rhamnose medium,
with Malassez and Vignal's bacillus, in contrast with strains coming
fram India or from Madagascar that did not have, right at their ori-
gin, the property of fermenting glycerin.

More evidende was still to appear that was of a nature to
disturb the value of Bezsonova's medium., Thus Bezsonova herself
described five "wild® 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 fram 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 same mutants that acidified rhamnose fram strains that
usually produced only a late and inconstant acidification. Similar
mutants had been obtained by action of the bacteriophage by Korob-
kova (1937) or on Endo's culture medium with rhamnose by Englesberg

(1957)s
" 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 Malussez and Vignal's bacillus (G. Girard) prorided
that the technique recanmended by this author to the Commitiee of
Plague Experts in 1952 is utilized: "The favorable culture medium is
inspired by the formula recomended at one time by Bessoncva, bet
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 recume
mended,
.Fomula‘ Pep‘tone (w t.}’pe) YXxrxx) 1 g
HaCI 0000000000000 0000000 0 005 g
Rhamnos® cescecccccsccscce 1 g
distin“ Water secccccese 100 ml
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Mdjust the pH at 6.8, Filter on an L3 bougie and distribute in 9/10
tubes in a volume of 2 to 3 ml. Add sterilely one drop of Andradets
indicator reagent in each tube (acid fuchsin: aqueous solution 0.5
parts in 100: 10C ml; NaOH N: 16 ml. Sterilize fifteen minutes at
115°, Solution very slightly rose-colored. Keep in ampules in the
refrigerator). Check the sterility and keep the tubes covered in
the refrigerator in order to prevent evaporation.

"At the time of use, seed one oulture flask on slanting gelose.
Put in the incubator at 26° to 28°C, In case of fermentation, the
medimm, that 1s very slightly rose-coloresd, changes to bright red.
After 2 or 48 hours the result is obtained.

SThe sensitivity of the indicator is such that one may be
hesitant about interpreting the result with certain plague strains,
In this case we recasmend a parallel test made with the same medium
but without indicator. Alter 3 days of incubation, 4 to 5 drops
of methyl red (Clark's sglution with 0.1 g to 100 in alcohol diluted
to 1/4)s The mediwm becemes red if there is fermentation. It takes
on a yellow tint in the opposite case.

"By way of control, an authentic strain of P, pseudotubercu-
losis mgy be seeded under the above conditions. This will provide
a meang.of cgnpar:\.son as well as a rhamnose-negative strains of P,

losey Its acidification in 2% hours is constant, accord-

ing to ous opinion., The possibility of aslowness is mentioned
only exceptionallys 3 days (Swellengrebel and Hoesen, 1915), 5 days
(Thal, 1954), or still later (Beaudetts, 1540)., The results were

bably variable according to Hnatko and Rodin (1962). Issaly
1950-1553) determined that the acidification was identical, whether
it was a question of levogyric or dextrogyric xylose.

y Ot of 206 strajas examined by us, all of them, inocluding
Hnatko and Rodin's, ziidified xylose in 24 hours.

t Arabinose, used by a very great number of ex-
perimenters, showed itself to be acidified by almost all the
strains, Nevertheless, Devignat (1954) pointed out the possibility
of exceptions and strains that do not acidify arabinose are
described by Urbain and Nouwel (1937), Karlsson (1945), Van
Dorssen (1952), Hnatko and Rodin (1962). The possibility of late
fermentation is mentioned by Moerch and Krogh~-Iand (1931), Moretti
1938), Beaudette (1940), Geurden and Willems (1940), Thal (1954).

Oat of 206 strains studied by us, all fermented arabinose
in 2 hours, including Hnatko and Rodin's,

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

oses Except for Miller and Gladky (1927) one of whose
strains ced an S-variant that did not ferment glucose, all the
suthors have unanimously verified its acidification by Malasseg
and Vignal's bacillus. The members of the Plague Camission in India
(1908) insisted on the constancy of this character, as did Wu, Chung

and Pollitzer (1936), ete.
There is probably always a more active acidification of glucose,
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as well as of levulose, mannitol and maltose, by Mala.::: and Vige
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 Lesbouyries (1934) Graneini (1939), Karlssen (1945) and Pol-
litzer (1954). Some strains may acidify only after 3 to 5 hours
(Swellengrebel and Hoesen, 1915; Mgrch and Krogh-Lund, 1931; Rosen-
wald and Dickinson. 1944; Karlsson, 1945).

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

According to Kurauchi and Nagata (1930), Malassez and Vig-
nai's bacillus is probably restricted less in its development by
the acidity produced in a liquid medium with galactose or with le-
vulose than Yersin's bacillus,

set The acidification of levulose is a constant cha-

racter, acco to every author except Dungall (1931). Of 205
strains that we examined we 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 fram Yersin's
bacillus,

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

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

oset All the wrilers and especially Saisawa (1909-
1913), e (1927), Schlitze (1927), Christensen (1927), Truche and
Bauche (1929), Bishop (1932), F. Kauffmann (1933), Russo (1939),
Moss and Battle (1941) are unanimous in affirming the acidification
of dextrose bty Malasser and Vignal's bacillus.

oset The acidifiocation of mannose is constant, accord-
ing to ose who have conducted research on the action of Ma-
lassez and Vignal's bacillus on this hexose (Mfrch and Krogh-lund,
19313 Bishop, 1932; F. Kauffmann, 1933: Russo, 1939; Marthsdal and
Velling, 19541 Devignat, 1954). Earlsson (1945) alone points out a
strain that did not ferment it.

63 We found in studies written on this subject that
tvo authors who conducted research on the action of Malassez and
Vignalts bacillus on fucose, Russc (1939) with nine strains and
Macchiavello (1941) with only one, observed the absence of acidl-
fication.

Action op disaccharides,
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Lactoses The absence of acidification of lactose, initially
observed by Pfeiffer (1889) and Lucet (1898), was confirmed by every
subsequent study.

Russo (1939), Swellengrebel and Hoesen (1915) and Macchia-
vello (1941) alone admit the possibility of an acidification of lac-
tose by Malasser and Vignal's bacillus., Miller and Gladky (1927)
likewise claimed that it could be acidified, if not in bouillon, at
least in Barsliekov's culture medium, but Kurauchi (1931), using the
same medium (mtrose-lactose<litmus bouillon), observed no acidifi-
cation after three weeks of observation. Xnapp (1959) obtained
acldification of lectose only late (4 to 5 weeks) and by four strains
only. We never found it ourselves in 617 strains that we examined.

On the other hand, with Yersin's bacillus, according to Devig-
nat (1954): "lactose 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 presencs of phencl red as an indicator. We
never saw a change in lactoss culture medium with the addition of
Andrade's indicator. This acidification of lactose, pointed out by
Pollitzer and that Kurauchi considers as constant but slow (three
weeks ) and weak (pH 6.1), may be accelerated in the presence of
phenol red, by seeding non-proliferative germs in a container with
sugars., We observed it irregularly in strains of three varisties,
but none of the pseudotuberculosis strains made lactose ferment under
the same conditions, Therefore, in practice, it is necessary to
consider lactose as irregularly, weakly and slowly hydrolyzable by

Py_pestis and as non-decomposable by Pasteurella peeudotuberculosis,”

Asalactogidase (OJ,P.0. reaction),

Le Minor and Ben Hamida (1962) after having demonstrated a & ga-
lactosidase in different &MQFr_iacoao. made the same investigation
by vay of camparison in other specles and demonatrated its presence
in four strains of Malasses and Vignal's bacillus at the same time
as they established its absence in two strains of P, septica. We

conducted the same research (1962) with Le Minor in strains of
Malassez and Vignalfs bacillus, 72 strains of Yersin®s bacillus, 19

strains of P % strains of P a, 1 strain of P
*na . AlL the 'otrﬁ"of Malassez and
Vigna's bacillus used, ng%u of their serologic type, date of

isolation, animal or geographic origin, gave evidence of having a
A9 galactosidase that produced a strongly and rapidly positive re-

action. The same 1s true of Yersin's bacillus and P, hemolytica,

On the other hand, and P, novicida gave e¥idence of
lacidng this engyme, as did ofonrutrumotg,_g%o_a_,_vo
thought that we had found there an additional argument, one was
necessary, for differentiating P, septica from Yersin's and Malasse:s
and Vignal's bacilli, but we are endedbted to W. Mrederiksen for 5
asuthentic strains of that acidified lactose in 2% hours and
therefore, produced a a positive O.X.P.0. reaction. This
differential character, ore, does not have the value that we

thoaght that we could attribute to it.

Sinoe the initial observations of Vourlond

(1908), (1910) and Swellengrebel and Boesen (1915),
every writer has confirmed the acidification of maltose by
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Malassez and Vignal's bacillus and Yersin's bacillus. Ctudies on the
subject mention only two strains that do not acidify this disacchar-
ide, Messerschmidt and Keller's (1914) 2nd Moss and Battlie's (1941)
"New Orleans® strain, In fact, this last mentioned strain, that has
been preserved 4 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 379, but that did acidify it after remaining another

2% hours at room temperature. After it was transplanted in a mouse,
the same strain acldified maltose culture mediums in 24 hours at

37°.

Every one of the 207 strains whose behavior we examined, pro-
duced acidification in 24 to 48 hours at 37°,

The rapidity of acidification of maltose, greater with
Malassez and Vignal's bacillus than with Yersin's bacillus, as
Swellengrebel and Hoesen (1915) and Schastny (1910) pointed out, was
utilized by the latter who suggested litmus-maltose gelose, 1 part
in 100, as a differential culture mediun. Rimmelfarb (1927) used
the same principle, but in a ligquid culture medium: peptone water,
0.5 parts in 100, containing 0.5 to 1 part in 100 of maltose, in-
cubated at 280.300 for 48 to 72 howrs after which a few drops of
methyl red are added, The differences in staining are unfortunately
too slight to make a sure differentiation possible (Zlatogoroff;
Boncinelli and Aradas, 1933).

Sucroses In contrast with P. septica, Malassez and Vignal's
bacillus never acidifies sucrose, according to almost all writers
on the subioct,. provided that specimens carefully checked beforshand
by Fehling's reaction (Devignat, 1954) are utilized. Vourloud (1908)
Swellengrebel and Hoesen (1915) alone consider tais acidification
to be habitual, '

Seme exceptions are admitted by Wa, Chung and Pollitzer
(1936), Topley and Wilson (1955), Bergey (1957), Knapp (1959-1960)
and Prevot (1951).

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

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

Verge and collsagues (1937) isclated in a cat a strain that
acidified suarose in 48 hours and then alkalised the medium toward
the tenth day. The same was true for Moss and Battle (1941) with
the "New Orlcans" strain, but, in our hands, this last-mentioned strain
never gave us similar reactions.

laurynowics (1925) isolated in the urine of a little girl a
strain that acidified sucrose weakly. Another one, isclated by Mathey
and Siddle (1954) in a turkey, acidified sucross, when isolated, but
lost this property after several transplantings.

Elssig and colleagues (1949) described two strains as acidi-
fying sucrose that Kuapp and wa, who exsmined them, cannot consider
as anthentic Malassez apd Viemnl's bacilliy,

We observed no acidi*“:ation of sucrose in 218 strains exam-
ined and we consider this character as a good argument for dif-
ferentiation with P, septica,

Irehaloses
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Its acidification is constant for all writers on the subject.
Seal (1951) alone points out two strains (P,R. (I) ) and (P, R, (III) )
that do not acidify trehalose., Wolff (1956) puts the fermentation
of trehalose nn the same level as the investigation of mobility
for differentiating Malassez and Vignal's bacillus and Yersin's
bacillus, a belief that cannot be retained. Acidification of trea
halose Ly Yersin's bacillus was veriable for Pollitzer (1954) and
constant for Devignat (1954).

63 Melibiose is acidified by Malasser and Vignal'ls
bacillus, aooordh? to Russo (1939), Prado (1940), Macchiavello
(1941), Pollitzer (1954), Winkle (1955) and Knapp (1959-1960). Knapp
vho admits the possibility of exceptions, contrasts this acidification
of Melibiose to the absence of acidification by P. septica and by
Yersin's bacillus (1960). Russo and Prado likewise consider that
the fermentation of melibiose is peculiar to Malassez and Vignal's
bacillus and i3 as valuable as the acidification of rhamnose in dif-
ferentiating it from Yersin's bacillus. Devignat (1954) confivmed
the rapid acidification (2% hours) of melibiose by three strains of
Malassez and Vignal's bacillus ®whereas culy medieval strains of
%ﬁdﬁﬁd it toward the 70th day. This glucide, there-

ore, appear with rhamnose among the substances that make a rapid
differentiation possible, except where the medieval variety of P,
pegtis is present.®

mo_o_gh Not acidified, according to Devignat (1954)

and Christianses (1918), cellobioase is probably acidified, according
to Russo (1939), but with exceptions. Macchiavello (1541) described
a strain that acidified cellobiose slowly.

Actlop op trisacoharides.

Mﬂunuc is never acidified either bty Malasse:
and V4 s (Christensen, 1927): Mgrch and Krogh-lund, 1931;
F. Kauffmann, 1933: Russo, 1939; Savino and Anchesar, 1939; Beaudette,
1940; Maocchiavello, 1981; Tumanaky, 1§58: Knapp, 1959), or by Yersin's
bacillus (mmtl 195“)0

Helltope:

Melitoss is not usually acidified, although the possidility
of exceptions is adaitted by Murray-Pallar (1932), Geurden and Wil.
lems (19%0), Seal (1951), Devignat (1954), Pollitrer (1954), Klimova
(1956), Twmansky (1958). According to Knmapp (1960), its behavier is
probadbly variable.

Astion on polymerjsed glucides.

Amidon is acidified, according to Mérch and Krogh-
Land (1931), Russo (1939), Savino and Anchesar (1939), Macchiavello
(1941}, Devignat (1954) confirmed this acidification to which, how-
ever, there are exceptions, such as Beaudette's (1940) strain, Geurden
and Wllemsts (1940) straine, a strain isolated in a cat by Verge
and collsagues (1977). the strain isolated in a toucan by Urbain and

Noavel (19%7).
Accoring to Kauffmann (1933) and Xodrnja (1933) the action
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probably varies with the strains.
In 150 strains of Malassez and Vignal's bacillus that we exam-
ined, acidification of amidon was always obtained in 24 hours.

-Inuling  Almost every author (Galli-Valerio, 1902-1903; Kawehi,
1916; Roemisch, 1921; Christensen, 1927; Schiitze, 1928: Mdr:zh and
Krogh-lund, 1931, F. Kauffmann, 1933; Uriarte and Villi.zon, 1935;
Verge and colleagues, 1937; Savino and Anc.ezar, 1939: Seai, 1951;
Klimova, 1956 consider inulin as consistently rot acidified by Maiassez
and Vignal's bacillus,

Some exceptions are admitted by certain writers (Pcliiit:er,
1954; Winkle, 1955). According to Tumansky (1958), the res:its srs
variable, but generally there is no acidification.

Nevertheless, Swellengrebel and Hoesea (1915), Russc (1939)
described strains that acidify inulin and Mendonca Machado zund Trans-
montano Pelouro (1943) found five such strains out of ten strains
studied by them. Knapp, after having considered, in an earlier study
(1959), the acidification of imulin to be exceptional, gives it as
almost constant in a later publication (1960).

According to Devig at {1954) (1961), divergencies ir these
results are due to the choice of the indicator: "*ke five strains of
Pasteurella pseudotuberculosis that I studied gave a weak acidifica.
tion that is revealed only with indicators as sensitive as phencl
red or bramothymol blue. Writers who state that there is ;o fermen-
tation of imalin worked, in my opinion, with indicators like itmus
or Ardrade's indicator with acid fuchsin that are rot very sensitive.
With phei ol red, that turns yellow at pH ¢ 6.9, and bromothymcl blue,
that turns yello at pl + 6, acidification is constantly delectable,
at least for the five strains of Pasteurella pseudotuberculosis on
which we experimented.® .

Glycogen: Its acidification was obtained by M¢rch and Krogh-
Land (1931) with about thirty streins, and Tumansky (1938) considers
it as constant.

Russo (1939), Macchiavello (1941), Pollitzer (1954), Wi kle
(1y55) believe that Malasser and Vignal's bacillus does not aclaily
Zlycogen, with very rare exceptions. The results are probably va-
riable, according to F. Kauffmunn (1933).

For Prado (1940) constant acidification by Yersin's baciilus
and non-acidifisation by Malasset and Vignal's bacillus ars the rule,
In faot, irregularities in the behavior of Malassei and Vigu.i's
hacillus and Yersin's bacillus (Matumoto, 1:%9) do not snsble us te
confirm this rule,

Dextrint Opinicrs differ on the action of Mil.ssel 1sd Vige
nal's bacillus on this body: there is protably no fermeni tlci, a-
cording ¢¢ Salsawa {i713), Rawmann (1;27), F. Kauffmans (1$33),
Lesbouyries (1934), BRarsini (1935), Uriarte aad Viiiasen (1315),
Verge and .olengues (1937), Russo (1939), Geurden (i wiilers {(L340),
Rosenwald and Dlzkinson (1944), Karisson (1l45), Martiedul wind Welilng
(1954), Var Dorssen (1955), Topley and wilion {i%55).

There is probably a slow, weak acidifi:ition, as:oraing te
Mérch and Krogn-Lund (1921), Beaudette (10), Macciaveilo (1941),
Devignat (1954). Acidification is probably consiant, according
to MaxConkey (1908), Swellengrebel and Hcesan (1%15), Llercne
(1927), Christensen (1927), Kurauchi {1521), Savino and Ancherar (1935).
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Boneinelli (1932), who considered tais fermentation as conztant,
suggested a synthetic dextrin covlture medium at pE 6 and including,
as indicator, bromothymol blue., Only Kalssses and Vignal's bacillns
probably produces & change to blue-gresn.
Krapp, after he had originzlly (1955) given acidifcation as
the rule with the possibility of exceptions, changed his mind on this
point (1960) and considers the action to be variable, sharing thus
in the opinion of Seal (1951), Polliizer {195%) and K. F, Meyer (1958).
We believe the acidification of dextrin to be constant, pro-
vided that a peptone smitable for this test is used. 170 strairns
did not acidify in ten days in the presence of PTV pspione, whereas
they d4d so in 24 hours in ths presence of JBF peptone,

Ac ohols

Glycerols Dujardin.Beaumetz and Simard (1925), whnen they ware
making a comparatively study of their nlague strains with 2 strain
of Malassez and Vignel's bacillus, noted, conirarily te Vourloud,
that this strain acidified glycerin culture mediums., Colas-Beloour
(1926) verified the reality of this fermentation and proposed glycarine
iitmus gelose as a differential cilture madims., FEezsonova and Kno-
valova (1927) confirmed Colas-Bslcour's results in so far as action of
Malasssz and Vignal's bacillus on glysercl 4s concarned, but took
awgy quite a bit of the diagn-otic luportance of this aetiom by de-
nonstrating the existence of a glycerol-positive variely of Yersin's
bacillus, Ge Girard (1928) confirmed Colas.-Belcour's observations
on the behavior of Kalassez and Vignal’s bacillus, but Kurauechi
(1930), then Kowasima (193%4) and Matumoto (1943) demomstrated in turn
the existeance of two varietiss of Yersin’s bacilli of which Kuratuechi
was the first to point out the geographic distribution.

Although the fermentation of glycerol is no lemger a formal
proc? of differsntiation from the plague bacillus, it still is & con~
stant character of Malasses and Vignal's bacillve [Ses Note 1],
0f 617 strains that we examined ws never found any that did not
comply: with this rule, In a bibliography that is eapecially rich on
this point, Castellani (1938-1939) and Tumansky (1958) are the only
ones who point out the possibility of exceptions [See Nots 2],
Sastellani, who adnits the possibility of non-fermentation of gly-
cerol by certain strains, similar to rhamnose ”:r certain other
strains, suggested a differential culture medium including these two
bodles,

({Wote 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 2:] Marracinmi (1953) desoribed a strain that does
not acidify glycercl, but whose other characters (non-fermentation
of rhammose, non-reduction of nitrates) make one at least suspect the
authenticity.)

The possibility of slowness in acidification of glycerin
culture medimma has been pointed out: three days (Swellengrebel
and Hoesen, 1915; Mathey and Siddle, 1954), five days (Piechaud,
1952), eight days (Ceurden and Willems, 1940; Lesbouyries, 1941).

The choice of the culture medium assumes a great importance
in the study of the action on glyesrol, A number of anthors have
noted the absence of acidification by Malasser and Vignal's bacillus
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in Stern's medivm (F. Kaufiw.inn, 1933; Savino ard Anehezar, 1939)

or its slowness (Lesbonyrizg, 19%1). Therefore, the technigque recom..
mended by Girard tn the World F¥ealil <reardzation (31953) will be

useds “*Idstribute in 16 to I mm tect tubes € ml of peptons gelose
(20 parts in 1,000 of a peptone such as bactopeptone, iryptose, casein,
Gclaf) salted 5 parts in 1,000 and filtsrad, and adu zix drops of
nentral glycerol per tube, Adjust the m at 6.8, sterilize at 31%°C
for 20 minutes. Let it ccol to 5GO € and add two drops of Andrcdels
reagent in each tube, Shaka slowly and let the gelose azsume a
slanted position,

“Seed rather generously ca the basis of a eulture of slant
gelose and incubade at 239,320, Already after 26 bours, often after
48 hours and aiways after 5 doys, the resvlt is obtained. The more
or iess intenss red tini of the culture medium indicates that there
has bean acld feniantation of the glycercl."

One of the twc complex differentisl mediums suggested by
Devigmat (1553), {culiture medium I}, is Lased on the fermentation
of glycerol, of rhamnos, and on the reduction of nitrates.

Hannitel: Although Tumansky (1958), even though he considers
this alechel zs usuelly aecidified by Malassez and Vignal's baeillus,
givss this character, nsvartheless, as variable, all the writers and
we considur 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 Hissig and colleagues did not
produce acldification, but we have already expressed reservations on
their authenticity.

Swellengrebel and Hoesen (1915), who believed that mannitol
is acidified more actively by Malassez and. Vignal's bacillus than by
Yersints bacillus, offered this fermentation as 2 criterium of dif.-
ferentiation.

donitol: 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 Vourlovd (1908), Galli-
Valerio (1902-1903), Kakehi (191€), Schiltze (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 Tumansky (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 gallinarum,

A frequent slownmess in acidification was noted by Bishop
(1932g with six straine of Malassez and Vignal's bacillus and Kakehi
(1916) demonstrated that the divergencies were due to this slowness
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in acidification: ®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
#as not noted by KacConkey {1905), Pstrue and Macalister (1911)and
Ssisawa (1912}, dus probably to ths fact that the observation was
not pursued for a sufficiently long tims.® EKakehi demonsirated,
besidss, that "delays in the change that begins after seven to ten
days and doss not reach its maximum until after 21 and 24 days may
be shortsned by transplanting in an adonitol medium. The maximum
is reached in 10 to 14 days by the first sub-culture and in 5 to 7
days by the second ons. However, same strains may produce only a
vzr;g ;:;k.acid:.tication that will not be visible until close to the
*

One of Beaudette's (1940) 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 cbservation time.

% It is not acidified, according to Lerche (1927),
Beck (1923), tze (1928), Moerch and Krogh-lund (1931), Russo
(1939), Thal (1954), Devignat (1954), Tumansky (1958), ete. Ac-
cording to Brigham and Rettger (1935), this character, that is common
to Malassez and Vignal®s bacillus and to Yersinfs bacillus, contrasts
these germs with P, septica, an opinion confirmed by Knapp (1959-1960)
who adnits, however, the possibility of excepticns in sc far as
HMalassez and Vignal's bacillus is concerned. '

Tua acidification is variable, acecording to Psllitzer (1954),
K. Fo Meyer (1955), Hnatko and Rodin (1962). It is probably weak,
according to Macchiavello {1941) and constant for Galli-Valerio (1902),
Savino and Anchegar (1939), Geurdsn and Willems (1940).

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

According to our experience, the action of Malassez and Vig-
nalfs 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.

1l Its non-acidification is almost constant. Pollitzer
(1954), 1955), Tumansky (1958), Knapp (1959), mention the
possibility of exceptions, We are familiar only with the ones pointed
out by Vourloud (1908), Swellengrebel and Hoesen (1915), Roemisch
(1919), Schffer (1939) and Barsini (1935) and we ourselves did not
find any acidification in 300 strains examined.

Zlatogoroff reports on a strain whose R-variant, alone,

acidified culcitol. Roemisch (1921) observed the opposite phenamenon.

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

%?QLL Tt is never acidified, according to Schitze
(1928), M and Krogh-Lund (1931), Kauffmann (1933), Russo (1939),
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Devignat (1954), Pollitzer (1954), Klimova (1956), Knapp (1959=
1960), ete. Only Galli-Valerio (1902-1903) and Tumansky (1958)
mention the pessibility of exceptions.

Arabitol: Savine and Anchezar (1939) consider it as nct
not acidified, as does Russo (1939) who points out, however, the
possibility of exceptions. One strain 1solated in man by Macchi:~
vello (1941) acidified arabitol weakly and slowly.

Quercitols 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,

Actlon on glucosides,

Esculin: Russo {1939) was the first to mention the acidifica-
tion of esculin by Malassez and Vignal's bacilius, a result that was
confirmed by Macchiavello (1941), Jamiesson and Soltys (1946), Tumansky
(1958). Mendonca Machado and Transmontano Pelouro (1943) were the
cnly ones who did not observe this acidification that Parnas (1961)
confirmed with 45 strains studied in bouillon with 1 part in 1,000
of eseuline In an eralirer study (1961) we obtained acidificaticn
in less than 2% hours with 318 strains out of 327 on gelose that
contained 1 part in 1,000 of esculin. Only two strains induced a
late darkening (13 and 15 days), whereas another strain acidified
escalin only after being transplanted on a rabbit or by actica of the
bacteriophages Only six remained ¢ompletely 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 injectior is usually appre-
ciable during the very first hours of cultivation. If it occurs later,
it always appears first at 28°,

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

t It is not acidified, according to Chrilstensen
(1927), Schfltze (1928), Mprch and Krogh-Lund (1930), F. Kauffmann
(1933), Russo (1939), Devignat (1954), Klimova (1956), K. F. Meyer
(1958), Tumansky (1959)e The possibility of exceptions is pointed
out by Vourloud (1906) and Knapp (1959). Ac:aording tvo Pollitzer
(1954), on the contrary, acidification is the rule.

Miravet the Issuly (1950-31953), whiie making a parallel study
of the action on amygdalin, saliein, arbutin of 1l strains of Malassez
and Vignal®s bacillus, 11 strains of Yersin's bacilius and 48 strains
of Py se%ica, did nct see any of these strains produce a change in a
gelose culture medium containing 1 part in 100 of amygdalin.

Arbuting Acidifieation of arbutin by Malassez and Vignai's
bacillus was noted by Christensen (1927), Schitze (1928), Barsini
(1935), Russo (1939), Maschiavello (1941)., Miravet de Issaly com-
firmod that Malassez and Vignal's bacillus, like Yersin's bacillus,
acidified arbutin but P, septica did not. According to these writers,

ts fermeatation l1s probabi'ql,é on a par with the fermentation of sali-
cin.
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Spiledns According to the general opinion, saliein is asidified
almost constantly. Although Knapp and Masshof (1954), in an earlier
study, concluded that there was no acidification, Knapp (1959-1960)
reversed himself on this point and considers the acidification of zali-
oin as constant, with very few exceptioms. Some exceptions were also
pointed out bty Christensen (1927), Haupt (1928), Pollitzer (1954),
Winkle (1955)e The possibility of slowmess in acidification was pointed
out (Christensen, 1927); Bishop, 1932; Mfrch and Krogh-Land, 1931;
Gearden and Willems, 1940; Rosenwald and Diekinson, 1944; Thal, 1954;
Hnatko and Rodin (1962).

The action 1s probably variable, according to Kodrnja (1933),
Stephan (1941), Marthedal and Welling (1954).

According to Snyder and Vogel (1543), the “Spokane" strain
produces acidification in 2% hours, and then alkalization on the

daye

Haupt (1928), although he admittsd the possibility of excep-
tions, saw in the acidification of saliocin by Malasses and Vignall's
bacillus a good element of differentiation with ﬂgje_l_lé_ﬁ;;‘%gm
and Kurauchi and Nagata (1950) contrasted fermentation by sey
and Vignal?s bacillus and by Yersin's bacillus with the absence of
acidification W, a result confirmed by Issaly (1950-1953)
who obtained a cation in 24 hours of a gelose orlture medium,
1 part in 100 of salicin, by Yersin's bacillus and by Malassez and
Vignalts bacillus, whereas one single strain out of 48 of P, septica
gave him the same result.

The choice of the peptone is especially important for investi-
gating the acidification of salicin. 142 strains examined by us
did not give us any acidifioation after three weeks of observation
in peptous water containing 2 parts in 100 of salicin when we used
PIV peptene, whereas the change was constant in 2} hours with IBF-

Tarieus roactions must be considered in relation to the aci-
dificatieg of carbohydrate substances:

be Eroduction of aceiylmethyloarbigol,

Malasses and Vignal's bacillus and Yersin's bacillus do not

produce acetylmethylearbinol {negative Voges-Proskauner reaction).
Malasses and Vignal'’s bacillus and

Yersints co in a Clark and Lubs culture medimm an
ovident acidity that is disclosed by (esting with methyl red. Mathey
and Siddle (1954) alone pointed cut a strain that gives a positive
reaction at the time of its isclation and then a negative one with
the subsequent sub-cultures.

oo Action on godiym oltpates
M, Piechaud (1952), while studying a strain recently isolated
in a man, observed that it did not develop on a Simens's culture
mediwn, Acoording to Thal (1954) and Devignat (1954), Malasser and
Vignalts bacillns and Yersin's bacillus are incapable of utilising

sodiwm eitrate as the sole source of carbon. Knapp (1959) seeded
the same medium with 14 strains of Malasses and Vignal's baclillus of
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types I to V and observed that, although there was no culture at 370,
three strains ylelded a minimum culture at 22° in 10 to 21 days.,

We studied (1961) the behavior of 3?7 strains of Malassez and
Vignal's bacillus at 180, 280 and 37° on Simmons's medium, Christensen's
medium and in citrate bouillon, 1 part in 100, with the following
resultss

No strain develops at 37° on Simmons's medium. On the other hand,
at 189 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, dne no doubt to the more or less large amount of inoculum.

Transplanting these colonies on a Simmons citrate culture ne-
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 37° on Simmons's culture medium,

At 28° one strain out of three, approximately, does not develop
or produces only a very meager culture, without ever causing a change
in the medium, Those that develop at this temperature always produce
a change still later than at 189,

The addition of two drops of glucose, 30 parts in 100, per
tube, according to Ds 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 37°,

The behavior of strains of type IV is appreciabiy different
fran the behavior of strains of other types. Although these strains
do 'not develop at 37° any more so than the others at 18° 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 18°,
Yersin®s baclllus and P, septica do not modify these three
mediums.

de Fermentation of tartrates and mucate,

Neither D-tartrate (Kauffmann, 1933; Stephan, 1941; Cecarslli,
19503 Thal, 19543 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 327 strains of Malassez and Vignal's bacillus
of types I, II, IIT and V that we studied (1961) acidified malonate,
regardless of the incubation temperature. On the other hand, the
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thres strains of type IV that we had at the time produced a change
of the mediunm in 48 hours at 28° and in 4 to 7 days at 189, whereas
thers was no modification at 37°,

: Two other strains of type IV that we examined subsequently
yielded the same results. On the other hand, a sixth strain of the
sime type, isclated by J. Bouton and BE. G. Hall using the stools of
a child suffering from meseteric adenitis did not acidify malonate,
This fermentation, although it seems indeed to be an exclusive atiri-
bute of type IV of Malassez and Vignal's bacillus, is not, however,
a constant character of it.

The absence of acidification of malonate by Malassez and Vig-
nal's baeillus was confirmed by Steel and Midgley (1962).




3» Metabolism of nitrogenous substances,.

2e¢ IXOLCO C T

Pfeiffer (1889) was the first to observe that Malsssez and
Vignalts bacillus is lacking in any proteolytic power. Neither plain
gelatin, nor Kohn's gelatin, nor coagulated serum or egg albumin is
acidified by ite 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.

be Decomposition of urea.
The decamposition of urea by Malassez and Vignal's bacillus

is an important character both for its constancy and for the fact
that there are no strains of Yersin's bacillus that show this same
Erogrtyo

Urease in halassez and Vignalls bacillus was demonstrated for
the first time in 1950 in the general microbiology laboratory of the
Pasteur Instlitute by J, Galllard 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 conffrmed by Issaly (1950-1953) and then by Thal (1954) with 186
strains and by Thal and Chen (1954) with 204 strains of Malassez
and Vignal's bocillus and 50 strains of Yersin's bacillus.

In 1961 we examined the behavior of 327 strains of Malassez
and Vignal®s bacillus at 189, 27° and 370 in the following culture
mediums: Ferguson's medium, Roland-Bourbon-Szturm's urez-indcle medium,
Christensen?s urea medium, and placenta-urea bouillon recommended by
Sohier for proving the presence of urease in certain Corynebacterium with
the following formulas

(SOhrab 191W) placen'ba boulllon eeeses 100 ml
Urea SOlution, 50 pa.rts in 100 seeccee 5 ml
Creson red solution, O.4 parts in 100 5 ml

. In a urea~indole medium and in Ferguson's medium, we observed
a change in less than four hours, as Fauconnier had demonstrated,
most often within an hour, some times in fifteen minutes or even
almost inmediately. In these time-pericis the temperature did not
modify the rapidity of the reaction. On the other hand, with some
strains that give a late reaction the change alwuys appears first at
379, In these cases the time required for the change according to
temperature is usually definite: for example, change in six hours at
37° and in twenty hours at 189,

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

In placeata~urea bouillon, the change storts toward the sixth
hour at 37° and always later at 28° ard especially at 18°, This
last-ientioned culture medium guve us more consistently positive re.
sults than the other three. Thus, strain 35-II ("pheasant® strain)
that Faucommier, in 1950, had found to be negative in a urea-indole
medium and in Ferguson's culture modium 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 mediwms as well as on Christensen's culture medium, but
it showed itself as positive in a placenta medium (the controls to
vhich urea had naturally not been added did not change).
On the other hand, three recently isolated strains (230-I,
21-1 and 232.I) that we found to be positive late in a ured-indole
culture medium, Ferguson®s medimm and Christensen's medium (more
than 2% hours and, for one of them, more than 4R hours), showed up,
on the contrary, fram the time of isolation as positive in placenta
bouillon (successive transplantings of these strains on gelose pro-
gressively reduced for two of them the time required for change in
a vrea-indole medium and in Ferguson's medium to six hours beginning with
the third transplanting and to four hours beginning with the eihth,
This explains, without doubt, why we found strain 25.II, that in 1950
Fauoconndier had found to be negative on these same msdimms, to be posi-
tive in four hours on a urea-indole medium and on Ferguson's medium).
The deommposition of urea hy Malasser and Vignal's bacillus
is, therefore, a constant character in the 617 strains of this gem
that we exmmined, - Although only & produced a late change on a urea-
indole culture mediwm and on Ferguson's medium and only one remained
definitely negative on these same medimms, all of them appeared to
be capable of decmppsing urea in placenta bouillon,
On the four mediums used, Yersin's bacillus and P, geptica
always showed that they were lacking in urease.
Up until the present time no strain of Malasses and Vignal's
‘been found that is not capable of decamposing urea
vhereas every strain of Yersin's bacillus studied
mmber of writers has always been demonstrated as incaphble
- [See Note 2). The value of this test is increased all
Yy \he fact that, although Brunet (1952) succeeded in making
and 1's bacillus lose, hy action of bacteriophage, two
ost important zharacters, mobility and the capecity for aci-
glyosrol, its behavior in the presence of urea did not, on
hand, undergo any modifiocation.
[Note 1t] The strains published by Hissig and colleagues
ing in urease have too many aberrant charaoters to be
and, although T1'Janova (1961) mentions three strains of
and Vignal®s bacillns lacking in urease, we have received
Boulanova Juscanko, who studied these strains in the Ga-
A tute, assurance that they really decamposed urea in 2%

)

([mote 23] The strain isolated Ly Reynes (1950), so peculiar
several respects and whose ureasis activity Fauconnier (1950)
not be retaired., On the other hand, G. Girard (1953)
strain of Yersin's bacillus capabls of decomposing
up the study of this strain, isolated in man in Kexya
produces, in effect, a change of the urva-indols
days and of Christensen’s medimm in 8 days, btut it
no effect on the placenta-urea bouillen,)
of urease constitutes, therefore, one of the
" 4n our opinion, the surest cirteria of differentia.
the 9o of the placenta-urea culture medimm turned
for several rare strains, in current practice
s nedim, the urea-indole mediwm and Christensen's urea
the oomplex ures-imulin-mobility medimm of Devignat (1953-
a definite diagnosis easily possible.
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ce Productiopn of catabolites,

Indole: Ever since the first observation that was made by
Lucet (13955, the absence of the formation of lndole 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 cbtained traces of indole in peptone water (Murray-
Pullar, 1932 and Sautu Riestra, 1929), the latter after eight days
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 incu-
bation at different temperatures. This character that may be zon-
siddred as absolute in Malassez and Vignal's bacillus and in Yersin's
bacillus is compared with the constant production of indole by P,

septicas

Amoniat The production of ammonia by Malassez and Vignal's
bacillus is constant (Wilson and Miles, 1955; Bergey, 1957; J. Dumas,
1958, etce)s It is probably less strong than the production of am-
monia by Yersin?s bacillus, according to Devignat (1954). '

Nitrous acid: The reductlon of nitrates into nitrites has
often bsen confused with the production of nitrous acid at the ex-
pense of the proteins in a culture mediwn strictly lac in nitrates,
since both phenomena are controlled by the same reaction (Griess's
reaction). The of Methods for Pure Culturs Study of Bacteria
(1942) and Devignat 5\19‘52, insisted rightfuily 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 Yersin's bacillus by
estabiishing one or the other of thmge actions.

Thus Musco (1927-1932) and Michelstti (1932), after having con-
cluded that "every culture that does not give a positive response to
Griess's reaction is not a plague culture®, remove, nevertheless,
all value from tlis reaction for purpose of differentiating with Malasse:z
and Vignal's bacillus, because they also obtaine’ a positive reaction
with a strain of this bacillus (strain "PG 33" of the Lister Institute).
Gore (19307, on the other hand, although he confirmed the presence of
nitrite in plague cultures in peptone water withcut the addition of
nitrats, did not observe any in cultures of Malagser and Vignal's
bacillus in the same oculture medium.

Knovalova (1930) demonstrated, while examining 10 strains of
this bacillus, that, although they all reduced nitrates, only two
produced nitrites in medimms 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 conclusions, and
according to Wu, Chung ard Pollitzer (1936), distinction between the
two germms is probably not possible with Griess's reaction.

Petragnani (1537), has a different iopinion., According
to him, Yersin's bacillus, alone, probably produces nitrous acid in
liver bouillon, but Girard (1940), after having obtained a ®very
slightly positive® reaction with the "Sydney Rowland® straln of-
Malassez and Vignalts bacillns with 103 strains of Yersin's ba-
cillus, variable results with four strains and negative with nine
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others, ramcves the absolute character fram the reaction recormended

by o

, These divergencies are now explained to us as much by the fact
that the three varieties, medieval, oriental and ancient, of Yersin's
bacillns do not have the same aptitude for reducing nitrates into
nitrites ar for producing nitrous acid in mediums lacking in nitrate,
as they are especially explained by the possible confusion of these
two phenomena,

: The production of nitrous acid by the oriental and esncient va-
rieties of Yersin's bacillus and its non-production by the medieval
varisty were dmemstrated by Bnovalova (1930), Devignat (1951),
allw and Aslani (1932), Devignat and Chevalier (1952), Devignat

The production of nitrous acid by Malasser and Vignal's ba-
cillns is comented o a5 20dlows by Devignat (1954): "This pro-
duotion of nitrons acid does not seem to be attributable to the de-
camposition of peptones, in the chemical sense of the word, The few

ts that we were able to perform (1952) would seem to indicate
that the wxtensive degradation of proteins, for example by papain,
nakes the sudbstrate unfavorabls, wvherseas the large proteinic molscules,
such a» the cnes containad in macerated meat, are very favorable to
the appearance of the phenmmenon whose process must differ logically
fron the ome that intervenss in the reduction ~f nitrates.

The five peeudotuberculosies strains in our possession did

not give Grlon reaction in mtrient bouillon, Kevertheless, they
dtutnr‘d e protein or proteins involved in the reaction. In
ut. !:ihﬂn” n:; studying our thres negative medieval strains,

N.38, on the ome hsnd and the five negative pseudo-
m«mm utnm the other hand, we cbserved the following:
4 saple of aur-dv culture in bouillon at 300C of
ndicnl strains and of pasundotuberculosis strains did not produce
Orisss's reastion hldbuamdl We put all the tubes of

cted.

bonmm!.n %f ten mimtes, in order to kill the microbes

heat, After » the dead microbes are deposited in the bot-

utthohbo m“au ear liguid floating on top. We seeded

in this bouillen, bty means of proliferative germs, a strain of 1_c
LS008 m: go.m that possesses the property of hﬂnoi.ng ap-
pearanoe NO0» ion 4n plain bouillon (Henriques, 1942).
rmmuwmmuuum.mwmummwm
we added Orisss®s irticator. Ve observed that the reaction was po-
sitive in the tudes where the M strains formed the primary cultu:s
and dhat it was negative in the five tubes in which the PST strains
had been oultivated befoarehand, The events transpired, therefore,
as if the medisval variety of plague strains did not alter the
nitrigenous protein, that remained sensitive to .
wiles the peendotzbereulosis strains denatured sam® Pro
without causing the nitrous ion to appsar or Yy extending the disin.
tegration to a more advanced stags.

*In swmary, the antigue and oriental varieties of P
strains nitrify certain proteins and the medieval variety
them intact. mw-m«w,mmmugﬂam
Mdﬂhﬂd&ﬂomm&u some of them, to

(1940), Yy producing the nitrous iom, detectable by mesns of
Mm.mm.mwm.mmmnn.wmm
them in a dfferent manper.®
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After we had seeded 533 strains of Malassez anl V. ral's ba-
cillus in the same culture medium as the one used to investigate the
reduction of nitrates (macerated me.: -.nd peptic hydrolysate of pork
belly), but without the addition of ni:irate, 301 of them gave, on the
third day of incubation, a strongly positive Griess reactiorn, where-
as of the remaining 132, that were re-examined after five rnore 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.

de Examination for sulfuretted hydrogen.

Although, according to Haupt (1928), Schfitze (1928), Gore (1930),
F. Kauffirann ?1933). Du;ardin-Beaumetz (1934), Wu, Chung, and Poilitzer
(1936;. Pollitzer (1954), Thal (1954), Wildfuhr (1.959), Ul'Janova
(1961), etc., Malassez and Vignal'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 (1541), Rosenwald and Dickinson (1944), Cecarelli (1950), Van
Dorssen (1951), Uriarte and Villazon (1953), Gaiger and Davies (1$55),
Bergey (1957).

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

The differences in the techniques utilized partially account
for these divergenciss. Thus Grancin’ (1939) noted that the same
strains that produced a darkening in geloss with sodium thiosulfate,
in cystine gelosé, in gelosxe with sodium sulfate, did not produce any
in gelose with potassimm sulfate, According to Devignat (1954) "on
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 Vignal's bacillus.”

Of 400 strains examined we never observed any darkening rs-
gardless of the incubation temperature and the length of observation,
either in Kligler's medium, in Christensen's zediun modified with fer-
ric-ammoniacal citrate, in gelose medium & parts in 1,000 with the ad-
dition of 1 part in 1,000 of sodium hyposulfite and two drops of a
soluticn with 1/1C of lead subacetate per tube of 1C =l of mediun,
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 5th to 7th day in gelose with lead subacetats, to cbserve a
browning alongthe seeding injection, there is never any real dark-
ening. Therefore, we consider that under these conditions Malassee
and Vignal's bacillus does not produce hydrogen sulfide.

Rosemsld and Dickinson (1944) isolated, at the time of an
epitootic in turkeys, seve=al strains some of which gave, on isolatloen,
saome traces of hydrogen sulfide, although one dld not produce any
until it had been transrlantsd on a guinea-pig. We transplunted a
certain mmber of our strains in a guirea-pig without making the same
observation.
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These reactions are negative at 18°, 270 and 37° with every
strain of Malassez and Vignai's bacillus, Yersin's bacillus and P,
geptica (Mollaret, 1961).

Henrikssen and Jyssum (1961), Steel and Midgley (1962) con-
firmed the absence of phenylalanine deaminase in the Pasteurella
bacilli.

The establishment of an ornithine decarboxylase in P, septica
is probably a supplementary differentiation criterium with ﬁsez
and Vignal's and Yersin's bacilli, according to Steel and Midgley

(1962)«

£+ Behavior in miik,

Malassez and Vignal's bacillus and Yersin'®s bacillus grow easily
in milk that is never coagulated by them (Pfeiffer, 1889; Delbanco,
1896; Lucet, 1898-1899; Klein, 1899-.1900; Zwick, 1908; Schiitze,

1928; Dujardin-Bsammets, 1934, ete.). Only Galli-Valerio (1903) con-

trasted the coagulation of milk by Malassez and Vignal's bacillus

with the absence of soagulation by Yersin's bacillus, an assertion
eriticized by lelmann and Leumann (1907), Vourloud (1908), etc. The

fev strains described as capable of producing a slow coagulation

éCagnotgo, 1905) wers certainly not authentic Malassez and Vignal's
acilii, .

The progressive alkalirzation of litmus milk was mentioned by
Schfitze (1928), Savino and Anchszar (1939), Mathey and Siddle (1954),
etc. According to MacConkey (1908) and Kakehi (1910), it appears
toward the 3rd to 4th day at 37° 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 Mac-
Conkey (1908) and Petrie and MacAlister (1911), according to whom this

" reiotinh may serve to differentiate from Yersin's baclllus. EKurauchi
. (1931) insisted on the alkalization produced in four to seven days
- by Malassez and Vi 's bacillus in contrast with the acidification

produced by Yersin's bacillus in 24 to 48 hours and the absence of
modification by P, septica. Brighsm and Rettger (1953) likewise see
inita diaﬁ.ngﬁshing character fram P, septica

MacCoy, according to Moss and Battle 51'9'515, considers this
criterium as certain and gives as constant, after a slight initial
acidification, a definite alkalization ocowrring at the end of three
to four days to one week.

Rowever, this alkaliszation is nct 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), ete.
Nikarono? (1927), Wa, Chung and Pollitzer (1936) even take away all :
valus from this medium for differentiating Malasssz and Vignal's ;
bacillus from Yersin's bacillus due to the inconsistency or to the _
weakness of the alkalization by the first-mentioned bacillus and to ‘
the possibility of abnormal reactions with the second.

Devignat (1954) observed with five strains of Malassez and
Vignal's bacillus "a very definite alkalization in a few days at 300
and a bluing after 24 hours of contact at 379 between a mixture of
an equal part of liimus milk and of a thick suspension of non-
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proliferative Malassez and Vignal's bacillucs."
Of 103 strains that we examined, all produced alkalization in
one wesk at 379,

Litms 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-
nmentioned 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 alkalizatiocn
(Mac())aney, 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, 1927; Schiltze, 1925),

98 strains of Malassez and Vignal's bacillus examired by us
produced bluing of the medium in 24 hours at 37°9.

ge 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
(Roemisch, 1921; Baumann, 1927; Boquet, 1937; Terpilowska Rutkowska,
1938; Wilson and Miles, 1955; Bergey, 1957; Enapp, 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 Sy hemo-
digestion is reported by Henriksen and Jyssum (1961). A butyrous
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
Vignalts bacillus probably hemolyzes red corpuscles in the horse, the
rabbit and the guinea-pig, according to Korobkova (1940) [See Note]
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
ir man and in the camel. We did not find this statement in Korobkowals
article,)

According to Moss and Battle (1941), the human strain isolated
by these writers, lacking in action on human red corpuscies, caused
a beta type hemolysis on gelose with rabbit blood and the prodaction
of methemoglobin 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), after
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 corpuscles of the rabbit, gulnea-pig, hcrse and
not of the sheep, ox, dog, rat, goat and chicken. This hemolytle
activity depends both on the pH and the temperature. Thus the op-
timum pH is 8 for rabbit and guinea.pig blood and the optimum tem.
peraturs is 370 for the hemolysis of the red corpuscles in the gulnea-
pig, 300 for the rabbit and 220 for the horse.

-58-

SE AR e

PRV g gaes s et e e Lkl A (e —A AP e SO AR e <




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~plg blood. A third strain did not produce hemolysis
after an additional observation for four days."

We examined the behavior, at 180, 280 and 370 on gelose with
horse blood at pH 7.4 and on gelese with rabbit bloed at pH 7.8, of
120 strains of Malassez and Vignal's bacillus without observing the
slightest trace of hemolysis after & days of incubation. Since De-
vignat had observed hemolysis only after 48 additional hours of obser-
vation at ordinary temperature, we re-examined our cultures under the
same conditions, Only one strain that did not hemolyze horse or rab-
bit blood either at 180 or at 370 produced a slight hemolysis on gelose
with horss blood after 48 hours of incubation at room temperature
following an initial incubation for 48 hours at 379,
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IV = VITALITY, PRESERVATION AND SENSITIVITY TO PHYSICAL

AND CHEMICAL AGENTS AND 7C BACTERIOPHAGE

1. Vitality in artificial culture mediums.

The long vitality of the germ in the various culture mediums
has bsen 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 1s seeded again. In the same
medixm or in peptone bouillon it is still capable of growing after
remaining in the incubator for three months at 37° and four months at
289, A culture in bouillon, six months old, kept partly in the incu-
bator at 28° and partly at laboratory ilcmperature kills in thres days
with a__f cc dose inoculated in the blood stream of an average sized
rabbit,

Megnin and Mosny (1891) saw the vitality and the pathogenic
pover 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), Dunjardin-Beaumetz (1934), Lesbouyries
(1941} insisted on *he satisfactory vitality of the germ in bouillon
and in gelose or in formulated serum under liquid petrolatum (Truche,
1938), but the best dememstrations 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 tubeg, cultures "that have preserved their virulence, although
with a certain attenation.”

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 mot completely gone, was, nevertheless, certainly attenuated
in comparison with what Polettini had observed.”

The preservation conditions and especially the temperature in-
fluence the vitality of the germ considerably. Although Lucet (1898},
Megnin and Mosry (1891), stc. were able to distribute cultures after
a more or less long period of preservation at 379, 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~
gerved at 20° are fertils and virulent, whereas at 300 under the same
age and seeding conditions they have lost thelr fertility and their
viralence is doubtful, while at 37° they have lost fertility and vi-
rulence.” Then it was observed by Gate and Bila (1928), according to
whom "strains preserved at laboratory temperature stsyed alive even
af'ter more than one month, wheress in the incubator at 370 the microbe
no longer grows after two or three generations.®

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

Grancher and ledoux-Lebard (1889) state, in addition, that "if
the lack of virulence for the rabbit is considered as a slgn of death,
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it may be sald that at 30° or 37° cultures on gelose live from four to
five weeks. At 200 1ife lasts longer and we have not yet determined
its limit.*

Ramon (1914) believes that cultures in bouillon kept in the re-
frigerator preserve their virulence for several months, just as
Basget (1946) does for whom preservation in deep gslose in the refri-
gerator keeps the vitality and virulence intact for at least eighteen
months, We lmow 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 remain alive for years,

Personally, 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 tempe-
rature not exceeding 150 to 200,

([Note 3] To 500 ml of horse serum add one cc of commercial
formol, mix; after a few moments of contact, add one c¢¢ of armonia
(at 220 Bamme) to neutralize the formal-dehyde. Increase with two
parts of distilled water and sterilize for fifteen minutes at 1100,

We were able to transplant some stirains preserved under these
conditlons for 15 and 20 years, and, of sevaral hundred strains,
we never saw any lose their vitality or, appreciable, their virulence,
taking into account individual variations in virulence fram one
strain to another, It appears to us that aging does not alter virulence
very appreclably, in as much as we were able to establish it in our
oldest strains, On the other hand, repeated transplantings are an
obvious cause of weakening (Ravaglia, 1932; Dujardin-Beaumetz, 1934;
Percebois, 1961, etc.). Basset (1946) considers that amual 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, lLignieres, etc, trans-
planting same strains anmally in guinea-pigs.

ILyophilized strains remain transplantable for years, accorde
in g to K, Fo Meyer (1958) and Knapp (1959). This process seems to
@8, however, to be definitely less good than preservation in Truche's
medium or in gelose in the butt of a tube inoculated with a central
injection. It appears, but this is still only an impression, that
lyophilized strains undergo a rapid decrease in their sensitivity to
the various bacteriophages used for an eventual lysotyping(P.Nicolle,
1962)s On the whole, the conclusions of Heckly, Anderson and Rocken~
macher (1958) on the lyophilization of Yersin's bacillus are valid for
Malassez and Vignal's bacillus,

In practice, we use conjointly preservation in formolated serum
and in gelose peptone water [See Note] distributed in tubes 8 mm in
dimmeéter and closed with rubber stoppers to avoid desiccation and seeded
by central injection, The small amount of space taken up by this
last-mentioned material facilitates its storage in the refrigerator
at H1oC,

([Wotes] Vaillant pepton, 10 g
ILiebig extract, 5 ¢
RaCl, 58
Gelose, 10 ¢
Plain water, 1,000
Adjust at pH 7.4 = 7.5
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Parallelly with these two methods, we also press:rve cur strains
at «2500, a temperature close to the -239C recammended by Mead, Wess-
mann, Higuchi and Surgalla (1961) for Tersin's baeillus, but we have
not yet had a sufficiently long period of time to evalmate this pro-
cedure.,

2, Preservation in pathologic products.

The persistence of the germ 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 fram a man who had died of septicemia caused by Malassez and
Vignal?s bacillus and preserved in the refrigerator at 40° F (or
+4,4°C) for 16 days.

Knapp (1959) investigated systematically the duration of per.
sistence of the germ in infected organs preserved at different tem-
peratures, and concluded that the preservation period is at least three
months at +2°C, fram ten to twenty days at 22° C, from three to five
days at 37° C and fram one to two days at 450 C.

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

The persistence of the germ in thestools 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 ocutside enviromment 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-
nal?s bacillas in ea-pigs inoculated with earth (Grancher and
Ledoux-Lebar, 1899), air collected on a wad of cotton (Chantemesse,
1887), milk (Parietti, 1890; Klein, 1900), water (Klein, 1889; Fraenkel,
1924), fodder (ligp*eres, 1898), liquid manure (Klein, 1889), does not
in any way enable the statement to be made, far from it, that the germ
was really present in the inoculated material.

Neveritheless, 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 desiscation), and it
is spread by the stools (Paul and Weltmann, 1934) and by the urine
(Lorey, 19113 Bryner, 19063 Dessy, 1925; Flamm and Kovak, 1958) of
infected animals (Mollaret, 1965{ .

Morris (1958) demonstrated the persistence of the bacillus
in samples of artificlally contaminated earth or straw., We also
observed that Mulassez and Vignal's bacillus, like Yersin'!s bacillus,
could resain alive for at lsast five months in sterilized earth, that
has been sufficiently hydrated and preserved at room tempsrature,

The “long persistence of Malassez and Vignal's bacillus in water
must be adnitted by virtue of the epidemiological conseguences that
it implies, According to Cecarelli (1950), the zam can resist auto
lysis for 95 days in distilled water at 370. We confirmed this rs.
sult,
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' fesistant, believes thut demp heat (stesm) kills it in thirty minutes

b Actian of physical agents,
a. Resictance to heating,

The themoresistance of Malassez and Vignal's bacillus has been
various evaluated, according to the writer. Lucet (1898) has the
honer of being the first to have insisted on its weak resistance to
heats "This microbe does not stand high temperatures well, Thus,
it is killed, in a liquid culture medium, after staying six to seven
mimutes in 2 balp-marie heated to 550 and, in the dry state, fastened
on silk threads, after having been subjected for two hours to a dry

heat of 609.*
For Roemisch (1921), it resists for thirty minutes at 450 to
500 and, ac to Llatogorofs (1904), fiftwen minutes at 579 and

oight mimtes at in a liquid culture medium. Its 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 resibtance at 60° C, but they
give results that are particularly discordant. Destruction at this
temperature is bably accamplished in one minmute , according
to TtHoen (1902), eight mimmtes for Zlatogorof (1904), ten mimmtes for
Cecarelli (19%0), Wilsen and Miles (1955), Bergey (1957), thirty
nimtes for Saisawa (1913) and Dujardin-Beawmetz (1934), sixty mimtes
for Binato and Corrado (1960)., Sachdeva, Xalra and Taneja (1956) suc-
ooeded in sterilizing cultures only after Lsating for twe hours at
60°, and, according to K. F. Meyer (1958), saline suspensions are
probably not uniformly destroyed after hea for three hours at
600, Acocrrding to Pfeiffer (1889), Delbanco (1896) and Poppe (1928),
heating tu. one hour at 60° produces the loss of its virulence with-
out altering its vitelity, and heating for two hours is necessary to
osuse death at this temperature, results that agree with Knapp's
(1959), acearding to whan culture suspensions in physiological water
are not dsstrayed each time by heating for 180 minutes at 500-60° and
may still yield a slow, discontimious culture; heating for one hour
at 550.600, on the other hand, destroys all the gemms,

According to Messarsclmidt and Keller (1914), their resistance
is probably ten minutes at 660, and one minute st 700, according.to
Cecarelli (1950),

For Lignieres (1898), Malasses and Vignal's bacillus resists
tgr ten minutes at P40.750 and dies at 849.859, According to Sebin
(1933) and Binato and Corrado (1960), it probably resists ten nimites
at 600809, This last temperature is probably éndured for three
nimtes, aocording to Truche (1938). According to K. F, Meyer (1958)
and aocording to Knapp (1959), the bacillus is killed in five to ten
mimtes at 7mo

Tottire-Ippoliti (1916), who considers the gemm to be very

apd that it may resist forty-five mimates at 600-650, ten mimutes at
80°, ome to three mimutes at 100° and is probably destroyed only after
£9fteen nimtes at 800 and five minutes at 1000, The action of damp
heat was also studied by Truche and Bauche (1929), according to wham

%t resists damp heat for thirty to forty seconds at a temperature
of 600; at 800 it is killad in ten mimutes, vhereas it resists for

thres to five mimtes at the ssme temperature® (siec). :
At 1000 heat kills it in ten minutes, according to De Blasi \
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(1908) and in thirty to forty seconds, according v Zu. .. {1933,

None of these writers, unfortunately, specified tha sxperimen*
conditios, ®spesially the density of :he cultures used or if he:tlng
was zczaplished with or without stirring or shaking.

_ Knapp (1959) poin“ed out the part played by the expsrimer .l
conditions and the lack of uniformity of resistance of the various
stralase Of ten strains whose thermoresistance was studied puily
on suspensions in milk, partly on cotton threads impregnated with
dried calture, only two were killed aftler exposure to 60° for sixly
mimites and all of them resisted one minuie at 709-7T4° and fiftea:
seconds at 85% Only one to three strains were kiiled in one . %
mimites at 859,

On the whole, the thermoresistance of Malasse:z and Vignuails
bacillus is weak and it must not be forgotten thst the simple tr.is-
planting of cultures from 220 to 370 1s alwuiys acrompanied by =
high mortality, as Preston and Maitlend (1952) have observad.

be Resistance to cold.

Pfeiffer (1889) reported that a period of seve:n hwrs at
~99 or two hours at -16° did not alter either the vitality or the
virulence of the germ, We learned, later, that low temperatures,
far fromw being detrimental to its preservation, constitute, on the
contrary, one of the best ways to ensure it. The experimenis taat
we performed at -15°C and -25° C have so far given us excellent

resuits.

Ce Agﬁ.dn of S'Im.liéto

Malassez and Vignal's bacillus rssits its aciion poorly (De
Blasi, 1908; Saisawa, 1913; Poppe, 1928; Dujardin-Becumetz, 1934}
Lesbouyries, 1941). According to De Blasi, it is killed by an ex-
posure of four to six hours to diffuse light. For Salsawa, a culture
mounted on a slide is destroyed in thirty minutes by direct light;
it resists eight hours in diffuse light, and twenty.four hours "in
roan Might.,* Poppe confirmed the destruction of dried germs in thirty
min:tes of exposure €> the sun,

de Actiopn of desiccation.

Deuscution 45 also mortal (Delbanco, 1896; Sa’sawa, 19133
Poppe, 1928¢ Dujordin~Beauretz, 1934). When the germs .re piised
in a desizcator, they are killed in five hours, according to Sil-
saw» and forty-oight hours for Poppe and for Pfeiffer,

5. Resistarce to chemical agents.

a#%a3 1 part in 1,000 of subiimate kiils Malsssez and
Vignalls oac!1lus "almost instantaneously®, accirding to D.jardin-
Beaumel: (1934), in one minute, according to Cecarslli (1930), 4n
fifteen t» thirly seacnds, according to Tctirz-Ippoiiii (1916) and
Lesbouyries (1941), in fifteen to thirty minutes, acuording v Twusue
(1938). 0,01 parts in 1,000 of sublimate kill 1t in twe hows (K, F.

Meyer, 1958).
According to Knapp (1959), concentrations of 1 pari ia 100,
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0.1 part in 100, 0,01 part in 100 and 0.001 part in 100 ki1l it
in tho‘ following times, respectively: immediately, thirty seconds,
one~half to five minutes and 120 minutes.

According to Saisawa (1913), Malassez and
Yignalts bae is killed in five minutes by phenol, 1 part in 100,
and 1n 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 mimmtes. Phenol,
3 parts in 100, destroys the germ in two mimutes, according to Ce-
w.mO

With a concentration of phenol 5 parts in 100, death probably
does not ococur for five to ten mimtes, according to Truche (1938)
and lesbouyries (1941).

The figures given by Totire-Ippoliti (more than one hour's re-
sistance ip a 1 part in 100 solution and five to ten minutes in a l
part in 500. selution), cannot be retained, due to the technique used
ty this writer.

According to Knapp, phenol in concentrations of 0.25 part
in 100, 0.5 part in 100, 1 part in 100, 2 parts in 100 and 5 parts
in 100 probably destroys the germ respectively in three to twenty-
four hours, ninety to one hundred twenty minutes, five to thirty
nimtes, one=half to two minutes and, finally, in thirty seconds.

‘Wz The gorm is killed in twenty mimutes by svl-
furie in 100 (Cecarelli).

$ HNalasses and Vignal's bacillus is probably
des one hour by formaldehyde, & parts in 1,000 (Truche
and Bsuche, 19283 Truche, 1938; Lesbouyries, 1941),

. Individnal differences in the sensitivity of the strains were
pointed out bty Hnatko and Rodin (1962), ome of whose strains was
killed by formaldehyde in a concentration of 1 part in 100 and another
one resisted 1t.

Accerding to Knapp, tho germ is probably destroyed in thirty
secnds bty formaldehyds, 5 parts in 100, in five to ten minutes by
forwaldshyds, 0.5 part in 100 and 1 and 2 parts in 100, in ten to
twenty nimtes by formaldehyde, 0.25 part in 100 and in thirty minutes
to one hour by farmaldehyds, O.1 part in 100, -

Alochol, 40 parts in 100, destrays the bacillus im-
nedia , acoording to Saisawa, and alcohol, 60 parts in 100, kills
1t in cme.dalf to five mimtes, according to K.F. Neyer. Acoording
to Knapp, the destruction time is half a mimmte for alachol i~ a con-
oentration of 96 and 75 parts in 100, one-half to five mimtes for al-
cohol, 65 parts in 100, and fifteen to thirty mimtes for alechol,

40 and 5C parts in 100.

Silver nitrate, 0.00) part in 100, kills the
bacillus , according to K. ¥F. Nayer, a time that is con-
firmed bty Enapp who obtained the Lmmediats dsath of the gemm with a
conoentration of 1 part in 100, ia one-half to five mirmtes with a
conoentration of 0.1 part in 100, in sixty to one hundred twenty mi-
mtes with a eonoentration of 0.01 part in 100 and in hundred
twenty mimtes with a conoentration of 0.001 parts in

65
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Iron sulfate and copper sulfate: Both destrc, .i.e ern ir .ae
hour in concentrations of 3 to 5 parts in 100 (Truche and Bai-he;
Lesbouyries; Truche).

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

Sodas Soda, 4 parts in 100, destroys it in one hour (Ce-
carelli).

Dyess According to Brigham and Rettger (1935), growth is in-
hibited by methylene blue, 1 part in 300,000, thinnine and <rysisl
violet, 1 part in 100,000, and brilliant green, 1 part in 1,000,000,
The slight sensitivity of Yersin's bacillus and Malassez snd Vignal's
bacillus to gentian violet is the basis of Meyer and Bat:helder's
(1926) culture medium.

6. Cultures in *hostile" salt or biie mediums,

um chloride: The addition of sodium chloride to a culture

medium produces a slowing ¢ a cessation of growth starting with a
certain concer *ration along with the appearance of involutio: f ms.

The concentration limit that is ~ompatible with cultivitlom
varies according to the authors:s 2 to 3 parts in 100, accordiag tc
Saisawa (1913), 6 to 10 parts in 100, according te Skorodurof and
Somorovitch (1926), 8 parts in 100, according to Boncinelii and Aradas
(1932), 30 to 40 parts in 100, according to Percebois (1916), e*~,

In {act, 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 hund, is slightiy grsater
in 1iquid culture mediums than in solid mediums (thus, accordirg
to Smirmova, 1928, the inhibitive concentration is probably 3 purts
in 100 in geloss and 4 parts in 100 in bouillon). and that, on the
other hand, a given ccneentration is better toleristed at 229 than
at 37°, Thus, according to Knapp (1959), a culture in salt bouilloen,
3 or 4 parts in 100, is possible at 220, whereas it is meagsr cr ihsent
at 3700

In bouillon, the involution forms, a cludb or filument aspest
or thick forms that are faintly and unevenly dyable, appear as sooa
as the sodium chloride concentration reaches 2 parts in 100. They
are more frequent &t 3 parts in 100 and daminant at 4 parts in 100
(Salsawa, 19137 Skorodumof and Samorovitsh, 1926; P. Boquet, 19373
Topping and colleagues, 1938; Moss and Battls, 1M1},

0n salt gelose, 2 parts in 100, Saisawa (19]13) ob“ained
only a meager culture, while no culture appeared after three days un
gelose, 3 parts in 100, On the same culture medium, Ravigli.(1932)
obtained a good culture, rich in filsmentous forms and emulsifying
poorly in physiological watsr. Knapp (1959), when he caliivated
twenty strains oa sait gelose, 2 parts in 100, did rot obseris ayy
modifications in the ciultures or amy involutioa forms at 220, while
at 37° fourteen of the strains aisplayed s definrite siowing of their
develojment with a preponderance long filanenitous furms. These in~
volutilon forms were more frequent on salt gelase, 3 paris ir 100,
and no strain developed on gelose, & purts in 100,

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

A mmbor of writers believed that they were able to differen-
tiate Malassez and Vignal's bacillus and Yersin's bacillus according
to their uneven capability for growing in hyerpsaline mediums (Sai-
sawa, 19133 Skorodumof and Samorovitech, 1926; Dieudeonne and Otto,
1928; Haas, 19383 Pollitzer, 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 prubably inhibits the cultivation of
Malassez and Vignalfs bacillus, according to Skorodwaof and Somoro-
vitch, whereas, according to Boncinelli and Aradas (1933), gelose in
a concentration of 8 parts in 100 probably permits the cvltivation of
Malassey and Vignal's bacillus and not of Yersin's bacillus, Accord-
ing to EV I, Smirnova (1926), neither of the two germs tolerates a
higher concentration than 4 parts in 100 in bouillon and 3 parts in
100 in geloss, and this test would not eaable any conclusion to be
drawn,

The appearance of involution forms in one or the other of these
germs on hypersaline gelose has also been invoked to differentiate
them, Jececording to Hankin and Leumann (1897), salt gelose, 3 parts
in 100, produces the appearance of involution forms only in Yersin'!s
bacillus. Galli~Valerio (1903), Wadsworth and collsagues (1S47) con-
fimed 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 invelutlonal forms of
Yorsints bacillus on salt gelose, 3 parts in 100, in comparison with
the involutional forms of Malassez and Vignal's bacillus, were supported
only insufficiently by Pollitzer (1954). Nevertheless, when it is
cultivated on gelose, 3 parts in 100, Malassez and Vignal's bacillus
probably pressnts a morphology that is different from the morphology
of Yersins® bacillus under the same conditions. Thus, Topping and col-
leagues (1938), when they used this technique with their strains of
Malassez and Vignal's bacillus of human origin, observed involutlon
forms that looked "like ordinarily long, slender. slightly incurvate
rods or average-sized rods gathered in bundles wiith an appearance
resembling that of diphtheritic bacilli; alongside of these non~
characteristic forms, round, voluminous forms, with a colored psri-
phery and resembling the balloon-shaped elements produced bty P, pestis
in 2% houvs on gelose with a 3 parts in 100 concentration of sodium
chlorids, were, on the other hand, more rare." According to Devlignat
(2954), the difference is uncertain: "P. pestls develops, on gelose
with a conesntration of 3 parts in 100 of sodium chloride, classic
involution forms that have the general appearance of an irregular
sphere bristling with roughness and pitted with vacuoles. Under the
sams oonditions, P, %%atuborculosgg does not yield any forms that
are more or less spherl t, rather, slongated elements, at times
inourvate like a conma. Moreover, it seems, as Zlatogorof confirmed
for the first time and as has been confirmed Ly other observers
(Pollitzer), that the involutional forms of plague bacilli on salt
gelose, 3 parts in 100, already appear in 24 hours, much more rapidly

than with othar spsclies,.”
In a general way, these criteria rest only on shades of dif-
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fersnce and neither the inhibition of the growth of elinrer of thsse
germns in hypersaline culture msdiums, nor the morphological differe-:as
on thess same mediums have the valus that was initially ascigned %.
then,

Action of bile: According to certair authors (Knapp, 1959),
the cessation of multiplicaticn or even the lysis cof Malassez ard
Vignal's bacillus in culture mecdiums containing 25 to 50 parts in 100
of bile had vrobably been observed b, Cernaianu (1928). In fact,
Cernalami, although he was speaking of "all the Pasteurellia®, seems
indesd, to Lave 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 biie, bui they
obtained s slowing of the growth with a concentration of 30 parts iu
100,

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

Fo Kaufmann (1933), while studying comparatively the behawior
of Malassez and Vignal's bacillus, of Yersir's bacillus and of P,
septica in bile and salt culture mediums, did not observe any = i:i~
vation inhibition except in the last.mentioned of these germs., These
results are ciose to the results of Wilson and Miles (1955) for wham
Malassez and Vignal's bacillus and Yersin's bacillus give, in bile
or salt mediums, liquid or solid, unsuitable for the growth of P,
septica, a slight but definite culture that disappears in two or
three days by autolysis.

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

Action of sodium ricincleats: Tis action was studled by Reimann
and Rose (1032) who observed a clarification of suspeasions in phy~
siological water up to a dilution of 1 part in 1,600. Accordiag +°
these writers, Spencer damonstrated that suspsnsions of Yersi:ts
bacillus and of P, tularensis were campletely clarified with 1/200
to 1/800 dilutions; suspensions of Malassez and Vignal®s busilius
were partially clarified with a 1/25,600 dilution and completely clari-
fied with a 1/800 dilution.

7. Sensitivity to bacteriophage.

Setting aside the theorsetical problems ralsed by bazteri
phages of Yersin's and Malassez and Vignal's bacilli, we shall take
up here oaly their practlcal utilizatiorn,

According to Sugino (1932), Advier (1933), Bezsonova and ilm
leagues (1938), Tumansky and Yastchuk (1938), plague bacteriophage
is strictly specifin to Yersin'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 spscilicliy was made by Pe C. Fiu
(1927) who demonstrated that plague bacteriophage was alsc capabie of
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lysing co. The opposite was demonstrated by Girard and
Wollmann 3) who established the mensitivity of Yersin's bacillus
to certain dysenteric bacteriophages. lazarus and Gunnison (1947) ex-
tended the lytic action of plague bacteriophage to the Salmonelleas,
D'Herelle (1933), then Girard (1942 and 1943), observed that plague
baoteriophage could display the same inhibitory power with regard to
certain strains of Malassez and Vignal's bacillus as its specific
bastericphages, Devignat (1954) also obtained, ty using Girard!s
plagus bacteriophage, a lysis of Malassez and Vignal's bacillus,

that at first was slow and incomplete, then rapid, after sub jecting
this germ to plague bacteriophage.

These results were confirmed by Lazarus and Gunnison (1947)
who obtained the lysis of 19 to 27 strains of Malassez and Vignails
baelllus by a plague bacteriophage, followed by the lysis of all their
strains after adaptation, and, the following year, by Gunnison and
Lasarus (1948) who extended these results to 40 strains of Malassez
and Vignalts bacillus,

*  Under these conditions, discrimination between Malassez and
Vignal's bacillus and Yersin's bacillus by means of bacteriophage
semmed to be impossible in practice, in spite of the reservations of
P. C; Flu and H, Flu (1944-1945), but later studies by Gunnisen (1950),
Gunnison, Shevky, Zion and Abbott (1951) and of Gunnison, larson and
Lazarus (1951) showed thai by working at 209 and by using a bacterio-
phage solution ten times stronger than the one that induces a confluent
lysis ("eritical 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 lyophilized strips of filter paper preserved
in sealed tubes under nitrogen after impregnation with plague bactiero-
phagee The application of one of these strips on a young culture of
Yersin?s bacillus on blood gelose incubated at 200C produces, after
18 to 2% hours, a 1 m lysis area, whereas, under the same conditions,
no lysis is produced on cultures of Malassez and Vignal's bacillus,

Ul%Janova (1961) obtained lysis by means of specific bacterio-
phage of 37 strains of Malassez and Vignal!s bacillus isolated by her
fram 1955 to 1959, whils two were lysed by plagus bacteriophage. In
the same year, Plankina and Ogneva (1961) observed a similar sensiti-
vity to plague bacteriophage in five strains of Malassez and Vignal's
bacilli that came from marmots, while the bacteriophages isolated
from four of these' strains revealed themselves as active only on Malas-
sez and Vignall!s bacillus and on the only avirulent strains of Yer-
sin's bacilluns,

Xnapp (1962), when he used one of G. Girard's bacteriophages
that had never been in contact with Yersin's bacillus, concluded that
it had a high specificity with regard to Malassez and Vignalts bae
¢ilins and he saw in it a supplementary diasgnostic element for this ba-
¢illns, drawing up, however, limitations on its use in an area of
plagus endsny, limitations that are added to the ones formulated by

The various serotypes of Malassez and Vignal's bacillus
soem to present appreciable differences in their sensitivity to
bacteriophage, Knapp (1962) observed that the confluent lysis cbtained
on strains of types I, II, ITI and V is not found in strains of type IV
that display only some isolated lysis areas, On the other hand,
strains of types I, II, IV and V are little sensitive to bacteriophage
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suspensions nultiplied on type III strains. Thess observations are
added to the ones made by De¢vignat in 1954 with the same bacterio-
phage: "The process of calculating the number of lysed areas brings
to light a quantitative difference between the *'ires varieties of P,
Dastis on the one hand and the species P. pseudotuberculosis on the
other hand. Morecver, it results unce more fram the variable ssnsiti-
vity tc the same bacteriophage that the gemus P, pseudctuberculosis is
much less hamogeneous than the us P stis.” We made the same
observation in 2 liquid medium (see bolcw;.

From a practical polut of view, the utilization of bacterio-
phags 1s a supplementary diagnostic element. If two tubes of peptone
water or of bouillon are seeded simultanecusly with a culture of Malassez
and Vignal®s bacillus and if one drop of bacteriophage suspension is
added to only one of them, it is possible tc see in this last tube,
after the appearance of a cloudiness that is alweys more precocious
than in the control tube, a rapid clarification that lasts a more or
less long time, The time of appearance of the secondary cultures
varies with the serological type of the strain used, waersas with
type I, II, IIX and V strains the secondary cultures do not usually
appear before the second, often the fifth or eighth day and even are
cimpletely lacking at times. The clarification observed in type IV
cultures is often incamplete, and, especially, much shorter lasting
The secondary cultures appsar commencing with the eighth hour,

Aside fram 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 "Yersin"
phage, of Flufs “C® phage or of Girard’s "PST" phage, These same
bacteriophages produce a strictly analogous lysis on every strain of
Yorsints 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 culture always appears more rapidly in the tubes
that have received hetercvlogous bacteriophage.

The choice of a liquid culture medium for performing this test
is not irmaterial. As A, Chevalier has observed, secondary.cultures
always appear later in bouillon than in peptone water, with the dif.
ference between thd two being able to be as great as several days.

On the other hand, depending on whether the bacteriophage suspension
comes fram a filtrate of a culture in bouillon or in peptons water,
the lysis obtained will likewise be of uneven duration. Secondary
cultures alwsys appear later when the bacteriophage comes fram a
culture in bouillon. Therefore, in practice it would be better to use
this last-mentioned medium systematically, both for making the test
and for multiplying bacteriophage, since the combination of both
factors make the often incamplete and always transitory lysis more
apparent in the case of type IV strains.

The influence of the mediwm 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 medimm on the power of this
bacteriophage itself, A eulture filtrate in bouillon in a 10-4 dilution

have the same activity as a culture filtrate in peptone water in a

dilution,
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Finally,we can extract the following results from a study cur-
rently being conducted in collaboration with P. Niecolle and G. Brault:

Ae %ﬁﬂg of the lysogenesis of strains of Malassesz
and Virnalls ns3

When test strains endowed with a very broad sensitivity to
nmmerous bacteriophages lysotype A, subtyps Tananarive, S.
Dara 1 B lysotype 1, E, coli K 12 S, B, coli 36, E, coli Lisborme,

o1 Bordet, Shigella paradysspterias Y6 R, numerous strains of

® , Malassez and Vignal's bacillus, ete.)
o the results haw _Z..ays been negative, _.. agreement with the
results that have already been published in this field,

Be Determination of the spectrum of sensitivity of Malassez
apd Vignal strains to bacteriophages:

a. Experiments on 25 March 1958t Twenty-four Coliphages fram
the cellection in the Bacteriophage Service, tested on 15 strains of
Malassez and Vignal's bacillus, allowed us to observe a great diver-
sity of lyui: reactions consisting of six different images:

Tmage 13 strains 4.I apnd 19-I [See Note]

Image 2¢ strain 2l.I

Image 3¢ strains 35-I, 66-II, 82-II, 3-IITI, 78-V, 83-III
and 91.V

Image 4: strain 46-III

Tmage 53 strain 75-V

Image 63 strains 32.I, 190, IT and 210-I

([Notes] The Arabic numerals correspond to the mmbers of the
strains in our collection and the Romon namerals indicate their sero-
logical type.)

be Second experiment (5 December 1961): Eighteen strains of
Malassez and Vignal's bacillus were tested with 5 phages taken fram
drain-water and multiplied on the following Malassez and Vignal strainss
lll!-I. 23}'1' 23’3-1' m6-1 m 412-1.

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

_The first lytic group includes only type ITI strains: (strains
3uITI, W9=IIT, 221-III, 452-IIT, 453-IIT, 454-III).

The second group includes 7 strains of type III (50-III,
83-I1T, 122.JII, 123-ITI, 150-I11, 162-ITI,165-III), 1 strain of type
IV (298.IV) and 1 strain of type V (52-7) e

)‘l'ho third group comprises only type IV strains (51-IV, 95-IV,
151L-IV).

In conclusion, by using 5 phages taken from drain-water, three
1ytic groups were obtained, The first and the third are antigenically
homogenecus, since all the strains of one belong to type III and all
the strains of the other to type IV. The second group, on the contrary,
includes a majority of type III strains and a minority of strains of
types IV and Ve |

As a result of these faots, type III can be subdivided into
2 lysotypes (lytic groups 1 and 2) and type IV also in 2 lysotypes
(1ytic groups 2 and 3).
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ce Third experiment (11 July 1962): 13 phages were used, 8 of
which came fram drain-water and 4 were preparations adapted from phage 1
of the complementary lysotyping of lysotype A of S. typhi (Nicolle,
Pavlatou and Divernsau?s lethod, 1953, competed by Nicolle, Diverneau
and Brault, 1958 (P. Nicolle, G, Diverneau and J, Brault, Bull, Res,

Souncil_Torasl, 1958, 7E, 85-100).
ese rhages were tested on 27 strains of Malassez and Vignalls

baclllus, 5 of which were type I, 6 type II, 8 type III, 4 type IV,
1 type V and 3 of an undetermined type.

The pesults of this experiment demonstrated that by means of these
13 phages the strains of Malassez and Vignal's bacillus could bs grouped
in six lysotype groups according to the sensitivity spectrum of the
Jurains, '

The first group (sensitive to all the phages, ex=ept to phages
3, 5 and 7) includes 3 strains all belonging to type III, strains 3-IITI,
122.ITT and 149.1II).

The second group is sensitive to all the phages except 4 (1,
3, 5 and 7)e 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)s 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-II),
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 any strain of type III or of type V.

The fourth group is sensitive to 7 phages, which are phages &4,
8, 9, 10, 11, 12, 13, It includes only one single strain of type II

(ptrain 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-
copt one (12), Iikewise, it includes one single strain (103-II)
that belongs to type Il. :

. 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.

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

c. That certain antigenic types may be subdivided into se-
veral lytic groups. Thus type III strains can produce the reactions
of lytic groups 1 and 2; type II strains were distributed in 5 ly-
tic groups (lytic 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 lytic group 3 that contains, nevertheless, a small
number of strains belonging to other antigenic types (1 strain of
type II, 2 strains of type IV and 2 strains of an undetermined type).

de Some antigenic types are not represented in certain lytic
groups, although these groups were not revealed as homogeneous from
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the antigsnic point of view. Thus, no type I strain appears in lytic
groups 1 and 2 and no type III strain appears in lytic group 3.

‘ In view of such results, one has, therefore, the right to

i think that it is possible to lysotype Malasser and Vignal's bacillus
! by means of phages taken from drain-water and phages from various

E other sources. Of course the proof of the epidemiological value of

| such a lysotyping remains to be established.
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V —~ BIOCHRMICAL IDENTITY OF THE VARIOUS STRAINS
AND THE CASE OF SEROTIPE 1V

Lerche (1927) and Schiitze (1928) demonstrated that all the
strains studied by them, although coming from different animal spe-
cles, formed a remarkably homogeneous group in their biochemical we-
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 Jf the 617 strains in our possessiorn 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 bacilius that are known at present is conme-
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 &
days, generally, at 18° 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, II, III and V strains was missing from
the four type IV strains examined by him and which displayed only
areas of lsolated 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, 195%. 1955, 1936. 1962) also contri.
butes to their individualization ([See Note 2.

[Hote 11] This character is not constant, 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.)

({Rote 2:1] This avirulence for mammals peculiar to type IV
strains is no longer found, fcr example, in the louse. Krynski and
Becla (1962) observed that type III, IV and V strains were equally
virulent in a louse that had been infected anally, in contrast with
strains of type II and especially of type I.)

Although the nmmber of type IV strains in our possession (six)
is too amall 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 originality within the group of Malasse: and Vignal's bacii.
lus that is, moreover, so hamogeneous.
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VI — RELATIONS WITH YERSIN'S BACILLUS
ARD TAXONOMIC PROBLEMS

Two questions must be discussed here: on the one hand, the
relations of Malasser and Vignal's bacillus with Yersin's bacillus,
on the other hand, the relations with the other species that at pre-
sent are still classified in the genus Pasteurella, and the position
ut::a léialasaoz and Vignal's bacillus must occupy definitively in sy-
8 C8e

a. Belationp with Yorsin's bacillus,

This problem is summed up in two questions: what are, from a
practical. point of view, the factors that enable the two germs to be
differentiated, and what is, fram the dogmatic point of view, their
exact degree of relationship?! Although, from the viewpoint of the
cultural and blochemical criteria, it is now easy to answer the first
question, the second one is an infinitely more delicate matter.

n'cn a practical point of vicw. two tests suffice to to dif-
farer Malasses apd ¥, anal ! LU on Yersin's bacillus to
u;- ntys mm nd determination of urease.

hough, among the inmmerable mum hat have bun proposed
du'ing the last sixty years, the unevenness in the rapidity of culti.
vation and the disparity in the nutritive requirements of the two
gorms, the differences in pH observed during their development or the
differences in behavior noted on certain culture mediums (potato,
litaus milk, deaerated medimms, Leifson's medium, otc.) or in the
presende ‘& certain carbohydrate substances (rhamnose and glycerol
most of all, but also aelibiose, etc.), the differences in sensitivity
1o the bacteriophage detected under specisl, precise circumstances,
otc. constitute, indeed, valuable arguments, none of them, never-

two tests ahon:ld bo raind. we vcnld u-im it to tho deter-
of urease, Although, in fact, certain strains of Malasses
s bacillns are [robably capable of losing their mobility
, sither, accarding to Favorisova (1938), due to mere
, however, observed it ourselves 1n strains pre-
ansplanting for more than twenty years), or, ac-
Brunet (1952), dus to action of baoteriophage, the use
technique hag never enabled us to obtain mutants in-
w.
real prodlem does not semm to us to be the
m two germs, tut rather the determination of
of relationship. Therefors, we shall smphasise
o parallsl factors:
more than mention, without underestimating
because they lie cutsids the framework of this
that exist in the antigenic and physio-patho-
the existence of slose antigenic relations that
consequences the possibility of crossed vaceinatioms,
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the analogy of behavior in Xenopsylla cheopis (Blanc and Baltazard,
1944), and, finally, the analogy in the pathogenic modalities. In
connection with the last point of view , it must be emphasized 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 Malassez and Vignal's
baeillus, the pulmonary or septicemic manifestations of both diseases
are identical and the toxins of the twc germs, so similar in their
nature (Girard, 1950), have the same neurotropism. Finally, the histo-
logical substrate of the two infections also is completely super-
posables "plague is a pseudotuberculosis”, according to Dujardin-
Beaumetz,

Therefore, the only difference seems to be, finally, merely
a stion of degree in virulence, however, this calls for the
following remarksy ~<~*4~eming caused by Malassez and Vignalts ba-~

" ¢11lus in man were, before antibiotic therapy, just as mortal as

the plague septicemias themselves, Experimentally, the same animal
species (dog and cat) prove to be immune to both germs, and, espe-
cially, the supreme differentiation criterium thit was constituted
for a long time by the susceptibility of the white rat to Yersin's
bacillus and its immunity to Malassez and Vignal's bacillus, must

be reconsidered since the isolation, by G. V. Juscenko (1957-.1959),

of strains of Malassez and Vignal's bacillus that are highly pathogenic
for the rat and always more pathogenic for the white mouse than for
the guinea-pig. Minally, this virulence criterium is particularly
weakened i1f one takes into account the existence of spontaneously
avirulent strains of Yersin'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 same bacteriophages also constitutes a remarkable
similarity factor at the same time 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 Yersin's bacillus acquire the ability to ferment rhamnose and to
the extent that Brunet (1952), on the contrary, was able to make
Malassez and Vignal's bacillus lose its locamotor apparatus.

If one is satisfied with the only two differentiation criteria
that we have definitively retained, mobility and decomposition of trea,
the following remarks must be made: in so far as the mobility of
Malassez and Vignal's bacillue is concerned, on the one hand its dis-
appearance under the special conditions that we hawe pointed out weakens
its dogmatic importance considerably, on the other hand its strict
subordination to temperature conditions must be reconciled with the
analogous influence exercised by temperature on a number of characters
of Yersin's bacillus, for example on its mutritive requirements (Hils
and Sparr, 1952). In so far as the decamposition of urea is con-~
coerned, We belisve that this character cannot constitute, by 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 acid,

Under these conditions, we bdelieve that Malasser and Vignal's
bacillus should be comparod with Yersin's bacillus on the sume “rariety”
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i level as the varieties that Devignat (1951) individualized under the
terms "orientalis", "antijua" and "mediaevalis® in this last mentioned
species, since this comparison 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 bacillas has
: never been isolated in the tropical zone, partieularly in the southern
Sahara, the Belgian Congo, Madagascar or Viet-Nam, as Girard (1960)
ﬂﬂl&sﬂ.ﬂ‘do
We consider, finally, therefore, that both species, Yersin's
bacillus and Malasser and Vignal's bacillus, that are, at present,
still separate and classified one under the genus Pasteurella (Tre-
visan, 1887), the other under the genus Cillopasteurella (Prevot,
1948), ought to be brought together, as shown in Table I, below,
in the same gerus Yersinia, proposed by Van lLoghem (1944.1945; 1546),

TABLE 1
genas specles variety urease glycerin nitra-

tes

0 0 +

Yersints ua 0 + +

Yersinia bacillus nediae s ) + 0
] ses and s

bacillus + + +

Is it possible to develop the comparison further! Already,
in 1928, Zlatoguref and Mogilevskaya considered Malasser and Vignal's
bacillus to be an R-variant of Yersin's bacillus, and Harvey, in 1933,
as a plague bacillus in symbiosis with a bacteriophage. Subssquently,
Devignat saw in these two germs the mutants of a same original spe-
eles, and, in order to explain the disappearance of the medieval
plague fram Burops, published, in 1951, the hypothesis of a trans-
formation of the variety of Yersin's bacillus into Mals-
ses and Vignal's » & hypothesis that is added to levine's
(1913) and Bencdnelll and Aradas's (1933), who had adaitted, froam a
theoretical point of view, the possibility of transition from one to
the otksr gem,

Have theee hypotheses begun to be confirmed? In 1912, Rowland
reported that by cultivating the plague bacillus in a solution of its
own muoleoprotein he had succeeded in transforming it into Malasses
and Vignal's booillus, tut the disorimination criteria admitted Yy
this author, based only on degrees of virulence, prevent us fram sub-
soribing to his conclusions. The same is true for the variants of
Nalasse: and Vignal’s bacillus that Zlatogorof and Mogilevskaya ob-
tained in 1928 and Pokrovskaya in 1934,

In 193, Bessonova, lenskaya, Molodtsova and Mossclova re-
ported five cases of spontanecus "tranmutation® of Yersin's ba-
cillns into Malasses and Vignal's bacillus that had occurred be-
tween 1929 and 1936 in 21A4 strains preserved in a collectionm,

Tumansky reported, two years later, a cass of transformation,
under the inflnence of a plague bacteriophage, of Yersin's bacillus
Anto a germ “that resembled very closely the pseudotuberculosis
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bacilli®, a result that was close to Rorobkava's who, in 1537, pro-
duced, by also subjecting Yersin's bacillus to the action of a plague
bacteriophage, a series of modifications amnng which were the loss
of virulence and the acidification of rhamnose culture mediums,

Faddeeva stated, in 1939, the progression of these transfor-
mations as followst The virulent strains of Yersin's bacillus are
transformed into avirulent strains 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
phenamenon was reported by Blanc and colleagues (194k4; 962) as a re-
sult of experiments on the behavior of Malassez and Vignal's baciilus
in Xenopsylla cheopis.

A particularly pertinent discussion of these observations will
be found in Pollitzer (1954) and, especially, in Girard (1947). Indeed,
none of“these observations has been abla Lo 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 ws ha~ .imited ourselves to writing in con-

rsction with one of thes. -transformations® that Peverything occurred
as 1f o9 l, but it 1s none the leas 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 relationsh.ip between the two gems,

be Relations with the other spscies of the genus Pasteureila
and taxonamic problems,

An exanination of Table I, below, shows sufficiently that
between Yersin's and Malassez and Vignal's bacilli, on the one hand,
and Pasteurella septica or multocida, on the other, there are strictly
no characters Justify keeplng these three germs classified any
longer in the genus Pasteurella (Trevisan, 1887), and no one could have
expressed better than Girard (19%2) the need for separating the first
two germs fram Pasteurells in the strict sense: "the develoment of the
plague and pseudotuberculosis bacilli in yeast water and in potato
water, the absence of flocculation of a serum antiplague filtrate of
Pastsyrella culture, the total absence of lysis of the Pasteurella
genus by an antiplague bacteriophage whose polyvalency and activity
ars very pronounced, add still more to the bundle of arguments invoked
for separating Yersin's and Malasser and Vignal's bacilli from the
%ﬁ;ﬂ“. In fact, what do they have left in camon? Bi-
po staining, due to which they were formerly integrated into the
same gemis. Let us recognize that at present this character has
nothing specific about it.*

The production of indole and the fermentation of sucrose by
P, geptica, and the non-fermentation of glycerol, of rhamnose and of
es , the absence of antigenic relations (except for the lipopoly..
saccharide isolated frum P, multocida type I by Bain and Knox in
1961), the difference in behavior in the hematophagous insects, the
presence of a tetrathionate-reductase and the absence of YLata galacto-
sidass confim again, as if it were necessary, the contrast between
P. se%ica on the ond hand and the Malissez and Vignal's and Yersin's

on the other,
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Mnally, the presence in comparison with these three germs of a
species as different in its morphology and in its cultivation require-
ments as the sgent of tularemia, Pasteurella tularensis in the present
state of namenclature, also calls for a division of the genus Pasteurslla
whose namenclatare and taxonomy have been shown by Talbet and Sneath
(1960) to be incorrect,

We have already ocutlinsd (sae page 2 , abqve) the regrettable
practical consequences of the present classificatien and the ambi.
guity creatsd by the temm Pasteurslla, To ths extent that nomenclature
has' the objective ®of avolding or rejecting the uzs of terms ani names
that mgy cause srrors or ambiguity and becums, consaquently, a source
of confusion® (Raaduroy, 19%9), we believe that the term Pasieurella
and the genus that it designates should be resarved for the single
species Py geptica. We subscribe then fully to the propeaal to group
Yersin's and Malsssez and Vignal!s baoilli in the nsw genus Yersinia
(Van Loghen, 1944), as we do to Dorofeefts (1947) proposal, taken uwp
by Olsufiev and colleagusa (1959) and by Philip and Owen (1361},
t0 put the agent of tularsmia in the new genus Francisells (Dorofeef,

1947},




TABLE
DIFNERERTZAL CHARACTERS OF MALASSEZ AND VIGRAL'S BACILLUS, {
OF YRRSTR'S BACILLUS AND OF PASTEURELIA SEPTICA
' - Malassez and Yersin's “Pasteurclis
' Vignal's ba-  bacillus septica
c¢illus
Mobility at 200 ry 0 0
Orease + 0 0
Indole 0 0 +
cultivation
on potsto + 0
yeast water + + 0
hydrolysate of '

gelatin or Berk-

mannts medium + + 0
MacConkey's
nediwn + + 0
Morrists
medium + + 0
Sucrose 0 0 +
Rhanmnose + 0+ 0
Glycerin e o+ 0
Esculin + + 0
Methyl red ¥ ¥ 0
: Tetrathionate reductase 0 0 +
Beta galactosidase + ¥ 0
Antigenic relations + + 0
‘ Booterlophaglc relations ¥ T )
P Persistance in Xeno-
‘ psylla cheopls + + 0
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