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Vviii PREFACE.

one to-day will support the ideas formerly held which attributed
palustral disease to various forms of algs or to bacteria.

“The discovery of M. Laveran comprises the whole patho-
genesis of intermittent fever; it may be said that it has changed
the pathological anatomy of this disease. In fact, the character-
istic pigment of the lesions of palustral infections is effected by
the parasite, and is contained in the parasite itself.” (Academy
of Sciences, public meeting of December 3oth, 1889, p. 65.)

The existence of the hmmatozoon of paludism is no longer
seriously disputed, but several points concerning the history of
this parasite are still obscure and require to be re-examined, taking
into consideration the numerous works which have been pub-
lished within the last few years.

What [ have proposed to do in this new work is as follows:

Introduction.—Brief résumé of researches anterior to mine on
the parasitic nature of paludism, and state of the question in
1880.

Chapter I.—Deseription of the hematozoon of paludism.

Chapter IT.—Review of researches subsequent to mine.

Chapter III.—Nature of the parasites of palustral blood.
Analogous h@matozoa found in different animals.

Chapter IV.—The hwmatozoon which I have described is
really the agent of paludism. This parasite is polymorphous, but
unique.

Chapter V.—Pathogenesis of the phenomena of paludism.

Chapter VI.—Means of protection on the part of the organism.
Treatment and prophylaxis.

In the first chapters I have reproduced in part some articles
which appeared in 1889 and 18go in the ¢ Archives of HExperi-
mental Medicine and Pathological Anatomy.” I had only to com-
plete that work with the help of the most recent publications.

I have not thought it necessary to return to the clinical
description of the phenomena which paludism produces ; there
would be but little to add to the chapters devoted to this question
in my ¢ Traité des fidvres palustres.’

Terminology is of great importance in science, and it must be
admitted that, in general, medical terminology leaves much to be
desired. There are more than twenty different terms for the
phenomena produced by palustral endemia. It seems to me that
it is high time to make a choice from among these terms, and no
longer leave the matter to individual taste. The word paludism,
proposed by Professor Verneuil, appears to me excellent. It 1s
short ; it recalls the chief origin of the fevers, and does not give
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G MARSH FEVER AND ITS ORGANISM.

attacks, and I was struck with the fact that melanmmia was a
lesion peculiar to and very characteristic of paludism ; my attention
was naturally directed to this lesion, which I had never met in
any other disease.

Melanzmia is specially very pronounced in individuals who died
from acute paludism (pernicious attacks); the colour which it
gives to certain organs, particularly to the spleen, the liver, and
the grey substance of the brain, is almost always sufficient to
show from microscopic examination if death is the vesult of
paludism,

I shall state here shortly the alterations which are observed
in acute paludism : in chronic paludism lesions are complex ; the
alterations of the blood are complicated with congestions and
inflammations which, in palustral cachexia, are highly noticeable.
These inflammatory lesions, prinecipally the vascular cirrhoses, are,
moreover, well explained by the existence in the blood of para-
sitic elements.

Some observers have been able to maintain that occasionally
no single characteristic alteration was found in individuals who
had died of pernicious fever.

This assertion does not stand a strict examination, and could
only be put forward at a time when the importance of melansgemia
was not known. It might be affirmed, on the contrary, that in
these cases there always remain lesions specially pronounced in
the spleen and liver. The spleen increases in volume and weight,
but the increase is not always considerable ; in one patient who
died of a pernicions attack the spleen did not weigh more than
400 grammes, The shape of the organ is modified, the edges
are rounded ; the spleen tends to take a globular form, which
is explained by the softening, the pulpiness of the splenic
parenchyma. It often happens that the mere act of grasping
the spleen to pull it out from the abdomen causes rupture of the
distended and thin capsule ; the fingers sink into the splenic
pulp.

The colour is characteristic ; instead of the normal red colour
the spleen shows in the inner parts, as well as on the surface, a
brownish tint which has been compared to chocolate and water.

If yon examine a drop of splenic fluid with the microscope
you will find in the midst of the blood, and the elements proper
to the spleen which are separated, the existence of pigmented
elements in great numbers, and free granules of pigment; the
pigmented elements are either lencocytes loaded with pigment, or
hyaline bodies of irregular shape : one finds in those preparations


















12 MARSH FEVER AND ITS ORGANISM.

very difficult to see, and is not coloured by the methyl aniline
blue, as is the case with the nuclei of leucocytes.

Figs. 2 to 18, Pl. I, inserted at the end of this book, represent
diseased red blood-corpuscles to which from one to four spherical
bodies adhere, first without pigment, then with black granula-
tions. The red corpuscle increases in size and becomes pale
(15, 16), then completely disappears. Figs. 19 and 20 show
free spherical bodies in their complete development ; figs. 21 and
22 show small spherical bodies, free, isolated, grouped, and massed
together.

In fig. o, PL. II, I have represented spherical bodies free or
adherent to blood-corpusecles, just as they are seen in fresh blood.
Fig. 8 in the same plate shows spherical bodies in the different
degrees of their development, with the appearance they present
in the preparation of blood, dried and stained by methyl aniline
blue. Lastly, fig. o in Pl. ITT shows spherical bodies in their
different stages of development, either free or adherent to the
blood-corpuscles, as they appear in preparations of dried blood
submitted to the double staining of eosine and methyl aniline blue.

Marchiafava and Celli make claims in relation to the discovery
of these elements, to which I must refer in analysing works
which are subsequent to mine. These observers assume that I
had not seen the largest pigmented forms of spherical bodies, and
that I had not deseribed the ameeboid movements ; on that account
I think it my duty to reproduce here some passages from my
earlier publications.

In a communication to the Academy of Sciences (sitting
October 24th, 1881), after having spoken of crescent-shaped ele-
ments, of spherical bodies containing mobile pigmented granules,
with or without flagella, and of free flagella, I also mentioned as
parasitic elements of palustral blood small elements which scarcely
measure the sizth part of the diameter of one blood-corpuscle, and
which only enclose one or two granules of pigment. I add that these
bodies, sometimes isolated, sometimes grouped together in threes
and fours, now free in the blood, now adherent to blood-corpuseles,
seem only to represent one of the phases in the development of
larger spherical bodies.

I also mention the red blood-corpuscles which seem fenestrated,
and are nothing but blood-corpuscles to which small hyaline
bodies without pigment adhere, making colourless spots on the
blood-corpuscles (Acad. des Sciences, ¢ Comptes rendus,’ t. xciii,
p- 628).

In a communication made to the Medical Society of the Paris
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hospitals on April 28th, 1882, I pointed out the ewistence of small
transparent elements, the smallest of which only measured 1 p, and
only contained one or two granules of pigment. These bodies are
sometimes free, sometimes adherent to red blood-corpuscles, sometimes
three or four of these bodies are found on the same blood-corpuscle.
At an ordinary temperature these elements show amceboid move-
‘ments.

A colonred plate accompanying this work, which was communi-
cated in 1882 to the Medical Society of Hospitals, represents small
elements, free, isolated, or grouped together, and other elements,
one, two, and three in number, which adhere to blood-corpuscles.

In the ‘Revue scientifigue’ of April 29th, 1882, the small
elements, which only measure 1 u, are also described and repre-
sented in a free state or within the red blood-corpuscles ; in this
work I also show that these elements present amceboid move-
ments at an ordinary temperature.

In the second edition of the ¢ Nouveaux Hléments de Patho-
logie médicale ’ (in conjunction with Teissier, Paris, 1883) these
small elements are also described and represented (op. ecit., t. i,
p- 93, and fig. 12).

In my ¢Traité des fidyres palustres’ (Paris, 1884), fig. 7
represents small elements free or adherent to blood-corpuscles ;
the smallest do not even measure 1 g, and only contain one
granule of pigment ; one of them does not contain any at all. I
point out (p. 167) the frequency of red blood-corpuscles which show
small colourless spots, at p. 168. I note the amceboid move-
ments of the bodies which I then deseribed under the name of
body No. 2. Fig. 11 also represents small elements free or
adherent to red blood-corpuscles.

At p. 203 (op. cit.) I write, * The primitive embryonic form
of the parasites of paludism seems to be represented by the little
spherical transparent bodies which I described under the name of
body No. 2, of small volume, and which are presented in fig. 7.
These little bodies are free or adherent to red blood-corpuscles, at
the expense of which they evidently live, for the red blood-cor-
puscles which support them grow paler in proportion as they in-
crease in size, and at last disappear. At first these elements are
hyaline, transparent, and non-pigmented, and the blood-corpuscles
to which they adhere simply show little clear spots; soon a granule
of pigment is formed within, then two and three, and very soon
the pigmented granules become so numerous that it is difficult
to connt them.”

The existence in the blood of the smallest of these elements is





















20 MARSH FEVER AND ITS ORGANISM.

We have seen above that the spherical bodies may be multiplied
by a kind of budding or by segmentation ; the regular segmented
bodies would therefore only represent ome of the methods of
multiplication of the hematozoa.

The different phases of the segmentation of a spherical body
are shown in Plate I (figs. 23 to 28) ; the segmentation, which at
first is only shown by a slight indentation of the ountline of the
element, grows larger and larger; at last the small spherical bodies
resulting from the segmentation become free.

Fig. a, Plate III, shows a rose-shaped body in the preparation
of dried blood and submitted to the double staining (eosine and
methyl blue).

Lastly, irregular pigmented hyaline motionless bodies are found
in palustral blood (4, B, ¢, Fig. 4) ; these evidently are only the
dead forms of the parasites above described, and melaniferous
leucocytes differing from them by their more regular form and
by the presence of a nucleus which can easily be stained by
carmine (I, K, L, Fig. 4).

Melaniferons leucocytes are presented in Plate I (figs. 30, 40,
41) with dead forms of parasitic elements (figs. 42, 43, 44); and
in Plate 11, fig. A, with the appearance they have in fresh blood.

Out of 480 palustral patients examined in Algeria, I have
noticed the existence of parasites described above 432 times ;
negative facts were collected at the beginning of my researches,
when I did not know exactly under what conditions to observe
the parasites, and refer to some patients who had been submitted
to quinine treatment, or else had not had any attack for some
time—conditions very unfavorable to the search for parasites, as
I have since discovered.

It was interesting to know if the parasites were more or less
numerous in the blood before, during, or after the attacks. Out
of 79 examinations made a little time before the attack, I have
observed parasites 79 times. Out of 286 examinations made dur-
ing attacks I have observed them 273 times. Qut of 164 exa-
minations made a few hours after the onset of fever I have ob-
served them 141 times (‘ Traité des fidvres palustres,” p. 197).

It is, therefore, a little before the attacks or at the beginning
that the examination of the blood should be made.

In certain patients, and particularly in certain cachec.tics who
seem to have acquired very great tolerance for the parasites, the
latter are found not only during the whole duration of the
paroxysms, but also in the interval of the attacks, and certain
forms (crescent-shaped bodies) only disappear slowly even when
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duction of these facts into my statistics of Algeria might therefore
have affected the conclusions at which I had arrived.

What relations exist between the different parasitic elements
above deseribed ! I expressed as far back as 1862 the opinion
that these elements, in spite of the variety of their shapes, con-
stitute not parasites of different kinds, but successive states of
the same polymorphic parasite.

The hyaline corpuscles, not yet pigmented, which make small
clear spots on the red blood-corpuscles, represent probably the
embryonic stage of the parasite; little by little their bodies
increase, and their size is completed when they are equal to or
even a little larger than that of the blood-corpuscle ; at the same
time the number of the granules of pigment increases. These
elements, which possess ammboid movements, exist in a free state
in the serum of the blood, or adhere to the red blood-corpuscles,
at the expense of which they live, and which supply them with the
pigment. The flagella are developed within the spherical bodies,
and at a given time they become free,

The explanation of the crescent-shaped bodies remains still
rather obscure, but the relation of these elements to the spherical
bodies and to the flagella does not seem doubtful.

We shall see in the next chapter that several Italian observers
admit the existence of two or three species of hamatozoa of
paludism, one being characterised by the crescent-shaped bodies.

Examination of palustral blood ; technical details for the pre-
paration and staining of the parasitic elements—In studying the
parasites of paludism, it is necessary that the choice of patients
should be made under the most favorable circumstances. The
parasites are most often absent from the blood of those palustral
patients who have not had any attack for some time, or who have
just been undergoing quinine treatment ; a patient should there-
fore be chosen who is actually suffering from fever, or who is just
affected, and who has not taken any quinine recently.

The easiest and most practical method for the search of the
parasites of palustral blood, consists in the examination of the
fresh blood obtained by pricking the finger.

Councilman and Golgi, who have examined the blood of the
spleen in a certain number of patients, have noticed that the blood
obtained in this way contained parasitic elements in larger num-
ber than peripheral blood. Hypodermic puncture of thf.a a'p'ieau
made with antiseptic precautions is not dangerous, but it is too
delicate and painful an operation to bring into practice generally.
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The preparation of the recent blood is made by the ordinary
method ; it is important that it should be very thin. It may be
surrounded with paraffin, but this precaution may be dispensed
with. The blood which coagulates on the edges of the prepara-
tion in contact with the air is a sufficient seal ; it remains liquid
in the centre for a variable time, but at any rate for a few hours,
which is quite sufficient for ordinary examination. When 1t is
wished to make an examination of the blood with high powers, or
to stndy the movements of the parasitic elements, it is well to
ring with paraffin in order to stop the movements which the
drying of the blood gives to the blood-corpuscles.! '

At the beginning of my researches I took minute precautions
to prevent the introduction of all extraneous matters into the
preparation. In practice these precantions are not mecessary ;
the parasitic elements are too characteristic for one to compare
them with the dust in suspension in the i,

The finger of the patient which is to be pricked must be
clean, it must be washed very carefully in order to prevent the
entrance of dirt into the preparation, which might interfere
with the examination. The finger should be washed first with
water, then with alcohol, and care should be taken to dry it
ecompletely before pricking. If the skin is ever so little damp, the
blood spreads, mixes with the water, and the red blood-corpuscles
are disfigured ; on the contrary, when the skin is very dry the
blood which comes out of the wound makes the drop very defined
and very prominent; it is easy to collect, and the blood-cor-
puscles are not changed if the operation is quickly performed.
I usually examine pure blood without the addition of any re-
agent.

At first after making the preparation the search for the para-
sitic elements is sometimes difficult; the blood-corpuscles form
ronleanx, and often present their edges ; in these conditions most
of the parasitic elements, and particularly those which adhere to
the blood-corpuscles, are invisible. If the preparation is suffi-
ciently thin the blood-corpuscles will soon lie flat, which makes
the search for the heematozoa much easier.

The parasitic elements are often in small numbers in the peri-
pheral blood, therefore the observer who undertakes to find them
must be patient, and repeat the examination of the blood several
times before declaring the examination to be negative.

' Preparations may be sent to the R. C. P. Laboratories of either Edinburgh

or London, the directors of each having kindly engaged to examine the specimens.
~{[Trans. note.]



24, MARSH FEVER AND ITS ORGANISM.

A power of 400 diameters is sufficient for the investigation of
the haematozoa of paludism. I ordinarily use the oculars 1 or 2,
and the objectives 7 or 9 of Verrick ; I have also used the objec-
tives 10 and 13 with oil immersion by the same maker. The
examination of the fresh blood must be made in daylight ; artificial
light and the Abbé condenser make the parasitic elements too
transparent. The parasitic elements being usnally pigmented, the
black granules of pigment will give a useful point to start from.

By adding a drop of water to the blood the blood-corpuscles
are destroyed, without altering, at least for some time, certain
parasitic elements, specially the crescent-shaped bodies, which
may easily be discovered by this wmeans.

It is in the pure and fresh serum in the midst of the blood-
corpuscles that the parasites are best studied ; if the presence
of the blood-corpuscles is sometimes inconvenient it often makes
the observation easier, especially so far as flagella are concerned,
these being so transparent that it is difficult to see them in the
serum. The very varied movements which these elements give
to the blood-corpuscles serve to show their presence, and to make
their particular movements more apparent.

The very rapid movements of the granules of pigment in the
spherical bodies, and the amceboid movements of the latter, can
also only be studied in fresh blood; and in preparations of
fresh blood, by means of a prolonged observation of a spherical
body, some of the transformations it undergoes may be followed.

A hot stage (37° to 38° C.), useful for observing ameeboid move-
ments and flagella, is not necessary. All my observations in
Algeria were made at the temperature of the laboratory.

The rapid drying of the blood by heat is an excellent means
of preserving the blood and the parasitic elements which 1t
contains. The cover-glasses with the blood spread in thin layers
on their surface may be preserved a long time, sent away a
distance, and stained a long time after the blood was collected ;
thanks to this method, T can examine in Paris blood which I
obtained in Algeria. I am glad to have the opportunity of
thanking those of my colleagues who have kindly sent me flried
palustral blood, and specially M. Soulié, assistant professor in the
school at Algiers, and M. Geschwind.

Heat in this case seems to me preferable to the vapours of
osmic acid, which have also been recommended to fix the blood-
corpuscles in their shape. Osmic acid is much more difficalt to
use than heat ; a bottle containing a solution of osmic acid cannot
be carried about, and it would be dangerous to leave that re-
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agent in the patient’s room. Besides, osmic acid 18 not
satisfactory in these cases on account of its staining the fat
granules black, consequently they might be confused with the
granules of pigment in the parasites.

In making preparations of dry blood the following plan may
be followed with advantage :

1st. A few cover-glasses arve cleaned with great care, first in
water and if necessary in water mixed with hydrochloric acid,
then in aleohol.

2nd. The finger of the patient it is intended to examine is
rendered physiologically clean and dried completely, then pricked
with a needle passed through the flame.

jrd. A cover-glass is made to impinge on the drop of blood
which escapes from the pricking ; the drop of blood thus adheres
to the glass.

4th. A second glass is applied immediately to the first glass
go that the blood spreads in a thin and uniform layer between
these two glasses.

s5th. The two cover-glasses are then made to slide over one
another and separated, and the blood, which makes a very thin
layer on the surface of each glass, is rapidly dried.

6th. Each cover-glass is taken with the forceps and passed
three times through the flame of a spirit lamp, care being taken
not to turn the surface covered with blood downwards.

The cover-glasses thus prepared may be wrapped in paper and
examined subsequently ; the name of the patient and the date
when the blood was taken should be written on the paper.

The blood, dried as we have just deseribed, may be examined
withont any other preparation, without staining, and this method
gives excellent results for the crescent-shaped bodies. The
cover-glass is placed on a slide and suorrounded with paraffin ;
the preparation is mounted dry, as they say ; Canada balsam will
make the elements much too transparent.

In some preparations of blood preserved for six or seven years
by this process the crescent-shaped bodies are still quite visible :
in time the elements become a little disfigured ; they broaden out
and become granular.

The pigmented spherical bodies, either free or adherent to the
red blood-corpuscles, are also seen in preparations of dry blood
when ome is practised in these methods; but for the study of
these elements in dry blood there is some advantage in using

colouring reagents—namely, methyl blue or double staining with
eosine and methyl blue.
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38 MARSH FEVER AND ITS ORGANISM,

sciences médicales ’ in 1889 under the title of * The Development
of the Parasites of Paludism in Tertian Fever”’ and in a more recent
work published in the  Archives italiennes de biologie,” t. xiv,
fasc. 1, 2, Golgi showed the differences which, according to him,
exist between the parasites of tertian fever and those of quartan
fever. These differences could be summed up much as follows :
the parasite of tertian fever accomplishes its evolution in two
days, that of quartan fever in three days.

The amcboid bodies of tertian fever have much quicker move-
ments than those of quartan fever. -

The parasites of tertian fever cause the decoloration of the red
blood-corpuscles, which they attack easily and rapidly, whilst in
quartan fever the red blood-corpuscles invaded by the parasites
keep their characteristic coloration until their destruction is almost
completed.

In quartan fever the corpuscles of the affected blood have a
great tendency to lessen, whilst in tertian fever the affected
corpuscles have often a larger diameter than healthy ones.

In tertian fever the protoplasm of the parasites is very trans-
parent, the contours are very slightly differentiated; in quartan
fever the protoplasm appears less delicate, the contours of the
parasites being more apparent,

In quartan fever the pigment presents itself under the shape
of granules or bundles, larger than in the tertian ; the colour of
the pigment may also be alittle different.

Lastly, and that is what constitutes the principal difference,
the segmentation of the rose-shaped elements is not made in the
same way in the tertian as in the guartan. In the tertian the
number of ronnded corpuscles which come from the segmentation
of pigmented elements is larger than in the quartan. Fig. 6,
taken from Golgi, shows this difference well ; the number of seg-
ments would be about twice as large in the tertian as in the quartan.

In the quotidian fever, now the parasite of the tertian, now
that of the quartan is found ; which Golgi explains by admitting
that the quotidian does not represent a particular type, but only
a complicated form of the tertian or the quartan, double tertian
or triple quartan. This hypothesis can only be admitted with
difficulty by clinical observers, especially by those who have
practised in hot countries, where the quotidian is much the most
common of the intermittent fevers.

According to Golgi the crescent-shaped bodies are met with in
the fevers of an irregular type; for my part I have very often
met with them in regular intermittent fever.
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44 MARSH FEVER AND ITS ORGANISM,

blood-corpuseles ; the outline of these elements may be bronght
out by a concentrated solution of methyl blue.

2nd. The same elements containing (principally in pernicions
attacks) numerous granules of pigment ; the methyl blue stains
these bodies entirely.

3rd. The same corpuscles, free in the blood and pigmented,
showing sometimes the rose-shaped segmentation ; the corpuscles
resulting from the segmentation may enter the red blood-cor-
puscles and give rise to the forms No. 1.

4th. Crescent or oval forms, pigmented; Sacharoff also remarks
that this form is particularly frequent in palustral cachexia, and
that it resists quinine treatment more than the others.

5th. Hematozoa with flagella endowed with rapid movements.

In 1889 Sacharoff published a pamphlet in Russian with the
title ‘Paludism in the Transcaucasian Railway,’ which is interest-
ing principally on account of the micro-photographs appended
to the text. Several of these photographs give these crescent-
shaped bodies perfectly, and even the spherical bodies adherent
to red blood-corpuscles.

The treatise of Khenzinsky entitled ¢Contribution to the Study
of the Micro-organisms of Paludism’ (Odessa, 188g) deserves
mention here; a plate representing different aspects of the
hematozoa of paludism is added to this work.

Enrique Morado and Tomas Coronado found the hamatozoon
of paludism with its different forms at Havana, both the crescent-
shaped bodies and the spherical bodies and flagella (° Cronica
medico-gquirnrgica de la Habana,” October, 188g).

In a work published in 18go in the same journal Coronado
first describes the alterations which take place in normal blood
after its coming out of the vessels, alterations which he says are
very important to Havana on account of the high temperature of
the atmosphere ; and he shows coneclusively that these alterations
must not be confused with those which are produced by the
presence of heematozoa. He afterwards describes the hematozoa
of paludism.

In seventy-one patients suffering from palustral fever whom
he examined, the spherical bodies were met thirty-six times, the
crescent-shaped bodies twenty-nine times, the flagella eleven
times ; the last were always associated with spherical bodies.

Coronado shows mobile corpuscles free in the serum, which
would be embryonie forms of the heematozoa. The parasitic nature
of these corpuscles does not seem well proved. Mobile corpuscles
similar to those deseribed by Coronado are often seen in the
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blood of patients suffering from affections other than paludism,
and even in that of healthy people (see Chap. III).

Coronado concludes from his investigations that several kinds
of hsmatozoa do not exist causing the different clinical varieties
of paludism, but one simple polymorphic hematozoon.

The heematozoon of paludism has also been found in Mauritius
by Elie Anderson, and at Hong-Kong by J. M. Atkinson.

Pietro Canalis published several interesting works on the
hsematozoa of paludism, dating since 1889g.

In sixty-three patients suffering from palustral fever, who were
examined with great care and often at very short intervals in
the military hospital at Rome, the hematozoa of paludism were
discovered in every case, but were never seen in the blood of
patients suffering from affections other than paludism.

P. Canalis admits with Golgi that the parasites of paludism
present a different evolution in the tertian and quartan fevers;
he also tries to show that there exists a third variety, to which
he gives the name of half-moon-shaped bodies, which 1s the most
characteristic form of the evolution of these parasites. This
last variety is met with in lengthened attacks of quotidian
fevers or subintrants, being able in the continued forms to
rapidly produce cachexia in certain pernicious fevers and in the
irregular fevers.

According to Canalis, the cycle of development of this third
variety may be divided into four phases: the amwmboid bodies,
half-meoon or oval bodies, rounded bodies and flagella, and
segmented bodies. The semi-lunar bodies are developed in the
red blood-corpuscles at the expense of the ameboid bodies; they
transform themselves into oval bodies, then into spherical bodies
from which flagella emerge. The semi-lunar forms usunally only
appear in the blood after repeated attacks from the fifteenth to
the thirtieth day after a first attack. Canalis found these ele-
ments only once in the blood on the seventh day of the disease.

Among these phases of evolution there is only one characteristic
body—the crescent-shaped body. Canalis confesses that in the
first phase (amaeboid bodies) the third variety which he wishes
to be admitted is not to be distingnished from the other two ; the
flagella also are not peculiar to this variety ; lastly, the author,
who admits that the crescent-shaped bodies, after being trans-
formed into spherical bodies, may undergo segmentation or
sporulation, does not say how the segmentation differs from that
which is observed in tertian and quartan fevers.

It should be noticed that Canalis has not seen this segmenta-
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in the different organs of patients who have died from pernicious
attacks (“Accad. med. di Roma,” anno XVI, t. v, ser. 2) ; he has
come to the following conclusions :(—The parasites are always
found in much larger numbers in the small arteries and the
capillaries than in the vessels of average or large size. The
adult forms of the parasites and the bodies in process of segmen-
tation have a great tendency to accumulate in some capillary
network, especially in that of the brain, the lungs, the spleen,
the medulla of the bones, the liver, and the intestines; in some
cases of pernicious fever with bilious symptoms, the capillary
network of the intestines was richer in parasites than all other
organs. The crescent-shaped and oval bodies are more abun-
dant in the spleen and the medulla of the bones than anywhere
else.

The parasites accumulate where the circulation is sluggish, as
in the brain capillaries, and they cause, according to Bignani, the
endothelial lesions which increase the diffienlty of cirenlation still
more. In the veins, the parasites (amceboid forms) are often
adherent to the walls like leucocytes. The perniciousness, as
Bignani rightly observes, always coincides with a wvery great
abundance of parasites; but these parasites, although in very
large numbers in the viscera, may be scarce enough in the blood
taken from the finger.

The search for the parasites of paludism in cadavera is difficult
because these parasites are rapidly deformed and are confused with
melaniferous lencocytes ; this confusion has been made by all the
anthors who previously to me had studied the anatomic lesions
of paludism. Bignani made his post-mortems only a few hours
after death, which explains why he has been able to find the
parasites with their characteristic appearance.

Bignani recommends the following plan for the study of the
h@&matozoa in the tissues taken from the cadavera :

1st, As a means of fixing, absolute alcohol and solution of
sublimate of 1 per cent., to which he adds o'j5 per cent. of
chloride of sodium, and from o'50 to 1 per cent. of acetic acid ;
the preparations remain in this liquid from a quarter of an hour
to a few hours, according to their size.

2nd. For the staining of these sections : the agueous solution
of safranin, the solution of methyl blue with one per 10,000
of potash, vesnvin in aqueous solution, Bismarck brown and
Griibler’s red magenta. These last two colouring substances

are those which have given the best results. _ :
The German authors at first received the Bacillus malari@ of
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Klebs and Tommasi Crudeli with much favour, ignoring my
h@matozoon ; but the recent works b}r Paltauf, Kahler, Plehn,
Bamberger, and of Quincke corroborate mine.

Paltanf has found the hematozoon of palndism ten times out of
ten, and Kahler five times out of five (‘ Société de Médecine de
Vienne,” December zoth, 188g).

Bamberger has established the presence of these parasites in
all palustral patients whom he has examined, and he has never
found similar organisms in individuals suffering from diseases
other than paludism (‘ Société de Médecine de Vienne,” May 2nd,
18g0).

Plehn (‘ Société de Médecine de Berlin,” March 5th, 1890) has
observed the hsmatozoa of paludism in the blood of several
patients who had intermittent fever in Germany, and principally
in the blood of workmen who had contracted the fever in the
neighbourhood of Potsdam. Plehn, who has ascertained that
these hematozoa were never met with except in paludism, and
disappeared under quinine treatment, has no doubt that they are
the pathogenic cause of paludism.

Quincke (Kiel, 1890) has had the opportunity of examining
eight patients suffering from palustral fever ; six of these patients
had worked in digging the canal from the North Sea to the
Baltie, the other two cases came from the Lower Flbe and Kiel.
In one case only was the fever quotidian; in the other cases it
had a tertian type. In the eight patients the examination of the
blood showed the existence of the hematozoa of paludism.

Quincke had not observed the constant relations which, accord-
ing to Golgi, would exist between the nature of the parasitic
elements in the blood and the febrile type. He points out that
pseudo-vacuolated alterations of the red blood-corpuscles, which
have nothing in common with the parasites of paludism, are often
observed in the blood of palustral patients, and are also seen in
large numbers of diseases, and even in the blood of healthy
persons.

The works of Plehn and Quincke are interesting, although
they are founded on a small number of facts., It was useful to
ascertain that intermittent fever, which was contracted in the
neighbourhood of Potsdam or Kiel, was accompanied with the
presence of the same parasites in the blood as the fevers of
Algeria and the hot countries.

Pieiffer has also observed the hmmatozoa of paludism (* Les
Protozoaires pathogénes,” Jena, 1890).

As to the numerous works recapitulated above, all of them
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grd Type.—Oscillatory movement of the very small corpuscles
which remain suspended in the plasma.

4th Type.—Bodies out of focus in the preparation (psendo-
parasites). Most generally these latter elements present the
appearance of small knotty sticks, narrow and of a variable
length.

“ These pseudo-parasites possess a continuous oscillatory
movement round their vertical axis, and in addition an inflexion
movement following their facets. The result of this double
mwovement and of their irregularity of contour is that each of
them, considered individually, changes its shape constantly, a
peculiarity which alone would be sufficient to distingunish these
mobile bodies from the parasites with which they might be
confonnded.

“ Such a body, which has at a given instant the appearance
of a swall stick, suddenly assumes that of a small rounded mass
carrying a sort of flagellum. At other times the small stick,
resembling a bacterium, takes a curve and assumes the shape of
a V or of a small triangle. In other cases the element assumes
the shape of a diplococcus.

“ Whatever their form may be, all these small bodies move
about rapidly in the preparation’ (‘ Bulletin de la Soc. Méd.
des Hépitaux,” 18go, p. 119).

The different characteristics of the psendo-parasites of the
blood, and of the flagella of the palustral blood, are easy to
trace ; the flagella do not develop themselves on the sides of the
blood-corpuseles like the psendo-parasites of Hayem ; they do not
resemble those knotty prolongations of very unequal length
which have the appearance of bacteria or of diplococei. Lastly,
the very complicated movements of the flagella cannot be com-
pared to those of these débris of red corpuscles, which, possessing
the Brownian movement, are also carried about by the currents
which always occur in the plasma of fresh blood—ecurrents which
are due to the differences of temperature and to the evaporation
which takes place at the edges of the cover-slip.

The movements of the red corpuscles deseribed by Hayem, with
the exception of those of the first type, do not seem to be those
of living bodies. They persist for a few days in preparations
made aseptically, and may be excited at will by suddenly raising
the temperature of the blood, which evidently alters the vitality
of the blood-corpuscles (Browicz, ¢ Neuviéme congrés de médecine
interne,” Vienna, 1890).

A. Edington (“ Report on the Morphology and Development of
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Balbiani has divided the sporozoa into, 1st; gregarinm ; znd,
oviform psorospermiz or coccidia ; 3rd, tubuliform psorosperm i
or sarcosporides ; 4th, myxosporidee; 5th, microsporidse (‘ Legon
sur les sporozoaires,” Paris, 1884).

The polymorphism of coccidia, their parasitic state in the
living cells, the complicated phenomena which are present at their
development, occur in the life-history of the parasites of paludism.

It is indeed among the coccidia that the hmwematozoa of palu-
dism should be classfied according to Metschnikoff, whose antho-
rity in such matters is so important.

According to Kruse, the h@matozoon of paludism should be
considered as a h@mogregarina and not as a coccidia.

Besides the coccidia, Giard has mentioned among the sporozoa
having some affinity with the parasites of paludism, the micro-
sporon of the silkworm, and the Lithoeystis Schneideri, a con-
stant parasite of the interior of the sea-urchin. This latter
parasite has a plasmodial form and polysporous ecysts; crescent-
shaped bodies are formed in variable numbers in each spore, and
produce the amebae which are transformed into flagella.

Eimer discovered acoceidium in 1870 in the intestine of a mouse,
which was studied by Schneider afterwards, who proposed to call
it Bimeria faleiforme. According to Eimer, this parasite is seen
under several aspects: first, a cystic form enclosed in the epithe-
lial cells of the intestines; second, falciform corpuscles enclosed
in the epithelial cells or free in the intestines : these latter possess
a rather rapid movement, and the bend of the crescent becoming
emphasised, the sudden straightening of the crescent afterwards
takes place ; third, ameeboid bodies which, after having wandered
for several days on the surface of the intestines, appear to pene-
trate into the epithelial cellsand thus re-assumethe primitive phase.

A coceidinm is found in the intestines of the salamander, which
has great analogy with the Eimeria faleiforme of the mouse.
This coceidium is developed in the nucleus of the epithelial cells of
the intestines, under the appearance of a rounded granular body
which segments itself and gives rise to crescent-shaped bodies
arranged in bundles. These latter elements, when free, are
animated with movements identical with those of the Eimeria falei-
forme : the bend is exaggerated, then the crescent straightens
suddenly., In May, 1889, I noticed the presence of these parasites
in the intestines of several salamanders in the laboratory of
M. Metschnikoff at the Pasteur Institute. According to Metsch-
nikoff, these parasites assume the flagellated form at a certain
phase of their development. J. Steinhaus has given a good
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description of these coccidia under the name of Karyophagus
salamandre (* Arch. de Virchow,” 1889, t. cxv).

It is not much more surprising to see parasites developed in
or upon the corpuscles of the blood than in the epithelial cells of
the intestine, as is the case with the Fimeria falciforme. Never-
theless this comparison would have doubtless appeared a little
strange if parasites, which are still more akin to those of palu-
dism, had not been found in the blood of different animals.

As far back as 1843, Gruby pointed out the presence of an
organism with flagella in the blood of a frog, which was called
by him Trypanosoma sanguinis.

In 1880, Griffith Evans described a disease which rages in
India among horses, mules, and camels, and which is called surra.
This disease, which has the character of a remittent fever, is
caused by hmmatozoa which have been described under the
name of spirtlla (by Evans), then under the name of Spirochata
Fvansit by Steel. Steel and Evans have been successful in
transmitting this disease to dogs, horses, and mules.

Liewiz observed hamatozoa in the rats of India, which he thinks
are identical with those of the surra disease, while Crookshank
found these parasites twenty-five times out of one hundred in the
blood of the European rat. It 1s a polymorphice organism, which
is seen at times under a globular form, at others under the form
of an organism with flagella, and again under the form of
crescent-shaped bodies.

Gaule has described a hasmatozoon of the Rana esculenfa under
the name of cytozoon (°Arch. f. Physiol.,” 1880—81, and  Revue
d’hygieéne,” 1885, p. 686). This eytozoon is found in the red blood-
corpuscles in the shape of an elongated body with a nucleus
or in a free state in the plasma; it then possesses very rapid
movements. The body of the cytozoon is vermiform, and very
thin at the extremities, its length on the average being equal to
the half of the long axis of a red blood-corpuscle.  Cytozoa of
the largest size have been found in the blood of the triton.

These parasites of the blood of the frog have been described
by Ray Lankester, Wallerstein, and Grassi under the name of
Drepanidium ranarum, and by Kruse under that of Hemogregarina
of frogs.

At the same time as drepanidium, amwboid bodies enclosed in
red blood-corpuscles are often found in the blood of the frog, which
seem to be only one phase of the development of the drepanidium ;
these amweboid bodies sometimes contain certain kinds of bacilli,
which are multiplied there, and are not met in a free state in the
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by a straightening ; elevation of the temperature (30° to 387 C.)
augments the intensity of that movement, cold having the opposite
effect.

The free hm@mocytozoa have the appearance of little worms
endowed with movements similar to those above described ; some
small constrictions may also be distinguished.

Little protoplasmic elements, which have scarcely a quarter of
the volume of a leucocyte, may also be observed in the blood of
lizards; these probably represent the heematozoa in the first phase
of their development.

The frequency of the hmmatozoa varies very much according
to the habitat of the animals. Out of five lizards taken from a
garden at Kharkov, in August and September, there was one at
least whose blood contained these parasites, while in the lizards
taken at 15 kilometres from the town the hematozoa were much
scarcer.

The hematozoon of the lizard probably enters through the
digestive tracts, but nothing is proved on this point.

The blood of the marsh-tortoise frequently contains parasites
free or enclosed in red blood-corpuscles; these were observed for
the first time by Danilewsky in 1884.

Plate IV, fig. A, reproduces some of the appearances of the
hamatozoa of the tortoise according to Danilewsky’s observations.

The parasites enclosed in the red blood-corpuscles or cytozoa are
first seen under the appearance of a rounded colourless spot, some-
times oblong, which enables them to be distinguished easily from
the substance of the blood-corpuscles : the cytozoon is sitnated
at the side of the nuclens; it contains a few shining granules,
but no pigment (1—s, fig. A, P1. IV),

At a more advanced stage of its development the cytozoon is
seen inside the red blood-corpuscle under the shape of a trans-
parent, colourless, immobile little worm (6, 7, 8, fig. &, PL. IV),

This little worm grows, takes a greyish hue, and a nucleus
makes its appearance towards the middle of the worm ; one of
the extremities becomes curved so much that the parasite, which
is folded upon itself, may have a length twice the diameter of the
blood-corpusecle which contains it.

The structure of the little worm is extremely simple; it is a
cylindrical body rather thin at its extremities, representing a
single cell with one nucleus.

At its state of complete development the parasite becomes
mobile and escapes from the blood-corpuscle, which it drags along
for some time afterwards (9—12, fig. A, PL. IV).

D
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The elements g, 10, 11, are interesting from the point of view
of the interpretation of the very fine line which very often joins
the crescent at its two ends in the crescent-shaped bodies of
palustral blood ; this line represents the edge of the blood-cor-
puscle altered and become very transparent. On the blood-
corpuscle of the tortoise the presence of the nuclens is very
characteristic.

The little worm after becoming free moves with large helicoid
circular undulations ; later, transverse constrictions which change
their place during the movements of progression, and which may
be compared to contractions, are seen.

Danilewsky has found gregarine cytocysts in the medulla of the
bone of tortoises (15, 16, fig. A, P1. IV). Inside the red corpuscles,
which are pale and distended, oval bodies with a mammillated
surface may be seen ; these are muriform, and soon are segmented
more completely and give birth to embryos (fig. a, 17, 18,
Pl. IV).

According to Danilewsky, the adult parasite is encysted in a
red corpuscle, and an intra-cellular metamorphosisof the gregarina
is produced, similar to that of Monosporea (A. Schneider) in
cytoplasma ; the protoplasm is afterwards divided into mobile
embryos.

The cytocysts of the heematozoa of the tortoise are interesting
to compare with the segmented elements or rose-shaped elements
of the palustral blood.

The hamatozoa of the tortoise have a great analogy with those
of the lizard.

The hematozoa of birds are still more akin than the preced-
ing to those of paludism.

Danilewsky found hematozoa in the blood of several species of
birds, which he has described under the following names:—
Pseudovermicules, pseudovacuoles, polimitus sanguinis avium,
pseudospirilla, trypanosoma.

The first four of these forms appear to correspond to the dif-
ferent phases of a polymorphic parasite, which has a very great
analogy to the heematozoa of paludism.

The pseudovacuoles or cytozoa (1—4, Pl. IV, fig. B) are seen
under the appearance of clear spots of variable shape and dimen-
sions inside the red blood-corpuscles ; the smallest of these elements
are from 2 to 4 p in diameter, the largest reach tha? size of the
blood-corpuscles. Several cytozoa are often found in the same

blood-corpuscle. .
The hemocytozoon of birds contains black granules of pigment
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to France. He had to enter the hospital at St. Martin, where
his fever was arrested after several doses of sulphate of quinine.
A new relapse of fever brought him to the Val-de-Griice on
October 23vd.  Attacks of fever ou October 23rd and 24th, The
morning temperature of October 24th is 39'8° C. The pulse
beats 100 per minute.

October 24th.—Apyrexia in the morning; the patient is very
ansgemic ; the skin has the earthy tint of palustral cachexia ;
the mucous membrane is pale; the spleen is very much hyper-
trophied ; the splenic dulness is 12 em. by 14 em. Examination
of blood on the morning of 24th. Crescent-shaped bodies rather
numerous ; no ammboid bodies or flagella. On the evening of
October 24th the patient has a little fever.

25th.—General malaise; fever this morning; pain at the
occiput. HExamination of blood on the morning of October
25th. Crescent-shaped bodies; pigmented spherical bodies, im-
mobile or provided with flagella ; free flagella. I inoculated with
the blood of this patient some tubes containing cultivation broth
and gelatine. The blood was taken with all the necessary precau-
tions to avoid the introduction of foreign germs. The tubes
are placed in the stove at 37° C. On the 25th during the day
the patient took o'6o grm. of hydrochlorate of quinine.

26th.—The patient has another slight attack during the day ;
38 C. at 4 p.m. (hydrochlorate of quinine 60 centigrammes).

27th.—Apyrexia. I stop the hydrochlorate of quinine. Exa-
mination of blood on October 27th : crescent-shaped bodies ;
ameeboid bodies with or without flagella. The broth inoculated
with blood has remained limpid, and no growth had taken place
in the gelatine. The examination of these media of cultivation
was also negative on the following days. The attempts at culti-
vation on potato succeeded no better.

30th.—No new attack. Examination of blood ; crescent-shaped
bodies rather numerous ; ameeboid bodies with or without flagella.
The latter are very rare.

November 2nd.—The patient shows great malaise and nausea,
which makes one think that a relapse is imminent., Examination
of blood on November 2nd in the morning, in the presence of
Professor Bouchard : crescent-shaped bodies; amaboid bodies
with or without flagella. The flagella are more numerous than
at examination on October 3oth.

3rd.—Relapse of fever ; violent shivering at 2 p.m. At 3 p.m.
the axillary temperature is 39'8° C.

4th.—Apyrexia. Examination of blood on the morning of
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R. Fererrr et B. Grasst.—Sui parassiti della malaria (Nota pre-
liminare). Catania, 22 Dée.

E. Axroniser and A. Angernint.—Due altre casi di febbre malarica
sperimentale. Riforma medica, September.

T. Guarpr et H. Axroriser.—Una quartana sperimentale.  Riforma
medica, November.

— Inocunlazione delle forme semilunar di Laveran. Riforma
medica, November.

Parravr et Kanper.—Communie. & la Soe. império-royale des
Médecins de Vienne, 20 Décembre, 188g. Semaine médi-
cale, 18go, p. 8.

Hayem.—Du sang et de ses altérations anatomiques, Paris, 1880,
P- 347-

N. A. BacHAro¥r.—ILe Paludisme sur le chemin de fer de Trans-
Caucasie. Observations microscopiques, Tiflis, 1889,

Kremv.—Examen des éléments figurés du sang an point de vue
clinique. Collége des doctenrs de Vienne, December,
188g. Bull. méd., 1890, p. 40.

W. OsLer.—Valeur de 'organisme de Laveran dans le diagnostic
de la malaria. Johns Hopkins Hosp. Bull., No. 1, 188g—
go.

189o0.

Jaccovp.—De la fiévre intermittente, son traitement, sa nature.
Semaine médicale, p. 25.

VarniN.—Les hématozoaires du paludisme. Revue d’hygiéne,

A CELIli et B. MarcHiAFavA.—Intorno a recenti lavori sulla
natura della causa della malaria. Bullettino della R.
Accad. med. di Roma, 188g—go, Anno xv, fasc. 2.

F. Prea~x.—Beitrag zur Lehre der Malaria-infection.  Zeitsch.
fitr Hygiene, p. 78.

— Communic. & la Soc. de Méd. de Berlin, 5 Mars, et Berlin
klin. Wochensch., 31 Mars.

Harnopeau.—Traité élémentaire de pathologie générale, 3me édit.,
ire partie.

R. v. Jagscn.—Ueber Malariaplasmodien. Prager med. Wo-
chensch., 4.

P. Cawaris.—Contributo alla storia degli studi moderni sulla in-
fezione malarica. Spallanzani.

— Intorno a recenti lavori sui parassiti della malaria. Lettera
al Presidente della R. Accad. med. di Roma.
— HBtude sur Vinfection palustre. Fortschr. der Med., Nos. 8

et 9, pp. 285, 325.
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