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SYNOPSIS

The author examines in detail the symptomatology, diagnosis,
and treatment of plague, and outlines the problem of the length
of the incubation period.
The clinical features commonly met with in all severely-affected
plague patients, regardless of the primary localization of the infection, are described. The author then deals with the symptomatology
and manifestations of bubonic plague as compared to those of
primary pneumonic plague.
The importance of a clinical diagnosis, from the point of view
of prevention, is stressed, and the differential diagnosis of various
forms of the disease is described.
The study contains a detailed discussion of the respective merits
of antibiotic treatment, serotherapy, and sulfonamide treatment.
The author points out that the outstanding success of streptomycin
and some other antibiotics will probably relegate the sulfonamides
to the second rank in the treatment of bubonic plague.

INCUBATION

The problem of the length of the incubation period of human plague
received early and thorough attention on the part of the Indian Plague
Commission. As summarized by Simpson,'75 the cases the Commission
considered in this respect may be divided into three classes:
Class I, comprising instances in which there was a history of a direct inoculation of
infective material as well as such where there was a history of the patient having come
into contact with infection on a particular occasion. In both groups there were cases
where the incubation period could not have been longer than 24 hours and others in
which it extended to five days. The average length of the incubation period was about
three days.
* This is the eighth 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. -ED.
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Class II, consisting of cases in which there was a history of the patient having been
in contact with infection on and after a particular day. The data gathered for this class
confirmed those of Class I in placing the period of incubation between one and five days.
Class III, representing cases in which plague developed after removal from infected
surroundings. Out of 753 cases noted, 15 (1.9%) developed plague after the 10th day,
but it was stated that these patients might have contracted the infection after removal
to the camp.

In Simpson's own opinion:
"The incubation period of whatever type the disease may be varies generally between
a few hours and five days, it being rarely longer. Cases have been recorded with longer
periods, but it is often difficult to dissociate from them the possible exposure to infected
clothes or infected animals at a date later than that which is believed to be the time of
infection. Still the evidence at present existing does not exclude the possibility of the
period of incubation being prolonged occasionally to 12 or 14 days."

The plague subcommittee of the Office International d'Hygiene Publique,
meeting at Paris in 1926,144 maintained similarly that the duration of
incubation of human plague did not ordinarily exceed 6 days ; in the
case of direct infection by the respiratory route, the duration of incubation
did not generally exceed 3 or 4 days, but it might be as long as 8 days in
exceptional cases.
Statements made in some recently-published manuals on plague or
tropical diseases regarding the length of the incubation period of plague
may thus be summarized:
Author

Chun20
Joyeux"9

MCCoy 117
Rogers & Megaw166

Strong187

Mackie et al. 118

PoZo 156

Napier 140

Date

Length of incubation period

1936 Usually 3-5 days, but may vary from less than
24 hours to 10 days or, in exceptional cases, even
up to 15 days.
1944 Bubonic plague: 1-5 days, but may be prolonged
to 9-10 days.
Pneumonic plague: on an average 2-6 days, but
may last only a few hours or may be prolonged
to 9-10 days.
1944 3-12 days; in most cases 4-5 days.
1944 Usually about 3 days, but said to vary from
2 to 10 days; rarely, it may be extended as long
as 15 days.
1944 Varies generally from 2-10 days, but is usually
3-4 days.
Primary pneumonic plague: may not exceed
2-3 days.
1945 Bubonic plague: 2-4 days, less often 10 days.
Pneumonic plague : may not exceed 2-3 days.
1945 Bubonic plague: varies from 2 to 10 days, but
is ordinarily 3-4 days.
Primary pneumonic plague: from 15 to 20 hours
up to a maximum of 2-3 days.
1946 2-8 days, rarely longer; average about 4 days.
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Dubois & van den Berghe 28
Mathis & Pons 125
Giordano 54
Manson-Bahr 122
Macchiavello 116
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Length of incubation period

Date

1948 2-9 days, most often 3-4 days.
1948 Bubonic plague: 10 hours to 3 days.
Pneumonic plague: 48 hours on an average, but
can vary from 1 to 5 days.
1950 2-8 days.
1950 2-8 days, rarely up to 15 days.
1951 Usually 2-5 days, with a maximum of 10-12 days.
Incubation periods of only 12-15 hours have been
recorded in India.

As will be gathered from the above summary, some disagreement
exists regarding the minimal and maximal lengths of the incubation period
of plague. However, the various writers are agreed that the length of
incubation of bubonic plague is as a rule less than 6 days, which is the
period contemplated in the International Sanitary Conventions of 1926/1944
and in the International Sanitary Regulations 211 adopted by the World
Health Organization in May 1951.
Most authorities state that the average length of the incubation period
is even shorter in the case of primary pneumonic plague, but it should be
noted that Chun,20 analysing the experiences made during the 1920-1
Manchurian epidemic at Harbin, found an incubation period of up to
6 days " frequent enough to deserve serious attention from an administrative viewpoint."
Though one ought to share Simpson's opinion 175 that observations
suggesting abnormally long incubation periods are apt to be fallacious,
no doubt can exist that instances of this kind do occur. Reliable observations have in fact been recorded more recently by authors such as Durand
& Conseil,36 Fonquernie,48 Calbairac & Seyberlich,l2 and Girard,57 62 who
noted-in the case of primary-pneumonic plague in particular-instances
of abnormally long incubation, lasting up to 10 days. Consequently, the
period during which contacts with pneumonic-plague patients were kept
in the isolation camps of Madagascar was prolonged to 10 days. There
can be no doubt, however, that nowadays such a prolonged segregation
of pneumonic-plague contacts, or possibly even their segregation at all,
has become unnecessary in view of the availability of methods of abortive
treatment. Application of the now available insecticides certainly renders
the segregation of contacts with bubonic patients superfluous.

SYMPTOMATOLOGY
General

The following clinical features, because commonly met with in all
severely-affected plague patients, regardless of the primary localization of
5
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the infection, may be dealt with comprehensively, the more so as they
are due to an action of circulating plague toxins rather than to that of
the causative organisms themselves.
Onset and prodromal symptoms
There is general agreement that in the overwhelming majority of
severe plague attacks the onset of the disease is sudden so that, as aptly
stated by Mathis & Pons,125 one is confronted in 95 % of the cases by the
clinical picture of a severe infectious condition of the type of a major
septicaemia. Prodromal symptoms, if occurring, may consist of malaise,
headache, giddiness, mental apathy or restlessness, nausea, and pains in
the limbs or in the lumbar region. Some of these symptoms, particularly
headache and nervous disturbances, may persist or, if they were not preexistent, may appear in the course of the illness.
While, according to some observers, the rapid rise of the temperature
in the cases with a sudden onset is initiated merely by some feeling of
chilliness or slight shivering, others noted the presence of marked rigors.
Macchiavello,"6 in particular, stated that plague began commonly "with
a single prolonged intense chill, or with less severe or repeated chills
accompanied by trembling or shaking ". Such marked rigors were hardly
ever observed in the plague patients of China. Rogers & Megaw,166 who
gained their experience in India, also speak merely of chilliness when
describing the onset of plague.
In any case, the temperature rises rapidly, often reaching 103OF or
104°F (39.50-400C) in a few hours or, at most, within a day. The pulserate increases at the same time and, as confirmed by observations of the
present writer, the pulse may not only soon become more rapid than corresponds to the temperature, but may also commence to be dicrotic, or even
intermittent, quite early in the disease.
Generally speaking, the condition of the patient deteriorates incessantly
so that the disease may become fully developed within a day if not within
a few hours.
Course

Many authors, particularly the early writers, maintained that plague
patients showed a characteristic facial expression and considered this
facies pestica as pathognomonic. These statements cannot be considered
to be generally valid, however, because, as pointed out by some observers
such as Muller & P6ch,138 the facial expression and the aspect of the
eyes (" Blick ") of the plague patients are apt to vary markedly in relation
to the state of their sensorium and the pains which they feel. One must
also agree with Muller & P6ch that the facial expression noted in some
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of the sufferers is not characteristic for plague alone, but may be seen
in any patient suffering from a disease with " typhous impairment of the
sensorium ".
However, necessary though it is to bear these restrictions in mind, the
general appearance of severely-affected plague patients is often so characteristic that, at least during an outbreak, the presence of the disease may
be suspected at a glance. The sufferers appear to be struck down by a most
serious illness and, even if they are restless instead of being prostrated,
it can be seen that they are in a greatly weakened condition. Except in
the case of collapse, the faces of the sufferers are as a rule flushed, and
sometimes bloated as well. Early in the disease their countenance often
depicts anxiety and distress, but later their facial expression becomes
resigned, listless, and apathetic. In patients whose sensorium is not free,
the eyes may be staring or may show aimless movements. The conjunctivae
are almost invariably injected, often markedly so, the nostrils are dilated,
and the lips are dry. As long as fever is present, the skin of the patients
is hot and dry. As noted earlier, the pulse is rapid, often more or less
dicrotic, becoming in the later stages of the disease feeble, intermittent,
and finally imperceptible.
A systematic examination of the patients reveals the following:
Temperature. Various types of fever-high continued, remittent, or
irregular-may be observed in plague patients according to the form of
the disease and the severity of the affection. As aptly described by
Simpson,175 the fever
"... rises in the bubonic form to 1030, 1040 F. or may be to 1050F. or to 1060F.,
[39.50, 400, 40.50, 41°q and may reach its highest on the evening of the first day and
continue at its maximum, but more usually it gradually rises, reaching its maximum on
the evening of the second or third and sometimes, but seldom, on the fourth day, an
intermission of a degree or more frequently taking place during a part of the day [usually
in the morning]. On the third, fourth, or fifth day the temperature usually falls 2 or
3 degrees or more, continues at this low temperature for a few hours or a day and then
rises again, reaching nearly the same or a greater height than that of the previous
evening... If this stage is successfully passed through, the temperature again falls the
next day, and then by successive evening exacerbations and morning remissions steadily
comes down by degrees to normal or sub-normal, which may be reached on any morning
between the sixth and eleventh day. In simple bubonic cases of a mild character the
temperature may fall to normal as early as the second or third day; on the other hand the
occurrence of complications or the eruption of buboes may cause great irregularity in
the temperature and completely obliterate the more or less typical primary and secondary
rise with the apyrexial interval".

Successful treatment with modern remedies markedly shortens the
febrile period, leading to a gradual or sometimes even to a rapid fall of
the temperature. However, even if adequate treatment is continued so
as to avoid relapses, suppuration of the buboes may lead to the appearance of intermittent fever until the pus is evacuated.
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As described by Simpson,'75 in " septicaemic " plague the temperature
rises rapidly and, running an irregular course, generally remains high.
However, in particularly severe cases " the temperature may not rise
above 100°F [37.80C] or less in the early stage, and it is only if the patient
lives long enough for reaction to set in that there is any considerable rise
in temperature ".
In the primary pneumonic form of plague, the temperature is high but
often runs an irregular course. It may suddenly fall before the death of
the patient.

Circulatory system. As noted above, an incessant quickening of the
pulse, accompanied by a fall in blood pressure and irregularity of the
pulse-waves indicates the presence of progressive heart failure. The pulse
may finally become so rapid and imperceptible that it can no longer be
counted. Subjectively, the patients may suffer from a feeling of oppression
in the precordial region ; objectively, dilatation of the heart and feebleness
of the heart sounds may be noted as the disease progresses. Sudden death
from heart failure may take place not only during the acute stage of the
disease but also during convalescence following even slight exertions on
the part of the patients.
Most observers are agreed that, as a rule, severely-affected plague
patients show a marked polymorphonuclear leukocytosis, according to
Bonebakker,6 with a shift to the left. The number of white blood-corpuscles,
though usually not exceeding 20,000-25,000, may reach 50,000 or even more.
Wagle & Colah 205 maintained in this connexion that an enumeration of
the leukocytes is of prognostic importance, the prognosis being best in
patients showing leukocytic counts within normal limits. It is noteworthy,
however, that a leukocytosis may also be absent in pneumonic-plague
patients and in particularly severe cases of " septicaemic" plague. Leukopenia may be present in this form of the disease and, according to Wagle
& Bedarkar,204 also in some patients with primary pneumonic plague.
Contrary to the findings of other workers, Rogers & Megaw 166 claimed
that in half of the plague cases seen by them differential counts showed a
high proportion of lymphocytes during the first three days of illness, and
ascribed some differential-diagnostic importance to this feature.
It was also stated that in the early stages of plague the number of red
blood cells and the percentage of haemoglobin are not rarely increased
above normal (Rogers and Castellani, quoted by Strong 187). After the
attacks, particularly if complications are present, a more-or-less marked
secondary anaemia may develop.
In severe plague cases the presence of submucous haemorrhages may
lead to bleeding from the stomach, the intestines, or the bladder. Bleeding
from the nose is not uncommon.
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According to what has been stated in the fourth of these studies,'53 an
initial bacteraemia is frequent even in apparently uncomplicated cases of
bubonic plague, but is of a passing character if the disease tends to run a
benign course. As a rule, bacteraemia becomes established in seriously
affected patients suffering from any type of plague. It is usually progressive
in character, the number of bacilli in the peripheral blood becoming
maximal in the agonal period. Observations made in this connexion by the
Plague Research Commission (quoted by Petrie 147 and by Girard 61),
showed that out of 74 blood samples taken from 28 plague patients, five of
whom recovered, 30 were positive, but that in only six instances was it
possible to find the bacilli in smears. In seven of the 23 fatal cases, less than
10 organisms per ml of blood were found. Only five of the 16 other patients
showed more than 1,000 organisms per ml of blood, and only two had
more than 10,000 Pasteurella pestis per ml.
It is important to note that in the experience of subsequent workers,
such as Girard 61 and Pollitzer (unpublished observations), the number of
plague bacilli in the blood of moribund patients was frequently found to
be considerably higher than in most of the sufferers examined by the Plague
Research Commission, even blood smears often and quite markedly proving
positive. Still, general agreement exists that, apart from rare exceptions,
the degree of bacteraemia in human victims is far below that commonly
observed in rats succumbing to acute plague.
The presence of a conspicuous bacteraemia usually renders the prognosis
most unfavourable, but it is noteworthy that recovery was observed by the
Plague Research Commission even in a patient from whose blood 500-600
colonies of P. pestis per ml of blood had been obtained.
On the other hand, as pointed out with much reason by Girard,6' in
man as well as in experimental animals, an overwhelming infection leading
to marked toxaemia may result in rapid death before bacteraemia becomes
conspicuous.
Devignat 25 recently postulated that bacteraemia was more marked in
sufferers infected with P. pestis of the variety " antiqua " (i.e., strains
acidifying glycerol and reducing nitrates to nitrites) whereas the character
of the disease was less serious in epidemics caused by the glycerol-negative
" oriental " variety of the plague bacillus. Though, no doubt, the manifestations of human plague observed by Devignat in the Belgian Congo, which
were caused by P. pestis var. antiqua, were of a most serious character, the
same held true for many outbreaks caused by the " oriental " variety of the
plague bacillus.
Respiratory system. Though involvement of the respiratory tract is
not peculiar to the primary pneumonic type but is almost invariably present
in severely-affected patients suffering from any form of plague, the physical
signs found on examination of the lungs are often rather inconspicuous.
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This holds true not only in cases where merely some bronchitis or congestion
of the lungs is present, but often even for patients where a secondary or
primary pneumonic process develops. One might almost say that the
marked discrepancy between the slight clinical signs usually found in the
respiratory tract of the patients and the often marked lung-involvement
seen at autopsy is a characteristic feature of the disease.
While the clinical aspects of plague pneumonia will receive further
attention later in this study (see page 88), it has to be noted here that terminal
lung oedema, leading to marked dyspnoea and cyanosis, is practically
always present in patients dying from any form of plague, unless they
suddenly succumb to heart failure. To judge from the personal experience
of the present writer, lung oedema is particularly conspicuous in patients
with an apparently primary invasion of the blood-stream.
Nervous system. As maintained by Simpson,175 next to the local manifestations of the infection the most characteristic symptoms of plague are those
connected with the nervous system. Dealing in a masterly manner with
the nervous phenomena observed in this disease, he stated that:
" The plague virus evidently produces a progressively intoxicating effect on the nervous
system, which displays itself with varying degrees of intensity in different ways on different
constitutions. In some there is insomnia, in others wild delirium, in others stupor, in all
more or less loss of coordinating power over the voluntary muscles and dulling of the
senses. The staggering gait and the inability to coordinate the movements of the hands
are very characteristic symptoms. There is no paralysis of the limbs, but from the physical
weakness, vertigo, and toxic impression on the nervous system the voluntary muscles
are not completely under the command of the patient. The speech is also peculiarly
hesitating, stuttering, thick, lisping, indistinct, and monosyllabic, often like that of a
drunken man. The memory is confused, and in answering questions the patient forgets
half the sentence or syllable of the word which he began to utter

As will be gathered from this description, the nervous reaction of the
patients to the plague toxin varies markedly. In fact, some of the sufferers,
particularly those with primary pneumonic plague, remain conscious,
rational, and with speech unaffected to the last. Sudden transitions may
occur, patients who seem apathetic quite unexpectedly leaving their bed and
trying to get into the open. Such restlessness is, on the whole, most often
seen in the later stages of the disease, apparently because the patients then
suffer from " air hunger ".
Possibly, regional differences exist in the nervous manifestations displayed by plague patients. Macchiavello 116 maintained in this connexion
that while delirium and stupor are the rule in India and China, in Africa,
and especially in South America, these symptoms are lacking in the great
majority of cases. No doubt, however, individual differences and different
habits of life are also of importance in this respect. For instance, the few
soldiers admitted to the plague hospitals of China appeared, as a rule,
to be far more restless-or even boisterous-than the patients from the
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class of farmers or labourers who were usually stuporous or quietly delirious.
Nervous excitement was also comparatively less conspicuous in the female
patients than in the males, even though the latter were as a rule not addicted
to alcohol. Convulsions, which are not often observed in adult plague
patients, seem to be more frequent in children affected by the disease.
It is consoling that pari passu with the increased use of the now available
remedies, serious nervous disturbances as well as other grave symptoms of
plague infection are now far more rarely seen than in the past.

Digestive system. Plague patients, while usually having little or even no
appetite, almost invariably feel intensely thirsty. They are either constipated or have diarrhoea; according to Mathis & Pons,125 frequently an
initial phase of constipation leading to slight meteorism is followed by
a terminal phase with diarrhoea.
Statements as to the frequency of vomiting in plague are not unanimous,
some writers merely noting that it may be present, others stating that it is
frequent early in, or even throughout, the acute stage of the disease. Macchiavello,116 who considered nausea followed by vomiting as an early
symptom of plague, maintained that usually it was of nervous origin
instead of being due to gastro-intestinal causes.
It is unfortunate that even in plague areas where vomiting is not a
prominent symptom, like in China, it was quite frequently induced when
sulfonamides were administered, thus seriously interfering with treatment
by the oral route.
The tongue of a severely-affected plague patient is usually swollen and
protruded with difficulty in a tremulous manner. It is at first coated with
a creamy-white fur, the tip and edges remaining red. Later the coating
becomes dry and glistening and, finally, a yellowish, brownish, or even
black coat is formed, similar to that seen in typhus or typhoid. Lips, teeth,
and gums may become covered with sordes. If the patients begin to improve,
the tongue soon tends to become moist and clean, so that its examination
is of some importance for assessing the condition of the sufferers.

Abdomen. As a rule, physical examination of the abdomen shows nothing
characteristic. The liver and also the spleen are usually moderately enlarged,
and the former organ may be tender, particularly if heart failure becomes
marked. Occasionally, general tenderness of the abdomen, associated with
meteorism and vomiting, was found to be present.
If the deep-iliac glands are the seat of primary buboes, marked pains
and tenderness may be present in the corresponding lower quadrant of the
abdomen. If the process is localized on the right side, a syndrome quite
similar to that of appendicitis may be produced, and cases are on record
where patients showing such a localization of the buboes have been subjected
to operation (Macchiavello 116).
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It is also noteworthy that, according to some observations of Goldstein,70
pneumonic-plague patients may complain of pains not in the chest but in
the abdomen. He referred, in particular, to one sufferer who " had such
rigidity and guarding in the left epigastrium that I suspected an acute
abdomen and asked the surgeon to see him. There was nothing in the lungs
and pleurae, and it was only after two days that some crepitations at the
right base were audible and the patient brought up blood-stained sputum
which contained P. pestis".
Genito-urinary system. In accordance with the presence of high fever,
the urine of severely-affected plague patients is scanty and highly coloured.
It often contains traces or moderate amounts of albumin, and if so, hyaline
casts are found.
Haemorrhages in the urinary tract, as they frequently occur, may also
lead to the presence of erythrocytes in the urine, but marked haematuria,
though recorded by some writers, appears to be exceptional.
Chun,20 who examined the urine of a series of patients suffering from
primary pneumonic plague, noted in most instances a diminution of the
chlorides, but it is noteworthy that according to Simpson 175 the urine of
plague patients in general is deficient in chlorides as well as in urea and uric
acid. Instances of anuria have been described but appear to be exceptional.
Retention of the urine in the bladder of unconscious or delirious patients
is more common.
It is important to note that the urine as well as the faeces of severelyaffected plague patients may contain P. pestis.
Unless specific treatment is started early, serious attacks of plague in
any form usually lead to abortion or miscarriage in pregnant patients,
events which exert a most unfavourable influence on the outcome of the
illness.
Termination
Unless adequate specific treatment is administered, patients suffering
from primary pneumonic plague almost invariably die within a few days,
sometimes even within less than a day. The average length of life in 1,128
such victims seen in 1921 at Harbin, Manchuria, was 1.8 days.20 Similarly,
patients suffering from the so-called " primary septicaemic" form succumb,
when not energetically treated, almost always within 1-3 days, but sometimes
even within a few hours (pestis siderans of the early writers). On the other
hand, patients affected by benign forms of bubonic plague without bacteraemia almost invariably recover even if no treatment is given. The average
fatality-rate in untreated patients suffering from the usual type of bubonic
plague leading to bacteraemia is high, amounting to 60 %-90 % in India
and China.
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Though it may take place sooner or later, death during the acute stage
of bubonic plague usually occurs within a period of 3-5 days from the
onset of illness, so that patients who survive for longer than five days have
considerably increased chances of recovery.
In most instances heart failure is the immediate cause of death. Collapse
may set in fairly rapidly or the patients may even succumb suddenly when
making exertions. In other cases there is a more-or-less prolonged period
of agony marked by lung oedema and frequently also by oedema of the
brain which leads to low delirium and/or coma.
Occasionally, death during the acute stage of the disease may be due to
the development of complications, particularly meningitis. Marked oedema
developing round cervical buboes may, in rare cases, lead to death from
asphyxia.
Recovery from bubonic plague is usually gradual. The period of convalescence may be long and, as will be described when dealing with the
devolution of the buboes, serious or even fatal complications may develop
during this stage. As has been noted before, even convalescent patients may
succumb suddenly to heart failure.
Bubonic Plague

For various reasons it is impossible to discuss the clinical aspects of
bubonic plague as comprehensively as the pathologist is entitled to do when
dealing with this form of the disease. Frequently, the morbid process,
usually produced through the bite of insect vectors, particularly rodent
fleas, leads not only to the appearance of buboes but also to a generalization
of the infection, characterized by the serious general symptoms previously
described and often also by complications which deserve separate attention.
However, benign cases are met where the infective process remains
localized in the primarily invaded lymph-nodes and, owing to the absence
of septicaemia, general symptoms, if manifest at all, remain inconspicuous.
On the other hand, an invasion of the blood-stream may take place so
rapidly that reactions on the part of the regional lymph-nodes fail to become
manifest and the clinical picture is that of a most severe generalized infection,
often designated as primary septicaemic plague. Though, as stated in the
fourth of these studies,153 this type of the disease has no independent
standing from the viewpoint of the pathologist, it presents clinical, particularly diagnostic, features of its own which render its separate discussion
desirable.
An entry of the infection through the superficial mucous membranes
as well as the appearance of primary skin manifestations at the portal of
entry of the infection produce peculiar clinical forms of the disease, which
also deserve special consideration.
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For these reasons it seems appropriate, for the purposes of the present
disquisition, to deal with the different types and varieties of bubonic plague
separately.

Buboes
Localization. General agreement exists that, as a rule, groin buboes are
most frequent (about 55 %-70%), femoral buboes situated distally from
Poupart's ligament being somewhat more frequent than inguinal ones.
Axillary buboes (about 20 %) and cervical, particularly submaxillary, buboes
(about 10%) follow in frequency. Buboes in other locations, such as those
in the parotid region, below the clavicula, near the elbow (epitrochlear
buboes), and behind the knee (popliteal buboes),- are rare. Buboes under
the subpectoral muscles are somewhat more frequent. Though the primary
buboes usually form at one site only, bilateral and multiple locations have
been recorded in a not-inconsiderable minority of cases. The following
statistics, which are based on large samples, bear out these statements:
Observers

Choksy 17

Number of cases examined:
Percentage incidence of buboes:
Femoral
Inguinal
Axillary
Cervical
Other sites
Multiple

9,500
30.87
23.25
21.85
8.40
1.68
12.95

Jennings s8

16,132
30.79
24.23
22.18
9.11*
13.68

* Comprising besides 6.24% cervical buboes proper, 2.87% of buboes situated in the parotid region.

It is important to note, however, that under certain circumstances
axillary buboes, or buboes on the neck, may be more frequent than is
usually the case. Axillary buboes are likely to occur in patients contracting
infection in the foci of wild-rodent plague where a transmission of the disease
through direct contact with the affected animals is apt to take place.
Cervical buboes are apt to be frequent pari passu with a frequent occurrence
of an entry of the infection through the faucial mucous membranes leading
to tonsillar plague.
Local peculiarities in the dress of the people probably also exert an
influence on the distribution of plague buboes. Thus Chun,20 pointed out
that whereas in the experience of Choksy femoral buboes were more frequent
than inguinal ones (30.87 % as against 23.25 %), among a series of patients
observed in South Manchuria, inguinal buboes were preponderant (40 %
as against 8.7% femoral buboes). Chun ascribed this discrepancy in part
to differences in the style of dress adopted by the Indians and the northern
Chinese respectively. In contrast to the Indians, the Chinese not only
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wore shoes all the year round instead of using sandals or even going barefooted, but also tied their trouser-ends over close-woven socks. However,
since Chun's observations referred to 80 patients only, no stringent conclusions should be drawn from his as well as from other experiences based
upon small samples.

Appearance and development. As is unanimously stated in the literature
and has been well borne out by the fairly ample field observations made by
the present writer, manifestations on the part of the primarily-affected
lymph-nodes appear, as a rule, quite early in the disease, simultaneously
with or even before, the onset of the fever. Some writers maintain that in
a minority of cases the buboes appear later, sometimes two, three, or even
more days after onset of the disease. However, when one considers how
inconspicuous the earliest manifestations in the affected lymph-nodes often
are, one must wonder whether such an absence of early signs was more
apparent than real.
Even when seen within the first hours of illness, as a rule the patients
already complain of discomfort or even of some pain at the site of the future
buboes. Failing that, it is almost invariably possible to prove that these
sites are tender to touch. The affected lymph-nodes are at this stage but
slightly enlarged and of normal consistency, but from the first it can be
definitely established that they in particular are the seat of the pain or
tenderness to touch which the patients feel. If, as is often the case, not
one but two or several lymph-nodes become primarily involved, they
enlarge at first separately so that at this early stage they can still be delimited
by palpation.
The further development of the local morbid process is subject to
considerable variation. In the most severe cases which are rapidly fatal,
the affected lymph-nodes become but moderately or even slightly enlarged
and show no marked periglandular involvement. In the usual moderately
severe type of the disease, enlargement of the lymph-nodes progresses
incessantly and development of marked periadenitic changes, followed
by infiltration and oedema of the surrounding tissues, leads within the first
12 hours of illness, or even earlier, to the appearance of well-marked buboes
which become fully formed within one to five days after onset of the disease.
The size of a fully developed bubo usually varies from that of a walnut
to that of a hen's egg, but smaller or larger sizes may be observed. The
buboes usually have an oval or round shape; their surface may be uneven
if they are formed by the fusion of two or more lymph-nodes. Being at
first movable, the buboes soon become adherent to the surrounding tissues,
the skin becoming involved in this process if superficially situated lymphnodes become the seat of infection. In such cases the skin loses its normal
texture, appears smooth and tense, and may show some degree of reddening, owing to the presence of acute inflammation. Some early writers
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such as Simpson 175 state that haemorrhages, carbuncles, or blisters may
appear on the skin covering the buboes and that the skin may even become
gangrenous, but manifestations of this kind were rare in China and, according to Macchiavello,116 also in South America.
Palpation of a fully developed bubo reveals the presence of a doughy
or boggy consistency in the outer layers of the swollen mass and a hard
consistency in its central part formed by the affected lymph-nodes.
The subjective sensations produced in the patients by the presence of
plague buboes may vary considerably, some complaining of constant dull
or even stabbing pains, others feeling little or no local discomfort as long
as they do not move and keep in a position which lessens pressure on
the affected parts of the body. Patients with a groin bubo keep for this
purpose the corresponding thigh flexed, those with axillary buboes lie on
their back and hold the affected arm away from the trunk, and those with
cervical buboes hold their head still and inclined to the affected side.
Generally speaking, pain is more marked in the case of smaller buboes
than in that of larger ones. Accordingly, it may be present early in the
disease but may disappear as the buboes increase in size. Be this as it
may, during the acute stage of the disease the buboes are invariably sensitive to touch, often to such a marked degree that even comatose patients
react when the affected lymph-nodes are touched. This marked tenderness
to touch, which, as a rule, appears in the earliest stage of illness and is
noticeable in the case of deep-seated buboes as well as in those lying near
the surface of the body, forms one of the most outstanding clinical features
of bubonic plague.
Primary buboes of the secondary order, produced by an invasion of
the causative organisms through the lymph-channels, may appear in the
vicinity of the initially affected lymph-nodes. In particular the intraabdominally situated iliac lymph-nodes not rarely become involved in
this manner. If bacteraemia has become established, lymph-nodes situated
away from the primarily affected ones in other parts of the body may
become invaded by way of the blood-stream. As has been noted in the
fourth of these studies,153 the appearance of such secondary buboes does
not, as a rule, lead to marked reactions in the surrounding tissues.
Devolution. The acute process leading to the appearance of primary
plague buboes may subside in various ways. Hand in hand with a gradual
improvement of the general condition of the patients, a return to normalcy
may take place locally. Often, however, this process is not complete, the
affected lymph-nodes remaining somewhat enlarged and indurated; the
skin over such lymph-nodes may remain pigmented.
Frequently, suppuration commences in the centre of the bubo early
in the second week of illness and an abscess is formed which, barring
surgical intervention, is apt to open spontaneously. In favourable cases
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the fistula thus formed closes after pus has been voided or sloughing has
taken place for about two weeks, and a scar is formed which varies in size
according to the size of the abscess and the amount of sloughing. However, the process of healing may be delayed and sinuses may form which
become secondarily infected. In such cases chronic ulcers may develop and
the patients may die some weeks later from sepsis, exhaustion, or amyloid
disease (Napier 140). Sad to relate, cases may be observed in which too
early or inadequate surgical intervention, or unskilful after-treatment of
the wounds, greatly retarded the process of healing or even led to serious
consequences.
Early writers referred to instances where excessive sloughing taking
place in the course of suppuration led to the formation of large cavernous
ulcers laying bare muscles, nerves, and blood-vessels. As pointed out
by Simpson,'75 these sloughing excavations were particularly dangerous
when forming in connexion with iliac buboes in the pelvis, because in
such cases haemorrhage from pelvic arteries was apt to result. Instances
of this kind are rarely seen nowadays. However, Robic & Minec 165 referred
in 1938 to a case where formation of a secondary bubo in the iliac lymphnodes followed by abscess formation caused the death of a plague patient
through haemorrhage due to ulceration of a pelvic artery on the 17th day
after the appearance of the initial inguinal buboes.
The formation of unusually large scars due to excessive sloughing
or retarded healing may lead to chronic regional oedema (Villafaiie Lastra &
Rodeiro 201) or, in the case of femoral buboes, to chronic oedema of the
corresponding lower extremity (Downie ; 27 Phillips 148).
Hand in hand with the process of devolution, the causative organisms,
often first undergoing involution or becoming the prey of phagocytes,
disappear as a rule fairly rapidly from the buboes or from the pus which
has formed. However, as will be discussed below, some instances have been
observed in which P. pestis continued to be present for weeks or even
months.

Complications
As Simpson 175 pointed out with much reason, it is an open question
whether the secondary lung manifestations which frequently develop in
the course of bubonic plague followed by septicaemia should be classed
as complications or should be considered merely as extensions of the
infective process, so that " from this aspect they form but a part of the
disease". It is in accord with this concept that, as stated in the fourth
of these studies, " 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" 153 (p. 365).
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It is often difficult to recognize the presence of secondary plague pneumonia. Its appearance is apt to lead to a deterioration of the general
condition of the patients, but such aggravations may take place for other
reasons as well. As noted before, even if bronchopneumonic foci develop,
the physical signs found when examining the chest of the sufferers are
often inconspicuous. The sputum of such patients may show an admixture
of blood or may even assume an aspect similar to that met with in primary
pneumonic plague, but in other cases the appearance of the sputum is
uncharacteristic. Laboratory examination of the sputum is also not an
infallible means of establishing the presence of a secondary plague pneumonia, because plague bacilli may be found in the expectorations of bubonicplague patients, whose lungs are not seriously or even not at all involved.
Nevertheless, abundance of the causative organisms in the sputum suggests
the presence of a secondary pneumonia.
Some observers have recorded that a kind of " marasmus " may develop
after attacks of bubonic plague and this condition usually leads to death.
Such sufferers become emaciated, feeble in body and mind, and unable
to take food, and, getting into a typhoid condition, gradually sink. It
would appear that the development of this condition is usually secondary
to the complications arising in the course of devolution of the buboes
which have been referred to above.
The secondary manifestations observed on the skin and mucous
membranes of bubonic-plague patients as well as the meningeal complications are described below, together with the primary manifestations of
the infection in these organs.

Skin manifestations
Primary cutaneous lesions, representing reactions taking place at the
portal of entry of the infection, may appear in two different forms:
(1) The morbid process developing at the site of infection may remain
restricted to the formation of a usually small vesicle which is filled with
a turbid serous fluid containing plague bacilli, and slight local lymphangitis.
The vesicles soon break and no further reaction takes place on the part
of the underlying or surrounding tissues.
Lesions of this kind are probably more often present than they are
noticed, particularly so as they seem to be more frequent in benign than
in grave cases of bubonic plague. In fact, some authors described an
" ambulant " type of plague in which the morbid process consists solely
of the formation of such vesicles at the site of invasion and some local
lymphangitis.
(2) The second type of primary skin plague consists of the development
of carbuncles at the site of infection. As described by Simpson,175 this
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process commences by the formation of ecchymotic or petechial spots
which
".... rapidly increase in size and then rise in the form of blisters with or without
umbilication, while the circumference becomes hard, swollen and inflamed. The blisters
contain at first a clear, serous fluid, which is later dark, sero-sanguinolent or haemorrhagic;
and in the contents are plague bacilli. The blisters soon break and show at their base a
moist, bluish-red, inflamed and angry-looking circular or irregular patch, which at this
stage may dry up and go no further, or the inflammation may extend to the subcutaneous
tissue, causing a circumscribed or diffuse swelling, the centre of which begins in a few
hours to necrose, forming a leathery-looking scab. From this centre the necrosis spreads
rapidly to the periphery. The result is the formation of indolent ulcers ... with hard and
red overhanging margins ".

To this excellent description it should be added that a ring of vesicles
which contain pus and plague bacilli, and which tend to coalesce, often
forms on the wall surrounding the plague carbuncles.
Primary plague carbuncles are usually small or moderately-sized, their
circumference rarely exceeding one or two inches (2.5-5.0 cm). They
may form on different parts of the body according to the site of the infection; comparatively often they are situated on the wrists or ankles of the
patients. The appearance of the carbuncles may coincide with, or precede,
the formation of the plague buboes. General agreement exists that usually
the development of such marked reactions at the site of invasion presages
a favourable outcome of the disease.
Generally speaking, primary carbuncles develop only in a small minority
of bubonic-plague patients. However, as stated by Macchiavello,116 they
were frequent in some Peruvian outbreaks, though remaining totally
absent in others.
Besides the above-described primary lesions, secondary skin manifestations may develop in plague patients suffering from a severe type of the
infection. As confirmed by the experiences of Frania,49 referred to in
the fourth of these studies,163 skin haemorrhages are frequently found
in such cases if properly looked for. Though sometimes restricted to the
vicinity of the buboes, they are apt to be present on other parts of the
body as well. The appearance of numerous petechiae or ecchymoses,
particularly early in the disease, is an ominous sign.
Carbuncles or necrotic processes developing without preliminary formation of blisters may become manifest in the course of bubonic plague,
usually as the result of a metastatic infection through the blood-stream.
However, as noted by some observers, carbuncle formation near buboes
may be due to a retrograde infection through the lymph-channels. While
usually rare in recent plague epidemics, such marked skin manifestations
seem to have been of common occurrence during historical plague outbreaks, particularly the Black Death and the great plague of London
in 1665.
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Secondary carbuncles or necrotic ulcers of haematogenous origin may
develop on all parts of the body. They may reach considerable size, the
necrotic process sometimes laying bare muscles, nerves, and blood-vessels;
involvement of the last-mentioned may lead to serious haemorrhages.
Generally speaking, however, the presence of solitary secondary carbuncles
is a prognostically favourable sign.
The appearance of generalized pustular eruptions (" plague pox " or
" plague variola ") has been recorded by several observers. According
to Macchiavello,116 instances of this kind were frequent in South America,
particularly in Ecuador. Martinez Vinueza,124 observing a series of 227
plague patients, noted the presence of such generalized variolous manifestations in 26 patients; 24 of these sufferers succumbed to the infection.
Meningeal involvement
As summarized by Meyer et al.,'32 instances of plague meningitis or,
rarely, encephalomeningitis were observed by some of the early workers,
such as: the Austrian Plague Commission 1 (one instance of meningitis
out of a total of 80 plague cases); the German Plague Commission 52
(3 cases of meningitis and one of encephalomeningitis out of a total of
376 cases); Calmette & Salimbeni 13 (2 cases of meningitis and 1 of
encephalomeningitis, a child showing a groin bubo and signs of meningeal
involvement recovering under serum treatment); Durck 29 (primary pneumonic plague complicated by purulent leptomeningitis). No details are
available regarding the cases reported by Godinho 69 and Sanhueza.169
More recent observations recorded by Meyer et al.,'32 Landsborough
& Tunnell,99 and others may thus be summarized:
Author

Date

Crowell 22

1915

Lafont et al.98

1915

Sheldon 173

1915

Levy 107

1920

Nogue143

1923

Number of
observations

Summary offindings

2 out of Died after illnesses of one month and two weeks
75 cases respectively. At autopsy, purulent meningitis
complicating bubonic plague.
1
Meningeal process considered to be primary in
nature. Died 24 hours after admission.
1
Meningeal process considered to be primary in
nature. Died after 36 hours. Diagnosed only
by smear examination.
1
Meningitis following bubonic manifestations in
serum-treated patient.
1
Signs of meningeal involvement developing
about three weeks after patient had been admitted with diagnosis of pneumonia. Suspicious
bacilli found in lumbar punctate and also in
punctate of an inguinal lymph-node. Died a few
days later, showing at autopsy P. pestis in
smears from the lungs, bronchial lymph-nodes,
and liver. Cranium not opened.
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Author

Date

Uriarte 195

1924

Paso 145

1925

WilliamS 208
Montagne &
Rivoalen 136

1934
1936

Meyer et al.'32

1937

Burton &
Hennessey 10

1940

Lewillon et al.'08

1940

Villafahe Lastra
& Rodeiro 201

1942

Koenigsfeld &
Nambiar 97

1946

Landsborough &
Tunnell 99

1947

Videla 199

1947

Number of

77

Summary of findings

observations

Bubonic plague complicated by unilateral iridocyclitis and hypopyon. Progressed favourably
under serum treatment but suddenly died three
weeks later, showing at autopsy abscesses containing P. pestis in the congested meninges.
Serum-treated bubonic-plague patient who later
developed signs of meningitis and died on 15th
day of illness.
Meningeal process said to be primary in nature.
Patient with axillary bubo treated with serum
on the fourth, fifth, and sixth days of illness.
Meningeal symptoms appeared on the 10th day
of illness, the patient dying four days afterwards.
Chronic relapsing plague meningitis in boy
originally suffering from bubonic plague. Died
four months after onset of illness. No specific
treatment.
Child with skin abscess which healed after
incision and two days' sulfapyridine treatment.
Meningeal symptoms appeared after two attacks
of fever treated with sulfapyridine on the 25th
day of illness. Death occurred four days later.
Two guinea-pigs inoculated with cerebrospinal
fluid died after 11 and 14 days respectively.
1
Admitted with signs of apparently primary
plague meningitis on fourth day of illness; died
four days later. Plague bacilli found only in
cerebrospinal fluid, not in material obtained
through puncturing heart, liver, and lungs.
4 out of Patients with meningeal involvement compli39 cases cating bubonic plague who succumbed though
given large doses of sulfathiazole.
2
Patients with axillary buboes who improved
after initial treatment with sulfonamides but
showed signs of meningeal involvement three
weeks and one month, respectively, after onset
of illness. The first mentioned patient died one
day later, the second two days later.
8 out of With exception of one case considered as an
203 cases instance of primary plague meningitis, meningeal
involvement appeared in patients suffering from
bubonic plague at the earliest on the 9th and at
the latest on the 17th day of illness. Though
treated with sulfonamides and serum, all eight
patients died, the length of illness varying from
12 to 29 days.
A patient considered to suffer from primary
1
plague meningitis recovered when given streptomycin intramuscularly as well as intracisternally.
6
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Author

Date

Number of
observations

Fain et al."

1951

1

Summary of findings

Child showing on admission fever, headache,
and evidence of malaria infection. Initial treatment with quinine, sulfathiazole, and penicillin
led after eight days to the disappearance of
fever. However, temperature rose again one
day later and signs of meningeal involvement
appeared 12 days after admission, when bloodculture proved positive for P. pestis. Rapid
cure through streptomycin administration.

Remarks
(i) No details could be elicited regarding the instances of meningeal involvement
recorded by Veintemillas,L98 Mealla,126 and Kamal et al.93
(ii) The recovering patient observed by Singh 176 probably suffered from meningismus
and not from meningeal plague.
(iii) Three instances of " cerebral " plague in which symptoms like unconsciousness,
delirium, or (once) epileptiform attacks ascribed to the presence of brain oedema
were present, were recorded by Wright.213

The symptomatology of meningeal involvement caused by P. pestis
closely corresponds to that observed in cerebrospinal fever or other acute
cases of meningitis. Headache, painful stiffness of the neck, and presence
of Kernig's sign form early and prominent features of the process. Less
common symptoms observed by Landsborough & Tunnell "9 in their series
of eight cases included convulsions and affections of the cranial nerves
(twice respectively) and vestibulo-cerebellar symptoms, deep coma, and
vasomotor crisis (once respectively).
As will be gathered from the above tabulation, it was claimed that in
a number of instances the meningeal process produced by P. pestis,
instead of developing secondarily in patients with bubonic (or exceptionally with pneumonic) plague, was primary in nature. It is conceivable
that in contacts of patients suffering from primary pneumonic plague
a primary meningeal process might be produced through droplet infection.
However, no evidence has been brought forward to prove that in the
patients referred to the meningeal process was due to this mode of infection and not to an invasion of the blood-stream by the causative organisms.
This being so, one must view with considerable scepticism the claims
that a primary form of plague meningitis exists. It would seem likely
that these patients initially suffered from a rapidly progressing type of
bubonic infection corresponding to that present in the so-called " primary
septicaemic" form where the early invaded lymph-nodes fail to react
manifestly because they are rapidly overrun. Moreover, some of the
patients claimed to have suffered from primary plague meningitis were
seen late in the disease, so that pre-existent manifest buboes might have
disappeared before the sufferers came under observation.
Though the appearance of meningeal complications usually led to
the death of the patients within a few days, in some of the cases the disease
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ran a subacute or even chronic course. Two instances of recovery were
noted in patients treated with streptomycin.
It will be gathered from the above tabulation that in many of the
recently observed cases more-or-less late meningeal involvement became
manifest in patients who had received previous specific treatment with
serum and/or sulfonamides. Discussing the observations they made in
this respect in their eight cases, Landsborough & Tunnell 99 stated that
"The course of illness in all these patients was longer than is usual in plague, and
symptoms of meningitis invariably appeared late in the disease. Bearing in mind that (1)
the incidence of meningeal complications was much higher among our patients compared
with that in other recent outbreaks in China, and (2) we were able to treat many of our
patients more energetically than was possible elsewhere, we wonder whether our therapeutic measures did not facilitate meningeal involvement by prolonging the course of
illness in those patients who would otherwise have died earlier ".

The two workers produced the following evidence to show that in their
series of plague cases the incidence of secondary meningeal involvement
had increased pari passu with more intensive treatment:
Total number of plague cases . . . . . . .
Number of cases with meningeal involvement.
Used per patient:
plague serum (ml) . . . . . . . . . . .
sulfathiazole (g) . . . . . . . . . . . . 8
sulfapyridine (g) ..... . . . . . .
.

1943

Year
1944

1945

88
1

46
2

69
4

33

92

10

33
4

It will be noted that Landsborough & Tunnell ascribed the increased
frequency of meningeal involvement merely to a prolongation of the
course of the disease through the previous specific treatment. Some other
workers, however, were of the opinion that alterations in the virulence
of the causative organisms played an important role in the pathogenesis
of secondary plague meningitis. Discussing the case of Meyer et al.132
described earlier (see page 77) and also a similar observation made in
1943, Jawetz & Meyer 87 stated that in both
".. . the original establishment of cerebral foci, undoubtedly occurring during an
early bacteremia, did not lead to immediate multiplication of organisms and death, but
rather to a persisting of bacilli in a protected location where slow multiplication could be
successful. It might be that an infection with a strain of uniformly high virulence could
lead to the fulminant meningitis, while strains with a heterogenous population, containing
many low virulent organisms, might give rise to the picture seen in California ".

Burton & Hennessey,10 considering their observations as well as those
of Uriarte 195 and of Montagne & Rivoalen,136 expressed the opinion that
in these cases, particularly in their own, the previous specific treatment
might have influenced the invasive power of the causative organisms
so that the reaction between them and the host might have become altered.
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Koenigsfeld & Nambiar 97 maintained similarly that, in both their cases,
"... the meningeal signs occurred in the course of a prolonged illness after some
initial improvement. Both patients seemed to respond favourably to sulpha drugs and
succumbed only at a comparatively late stage of the disease. Sulphadiazine probably
lessened the virulence of the germ to a certain degree, without rendering it entirely harmless, with the effect that the disease took a more chronic course and meningitis had time
enough to develop. If this conclusion is correct, more cases of plague-meningitis may be
observed in the near future as sulpha drugs are now in general use in the treatment of
plague ".

No doubt can exist that insufficient or delayed administration of plague
serum or sulfonamides is incapable of preventing the appearance of late
meningeal manifestations. Pending further investigations it is difficult to
decide whether the mechanism at work is an abatement of the virulence
of the invaders or-as seems more likely-their persistence and slow
multiplication in a protected location.
Eye involvement
As proved by several well authenticated observations, the eye may serve
under natural as well as under experimental conditions as the portal of entry
of plague infection. Mizuo,"34 who, in 1910, made a special study of eye
plague entitled "tCber die Augenveranderung bei Pest ", maintained in
this connexion that entry of P. pestis into the eye could lead to a generalized
infection with or without production of a local reaction. Sharing the opinion
reached on experimental grounds by the German Plague Commission,52
he also expressed the view that the bacilli entering the eye were carried
through the nasolacrymal duct into the nose, and afterwards, gaining access
through the nasal or faucial mucosa, reached the lymph-nodes. However,
since according to Mizuo's observations plague bacilli were apt to multiply
rapidly in the conjunctiva, particularly along the lymph-channels, no doubt
can exist that they can reach the regional lymph-nodes directly from the eye.
The following instances of primary eye plague could be found in the
available literature.
(1) One case recorded by several workers concerned a nurse working in the Parel
Hospital, Bombay, during the 1897 outbreak, who received in the eye a particle of sputum
coughed up by a pneumonic-plague patient. Though the eye was carefully washed,
" conjunctivitis set in on the next day, which was followed by a swelling of the parotid,
a bubo below the ear on the affected side, and death " (Simpson 175).
(2) According to Simpson 175 a similar case occurred in Hong Kong.
(3) As quoted by Mizuo,184 Hasegawa 77 observed in 1900 an instance of plague
conjunctivitis with symptoms resembling those of conjunctivitis gonorrhoica; the patient
in question died on the day of admission.
(4) Mizuo 184 also referred to the case of a Japanese doctor who, working during an
outbreak in 1902 in the Tokyo Plague Hospital, developed a primary dacryocystitis
followed by generalized plague infection, with marked cerebral symptoms, and died.
According to Mizuo this was the only case of primary plague dacryocystitis on record.
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(5) Jorge (quoted by Wu Lien-teh 21) observed during the 1905 outbreak at Oporto,
Portugal, a plague patient who first showed signs of conjunctivitis and then a cervical
bubo, but recovered. In this instance also infection seemed to have been due to an entry
of pneumonic-plague sputum.
(6) A 2-year-old child, admitted in 1906 to the Osaka Plague Hospital, Japan, with
a history of slight trauma (contusion) of the right eye, showed signs of acute plague
conjunctivitis, and two days afterwards also swelling of a pre-auricular lymph-node and
the parotid gland on the corresponding side. The infection became generalized and led to
death on the fifth day after admission (Mizuo 134).
(7) A 14-year-old girl admitted during the 1906 Osaka outbreak with signs of plague
conjunctivitis also died on the fifth day after admission-apparently without development
of a bubo (Mizuo 134).

It would be rash to claim that the above list is complete. For instance,
the present writer was verbally informed that a further case of primary
conjunctival plague had been observed during one of the recent epidemics
at Foochow, South China. Nevertheless it seems safe to state that primary
eye plague is a rare form of the disease.
It is important to note that, on the contrary, secondary eye affections,
due to an invasion by the blood-stream, are by no means infrequent.
Mizuo 134 who, as stated above, made a special study of this subject noted
their presence in 4.3% of his patients, adding that quite frequently both
eyes became affected.
As summarized by Simpson,'75 the eye complications met with in plague
" may range from a simple inflammatory state to one which is accompanied
by ulceration of the cornea, by copious haemorrhages, and in some cases
total destruction of the eyesight ". In Mizuo's 134 opinion, panophthalmitis
and keratitis were comparatively the most frequent complications, followed
by ring abscess of the cornea, corneal ulcer, iritis, and conjunctivitis.
POzzO 156 considered a co-existing affection of the iris and the choroid
(iridocoroiditis) more common than keratitis or iritis (iridocyclitis) and
added that the presence of retinal haemorrhages and optic neuritis had
been observed in plague patients.
As has been noted earlier in this study (see page 63), congestion of the
conjunctival blood-vessels is a typical sign in severely-affected plague
patients. Mizuo 134 maintained that some degree of conjunctival congestion
was almost invariably present, regardless of whether or not the face of the
sufferers was flushed. Yamagiwa 219 even upheld that " congestion of the
conjunctiva bulbi was one of the three characteristic signs of bubonic
plague, the other two cardinal signs being a rapid rise of the temperature and
the appearance of painful swellings in peripheral lymph-nodes ". a
Referring to the fact that owing to intense congestion the conjunctiva
bulbi shows a uniformly red hue in some plague patients, Muller & Poch 138
a"

Das plotzliche Ansteigen der Temperatur, die schmerzhafte Anschwellung der peripherisch gelegenen

Lymphdrusen und die Hyperaemie der Conjunctiva bulbi sind die drei charakteristischen Zeichen fur die

Bubonenpest.

"
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plausibly postulated that this was the reason why early observers often
spoke of the " wild look " (wilder Blick) of the sufferers.

Tonsillar involvement
As set forth in the fourth of the present studies,153 the tonsils may either
become the portal of entry of plague infection or may become secondarily
involved in the course of attacks of the disease.
A primary invasion of the faucial organs by P. pestis may lead to the
formation of tonsillar buboes, but instances of this kind seem to be rather
rare. One case was recently mentioned by Kamal et al.93
In a second group of cases, entry of the infection through the faucial
mucosa is followed by a local reaction in the tonsils and almost invariably
also by the appearance of cervical buboes. The intensity of these morbid
processes may vary considerably. There may be only swelling and more-orless intense congestion of the tonsils, but in other cases the local signs
may be similar to those of follicular angina or they may even be characterized by the formation of ulcers or of membranes similar to those seen in
diphtheria. Cases simulating the latter disease were recently recorded by
Wright 213 and by Magrou.121 In Wright's case diphtheria bacilli as well as
P. pestis were isolated from the tonsils ; the patient, who showed no manifest
bubo, developed secondary plague pneumonia and died.
The secondary involvement of the cervical glands may sometimes lead
to a phlegmonous process similar to that evolving in Ludwig's angina.
One of the four cases of " tonsillar " plague described by Wright 213 fell in
this category.
Instances of recovery have been reported in the case of patients showing
only signs of tonsillar inflammation (de Souza; 186, Wright 213); as a rule,
plague bacilli were rare in the sputum of such patients. Serious tonsillar
involvement usually leads to secondary pneumonia and a fatal issue.
Generally speaking, instances of the above-described anginous or
"tonsillar " form of plague are rare. However, as reported by Martinez
Vinueza 124 and recently by Martinez,123 cases of this kind, usually followed
by secondary pneumonia and death, are quite frequent among the Indians of
Ecuador, who are in the habit of killing fleas and lice by catching them with
their teeth.
Secondary involvement of the tonsils is, as a rule, the result of a spread
of the infection from adjacent cervical buboes through the lymph-channels.
Marked oedema, involving the glottis, may develop in such cases and lead
to suffocation of the patients.

Gastro-intestinal involvement
Discussing the supposed existence of a primary form of gastro-intestinal
plague, Dieudonne & Otto 26 aptly stated that

PLAGUE STUDIES. 8

83

" a primary infection of the gastro-intestinal tract, which Wilm and Galeotti believed
to have observed repeatedly in Hong Kong, has not been seen by any of the Commissions
working in Bombay; in any case this form is so rare, that great caution must be exerted
in accepting its existence. The absence of true primary buboes in the mesenterial lymph
nodes, which would be a sine qua non to justify belief in such a form of plague, speaks
against the existence of a primary gastro-intestinal type ... According to the experiences
made in the case of experimental animals, a very massive and direct invasion of the
stomach or intestines would be necessary to produce such an infection. However, as
shown by the observations made in one case by Trautmann & Lorey [1908] occasionally
enormous numbers of P. pestis are found in the intestine of plague patients ". b

The disbelief of Dieudonne & Otto in the existence of a primary gastrointestinal form of plague is fully endorsed by the absence of recent reliable
observations referring to such a type of the disease. However, as noted
before, gastro-intestinal complications, such as vomiting and diarrhoea,
are frequently present in severely-affected plague patients and may become
conspicuous. The appearance of submucous ecchymoses may lead to
haemorrhage into the stomach or intestines, so that a usually slight or
moderate amount of blood in the vomits or stools of the patients is not
uncommon. Meteorism may be present and, as noted before, may be
associated with tenderness of the abdomen.
The presence of jaundice in plague patients has been mentioned by a few
recent observers only, such as Williams,208 Blanchard et al.,4 Bonebakker,6
and Macchiavello.116 The last-mentioned author stated that:
" In Brazil, in 1941, we saw an amarillic form [of plague], apt to be confused with
yellow fever because of the icterus, the color of the vomitus, and the general symptoms,
which were especially violent in the digestive apparatus (hemorrhages, hematemesis,
melena, vomiting, and violent diarrhea) with complete absence of buboes."

The unusual plague case with toxic jaundice of the yellow-fever type seen
by Williams 208 in East Africa was apparently similar in nature.
Benign forms
Two main types of benign plague caused by an entry of the infection
through the skin appear to exist. The morbid process may remain restricted
to the site of invasion and its immediate vicinity or regional buboes, and
often also a slight or, at most, moderate general reaction may develop.
The first-mentioned type, called " ambulant " plague by Napier,140
is characterized by the formation of a vesicle at the site of infection and
slight local lymphangitis. Constitutional signs remain absent.
Cases of this " ambulant " form of plague appear to be infrequent,
but it must be borne in mind that they might be easily overlooked.
b " Eine primare Magen- und Darminfektion beim Menschen, die Wilm u. Galeotti in Hongkong ofters
gesehen zu haben meinten, wurde von keiner der in Bombay anwesenden Kommissionen beobachtet; sie
ist jedenfalls so selten, dass man mit der Annahme einer solchen sehr vorsichtig sein muss. Dagegen spricht
schon das Fehlen eines richtigen primaren Bubo in den Mesenterialdriisen, was die erste Bedingung fur
die Annahme einer primaren Darmpest wire... Fur eine solche Infektion wurde es, nach den Tierversuchen,
jedenfalls sehr grosser Mengen von Pestbacillen bedurfen, welche direkt in den Magen oder Darm gelangen
mussen. Andererseits lehrt der von Trautmann u. Lorey beobachtete Fall, dass unter Umstanden im Darm
Kranker Pestbacillen in enormer Masse vorkommen konnen."
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The clinical picture present in the second type of benign bubonic plague,
which is usually designated pestis minor, may vary considerably. In fact,
it is not possible to draw a sharp line of distinction between cases of this
kind and those of the usual type of bubonic plague in which bacteraemia
does not become established or marked.
In the mildest variety of pestis minor one or a few lymph-nodes (usually
those in the groin, but sometimes those on the neck or in the axilla) become
somewhat enlarged and tender to touch. Pain in the affected lymph-nodes,
if present at all, is not marked. A slight increase of the temperature and
malaise may be present for a few days, but the condition is usually not
serious enough to induce the patients to lie down. Attacks of this kind
are therefore often designated " ambulatory " plague.
In more-marked cases of pestis minor the affected lymph-nodes may
be slightly or moderately painful, but signs of marked inflammation and
particularly reactions in the surrounding tissues remain absent. Slight
or moderate fever, headache, and some prostration are present and there
may also be some conjunctival congestion. However, these acute symptoms
do not persist for longer than about a week, and even during this period
the patients are up and about for most of the time or even are not bedridden
at all.
The affected lymph-nodes may apparently become completely healed
or may remain indurated or may suppurate.
No agreement exists as to the frequency of pestis minor. While some
observers considered this form of plague to be rare, others maintained
that cases were frequent, particularly at the onset and at the end of outbreaks. It must be admitted that, since pestis minor patients rarely seek
medical relief, attacks of this form of plague may be easily overlooked.
On the other hand, one must fully agree with Rogers & Megaw 166 that
in localities where plague is expected there might be a tendency to
suspect pestis minor whenever instances of gland enlargement are found,
even though they might be due to other causes. Rogers & Megaw postulated
therefore, with great reason, that in all doubtful cases of pestis minor a
laboratory confirmation of the diagnosis is indispensable.
It would appear that pestis minor was more frequent in some plague
outbreaks or plague areas than in others. Macchiavello,16 for instance,
maintained that " epidemics of ambulatory plague have been observed
in the north-east of Brazil and in Ecuador ". In an earlier report on
plague in north-eastern Brazil,114 he stated that benign plague was
called there "ingua de frio " (cold bubo) and also " febre de caroqo "
(stone fever), though the latter term was originally applied to ordinary
bubonic plague. He added that " ingua de frio "
" . . . appears generally in children under 15, and is characterized by mild and transitory
symptoms, monoglandular swellings without much inflammation or pain, and a tendency
of the gland swelling to become ligneous, and to reoccur, or to be readsorbed. It appears
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sporadically where plague is endemic and tends to disappear when epidemic. There is
no special relationship between cases, though they occasionally appear in small foci.
In some of these foci the first cases are severe and even fatal, the later ones becoming
increasingly milder. There is a history of previous plague in rattus; and it is possible
that this type of plague may have some relation to an attenuated virus in fleas ".

It is of interest to add that Kamal,92 during a plague epidemic in Egypt,
also found a number of children who, showing enlarged and sometimes
tender lymph-nodes but no other signs, apparently suffered from " ambulatory" plague.
Dealing with the problem of pestis minor, Mathis & Pons 125 pointed
out with great reason that " even though a plague patient may be up
and about at the onset of the disease, one should not consider the prognosis as favourable. In such cases the appearances are often fallacious
and the patient may succumb in a few hours ".c
A few observers, such as Ilvento & Mazzitelli,84 Leger & Baury,104
and Nikanoroff,'42 reported the presence of plague bacilli in slightly enlarged
but not inflamed lymph-nodes of healthy individuals; animal experiments
carried out in most of these instances proved the P. pestis strains in question
to be fully virulent. Whether it is legitimate to consider these persons as
healthy carriers of P. pestis, as the above-mentioned observers did, seems
questionable. True enough, the individuals concerned had no history
of a manifest attack, but it is difficult to believe that the invasion of their
lymph-nodes by virulent plague bacilli produced no reaction whatsoever.
The proposal of Leger 103 to label such instances as cases of pestis levissima
deserves, therefore, serious consideration. It would seem that Sice 74
actually observed a case of this mildest form of bubonic infection. He
concluded that the individual concerned " was not a healthy carrier because
of the attenuated reaction in the involved lymph-nodes ".d
Chronic forms

Instances of chronic bubonic plague have been described by a few
authors. Simpson 175 referred in this connexion to cases
" . . . in which the disease runs a chronic course from the commencement. The patient
may walk about notwithstanding a certain amount of indisposition and catarrh and yet
succumb later to the disease, and be found the subject of abscesses containing plague
bacilli in the lungs, liver, and spleen. This chronic type closely resembles that found in
lower animals".

According to a statement made by Rebagliati 163 in 1939, atypical cases
of plague polyadenitis with a prolonged course and subfebrile temperatures
were met with in Peru.
c " ... le fait qtie le malade continue au debut de son infection a marcher et a se livrer a ses occupations
n'autorise pas a porter un pronostic favorable. II ne s'agit le plus souvent que d'un aspect trompeur, et le
sujet peut etre enleve en quelques heures. "
d " ... ce n'etait pas un porteur sain, etant donn6 la reaction ganglionnaire attenuee qu'il pr6sentait."
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A similar syndrome was discovered in 1941 by Macchiavello 114 in
northeastern Brazil. As he summarized in 1951,116 this " multiglandular
plague fever" was
" . . . characterized by a septic fever curve, attenuated plague bacteriemia, and a
secondary septicemia caused by nonvirulent microorganisms. The course is prolonged
for a month or more, during which time there appear successively from 4 to 14 or more
variously situated large buboes. There are alopecia, cachexia, and slow recuperation
with a prolonged convalescence; or death may follow

Macchiavello 116 also referred to a chronic benign form of plague in
northeastern Brazil, in which
" the buboes, whether suppurated or not, or whether softened or woody, showed
periodic inflammatory exacerbations which did not interfere with the patients' occupations, although they caused a certain degree of debility and anemia".

A case of chronic plague recorded by Durand 32 in 1931 appears to
have been similar in nature.
It is of importance to add that a few observers, such as Choksy,18
Dujardin-Beaumetz & Joltrain,31 Durand & Conseil,35 Leger & Lhuerre,'05
and Vagedes,197 found convalescents harbouring P. pestis for periods of
up to 12 months (one case of Durand & Conseil) in the primarily affected
or even in secondary invaded lymph-nodes. In some of these instances,
particularly that described by Leger & Lhuerre, it is not easy to decide
whether the individuals concerned had actually become convalescent
carriers or continued to suffer from benign chronic plague. The line of
distinction between these two conditions seems not well defined.

Fulminant forms
As has been stated earlier in these studies, only a difference in degree
and not one in kind seems to exist between (a) instances in which an
entrance of the infection through the skin or the mucous membranes
leads merely to a slight reaction in the regional lymph-nodes, followed
by a rapid entrance of the causative organisms into the blood-stream,
and (b) the so-called primary septicaemic form of plague where clinically
manifest reactions in the lymph-nodes remain absent, and the fulminantly
progressing morbid process seems to produce from the first a most serious
generalized infection.
A reviewer of the fourth of these studies,'94 while accepting the classification of plague in two main forms only, namely (1) bubonic plague
including the septicaemic type and (2) primary pneumonic plague, pointed
out with much reason that the former name was hardly suitable to designate
cases of the disease in which buboes were incapable of detection. He
proposed, therefore, the terms " zootic" and " demic " to designate the
two above-mentioned forms of plague. However, desirable though it
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would be to adopt this terminology, it would seem rash to make general
use of these startlingly new names in the present studies.
There seems no need to enter at the present juncture into an exhaustive
description of the clinical features met with in the fulminant types of
bubonic (or, one should rather say, " zootic o) plague, because the symptoms and signs of a most severe generalized infection which dominate,
or even quite overshadow, the clinical picture in such cases have been
fully dealt with in the first section of this study (see page 61). As a rule,
high fever is present in the early stage of the disease but, as has been noted,
particularly severe and rapidly fatal cases are met with in which the sufferers
fail to react even in this respect. The activity of the heart is impaired from
the first and deteriorates incessantly as the disease progresses. Lung
oedema often becomes marked in the terminal stage. Delirium and/or coma
are commonly present. Skin haemorrhages often become conspicuous
and, owing to the presence of submucuous haemorrhages, the stools,
which as a rule are diarrhoic, and also the urine may show an admixture
of blood.
As a rule, the patients suffering from what is commonly called primary
septicaemic plague succumb so rapidly that there is no time for the development of complications. However, some authors, for instance Wright,214
have stated that such patients can survive long enough to develop pneumonic foci, and it was sometimes claimed that they were then apt to produce
primary pneumonic infection in their contacts. Claims of this nature
ought to be viewed with scepticism, both because some of the authors
seem to have made no clear distinction between secondary and apparently
primary plague septicaemia and because the presence of lung oedema
rather than that of pneumonic foci might have been responsible for
instances of respiratory infection in contacts of such patients. However,
in view of the fact that no sharp line of distinction exists between cases
with ill-defined buboes and those where no manifest reaction can be
detected in the lymph-nodes, one should not be categorical in denying
the possibility that lung or other complications might develop in patients
apparently suffering from primary septicaemic plague.
Until, recently, antibiotics became available for the treatment of plague,
only few instances of recovery from the primary septicaemic form have
been recorded. Moreover, as aptly stated by Robic during the discussion
of a case reported by Le Gall et al.,101 one should not be rash in diagnosing
this form of the disease because with the aid of the now-available refined
methods of blood cultivation the presence of a few plague bacilli in the
blood has been detected. In Robic's opinion "'one is entitled to speak of
septicaemia only when the defence mechanisms of the body can no longer
prevent the multiplication of the organisms in the blood ".e
e " I1 n'y a septic6mie que lorsque la defense de l'organisme ne s'oppose plus a la multiplication et a
la pullulation des germes dans le sang."
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This consideration ought to be kept in mind when evaluating the statement of Macchiavello 116 that it has recently been possible
"... to confirm the existence of benign or ambulatory cases of plague septicemia
(Peru), characterized by the absence of buboes, a feeling of intoxication, oneiric delirium,
and at times fever which does not last more than one or two days. The usual diagnosis of
these patients is " benign grippe" but blood cultures revealed the presence of very
attenuated strains of plague bacilli

Primary Pneumonic Plague
Clinically, as well as pathologically, three main types of primary pneumonic (or, one should rather say, pulmonary) plague may be distinguished:
(1) A type characterized by the development of well-marked pneumonic
foci (" typical " primary pneumonic plague).
(2) A transitory form with slight pneumonic lesions.
(3) A form in which acute congestion and usually lung oedema are
marked but where, though plague bacilli abound in the deeper respiratory
tract and in the lungs, no consolidation is present in the latter.
The clinical features present in these three types may thus be described

Typical form
It is important to note that even though typical primary pneumonic
plague is characterized by the evolution of more-or-less marked lung
involvement, the disease is ushered in by a period lasting 20-24 hours,
during which symptoms and signs of a serious generalized infection predominate or are often even the only symptoms present.
The onset of this initial " closed " stage of the disease is usually sudden.
High fever appears quickly, often initiated by a feeling of chilliness or
slight shivering, far more rarely by marked chills. As in severe attacks
of bubonic plague, the pulse soon becomes rapid and often also dicrotic.
The tension of the pulse may become lowered even in this early stage of
the disease and some arhythmy may become manifest (Durand & Conseil 36).
The patients feel prostrated and complain of headache which often becomes
intense. However, signs of involvement of the respiratory system are
still insignificant or even altogether absent: there is but little or even
no cough; expectoration, if present at all, is scanty and uncharacteristic;
smear examination of the sputum or saliva shows few, if any, suspicious
bacilli.
About 20 to 24 hours after onset of the disease, signs of lung involvement begin to become manifest. Cough appears or gets more frequent
and leads to the expectoration of a sputum which may at first be purely
mucoid or muco-purulent but soon shows an admixture of specks or
streaks of bright-red blood. In typical cases, considerable amounts of a
uniformly pink or bright-red coloured sputum, which may show a uniform
aspect and a consistency comparable to that of raspberry syrup, or may
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be foamy, are soon voided. Though sometimes becoming jelly-like or
even rather thick and viscid, the sputum of pneumonic-plague patients
never reaches the degree of viscosity which is customarily observed in
croupous pneumonia (Kasai 96).
Tachypnoea and dyspnoea are as a rule present and become more
marked as the disease progresses, but though the patients may complain
of pain and a restricted feeling in the chest, they usually seem to suffer
far less than one would fear. Summarizing his experiences in the 1920-1
Manchurian epidemic, Chun 20 stated in this connexion that:
" There is not much pain in connection with plague pneumonia in contrast to ordinary
pneumonia, though a few exceptions were observed. Nearing death, the patient is very
short of breath, mildly delirious, often tries to sit up or struggles to go out into the open
air. He is not conscious of much suffering owing to the impaired cerebration".

The physical signs found when examining the chests of the sufferers
are often also far less marked than one would expect from a consideration
of the postmortem findings. As summarized by Chun : 20
" The physical signs in the lungs are often slight, even in cases well advanced in the
disease. On percussion, dulness is often absent, and the vocal fremitus and resonance
unchanged. In a small proportion of cases, however, localized areas of dulness may be
distinguished. On auscultation, rales are frequently not heard except before death. When
present early in the disease, they are usually of the fine variety. Numerous rales are
heard late in the disease, due to the oedematous condition of the lungs. Feeble respiratory
sounds or pure tubular respiration over small areas are common".

While it is not uncommon to find a dry pleuritic rub present in
pneumonic-plague patients, instances where the presence of a fluid pleuritic
exudate could be ascertained through physical-examination seem to be
exceptional. In one such case, described by Durand & Conseil,36 marked
dullness was found over the right side of the chest. At autopsy, about
500 g of a slightly turbid fluid, which contained fairly numerous plague
bacilli, were found in the right pleural cavity besides a fibrinous exudate
covering the visceral and parietal pleurae.
The symptoms and signs generally found in patients suffering from
primary pneumonic plague are identical with those met with in other
severe forms of the disease. Signs of rapidly progressing heart failure
and usually also nervous disturbances are marked. Loss of co-ordination
of the voluntary muscles, which tended to render the gait of the patients
unsteady, was often observed in the Manchurian epidemics.
It is of great importance to realize that even in the group of primarypneumonic plague cases, called typical for the sake of classification,
marked variations of the clinical picture are found.
The following observations deserve notice in this connexion
(a) Duration of illness. Though as noted before, pneumonic-plague
patients, not or inadequately treated, usually survive not longer than a
few (2-4) days, a number of instances of longer survival have been recorded.
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With rare exceptions, these longer illnesses did not exceed 9-10 days,
but it is noteworthy that the serum-treated patients observed by Lhuerre
& Leger 111 and Uriarte et al.,'98 respectively both survived for about a
month.
(b) Atypical sputum. Several observers drew attention to the fact
that sometimes the sputum of pneumonic-plague patients was of a
yellowish or rusty colour similar to that found in croupous pneumonia.
As a rule, the sputum did not long retain such an aspect, but occasionally
a rusty expectoration continued throughout the illness. In exceptional
cases, the sputum, though containing numerous P. pestis, remained salivary
or mucous throughout the disease (Osborn & Chervenzoff, quoted by
Wu Lien-teh 215).
Wagle & Bedarkar 204 stated that in their experience of pneumonicplague patients with lobar involvement " the sputum has been found
stringy in character, often rusty or mixed with blood and difficult to
expectorate ".
Similar findings seem to have been made also by Lewin et al.109 in an
atypical case of pneumonic plague with lobar involvement.
A few instances are on record where pneumonic-plague patients had
a profuse haemoptysis so that the presence of tuberculosis was thought
of (Wu Lien-teh; 215 Goldstein 70).
Wu Lien-teh 215 adduced evidence to show that the sputum of pneumonicplague patients tended to lose its characteristic aspects when the sufferers
recovered. In exceptional cases, the non-characteristic sputum of convalescents continued to harbour P. pestis, in one instance, observed by
Gotschlich,72 up to the 41st day after onset of the illness.

(c) Frequency of lobar pneumonia. While, as noted above, generally
speaking lobar involvement of the lungs seems to be less frequent in
pneumonic-plague patients than lobular foci, Hennessey 78 stressed the
fact that 14 of the 19 cases of primary pneumonic plague seen since 1933
at postmortem examinations in Kampala, Uganda, had shown a lobar
type and that in those cases " septicaemia was most uncommon." It
appeared also that-evidently in contrast to previous observations-a vast
majority of the sufferers seen clinically showed lobar pneumonia. Hennessey
argued that this change in type was due to a reduction of the virulence
of the P. pestis strains in Kampala and maintained that:
" This conclusion is supported by the protracted course of the illness in some cases,
durations of 7 to 9 days being occasionally encountered, and by the fall in the plague
death-rate in this district since 1935 (712 deaths during the period 1936-39, as against
2,488 deaths during the previous four-year period)

Wright,214 dealing in 1943 with the recent plague situation in Nairobi,
Kenya, also pointed to an increased frequency of lobar involvement of the
lungs in pneumonic-plague victims. He maintained that such cases " perhaps
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are a form that becomes prevalent after the epidemic has begun to wane.
It may perhaps be that, as has been shown to be possible experimentally,
the organism may become particularly prone to affect the lung ".
Interesting as the contentions of Hennessey and Wright are, they are
not in accord with the observations made at the end of pneumonic plague
outbreaks in China.
(d) " Spontaneous recovery ". While even in the past occasional success
was obtained when patients suffering from primary pneumonic plague
were treated with plague serum or-more recently-with sulfonamides,
and nowadays spectacular results have been obtained with the aid of antibiotics, instances of recovery of such patients who had not been specifically
treated are few and far between. However, a few cases of this kind have
been recorded by Wu Lien-teh 215 and more recently by Estrade 38 and
Girard.58
The evidence for the existence of mild cases of pneumonic plague is not
convincing. No instances of this kind were observed during the Manchurian
epidemics of 1910-1 and 1920-1. An individual admitted during the 1921
outbreak at Vladivostock with a history of two weeks' headache and slight
cough showed P. pestis in his sputum. However, as pointed out by Wu
Lien-teh,215 only smear examinations seem to have been made and, moreover, it was doubtful whether this man was a plague carrier or was suffering
from minor plague. It should be noted in this connexion that nine instances
could be found in the available literature in which the presence of virulent
P. pestis was confirmed in the sputum or fauces of apparently healthy
individuals who had been in contact with pneumonic-plague patients
(Wu Lien-teh; 215 Girard; 59 Suarez; 188 Tieh et al.191).
It is important to add that occasionally, in pneumonic as well as in
bubonic plague, the apparent absence of serious signs may be deceptive,
the sufferers soon afterwards succumbing. For instance, Raynaud (quoted
by Wu Lien-teh 215) referred to one patient who was found attending his
customers and was able to stand while being auscultated, yet died the next
morning.

Slight lung involvement
Practically all workers who saw comparatively large numbers of pneumonic-plague patients observed that a minority of the sufferers, though
showing serious general symptoms and signs, had but slight or even almost
no cough and expectoration. There can be no doubt that a close relation
exists between these clinical findings and the presence of slight pneumonic
changes found at autopsy in a minority of primary-pneumonic-plague
victims.
In some of the patients with apparently slight lung involvement observed
by the present writer in China, spontaneous cough was practically absent
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so that at first glance these sufferers, who were in a serious general condition,
seemed to be victims of " septicaemic" rather than of pneumonic plague.
However, they produced typical blood-stained sputum when urged to
cough and expectorate.
Similar cases were probably seen by Gale 51 in South Africa. He stated
that cough was present in nearly all his patients, though it was generally
very slight and productive of little, if any, sputum. However, " some
patients, urged to do so, produced sputum from the lungs much greater in
amount than they had done when left to themselves". Gale added that
" physical examination revealed signs of small basal patches of consolidation in several cases which had practically no cough and no sputum, whereas
in others with more cough (but scanty sputum) there were practically no
pathological signs in the chest". In Gale's opinion these patients, all but
one of whom died,
" . . . seemed to succumb to toxaemia, possibly septicaemia, which, inter alia, robbed
them of the normal vigour of the cough reflex. Thus, failing to produce sputum in any
great quantity, they were not as infective as pneumonic patients usually are".

Interesting as this hypothesis is, it cannot be considered as generally
valid because patients "with frank primary pneumonic plague, through
often showing signs of marked toxaemia, usually continue to cough and
expectorate freely until they die.
Cases probably similar to those of Gale were observed recently by
Seal 171 in Calcutta. He noted that, though all his patients showed moreor-less marked signs of lung involvement, cough was " mostly non-productive ". This seemed the main reason why many of the contacts escaped
infection.
While the observations recorded above leave no doubt as to the occurrence of cases with slight pneumonic manifestations, no sharp lines of
demarcation seem to separate this group from that of frank pneumonic
plague, on the one hand, and from the type without lung consolidation,
on the other hand.
Absence of lung consolidation
As summarized by Wu Lien-teh,215 the occurrence of cases without cough
and expectoration had been recorded by some earlier observers of pneumonic plague epidemics, and the occasional absence of lung consolidation
had been noted at the autopsy of victims of this form of the disease. However, not much attention was paid to such observations until Wu Lien-teh
et al.,217 finding instances of this kind to be apparently frequent at the end
of the 1921 outbreak at Harbin, Manchuria, pointed to their epidemiological importance.
Girard,55 whose investigations have contributed much to the knowledge
of " pulmonary " plague, concluded in 1929 that
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" these abnormal forms . . . develop like septicaemic plague cases. However, they are
preceded by a closed pulmonary stage from which the organism passes into the bloodstream but never appears in the expectoration since we could not detect it there by guineapig experiments. The presence of plague bacilli in lung smears, fewer than in typical
pneumonic forms, but more numerous than in liver smears (where they are sometimes
altogether absent) testifies that the lungs really are involved. These abnormal forms are
therefore pulmonary in their etiology (direct contagion) but septicaemic in their evolution ".J

An excellent clinical description of this " pulmonary " form of plague
was given by Christie 19 in a report, rendered after the 1910-1 Manchurian
epidemic, wherein he stated that
" about 10 per cent of all cases in this epidemic seem to have been what is called
septicaemic-that is to say without any pneumonic manifestation. The attack is sudden
and death rapid; nervous symptoms are prominent; there is giddiness and staggering,
the patient often falling by the roadside; great prostration is also present and the patient
soon passes into a comatose condition. The face after death is very dark. Few of this
type of the disease have died in plague hospitals, as the course of the disease is too rapid "

Rapid death of patients who, though infected through contact with
pneumonic-plague sufferers, showed signs of a generalized infection, but
not of pneumonia, was noted by some other observers as well. For instance,
Delbreil,24 apparently referring to six such patients, stated that they died
in 2-3 days, whereas the sufferers showing the usual features of pneumonic
plague died after 2-6 days.
However, patients suffering from "pulmonary" plague did not invariably succumb rapidly. Two such sufferers, observed by Girard 55 and by
Wright214 respectively, survived for four days. That in exceptional cases
"pulmonary " plague patients might survive even longer, seems to be
suggested by an observation of Goldstein: 70 the man in question was
admitted with a history of four days' illness on 8 August 1941 and, having
shown no physical signs of pneumonia and having produced no sputum
died on 11 August. Fever was high but (as in some other plague patients
seen at the time) the pulse rate was low, so that a tentative diagnosis
of typhoid was made. However, as Goldstein noted without giving
details, " plague pneumonia " was found to be present at autopsy.
In Girard's 55 opinion " the duration of illness in such cases is dependent
upon the time at which septicaemia appeared: if this develops rapidly,
death occurs quickly; if more slowly, the disease may last four days ". g
f " Les formes anormales, dont le nombre est assez e1eve, ... evoluent comme une peste septicemique.
Mais elles sont preced6es d'un stade pulmonaire ferm6 d'ou le germe ne s'exteriorise que pour passer dans
le sang, tandis qu'il n'apparait jamais dans les crachats puisque nous n'avons pu l'y d6celer par inoculation
au cobaye. La presence de bacilles pesteux dans les frottis de poumon, en proportion moindre que dans les
formes typiques, mais beaucoup plus forte que dans les frottis de foie ous on n'en voit quelquefois pas,
t6moigne de l'atteinte reelle du poumon. Ces formes anormales sont donc bien pulmonaires par leur 6tiologie
(contagion directe), mais septicemiques par leur 6volution. "
g " La dur6e de la maladie est alors subordonn6e a I'apparition de la septicemie: celle-ci est-elle precoce,
la mort survient tres vite ...; est-elle plus tardive, la maladie peut durer 4 jours ... "
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DIAGNOSIS AND DIFERENTIAL DIAGNOSIS
As has been emphasized earlier in these studies, the diagnosis of plague
must rest on the results of laboratory examinations rather than on clinical
findings, except when well-marked cases are dealt with during fully confirmed
outbreaks. However, a clinical prima facie diagnosis, always important
from the viewpoint of plague prevention, is now also of utmost therapeutical
importance because, particularly if sulfonamides only are available, optimal
results will be obtained only if treatment is started as soon as the presence
of the disease is assumed on clinical grounds. To wait for laboratory
confirmation might, particularly under rural conditions, render futile
attempts to save the patients. It is unfortunate, therefore, that the presumptive clinical diagnosis of plague is beset with some difficulties.
It would seem at first glance that the history of the illness given by the
patients themselves or by their families should be of great value in arriving
at a presumptive diagnosis of plague, both by showing that the sufferers
fell suddenly ill a short time ago and by referring to characteristic signs
such as the presence of painful buboes or the expectoration of bloodstained sputum. Ample experience has shown, however, that the patients
themselves and their families often go to almost incredible lengths to mislead
the medical staff. It is essential therefore to insist in any case where there
is reason to suspect plague, regardless of the history given, upon a thorough
examination of the patients, including an inspection of all regions of the
body where buboes might be present and, whenever pneumonic plague
might come into question, to insist that the patients cough and expectorate.
As shown by many experiences, the danger of misdiagnosing even wellmarked plague cases is great in areas where the medical workers are unfamiliar with this disease. This holds true not only of regions where plague
is altogether absent, but also of localities where the infection is present
among wild rodents but rarely spreads to human beings. The danger to
which the latter situation might easily lead is well illustrated by the recent
appeal of Link 112 to the physicians in the western States of the USA " to
regard all cases of inguinal and axillary adenopathy with a high index of
suspicion and institute immediate treatment with streptomycin and sulfadiazine ".
As noted before, the medical workers in plague areas may be prone,
on the other hand, to class any patient with enlarged lymph-nodes as
suffering from plague. It has been urged, therefore, that in all such cases
adequate laboratory investigations be made.
Earlier in this study, emphasis has been laid upon the fact that, even in
severely-affected plague patients, general symptoms and signs which are
usually present may be conspicuous by their absence. Thus the sufferers,
though fatally infected or even not far from death, may not only feel, but
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even seem, quite well. Fever may be low or absent, and the pulse rate may
be normal or in exceptional cases there may even be a bradycardia, suggestive
of typhoid in cases where localized signs of plague infection remain absent.
Generally speaking, the sole presence of general symptoms and signs
renders a clinical differentiation of plague from other acute febrile diseases,
particularly from pernicious malaria, difficult.
A differentiation of plague from infections caused by pseudotuberculosis
bacilli or other members of the genus Pasteurella is not as difficult as it
might seem at first glance. Instances of human infection by pasteurellae
other than P. pestis are rare, invariably remain solitary, and so far have
been recorded in plague-free rather than plague-affected areas. Moreover,
as a rule, the clinical picture produced by these infective agents is markedly
different from that in plague.
Infection with P. pseudotuberculosis produces in man almost always
a typhoid-like syndrome with icterus, a sign usually exceptional in plague
(Dujardin-Beaumetz; 30 Topping et al.; 192 Hiissig et al.76).
Infections due to other pasteurellae according to Tricot & Gauthier 193
never produce a haemorrhagic septicaemia but result in purulent pleurisy,
meningitis, myositis, urinary infections, or conjunctivitis. Some instances
have also been recorded where the scratches or bites of cats, or the bites
of dogs, produced local lesions due to pasteurellae.
It will be seen that serious differential-diagnostic difficulties would be
likely to arise only in cases of primary conjunctivitis or meningitis. As
noted before, instances of primary conjunctival plague or apparently
primary plague meningitis are rather rare.
Though the ulceroglandular, oculoglandular, and glandular types of
tularaemia (Francis 50) might resemble plague, a differential diagnosis on
clinical and epidemiological grounds or through laboratory examinations
is not difficult. As summarized by Wilson & Miles: 209
" In the differential diagnosis [of tularaemia] from plague, account should be taken
of the absence of pus at the site of infection, the greater variability in size of the granules
in the spleen, the rarity with which the lungs are affected, and the failure of the organism
to develop on ordinary media."

Well-Marked Bubonic Plague
A clinical prima facie diagnosis of well-developed " typical " bubonic
plague is easy because, as has been described earlier in this study, the
symptoms and signs present in such cases, particularly the manifestations
in the primarily affected lymph-nodes, are rather characteristic.
In contrast with most other conditions which produce an acute inflammation of peripheral lymph-nodes, reactions at the portal of entry of the
infection are usually not manifest in bubonic plague. Moreover, if present,
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the appearance of these local processes is as a rule quite characteristic. This
holds true not only in the cases where carbuncles develop but also if pusfilled vesicles form at the site of invasion because their inconspicuousness
as contrasted with the marked reactions evolving in the regional lymphnodes is rather peculiar. Plague bacilli, though sometimes scanty, may
invariably be demonstrated in the pus of such vesicles.
Besides usually leading to marked reactions at the site of infection, the
manifestations produced by an invasion of other infective agents in the
regional lymph-nodes and in the system in general are as a rule less stormy
and less rapidly progressive than those caused by P. pestis. Commonly,
therefore, no differential-diagnostic difficulties arise in cases of well-marked
and fully developed bubonic plague. However, should doubts exist, puncture
of the affected lymph-nodes should be resorted to, carried out preferably
according to the technique recommended by Girard,5f which renders it
easy to use the puncture material for cultivation and/or animal experiments.
As noted earlier, cultivation of the material on plain media is essential in
plague areas where the simultaneous presence of tularaemia might cause
differential-diagnostic difficulties.
It is important to add that, according to what has been discussed in
the fifth of these studies,'54 bubo puncture, though sometimes necessary,
is by no means an ideal method of confirming the diagnosis of bubonic
plague. It should be replaced as much as possible by blood cultivation or
by serodiagnostic procedures. Adequate examinations of the blood are
particularly valuable because it is of great prognostic and therapeutic
importance to establish whether or not bacteraemia is present.
As stated before, it is often difficult to decide whether or not secondary
pneumonic foci have developed in bubonic-plague patients. Goldstein 70
recommended the method of lung puncture to ascertain the presence of
lung consolidation in patients with bubonic or ill-defined pneumonic
plague and described his technique thus:
" Choosing preferably a site where there appeared to be some dullness on percussion,
I inserted a needle in several directions and made a smear from the fluid obtained by

aspiration."

Even if it were possible to consider this method as safe, its reliability
seems questionable. It might give false positives in cases where pneumonic
foci are absent but bacteraemia is marked. On the other hand, as proved by
an observation of Goldstein himself, it is bound to give false negatives in
cases where, instead of the consolidated, non-consolidated parts of the
lungs have been punctured. It would be preferable, therefore, to resort in
such cases to x-ray examinations of the lungs which, as will be shown
later, have given most satisfactory results in cases of primary pneumonic

plague.
In the usually infrequent cases of tonsillar plague, as well as in the rare
cases of primary eye plague, typical buboes as a rule develop in the regional
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lymph-nodes, thus facilitating a presumptive clinical diagnosis. In view of
the fact, however, that an invasion of the faucial mucous membranes or
of the conjunctivae by other micro-organisms may produce syndromes
similar to those caused by P. pestis, thorough laboratory examinations are
indicated whenever the presence of these forms of plague is assumed. This
is particularly important in the case of tonsillar plague, the clinical appearances of which may be quite similar to those produced by the diphtheria
bacillus.
Exhaustive laboratory examinations are also indicated in the cases
where the presence of a primary plague meningitis is assumed, particularly
because morbid processes of such a nature may be produced by pasteurellae
other than P. pestis.
Pestis Minor
As has been described above, the clinical findings in pestis minor are
apt to be so ambiguous as to render a definite diagnosis impossible. It is
essential, therefore, to confirm the presence of plague through laboratory
examinations. Puncture of the affected lymph-nodes, since it causes little
discomfort to the patients, may be freely used for this purpose. Unless the
condition of the patients takes an unexpected turn for the worse, it is
legitimate to await the results of laboratory tests before commencing specific
treatment.

Fulminant Type of Bubonic Plague

The difficulties of arriving at a presumptive diagnosis of what is commonly called " primary septicaemic " plague are considerable but should
not be overrated, chiefly because:
(1) almost invariably, cases of this type of the disease do not appear
independently but in association with bubonic plague cases; and
(2) even a short period of continued observation shows a rapid deterioration of the condition of the patients which is quite uncommon in
most of the diseases with which " septicaemic" plague might be confused
at first glance.
The present writer for one would not hesitate, therefore, to say that
apart from incipient pneumonic plague and from " pulmonary " plague,
malaria-which is often endemic in the areas where plague exists-is the
only disease really difficult to differentiate from " septicaemic " plague.
It might seem at first glance that examination of suitably stained bloodsmears for the presence of malaria parasites ought to be an easy and rapid
means of differentiating between this disease and plague. However, it
is often difficult to carry out such examinations rapidly enough under

98

R. POLLITZER

rural conditions. Far more important still, for various reasons it is quite
often difficult, and sometimes even impossible, to prove the presence of
parasites in the blood of patients suffering from the pernicious type of
malaria which causes the main differential-diagnostic difficulties. Moreover, as confirmed by observations like that of Le Gall et al.101 "septicaemic "
plague may appear in patients who suffer from manifest malaria. Signs
of past malaria infection in patients developing "septicaemic" plague
may also confound the issue. Thus Yenikomshian 220 recorded the case
of a 12-year-old girl seen in a comatose condition who, because she had
come from a malarial district, had had malaria in the past, and showed
an enlarged spleen, seemed at first glance to suffer from pernicious malaria.
However, the presence of "septicaemic " plague was proved through cultivation of the blood and also through spleen puncture performed after death.
As confirmed by observations of the present writer, an adequately
prolonged examination of the blood-smears stained for the purpose of
detecting malaria parasites occasionally reveals the presence of P. pestis
even in incipient " septicaemic " plague. Since, however, such positive
findings are rather rare and since, moreover, the apparent absence of
malaria parasites from the smears is not fully conclusive, a preliminary
decision on whether " septicaemic" plague or malaria is present has quite
frequently to be reached on clinical grounds. Pending further observation of the patients, or until the results of repeated smear examinations
or even of blood cultivation have become available, it is sometimes impossible to form a definite opinion. Whether it is justifiable, under such conditions, to begin plague treatment immediately seems debatable. As far
as the present writer can judge, one ought to initiate such treatment under
all circumstances as soon as there is reason to suspect the presence of
fulminant plague.
Primary Pneumonic Plague

Incipience
As will be gathered from the description of the clinical features of
pneumonic plague given earlier in this study, only general signs of serious
illness develop during the initial stage of primary pneumonic plague which
lasts 20-24 hours. The difficulties of arriving at a diagnosis during this
first stage of the disease are, therefore, similar to those met with in the
so-called " primary septicaemic " form of plague. However, the fact
that primary pneumonic plague affects exclusively persons who have had
recent contact with patients suffering from plague with lung involvement
is of utmost diagnostic importance. Indeed, it is a priori likely that any
person who falls ill soon after such contact, and shows fever and other
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general signs suggestive of the presence of an infectious disease, suffers
from incipient pneumonic plague.
Since, as has been stated before, smear examination of the sputum
or saliva carried out during this stage mostly yields inconclusive or even
negative results, until quite recently a prima facie diagnosis of incipient
pneumonic plague had to be made on clinical grounds. Indeed, one might
almost say that one could merely suspect but not really diagnose the evolution of this disease.
However, recently Estrade,40 making a series of x-ray examinations
in the case of a pneumonic-plague patient whom he was able to cure,
found with the aid of this method evidence of the formation of pneumonic
foci quite early in the disease. In his opinion, therefore, " the importance
of the x-ray picture at the time of the first rise in temperature leads one
to think that systematic x-ray examinations of persons particularly exposed
to contagion could be a means of diagnosing incipient pulmonary plague ".h
As can be gathered from recent publications by Mercier 128 and by
Mercier & MacCrumb,129 this postulation has been confirmed. The value
of this new diagnostic method for the treatment and control of pneumonic
plague as well as for further studies on the pathogenesis and pathology
of this disease can hardly be overrated.

Manifest stage

Owing to the presence of general symptoms and signs of a serious and
rapidly progressing illness, associated with often comparatively insignificant signs of lung involvement and the expectoration of a peculiar bloodstained sputum, it is easy to make a presumptive diagnosis during the manifest stage of primary pneumonic plague. Since the sputum teems with
plague bacilli, it is also not at all difficult to confirm this diagnosis through
laboratory examinations. In view of the fact that, in rare cases, an invasion of the lungs by micro-organisms other than the plague bacillus produced morbid features more or less similar to primary pneumonic plague,
adequate culture methods and/or animal experiments should be resorted
to in addition to smear examinations. However, one might be less rigid
when dealing with quite typical cases during a fully established pneumonic
plague epidemic.
If adequate laboratory tests are applied, there is also no difficulty in
arriving at a correct diagnosis in cases where unusual features, such as a
rusty or otherwise atypical aspect of the sputum or lobar instead of the
usual lobular type of lung involvement, are present. It is true that sometimes cases are met which at first glance resemble croupous pneumonia.
his . l'importance de l'image radiographique des la pouss6e initiale de temperature permet de penser
que la radiographie systematique des personnes qui ont ete particulierement expos6es a la contagion pourrait,
le cas &ch&ant, fournir une m6thode de diagnostic pr6coce de la peste pulmonaire. "
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However, the rapid deterioration of the general condition of the patients,
becoming manifest in such atypical cases as well as in the usual type of
pneumonic plague, ought to suggest the necessity for thorough laboratory
investigations. As has been said before, plague cases will hardly ever be
overlooked, if the possibility of their occurrence is kept in mind.
As previously noted, probably owing to the presence of slight pneumonic changes, spontaneous cough and expectoration may be practically
absent in some patients suffering from primary pneumonic plague. In
order not to overlook the presence of this form of the disease, one should
urge all plague patients with features suggestive of a generalized infection
to cough and to expectorate. No doubt x-ray examination would be
most helpful in such cases.
" Pulmonary " Plague

Though the information available in regard to the clinical aspects
of the form of lung plague in which no pneumonic foci develop is scanty,
there can be no doubt that the clinical manifestations present in such
cases correspond to those met with in patients suffering from what is
called primary septicaemic plague. It follows that the considerations and
methods found useful for the diagnosis of primary septicaemic plague
will also prove valuable for the recognition of the " pulmonary " form.
Comparatively speaking, the latter is less difficult to diagnose, because it
develops invariably in persons who ha-ve had recent contact with pneumonicplague patients and usually, or perhaps even always, appears only after
the occurrence of typical cases of primary pneumonic plague.
TREATMENT
Though attempts to cure plague may be said to date back as far as
the history of this disease, the first milestone on the road to real success
was reached only when, in 1896, Yersin 221 began to use a therapeutic
serum produced through immunization of horses with P. pestis. From
that time onwards until recently, administration of sera prepared either
according to Yersin's original procedure or in other ways remained the
only method which, because it gave a modicum of success in the case
of the bubonic form, was used on a large scale for plague treatment. The
use of sulfonamides, commenced about 14 years ago, greatly improved
the therapeutic results in bubonic plague. Quite recently, a most outstanding success in the treatment of all forms of the disease has been
attained with the aid of streptomycin and some other antibiotics. Indeed,
the results obtained with these therapeutic agents have been so consistently good, even in most severely-affected patients, as to relegate the
sulfonamides to the second rank in the treatment of bubonic plague and,
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as will be discussed later, to render rather questionable the necessity of
using the specific sera any more.
Serotherapy
It is difficult to deal comprehensively with the results obtained with
serum treatment of plague, not so much because an enormous literature
deals with this subject, but mainly because the recorded results are often
not comparable. The reasons for this incomparability are as follows:
1. While the observations of some of the workers were based upon
sufficiently large samples to show statistically significant results, others
reported upon limited numbers of treatments or merely upon a few cases.
2. The serum dosages used by the different workers varied widely
and sometimes insufficient doses were used.
3. Marked differences may exist in the efficacy of sera prepared by
different methods.
4. The loss in potency which sera undergo in storage may vitiate the
results when different lots of the same serum or different sera prepared
at different times are compared.
5. Ample observations, recently confirmed by the exact tests of Sokhey
et al.183 referred to below, have shown that the results of serotherapy,
as well as those of other methods of specific plague treatment, depend
largely upon the absence or presence of bacteraemia in the subjects treated.
Hence the results obtained in countries or in outbreaks where a benign
type of plague prevailed are not comparable with those obtained during
plague manifestations characterized by a prevalence of serious types of
the disease frequently resulting in bacteraemia. One must agree with
Sokhey and his colleagues that only the results obtained in patients who
show evidence of bacteraemia on admission form standards for assessing
the efficacy of different methods of plague treatment. Lack of indications
regarding the presence or absence of bacteraemia in the treated patients
often renders it impossible properly to evaluate and compare the older
records on the serum treatment of plague.
It seems indicated, therefore, that one should assess the results of plague
serotherapy in a general manner instead of scrutinizing the records of the
individual workers in detail.
General agreement exists that it was but rarely possible to save patients
suffering. from primary pneumonic plague through serum administration
alone. In addition to some more-or-less creditable instances of this
kind recorded by Wu Lien-teh 215 in 1926, recent successes in the serotherapy of pneumonic plague have been reported by: De Moura et al.137
(three cures in patients treated early in the disease with average doses of
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150-230 ml of plague serum, administered during two days partly intravenously and partly intramuscularly); Gale 51 (bacteriologically unconfirmed case of a girl, who had been vaccinated against plague five or six
days before she had had contact with a plague patient and who was given
200 ml of plague serum on the fourth day of illness); and Clark &
Goldberg2l (an old woman, who had been given 1 ml of live avirulent
vaccine and 50 ml of plague serum prophylactically and received, when
falling ill with bacteriologically confirmed pneumonic plague, a total
of 400-500 ml of plague serum intramuscularly and subcutaneously).
Only two instances of recovery in serum-treated patients suffering
from " primary septicaemic " plague could be found in the available recent
literature, and it has to be noted that in the case reported by Le Gall
et al.101 treatment consisted of the production of a fixation abscess, as well
as of the administration of 320 ml of serum, whereas the patient referred
to by Erzin & Payzin 37 seems to have been treated with sulfonamides as
well as with plague serum.
For the reasons stated above, the results obtained by the different
workers when using serotherapy in bubonic plague cases, and consequently
the opinions they formed regarding the value of this mode of treatment,
varied greatly. While the initial results of Yersin 221 and also those with
Lustig's serum i were most favourable, and equally good experiences
were recorded by a few later workers (e.g., by Joltrain 89 during the mild
outbreak of plague at Paris in 1920), some observers altogether denied
the value of plague serotherapy and many others considered it effective
only when administered early in the disease. Choksy (quoted by Simpson 175)
who had exceptionally wide experience in the treatment of plague at Bombay, shared the latter belief, stating that:
" Should those who are conversant with the application of the serum in plague be
entrusted with 100 persons provided the cases are not septicaemic, they would be able to
bring round at least 60, if not more, by the use either of Lustig's or Roux's serum of the
strength that has been used in Bombay during the last two epidemics."

As summarized by Dieudonne & Otto,26 the Indian Plague Commission considered that both Lustig's and Yersin's serum exerted some
influence on the clinical course of plague, but that the effect was
by no means as marked as in the case of diphtheria serum. Nevertheless,
in the opinion of the Commission, attempts to produce a potent
serum ought to be continued, since serotherapy was the only method
giving some hope for an effective treatment of plague.
As stated in the third of these studies,'52 some new types of plague
sera have recently become available, two of which-the serum produced
with the aid of the avirulent EV strain in Madagascar and the new Haffkine
Institute serum-have been used on a fairly large scale with quite satisi The various types of plague sera have been described in the third of these studies 152 (p. 203).
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factory results. Girard 60 stated in this connexion that with the aid of the
new Madagascar serum it was possible to cure 60%-65% of the bubonic
plague patients, and similar results were also recorded by Le Gall.1°°
As noted before, in their studies on plague treatment Sokhey et al.183
gave separate consideration to the results obtained in all cases and to
those in patients who showed evidence of bacteraemia on admission.
They described the simple method they used for this purpose as follows :181
" On admission, the diagnosis was first made on clinical grounds. At the same time,
before any treatment was given, 0.5 cc. of blood was drawn from a vein and planted in
equal quantities on two agar slopes. This was done to determine the presence or absence
of plague septicaemia at the commencement of treatment. If the cultures remained sterile
after two days' incubation at room temperature, and there was still doubt about the
diagnosis, the bubo was punctured with a syringe and the fluid cultured on agar slopes to
confirm the diagnosis."

The results obtained by Sokhey and his colleagues In from 1941 to 1948
when treating bubonic patients with Haffkine serum may be summarized
thus:
Number of deaths

Mortality (0)

157

37

23.5

71

36

50.7

Number of cases

All cases
Cases with plague bacteraemia on
admission

There was only one death among the 86 patients who showed no
bacteraemia at the commencement of treatment as compared with 36 deaths
among the 71 sufferers showing evidence of bacteraemia on admission.
It has already been stated that the serum dosages used by the different
workers varied considerably. Some utilized doses which cannot be considered as sufficient, while a few, particularly when attempting to save
pneumonic-plague patients, administered enormous amounts of serum.
Sokhey et al.83 recommended administering 40 ml of serum to bubonic
plague patients on the first day of treatment, giving half this amount intravenously on admission and the other half subcutaneously six hours later,
and giving the same amounts in a similar manner on the following day.
While in their experience no further treatment was required in mild cases,
it was necessary to administer further doses to severely-affected patients,
usually for five days.
As summarized by Le Gall,100 workers in Madagascar used to give
the serum prepared with the aid of the EV strain in average daily doses
of 40-60 ml for five days.
Using different sera, some recent workers recommended the use of
higher daily doses of up to 100 ml for adults and 50 ml for children (Lobo &
Silvetti 113). However, when potent sera are available, daily doses of
40-60 ml may be said to suffice in general.
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Sulfonamide Treatment

The history of plague treatment with sulfonamides may be said to go
back to the year 1937, when Buttle et al.11 proved experimentally that
sulfanilamide exerted some action on P. pseudotuberculosis and P. septica.
Working with P. avicida, Levaditi & Reinie 106 (1938) obtained identical
results.
Carman 14 and Vine 202 recorded in 1938 that they had each been able
to save three bubonic plague patients through intramuscular injections
of Prontosil (p-aminophenylsulfonamide), while van Hoof 80 reported in
the same year that, in the Belgian Congo, two out of three patients treated
with sulfanilamide had been cured. No details could be elicited regarding the statement of Prado Barrientos 1'7 that, during the 1938 bubonic
plague outbreak in the Santa Cruz department of Bolivia, he had obtained
fairly satisfactory results with " emergency chemotherapy ".
Important experimental evidence of the efficacy of sulfonamides in
plague treatment was furnished in 1939 by Schiitze,170 Durand,33'34 and
Girard & Girard.67'68
As summarized in 1941 in a British Medical Journal editorial,8 Schiitze
found that, when sulfapyridine, soluseptasine, and a diaminodiphenylsulfone-glucose compound were given to mice and rats subcutaneously
or by mouth, sulfapyridine proved the most efficient drug in both animal
species. Finding that the plague serum prepared in the Lister Institute
with the aid of Otten's avirulent strain gave results comparable to those
obtained with sulfapyridine, Schiitze suggested that a combination of
sulfonamide treatment with serotherapy might be advantageous.
Durand,33 34 feeding mice with daily sulfapyridine doses ranging from
1.25 mg to 2.25 mg per gram of body-weight for periods of 6-7 days after
plague infection, found that the animals so treated resisted at least 10,000
P. pestis. Two further important facts established in the course of these
investigations were that (a) it was often impossible to demonstrate P. pestis
in sulfapyridine-treated mice which succumbed because they had received
too high an infecting dose, and (b) 21 out of 36 sulfapyridine-treated
mice which had resisted plague, when challenged 33 days after the original
infection, proved to be immune to 2 or even 20 lethal doses of P. pestis.
Girard & Girard 67,68 also obtained satisfactory results when administering sulfapyridine to mice and guinea-pigs even when the treatment
had been started at the time of plague infection or, in the case of some
of the guinea-pigs, up to two days after infection. Like Schiitze, these
two authors pointed to the possibility that combined sulfonamide and
serum treatment might improve the therapeutic results.
Commenting upon the experiments of Durand and also upon observations made regarding the action of sulfonamides on other micro-organisms,
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a reviewer stated in the Bulletin mensuel de l'Office International d'Hygiene
Publique 9 that since test animals succumbing to plague infection after
insufficient sulfa-medication were often free from P. pestis while those
surviving infection, because sufficiently treated, were frequently immune,
one might assume that
" Dagenan (sulfapyridine) destroys the plague bacillus, leaving the circulating toxin
and the antigen intact. Since the degree of immunity is in correlation with the comparatively high dose of microbes used for the first infection, one could conclude that this
immunity is produced solely by the preformed toxin, perhaps also by that which can be
freed by bacteriolysis ". i

As shown by Girard,60 sulfapyridine did not protect mice against
toxic filtrates of P. pestis. The observations of several workers that combined administration of sulfonamides and plague serum was apt to give
better results than treatment with either remedy alone seem also compatible with the idea that, in contrast to the serum, the sulfonamides exert
no antitoxic action (Girard 0). Further evidence is also at hand to render
it likely that, as a recent editorial 85 puts it, " the sulpha drugs interfered
with the growth of the organism (P. pestis) but not with the production
of the antibodies ".

Bubonic plague
Large-scale use of sulfonamides for the treatment of bubonic plague
was started during the period 1940-1. The early workers had to rely upon
sulfapyridine and sulfathiazole, the efficacy of the latter for plague treatment having been proved experimentally by Sokhey & Dikshit 177 in 1940.
Afterwards, however, sulfadiazine and its derivatives were mostly used,
not only because these newer drugs were less apt to produce toxic reactions, but also because in the experience of most workers, they were more
effective for plague treatment than sulfapyridine and sulfathiazole. However, no full agreement has been reached in this respect, Macchiavello 115
for instance, considering sulfathiazole to be theoretically best for the treatment of plague.
General agreement has been reached that, since they exert merely a
bacteriostatic action, the sulfonamides are most apt to cure plague patients
if treatment is started early in the disease. Even then, administration
of these drugs, though curbing further progress of the infection, does
not as a rule bring about a rapid devolution of the buboes which frequently
become suppurated in spite of the treatment.
The superior value of early-commenced sulfonamide treatment of
bubonic patients has been well demonstrated by the observations made
i ".... le Dagenan (sulfapyridine) detruit le bacille pesteux, tout en laissant intacts la toxine circulante
et l'antigene. Comme le degr6 d'immunite est en rapport avec la dose de microbe plus 6lev6e employ6e pour
la premiere injection infectante, on pourrait en conclure que cette immunit6 est provoqu6e uniquement par
la toxine pr6form6e, peut-etre aussi par celle qui pourrait etre mise en fibert6 par une lyse bact6rienne. "
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by Sokhey and his collaborators from 1941 to 1948, which, according to
their recent summary,183 gave the following results:
Drug

(a) Cases in which treatment was started before the appearance of bacteraemia
Number of cases Number of deaths
Mortality (%)

Sulfapyridine
Sulfathiazole
Sulfadiazine
Sulfamerazine
Iodine solution (controls)

60
155
62
91
74

3.3
5.8
2.5
2.2
16.2

2
9
3
2
12

(b) Patients showing bacteraemia at the commencement of treatment

Sulfapyridine
Sulfathiazole
Sulfadiazine
Sulfamerazine
Iodine solution (controls)

62
119
62
22
75

31
50
13
7
68

50.0
42.0
21.0
31.8
90.7

It will be noted that sulfadiazine gave fairly satisfactory results even
when treatment was started late. The number of observations made in
this respect with sulfamerazine is too small to permit final conclusions,
but, to judge from the available information, this drug was more effective
than sulfapyridine and sulfathiazole.
Indications regarding the dosages of the drugs used during these trials
were given by Sokhey and his collaborators thus :183
" Sulphapyridine and Sulphathiazole: 10 to 14 g were given on the first day and on
subsequent days 6 g depending upon the severity of the case for a maximum period of
10 days. The drug was stopped earlier, if the temperature came to normal or the patient
showed distinct improvement in general condition. To comatose patients or when the
drug produced persistent vomiting, the drug was given intra-muscularly or intravenously.
Sulphadiazine: An initial dose of 4 g was followed by 2 g four hours later. Thereafter
1 g was given every 4 hours till the patient's temperature remained normal for 2 days.
This dosage maintained a concentration between 10 to 20 mg per 100 cc of blood.
Sulphamerazine: An initial dose of 4 g was followed by 2 g four hours later. Then
1 g was given every 8 hours till the temperature remained normal for 2 days. This dose
maintained a concentration between 10 to 20 mg per 100 cc of blood."

Sulfamethazine (sulfamezathine) has been used for plague treatment
in the place of the above-mentioned sulfonamides. Datt Gupta,23 comparing the effect of this drug with that of sulfadiazine, recorded the following results:
Drug

Dosage

Cases

Deaths

Mortality
(%/)

Sulfadiazine

4 g initially, then 2 g 4-hourly
for 4-7 days (per os)

71

7

9.9

Sulfamezathine

3 g by intravenous injection, then 2 g
4-hourly for 4-7 days (per os)

37

4

10.8

As far as these figures go, sulfamethazine was about as effective as
sulfadiazine, but it has to be noted that the latter drug was given solely
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by the oral route without an initial intravenous administration of its
sodium salt.
Sulfamethazine is amply used in Java where even rather small doses,
averaging 3 g per day, have been found satisfactory for the treatment of
bubonic plague patients, particularly those who had been previously
vaccinated with live avirulent plague bacilli.
That, generally, previous plague vaccination markedly improved the
results of sulfonamide treatment in bubonic patients is illustrated by
the following results recorded by Patel & Rebello :146
Treated with sulfonamides *
mortality
attacks
deaths

( %)

Inoculated
Uninoculated
Total

1,586
1,262
2,848

344
575
919

21.6
45.5
32.2

attacks

Untreated
deaths

410
723
1,133

165
430
595

mortality

(%)

40.2
59.4
52.5

* Usually sulfathiazole

Since the efficacy of plague treatment with sulfonamides depends upon
the establishment and maintenance of a sufficiently high level of the drugs
in the blood (10 mg per 100 ml according to Macchiavello 115 in the case
of sulfathiazole, sulfadiazine, and sulfamerazine), it is, in the opinion
of many observers, advantageous to initiate treatment by administering
a sufficiently high dose by the intravenous route instead of giving an
adequate initial dose by mouth. Further, though hand in hand with the
improvement of the patients the dosage of the sulfonamides should be
gradually reduced, it is essential to continue the treatment even during
the first few days of convalescence so as to avoid relapses or complications. The recommendations made in these respects by the WHO Expert
Committee on Plague, at its second session, held at Bombay in December
1952,212 were that:
" Early cases of bubonic plague could be effectively treated with sulfonamides, using
a dosage of about 10 g on the first day, followed by smaller doses, making a total of at
least 50 g during the first week. The first administration of sulfonamides in the dose of
2 g should be made intravenously, preferably in glucose solution. In order to prevent
relapses, particularly meningeal plague, the treatment with sulfonamides should be
continued for at least 3 days after the temperature becomes normal."

Primary pneumonic plague
Although, as unanimously upheld by all observers, cases of primary
pneumonic plague are not as a rule amenable to sulfonamide treatment,
the following instances of exceptional success with this therapy could be

found in the available literature:
Author

Date

Number
treated

Number
cured

Van Hoof 81
Favarel 42

1939
1945

12

2

?

1?

Remarks

Treated with sulfonamide.
Child with fever, but no pneumonia, in
whose saliva P. pestis was found. Cured
with sulfapyridine.
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Author

Date

Number
treated

Number
cured

1945
1945

1
1

1
1

Roux & Mercier 167 1946

5

3

Magrou 120
Munter 13'

Favarel 43

1947

13

2

Than Aung190
Favarel et al.46

1947
1948

1
?

1
3

Tieh et al.191

1948

5

3

Remarks

Treated with sulfadiazine.
Previously vaccinated against plague.
Treated with sulfadiazine.
Treated with sulfathiazole. Two of the
recovering patients received also plague
serum on the 6th and 8th day of illness
respectively, while a fixation abscess was
produced in the third.
Treated with sulfapyridine and thiazomide.
Treated with sulfathiazole.
Treated with sulfathiazole and thiazomide. Two of the patients had been inoculated with live plague vaccine while the
third had received 14 g of sulfathiazole

prophylactically.
Treated with sulfadiazine.

Note
(1) The patient observed by Plum,150 though considered to have recovered from
primary pneumonic plague by some reviewers, had actually bubonic plague with secondary
lung involvement.
(2) Some further instances of recovery from primary pneumonic plague will be
discussed later because the patients in question had received plague serum and/or streptomycin in addition to sulfonamides.

Combination of serotherapy and sulfonamide treatment
As has been mentioned before, some of the early workers studying
the efficacy of the sulfonamides in experimental plague considered the
advisability of combining treatment with these drugs with the administration of specific serum.
Actually, almost all workers who gave such combined treatment to
bubonic plague patients found the therapeutic results superior to those
obtained with either sulfonamides or serum. It has to be noted, however, that the differences found in favour of the combined treatment were
not invariably marked, and that Sokhey and Wagle,182 though establishing that combined treatment with sulfathiazole and plague serum gave
better results than medication with sulfathiazole alone (68 % cures as
against 58.4 %), found that sulfadiazine alone gave still better results
(79.1 % cures).
Besides the above-mentioned statement of Roux and Mercier 167 that
they had succeeded in curing two patients with primary pneumonic plague
by a combination of sulfathiazole treatment with the late administration
of plague serum, only two records of recovery of pneumonic patients
receiving such combined treatment could be found:
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(1) The case referred to by Wang 206 was that of a nurse who contracted
infection in the isolation hospital at Changteh, China, and who was actually
treated by the present author with sulfathiazole and also with plague
serum, when her condition became desperate. She suffered possibly, but
not certainly, from primary pneumonic plague with an atypically long
evolution.
(2) Chang 15 recorded one instance of recovery among eight patients
with primary pneumonic plague treated in the isolation hospital at Foochow,
China, with sulfadiazine and plague serum.
Antibiotic Treatment

Penicillin
In vitro tests made by Magrou,119 as well as animal experiments performed
by Witlin and Wilbar,210 Gupta et al.,74 Herbert,79 and Sokhey & Habbu,178
showed that penicillin, even if used in high doses, exerted no, or practically
no, action on P. pestis. These laboratory findings were confirmed by the
unfavourable clinical experiences of observers such as Barreto & Castro,3
Haddad & Valero,75 and Link.112 Nevertheless, a few workers continued
to use penicillin in plague cases in addition to specifics like sulfonamides
or streptomycin in order to forestall or to control complications, secondary
pneumonia (Videla 199) or secondary infections. In the experience of
Macchiavello (personal communication to the Boletin de la Oficina Sanitaria Panamericana 5) penicillin was not efficacious in warding off plague

complications.
Streptomycin
Studies on the action of streptomycin on the plague bacillus in vitro
and on plague-infected animals were first carried out in 1944 by Meyer
and his colleagues (Meyer & Quan `13). Further laboratory studies by
several workers, such as Sokhey and collaborators,178 180 Hornibrook,82
Sergiyev,172 Macchiavello,115 Wayson & McMahon,207 Herbert,79 Quan
et al.,159 Girard,64 Favarel,45 and N el,141 confirmed the early findings of
Meyer and his colleagues that in vivo as well as in vitro streptomycin
exerted a powerful action on P. pestis, which appeared to be bactericidal
rather than bacteriostatic.
In vitro studies carried out in Meyer's laboratory showed, according
to Meyer & Quan,133
" . . . that some plague bacilli have the same ability to resist streptomycin as have other
types of bacteria. It was found that although the ratio of the slightly resistant mutants
varied from strain to strain, usually only few highly resistant bacilli were present in a
total of several hundred billion organisms".
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The most outstanding result of the administration of streptomycin to
plague-infected animals was that pneumonic as well as bubonic affections
could be readily cured with the aid of this antibiotic.
In the course of the investigations of Meyer and his collaborators,
the bactericidal action of streptomycin in experimental pneumonic plague
was fully demonstrated by comparative bacteriological counts of the
entire lung tissue of treated and untreated mice, which had been killed
at various intervals. As stated by Meyer & Quan :133
" By the 96th hour after infection, when all untreated mice had died, the lungs and
bronchial lymph nodes of treated mice either were sterile or contained only a few
thousand plague bacilli in the abscess-like patches of pneumonia. It was impossible to
isolate plague bacilli from lung or lymph nodes 100 hours after treatment with streptomycin had been initiated."

Longer periods of treatment (6 days in the case of intranasal infection
and 10 days in animals infected by inhalation) were needed to sterilize
the lung lesions of experimentally infected guinea-pigs.
Girard," experimenting with guinea-pigs infected with P. pestis by
the intratracheal route, was able to cure all 12 guinea-pigs which had
been treated with streptomycin from the 30th or 48th hour after infection,
whereas the controls died in 3 days. He ascribed this splendid result to
the fact that the antibiotic exerted a bacteriolytic as well as a bacteriostatic
action and added that
" the absence of immunity in the cured animals must be ascribed to this double effect
which is extremely rapid; such a resistance to a new infection would demonstrate the
persistence of the causative organisms in the body, which is the rule in sulfonamidetreated guinea-pigs until they recover." k

Neel 141 also noted a rapid bactericidal action of streptomycin in intratracheally infected guinea-pigs, the animals becoming free from plague
bacilli two days after commencement of treatment. During this time
the pathogenic power of the organisms still harboured in the animal body
became first lowered and then lost.
Quan et al.158 showed experimentally that, in contrast to aureomycin,
oxytetracycline,l and chloramphenicol, streptomycin did not protect
mice against the action of plague toxin. This result is in accord with earlier
observations of Ramon et al.161 that culture filtrates of Actinomyces
griseus as well as of Penicillium notatum did not materially alter the toxicity
of this toxin for mice.
Streptomycin seems to have been first used for the treatment of human
plague by Videla 199 in December 1946. Even though only one of the
five patients he treated with this antibiotic suffered from typical bubonic
k "C'est a ce double effet qui est extremement rapide qu'il faut attribuer l'absence d'immunite chez
les animaux gueris; cette resistance a une nouvelle infection t6moignerait de la persistance du germe specifique
dans l'organisme, ce qui est la r6gle chez les cobayes traites par les sulfamides, lorsqu'ils guerissent. "
I Oxytetracycline is the non-proprietary name for " Terramycin " (see Chron. World Hlth Org. 1953, 7, 41).
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plague, while three of the others seem to have had " septicaemic" plague
and one showed meningeal involvement, all were cured.
Further results obtained with streptomycin in the treatment of plague
may be summarized as follows:
(a) Bubonic plague
Author or reference

Date

Number
treated

Datt Gupta 23

1948

24

Haddad & Valero75 1948
and Pollock 155

3

Karamchandani & 1948
Sundar Rao "4

5

Wagle 203

1948

32

Chen "I

1949

3

Estrade 39
Karamchandi &
Sundar Rao 95

1949
1949

I
15

Robic &
Favarel 164
Ghosh 53

1949

5

1950

155

LinkI12

1950

3

Soulage et al.185

1950

14

Archives de l'Insti- 1951
tut Pasteur de (p. 44)
Tananarive

13

Number
cured

Remarks

20
" Only severe cases were selected for
(83.3%) streptomycin treatment and two died
within 12 hours of admission. "
3
The patients, who had not responded to
treatment with sulfonamides and penicillin, rapidly improved and finally
recovered when given streptomycin.
Buboes were not influenced when streptomycin treatment was started late.
5
Moribund patients, four of whom had not
responded to previous treatment with
sulfathiazole and/or serum.
29
All these patients had bacteraemia when
(90.6%/) treatment was started.
3
Severely-affected patients, who had not
responded to sulfadiazine. Buboes little
influenced by streptomycin treatment,
had to be incised in two of the cases.
1
12
All patients apparently moribund. The
(80.0%/) three fatal cases had been admitted on
the third day of illness and died within a
few hours.
5
Received either only streptomycin or
also plague serum and sulfonamides.
149
Apparently all treated with streptomycin
(96.1 %) and sulfadiazine.
3
Received sulfadiazine, penicillin, and, in
two cases, also aureomycin in addition
to streptomycin. Two patients treated
only with penicillin died.
14
Treatment with streptomycin only (4
(100%) cases) or with streptomycin and afterwards with sulfonamides (8 cases). The
two remaining patients had not responded
to treatment with plague serum and sulfonamides, but were cured with streptomycin.
11
With the exception of two, also treated
(84.6%) with sulfonamides.
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Date

Number
treated

Archives de l'Insti- 1952
tut Pasteur de (p. 66)

Number
cured

Remarks

31

31
With the exception of six, also treated
(100I%) with sulfonamides.
304 The patients were treated with strepto(96.2%) mycin and sulfonamides; except in a
few serious cases not more than 2 g of
streptomycin were used per patient.
142
Four of the deaths occurred in the 37
(95.8%) patients showing bacteraemia at the commencement of treatment.

Tananarive
Rao 162

1952

316*

Sokhey et al.183

1952

148

* Sixteen of these patients were said to have suffered from
statistics were given for them.

"

septicaemic " plague, but

no separate

(b) " Septicaemic " and meningeal plague
-In addition to the observations of Videla 199 and Rao 162 which have been noted above,
Fain et al.41 reported success when treating two patients suffering from " primary septicaemic " and primary meningeal plague, respectively, with streptomycin and sulfadiazine.
(c) Primary pneumonic plague
Author

Date

Number
treated

Number
cured

Favarel 4"
Huang et al.83

1948
1948

1
I

1
1

Lewin et al.109

1948

1

1

Wagle &
Bedarkar 204

1948

5

5

Estrade 89, 40

1949,
1951

1

1

Feng47

1949

1

1

Robic &
Favarel 164
Seal171
Bouillat 7
Guiller & Jospin 73
Estrade 40
Mercier 127

1949

3

3

1949
1951
1951
1951
1951

1
3
5
1
10

1
3
2
1
9

Remarks

Also treated with sulfonamides and-to
prevent secondary infections-with penicillin. P. pestis could be isolated from the
sputum of this patient for about a month
after onset of illness, but soon became
avirulent for guinea-pigs and mice.
Also treated with sulfonamides, plague
serum, and penicillin.
Three of these patients were also treated
with plague serum, the other two also
received sulfamerazine.
Sputum, though continuing to harbour
suspicious bacilli, was no longer pathogenic for guinea-pigs after first streptomycin dose (0.5 g).
Treated also with sulfadiazine, plague
serum, and penicillin.

(90%)
1
1
1951
Fain et al.41
Meyer & Quan 133 referred also to a second pneumonic patient cured in South
Africa with streptomycin.
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Discussing the results obtained in pneumonic plague treatment by
Mercier,127 Girard 66 stressed that one of Mercier's 10 patients, after having
shown signs of temporary improvement, again became feverish and,
developing a lung abscess, eventually succumbed. In view of the fact
that this secondary lung affection was not caused by P. pestis but was
obviously due to a secondary infection, Girard urged that, in order to
prevent such complications, plague patients should be treated with sulfonamides or penicillin as well as with streptomycin.
Considering this postulation, the WHO Expert Committee on Plague 212
came, in 1952, to the conclusion that
" in pneumonic plague administration of sulfonamides or wide-spectrum antibiotics
might be necessary in order to prevent secondary infections or their sequels".

The dosages of streptomycin used by the different workers varied
considerably, the more so as some merely initiated treatment with this
antibiotic, and then continued it with sulfonamides, while others began
to use streptomycin only when the sufferers did not respond to treatment with sulfonamides and/or serum.
In relatively mild cases of bubonic plague, Sokhey and his collaborators 183 used an initial dose of 2/3 g followed by 1/3 g every 4 hours until
the temperature had remained normal for 24 hours. In severe cases, they
gave 2/3 g of the drug every 4 hours until the temperature had remained
normal for 2-3 days.
As summarized by Girard,66 the dosages of streptomycin administered
intramuscularly for the treatment of primary pneumonic plague in Madagascar were 0.50 g every three hours for the first two days, and every four
hours on the third day. Doses totalling 2 g per day were then given until
the fifth or sixth day of treatment. Girard noted that the two patients
treated by Estrade had been given a total of 25 g of streptocmyin in six
days, but expressed the view that it offered no advantage to give more
than a total of 20 g to adults. He added that a child had been cured with
a total dose of only 11.5 g.
Girard's opinion was endorsed by the WHO Expert Committee on
Plague,212 which at its second session in 1952 recommended that
" the treatment of pneumonic plague should be carried out with streptomycin in the
dosage of about 16 to 20 g administered during a period of from 6 to 7 days. The same
treatment should be applied to severe cases of bubonic plague with septicaemia ".

Other antibiotics
Dealing with the results of antibiotic treatment of mice, which had
been infected experimentally with either bubonic or pneumonic plague,
Meyer 131 stated that:
"Aureomycin, chloramphenicol and terramycin are good alternatives in plague
therapy. Each has been effective in experimental mouse infections when given systematically
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or orally. Oral administration gives these agents a distinct advantage over streptomycin
in moderately severe cases of plague. They are less bactericidal in vitro than streptomycin
against the plague bacillus. Thus far treatment with none of these has resulted in growth
of resistant strains as readily as did streptomycin therapy".

Favourable results obtained through treatment of subcutaneously
plague-infected mice with aureomycin and chloramphenicol were also
reported by Sokhey & Habbu,179 who found these antibiotics, which were
given by mouth, to be as effective as subcutaneously-administered streptomycin. However, in order to obtain identical results, 42 mg of aureomycin
or 336 mg of chloramphenicol had to be administered as against 10.4 mg
of streptomycin.
Ramchandran 160 recently recorded the results obtained with aureomycin treatment in 12 bubonic and 3 " septicaemic " plague patients. Three
of these, including two with " septicaemic" plague, died within a few
hours after the onset of treatment. All the others were cured through
administrations of aureomycin totalling from 2.5 g to 7.5 g, given in
individual doses of 250 mg every two hours. The temperature of the
treated became normal after 3-7 days.
A first attempt of Mercier 128 to cure a pneumonic-plague patient
with chloramphenicol gave no conclusive results, because it was decided
to continue treatment with streptomycin after two one-gram doses of the
former antibiotic had been administered subcutaneously.
However, soon afterwards, favourable results were obtained when
treating one bubonic and further pneumonic-plague patients with chloramphenicol alone (Girard,66 Mercier & MacCrumb 129).
Mercier & MacCrumb used the following dosages for the first pneumonic patient whom they treated with chloramphenicol:
1. Initially, 3 intravenous injections of 0.5 g, given at intervals of
3 hours, every time accompanied by oral administration of 0.5 g of chloramphenicol;
2. Afterwards, 3 or 4 doses of 0.5 g each given orally at intervals of
3 hours;
3. Then oral administration of 0.25 g every two hours until the temperature dropped to 370-37.50C;
4. Finally, for a few more days, further 0.25-g doses sufficiently frequent
to result in the administration of a daily total of 50-60 mg of chloramphenicol
per kg of body-weight.
The total dosage amounted thus to 20-25 g.
Mercier & MacCrumb added that they afterwards treated five more
pneumonic-plague patients with chloramphenicol, four of whom were
cured. The fifth, whose treatment was started late, succumbed. These
two workers also cured two pneumonic-plague patients with oxytetracycline, using somewhat lower initial doses than those given in the case
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of chloramphenicol but then continuing treatment in a manner similar
to that in which the latter antibiotic was administered.
They concluded that
" . . . Terramycin [oxytetracyclineJ deserves to take its place side by side with streptomycin and chloromycetin amongst the antibiotics efficacious in human pneumonic
plague ". m

Comparative Value of the Methods of Specific Treatment

Returning to the question of whether, in view of the supreme results
obtained in the treatment of plague with antibiotics, the use of plague
serum might be given up, the following may be stated.
Though general agreement has been reached that the results of treatment with plague serum alone are far inferior to those obtainable with
antibiotics and are even inferior to those obtainabel with sulfonamides,
a combination of the administration of the latter with serotherapy has
been advocated by some workers in order to combat toxaemia. Similarly,
Girard 66 recently recommended that serum administration should be combined with streptomycin treatment because the specific serum had antitoxic properties while streptomycin, like the sulfonamides, had none. However, in view of the almost miraculous power of this antibiotic to cure
even most of the patients suffering from plague in its severest forms, it is
impossible to believe that the supposed absence of antitoxic action of
streptomycin is of any practical importance in the treatment of human
plague. Moreover, other antibiotics found efficacious for plague treatment exert an antitoxic action. It follows that if sufficient suitable antibiotics are available for plague treatment, there no longer exists a need
to use specific serum.
In the opinion of the present writer, the same holds true if large-scale
use has to be made of sulfonamide treatment. For, even though in the
experience of a number of observers combined treatment with plague
serum and sulfonamides gave better results than administration of the
latter drugs alone, there can be no doubt that far better results can be
obtained by using antibiotics in addition to sulfonamides. In other words,
the present writer for one believes that the money and effort now spent
in producing plague serum could be used to far better advantage for the
production or procurement of antibiotics suitable for plague treatment.
The sulfonamides on the other hand continue to be of importance
for the treatment of plague. Owing to lack of funds, and sometimes also
of sufficient qualified medical workers to give treatment with antibiotics,
so far no full advantage (or in some areas no advantage at all) could
m ... La Terramycine m6rite de prendre place desormais aux c6t6s de la Streptomycine et de la
Chloromycktine parmi les antibiotiques efficaces a l'egard de la peste pulmonaire. "
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be taken of this mode of therapy. Indispensable though it is to remedy
this deplorable situation, one should facilitate the efforts made in this
direction by using as far as possible sulfonamides in combination with,
or in place of, antibiotics. In this connexion, it should be kept in mind
that if treatment is started early in bubonic plague, satisfactory results
can be obtained with sulfonamides alone, and also that, as shown by
ample recent experiences, patients who fail to respond to such initial treatment can almost always be saved if antibiotics are resorted to afterwards.
Hence, unless fully sufficient amounts of antibiotics are available, it
seems legitimate to adopt the following scheme of plague treatment:
(1) Every possible effort should be made to detect plague cases early
in the disease and to start adequate treatment immediately.
(2) Bubonic plague patients detected early, as well as those seen later
who suffer from a benign form of the disease, may be treated with sulfonamides.
(3) If patients treated with sulfonamides alone take a turn for the
worse, antibiotics must be used in addition to these drugs.
(4) Treatment with antibiotics must be substituted if patients treated
with sulfonamides show signs of toxic reactions due to this medication.
(5) Patients suffering from primary pneumonic plague and from
" septicaemic" plague, and also sufferers from bubonic plague who,
because they have come for treatment late in the disease, are in a serious
condition or who show complications such as meningeal involvement,
must by all means, from the first, be treated with antibiotics.
(6) Constant attention should be given to the possibility of using
reduced dosages of antibiotics in combination with sulfonamide treatment or of continuing treatment of patients who have responded well
to the initial administration of antibiotics, with sulfonamides.
Whether streptomycin will remain the antibiotic of choice for plague
treatment remains to be seen. The possibility that streptomycin treatment with sub-optimal doses might lead to the appearance of drug-resistant
plague strains deserves attention in this connexion. However, as pointed
out by Meyer and Quan :133
" Fortunately, in the treatment of the individual patient this resistance is of minor
importance, since it is independent of resistance to sulfonamides. Collateral therapy
with sulfadiazine inhibits the streptomycin-resistant strains until the immunity mechanism
of the infected host is fully developed. Equally, the epidemiologic importance is insignificant, since drug-resistant strains are, as a rule, confined to closed necrotic lesions, and

the infection does not become generalized

The necessity of administering streptomycin parenterally is a serious
drawback, particularly if qualified medical workers are few and far between.
Hence, while it would be rash not to make large-scale use of streptomycin
until more is known about the value of other antibiotics in the treatment
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of human plague, further studies on the efficacy of the latter must be
energetically pursued.
General and Supporting Treatment
There is no need to enter into an elaborate discussion of the general
and supporting treatment to be given to plague patients, because this
should be administered according to the methods adopted in cases of
serious acute diseases in general. However, apart from the precautions
to be taken against a spread of the infection from the sufferers, which will
be dealt with in the tenth of these studies, one must give special consideration to the following points when attending plague patients.

Rest in bed
It is of vital importance to keep the patients strictly confined to bed
during the acute stage of the illness as well as during early convalescence.
Failure to abide by this rule may lead to sudden death from heart failure
and, moreover, strict rest during the acute stage of illness is essential to
prevent or to limit a generalization of the infection. That exertions on the
part of the patients are apt to lead to an aggravation of their condition
is proved by observations showing that: (a) plague patients who had to
walk considerable distances to seek treatment almost invariably became
seriously affected; (b) patients who fell ill while travelling were particularly prone to develop secondary lung involvement.
The patients should not even be permitted to get up in order to void
urine or stools.
Delirious or comatose patients must be watched with constant care
because they may try to escape or may fall out of bed and hurt themselves
Diet and fluid intake
Plague patients ought to be given a nourishing, though adequately light,
diet. An ample fluid intake, generally necessary on account of the feverish
condition of the patients, is particularly important for those treated with
sulfonamides. The urine output of these patients should be watched,
preferably measured, and the urine should be examined at least once
daily for the presence of albumen and/or blood.

Supporting treatment
Proper supporting treatment, adapted to the individual needs of the
patients, is essential. Whenever cardiovascular failure threatens, cardiacs
such as coramine or, as several recent workers recommended, adreno-
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cortical preparations should be administered. The patients must be watched
day and night in order not to overlook a sudden collapse.
Adequate amounts of alkalis must be given to the patients under sulfonamide treatment. Girard 63 stated in this connexion that renal complications due to the administration of these drugs might be avoided if
enough alkalis were given to maintain the urine at a pH of about 7.2.
Treatment of the buboes
It is of vital importance to adhere to the following rules for the local
treatment of the buboes:
(a) During the acute stage of the disease manipulation of the buboes
must be avoided as far as possible. An incision of the affected lymphnodes at that time or the rubbing-in of ointments or other medicaments
is strictly contra-indicated.
In the experience of the present writer, it is best to apply to the acutely
inflamed buboes ichthyol or ichthyol-belladona ointment spread on gauze
pads, because this medication alleviates the pain without irritating the
skin.
(b) If pus forms, the buboes should be incised only when fluctuation
has become general. Otherwise sinuses may form which may greatly
retard the process of healing or even endanger the patients' lives.
(c) Plague workers with little experience in surgery often try to benefit
the patients by frequently attending the incision wounds. Actually, these
heal best if interfered with as little as possible. In particular, one should
change the gauze strips draining the wounds as rarely as feasible.

Abortive Treatment

Injections of moderately large amounts of specific serum have been
made in the past, and medication with small doses of sulfonamides is
used at present, to forestall the appearance of manifest plague in persons
definitely known to have been exposed to infection, particularly in contacts with pneumonic-plague patients.
Some authors use the terms " serum prophylaxis " and " chemoprophylaxis" to designate these procedures. It seems preferable, however, to class them as methods of abortive treatment, so as to indicate
that these procedures have little in common with the prophylactic administration of plague vaccines and/or small doses of plague serum to large
groups of individuals considered to be at risk of infection in areas where
plague outbreaks are present or threatening.
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Plague serum

As can be gathered from A treatise on pneumonic plague 215 and subsequent publications by Wu Lien-teh 216 and by Wu Lien-teh & Pollitzer,218
ample use has been made, in the past, of the administration of smaller
or larger doses of specific serum to pneumonic-plague contacts. Sumnmarizing the observations made up to 1926, Wu Lien-teh 215 stated that:
" It has been shown that prophylactic serum often prolongs the incubation period
and that patients receiving such preventive treatment are specially benefited by subsequent
therapeutic administration. On other occasions anti-plague serum, when given in sufficient doses, seems to prevent the manifestation of plague pneumonia".

Wu Lien-teh added that though, on account of experimental findings,
a dose of 100 ml was recommended for the abortive treatment of pneumonic plague, dosages of 40 ml to 50 ml might be sufficient, if the serum
could be administered early. Failing that, or if there was particularly
great danger of infection, doses of 100-200 ml might be advisable. In
view of the expense involved and of the necessity to isolate the serumtreated contacts for a longer period than usual, because of a possibly
prolonged incubation period, it would be impracticable to use abortive
serotherapy during large pneumonic epidemics. However, the method
might be practicable and advantageous for the purpose of limiting incipient
outbreaks.
Within recent years but little use seems to have been made of abortive
serotherapy. Administration of 60 ml of plague serum to contacts
encountered during the 1939 pneumonic outbreak in the Chimborazo
province of Ecuador seems to have given no satisfactory results, since
some of the persons so treated developed manifest plague (SuArez 188).
Clark & Goldberg 21 gave, in addition to plague vaccine, serum doses
-usually of 50 ml in the case of adults and of 25 ml in the case of childrento 35 persons who had been in close contact with pneumonic-plague
patients. Only three of the serum-treated contacts developed the disease
and one of these was cured through administration of further doses of
400-500 ml of plague serum. It is noteworthy that: (a) one woman who
had been given 100 ml of plague serum, because she had attended four
pneumonic patients, remained well; (b) three children, who had slept
with their mother up to and including the day she died from pneumonic
plague and who then each received 50 ml of specific serum, also did not
develop the disease.
Pinotti & al.,149 as well as Sorol & al.,184 reported good success when
administering serum to persons who had been in contact with bubonic

plague patients.
Though it will be gathered that some success has been obtained with
abortive serotherapy, this method has become obsolete because sulfonamides, besides being far more easily applicable and-in contrast to
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plague serum-not undergoing losses in potency during storage, have
also been found to be far more uniformly reliable for forestalling the
development of the disease in contacts with plague patients.

Sulfonamides
The possibility of using sulfonamides for the abortive treatment of
plague seems to have been explored first clinically by Estrade (quoted
by Girard 60) and by Girard,60 and experimentally by Macchiavello.115
Pollitzer 151 who, working in the interior of China, was not aware of the
publications of the above-mentioned workers, also obtained a most
encouraging result during the second World War.
Details of this early work may thus be summarized
Estrade (quoted by Girard 60) started to give daily doses of 2 g of
sulfapyridine for three consecutive days to three pneumonic-plague contacts
as soon as they showed fever. Their temperature fell within 24 hours
and no manifest illness developed in any of these three individuals. Estrade
felt convinced that these contacts, who were under observation in an
isolation camp, had had incipient pneumonic plague.
Girard 60 not only obtained an equally good result when treating a
pneumonic-plague contact, who clinically showed only some fever, with
sulfapyridine (a total of 11 g given during eight consecutive days), but
was also able to confirm that the saliva of the woman in question, collected
before commencement of treatment, contained virulent plague bacilli.'
As Macchiavello summarized in 1949,1"5 he had been able to establish,
through experiments commenced in 1941, that treatment with sulfapyridine,
sulfadiazine, and sulfamerazine, started before or within 24 hours after
infection, protected 50 %-75 % of guinea-pigs inoculated with 1,000 virulent
plague bacilli-provided that doses of these drugs sufficient to maintain
a blood-level of 5 mg per 100 ml were administered. Sulfathiazole used
under the same conditions gave even better results (68%-92%) but had
to be given in higher doses and was more toxic.
Pollitzer 151 had full success when, after the death of a pneumonicplague patient, he gave 3 g of sulfathiazole daily for three days to the
two men who had closely attended the sufferer throughout his illness,
one of the two even sleeping in the sick chamber.
Further observations made with regard to abortive plague treatment
with sulfonamides may be summarized thus:
Pneumonic plague. Meyer 130 established experimentally that guineapigs instilled intranasally with P. pestis failed to contract pneumonic
plague when given sulfadiazine or sulfamerazine at the time of infection.
n An identical result obtained by Robic (quoted by Favarel et al."6) in the case of a boy found to harbour
P. pestis in his saliva before abortive treatment with sulfonamides was commenced, serves as corollary to
Girard's observation.
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Though occasional failures have been noted (Le Gall,100 Favarel et
al.,46 Jospin et al.90), actual experience with sulfonamide treatment of
pneumonic plague contacts in Madagascar was, in general, most satisfactory. Favarel et al.46 stated in this connexion that this method
" is used systematically in Madagascar to treat all known pneumonic plague contacts
without awaiting the appearance of any pathological manifestation ... Either MB693
(Dagenan) [sulfapyridine] or RP 2090 (Thiazomide) [amino-phenyl-sulfamidothiazol] are
used in a daily dose per os of 4 g for adults, 3-2 g for children according to their age ...
Dagenan and thiazomide gave, up to now, practically 100% success in the prevention
of pneumonic plague in contacts ". o

Favarel et al.46 added that treatment of the contacts was successful
even in cases where these individuals had to be left in their houses instead
of being taken to isolation camps.
Similarly Girard 65 stated in 1951 that
" in contrast to serum-prophylaxis, sulfonamides (Dagenan, Thiazomide) are efficacious in a dose of 3 g per day for 6 days. It is exceptional now to see the development
of pneumonia in contacts who have been spotted, isolated, and treated early. This is a
considerable progress confirmed by 10 years' experience in Tananarive ". P

Pollitzer 151 was able to suppress an incipient pneumonic plague outbreak in a rural area near Tsinkiang, China, by giving sulfadiazine, in
doses varying according to degree of exposure and age, to 26 contacts.
None of these individuals, who were left in their houses, developed the
disease.
Results recorded by other observers were as follows
Locality

Oran
(North
Africa)
Iranian
Kurdistan

Reference

Date

Roux & Mercier 167 1946
Gordon &
1947
Knies 71
Baltazard 2
1948

Number
treated

85

?

Drugs and dosage
used

Instances of

infection

Sulfathiazole (3 g One (patient
daily, apparently for recovered)
7 days).
4 g sulfadiazine or None
sulfathiazole per
day. Treatment was
continued until 2
days after the death
of the last victim
in the house concerned.

0" Elle est appliquee systematiquement A Madagascar depuis plusieurs ann6es chez tous les contacts
connus de pesteux pulmonaires et sans attendre chez eux la moindre manifestation pathologique ... On
utilise soit le 693 MB (Dagenan), soit le 2090 RP (Thiazomide) A la dose quotidienne per os de 4 g pour
les adultes et 3 a 2 g pour les enfants suivant l'age ... Le Dagenan et la Thiazomide ont pratiquement donne
jusqu'ici a Madagascar 100% de succes dans la prevention de la peste pulmonaire chez les contacts ... "
P " Contrastant avec 1'echec de la seroprophylaxie, les sulfamides (dagenan, thiazomide) sont efficaces
a la dose de 3 g par jour pendant 6 jours. Il est maintenant exceptionnel de voir eclater un cas de peste pulmonaire chez des contacts reperes, isoles et traites precocement. C'est un progres considerable, que confirme
une experience de 10 ann6es A Tananarive."
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Locality

Reference

Nanking
(China)

Huang et al. 83

Mukden
(China)

Tieh et al.19'

Date

Number
treated

Drugs and dosage

used

Instances of
infection

Sulfadiazine-6 g None
daily for 1 week to
close contacts, 3 g
daily for 1 week to
those under lesser
risk.
Sulfadiazine (4-12 g None
1948 4 (all
found to for 4-6 days).
harbour

1948

64

P. pestis
in their

Foochow
(China)

Feng 47

1949

Copshi

Saenz Vera 168

1949

(Ecuador)

throat)
33

40

Sulfadiazine (4 g on None
first day of treatment, then 3 g for 6
days, for adults;
half of these doses
for children).
" Adequate doses of None
sulfathiazole" (apparently 3 g daily).

Note
A failure of abortive treatment with sulfapyridine was reported by Plum 150 in Nairobi,

Kenya.
As will be noted, the dosages used by the different workers, and the number of days for which they administered the sulfonamides chosen by them,
varied considerably. The standard recommendation made in this respect
by the WHO Expert Committee on Plague in 1952 212 was the administration
of daily doses of 3 g of a suitable sulfonamide over a period of 6 days.
Bubonic plague. As recorded by some workers, such as Gordon &
Knies,7' Lewis et al.,'10 Macchiavello,"15 and Saenz Vera,'68 administration
of sulfonamides to contacts with bubonic plague patients was effective.
Erzin & Payzin 37 had good results when giving plague serum as well as
sulfonamides to such contacts.
However, as pointed out by Pollitzer,151 it would not be advisable
to make large-scale use of abortive sulfonamide treatment when dealing
with bubonic outbreaks, because
"
during these the danger of human infection is much less limited as to space and
time than is the case in lung pest where familial explosions are the rule. In rat-caused
and flea-borne plague on the contrary, where as a rule merely off-chances for human
infection exist, the cases are usually spaced out and in the great majority of instances we
find but one victim per house. To administer chemo-prophylaxis (scilicet abortive treatment) to the contacts of patients suffering from bubonic plague without lung complications, seems therefore as a rule not indicated. To use the method on a settlement- or
precinct-wide scale would be quite expensive and, seeing that the protection thus conferred
is of a rather ephemeral nature, the value of the procedure would be questionable".
.

.

.

PLAGUE STUDIES. 8

123

Certainly, however, it is imperative to administer abortive treatment
with sulfonamides to contacts of bubonic patients with lung involvement.
One should also not hesitate to use this method for the purpose of warding
off bubonic plague attacks if special conditions, such as the occurrence
of laboratory or postmortem accidents, or the occurrence of plague on
a ship or in a port hitherto free of plague, warrant this. It must be realized,
however, that, in general, other methods are of prime importance for the
control of bubonic plague.
To administer antibiotics, instead of sulfonamides, for abortive plague
treatment would be inadvisable, if for no other reason than that the danger
of producing drug-resistant strains would be far greater when limited
amounts of the antibiotics were used for this purpose than when large
doses were given for the treatment of manifest plague attacks. One should
realize, therefore, that while the antibiotics are of supreme importance
for plague treatment in general, sulfonamides are the drugs of choice
for the special purpose of abortive treatment.

RIESUM1!
Les aspects cliniques de la peste - incubation, symptomatologie, diagnostic differentiel, traitement - font l'objet de cette 6tude.
La dur6e d'incubation de la peste est d'environ six jours. L'accord s'est fait sur ce
chiffre, adopte pour le Reglement sanitaire international, malgre des divergences d'opinions
parmi les pestologues.
La maladie apparait brusquement; en quelques heures, la temperature atteint 39400C.
L'etat du patient s'aggrave tres rapidement. La fievre peut rester 6levee ou prendre une
forme recurrente; l'irr6gularite du pouls et la chute de la tension art6rielle indiquent la
d6faillance cardiaque. Dans les cas aigus, des h6morragies gastriques, intestinales ou
vesicales peuvent se produire. La bact6r6mie, passagere dans les cas benins et progressive
dans les cas graves, peut atteindre un degr6 6leve, correspondant a 500-600 colonies de
P. pestis par milliitre de sang. Les moyens th6rapeutiques modernes 6courtent la periode
f6brile et diminuent l'acuite des symptomes nerveux. La mort survient apres quelques
jours, parfois au bout d'un jour. Les malades qui survivent au deli de cinq jours ont de
bonnes chances de guerison, bien que la mort puisse se produire brusquement, par arret
du cceur, meme en cours de convalescence. La guerison est lente.
Dans la peste bubonique, ce sont les ganglions inguinaux qui sont le plus frequemment
atteints (55-75 %), les bubons axillaires s'observant dans 20% des cas et les bubons cervicaux dans 10 %. Les premieres manifestations ganglionnaires apparaissent tres tot, parfois
meme avant la fievre. Les bubons forment frequemment des abces, qui doivent etre traites
chirurgicalement. En cas de guerison, les bacilles disparaissent a mesure que les bubons se
r6sorbent. Les manifestations secondaires de la peste bubonique affectent le systeme respiratoire (peste pneumonique secondaire), la peau, l'aeil - les formes oculaires primaires
sont exceptionnelles - et les amygdales. Des formes meningees ont 6te constatees.
Deux formes benignes de la peste peuvent s'observer, dues a l'infection par voie
cutanee. La forme . ambulante # est limitee a une vesicule au point d'infection et a une
lymphangite locale. Dans la forme a pestis minor * on constate une hypertrophie de
quelques ganglions, quelques symptomes generaux, benins le plus souvent. Toutefois,
selon certains auteurs, cette forme peut revetir brusquement un aspect aigu et fatal.
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On a decrit, d'autre part, des formes chroniques de la peste et des formes foudroyantes par
infection generafisee.
La peste pneumonique primaire peut revetir diverses formes, selon le degre et la
localisation de l'infection des organes respiratoires. Les 1lsions pulmonaires ne sont pas
constantes; on n'observe parfois ni expectoration, ni toux. La guerison spontanee est
exceptionnelle.
Une partie de cette etude est consacr&e au diagnostic diff6rentiel des diverses formes
de peste.
Jusqu'a I'avenement de la sulfamidotherapie, la serotherapie, instituee par Yersin
en 1896, fut la seule methode therapeutique generalement appliquee. Les sulfamides
ameliorerent beaucoup les chances de guerison. Plus recemment encore, les antibiotiques,
qui donnerent des resultats surprenants, ont relegue au second plan la serotherapie et
les sulfamides. L'auteur discute les resultats obtenus avec les divers agents therapeutiques,
plus particulierement les antibiotiques. La streptomycine a l'avantage particulier d'ere
aussi active contre la forme pneumonique que contre la forme bubonique. La posologie
recommand&e par le Comite d'experts de la Peste, de l'OMS, est de 16-20 g de streptomycine administres au cours de 6-7 jours. L'aureomycine, le chloramphenicol et l'oxytetracycline (Terramycine) ont aussi donne des resultats encourageants. Les sulfamides
gardent toute leur importance dans les regions oii le manque de ressources et de personnel medical ne permet pas l'application generalis6e des antibiotiques. Employes des le
debut de l'infection bubonique, le plus tot possible, ils donnent des resultats tres satisfaisants. Ils restent la medication de choix pour le traitement # abortif * des personnes
exposees a l'infection pulmonaire. Dans ce dernier cas, les antibiotiques ne sont pas
indiques, en raison du risque d'apparition de souches resistantes du bacille pesteux.
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