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BUBONIC PLAGUE IN EXPERIMENTAL ANIMALS

Guinea-pigs

Methods of infection
The highly susceptible guinea-pig can be easily infected with plague

by different routes; indeed, as first shown by Albrecht & Ghon,1' 2 mere
rubbing in of infectious material into the shaven, depilated, or even quite
intact skin is ordinarily sufficient to produce a fatal infection.
A few workers, like Wayson & McMahon,"17 preferred intracutaneous

administration of plague material to the above-described procedure of
cutaneous infection.

Subcutaneous infection of guinea-pigs was effected not only in the
usual manner with the aid of a syringe, but also by introducing a needle
dipped into the infectious material under the skin or by putting the material
to be examined into a skin-pouch (Hauttasche) (Maassen 68).

Two other procedures of practical importance are intraperitoneal and
intra-ocular infection, the latter being performed either through instilla-
tion of the infective material into the conjunctival sac or, according to
Cornil et al.,20 21 through subconjunctival injection.

In place of these artificial procedures, some workers used infected
fleas to produce plague in their test animals.

Choice of methods
A choice between the different methods enumerated above depends

upon the nature of the experimental work to be performed. It is obvious
that only those among them which permit of the introduction of exactly
measured doses with the aid of a syringe will be of real value for standard-
ization tests. Subcutaneous infection is the procedure usually resorted
to for work of this kind.

* This is the fourth 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
0 rganization. -ED.
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For diagnostic purposes Albrecht & Ghon's method of cutaneous
infection is of outstanding value because, as established by these two
workers, positive results may be obtained with its aid when dealing with
material so contaminated that cultures fail altogether. Other routes of
infection in guinea-pigs are far less useful in such circumstances because
the concomitant bacteria may rapidly kill the animals before plague infec-
tion develops or may lead to a mixed infection so that, as in the case of
the original material, it may be impossible to demonstrate and isolate
the plague bacillus.

It must be realized, on the other hand, that the method of cutaneous
inoculation, which does not usually cause the death of the experimental
animals until after 4-5 days, is less expedient than infection by the sub-
cutaneous and particularly by the intraperitoneal route. However, since
buboes become apparent in cutaneously infected guinea-pigs within 24-48
hours after inoculation, an early diagnosis may be made by using the
fluid obtained by puncturing these incipient buboes with a syringe for
bacteriological examination and intraperitoneal infection of rats (Martini 74).
A further point deserving attention is that, contrary to beliefs some-

times expressed, cutaneous inoculation of guinea-pigs, though serving as
a barrier against most bacteria other than Pasteurella pestis, is apt to fail
in case of the species most resembling it. Thus, as recently established by
Haas,46 a pseudotuberculosis strain isolated from a rat could be as easily
passed through guinea-pigs by the cutaneous as by the subcutaneous route.
Also, although some workers considered cutaneous inoculation of guinea-
pigs as an infallible means of differentiating between plague bacilli and the
pasteurellae sensu stricto, occasionally organisms in the latter group proved
pathogenic when administered to these rodents cutaneously (Kister &
Schmidt 56).

In marked contrast to these findings, Haas 46 and Blanc & Baltazard 13
have shown that it was impossible to transmit pseudotuberculosis through
the bite of Xenopsylla cheopis even though P. pseudotuberculosis could
persist in the fleas for periods up to 35 days (Blanc & Baltazard 13). The
pasteurellae sensu stricto were even rapidly destroyed in the fleas.

Subcutaneous inoculation of guinea-pigs is now much practised because
increasingly ample use is being made of plague diagnosis with the aid of
pooled organs of suspect rodents or their pooled fleas. As noted above,
the method yields more rapid results than cutaneous inoculation, guinea-
pigs injected with fully virulent material often dying within two to three days.

Intraperitoneal inoculation of these rodents leads to even more rapid
death which may take place as early as 24-36 hours after infection. It is,
however, essential not only to work with non-contaminated materials
but also to take care not to administer an overdose of the infective material
because rapid death from toxaemia may then take place and only a few
bacilli may be present in the internal organs, yielding unsatisfactory growths
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or none at all. In properly inoculated guinea-pigs an exudative peritonitis
followed by bacteraemia develops.

Intraperitoneal inoculation is indicated in cases where a speedy diagnosis
is required. For instance, Silva (quoted in the Journal of the American
Medical Association 53) and Barreto & Castro 9 recommended direct intra-
peritoneal infection of guinea-pigs with the blood of patients as a con-
venient means to confirm the diagnosis of human plague.

As was first shown by Gotschlich,4 particularly rapid results may
be obtained by taking material for microscopic and cultural examination
from the peritoneal cavity of the living animals. He was thus able to find
even 12 hours before death, when the guinea-pigs still appeared quite
normal, numerous plague bacilli in the punctate. Ohoto 87 practised
cardiac puncture and obtained, with 0.6 ml of blood, positive cultures
24 hours after intraperitoneal infection of guinea-pigs as against 34 hours
and 72 hours in subcutaneous and cutaneous inoculation respectively.
Gotschlich 44 found the intraperitoneal method also most useful when
dealing with materials scanty in plague bacilli. Though death was often
delayed in such cases and few or even no plague bacilli were found in the
exudate, continued passage by the intraperitoneal route was apt to lead
to positive results.

Conjunctival infection of guinea-pigs which leads to a purulent con-
junctivitis is, for various reasons, not generally suitable. It is less safe
than the other available procedures and, as maintained by Kolle,57 -at
the same time gives less constant results. Further, as claimed by Devignat
et al.,25 contrary to usual beliefs this method is not fully specific. Devignat
and co-workers were able on several occasions to isolate from the organs
of conjunctivally infected guinea-pigs a salmonella resembling S. typhimu-
rium (B. aertrycke).

Autopsy findings

Before dealing with the findings made when dissecting experimentally
infected guinea-pigs, mention ought to be made of the changes observed
during life at the site of infection.

As has been noted above, a primary exudative peritonitis develops
in guinea-pigs inoculated intraperitoneally with adequate doses, a purulent
conjunctivitis when virulent material is instilled into the eye of such animals.
The records of early observers like Kolle 57 and the Plague Research Com-
mission 93-97 indicate that cutaneous inoculation of guinea-pigs with
P. pestis led typically to the appearance of small vesicles surrounded by
a hyperaemic zone at the site of infection. Although these signs were apt
to be manifest as early as 12 hours after inoculation, it was often possible
to detect plague bacilli in the contents of the vesicles. Swelling of the
regional lymph-glands followed within 24 to 48 hours. An inflammatory
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process continued in typical cases at the site of inoculation where ulcers
often formed.
A process developing more slowly and in a different manner in guinea-

pigs infected by flea-bites was thus described by Wayson et al.: 118
The immediate or almost immediate appearance of a red areola, 3-5 mm

in diameter, round the bite-wound was followed within 24 to 72 hours
by the development of a red papule and subsequently by the enlargement
of contiguous lymph-nodes. If death was delayed, the papules were apt
to become ulcerated. As stated by Wayson & McMahon,117 such papules
formed also in guinea-pigs infected intracutaneously. It should be noted
that as a rule external skin lesions remain absent at the site of subcutaneous
infection; usually, however, subcutaneous infiltrations develop which in
due course may become purulent and/or necrotic.

The task of dealing in a summary manner with the features found at
autopsy not only in experimentally infected guinea-pigs but generally in
plague-infected animals as well as human victims is most difficult because
variations in the virulence of the causative strains, and also to a greater
or lesser extent varying receptivity of the hosts, produce a whole gamut
of morbid appearances. To describe findings which are " typical " under
all circumstances is, therefore, impossible. Nevertheless, although transitory
forms may cause some difficulty, distinction can be drawn between types
of morbid appearance produced by plague infection in susceptible animals
or man.

Attempting such a classification through an analysis of the postmortem
records of more than 600 guinea-pigs experimentally inoculated with plague
by various routes, Devignat et al.25 distinguished between three types
of morbid appearances as follows:

Type 1, found particularly in animals which had succumbed rapidly
after inoculation with highly virulent strains or considerable doses of
less-virulent plague bacilli.

In cutaneously infected animals belonging to this group a haemorrhagic
infiltration adherent to the skin was present at the site of inoculation,
while in subcutaneously injected animals a large infiltration, occasionally
showing abscess formation, was located under the skin. In both cases
one or several of the regional lymph-nodes had become transformed into
a bubo showing a haemorrhagic aspect on cut section. The swollen gland
was embedded in an oedematous mass of gelatinous appearance and
consistency, which extended over a large part of the subcutaneous abdominal
tissues. Spleen and liver were more or less enlarged but were smooth
or at most finely granulated. The lungs were congested but free from
consolidations.

Type 2, found particularly in animals inoculated with small numbers
of highly virulent P. pestis in the course of standardization tests.
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While in animals belonging to this group the appearances at the site
of inoculation did not differ from those described above, the massive
gelatinous periadenitis, typical for type 1, was not invariably, though
frequently, present. Spleen and liver were voluminous and friable, and
the former organ in particular was studded with whitish granules of pin-
head size which, when examined histologically, proved to be foci of necrosis
usually surrounded by a belt of reticular cells. The lungs were congested
as in type 1 but in some of the animals belonging to the second group
disseminated foci of bronchopneumonia were present as well.

Type 3, found in guinea-pigs which, having been partially immunized
with vaccines or serum, had survived for more prolonged periods.

While voluminous infiltrations, sometimes showing abscess formation,
were present at the site of infection, no signs of a gelatinous periadenitis
could be found in this type round the buboes. The spleen and liver were
much enlarged and showed the presence of large whitish nodes. Similar
nodes were also seen in the lungs. In contrast to the other types, parti-
cularly type 1, smears made from the organs of type 3 guinea-pigs showed
few or no plague bacilli.

Devignat and his co-workers considered the massive gelatinous peria-
denitis met with in experimentally plague-infected guinea-pigs as patho-
gnomonic. It has to be noted, however, that Haas 46 observed this sign
in 2 out of 39 guinea-pigs infected cutaneously or subcutaneously with
a pseudotuberculosis strain isolated from a rat. He laid stress on the
constant presence of liver nodules in his animals, claiming that nodules of
an identical aspect were seldom encountered in plague-infected guinea-pigs.

The observations made by Cornil et al.20 21 on the morbid anatomy
and histology of plague in guinea-pigs and white rats which had been
inoculated with varying dosages of the same P. pestis strain, are of great
initerest and value even though they are based on an examination of small
series of these animals.

Cornil and co-workers distinguished between the following three types
of plague in their experimental animals which had been inoculated sub-
cutaneously, intraperitoneally or subconjunctivally

Period
Type of Experimental between Local reaction Changes in
infection animals infection and bubo internal organs

and death
(days)

Congestion of spleen;
signs of parenchymatous
degeneration-marked in

Hyperacute Guinea-pigs 3 liver and adrenals, less
(forme prominent in kidneys and
sur-aigue) Rats 2-2½/2 Slight changes myocardium; congestion

of brain with small
haemorrhages; little sign
of bacterial embolism.
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Period
Type of Experimental between Local reaction Changes in
infection animals infection and bubo internal organs

and death
(days)

* In addition to the above-
Moderately Lc. described process of de-

acute Guinea-pigs 6-7 Local: necrosis generation, necrotic foci
(forme and suppuration due to bacterial embolism
aigue Rats 3 1/2 (suppuration were present not only
moyenne) necrotique) in the spleen, but also

in the liver, lungs and
Subacute Bubo: suppurative adrenals, i.e., in organs

(forme Guinea-pigs 12 adenitis in possessing, in contrast to
aigued subcutaneously the kidneys, myocardium,
prolongee) Rats 5 infected animals and brain, an ample supply

of venous blood.

Considering these findings, Cornil and his colleagues formed the
opinion that plague in their animals evolved in three stages: (a) a phase
of local reaction quickly followed by (b) a stage of toxaemia (septico-
toxemie diffuse) which led to degenerative changes in the internal organs,
and (c) a final stage, characterized by septico-pyaemic metastases produced
by bacterial emboli in some of the internal organs, which was reached
only in animals surviving for comparatively longer periods.
A peculiar type of plague in guinea-pigs experimentally infected with

plague strains from the Andes region of Ecuador was described by Macchia-
vello & Uriguen,72 the animals in question showing, in addition to regional
buboes, marked involvement of the pelvic-aortic lymph-nodes as well as
conspicuous, often necrotic, lung lesions. Macchiavello & Uriguen ascribed
the appearance of these features to peculiarities of the plague strains,
which seemed to be endowed with marked invasive power but little toxicity.
They suggested that the strains might have been antigenically different
from typical plague bacilli met with elsewhere.

White Rats
Methods of infection

While some workers considered cutaneous inoculation of white rats
a suitable procedure for plague laboratory work, most observers reached
the conclusion that this method did not give quite as constant results
with these animals as with guinea-pigs. A much recommended procedure
is, however, that of pricking the root of the tail of white rats with an
injection needle which has been dipped into the material to be tested.
One advantage of this procedure is that it may be easily and safely carried
out in the glass jars in which the rats are kept before and after infection
the ordinary cover is temporarily replaced by a wooden one with a hole
in the centre (" Impfdeckel "); with the aid of a long forceps or clamp,
the tail alone is drawn out and the inoculation is made (Kister, quoted
by Dieudonne & Otto 26).
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Kolle & Otto (quoted by Dieudonne & Otto 26) found this method
useful when dealing with contaminated materials and also claimed that,
with its aid, negative results were obtained with certain rat-pathogenic
bacteria which proved fatal when injected subcutaneously.

Intraperitoneal infection of white rats, though as a rule producing
no marked gross changes in the peritoneal cavity, is a useful method
because, unless an overdose of the infective material has led to rapid death
from toxaemia, numerous plague bacilli may usually be found in the scanty
and serous peritoneal exudate, as well as at other sites, especially in the
spleen.

In the past great attention has been paid to feeding experiments with
laboratory rats because it was believed that the free-living rats usually
contracted infection per os. Several investigators showed that rats may
become infected in the laboratory when fed with plague cultures or carcasses
and may develop mesenterial buboes. However, these findings were in
strict contrast to those made under natural conditions. Moreover, as
shown by Kolle & Otto (quoted by Dieudonne' & Otto 26), even in the
laboratory, infection by feeding deserved but little attention on account
of the somewhat inconstant results.

Kolle & Otto expressed the same opinion in regard to conjunctival
infection of white rats. However, this method was recommended by the
German Plague Commission 32 even for little virulent and contaminated
material.

Autopsy findings
As confirmed by the above-mentioned observations of Cornil et al.,20 21

the autopsy findings in experimentally plague-infected white rats on the
whole rather resemble those met with in guinea-pigs. EastwoQd &
Griffith 27 considered general redness and engorgement throughout the
ventral subcutaneous tissues as features constantly and conspicuously
present in white rats which succumbed to subcutaneous plague infection.

Suisceptibility to pseudotuberculosis infection
A point of great importance is the reaction of white rats to infection

with P. pseudotuberculosis. Since in the experience of most workers these
animals proved resistant to such inoculations, non-pathogenicity for white
rats was considered as one of the cardinal features distinguishing pseudo-
tuberculosis from plague bacilli.

The recent observations of Haas 46 were on the whole in agreement
with this contention. Though his pseudotuberculosis strain had been
isolated originally from a Rattus norvegicus, it showed little pathogenicity
for laboratory rats: four out of five such animals inoculated with it
remained healthy; two of them had apparently become resistant to sub-
sequent plague infection. The fifth rat, which had been injected sub-
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cutaneously, was killed two weeks after infection. It showed a small ulcer
at the site of inoculation and some nodules in the spleen. Smears from
this organ proved negative, but a guinea-pig infected with material from
it succumbed to pseudotuberculosis 27 days after subcutaneous inoculation.

However, since a few observers found pseudotuberculosis strains
definitely pathogenic for white rats (Bezsonova 11), it would not be wise
to classify otherwise dubious strains as plague solely because they are
able to kill such animals. Certainly, however, a suspect strain which is
pathogenic for guinea-pigs, yet spares white rats, is not one of plague.

White Mice
While in the past it was generally maintained that white mice were

rather resistant to experimental infection with P. pestis, it has now been
established that certain inbred races of this species are eminently suitable
for plague laboratory work. Sufficient evidence regarding this point has
already been brought forward.a

White mice which have been inoculated with plague material show,
as a rule, no features pathognomonic for this infection at autopsy. Spleen
enlargement and other non-specific signs of a generalized infection may,
however, be met with in such animals. It is important to note that they
are susceptible to pseudotuberculosis infection (Poppe 99).

Rabbits
Although, as recorded by Taylor,113 certain races of rabbits may prove

fully satisfactory, generally speaking these animals are not uniformly
susceptible to plague, not uncommonly showing a resistance to virulent
infection. As a rule, therefore, the use of rabbits for plague-diagnostic
work.is not to be recommended; the less so as they are fully susceptible
to pseudotuberculosis infection. As has been noted, however, rabbits
are indispensable for serological work and are at the same time excellent
for the production of plague immune sera.

Free-living Rodents
As has been stated before, free-living rats have been used on a large

scale for plague laboratory work in the Haffkine Institute. In south-
east Russia ample advantage was taken for the same purpose of local
sisel species, and in Africa of multimammate mice. These examples suffice
to show that the use of such animals for the various needs of plague labo-
ratory work is legitimate provided that the following precautions are
taken:

(1) If the rodents in question have been received from a region where
plague is endemic, due care must be exerted to ascertain that they are

a Poliitzer, R. (1952) Bull. World Hlth Org. 5, 165
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free from the infection. It may become necessary to quarantine the animals
for some time but this may rather bias their usefulness since some of the
species concerned, particularly commensal rats, are apt to show a con-
siderable mortality in captivity even when caught healthy. They also tend
to mutilate or even partly to devour the carcasses of their dead mates,
which may render postmortem examinations difficult.

(2) At the same time it must be ascertained whether the free-living
rodents to be used for experimental purposes are fully susceptible to plague.
It has been noted in this connexion that the Haffkine Institute had to
send for its rats across India to Madras, a plague-free city with a rat popula-
tion not resistant to the infection.

(3) It is imperative to free the animals, as soon as they are received,
from fleas and other external parasites. The method of dipping the rodents
into a pulicidal fluid like kerosene is effective but apt to lead to a con-
siderable mortality. Webster 119 therefore recommend the picking-off
of fleas and other parasites with a forceps or by hand, after some suitable
repellant, such as spirits of camphor, has been applied with a cotton swab,
but this tedious method is effective only when practised by a trained worker.
Application of DDT would be far less time-consuming and fully effective,
but, as will be noted later, this insecticide is to some extent toxic for the
rodents as well as deleterious to their fleas.

Since it is usually difficult to fulfil these conditions, it is certainly prefer-
able to use guinea-pigs, white mice, or white rats for plague laboratory
work whenever possible.

Monkeys

Though numerous plague experiments with monkeys belonging to
different species have been undertaken, for various reasons these animals
have proved unsuitable for routine work with P. pestis. As has been noted
before, even in monkey species generally amenable to the infection, marked
differences in the susceptibility of individual animals have been found
to exist. In laboratories situated away from their natural habitats, mon-
keys are difficult to keep, while in countries like India, where they are at
home, they may suffer from natural plague.

It is interesting that, in contrast to these experiences, Robic 101 found
some species of lemurs (locally called " makis ") were easily kept in the
laboratory and were eminently suitable for plague research. When infected
subcutaneously, these animals succumbed to an acute septicaemic form
of the disease after three days, i.e., before the guinea-pigs and rats infected
with identical doses of plague bacilli. The " makis " could also be effectively
immunized with the aid of the EV strain and were apt to contract pneumonic
plague if infected intranasally.
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Bats

Leger & Baury 64 found the African bat Nyctinomus pumilus so suscep-
tible to plague infection that they recommended its use as a test animal.
It should be noted in this connexion that the European species of the
bat Vesperugo noctula was also found to contract the disease rapidly when
inoculated subcutaneously (Gosio 43) and that Barrera 8 could infect an
Argentinian species by scarification. The Japanese bat, Vespertilio abramus,
on the contrary, proved in the experience of Ohwada (quoted by Dieudonne
& Otto 26) rather resistant to plague infection.

Birds

Domestic birds, like the pigeon or the chicken, being resistant to the
usual methods of plague infection, are of some importance for differential
diagnostic purposes; Kossel & Overbeck,59 for instance, recommended
inoculation of pigeons as an easy means of distinguishing between plague
and fowl-cholera bacilli. It should be noted in this connexion that, although
some exceptions have been recorded, birds are generally resistant to infec-
tion with pseudotuberculosis as well as with plague bacilli (Poppe 99).

PNEUMONIC PLAGUE IN EXPERIMENTAL ANIMALS

Animals Used

As summarized by Wu Lien-teh 124 and Pollitzer,98 earlier workers
used the following animals when trying to produce pneumonic plague
experimentally: camels, cats, dogs, commensal mice, guinea-pigs, monkeys,
rabbits, rats, sisels, and tarabagans (Siberian marmots).

Recent workers, such as Bablet & Girard,4 Girard,35.36 Favarel,29
and Neel,83 relied mainly on guinea-pigs, but white mice were used as well
by Herbert 49 and Meyer et al.,80 the latter also experimenting with cotton
rats. Robic 101 and Favarel 28 found the " maki " fully suitable to produce
primary lung infection with P. pestis.

Methods of Infection

Besides inhalation, various other methods have been utilized by different
workers with the aim of producing experimental infections comparable
to primary pneumonic plague in man. Most important among these
procedures were:

(a) Intratracheal infection, originally used by Wyssokowitz & Zabo-
lotny 129 and recently by workers such as Bablet & Girard,4 Girard,35 36
Favarel,29 and Neel ;83
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(b) Intranasal infection, first employed by Batzaroff'0 and recently
by Meyer and co-workers 80 and-in the case of the " maki "-by Robic ;101

(c) Direct intrapulmonary injection of plague bacilli as recommended
by Shibayama. 104 Advantage of this procedure seems to have been taken
by only a few workers, e.g., Wu Lien-teh & Jettmar 126 and, recently,
Favarel 28 when infecting " makis ".

Evaluation of Results

It has been much debated not only how easily a process identical
to primary pneumonic plague in man could be produced in experimental
animals, but whether it was at all possible to produce such a syndrome
in the latter, particularly in guinea-pigs and rabbits.

It should be noted in this connexion that the claim of Wyssokowitz &
Zabolotny 129 to have produced primary pneumonic plague in anaesthetized
monkeys was not confirmed by Nattan-Larrier or by Broquet (quoted
by Bablet & Girard 4) who had access to the specimens of the two Russian
workers.

General agreement exists that Batzaroff'0 had been successful in pro-
ducing this form of plague in guinea-pigs, rabbits, and monkeys by intra-
nasal infection and had occasionally obtained the same result in rats and
mice as well. However, Bandi,6 repeating such tests with guinea-pigs
and also performing inhalation experiments with this rodent species and
with rats, considered the resulting lung changes to be secondary in nature,
plague infection reaching the lungs through the lymphatic channels.

Strong & Teague,."' who were also unable to produce primary pneu-
monic plague in guinea-pigs through inhalation, ascribed this failure to
the shallow type of respiration in these animals or to the small size of
their larynx. Shibayama 104 incriminated the thick cluster of hair present
in the nostrils of this species and maintained that the only method of causing
primary pneumonic plague in guinea-pigs was to inject the infective material
directly into the lungs.

The evidence regarding the rabbit was also contradicWry, Martini
asserting, in contrast to other observers, that septicaemic and not pneu-
monic infection resulted when plague bacilli were administered to these
animals by inhalation (Wu Lien-teh 124). Attention was also drawn to
the fact that pneumonia-like processes could be produced in test animals
through the action of plague toxins, Signorelli,108 for instance, having
been able to produce such a process by injecting Lustig's nucleoprotein
into the lungs of dogs.

However, without denying that some investigators were unable to
produce primary lung involvement in experimental animals, it would be
altogether wrong to consider their negative results as generally valid or
even to assume, as some observers did, that pneumonic plague in animals
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as well as in man was invariably secondary in nature, the infection entering
through superficial mucous membranes instead of directly reaching the
deeper respiratory tract. For irrefutable proof of the existence of primary
pneumonic plague in adequately infected animals and also-as will be
shown later-in man has been brought forward by several workers.

The following findings recorded in this connexion deserve attention
here

Strong & Teague,"1' found that monkeys infected by inhalation practi-
cally always developed primary lung involvement, showing only slight
and obviously secondary changes in the faucial and cervical tissues. Ton-
sillar infection on the other hand resulted in plague septicaemia with or
without involvement of the cervical lymph-nodes, but never led to pneu-
monic changes.
Wu Lien-teh & Jettmar,126 performing inhalation experiments with

tarabagans and sisels, definitely showed through histological examinations
that the primary focus of infection was invariably situated in the deep
portion of the respiratory tract.

Nattan-Larrier & Richard 82 insisted upon the profound difference
of the histological findings in experimental animals with primary and
secondary pneumonic plague respectively. In the former a bacillary alveo-
litis was in the foreground, while the latter showed an abundance of the
bacilli in the lymphatics of the lungs.

Bablet and Girard,4 also relying on careful histological examinations,
obtained full proof that, in intratracheally infected guinea-pigs, bacter-
aemia was secondary to changes in the deep respiratory tract.

Recently Meyer and colleagues,80 infecting white mice, guinea-pigs, and
cotton rats intranasally, and Neel,83 practising intratracheal infection of
guinea-pigs, also definitely established that in their animals bacteraemia
was secondary to the process developing in the lungs.

Evolution of Primary Pneumonic Plague in Animals

Describing the evolution of the morbid process in guinea-pigs infected
with'plague by the intratracheal route, Bablet & Girard 4 distinguished
between three successive phases:

(a) a "broncholymphatic" stage characterized not only by an inflam-
matory reaction involving the mucosa and adjoining lymph spaces of
the trachea and main bronchi but-as early as eight hours after infection-
also by circumscribed alveolar lesions (bronchio-alveolite pesteuse) round
some intralobular bronchioli;

(b) a pneumonic phase, becoming manifest 24-30 hours after infection
and characterized by numerous lobular foci which were often situated
around bronchioli. In due course extension and multiplication of these
foci led to the formation of " plague abscesses " rich in plague bacilli and
leucocytes which showed a tendency to break through into the bronchi;
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(c) a short septicaemic stage demonstrable not earlier than 60 hours
after infection through blood cultures. At the same time the pneumonic
foci became confluent and plague bacilli abounded in the lumen of the
bronchi and the trachea.

Examining mice and guinea-pigs killed at intervals of 6 to 12 hours
after nasal instillation with plague material, Meyer et al.80 noted the evolu-
tion of a process similar to that mentioned above. These workers described
the gross findings in mice which had succumbed to the infection (usually
after 72-96 hours) in the following terms:

" The gross anatomical lesions in the mice vary slightly. In rapidly fatal infections
a small amount of fluid is present in the chest cavities; all the lobes of the lung are dark
red, in a state of diffuse exudative hemorrhagic edema, or there is lobular red consolida-
tion in the left or right anterior or diaphragmatic lobe. Edematous fluid oozes from
the trachea and occasionally from the nostrils. Parenchymatous changes in the liver
and kidneys as well as fatty hemorrhages in the adrenal complete the picture of a toxemia."

The macroscopic features in intranasally plague-infected guinea-pigs,
which as a rule were not visibly ill for the first two days but suddenly died
between the 3rd and 5th day after infection, were thus characterized by
Meyer and co-workers:

" Since, in contrast to mice, guinea-pigs are much more resistant to plague toxin,
the gross lesions, aside from a generalized subcutaneous capillary injection, show little
or no fluid in the pleural cavities. The lungs as a whole are voluminous, and portions
of the apical or principal lobes are in different stages of red and gray hepatization ...
The pleural covering of these areas is rarely covered with fibrin. The bronchi and trachea
are injected and covered with blood-streaked mucus. Bronchial and mediastinal lymph
nodes are always enlarged, edematous and occasionally studded with early necroses;
the regional lymph nodes of the neck and submaxillary space, as a rule, are not involved
and the spleen is not enlarged. The infection is definitely confined to the respiratory
tract."

NATURAL PLAGUE IN ANIMALS

Commensal Rats

For different reasons the autopsy findings in rats which had contracted
plague under natural conditions may show considerable variations.

Even during epizootics much depends on the way in which the material
for dissection is collected. Examining exclusively the animals found dead,
one may except to come across a high percentage of specimens showing,
in addition to frankly positive bacteriological findings, marked gross
lesions. Even then, however, an appreciable number of rats may be found
which, having apparently succumbed rapidly to an overwhelming infection,
show little or even no macroscopic evidence of this although their organs
teem with plague bacilli.
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The percentage of rats showing marked gross signs of plague decreases in
relation to the proportion, among the dead rats examined, of animals killed by
the population ofthe plague-threatened area. Nevertheless, during epizootics
one may hope to find evenamong the killed rats a number of specimens show-
ing marked macroscopic evidence of infection-apparently animals which
had been less able than their healthy mates to evade their pursuers.

Results of macroscopic examination are, however, apt to be rather
disappointing if trapping methods are used to obtain rats for dissection.
Even during epizootics, though carcasses showing incipient plague or,
occasionally, displaying signs of having recovered from it may be encoun-
tered, animals with fully developed macroscopic features will be few and
far between because, as aptly pointed out by Hundley & Nasi,50 rats suffer-
ing from plague generally prefer to stay in their nests. It is true that deli-
rium and/or the desire for fresh air may ultimately drive them out, but,
although prone to be killed while staggering about, such moribund animals
will not be attracted by the baits offered in the traps.

As shown by Shih & Pollitzer,105 who had opportunities to examine
many hundreds of rats, which included animals found dead and animals
killed both during and between epizootics, the frequency of specimens
showing marked pathognomonic signs at autopsy was definitely related
to the stages of the epizootics. The number of such specimens started
to increase at the onset of the plague seasons, reached a maximum at
their peak, and then gradually declined to become minimal during the
off-seasons. The frequency of grossly affected rats, and correspondingly
the number of animals showing abundant bacteriological evidence of the
infection, were thus apt to serve as a yard-stick for assessing the serious-
ness of the situation; this naturally also holds true when the number of
animals available for examination is small.

It further stands to reason that the frequency of rats showing marked
macroscopic lesions will vary according to the type of plague prevailing
in the area in question. Thus it was claimed 53 that, in Brazil, rat plague
was generally manifest in an unusually mild and atypical form. In regions
where the rat population is becoming resistant to the infection, results
of macroscopic examination are also apt to be less clear-cut than in areas
with a fully susceptible rodent population.

Autopsy findings
While the description of the postmortem findings in plague-affected

rats is based mainly on the classical studies published by the Plague
Research Commission in India in 1907,94 further contributions to the
knowledge of this subject have been made by other workers, recently,
for instance, by Prado, 100 Macchiavello,70, 71 de Smidt,108 de Moura &
Remido,8' and Hundley & Nasi.50 The results of these investigations
may thus be summarized:
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Rigor mortis. As pointed out by the Plague Research Commission,
rigor mortis, often present in plague-affected rats and sometimes persist-
ing even after putrefaction has set in, is somewhat characteristic, the limbs
projecting stiffly from the body in a distinctive manner.

Subcutaneous tissues. One of the common features of rat plague is
subcutaneous congestion, which may manifest itself by a reddish hue
of the skin before the rats are dissected, being specially visible on the
plantar surface of the hind feet. However, as stressed by the Commis-
sion, this sign may be absent in plague-affected rats and present in animals
succumbing for other reasons. Among subsequent workers, Paisley889
and Gomila 41 laid great stress upon pink discoloration not only of the
feet, but often of the abdomen and thorax also, Gomila finding " pink
feet " in 75 % of his plague-positive rats.

Another point noted by the Commission and other observers was a
peculiar purplish-red appearance of the thoracic and abdominal muscles,
due to the presence of congested vessels. In conjunction with the reddish-
pink colour of the subcutaneous tissues, this appearance was considered
as strongly suggestive of plague infection.

The Plague Research Commission found subcutaneous haemorrhages
to be quite frequent in plague-infected rats and emphasized, at the same
time, the absence of this feature in animals not so infected. The haemor-
rhages were most often situated in the submaxillary region even if no bubo
was present in the neck or elsewhere; next in frequency came the region
of the flank, while in young or medium-sized rats the haemorrhages were
apt to be widespread.

In the experience of the Plague Research Commission a general sub-
cutaneous oedema, which forms a characteristic feature in experimentally
infected guinea-pigs, was rare in naturally plague-affected rats.

Lymph-nodes. In describing the changes in the lymph-nodes of plague-
affected rats, the Commission drew a sharp distinction between a process
of general involvement and primary buboes. Enlargement and congestion
of the lymph-nodes in general was met with in septicaemic plague and also,
as the result of secondary invasion through the blood-stream, in rats show-
ing a primary bubo. Infection could also spread from the original bubo
through the lymphatics to neighbouring lymph-nodes, thus leading to the
formation of " primary buboes of the second order ".

The morbid appearances in primary plague buboes depended upon
the stage of the infection. At first the affected lymph-nodes showed only
some enlargement and congestion, with haemorrhagic points on the cut
section. Later, signs of necrosis became manifest, affecting either the
medullary portion (or even merely part of it) or, in advanced cases, the
whole substance of the nodes involved. Ultimately disintegration took
place, with the formation of usually rather dry purulent material.

7
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In well-developed infections the tissues round the primary buboes
were as a rule affected, often showing infiltration as well as marked con-
gestion and haemorrhages, and sometimes a localized subcutaneous,
occasionally gelatinous, oedema.

While, as a rule, the prominent swelling caused by the relatively-large
primary buboes was apt to attract attention, their existence was some-
times suggested merely by slight asymmetry and confined to signs of some
necrosis on the cut section. The Plague Research Commission therefore
recommended the incision of all lymph-nodes, even if they were not out-
wardly changed and did not exhibit the peculiar hard consistency often
noted in plague buboes. Axillary buboes were particularly liable to be
ovrlooked as they might be small, flattened, and lying parallel to the inner
surface of the upper extremity under the lateral insertion of the pectoral
muscle. It was therefore necessary to cut through this muscle to reveal
the axillary cavity.

Analysing the results of 4,000 autopsies of naturally infected rats,
the Plague Research Commission found involvement of the lymph-nodes
in 84.720% (buboes in single situation in 73.05 %), and absence of buboes
in 15.25%. The distribution of the buboes in single situation was as
follows

Neck 75.0
Axilla 15.1
Groin 6.1
Pelvis 3.8

The bubo distribution recorded by other workers was sometimes not
in full accord with that shown above, but it should be kept in mind that,
as a rule, they based their conclusions on much smaller samples than those
available to the Plague Research Commission. In the fairly large amount
of material examined by Pollitzer in China, cervical buboes were the most
frequent.

Liver. Although the liver of rats yielding ample bacteriological evidence
of infection with P. pestis may show at autopsy only slight and uncharac-
teristic changes, if indeed any, plague-infected rats often display lesions
of the organ which may be considered pathognomic for this infection.
As established by the Plague Research Commission, these characteristic
lesions were twofold in nature.

On the one hand appearances were frequently present which macro-
scopically seemed due to fatty changes but, as revealed by the microscope,
were actually caused by necrosis. In the early stages of this process,
a characteristic mottled appearance was produced by the contrast between
the yellowish aspect of the parts with " fatty " changes and the reddish
colour of congested areas. In advanced cases the liver had a pink tinge
and no signs of division into lobules were seen. The organ appeared as
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though modelled in wax with the outer surface peculiarly dome-like and
the edges sharply defined; it was no longer elastic but rather friable.
Although these changes appeared to be pathognomic in fresh carcasses,
a similar condition of the liver was sometimes found in putrid rats which
had not succumbed to plague.

Another change found in 58% of the 4,000 rats, occasionally side
by side with " fatty " appearances, consisted of the occurrence of necrotic
foci scattered over the surface and throughout the substance of the liver
(" granular" liver). Typically these nodules were of pin-point size and,
if superficially situated, not bulging. However, in some cases-apparently
of longer standing-the granules were coarser, those on the surface were
raised above the liver tissue and, although good cultures were obtained,
only a few bacilli could be seen in microscopic preparations from the
organ.

Spleen. In well-marked cases of rat plague the spleen was enlarged
and firm with a moulded appearance so that it was found lying over the
stomach instead of being out of sight like a soft normal spleen. It must be
noted, however, that a similar enlargement of the spleen may, not infre-
quently, be met with in rats not suffering from plague. More characteristic
was the presence of smaller or even confluent larger nodules but, accord-
ing to the Plague Research Commission, such nodules were found in only
4.5% of the plague rats, being thus considerably less common than in
the liver.

Kidneys and suprarenals. The kidneys were often congested and not
infrequently showed subcapsular haemorrhages. " Fatty " changes were
frequent, but the presence of plague nodules was exceptional. The supra-
renals were often enlarged and congested.

Stomach and intestines. In the experience of the Plague Research Com-
mission, no characteristic changes were found in the stomach and intestines
of plague-infected rats; subserous haemorrhages, occasionally seen on
the stomach, were rarely present in the intestines.

Although most workers confirmed these observations, a few found
marked changes in the gastro-intestinal tract. Paisley 89 and Connal
et al.19 noted in some of the plague-infected rats in Lagos, Nigeria, sub-
serous haemorrhages and bloody effusion in the small intestines. Mesenteric
buboes were present in such cases. Prado 100 in Brazil found plague-infected
rats with enlarged and haemorrhagic mesenteric lymph-nodes and also
noted sometimes the presence of the same changes or of caseous pus in
retroperitoneal lymph-nodes of the lumbar region. In rare instances
he observed in the intestines elliptic white patches, corresponding in size
to Peyer's patches, which were in a process of cicatrization or seemed to
have become cicatrized. It was assumed that the rats showing these intestinal
lesions had contracted infection by devouring plague carcasses.
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Pleurae and lungs. Haemorrhages were fairly often noted in the pulmon-
ary pleurae and lungs but apparently never in the parietal layer of the
pleurae.

Pleural effusion was a fairly frequent sign in plague-infected rats; it was
met with in over 70% of the animals found to be plague positive by the
Plague Research Commission. Macalister & Brooks,69 who had the
opportunity of comparing the findings in a small number of plague-affected
rats with those in large numbers of plague-free animals, laid stress upon
the clear appearance of the fluid, because in the case of trypanosomiasis
a blood-stained exudate was found. However, as noted by the Plague
Research Commission and confirmed by other workers, a slightly or
moderately blood-stained effusion may be found in plague-infected rats as
well. Moreover, though trypanosomiasis is fairly frequent among the rats
in China, Pollitzer failed to observe pleural effusions in them unless they
were infected with plague.

While it may be asserted that until recently the presence of an appreciable
or abundant amount of clear pleural fluid proved the existence of plague
in the rats concerned, it must be noted that nowadays a pleural effusion
of the same character may be encountered in rats which have been poisoned
with a-naphthylthiourea (ANTU).

Though a certain degree of congestion and/or oedema might be present
in the lungs of plague-affected rats, more marked or characteristic changes
were as a rule absent. Nodules were rare, being present in only 2.5%
of the Plague Research Commission series, and primary pneumonic changes
quite exceptional.

Pericardium and heart. Pericardial effusion was fairly frequent in
plague-affected rats. Epicardial haemorrhages were occasionally present
and the superficial vessels were often congested. The walls of the heart
were relaxed, the right cavities usually engorged with blood and the left
empty.

"Chronic" plague in rats

Kolle & Martini 58 seem to have been the first observers to note the
existence of a chronic form of plague in rats which had been experimentally
infected months before. The animals in question showed caseation of the
bronchial lymph-nodes, induration of the lungs, and encapsulated foci in
the submaxillary lymph-nodes with positive bacteriological findings. Similar
results were afterwards obtained by Hata (quoted by Pollitzer 98) in rats
and guinea-pigs treated first with small doses of weakly virulent P. pestis
and then with fully virulent material. Thus an experimental basis seemed
to have been furnished for the belief of early workers, such as Simond 107
and Gotschlich,45 that chronic rat plague might be the means for perpetuat-
ing the infection during the off-seasons between epizootics.
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A profound study of this problem was carried out by the Plague Research
Commission in India (1906-12 93-97). This work, supplemented by the
exhaustive histological studies of Ledingham,63 showed the presence of
different categories of apparently " chronic " lesions in naturally plague-
infected rats. As summarized by Petrie,91 a distinction could be made between
" peripheral " lesions, consisting of encapsulated abscesses corresponding
in size and relative frequency to the primary plague buboes, and " visceral "
lesions, usually found in the spleen and consisting either bf thick-walled
abscesses, often attached by adhesions to the surrounding serous membranes,
or of necrotic areas in the spleen substance. Plague bacilli were often
absent from such lesions; if present, they were not abundant, though usually
virulent. In other instances, in which bacteriological findings were invariably
negative, adhesions of the spleen to the surrounding structures, scars on
this organ or fibrous thickening of its capsule were found singly or in
varying combinations.

The Commission was careful to point out that, except in cases with
positive bacteriological findings, it was not possible to obtain direct proof
that such lesions were caused by plague. In fact, similar appearances were
found in Madras and Poona rats which had definitely not been exposed
to plague infection. It could be shown, however, that

(1) Similar lesions were present in certain experimentally infected rats.
Specially noteworthy was their presence in 11% of rats from different
parts of India which had survived inoculation with small doses of plague
bacilli and had been killed three weeks afterwards; the largest proportions
of such lesions were found among the survivors of the most susceptible
group.

(2) The lesions found in rats exposed to natural infection were of an
identical character, regardless of whether or not plague bacilli could be
detected in them; in fact sometimes both foci, yielding positive and negative
bacteriological findings, were present in one and the same animal.

(3) Rats with such lesions increased in number during and after plague
epizootics.

The Commission found no evidence whatsoever to show that lesions
still containing plague bacilli had been the source from which an acute
infection had been re-established in a particular rat. On the contrary, these
lesions seemed to represent successive stages in the natural process of
recovery from acute plague infection. For this reason the Commission
proposed for them the designations " resolving" and " resolved " plague,
in preference to the term " chronic " plague, in order to avoid the erroneous
impression that rats with such lesions were instrumental in perpetuating
the infection.

While these views have been accepted by most investigators, a few
expressed divergent opinions.
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Swellengrebel & Otten 112 described a " mitigated " form of plague in
a naturally infected rat and were able to produce identical lesions in partly
immune rats as well as in guinea-pigs inoculated with material of low
virulence or infected cutaneously with minimal doses of virulent plague
bacilli. The changes observed in such animals consisted of multiple small
axillary or inguinal buboes, haemorrhages in all organs, and sometimes
exudates in the serous cavities. Plague bacilli could not be directly demon-
strated and infection of susceptible animals was apt to produce at first a
similar process. However, further animal passage finally led to typical
plague. Swellengrebel & Otten ascribed some importance to this " mitigated"
form of plague, believing that the process might pass, under natural condi-
tions, to the acute form.

Bordas et al.16 and Williams & Kemmerer 122 drew attention to rats,
showing only trivial or no lesions and found especially at the end of the
epizootics, from which plague cultures of supposedly low virulence could
be isolated. Tanon (quoted by Petrie 91) expressed the idea that by con-
tinued passage from rat to rat such strains might regain virulence and lead
to a severe epizootic.

Williams,121 besides reporting on two naturally infected rats which
had suffered apparently from resolving plague yet showed bacteraemia,
experimented with 2,278 R. norvegicus, killing the animals surviving
cutaneous or subcutaneous plague infection at different intervals. Among
the rats showing signs suggestive of resolving plague, one killed 21 days,
and four killed 30 days, after inoculation showed plague bacilli in the
heart blood immediately after death. Williams suggested that these
experiments completed the proof of a perpetuation of the infection through
plague strains of low virulence, as suggested by Tanon, and formed the
tentative hypothesis that plague produced among the rats a certain propor-
tion of carriers in which bacteraemia might appear at times with consequent
opportunities for infection of fleas and a spread of the disease to other rats.

Recently Savino et al.,102 finding that one rat out of almost 120,000
dissected showed features of resolving plague and yet yielded positive
results in cultural and animal tests, expressed the opinion that rats suffering
from this form of the disease might be the means of carrying over the
infection.

Even apart from the fact that the claim made by some of these authors
to have found in their rats plague strains of a low virulence has not been
supported by sufficiently exact tests, the evidence recorded, and the theories
put forward by them, cannot be considered as convincing.

Nobody will deny that, in a small proportion of rats suffering apparently
from resolving plague, bacteraemia may still persist or, in other words,
that no sharp dividing line can be drawn between instances of acute or
subacute, and those of resolving, rat plague-a fact stressed by the Plague
Research Commission. That bacteraemia could persist in- such animals
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for more prolonged periods or that it could reappear in the course of the
resolving process has, however, never been proved. As Petrie 91 maintained
with much reason:
" such an event is unlikely to happen, because, during the process of recovery from
an acute attack, rats presumably acquire a considerable immunity, and, moreover,
there is no experimental evidence, either in plague or in any other similar infection, to
support the idea that a chronic focus is able to kindle a fresh septicaemia".
A few workers have drawn attention to the occurrence in commensal

rats of an " inapparent " form of plague in which macroscopic signs of the
infection were absent and direct bacteriological examination yielded
negative results, yet animal experiments proved positive. However, it was
not claimed that such animals played a role in the perpetuation of the
infection. On the contrary, Peryassu 90 denied that his " carrier " rats
were responsible for plague outbreaks and Devignat,23 24 who established
the presence of the infection in apparently healthy rats through animal
experiments with their pooled bone-marrows, noted that human plague
was absent from the localities where such rodents had been found.

Commensal Mice

As a rule, naturally plague-infected commensal mice show no charac-
teristic postmortem changes. General signs of infection, particularly
swelling of the spleen, may be present but these are also met with in animals
which do not succumb to plague. However, Pollitzer not infrequently
noted, in the commensal mice he dissected, a brick-red discoloration of
the liver, sometimes associated with a mottled appearance due to the
presence of yellowish areolas. Almost invariably mice showing such liver
changes were found to have succumbed to acute plague.

Wild Rodents

Although, as will be discussed later, numerous naturally plague-infected
wild-rodent species have been found, few detailed descriptions of the
morbid appearances met with in such animals have been recorded. The
available information may be summarized as follows:

Siberian marmots (tarabagans)
As stated by Wu Lien-teh,'24 15 Siberian marmots (Marmota bobak)

found naturally plague-infected up to 1924 could be classified thus
bubonic plague 11
? pneumonic plague 1
? septicaemic plague I
? residual plague 2

Not all these animals were in a condition suitable for an exhaustive
examination. As far as could be established, cervical buboes preponderated,
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being found in 9 of the 11 animals showing features of bubonic plague,
together with axillary buboes in two cases.

The spleen was usually more or less swollen and softer, sometimes
showing small greyish nodules. The liver showed, as a rule, signs of con-
gestion, and occasionally also yellowish-white nodules and/or haemorrhages.
Secondary lung involvement was frequent, as confirmed by the histological
studies of Wu Lien-teh and Lin Chia-Swee.127

Rodents of south-east Russia

Sisels (susliks). In naturally infected susliks (Citellus pygmaeus) all
forms ofplague-bubonic, pneumonic, and intestinal-have been diagnosed;
according to Nikanoroff,85 transitions among these types have been fre-
quently met with. Susliks displaying no marked macroscopic lesions,
yet yielding virulent plague cultures, were also often seen.

Among the animals with well-marked features of plague, the bubonic
type preponderated, Suvoroff (quoted by Nikanoroff 85), for instance,
finding buboes in 44 (84.6%) out of 52 naturally infected susliks. The
inguinal lymph-nodes were most frequently involved.

Signs of residual plague were often manifest. Thus Nikanoroff,84
investigating a district where plague had been active the year before, found
lesions of this type in the lymph-nodes of the susliks, particularly in those
in the groin.

Gerbils. Studying the morbid anatomy and histology of experimentally
infected gerbils (Meriones meridianus), Lobanov & Fedorov 66 found
evidence for the existence of two different types of plague with a distinct
seasonal incidence. In spring and early summer (April to July) the character
of the disease was fairly benign with a tendency towards the formation of
localized abscesses, which became encapsulated and absorbed, and were
finally replaced by scar tissue. In late summer and autumn (August to
October), on the contrary, an acute type of generalized plague was prevalent.

South African rodents

According to Pirie,92 experimentally infected wild rodents involved
in the plague outbreaks in South Africa as a rule showed no marked gross
changes, the most constant signs being slight and general subcutaneous
congestion, and more-marked engorgement of the vessels behind the
sternum and front of the chest wall. Since the animals had been inoculated
percutaneously on the inside of the left hind-leg, inguinal buboes were
usually present, but were not conspicuous in animals which had survived
less than five or six days; in those succumbing after three or four days,
at most a slight, soft, sometimes haemorrhagic swelling of the inguinal
lymph-nodes was apparent. The spleen was usually somewhat enlarged
and presented a duller and more opaque appearance than in normal
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anim4ls. In the lungs small patches of incipient pneumonic plague were
frequent.

It was not possible to say definitely whether similar alterations were
present in naturally infected animals because only small numbers of these
could be examined. The available evidence suggested that in nature also
an acutely septicaemic type of plague prevailed. Chronic lesions were
never met with in the multimammate mice and were extremely rare in
the gerbils.

Californian rodents

As summarized by Wu Lien-teh,124 McCoy found, in a representative
series of 246 naturally infected Californian ground-squirrels (Citellus
beecheyi), acute plague in 60 (24.4%), all with buboes; subacute plague
in 152 (61.8%), 73.7% with buboes; and residual buboes in 34 (13.8%).
Inguinal buboes were most frequent, followed by involvement of the
cervical and, lastly, of the axillary lymph-nodes. Primary lung involve-
ment was exceptional, but secondary lung lesions, consisting of the pre-
sence of nodules or areas of grey hepatization, were common.

Again dealing with the pathology of plague in Californian wild rodents,
Meyer 76 stressed the frequency of lesions in the lymph-inodes as well as
a striking tendency towards " latent " infections without the presence
of gross features. Meyer also stated that secondary, or even primary,
pulmonary localizations were much more common in these animals than
in rats. Involvement of the lymph-nodes adjacent to the gastro-intestinal
tract-apparently due to gastro-intestinal infection as the result of canni-
balism-was, according to Meyer's observations, by no means infrequent.

The diversity of the morbid lesions met with in the plague-affected
rodents of California was, in Meyer's opinion, connected with a varying
susceptibility of the animals during and after hibernation. Subacute and
resolving plague were the prevailing types during winter.77

In contrast to the opinion of Kellogg,54 Meyer 77 found no evidence
that the plague strains isolated either from Californian wild rodents or,
during the pneumonic epidemics at Oakland and Los Angeles, from human
sources possessed any peculiar pneumotropic properties.

Argentinian rodents

As maintained by Alvarado & Barrera 3 (see also Barrera 7), a sub-
acute type of plague without marked gross lesions was prevalent among
the various species of Microcavia, Graomys, and Galea involved in the
plague outbreaks in Argentina. Instances of inapparent infection,, where
animal experiments alone yielded a positive result, were met with (Outes 88).
An atypical form of plague was described by Barrera,8 in which hyper,
trophy, congestion, and haemorrhages of the testicles were present.
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" Inapparent " Plague in Wild Rodents

A form of plague occurring in naturally infected wild rodents and
characterized by the absence of gross findings, negative results of direct
bacteriological examination, yet positive experimental results with the
organs of the animals in question, has been described by workers in the
Union of South Africa, south-east Russia, and California (Meyer et al.79),
and recently also by Outes 88 in Argentina and by Baltazard & Mofidi 5

in Persia. The Russian observers of this type of the disease (variously
designated as " plague with invisible lesions ", " latent" or " inapparent "
plague) advanced the hypothesis that, if the rodents involved became
subjected to adverse environmental influences, they might develop bacter-
aemia and, being thus apt to infect their fleas, might then be instrumental
in perpetuating the disease.

Thus far no proof for this assumption has been brought forward.
In fact, as Baltazard & Mofidi 5 seem to suggest, it is by no means certain
that " inapparent " plague is a type sui generis, because the animals in
question might have been either in an initial stage of the infection or in
the process of recovery from it.

As will be discussed in the sixth of these studies, definite evidence
exists that, in hibernating wild rodents, the infection may remain localized
throughout the winter sleep at the portal of entry and/or in the regional
lymph-nodes, to become generalized after the animals have awakened in
spring. In Pollitzer's opinion, it is so far not justifiable to identify this
" latent " type of plague with the "inapparent " form of the infection
claimed to exist in non-hibernating rodents.

HUMAN PLAGUE

A classification of human plague has been attempted in various ways,
the point of difference being usually the position accorded to the "septi-
caemic" type. As commonly defined, this is a form of the disease where,
as in bubonic plague, the causative organisms enter through the skin (or
rarely through superficial mucous membranes) but where, owing to an
overwhelming infection or to a lowered resistance of the host, the regional
lymph-nodes are, as it were, overrun so that an immediate invasion of
the blood-stream takes place.

It must be noted, however, that an apparently primary septicaemia
may be actually due to a secondary invasion of the blood-stream either
because buboes developing in deep-seated lymph-nodes may escape clinical
detection (the " hidden " buboes of Wright 123) or because, as the result
of a rapidly progressing infection, the reactions taking place in super-
ficial regional lymph-nodes may remain so inconspicuous as to be quite
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overshadowed by the most serious general condition of the patients. It
is of great interest to note in this connexion the contention of Girard 34

that what is considered as primary septicaemic plague is really a form of
the disease with inconspicuous buboes.

It must be further emphasized that, in contrast to the commonly held
beliefs, not only an entry of the infection through the skin but also a direct
invasion of the deep parts of the respiratory tract may produce a rapidly
generalized type of the disease without conspicuous local reactions.
Girard 38, 39 recently spoke in this connexion of a " clinically septicaemic"
form of pneumonic plague.

For these reasons it seems preferable to follow the lead of Crowell 22
who distinguished between two main types of human plague only-the
primary bubonic and the primary pneumonic (or, more correctly, pulmonary)
form.

Pathology of Bubonic Plague

Route of infection
The skin forms the usual portal of entry in bubonic plague, infection

being produced in the overwhelming majority of cases through the bite
of infected rodent fleas, rarely through that of other blood-sucking insects
or directly through contact with infected rodents, human victims or con-
taminated inanimate objects. Another rare group of cases are those where
infection entered not through the skin but through superficial mucous
membranes, such as tonsils and conjunctiva.

Bacteraemia
The statements of different observers as to the frequency of bacteraemia

in bubonic plague vary considerably, but no doubt can exist that these
discrepancies were due in the first place to the different amounts of blood
used for examination. In particular, as shown by the Plague Research
Commission,9397 microscopical examination of blood smears alone was
unreliable. As established by the Commission, severe bacteraemia might
be present at a comparatively early stage of the disease, but as a rule its
degree was in an inverse relation to the length of time between examination
and death of the sufferers. While bacteraemia was thus usually progressive
in character, " diminishing ", " irregular ", and " fluctuating " types were
met with. Patients showing bacteraemia might recover.

Later observations confirmed that bacteraemia was by no means always
restricted to fatal cases of bubonic plague. Thus Teissier et al."14 came
to the conclusion that, even in mild cases of bubonic plague, an early
bacillaemia was nearly always demonstrable and that its presence in the
later stages alone rendered the prognosis unfavourable. Ohoto 86 obtained
positive results in 72.20% of his material; bacteraemia disappeared in mild
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cases as early as the second day and not later than the tenth, while persisting
in severe cases. Kirschner,55 using preliminary cultivation in bile, found
bacteraemia in 212 out of 237 definite plague cases; Bonebakker,15 who
also used bile media, in 85% of his bubonic-plague patients. Schoebl 103
stressed the diagnostic value of blood cultures in plague. Gonzaga,42
coming to the same conclusion, stated that bacteraemia occurred early
in ordinary bubonic plague when diagnostic advantage might be taken of
its -presence.

The results obtained by Jawetz & Meyer,51 when infecting guinea-pigs,
mice or rats intracutaneously or subcutaneously with relatively small,
non-toxic doses of P. pestis, serve as a corollary for the above-recorded
observations. As stated by these two workers, their findings
"tend to confirm Teissier's claim because an invasion of the blood stream always follows
the early lymphatic spread in experimental animals, after the local resistance has been
overcome. The initial bacteraemia may last for only a very short time, due to the effective
filtering action of the liver and spleen. The filters are overcome and bacteria appear
again in the circulating blood only after the massive multiplication of organisms. Active
multiplication of P. pestis in the blood stream is probably always terminal

Action of endotoxin

While, as discussed above, even in apparently uncomplicated cases of
bubonic plague a passing bacteraemia seems the rule and this incessantly
progresses in cases ending fatally, the important role played by the endotoxin
liberated in the course of the disease must duly be taken into account.

As stated by Dieudonne & Otto,26 the marked prostration and the
disturbances of the sensorium conspicuous in severe plague cases are no
doubt due to an action of the endotoxin which, according to Girard &
Sandor 40 and Girard,37 exhibits a marked neurotropism.

The widespread haemorrhages and degenerative changes in the internal
organs conspicuous in plague victims are likewise the result of a generalized
absorption of the endotoxin, while the foci of necrosis associated with
bacillary emboli in the organs are ascribed by Petri 91 to local liberation
of the endotoxin.

It is interesting to note in this connexion that the German Plague
Commission 32 found in three foetuses from plague-infected mothers
haemorrhages and parenchymatous degeneration of the organs but no
bacilli which, in contrast to the toxin, were apparently unable to pass
through the placenta. However, some cases of true intra-uterine infection
with P. pestis have been noted since (Wu Lien-teh et al. ; 125 Haffkine,
quoted by Wu Lien-teh; 124 Bikov 12).

Of special importance is the fact that the high concentration of toxin
within, and in the vicinity of, the primary buboes leads to haemorrhagic
infiltration of the walls of the neighbouring veins (first noted by Childe 18)
and consequently to the passage of the bacilli into the blood-stream.
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Morbid anatomy
External appearances. The general appearances noted in plague victims

naturally depend a great deal upon the time that has elapsed after death
and the temperature prevailing in the interval. Generally it may be
maintained that rigor mortis sets in quickly, becomes marked, and lasts for
a long time. On the other hand, signs of decomposition in the dead bodies
do not develop rapidly, except in cases of mixed infection.

It is striking that, although in the overwhelming majority of cases the
skin forms the portal of entry for bubonic infection, as a rule no reaction
is noticeable at that site or in the lymph-vessels leading to the primary
buboes, which usually form the first manifestation of the process. Some-
times, however, a primary plague pustule or a carbuncle may be present
at the site of infection, and inflamed lymph-vessels may be seen leading
to the bubo.

Secondary skin manifestations, such as pustules and carbuncles due
to an invasion of the skin through the blood-stream, are likewise rare in
modern plague outbreaks though they seem to have been more conspicuous
in some epidemics than in others. Skin haemorrhages, usually of a petechial
character, situated either in the vicinity of the primary bubo or in other
skin regions, may not infrequently be detected if properly looked for;
Franca 3 found them in Oporto, Portugal, 46 times in 110 autopsies and
also noted carbuncles 11 times (7 of a primary nature), pustules 6 times,
and once a pemphigus-like skin affection.

Lymph-nodes. The classical studies of Albrecht & Ghonl, 2 have led
to a distinction between:

(a) primary buboes of the first order, developing in the lymph-nodes
draining the site of infection and, as a rule, representing the local manifesta-
tion of the morbid process;

(b) primary buboes of the secondary order, i.e., lymph-nodes situated
near to, as a rule proximally from, the originally invaded lymph-nodes or
tissues and receiving infection through the lymph-stream;

(c) secondary buboes, infected by way of the blood-stream and con-
sequently apt to be present in all types of plague where a septicaemia
develops.

The primary buboes of the first order are characterized in typical cases
by a marked reaction in the surrounding tissues as well as by a process
of haemorrhagic inflammation and coagulation necrosis in the lymph-nodes
themselves. Many gradations of these morbid processes are met with.
One or several lymph-niodes may be affected; in the latter case the individual
nodes are often matted together, and with the surrounding tissues, so that
considerable swellings are produced.

All degrees of inflammation may be present in buboes according to the
intensity of the process and the length of illness, varying from simple

8
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lardaceous or medullary swelling to gelatinous infiltration and bloody
infarction, and from softening and liquefaction to pus formation and
complete necrosis (Dieudonne & Otto 26). The degree and extent of the
reaction round the glands may also vary considerably, though usually
marked oedema and infiltration are present which may involve, in addition
to the surrounding connective and adipose tissue, other structures such
as veins (see above), fasciae, and muscles.

The primary buboes of the secondary order may show similar changes
to those described above but, as a rule, the reaction in the surrounding
tissues is less marked in degree and extent.

The secondary buboes are usually smaller in size than the primary
ones; with the possible exception of some oedema, the process is limited
to the lymph-nodes themselves which may show congestion, medullary
swelling, and discrete haemorrhages.

As will be gathered from the above descriptions, inconspicuous primary
buboes may show appearances macroscopically indistinguishable from those
exhibited by secondarily invaded lymph-nodes.

Mouth and Jiauces. Generally speaking, no characteristic changes of
the oral and faucial mucosa are found in plague. However, some congestion
and also signs of cyanosis may be present, while the papillae at the base
of the tongue and the pharyngeal follicles may be swollen. The tonsils
as a rule show corresponding changes but sometimes they are the seat of
marked inflammation and ulceration with membrane formation.

Though processes of this kind met with in plague victims need not
necessarily be of a specific nature, no doubt exists that P. pestis may produce
such lesions. However, the tonsillar involvement is by no means always
of a primary nature; often the infection, entering in the usual manner
through the skin, leads first to the formation of cervical buboes from which
the process secondarily spreads to the tonsils (de Sousa,109 Crowell 22).
Martinez Vinueza 73 distinguished accordingly between primary and
secondary anginose plague.

Respiratory system. The lungs may be invaded in bubonic plague by
different routes. In cases where the tonsils are affected, a pneumonic
process may be produced by aspiration; Albrecht & Ghon,' 2 for instance,
saw two such cases in a series of 44 autopsies.

It should be noted, however, that tonsillar plague by no means in-
variably leads to such secondary localization of the infection in the lungs.
Thus de Sousa 109 stated that faucial involvement may remain localized
and clear up, the sputum never containing numerous plague bacilli.
Crowell 22 found that in 11 cases with pharyngeal lesions, lung involvement
was present seven times.
A number of observers laid great stress upon a direct spread of plague

infection from cervical or axillary buboes to the lungs (see Wu Lien-teh 124).
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Gaud & Jorge 31 maintained in this connexion that, among the five groups
of axillary lymph-nodes, the thoracic or " subpectoral " one was most often
involved in plague, and as these lymph-nodes were in communication with
the intrathoracic lymphatics, a direct invasion of the lungs was likely.

Though certainly due attention should be paid to a direct invasion of
the lungs from cervical or axillary buboes, its importance should not be
exaggerated. Secondary lung involvement is by no means restricted to
cases with axillary or cervical buboes. On the other hand, localization
of the infection in the axillary or cervical lymph-nodes is by no means
invariably followed by secondary pneumonia.

Thus Crowell,22 who paid special attention to this point, found pneu-
monic changes in only six out of ten cases with cervical buboes, and con-
cluded that there was no constant relation between the lesions in tonsils,
cervical lymph-nodes, and lungs. Wu Lien-teh 124 also drew attention to
the fact that cervical buboes sometimes predominated in mild outbreaks
of plague. It is also noteworthy that axillary buboes were frequent in
Transbaikalia, especially in patients infected through tarabagan fleas or
through handling infected rodents, and yet the incidence of secondary
lung involvement was not particularly high.

Far more important still than such considerations is the fact that the
lung lesions usually found in bubonic plague, and carefully studied by
numerous investigators, could as a rule be definitely ascribed to an inva-
sion of the lungs through the blood-stream.

Statements as to the frequency of secondary lung involvement by
this usual route vary much and it is difficult to collate them because they
are based upon different methods of clinical or postmortem examination.
It has been maintained with much reason that some involvement of the
respiratory tract is usually, if not invariably, present in bubonic infections
followed by bacteraemia, varying in degree from simple catarrh to grave
forms of congestion and specific bronchopneumonia. Di Mattei,75 a
strenuous advocate of this idea, could demonstrate P. pestis in the sputum
of patients in whom no definite signs of pulmonary localization could
be detected, and even recommended sputum examination as a suitable
means for the early bacteriological diagnosis of bubonic plague infection.

Circulatory system. Frequently subserous haemorrhages are found
on the inner layer of the pericardium and the epicardium. Some accumula-
tion of liquid in the pericardial sac (usually clear and without admixture
of blood) is quite common.

The heart, especially on the right side, is usually distended and filled
with dark-red blood showing little tendency to coagulate. Haemorrhages
under the endocardium and the intima of the valves are occasionally
noted. The heart muscle constantly presents alterations corresponding
to cloudy swelling or fatty degeneration.
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The conspicuous changes taking place in the veins located in the vicinity
of buboes have already been noted (page 363). Small haemorrhages are
frequently found under the intima of the veins in general. Vint 115 stressed
that the haemorrhages found in plague victims were jet-black in colour,
thus contrasting with the bright-red petechiae usually met with in septic
conditions due to other causes.

Spleen. The spleen, though usually enlarged, is in a considerable
minority of cases not much more than normal in size. It is further note-
worthy that in plague the organ is often distinctly firmer in consistency
than in other infectious diseases. It would seem that both enlargement
and softening are more marked in instances of rapidly progressing infection;
this holds true of cases with inconspicuous buboes as well as of instances
of respiratory infection where no manifest pneumonia develops.

The capsule of the organ is tense, and more or less opaque; sub-
capsular haemorrhages are frequent. The substance of the spleen shows
some congestion. The follicles, if at all visible, are small, not rarely sur-
rounded by a ring of intensely congested tissue, the trabeculae usually
not prominent. Anaemic infarcts are not infrequent.

Liver. The liver is often enlarged and, as a rule, more or less con-
gested. Small haemorrhages may be present below the capsule. Usually
there is evidence of cloudy swelling or early fatty degeneration. Some-
times a nutmeg appearance has been noted, but it seems an open question
whether this is due to venous congestion or to an acute degeneration of
the liver cells round the hepatic veins (Wu Lien-teh & Woodhead 128).

Besides these generalized alterations, many observers described nodes
or spots of a yellowish colour either on the surface or in the parenchyma
of the liver, due apparently to a localized fatty degeneration or to necrosis.

Kidneys. The kidneys show more-or-less advanced degenerative changes,
sometimes true nephritis. Haemorrhages are frequently noted on the
inner layer of the capsule and in the pelvis, more rarely on the surface
*of the organ. Smaller necrotic foci have been observed but are infrequent.

Gastro-intestinal tract. In the overwhelming majority of autopsies no
marked changes are found in the gastro-intestinal apparatus. Haemorrhages
beneath the peritoneal coats are comparatively rare, but are frequently
noted beneath the mucosa of the stomach and intestines. Not rarely,
hyperaemia of part of the mucosa of the stomach or intestines, or even
congestion of some portion of the intestines throughout all layers, is
present. A catarrhal condition, sometimes accompanied in the intestines
by a pinkish excretion, is not infrequent.

Advanced changes, especially ulcerations, were described by a few
observers only. In some of these cases at least it is doubtful whether such
-unusual lesions were actually specific in nature.
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Brain and meninges. In addition to the congestion and oedema of the
brain and meninges usually met with at autopsy, instances of plague menin-
gitis have been described by several workers. Although the meningeal
process was usually due to a secondary invasion through the blood-stream
subsequent to bubonic infection, a few authors (Lafont et al. ;61 Williams ;120
Lewillon et al., 65 and Landsborough & Tunnell 62) claimed to have observed
a primary form of plague meningitis. One cannot help feeling, however,
that in these instances ill-defined or hidden buboes might have escaped
detection.

Landsborough & Tunnell 62 described the cerebrospinal lesions found
at autopsy of their case as follows:

Brain congested, convolutions and sulci flattened, tissue soft; thick, canary-yellow,
fibrino-purulent exudate covering most of the external surface of the brain; ventricles,
especially the lateral ones, dilated and containing plenty of turbid fluid; spinal cord
showing marked congestion but less exudate except in the region of the cauda equina.

As mentioned before, a very unusual case of chronic relapsing latent
plague meningitis was described by Meyer et al.78

Pathology of Primary Pneumonic Plague

Since, as has been mentioned before (page 364), plague infection entering
through the deep parts of the respiratory system does not invariably lead
to the formation of pneumonic foci but may result in a rapidly generalized
infection with only insignificant changes (particularly congestion and
oedema of the lungs) in the respiratory tract, it would be preferable to
speak of " pulmonary" rather than " primary pneumonic" plague-the
more so because not infrequently it is doubtful whether authors dealing
with the problems of " pneumonic" plague refer to the primary type
or to secondary lung invasions taking place through the blood-stream.
On the other hand, the term " primary pneumonic plague" has become
so familiar that one must be hesitant to replace it, desirable though this
would be.

Pathogenesis
While most investigators believe that primary pneumonic (pulmonary)

plague is caused by an infection entering through the deeper portion of the
respiratory tract, a few, especially Koulecha,60 considered the tonsils or
other parts of the upper respiratory tract as the portal of entry of the
infection which then reached the lungs through the blood-stream. As
discussed earlier (page 364), experimental observations did not support
this " tonsillar " theory and the same holds true of the findings in man:

(1) In instances where an infection initially entering the tonsils led
to pneumonia, cervical buboes, if not pre-existent, invariably developed
in the course of the disease. In primary pneumonic plague the cervical
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lymph-nodes showed slight or even no changes. In the experience of
most investigators, the lesions in the upper respiratory tract as well were,
as a rule, slight and obviously secondary in nature.

(2) As shown by the work of Girard,33 who made parallel examinations
of the sputum and blood cultures in a series of pneumonic cases, plague
bacilli were present in the former before they could be demonstrated in
the blood.

Identical findings were recently recorded by Wagle & Bedarkar,116
while Wu Lien-teh 124 and, more recently, Hennessey 48 referred to instances
of primary pneumonic plague where even post mortem no bacteraemia
was demonstrable.

(3) Histological examinations also convinced most investigators that
the lung lesions i-a primary pneumonic plague evolved initially and were
followed, instead of being preceded, by an invasion of the blood-stream.
Specially noteworthy is a record of Jettmar 52 concerning a patient who
committed suicide early in the disease. Here the blood-stream was still
free from plague bacilli and it could be seen that these micro-organisms
were just on the point of penetrating into the blood-vessels through the
lymph spaces.

Nattan-Larrier & Richard 82 came to the conclusion that, in man as
in experimentally infected animals, a bacterial alveolitis was the charac-
teristic feature of primary pneumonic plague, the infection propagating
from the respiratory lumina towards the lymphatics.
Pathology

Pneumonic plague is distinguished from the bubonic type by a more
rapid course and-except in patients treated with the now available potent
remedies-by an almost invariably fatal termination.

In order to explain these differences it must be kept in mind that in
bubonic plague the defensive mechanisms of the body are apt to prevent,
or at least to retard or modify, a massive generalized infection. Considering
the problem of secondary pneumonic plague in particular, Heckenroth 47
maintained that this type of lung involvement was caused by plague bacilli
attenuated in virulence by the antibodies produced in the primary bubo.

In primary pneumonic plague, on the other hand, the initially invaded
area is devoid or nearly devoid of defensive means (Wu Lien-tehl24) So
that the morbid process can spread without hindrance, leading to an*enor-
mous agglomeration of the bacilli in the lungs. Even apart from the fact
that bacteraemia, though undoubtedly secondary in nature, develops fairly
soon, a most ominous role is played by an early and massive absorption
of endotoxins, van Loon 67 aptly comparing the condition in primary
pneumonic plague to that in acute peritonitis. Wu Lien-teh 124 was therefore
right in maintaining that the surprising thing was not that so many patients
succumbed to the former disease but that even a few should recover.
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Morbid anatomy
In dealing with the morbid anatomy of primary pneumonic plague, it

is sufficient to consider the lesions in the respiratory tract only, because
appearances in the other organs are identical with those seen in victims
to bubonic infection.

Upper respiratory passages. The changes found in the upper respiratory
passages of victims to primary pneumonic plague are usually not prominent,
thus being similar to those generally noted in the bubonic type.

Trachea and bronchi. In well-marked cases the mucosa of the trachea
and bronchi is markedly congested. The mucous membrane of the trachea
is covered by a blood-stained, sometimes frothy, exudate. The bronchi
occasionally show a similar covering; more often they contain a bloody and
frothy serous fluid. Submucous haemorrhages are occasionally seen.

More advanced lesions are rare, but small necrotic patches were some-
times noted. On the other hand, in less characteristic cases the trachea
may be pale and may contain non-bloody mucus or mucopurulent secretion,
sometimes of a brownish colour. In cases without manifest pneumonia,
secretion may be totally absent, but some degree of congestion is invariably
noted.

Pleurae. Recent fibrinous adhesions between both layers of the pleurae
are frequent, but are generally present over the inflamed parts of the lungs
only. The presence of any quantity of serous exudate, whether blood-
stained or not, is comparatively rare.

Fibrinous deposits are often present over the surface of pneumonic
areas, though varying much in extent and appearance. Purulent exudate,
on the other hand, seems to be practically absent except in cases compli-
cating pre-existing tuberculosis.

Haemorrhages of different sizes, rarely present beneath the parietal
layer of the pleura, are very often noted beneath the visceral pleura.
Sometimes they are scattered all over this or localized at areas free from
pneumonic changes. In well-marked cases they are often concentrated
above superficial pneumonic patches and form, together with the fibrin
deposits, a rather characteristic pattern of red and yellow dots and bands,
first described by Albrecht & Ghon.' 2 However, insignificant changes
may be present even over superficially situated pneumonic foci while in
the case of their more central localization macroscopic alterations of the
pleurae may be altogether absent.

Lungs. As postulated by workers like Vint 115 and Wright,123 a distinc-
tion may be made between three types of lung manifestations met with
in primary pneumonic or, one should rather say, pulmonary plague:

(a) A form in which acute congestion and usually also lung oedema
are marked but where, though plague bacilli abound, no consolidation
is present;
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(b) A type characterized by the presence of lobular pneumonic foci;
(c) A form where lobar involvement seems to be present.

Wright also referred to a fourth type characterized by the presence of
scattered and apparently necrotic nodules but this process, also referred
to by Vint 115 and by Hennessey,48 was obviously secondary in nature,
being due to an embolic invasion of the lungs through the blood-stream.

Hennessey48 maintained that whereas formerly instances of " broncho-
lobular" pneumonic plague had predominated in Uganda, since 1933 the
apparently lobar form was preponderant. He believed that the prevalence
of this type was due to a loss of virulence of the local plague strains which
had become manifest at the same time. It must be emphasized, however,
that most workers who had access to sufficiently large material, noted the
simultaneous presence of cases with lobular and cases with so-called " lobar"
pneumonic changes, during the pneumonic-plague epidemics they observed.
More than that, though it is convenient to adopt for descriptive purposes
the classification given above, actually no sharp line of demarcation can
be drawn between the three types of morbid appearances, a transitory
group with slight pneumonic lesions standing between the first and second
while, as discussed below, the so-called lobar form represents merely an
advanced stage due to the confluence of originally lobular pneumonic foci.

The lobular foci encountered in primary pneumonic plague may be
situated either near the surface or within the lobes of the lungs. One or
several such patches may be present in one lobe; sometimes they were found
to be arranged along one bronchus like " the flowers of the hydrangea"
(Strong 110).

When situated near the surface, the lobular foci bulge somewhat and
the adjacent pleura shows frequently the peculiar changes described above.
On cut section, the foci appear wedge-shaped or round and are often
surrounded by a zone of engorgement and oedema. Their colour is usually
either dark or greyish-red in the centre with a deep-red periphery; only in
rare instances do they show a uniformly grey colour. As in pneumonic
plague in general, the cut section does not show the definite granulation
typical of croupous pneumonia ; no fibrin can be scraped off, but only a
uniform greyish-white fluid. The foci situated away from the surface of
the lungs are, as a rule, roundish in shape. They display in well-marked
cases the same characteristics as the superficial foci, but in instances with
slight pneumonia they may be ill defined.

In the opinion of most observers, the so-called lobar consolidations
found in primary pneumonic plague are due to a confluence of originally
lobular foci. It is therefore not surprising that grey hepatization of a
whole lobe, so frequently seen in croupous pneumonia, is never met with
in pneumonic plague and that even extended areas of red hepatization
are rarely present. As a rule the extensively affected lobes show on cut
section a variegated aspect, areas of grey hepatization adjoining those
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with red hepatization and these in turn shading into parts of the lung tissue
which are merely in a stage of engorgement (Strong 110). Both lobular foci
and more extensive pneumonic areas may be present side by side in the
same lung or even lobe.

Bronchial lymph-nodes. Although in some cases the bronchial lymph-
nodes may exhibit little or no change, they are usually markedly enlarged,
soft, and hyperaemic; on cut section they may show punctiform ecchymoses
or a general deepening of colour as a result of diffuse haemorrhage. Kou-
lecha 60 was of the opinion that the affected lymph-nodes finally displayed
the appearances of Albrecht & Ghon's primary buboes of the secondary
order.

The tissues surrounding the lymph-nodes at the bifurcation of the
trachea are often oedematous and show haemorrhages, but advanced
periadenitis is absent. The oedema with extensive haemorrhages, frequently
noted by Strong 110 during the 1910-1 Manchurian epidemic, in the anterior
mediastinum round the thymus gland was not conspicuous in the victims
of primary pneumonic plague dissected by Pollitzer during the 1920-1
outbreak.

SUMMARY

This study deals with the pathology of
plague in animals and in man, in both
its bubonic and pneumonic form.

The highly susceptible guinea-pig, white
mice, rabbits, free-living rodents, monkeys,
bats, and birds may be used as experimental
animals in bubonic-plague research, for
diagnostic tests, and for the standardiza-
tion of vaccines. The advantages and
drawbacks associated with these various
animals are examined. Routes of infection
vary according to the object of the experi-
ment, subcutaneous inoculation of guinea-
pigs being most in favour today since it
offers a speedier diagnosis than the
cutaneous method. Autopsy findings in
the guinea-pig are described in detail.

Pneumonic plague is similarly examined,
and the morbid anatomy of the experiment-
ally-infected guinea-pig is compared with
that of the mouse.

Autopsy findings in plague-infected
commensal rats show considerable varia-

RItSUM1t
Cette etude est consacree A la pathologie

de la peste, sous sa forme bubonique et
pneumonique, chez les animaux et chez
l'homme.
Le cobaye - particuli6rement receptif -

le rat blanc, la souris blanche, le lapin,
les rongeurs sauvages, les singes, les
chauves-souris, les oiseaux, peuvent etre
utilises comme animaux d'experience dans
les recherches sur la peste bubonique, le
diagnostic de l'infection ou la standardisa-
tion des vaccins. Les avantages et incon-
venients que presentent ces divers animaux
sont examines. Les voies d'injection varient
selon le but des experiences. L'inoculation
sous-cutanee au cobaye est actuellement
en faveur, car elle permet un diagnostic
plus rapide de l'infection que la methode
cutanee. Les caract&res anatomo-patholo-
giques chez le cobaye sont decrits en detail.
La peste pneumonique fait l'objet d'une

etude analogue a celle de la peste bubo-
nique. Les caract6res anatomo-patholo-
giques du cobaye et de la souris infectes
experimentalement sont compares.

Les caracteres anatomo-pathologiques
des rats (vivant normalement dans 1'entou-
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tion. Rats which have succumbed rapidly-
either to an overwhelming infection or in
wholesale extermination by the threatened
population -show little or no macro-
scopic evidence of plague, although their
organs may teem with bacilli. According
to the observations of Shih & Pollitzer,
the number of animals showing marked
pathognomic signs at autopsy was related
to the evolution of the infection, rising
at the beginning of an epidemic, reaching
a maximum at its peak, and then declining
to a minimum during the off-seasons. This
relationship may thus be taken as a
yard-stick to measure the gravity of the
situation. -The number of rats showing
macroscopic lesions varies according to
the type of plague prevailing in the area
in question.

A " chronic " form of rat plague was
described at the beginning of the 20th
century; the Plague Research Commission
in India, which investigated this problem,
reached the conclusion that the lesions
observed represent successive stages in the
process of recovery, and that rats showing
such lesions should not be considered as
carriers. A few divergent opinions have,
however, been expressed on this point.

Certain observations have been made on
other wild rodents infected with plague:
Siberian marmots (Marmota bobak), sisels
(Citellus pygmaeus), and Californian
ground-squirrels (Citellus beecheyi).

It is generally agreed that two principal
forms of human plague may be distin-
guished: primary bubonic and primary
pneumonic or pulmonary. The bubonic
type is usually introduced cutaneously, by
the bites of infected fleas. The liberation
of endotoxin, which-according to some
workers-exhibits marked neurotropism,
is responsible for the disturbance of the
sensorium observed in plague victims. The
widespread haemorrhages and degenerative
changes in internal organs are probably
due to a generalized absorption of endo-
toxin. The morbid anatomy of various
organs and systems is described, in parti-

rage de l'homme) morts de la peste varient
dans une large mesure. Lorsque la mort
est survenue rapidement - A la suite d'une
infection foudroyante ou d'une destruction
massive des rongeurs par la population
-on ne constate guere de lesions macro-
scopiques evidentes, bien que les organes
soient envahis par les bacilles. D'apres
les observations de Shih & Pollitzer, le
nombre d'animaux presentant A l'autopsie
des signes pathognomoniques evidents est
en rapport avec 1'evolution de l'infection:
il s'eleve, des le debut des periodes epid&-
miques, jusqu'a un maximum correspon-
dant A celui de l'epidemie, et d6croit avec
elle, atteignant un minimum dans les
periodes inter-epidemiques. Ce critere peut
servir A evaluer la gravite de la situation.
Le nombre des rats presentant des lesions
macroscopiques varie suivant le type
d'infection pesteuse regnant dans une
region donnee.
Une forme achronique )) de la peste chez

les rats a e decrite au debut du XXe siecle.
La Plague Research Commission in India,
qui a repris les recherches dans ce domaine,
a abouti A la conclusion que les lesions
semblaient representer les stades d'un
processus de guerison et que ces rats ne
pouvaient etre consider&s comme reservoirs
de l'infection. Des avis differents ont
cependant et emis A ce sujet.

Certaines observations ont e faites sur
d'autres rongeurs sauvages infectes de
peste: marmottes Bobak (Marmota bobak),
spermophile pygmee (Citellus pygmaeus),
et spermophile de Beechey (Citellus
beecheyi).
On s'accorde A distinguer deux formes

principales de l'infection chez l'homme:
la peste bubonique primaire et la peste
pneumonique primaire ou pulmonaire. La
peste bubonique est le plus generalement
introduite dans l'organisme par voie cuta-
nee, A la suite de morsures de puces
infectees. La liberation de l'endotoxine,
qui, selon certains auteurs, est nettement
neurotrope, est responsable des troubles
sensoriels observes chez les pestiferes. Les
hemorragies etendues et les phenomenes de
degenerescence dans les organes internes
sont probablement dus A l'absorption
generalisee de l'endotoxine. Les caracteres
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cular changes in the lymph-nodes which
result in the formation of buboes. Primary
buboes of the first order, situated close to
the site of infection, may be distinguished
from primary buboes of the second order,
infected by the lymphatic route from the
originally-invaded nodes or tissues, and
from secondary buboes, infected by way of
the blood-stream and usually present in
all types of plague where septicaemia
develops.

Rigor mortis, fatty degeneration and
oedema of the heart muscle, and haemor-
rhage of the spleen, the liver, and the kidneys
are features almost invariably found in
plague victims. Congestion and oedema
of the brain and meninges are usually
secondary manifestations resulting from
the spread of infection from the buboes
by way of the blood-stream.

One of the factors which distinguish
primary pneumonic plague from the
bubonic type is its rapid development.
The initially invaded area is almost devoid
of defensive means, and bacilli thus
multiply in the lungs without resistance.
Until the recent development of therapeutic
methods employing the potent remedies
now available, the onset of bacteraemia
and the massive absorption of endotoxin
nearly always resulted in death.

Lesions found at autopsy in different
parts of the respiratory system are de-
scribed in detail. Although no sharp line
of demarcation can be drawn, three types
of pulmonary lesions may be distinguished:
generalized oedema and congestion, lobular
pneumonic foci, and lobar involvement
caused by the confluence of lobular foci.

anatomo-pathologiques des divers organes
et systemes sont decrits, en particulier
I'alteration des ganglions lymphatiques
aboutissant a la formation des bubons.
On distingue des bubons primaires de
premier ordre, situes pr6s du point d'infec-
tion, des bubons primaires de second ordre
infectes par voie lymphatique A partir des
prece'dents, et des bubons secondaires
infectes par voie sanguine et presents dans
toutes les formes de peste ou une septicemie
se manifeste.
La rigor mortis, la degenerescence grais-

seuse et l'aedeme du myocarde, les hemor-
ragies de la rate, du foie et des reins sont
des caracteres qui s'observent d'une fa9on
pratiquement constante dans les cas de
peste. La congestion et l'cedeme du cerveau
et des meninges representent en general des
manifestations secondaires dues A une
infection par voie sanguine a partir des
bubons.
La peste pneumonique primaire se dis-

tingue de la peste bubonique par son
evolution rapide. La region atteinte est
A peu pres sans defense, aussi les bacilles
s'accumulent-ils dans les poumons, ou ils
ne rencontrent pas de resistance. La
bacteremie qui en resulte, et I'absorption
massive d'endotoxine, sont les deux ele-
ments qui provoquaient presque toujours
la mort du sujet avant l'introduction dans
la therapeutique des medicaments puissants
dont on dispose aujourd'hui.

Les lesions anatomo-pathologiques des
diverses parties de I'appareil respiratoire
sont decrites en dMtail. Bien qu'aucune
ligne de demarcation precise ne puisse
etre tracee, on distingue trois types de
lesions pulmonaires, selon qu'il s'agit
d'ed6me et de congestion generalises, de
foyers pneumoniques lobulaires ou de
forme affectant 1'ensemble d'un lobe par
confluence des foyers lobulaires.
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