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Classification

Following a proposal made by Rahn 126 in 1937, the plague bacillus,
Pasteurella pestis, together with P. pseudotuberculosis, P. multocida,
P. haemolytica, and P. tularensis, was classed in the family of Parvobacte-
riaceae and in the genus Pasteurella Trevisan, in the 5th and 6th editions
of Bergey's Manual of determinative bacteriology.

As van Loghem 91 pointed out recently, with much reason, this classi-
fication is rather unfortunate because it places micro-organisms such as the
plague and pseudotuberculosis bacilli, which possess normal dimensions,
among the Parvobacteriaceae, characterized by their exceptionally small
size. Van Loghem proposed to class these two species in a new genus, called
Yersinia in honour of the discoverer of the plague bacillus.

No doubt this recommendation deserves serious consideration because
it was always doubtful whether or not the plague and pseudotuberculosis
bacilli which, while closely related to each other, stand apart from the
pasteurellae in general, should be grouped among them. In view of the fact,
however, that so far the change in nomenclature advocated by van Loghem
seems not to have attracted much attention, it did not appear advisable to
adopt it for the purposes of the present studies.

Morphological Characteristics

Normal and involution forms
P. pestis, which belongs to the class of Gram-negative micro-organisms,

appears typically as a short, ovoid bacillus showing bipolar staining but
is actually characterized by great variability in shape. Variations in length
are frequent so that both short, coccoid forms and longer rods (" Kokken-
typus" and " Staibchentypus" of the German authors) are found. Thinner
and thicker filaments, sometimes branching, have been described by

* This is the second of a series of studies which, when complete, will form a manual on plague and which
will be published in separate editions in English and in French in the Monograph Series of the World
Health Organization. - ED.
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different observers. More important still are the wellknown involution
forms, such as mould- and yeast-like formations, and feebly-staining
bladder and ring forms (Petrie )114.

As a rule these deviations from the typical form do not indicate that the
bacilli in question have undergone profound changes in other respects.
Usually they may be restored to normal morphology through subculture or,
failing that, through animal inoculation. Although old avirulent strains
may show an atypical morphology, becoming similar in appearance to
involution forms (Burgess 24), the reverse by no means holds true, atypically
shaped bacilli often proving fully virulent.

That even marked morphological changes represent as a rule merely a
response to unsuitable extrinsic conditions is proved by their comparative
frequency in older infections or in the primary bubo of acutely affected
rodents or human beings as well as in decomposed carcasses or dead bodies.
In fact, Sata 138 was able to observe the gradual transition from normal
to involution forms in the carcasses of decomposing animals killed by
plague. Moreover, we know of a number of factors which can bring about
such a transition in vitro.

The fact that marked involution forms are produced on agar containing
3 % of salt (Hankin & Leumann 71) will be discussed later.

Albrecht & Ghon 2 and others noted the appearance of polymorphous or filamentous
forms on media containing glycerol or sugars. The latter were studied in detail by
Wade 168 who found that the production of involution forms was dependent upon acidi-
fication, and did not occur in non-fermented media. This confirmed the observation
of Westenrijk 172 that a more acid reaction of the media was apt to produce longer forms.

The investigations of Westenrijk also showed a marked influence of the abundance,
scantiness, or absence of oxygen. Thus, on the surface of fluid cultures well-staining
coccoid forms were found, whereas below the surface longer forms with less-marked
or no bipolar-staining were present. De Smidt 151 also found that the upper part of
bouillon cultures contained typical bacilli actively multiplying in chains, while at the
bottom the organisms passed through remarkable involutionary changes before autolysis.

Cacace 25 established that addition of potassium chromate (0.01 %-0.05 %) to bouillon
cultures led to filament formation, addition of alcohol favoured chain formation, and addi-
tion of carbolic acid, the appearance of coccoid forms. Won 173 recently produced giant
involution forms when growing plague bacilli on blood-agar to which 25-50 mg of crystal-
line camphor had been added.

In the experience of Bouffard & Girard,22 incubation at lower temperatures was
apt to produce longer forms.

The appearance of atypical forms under bacteriophage action was recently described
by Korobkova,85 Favarissova,46 and P'an, Tchan & Pochon.111.112

Though not much attention seems to have been paid to the influence
exerted in this direction by treatment with sulfonamides, it could be shown
that this also is apt to lead to the appearance of involution forms. Wayson
& McMahon.170 noted in this connexion that the few micro-organisms found
in guinea-pigs succumbing to plague under sulfadiazine treatment showed
signs of involution, while smears from the control animals displayed a
normal morphology of the bacilli. Roux & Mercier 132 stated that the
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sputum smears of pneumonic-plague patients treated with sulfathiazole
" montraient des alterations de la structure des microbes ", and similarly
Pollitzer (unpublished observation) could see in the sputum of such a
patient recovering under sulfadiazine treatment a gradual replacement of
typical plague bacilli by involution forms.

An interesting observation, suggesting that atypical bacillary forms may
be prevalent at the initial stage of plague manifestations, was made by
Magrou & Brisou 98 in the course of an epizootic of rat origin among
guinea-pigs kept in the laboratory.

At first no characteristic gross lesions could be detected in the carcasses of these
animals, and smears from their organs showed only small, round, Gram-negative cor-
puscles which seemed in part vacuolated. Cultures made at that stage of the epizootic
remained sterile or growth was tardy. Later on, typical forms were found in the smears
and normal growth was obtained. Magrou & Brisou were afterwards able to detect
similar atypical forms in smears from the bubo punctate of patients who had been
inoculated or suffered from pestis minor.

Haffkine (quoted by Dieudonne & Otto 37) had pointed out that growth
on dry agar promoted the appearance of involution forms. This matter was
further studied by Zammit & Alcock 180 who found that in drier media
not infrequently coccoid and very short bacillary forms (generally associated
with some oval bipolar-staining forms) were present, while in smears from
moist agar, especially from the condensation water, more-typical forms
were seen. When investigating this problem in a more general manner,
Epstein 42 came to the conclusion that bipolar staining was not peculiar to
the Pasteurella group but could be demonstrated to some degree in other
kinds of bacteria as well if they were cultivated in media rich in water.

These observations seemed to suggest that phenomena of osmotic pres-
sure have an important bearing upon the morphology and staining pro-
perties of P. pestis (Petrie 114). Interesting observations in this direction were
made by Dudchenko 40 when studying a plague-like capsulated micro-
organism. This bacillus formed under unfavourable conditions a firm
capsule, and intracellular pressure consequently became high. Dudchenko
assumed that the latter factor was responsible, on the one hand, for the
displacement of the endoplasm to the poles of the bacterial cell and, on the
other hand, for the formation of various misshapen involution forms.
However, as will be noted below, some recent workers have tried to explain
the presence of bipolar staining in another manner.

Capsule and " envelope "
Though Kitasato 81 and many other observers were of the opinion that

the plague bacillus was a capsulated organism, Rowland 133 came to the
conclusion that a capsule was present under certain conditions only at
the site of inoculation in experimentally infected rats and in bacilli which
had been grown in media containing serum. Rowland claimed on the
other hand that the plague bacilli possessed a slimy " envelope " which was
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not easily visible in unstained preparations but could be demonstrated in
indian-ink preparations and differed from the capsule in having no definite
outer limit.

The presence of such an "envelope " was again postulated by Schiitze143
in 1939 and Bhatnagar 18 in 1940. However, Sokhey,154 who published in
the latter year the results of a systematic study of this matter, came to the
conclusion that while the plague bacillus possessed a capsule under all
circumstances, the envelope seemed to be only " an unstained capsule plus
a halo which is produced by a peculiar settling down of the fine particles
of India ink at a distance from the capsule due to the operation of physical
forces ".

Chertnik 27 also found that as long as sufficiently moist media were used
for cultivation, the plague bacillus was invariably provided with a capsule.
This could be most clearly seen when Martin's peptone agar, to which
rabbit blood had been added, was used and cultivation was made at 360-370 C
in an atmosphere containing 25 %-30% carbon dioxide. Chertnik, confirming
the findings of earlier workers, also maintained that the pseudotuberculosis
bacillus showed no definite (ausgesprochene) capsule and was consequently
devoid of the "membrane antigen" possessed by the plague bacillus. It
is interesting to note in this connexion that according to Schiitze143 and
Bhatnagar 18 the pseudotuberculosis bacilli had no "envelope ".

The constant presence of a capsule (membrane cellulaire) was also
confirmed by P'an, Tchan & Pochon 111, 112 when studying the cytology
of the plague bacillus in preparations coloured according to Robinow's
method with crystal violet. The cellular membrane was seen to disintegrate
and finally to disappear under the influence of a specific bacteriophage.

Motility

Though a few observers have claimed that the plague bacillus shows
motility, the overwhelming majority of experts are agreed that it is an
immotile organism. Since it has been proved on the other hand that the
pseudotuberculosis bacillus is typically motile, it would seem at first glance
that this difference would greatly facilitate the otherwise rather difficult
differentiation between these two species. Unfortunately, however, con-
siderable practical difficulties are encountered in this direction. On the
one hand plague strains may show such marked Brownian movement that
great experience may be necessary to decide whether a given bacillus is
immotile or not. On the other hand the pseudotuberculosis bacillus,
although it is usually motile when grown at temperatures below 260 C, does
not as a rule show this property when incubated at 370 C (Kossel &
Overbeck ; 87 Arkwright 3). Moreover, since it has been demonstrated that
the motility of this micro-organism is due to the presence of flagella, one
must expect that immotile 0 forms occur (Schiitze 142).
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Favarissova,45 who recently tested the motility of 17 pseudotuberculosis
strains cultivated at 140-160 C with the aid of hanging-drop preparations
or of Levinthal's method, found that cultures kept for a long time in the
laboratory were apt to be immotile but that motility could be restored by
frequent subculture at suitably low temperatures, especially if bouillon
containing serum or semi-solid agar were used for this purpose. Favarissova
came to the conclusion that motility tests were of value for the differentiation
of plague and pseudotuberculosis bacilli.

Granules and nuclei
As summarized by Pollitzer120 in 1936, the presence of granules or

nucleus-like formations in P. pestis had been noted by a few workers:
Schultz140 observed granules in plague cultures kept for four years without sub-

cultivation and considered them as a means of providing for the survival of the organisms.
Subcultures showed typical growth and the granules did not stand heating at 500 C for
1 1/2 hours so that they were certainly not in the nature of spores.

Fusco & Patane 52, 53 stated that granules may be demonstrated in smears from plague
cultures or even sometimes in those directly taken from a plague bubo if an ammoniacal
solution of methylene blue be used for staining. Results were best if cultivation was
made on beef serum solidified with 15% glucose. Similar granules were found in certain
allied organisms, including the pseudotuberculosis bacillus, if these were treated in an
identical manner.

The existence of nucleus-like formations in the plague bacillus has been claimed
by some workers such as Pokrovskaya, 118.119Lugovaya & Lebedeva,92 andTshernobaev162
who all stated they had confirmed the nature of these bodies with the reaction of Feulgen
and Rossenbeck. It should be added that more recently Korobkova 80 reported the
occurrence of giant forms with a well-differentiated nucleus in the transparent smooth
colonies produced in plague cultures through bacteriophage action.

Studying the cell division of P. pestis with the aid of Robinow's method
of acid hydrolysis and Giemsa staining, Wei, Tchan & Pochon 171 noted
the presence of a chromatic corpuscle near each pole of the resting bacterial
cells. In the course of division these two corpuscles first became joined
together in the form of a dumb-bell and then separated into four granules.
As a result each daughter cell contained two chromatic corpuscles which
again became situated near the poles of the micro-organisms. Wei and
his co-workers came to the conclusion that the bipolar appearance of the
plague and allied bacilli was due not to protoplasmic condensations near
the poles, as was assumed by most previous workers, but to the presence
of the chromatic corpuscles described above. They admitted, however,
that reserve materials serving for the nutrition of the bacterial cells might
be accumulated round these bodies.

As shown by further investigations by P'an, Tchan & Pochon, 111,112 the
action of a specific bacteriophage interfered with the normal cytological
evolution of the plague bacillus, the chromatic granules at first becoming
swollen and fused together, then transformed into filaments, and finally
disintegrating. Using tannin as a mordant and Robinow's method of

6
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coloration with crystal violet, the same workers showed that bacteriophage
action, besides preventing further cell divisions, led not only to a gradual
disintegration and final disappearance of the cell membrane but also to the
appearance of granules coloured with crystal violet. P'an and his co-workers
assumed that these bodies were abnormal constituents of the bacterial cell,
their appearance being accelerated by action of the bacteriophage.

It should be noted that Shabaiev& Pletnikova 147 had previously described
the presence of metachromatic granules in plague bacilli grown on peptone
agar which had been sterilized at 1250-1300 C or on media containing
phosphate compounds.

Cultural Characteristics

Growth limits and requirements
It is gratifying to note that the rather incomplete knowledge formerly

available in regard to the environmental conditions and substrates suitable
for the growth of the plague bacillus has been supplemented through recent
systematic studies.

Working on the basis of previous observations by Sokhey,152 Sokhey
& Habbu 155 determined the optimum and limiting temperatures for the
growth of the plague bacillus in broth. Cultivation was possible within a
temperature range of from -20 to + 450 C, with an optimum at 270-280 C
when the yield was about five times larger than that at 370 C. It should be
noted in this connexion that, as previously established by Sokhey,153 a
temperature of 37.50 C was optimal for the growth of sparsely seeded plague
bacilli on blood-agar.

Sokhey & Habbu 155 further established that, at an incubation tempe-
rature of 280 C, plague bacilli developed in broth within the pH range
5.0-9.6. Growth was fairly satisfactory when the pH of the medium was
between 6.6 and 8.0 and was maximal within the range 7.2-7.6.

Studying the number of viable plague organisms in broth cultures,
Sokhey 153 reached the important conclusion that the growth resulting
after an incubation of 48 hours bore no relation to the total quantity of
the medium or to its surface area, but was directly proportional to the
circumference of the latter. In order to obtain identical results in successive
examinations it was, therefore, essential to use invariably tubes of the same
internal diameter and to keep them during incubation invariably in the same
position and in an undisturbed state free from shocks.

Interesting results were obtained by Sokhey & Habbu 156 when studying
the rate of growth of the plague bacillus in broth. Two stationary phases
were noted which lasted from 0 to 1 hour, and from 21 to 24 hours, respec-
tively. After each of these phases, there was a logarithmic growth phase.

This phenomenon seemed to be due to the fact that at first growth took
place in the body of the medium only where the oxygen tension was 0.72 ml-

78



PLAGUE STUDIES. 2

0.75 ml per 100 ml of the medium. The initial growth phase came to an end
in about 21 hours when the oxygen content had fallen to 0.04 ml per 100 ml.
However, a second growth phase on the surface of the medium commenced
about three hours afterwards.

Studying the nutritional requirements of the plague bacillus, Rao 127
found three amino-acids-proline, phenylalanine, and cystine-to be
essential for its growth, while glycine, though not indispensable, exerted
an important stimulating action. As established by Rao and confirmed
by all subsequent observers, accessory growth factors (" bacterial vitamins ")
were not required for the cultivation of the plague bacillus.

As shown by further investigations of Rao,118 besides the above-
mentioned amino-acids, serine, alanine, glutamic acid, tyrosine, and
methionine were of service as nitrogen and energy sources for the growth
of the plague bacillus and were therefore suitable for enrichment of the
media. Glucose and lactic acid were found to be the best and, at the same time,
the least expensive carbon sources that could be used to supplement the
media.

Rao 127 found two chemically defined protein-free media-hydrolysed
gelatin + cystine, and proline + phenylalanine + cystine + glycine-suit-
able for cultivating plague bacilli, but pointed out that in general " hydro-
lysates of simple proteins (such as gelatin or casein) in which the presence
of essential amino-acids is ensured will prove to be the most useful ".

In fact, as recently described by Sokhey, Habbu & Bharucha,157 casein
hydrolysate proved an excellent substrate in the preparation of plague
vaccine.

In order to study the influence of haematin and certain other compounds
upon the growth of the plague bacillus, Rao 128 used a basic medium
containing 12 amino-acids. He found haematin highly active in speeding
up growth, while cozymase, thiamine, and nicotinic acid exerted a similar
but less marked influence. The combination of haematin, thiamine and
nicotinic acid had the greatest effect. On the basis of these investigations,
Rao suggested that

" the four growth stimulants may be essential components of the [bacterial] cell,
being synthesized in the course of growth, and that their occurrence and ready avail-
ability in the environment will greatly facilitate the rapidity of growth and invasion of
the organism."

Similar results were recently recorded by Yaoi et al. 176 who studied
the nutritional requirements of the plague bacillus with the aid of Mueller
& Johnson's hydrolysed casein medium to which cystine had been added.

Investigations with the aid of synthetic media were also made by
Doudoroff38 and Berkman.6 The former succeeded in cultivating plague
strains in an ammonia-salts-glucose medium to which cystine and phenyl-
alanine had been added. Berkman was able to grow plague and pseudotuber-
culosis bacilli in a medium containing 15 amino-acids, inorganic salts,
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and glucose. "Haemorrhagic septicaemia " pasteurellae (pasteurellae
sensu stricto), on the other hand, failed to develop in this medium or in
hydrolysed gelatin unless nicotinamide and pantothenic acid had been
added.

Practical aspects of plague laboratory work, including methods of culti-
vation, will be dealt with later in these studies ; but it is necessary to discuss
here the general features of the growth of P. pestis on or in plain media
agar, gelatin and broth.

(a) Growth on agar. The youngest forms of plague colonies becoming
visible on agar plates about the end of the first day of growth were described
by Markl 99 as being extremely delicate, translucent, colourless, and coarsely
granulated with strongly scalloped edges. After 48 hours two types of
colonies could be distinguished-type I colonies which were roundish,
sharply defined, and raised with steep edges, grey-white in reflected light
and bluish in transmitted light ; and type II colonies which were larger,
with a central nucleus, and a more or less broad, delicate peripheral zone
with wavy edges ; the central part of these type II colonies was sometimes
poorly developed, so that they appeared uniformly flat and delicate (Albrecht
& Ghon 2 quoted by Petrie 114).

Markl 99 maintained that these two types originated from the early
colonies described above, either directly or through intermediate stages,
and were due to an adaptation of the bacilli to adverse conditions. Thus
on plates to which plague toxin had previously been added the two types
were conspicuous whereas on control dishes colonies of the early type grew,
which only gradually changed over.

From these statements, though the descriptions given do not tally in
all details, it appears likely that the two above-mentioned colony types of
the plague bacillus correspond to the smooth and rough variants described
by recent workers.

As first noted by Yersin 177, 178 in 1894, especially in cultures directly
implanted with material from the animal or human body, different rates of
growth may be conspicuous, leading to considerable differences in the size
of the colonies, sometimes to the development of veritable giant colonies
(usually of type II) beside minute dwarf colonies. These differences were
not, however, of a stable character, so that by subcultivation of either type
again large and small colonies were obtained (Frosch 50).

Cultivating under suitable conditions on agar slants one obtains a
delicate, greyish-white layer of growth which, when touched with a platinum
needle, displays a slimy consistency considered by MacConkey 96 to be
characteristic for the plague bacillus in contrast to the pseudotuberculosis
bacillus.

In stab cultures made in plain agar the plague bacillus grows at first
slowly from the surface along the canal produced by the needle. In old
cultures tuft-like outgrowths are apt to form.
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(b) Growth on gelatin. After incubation at 20°-220 C for 2-3 days, plague
colonies develop on gelatin dishes in the form of fine, semi-transparent
dots with a protruding, coarsely granulated centre and a delicate, transpar-
ent peripheral zone with wavy edges. Impression films from these colonies
show a characteristic microscopic appearance owing to the presence of
loops and filaments. Kossel & Overbeck,87 who first noted this feature,
ascribed differential-diagnostic importance to it, but this claim was not
confirmed by other observers who found loop formation sometimes absent
in plague colonies and present in those of the pseudotuberculosis bacillus.
It should also be noted that on gelatin, as on agar, further development
of the plague bacillus leads to marked variations in the appearance of the
colonies. A further drawback is that, in the case of contaminated material,
liquefaction of the gelatin by some of the concomitant micro-organisms may
interfere with continued observation of the cultures. Nevertheless, some
workers reported success with contaminated material when incubating the
gelatin dishes at low temperatures. Zlatogorov 181 even recommended
freezing of the inoculated plates for a period of 2-3 days.

(c) Growth in nutrient broth. According to the descriptions usually
given, growth of the plague bacillus in broth starts with the appearance of
floccules on the bottom and at the side of the culture tubes or flasks, followed
by the formation of a surface film from which threadlike strands hang down.
As shown by Haffkine, 68, 69 this growth from the surface may be facilitated
by the addition to the medium of a little oil or other fatty fluid which forms
a superficial film and thus facilitates the formation of the hanging strands
or stalactites towards which stalagmites grow up from the bottom of the
tube or flask. One may, however, obtain such growth without any addition
if one carefully avoids vibration of the cultures.

The question of the extent to which this peculiar growth in broth is
characteristic for the plague bacillus has been the subject of much debate.
Some observers ascribed differential-diagnostic importance to this feature,
maintaining that the plague bacillus invariably produces such sedimentary
growth in bouillon whereas the pseudotuberculosis bacillus renders this
medium uniformly turbid. However, as first shown by Schiitze,141 this
holds true for the smooth form of the pseudotuberculosis bacillus only,
whereas its rougll form produces a flocculent growth in bouillon. More
important still, the recent observations of Wats & Puduval,169 recorded
below, have proved that, similarly, the smooth variant of the plague bacillus
produces uniform turbidity in bouillon. Since, however, the persistence
of the plague bacillus in a purely smooth form seems to be an exception
rather than the rule, it is not surprising to find that usually this micro-
organism produces a sedimentary type of growth in nutrient bouillon.

(d) Growth from small inocula. Though, as discussed above, plain
media may be used for the cultivation of the plague bacillus, it is as a rule
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impossible to initiate growth on ordinary agar or in nutrient broth unless
large inocula are implanted. The following observations, proving this
curious point, were made by Pollitzer 120 in Plague: A manualfor medical
and public health workers.

Drennan & Teague39 found that when agar plates were sown sparsely with plague
bacilli, no growth occurred. They ascribed this phenomenon to the presence of inhibitory
substances formed during preparation of the media and found that addition of sodium
sulfite neutralized this supposed effect. Noting that growth of plague bacilli also took
place in the vicinity of a variety of micro-organisms developing on agar plates, they
assumed that these bacteria exerted a similar neutralizing action.

The above observations were confirmed by Meyer & Batchelder 103 and also by Bokalo
et al. 20,21 who found that different sarcinae stimulated the growth of plague bacilli
plated out from diluted suspensions.

Schultze & Hassanein 144 could induce growth from small inocula not only by adding
sodium sulfite to the media but also by adding blood or sterilized broth cultures of a
variety of bacteria, or by keeping the plates under anaerobic conditions. Believing that
the difficulty of initiating growth of plague bacilli lying widely scattered on agar plates
was due to an oxygen sensitivity of the micro-organisms, the two authors suggested
that sodium sulfite and blood acted as reducing agents. The action of sterilized broth
cultures was, in their opinion, due to the presence of substances of an enzymic nature.

Whereas in the experience of Schutze & Hassanein certain other pasteurellae showed
a growth inhibition similar to that of the plague bacillus, pseudotuberculosis bacilli
grew well even if small inocula were used.

Wright175 believed that plague bacilli failed to grow from small inocula in broth
because the constituents of this medium had become oxidized. To overcome this diffi-
culty he recommended adding the peptone to the broth at an early stage of preparation.
He confirmed that plague bacilli were readily destroyed by exposure in thin layers on an
agar surface to the action of air, particularly at 370 C. This could be prevented by
(a) reducing the oxygen content of the atmosphere to some point between 0.5 % and
1.5 %, and (b) adding to the media blood (0.1 %), serum (10 %), or sodium sulfite (0.05%
or even less).

Observations regarding this subject made since 1936 may be summarized
thus:

Schtutze,143 working with virulent and avirulent, rough and smooth
plague strains, found practically all these variants equally unable to develop
when thinly seeded on plain agar; only one smooth avirulent strain from
Java grew well under these circumstances. The plague bacilli thus behaved
differently from other pasteurellae such as P. aviseptica and lepiseptica, the
rough variants of which developed well on plain agar even if small inocula
were implanted.

Sokheyl5s recorded experiments confirming the observation that the
addition of defibrinated blood, serum, copper sulfate, or sodium sulfite
promoted the growth of sparsely seeded plague bacilli on agar surfaces,
but stated it as his opinion that a possible reduction of the oxygen tension
by the addition of these reducing agents was not the sole explanation of
the increased growth. He considered blood-agar as the medium of choice
for the cultivation of sparsely seeded plague bacilli on solid media and, as
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has been noted already, found an incubation temperature of 37.50 C optimal
for this purpose.

Rao,'28 discussing the findings of Schiitze & Hassanein, suggested that
the growth-stimulating factor present in sterile culture filtrates was catalase,
while the factor preventing growth in the presence of molecular oxygen was
probably hydrogen peroxide.

Further investigations in this direction were recently recorded by
Herbert.73 This worker was unable to cultivate three virulent and two
avirulent plague strains with the aid of the synthetic media successfully
used by Rao and by Doudoroff. Anaerobically his strains grew in a mixture
of 20 amino-acids and glucose, but to obtain aerobic growth from small
inocula it was necessary to add whole blood or a peptic digest of blood
to the media. Herbert found that the factor in peptonized blood responsible
for this effect was haematin but that growth from small inocula was also
obtainable if pure recrystallized haemin was added to plain agar.

While admitting that intrinsic differences between the strains used
by him, and by Rao and Doudoroff, respectively, might have played a role,
Herbert laid stress upon the fact that large inocula had been used by Rao
and initially also by Doudoroff.

Herbert, like Sokhey,153 doubted that the failure of initiating cultivation
with small inocula was mainly a problem of oxygen tension as had been
assumed by some previous observers. Sharing the opinion of Rao,'28 he
postulated that the growth inhibition was due to a production of hydrogen
peroxide by aerobically-growing plague bacilli and ascribed the effect of
blood and blood-substances to their utilization by the organisms for the
synthesis of catalase which decomposes hydrogen peroxide.

The fact that the media could also be made suitable for the growth
of small inocula through the addition of substances such as sodium sulfite,
thiolacetate, or animal charcoal could be explained as well by this hypo-
thesis. For, as stated by Herbert, the effects of these reducing substances
could be ascribed either to a direct chemical reaction with the hydrogen
peroxide or to their reaction with oxygen in the medium which would
prevent the formation of H202. Animal charcoal, on the other hand,
catalytically decomposes hydrogen peroxide.

The following procedures were recently recommended to promote
growth from small inocula:

Samsonov 137 reported success when organ lysates, prepared from the
spleen or liver of laboratory animals, were added to the media. Bistrenin
et al. 19 used pepsin-trypsin digests of albuminous substances for the same
purpose while Jastchouk 74 obtained favourable results with Fieldes'
peptic blood-broth. It should be kept in mind, however, that, as recently
emphasized by Girard,60 ordinary blood-agar is as suitable as these more
elaborate media for obtaining satisfactory cultures of the plague bacillus,
regardless of the size of the inoculum.
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As noted above, one of the methods recommended by Schiitze &
Hassanein 144for promoting the growth from small inocula was cultivation
under anaerobic conditions. Good results with this procedure were recently
reported by Girard & Neel.65 Using an agar medium which had been pre-
pared with a special brand of peptone (Uclaf No. 17) and to which glucose
had been added for stab cultures, these two authors were able to start growth
from small inocula in instances where surface cultivation had given negative
or more tardy results. Repeated subcultivation under anaerobic conditions
seemed to exert an unfavourable influence upon the virulence of the strains.

An elaborate method of promoting the growth of plague bacilli devised
by Devignat 30 was to bubble air through broth cultures in a special appa-
ratus. An abundant yield was obtained quickly and uniform suspensions
suitable for agglutination tests were obtained. It should be noted in this
connexion that the plague bacilli growing in aerated broth cultures did not
become linked together in chains, as is the case in ordinary bouillon cultures,
but remained isolated.

Devignat & Schoetter 35 noted that repeated passage of plague bacilli
through aerated media was apt to lead to the appearance of involution forms
and resulted in a loss of virulence of the strains. However, Devignat 31 was
able to establish that their virulence remained unimpaired if quicklime
instead of potassium hydroxide was used for the removal of water and
carbon dioxide from the air to be passed through the culture tubes. He
was of the opinion that radioactivity conferred upon the air by the potas-
sium hydroxide had been responsible for the loss of virulence.

Although he failed to initiate growth when implanting single plague
bacilli directly upon nutrient media, Tchan 159 was able to cultivate such
organisms, isolated with the aid of a micromanipulator, when using a
preliminary enrichment method described by him in the following terms:

" Nous avons alors depose sur la lamelle a l'interieur de la chambre a huile des
gouttelettes contenant la cellule isolee. Apres quelques heures au cours desquelles se
produisent plusieurs divisions cellulaires, nous injectons, toujours a la micropipette et
a l'int6rieur de la gouttelette, un peu d'eau peptonee. L'operation est renouvel6e 3 ou
4 fois. Ainsi nous avons obtenu, sur 10 isolements, 3 cultures apparentes dans la chambre
i huile."

Tchan pointed out that the proportion of positive results obtained
with the aid of this method was in accord with the observations of Otten,11O
who found in cultures of his avirulent plague strains about one-third
viable and two-thirds dead micro-organisms.

It is curious to add that Yii 179 obtained quick and abundant growths
of plague bacilli when using media prepared with rat meat or rat liver and
heart infusions. He claimed that the time required for cultivation of the
micro-organisms on these substrates was about half that necessary in the
case of beef-extract media and that the yield obtained with the new method
was considerably higher.
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Dissociation
Discussing the problem of the dissociation of the plague bacillus in

1936, Pollitzer 120 pointed out the curious fact that the question of whether
this micro-organism occurred normally in the smooth (S) or the rough (R)
form had been answered in diametrically opposite ways by different
observers. Several of them, particularly Bezsonova & Lenskaia, 14. 15
considered the rough as the usual and virulent type of the plague bacillus
and the same has been maintained by some recent authors such as Bezso-
nova 12 and Korobkova.4

Pirie,1 on the other hand, distinguished between a " normal" smooth
and a " mutant " rough type as follows:

Normal S type Mutant R type

Bipolar-staining, round-ended, plump ba- Long, thin bacilli, often thready, bipolar
cilli staining indistinct

Agar colonies small, smooth, regular, Agar colonies larger, often granular,
convex ; colourless or faintly bluish rugose; yellowish or reddish-brown

Growth sticky Growth not sticky
Homogeneous clouding in broth Agglutinative sedimentation in broth
Virulent Non-virulent

Observations made by Pirie regarding the behaviour of his strains in
salt solutions gave no clear-cut results. However, Rachinski,125 who on
the whole confirmed Pirie's findings when carefully studying the disso-
ciation of a plague strain, noted that his S variant produced a homogeneous
suspension in normal saline while the R variant failed to do so.

It is of great interest that, following a suggestion made by Pollitzer 120
in 1936, Wats & Puduval 169 recently made observations similar to those
described above, not only on the virulent and avirulent variants of a
laboratory strain, but also upon primary cultures isolated during a plague
epidemic from the blood and buboes of patients. The results of their
investigations may be summarized thus:

Laboratory strain 120/5H
Virulent form Avirulent form

Organisms showing normal ovoid form Organisms long and thin, exhibiting pleo-
morphism

Majority of agar colonies small, smooth, Majority of agar colonies fairly large,
transparent, convex, glistening, with with pin-pricked or rugose surface,
regular margins flat, opaque, with serrated or broken

peripheries
Uniformly homogeneous growth in broth Granular growth in broth with deposit

at bottom and sides and fairly clear
fluid

Stable in 0.85% saline Salt-sensitive

The two colony types described above were also present in the bubo
and blood cultures from plague patients, but in the blood cultures an
intermediate form was found in addition, consisting of medium-sized
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colonies with irregular margins and a ruffled surface, sometimes showing
a nippling in the centre.

Wats & Puduval added that
" In colonial characteristics, morphology of the organisms, nature of growth in

broth, salt stability and other characteristics the small 'smooth' colonies resembled
those obtained from the virulent cultures of 120/5H, and the large whitish 'rough' colonies
were similar to the ones obtained from the avirulent strain. The intermediate type
microscopically showed normal type of ovoid organisms as well as marked pleomorphism
and, as its name implies, seemed to be a middle stage between the two colonies."

Observations on the percentage of S and R forms, made by the two
workers when subculturing single colonies of virulent and avirulent stock
strains on blood-agar at room temperature (270-290 C), and 370 C, respec-
tively, are summarized in table I.

TABLE I. PERCENTAGE OF SMOOTH AND ROUGH COLONIES FROM VIRULENT
AND AVIRULENT STRAINS OF PLAGUE BACILLI INCUBATED AT 27o-29o C

AND 37O C

Percentage of colonies

Strains 270-290 C 370 C

Smooth Rough Smooth Rough

Virulent:
120/5H 85 15 98 2

Vimiabai 27 73 65 35

34/B 30 70 78 22

35/B 60 40 80 20

36/H 58 42 55 45

Avirulent:
120/5H 2 98 8 92

P 10 90 12 88

Q t 6 94 10 90

55/H 75 25 92 8

It will be noted that generally speaking smooth colonies vastly pre-
ponderated in the cultures of virulent plague strains kept at body tempe-
rature, but were less numerous in the case of room-temperature incubation.
With one noteworthy exception, the avirulent strains yielded an over-
whelming majority of rough colonies regardless of differences in the incu-
bation temperature.

The findings of Wats & Puduval, which are in accord with those made
by earlier observers such as Pirie 117 and Rachinski,'25 not only render it
likely that the smooth type is characteristic for naturally occurring or
freshly isolated plague strains, but also go a long way towards explaining
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why so many observers had come to a divergent opinion. For it may be
maintained that, in the laboratory at least, the plague bacillus is to some
extent invariably in a process of dissociation and therefore apt to respond
quickly to any unfavourable environmental influence with reactions sug-
gestive of a transition from the normally smooth to the rough state. How-
ever, changes in extrinsic features, such as the morphological aspect,
character of growth on solid media or in broth, and behaviour in salt
solutions, are by no means necessarily accompanied by changes in essential
intrinsic properties, such as virulence and immunogenic power. Hence, as
has been justly claimed by such observers as Otten,110 Girard,58 and
Macchiavello,93 it would be wrong to apply the definitions of dissociation
found appropriate in the case of other bacterial genera too rigidly to the
case of the plague bacillus, which shows in some respects a behaviour of
its own.
Pigment Jormation

Instances of pigment formation in plague cultures, or, as Devignat 32
called it, of chromogenic dissociation, have been described by a few ob-
servers-recently, Bezsonova 11 (development of yellow pigmentation in a
strain of Indian origin which changed to a brown or pink coloration in
subcultures), Korobkova 86 (formation of yellow pigment), and Devignat 32
who, in the course of the preparation of live avirulent plague vaccine,
observed the sudden appearance of a yellowish coloration in his EV
strain which dissociated at the same time into rough and smooth variants.
Mutation

As summarized by Pollitzer,120 up to 1936 no convincing observation
of a mutation of the plague bacillus had been recorded, the atypical strains
described by a few workers appearing to be variants due to dissociation
rather than true mutants. The same seems to hold true for some of the
more recent observations. For instance, Macchiavello 93 claimed to have
found two plague strains which in his opinion had undergone true and
stable mutation, but it would seem that these aberrant growths differed
from typical plague strains in the degree of their reactions rather than
fundamentally.

It deserves attention, however, that Bezsonova et al.16 17 claimed to
have observed five instances of a spontaneous transmutation of plague into
pseudotuberculosis bacilli and that Korobkova 85 and Tumansky 163
maintained that they had produced such a transition through bacteriophage
action. Since, as has been mentioned already and will be discussed more
fully in later sections of these studies, opinions as to what tests are valid
for a differentiation between plague and pseudotuberculosis bacilli vary
considerably, great caution has to be exerted in evaluating these claims.

Most unusual findings were recently made by Reynes130 when dealing
with a strain which had been isolated from a patient suffering from an
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atypical form of plague described by Alain & Reynes.1 Soon after isolation
this strain not only acidified fluid glycerol and rhamnose media, but also
proved pathogenic for chickens. However, when re-examined five years
afterwards, the strain failed to produce acidity in the above-mentioned media
and, as confirmed by Girard,62 displayed in general typical features of plague.

To ascribe the changes in the behaviour of this culture to mutation is
impossible, for whereas a plague strain might cause different biochemical
reactions at different times, it could never prove pathogenic for chickens.
Great attention must be paid, therefore, to the suggestion of Girard,62
that probably besides the plague bacillus another micro-organism had been
present in the original cultures which was responsible for the aberrant
reactions but which eventually disappeared. Quite possibly such instances
of a mixed infection, which might be responsible for unusual clinical and
laboratory findings, are less rare than is usually assumed.

Biochemical Properties

Alkali production in broth cultures
Notwithstanding some early statements to the contrary, it is by now

generally agreed that growth of the plague bacillus in broth results in
the production of alkali consisting, according to Mayr,102 partly ofammonia.
It should be noted, however, that according to some authorities, such as
Korobkova,83 passing acidity may precede alkali formation.

The following details may be mentioned in this connexion:
Bannerman 4 found a regular increase of alkalinity in broth cultures

week by week which reached its maximum, corresponding to 1.5 %-2%
N/NaOH, in 6-8 weeks. While further growth ceased at this time, the
bacilli were apt to survive in such alkaline media for at least 18 months.
Moreover, neutralization resulted in further growth until once more the
maximum of alkalinity had been reached, so that the stoppage of growth
could not have been due to an " exhaustion " of the media as was ori-
ginally assumed by Haffkine.70 Bannerman thought it best to use slightly
acid broth for plague work.

Naidu & Jung,105 repeating such investigations on a larger scale, found
that the maximum of alkalinity, followed by a series of small rises and falls,
was reached between 5 and 11 weeks of growth in broth. Even at the end
of the cultivation period of 176 days abundant growth was obtained on agar
subcultures.

Petrie 114 reported in 1929 on similar work ; his data may be summarized
as follows:

Growth media Number of Cultivation pH
strains period temperature initial final

(weeks) (o C)
Ordinary broth 5 9 6-12 7.3 7.8
Broth with 1% horse serum 53 7 10 7.4 8.4
Ordinary broth 6 8 11-15 7.6 8.0
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Otaka,109 testing different media, found the hydrogen-ion concentra-
tion of the medium increased when meat juice was used for cultivation
of plague bacilli and diminished when peptone water was inoculated;
growth in ordinary bouillon seemed to represent a balance between these
opposite reactions. He recommended, for carbohydrate tests parti-
cularly, a medium the pH of which did not change during cultivation.

Nikanoroff107 making comparative tests with sugar-free broth, found
the pseudotuberculosis bacillus a more rapid and energetic alkali-producer
than the plague bacillus and, as will be discussed later, recommended special
media to demonstrate this difference between the two micro-organisms.

Action on milk
Most workers maintain that plague bacilli do not curdle milk and

that they, as well as the pasteurellae sensu stricto, fail to produce alkalinity
in litmus milk. In view of the fact that, generally speaking, the pseudo-
tuberculosis bacilli turn litmus milk alkaline, it was recommended to use
this medium for differential-diagnostic purposes. However, as pointed
out by Nikanoroff,107 the value of this and other tests based upon changes
in reaction of the media is not absolute because occasionally poor alkali-
producers are encountered among the pseudotuberculosis strains. Aberrant
reactions have been observed in case of the plague bacillus as well.

Hydrogen sulfide and indole production
General agreement exists that both plague and pseudotuberculosis

bacilli fail to produce hydrogen sulfide in the course of cultivation, while
the pasteurellae sensu stricto do so.

The difference displayed by these micro-organisms in regard to the
production of indole is not so absolute, for whereas plague and pseudo-
tuberculosis bacilli invariably prove negative in this respect and most of
the other pasteurellae positive, Schutze 142 stated that a few of the latter
also fail to produce indole.

Reduction of nitrates
Observations regarding the ability of the above-mentioned micro-

organisms to reduce the nitrates contained in the media to nitrites,
eventually producing nitrous acid, gave divergent results. Schiitze 142
dealing with the pasteurellae sensu stricto, stated that " nitrates are reduced
to nitrites ", but Henriques 72 found that the strains examined by him did
not produce this reaction. Further, although the pseudotuberculosis
bacilli usually prove negative in this respect, some exceptions to this rule,
noted by Girard 57 and by Konovalova,82 will be discussed later.

Testing plague cultures for the presence of nitrites, Gore 66 invariably
got positive results. His experiences were confirmed by Micheletti 104
who noted that even in ordinary bouillon a certain amount of nitrous
acid was produced by the plague bacillus, and more recently by Petra-

89



R. POLLITZER

gnani,"3 who considered tests for the presence of nitrous acid, made with
cultures grown in liver bouillon for 24-48 hours, as one of the cardinal
methods for differentiation between plague and pseudotuberculosis bacilli.

Petragnani's claim that apart from the plague bacillus only cholera
vibrios gave positive reactions when tested in this manner was not con-
firmed by Henriques,72 who obtained identical results with Shigella and
Alcaligenes faecalis (Bacillus Jaecalis alcaigenes) strains.

The validity of the nitrite reaction for differentiating plague and pseudo-
tuberculosis bacilli was doubted bv Fusco5' and by Girard.57 The
former maintained that not only plague but also pseudotuberculosis bacilli
gave a positive reaction for nitrites when 24-hour broth cultures (or the
condensation water of agar cultures) were tested with the reagent of
Griess. Girard found that one out of eight pseudotuberculosis strains
caused a slight reduction from nitrates to nitrites. Out of his 103 plague
strains, practically all of which seem to have been isolated in Madagascar,
90 gave a positive reaction with the reagent of Griess which, however,
varied considerably in intensity. Four strains, which appeared to be
negative at first, also showed the presence of nitrites when re-examined
three months later, but nine strains (five of which were virulent) proved
constantly negative. Girard concluded, therefore, that tests for nitrites
were not as valuable for the differentiation of plague and pseudotubercu-
losis bacilli as those with rhamnose. It is worthy of attention, however,
that, as suggested by the experiences of Konovalova 82 and of Devignat,33 34
racial differences among strains isolated in different plague areas might
be responsible for these discrepant results.

Konovalova 82 tested a large number of plague strains as well as some
pseudotuberculosis strains for nitrites, with the following results;

Media used Plague strains Pseudotuberculosis strains
positive negative positive negative

Nitrate-free ordinary broth 6 140 2 8
Same broth with 0.1 % potassium

nitrate 9 137 10

Commenting upon these findings, Konovalova stated that all Indian,
Italian, and Transbaikalian plague strains at her disposal gave a positive
result when grown in broth to which potassium nitrate had been added,
while, with two doubtful exceptions, all the strains from south-east Russia
proved negative. In nitrate-free bouillon also positive reactions were
given only by strains received from abroad, including all three Indian
strains.

Since the classification of the plague bacillus into races postulated
by Devignat 33,34 is based upon fermentation tests as well as upon such
tests for the presence of nitrites, his findings will have to be discussed later.
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Enzyme activity
(a) Catalase and ribonuclease. Herbert 3 found that whenever the

plague strains tested by him could be induced to grow in his amino-acids-
glucose medium or on agar plates they produced catalase, even if no haemin
had been added to the media. Considering catalase to be a haematin-
protein, Herbert concluded, therefore, that the plague bacillus was able
to synthesize haematin.

Investigating the relation between catalase activity and virulence of the
plague bacillus, Rockenmacher 131 found 14 virulent strains significantly
more active in decomposing hydrogen peroxide than 11 avirulent strains
and suggested, therefore, that tests measuring the catalase activity might
be used for screening the virulence of plague strains in vitro.

The ribonuclease activity of P. pestis was studied by Woodward 174
who, with the aid of hydrochloric acid precipitation and uranium fractiona-
tion, was able to show that the ribonucleic acid of yeast was enzymatically
decomposed by living plague bacilli as well as by those killed with phenyl-
mercuric acid and by preparations free from bacterial cells.

(b) Fibrinolysins. Carrying out tests with serum-free fibrin clots,
Madison 7 found that the plague bacillus showed marked fibrinolytic
activity, particularly for rat and guinea-pig fibrin.

(c) Coagulase. Jawetz & Meyer,75 while unable to confirm that P. pes-
tis had fibrinolytic powers, established with the aid of Fisk's method that
both virulent and avirulent plague strains showed a coagulase activity.
However, only rabbit and guinea-pig plasma was coagulated, and not
that of other species, including man.

(d) Urease. It may conveniently be added that, as recently established
by Fauconnier," 24 pseudotuberculosis strains of human or mammalian
origin, as well as 7 out of 9 such strains of avian origin, produced rapid
hydrolysis of urea on the synthetic medium of Ferguson or on Roland-
Bourbon's urea-tryptophane medium. With the exception of the above-
mentioned atypical, probably impure, strain of Reynes,130 the 35 plague
strains tested showed no urease activity. Fauconnier therefore recommended
this method for differentiation of plague and pseudotuberculosis bacilli.

Action on carbohydrate substances.
The action exerted by the plague bacillus on sugars or allied carbohydrate

substances has been studied by numerous investigators with the result
that the micro-organism was found capable of producing acidity but no
gas in media containing certain of these substances, leaving others
unchanged. Details of these findings as well as results obtained with the
pseudotuberculosis bacillus and the pasteurellae sensu stricto are set forth
in table II, which is based upon a summary of the literature available up
to 1936 by Pollitzer 120 as well as upon recent records, especially those of
Francis,"849 Henriques,72 Matumoto,100 Prado,123 ' and Russo.135'136
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TABLE 11. ACTION OF VARIOUS PASTEURELLAE ON
CARBOHYDRATE SUBSTANCES

Adonitol .±... . . . + a

Amygdalin -a

Arabinose + a + -a

Dextrin
Dulcitol d _a -a

Erythritol
Galactose . . . . . . . . . . + +

Glucose + + +

Glycerol +

Glycogen .+ a _ b

Inositol
Inulin . a-a

Lactose . . . b

Laevulose + + + a

Maltose . . + a

Mannitol ... . , . + c + + a

Mannose . . + + +

Melibiose +

Raffinose
Rhamnose _b +

Saccharosec._b ±: + a

Salicin . a a

Sorbitol
Starch ..

Trehalose d +

Xylose.± i+

+ = acidification; - = no acidification; i = positive or negative.
a Some exceptions were noted.
b Late acidification was observed in some cases.
c Pons 121 found only two-thirds of his freshly isolated strains positive.
d Negative reactions were more common than positive ones.

Differential diagnosis. Though a considerable amount of early work
had been done with carbohydrate-containing media, it was only in 1926
that Colas-Belcour 28 made a definite proposal to use them for differential-
diagnostic purposes. He then recommended glycerol-litmus agar to distinguish
between plague and pseudotuberculosis bacilli, supposing that the former
produced no change in this medium while pseudotuberculosis strains
invariably acidified it. However, as suggested by some observations made
before 1926 and confirmed by ample further investigations, glycerol-
containing media are unsuitable for this purpose in view of the frequent

Carbohydrate P pt P. pseudo- Pasteurellae
substance tuberculosis sensu stricto
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occurrence of plague strains which, like the pseudotuberculosis bacillus,
produce an acid reaction in such substrates.
A recommendation to use media containing rhamnose instead of glycerol

media for the differentiation of the two organisms was made by Bezso-
nova.9" 0 It has to be noted in this connexion that, without any well
documented exception, pseudotuberculosis bacilli rapidly acidify rhamnose-
containing media while plague bacilli almost invariably fail to do so,
though they sometimes produce late acidification. Therefore the value of
this method has been endorsed by several observers, quite recently and
emphatically by Girard.63

Russo 135, 136 and Prado 123, 124 drew attention to two other substances-
melibiose, which in their opinion was specifically attacked by the pseudo-
tuberculosis bacillus, and glycogen, the acidification of which they con-
sidered as almost characteristic for the plague bacillus. Matumoto,100 who
repeated tests with glycogen only, found that the plague bacillus gave
inconstant reactions in media containing it. It would be most desirable
not only to follow up this matter and to make further tests with melibiose,
but also to re-examine in general, and in a thorough manner, the behaviour
of the plague bacillus and the micro-organisms more or less resembling it
in media containing sugars and allied carbohydrate substances.

Though a few claims to the contrary have been made, the bulk of the
available evidence shows that generally speaking the reactions produced
by individual strains of the plague and pseudotuberculosis bacillus in
carbohydrate-containing media were stable in character. This contention
is well illustrated by the observations of Francis,48 49 who found that a
plague strain, when re-examined after 20 years and again 5 years later,
behaved in such media as it had done originally.

While, in agreement with the general rule set forth above, no convincing
evidence exists that the reactions produced by plague bacilli in media
containing glycerol are subject to changes (Chen 26), the problem of the
behaviour of these micro-organisms in rhamnose media is far less une-
quivocal.

Bezsonova et al. 16"17 stated they had found five plague strains which,
though at first inert in rhamnose media, became capable of acidifying
them after having been kept in the laboratory for years. However, as
noted above, Bezsonova and her co-workers ascribed this change to a
transmutation of the strains into pseudotuberculosis bacilli.

Korobkova 85 claimed to have obtained rhamnose-positive variants of
P. pestis through bacteriophage action. Similarly it was reported by
Berlin & Borzenkov,7 and also by Tumansky,165 that plague strains kept
in liquid media containing rhamnose were apt to dissociate into two
variants, one of which was capable of producing acidity when grown in
the presence of rhamnose. Krainova 88 claimed in this connexion that
only glycerol-positive strains from Manchuria, Mongolia, and south-east

7
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Russia could acquire this property, the glycerol-negative cultures obtained
from India and Italy, as well as Girard & Robic's EV strain, remaining
unaltered when subjected to passage through rhamnose media. She assumed,
therefore, that the Eurasian strains were more closely related to the pseudo-
tuberculosis bacillus than those obtained from other parts of the world.

Action on glycerolfor race differentiation
Though, as stated above, tests with glycerol-containing media are not

useful for differential-diagnostic work, they deserve, as first established
by Bezsonova, 8 great attention for another reason. Noting that the plague
strains isolated in south-east Russia, Transbaikalia, and Turkestan inva-
riably acidified glycerol media whereas some strains from India and one
from Italy failed to do so, she considered it likely that glycerol-positive
and glycerol-negative strains did not exist side by side, only one kind of
strain occurring in any given area.

Amplifying this idea, Kurauchi 90 and Berlin & Borzenkov 7 distinguished
between two races of plague bacilli-a glycerol-positive continental race
characteristic, according to Berlin & Borzenkov, in the first line of the
central Asiatic plateau and adjacent territories, and an oceanic race, found
in the peninsulas and islands of the tropics into which plague had been
introduced by the sea-route. Berlin & Borzenkov also assumed the existence
of transitional areas where both races might occur. Chen 26 and
Matumoto 101 expressed agreement with these views.

As shown by table III, which embodies the results obtained by the
above-mentioned as well as other observers, no doubt can exist that the
plague strains isolated in Manchuria, Mongolia, south-east Russia, Trans-
baikalia, and Turkestan produced always, or practically always, an acid
reaction in glycerol media. Less ample evidence tends to show that a
second area where glycerol-positive strains prevail, or are even present
singly, exists in the Belgian Congo and Uganda. Thus it would seem that
the presence of glycerol-positive strains is characteristic for territories
where plague has existed since time immemorial-for example, in Central
Asia and the adjacent areas-or is at least of very long standing, as we
have much reason to assume is the case in Central Africa. At the same
time the prevalence of glycerol-acidifying strains in the Belgian Congo
and Uganda goes a long way towards confirming Payne's hypothesis
mentioned in the first of these studies that " the African was a colony
of the Asiatic plague ".

It appears on the other hand that, as postulated by Berlin & Borzenkov,7
glycerol-negative strains prevail or are even found singly in the countries
which were infected-mainly by the sea-route -during the present pandemic.
The fact that the strains isolated in California fall into this category speaks

a Pollitzer, R. (1951) Bull. World Hlth Org. 4, 475
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TABLE III. BEHAVIOUR OF PASTEURELLA PESTIS IN GLYCEROL MEDIA

Locality

Arabia.
Argentina
Brazil
California
Ceylon.
Belgian Congo .....
Egypt
England
Formosa ........
France.
French West Africa.
Germany (Hamburg)
Greece.
Hawaii.
India.

Indochina
Iran (Kurdistan) ....

Italy.
Japan.
Java.
Kenya.
Madagascar
Manchuria.

Mongolia.
Palestine.
Philippines.
South Africa ......
South-east Russia
Southern USA.
Sumatra.
Thailand.
Transbaikalia
Turkestan

Totals

Number
of strains
examined

1

50

45

65

7

43
3

35
2

1

4

1

10
8

2

30

2

33

8

53

6

84 e

20

2

11

25

167
29

1

6
22

778

Acidification of glycerol Bibliographical
Negative Positive reference

1 0 29
48 2 166
45 0 93, 135, 136
65 0 26,29,36,47,90
7 0 115
0 43 a 26, 34
3 0 26

35 0 41
2 0 80, 89
1 0 28
4 0 122
1 0 79
1 0 28

10 0 26
8 0 8, 26, 29, 115,

135, 136
1 lb 28, 130
0 30 Personal

communication
from

Dr. M. Baltazard
2 0 8, 79

23 10 80, 89, 90, 101
7 1c 26, 101

53 0 150
6 0d 26, 28, 55, 64

83 if 26, 29, 80, 89,
90, 101

0 20 7, 80
2 0 26
7 4 29, 168

21 4 26, 116
0 167 8, 13, 84

26 3 29, 168
1 0 158
0 1g 48
0 6 8
0 22 8, 13

463 315

a According to Devignat the plague strains isolated in Uganda also invariably acidified
glycerol media.

b As stated in the text (page 91), the glycerol-positive strain of Reynes was probably impure.
c The Java strain found positive by Chen 2* was stated to be a subculture of Otten's avirulent

Tjiwidej strain, which usually does not acidify glycerol media.d Girard repeatedly stated *6 3s, 61 that all plague strains isolated in Madagascar proved negative
on glycerol and rhamnose media.

e Included are 13 strains from Vladivostok and neighbouring places which had become
secondarily invaded during the 1921 pneumonic-plague epidemic.

f This was a strain In the series of D'Aunoy 9 said to have come from Manchuria.
g Francis," was not certain that the glycerol-positive strain forwarded to Washington fromThailand had actually been isolated in that country.
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against the assumption that the origin of plague there is connected with
an ancient immigration of wild rodents from Asia.

That one of the " transitional " areas presupposed by Berlin & Bor-
zenkov7 might be located in the Union of South Africa is rendered likely
by the observations of Pirie,116 who found in one isolated focus of Cape
Province four glycerol-positive strains, while the 19 strains from other
local foci examined by him did not alter the reaction of glycerol media.

The occurrence of both glycerol-positive and glycerol-negative strains
was also noted in Japan and in the Philippines. Details furnished for the
former country by Matumoto 101 may be summarized thus:

Locality Year Number ofstrains Glycerol
examined negative positive

Yokohama 1913 4 0 4
Tokyo 1914 5 0 5
Osaka 1922 9 9 0
Yokohama 1926 1 1 0
Osaka 1929 2 2 0

Matumoto drew attention to the fact that strains isolated during the
same outbreak all showed a uniform behaviour in glycerol media and
also suggested, with much reason, that Japan had been reached by two
waves of the infection which seemed to have been imported first from the
north, possibly from Manchuria, and then from the south.

As suggested by Devignat,34 a similar state of affairs might have existed
in Kenya where, in contrast to the findings made in the Belgian Congo
and Uganda, de Smidt150 recorded the occurrence of glycerol-negative
strains. Since, however, plague had been imported into Kenya by the
sea-route before these findings were made, Devignat considered it likely
that the manifestations of the disease, during which the strains in question
had been isolated, resulted from this sea-borne infection.

As will be gathered from the observations discussed above, a striking
contrast exists between the glycerol reactions of the plague strains isolated
in the original foci of the infection in Central Asia and those found in
most of the secondarily invaded areas throughout the world. No doubt a
change in the behaviour of the strains towards glycerol must have taken
place during the spread of the infection from Central Asia, but it is diffi-
cult to determine where and how this transition took place. Owing to
the lack of actual observations, it can be merely inferred that the plague
strains in Burma are glycerol-negative. It is nevertheless in the opinion of
the present writer most likely that the change took place when the infection,
passing from the wild-rodent foci in Central Asia to Burma, became
entrenched among Rattus rattus, which has its original home in that country
and in Assam.b

b It is interesting to note in this connexion the belief expressed by Girard 1' that, regardless of geogra-
phical distribution, acidification of glycerol media was peculiar to plague strains from wild rodents, while
growths of rat or rat-flea origin produced no acidity. However, as pointed out by Chen,"2 this assumption
could not be regarded as generally valid because, for instance, the plague strains isolated in California, even if
of direct wild-rodent origin, proved negative in glycerol media.
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This assumption is not contradicted by the fact that the plague strains
in Uganda and in the Congo did not alter their behaviour towards glycerol
because, as noted before, in these areas the infection at first became en-
trenched not among the usual species of commensal rats, but among
R. (Mastomys) coucha.

Although, as pointed out by Berlin& Borzenkov,7 glycerol-negative plague
strains belonging to the oceanic race were responsible for the manifestations of
the disease due to recent importations of the infection by the sea-route, there
can be no doubt that the outbreaks taking place during the " Black Death "
were caused by glycerol-positive strains and the same probably held true of the
pandemic in Justinian's time, which seems to have originated in CentralAfrica.

Considering that pneumonic plague was rampant during the " Black
Death" and also that the devastating pneumonic-plague outbreaks in
Manchuria (1910-1, 1920-1) as well as that in Shansi-Shensi (1917-8) were
caused by glycerol-positive strains, it would be tempting to assume that
the continental race of the plague bacillus might be particularly apt to
produce lung involvement. It must be noted, however, that pneumonic
features were by no means invariably conspicuous in outbreaks caused by
this race of P. pestis and that, on the other hand, the incidence of pneu-
monic plague was conspicuous in areas where only glycerol-negative strains
were present, for instance in Madagascar. Generally speaking, although
the differentiation of the plague bacilli with the aid of glycerol tests is
valuable for the solution of nosogeographical problems, thus far no con-
vincing evidence exists of any fundamental difference between glycerol-
positive and glycerol-negative strains.

Considering the results of tests not only in glycerol media but also
those obtained with the aid of rhamnose, Kawashima80 came to the
conclusion that the plague bacilli might be divided into three groups:
strains acidifying neither substance ; those producing acid in both ; and
finally, those positive in glycerol media only. Since, according to the obser-
vations of the Russian workers quoted above, tests with rhamnose might
yield less stable results than those with glycerol, it does not seem advisable
to use the former for purposes of classification. It should be noted, more-
over, that Chen 26 found two plague strains not falling into Kawashima's
scheme because they produced late acidification in rhamnose media though
no change in those containing glycerol.

It is, however, of great interest that Devignat 33 34 recently proposed to
classify the plague bacilli as follows:

Proposed subgroups Tests with Production of Remarks
P. pestis glycerol nitrous acid

var. orientalis - + Corresponding to Berlin &
Borzenkov's7 oceanic race

var. antiqua + + Found in Central and North
Asia and in Central Africa

var. mediaevalis + - Found in south-east Russia
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Devignat was of the opinion that the " var. mediaevalis" of the plague
bacillus was capable of becoming transmuted into pseudotuberculosis
bacilli which also acidified glycerol media but did not produce nitrous acid.

Seeing that Girard 56, 57, 63 expressed serious misgivings regarding the
reliability of tests showing a reduction of nitrates to nitrites or production
of nitrous acid, further studies would seem necessary before Devignat's
classification could be accepted.

Vital Resistance

It is significant that the bulk of the enormous literature dealing with
the behaviour of the plague bacillus outside the living organism dates back
to the first years after the discovery of this bacillus, when the time-honoured
idea that contaminated objects, the so-called " fomites ", were of great
epidemiological importance, still loomed large in the minds of workers.
Further research established that the role of contaminated objects in the
propagation of plague was rather limited, infection as a rule being insect-
borne, especially flea-borne, or-in the case of the pneumonic type-
spreading directly from man to man. In many ways, therefore, the earlier
studies on the vital resistance of the plague bacillus may now be said to
possess academic rather than practical interest. Further, numerous though
observations of this kind are, their results are but rarely comparable or
generally applicable. This is due not only to the different extrinsic con-
ditions, such as light, temperature, and humidity, under which the work
was done, but also to differences in the objects examined. It is probable
that when pure cultures were tested, those of long standing, adapted to a
life on artificial media, were more resistant than freshly isolated growths.
On the other hand, no doubt can exist that in its natural environment the
plague bacillus is often better protected than in plain fluids or culture
media and is hence less amenable to harmful influences. Ample evidence
for this is furnished by tests with material such as pneumonic-plague
sputum, and by observations upon the prolonged survival of the bacilli
in dead bodies and carcasses of infected animals,C as well as by comparative
tests in vitro (Schiavone & Trerotoli ; 139 Galeotti ; 54 Wright 175).

Wright ascribed the rapid destruction of plague bacilli unprotected by the addition
of substances such as blood-serum or gelatin in watery solutions to features suggestive
of plasmolysis and thought that this adverse effect might be counteracted by adjusting
the ion balance of the fluids.

In fact, Girard 59 found that at temperatures not exceeding 250 C plague bacilli could
be kept alive and virulent in normal saline for periods up to one week. At low temnpera-
tures (20°40 C) the bacilli could survive in normal saline for up to two years, remaining
pathogenic for intracutaneously infected guinea-pigs for periods up to 220 days and
for intraperitoneally infected mice up to 685 days.

c Recent observations confirming the prolonged survival of plague bacilli in the bone-marrow of infected
animals in particular were recorded by Uriarte & Morales Villaz6n 167 and by Russo."1' However, Macchia-
vello & Paracampos "," obtained far less satisfactory results in the hot climate of Brazil.



PLAGUE STUDIES. 2

Resistance to physical and chemical agents
Data of practical importance concerning the vital resistance of the

plague bacillus to various physical and chemical agents may be summarized
thus:

(a) Sunlight. While generally speaking the plague bacillus is easily
killed by sunlight, the length of time required for this varies within quite
considerable limits according to the kind of vehicle and the thickness of the
layer used, the kind of material upon which the infected matter is placed,
and the temperature.

Thus, as summarized by Pollitzer,120 one hour's exposure to the sun was sufficient
to kill plague bacilli spread in thin layers on coverglasses, but they survived for up to
4 hours when exposed in the same manner in thick layers. The bacilli contained in thin
layers of pneumonic-plague sputum were killed by sunlight in 2-5 hours, but at tem-
peratures below 120 C it took up to 12 hours' exposure to sunlight to sterilize pneumonic-
plague sputum expectorated into sterile dishes. According to Toyoda & Yasuda,16'
this period was prolonged to 14 hours if hempen material instead of glass was used as
substratum.

(b) Dry and moist heat. Dry heat was stated to be not very effective
against the plague bacillus, for exposure at 1000 C was found to be necessary
for periods up to one hour to ensure killing of the organisms. Lower
temperatures administered for the same interval of time often proved
ineffective.

While it is agreed that plague bacilli on instruments or on other inanimate
objects are almost immediately killed if the latter are immersed in boiling
water, opinions as to the length of time necessary to ensure sterility at
lower temperatures under the conditions used for vaccine preparation vary
considerably. Whereas it is now the standard practice of the Haffkine
Institute to sterilize the brews through an exposure at 550 C for 15 minutes,
earlier workers recommended keeping the vaccine flasks in the water-bath
for at least one hour at 650 C. Presumably, however, insufficient care was
taken by the earlier observers to ensure an adequate temperature inside
the flasks.

(c) Cold. As confirmed by numerous observations, the plague bacillus
is not sensitive to the action of low temperatures. Slow growth continues
to take place when plague cultures are kept in the refrigerator at a tempe-
rature of 40 ± 20 C (Sokhey 153) ; and Kasanski 78 even found that agar
cultures kept for 5% months at -310 C remained viable though showing
some loss of virulence. Indeed, it may be maintained that low temperatures
are beneficial for the development of the plague bacillus because they
inhibit the growth of concomitant bacteria which is often inimical to it.

It should be noted in this connexion that Shurupoff 148 recovered virulent
plague bacilli from the dead bodies of 6 out of 17 pneumonic-plague victims
who had been interred in a soil rich in salt for periods up to one year, having
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become frozen during the winter. Francis,47 keeping the whole spleen of a
plague-infected guinea-pig at -150 C, obtained virulent growth from it
after 7 years.

(d) Desiccation. Though generally speaking desiccation, particularly
if taking place rapidly at high temperatures, is harmful to the plague bacillus,
this rule does not hold good under all circumstances.

Experience has shown that plague bacilli in sputum or similar vehicles
where they are protected by mucus or proteins, may withstand exsiccation
for considerable periods, especially if placed on substrates like cotton-
wool and similar materials which in their turn offer some protection to
the bacilli.

It is interesting to note in this connexion that Pollitzer 120 was able to
obtain positive cultures from plague sputum which seemed to have become
quite dry and that Nikanoroff 106 found that such dried sputum remained
virulent for periods up to 165 days.

Uriarte & Morales Villazon167 established that the viability and
virulence of plague strains could be maintained without subculturing for
more than two years if the original growths were kept in vacuo over phos-
phorus pentoxide. Reitano 129 found that cultures thus dried and kept
remained viable for 30 months, but noted that they had become avirulent
and non-immunogenic. However, as established by recent experiences,
rapid drying from the frozen state is a suitable means of preserving plague
cultures for laboratory work. Seal & Habbu 145 obtained satisfactory results
with this method by adding 5 % of gum acacia to broth cultures, 50% of the
organisms surviving and remaining virulent for periods of at least 7 months.

The question of how long cereals remain apt to harbour plague bacilli
has been studied by a few investigators, more recently by Orn 08 and
Semikoz & Achourova.146

Ori established that plague bacilli, when sheltered from light, could remain virulent
on maize for 54 days. However, contaminated maize placed in the centre of a large quan-
tity of the grain in the hold of a ship proved virulent for only 14 days. Effective steriliza-
tion could be carried out by keeping the maize in a drying-chamber for 10 minutes
at 700 C.

According to Semikoz & Achourova, grain contaminated slightly with organs, blood,
and faeces of plague-infected mice became innocuous when kept for 1-8 days under con-
ditions corresponding to those in elevators. If the grain was more heavily contaminated
and humid faeces were admixed, storage in the elevator for 27 days seemed necessary.

(e) Disinfectants. While plague bacilli, when tested in pure culture, show
little resistance to disinfectants in the usual concentrations, they are apt
to be less vulnerable when contained in substrates which may retard the
action of the disinfectants or neutralize their effect.

This point is well illustrated by a series of tests made during the 1920-1
pneumonic epidemic when the following concentrations were found neces-
sary to ensure sterilization of sputum samples (room temperature of 170 C):
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Disinfectant Concentration Minutes required
for

sterilization
Concentrated alcohol (or

methylated spirit) - 4
Carbolic acid 1 :10 5
Lysol 1: 50 20
Milk of lime 1 :10 20
Mercuric chloride 1: 500 20
Mercuric chloride 1 :1,000 30

Plague sputum was exposed in open Petri dishes in rooms fumigated with sulfur or
formalin. Negative bacteriological results were invariably obtained after 12 hours'
exposure to sulfur fumes. In three experiments the plague bacilli survived 24 hours'
exposure to formalin.

It has to be added that calcium chloride, though found to be fairly
effective in the case of plague cultures, failed to sterilize pneumonic-plague
sputum even if left to act for 24 hours in a concentration of 20% (Brei-
ninger 23).

It would be of interest to test plague sputum with modern disinfectants,
some of which displayed a remarkably strong action upon plague cultures.
This holds particularly true of the mercury-phenol compounds tested by
Caius and co-workers, quoted by Pollitzer.120 Graham 67 reported in this
connexion that p-chloromercurophenol destroyed in vitro plague bacilli
in a dilution of 1: 400,000,000 in 24 hours. It should also be noted that
Skorodumoff & Mitchurina 149 found pyoktanin and rivanol bactericidal
when tested with plague cultures in dilutions of 0.01 % and 0.02%.

(f) Fixation and staining. Considering the statements made above it is
not surprising to find that the methods usually employed for the fixation and
staining of smears prepared from plague material are by no means invariably
apt to ensure the killing of the micro-organisms (Jettmar,77 Berdnikov,5
Tinker & Rudnev 160). It is noteworthy that alcohol fixation which, as will
be discussed later, is in general preferable for the preparation of plague
smears, gave markedly better results than the usual method of fixation
over a flame.

Vitality of cultures
Whereas constant incubation at 370 C is inimical to prolonged life of

plague growths, such cultures may remain alive for months if kept at tempe-
ratures below 200 C, and even for many years if stored in the refrigerator.
Most remarkable findings made in this respect by Francis,4.49 when keeping
numerous first agar subcultures of a ground-squirrel strain at 5-10° C,
may be summarized thus:

Period Survival Virulence
of storage
20 years 33 of the 48 originally 22 of the 33 subcultures proved

preserved slants gave virulent, killing subcutaneously
growth on subculture infected guinea-pigs within a

week
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Period Survival Virulence
of storage

25 years 25 of the 33 originally All 25 subcultures caused acute
preserved slants found illnessinsubcutaneouslyinfected
viable 5 years pre- guinea-pigs but only three of
viously gave growth on them died ofplague within 8 days
subculture

That most of the slants tested after 20 years still proved virulent, and
that virulence still existed to some extent even after 25 years, was no doubt
due to the fact that the originally preserved growths had been kept without
subcultivation which exerts so unfavourable an influence in this respect
that it can be used as a means of producing avirulent strains.
A classical observation showing the unfavourable influence of subcultivation upon

virulence was recorded by Francis: 47 a sealed agar culture of a strain of ground-squirrel
origin kept untouched for 9 years at 100 C proved viable and fully virulent while the
same strain when subcultivated every three months throughout this period became
avirulent.

Influence oj symbionts
Though, as has been noted before, a few bacterial species facilitate the

growth of the plague bacillus from small inocula, in general its development
is much hampered by the presence of other micro-organisms.

Faddeeva & Tshernobaev,43 who made a systematic study of this matter,
distinguished between bacteria antagonizing the growth of the plague
bacillus and those permitting or even favouring it as follows

Antagonistic Symbiotic

Streptococcus mucosus Sarcina
Pneumococcus Staphylococcus aureus
Coliform-typhoid group Vibrio paracholerae
Alcaligenes faecalis Klebsiella (Bacillus) ozaenae

(Bacillus faecalis alcaligenes) Bacillus aromaticus
Chromobacterium prodigiosum Bacillus subtilis
Pseudomonas pyocyanea
Vibrio cholerae
Bacillus mesentericus

Dysentery bacilli were partly antagonistic,
partly symbiotic

While it must be admitted that the bacteria enumerated in the first
column above, and also some others such as B. proteus vulgaris
(Tumansky 164), hamper the growth of the plague bacillus, it is an open
question to what extent this phenomenon is due to a specific antagonism
of the micro-organisms in question or of their products of metabolism and
not merely to the comparatively slow and non-luxuriant growth of P. pestis
which, as it were, is crowded out of existence or at least of demonstrability.
It is noteworthy in this connexion that, as shown by Jettmar,78 co-existence
of plague and tuberculosis bacilli was not harmful to either of the two
organisms in vitro or experimentally.
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Though, as shown above, the plague bacillus may, under especially
favourable conditions, persist for even longer periods of time outside the
living organism, such observations do not invalidate the general rule that
this bacillus has feeble powers of resistance to adverse extrinsic influences
and is, therefore, not well adapted to a saprophytic life (Petrie 114). More-
over, it must be emphasized that, though inanimate objects may become
and remain for some time infected, the chances of their proving infective,
leading to a spread of the disease, are usually remote.

SUMMARY

The plague bacillus, Pasteurella pestis,
an ovoid, Gram-negative rod, shows
considerable morphological variability.
Involution forms appear under the in-
fluence of certain chemicals, acids formed
from sugars, bacteriophages, lack of
oxygen, or desiccation. These modifica-
tions are not directly associated with the
virulence of the bacillus. Most bacterio-
logists agree that the bacillus is immotile
and capsulated, and according to some
workers these two characteristics make it
possible to distinguish P. pestis from
P. pseudotuberculosis.

The plague bacillus can be grown between
-20 C and +450 C, the optimum temper-
ature being 270-280 C. When cultured in
broth it develops within a pH range of
5.0-9.6; maximum growth is achieved
at a pH of 7.2-7.6.
According to Sokhey, the number of

viable micro-organisms in a 48-hour
culture is a function of the circumference
of the medium rather than of its volume
or surface area.
Glucose and lactic acid are the best

sources of nutrient carbon. Proline,
phenylalanine, and cystine are essential
growth factors. Other amino-acids
are equally valuable sources of nitrogen;
glycine has a stimulating action. Although
it is not essential for any accessory growth
factors to be present, the addition of
haematin, thiamine, and nicotinic acid to
the media helps to accelerate the develop-
ment of the culture. Casein hydrolysate
is an excellent medium for preparing anti-
plague vaccine.

RItSUMJ2
Le bacille de la peste, Pasteurella pestis,

batonnet ovoide, Gram-negatif, presente
une grande variabilite morphologique. Des
formes involutives apparaissent sous l'in-
fluence de certaines substances chimiques,
des acides formes A partir des sucres, de
bacteriophages, du manque d'oxygene, de
la dessiccation. Ces modifications sont
sans relations directes avec la virulence du
bacille. La plupart des bacteriologistes
s'accordent A reconnaitre que le bacille
est immobile et pourvu d'une capsule.
Selon certains auteurs, ces deux caracteres
permettraient de distinguer P. pestis de
P. pseudotuberculosis.

Les cultures du bacille pesteux se deve-
loppent entre -20 C et 450 C, l'optimum
etant de 270A280C. Cultive sur bouillon,
le bacille supporte un pH variant de 5,0
A 9,6; le developpement maximum se
produit A un pH de 7,2 A 7,6.

Selon Sokhey, le nombre de micro-
organismes viables dans une culture de
48 heures, est fonction non du volume ou
de la surface du milieu mais de sa circon-
ference.
Le glucose et l'acide lactique sont les

meilleurs aliments carbones. La proline,
la phenylalanine et la cystine sont neces-
saires au developpement des cultures;
d'autres amino-acides peuvent egalement
servir de source d'azote; la glycine a un
effet stimulant. Aucun facteur de crois-
sance supplementaire n'est indispensable;
cependant, la presence dans le milieu,
d'hematine, de thiamine et d'acide nicoti-
nique accelere le developpement. L'hydro-
lysat de caseine s'est revele un excellent
milieu de culture pour la preparation du
vaccin antipesteux.
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The appearance of plague bacillus
cultures on agar, gelatin, or broth, and
growth from small inocula are described
and discussed.

It is impossible to establish a relation
between the virulence of a plague bacillus
strain and the smooth (S) or rough (R)
form of its colonies. In general, changes
in the morphology of cultures of the
plague bacillus do not necessarily cor-
respond to changes in the intrinsic pro-
perties of the bacillus, such as its virulence
or its antigenic power. The connexion
between dissociation and virulence which
has been established for other micro-
organisms has not been shown to hold
good for the plague bacillus.
One of the most important biochemical

properties of this bacillus is its ability to
acidify glycerol. Not all types have this
quality, and it may be used as a criterion
to distinguish two geographical races:
first (glycerol-positive) the continental,
encountered in Central Asia; second
(glycerol-negative) the oceanic, found in
the peninsulas and islands of the tropics,
to which plague had been introduced by
the sea-route. According to some workers,
the two races co-exist in so-called transi-
tional areas. The comparative study of the
plague bacillus isolated in different regions
clearly indicates a difference in glycerol
reaction between the strains isolated from
foci in Central Asia and those from areas
secondarily invaded by the infection.
Undoubtedly a change in the reaction to
glycerol has occurred, but where or how
it is impossible to say. In the author's
opinion, the change probably took place
when the infection spread from the wild
rodents of Central Asia to Rattus rattus
of Burma. The author reviews several
attempts to classify plague bacilli accord-
ing to their biochemical characteristics
and their geographical distribution.

The plague bacillus can survive for a

certain period outside the living organism.

L'aspect des cultures du bacille pesteux
sur agar, gelatine ou bouillon, ainsi que le
developpement 'a partir d'un tr6s faible
lnoculat sont decrits et discutes par
i'auteur.

II n'est pas possible d'etablir une rela-
tion entre la virulence d'une souche de
bacille pesteux et la forme lisse (S) ou
rugueuse (R) de ses colonies. D'une fagon
generale, les changements morphologiques
des cultures ne correspondent pas neces-
sairement a des changements dans les pro-
prietes intrinsOques du bacille, telles que sa
virulence ou son pouvoir antigenique. Les
rapports entre la dissociation et la viru-
lence, etablis pour d'autres micro-orga-
nismes, ne sont pas valables pour le
bacille pesteux.

L'acidification de la glycerine constitue
l'un des caract6res biochimiques les plus
importants du bacille de la peste. Certaines
races le possedent, d'autres en sont
depourvues. D'apres ce crit6re, il a e
possible de distinguer deux races geogra-
phiques du bacille pesteux: l'une (glyce-
rine +), continentale, que l'on trouve en
Asie centrale ; l'autre (glycerine -),
oceanique, qui existe dans les peninsules
et les iles des tropiques, ou la peste a ete
introduite par voie maritime. Selon
certains auteurs, les deux races coexiste-
raient dans des regions dites de transition.
L'etude comparative des souches prove-
nant de diverses regions du monde oiu le
bacille pesteux a ete isole permet d'affirmer
qu'il existe une difference evidente en ce
qui concerne l'action sur la glycerine,
entre les souches isolees des foyers origi-
naux de l'Asie centrale et celles des regions
envahies secondairement par l'infection.
I1 est certain qu'un changement dans la
reaction vis-a-vis de la glycerine s'est
produit, mais it est impossible de dire oii
et comment. De l'avis de l'auteur, it est
probable que le changement s'est produit
lorsque l'infection a pass6 des rongeurs
sauvages de l'Asie centrale au Rattus
rattus de Birmanie. L'auteur resume
diverses tentatives de classification des
bacilles pesteux d'apres leurs caracteres
biochimiques et leur repartition geogra-
phique.
Le bacille pesteux peut survivre un

certain temps hors de l'organisme vivant.
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It has little resistance, however, to un-
favourable environmental conditions, and
is not well adapted to saprophytic life.
Although inanimate objects can carry
living bacilli, their role in spreading
infection is slight.

II est cependant peu resistant aux condi-
tions exterieures defavorables et peu
adapte a la vie saprophytique. Bien que
des objets puissent etre porteurs de
germes vivants, leur role dans la diss6mi-
nation de l'infection est minime.
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