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EDITOR'S PREFACE, xiii

varions questions discussed on other pathological problems.
They are most suggestive, and will doubtless supply the germs
for new thoughts and fresh investigations on diseases other than
malarial. Of many points on which my interest has been
aroused I will mention only one, that came upon me as a surprise
when I first knew it. A specimen of malarial blood being sent
for examination to the laboratory, a microscopist can not only
turnish full details as to the questions of malaria, but, should he
find an excess of white blood-corpuscles, can reply to the clinical
observer,—if your patient is not already in the act of dying, or
does not suffer from diarrhcea, and has no other condition with
which the leucocytosis is assoeiated, he has an acute inflammatory
affection beginning ; and if you examine the lungs you will pro-
bably find a eommencing pneumonia which you possibly have not
detected. T do not look forward to a time when we shall have to
depend on our mieroscopes for diagnosing our pneumonias for
us, but still regard the thought as a pregnant one.

Perhaps it may not be considered out of place for me to mention
here, that I have enjoyed the great privilege of being allowed to
renew my acquaintance with malaria in the wards of the Santo
Spirito Hospital, and in the laboratory which is under the direction
of Dr. Bastianelli ; also in the post-mortem theatre, to study the
appearances found after death by Professor Marchiafava and Dr.
Bignami. Under such favorable eircumstances, while following
cases in the wards of the summer-antumn fevers, I was able to
recognise with my own eyes what the Authors describe in the
book that has just been translated. I have been able to convince
myself of the general correctness of the descriptions, and feel
certain of the practical utility of their methods of studying the
subject. On this account I commend the views expressed in this
work with confidence for the acceptance of English readers, in
preference to those of other investigators. It will take some
time before the subject has been fully worked ount, and amid
conflicting statements, it is of some advantage to be able to
choose reliable guides.

The Aunthors do not fail to note that there are many lacuns in
our knowledge of the biology of the parasite of these dangerous
fevers. The contradictory opinions that have beem dwelt on
relative to certain of the questions, both in the original Italian
work, and in the various notes and appendices prepared for the
present translation, may serve as so many starting-points for
fresh investigations. These may help to fill up such lacuns, and
to advance our knowledge in this most important field of study.

















































CHAPTER I.

CLASSIFICATION OF THE MALARIAL FEVERS.

The fevers of the winter and spring, and the summer-autumn
Sfevers—The malignant infections form part of this latter group.

Tre knowledge recently acquired with respect to the biology
of the parasites of malaria harmonises perfectly with all that 1s
known through clinical and epidemiological research. Supported
by the facts demonstrated by epidemiology, clinical study and
parasitology divide the malarial fevers into two great groups.

The first group comprises the quartan and the tertian. These two
types of fever are usunally found together in districts affected by
mild malaria thronghout the whole of the malarial season. They
are only prevalent from the close of winter to the end of spring
in the regions where malaria is severe, but they may also be
found in the summer and autumn, along with the so-called
summer and autumn fevers, but much less frequently than these
latter ; they are frequently observed in persons coming from
parts of the district relatively less unhealthy. Clinically speaking,
they are alike in the great regularity of their development in
the majority of cases—a regularity which is much greater, how-
ever, in the quartan than in the tertian.

In fine, they have this in common, that, excepting the tendency
to recur, which is frequently very obstinate, as is the case with
the majority of malarial fevers, in most cases they do not tend
to become aggravated, and recovery sometimes follows spon-
taneously.

Complex fevers may ensue,—for example, double tertian, double
and triple quartan, subintrant (“intra ire”) fevers, and very rarely
true subcontinued ; but malignant fevers never.

This assertion rests on Marchiafava’s experience of nearly ten
years’ duration, since the parasite of malaria has become known ;
we may say that almost all the cases of malignant fever in the
hospital of 8. Spirito have been studied from the point of view




4 SUMMER AND AUTUMN MALARIAL FEVERS,

of the biology of the parasite, and not once have the forms of the
parasite which belong to the tertian or quartan group of fevers been
Sfound.!

These two types of fever are produced by two varieties of para-
site (the ameeba of the tertian and the amaeba of the guartan
fever), morphologically and biologically differing from each other ;
but their difference is much less than that which differentiates
them from the parasites of the following group.

The second group of fevers, which is the subject of the present
work, includes those fevers which constitute the summer and
antnmn endemic in the districts of severe malaria, fevers which
all those practising in these regions at once distinguish from the
common fever (tertian and quartan) which they place in contra-
distinetion to them. They are observed only exceptionally in the
regions of mild malaria. These fevers present a combination of
clinical characteristics by which they form a natural group which
cannot be split np. Two fundamental clinical types belong to this
group: a quotidian type (frue quotidian), which must be dis-
tingnished from the quotidian cansed by the doubling of the
tertian of the first group, and from the rare form of quotidians of
quartan origin (triple quartans) ; and a tertian type, the summer
and autnmn, or malignant tertian (we call it malignant that it may
not be forgotten that even forms relatively mild have a tendency
to become aggravated progressively, and not seldom till malignant
symptoms set in).

But the regular course of fevers of this gronp is often com-
plex and obscured to such an extent that it becomes difficult or
almost impossible to discern the fundamental type. Whether
the attacks are prolonged or become approximated, or whether
the subsequent attacks vary in length, or in the time of onset, or
in the gravity of the symptoms, &ec., it will be seen how all this
produces snch a complex of facts that the study of this group of
fevers is rendered arduous enough.

To the two types—summer-autumn quotidian and tertian—
belong the greater part of the subcontinued fevers, and all the
cases of malignant fever which have as yet been studied.

In the second place, these fevers ought to be comprised in a

! This agrees also with what Bignami observed in the twenty dissec-
tions of cases of Permiciosa, of which he has availed himself for the work
“8ull’ Anatomia Patologica delle Perniciose™ (* Atti dell’ Accad. Med. di
Roma,” 1890), as well as with all that has been noticed in the districts of mild
malaria; so also Golgi, who for many years has been engaged in the study
of malarial infection, admits that he has not seen one case of malignant
fever,




OLASSIFICATION OF THE MALARIAL FEVERS. o

single group becaunse they present a characteristic parasitic variety.
In correspondence with the two fundamental clinical types, we
distingnish the ameba of the quotidian and the amoeba of the
summer or malignant tertian. These two parasitic varieties (we
shall discuss later on the question whether this name is really a
suitable one for them) differ from each other chiefly in certain
biclogical characteristics, as well as in a different rapidity in
development, but they approach and resemble each other in
numerous other characteristics ; while morphologically and bio-
logically they are sharply separated from the parasitic vareties
which belong to the mild tertian and quartan fevers. From the
facts which we shall set forth on this point it results that from the
elinical, as well as from the parasitic point of view, the group of
summer and antumn fevers is sharply defined.

All this leads us to believe that the following division and
clasgification of malarial fevers answers to the body of facts
known to epidemiology, to clinical medicine, and to parasitology.

1. Mild malarial fevers prevailing in the winter and spring.
This group comprises—

(@) The guartan, the double guartan, and some quotidians of
quartan origin (triple gquartans), fevers due to the life cycle of
a parasite, which is completed in three days (Golgi).

(b) The tertian, the double tertian, some guotidians of tertian
origin, very rarely subcontinued, fevers due to the development of
a parasite which takes two days to mature (Golgi).

2. Severe malarial fevers of the summer and autumn, com-
prising—

(@) The quotidian, caused by the life cycle of an amcba
which is developed within twenty-four hours.

(b) The malignant tertian due to the life ecycle of an amcba
which is matured within forty-eight hours. (We call it malig-
nant that it may not be forgotten that even forms relatively mild
have a tendency to become aggravated progressively, and some-
times till malignant symptoms set in.) To this gronp belong the

malignant intermittent fevers, and the greater number of the
subcontinued."

' In connection with this division of fevers into winter-spring and summer-
antumn groups, we cannot but remember the classification of Sydenham
!.T- Sydenham, ‘Opera omnia medica,’ Patavii, 1500). He divides the
intermittent fevers into two classes, those of the winter and those of the
auntumn. “Tt is true that some fevers oceur at intermediate times; but
since these are less frequent, and may, moreover, be referred to the others
?bﬂfe mentioned (that is to say, to those which they most resemble), I shall
include all fevers in these two classes, the spring and theautumn. February













QUARTAN AXD TERTIAN. G

The life eycle of a quartan amwmeba is completed entirely in the
blood as it circulates, in such a way that all its phases are very
easily open to observation. On an examination of blood extracted
from the spleen Bastianelli and Bignami' found no notable differ-
ences in the distribution of the parasite forms when they com-
pared what they found with what was seen at the same time in
the blood of the finger (while the differences are very remark-
able, as we shall see, in the summer forms) ; they found in the
spleen a much larger number of lencocytes containing pigment,
or containing parasites and spores.

Every paroxysm of fever is concomitant with the inclusion of
a certain number of spores in the white blood-corpuscles (Golgi).
Bastianelli and Bignami have also established the fact that all the
adult forms do not arrive at sporulation, but that a part, after
becoming free in the plasma, die (although this happens to a
much less extent than what is observed in the tertian) ; this fact,
taken in conjunction with the foregoing, explains how it is that
the red blood-corpuscles, invaded by the young amebsa during the
paroxysm of fever, are never as numerous as we should expect to
see them, taking into consideration the pre-emisting adult forms,
and forms of segmentation.

§ 3. The tertian is caused by a parasite (Admwba febris tertiane,
Golgi) which completes its life cycle in two days® The
development of this amemba takes place in the following way :(—
Some hours after the paroxysm the plasmodia described by
Marchiafava and Celli are seen in the red blood-corpuscles ; they
are of small size (one quarter to one fifth of the red blood-corpuscle
in diameter) and endowed with ameboid movements, which are
more lively than in the similar forms of the quartan fever; the
pseudopodia are fine and very long, so that they extrude them-
selves almost to the circumference of the red blood-corpuscle ;
sometimes they are so fine that their connection with the body
of the parasite would escape detection were it not that as one
follows them they are seen to retract, while other psendopodia go
ploughing up the substance of the red blood-corpuscle in other
directions.

At a somewhat more advanced stage of development fine
granules of black pigment are noticed ; these have a tendency to

' Bastianelli e Bignami, “Sull’ infezione malarica primaverile,” ¢ Rif.
Med.,” 1890,

* Bee Plate La, figs. 1—14.

* See Plate I a, figs. 14—33.














































24 SUMMER AND AUTUMN MALARIAL FEVERS.

malarial fevers. However (and it is certainly for want of exact
thermometrical observations), he does not at all recognise the
intermittent course of these fevers in the majority of cases;
indeed, he ealls them remittent or simple continued fevers, convinced
that their essential character is that of continuity, Anyone who
goes by the account given by the patients themselves, and takes
their temperature only at long intervals during the twenty-four
hours, is very liable to fall into this mistake.

The following is Colin’s deseription of this group of fevers:

They begin, as determined by Mayer, about the 5th or 6th of
July, reach their maximum as regards their number of victims
towards the zoth of July, and then decline rapidly ; in September
there are only isolated cases, while the intermittent fevers become
extremely numerous.

As a rule the symptoms are very uniform. Our author dis-
tinguishes two forms—the gastric and the bilious,

The clinical characteristics of these fevers are—

1st. The inflammatory nature of their course.

2nd. The intensity of pains in the loins, epigastrium, and
head,—pains which, when taken together with the vomiting, the
laboured respiration, the flushed countenance, the injected con-
junctivee, form a sum-total of symptoms analogous to those of the
first period of yellow fever, aund to an attack of severe smallpox.

3rd. The frequent absence of initial shivering.

4th. The intensity of the paroxysms does not surpass the
limits of the evening exacerbations of the other fevers.

This remittent fever is almost always initial, the fevers which
are distinetly periodic follow on it.

This remittent fever of Colin is in all probability our primary
summer tertian ; it is just the difficulty which so often oceurs of
recognising the type of this fever that leads the anthor to assert
that the malarial fevers are not necessarily periodie. At the
beginning of summer—indeed, after the first days of July—almost
all the primary malarial infections belong to this sort of fever.

As regards the malignant fevers Colin criticises Maillot’s
classification, which divides the malignant fevers according as
their characteristic phenomena are related to one of the three
great splanchnic cavities; certain malignant fevers—as, for ex-
ample, the algid fever, the sweating fever, &ec.—it would, indeed,
be difficult to put under this head. The author retains Torti's
division of the malignant fevers into comitat® and solifarie,
and names these last the subcontinued or malignant remittent
fevers. He mentions, however, that the same Torti, in giving
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to these fevers the name of solifarie, did not mean to say that
they presented none of the accidents which mark the comitatfe,
but simply meant to point out that the solitariz fevers offered
no ‘“ cachet esclusif de perniciosité ;’’ that they had not, like the
comitate fevers, a more marked tendency to become * coagu-
lative ” or * colliguative,”” but that, on the contrary, they were
liable to take indifferently, and with an almost equal tendency,
the accidents peculiar to both the classes (° coagulatives et
colliquatives *’) of the comitatee fevers. He mentions also the
observation of Puccinotti that the solitariz fevers are attended
very frequently by the symptoms of the comifatz ; the name of
solitarizz is therefore less happy than that of continued, sub-
continued, and remittent—names which indicate the tendency
as to the duration without excluding the contingency of malig-
nant accidents, The malignant fevers which Colin observed are
the comatose (apoplectic, soporose, lethargic), the delirious, the
convulsive, the algid, the choleraic, the icteric (hs@morrhagic),
the diaphoretic, the cardialgie, the syncopal, the summer solitariz
or subcontinued, and the autumn solitariz or subcontinued.

The existence of the dysenteric malignant fever, which Torti
accepted, is denied by Colin, who maintains that it is a ques-
tion of two diseases. Moreover, in the so-called pnenmonie
malignant fevers, it is a question, according to Colin, of pneu-
monia real and proper, which takes an exceptionally severe course
in those suffering from malaria.

We will pass over Colin’s observations on the comitats
malignant fevers, and give our attention to the clinical picture
which he draws of the subecontinued fevers, of which he distin-
guishes two forms.

1. Summer subcontinued (ataxie, typhoid, typhoid remittent).
This fever is developed at the time of the greatest heat; it
may follow on attacks of intermittent fever, but it specially
falls on those who are suffering from simple remittent fever.
The length of the remittent fever is prolonged, the symptoms
become aggravated, and the patient falls into a typhoid condition.
In some of these cases the lesions are found at the auntopsy to
be those most characteristic of typhoid fever ; while in others the
post-mortem examination shows nothing but the changes of
the malignant fevers. There follow some examples in which,
from the antopsy, the typhoid infection is clear, while there
is no proof of the existence of malaria (e.g. see ‘Case xxiii,
P- 274). In those eases in which lesions similar to those of
typhoid are found in the intestines, the author denies that it
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(@) Typhoid remittent fever.—In the majority of cases the
typhoid symptoms become pronounced from the third to the sixth
day. Stupor, delirium, cardiac weakness, meteorism of the abdo-
men, dry mucous membranes, and signs of pulmonary hypostasis.
When death is imminent, the stupor passes into coma, the
adynamic condition is intensified, &c., or else there suddenly
supervenes (so our authors say) a malignant paroxysm, algid, con-
vulsive, &c. (A temperature chart which they give resembles
that of our malignant tertian, p. 471.)

(b) Adynamic remittent fever.—This is the most serions of the
“ solitariee 7’ fevers. It corresponds to Colin’s autumnal subeon-
tinued fever (pp. 472—6). Instead of having a comatose
malignant paroxysm, its development is gradual; “it lasts a
long time, the suspension of the cerebral functions is incomplete,
and there is the co-existence of other symptoms, snch as pro-
found ansgemia, jaundice, collapsed temperatures, cardiac weak-
ness, &e.”’

The anmmia is always pronounced, and there is frequently
heemoglobinura (as also in the typhoid remittent fever), bilious-
ness, jaundice, &c.

The temperature of the axilla is usually not very high, and, as
a rule, it varies between gg'6° and ror'2° F. In the intermissions,
which may become prolonged, it has a tendency to drop below
the normal height, and varies between g6° and ¢86° F. The
tendency to depressed temperatures is characteristic of this species
of fever.

The typohid condition and the adynamic condition correspond
to the two degrees of gravity which the infection shows.

The typhoid condition, according to our authors, should not be
regarded as due to a specific property of the marsh poison. Itis
found in the same way in other acute infections. Perhaps it is
caunsed by the retention in the system of the poisonous products
formed by the retrograde metamorphosis of the tissues (as Robin
tried to establish for typhoid fever) ; perhaps by a secondary
infection through intestinal products (see Bouchard, p. 483).

In the adynamic state two factors must be taken into conside-
ration : first, the depressing action of the marsh poison on the
nervous centres : second, the ansmia, which acts in the same way,
and, moreover, produnces collapse temperatures and impending syn-
cope.

Complicated fevers, * comitatae  (pp. 485—514).—The cerebral
complicated are the most frequent ; in point of frequency they
come immediately after the dangerous ““simple malignant > fevers,
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QRUOTIDIAN FEVER. 43

in direct relation to the onset of the febrile paroxysms ; these do
not disappear, or only do so slowly under the action of quinine,
and they continue in the intermission. They belong to the group of
Laveran’s crescent-shaped bodies (spindle-shaped, ovoid, true
crescent-shaped, and round flagellated forms), which we shall
discuss later on, after having explained the life cycle of the amceba
which is found in the summer-autumn tertian.'

§ 20. The pyrogenic cycle of the ameeba is in the typical quotidian
completed regularly, as we have described. We wish to draw
attention to the fact that there iz usually no point in the clinical
course of this fever which gives a negative result on examination
(as may be the case in the summer tertian). At the beginning of
the paroxysm it is the adult forms that are found, as we have said
(plasmodia with pigment in fine granules at the circumference
or at the centre, and similar forms in the so-called brassy red blood-
corpuscles) ; but before these forms have entirely disappeared,
there already appears in the blood—at the commencement of the
attack—the new generation (amceboid plasmodia without pigment),
while in the summer tertian the young forms usunally show them-
selves, as we shall see, only when the attack is in an advanced state.

When the course of the fever deviates from the typical form,
it becomes then more difficult to follow the parasites in their
development.

Thus if the quotidian tends to become irregular through
anticipating or postponing paroxysms, the examination of the blood
yields more complex results. At every moment of the fever’s
course one finds parasites in different degrees of development :
those forms, however, which are found in the particular moment of
development which corresponds to the phase of the paroxysm
are by far the most numerous; that is to say, some hours before
and at the beginning of the attack the plasmodia with granular
pigment, in red corpuscles either normal or brassy (*‘ottonati’’),
prevail, and when the attack has advanced the young plasmodia
without pigment, . . . &ec., are in the majority. A group
of parasites in comparatively small numbers, which are a little
behind or a little in advance in their evolution, determines the
irregularity of the curve.

When the paroxysms are so far prolonged that no intermediate
apyrexia is left, the succession of the forms is found to be the

' We shall speak also in the sequel of the action of quinine on this
variety of ammba, and we shall set forth minutely the characteristics by

‘w.']]il:ll the differential diagnosis between this and the other parasitic varie-
ties may be made,
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ping and in the first hours of the paroxysm, and that the new
generation appears only when the paroxysm has become advanced,
it follows that the relatively larger number of parasitic forms
oceurs during the intermission. In the mildest fevers of all,
which are often irregular throngh the presence of abortive or
incomplete attacks, which lend themselves with difficalty to be
studied, it may be impossible to find plasmodia in the blood even
for twenty-four hours and more; while, if the plasmodia be
wanting, there may be found in ecirculation a very few pigmented
white blood-corpuscles.

§ 25. As in the quotidians, so in the summer tertian, one of
the life phases of the amoeba is represented by Laveran’s so-called
erescent-shaped bodies. The question of the connection of
these forms with the life cycle of the ameba and with the
clinical evolution of the fever has been recently investigated by
Bignami and Bastianelli ; our own latest researches have furnished
ns with no new elements likely to help towards the solution of
the difficulty, which eoncerns the biology and the meaning of these
forms, and which has been so much discussed.'

Bignami and Bastianelli, in their investigations of the fevers
belonging to this group (the quotidians and the tertians taken
together), have established the following facts :

1. “On the seventh or eighth day of the disease there are
found in the blood extracted from the spleen, and exceptionally
also in the blood of the finger (i. e. in cases where the parasites are
extremely nuomerous), endoglobular pigmented corpuscles, ovoid
or spindle-shaped, the evolution of which may be traced up to the
adult crescent-shaped form. During the first paroxysms the blood
of the spleen, especially if it be taken near the beginning of the
paroxysm, usually shows the presence of round corpuscles within
the red blood-corpuscles, with central pigment, in some of which the
formation of spores may be seen to be proceeding ; but after a vari-
able number of paroxysms, a certain number of corpuscles with
central pigment, instead of advancing to sporulation, take the ovoid
or spindle-shaped form, and develop into the falciform body.”

“ The presence of these corpuscles, as soon as they can be differ-

! For the various opinivns expressed on this subject see Bignami and
Bastianelli, * Ogservazioni sulle Febbri Malariche Estivo-Autunnali,”** Riforma
Med.,’ 18go. On the morphology of the crescent-shaped forms see Antolisei,
“ Intorno alla Classificazione dei Parassiti dellaMalaria,” * Rif Medica,’ Aprile,
1890, and Celli e Guarnieri, “ Sulla Etiologia della Infezione Malarica,” * Avch.
per le Scienze Mediche,” 1889. Here we devote our attention solely to the
connection between this phase in the ameba’s life and the clinical evolution
of the fever.
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19th.—Intermission ; condition good. 8.30 a.m., blood : a few
plasmodia without pigment. A very small number of developed
crescent-shaped forms. Several pigmented white blood-corpuscles.
10 a.m., sulphate of quinine 24 grains by the mouth. 5.30 p.m.,
examination of the blood gives a negative result. The intermis-
sion lasted the whole day ; the patient felt well. During the fol-
lowing days a few crescent-shaped forms continue to be seen in
the blood. The patient recovers strength, and leaves the hospital
on July 27th. This is a typical instance of summer tertian.

It is worth noticing that the presence of a very small number
of spring tertian forms, so few are they that it is impossible to
follow their development, does not in the least modify the charac-
teristic chart of the summer tertian.

Case 8.)—Merbetti G—, 23 years old, comes from outside
Porta Salara. He has had fever since September s5th ; after
five days of illness he was cured by freatment with quinine.
The recurrence of fever began after about twelve days of apyrexia,
so that he has now suffered from paroxysms for three days. In
the recurrence the paroxysms have been milder than they were in
the original infection.

He entered the hospital on September 26th in a serionsly ansmic
condition. 10.30 a.m., blood : a few plasmodia with granules of
pigment at the cirecumference. The patient has a sensation of
cold about 11 a.m.; at 4 p.m. this cold feeling still continues.
4 p.m., blood : there are still plasmodia with small granules of
pigment, and some are in brassy red blood-corpuscles. There is a
moderate number of young plasmodia, annular in shape and
mobile. Temp., 12 noon, 100°4°. 4 p.m., 105'6°. 8 p.m., 103°1°.
12 p.m., 1o1°1° F.

September 26th.—The patient is almost completely free from
fever, feels well, and has no headache. 8.30 a.m., blood : several
plasmodia, discoid and annular in shape and in motion, of medium
size, with very fine granules of pigment. 11 a.m., blood: the
same ; several of the pigmented plasmodia are found in brassy
red blood-corpuseles. 2.30 p.m., the temperature begins to rise.
Blood : the number of parasites has much decreased ; the same
pigmented forms are found in red blood-corpuscles, both normal
and brassy. In these latter some forms are also mobile. 4.30 p.m.,
high fever. Blood: there are still a few forms with small pig-
mented granules in red blood-corpuscles, both normal and brassy.
A very scanty number of bodies with a small mass of pigment at
the centre. Young forms are found, annular and discoid in shape,

! See Chart II, tracing 14.
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of it. The corresponding forms in the quotidian are considerably
smaller.

Differences in the amoeboid movements.—In the tertian these
movements are maintained longer, even in the pigmented adult
forms ; moreover the motion is more lively, and the amemba is
wont to assume different strange shapes, through the rapid pro-
jection and retraction of the psendopodia ; whereas the movements
of the little quotidian amaba during the pigmented phase are less
active and lasting.

Differences in the duration of the various life-phases in connection
with the fever cycle.—The duration of the non-pigmented ameboid
phase in the tertian is very long, and may exceed twenty-four
hours.  Further, the forms of the young generation in the
summer tertian usunally appear in the blood several hours after
the beginning of the paroxysm,—that is to say, much later than in
the quotidian.

The points of resemblance between these two parasitic varieties
are so many that it becomes very difficult to make a differential
diagnosis ; and this is only possible with the adult forms, espe-
cially during the period of intermission, when the new paroxysm
of fever is being prepared. As we have already pointed out,
the ammba of the summer tertian affects the red blood-corpuscle
in the same way as the amweba of the guotidian does,—that is to
say, they both alike cause it to shrink, shrivel up, and waste away,
while the colour of the hemoglobin becomes deeper than the
normal. Further, the forms of the crescent-shaped phase are
found in both varieties.

§29. The points of difference between the ammba of the
common or spring tertian, and the ameba of the summer-antumn
tertian, are much more prominent than those which distinguish
the ameeba of this last-mentioned clinical form from that of the
quotidian.

The differences are comprised under the following heads :

(1) The size of the parasitic forms.—The amoba of the summer
tertian, in corresponding stages of development, is always smaller
than the ameeba of the common tertian.

(2) The appearance of the parasitic forms.—The summer amceba
often takes the annular shape, which is not the case with the
other, and has, moreover, a more clearly defined outline, so that
it shows more distinctly than the other on the background of the
red blood-corpuscle.

(3) The characteristics of the pigment.—In the spring tertian the
pigment is abundant, and almost always in motion ; but in the
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summer tertian it is in very fine granules, and relatively speaking
scanty in quantity, and arranged for the most part at the ex-
treme edge of the amceba ; it is, moreover, seldom mobile.

(4) The changes produced in the invaded red blood-corpuscle.—
In the spring tertian the corpuscle swells and grows pale rapidly,
while in the other tertian, as we have stated more than once, it
tends to shrink and shrivel up, while the hemoglobin becomes
more deeply coloured than in its normal state.

(5) The forms of segmentation.—The process of fission
is similar in the two tertians; but the spores of the summer
tertian are smaller, and, generally, less numerous than those
of the common tertian,

(6) In the common tertian there are very often seen, especially
near the beginning of the paroxysm, flagellated forms deve-
loping from the large round pigmented bodies of which we have
spoken (see p. 10), but crescent-shaped bodies are never found.

On the contrary, the bodies which belong to the group of the
crescent-shaped forms (spindle-shaped bodies, round bodies with
pigment shaped like a ecrown, erescent-shaped forms properly so
called) represent a phase in the life of the ammba of the summer
tertian, in which the flagellated forms develop from the round
bodies of this group.

Another series of differences between the group of the summer-
autnmn fevers and the mild winter-spring fevers (quartan and
tertian) arises from the varied distribution of the parasitic forms
in the blood as it circulates during the different periods of the
life-cycle. The amcwebea of the quartan complete their whole life-
cycle in the blood as it eirculates, without acenmulating by pre-
ference in the vascular system of some of the viscera.

In the spring tertian, throughout the entire phase of life in which
the parasite is endoglobular, there are no noteworthy differences
to be observed—as far as the amwmeba are concerned—between
the blood of the finger and that of the spleen; on the other
hand, at the beginning of the paroxysms of fever, the adult
forms, which have radically altered the red blood-corpuscle, the
free pigmented bodies, and the forms of fission tend to accumulate
i the spleen, as Bastianelli and Bignami have noticed.!

This accumulation is, however, not so great as not to allow one
easily to trace the complete life-cycle of the amaeba, even if only
the blood taken from the finger be studied.

Lastly, this tendency of the adult and fissional forms to accu-
mulate in the vascular system of some of the viscera is one of the

' *Sulle febbri malariche primaverile,” ‘ Rif. Med. Giugno,’ 18g0.
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Case 11.'—Fontana G—, 19 years old, able-bodied, has recurring
malarial infection. He came into the hospital on the third day
of the recurring fever; he states that he has fever every day
without shivering. He was at work at Assalone. He is very
pale and the spleen is becoming enlarged.

September 18th.—Temp., 5 p.m., 102'4°. 8 p.m., 101'5"
12 p.m., 09'g" F. 4p.m., blood: some quartan plasmodia as large
as two thirds of the red blood-corpuscle ; also others from one
third to one half of the red blood-corpuscle. In addition there
are summer annular plasmodia without pigment.

1gth.—Temp., 4 a.m., 100°4°.  7.30 &.m., 99°'6°. 10a.m., 983"
12z noon, 9g9'2°. 2.30 p.m.,98'3°. 4p.m, 103'7°. 8 pm., 1027,
12 pm., 102'2° F.  9.30 a.m., blood : several summer plasmodia,
discoid and annular in shape, with granules of pigment; some in
brassy blood-corpuscles (forms of summer tertian). There are a
few quartan forms almost as large as a red blood-corpuscle—a few
also in the act of forming spores; in addition some pigmented white
blood-corpuscles. 2.30 p.m., sensation of chill. Blood : a few
adunlt quartan forms, and one guartan producing spores; also a
few summer plasmodia with granules of pigment, and a very few
pigmented white blood-corpuscles.

20th.—Temp., 4 a.m., 100°4". 8 a.m.,99'7°. 12 noon, 101°I
4 pm., 103'3°. 8 p.m.,, 99'4°. 12 pm., 97'7°F. ¢ am.,a very
few quartan forms, in size from a fourth to a half of the red blood-
corpuscle ; also a very small number of summer plasmodia with-
out pigment. 3.30 p.m., the patient feels ill and is agitated.
Blood : condition as above.

21st.—Temp., 4 am., g7°. 7 am., 97'5°. 12 mnoon, g7°
4 pm. 100'8°. 8 p.m., 105'3°. 12 p.m, 103'5° F. g¢.30 a.m.,
blood : several summer plasmodia, discoid in shape and of
medium size, with granunles of pigment ; also pigmented white
blood-corpuscles. 2.30 p.m., blood : condition as above, plus a
free pigmented sphere of quartan origin,

22nd.—Temp., 4 a.m., 101°. 7 a.m,, 100'6. 12 moon, gg'7°.
4 pm. 104'4°. 8 p.m., g8'6°. 12 p.m., 1022°F. 10.30 a.mm.,
blood : a very few mature quartan forms ; also pigmented white
blood-corpuscles. No summer plasmodia are seen. 3.30 p.m., the
patient appears distressed, and complains of headache. Blood :
several ammboid forms without pigment, annular and discoid in
shape. One quartan form in the act of spore production. Sulphate
of quinine, 32 grains, administered by the mouth.

23rd.—Without fever in the morning. 10 a.m., blood : some

! Bee Chart IIT, tracing 1g.
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tion, while in others they are shown by clearly marked histo-
logical alterations in the nerve cells. Marchiafava' has lately
illustrated an instance of this sort which occurred in a bulbar
malignant infection.

§ 38. It follows from the foregoing that it is impossible to form
an exact conception of the invasion of the parasites in the blood of
patients suffering from malignant infections without studying the
different organs in fatal cases. We shall here briefly set forth
the knowledge we possess on this subject, as it provides us with
materials by which we may explain the pathogenesis of some of
the malignant symptoms.

After the recent acquisitions in the etiology of malaria, Guar-
nieri® and Bignami® turned their attention to these histological
researches, and the latter, after studying the different organs in
twenty cases of malignant infection, obtained the following results.*
We pass over the macroscopic changes in the varions organs (the
brain, the spleen, the liver, the bone marrow, the kidneys, the
intestines, &e.) ; these arve now sufficiently well known, and we
shall consider solely the alterations which examination by the
microscope reveals. In the comatose malignant fevers the capil-
laries of the brain, and especially the grey matter, are found to be
injected with an immense quantity of red blood-corpuscles loaded
with plasmodia. As a rule one may say that the wvessels of
larger diameter contain a smaller number of parasites. The
ameebze are found for the most part in the different phases of
their life cycle, but generally one special phase is predominant.
The pigmented adult forms and those in the act of forming spores
are seen by preference within the capillaries, while the young
forms without pigment preponderate in the small veins and
arteries. In rare cases it happens that the parasites are not
visible in very large quantities, but the traces of a preceding
parasitic invasion are nevertheless manifest in the masses of free
pigment, in the endothelia which are swollen and loaded with
pigment, and in the lencocytes which are full of red blood-cor-
puscles and pigmented.

In the spleen appearances are usnally observed which prove
the phagocytosis of the pigment, of the parasites, and of the
necrotic red corpuscles. The pulp is invaded by a number of

' See ‘ Atti del Congresso di Medicina interna,’ Ottobre, 18g0.

* Guarnieri, * Atti della R. Accademia Medica di Roma,” 1887.

* Bignami, ibid., 18go.

* These have now been confirmed by the researches made in the malarial
season of 18g1.
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the instrument by which is effected the elimination of the colouring
matter of the ameebiferous red blood-corpuscles which are pre-
maturely dead; hence the bilious condition which is so frequent
in the malignant fevers, and the jaundice which accompanies
certain severe forms of malarial infection.

In the lungs the capillary net of the alveoli is found full of
phagocytes pigmented and loaded with red blood-corpuseles,
which often show signs of degeneration. These phagocytes are
observed in the veins, in great masses, clinging to the walls of
the blood-vessels, of which, in the transverse sections, they appear
to occupy almost a third. As regards the forms of the para-
sites, one may say that, as a rule, those forms prevail which in
individual cases are found in large numbers in the brain. Pig-
mented endotheliain the capillaries and in the small veins are only
rarely to be seen, and still more rarely pigmented leucocytes
inside the alveoli. If cases of pneumonia or of broncho-pneu-
monia come under observation in infections of long duration it is
a remarkable fact that there is noexcretion of pigmented lencocytes
in the interior of the alveoli, the exudation being composed of the
ordinary polynucleated leucocytes.

In the kidneys the number of endoglobular parasites, as well
as those within the white cells, is generally small in comparison
with that in the other organs. They are seldom met with in the
small vessels of the glomerulus, while they are easily detected in
all stages in the intertubular capillaries; in the large veins
they are very rare. On the other hand the glomeruli are
usnally pigmented, and the pigment i1s found collected, some-
times in large white cells which obstruct the lumen in the loops
of the glomernli, sometimes in the endothelium of the glome-
rulus. As regards the extra-vascular changes, in addition to the
pigmentation of the endothelium which we have mentioned, there
is the desquamation and degeneration of the endothelium of Bow-
man’s capsule, and the necroses of the epithelium, especially of the
convoluted tubules. These alterations are probably of toxic origin.

In the infestines the parasites are found in the same condition,
and there is the same quantitative relation between the parasitic
contents of the ecapillaries and those of the larger vessels as in
the other organs. In one case of choleraic malignant infection
the mucous membrane of the stomach and of the small intestine
was found to be intensely hypersmic, with punctiform hmmor-
rhages and swelling of the lymphatic follicles. Examination by
the microscope revealed an enormons aceumulation of parasites in
the vessels of the mucous membrane, on the superficial part of
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well as in one ease which came under the notice of Rossoni, the
existence of summer-antumn parasitic forms in the blood has been
verified.  Furthermore, Bastianelli and Bignami have found
numerous parasitic forms in an apparently free condition, being
perhaps enclosed in decolorized red blood-corpuscles; they have
also detected a considerable macrocytosis, and in the macrocytes
and in many red blood-corpuscles of normal size, of which they
had made a preparation coloured with methylene blue, they have
seen spots of blue colouring, which, according to Ehrlich, would
represent degenerative changes in the discoplasma.

As regards the pathogenesis of the heemoglobinuriz in malaria,
everything points to the conclusion that, throngh a predisposition
in the individual varying in degree, a premature necrosis of the red
blood-corpuscles takes place together with loss of the heemoglobin,
after the invasion of the parasites, and that this is the case even
in those red blood-corpuscles which have not been invaded by the
ameebme, perhaps through the agenecy of poisonous substances
(Bignami, Bastianelli). So that in these cases of malarial heemo-
globinuria the destruction of the red blood-corpuscle is accom-
plished in three different ways, that is to say, either (1) by the
conversion of the hemoglobin into melanin ; or (2) by the pre-
mature necrosis of the red blood-corpuscle (brassy red blood-
corpuscles), or (3) by the separation of the heemoglobin from the
discoplasma. Of these, the second occurs extensively in all the
severe summer-autumn fevers, perhaps also the third in a more
limited degree. If the heemoglobinuria is not uniformly observed,
the reason is that the hsemoglobin is dissclved in the blood when
it does not exceed a certain quantity (Ponfick), and it is not elimi-
nated by the urine, but is the cause of the bilious condition which
is seen in all dangerous fevers, and of the jaundice with which
many of them are accompanied.

In one of the latest communications to the Societd Lancisiana
(“ Riforma Medica,” June gth, 1892), Bignami and Bastianelli
mention two cases of hemoglobinuria, in one of which the condi-
tion of the blood and of the organs was negative as regards the
parasites, but there were not wanting signs of a very recent
paroxysm of malaria; in the other only those parasitic forms
(crescents) which do not produce fever could be determined with
certainty, and their presence served as evidence of precedent
paroxysms of fever. Hammoglobinuria of this sort they place in
the series of post-malarial phenomena.

With reference to these last facts, we would remark that under
the name of post-malarial phenomena we refer to those morbid
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preparation. The patient, on being shaken and called with a loud
voice, rouses himself, and gives very faint answers to questions,
He lies in a state of complete helplessness, with the muscles more
relaxed on the right side of his body than on the left ; he cannot
put out his tongue, and there is a quivering of the eyelids. From
time to time, however, he wakes up spontaneously, and asks for
ice or other things ; occasionally, also, he raises himself so as to sit
up in bed of his own accord. An abundant quantity of urine
passed during the last twenty-four hours (above 64 oz.); it is
highly coloured.

gth.—Morning : the patient has a little headache, but otherwise
feels well. He states that he has had on other occasions attacks
like the preceding, attended with epileptic symptoms; he re-
members having felt the preliminary sensations of a convulsive
attack doring the night before. 8.30 p.m., natural tempera-
ture. Blood : examination gives a negative result. Nothing
noteworthy on the following days.

We have here the case of an epileptic person, as is shown
from the recollection of the patient. He had an attack during
the malarial fever, an attack of which the nurses—it being
in the night—were not aware. When seen on the following
morning in a condition of post-epileptie lethargy, he appeared, at
first sight, to be suffering from the effects of a severe malarial
infection. The examination of the blood, however, did not
support this view of the case, and accordingly indicated the way
to reach the real diagnostic interpretation.

! 2.
A Prolonged Paroxysm of Fever,

Case 14.'—Giuseppe T—, able-bodied, coming from Bracciano,
has had fever since midday on Aungnst 1oth ; the shivering per-
sisted for a long time, and, according to the patient, the fever has
lasted continuously up to the present. The spleen is a little
enlarged, but does not project beyond the ribs.

He entered the hospital on August 11th, 4 p.m. Sweating begins.
Temperature 100°4°. Blood : there are many plasmodia without
pigment, large in size, discoid and annular in shape, and in
motion. The sweating continues during the night. 4 p.m., tem-
perature 100°4°. 8 p.m., 100°4°. 12 p.m., 101°

August 12th.—Temperature: 4 a.m., 101°2°. 8§ a.m., 99'¢°.
10 a.m., 99°'4°. 12 noon, 99'7°. 4 p.m., 100°'8° 8 p.m., 101°8%

! See Chart II, tracing 10.
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to be persisting, as well as the abnormal position of the tongue ;
the sensorinm is a little dull; the bladder is full (it is found
necessary to use the catheter regularly); the temperature is
subfebrile. In the blood, at 10 a.m., there is a very small
number of plasmodia, with granules of pigment, and white blood-
corpuscles with masses of pigment. The urine contains traces
of albumen.

On the 31st the paresis of the facial and of the hypo-
glossal nerve persists, as well as the dysarthria; the voice is
nasal, owing to paresis of the velum pendulum. The patient
walks with a staggering gait ; in the night he has passed urine
spontaneously. Nothing abnormal but pigmented white blood-
corpuscles are found in the blood ; there is now complete inter-
mission.

September 1st.—The fever returns in the morning. Temp.
101'5°. Bimuriate of quinine, 16 grains, given by hypodermic
injection. In the blood there are only a few pigmented leucocytes.

On September 2nd the bulbar symptoms become aggravated
again, after another paroxysm of fever which supervened in the
night. The patient passes urine unconseciously ; the expression of
the face is stupid, and he talks foolishly. There 1s nothing abnormal
but afew pigmented phagocytes in the blood. After other injections
of quinine a rapid improvement takes place, which becomes more
pronounced on the following days, the patient continuing to take
quinine, arsenic, and iron. Up to the fifth day pigmented lenco-
cytes are still seen in the blood, but thenceforward none. The
different nervous symptoms disappear successively, but the dysar-
thria persists, being limited to an imperfectly articulated pro-
nunciation. On September 2oth the patient is lost sight of.

This is one case among others observed by us where during
the parasitic invasion cerebral symptoms (e. g. lethargy, dulness,
&c.) are developed, as well as bulbar ones, such as dysarthria,
paresis of certain bulbar nerves, &ec., and it is noticeable that
these latter have the greater persistence; they disappear slowly
and by degrees, many days after the actual infection has ceased.

T
Malignant Infection in an Old Man.

Case 19 (the Lancisi Division, No. 52).—The patient is an old
man of 70 years, a watchman on the Tivoli Railway. He states
that he has had intermittent fever for a long time, and insists on
the fact that after the attacks he became drowsy and fell into a

g
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deep sleep. He enters the hospital on September 15t in a serious
condition ; he replies with great difficulty to questions, and has
only an imperfect recollection of the course of the disease; he
continually and urgently asks for food.

On his being examined the signs are found of a serious arterial
sclerosis ; the spleen is enlarged, and there are heemorrhages into
the skin of the trunk and of the limbs ; the tongue is diverted to
the right, and the pulse is small.

There is a very large number of parasites in the blood ; abount
half the red blood-corpuscles seem to be invaded, and in some of
them as many as three or four plasmodia are observed. There
are forms in different stages of development,—plasmodia without
pigment, or with pigment at the circumference and at the centre,
forms of fission, and a very few crescent-shaped bodies ; also an
immense quantity of pigmented white blood-corpuscles, as many
as from thirteen to fifteen in a Leitz field.

The corpuscles with pigment at the centre vary greatly in size ;
some are less than a fourth of the size of the red blood-corpuscle,
others almost equal it in size, and between these extremes all
degrees are visible, Thirty-two grains of bimuriate of quinine
are injected. During the afternoon the condition as regards
the parasites remains the same as above described, but the number
of brassy blood-corpuscles has increased. Towards 4 p.m. the
patient suddenly sinks into a state of extreme prostration; he
gives mo answer to questions ; the muscles are contracted and
shaken by violent shivering ; the pulse is small. Fresh injections
of quinine and of stimulants are given.

The patient dies at 5 a.m. on the second day.

Autopsy.—The cerebral grey substance is of a dark red colour;
there is cedema under the arachnoid membrane, and dilatation of
the cerebral ventricles ; also small foci of a recent softening in
the pons, and sclerosis of the cerebral arteries. The heart 18
dilated and hypertrophied ; there are atheromatous patches in the
aorta and on its valves ; the myocardium is coloured brown, The
lungs are very anthracotic. The spleen is large and very black,
but not very soft; the follicles are very clearly visible. The
liver is intensely melanotic and swollen ; there is much bile in
the gall-bladder, and the intestines also contain a quantity of it.
The medulla of the femur, in the upper and lower thirds, 1s dark
red ; that of the ribs is intensely brown.

Condition as regards the parasites.—All the red blood-corpuscles
in the brain contain parasites; the plasmodia withont pigment, or
those with small granules of pigment are in the majority; the forms
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with pigment at the centre arve very scarce, and there are no forms
in segmentation. Much of the endothelium in the cerebral vessels
is pigmented. Also in the spleen the plasmodia without pigment
prevail ; the crescent-shaped forms are very rare. Almost all the
white blood-corpuscles are pigmented ; in addition there is a great
deal of free pigment. In the bone marrow, besides those parasitic
forms which the spleen contains, there is a large number of endo-
globular bodies, round and ovoid, with pigment shaped like small
rods, scattered about or collected together, in motion as well as
motionless : the latter are the young forms of the crescent-shaped
phase.

This case and other analogous cases demonstrate the deceptive
conrse which the malarial infection may take in old people.
Sometimes an enormous number of parasites is found in in-
dividuals, with regard to whom the clinical examination gives no
warrant for suspecting the extreme gravity of the disease.
Death can be foreseen by anyone who examines the blood, and
it may take place only a few hounrs after the malignant symptoms
have appeared.

8.
Malignant Infeetion attended with Coma.

Case 20 (December 7th, 18g1).—Corazza Antonio, 36 years old,
working outside the Porta del Popolo, has had intermittent fever
for eight days, but the type has not been recognised. On
December 6th he was pretty well, so much so that he had passed
the evening drinking with his friends. But towards midnight he
was seized with intense shivering and very high fever, and soon
after fell into a state of coma. TIn this condition he was brought
to the hospital at 8 a.m. on December 7th ; hypodermic injections
of bimuriate of quinine, as well as different stimulants, were then
immediately administered.

The patient is in profound coma, with complete relaxation of
the muscles ; the deep reflexes are effaced on the right side, and
almost so on the left, while the superficial ones are also entirely
wanting. The respiration is slow, noisy, short, irregular, and
interrupted from time to time by long pauses.

The pulse is 110; it is regular and soft.

The patient’s complexion is earthy, and the spleen is not much
enlarged. His comrades assert that he has not had any other
before the present attack of fever.

Temperature, 8 a.m., 8:8°. 12 noon, 99'4°. 3 p.m., 99'9° F.
Blood : there is an immense number of plasmodia without pig-
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August 6th he was attacked by fever as he was walking to his
work ; after being carried to the huapital he fell into a state of
coma at 4 p.m. His complexion is shghtljr]aundmed the spleen
is enlarged, and there is high fever (temp. 104’9 °). Animmense
quantity of plasmodia without pigment are found in the blood ; some
of the red blood-corpuscles are seen to have two, three, or four of
them in different planes; there are also some forms with pigment
at the centre, and several forms of fission, as well as many pig-
mented white blood-corpuscles; 56 grains of soluble hydrochlorate
of quinine are administered, partly by hypodermie injection, partly
by the month. The fever falls during the night; on the morning
of the 7th the patient has recovered from the coma, and replies to
questions, but his mind appears clouded. As regards the para-
sites, at 8 a.m. there is an extremely large number of plasmodia
in motion and without pigment ; only a very few being pigmented ;
some also are in process of fission. The temperature is 98:6° ;
24 grains of quinine are given. The intermission lasts during
the whole day; in the afterncon the temperature is g8'7°. At
4 p.m. the patient is awake, answers questions slowly, and com-
plains of headache; the blood is found on examination to be in
the same condition as in the morning. But towards g p.m. he
again has fever (temp. 104'9°), and relapses into lethargy.

At 7 a.m. on the 8th the lethargy and the fever persist. Again
injections of quinine are administered, as well as stimulants. At
g a.m, the temperature has remarkably decreased (it is g9°) ; the
parasites also have become less in number ; a few plasmodia are
seen without pigment, there are some forms with pigment at the
centre, and many pigmented white blood-corpuscles. The lethar-
gic condition lasts throughout the day; at 4 p.m. the blood is
examined again, with results similar to those obtained in the
morning.

The fever returns during the evening and night ; the maximum
temperature is 102'2°,

On the morning of the gth the patient is very prostrate and
has a jaundiced complexion, but is no longer in a state of lethargy ;
temperature 100°4°. A very small number of plasmodia are
found in the blood, and pigmented white blood-corpuscles. The
patient improves rapidly.

On the 1oth plasmodia are still found in the blood, but they
are very scanty ; there are many pigmented white blmd-cnrpuscles
and a very few crescent-shaped forms. The jaundice decreases,
and the appetite returns. The maximum temperature during the
day is 9g9'7° F.
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The lungs are congested, and a little cedematous. The heart
is healthy. There is a little serous fluid in the pleara and
pericardium. The liver is melanotic, and the gall-bladder full
of bile. The spleen is very large, with hyperplastic follicles;
the pulp is plum-coloured and not very soft. There is a chronic
enlargement together with an acute intercurrent ome. In the
kidneys the cortical substance is pale with yellowish striee; the
stellse venose are very fully injected.

BExamination by the microscope gives the following results :—in
the brain there is an enormous number of sporulation forms, some
about as large as a third of the size of the red blood-corpuscle
and others still larger ; many forms are also found with a small
mass of pigment at the centre, as well as accumulations of free
spores which block up certain of the capillaries (thromboses of
spores). Inthespleen the quantity of parasites is not so abundant
as in the brain; in it forms with pigment at the centre, young
plasmodia, and ecrescent-shaped forms both young and adult are
found. In the bone marrow there is an immense amount of round,
ovoid, and spindle-shaped forms, also of young amcebs. In almost
all the forms the pigment is disseminated irregularly. There are
no forms of sporulation. In the liver the parasites are found in
the same condition as in the spleen, only very few in number.
The hepatic endothelium and Kupfer’s stellated cells are pig-
mented.

In this case, as in the others described, the parasites are found
in a condition denoting great malignancy, so much so that the
severe infection can be diagnosed simply by examining the blood.
The appearances of the amebza in the brain are noteworthy, and
the distribution of them in the different viscera is characteristic.

13.

Malignant Infection accompanied by Delirtum. Subcontinued
Fever,

Case 25.'—Domenico de Rossi, 18 years old, able-bodied, works
outside the Porta del Popolo. He was well up to August 21st,
but towards 11 a.m. on that day he was seized with shivering and
fever, which has been continuous up to the present. He enters
the hospital on August 22nd, in the afternoon.

August 22nd.—Temp., 4.30 p.m., 103'1°. 8 p.m., 1058°. 12
pm., 105'4° F. At 4.30 p.m. there is sweating. Blood: there
are many plasmodia with granules of pigment, and several in

! Bee Chart IT, tracing 13.
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than in the morning. There is one form with a small mass at
the centre ; it is small in size, about one sixth of the red blood-
corpuscle. 4.15 p.m., blood : condition is as above, and in
addition there is one very young annular form.

25th.—Temp., 4 a.m., 104°. 8 a.m., 103°5°. 12 noon, 104’9 .
2 pm., 103'5°. 4 p.m., 104°. 8 p.m., 101'1°. 12 p.m., 988" F.
The patient has had an attack of shivering in the night. 8.30
a.m., the patient isagitated. Blood : there is a moderate number
of plasmodia without pigment, discoid and annular in shape, and in
motion ; some also with indistinet ontline, and none with clearly
marked granules of pigment. The pigmented white blood-cor-
puscles are very scarce. .30 a.m., 24 grains of bimuriate of quinine
injected hypodermically. 10 a.m., the patient is in a state of
happy excitement. Blood: condition as above. 1 p.m., the
patient is enveloped in a cold pack. 3.30 p.m., the happy
excitement continues. Blood : there is a moderate number of
plasmodia without pigment, as above ; also one discoid form with
small granules of pigment scarcely visible; and several pigmented
white blood-corpuscles. 6 p.m., blood : the same. Thirty-two
grains of bimuriate of quinine administered by hypodermic injec-
tion.

26th.—Temp., 4 am., ¢8'6°. 8 am., g81°. 12 noon, 97'7".
4 p.m., 96°3°. 8 p.m., g8.° 12 noon, gg'g° F.

The patient is found in the morning in a state of astonishment ;
he appears occasionally to have alarming hallucinations ; he speaks
slowly, and frequently langhs. 8.30 a.m., blood: there is a
moderate number of plasmodia without pigment, discoid and
annular in shape and in motion, also plasmodia with fine
granules of pigment, some of them in brassy blood-corpuscles.
Thirty-two grains of sulphate of quinine given by the mouth.
11.15 a,m., the condition of the blood is as above ; the parasites
are perhaps less in number, There is a very small quantity of
pigmented white blood-corpuscles. 2.45 p.m., temperature natural.
The general condition is almost as above deseribed; the patient
speaks slowly and somewhat hesitatingly, as if scanning his
words. Blood : there are a few plasmodia, with and without
granules of pigment, in brassy blood-corpuscles ; also a few leuco-
cytes with small masses of pigment. 4.45 p.m., condition the same.
The hesitation in articulation continues, the patient speaks
with great difficulty, pronouncing many syllables imperfectly, so
much so that some words cannot be understood. The coarse
movements of the lips and tongue are normal. The deep reflexes
are discernible. The tongue is coated and sticks to the mouth ;
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its margins are reddened. He recognises places and persons
well. 6 p.m., 16 grains of sulphate of quinine administered by
the mouth., During the night the patient mumbles constantly in
4 gay manner,

27th—Temp., 4 a.m., ro1'1°. 8,30 a.m., 99'4°. 12 noon, gg°.
4 pm,, 100'8°. 8 p.m., 100'4°. 12 p.m., 100'1° F,

The patient has almost a typhoid appearance ; the tongue and
lips are dry ; he continues to talk senselessly and to articulate
the words slowly and with hesitation. 8.30 a.m., 16 grains of
sulphate of quinine given by the mouth. Blood : there are a very
few plasmodia without pigment in normal red blood-corpuscles and
in those tending to become brassy ; also many lencocytes, several
containing small masses of pigment. 11a.m., blood: in one pre-
paration there is a single plasmodium without pigment in a brassy
blood-corpusele. Towards midday the patient takes 32 grains of
sulphonal, 5 p.m., he has become drowsy. Blood: examination
gives a negative result. 6 p.m., 16 grains of sulphate of quinine
administered by the mouth. Later on, in another preparation a
single plasmodinum without pigment is found.

28th.—The patient is apyretic, and has passed a quiet night.
He is now calm, and there is no delirium ; he speaks much more
rapidly and clearly than yesterday. 8a.m., 16 grains of sulphate
of quinine given by the mounth. 4 p.m., the improvement becomes
more pronounced. There are no parasites found in the blood.

31st.—The patient’s condition is perfectly satisfactory, and he
has appetite.

This is an instance of fever of tertian origin which has
become subcontinued throngh the prolongation and overlapping
of paroxysms,

As is evidenced by the examinations of August 22nd and 24th,
the blood shows only the forms of a single generation of parasites,
which, however, develop in groups at a certain interval of time,
in such a way that, for a short period, the ameebz are found in a
complex condition. See the examinations of August 23rd.

The fever runs its course without serious symptoms until the
25th, when it becomes rapidly worse, but still withont any signs
of malignancy. The malignant symptoms—excitement, delirinm,
&c.—appear later, after quinine had been given, notwithstanding
that the temperature had fallen and the parasites had diminished
rapidly and progressively. The dangerous condition lasts a little
more than two days.

What is remarkable in this ease is the persistence of the
malignant symptoms for two days, in spite of the progressive
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decrease in the number of the parasites. The different parasitic
forms disappear successively under the action of the quinine ;
the last that remain are the plasmodia without pigment, and these
vanish after the destruction of the blood-corpuscles which contain
them. Here, too, we are enabled to foretell the aggravation of the
infection by investigating the state of the blood.

14.

Subcontinued Fever, changed by the Action of Quinine into an
Intermittent Tertian.

Case 26.'—Puliti Bartolomeo, coming from Pratica di Mare,
states that he had an attack of fever nine days ago, then two days
of freedom from fever, after that a fresh attack, then one day he
had a natural temperature, and lastly for four days a quotidian
fever with shivering towards 1o a.m. ; it appears, however, that
the intermissions were never complete. He has taken quinine on
several occasions. There is a marked enlargement of the spleen.

July z4th.—Temp., 11 a.m., 104°. Noon, 10375, 4 p.m.,
103'3°. B8pm.,r1033°. 12p.m.,101'7°F. 8 a.m.,blood : there
are large plasmodia, disecoid and annular in shape, mobile, and
almost all with small granules of pigment at the circumference ;
also several in brassy red blood-corpuscles; in addition, pig-
mented leucocytes. 10.30 a.m., blood : condition as above ; the
brassy corpuscles are more abundant. 4 p.m., blood : the parasites
have much decreased in number ; there are plasmodia in brassy
corpuscles, and forms with a small mass of pigment at the centre ;
also very young plasmodia without pigment. 5.15 p.m., blood:
the ameebae are still extremely seanty ; the brassy corpuscles have
disappeared. There is a very small number of plasmodia without
pigment ; also a very few forms with a small mass at the centre.

25th.—Temp., 4 a.m., 102°7°. 8 am., 103'3°. Noon, 101°5°,
4.30 pm., 104'6°. 8 pam., 102:¢°. 12 pm., 101°7° F. 8 a.m,,
blood : there is only one form with a small mass at the centre ;
also a few young plasmodia in motion and withont pigment, as well
as pigmented white blood-corpuscles. 10 a.m., blood : the young
plasmodia withont pigment have increased in number; there are
some plasmodia with granules of pigment at the circumference ;
also pigmented white blood-corpuscles. 3.30 p.m., blood: a
moderate number of plasmodia without pigment ; a very few with
granules of pigment, and some pigmented white blood-corpuscles.
7.30 p-m., the patient is a little agitated, and has diarrhcea.

1 See Chart 11, tracing 12.
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One form of fission is found enclosed in a decolourised red blood-
corpuscle, about one third of it in size. The pigmented white blood-
corpuscles have become fewer. The patient has fallen into a
state of lethargy, and rouses himself with difficulty ; there is inco-
herent delirium and agitation. The pulse is 124, and soft. The right
side of the heart is dilated. 4 p.m., temp., 105'8°. A hypo-
dermic injection is made of bimuriate of quinine, caffein, and
camphor. The patient is swathed in a cold pack. He has now
fallen into profound coma. After the application of the wet
pack there is a considerable improvement, which, however, is
only transient ; he rouses himself on being called, and replies
with great difficulty. The pulse is 95. 8 p.m., temp. 103'7°;
32 grains of bimuriate of quinine given by subeutaneous injection.
11 p.m., 16 grains of the same similarly injected. During the
night stimulants continue to be injected. 12 p.m., temp. 102°6°

August 1oth.—Temp., 4 a.m., 100'8°. 8 a.m., 101'5°, The
coma still persists. 16 grains of bimuriate of quinine injected
subeutaneously. 8 a.m., blood ; there are many discoid plas-
modia without pigment and extremely mobile, also some very
small annular ones, and forms with granules of pigment at the
circumference. There are a very few forms with a small mass
of pigment at the centre ; no brassy corpuscles ; many pigmented
white ones, chiefly with small masses of pigment. g¢.30 a.m., the
profound coma continues. Blood: there are many plasmodia
without pigment, some being in motion, and a very few with
granules of pigment. The pigmented white blood-corpuscles are
as above. The urine contains a moderate quantity of albumen,
as well as granular cylinders. Noon, temp. 104°9°. Pulse 84,
hard, cerebral. 3.15 p.m., coma: there is no reaction when
the patient is pricked with a pin, not even when the face is thus
tested ; the collapse is complete. Blood : the parasites have
greatly decreased ; the plasmodia without pigment are in the
majority ; there are also a very few forms with granules at the
circumference, or with a small mass of pigment at the centre.
Many plasmodia without pigment are found enclosed in brassy
red blood-corpuscles, or in those tending to become so. In
addition, many melaniferous leucocytes. 4 p.m., temp. 103'8".
Pulse 104, and soft. The general condition is as above. The
pupils still react to light and to mechanical stimuli. The
patient is wrapped in a cold pack; 16 grains of bimuriate of
quinine given by hypodermic injection; also caffein, &e. The
profound coma continues through the whole night.

trth—Temp., 4 a.m., 102:9°. 8§ a.m., 104'9°. 8 a.m., riles
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in the trachea. Pulse 140. Blood : there are a few plasmodia
without pigment, some in brassy corpuscles; also an immense
quantity of melaniferous leucocytes, some extremely large, and
with black or rusty coloured pigment ; in addition, white blood-
corpuscles containing parasites. 10 a.m., the condition as to
the amcebse is the same. Noon, temp. 104'9°. 3.30 p.m.,
the profound coma and complete muscular relaxation persist.
Blood : there is an enormous number of pigmented white blood-
corpuscles, some of them of gigantic size. Temp., 4 p.m., 102°7°,
3 p.m., 105'8° 11 p.m., 105'8° F. Death took place after mid-
night.

Autopsy.—The skin is remarkably pale. The dura mater is
not tense. The veins of the pia mater are rather scantily
filled with blood. The brain: the cortical substance is pale,
neither hypersemic nor melanotic ; there are punctiform hsemor-
phages in the white substance of the hemispheres and subcortical
structures, but none in the bulb. The heart : its volume is normal,
and it weighs over g} oz. The right ventricle is full of fibrin-
ous clots ; the left containe a little fluid blood. The lungs:
there are subpleural hsmorrhages; also hypostatic pnenmonia,
pulmonary congestion, and cedematous infiltration, Chronic peri-
splenitis and perihepatitis. The spleen is soft and black,
measures 6} x 41 inches. The liver is congested, with extensive
melanosis. The kidneys are normal in volume; the glomeruli
can be clearly seen ; the substance of the convoluted tubules is
pale yellowish grey. There are punctiform hsemorrhages in the
mucous membrane of the pelvis of the kidneys. The stomach
and intestines contain a large quantity of bile.

Furthermore the microscopic examination reveals the following :
—In the spleen there is an immense number of phagocytes loaded
with pigment, with brassy red blood-corpuscles, and with free para-
sites ; endoglobular parasites are very rare, and none are found
except some endoglobular forms without pigment, some forms
with a small mass at the centre, and a few forming spores; in
addition some endoglobular ovoid forms (young crescent-shaped
bodies f). In the brain a few capillaries are seen to contain
amaebiferous red blood-corpuscles (also plasmodia without pigment
in different shapes, with granules of pigment, as well as forms
with spores). The endothelinm is extensively degenerated and
pigmented. '

This is a case of comatose malignant infection, attended with
subcontinued fever; there are several parasitic generations, but
two are predominant,one consisting of adult forms ripe for segmen-

10
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The patient appears to understand, but he opens his month and
puts his tongue out with difficulty ; he does not seem able to see,
and does not speak. The pulse is frequent, small, and soft.
8 a.m., temp. 100°4° ; 16 grains of bimuriate of quinine injected
subeutaneously ; also caffein. Blood: the plasmodia without
pigment predominate, and they are for the most part annular,
There are a few adnlt erescent-shaped forms, and also several pig-
mented white blood-corpuscles. Noon, temp. 100'8°. 2.30 p.m.,
the general condition is unchanged. Blood: the parasites have
greatly decreased in number: there are a few plasmodia without
pigment, some of them in brassy blood-corpuscles; also many
pigmented white ones, some with small masses of pigment, and a
few crescent-shaped forms. 4 p.m., temp. 100°4°. 12 p.m., temp.
100°2° ; 16 grains of bimuriate of quinine given by hypodermiec
injection.

8th.—The patient is agitated and delirious, he speaks with
diffienlty, and with exaggerated movements of the lips, pronounc-
ing the consonants—especially the labials—indistinetly, and articu-
lating the syllables with a little hesitation. Temp. 4 a.m., gg°.
8 am., 99°2°. 9.30 a.m., intermission. Blood: there are many
crescent-shaped forms and ronnd bodies ; also a very few forms
with pigment at the centre, and many pigmented white blood-
corpuseles. Noon, temp. ¢7'2°. 3.30 p.m., the patient com-
plains of severe headache, but the general condition has much
improved. Blood : there are many erescent-shaped bodies, ovoid
and spindle-shaped, some in process of disintegration ; also several
pigmented white blood-corpuseles. The apyrexia continues.

gth.—The patient feels much better. The trouble over his
words, however, still remains ; he speaks slowly, hurrying over
some of the syllables, and pronouncing certain consonants, espe-
cially the labials, with difficulty. (There is slowness of speech,
scanning and insnfficient movement of the lips and tongue.)
ga.m., blood : there are several adult crescent-shaped forms, and
some pigmented white blood-corpuscles.

The patient rapidly improves during the following days; he
takes daily 32 grains of sulphate of quinine by the mouth.

On September 12th a slight difficulty in talking still persists,
and in the blood there are still several adult crescent-shaped forms
and pigmented white blood-corpuscles.

The skin kept cool till September 21st, and the patient made a
goond and complete recovery.

The examination of the blood always yields the same results :
there are crescent-shaped forms, round and flagellated bodies,
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In this case the maximum temperature in the rectum was 100'2°
during the period of acute infection, in the night between the
25th and 26th of September. Recovery was extremely rapid
owing to the disappearance of the cerebral symptoms, which left
no trace behind them. With regard to the red blood-corpuscles,
the ratio sank on September 26th to 1,950,000,

18.
Hamorrhagic Malignant Infection.

Case 30.—A lady had been staying for a few months at a
place in the Roman Campagna, and after having suffered for two
days from headache, which became more severe in the evening,
she grew seriously unwell on February sth, 1888 ; she was seized
with bleeding at the nose, which, beginning as a slight oozing,
constantly increased in quantity. On the following morning she
was brought to Rome, and was so prostrated that she was obliged
at once to take to her bed.

When first visited the patient was found in an exceedingly
weak state ; she moaned and spoke with difficulty ; the bleeding
at the nose was still going on ; the skin, especially that of the
neck, breast, and abdomen, was covered with hsemorrhages; the
oozing of blood from the gums was continuous. The temperature
was 104, the pulse small and frequent, the respiration hurried,
the skin earthy in colour, and the spleen a little enlarged. The
nostrils were plugged, and 32 grains of bisulphate of quinine were
ordered, hydrochloric lemonade, &c.

During the night there were agitation, slight delirium, flux from
the intestines, and vomiting of blood.

In the morning the temperature was 103'8°, the loss of strength
alarming, and the sensorium dull. The blood, on being examined,
showed an enormous number of endoglobular plasmodia without
pigment and in motion, a few with a small mass of pigment at the
centre and in different stages of the process of fission. Sixty-four
grains of bihydrochlorate of quinine were accordingly adminis-
tered in the course of the day by hypodermic injection : towards
midnight abundant sweating cume on, the fever ceased, and the
hsemorrhage stopped.

On the following day the patient had sowmewhat recovered ;
there was a slight attack of fever, and the treatment with quinine
was continued.

On the third day without fever, being extremely ansmic and
weak, she had a miscarriage of a three months’ embryo. The






MALIGNANT FEVERS. 151

sites are as above, but they have much decreased in quantity. The
same treatment is continued (bimuriate of quinine and camphor
by injections).

August 1st.—The general condition has remarkably improved,
and there is complete absence of fever. In the blood there are
a few plasmodia without pigment in brassy blood-corpuscles ;
also a very small number of crescent-shaped forms, and many
pigmented white blood-corpuscles as above.

2nd.—The improvement continues. The blood contains pig-
mented white blood-corpuscles.

On the 3rd, examination gives a negative result. During the
month the patient slowly recovers from the anmmic condition
into which he had fallen.

20.
Cholerare Malignant Infection.

Case 32.—Cupidi G—, 54 years old, coming from Porta S.
Giovanni (Capannelle), a cook, was brought to the hospitalan a
carriage at 2 p.m. on September 5th, 1890, being accompanied
by a police officer. He has been ill since the 2nd instant.
His breathing is now very difficult, and when left to himself
he becomes delirious ; he has a frightened look, the pupils are
dilated, the skin is cold all over the body and covered with
clammy sweat ; there is cyanosis of the lips and the extremities ;
the pulse is thread-like and extremely frequent. In the morning
he had much diarrheea and vomiting, which oceurred also on his
way to the hospital, where he continues to suffer from retching,
and the discharges at stool are as those of choleraic diarrhcea.
The spleen is slightly enlarged. The examination of the blood
shows the presence of a considerable number of ameeboid para-
gites, but nothing else abnormal. Thirty-two grains of quinine are
given by injection, and thirty-two more by the month ; friction
is also employed, and stimulants administered (ether, camphor,
&c.). At 8 p.m. there is a profuse sweating, the skin remaining
cold ; the delirium has ceased, and a continuous moaning has
taken its place; the pulse keeps all the time small and frequent,
and the diarrheea persists. During the night the diarrhea de-
creases, the skin becomes warm again, and the patient has rest
for some hours.

On the morning of the 6th of September the improvement is
remarkable ; the pulse is go and strong ; the coldness has passed
away, the temperature is 97'9°, and the cyanosis has disappeared,
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quinine produces in the intimate structure of the ameeba (tertian).
In studying it he has employed a certain method of staining of
his own, which enables the nucleus of the parasite to be clearly
distinguished. The stain of which this author makes use, is
made by mixing one part of concentrated aqueous solution of
methylene blue with two parts of 1 per cent. aqueous solution of
eosin. It appears that the action of guinine is specially manifest
in the adult endoglobular forms, where the nucleus undergoes
change until it entirely disappears, the parasite takes the round
shape of rest, the protoplasm assumes a homogeneous colouring,
the pigment is evenly distributed, or, in some cases, collected at
the circomference, while in place of the nucleus, and resulting
from its actual destruction, fine granular appearances may be
observed. Romanowski has also found alterations in the forms
of segmentation after the employment of quinine. In these the
protoplasm is seen to be uniformly coloured ; the nucleus has no
intense colouring, and is not surrounded with the normal pale
halo. It is in this destructive action of quinine on the parasites
that the specific activity of the remedy for malaria lies.

But the most complete researches on this subject are due to
Golgi. This author has chiefly studied the action of quinine on
the quartan parasites, and has arrived at the following con-
clusions :

The administration of quinine, given in ordinary therapeutic
doses, does not stop the development of the parasites when the
transformations characterising the process of segmentation have
already commenced. The attack of fever is not thereby pre-
vented, but the young generation of parasites resulting from
the segmentations which have taken place is killed, whence a
lasting cure is obtained by a single exhibition of the remedy.
(The quinine is given four, five, or six hours before the attack.)

The same effect is produced when very strong doses of quinine
are given, whether by the mouth or by hypodermic injection.

The young ameebzw, which are found on the first day of the
intermission in the quartan, offer a remarkable resistance to the
action of quinine ; in some cases they may arrive at maturity and
the stage of segmentation, in spite of the administration of the
remedy ; in others the development becomes irregular, causing
thereby the first paroxysm to be wanting or to be delayed. But
the recurrences are frequent, because the infection has not been
destroyed. On the second day of apyrexia, when the changes
which should lead to segmentation are commencing, the ameebw
are more sensitive to the action of the remedy.
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The effect of quinine on the tertian amceba is not exactly the
same as that which it has on the parasites of the quartan. The
difference would appear to consist in this, that the tertian amcebz,
in any stage they may have reached in their endoglobular growth,
are much more easily affected by quinine than the quartan para-
sites are during the corresponding period.!

As regards the summer-antumn fevers, we remind our readers
that, from the time of their first notes on the subject, Marchia-
fava and Celli have drawn attention to the specific action of the
salts of quinine on the plasmodia (on the young endoglobular
forms of the parasites), noticing how they have been found to
disappear in a fairly short time after the remedy was given.?
Baccelli® has investigated the effect on the walarial parasites of
the direct injection of quinine into the veins, studying the blood
from half-hour to half-hour. He has observed that for the first
gix hours after the injection no sensible alterations can be
noticed either in the number or in the form or in the ameeboid
movement of the parasites, except that during the first two or three
hours he thinks that he remarked an increased activity of motion.
* It 1s certain, however, that after twenty-four hours almost all
the parasites could be said to have disappeared, while it was
impossible before this to trace any phase of destruction or of
death. Laveran’s pigmented sickle-shaped forms remain visible
in the blood even several days after the introduction of guinine
into the veins, and the cessation of the fever.”’*

! Golgi, “ Azione della chinina sui parassitl malarica e sui corrispondenti
at;ceae—i febbrili,” * Rendiconti del R. Istituto Lombarde di Scienze e Lettere,
I 92.

* Marchiafava and Celli, ©“ Weitere Untersuchungen iiber die Malaria-
Infection,” ¢ Fort. der Medicin,” N. 24, 1885.

* (. Baceelli, “ Le injezione intravenose dei sali di chinina nell’ infezione
malarics,” * Riforma Medica,” Gennaio, 18go.

* Laveran's and Dock’s observations have but little value with reference
to this subject, as Golgi also has observed. Laveran (* Du Paludisme e de
son Hématozoaire,” Paris, 1891, p. 185) treats in a general way of the disap-
pearance of the parasites from the blood of patients placed under guinine.
As regards the action of quinine on the different parasitic forms, he simply
says, * The effect of quinine on the hematozoa may be directly studied by
mixing a drop of the solution of sulphate or hydrochlorate of quinine with
a drop of malarial blood : these conditions suffice to prove that the move-
ments of the flagella are no longer observable, and that the heematozoa
assume the form which means their death.”

Dock (see ‘ Centralblatt fir klin. Med.,’ 1891, p. 643) writes that * under
the influence of quinine the plasmodia become motionless, and no flagella
are protruded.” In his recent work, * Sull’ azione della chinina,’ &ec. (above-
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introducing the clinical details of cases; as the greater number
of facts set forth is demonstrated by the instances detailed and the
thermographic charts given by us in another connection. We have
nsed the same doses of the remedy as are usnally employed in our
hospitals for summer infections. The first preseription is seldom
less than 32 grains of sulphate or bimuriate of quinine, taken,
as a rule, in two doses from two to four hours apart; after this,
other doses are generally given every twelve hours, the amount
varying from less than 16 grains to 24 grains. Thisis for infec-
tions of ordinary gravity ; when the fever is serious, even though
it be not attended with malignant symptoms, the first dose of the
remedy is usually given by hypodermic injection, and the quantity
is generally from 16 to 32 grains.

In the malignant infections subcutaneous injection is always
adopted ; it is administered every four or six hours, beginning
with large doses of from 32 to 48 grains ; these are followed by
smaller ones, usunally of 16 grains. We have seldom found it
necessary to alter the quantity to suit the condition of individual
patients, because the sphere of our observations is almost entirely
limited to able-bodied young men coming from the country, with
no disease except the malarial infection.

Having detailed these premises, we proceed to state our con-
elusions :—(a) If the salt of gquinine be administered a little
after the pre-critical elevation, and the doses continuned during
the twelve hours of intermission immediately following the erisis,
then the expected paroxysm may be entirely absent ; in this case
on the day after the crisis there are only slight elevations of
temperature, somewhat above 98'6°. Judging from our experi-
ence of the last malarial season, this is what most frequently
happens in the mild infections, and we have met with a great
number of instances.

More rare are the cases in which, although the quinine be
given in the same way, and even in doses larger than usunal (e. g.
48 grains during the crisis of a paroxysm and 32 grains by the
mounth doring the succeeding apyrexia), the following attack is
not prevented, but it is delayed for several hours (the limit being
about six). This delayed paroxysm may be considered as abor-
tive, as it consists of a simple elevation of temperature, which in
the instances to which we refer is a little above 102°2° F. The
retardation may sometimes be very remarkable, even for almost
twenty-four hours, as we happen to have seen in one patient,
But 1t 1s also possible that the expected paroxysm may assume an
abortive form, and take place without any considerable delay.
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ever, the temperature is already beginning to rise at the time
that the quinine is administered, a different result generally
obtains ; for in this case we find that the new generation is
either visible during the paroxysm in a very small and feeble
form, and then rapidly disappears, or else that it appears a long
time—even twenty-four honrs—after the fever has begun.

Finally, if the condition of the parasites be complex at the
time when the remedy is first employed, then the different forms
usually vanish one by one, the longest to remain in the blood
being the plasmodia without pigment, the pigmented white blood-
corpuscles alone survive these. The last-named parasitic forms
are either arrested in their growth, while the red blood-corpuscles
become  brassy,” or else their development is only partial.

§ 49. Essentially the same facts are observed in the quotidian.
Thus, when the quinine is administered after the crisis of a
paroxysm, the young forms persist in the blood for rather a long
time, it may be even for more than twenty-four hours; after
which they disappear, without showing previously any sign of
development.

If an insufficient amount of the remedy has been employed, or
even where large quantities are used (e. g. 32 grains injected sub-
eutaneously), provided they are administered in a single dose, it
may happen that the development of the young ameehbae proceeds,
and that no appreciable effect of the quinine can be detected. If
the remedy be administered a little before the commencement
of a paroxysm, or exactly at the beginning, the paroxysm is not
thereby averted, but the new generation of young ammbese are
prevented from invading fresh red blood-corpuscles.

§ 50. The conclusions above established sufficiently determine
the modifications consequent on the action of quinine which the
parasites in the summer fevers undergo, as well as the length of
time during which the various forms still persist in the blood
after the use of the alkaloid, &. We have now to inquire
more closely into the morphological and biological changes which
the alkaloid produces on the different phases of the ameeba’s life.

The young endoglobular amcebee, endowed as they are with
extremely rapid movement, do not seem to be affected in the least
for some hours after the administration of the remedy ; the move-
ments continue, indeed in many cases they appear to be actually
increased, as Baccelli also has remarked. But after the lapse of
several hours the ammbz assume the discoid or annular form,
their movement first becomes sluggish and then entirely ceases,
while the red blood-corpuscle shrivels up, and its colour changes












ON THE PARASITICIDE AOTION OF QUININE. 171

ance to bear in mind the possibility that this aetion partly con-
sists in modifying the fluid in which the ammba lives, whose
normal nutrition is thereby hindered.

After this statement of facts, we feel bound to record here that
all recent researches afford the fullest confirmation of the theory
which Binz has upheld for many years, and which both he and
his school have defended in a series of works—a theory which
maintains that the cause of the remarkable efficacy of quinine
against malaria lies in the specific action of the drug on the
malarial parasites, and not in a hypothetical and unproved effect
on the nervous system.

§ 51. After all the experience gained and accumulated by physi-
cians of every country with regard to the effect of quinine on the
malarial fevers, the method of administration, the most suitable
time of employing it in connection with the succession of the
paroxysms, &c., it was not reasonably to be expected that the
above studies could do more than confirm and rationally interpret
certain rules or laws which have been already adopted by every-
body, and the usefulness of which is generally recognised. The
only result that we could hope these researches might yield, was
that such confirmation might be of real use in practice.

Many practitioners, owing to lack of other means of investiga-
tion, are compelled, in many cases where the diagnosis is doubtful,
to form their judgment of the malarial nature of a fever through
the action of quinine. Now it is clear that the only sure guide
in diagnosing is the exact knowledge of the modifications pro-
duced by the drug on the thermic curve in the different groups
of fevers; and this is the reason why we have devoted so much
time to the consideration of this series of facts.

With regard to the course to be followed as to the administra-
tion of the remedy in this group of fevers, the foregoing con-
clusions indicate that the method usually employed in our hospitals
is the most advisable. At the close of his inquiries into the
effect of quinine on the guartan amwmba, Golgi expresses a strong
belief that the most rational mode of treatment is to employ the
remedy some hours before the paroxysm, so that its maximum
action may be spent on the young forms resulting from the
fission while they are still free in the blood-plasma ; for this is
the period of their life on which the influence of the drug has
the greatest effect. In the summer-autumn group of fevers we
have proved that quinine operates with great efficacy on all the
ameeba’s life-phases, that alone excepted wherein the process of
reproduction is completed. But even if the remedy be given at









CHAPTER IX,

PHAGOCYTISM IN THE SUMMER-AUTUMN FEVERS.

Phagocytosis in the civeulatory blood in the spleen and in the
bone marrow—Cyclic development of the phenomena of phago-
cytosis in the summer-autumn fevers—Cyclic development of
the same phenomena in the quartan and ftertian—Differences
which are noticeable in these two growps of fever, from the
point of view of phagocytosis—Importance of phagoeytosis in
relation to spontaneous cure, and in relation to recovery brought
about by quinine,

§ 52. Our study of the cure effected in these fevers by quinine
leads us now to inquire how far the processes of phagocytosis
are of importance in connection with the resistance shown to the
infection. The principal facts known with regard to the phago-
cyte action of the lencocytes in malaria are to be found in various
published works on the etiology and pathological anatomy of this
disease. Marchiafava, Celli, and Guarnieri have studied the
phenomena of phagoeytosis directly, under the microscope, in the
blood as it circulates. Guarnieri and Bignami have observed
the same processes in the organs of persons who have succambed
to a malignant attack. Their investigations have enabled them
to deseribe the characteristics of the lencocytes which perform
this function. For the most part they present the form of large
mononucleated cells with finely granular protoplasm. Some-
times these phagocytes attain gigantic proportions, and are pro-
vided with large shining granules of varying size, which are only
to be seen in fresh preparations; in the Ehrlich-Koch prepara-
tions they remain unstained. It has been remarked that the
largest elements belonging to this species are found in great
quantities, especially in the malignant infections. But the
phagocyte function has been recognised not only in these large
elements of spleno-medullary origin, but also in the endothelial
cells; the latter, equally with the former, contain adult para-
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sitic forms, and bodies of which the fission is already completed
or still in progress, as well as amcebiferous red blood-corpuscles
which have undergone alteration, either through becoming
shrivelled up (brassy blood-corpuscles) or through loss of the
hemoglobin (decolourised red blood-corpuseles) ; in addition to
these may be seen amoebw-laden red blood-corpuscles, to all
appearance normal in condition ; the bodies also which belong to
the group of crescent-shaped forms are found enclosed in the
white cells. But of all the elements thus met with, i1t is the
black or rusty-coloured pigment which constitutes by far the
greatest part ; it may be either collected together in large groups,
or in small spherical blocks, or else divided into fine granules or
needles. In preparations it can be seen not infrequently that
the enclosed bodies are contained in a large cavity formed in the
protoplasm of the white cell, as described and figured by Bignami.
The polynucleated cells (elements with neutrophil granules) are
not so often pigmented as the large mononucleated leucocytes,
while the lymphocytes and eosinophil white blood-corpuscles
never contain pigment or other debris. It has farther been
observed that the development of the phagocyte function is
accompanied by profound alterations not only in the bodies in-
cluded in the white cells, but also in the white blood-corpuscles
themselves which enclose them ; these changes can be better
studied in the phagocytes collected in the spleen, in the liver,
and in the bone marrow, than in those which are seen circulating
in the blood during and after the paroxysms of fever. The
pigment, comprised in small blocks or in granules, gathers together
in large shapeless masses ; at the same time the hsemoglobin of
the amcebiferous red blood-corpuscles passes through its well-
known modifications until it is turned into rusty-coloured pigment.
The parasites then become disintegrated and disappear in a short
time, but the enclosed spores remain longer visible. The leuco-
eytes which contain them have been observed to undergo a series
of degenerative changes, shown in the structure of the nuclens—
changes which allow us to state with certainty that, as a general
rule, these elements degenerate and perish after the completion
of their phagoeyte function, and when they have been deposited
in the spleen, liver, and bone marrow.

In the meantime leucocytes are found in the spleen and bone
marrow with their nuclei in process of fragmentation or in karyo-
kinesis ; these are never pigmented, and bear witness to the exist-
ence of an active reparative process. The phagocyte function is
therefore generally carried out by a species of spleno-medullary
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lencocytes (large mononucleated lencoeytes) which degenerate
and die in large numbers (as Guarnieri and Bignami have noticed)
i consequence of their performing it ; they are then sncceeded by
young elements of the same species, which rapidly multiply in the
spleen and bone marrow.’

Notwithstanding these phenomena of cellnlar reproduction
in the spleen and bone marrow, in the majority of cases the
white blood-corpuscles decrease in number, both relatively and
absolutely, during the malarial infection, as the researches carried
out by Kelsch and Dionisi have proved. According to Kelsch, it is
only during the malignant paroxysms that the white blood-cor-
puscles increase, but even then not with any steadiness, and in
any case merely for a short time. In the opinion of Dionisi, the
white blood-corpuscles share the fortunes of the red ones; but
sometimes they take an opposite course, that is to say, they be-
come enormously reduced in quantity, while the red blood-cor-
puscles tend to recover their normal proportion. All these facts
lead us to the conclusion that in malaria there does not exist any
lencocytosis in the proper sense of the word. The ordinary leneo-
cytosis, which occurs in many diseases and especially in infections
of pyogenic nature, is marked by a transitory numerical increase
of the white blood-corpuscles in the blood, chiefly of the variety
that has a polymorphous nuclens and a finely granular proto-
plasm, endowed with great power of motion (Ehrlich’s cells with
neutrophil granules, or Max Schultze’s cells with granular
protoplasm).? It may be well to repeat here that malaria, by
itself, does not determine this sort of lencocytosis, which is found
to a very pronounced degree in inflammatory diseases for instance.
So that when the blood of persons suffering from malaria happens
to show a considerable increase of polynucleated neutrophil white
blood-corpuscles, we must assume the existence of another
infection, which, being associated with the malarial fever, is the
cause of this change in the blood. Thus on several occasions
both Dr. G. Bastianelli and ounrselves have been led to suspect
the presence of a complication, e. g. pneumonia, or suppuration,
or erysipelas, simply from examining the blood; because, in
addition to the alterations that properly belong to malaria, we

! A complete study on the pathology of the white blood-corpuscles in
malaria was recently read by Dr. G. Bastianelli before the Medical Academy
of Rome (sitting held May 22nd, 1892). Our own conclusions agree with
those which Dr. Bastianelli has arrived at.

: Dr, H. Rieder, * Beitvige zur Kenntniss der Leukocytose,” pp. 29 and
following, Leipzig, F. C. W. Vogel, 1892.
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snceeeded in discovering this lencocytosis. The clinical examina-
tion was found to confirm the opinion we had formed [13].

§53. Golgi! has studied the method whereby the phenomena
of phagocytosis in the quartan and tertian are evolved in
eycles, and has expressed his results in a comprehensive article,
which we shall again have occasion to quote. The law which
he has formulated is as follows :—* Phagoeytism is a process
which is periodically evolved as a regular function of the white
blood-corpuscles—which develops in precise correspondence with
fixed phases in the malarial parasites’ evolutionary ecycle, and
during a determinate period in each paroxysm of fever.”

It now remains to inquire how the process of phagocytosis is
characterised in the summer malarial fevers during the course of
the paroxysm, and whether the sequence of facts is as regular as
in the quartan and tertian.

If we take into consideration the results obtained from
autopsies on malarial subjects, we must conclude that phago-
cytosis takes place in the entire vasenlar system, but preferably in
that of certain of the viscera (the spleen and bone marrow), so
that what we find in the blood taken from the finger must be
looked upon as an episode in a process which is carried out by
preference in the vessels of the internal viscera; and hence it
follows that, should no instances of phagoeytosis be met with in
the blood of the finger, we cannot infer with certainty that there
are none elsewhere at the same time.

When we examine the blood taken from the finger at different
stages in the attack, and in the interval it is found that phago-
eyte forms begin to make their appearance at the commencement
of the paroxysm, they chiefly consist of white blood-corpuscles,
enclosing the same small round masses of pigment that are seen
at the centre of the forms of fission. During the course of the
paroxysm they go on increasing, until towards its close they some-
times become extremely numerous. In typical cases of summer
tertian the maximum quantity of pigment-laden white blood-
corpuseles is usually to be met with .about the time of the pre-
eritical elevation. .

In the short period of apyrexia they decrease considerably, or
else disappear (though this a rare occurrence) only to reappear in

' C. Golgi, ‘11 fagocitismo nell’ infezione Malarica, Riforma Medica,” May,
1888. In this article the author has set forth the history of the questions that
have gathered round the subject, and has given the observations of Laveran,
Metschnikoff, Marchiafava, Celli, Guarnieri, and others; and to it we refer
onr readers for further information.

12
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the dangerous fevers the process of phagoeytosis 18 developed even
““ when the parasites are in their endoglobular stage, and when they
are passing through the phases preceding maturity.” In speaking
of the malignant infections we have had occasion to point out
that the parasites of the summer-autumn group are not only more
virulent—that is to say, capable of greater reproductive energy
—than those of the spring fevers, but that they are also more
poisonous. This higher degree of virulence is shown in part by
the swiftness of the change which the amweba, as it grows,
works in the red blood-corpuscle ; its chemical and physical pro-
perties, its appearance, its colouring, its elasticity, &c., are all
modified. It is more than probable that in these profound alte-
rations lies the reason why amcbz-laden red blood-corpuscles are
found enclosed in the white cells even long before the fission,
and, moreover, at a time when a large portion of the substance ot
the invaded blood-corpuscle still remains intact. This process,
whereby amcebiferons red blood-corpuscles, to all appearance
in a normal condition, are included in white cells, would lead
one to suppose that the poisonous change in the blood-corpuscle
is already far advanced even before it is manifested through
visible modifications in regard to colouring, form, &c. As we have
said, these phenomena are not to be seen during the corresponding
stage in the development of the tertian and quartan amceba.

If now the whole series of facts as set forth be borne in mind,
it 1s believed that they may be summed up and formulated in
the following law :— The phagoeyte function of the white bload-
corpuscles in the summer-autwmn fevers iz carried out on the para-
sites, and the small masses or granules of pigment, which have
become entra-globular, and are shed abroad in the plasma in a free
state, is also carried out on those red blood-corpuscles in which pro-
Jound degenerative alterations have been determined by the amaeba.”
As a matter of fact, the process of sporulation towards the
beginning of the attack is coincident with the liberation of a
large number of blocks of pigment, and, on the other hand, with
the death of a great many adult forms, which are enclosed in
brassy red blood-corpuscles, and do not reach the stage of re-
production. At this point the phagocytosis begins in full activity
(lencocytes pigmented or containing either red blood-corpuscles
or plasmodia) ; as the paroxysm proceeds it continues, and attains
its maximum during the pre-critical elevation,—that is to say,
when the adult forms, whether free or contained in brassy red
blood-corpuscles, the sporulation, and all the other bodies entirely
disappear from the blood.
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We have mentioned at the beginning of this chapter that the
phagocyte function is also performed by the endothelial cells;
this is known not only from examining organs like the liver or
brain in cases of fatal malignancy, but also because, in severe
infections, the blood of the finger is found to contain endothelial
cells enclosing pigment, parasites, and plasmodia-laden red
blood-corpuscles, as Marchiafava and Celli have already noted.!

We have now to inquire what is the importance of this process
with reference to the resistance offered by the organism to the
infection. It is clear that the possession of exact conceptions,
with regard to the way in which spontaneous recovery is effected,
would be a very important factor towards the solution of this
question. But as yet we have nothing of the kind. It is
impossible to affirm that the phagocytosis is more active when
recovery from the fever is spontaneous, because on this point the
observations made are contradictory, as we have before remarked.
In the second place, it is not certain that the phagocytes destroy
the enclosed spores, and these probably represent the only forms
capable of development that are included by the white blood-
corpusecles. If the enclosed spores are all destroyed, how is the
relapse to be accounted for, which is almost always consequent
on the summer fevers? On the other hand, we have no means
at present of objectively determining what becomes of these
included spores.

For the production of spontaneous cure we must not forget
the importance which may attach to the death of the malarial
parasites, and especially of the adult forms which have become
free in the plasma. Various observers (Celli, Antolisei, &c.)
have described certain processes of degeneration which are
carried out in the large pigmented forms, as well in the
quartan and tertian as in the summer fevers. In the latter,
degenerative changes of this sort are seen not only in the bodies
belonging to the group of crescent-shaped forms, but also in
the forms with pigment at the centre, which in their normal
state divide into spores: we have traced in these forms, as in
the large pigmented forms of tertian fever, a process whereby
they become vaenolated and disintegrated into hyaline spherules,
which undergo rapid changes. It is only the bodies which have
divided into spores and have become free in the plasma that

! It is well established that the phagocyte property of the endothelial
cells is manifested in other infectious diseases, and Metschnikoff considers
it of great importance in relation to the question of phlogosis (Metschnikoff,
¢ Legons sur la Pathologie comparée de 1'Inflammation,” 1892, gme legon).
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show no alterations visible by the microscope, while we have
reasons for maintaining that all the forms in other phases of
life, when once the protecting envelope of the red blood-
corpuscle has disappeared, die more or less quickly, owing to a
certain deleterious influence which the constituent parts of the
plasma exert on them. This hypothesis is also sustained by
Faggioli’s recent experiments.!

The importance of these facts in spontaneous recovery cannot
be denied ; but here, too, the objective solution of the question is
not as yet possible.

It remains to consider the importance of phagoeytosis in cases of
cure effected by quinine. We have often observed a remarkable
development in the phagocyte phenomena after the administra-
tion of the salts of quinine; but, in our opinion, this is not due
to an increase in the phagoeyte energy brought abont by the
drug, but to the greater quantity of necrotic forms, and of free
pigment, which is diffused in the blood in consequence of the
direct action of the remedy on the parasites ; the phagocytes
remove the dead forms which render the blood impure. All
that objective observation allows us to say with certainty is,
that the salts of quinine do not hinder the phagocyte activity of
the white blood-corpuscles, nor is their mobility modified, so far
as can be judged from microscopic examination. For the rest,
Disselhorst® and others have proved by experiments on the frog
that the motility of the leucocytes in the vascular system of the
living animal remains unimpaired by the action of quinine. The
phagocyte function continues to be performed owing to the fact
that the lencocytes are unchanged both in power of motion and
in other biological properties; but all the researches which we
have described unite in confirming the truth, that the cure of
malarial fevers by the salts of quinine is effected by the action
of the drug on the nutritive processes of the ammhe.

It the facts actually are as we have set them forth,—if, that is

' Dr. F. Faggioli (* Arch. Italiens de Biologie,’ vol. xvi, Nos. z, 3, 1891) in
his Laboratory of Experimental Pharmacology at Genoa has studied the
poisonous action of the blood on the protozoa, and has arrived at the
following conclusions :—The blood in the whole animal series is endowed
with a property which is deleterious to inferior unicellular organisms; this
property is due to the presence of salts, especially of chloride of sodinm, and
may be looked upon as a means of protection of the species; the representa-
tives of any given species show no absolute constancy with regard to this
poisonous quality ; variations muy be observed, which pass gradually even
into negative values.

? * Virchow's Arch.,” vol. exiii, p. 108, 1888.
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[3]

Page 52. During the summer and autumn of 1891 we observed
many cases of this form of tertian, several following a completely
regular course. The greater number of the cases of pernicious
fever that came under observation during that malarial period also
appeared to belong to the same clinical type.

On the contrary, cases of quotidian and of pernicicus quo-
tidian were less frequent. However, the proportion between
the two forms of summer-autumn fevers is not always the same
in all seasons. Marchiafava and Celli have already alluded
to this fact in former eommunications. During the present year
(1893), moreover, Dr. Bastianelli who has observed many
cases of malarial fever with us at the Santo Spirito Hospital, has
found more cases of quotidian than tertian fever, whilst the
condition was exactly the reverse during the preceding season
(r892). We have merely wished to call attention to this fact
in order that the importance we attach to the tertian type may
not appear exaggerated. It is necessary to remember that not
only do the different clinical forms vary in frequency in various
malarial districts, but also during successive seasons in the same
one. We hold that this fact can be easily explained by admitting
that the different types of parasite correspond to the varied
fundamental clinical forms. For those who wish to tesf our
observations by personal research, it is necessary to note these
facts, and to remember that in order to present a more or less
complete description of these fevers several years of observation
are requisite. It is more difficult to offer a reason for other varia-
tions in observations made by us during successive years.

Thus, for example, during the period 1888 and 1889, Marchia-
fava and Celli had opportunities for studying many cases of
malarial infection with scarcely any melansmia. In one case of
comatose pernicious fever the capillaries of the brain were
found by them to contain numerous unpigmented plasmodia, the
greater number of which were in the stage of segmentation or
had already split up. We were never again able to find this
condition till 189g3.

In a case studied towards the end of October in this year we
were able to observe at the post-mortem examination several
instances of precocions segmentation without pigment in the
capillaries of the brain. These were found in a boy coming from
the Campagna, who died in the Santo Spirito Hospital after
about three days’ illness in spite of repeated hypodermic injections
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as follows. The youngest amwha, the offspring of sporulation,
by virtue of the viscidity of their protoplasm adhere to the surface
of, and by their movements bury themselves in, the contour of
the red corpuscle. In this position the parasite attacks the
external strata of the corpuscle as a means of nourishment, and
after altering these layers is able to penetrate within, and thus
becomes entirely endoglobular,

[6]

Page 58. Besides those alterations already alluded to (shrinking,
decoloration), the red corpuscles containing the adult parasitic
forms may be subject to another change, i.e. fragmentation.
Under the microscope it is at times possible to observe the red
corpuscle divide by constriction into two parts, one containing
the parasite, the other being tenantless. Thus the microcytes or
schistocytes, according to the nomenclature of Ehrlich, are formed.

This fact, however, is of little importance in malaria, as micro-
cytes are but seldom found, and if found at all they occur only in
small number, in the blood of malarial subjects. We have also
observed a red corpuscle containing two parasites divide in such
& way that each part presented a parasite surrounded, as it were,
by a zone of heemoglobin.

il

FPage g5 [line 7, after “ parasites ’’]. The facts alluded to in the
above-mentioned paragraph, treating of the relation between the
course of the fever and the development of the parasites in the
blood, must be accepted with certain limitations. In the fevers
pursuing a regular course, such as in most of the mild fevers, and
often in cases of considerable gravity as well, it may be accepted
as a general rule that “ the paroxysm corresponds to the develop-
ment of a generation of parasites,” and that ** the phase or period
of multiplication of the parasites determines the initial stage of the
access.” In the dangerous fevers, and above all in those of per-
nicious type, a series of disturbing elements intervene, whose in-
fluence often renders the intimate relation between the courseof the
temperature and the period of life of the parasites unrecognisable.
This view has been already alluded to in discussing the facts
treated of in the text, as also in several of the clinical cases cited
as examples. Thus there are cases of pernicious infection without

I An apology is due for the numbers marked by an asterisk not having
appeared in the text, as they were brought to notice too late for inser-
ti.':'nr"'-EDr
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fever, or accompanied by fever without any characteristic type, in
which the examination of the blood reveals the presence of
numerous forms of segmentation. All practitioners ave familiar
with the so-called * masked > forms of pernicious malaria. On
the other hand, there are cases in which the temperature remains
high, notwithstanding the successive diminution, even total dis-
appearance, of the parasites in the blood. Thus in Case 27, an
instance of comatose pernicious fever of the tertian type, in which
the temperature remained high for several days, and in which
death was characterised by a marked increase of fever, the para-
gites, which at the beginning of the disease were most numerous,
gradually diminished in number and disappeared in the blood
drawn from the finger, whilst but few were found at the autopsy
in the blood of the organs. Neither is it possible to find any
relation between the course of the temperature and the life of
the parasites. We counld cite many similar cases, and these facts
go to prove that there can be a great increase in number of
parasites without an access of fever ; and, on the other hand, that
a great rise of temperature may be independent of the state of the
parasites. These facts furthermore attest to the great com-
plexity of the phenomena. Being entirely ignorant of the pre-
cise methods by which the multiplication of the parasites produce
the fever, we naturally cannot enter into the discussion analy-
tically why in some cases this effect is wanting. We can only
surmise that in cases of the grave type disturbing elements come
into operation, which change the regular succession of phenomena.
In those instances, great elevation of temperature, noticeable in
certain cases of cerebral pernicious fever, to all appearance, inde-
pendent of the biological state of the parasite, one may suppose
that they can be due to, or are in relation with, the secondary
functional or organic changes produced by the parasites in the
nervons centres., According to this view, these fevers would
bear a certain resemblance to those oceurring in cerebral hsemor-
rhage, in cases of tranmatism of the brain, &ec.

[8*]

Page 101 [line 16, after ‘““regular”]. Our statement that
cases of pernicions fever do not exist in which the diagnosis
cannot be established by the mieroscopic examination of the blood
has been contradicted by some observers, and probably will be
by others yet to come. This must naturally be the consequence,
as long as the result of observation of one or only a few cases
entitles any observer to formulate a law on a general basis.
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We maintain our point, based as it is on numerous observations
extending over several years of study. Two facts, however,
must not be overlooked ; the first, that in some cases of pernicious
fever the parasites may disappear from the blood after full doses
of quinine, and notwithstanding this the disease may tend to
become aggravated, and may even have a fatal issue. We have
treated of this fact in a preceding chapter. In the second
place, it must be remembered that some of the grave morbid
symptoms may develop in individuals in whom the malarial
infection has recently spent itself. At the end of this chapter
we have called attention to these types, and have termed them
““ post-malarial,” an expression which, while it indicates the
course of facts, does not include a fixed conception of their patho-
genesis,

[9%]
Page 103 [line 21, after “ antopsy *’]. We shall briefly treat of

those rare cases of severe general infection, at times even fatal,
in which there are but few parasites, in the second Appendix.

[10%]

Page 112 [line 10 from below, after * predominant ’]. The
observations made referring to the distribution of the parasitesin
the vascular areas of the organs of those who have died of per-
nicious fever, allnde almost exclusively to that group of perni-
cious fevers with cerebral symptoms (coma, delirinm, convulsions,
&c.), a group which could be called *“ pernicious cerebral fever.”
These cases, as we have already remarked, are the predominating
ones oceurring among us, and form the greater number of the
cases studied by Bignami in his publication. Bignami has
already observed that in the forms of pernicions fever the accu-
mulation of parasites may, by preference, take place in other organs
than in the brain, e. g. in the intestines in choleraic pernicious
fever. From this point of view one may distinguish various
groups of cases in perniciouns fever,

1st. Cases in which the entire organism is invaded by the
parasites to such an extent that a comparative examination of the
brain, of the spleen, and of the bone-marrow will render it
impossible to establish in which organ the accumulation is
greatest,

2nd. Cases in which the greatest number of parasites are
found in the capillaries of the brain, the adult forms or those
in the process of sporulation predominating.
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srd. Cases in which the greatest accumulations are observed
in the spleen, in the bone-marrow, and occasionally in the capil-
laries of the intestines.

To the second group belong the greater number of cases of
cerebral pernicious fever, which we have stated to be so common
with us. This will explain why almost all of our descriptions,
and the conclusions we have arrived at while treating of the
distribution of parasites, and of the changes in various organs, in
cases of anatomico-pathological examination of cases of perni-
cious fever, almost exclusively refer to this gronp. We further
wish to add that it is possible to find the parasites accumulated
exclusively in the brain ; thus in a case of comatose pernicious
fever studied during this year (1893) in the Santo Spirito Hospital
by Dr. Bastianelli, and by us, post-mortem examination revealed
the capillaries of the brain filled with parasites in various stages
of development, whilst no trace of them could be found in either the
spleen or the bone marrow. However, in another case of algid per-
nicious fever the spleen and the bone marrow were full of parasites,
whilst but few were found in the brain. To the third group
belongs the following case studied by Marchiafava in the summer
of this year (1893), and in which the parasites were found almost
exclusively in the intestine ; the case was one of algid pernicious
fever with hsmorrhagic diarrhcea, and the post-mortem exami-
nation revealed an acute enteritis, with superficial sloughing
of the mucous membrane as the main feature. The aceumulation
of parasites was almost exclusively limited to the superficial
capillaries of the mucous membrane corresponding to the necrotic
portion. This observation tends to strengthen our view, already
expressed at other times, that in some way local causes enter
into action, and modify the general laws relating to the distribu-
tion of parasites in the vascular areas of the organism.

[11]

Page 158. The cases which we allude to at the end of para-
graph (a) demonstrate that the thermal resistance, and also the
resistance of the parasites to the action of quinine, vary within
rather large limits. We have mentioned cases in which, not-
withstanding the most proper administration of this remedy,
the fever has persisted for two, three, or even more days.
In some cases it seems that the resistance to the influence of
quinine is greater in recent infections, and gradually diminishes
in the later progressive paroxysms. In fever patients coming
from the country, presenting themselves at the hospital on the

13












APPENDIX I

ON THE CLASSIFICATION OF THE MALARIAL
FEVERS.

THE classification adopted by us has, if we mistake not, this
advantage over the others which have been suggested: it rests
on carefully ascertained matters of fact, while the standpoint
employed as its criterion is a practical one.

Golgi admits the existence of the following fundamental types
of fever :

(1) Intermittent fevers depending on parasites whose eycle of
evolution is completed in two days. This group corresponds to
the clinical types of the tertian, and of certain quotidians which
are due to the daily alternate maturation of two generations of
tertian parasites.

(2) Intermittent fevers depending on parasites whose cycle of
evolution is completed in three days. This class includes the
clinical types of the quartan, the double quartan, and the triple
quartan.

(3) Intermittent fevers depending on the presence in the
blood of those forms which are as yet not well understood, and
which are generally called * crescent-shaped,” the period of their
development being variable. Under this division may be included
many infermittent fevers of irregular type; the intermittent
infections with long intervals, as well as many others with short
ones, belong to this division ; also some quotidians, and certain
subcontinued fevers and subintrant quotidians.!

This last class corresponds to what we have named the
swnvmer-autumn group ; and inasmuch as these infections, both in
their clinical types and in their parasitic characteristics, differ in
the clearest manner from the other two groups, we have placed

' C. Golgi, “On the Intermittent Malarial Fevers with Long Intervals :
Fundamental Criteria for grouping the Malavial Fevers,” ¢ Archivio delle
Scienze Mediche,’ 18go,
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Without entering at length into the merits of this classification,
we may observe that the fundamental grouping of the malarial
parasites into two genera (the Hemamceba and the Laverania) is
based on the interpretation which assnmes that the crescent-
shaped forms (Laverania) represent a separate species of parasite
entirely different from the species which give rise to the dangerous
fevers (the Hemamaeba pracor of Grassi and Feletti). But this
theory is not accepted by any of the other observers who have
devoted themselves to these questions; on the contrary, they all
maintain, as we do, that the crescent-shaped forms are in reality
a certain phase in the life of the parasites of the summer-autumn
infections. Whatever be the final solution of this matter, it is
sufficient to remark here that Grassi and Feletti’s classification is
eonstrueted on one of the most contested of all the facts connected
with the biology of the malarial parasites. Moreover, as far as our
knowledge at present goes, we cannot allow that a distinetion
shonld be drawn between the Hamamaeba precor and the
Heamameba immaculata as two separate species. The latter is
said to be characterised by premature sporulation, which takes
place before the pigmentation of the parasite.

This occurrence has been cbserved by Marchiafava and Cells,
but only in very rare cases; and where these forms of fission did
oceur, sporulating forms with pigment were also present ; so that
in these instances we should have to admit a double infeetion
produced both by the Hamamaeba pracow and the Hmmamoeba
immaculata—a hypothesis which at present is destitute of all
foundation. We shall feel unable to change our opinion until
we meet with cases of malarial infection which may show no
trace of melan@mia, and which would consequently mean a pure
culture of this presumed species of parasite, the Hmmamwba
immaculata. There are, however, instances of malignant malarial
fever where the melanosis of the organs, consequent on the
melanzmia, is so slight that it may escape detection without a

microscopic examination of the organs in which it is usually most
intense.

Mannaberg' does not accept Grassi and Feletti’s classification,
especially refusing to admit the division into the two genera of
Hm@mamceba and Laverania. He agrees with the Roman school
in maintaining that it is one and the same amawboid parasite which
either arrives at sporulation in the well-known way, or else changes
into the crescent-shaped body. His theory as to the structure and
biological signification of the semilunar forms is that they are

! ‘Die Malaria Parasiten,’ Wien, 1893.
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meant by the old writers (from Hippocrates and Galen down to
our own Borsieri) when they spoke of fevers recurring every six,
seven, eight, &ec., days. With regard to these, considering what
we now know, there is really nothing to say, because, since the
discovery of the malarial parasites, no one has had the opportunity
of observing a single case. As to the irregular infections with
long intervals, all the physicians who practise in malarial districts
agree in admitting their existence, and in regarding the irregular
return of the paroxysms as a series of recurrences. Somewhat
similar to this type of fever are certain cases which we have
studied, as well as one investigated by Golgi,! in which latter
there were groups of paroxysms separated by intervals of apyrexia
from five to ten days in length. As a general rule we find two,
three, or four paroxysms coming together in groups which succeed
each other at various intervals in different cases, varying from
ten or fifteen days to a month. With respect to the parasites in
some of these cases we find that the variety which characterises the
summer-autumn fevers (as in the instance observed by Golgi),—
that is to say, the small ameboid parasites are seen during the
paroxysms, and the crescent-shaped bodies during the apyrexiw ;
other cases show the parasites of the mild tertian, as in some
instances which have come under onr own notice. Of these two
series the explanation of the first, produced as it is by the
summer-autumn parasites, may be debatable, owing to the fact
that our knowledge of the crescent-shaped bodies is still incom-
plete ; on the other hand, the second series, which is due to the
parasites of the mild tertian, can be interpreted without difficulty.
We certainly cannot suppose that the tertian parasite undergoes
such changes in its biological properties that it produces forms
which slowly develop during the course of the long apyrexia until
at last they give rise to fresh attacks of fever; in point of fact,
such forms do not occur in the blood of the patient. Conse-
quently a period of apyrexia which lasts for ten, fourteen, or
sixteen days can bear no resemblance to ome which intervenes
between two tertian or quartan paroxysms, during which a para-
sitic generation is matured. It is therefore right to regard the
fresh attack as a recurrence, which occurs after an interval
manifestly equal to the time required for the parasite’s incuba-
tion ; so that these ‘ loug-interval ” fevers are presumably the
product of a series of recurrences, which succeed each other at a
nearly equal distance of time. According to this theory the

1 «8plle Febbri Intermittenti Malariche a Lunghi Intervalli” ¢ Arch.
delle Scienze Mediche,’ vol. xiv, f. 3.
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intervals of apyrexia must be considered not as infermissions in
the proper sense of the term, but as periods in which the malarial
infection is lafent. The recurrence connected with the summer-
antumn fevers are frequently to be seen in the winter.

As regards the so-called irregular fevers our view may be
deduced from all the facts set forth in this work, and may bhe
thus summed up. There is no group of fevers which are natu-
rally and per se irregular, but fevers of every class may become
irregular, and in different ways: some types are less liable to
this change, while in others, like the summer-autumn group, it
takes place very frequently. If we bear in mind the law that
“a fever with regular pBI"iDL‘]E is cansed hj' the maturation of a
single parasitic generation ’—a law which is valid for all kinds
of malarial infection, a nnncﬁptmn may be formed even a priori
of the various ways in which a given type of fever can become
complex and irregular. But there exists no variety of parasite
characterised by uncertainty and irregularity in development ;
hence it follows that the conception of a group of essentially
irregular fevers has no foundation on fact.



APPENDIX TII.

ON THE MALIGNANT INFECTIONS.

Tue additional experience we have gained in regard to this
subject daring the last two malarial seasons, since our treatise
was published, enables us to confirm onr previous statements in
all essential points,

In the first place, we can still further establish the fact on
which we have insisted in the text, that the malignant infections
are always produced by the summer-autumn varieties of the
malarial parasites. The practical importance of this law has
induced uns to devote careful study to every additional case of
malignant fever that has come under our notice, and there have
been several such ; the resunlt has been that each new instance
has only supplied additional confirmation of the principle we
have laid down.

We return here to this subject becaunse the law as enunciated
by us has been called in question. Thus it has been alleged that
we deny the possibility of malignant infections making their
appearance in the winter. It is almost needless to add that we
have never made this statement. As a matter of fact, malignant
infections during the winter may be found, although not fre-
quently, in districts where malaria is intense ; and we have re-
ported an instance in Case 3o. But these cases, rare as they may
be, are nevertheless determined by the parasitic varieties which
we have called a potiori the summer-autumn.

With regard to the factors of malignancy in these malarial
infections, we have brought into prominence the following facts :
(&) The vast quantity of parasites in the majority of cases ;

(6) The frequent presence of two, and sometimes of more
than two generations or colonies of ameebe ;

(¢) The high reproductive activity ; and

(d) The specially poisonous nature of the summer-autumn
group of parasites.
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With respect to the first of these points: after ascertaining
that the quantity of parasites in fatal cases is usunally much
more abundant in the blood of the viscera than in that of the
finger, we wrote as follows :—* The contradiction frequently met
with in life between the number of parasitic forms and the
severity of the disease, and also the degree of an@mia, disappears
in most cases when at the autopsy an examination of all the organs
is possible.”” This assertion contains a reservation which requires
explanation and justification. There are, in fact, certain cases of
malignant malarial infection in which, on examining the blood
during life, one is surprised at the relative scarcity of the
parasites ; their numbers are not proportioned to the gravity of
the clinical symptoms. And when, in spite of energetic treat-
ment with quinine, death ensues, even then the microscopic
examination of the wviscera reveals no such accumulation of
ameba in the vascular areas of the brain, the spleen, the bone
marrow, &e., as is usually met with in the majority of instances.
Some fevers of this sort have come under our notice during the
past year; and Dr. G. Bastianelli has observed two similar
cases at the beginning of the present season. But these instances
are rare in comparison with the others in which the quantity of
parasites is extremely large ; the latter constitute the rule, the
former the exception. We have generally noticed them at the
beginning of the malarial season, in the month of July, never in
the autumn. The vietims for the most part are peasants from
the country at the time of thrashing the corn, when they are
weakened by toil, by the burning sun, and by their miserable
food. The nervous symptoms are those which predominate, such
as coma, convulsions, &e. The anatomical examination shows
the signs of a malarial infection at work, of recent date ; in faet,
not only are the parasites relatively few, but the melanosis of
the viscera is also slight—a circumstance which makes it very
improbable that the final paroxysms were preceded by any other
SErions ones.

Cases of this sort easily rouse the astonishment of anyone
who is observing an endemic of severe malaria for the first
time. He sees that invasions of parasites in relatively small
numbers are followed by severe, and sometimes by exceedingly
grave paroxysms of fever; and as he finds this phenomenon
difficult to understand, his attention is more arrested by it than
when he observes severe paroxysms to be consequent on the
presence of large quantities of ameeba—a matter easily enough
explained. Hence it comes about that the rule is forgotten in
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multiply by “a process of internal structural changes;”’ 2nd,
that the young amcebee found in the red blood-corpuscles during
the febrile attacks do not ultimately develop, but, probably owing
to granular degeneration, disappear.

We have already given our reasons in the first Appendix for dis-
countenancing the custom of treating of long-interval fevers as
a separate class.

Again, in this and in preceding publications we have described
the development of the young amebe, circulating in the blood, into
bodies with a central accumulation of pigment and the segmentation
of the latter. Furthermore we have expressed our serious doubts
regarding the development of the semilunar bodies ; although we
have had abundant and suitable material at our disposal, we have
never been able to trace them up to the stage of multiplication.
These discrepancies in opinion, however, may in part be ascribed
to the facility in variously judging the significance of certain
forms of the parasites, above all of the forms of segmentation.
This may occur especially if one unhesitatingly considers all
bodies in the shape of small corpuscles that are divided or
segmented, studied in fresh specimens, as types of segmentation.
In our more recent researches we have established it as a rule,
never to accept any forms of parasitic segmentation as types of
multiplication unless thay have been studied in coloured prepara-
tions, and present the structure of spores.! It seems almost super-
fluous to add that Golgi’s hypothesis of the possible development
of the young amebs of summer-autumn fevers into those of the
tertian and quartan type is not only not borne out by facts, but the
latter, in reality, oppose it. Again, it is an error to look upon the
semilunar bodies as generally free ; Marchiafava and Celli, a long
time ago, demonstrated their endoglobular origin, and showed
that they retain this state during the greater part of their exist-
ence. In face of these and the other divergences stated, Golgi
has felt the necessity in the publication, of which we will now
treat, of re-arguing the questions. His monograph is divided into
two parts, one of which is critical; the other treats of original
observations.

In the first we shall merely touch upon the principal points.
Golgi commences with a criticism of our division of malarial
fevers into two great groups. While he accepts the term of
¢ gummer-autumn ** for one of them, he does not approve of the

! Golgi, in his work, treats of various forms of segmentation different

from those described by us. His descriptions, however, are by no means
convineing, nor does it appear that they have been thoroughly studied.
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denomination of “spring ** or “winter-spring * fevers for the other
group. We have already treated of the arguments he adduces,
in part in the first chapter, and again in the first Appendix of
this work ; accordingly, we deem it superfluous to repeat. We
now immediately approach one of the most important facts in the
biology of the parasites of summer-autumn fevers, namely, a
feature studied and insisted upon by us in all our reports as one
of the most important characteristics of this group of fevers, that
the segmenting forms are almost never found in the circulating
blood. Were we to refer to our reasons for attempting to explain
this fact, we should be compelled to repeat what has already been
treated of in other parts of this work. Some of our considera-
tions referring to the questions in argument are dwelt upon in
the second Appendix. We merely wish to recall that we regard
the presence in the blood of endoglobular amceba, presenting
finely granular pigment, which gradually disappear from the
eirculating fluid as the new febrile attack approaches, as the sign
of impending multiplication ; these accumulate in the internal
organs, where the process of reproduction by means of division
takes place. Now Golgi does not hesitate to affirm that this
tact—. e. the accumulation of the parasitic forms in the internal
organs, and their consequent multiplication in connection with
the febrile paroxysm—if not entirely, in the main, still awaits
confirmation, and that our observation is merely an induction
based on collateral knowledge. As he expresses himself (l. c.,
p. 1g of the reprint), “I must note that it is neither the act of
sporulation, nor of segmentation in progress, that is here
considered as a symptom of the approaching attack of fever, but
another sign that is interpreted as an indication of approaching
sporulation. Now as the latter has as yet not been directly verified,
being more of a supposition based on collateral knowledge, one
may assert, and not without grounds, that the sporulation of the
summer-autumn amebae circulating in the blood 1s more an hypo-
thesis than a recognised fact.”’

Certainly several passages in our treatise must have escaped
Golgi’s attention. Thus on page 41 we note, “ Although in the
blood taken from the finger we but very seldom found structures
in fission, still the presence of adult forms (plasmodia containing
granules of pigment and forms enclosing masses of pigment) may
lead one to infer with certainty that multiplication is about to
take place in the internal organs. This is, in fact, demonstrated
by examination of the blood emtracted from the spleen during life,
and by examination of the parasitic contents of the various organs
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fevers, in fact, in the majority of cases, present a characteristic
parasitic condition of the blood, which permits of the diagnosis
and prognosis of the gravity of the infection. In order to arrive
at such a conclusion, however, it is necessary not only to esti-
mate the result of one examination, but at times of several, in
order not only to ascertain the number of the parasitic forms,
but also of their state of development, and of other facts, to
which we have already called attention in treating of the parasitic
finds in severe fevers, and of the prognostic value of other signs.
In the second Appendix we have spoken of, and dwelt upon, the
considerations suggested by the exceptional cases of pernicions
fever in which there are but few traces of parasites in the blood
and in the internal organs. At this point we beg to state
that, as in the cases to which we refer, not only the blood,
but also the internal organs contain only small numbers of para-
sites ; the faet in itself is no more opposed to our view than it
can sustain Golgi’s interpretation.

However, if the altered state of the circulating blood be acci-
dental, what becomes of the small amebese that appear during
every paroxysm of fever ? In his earlier publication, already cited
at the beginning of this chapter, Golgi states as a fact that the
small amwbe do not develop to maturity, but disappear, probably
in consequence of granular degeneration. He does not exclude the
‘possibility that in exceptional cases they may develop info tertian
and guartan forms (!). In the publication at present in question
we, however, find contradictory views. On page 32 we mnote
the following :—* The small amwmbe in the circulation bear no
relation to the pathogenesis of the febrile process ; they are merely
the first phases in the process of development.” However,on page
34 he expresses a certain doubt in stating, “I do not wish to
enter into the question whether a part of these young amcebee,
at a certain stage of their development, may not become arrested
in the internal organs, and here continue their evolution up to
complete maturity, or whether these circulating amobae are
destined to perish.’”’ Again, on page 36 the author expresses
a similar reserve,

Now we have always held that part of the circulating ameebs
are arrested in their process of development, and perish together
with the red corpuscles which envelop them ; we allude parti-
cularly to those found in the red blood-corpuscles having undergone
so-called “ brassy degeneration.”” But we have no reason to
doubt that a great part of them do continue up to full development
after becoming arrested in the internal organs. A conclusive
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confirmation of these facts has recently been obtained by
Bignami and Bastianelli in a series of experiments with regard
to inoculation. They have demonstrated that the inoculation of
the blood of a subject suffering from malaria, even in the smallest
quantity (e. g. two drops), into the circulation of a healthy
individual will, after a varied period of incubation, produce fever ;
furthermore, that the blood of the individual inoculated, from
the very first attack of fever, demonstrates the preaenca of new
generations of young amwba.

The opinion, accordingly, that everything found in the eirculating
blood is aceidental, is in part due to allowing a mistaken value of
some exceptional f&ﬁmrs, and in part to holding a preconceived
idea. Taking for example that the temperature course in certain
cases of typhoid fever is entirely irregular, would it be logical to
affirm that in these cases the course of temperature is accidental ?
One can find numerous analogous examples in all infectious
diseases.

In contradistinetion to Golgi’s view we affirm the following :—
That in summer-outumn fevers, whilst a great portion of the
development of the parasites, especially segmentation, does take
place in the internal organs, there oceurs, in a determinate rela-
tion with the course of the paroxysm of fever, an invasion of youny
ameba into the cireulating blood. The presence of forms of advanced
development and in the state of segmentation in the blood is a certain
indication of gravity.

Now to Golgi’s second proposition, *“ The entire process does
not fake place in the circulating blood, but in the internal organs,”
If Golgi were only to change the position of the word “ entire *
in this sentence, and thus were to say, ““ the process does not
take place entirely in the cireulating blood, but in the internal
organs,” it would indicate exactly the position we have occupied
in this and other publications in treating of this question.

To sustain his view, Golgi details the results of the expedient
of puncturing the spleen in those affected with these fevers. He
begins with the affirmation that the blood of the spleen invariably
presents a positive condition or state as regards the parasites (1. c.,
p- 35). We were aware of this, and it is in perfeect accordance
with our observations and our views. If the young amebm are
in the general circulation, it is quite natural to find them (and
in great quantity) in the spleen. Further, if at a certain phase
of their development they are arrested in the internal organs, and
here complete their cycle of life, as we have always held that they
do, as thus in the internal organs an acoumulation of ameebe at the
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stage of maturity and segmentation is found, it follows, 2s one can
readily understand, that the examination of the blood of the spleen
will always yield positive results.

In treating of the cycle of life of the parasites the anthor dis-
tinguishes three phases.

The first phase  is represented by young unpigmented amabze,
or by those containing but few granules of pigment, such as
are usually deseribed and depicted as the ammba circulating in
the blood.”” This phase corresponds to the first and second phases
of our description of the summer tertian.

The second phase is ““ represented by the small ameeba: with a
central accumulation of pigment, up to a more or less advanced
invasion of the red blood-corpuscle, sometimes with complete de-
struction of the heemoglobin, at others with a portion of it remain-
ing” (L e., p. 37). In treating of this form, Golgi insists upon
the variation in size of the structures containing a pigmentary
accumulation, which may be small, or instead may assume a rela-
tively very large size, he regarding the larger forms as being derived
from the smaller ones. We also have observed and depicted this
variation in size. Fuorther, we have also noticed most minute
forms of sporulation originating from very small ameebae with a
central pigmentary accumulation (see the sporulation of the quo-
tidian), and larger forms with many spores derived from larger
parasites containing the central pigment. All the forms of seg-
mentation, however, be they of larger or of smaller type, if
recognisable with certainty as such, are developed within the con-
fines of the red bleood-corpuscles, the latter possibly presenting a
profoundly altered aspect. It is only in consequence of a later
change that they are liberated. Golgi does not fix the length
of time necessury for the development of the second phase,
but believes it must be a long one. He is led to this by the
question of size they may arrive at. This reason is hardly a
valid one. Do we not observe, perhaps, that the parasites of
tertian in the space of two days attain a notably greater size than
those of the quartan in three ?

“ The third phase is represented by parasites in advanced stages,
endoglobular or free, modified in various modes by the later
development, and above all by the processes of reproduction.

In the description following, one in vain seeks to find out
which are the forms  changed in various modes by the later deve-

ent.”” On the contrary, much attention is devoted to the
types of multiplication. Regarding these, Golgi makes the fol-
lowing distinctions :
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(a) ** A form of reproduction, which one may call, that by total
segmentation, and which takes place with a regularity of phases and
of forms, comparing with sufficient exactness with that which
one observes in classical intermittent fevers.” This type of
fission corresponds with that observed and described by us.
Golgi, however, adds that he has observed some segmenting forms
belonging to this class of an exceptionally large size, contain-
ing as many as from forty to fifty spores. 'We have counted from
twenty to thirty spores, or even a few more, in these forms of
multiplication. We have never been able to meet with a much
greater number, not even in stained preparations, in which it
is impossible to mistake other forms for those of fission (as,
for example, degenerative, disintegrating forms), and it is easier
to count the individual spores. If new researches confirm this
statement, it will be the sole new fact in Golgi’s work.

(b) ¢ A form of reproduction which points to a process of endo-
genesis through an internal differentiation of the protoplasm, and
which takes place in suchamanner thatthe periphery of the parasitic
form is surrounded by a membrane-like stratum of its substance.”

However, terming this form of segmentation *“endogenous
would lead one to suppose that the other processes of fission were
not so. Now all observers agree in affirming that segmentation
of the parasite of malaria always takes place by endogenesis,—
that is, by the formation of a varying number of most minute
chromophil bodies, the latter gravitating toward the periphery
of the body of the parasite, to become surrounded by a part of °
the protoplasm. Also, in this relation, the study of specimens
stained with hematoxylin, demonstrating that there are no fun-
damental differences in the process by which segmentation of
the parasites takes place, has resolved the argument in question.
It does not appear that Golgi, in his researches, availed himself
of those methods which alone permit of a careful study of the
strocture.

(¢) As a third division, Golgi treats in a very doubtful manner
of the segmentation of particular forms of greatly varying size,
of which he admits *‘ the still distant possibility of establishing
their biology.” According to Golgi, “ the contours of these bodies
are irregular, often markedly tuberous or berry-shaped, and are
capable of changing their forms. Apparently they reproduce
in a different manner.” :

If we do not err, which is possible, considering the vague
deseription, we incline to the belief that these forms correspond
to those which we have alluded to in the text, and which we have

15
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infection with regular absence of circulating parasites, and if the
condition observed in the blood be purely acecidental, naturally
the utility of a clinical examination of the blood will prove of much
lessened value, and even with the microscope, certainty in arriving
at a decision must be lacking. TUnder this state of affairs some
physicians may abandon this valuable means of diagnosis, which
in certain cases, in the absence of clinical criteria, is the only
means which permits of the recognition and proper treatment of
malarial diseases.

The acceptance of this preconceived view would thus mani-
festly be harmfol in its effects, and we can never oppose it
too warmly.

A few more remarks. In treating of the observations already
quoted, regarding the forms of segmentation in this group
of fevers, Golgi again gives us to understand that our know-
ledge of these segmentations is almost entirely based upon
the results of autopsies in cases of pernicious fever. We have
already demonstrated the inexactness of this assertion. More-
over, althongh Golgi on this point is not clear, he seems to
express the view that the condition of the parasitic forms may
vary according to the longer or shorter period ensuing before the
antopsy is performed (l. ¢., p. 39). In alluding to this, our
observations do not permit 6f the slightest doubt. We have
examined the structure of the spleen immediately after death,
and again after many honrs and even days, it hardly need be
added, as it is self-evident, in the same case, and never have
we been able to detect any modification in the state of develop-
ment of the parasite,—so much so that we are ready to affirm
with certainty that after the death of the patient the development
of the parasite becomes arrested. Moreover recent researches
have demonstrated that after death the parasites, as best seen
m preparations stained with hsematoxylin, rapidly undergo
structural alterations. The young amceebw, studied in the blood
during lifetime, on being stained appear as a more or less
delicate ring, whilst those examined but a few hours after
death take up the colouring matter in so diffuse and general a
manner as to resemble in certain cases large micrococci. In all
probability the parasites are profoundly affected and killed by
those intimate changes in the blood and tissues following death.
Bignami and Bastianelli will shortly treat of this subject at
greater length in a forthcoming publication.

Another point meriting attention is the hypothesis, hazarded
with reserve, of the development of the parasites of malaria
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CHAPTER I.
HISTORICAL INTRODUCTION.

Tae discovery of the malarial parasite was made on the 6th of
November, 1880, by the French military surgeon A. Laveran,
professor at the Val de Grice Medical School. This investigator
was at that time in active service at Constantine, a military
station in Algiers, where malaria is exceedingly rife. Using the
opportunity, he undertook the task of making a new revision of
the pathological anatomy of malaria. He began this work by in-
vestigating, in the first place, the formation of pigment in the
organism. A thought, as logical as it was happy, led him to
observe the pigment in the blood obtained from patients, in order
by this means to angment the results already obtained from post-
mortem material. Althongh before him many other investigators
had examined the blood of malarious patients microscopically, and
had recognised certain pigmented bodies in it as being pigment-
earrying leucocytes of the malarial blood, it was Liaveran who first
conjectured the parasitic nature of these bodies and who tho-
roughly convinced himself of the correctness of his conjecture by
long-continued observations. This new conception of a well-known
condition, which numerous observers since Heinrich Meckel had
passed by without appreciating its importance, contributed so much
the more to Laveran’s fame because his discovery came at a time
when the Klebs-Tommasi-Crudeli’s bacillus malarizz appeared to
have cleared up the etiology of malaria, and to have met with very
general acceptance.

As I have often met with many misleading remarks in German,
French, and Roman authors in this connection, I take the
opportunity here of referring to previous statements made con-
cerning the pigment in blood.

Heinrich Meckel [1], in 1847, was the first to find and to describe
pigment in the blood and in the organs of the dead body of an
insane patient. The results of the post-mortem (slate-coloured
staining of the grey substance of the brain, very large spleen,
enlarged liver, cedema) permitted no doubt that the patient had
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““One often observes on the concave side a very fine line, which
seems to cause the ends of the crescent to stand out in relief.
These elements do not appear to be capable of movement. They
are occasionally oval in form, and when the oval is but slightly
elongated, and the granules of pigment are arranged in a circle,
the bodies closely resemble the following :

“2. Transparent spherical elements of the average diameter of a
red blood-corpusele, containing pigment granules, which in a state
of rest are often arranged in a tolerably regular circle, while in
motion these granules are briskly shaken and their arrangement
thus becomes irregular. Further, one often observes at the
margin of the transparent spheres very fine flagella which seem
to be inserted in it, and which are animated by the most rapid
movement in every direction. The length of these mobile
flagella may be stated at three or four times the diameter of a
red blood-corpuscle. I have often counted three or four around
the same spherical body, to which they communicated an oscilla-
tory motion, while at the same time they displaced the neigh-
bouring red blood-corpuscles in every direction. The free
extremity of the flagellum is slightly swollen. While at rest
these flagella are invisible from their fineness and complete
transparency. These mobile flagella finally detach themselves
from the spherical pigmented bodies ; after this separation they
continue to move and pass freely among the red blood-corpuscles.

“ 3. Elements of a spherical or wrregular form, transparent or
finely granular, having a diameter of ‘008 mm, to ‘o010 mm., con-
taining rounded pigment granules of a fiery red colour, which are
sometimes arranged fairly regularly at the periphery, at other
times connected either at the centre or at some peripheral
point. These bodies are motionless, as are also the pigment
granules they contain.

 If one observe a transparent spherical body containing mobile
pigment granules and furnished with moving flagella till the
time that the movement ceases, one may see it take the
appearance above described, whence one may conclude that these
elements only represent, as it were, the cadaveric form of the
preceding ones. These elements have no nucleus, and are with
great difficulty stained with carmine, which seems to distinguish
them from the melaniferous leucocytes, with which they have up
to this time been confounded.

‘4. Spherical transparent elements containing pigment granules,
either moving or motionless, like those described above, but of a
diameter much less than that of these bodies. The smallest of
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these elements are barely a sixth of the diameter of a red blood-
corpuscle, and only contain one or two pigment granules, while
the largest approach the diameter of a red corpuscle. These
bodies, sometimes single, sometimes joined together to the number
of four, at times free in the blood, at others attached to the red
curpuacles' or the leucocytes, only appear to represent a certain
phase in the development of the parasitic elements above described.

“The living character of these spherical bodies containing
pigment granules is indisputable. I suppose it is a gquestion of
an organism which exists in the state of agglomeration, of encyst-
ment, and which in its perfect state hecomes free and in the form
of moving flagella. Among the Protista there are numerous
examples of these different states of the same organism.

¢ In addition to the elements described above there are often
seen in the blood of patients suffering from malarial fever—(1)
Red corpuscles which appear vacuolated at one or more points,
and which contain pigment granules. (2) Melaniferous leuco-
eytes. (3) Pigment granules of various sizes free in the blood ;
these pigment granules are probably derived from the destruction
of the parasites ; they are taken up by the leucocytes, as happens
to all granular matter entering the blood.

“It is now a year since I discovered the parasitic elements
above described in the blood of patients suffering from malarial
fever. Since then I have collected observations of 1gz patients
suffering from different forms of malaria, intermittent or remittent
fever, pernicions complications and malarial cachexia. I have
ascertained the existence of the parasitic elements in 148 of these
patients.”

At the conelusion of this communication Laveran develops the
idea that the parasites are killed by quinine, and that in this way
the specific action of this drug 1s to be explained.

We shall subsequently see that, even in this early publication,
Laveran refers to all the forms of the malarial parasite which had
hitherto become known, except the completely unpigmented
torms, which, however, he comes very near to, when he mentions
the frequent oceurrence of the very smallest bodies containing
very little pigment (one granule). This acenracy of the observer
18 all the more remarkable becanse Laveran worked with a
relatively small magnifying power (400 to 500 diameters). It
must, however, be admitted that the importance of these resunlts
were later subject to various alterations through the work of
Laveran himself, as well as of that of other investigators,

The missing, perfectly unpigmented, stages were almost imme-
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this movement, at least in the pigmented forms. Marchiafava
and Celli arrived at the true appreciation of the malarial parasite
by this roundabout route becaunse they at first only examined
stained preparations of blood, which they also described, and from
which it was perfectly impossible for them to see that the bodies
which they held for degemeration products were moving, living
organisms, It was first in 1885, after they had become aware
of the mobile and heterogenous appearances of movement in
fresh blood, that they came upon the fact of the true nature of the
malarial parasite, long previously discovered by Laveran, and
from this time the investigations of both authors advanced the
knowledge of this organism,

It was henceforward to the credit of both observers that they
assumed the method of reproduction of the malarial parasite to be
in the segmental bodies, and thus the developmental eycle was for
the first time sketched. It was they, too, who later on produced
valuable information concerning the diagnostic and pathological
importance of the unpigmented varieties. Also the name “ Plas-
modium malariz ”—which, if not very happily chosen, is the
one at present most usually employed for the malarial parasite
—must be ascribed to Marchiafava and Celli [1g9, 20]. They
suggested it originally for the unpigmented bodies, the discovery
of which they still aseribed to themselves, notwithstanding all the
claims which Laveran has made to its previous discovery.!

From 1885, more and more numerous confirmations of Laveran’s
discovery, which had been at first so dubiously received, came in
from the most various malarial districts of the globe. By far the
greater part of these reports brought little that was new, but only
served to confirm the facts already discovered by Laveran. They
were valuable, however, in that they stimulated the study of the
malarial parasite, and inereased the importance of his discovery for
diagnostic purposes. The most noteworthy of these writers were
Sternberg [21], Conncilman [22], Osler [23], Maurel [24], James
[25], Sacharoff [26], Paltauf [27], Plehn [28], Quincke [29], v.
Jaksch [30], and Chenzinsky [31]. Together with these authors,
who proved the general and exclusive occurrence of Laveran’s
heematozoon in malaria, numerous other investigators occupied
themselves with the elucidation of the many points of view which
the question of malaria had assumed in the light of the new dis-
covery. ItwasE. Metschnikoff [32], in the zoological department,

I T avoid entering into details on this so frequently repeated and tedious
dispute, and refer the reader who is interested in the same to the biblio-

graphy.
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who first sought to classify the blood parasite. He classed
it with the Cocecidia near to the Klossia soror, and sug-
gested for it the name of Hamatophyllum malariz. This
has, however, up to the present, not obtained general usage.
Metschnikoff also discussed the relation of the ““ Hematophyllum®’
to the Phagocytes, but this is referred to in Chapter 1X.

From the clinical point of view, we have to thank C. Golgi
[33—37] for very valuable observations to which we shall sabse-
quently pay special attention. It was Golgi who endeavoured to
establish the relation between the symptoms of fever and the
various stages of development of the hsematozoon, on the one
hand, and between the types of fever and the form of the parasite
on the other., He has ingeniously brought into clear and natural
relation the confusing number of varieties which other observers,
without respect to biological and clinical value, had brought to
light. Following his track, especially in the methods adopted
with reference to the quartan and tertian fevers, Marchiafava and
Celli [38], P. Canalis [39], and others sought to bring Golgi’s
rules also to bear upon the pernicious summer and antumn
fevers.

Golgi’s investigations further brought up the question as to the
unity or multiplicity of the malarial virus ; whereas the majority
of the Italian observers took the view that different types of
fever required different hsmatozoa, Laveran took the side of
the unitarians, who believe that the many forms at present
known are varieties of a very polymorphous but single organism.
Notwithstanding the numerons weighty confirmations of the
parasitic nature of malaria and of the pathogenic importance of
‘“ Laveran’s bodies ’ (in the widest sense), there were still to be
found some observers who tried to uphold the idea that these
bodies were degeneration products and who sapported this idea
by fresh proofs. Among the representatives of the degeneration-
hypothesis, we mention Tommasi-Crudeli [40], with whom are
associated Maragliano [41] and Mosso [42—44] ; in Germany also
several opposing voices were heard. The objections raised by
these observers were, on the one hand, disproved by experi-
ment, as by Golgi [36] and his pupils Cattaneo and Monti [45] ;
on the other hand, by the accurate study of the structure of the
heematozoon, they were disposed of once for all. The first
thorough investigations into the nature of the structure of the
heematozoon were made by Celli and Guarnieri [46], and were
followed soon after by Grassi and Feletti [47], who studied the
quartan parasite and published the first accurate histological
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investigation of the relation of the nuclear chromatin, the forma-
tion of spores, &e¢. In like manner the tertian parasite was next
studied by Romanowsky [48] and myself [49].

Up to the present very little knowledge has been obtained from
the pathological and anatomieal point of view, but A. Bignami’s
[50] work deserves notice, for he has published valuable informa-
tion respecting the distribution of the parasites throughout the
general vascular system and concerning phagocytism, &ec.

Although in the present study the intention is followed of
discussing only the malarial parasite in man, still certain obser-
vations from the pathology of the animal world, which to some
extent run parallel, cannot altogether be ignored, the less so
because the extended development of our knowledge of the blood
parasites in man requires a comparative, and possibly also an
experimental, basis in the like blood parasitical conditions of
animals. Hesmatozoa have formerly been often described in
animals, especially in cold-blooded animals, by Gruby [s51],
E. Ray Lankester [52], Osler [53], Lewis [54], &e., but we are
interested chiefly in Gaule’s [55—57] examination of the “little
worm * in frog’s blood, a discovery which was made a short time
after Laveran’s, and which was immediately followed by Daniel-
ewsky’s [74—77] numerous new discoveries in the blood of
lizards, tortoises, and various birds ; it is especially the haematozoa
of birds from swampy districts which very closely resemble the
malarial parasites, and give promise of being of much value in the
elucidation of the same. It is, therefore, comprehensible that
investigators of malaria, as Celli and San Felice [78], have
devoted themselves to the study of this blood parasite in birds,
and, on the other hand, that zoologists also pay attention to the
malarial parasites in man.

The advantages to the therapeutics of malaria which have
accrued from Laveran’s discovery are also not to be despised,
firstly, on account of the fact that the action of quinine can be
defined with more precision than it has yet been possible to do with
almost any other remedy or in any other internal disease ;
secondly, because it has now become possible to control exactly
the result of our therapeutic measures, by examining the blood
at short intervals during the administration of quinine, and by
deducing therefrom the most favorable conditions for their
success, as has recently been done by Golgi. The investiga-
tions which refer to the first point were already made by
Laveran on the living subject, whereas later, by myself, and
further by Romanowsky, by means of more accurate histological







CHAPTER II,
METHODS OF INVESTIGATION.

For the investigation of the unstained malarial parasites, the
general rules for the microscopic examination of blood are fol-
lowed. The preparation of stained specimens, on the other hand,
is carried out by a method specially suited to the heematozoon.

In order to examine fresh blood for malarial parasites, slides
and cover-glasses are carefully cleaned with water and aleohol,
and then perfectly dried. The blood is obtained from the tip of
the finger or from the edge of the lobe of the ear (which has been
previously cleansed with soap and brush), by pricking it with a
needle, or, better still, with a small lancet. If the drop of blood
so obtained is too large, it is gently mopped up with a linen
pledget, and then the part is carefully, but as rapidly as possible,
pressed, so that a very small drop of blood exudes. This is
immediately caught upon the cover-slip, which is held by a pair
of forceps, and placed upon the top of the drop of blood ; after
being thus charged, the cover-slip is placed upon the slide, and the
drop of blood rapidly spreads itself out between the two glasses.
I do not think it is advisable to aid its spread by either pressure
or any other method, because I have often found that the blood-
corpuscles undergo a change of form if any such mechanical
interference is made. It hardly need be said that it is advisable
on each occasion to make several specimens, so that if one is
unsuccessful, others will be ready, but before a second or third is
prepared one must not neglect to wash away the remainder of the
blood from the finger, and to press out a fresh little drop for the
next preparation. The necessary size of the drop is soon learnt
by experience ; beginners usunally take too large a drop. It is
especially necessary for the investigation of malarial parasites to
have the least possible quantity of blood under the microscope,
because in larger quantities the formation of rouleaux interferes
with, or even renders impossible, the investigation.

Apart from the ordinary microscope slides, I have often used
the one recommended by Hayem [80], which has in the centre a
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circular disc surrounded by a hollowed groove ; the level of the
dise is not sunk. This arrangement serves the purpose of pre-
venting rapid evaporation of the blood, so that a longer observa-
tion is rendered possible. Although these slides are very
advisable, they are not absolutely necessary. For the miecro-
scopical examination a good immersion lens is of great use and
really indispensable when it is necessary to distinetly appreciate
the structure of the hmmatozoon, although it is possible to see
the varions forms with a good dry lens (magnifying to 400—500
diameters), that is to say, if one has already some experience and
knowledge of the subject. As is known, Laveran made his
discoveries without a very high power, and even noticed the
smallest parasitic forms.

The caveful survey of the specimen under the microscope
requires at times great patience ; in severe cases of malaria it
not infrequently happens that a whole number of parasites is
seen in each microscopic field, so that the investigation is imme-
diately successful, but in mild cases, especially the sporadic, as for
instance those which occur in Vienna, it is often necessary to
search through the whole of the specimens before a single para-
site is found. Besides this, the stage of the fever in which the
investigation is made has considerable influence, and for this
reason it is customary to attempt to prove the presence of the
parasites in the peripheral blood when they are most numerous,
namely, from a few hours before the commencement of the attack
until it has reached its height.

We now turn te the preparation of dried specimens ; these
serve for the preservation of the malarial parasites and for the
more accurate study of their structure, but they can also, under
certain circumstances, render considerable diagnostic aid.

The dry cover-slip specimens are obtained either by placing a
cover-glass, upon which a drop of blood has been received, upon
another, and then rapidly drawing the cover-slips apart, or by
drawing the edge of a cover-slip transversely over the drop of
blood apon the tip of the finger, whereby the edge receives a
small rim of blood, and then drawing this cover-slip, held at an
angle, over a second and third cover-slip. In both these ways—
practice and rapidity taken for granted—equally good specimens
are obtained. Here, again, it is necessary to manipulate with
small drops of blood, because the film of blood should be so thin
that the several blood-corpuscles should lie side by side of each
other, so that each individual one presents its surface to the
observer. It is very advisable during the preparation of the dry
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treatment by picrie acid. Specimens prepared in the method
which has been described show the parasites, as also the leuco-
cytes, coloured blue; the red blood-corpuscles remain perfectly
colourless. In successful preparations the details of the structure
of the parasites are very clearly shown (see Plate I1I).

For staining blood parasites in tissues, Bignami Amico [50]
gives the following directions :

Fix the finely cut sections of tissue in a 1 per cent. watery solu-
tion of corrosive sublimate with o075 per cent. NaCl and o5 to 1
per cent. acetic acid.

The sections remain in this solution from half an hour to several
hours ; they are then hardened, first in iodised alcohol, lastly in
absolute alcohol.

Staining follows in saturated watery or alcoholic solutions of
safranin, methylene blue, vesuvin, or magenta-red for five minutes,
subsequently washing in aleohol.

Apart from the staining methods, there are further various
attempts suggested with the object of retaining the hamatozoa
alive as long as possible, in order to observe any possible
developmental appearances or modes of reproduction.

To attain this object it is necessary to prevent the coagulation
of the blood, to avoid evaporation, and to keep the specimen at a
constant temperature. To prevent coagulation, Plehn [28] recom-
mends the adoption of Freund’s [59] method. The tip of the
finger, from which the blood is to be taken, is well smeared with
vaseline, and then an ordinary microscope slide must be used, which
by means of a flat ring of a spirit varnish has been converted into a
hollow slide; a drop of fluid paraffin should also be placed upon the
cover-slip, so that the blood is prevented from touching any sub-
stance which would favour coagnlation. Plehn states that with such
precautions the blood-corpuscles retain for two or three days their
normal shape and their elasticity. To prevent evaporation, Hayem’s
slides (cellule & rigole), already mentioned, are used, or the edge
of the cover-slip is ringed with paraffin ; the hollow microscope
slide, into which a small drop of water has been placed, is also
useful for this purpose.

I often use with considerable success a hollow microscope slide
which is at one and the same time a moist and oxygen chamber.
It consists of a rather thick glass, having in the middle a deep
depression, as is the case in the ordinary hollow slides. Into this
depression two grooves are ground, into each of which a thin
ebonite tube is cemented, projecting about 3 or 4 em. beyond
the end of the slide. The cementing must be very accurate,
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especially at the point of juncture with the depression, and must
not project above the level of the slide. The apparatus is used
as follows :—after smearing the edge of the depression with thick
Canada balsam, a drop of sterilised water is placed in it, then the
cover-slip, upon which a drop of blood has been spread out as
thinly as possible by a swinging motion given to it, is accurately
placed in position. Then one tube is either connected with an
oxygen gasometer or the oxygen is led to it direct from the retort
(I myself, when on my journeys, use manganese with peroxide of
hydrogen). The passage of the oxygen through the chamber
can be proved by holding a glowing match to the mouth of the
second open tube. In this manner, in addition to using a warm
stage, I have been able to keep the hematozoa alive longer than
in any other manner.

To obtain an even regulated temperature one uses either the
ordinary hot stage (I work with Reichert’s table) or a hot chamber
especially constructed for the microscope. Investigations in
hanging drops and in the moist chamber have no value for the
ordinary physician, and even for the special investigator they
have been up to the present of little real value.

Even observations made with the warm stage, apart from the
fact that the hsematozoa are retained a little longer alive, and that
certain movements appear more lively, have rendered no note-
worthy results for ordinary diagnostic purposes, and may, there-
fore, be completely dispensed with.

Until now the attempts which have been made to cultivate the
malarial parasites outside of the human body have been of little
success. These attempts have been undertaken by most of
the investigators of malaria under all the varionus methods
employed in bacteriology, with often very fantastic modifications ;
also with many new cultivation materials specially adapted to the
conditions of life of the heematozoa, but all have up till now been
absolutely unsuccessful. The questions, therefore, whether the
malarial parasites can under any circumstances be cultivated,
whether they exist external to the body, as saprophytic or as
parasitic organisms, &c., are up to the present unanswered. The
suppositions of various investigators concerning these matters will
be touched upon in the course of the following chapter. After
what I have said, I think it unnecessary to give details concern-
ing the unsunccessful cultivation attempts; whoever intends to
work in this direction must invent new methods to reach the goal,
if, indeed, it is ever to be reached.

After considering the general methods of investigation, a few
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remarks may follow on others which are difficult to carry out and
therefore seldom practised. To these belong transmission of the
parasites to healthy human beings and animals, and lastly the ex-
traction of blood from the spleen.

Sinee 1884, when Gerhardt [60] proved the possibility of inocu-
lating healthy individuals with malaria by the subcutaneous injec-
tion of malarial blood, such experiments have not infrequently
been repeated, especially by Italians. The object of such
procedure is to ascertain whether the inoculated individuals
suffer from the same type of fever from which the patient suffered
from whom the blood was taken, or whether such is not the case.
The experiments have further the object of answering the ques-
tion as to the wunity or plurality of the malarial virus. Up
to the present time these experiments have led to no completely
identical results, from which it is apparent that the different experi-
menters defend from different standpoints this question of unity
or plurality. The reasons for this diversity in the results obtained
from investigations of the blood will be discussed further on, and
an attempt will be made to show that the differences of opinion
are reconcilable.

The inoculations are always made with fresh blood, becaunse the
heematozoa are so exceedingly sensitive and any addition to the
blood would be injurions to or even fatal to their vitality. Ino-
culations may be either subcutaneous or intra-venous, the latter
plan being preferred by Italian investigators. Accidents have
not yet been reported.,

Marchiafava and Celli felt compelled to employ intravenous in-
jections owing to the frequent non-success of the subcutaneons
method. They operate as follows : } to 1 cubic em. of blood is aspi-
rated by means of a sterilised Pravaz syringe from a vein in the arm
of the patient, and with the same syringe it is immediately injected
into the vein of the subject inoculated. The veins are not exposed,
the whole operation taking place through the skin. It is obvious
that the strictest antiseptic precantions are employed during the
operation.

Inoculations upon animals have been as numerous as have been
the cultivation experiments, and like them with negative results,
although animals of every species, both cold-blooded and warm-
blooded, have been employed, so that at the present time it can be
stated with the greatest probability that the hamatozoa of man
cannot be transferred to animals. The same thing happens with
regard to the blood parasites of animals; they cannot be trans-
ferred from one species to another ; even the few records of






CHAPTER IIIL

GENERAL AND SPECIAL MORPHOLOGY OF THE MALARIAL
PARASITE.

The malarial parasites are unicellular living organisms which in
their early forms show a more or less lively amaboid motion,
whereas during their stages of development they lose it entirely
and only show slight changes in form, probably caused by the
contraction of certain strata of the body.

Whereas then we see in the developed parasite definite simple
forms recurring, to which a relatively small scope is allowed, we
find the young forms possessing the most various outward appear-
ances. As a rule, the immature parasites have a flattened disc-
like form which, according to whether it is at rest or in move-
ment, may have a circular, oval, smooth, edged, or completely
irregular shape. The mature parasites are globular or sometimes
also flattened.

The predominance of the flattened forms is probably due to
the site occupied by the malarial parasite, the red blood-corpuscle,
which possesses a flattened form ; the perfectly globular form is
first assumed by the parasite when it has escaped out of the red
blood-corpuscle.

The size of the parasite varies according to its age ; its diameter
measures I u—I10u. The parasites are mostly isolated, but not
infrequently several may be found side by side, and, as I shall
later on explain, there are amongst the malarial parasites certain
kinds which must take on the sexzual form (copulationsformen) ;
these consist of two single parasites, sometimes of four. The
sexnal forms possess in the developed stage a double-contoured
membrane, which is absolutely wanting in the isolated parasite ;
they are therefore to be deseribed as cystic bodies.

The reproduction of the malarial parasites takes place through
a simple segmentation (spore-formation) in the developed condi-
tion, probably also by the formation of spores after previous
conjugation and encystment.
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being always coloured, indeed, it is very often completely trans-
parent and colourless (Plate IV, figs. 63, 64 ; Plate I, figs. 57—066).

Further proofs for the existence of a true investing membrane
round these bodies will be given subsequently. Even under high
powers no proof of structure in the membrane is obtainable.

Lastly, it must be mentioned that Antolisei sometimes observed
a double contour in the spores of the quartan parasites, and that
the same anthor is of opinion that the spores in general have an
investing membrane.

() Plasmic bodies and their contents.—Hach hamatozoon
possesses a plasmic body which occupies a different amount of
space in relation to the whole parasite ; relatively it is least in
the quite immature forms, becanse in them the size of the nucleus
much predominates, whereas in the fully-developed parasite the
relative size of the two is generally reversed. The bulk of the
eytoplasm is excentrically situated with reference to the nucleus,
as 1s seen in the illustration (see Plate IIT).

In the living parasites, especially in all immature forms, it is
generally impossible to differentiate the plasma from the nucleus.
Both constituents apparently form a homogeneous mass, and this
explains why it was so long before the difference was made out.

In stained preparations the more or less markedly stained
plasmic body projects itself quite clearly from the unstained vesicle
which forms the nucleus (see Plate III).

As the ameeboid processes of the immature forms proceed from
the plasma, it is natural that in the stained preparation all possible
forms are presented.

In the Protozoa, to which, indeed, the malarial parasite belongs,
two layers of the plasmic body are in general distinguished, the
inner and the outer layers of protoplasm (Entocyte and Sarcocyte).
These layers are found clearly separated from one another in
many developed Protista ; the granules of the Entocyte especially
present a marked difference in comparison with the hyaline con-
struction of the Sarcocyte. In the malarial parasites it is not
always possible to accomplish such a division of the protoplasm
into two accurately differentiated layers, just as little as it can
be done in a large number of the Rhizopoda, in the small single
Gregarinida and the Coccidia. Celli and Guarnieri [46] were
the first to use for the malarial parasites the expressions Feto-
and Bndo-plasm, but they caused some confusion because they
designated Endoplasm the unstained part of the heematozoa,—that
part which represents the nucleus and which has, therefore,
nothing to do with the protoplasm.









266 MALARIAL PARASITES,

These words, indeed, indicate the standpoint we now take up
concerning the formation of the malarial parasite and which we
are not likely to have cause to relinquish.

The pigment therefore represents a product of digestion of the
hamoglobin. 1t is produced by the metabolism in the heematozoa,
which are obliged to (angewiesen) obtain their nourishment from
the substance of the red blood-corpuscle; it accumulates in the
interior of the parasite as it grows in size.

The malarial parasite produces the pigment in the form of ex-
ceedingly fine dust-like particles, as coarse granules, and as dis-
tinet rods or spicules. The longest spicule measures about
1 u. The agglutination (zusammenbacken) of numerous pigment
fragments results in the coarser conglomerate forms of granular
masses. The colour of the pigment is black in the masses just
mentioned ; in the fine spicules and granules it may have a
shade of reddish brown. Laveran [g, p. 36] describes the colour
as dark fire red (“‘ rouge feu trés foncé ”’) and says that he has also
sometimes seen light blue pigment which is said to come from
the black pigment. Rosenbach [70] saw in one case granules
which were less black than colourless or greenish and reddish.

Concentrated hydrochloric acid and sulphuric acid do not alter
the pigment ; on the contrary, it is markedly cleared up by alka-
lies and it appears soon after their action reddish brown, even
yellowish.! It is dissolved by ammonium sulphide (Kiener).
The chemical composition of the pigment i unknown.

All malarial parasites do not contain pigment. Firstly, all
immature forms are free from it ; there is, however, also a definite
species of parasite which up till spore-formation has either no
pigment or only shows slight traces of it. This important fact
was noted by Marchiafava and Celli, but it must be qualified by
the statement that the species of parasite referred to, if only it is
allowed a few days’ time, forms regular bodies which are always
deeply pigmented (crescentic bodies), so that an attack of malaria
can only exceptionally run its course without forming pigment,
namely in those cases in which an especially severe infection with
unpigmented parasites causes death within one or two days.

As well as these completely unpigmented forms, there are such
as contain only few and most minute pigment granules. They

by the malarial parasites, if I may so say, residue which accumulates in the
interior of the cystic bodies.

! For this reason in some of the drawings the parasites are shown less
black in colonr than is the case in vive. The preparations in gquestion have
been passed through ammonia.
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are so small as to be only just appreciable with the best objectives.
The protoplasm looks as if finely dusted.”” In other forms the
pigment occurs in coarse particles, which are so numerous that
when the parasite is nearly fully developed it seems to be per-
fectly crowded with pigment granules.

Golgi found that the guartan parasites have coarser pigment
granules than the tertian parasites. As the finely or non-pig-
mented forms just described belong to the quotidian type, it may
be said in general terms that the size of the pigment granules
inereases throughout the evolution of the parasite.

The movements and definite gronping of the pigment will be
discussed under the heading of “ Phenomena of motion.”

The protoplasm also contains vacuoles ; as Celli and Guarnieri
have pointed ont, these are to be seen as small, roundish or even
oblong, clear interruptions in the protoplasm ; they are not con-
tractile. Usnally small vacuoles and few in number (one or two)
are seen in a parasite, but it happens sometimes that the whole
of the protoplasm is riddled with them and looks like a sponge
(see Plate III, fig. 32). Whether a parasite so affected can live
long it is difficult to say.! I have often observed in certain
specimens a remarkable number of such vacuoolated parasites ;
in others very few or none were found.

It would appear that several authors have mistaken this
vacnolation for spore-formation. I would here call their atten-
tion to the structure of the spores as seen by the light of
improved staining methods. Vacuoles have no structure ; they
are fissures in the protoplasm which are filled by fluid, and
therefore spore-formation and vacuoles have nothing in common.

The nucleus of some forms, again, is often erroneously taken
to be a vacuole; so Marchiafava and Celli mistook the large
central nuclens of the small form of parasite, which they later, as
I think wrongly, considered to be a biconcave variety.

(e) Nueleus and nucleolus.—The nucleus of the malarial parasite
has only recently been recognised as such. Laveran from the very
first insisted that the hsmatozoa were differentiated from the
leucocytes by the absence of a nucleus, and this statement seems
to have placed the search for the nucleus for a long time in the
background. TLaveran was so far correct, for the malarial parasite
does not possess a nucleus which can be stained like the nucleus
of the leucoeyte ; with a simple carmine stain, which is quite
sufficient for staining the nuclei of the white blood-corpuscles,

! It may be noted in passing that certain Gregarinida, for example Clono-
rhynchus echiuri, ave always quite vacuolar.
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lastly, the membrane ruptures, whereupon the projections sink
back, and from them long thin threads shoot out, which lash so
actively that their contours can only now and then be partially
caught sight of. The violent way in which the flagella lash the
red blood-corpuscles in their neighbourhood has often been
described ; they even cause marked depressions upon their
surface, which, however, immediately disappear (see Plate II,
figs. 62, 66).

Knot-like swellings are often noticed on the flagella; appa-
rently they change their situation; their extremity is usually
knobbed and a fine pigment grannle may be seen here and there
lying in their substance. The number and position of the flagella
varies. One to five are noticed from one body, but owing to their
exceedingly rapid movement they are difficult to count. They
may project from one side or both sides of the spherical body,
symmetrically or nnsymmetrically. The movement of the flagella
lasts from fifteen to thirty minntes; it becomes gradually weaker,
intermits, and then comes to an end. Sometimes quiescent flagella
can be seen attached to the bodies ; sometimes, however, they
become detached, and then swim about in the protoplasm like
eels ; these freed flagella are the only form of the malarial parasite
which possesses the power of changing its locality.

The picture which these flagella present is a very startling one,
especially to pathologists who are not used to like appearances, and
it is therefore not surprising that Laveran gave the greatest
attention to the flagellated bodies, and attributed to them an
especially important place in the biology of the malarial parasite.

Laveran had from the first the impression that the flagella re-
presented the highest developmental stage of the parasite. They
appeared to be developed in the cystic bodies, and to escape from
them when mature. If so, this would also explain the method of
reproduction of the parasite.

A second condition might have influenced Laveran considerably
in forming this opinion, namely that the flagella are usunally to be
found in the blood at the time of, or shortly before, an attack,
whereas they are rarely seen in the intervals of apyrexia.

Laveran’s statement with reference to the flagella was soon
confirmed by Richard. The Italian investigators at first did
not mention them, and later considered that they but rarely
occurred. In Marchiafava and Celli’s first communication nothing
1s mentioned of these bodies, for this reason—these observers at
that time only worked with stained specimens, in which the flagella
are seldom seen. In 1886 they [61] saw flagella four times in
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forty-two severe cases of malaria, in 1887 not once in 120
cases ; it is, therefore, comprehensible that they saw in them the
rarely attained final stages of development [19].

Apart from French observers, Councilman [22] was the first to
call attention to the frequency of these bodies.

Since the method of the reproduction of the parasite has been
found to occur in a different way, one is on the whole inclined
to depreciate the importance which Laveran attributed to the
flagellum, and at the present time its importance is, as I believe,
very under-estimated. Grassi and Feletti [72] saw only the
““ appearance of agony ” in them, and Marchiafava and Celli are
now of the same opinion, as appears from their last joint report
[73]. Grassi and Feletti base their opinion on the fact that the
flagella are first developed in the specimens some time after the
blood is taken, that they are not present in the eireulating blood,
and that they vary in number and in arrangement.

Danielewsky [75] alone at present agrees with Laveran in the
opinion that the flagella are to be regarded as organs of the
parasite. He calls attention to their constant presence in the
Polymitus avium,

Duaring the course of my investigations I have given the
flagella special attention, and have arrived at the following
conclusion. The flagella appear in all the species of the malarial
parasite.  They are most frequently observed in the spherical
bodies of the crescent series, almost as often in the tertian
parasites, less frequently in the quartan parasites. The frequency
of their presence, which, however, is only to be proved by a
repeated and accurate observation of the blood, convinces me
that the flagella are to be considered a mecessary attribute in o
distinct stage of the development of the parasife. As already
mentioned, it is the large developed spherical bodies which send
out the flagella. It is also clear that the flagella are more
frequently to be found during the paroxysms of fever in which
the large forms are most numerous than during the period of
apyrexia.

In many species of parasites, as in the tertian parasite (Golgi),
the flagella may be regularly demonstrated, and often in great
number, a few seconds after blood has been drawn. A longer
time (about ten to thirty minutes) passes before the spherical
bodies of the crescent series appear. [In mearly all cases of
malaria in which there has been to any extent an abundance of
parasites found, and whose persistence has permitted several
observations, I have found flagelinted bodies.
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In my opinion these appearances are, as already mentioned,
certainly not to be considered as “agony products.” For why
should they only be exhibited in a relatively small number of
parasites, when certainly all of the bodies in the preparation die
within & short time ? There must also be here and there flagella
to be seen in the cireulating blood, in which, as I shall later on
prove, an enormous number of parasites perish at the time of the
paroxysm, and therefore great numbers of forms “in agony ”
are present. One ought to expect the same thing to occur after
the administration of quinine. But none of these expectations
are confirmed. Lastly, the extraordinary activity in the move-
ments tells convinecingly against the supposition of an “agony-
phenomenon.”

My idea is that we have to regard the flagella as organs which
enable the parasite to adapt itself to a saprophytic condition. 1
imagine that the flagella shrink in at the first commencement of
life outside of the human body, and that the death of the young
saprophytes takes place in consequence of the unsuitable soil.
This explanation makes it comprehensible why flagella are only
formed by developed organisms. It is only the strong, well-
nourished, large bodies which are in a condition to bring them
forth ; they alone are called upon to change into the saprophytic
condition in suitable soil.

A proof of the correctness or otherwise of this supposition is
only to be obtained by successful cultivation experiments ; still I
believe that at the present time there are more facts in favour of
it than for Grassi and Feletti’s idea.

The flagellum can only be stained if a cover-glass film is
immediately placed in a moist chamber for about a quarter of an
hour, that is to say, the flagella must be permitted an opportunity
to form. As soon as they are present they can be stained, as is
the protoplasm.

The third kind of movement is that which takes place within
the parasite, and which finds expression in the more or less active
intermolecular movement of the pigment. When the movement
is slower the pigment granules lazily but hardly recognisably
alter their position, but when greater they are whirled about like
a swarm of midges. Laveran has compared the latter condition
very happily to the disturbance of hoiling water. His opinion
is that the movement is caused by the flagella enclosed in the
interior of the parasite, and that the pigment granules are
thereby set in motion. Other authors see in this pigment move-
ment a Brownian phenomenon, One is obliged to contradict this

18
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to lie under a red blood-corpuscle, and be therefore partially
invigible ; this has likewise never heen observed.

Marchiafava and Celli go so far in one of their publications [73]
as to assume that the hmmatozoa can only carry on an endo-
corpuscular life, and that those forms found free in the liquor
sanguinis must be considered to be * degenerated forms.”

In reference to these points I must make the following remarks.
It is, as a rule, very difficult to decide whether a parasite lies
within a blood-corpuscle or whether, as Laveran says, it is only
pressed upon it ; the criticisms brought forward by Marchiafava
and Celli and just mentioned, are not a complete confirmation of
their view, for the adhesiveness of the parasites wounld prevent
their ever, even during ameceboid movement, becoming free from
the blood-corpuscles, even if they were only adhering to them.
As far as their other objection goes, the transparency of the red
blood-corpuscle must be taken into account. It is not always
possible to judge, owing to the minuteness of the objects, if the
parasite seen is situated above, within, or below the blood-cor-
puscle.

In my opinion, only one proof exists that a definite parasite
lies within the blood-corpuscle, and this is that the spherical bodies
of the crescent series, and more rarely the large parasites of the ter-
tian type (see Plate II, figs. 25, 26), can be observed af the instant
they quit the infested blood-corpuscles. Just then it can be clearly
observed how the still existing hsemoglobin-coloured blood-cor-
puscular débris quite suddenly parts asunder and falls into several
delicate droplets, whilst the spherical body, which has up till then
lain quietly within, is driven to one side with a kind of jerk,
usually turning half round in so doing. During this process one
becomes convinced that the parasite escapes out of its habitat at the
time of the escape of the blood-corpuscle débris (see Plate II,
figs. 62 to 66). Concerning the small unpigmented varieties, [
am of opinion that they lie for a considerable time upon the blood-
corpusele. If this statement is compared with the drawwngs on
Plate II, figs. 41, 42, the accuracy of this view will be admitted.
Countless examples may be found in the summer fevers. Apart
from this, an observation may be made with a fresh specimen
which shows that the endoglobular parasitism is not so readily
set aside as appears to be the case.

If there are in the microscopic field one or more unpigmented
or even slightly pigmented, apparently endocorpuscular ameeboid
forms, one must open up the iris diaphragm completely and, by
means of the convex reflector, throw oblique rays of light upon




GENERAL AND SPECIAL MORPHOLOGY. 277

the object. This method of illumination renders excellent service
when one wishes to see the bodies in plastic relief. In this way
shadows are produced, which is not the case when the specimens
are illuminated directly from below. By this oblique illumination
with an open Abbé, the umbilication, for instance, of the red blood-
corpuscles appears remarkably plastic. If the infested blood-
corpuscles are now found, it is seen that in the places where the
parasites were observed, distinet impressions in the substance of
the blood-corpuscles are noticed, and that the margin of this
so-formed depression is perfectly sharp. I have made this
observation innumerable times, and I found it confirmed in all the
small varieties (also in the immature varieties of the gquartan and
tertian parasites), so that I do not seruple to consider it to be the
rule. In face of the fact just mentioned, we must doubt to
some extent the assurance given by Marchiafava and Celli that
the amceboid forms are endoglobular. If these bodies were within
the substance of the blood-corpuscles, one cannot understand how
the observed depression in the upper surface of the blood-corpuscle
takes place. One would, on the contrary, expect it to be evenly
expanded. It seems to me, also, that in regard to these forms
Laveran’s opinion is correct, whereas the endoglobular situation
of the large pigmented bodies is to be held as proved.

I should not have dwelt so long on these histological details
if the Italian authors had not gone too far in claiming to be
the discoverers of the parasite by their discovery of the endo-
globular growth (which, indeed, as has been mentioned, has
already been discovered by Richard). For the biology of the
parasite and for its pathological importance it is just the same
whether surrounded on all sides (endoglobular) or only on one
side (extra-globular) with the nourishing substance of the blood-
corpuscle.

Against Marchiafava and Celli’s opinion given above that all the
free bodies are degeneration forms, it is further to be noticed that
the spores which have become free, and are swiming in the pro-
toplasm, are often to be demonstrated in enormous numbers. The
way in which their structure takes on stain is so striking, that
one is prevented from suspecting them to be ¢ degeneration
forms,” as also from mistaking them for other elements of the
blood (see Plate ITI, figs. 27 to 30). The amceboid bodies, too,
which are developed further than their spore-forming stage, are
not infrequently to be found free in the liquor sanguinis fully
retaining their structure. With reference to the other free
varieties, especially the large pigmented bodies, I refer to the
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special description of the quartan and tertian parasites (see
Chapter VI).

Under the influence of the parasite the red blood-corpuscle
undergoes various changes ; under the influence of the pigment-
producing parasites they lose more or less rapidly their colour,
so that the blood-corpuscle débris which is present is often hardly
distinguishable. Again, alterations in the size and shape of the
red blood-corpuscles are frequently seen. In tertian ague the
infested blood-corpuscles are often very hypertrophied, sometimes
growing to three or four times their normal size (see Plate II,
figs. 15 to 20). Probably this hypertrophy is analogous to other
cellular hypertrophies which have been observed in infested
Gregarinida, for instance in the Kiossin soror, which feeds upon
the renal epithelium of the snail and often causes an enormous
increase in the size of its cells. On the other hand, a decrease in
size and also a shrinking of the infested red blood-corpuscle has
been observed, for instance in the very interesting “ Globuli rossi
ottonati”’ first described by Marchiafava and Celli. They are
shrivelled blood-corpuscles, having a copper colour (see Plate II,
fig. 49). They are infested with the small unpigmented or slightly
pigmented parasites (quotidian or malignant tertian parasites).’

In the more deeply pigmented small species of parasites, small
ones are sometimes seen lying, as it were, in a folded veil, which
is formed of shrivelled and completely decolorised blood-corpuscles.
These appearances are extremely delicate, and are to be counted
amongst the most beautiful microscopical objects.

After some experience the shrivelled blood-corpuscles cannot
be mistaken for the ordinary ‘ morning star form.”

Of the diminution in red blood-corpuscles in consequence of the
malarial infection, as also of phagocytosis, mention will be made
subsequently (see Chapter IX).

(f) Mode of reproduction.—The reproduction of the malarial
parasite occurs by spores which are formed in the fully-grown
bodies. Celli and Guarnieri endeavoured to add to this method of
reproduction that of proliferation of the spherical bodies of the
crescent series. It appears, however, that these authors gave up
this idea, and rightly so, for those * buds”’ possess no structure,
and cannot therefore be spores.

From Laveran’s first publication it appears that he had already
at that time seen and described the spore-forming bodies, only he
failed to recognise their importance, holding them as he did to be

1 T designate these shrivelled and darkly coloured blood-corpuscles, briefly,

“ Messing-Korperchen ” (translated, copper-coloured bodies; they are said
by the author to have the colour of old brass).
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dead, broken-down bodies. As has been already mentioned,
Laveran then recognised in the formation of the flagella the
method of reproduction of the parasites.

It is to Marchiafava and Celli’s credit [20] to have first
thought of the importance of the spore-forming bodies, but they
were first definitely recognised, fully appreciated, and described
by Golgi [34].

Golgi first made clear the process of development of the
quartan ague parasite, then that of the tertian. A year later
Marchiafava and Celli [61] were also able to demonstrate the
formation of spores in the parasites of the summer and autumn
fevers to which the pernicious fever belonged.

The spore-formation consists in the appearance, in what had
been up to this time a single organism, of a larger or smaller
number of little bodies, each of which, on account of its complete
cell-structure, possesses the power of individual life, growth, &ec.
These little bodies are the spores, and they represent the first
immature stage of the parasite.

The spore-formation takes place as a rule in mature organisms,
that is to say in fully-grown large specimens, but here and there
one does come across some which generate spores without yet
having reached medium size.

Spore-formation closes the existence of the spore-forming bodies ;
there remains lying side by side of the newly-formed young
bodies a smaller or larger number of dead residue, the débris of
the original mother parasites. These quiescent bodies consist
chiefly of pigment, which is taken up by leucoeytes and is
deposited in the spleen, the liver, or in the marrow of hones.

The process of spore-formation differs in the various kinds of
parasites, as also to a certain extent in one and the same species.

The spore-formation proceeds with least wvariation in the
parasites of the quartan fever. Golgi, whom we have to thank
for the most accurate information respecting the formation of
spores, shows that the parasite, fully filling the blood-corpuscle
and ripe for division, gradually produces delicate radiating streaks,
and that the pigment, hitherto distributed throughout the proto-
plasm, concentrates itself in the middle of the body in globular
form. The stripes become well marked, and suddenly the body
of the parasite is divided by them into from six to twelve oblong
divisions grouped round the central pigment mass. This stage
Golgi compares to a “ daisy,” and, as a matter of fact, in the
quartan fevers spore-forming bodies are often seen which do
permit this comparison (see Plate II, figs. 6 to 8).
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is visible, and which confirm me in the supposition that the spore-
formation is commenced with the destruction of the nucleolus and
the nucleus.

According to my descriptions, the nucleolus is the first part of
the spore which is formed ; this receives a protoplasmic mantle,
often even before the vestige of a nucleus is to be seen (see Plate
IO, figs. 1 and 25); it is only rather later that the formation of
the nucleus itself occurs (see Plate III, figs. 2, 24).

A spore 1s, therefore, only then to be recognised as such when a
nucleolus with a protoplasmic envelope, eventually also with o
nucleus, is present.  Products of segmentation which do not
possess this structure, are therefore not spores but residual bodies ;
they are often to be observed under various conditions (in fever,
owing to quinine, spontaneous cure) and, in consequence of non-
attention to the details of structure, they have often been erro-
neously taken to be spores (as by Celli, Guarnieri and Plehn).

In fresh specimens of blood the spores can only be recognised
with certainty if they lie together in heaps, whereas single spores
Mfloating in protoplasm arve only possible to diagnose by means of the
requisite staining.,

(g) The process of development of the parasite in general.—
In the previous sections so many stages of the parasite have
already had attention that it is now easy to forge them into a
continuous chain. This construction of the process of develop-
ment of the parasite is chiefly Golgi’s work, even though it must
be admitted that before him Marchiafava and Celli, as well as
Laveran and Richard, gave isolated hints of the same.

Golgi arrived at his results by repeated observations of the
blood at relatively short intervals of two or three hours, and by
comparing the single results with one another, whereby he was
able accurately to follow the progressive alterations of the para-
site.

The developmental eycle of the parasites of the quartan and
tertian fevers, as clearly shown by Golgi, is shortly as follows :
“The small escaped, invariably unpigmented spores, float for a time
free in the liquor sanguinis and grow in it, if only slightly, as I
think may be assumed. Hereupon they attach themselves, possibly
in consequence of their adhesive nature, to a red blood-corpuscle,
and so gain the soil for their further development. Here the

1 Romanowsky's drawing must, further, certainly not be taken as represent-
ing karyokinesis, for two or more nucleoli are not at all rare in the malarial
parasites, nor indeed in similar organisms, unless this appearance proves the
presence of karyokinesis.
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spore become a small parasite, without any real morphological
change being demonstrable during this change except the growth.
The immature parasite possesses, as already explained, more or
less ameeboid movement, and makes use of this within its limits,
these being the red blood-corpuscle occupied by it. With the
growth, the products of digestion—the melanin produced out of
the heemoglobin—commence to collect in the external layer of the
protoplasmic body. Lastly, the parasite arrives at the height of
its individual life; in the quartan species it fills the whole of the
red blood-corpusele, which has remained unaltered, (in the tertian
variety it remains rather less than the size of the blood-corpuscle
in consequence of its hypertrophy), and then follow the pheno-
mena of spore formation which were described in the previous
section. We have, therefore, again arrived at the point of com-
mencement of development.

The parasites of pernicious fever carry out the same process,
with a new element added, namely, the bodies of the crescent
series, to which we must give special attention,

(h) Laveran’s crescents, and the fusiform and spherical bodies
belonging to them (spherical bodies of the crescent series).

Laveran’s crescentic bodies, and the spherical and fusiform
bodies respectively which proceed out of them, have formed since
their discovery the object of much investigation. Their perplex-
ing behavionr in various directions, and their morphological di-
vergences from the other varieties of the malarial parasites
already described, aroused the interest of investigators.

However easily the material is obtained, and however easy of
solution the questions raised as to the origin and importance of
these bodies may a priori appear, the widely divergent opinions
of observers prove that we have here to deal with a body which
1s most difficult to comprehend, whose peculiarities have not yet
become clear to us in all respects, but which pressingly require
further study.

Before turning to the examination of the importance and
origin of the crescentic body, we will take a view of its general
morphology.

The typical crescent-shaped body possesses the form which is
expressed in the name given by Laveran (* corps en croissant ’’).
It is slightly built, very delicate looking, rather strongly refrac-
tile, and sometimes rather glittering. Its length is some 8—
10 pu and its breadth in the middle amounts to 2—3 . Within
this l{ﬂdy pigment is always found, even if in varying quantity ;
sometimes only a few pigment granules are seen in it (see
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Plate I'V, figs. 40, 41), but oftener large masses of pigment. The
pigment is either scattered throughout the whole of the body or
limited to one part of the same, usunally the middle, more or
less thickly grouped. 1 have found that this grouping often
takes the form of the figure of 8§ (see Plate IV, figs. 35, 36,
46—48), and that its final concentration into two masses or into
two rows may take place. To this I shall return later.

The concentrated pigment is invariably quiescent, whereas the
scattered pigment granules often show a slight vibratory move-
ment, added to which there may be a slight changing of place.

I look upon the crescents with scattered pigment as imwmature
forms, and upon those with concentrated pigment as the mature
developed forms. This opinion is chiefly based upon the ground
of analogy with the appearances which we have learnt to associate
with other forms of parasites, and it therefore does not require
any further description. The crescentic-shaped bodies do not
possess ameeboid movement, but possibly they have the power of
slowly altering their shape. Laveran has already observed how
under the microscope a spindle-shaped, an oval, or, lastly, a com-
pletely round body may gradually be formed from some crescents
(see Plate II, figs. 57—61). This alteration in form takes place
in an almost unrecognisable manner, and requires for its demon-
stration an observation extending often over several hours. It
appears, indeed, that only definite crescents possess this power
(it is probably a certain step in development), for specimens
can be seen that have been kept in the moist chamber for days,
in which most of the crescents have not changed their form.

In perfectly fresh preparations very few fusiform or oval
bodies are seen; therefore, as a rule, very few such bodies are
seen in the dry preparations which show best the condition of
fresh blood. In consequence of this I incline to the idea that
the alteration in form of the crescent is almost if not entirely
coupled with its removal from the human body, and that the
change never, or only rarely, occurs within the blood-vessels.

Just as the crescents may be drawn out into a fusiform or
cigar shape in order afterwards to form oval or spherical bodies
by gradual distension of their diameter, so also one not infre-
quently finds Laveran’s bodies,’ whose limbs (Schenkel) form a
smaller angle, considerably modifying the appearance of the
crescent (see Plate IV, fig. 51).

! Under the expression ** Laveran's bodies” is understood at present the
crescents 1n general.
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The change of the crescent into the spherical body is followed
by further remarkable changes. The pigment, hitherto lying
quiescent, which for the most part forms a fairly regular circle
within the body, begins gradually to carry out the well-known
tremulous and “ swarming”’ movement which has previously
been discussed. After a time the pigment cirele 1z dissolved, and
the now scattered pigment granules actively tumble about
throughout the whole body. Soon after the projection of the
flagella occurs, as has been previously described in detail.
Before calling attention to certain details of this process we
must first clearly show the relation between Laveran’s crescents
and the red blood-corpascles.

Laveran himself held the crescents to be floating free in the
protoplasm, and reported in his first communication that they
only here and there leaned upon the red blood-corpuscles, from
which they could easily be again detached. It must, however,
be remarked that Laveran mentioned in his first communication
a fine line which connected in a bow the limbs of the crescent,
and which, after further observation, proves to be nothing else
than the contour of the blood-corpuscle in which the parasite has
developed itself. The recognition of this endocorpuscular
development of the crescent is to be eredited to Marchiafava and
Celli [20]. The drawings (see Plate IV, figs. 34—50) show that
the crescents are either completely enclosed by the blood-corpuscle,
or that they at least lie for the most part in it ; a fine, sometimes
smooth, sometimes markedly erenated line is seen upon them,
which represents the contour of the blood-corpuscle, and which
can hardly be missed in vivo.!

I have already given expression to the opinion that the
crescents and the spherical bodies of this series respectively
possess a true membrane, in proof of which I have referred to the
appearances of the flagella at the moment of formation. I have
still to add here that the membrane is not always coloured, but
is often completely colourless. That Antolisei and Angelini [82]
have confused blood-corpuscle débris and membrane is illus-
trated by the contradiction which exists in their declaration that
the ‘ heemoglobin-coloured cuticula’ cannot be stained. It is
known to every one who has been occupied with staining blood
that particles of red blood-corpuscles containing hemoglobin,
however little, can always be well stained with eosin. Also

! In some of the drawings nothing is to be seen of either the blood.

corpuscles or the bow-line; this is because the treatment of the preparations
with acetic-piceric acid renders the red blood-corpuscles almost invisible.
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to one or other pole (see Plate IV, figs. 42 and 50), it may be
taken for granted that this arrangement proceeds from the con-
jugation (as described above) of two units unequal in size.

4. I have often been able to observe the transverse segmenta-
tion of the erescent, which has also received attention from Grassi
and Feletti. The segmentation is especially frequent through
the middle of the body, as if produced by constriction, so that
before complete separation the two parts of this body hang
together like a pair of sausages; to each part some of the
pigment remains attached.

These segmented bodies possess dark-coloured granulated
contents. It is in the highest degree probable that the segmen-
tation and the dark-coloured granules, which are often present
in great number, have some connection with reproduction, but up
to the present time this has not been proved.

I only draw one conclusion from the segmentation of the bodies,
—that through it the bipartite character of the crescent is again
proved,

From all this we see that the process of the crescent-shaped
bodies from two or four conjugated amceboid parasites receives
substantial support in the morphological as well as in the
biological behaviour of the different phases of development ; and
I believe, on the ground of the facts bronght forward, that the
crescents may be deseribed as syzygies of the malarial parasites.

With this conception much with regard to the mysterious
behaviour of these bodies becomes clearer than before.

The size and form of the crescent as opposed to that of the
ameboid varieties are by this means at once rendered clear, the
somewhat later entrance into the blood becomes comprehensible,
as also the long and apparently unchanged continnance after the
attacks, the resistance to quinine, and, lastly, the fact of the
inner structure being so totally different from all other forms of
parasites.

The fact that the crescent throughout its entire existence
retains the bipartite character leads to the assumption that there
must be a so-called *° psendo-conjugation” when no thorough
coalescence of the conjugating bodies takes place, but only a
limited interchange. Further investigation remains to be carried
out in order to learn the details of this process, namely, the fate
of the segmented bodies.

Olinical experience also agrees much better with the supposition
just brought forward than with all other views on the nature of
the crescent hitherto held.
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We know that patients who have these bodies in their blood
appear to be free from malaria during long intervals (although
they are always ansemic), but that they from time to time,
at periods of from two to three weeks, have fresh attacks
(relapses).

This fact, which has been corroborated in many cases, does
not agree with the opinion of Bignami and Bastianelli that the
crescents are ‘“ degeneration forms,” and therefore these authors
are compelled to accept the idea that from the directly formed
spores (first cycle of Canalis) of the ameeboid varieties a number
remain latent in the marrow, and after two or three weeks awake
to new life, having been in the meantime absorbed by macrophagi
and liberated again. This hypothesis appears very improbable.

The resistance of the crescent to quinine is also very unfavor-
able to the degeneration hypothesis ; and so is, lastly, the eircum-
stance that crescents are so seldom to be found in phagocytes,
whose function it is to clear away all dead residue from the circu-
lation as quickly as possible.

Professor Metschnikoff, to whom I had the honour of demon-
strating some of my preparations at the Congress fiir innere
Medicin at Leipzig, was kind enough to call my attention to the fact
that one need not consider the paired amwboid little bodies as
necessarily the conjugation between two single unmits, but that
one must also consider the possibility of the division into two
halves of a larger parasite. In consequence of this suggestion
I gave, during this last summer, very careful attention to fresh pre-
parations, especially to the double invasion of the blood-corpuscles,
viewing them for long periods in order to see whether one could
not observe the process of coalescence of two parasites. My
efforts were successful, for I was able to see repeatedly how two
parasites coalesced and formed a larger body. In Plate II,
figs. 53—55, such a process is depicted.

After this there can be no further doubt that the amceboid
parasites coalescing with each other can form larger bodies ;
that these latter become the crescents also seems to me, after the
foregoing arguments, as in the highest degree probable.




CHAPTER IV.

CONCERNING THE UNITY OR PLURALITY OF THE PARASITE.

Species of Parasites and Fever Types.

Taw questions around which the chief interest of the investi-
gators of malaria has been concentrated during the past few
years, and which still divide them into two groups, are that of the
unity and plurality of the malarial virus—that is to say, the
malarial parasites,—and that of the relation of the form of the
parasite to the type of the fever.

The one party, headed by Laveran, defend the view that the
malarial parasite is an individual species whose various shapes
are brought about by polymorphism, and that the different types
of fever are not caunsed by different species of parasites, but by a
changing individual condition of the organism attacked, the cause
of which is not yet known. Laveran [88] writes in his mono-
graph, in 1891, regarding this (page 130), “ Le parasite est
unigque, mais son évolution est variable.”” He supports his view
by the microscopical results obtained from numerous cases of
malaria in which there did not appear to be any parallel between
the type of fever and the form of the parasite.

The other party, which may be called the Italian party, believe
in the presence of several genera or species and varieties of para-
sites, and hold fast the opinion that each type of fever (with
certain limits to be mentioned presently) corresponds to a definite
species. In details the individual investigators of the Italian
school differ, and that considerably.

Golgi, to whom the great credit belongs of having brounght
order out of the chaos of the forms described by earlier observers,
and who confronted the clinical symptoms of disease with the
cycle of development of the parasite, considers that a definite
type of fever is invariably based upon a definite variety of the
parasite. He seems, however, on the other hand, to allow the pos-
sibility that one variety may transform itself into another, thereby
recalling Laveran’s theory of polymorphism. Marchiafava and
Celli, as well as their pupils, cannot give up the belief in a
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single polymorphic organism, and they support this view chiefly
by the difference in the forms of the parasites according to
climate, to season, and to the occurrence of a change of type.

Grassi and Feletti take up a decidedly radical view, dividing
the malarial parasites of man into two genera—Hzmameba and
Laverania—and into five species (allowing, however, the occur-
rence of variations) ; but they energetically deny the possibility
that a definite species can be transformed into another, either
throngh climatic or telluric conditions, or by any kind of indivi-
dual predisposition of the patient attacked.

If we would judge of the correctness of these various points of
view, we must examine the proofs given by the representatives
of the diverging views for the facts and reasons they hring
forward.

The comprehension of these somewhat complicated pros and
cons. will be substantially facilitated if we first of all learn which
groups they are which are regarded by the one set of investi-
gators as independent species, and by the others as the polymor-
phism of one species,

Golgi, as already mentioned, was the one who, out of the
confusing multitude of bodies deseribed by Laveran, Richard,
Marchiafava, and Celli, which appeared to have hardly any rela-
tion to each other, distingunished three groups which evidently
differ from each other, and which appear to produce three different
types of fever. Together with this division into three ‘‘ varieties,”’
and their relation to the type of fever, Golgi also first gave a
picture of the development of two varieties with most minute
accuracy, and so by means of this explanation of two questions
an important simplification of the case was obtained.

Golgi [34 and 8g] first studied a large number of guartan
fevers, and found that in all cases the same form of parasite
always recurred, that its process of development proceeded
regularly, and that the febrile paroxysm each time corresponded
to the production of a new generation of parasites (segmentation
or sporulation). Soon after, Golgi [go] became convinced from
three cases of tertian fever that the parasites there present, and
identical with each other, were nevertheless considerably different
from the parasites which he had previously studied in the quartan
fevers. He later on, after repeated confirmatory observations
[37], gave an accurate description of these differences, and also
deseribed the whole cycle of the development of the tertian
parasite. Together with these two groups, Golgi described [91]
another group, the parasites of the irregular fever, or the fever with
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long intervals, which is represented by Laveran’s crescentic
bodies.

Golgi, therefore, differentiates the varieties of parasites of the
quartan, tertian, and drregular (or long intervalled) types of fever.
A general review of the characteristics of this group has already
been given in previous sections ; it will be dealt with in detail
below. It must be further mentioned that Golgi refers the
quotidian fever to the presence of either two generations of the
tertian or three generations of the quartan type of parasites, which
in their development are twenty-four hours distant from each
other ; and that he further faces the possibility that, through the
infection of blood with several generations of the one or the other
variety, or of both varieties at the same time, divided from each
other by not twenty-four hours, but by longer or shorter intervals,
an irregular fever can take place, the stiology of which must not
be confounded with the irregular fevers of the third variety.

Marchiafava and Celli [71] confirmed Golgi’s statements, in so
far as they refer to the tertian and quartan parasite, in all details,
but they later [38] gave as the special parasife of the irregular
tever the small amaeboid forms from which the crescents are pro-
daced, which they have studied for long and have repeatedly
described. The 4rregular fever can be either of a continued or
snbeontinued type ; it may also occur in the form of a true
quotidian. As Golgi described the cycle of development of the
parasite of the tertian and quartan fevers, so in like manner
Marchiafava and Celli have now described that of the small
parasite of the pernicious fever called by them the summer or
antumnal Roman fever. Very soon after this Canalis [39] followed
with a like description of the same variety of parasite, but with
more attention to the crescentic bodies.

In his later publication Golgi [g1] confirms the small amceboid
parasites of the pernicious fever, and allows that they can also
produce a quotidian fever, although much less frequently than
the tertian and quartan parasites.

Marchiafava and Celli [gz] in various places clearly enunciate
their view that the various forms belong to a polymorphic para-
site. Amongst others they quote Celli [g3], who gave his
experience in this connection at the Tenth International Medical
Congress in Berlin, that “ according to our present knowledge it
may still be assumed that the single, clinical, and epidemiological
depiction of malaria is based upon a uniform individual parasite.”

E. Antolisei [82] first strongly supported the view, upon the
basis of inoculation experiments, that from a definite form of
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parasites only the same kind invariably proceeds; and soon after
this opinion was taken up by Grassi and Feletti, since which time
it has been energetically defended.

As mentioned already, Grassi and Feletti differentiate fwo
genera, namely, the genus Hemameba and the genus Laverania.
To the first genus they reckon four species—H, malarie (quartan
fever), I. vivax (tertian), H. praccow (small ameboid pigmented
forms of pernicious fever; by the name ‘* pernicious fever ”’ the
summer and autumnal fevers produced by the parasites which
form crescents will be indicated in the sequel), H. immaculata
(small ameeboid unpigmented forms of the pernicious fever) ; to
the genus Laverania the species Laverania malarie (crescentic
bodies). As is seen, Grassi and Feletti not only divide the known
varieties of parasites into eight species, but they separate also the
small ameboid and spore-forming bodies which are met with in
the pernicious fevers from the crescents. This will be referred
to later on in detail.

If we inquire for the reason of these various opinions about an
apparently simple matter, we must consider in the first place that
the different authorities have had different material to investigate,
and that their conclusions do not result from a perfectly homo-
geneons base. Whereas Laveran in Constantine had at his dis-
posal severe tropical fevers, of which he says in his book [88,
p. 127] that it was very difficult to separate the regular and ir-
regular fevers from one another, and that nearly every malarial
attack commenced as a continued fever, Golgi had in Pavia
almost exclusively only slight forms of typical tertian and quartan
fevers before him, and for a long time he found no opportunity of
confirming the resunlts obtained from pernicions fever, because the
material at his disposal only provided him with such cases very
occasionally. The Roman aunthors have material which may be
characterised as being between that available at Constantine
and that at Pavia, so that they have opportunity to observe both
typical and excedingly irregular and pernicious fever types.

The results of this variation in the material investigated are
clearly shown by the reports which Laveran and Golgi give of
their cases; while Laveran found in the blood of Algerian
patients every possible form of parasite all together, in a com-
plete mélée, Golgi had the good fortune to obtain regular and
typical results from his regular and typical fever material, so
that we can understand how it was that he and not Laveran was
destined to recognise the grouping of the parasitic forms, and to
determine their relation to the type of fever.
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I find that I am in a better position than my colleagues to esti-
mate the differences between Laveran and Golgi, because, on the
one hand, I had opportunity in Vienna of observing exclusively the
mildest regular forms of fever, and those not few in number ;
and on the other hand, through repeated and long residence in
malarial distriets, I was able to study a very large number of the
severe forms of fever. For instance, I have never seen a cres-
centic body in a single case occurring in Vienna, whereas I have
found them daily in numbers in the malarial districts. When one
reads the observations made by colleagues in the German Empire
(as far as they refer to malaria contracted locally), one fails to find
in them any mention of the crescents or of the small amoeboid
bodies. By this one fact—the absolute non-appearance of the
crescents and of the small ameeboid bodies in mild intermittent
cases—an important division is indicated between the parasites of
a regular mild intermittent ague and those of the pernicious fevers,
whether of medinm or of great severity or irregular, and this divi-
sion can hardly be bridged over with the polymorphism of an in-
dividual species. But I will not anticipate, but will endeavour to
give the remaining reasons for the diverging views,

Let us now ask the question—in what way can the definite cha-
racter of certain parasitic forms, that is their character as a true
species, be proved? Ounr answer must be,—by a pure caltivation
of each individual form with numerous inoculations, in order to fix
definitely their morphological behaviour under different external
conditions of life ; in fact, by the method which, in bacteriology,
clears up such questions with certainty, and from which we might
also expect a definite solution in this case.

But, unfortunately, the numerous efforts at cultivation which
have been made with the malarial parasite have so far remained
unsuccessful, and therefore proof has been robbed of her sharpest
weapon and referred to surrogates, the use of which leaves much to
be desired. The next best method to the saprophytic pure culture
18 cultivation in the human organism, that is the inoculation of
patients from patients (the inoculation of malarial blood from men
into animals has also been unsuccessful) ; and we will now consider
the inocnlation experiments which have been undertaken chiefly
by Italians, and which are of importance in elucidating the point
at 1ssue.

The table on page 300 shows the results of nineteen inoculation
experiments made by different investigators; the forms of para-
sites, as well as the types of fever from which the patient suffered
from whom the blood was taken, also the duration of incubation
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and the resulting forms of parasites and types of fever produced
in the inoculated patients, are clearly shown.

We will first consider the parasitic forms which were found in
the blood of the inoculated individunals, together with the forms
found in the patients from whom the blood was taken (and injected
either hypodermically or into a vein).

In seven experiments with gquartan fever and the corresponding
parasites (after Golgi), there were found in four cases in the blood
of the inoculated patients, solely identical forms, but in two cases,
instead of these, there were found small unpigmented ameboid
bodies (in one case with crescents, in the other with a few pig-
mented bodies). In the seventh case (No. 3 in the table) the miero-
scopical investigation of the blood was not made. In seven in-
oculations of tertian parasites, the same forms were exclusively
demonstrated in each of the seven inocunlated patients ; the same
results occurred in three experiments made with crescentic bodies,
in which were found, in the blood of the inoculated individuals,
crescents with their immature forms, the small ameeboid bodies.
To sum up, in the sizteen accurately perforimed experiments, there was
in fourteen a complete resemblance between the forms of parasite in
the source of the blood and those found in the inoculated individuals ;
only in two cases were forms present which were not present in the
source.

If one takes these results as they stand as a basis for further
considerations, the result wonld be that the transformation of one
form of parasite into the other (especially the quartan parasite into
the small ameeboid bodies)—indeed, the polymorphic nature of the
parasites—is proved. These experiments were, in fact, used by
Laveran to lend an apparentlyirrefutable support tohisview. With
a closer knowledge of the circnmstances, however, they lose much of
their weight. Gualdi and Antolisei [94], in their later publication,
say with regard to one of their cases of experimental quartan fever
(Case 4 in the table) that the patients whose blood was used by
them for three experiments (Cases 1 to 3 in the table) were not
suffering for the first time from malarial fever, but that they
had already suffered from very various types of fever. They had
therefore taken the material for inoculation from a source which,
according to our clinical as well as our parasitological experience,
could not in any way be considered as a pure source. It has,
indeed, been known for a long time that persons who have once
acquired a severe form of malaria may, even after a long period
and under the most favorable eclimatic conditions, be attacked
again, These relapses in localities free from malaria are to be
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This differentiation of the quotidian fevers was made when the
single attacks were of varying intensity, the attacks belonging
together (in the series above, the attacks 1, 2, 3), being equally
severe, or when the attacks occurred at different times of day,
(for instance, the attack 1 before noon, the attack 2 after noon).
Concerning the theories which have been built up to explain the
typical attacks often occurring with the punctuality of a well-
regulated clock, we will not enlarge here. They were not
satisfactory at the time of their origin, and since the discovery of
the malarial parasite they have hardly been discussed at all.
They are now only of historical interest.

Golgi explains the origin of a type in this way—that the tertian
parasite completes its cycle of development in twice twenty-four
hours, the quartan parasite completes its cycle in three times
twenty-four hours, and that the paroxysm of fever itself coincides
with the breaking down of the parasite into spores, which,
according to the variety of parasite, occurs either every forty-
eight or every seventy-two hours,

If two generations of the tertian parasite are in the blood, or
three generations of the quartan parasite, which in their develop-
ment are always separated from one another by twenty-four hours,
then a regular quotidian ague oceurs ; if the generations, however,
are present either at irregular intervals or in greater number,
then the fever will be as irregular in type as are these conditions.
As already mentioned, it has been found by Marchiafava and
Celli that there is a true quotidian fever, that is to say a fever
resulting from parasites which complete their cycle of develop-
ment in twenty-four hours, sometimes still faster ; now several
generations of these parasites can also be present in the blood
simultaneously, and cause in that case respectively, either a
remittent, continued, or irregular fever. Lastly, Marchiafava
and Bignami [gg, 100] have reported quite recently that there is
a still further species of parasite which produces a true tertian
fever, and that it is differentiated from the ordinary tertian
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(Golgi), and can take on a pernicious character. The parasites
of this malignant summer tertian fever differentiate themselves
from those of the mild tertian, amongst other things, in that they
form crescents, as do the quotidian parasites.

In the following table the assertions brought forward by the
Italian investigators ave clearly shown.

But before we commence to examine how far Golgi’s state-
ments are confirmed or disputed, we must mention a fact which
it is mecessary to know, especially in connection with the cases
of mixed infections; this is that certain forms of parasites,
even in considerable numbers, may be present in the blood
without necessarily, at any rate for a short time, producing
fever. These forms are the crescentic bodies. As long as only
crescents are in the blood the fever is usually completely absent.
Indeed, I have even met with cases in which, as well as the
crescents, there have been quite a number of small amceboid
bodies (immature forms of the crescent) without the patient expe-
riencing the slightest fever. I mention this fact here because it
does away with quite a number of objections which Laveran has
held against Golgi’s views. Whereas the Italian investigators
have, almost without exception, confirmed the discovery con-
cerning the relation between the forms of parasite and the types
of fever, Laveran maintains a decided opposition. He brings
forward a large number of results as the reason for his opinion,
which we have now to some extent to elucidate.

Tasre IL.—Variety of Parasite and Type of Fever.

Type of fever. Can be ascertained by the species of parasite found in the bloed.

Quartan Gn]y{ Enii _ajlone by one generation of the quartan parasite
olgi).

Tertian | 1. By one generation of the tertian parasite (Golgi). Light
form of tertian fever.

2. By one generation of the malignant tertian parasite (Mar-
chiafava and Bignami).

Quotidian | 1. Bjégﬁf generation of quotidian parasites (Marchiafava and

2. By two erations of tertian parasites (with a 24-hour
intl "

3. By three generations of quartan parasites (with a 24-hour
interval).
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In reference to the two cases in which Laveran only saw
erescentic bodies, the same remark applies. In the one (Case 28)
there was a single attack (without the temperature being given) ;
in the other (Case 30), as long as the crescents were present no
single attack had been observed.!

After all this, we must admit that Golgi’s views regarding the
tertian fevers have not been depreciated.

In quotidian fevers the correspondence between the species of
parasite and the type of fever is more difficult to demonstrate,
because, as the table shows, this fever may originate in three
different ways ; in this case one must not only have the species of
parasite in view, but it is also necessary to ascertain how many
generations of the parasite present each time arve cireculating in the
blood. The presence of several generations is recognised by the
fact that the individual parasites do not keep equal pace in their
development, but that, for instance, whilst part of them are
already occupied in spore-formation, or are mear to it, another
portion is only filling up a third part of the red blood-corpuscles ;
when this occurs in relation to the tertian parasite, as it does in
fact in Plate I, fig. b, then we have to do with two generations of
this parasite circnlating in the blood, namely, with a form of
quotidian fever—the double tertian.

In a great number of double tertians I have been able to con-
firm the condition which Golgi has deseribed ; the slight apparent
variations which ocenrred here will be discussed later.

The irregular fevers, still less than the quotidian, give a suit-
able material for the solution of the questiun engaging our
attention, for these fevers can originate in very many ways (see
the table) ; they have just as little as the guattdmﬂ fever a specific
character, and can only then be measured in their importance when
am accurate microscopical investigation of the blood has been made.
We have seen, so far, that the guartan fever is always produced by
one and the same species of parasite, that the tertian fever, in the
majority of cases, is called forth by Golgi’s tertian parasite, but that
still a second species may cause it.

The consideration of the results of inoculation of blood of
fever patients into healthy persons, as shown in Table I, is just
as important as is the direct correspondence of the form of para-
site and type of fever. Omitting the first two cases because, as
has been explained, they are not reliable, we find in the remaining
seventeen cases the following results :—From five cases of quartan

! It is, indeed, not impossible that both these cases, as also the other five
cases, might have been caused by malignant tertian parasites.
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fever, all five inoculated individuals suffered from quartan fever ;
from four tertian sources, twice tertian, once quotidian, and once
mixed (tertian and quotidian alternating) resulted; from five
quotidian cases, three times quotidian, once tertian, and once a
mixed type (quotidian and tertian) occurred ; and from three cases
with crescentic bodies, irregular types resulted three times.

It is clear from these results that the quartan and irregular
types have always given the expected results; varying results
have been obtained by inoculations from guotidian and tertian
fevers. These variations we shall at once recognise as only apparent
when we see that the three quotidian cases from which Bein [101]
inoculated had tertian parasites, that they were therefore really
double tertians, the most frequently occeurring combination ; in the
one inoculation (No. 13) the inoculated individual received into his
blood two generations, and there consequently followed the
quotidian type ; in the second case (No. 14), in consequence of the
inoculation one generation was evidently destroyed, and therefore
only a tertian fever was produced. The third case with a mixed
type (first tertian, then quotidian), is to be explained by the fact
that the one generation was becoming enervated. In like manner
the results from the two cases of tertian fever (Nos. 5 and 12)
are to be understood.

If Bein, by his experiments, intended to upset Golgi’s laws, he -
has therefore completely failed, and has indeed only confirmed
them by further proofs. Only if he from a pure quartan could
have produced a pure tertian, or vice versi, would the result have
been fatal to Golgi’s theory.! Bein’s error is all the more strange
because Golgi has repeatedly and precisely published his views on
the subject of the relation of the quotidian to the tertian as well
as to the quartan. Bein would certainly not have fallen into
this error if he had accurately investigated the number of the
generations in the blood of the patients. In this respect the
history of his patients is unfortunately without any information.

From the results and ewperiments here discussed, we may draw
the coneclusion that between the types of fever and the species of
parasites an indisputable relation ewists ; it is especially striking
that the quartan fever is always caused by the quartan parasite,
the tertian fever most frequently by Golgi’s tertian parasite.

The quotidian and the regular fevers, as well as certain details
concerning their relative bearings, will be considered at length
subsequently.

! Buch a result from an inoculation has, up to the present, not been forth-
coming.



CHAPTER V.

POBITION OF THE MALARIAL PARASITE IN THE ZOOLOGICAL
SYSTEM.

&

NOMENCLATURE.

No unanimous opinion has yet been formulated as to the posi-
tion of the malarial parasite in the zoological system ; not,
indeed, because the decision of this question has been in the
hands of medical investigators who were not specially qualified
to deal with the guestion, for zoologists of prominence, such as
Metschnikoff, Danilewsky, and Grassi have worked with the para-
site, but becanse the malarial parasites, and with them the
haemo-parasites, which have been discovered during the last few
years in cold-blooded animals and birds, possess peculiarities
which, although nearly related to already known and eclassified
gpecies, are, notwithstanding, differentiated from them in such a
characteristic manner that it would be straining a point if they
were put into the class of any of these different species. The
first who gave an opinion as to the position of the malarial
parasite was Metschnikoff [32], who placed it among the Sporozoa,
in the genus Coceidium, in close relationship with Klossia soror,
a Coceidium inhabiting the epithelial cells of the snail’s kidney.
He proposed for it the name of Haematophyllum malariz.
Laveran agreed with Metschnikoff, and in his last publication
fully upheld his views. In the meantime an opposition arose to
this idea in Italy, for Antolisei [82] denied that the parasite
belonged to the Sporozoa, and classed it with the Gymnomyza
(Proteomyza, Ray Lankester). At the same time, Grassi and
Feletti [47] expressed the idea that the parasite was an dmeba
belonging to the Rhizopods.

Danilewsky found in the blood of birds endocorpuscular para-
sites which are in some respects like the malarial parasites of man.
He did not give a definite opinion as to their systematic place,
but thought that they were best classed with the Sporozoa, and
proposed to form for them a new group—Hamosporidia.
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Kruse believes that the malarial parasites belong rather to the
genus Gregarina than to the Coccidium.

Among the diffieulties which were created by the characteristic
peculiarities differentiating the malarial parasite from every other
known species, the circumstance that the second half of the life
of this organism, namely that which it passes external to the
human or animal body, is completely unknown, is of great weight,
and it will hardly be possible to obtain all the requisite informa-
tion for the purposes of classification before this is ascertained.

At this place, therefore, I shall avoid dealing with the general
question of the classification of the malarial parasite, and shall
limit myself to considering the most important points of view
which are at the present held by different investigators.

Let us ask first what grounds there are for placing the
malarial parasite and the similar parasites in the blood of birds
and amphibians, as do Grassi and Feletti, among the Sarcodina,
and more particularly among the Rhizopoda, sub-class dmebza ?
First, their amceboid movement ; second, their reproduction by
the formation of naked spores which as such, without undergoing
alteration in contents or form, represent the immature stage of
the mother organism, and commence a new cycle of development.

The amaboid movement characterises, however, only some
varieties of the parasites and only at a certain stage ; as has
already been pointed out at the proper place, a well-marked
movement 18 only shown in the immature forms of the tertian
and quotidian parasites, whereas in the quartan parasite it is
only seen when upon the warm stage; in the parasites of birds
only a slight movement is to be demonstrated, and this is often
completely absent.

It is even of greater importance to note that the crescentic
bodies in man show no movement whatever ; they can only alter
their form in a limited manner by straightening or bending
themselves or by appearing as fusiform or spherical bodies;
these alterations occur exceedingly slowly, without ever showing
am@boid movement (projection of pseudopodia). Those parasites
of the amphibians and birds which, at any rate in their external
form, resemble the crescentic bodies of man, and which therefore
have been compared to them, possess, if any movement at all, a
worm-like one, known well in the Gregarina, and not observed in
the Rhizopoda.

We see already, therefore, that the reason for classifying the
blood-parasites with the Amwbazae falls to the ground. Also the
supposition that reproduction by formation of naked spores takes
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place in the malarial parasites is open to several objections. So
far no one has observed that a freed spore, either of the tertian
or guartan parasite, has become amwmboid; I have kept mature
spore-forming bodies, in which the spores had already separated
from one another under favorable conditions (warm stage, oxygen
and moist chambers) for forty-eight hours and longer under the
microscope, and I have never suecceeded in noticing a movement
in the spores. The possibility may still be admitted that the
spores, before they form young ameeboid parasites, pass through
an intermediate stage. As above mentioned, Celli and Guarnieri
(later also Plehn) believed they saw spores in the protoplasm
which swarmed by means of the flagella ; these forms recall the
swarming spores of Profomywa, which Haeckel has observed, or
the zoospores of the Myazomycetes, but no nucleus has been stained in
them, wherefore I rather look upon them as products of degene-
ration of the large varieties. It must be further called to mind
that Antolisei has observed in the spores of the gquartan parasites
a double contour, that is a thicker membrane, which renders the
naked character of this spore less probable.

This, as we have seen, rather meagre argument for the parasites
of the blood-corpuscles belonging to the amcebzea, has other facts
to contend with which still more militate against its probability.
The weightiest of these facts is that the malarial parasite is
necessarily a cell-parasite, whereas none of the amabeea are known
to be such, although one frequently finds such amcebea as free
living parasites, for instance in the intestinal canal of warm- and
cold-blooded animals.'

This circumstance forms a fundamental difference between the
parasites of the blood-corpuscles and the amebeea, and this could
only be overcome when in all other aspects a perfect agreement
from a morphological point of view was arrived at, which is
by no means proved. We have already stated why we cannot
consider the flagella of the malarial parasite as non-characteristic
“ agony products,” as do Celli, Grassi, and Feletti. The flagella
also do not accord with the appearance of the ameebaea, which
do not possess them, at any rate in the form in which they are
present in the heemoparasites.

When we weigh the facts brought forward in favour of and
against the ameboid nature of the blood-corpuscle parasites, we
find that the balance is rather in support of the latter,—that is

I T only once came across such an observation moted. It is taken from

von Waldenburg (103), who once saw an amcb@a within an epithelial cell in
the intestinal canal of a rabbit.
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to say, against Grassi and Felletti’s opinion, and that, at any
rate, it remains doubtful whether the bodies in question are to
be reckoned amongst the Sarcodina.

The majority of authors are inclined to consider the blood-
corpuscle parasites as Sporozoa, indeed Coccidia, and we will
now try to ascertain how far this opinion is justifiable.

The attribute of intra-cellular life is very widespread in the
Gregarine and Coccidia, and hence these forms agree very closely
with the hmmoparasite in this important biological character.
The movements shown by the malarial parasite, even to the
flagella, agree with those of the Gregarinz, which in their imma-
ture condition may also be ameeboid, whereas the developed forms
are either immobile or only possess the power of alteration of
shape (which may be accompanied by the power of progression).

There are, however, differences which must not be overlooked
in morphological characters and in the method of reproduc-
tion. With regard to the first, the Sporozoa are distinguished by
a more or less developed cuticle. In the malarial parasites we
can only demonstrate this distinetly in the crescentic bodies and
in the spherical bodies which are produced by them ; mention
must also be made of Antolisei’s observation regarding the
double contoured spores. We must, however, state generally
that in the immature, and for the most part also in the developed,
forms of the malarial parasite no vestige of a cuticle can be made
ont even with the highest powers. Only in specimens ready
for sporing, as well as in those already mentioned, have I often
seen a fine contour line, which, however, was always single, and
therefore indicated an exceedingly thin cell membrane.

The reproduction of the Gregarinz, and especially of the
Coccidia, oceurs after they have become encysted by the formation
of more or less hard-shelled spores (so-called psendonavicells or
psorosperms), which in smaller or greater numbers are formed in
the interior of the cysts. In the spores one or more sickle-shaped
embryos develop, which, after creeping out, represent immature
units, or the contents of the spore roll themselves together into
an amceboid-like moving embryo.

When we examine the method of reproduction of the malarial
parasite, we miss much of this typical spore-formation of the
Sporozoa. To what extent an encystment is to be observed in
the malarial parasite has just been indicated; excepting the
crescents and their spherical bodies, one can hardly speak of
cysts. So far as is already known, the formation of spores takes
place directly without any previous formation of corticate psoro-
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bladder, in the kidney and spleen, &e. They form cysts or
naked protoplasmic masses in which Biitschli [ro6] first demon-
strated a great number of very small cell nuclei. This peculiarity
appears to be characteristic of the Mywosporidia. According to
Biitschli their reproduction takes place by the endogenouns for-
mation of clear protoplasmic bodies (sporoblasts) in which sickle-
shaped spores are developed. The Myzosporidia appear not to be
céll parasites, but only to attach themselves externally to the
cells, thus differing from the blood parasites; their mode of
reproduction occurs in a similar way to that of the Coccidia. The
numerous nuclet which the Myxosporidia contain form an essential
difference from the blood-parasites, for the malarial parasites have o
single nucleus,

Those bodies with many nueclei are also termed by zoologists
plasmodia, but this was a misnomer which has led to errors and to
the confusion of heterogeneous ideas, so that Marchiafava and
Celli have taken this name for the amceboid immature forms of
the malarial parasite ; this unsuitably chosen deseription is at
present so widely used, that its elimination and replacement by a
more scientific appellation is hardly now to be expected.

The Sarcosporidia (Miescher’s or Rainey’s “ tubes ) are fairly
widely distributed parasites which are found in the primitive
bundles of various striped muscles. They are specially found in
the diaphragm, abdominal muscles, psoas, muscles of the eye, eso-
phagus and cardiac muscles of numerous animals, such as the pig,
cow, sheep, goat, and deer. They are tubes which are surrounded
by a membrane, and contain a large number of germs; the
formation of these germs occurs continuously, and even begins
in the youngest tubes. From this description if will be seen that
there is mo great resemblance between the Sarcosporidia and the
malarial parasites; the chief resemblance consists in the fact
that both are cell parasites. Active movement has not been
proved with certainty in the Sarcosporidic germs.

We must also refer to the parasitic tubes of Crustaceans,
the dmebidium parasiticum, Cienkowsky. They are ectoparasites
which are found attached to small fresh-water Crustaceans, insect
larvee, &c. ; they have usually an elongated shape, and they also
form tubes which possess a thin membrane ; a number of germs
is seen in their interior. Their reproduction takes place either by
the formation of fusiform bodies which subsequently divide into
several ameceboid bodies or become in fofo amceboid, or by the
direct division of the contents of the tube into a large number of
ameboid bodies, the so-called zoospores. These then form cysts
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which are surrounded by a very delicate membrane and then
divide into fusiform bodies, or they pass for a time into a quiescent
stage in which they are surrounded by a thicker envelope; later
the contents of this form also divide into immature organisms,
These amaebidia deserve our attention, because they divide
directly anto zoospores and becanse they have a double cycle of
development—a procedure which also occurs in the malignant
tertian parasites.

On the contrary the dmwbidia arve not cell parasites, but they
only attach themselves to the bodies which they infest; they are
thus ectoparasites.

If we finally shortly review the characteristics of the different
classes and sub-classes, we must come to the conclusion that the
malarial parasites resemble all more or less, but that they are not
to be identified with any of them without straining. The greatest
resemblance we find nevertheless between them and the Coccidia,
both in a morphological and especially in a biological relation, for
both are necessarily cell parasites,

It will be for specialists to fix the systematic place of the
hemoparasites when they have given still further careful study
to the subject and, where possible, to their condition as external
parasites, or to the second half of their parasitic life, for it is
possible that these parasites have considerable importance, and
that they generally have not a saprophytic existence. According
to present knowledge, however, it may be with some certainty
supposed that for these heemoparasites, which daily become more
important in number and character, a sub-class of their own will
have to be formed called Hamosporidia,! which will be most
suitably placed in the class Sporozoaida near to the sub-classes
Gregarinida, Coccidia, Myzosporidia, and Sarcosporidia.

We have before repeatedly called attention to the parasites
in the blood-corpuscles of animals; they present such special
resemblance to the malarial parasites of man that several of them
have been identified with these, as, for instance, the Polymitus
avium by Danilewsky. If this identification has not been
accepted by other anthors, all are at any rate at one as to the
near relationship between the animal and human parasites ;
recently zoologists and several pathologists have ocecupied them-
selves in investigating the hemoparasites of animals with the
hope that these researches would be of service in the study of

human pathology.

! This name was first proposed by Danilewsky on account of the analogy
with the terms Myzosporidia and Sarcosporidia.
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Althongh this hope has not yet been fulfilled, because the
attempts at transfer from animal to animal have been in nearly
all cases unsuccessful, and also because the conditions of deve-
lopment of varions forms, notwithstanding the ease in procuring
the material, do not appear to be perfectly cleared up,
nevertheless the direction followed promises to be fruitful in the
future ; and we must also not neglect to give our attention to the
blood-parasites of animals, but only so far as it lends itself to the
purposes of this book. To give a thorough explanation of all the
discovered facts and the ideas coupled with them I do not think
to be at the present time opportune, because the work done at
present is only fragmentary, and because no agreement has been
come to even in apparently primary questions, so that if I
referred to all the individual opinions it would tend rather to
confuse than to aid my readers in the study of malaria.

The first Cystozoa were discovered in 1874 in the blood of the
rat by Osler [53]; a like result was subsequently attained by
Lewis [54]. General interest, however, was first taken in these
bodies when Gaule [55—57] found his ““little blood-worms *
in the blood-corpuscles of frogs, and soon after also in the blood-
corpuscles of tritons and tortoises. These * little blood-worms,”
which Gaule did not consider to be independent organisms, and to
which he, as the “ most active elements of the cell,” gave the
name of Cystozoa, were later and more thoroughly studied by
Ray Lankester, and named by him Drepanidium ranarum. They
are elongated, worm-like bodies, rather pointed at the ends,
lying within the red blood-corpuscles, sometimes in pairs,
wandering ont from them under certain circumstances, and then
actively bustling about in the protoplasm. Danilewsky [74—77]
succeeded in finding similar bodies in the blood of Lacerta viridis,
Lacerta agilis, and in the Hmys lutaria. He found also in the
red marrow of the thigh of the Emys the reproductive bodies of
the Drepanidium ; they consist of endocorpuscular eysts in which
the protoplasm divides into a large number of small sickle-shaped
bodies ; these are said to represent the immature forms of the
Drepanidivm. On the ground of this result Danilewsky speaks
of the infection of the animals as of a psorosperming of the red
blood-corpuscles.

Soon after, Danilewsky [77] discovered endocorpuscular parasites
in the blood of birds, and their extraordinary resemblance to the
malarial parasites described by Laveran led him to compare the
two, and to identify them in cerfain respects with one another,

Danilewsky, like Laveran, was not able at first to form a



320 MALARIAL PARASITES.

consecutive biological chain of the various phases of development
of the different parasites which he so often met with at the same
time in the blood, and in consequence he divided his discoveries
in a way which took no account of the association of the forms in
one cycle of development, and referred only to the passing ex-
ternal form of the body. I would not refer to the nomenelature,
already for the most part abandoned by Danilewsky,! were it not
that in the discussion in which we are at present engaged
concerning the parasites of animals it will frequently recur,

This division is as follows :

1. Pseudovermiculi sanguinis (Hamatozoa sporozoica).—Under
this deseription Danilewsky understands worm-like bodies in the
blood which are either completely formed or which grow out of
the spherical bodies ; the former possess a nucleus, are mostly
thicker at one end than at the other, and show a similar move-
ment to the Drepanidium ranarwm, which, indeed, they very
much resemble. Danilewsky found them in the blood of the small
woodpecker and the owl. In these birds a second form, the
Pseudovermiculi, was also seen ; it is a worm-like organism with
a nucleus in the middle, which by transformation is developed out
of spherical pigmented endocorpuscular bodies. Danilewsky
identifies these forms with one another, because he believes
the latter to be a previous stage of the former. Such mobile
worm-like bodies have not yet been observed free in the proto-
plasm in man ; in their external form they possess a similarity to
Laveran’s crescentic bodies (and Danilewsky believes that they
can be compared with them): they are differentiated, however,
from them by the constant presence of a nucleus, by their
mobility, and by their method of development.

2. Pseudovacuole (Cystozoa).—These are the early stages of
various H@ematozoa, and they resemble in appearance the
immature forms of the malarial parasites ; they form dull hyaline
specks on the blood-corpuscles, and are easily mistaken for
vacuoles (consequently their name). While they displace the
nucleus of their host always more and more to the side, and
gradually devour the hamoglobin, they store in themselves
melanin granules, which tend to swarm in the larger examples.
Danilewsky found such Cystozoa, though few in number, also in the
white blood-corpuscles ; in this case they were naturally colourless.

In a later work Danilewsky [111] again refers to these Leuco-
cytozoa, as he named the parasites of the white blood-corpuscles, and

! Danilewsky [77]. in his *Parasitologie comparée du sang,’ indeed remarks
pointedly that the nomenclature is only provisional.
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which are especially found in the owl ; and he says that these bodies
are able to leave the lencocytes, whereupon they project flagella.

3. Polymitus sanguinis avium.—Large spherical, endocorpus-
cular, pigmented (or, if coming from the Leucocytozoa, unpig-
mented) bodies, possessing one flagellum or more.

This form is found in numerous birds, most frequently in the
small woodpecker, the roller, and the owl; they very closely
resemble the flagellated varieties of the malarial parasite (both
those from the tertian spheroids and the spheroids of the
crescentic series), and it is they which Danilewsky, who has
referred chiefly to the flagellated bodies of Laveran, has identified
with the malarial parasites. One mustnot think that Danilewsky
considered the Polymitus and Pseudovacuols as things which had
nothing to do with one another, for the opposite idea can be
clearly gathered from his monograph—that the Polymitus repre-
sents a later stage of the Pseudovacuolse.

4. Pseudospirilla.—Amongst these are freed flagella swimming
about in the liquor sanguinis, just as they may be often seen in
the malarial blood.

5. Under this heading Danilewsky describes Trypanosoma
sanguinis, which, as an extra-corpuscular parasite, does not come
into the range of our consideration.

It may also be mentioned that Danilewsky considers it probable
that the young brood is infected by their diseased parents whilst
feeding, becanse he found the parasites only in the blood of nest-
lings, althongh quite young birds have been proved non-infected.
This opinion does not coineide with the generally accepted inha-
lations-hypothesis of human malaria.

In a yet later work Danilewsky [112] records further the
interesting fact that the birds, when the infection of their blood
has reached a considerable degree, and especially when the spore-
forming bodies of the Pseudovacuole (the spore-forming bodies
discovered by Danilewsky) are present, may exhibit acute symptoms
of disease which in severe cases result in the death of the bird.

The discovery had for Danilewsky all the greater importance
because through it not only the morphological and biclogical, but
alsothe pathogenic similarity between the malarial parasites of man
and those of the bird was proved. The birds which had fallen ill
with ““ acute malaria ” were magpies, ravens, jackdaws, and owls.
The symptoms of disease were loss of appetite, weakness, some-
times convulsions, loss of weight, and rise in temperature of 1 to
1'5°. Inthe blood of the diseased birds very numerous endocorpus-
cular parasites were found which completed their cycle of develop-

21
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ment in about three or four days. At first they form exceedingly
small clear specks, which lie at one pole of the oval blood-
corpuscle (multiple infection is also frequent) ; later they show
some pigment in their protoplasm, which is concentrated in the
centre at the height of their development, but which does not
ultimately cause the parasite to occupy more than a quarter to a
third of the blood-corpuscle, for then the latter breaks up into
fifteen to twenty small spores,

These parasites, then, much resemble the quotidian parasites of
man (the pernicious tertian parasites of Marchiafava and Bignami).
The only differences are that the parasites of birds develop more
slowly (in three to four days) ; that they form more numerous spores ;
and that, lastly, their immature forms possess no ameeboid move-
ment, as is the case in those of man. For this last reason Dani-
lewsky called them Cystosporon malari@-aviuwm, not Hemameba,
It is further remarkable that neither these nor the other parasites
in the blood of birds are killed by quinine.

Danilewsky [113] in his last publication differentiates an acute
and a chronic malaria of birds: the first is cansed by the Cysto-
aporon. malariz, the second by the Polymitus avium and by the
Pseudovermiculi ; but the description of the diseases shows, and
Danilewsky himself partly acknowledges, that the differentiation
is not complete and not always possible. His attempt to distin-
guish between an acute and a chronic malaria in men is likely to
meet with general opposition, for the commencement of every
well-marked malarial infection is always acute; subsequently
either a complete cure may follow, or relapses may occur, or finally
a cachexia may remain which is the product of malarial anmmia
and the tissue changes caused by the previous infection. None
of the conditions can be called “ chronic malaria.”” The division
also of the Polymitus (flagellated forms) from the spore-forming
bodies does not apply to men, for we know that in them the
flagellated bodies occur in the tertian parasite just as frequently
as they do in the quotidian parasite (spherical bodies from the
crescents).

The identification of the © Pseudovermiculs > with the crescentic
bodies is mot so indisputable as Danilewsky appears to hold.
Apart from the difference already mentioned between these two
forms, it must also be considered that the pigment of the “ Pseudo-
vermiculi > does not become concentrated in the centre as in the
crescents, but that it always remains at the polar regions ; further,
that “ Pseudovermiculi” do not change like the crescents into
flagellated spherical bodies, but that they either retain their shape
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or that they show a contraction which is completely unknown in
the crescents ; lastly, the *° Pseudovermiculi” in birds are much
rarer than all the other Cysfozoa, whereas the crescents in malaria
in man form a frequent, and in certain fevers a constant, appear-
ance. All this taken together shows that there are between these
two forms so many differences that in the meantime their identity
is extremely doubtful.

In my opinion the Polymitus avium may be most nearly com-
pared with the flagellated bodies of the tertian parasite, for they
are both evolved from spherical bodies.

The pathologico-anatomical results of bird malaria consist,
according to Danilewsky, in the enlargement of the spleen and
in the pigmentation of the spleen and the liver. In “acute”
malaria these appearances are said to be less in degree than they
are in chronic forms.

Danilewsky’s reports were followed immediately by the publi-
cations of other investigators who had occupied themselves with
the study of the hemoparasites of animals. Grassi and Feletti,
Celli and Sanfelice, and Kruse have been very active in this
direction, and we have to thank them for many valuable additions
to our knowledge. Grassi and Feletti [114], in Sicily, found in
the blood of sparrows (Passer hispaniolensis) and doves similar
hs@matozoa to those which Danilewsky had discovered in other
birds. The number of the infected birds is said to be consider-
able even in February, and in April and May h®moparasites
were found in the blood of all birds investigated.

Grassi and Feletti divided them into Hemameba and Laverania
like the malarial parasites in man, and said that both genera are
present in most birds, and that in some examples the crescents
(Laverania) only were seen, but that Hamamebaz are never
found alone. Like Danilewsky, these two authors say that the
Haemameba are situated at the poles of the blood-corpuscles, and
that with their growth they push aside the nucleus; whereas the
Laverania settle themselves by the side of the nuclens and grow
around it, so that they form at first a crescent, later on frequently
a completely closed wreath, The spore-formation of the Hama-
meebe, which Grassi and Feletti first recognised in sparrows,
occurs after more than half of the red blood-corpuscles are re-
placed by them, and after the pigment has become concentrated
they produce fifteen to thirty or more gymmnospores. For this
species of Hamameeba from birds they employ the name of Haema-
meba relicta, According to them the infection of the young birds
does not occur by means of the parents, as Danilewsky believes,
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but throngh the air. Later Grassi discovered in the blood of a
young hawk (Cerchneis tinnuncula) small Hemameba which were
absolutely unpigmented, and which spore without forming pigment.
He calls this species Hemameba subimmaculata.

Danilewsky’s Pseudovermiculi have not been found by Grassi
and Feletti ; they do not consider them, as he does, as organisms
which can be compared offhand with the malarial parasites
(Laverania), but as bodies resembling Drepanidia. On the other
hand, they accept, as we have seen, Danilewsky’s opinion in so far
that they consider the peripherally-placed, elongated, endocorpuscular
parasites of birds as analogous to the crescentic bodies of man.

It is on this point that these authors have been attacked by
Celli and Sanfelice [78], and that they also partly differ from
Kruse. Although Kruse’s work appeared earlier, and Celli and
Sanfelice agreed with his views in many respects, we will consider
their work on human malaria because of their greater experience.
They confirm Kruse’s [115] information regarding the cycle of
development of the hemoparasites in the frog, and hold with him
(in contradistinction to Grassi) that the small parasite undergoes
spore-formation inside the blood-corpuscle, or that it slowly
grows and leaves the blood-corpuscle as a Drepanidium. With
reference to the parasite of the Testudo europsa, Danilewsky’s
results are confirmed by them, but they were not able to find
again the spore-forming bodies which had been seen by him in
the red marrow of bone.

Celli and Sanfelice chieflystudied the following birds :—Columba
livia, Athene noctua, and Alauda arvensis, They divided the
parasites found in them into three kinds, according to the
rapidity of their development, as follows:

1. Parasites with slow development.—This is the only form
which they were able to demonstrate in the Columba livia ; its
development required a duration of at least eight days—as had
already been ascertained by Grassi and Feletti. The endocor-
puscular forms of this species are pigmented and withont amce-
boid movement (as with rare exceptions are all hamoparasites
of birds) ; they lie at the broad side of the nucleus of the blood-
corpuscle, and gradually grow around it, so that the extremities
of the parasite can at length meet, whereby the nucleus is
encircled by the wreath-like parasite. Spore-formation has not
been observed, but free, oval, and roundish bodies, usually
without visible nuelei. Celli and Sanfelice compared these three
forms to the Drepanidia of the frog and tortoise, and as the
latter have shown a less complete structure and much less move-
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ment than the former, they speak of a modified free phase (“si
& deteriorata la fase libera ).

Now, as it will be remembered, the previously-described endo-
corpuscular, elongated, fully-developed forms were held by
Danilewsky, as well as by Grassi and Feletti, as analogous to
the crescentic bodies; Celli and Sanfelice placed them parallel
with the quartan parasites. I avoid giving the reasons which
influenced these authors upon this question, and only remark that
none of them are absolutely convineing, and that the solution of
this question must in the meantime be considered as in abeyance.

2. Forms of parasites with accelerated development.—These are
found in the Alauda arvensis, also in the Passer hispaniolensis,
and correspond to the already described Hamameba relicta
(Grassi and Feletti) ; they are compared by Celli and Sanfelice
with the tertian parasite (Golgi).

3. Parasites with rapid development (such as Hamameba
subpracor, Grassi and Feletti), observed in the Alauda arvensis,
Athene noctua, and Passer hispaniolensis ; they form small endo-
corpuscular bodies which become rapidly pigmented and, at a
time when they only occupy a small fraction of the blood-
corpuscle, break up into some ten to fifteen spores. It is the
same form whose development Danilewsky has described (see
above), and which he has named Cyfosporon malarise-aviwm.
Celli and Sanfelice also found here pigmented elongated bodies,
often becoming free and then round, which they compare with the
crescents in man. The whole of the third form (with rapid
development) is compared by both authors with the quotidian
parasite of man.

Kruse [115, 116] was the first to observe the formation of
spores in the frog’s hamoparasites. Further, he found in the
blood of the hooded erow (Corvus corniz) endocorpuscular para-
sites showing in their immature condition very slight amcboid
movements ; they either grew into *° little worms,”” and sometimes
then left the blood-corpuscles, but only when outside of the
vessels (in specimens), or the elongated still endocorpuscular
body became spherical, escaped from its capsule, and formed
flagella (Polymitus, Danilewsky). Spore-formation was not ob-
served, but sometimes a wavy contour was seen on the wreath-
shaped developed forms around the nucleus, which, however,
could hardly have anything to do with reproduction; similar
forms have been observed by Celli and Sanfelice and by Grassi
and Feletti without their ever noticing any kind of structure in
the small heaps.
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Attempts at inoculation have also been made upon animals by
injecting the blood from infeeted animals into healthy ones in
whose blood no alteration existed. Grassi and Feletti’s experi-
ments in this direction have been without result,—that is to say,
they were never fortunate enough to infect the healthy animals ;
but Celli and Feletti several times obtained a positive result.
They succeeded three times in six experiments in inoculating
from pigeon to pigeon. The incubation lasted two to four days.
The inoculation from lark to lark took in three out of twelve
cages. All inoculation experiments from one species to another,
as well as from animals of one class to animals of another, were
negative,

The inoculation of animal hmmoparasites therefore only suc-
ceeds, 1f at all, when made from one animal to another of the
same species and variety.

Grassi and Feletti doubt the positive results of Celli and
Sanfelice, saying that so large a number of birds are infected
(the infection being often missed in superficial investigation) that
one can only be sufficiently gnarded from errors of observation
after keeping the animal to be experimented upon under observa-
tion for a long time, and ascertaining it to be free from parasites.
We do not know whether Celli and Sanfelice observed these
precauntions or not, but the extensive experience of Celli makes
us expect that his experiments have been carried ont with the
strictest precautions. Besides, the analogous experiments in
men render the possibility of inoculations also from animal to
animal likely.

Celli and Sanfelice likewise experimented on pigeons therapen-
tically with quinine ; like Danilewsky, they observed that the
parasites of birds are not killed by this drug. The alteration
which certain of the parasites suffer (rounding of the elongated
form, a clearer prominence of the nuclei in them) are so small as
to be hardly appreciable.

It is undoubtedly a very remarkable fact, and one which
deserves further investigation, that a remedy which affects the
parasites in man so successfully hardly alters the hsemoparasites in
birds.

From the short summary of results which have been given
here on the investigations of animal blood, it may be gathered
that little has been gained with regard to the investigation of
malaria. The authorities apparently diverge so much in their
opinions on single points, that even now it is not decided which
phases and forms of the different heemoparasites are to be brought
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into correlation with one another, what the method of develop-
ment of the numerous forms is, how the infection of animals
takes place, whether the animal h@moparasites are pathogenic
nnder all cirecumstances, or if they are to be considered as “ neces-
sary parasites.”

In this place it seems necessary to say a few words concerning
nomenclature. As has been already seen, no unanimity exists in
the naming of the hsmoparasites. Such a number of different
suggestions lie before us for their description, that one is much
perplexed when it is necessary to fix npon any one of them.

We will summarise here the varions suggestions.

I. Human Parasites.

Oseillaria malarize (Laveran), rejected by the author him-

I
self.

2. Hamatozoon malariz (Laveran).

3. Hematophyllum malarizz (Metschnikoff).

4. Plasmodium malariee (Marchiafava and Celli).

5. Hematomonas malarize (Osler),

malariz (quartana).

vivaxr (tertiana).

pracor (pigmented quotidiana),
immaculate (unpigmented quotidiana),
(b) Laverania malarie (crescent) (Grassi and Feletti).

6. (a) Hemameba

I1. Anvmal Parasites.

Bloodworms (Gaule).
Cystozoa (Gaule).
Drepanidium (Ray Lankester).
Pseudovacuola \
Pseudovermiculi
Polymitus avium :
Pseudospirille ir Lol
Cystosporon malariz-avium
Hemogregarina }
Haemoproteus (Kruse).
relicta
. Hemameeba { subprsecon
subimmaculata Grassi and Feletti.
Laveranum ranarum
Laverania Danilewskii (in birds).

PV ®W b L o

=

=
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Roman school and Canalis that the same small ameeboid bodies
can either form spores or crescents; my reasons are as fol-
lows :

1. The crescents are found in such a large majority of the
cases with the small ameboid parasites that it appears to me to
be improbable that they can all be mixed infections. I observed
crescents thirty-seven times in forty-three cases of this kind, and
as these bodies are often exceedingly rare, a negative result must
not necessarily be decisive.

2. The crescents indeed appear sometimes even in the first days
of the illness (I have myself seen isolated ones appear on the third
day). In the great majority of the cases, however, they first
appear later, and are often only to be demonstrated much later ;
as this refers to hospital patients, in whom a second infection is
excluded, the crescents can only have originated from certain
bodies which were already present.

3. I have observed very severe summer fever with exception-
ally few amowboid bodies and relatively numerous crescents, as
also mild fevers with numerous ameeboid bodies and few erescents.

4. If the nwmber of crescents is constantly in striking dis-
proportion to the number of the amaeboid bodies, it iz on that
account very improbable that they represent a mecessary stage of
development.

5. The fact that in three cases Grassi and Feletti found no
spore-formation is not conclusive, for sometimes we find also in
tertian fevers, even in severe attacks, no spore-forming bodies ;
further, those three cases were treated with quinine, therefore
altered to some extent, which may have hindered the undisturbed
development of the parasites.

Grassi and Feletti also appear to deviate from the usual
method in the recognition of the spore-forming bodies; take,
for instance, the first three *“ spore-forming varieties *’ which they
i their last article [86] under Fig. 6 have drawn as germinating
bodies of the crescent. It is not perfectly certain in the firat
place that these drawings really represent spore-forming bodies,
but there is no ground for supposing that they proceed from the
crescents ; quite the opposite, they give me the impression that
they are, if anything, segmentation bodies produced from amceboid
parasites.

On the basis of the facts just brought forward I do not agree
with the classification of the malarial parasites into two genera,
but I believe in the four species which Grassi and Feletti class in
the genus Haemameba, and I divide these four species into two
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origin, It continuously collects to itself more pigment in the
form of fine granules and rods, which are especially to be seen in
the peripheral layers of the protoplasm, and which are mostly
engaged in active swarming movement ; the more the parasite
contains of this pigment—the more developed it therefore is—the
less becomes its amceboid movement ; nevertheless it remains
still so far ameboid that we see in a simple tertian fever, on the
days of apyrexia, pigmented bodies, often strangely twigged by
pseudopoda, which still actively continue to change their form,
although at about this time they already occupy more than the
half of the blood-corpuscle (see Plate II, figs. 11—18),

The red blood-corpuscle itself has in the meantime likewise
undergone changes, having lost in colowr (looking pale when com-
pared with the non-infected blood-corpuscles), and further having
become enlarged, often rather considerably. Therefore the blood-
corpuscles infested with the tertian parasites are very frequently dis-
tended and pale.

After a duration of life of about forty-eight hours there follows
—always, however, in only a fractional number of the parasites—
the spore-formation. This commences as follows:—the body, which
has now nearly or completely reached the size of a normal red
blood-corpuscle, and still lies in the distended, already almost
perfectly decolorised host, loses every motion ; even the pigment
stops swarming. The segmentation itself occurs, according to
Golgi [37], in three different ways.

The usual method of spore-formation, which has been seen by all
other authorities and which I have often been able to confirm, is as
follows :—whilst the pigment concentrates itself in the middle of
the body and there cakes together into a thick mass, the protoplasm
of the parasite breaks down into some fifteen to twenty round,
strongly refractile little balls (spores), which usually form an
irregular heap, reminding one in appearance rather of a bunch of
grapes or a mulberry. More rarely they lie near one another
in two perfectly regular concentric rows, whereby the “sun-
flower ” of Golgi is produced. It must not be forgotten that we
view these bodies, which, in consequence of falling into spores,
have a loose connection, between two glasses ; and it is not impos-
sible that by the mechanical influence, which cannot be wholly
avoided in the preparation, the original regular form may be
interfered with (see Plate II, figs. 20, 21).

The spores of the tertian parasite are round and smaller than
the quartan parasite ; they show in the fresh condition, as a rule,
no details of structure. Here and there I have, notwithstanding,
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noticed on them a brilliant granule—the nucleolus (see Plate II,
figs 22, 23).

Golgi’s second method of spore-formation, which has hitherto
not been confirmed by any other observer, takes place thus :—the
concentrated pigment in the middle of the body, together with a
small part of the protoplasm which is surrounded by a membrane,
remains behind as a residual body, and only the periphery of the
parasite falls into spores. After this, Golgi leaves it undecided
whether the protoplasm surrounding the pigment is not subse-
quently segmented. In this case the second method of spore-
formation would appear to be only a preparatory one to the first
(see Plate III, fig. c).

In the third method of spore-formation the concentration of
the pigment occurs mnear the periphery, a vacuole originates
in the protoplasm and in this one or two bodies appear as seg-
mentation products. Golgi himself did not know how to estimate
the importance of this form with certainty ; other authors, as
Antolisei [117], recognise it as a form of degeneration.

Again, another method of spore-formation must be noted
which not infrequently occurs and is mentioned by Celli and
Guarnieri. It consists in the segmentation oceurring without the
pigment being concentrated at all and whilst it still forms irre-
gular meshes lying scattered in the body. Lastly,it may happen
that the pigment is concentrated in two heaps instead of in one
(see Plate I, fig. 4.).

According to this, then, the chief characteristic of the act of spore-
formation of the tertian parasites is the formation of numerous
(fifteen to twenty) small round spores.

The pigment is also here, as indeed always, a lifeless product ;
after the spores have parted from one another it becomes imme-
diately seized on by the leucocytes in the circulating blood and
in them it is again seen.

Just as in the quartan form, the act of spore-formation in the
tertian form corresponds to the febrile parozysm ; here also like in
the quartan, as Golgi has shown, a gradual rise in temperature
begins about three hours before the commencement of the rigors
and, answering to this, there are already to be found at this time
isolated spore-forming bodies in the blood; they are, however,
found in the greatest number during the rigors or at the begin-
ning of the subjective heat.

Prominence must be given to the fact that in the tertian
variety the spore-forming bodies are not seldom looked for in
vain in the peripheral blood ; it is to be supposed that in such

22
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cases only a few individuals reach the spore-forming stage and
that these few remain chiefly retained in the internal organs, for
which we have an analogy in the quartan parasite.

Again, now and then it happens that isolated spore-forming
bodies may be found at a time far removed from an attack ; it is
even possible for still a second feeble generation to be present in
the blood which spores at another time but is too sparsely repre-
sented to produce an attack.!

It must also be called to mind that in other ways the spore-
forming bodies of the tertian parasite do not all show the
complete typical picture which Golgi has drawn of them, but
that now and then they present different appearances from the
normal, and these one must be able to recognise in order to avoid
erroneous conclusions,

For instance, it happens not infrequently that bodies which at
first only fill a small part of the red blood-corpuscles already
spore (see also the anticipating tertian) ; they do not then form
such a large number of spores as do the fully mature parasites,
but a markedly less number (see Plate I, figs. 22, 23); in
this these spore-forming bodies resemble closely those of the
pigmented quotidian parasite (see Plate II, fig. 35), from which
they are only to be differentiated by a considerable amount of pig-
ment and by the larger size of the individual spores. In such
cases the other elements found in the blood will be conclusive.

The microscopical results obtained from a simple tertian fever
can be expressed in the following tabular form :

One to twelve hours after the attack : small unpigmented actively
ameeboid-moving forms attached to the red blood-corpuscles or in
part already entered into them.

Twelve to twenty-four hours after the attack : rather larger forms
filling about a third of the blood-corpuscles, carrying the finest
pigment dust and still possessing active ameeboid movement. The
infested blood-corpuscles pale and large.

Twenty-four to thirty-siz hours after the attack (twenty-four to
twelve hours before the following attack) : the bodies fill from two
thirds to four fifths of the pale enlarged blood-corpuscles; they
are often of a very irregular shape, and this they change only

! With reference to the gquartan variety, Golgi [34] makes the statement
that in several cases he has seen spore-forming bodies unconnected with an
attack; the temperature showed itself to be waised, but the patient had no
knowledge of it. Such observations indeed appear to be very rare. I have
never met with one, and in the literature we only find a single reference to

the subject—a statement by Celli and Guarnieri [46].
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hours ago; their ammwboid movement is in part very feeble, in
general considerably feebler than formerly (due to the action of
the quinine). 3. Fairly numerouns dissevered little balls, also
endoglobular forms not infrequent (due to the action of the
quinine),

Towards 3 p.m. violent rigors, which lasted till 3.30 p.m.

3.45 p.m.—Temperature 40'6° C. (105° F.)

Microscopical appearances : 1. Several developed spore-forming
bodies with thirteen to fourteen spores; several indistinct spores
(quinine spores). 2. A remarkable number of the amaboid
immature forms are disintegrated (action of quinine and fever).

August 1oth, 9 a.m.—Temperature 36'5° C. (97'7° F.). (At
7 a.m. patient took 0'6 gramme of quinine (g} grains)).

Microscopical appearances: 1. Several mature forms with
fairly active pigment movement. 2. Younger forms exceptionally
sparse.

12 p.m.—No attack of fever.

As we see, in estimafing the microscopical appearances of the
blood, not only must Golgi’s scheme be kept in view, but other
factors come under consideration which really determine the
appearance of the blood.

Among these, first in importance is the circumstance that we
never have to do with absolutely one generation of parasites in
the blood ; were this the case, if indeed every one of the
parasites which we count as belonging to one generation were
just the same age to the minute, if all formed spores and as
individuals disappeared at the same moment, then the appear-
ance of the blood would perfectly correspond to the scheme. In
reality, however, parasites of the same generation are separated
from each other in age by one or often by six to eight hours.
To separate the generations from each other would therefore
not be possible, becanse for this the necessary limits (Grenzen)
would be wanting ; the separation is, however, not needed, for we
only want to place together in one group or as one generation all
those parasites which cause one paroxysm of fever, whether they
are of exactly the same age or whether differing by several hours.

The fact that the individual parasites of one “ generation ™ do
not form spores at the same moment, but one after another at very
short intervals, obviously results in the clinical phenomenon that
the paroxysm of fever also not only lasts for a few moments but for
several hours, often for half a day. If the innamerable spore-
forming bodies, like a volley of countless guns, were to burst in
one given moment and strew their contents in the circulating blood,
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then most probably a paroxysm would result much shorter but
therefore so much the more violent and disastrous in character,
but as a matter of fact the spread of the spores takes place like
a kind of file-firing and maintains the paroxysm throughout several
hours.

This difference in the age of the parasites of one generation
results naturally in a difference, thongh perhaps not very impor-
tant, in their size, form, and other qualities at & given moment,
and it would be a mistake to be misled by these unimportant
differences.

One must further remember that a large number of parasites do
not reach maturity, therefore do not spore; we do not know with
certainty the reason for this, but it is a fact that has sufficient
analogies in the animal world to prevent us from being particularly
astonished at it. The most probable thing is that the units
which remain sterile sucecumb in the * struggle for existence ”
or, to be more explicit, that they give way to those forces which
the power of resistance of the human organism brings to bear in
the struggle against the dangerous invaders; this will be more
fully considered in the section upon spontanecus cure. These
non-sporing individuals reach the size of their more successful
comrades, and not seldom some are also seen which have become
much larger and in which the play of the swarming pigment
granules is an extraordinarily lively one. These distended forms
have already been held by Laveran fo be dropsical degenerating
bodies, and it seems that this is really the case. They are still
found in the blood several hours after the end of the attack, and
are even to be seen on the days free from fever in pure tertian.
It is clear that one cannot regard these sterile surviving spherical
bodies as proofs against Golgi's law.

Another series of bodies also complicating the picture pre-
sented by the blood is found in the  fever forms ; ' these are the
débris of parasites which are frequently found free in the liguor
sanguinis, often indeed even in the red blood-corpuscles. They are
mostly round, and several often hang together; it is not easily
possible to mistake them for spore-forming bodies, because they
are irregularly pigmented and differ in size (see Plate III,
figs. 33, 34).

We have now to consider one more interesting form which has
been noted also in the double tertian, namely, the flagellated body.
These bodies are seen very frequently in tertian fevers, especially
at the time of the onset of the fever or shortly before it, which,
as already observed, is the reason why flagella are only produced
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by fully developed forms. They are to be seen on the slide soon
after the blood is drawn; sometimes only one or two minutes
elapse before their appearance, so that one is tempted to believe
that they were already present in the circulating blood. This,
however, is certainly not the case, for in quickly dried and subse-
quently coloured preparations they are never met with. The
movement of the flagella is at first a very energetic one, and
according to their environment it remains so for a shorter or longer
time ; then the energy of the movement diminishes in some or all
of the flagella and they come to a standstill, but they may pos-
sibly again commence energetic lashing movements. Lastly,
the complete extinction of movement follows and the flagella are
then seen rolled together at the periphery of the now completely
quiescent bodies.

The escape of the apparently sterile large forms of the tertian
parasite from the red blood-corpuscles is a process which can
likewise be observed not infrequently, but it occurs with such
rapidity and in such an unexpected manner that its details can-
not be appreciated,

In Plate II, figs. 25 and 26, there are two drawings of the two
stages following rapidly npon one another; no visible movement
was shown by the body at its excapsulation, but it appears as if
it became distended and thereby shot out of the blood-corpuscle.

It must be further mentioned that this distension and
decolorisation of the red blood-corpuscles infested by the tertian
parasite may indeed be often, but certainly not always, observed.
On Plate I these various processes are depicted. Bastianelli and
Bignami [118] sometimes observed in tertian fevers copper-
coloured shrivelled blood-corpuscles (Globuli rossi ottonati) like
those often seen in great numbers amongst the quotidian parasites.
1 have never been able to see these copper-coloured bodies in
tertian fever, although I had the opportunity of investigating a
large number of cases;in any case they appear to be exceptional.
Neither can I confirm another statement made in the same work
regarding the spore-forming bodies of the Terfiana antiponens.

Both these authorities report that in the anticipating tertian
fevers early spore-formation with five to ten spores (as has already
been described) is frequently seen.

If we wish to refer this variety of tertian fever, which occurs
not infrequently, to Golgi’s law, we must accept the fact that the
tertian parasite can, under certain exceptionally favorable circum-
stances, attain maturity a few hours earlier than it usually dogs,
or that possibly it originally enters the infested organism with

e . g — -
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The further fate of the nucleolus I must say is questionable ;
I have not been able to observe in it a division, which is de-
scribed by Grassi and Feletti as being the rule in the guartan
parasites. I am most inclined to believe that it leaves the nucleus
and dissolves with the cytoplasm (Plate II, figs 5—i18). One
thing appears to me certain, and that is that the nucleolus as such
disappears, ~With this the parasite enters into a new stage
which is to be considered as preparatory to spore-formation. This
is characterised by the nucleus becoming richer in chromatin,
together with the disappearance of the nucleolus. With the
taking up of chromatin in the nucleus (Plate II, figs. 19, 20)
the parasite gains an appearance different from that of the former
stages. Instead of an unstained or only striped nuclens, an
almost evenly stained blue-violet body appears, which is now only
distinguishable from the eytoplasm because it contains no pigment,
The sharp appearance of the nuclear membrane also soon dis-
appears, and when this has happened one can no more speak of
a nucleus. Although not sharply defined, a pigmented and an
anpigmented part still remain for a certain time, and in order to
distingnish between these different parts, not only morphologi-
cally but also biologically, I name them as the ““nuclear part "’
and ‘ protoplasmic part’ (see Plate II, figs. 21 and 22) of the
body proceeding to spore-formation. In the nuclear part, the
first stage of the process of spore-formation becomes evident
when ill-defined dark-coloured balls appear in it (Plate II, fig 23) ;
these are the nucleoli of the new spores. The nuclei themselves are
in this stage not yet formed, for the separation of the substance
surrounding the nucleoli into a peripheral stained (protoplasma)
part and a central unstained part occurs later on. With the
occurrence of this separation the spore-formation is complete
(Plate II, figs. 24, 25).

Two epochs can be distingnished in the forty-eight hours’
course of the life of the tertian parasite, the first vegetative and
the second productive ; the disappearance of the nucleolus forms
the point at which the second epoch puts an end to the first.'

As was mentioned in a previous section, Romanowsky [48]
believes that the pavasites divide by a species of karyokinesis.
A drawing given in one of his publications serves as a basis
for this, but it cannot be considered as sufficient. Two nucleoli
may not infrequently be present in the most varying forms
of the malarial parasite, as is the case in the Sporozoa, with-

| The description of the detailed structure is taken from my publica-
tion [49].
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blood-corpuscle beginning to shine through ; the thinning of the
parasite in the centre may produce an opening, thus completing
the ring.

If such a ring is observed with an open Abbé and oblique
illomination with a concave mirror, it is definitely seen to
produce in the upper surface of the blood-corpuscle a deep and
sharp depression, and in the centre the substance of the blood-
corpuscle projects throngh the hoop just as a finger throngh a
ring. The parasite may return from the ring form into the
ameeboid form again ; the appearance recurs sometimes repeatedly
under the observer’s eye' (see Plate II, figs. 45—47).

The immature amceeboid parasite now collects exceedingly
fine pigment dust, which is often only reddish ; this is seen
quite at the periphery of the body, where it usually shows
little movement. When the parasite has replaced about a third
of the red blood-corpuscle, the pigment collects in the middle or
at the edge, and then the amceboid movements of the parasite
cease. The pigment, after concentration, coalesces into a dark
quiescent mass, and there follows, still within the infested blood-
corpuscle, the breaking down of the parasite into a small number
of the smallest spores (see Pl II, fig. 35; Pl IV, fig. 67).

As Marchiafava and Celli were able to prove in the mild cases
of summer fever of the intermittent quotidian type, the con-
centration of the pigment and the spore-formation coineide
with the febrile paroxysm. The same authors discovered the
spore-forming bodies of this parasite, and called attention to
the important circumstance that the spore-formation did not occur
in the peripheral blood, but in that of the internal organs, so that
during the attack, even in severe infection, few, if any, segmenta-
tion bodies are seen in blood from the finger, whereas they are
present in great numbers in the splenic blood.

Owing to the infection, the red blood-corpuscles often shrink,
becoming thereby copper-coloured. Marchiafava and Celli believe
that the parasites enclosed in the “ copper-coloured bodies’ are
degenerated. To this I cannot agree, on account of the staining
of the structure, for one finds in these parasites the nucleolus
deeply tinted (Pl. IV, figs. 13, 14). Further, the infested, and

! Marchiafava and Celli, who first described these ringlets, thought them
to be bodies with vacnoles; then imagined them to be biconcave bodies, the
red blood-corpuscle shining through the thin centre; later they thought that
the centre took on blood-colouring matter, and therefore had a red colour.
How both these authors can recomecile this procedure with the endocorpus-
cular life of the “ plasmodium,” which they so strongly maintain, they have
not clearly shown.
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in part shrivelled blood-corpuscles may also completely lose their
colouring matter, in which case they form exceedingly delicate
folded phantom bodies, in the interior of which the parasite lies.
The “ copper-coloured bodies” may be easily mistaken by the
inexperienced for the “ morning-star form ;*’ it should be noted
that the parasite is always to be seen on the copper-coloured
bodies, and that it has usually the form of a bright ringlet, and
gives to the bodies an unmistakable appearance.

After the illness has continued for several days, together with
the bodies described above, others appear which belong to the
crescentic series. These bodies are (1) the typical crescentic
body ; (2) the fusiform body blunted at the ends (cigar-shaped) ;
(3) spherical bodies.

A detailed deseription of the morphology of these bodies, as
well as a statement of the divergent opinions which are held
with reference to their origin and importance, has been given in
Chapter II.

To illustrate the correspondence between the clinical symptoms
and microscopical appearances in cases belonging to this category,
the following case is given as a sample.

K. S— has suffered for a week from attacks of fever daily;
the symptoms are only those of heat, and ocenr at abont 4 p.m.
The patient is very weak, he cannot walk, and had to be carried to
hospital ; exceedingly pale typhoid appearance. The teeth dry,
the papillee at the tip of the tongue swollen, the dorsum of the
tongue coated with thick grey fur. The spleen distinetly palpable.
Pulse 110, dicrotic ; temsion normal. Daily two or three thin
fluid stools.

August 4th, 1892, 5 p.m.—Temperature 38° C. (100°4° F.).

Microscopical appearances: 1. A few small ameboid bodies, all
unpigmented. 2. Very many melaniferons lencocytes.

sth, 9 a.m.—Temperature 37° C. (g8:6° F.).

Microscopical appearances : 1. A very few medinm-sized bodies
occupying a fourth to a third of the blood-corpuscle, and having
a little heap of pigment. 2. Several copper-coloured bodies. No
melaniferons lencocytes.

4 p.m.—Temperature 38'2° C. (100°7° F.).

Microscopical appearances: Very few small pigmented bodies.
2. A crescent with concentrated pigment.

6 p.m.—Patient received 0'66 grm. of quinine (10} grains),

August 6th, 7 a.m.—Patient received 0°66 grm. (10} grains) of

quinine.
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accounts of patients which follow I shall introduce several
belonging to this category. But, as a rule, at the time when the
crescentic bodies are alone present fever is entirely absent; the
patients are in a more or less cachectic condition ; the diminished
proportion of hemoglobin in the blood, as well as the dimin-
ished number of blood-corpuseles, increases slowly or not at all—
sometimes indeed decreases still further, although there is no rise
in temperature.

After two to three weeks periods of fever may again occur,
which are accompanied by an invasion of young amceboid bodies.
That these fevers are in fact not relapses, but, as Golgi believes,
eycles with long intervals, is proved to us by the fact that the
paroxysms occur in hospital or in other places free from malaria
just as frequently as in malarial districts. Now the next question
18, 1n which bodies in the organism have we to seek the source
of the infection which has for the time been latent ?

The most obvious explanation is to attribute to the crescents
the cause of the relapses, and as a matter of fact this view has
much probability.

To raise this probability to certainty it wounld be necessary to
prove that spores develop either from the crescents or from the
spherical bodies of their series, and during their further deve-
lopment produce ameboid bodies.

It has previously been mentioned that Canalis believed he had
seen spore-formation in various spherical bodies.  Unfortunately
he has not given any certain proof of this by staining the nucleus,
and therefore his views may well be doubted.

Also Celli and Guarniert’s former view that the well-known
“buds *” on the spherical bodies were germinating bodies is ship-
wrecked, owing to their non-nuclear character. Recently Grassi
and Feletti state that they have found spore-forming spherical
bodies (of the crescent series) in the splenic blood ; the drawings
which they give of these bodies, however, are not conclusive of
the correctness of their opinion, so that up to the present we
cannot hold that the spore-formation of the crescentic bodies is
certainly proved.

On the other hand, I obtained the conviction from my own
preparations that the segmentation of the crescents, first
announced by Grassi and Feletti, undoubtedly ocenrs (see Plate
ITI, fig. 52), and it is probable that this segmentation, in which
the several limbs have a finely granulated appearance, stands
in connection with reproduction.

One also frequently finds erescents of which a part is wanting,

23
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a consideration of the finger blood alone, exclude with absolute
certainty the presence of pigmented bodies, for it is always
possible for them to remain in the internal organs. With this
reservation—for I made no puncturing of the spleen—I give here
the history of a case which illustrates this subject.

D. J—, =t. 19, woodeutter, is said to have suffered from fever
for a week ; rigors have not occurred. Severe headache ; pain in
the limbs ; has been constipated for a week.

Augnst 12th, 1892, 10 a.m.—Temperature 39'5° C. (1031° F.).
Patient very ill in bed, and groans. Tongue dry and cracked.
Spleen just palpable.

Microscopical appearances: Numerous small, ameeboid, unpig-
mented bodies,

4 p.m.—Temperature 40°2° C. (ro4'4° F.).

Microscopical appearances: 1. Very numerous unpigmented
bodies in slight movement, double infection of blood-corpuscles
frequent. 2. In isolated lencocytes coarse pigment granules.

7 p.m.—Temperature 39° C. (102'2° F.) ; 0'33 grm. (51, grains)
of gquinine administered.

13th, 5 a.m.—0°33 grm. (57 grains) of quinine.

9 a.m.—Temperature 37°6° C. (9g9'6° F.).

Microscopical appearances: 1. Numerous amwmboid, moving,
unpigmented bodies. 2, Extremely numerous copper-coloured
bodies, the parasites of which have an amceboid movement. No
pigment to be seen in any of the bodies, only here and there a
hemoglobin granule.

10 a.m.—0'66 grm. (10§ grains) of quinine,

4 p.m.—Temperature 39:2° C. (102'5° F.).

Microscopical appearances: 1. Very numerous amceboid bodies.
2. Equally numerous copper-coloured bodies. 3. A spheroid of
the crescent series.

7 p.m.—Temperature 40'5° C. (ro49° F.); o0'33 gramme
(5% grains) of quinine.

14th, 5 a.m.—0°'33 gramme (5% grains) of quinine.

9.30 a.m.—Temperature 37°2° C. (989" F.).

Microscopical appearances: 1. Less numerous amceboid per-
fectly unpigmented bodies, some with hemoglobin enclosures.
2, Isolated erescents.

7 p.m.—Temperature 39°C. (102'2°F.) ; 0'66 gramme (10} grains)
of guinine.

15th.—Patient groans with weariness and pain in the limbs;
he looks weak.

|
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9 a.m.—Temperature 37° C. (98:6° F.) ; 0°66 gramme (10} grains)
of quinine,

Microscopical appearances: 1. lsolated unpigmented bodies.
2. Isolated crescents.

7 p.m.—Temperature 38:3° C. (100°9° F.); 0'66 gramme (10}
grains) of quinine.

16th, 10 a.m.—Temperature 35'8° C. (96°4° F.). Profuse per-
gpiration.

Microscopical appearances: 1. Very few small bodies. 2.
Isolated crescents.

After this the patient had no more fever.

D. J—. Pure Quotidian (Unpigmented Quotidian Parasite).
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The type of fever was pure quotidian, which, to judge from
the history of the patient and the beginning of the temperature
curve, was preceded by a continued fever.

The pigment already observed in the lencocytes during the first
days must have had its origin in crescents, for in the innu-
merable amceboid bodies not a granule of pigment was to be seen ;
spore-forming bodies were also quite absent.

The fevers caused by the unpigmented quotidian parasite, as
also those of the pigmented quotidian parasite, occur most fre-
quently in summer and autumn ; I have observed most cases in
the months of August and September. The single paroxysms seen
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average not so numerous (eight to fifteen) as those of the ordinary
tertian.

6. The pernicious parasite forms crescents, which never happens
with the others.

After noting these deviations from the other forms already
dealt with, it is not necessary to give a detailed description of the
pernicions tertian parasite, and we will now consider the clinical
description of the pernicious tertian as sketched by Marchiafava
and Bignami.

The most interesting part of it 1s the fever curve ; we see, namely,
that the apyrexial intervals are very short, and often only last several
hours. The rise in temperature occurs in typical cases with great
regularity at intervals of two days, and indeed suddenly, as is
always the case in the fever paroxysms; the fever remains for
a time, and then falls with a pseudo-crisis, again to rise and
form a pre-critical elevation, which often exceeds the previous
maximum ; then follows sudden defervescence. The complete attack
lnsts as a rule longer than twenty-four hours. It may reach a
duration of from thirty to forty howrs.

The temperature curve often shows variations from this typiecal
chart ; for instance, the pseudo-crisis can be more marked, the
temperature falling to 37° C. (98'6° F.), whereby the attack loses
its unique character, or lasts longer than forty hours, so that,
instead of apyrexia, only a remission occurs: further slight rises
in temperature may occur during the apyrexia. A duplication of
the paroxysm may also oceur (tertian maligna duplez).

Under the microscope are seen, before the attack, pigmented
parasites almost half filling the blood-corpuscles; at the com-
mencement of the attack the parasites may be completely absent
from the blood, and it is only after the paroxysm has lasted
some (about six) hours that the forms of a mew generation
appear, which, as has already been mentioned, remain through
twenty-four or even forty-eight hours unpigmented, so that they
can be seen eight or ten hours before the attack still unaltered,
or so rapidly pigmented that already at the end of the attack
pigmented bodies are to be seen.

The origin of the peculiarly formed temperature carve is
explained by anthors in this way, that the spore-formation of the
bodies present occurs not all at once, but in batches.

The spore-formation here also oceurs, as in the other two species,
chiefly in the internal organs; the formation of the crescents
shows equally no deviation.
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they were no longer in a condition to digest any heemoglobin, but
became necrotic and perished.

K. W—. Summer Tertian Fever (Malignant Tertian Parasite).

EFUESFYS HPESEPYASPUSEEYI AFRINFYIATNE

£15 |

-

41 |
20°5

P——
-
F=ray
i

40 i
395 1

39

=
= =l

385

it
|

-

375 I.:- HH J.--"
37 . |V B i

365

36 i HE

The crescents were first seen on the tenth day of the illness,
after the day when fresh conjugations had been observed.

A—, ®t. 27, has suffered for six days irregularly from coldness
and heat ; complains of severe headache and pains in the limbs.

August 19th, 1892, 4 p.m.—Temperature 36° C. (96'8° F.).
The spleen distinctly palpable.

Microscopical appearances : A few isolated small forms with the
finest pigment.

20th, g a.m,—Temperature 38° C. (100°4° F.).

Microscopical appearances : Isolated small forms, some of them
with pigment masses inside.

4 p-m.—Temperature 41° C. (105'8° F.).

Microscopical appearances : 1. Very numerous amceboid un-
pigmented bodies. 2. Isolated ones with a small pigment mass,
Multiple infection frequent. 3. A crescent which easily changes
its form, and has a slight double contour; the pigment in it
scattered and the grouping changing.

218t, 9 a.m.—Temperature 36:2° C. (g7:1° F.).

Microscopical appearances : 1. Rather numerous unpigmented
ameboid forms. 2. Separated bodies which about fill the half of
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the blood-corpuscle, with pigment granules which oscillate actively
within a narrow space.

5 p.m.—Temperature 36:3° C. (97:3° F.).

22nd, 10 a.m.—Temperature 38:5° C. (101°3° F.).

Microscopical appearances: Very few small forms without pig-
ment.

4 p.m.—Temperature 39'6° C. (103°3° F.).

7 p-m.—Temperature 40'2° C. (104'3° F.).

23rd.—No attack, nor on the remaining days.

A—. Summer Tertian Fever (Malignant Tertian Parasites).
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Here the curve also shows the tertian type, although of the
character of the ordinary tertian without prolongation of the
attacks, and with a full day’s interval of apyrexia,

The existence of a tertian fever without Golgi’s forms, but showing
only small erescent-forming parasites, is therefore a definitely proved
Jact.

Another question is whether the parasites found in these fevers
are to be considered as different in kind from the pigmented quo-
tidian parasites or not.

A decided answer cannot at present be given to this question, and
we will wait for the result of further investigations in this direction,
In stained preparations it is seen that the detuils of structure
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of the pernicious tertian parasites correspond with those of the
other kinds.

The drawings (Plate IV, figs. 1 to 12) lead one to suppose that
here also the loss of the nuclens and nucleolus precedes spore-
formation.

In connection with the crescent-forming parasite species, three
histories of patients are given which show that fever may also oceur
when apparently only crescent bodies are present.

M— has suffered for fourteen days from attacks of tertian fever,
which occur at about 2 p.m.with a slight rigor, soonafterfollowed by
extreme heat. The last attack occurred the day before yesterday.

August 18th, 1892, 11 a.m.—Temperature 37:2° C. (98¢° F.).

Microscopical appearances: Exceedingly few small amceboid
bodies.

2 p.m.—Patient shivering slightly.

5 p.m.—Temperature 39'6° C. (1032° F.).

1gth, 10 a.m.—Temperature 36:2° C. (g7:1° F.).

Microscopical appearances: One amceboid body discovered
after a long search.

5 p.m,—Temperature 37:2° C. (98g° F.).

2oth, g a.m.—Temperature 37°4° C. (99'3° F.).

Microscopical appearances the same as before.

6 p.m.—Temperature 38° C. (100'4° F.).

218t, g a.m.—Temperature 36:6° C. (g7:¢° F.).

Microscopical appearances : A few crescents.

5 p-m.—Temperature 37°1° C. (98'7° F.).

8 p.m.—Temperature 37°7° C. (99'8° F.).

22nd, 10 a.m.—Temperature 37°1° C. (g8:7° F.).

Microscopical appearances : 1. Several crescents with scattered
pigment. 2. Several melaniferous lencocytes. No small ameeboid
bodies.

5 p.m.—Temperature 38° C. (100°4° F.).

Microscopical appearances: Several crescents, no ammboid
bodies.

7 p-m.—Temperature 39'9° C. (103:8° F.).

23rd, 10 a.m.—Temperature 36'3° C. (97:3° F.).

6 p.m.—Temperature 37° C. (98:6° F.).

Microscopical appearances as before.

24th, 10 a.m.—Temperature 37°7° C. (9g'8° F.).

4 p.m.—Temperature 37-8° C. (100° F.).

Microscopical appearances : Several spherical bodies of the
crescent series.
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7 p.m.—Temperature 40'3° C. (104'5° F.).

25th, 10 a.m.—Temperature 36's° C. (g7°7° F.).

Microscopical appearances: Several crescents and spherical
bodies.

M—. Irregular Fever (Orescentic Bodies),
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In this case there were only on the first two days exceedingly
few amoeboid bodies to be seen, whilst later only crescents were
found ; the fever had a tertian type predominating.

G. C—, eanal worker, is said to have suffered for three weeks
from fever, which at first was of the tertian type, but later on
quotidian in type. The attacks consist sometimes of chill,
sometimes of heat. There are profuse night sweats. Patient
feels very weary ; his whole body pains him, especially his head
and legs. He is fairly pale. Spleen distinctly palpable.

October 7th, 1891, 4 p.m.—Temperature 38'7° C. (r01°6° F.).

Microscopical appearances: 1. Very numerous crescents and
their spherical bodies. 2. Several melaniferous lencocytes.

8th, g a.m.—Temperature 38:2° C. (100°7° F.).

Microscopical appearances : The same as yesterday, only rather
fewer parasites. No small bodies. Hewemoglobin 70 per cent.

Number of blood-corpuscles 3,217,000.
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yesterday. Pale cachectic-looking man with a distinctly palpable
spleen,

September 25th, 1891, 10 a.m.—Temperatare 36:2° C. (97:1° F.).

Microscopical appearances : Numerous crescents and their sphe-
rical bodies,

4 pm.—Temperature 36:5° C. (g7'7° F.).

26th, g a.m.—Temperature 36:3° C. (97°3° F.).

At 2 p.m. in the afternoon the patient was attacked with severe
brow ague on the right side. At the same time he felt shivery
and weak in his limbs.

3 p.m.—Temperature 36:7° C. (98° F.). Patient felt hot and
perspired.

Mieroscopical appearances : Several crescents.

28th.—Patient had no fever yesterday, and appears to have
felt quite well.

9 a.m.—Temperature 36'5° C. (97:7° F.).

Microscopical appearances unchanged. Hwmmoglobin 60 per
cent. Number of blood-corpuscles 3,281,000,

2 p.m.— Attack of brow ague in the same way as on the day
before yesterday.

3 p-m.—Temperature 36:5° C. (g7:7° F.).

In like manner every second afternoon there followed an attack
of brow ague. The supra-orbital nerve was very sensitive to
touch during this time. A fever temperature could never be
ascertained. The administration of quinine remained without
success, showing the well-known resistance of the crescentic
bodies to this drug.

Miwzed Infections,—In the previous sections it has been already
repeatedly pointed out that the organism can be the host not
only of one species of parasite in various generations, but of
several species at the same time,

The combinations of the five species at present known appear
to take place in all kinds of ways; most frequently the pig-
mented and unpigmented quotidian parasites combine together ;
frequently also a mixed infection between tertian and quartan
parasites occurs, or between the tertian parasite and one of the
quotidian parasites.

The relationship can be very complicated at times ; Golgi [37]
found, for instance, in the blood of a man suffering from remit-
tent fever, three generations of the quartan parasite and two of
the tertian; and the elevation of the temperature agreed com-
pletely with the microscopical appearances of the blood.

The type of fever in mixed infections is determined by the

%
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type of the component parts, and it 1s comprehensible that con-
tinued, subcontinued, or even irregunlar fevers may frequently oceur.

It is further to be noted that mixed infections may oeccur in
which only one variety of parasite is accountable for the type
of fever, whereas the presemce of the second wvariety is only
ascertained by its being found in the blood. This is the case,
for instance, when anyone who has crescentic bodies in his
blood, which, as we have seen, as a rule produce no fever for
two or three weeks (until a relapse), receives in addition an
infection with the common tertian parasite ; the progress of the
fever in such a case would be simply that of the tertian type,
notwithstanding that, at the same time, a mixed infection is
present. The following two cases are examples of mixed
infection.

W. G—, @t. 43, is said to have suffered from attacks of fever
during the last three weeks. At first the attacks occurred daily,
later the type was irregular, and at present an attack occurs
every two or three days. The paroxysms show the classical
symptoms. The last attack oceurred yesterday evening.

October 4th, 1891.—The patient is an ansemic and cachectic-
looking weakly man. The spleen projects three fingers’ breadth
below the ribs.

g a.m.—Temperature 37°7° C. (gg'8° F.).

Microscopical appearances :

1. Numerous unpigmented small para-
gites, signet-ring shaped ; amongst

them also rather large, round, and Uuplgygnted
; ) L quotidian
ameeboid parasites. :
parasite.

2. Several crescents.
3. Numerous copper-coloured bodies. J
4. Several large pigmented forms almost completely filling
the blood-corpuscles ; the pigment in them is slightly
moving ; the infested blood-corpuscles are often hyper-
trophied and decolorised (mature tertian forms).
5 p.m.—Temperature 38'5° C. (101'3° F.). No previous
shivering.
sth, 9 a.m.—Temperature 37'5° C. (99'5° F.). Patient feels
very weak, and complains of a continual pressure in the splenic
region.
Microscopical appearances : 1. Several crescents. 2. Several
melaniferous lencocytes. Hemoglobin 42 per cent. Number of
red blood-corpuseles 2,217,000.

24
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Patient has received, since yesterday morning, 1 gramme of
quinine (15 grains) daily in three doses.

4 p.m.—Temperature 384° C. (101:1° F.),

6th.—Profuse night sweat.

10 a.m.—Temperature 36° C, (g6°8° F.).

Mieroscopical appearances: 1. A few crescents. 2. Numerous
leucocytes with coarse pigment clots,

4 p-m.—Temperature 36:4° C. (97:4° F.).

16th.—The patient has remained free from fever since the last
note. Heemoglobin 65 per cent. Number of blood-corpuscles
3,087,000.

The infection was therefore that of an ordinary tertian in one
generation, which gave way to the treatment with quinine: at
the same time unpigmented quotidian parasites were present ;
these also disappeared under the quinine, and only left behind
the crescentic bodies. The type of fever was quotidian ; never-
theless on two days there was no absolute apyrexia, for the
morning temperatures of 37°5° C. (99'5° F.) and 37'7° C. (99'8° F.)
were rather fever temperatures in such a cachectic man.

F—. Quotidian Fever (Miwed Infection of Two Generations of
Tertian Parasites and the Pigmented Quotidian Parasite).
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F—, @t. 29, says that daily for eight days he has had an
attack of fever in the afternoons ; this consisted of slight shivery
feeling, several hours of heat, and a little perspiration. Exceed-
ingly severe headache.

September 24th, 18g1.—Livid, slightly jaundiced skin. The
spleen projects two finger-breadths below the ribs.

5.30 p.m.—Temperature 38:7° C. (101'6° F.).

Microscopical appearances : 1. Numerous actively moving, small
ameboid bodies with the finest pigment granules. Many have a
signet-ring shape. 2. Medinm-sized pigmented actively moving
endocorpuscular bodies. 3. Several very large spore-forming
bodies, with many spores lying in hypertrophied and decolorised
blood-corpuseles.

7 p.m.—Temperature 41°2° C. (106°1° F.).

25th, 11 a.m.—Temperature 36° C. (g6°8° F.). During the
night profuse perspiration,

Microscopical appearances: As yesterday, only no spore-
forming bodies ; nevertheless large endocorpuscular, fully deve-
loped bodies.

4 p.m.—Temperature 40°5° C. (104°9° F.). In the evening the
patient received 0'66 gramme of quinine (104 grains).

26th, 9 a.m.—Temperature 36° C. (96'8° F.).; 066 gramme
(10} grains) guinine given early.

Microscopical appearances: Very few pigmented and unpig-
mented forms.

4 p-m.—Temperature 38'2° C. (100°7° F.).

Microscopical appearances negative.

joth.—Since the 26th the patient has remained free from fever,
but he perspires considerably and has also become paler.

Microscopical appearances: Numerous crescents and their
spherical bodies. Hamoglobin 53 per cent. Number of blood-
corpuscles 3,066,000,

October 6th.—Patient has remained free from fever.

Miecroscopical appearances negative.

The infection consisted here of two generations of the ordinary
tertian parasite and of the pigmented quotidian parasite. The
fever had the quotidian character.
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possess pointed cogs, whereas the copper-coloured bodies have a
creased, folded appearance (see PL 1I, fig. 49).

The swarming fragments of the red blood-corpuscles possess
more or less the colour of hsemoglobin, whilst the swarming
flagella are perfectly colourless, and sometimes have in them one
or more exceedingly fine pigment granules. The swarming little
balls and threads of beads do not, on account of their coarser
appearance, resemble the flagella.

The ‘“ vacuoles *” of the blood-corpuscles are in many respects
very similar to the unpigmented parasites. As is known, these
vacuoles result from mechanical injury which has occurred to the
preparation, and the more carefully the drop of blood has been
spread out, &c., the less frequently do they cccur. Vacuoles also
occur if, for instance, a drop of oil from the lens finds its way into
the specimen, or if the preparation is several hours old,

These vacuoles are really not what their name expresses ; they
are not small emptyspaces in the blood-corpuseles, but contractions
of the hamoglobin substance, possibly zooids (Briicke), so that at
the places where this contraction has occurred only the delicate
colourless stroma (Oikoid ?) which appears upon the blood-cor-
puscle as a bright point or ringlet, &c., according to the extent
of the contraction, is to be seen. That it is indeed a contraction
of the he®moglobin substance, and in consequence of this a
sinking in of the blood-corpuscle at the point in question, can be
easily demonstrated in the method I have frequently before
recommended, namely, of examining the object with an open Abbé
and with oblique illumination from a convex mirror; with this
illumination the * vacuoles” appear as furrows on the smooth
upper surface of the blood-corpuscle.

The vacunoles have, further, the peculiarity of being able to
change their form in a way which calls to mind the amceboid
movement of the parasite.

In Plate II, figs. 67—70, a vacuole is shown in its changes
of shape; these occur more actively on a warm stage. The
shape and size of the vacuoles vary considerably from the finest
point up to large spaces occupying two thirds of the blood-
corpuscle. It also happens not infrequently that in one blood-
corpuscle many small vacuoles can be seen (see PL II, fig. 71).

The most important difference between vacuoles and parasites is
that the former possess mo structure, while the latter, as lhving
organisms, invariably do.

In fresh preparations the vacuoles are differentiated from the
parasites in having a well-marked sharp contour, whilst the

e
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amceboid bodies, before they become quiescent, have an exceedingly
delicate margin, which almost fades into the substance of the
blood-corpuscle. The vacuoles have, further, a brilliancy which
is not possessed by the parasites. The details of the differences
are difficult to express shortly in words, but by a little experience
it is possible in the majority of cases to decide with certainty one
way or the other.

It must still be noted that the predominating ring form greatly
suggests the parasite; further, that if one sees a considerable
number of speckled red blood-corpuscles, whilst such are not
present in another part of the preparation, it is vacuoles which are
present and which have been produced by some local influence upon
the preparation (pressure, oil, &e.).

The vacuoles can naturally never be mistaken for pigmented
parasites, for they possess mo pigment. With respect to the
white blood-corpuscles, there are frequently pigment-carrying
leucocytes seen in malarial blood which can be mistaken for
parasites. With reference to this it should be noted that in the
white corpuscles there are always one or more large compact
nuclei visible, which is never the case in parasites. In fresh
preparations only now and again a nuecleus is seen in them, but it
has always a vesicular form and a darker round disec. The
nucleolus is seen in the vesicle.

The amceboid movements of the lencocytes cannot lead to any
mistake, becanse the fully developed forms of the malarial para-
site—and only these, on account of their size, need be regarded—
never have ameeboid movement.

Leucocytes which have taken up no pigment present no
similarity to the parasites, because parasites of such a size are
invariably pigmented, quite apart from the differences mentioned
above.

The blood-plates may be mistaken for free spores when they lie
singly and are perfectly round. When, as they often do, they
lie together in little heaps they may be taken for spore-forming
bodies.

Respecting the isolated blood-plates, it should be a rule never
to diagnose a free spore in an unstained preparation. Such a
diagnoeis is in most cases impossible, for the free spores possess
nothing characteristic. It is only the spores of the quartan fever
which can be recognised as such on account of their visible
nucleoli. Indeed, a free spore can just as well be mistaken for a
round blood-plate as for a large coccus or for a yeast-cell, &ec.

From this it is clear that for diagnostic purposes it is best to
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take no account of such-like bodies lying free in the liquor san-
guinis.

In stained preparations the matter is quite different; in them
we can differentiate a blood-plate from a spore with certainty (see
Plate III, figs. 1, 2 ; Plate IV, fig. 70) ; whilst the former takes
on a diffuse tinge and shows no structure, the latter, as is well
known, behaves differently. It might be possible to take a
blood-plate to be a piece broken off a large parasite; this would
occur all the more easily because under very high powers a few
granules may be seen in a blood-plate.

The blood-plates in groups are distingnished mostly from
spore-forming bodies by the fact that they have no pigment,
whilst, with few exceptions, no spore-formation without pigment
residue ocenrs ; and with reference to this exception, namely, the
spore-forming bodiesof the unpigmented quartan parasites,theyare
differentiated from the blood-plate conglomerations by the simple
fact that they lie in red blood-corpuscles; indeed, this spore-for-
mation, as has been said, hardly ever occurs in peripheral blood.

In stained preparations the same marks of difference obtain
which we have given for the isolated blood-plates.

Lastly, with reference to the products of coagulation in the
blood, clots, which however oceur less frequently, must be con-
sidered. They appear as amorphouns uniform bodies; they are
always floating freely in the liquor sanguinis, and are not likely
to be mistaken for parasites.

Together with these constituents of the blood, one must guard
against such matters as epithelinm, dust,and particles of rust, which
foreign bodies may be present in the preparation notwithstanding
all care and cleanliness.

Unless attention is paid to it, there are very frequently indefin-
able black particles, which may produce much doubt when pigment
is searched for. It is quite certain that the malarial pigment may
be present in a free state in the liquor sanguinis at the time of
spore-formation, before the lencocytes appointed for the purpose
have cleared away this feecal matter of the parasites; and as a
matter of fact, in preparations which have been made at the time
of a fever paroxysm, these freely floating lumps of malarial pig-
ment are frequently seen. Therefore, for diagnostic purposes,
too much weight must not be laid upon such appearances, and from
them alone the presence of a malarial infection must not be assumed.

It is much more significant when pigment is found in the leuco-
cytes of fresh preparations ; even if it be only a few granules, they
form an important aid to diagnosis, especially if there is no sus-
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picion of a relapsing fever, for in such a condition pigment occurs
in the blood.!

After a patient is cured, pigment remains for a short time
visible in the eirculating blood. It is, however, soon deposited by
the lencocytes in the well-known positions. Usually in two or
three days after the last paroxysm of fever (produced by tertian or
quartan parasites) no more melaniferous lencocytes are present in
the blood, but after fevers produced by the crescents it is different,
for in such cases pigment-bearing leucocytes are met with in the
blood as long as the crescents themselves.

Finally, the possibility must be considered of a poisoning
with bisulphide of carbon or sulphurated carbonic oxide, which
can rapidly produce pigment in the blood, as has been shown by
C. Schwalbe (loe. cit.). I have repeatedly made experiments
on mice, by subentaneously injecting them with a few drops of
bisulphide of carbon, and can fully confirm Schwalbe’s statements.
In such cases the history of the illness will clear up any doubts.
But the alterations in the blood of animals so poisoned show a
completely different picture from that given by the malarial para-
sites. I do not comsider it necessary to give details, because, so
far as I know, the alterations of the blood in question have not
yet been observed in man.

In the blood of rabbits which have been poisoned with dinitro-
benzol Huber observed an enormous formation of vacuoles in the
red blood-corpuscles ; the pieture given in his work will serve as
an interesting object of comparison with the immature malarial
parasites.

Being now in a position to accurately recognise the malarial
parasites, the question comes to be—what use can we obtain
from this knowledge ?

The answer is that the presence of even one single malarial
parasite in the blood settles the diagnosis of @ malarial infection.

I will not go in detail into those assertions which were made a
few years ago, according to which, in the most different infections
diseases and cachexias, * similar bodies ** in the blood had been
found, through which the pathognomic and @tiologic importance
of Laveran’s malarial parasites was to be depreciated, for most
authors on the subject have gradually admitted that they erro-
neously took things—they were almost always the ““ vacuoles”’ of
the blood-corpuscles—for parasites which were not so. By means

! Recently the statement has been made that pigment is found in the
blood in Addison’s disease. I have not been able to confirm this in two cases
which I have investigated with regard to it.
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of the numerous investigations of blood which are at the present
time pursued for diagnostic purposes, one has daily opportunity
of convineing oneself that the malarial parasites exist exclusively
in the blood of malarial patients.

From the microscopical appearances of the blood one ean not
only diagnose the presence in general of a malarial infection, but
it is also possible to decide the species of the fever, the type, and
often even the approximate severity of the attack. But, indeed,
this accurate estimation of the results of the investigation of
the blood can only be fully appreciated by those who have had
considerable experience, and who are thoroughly acquainted with
all the forms of the parasite.

It was Golgi who, after he had learnt to differentiate ome
parasite from the other, employed this knowledge to accurately
settle the diagnosis with reference to type of fever, time of the
attack, severity of the same, &c. Since that time his communi-
cations have always found increasing confirmation, to which I can
add still further, becaunse I have been able in many cases to
clearly analyse the microscopical results according to Golgi’s
statements. The few contradictions which he has met with
proceeded only from those investigators who, having had very
little material to go upon, were not able to give an adequate
opinion on the matter.

It is natural at the present time, after the gradual increase
of and considerable advance in our knowledge, recently obtained
through the work of Marchiafava and Bignami, that we should
take into consideration the results obtained now, together with
Golgi’s original statements.

I pass over a detailed expression of opinion concerning the
diagnosis of type, for were I to do so it would necessitate my
repeating what has already been reported at length in regard to
the special characteristics of the species of parasites, and this I
would rather avoid. Anyone may obtain, from the description
given in previous sections, the necessary information with regard
to the diagnosis of the species.

I will only refer in few words to those points to which atten-
tion is chiefly necessary.

When a positive result has been obtained, one seeks in the
first place to decide whether the species of parasite found belongs
to the first group (which does not form crescents) or to the
second group (which does), or whether, indeed, both groups are
present in the blood. The experienced observer decides that in
a short time, if large pigmented endocorpuscular forms are in
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the second group. As may be imagined, it is more difficult to
come to a conclugion in the mixed infections as they are more
complicated, but in most cases the difficulties to be overcome are
not insuperable.

We now turn to the negative mieroscopical appearances, It
has happened to me, as well as to other observers (especially to
Baccelli, who has occupied himself with this side of the question),
that 1 have not been able to find any parasites, in spite of
repeated diligent search, in the blood of patients who, according
to all the symptoms, the progress of the disease, and the action of
quinine, suffered from malaria. These cases were indeed very rare
—in all three in some 130 cases—where positive results were
obtained.

That negative results in general are of little importance has
been repeatedly proved in other instances. With reference to the
malarial parasite, it is still to be mentioned that in perfectly fresh
infections—that is to say, during the first days of the illness—the
parasite is sometimes missed. This oecurs also in those cases in
which experimental illness has been induced by the injection of
malarial blood.

The canse of this is either that during the first days the para-
sites are only present in small numbers, and in consequence are
difficult to find, or that they do not get into the circulating blood
immediately.

In order to clear up the matter with certainty, when the first
examination is negative, it is advisable to wait until one or more
paroxysms have oceurred, and thereafter to repeat the examina-
tion of the blood at a specially favorable time (before the parox-
ysm) ; in such cases also puncture of the spleen might be justifi-
able.

Further, it must be mentioned here that in malarial districts,
where the disease plays a chief rdle in medical practice, one is very
much inclined to attribute to malaria the most varying patholo-
gical conditions, the nature of which is not otherwise to be ex-
plained. I donot doubt the extraordinarily grave appearances of
the malarial symptoms, for I have had opportunity enough to con-
firm them, but that it is too much to expect that in cases of gastritis,
or gall-stone, or sepsis the malarial parasite should be demon-
strated, every one will allow ; that just such cases in some of their
forms resemble malaria very much, renders it comprehensible that
often afalse diagnosis is made. If, indeed, quinine does its duty,
then the correctness of the diagnosis cannot be doubted for a
second, and the negative parasite statistics are increased by one
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case more. How cautious one must be here, and with what care
one must compare the symptoms with the microscopical results
obtained from the blood, does not require further elucidation.

By the examination of the blood becoming general in malarious
regions, the diagnosis of malaria will gain an immense advantage ;
the physician will be enabled to base an indisputable diagnosis
upon positive irrefragable facts, and thereupon to base his thera-
peutical measures. The hesitation for days or weeks as to
whether a case is typhus, or malaria, or sepsis, will now occar
much less frequently than has been the case up to the present.

But it is not only for physicians in malarions regions that the
knowledge of the malarial parasite is of great use; it is also
nearly as important for all physicians, for there are a whole row
of diseases which at times present the appearance of a typical inter-
mittent fever, also a form of malaria which is sporadic, and which
may occur at any time and everywhere. I will not go into par-
ticulars, but only eall to mind how frequently obscure sepsis may
for days or even weeks produce a perfectly typical fever, which
can either be quotidian or tertian in type; the same occurs in
miliary tuberculosis. Also in commencing typhus abdominalis, in
pneumonia, in abdominal tumours, in gall-stone, and in sarcomata,
typical fevers oceur all too frequently.

In all these cases the exclusion of malaria by an investigation
of the blood is a pressing necessity. From these short remarks
it is sufficiently illustrated how rapidly the comparatively recent
discovery of Laveran has won for itself a prominent and definite
place in the diagnosis of internal disease.



CHAPTER VIII.

CONCERNING THE CAUSAL RELATIONSHIP BETWEEN THE MALARIAL
PARASITES AND THE SYMPTOMS OF THE DISEASE.

Having now considered the malarial parasites from the morpho-
logical standpoint, we will proceed to consider the question
whether and to what extent the symptoms of malaria may be
explained through the presence of the microbes in the blood ;
whether it is at the present time possible to erect a new theory
of malaria based on the new discovery, and in a satisfactory way to
replace the former theories, or whether this is not yet or only
partly the case.

Two important and, as I think, two of the most important sym-
ptoms of malaria may be considered now as completely cleared
up by the discovery of the malarial parasites, and these symptoms
are the anamia and the melanazmia.

Before Laveran’s discovery the explanation of the melansmia,
to which every one had instinctively turned with the greatest
interest, as of chief importance, offered to clinicians and patho-
logists the very greatest difficulties, and much sagacity was ex-
pended in finding for it the correct solution—with what result
we have seen in former chapters.

The melansmia is to-day explained convincingly and indubi-
tably by the fact that the parasites transform the hzmoglobin by
which they are nourished by means of their metabolism into
melanin. Melanin is therefore nothing but the undigested residue
of nourishment which the parasites form and heap up in their
bodies : the granules and rods can be conveniently termed feecal
matter, notwithstanding that they are not thrown out ; for nothing
seems to prove that they are stored-up “reserve nourishment.”

It appears that the hemoglobin undergoes several stages of
decomposition in the body of the parasite before it finally forms
the black pigment. It has already been mentioned that amongst
the pigment granules all shades of colour, from that of hemo-
globin to the black of the completed pigment, may be seen;

i_
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and these different colours probably represent the various steps of
chemical change.

After the spore-formation of the parasite the pigment remains
gither concentrated into a heap or scattered abouf in rods as dead
residue, which is immediately taken up by the lencocytes. Usnally
these are the polynuclear, or better, the polymorphic nuclear
lencocytes, whose protoplasm contains the pigment granules,
sometimes only in the form of the finest dust, more frequently in
more or less coarse lumps. Often an astonishing amount of pig-
ment is seen in a single lencocyte.

The lencocyte can only take up the pigment when it is floating
free in the liquor sanguinis; this takes place chiefly at the
time of the attack, and corresponds with the spore-formation ; and,
in consequence of this, during and after the attacks the most
numerous melaniferons lencocytes are seen. It 1s further note-
worthy that melaniferous leucocytes are frequently seen during an
attack of fever in the finger blood, without one being able to
discover pigmented parasites as well as unpigmented small
amceboid bodies. This appearance, which astonishes the be-
ginner, is explained by the fact that pigmented spore-forming
bodies may be found in the internal organs whilst no trace of
them is found in the peripheral blood.

In general the melaniferouns lencocytes play an important role
in the diagnosis of malaria, because one is often in the position
of having to come to a diagnosis solely from them. This is
especially the case in the intervals of apyrexia in the summer
fever if the crescentic bodies are very few in number. It also
often occurs in the mild quartan and tertian fevers that during
the apyrexia a pigmented leucocyte is more likely to be found
than a parasite.

The anamia is explained in just as indisputable a manner as
the melansmia, because we can ascertain directly that by the
parasites the infested blood-corpuscles are consumed and destroyed.
It is further also clear that the greater the number of parasites
there are, the more blood-corpuscles will be destroyed, and the
consequent ansgemia will be the more grave.

By proper methods of staining, especially by using the acetic
picric acid fixing, as I have advised, one finds that the interior of
the infested blood-corpuscles appears to be cleft. It is quite
possible that this is due to a precipitation, perhaps to a coagula-
tion, produced by the parasites, or rather by their poisonous pro-
ducts, in the heemoglobin of the blood-corpuscles. Further,
I have frequently seen in the blood, especially in pernicious
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Sakharoff, say that there is a Febris secondaria post malariam,
a fever which lasts for some days or even weeks after the
parasites have ceased to be found, and which does not react to
quinine. If I have not been able to observe this secondary
tever, which indeed appears rarely to occur, I can at any rate
point to another fact, previonsly mentioned, which follows the
parasitic infection, namely, the decrease in the amount of haemo-
globin after the paroxysms of fever cease, as a condition which
may be with certainty considered as the result of the action of
the parasites which have disappeared. I mentioned, when
describing the condition, that it was probably caused by the
action in the blood of a poison produced by the parasites which
had not been perfectly eliminated.

As we have seen, Golgi believes that a poison may be present
in the spore-forming bodies, causing the paroxysm. In the pre-
sent state of our knowledge of bacteriology such a view can
hardly be denied, and all the less so because several facts are
known which point to the paroxysms of malaria being accom-
panied or followed by the elimination of poisonouns substances.

Roque and Lemoine [126] report that the urine voided after
the fever acts as a poison to rabbits, whilst that passed before or
during the fever has a markedly less poisonouns action,

Further, Queirolo [127] has been able to kill rabbits by inject-
ing them with the sweat of malarial patients.

These points respecting the production of a poison by the
malarial parasites are indeed very meagre, but they show at
any rate that the suggestion of a poisonous substance produced
by the parasites is not altogether groundless. This poison in its
action resembles the poison which is produced by septic parasites,
chiefly, it appears, the Streptococei.

As a matter of fact, the clinical pictures of malaria and sepsis
resemble one another, which appears to justify the idea that
there is a near relationship between the agent cansing the illness
in both diseases.

Not only do rigors with fever, followed by sweating, form the
chief clinical symptoms of both diseases, but we find in both
resemblances between the accompanying symptoms ; those occur-
ring in the stomach and the intestines, as vomiting, diarrhcea,
gastro-duodenal catarrh with consecutive jaundice, are just as
much symptoms of sepsis as of malaria ; dyspneea also accom-
panies the malarial paroxysms, as those of sepsis; even ecchymosis
of the skin has been repeatedly observed in malarial fevers, giving
them an exceedingly similar appearance to that caused by sepsis.
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These analogies between the two diseases cannot surprise us
now-a-days, for in both conditions analogous processes occur in
the organism, in that sepsis is produced by an infection of the
mass of the blood with bacteria and their poisonous products, and
malaria by an infection of the blood with protozoa and their
products.

We can in the meantime regard malaria as a profozoa sepsis,
and compare it with the ordinary bacteria sepsis.

Just as we refer the septic fever paroxysms (rigors, vomiting,
fever, dyspncea) to an irritation of the medullary centres, the
septic jaundice and the diarrhceas to an irritation of the mucous
membrane caused by the septic bacterial poison, so we must seek
to explain the analogous appearances in malaria by the action of
the protozoa poison upon the same central organs and mucouns
membranes, In this way the old theory concerning the nervous
origin of the malarial paroxysm again presses to a certain extent
to the front, although not in the sense understood by Trousseau
[97], who described malaria as a direct neurosis, but rather in
the sense of Griesinger [128], who in 1864, with wonderful
acuteness, expressed himself as follows: “The canse of the
periodicity of fever is therefore not found chiefly in a disposi-
tion of the nervous apparatus to rhythmical vital actions, as one
formerly frequently tried to do, but it must, at least according to
the present, although faulty, standpoint of our knowledge con-
cerning the causes of heat, be attributed to something periodically
taking place in the blood, which is connected with the increased
formation of heat.”

The **future” has abundantly justified Griesinger, for this
periodic “ something *’ taking place in the blood at the time ot
the paroxysm has, as we have seen, been proved fo be the spore-
formation of the malarial parasites ocenrring at more or less regular
intervals of time.

How simply the fever type is explained by the period of evo-
lution of the species of parasite present has been repeatedly
mentioned. Also the change of type, for which formerly no
reason at all could be found, is now fully explained by the addi-
tion or the death of one or more generations of parasites. But
it must be mentioned that we have mnot sufficient knowledge
concerning the reason for this change in the number of generations.
It is frequently seen that a simple tertian may become a double
tertian by doubling the generations, but why and how this doubling
has taken place we do not know ; still less can we explain why
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the generations are so frequently found at exactly twenty-four
hours’ intervals from one another.

In old authors we find it stated, and by Griesinger also, that
by gradually postponing the attacks a tertian fever may change
into the type of a quartan fever. It is to be seen whether such
a case will be observed now that temperatures are taken so
generally.

The postponing paroxysms can be easily explained by a slower
development of the parasite ; also the falling out of individual
generations with consequent change of the type of fever—for
instance the change of a double quartan into a simple quartan—
does not cause any difficulty to our comprehension. The sponta-
neous cure of malaria is of frequent oceurrence, and it is compre-
hensible that single generations from some cause, either in them-
selves or in the organism, may be isolated and die out.

This species of change of type, as well as the postponing
paroxysms and also the obliteration of the cycle, may be experi-
mentally produced by means of a corresponding administration
of quinine.

Long known pathologico-historical causes are responsible for
the enlargement of the spleen, which in malaria is very seldom
absent. The recognition of the malarial parasite has caunsed
fresh investigations in this direction, as those by Gmarnieri and A.
Bignami, whose results will be referred to subsequently when the
phagocytes are considered.

Haemoglobinuria is another symptom of malarial infection which
frequently occurs.

Kelsch and Kiener [g8, p. 383] have proved that in every severe
case of malaria, even in every malarial cachexia, hemoglobinuria
may be observed, and they believe on these grounds that heemo-
globin is probably dissolved in the liquor sanguinis of every
malarial patient. This opinion gains much in probability when
we consider that all the hemoglobin substance of the infested
blood-corpuscles is not consumed by the parasites, but thaft
usually more or less coloured débris of the blood-corpuscles is
left behind (see also the process of excapsulation, Pl II, figs. 55
and 56) ; it may be assumed that the hesmoglobin in this residue
is dissolved, and if so, all that is necessary for the production of
the heemoglobinuria is present.!

Bastianelli and Bignami always found in several cases of fever
with severe hmmoglobinuria the small forms of the crescent-

! Possibly lesions of the renal epithelium also deserve comsideration, as
recently again pointed out by Bignami.
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forming parasites in the blood, and they state that the infested
blood-corpuscles were colourless, therefore had given up their
heemoglobin. They have also observed cases in which the
relapses, as well as the corresponding primary fever, were
accompanied with hmmoglobinuria, from which they justifiably
draw the conclusion that a certain individual tendency of the
blood-corpuscles (which manifests itself in the easy surrender of
the hsmoglobin under the influence of the parasites) is a con-
curring cause of hemoglobinuria,

It may be admitted that these were specially severe cases, but
it must not be forgotten that, as already mentioned above,
Kelsch and Kiener have demonstrated the very frequent occurrence
of h@moglobinuria in malaria.

Another equally frequent symptom of the malarial infection
consists of severe pains in the extremities, especially the legs ;
these are bone pains which may be increased by tapping the
bones. These pains remind one of those in leucocythzmia, and
when we take into consideration the excessive call which is made
on the blood-forming martow during the malarial infection, and
think how very fluid, excessively hypersemic, and filled with large
melaniferous cells the marrow is found to be in malarial corpses,
we shall clearly understand why the bones have been so tender
during the illness.

In severe malarial infections the cerebral symptoms play an
important rdle. Delirium, convulsions, paralysis, and coma may
manifest themselves.

Heschl, Planer, Frerichs and others have for a long time ex-
plained these symptoms as due to thrombus caused by pigment
cells and also to white thrombus ; Kelsch and Kiener added to this
the presence of endothelial swellings in the small cerebral vessels,
with consequent diminution in their lumen.

But, as Frerichs has pointed out, all cases of malarial coma
cannot be explained by the blocking of the cerebral vessels with
pigment, because the autopsies in many cases of coma show no
pigment or but very little.

On this point Marchiafava and Celli’s results give some light ;
they find that blood-corpuseles infested with small amceboid
parasites may impede the circulation, because they attach them-
selves to the walls of the vessels, especially in the cerebral vessels
(see Pl. IV, fig. 66).

Bastianelli and Bignami’s investigations are also worthy of
mention with regard to the eapillary heemorrhages from the throm-
bosis of the smallest arteries of the white substance of the brain,
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In this case there were small unpigmented quotidian parasites
present, which as a rule, unless energetically treated, may easily
originate a pernicions fever, whereas they spontaneously disap-
peared in this case without any treatment, and at the same time
the attacks of fever ceased.

Respecting the means possessed by the organism to combat
the malarial parasites, we are taught by Metschnikoff [32] that the
macrophages of the spleen and the marrow of bones develop an
energetic destructive action against the parasites. As a fact
A. Bignami [50] also found in the spleen and in the marrow
large single nucleated cells in which numerous parasites, and
among them frequently spore-forming bodies and even whole
infested blood-corpuscles, were enclosed. In the cerebral vessels
the endothelinm also develops some, though considerably less,
phagoeytic action.

Together with the macrophages possessing well-stained nuclei,
Bignami also frequently found others with a non-stained nucleus
which are to be considered as necrotic phagocytes.  These
necrotic macrophages with spore-forming bodies inside them
originated Bignami’s opinion, previously mentioned, that the
relapses were caused by spores which had escaped from the dis-
integrated cells. The frequency of the presence of phagoeytes in
the organs just mentioned lends to Metschnikotf’s theory regarding
malaria considerable support, especially the fact of whole groups
of spores being consnmed, and it can hardly be doubted, there-
fore, that the phagocytes play a considerable rdle in the sponta-
neous cure of malaria. It is desirable that it might be proved by
puncture of the spleen that the phagocytic action by the macro-
phages does not only ocenr post mortem, as we see it in the leuco-
cytes of the blood under the microscope.

Less weight is to be laid npon the frequent observation of phago-
cytosis by means of the lencocytes in the blood.

In preparations which are examined for half an hour to an
hour under the microscope it is often seen how a moving leucocyte
may gradually enclose in its substance a free parasite, even one
which is flagellated ; the movement of the pigment in the parasite
continues for a time in the leucocyte ; it then stops, and the con-
tour of the parasite is gradually lost until at length only a small
heap of pigment represents the body which has been devoured.

This process does not appear to oceur in the circulating blood,
because one never finds, either in a fresh unstained preparation
orin dry preparations, a lencoeyte which has a clearly recognisable
parasite within it, It is not alone the circulating blood which
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hinders the process of phagocytosis, as may be concluded from
the circumstance that the leucocytes no doubt very frequently
contain pigment which they have taken up, if no parasites, and
this must have been absorbed in the circulation. It is indeed,
however, possible that the slower circulation in the spleen and in
the marrow renders phagoeytosis easier in those places. Another
circumstance which renders highly improbable phagocytosis of
the malarial parasites by the circulating white blood-cells is. that
the leucocytes in malaria are frequently found to be diminished
in number.

Kelsch [132] pointed out that the number of lencocytes rapidly
diminished during an attack of fever, so that the numerical
relation of the white and red blood-corpusecles can become 1 in
2000. When one remembers that the absolute number of the red
blood-corpuscles has likewise greatly diminished, the absolute
diminution of the white blood-corpuscles appears far greater than
the above proportion expresses. Kelsch also found in cases of
malarial cachexia a marked diminution of the leucocytes, and only
in fevers with pernicious symptoms has he always found a con-
ciderable increase in the lencocytes as much as 1 in 48.

This difference in the relation of the leucocytes in cases of
malaria of mild and of pernicious character is inexplicable, and is
worth further detailed research.

Kelsch was able to prove that the lencocytes which had dis-
appeared from the blood were stored in the spleen, because
after energetic faradisation and consequent contraction of that
organ, the number of leucocytes in the blood was raised ; one
or two hours later, with the fresh gradual distension of the spleen
the former condition of things obtained.!

This remark is not intended to serve as an explanation of the
phenomena in question, but only as a stimulus to further inves-
tigations.

Golgi, who estimates the phagocytosis by means of the white
blood-corpuscles higher than my experience permits me to do,
believes that a rhythm may be found in the process which runs
parallel with the type of the fever. In quartan and tertian

! It is possible that the phagocyte theory could be imagined thus—that at
the time of the malarvial attack the lencoeytes collect in the spleen; there,
under more favourable circumstances than are found to obtain in the
cireulating blood, to employ their parasite-destroying activity, and that those
malarial cases become pernicions in which this collecting of the lencocytes
(in the spleen) does not occur (from what reason is at present unknown), and

in which the blood is therefore not impoverished of lencocytes, but indeed
richer in them than it is in other cases.
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fevers he finds that the phagocytosis commences with the attack
and lasts three or four hours longer than it does. Later on, the
parasites taken up by the leucocytes are digested, and it is
possible to estimate approximately the time which has passed
since the attack by the amount of change which the parasites in
the lencocytes show.

It must be remarked, however, that Golg1 himself allows that he
has rarely seen leucocytes containing parasites in fresh blood.

In many hundred stained preparations I have never seen such
an instance, but only been able to find pigment ; neither have I
succeeded in ascertaining more from the melaniferous leucocytes
than that an attack of fever has occurred ; it appears to me that
the data are insufficient on which to base an opinion of the time of
the occurrence of the attack.

I can thoroughly confirm the statement that the melaniferous
lencoeytes are to be found in the blood both at the time of the
attack and for twelve to twenty-four hours theveafter (and even
longer), and I believe that these leucocytes containing pigment
only appear during and after the attack, becaunse it is only at
that time that the pigment is free in the blood, which it is their
function to take up, and therefore that the absorption of pigment
from the blood is not a “cyelical function’ sui generis of the
leucocytes, but to be considered simply as a consequence of the
circumstance mentioned.

In blood aspirated from the spleen during an attack of fever,
Golgi also frequently found many large extremely pigmented
cells (macrophages); unfortunately it i1s not said whether living
parasites or indeed recognisable parasitic bodies were to be seen
enclosed.

Marchiafava and Bignami [100] likewise found in the fevers
cansed by the malignant tertian parasite that the melaniferous
leucocytes were to be seen in the greatest numbers chiefly at
the time of the attack and shortly afterwards. In multiple
infection with continued or remittent fever they found these
cells, in the same number, at all times, for reasons which may be
easily understood.

These authors appear to put the phagocytosis of the leucocytes
in the blood down to a mere cleansing of the blood from the freed
pigment and the dead bodies of the parasites, whilst, on the other
hand, they state that the large granulated single nucleated macro-
phages of the spleen, the marrow, and the endothelium of the
cerebral vessels (as Metschnikoff, Guarnieri [134] and Bignami
have shown, and which has been already mentioned) as a matter of
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fact absorb whole parasites, spore-forming bodies, even copper-
coloured bodies or decolorised infested blood-corpuscles,

The usefulness of the activity of the macrophages is believed
to be influenced, however, by the circumstance mentioned by
Bignami that many of the gorged macrophages again degenerate
before they have digested the spores.

Other methods of resistance may come into play as well as the
phagocytes in the battle against the parasites, for one frequently
sees in fevers spontaneously cured, just as in those which have
been treated with quinine, the large free parasites, which we
have learned to recognise as sterile forms—rthose, therefore, which
do not arrive at spore-formation and yet retain their species, but
soon perish, probably also by phagocytosis or by disintegration.

These large sterile bodies are very often met with amongst
tertian parasites ; they remain in the blood after the single febrile
attacks or after the conclusion of the so-called paroxysmal eycle
of about twelve to forty-eight hours,

The febrile attack itself acts injuriously wpon a large part both
of the tmmature or the perfectly mature parasifes, either by the
increased temperature of the blood or by the pyrogenic sub-
stance freed from the sporing parasites.

I have often found disintegrated tertian parasites, and less
frequently quartan parasites during the febrile paroxysms. These
disintegrated bodies (see Plate III, figs, 33 and 34) may be found
either intra-corpuscular or free, according to whether the injurious
action of the fever has acted upon an immature or a rather more
developed parasite.

As the illustrations show, the disintegration occurs in nume-
rous irregular pieces, and there can be no manuer of doubt that
it extinguishes the vitality and the power of life and reproduction
of the parasite. The endocorpuscular disintegrated parasite
cannot be mistaken, if accurately observed, for ameeboid bodies,
which, during the fever, are found in especially active movement ;
in stained preparations one sees that the isolated fragments are
without nuclei, so that it cannot be objected that it is a multiple
invasion of a blood-corpuscle.

The spontaneous cure of malaria depends, therefore, wpon.ﬁhree
factors, e. g. wpon the phagocytic action of the macrophages in the
spleen and the marrow (less upon the endothelium of the cerebral
vessels), wpon the circumstance that nwmerous parasites remain
sterile, and lastly upon a destructive action of the fever paroxysm,
which shows itself in the disintegration of numerous immature and
mature parasites.
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We meet with the sterility and the disintegration of the para-
sites in a considerably increased measure when quinine has been
administered, but this subject will be dealt with immediately.

The action of quinine upon the malarial parasites has, since
Laveran’s discovery, been studied both by him and by several
other investigators.

Laveran investigated the matter thus: From one patient he
prepared at the same time two specimens of blood ; the one he
treated with a very weak solution of quinine, the other served as
a control, and was examined under the microscope without any
addition to it. Laveran found that whilst in the control specimen
the parasites remained in active movement for a considerable
time, in the preparation treated with quinine all the parasites lay
quiescent and lifeless, whereby the direct poisonous action of the
drug upon the parasites was proved.

Later experiments confirmed this appearance, but they limited
its importance in so far that they showed that other indifferent
substances added to the preparation also killed the parasite.
Thus Marchiafava and Celli [1g] found that the parasites ceased
their movements if a solution of common salt or distilled water
was added to the preparation. Grassi and Feletti [135] showed
also that if malarial blood was shaken with distilled water
for an hour and then injected into a healthy man no infection
followed, because on account of this procedure the malarial
parasites had died.

As the action of quinine could not be studied directly with
sufficient success, I undertook to investigate the parasites in the
blood of patients who were being treated with quinine, and to
give to the structural details of the cinchonised parasites especial
attention. About the same time, and independently of me,
Romanowsky did the same with his method of staining. Baccelli,
Golgi, Marchiafava, and Bignami have also methodically examined
fresh blood at short intervals, with reference to the action of
quinine, and in this way tried to clear up the question.

The total result of all these investigations consisted in the proof
that quinine in the organism killed the parasites in the blood.

This action of quinine upon the malarial parasites is analogous
to its action upon Infusoria, as shown by Binz [79] in 1867, and
later on further studied by him and his pupils, and we shall see
that the alterations which the malarial parasites show when
poisoned with quinine are ewceedingly like the changes which Binz
has described in the poisoned Infusoria.

If we examine in the first place the quartan and the ordinary
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tertian parasites with reference to their reaction against quinine,
we find the following appearances :

As soon as three hours after the administration of o'5 to 1°0
gramme of quinine (8—15 grains), to cases in which the amaboid
form of the tertian parasites is present, a considerable diminution
in the ammboid movement can be demonstrated. From three to
six hours later the number of the parasites is also considerably
diminished, and of those which remain many are disintegrated, so
that they form several little balls lying within the red blood-
corpuscles, which are no longer connected together; of this one
may be convinced by long-continued observation.

After the administration of quinine the mature forms of the
tertian parasite show either a complete standstill of the move-
ment of the pigment which gives the parasite a clotted, shining,
homogeneous appearance as if coagulated, or a dropsical distension
of the parasite occurs with a most active oscillating movement of
the pigment, or lastly, the parasite breaks up into several
particles just as does the immature endoglobular variety.

The last two methods of alteration, namely, the disintegration
of the parasite and the dropsical distension, we have learnt to
know as the appearances which also occur during the febrile
attack without the action of quinine; whilst the disintegration
may be doubtless considered as the death of the parasite, the
distension may be perhaps rather considered as a kind of inter-
ference with development or rather with reproduction, therefore
a sterilising of the parasite."

It must further be borne in mind that a short time after the
administration of quinine the middle-sized tertian parasites may
be met with in most active, so to say, writhing movement; a
somewhat similar appearance may be occasionally observed during
febrile attacks; it appears, therefore, that the parasites sometimes
are stimulated to increased movement before they coagulate and
are bronght to a standstill in consequence of the quinine. Binz
has described similar appearances in the Infusoria.

The spore-formation of the tertian parasite takes places in part
in a normal manner under the influence of quinine (if the quinine
is given in two or three o'5 gramme [8 grains] doses four to six
hours before the attack), whilst it remains incomplete in others,
to which we shall refer when describing the details of structure
of the ““ quinine forms.”

1 According to Binz, Herbst [136] found in 1867 that guinine in a weak

solution prevented the power of reproduction in Infusoria ; stronger solutions
caunsed death.
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Golgi observed that under the influence of quinine the medinum-
sized quartan parasites show a rather fine granulation, a metallic
lustre, and a tendency to shrivelling ; the large forms are distended,
they have an active oscillating movement of the pigment, and
sometimes contain vacuoles or abortive spores.

As one sees, the complete resemblance between these two
nearly related forms of parasite also holds good when under the
influence of quinine.

The small crescent-forming parasites are not so well studied in
fresh preparations as in stained ones with reference to their
behaviour under gquinine.

Baccelli [124] observed that shortly after the administration of
quinine the amceboid bodies showed an increased activity, and
that twenty-four hours afterwards most of the bodies had often
disappeared without leaving a trace. I have found in cases of
true quartan, mild in character, that even three hours after
the administration of a dose of quinine, 0’5 gramme (8 grains),
part of the ameeboid bodies show a nucleolus badly stained or not
stained at all. If the quinine is continued, it is found in these
cases after further twelve hours that only isolated parasites
possess a nucleolus ; the remainder have either a nucleolus which
will not stain or is already disintegrating, so that in the most
altered forms only a few shapeless fragments are found (see Plate
IV, figs. 57—62).

A commencing necrogis of the small parasites is indicated by
the nuclear chromatin remaining unstained ; this is followed,
as it appears, very rapidly by a complete disintegration of the
bodies, so that after forty-eight hours not a trace of them is to
be found.

In like manner the action of quinine on the tertian parasites is
to be explained. I found that a few hours after the administration
of the first dose of quinine, the greater part of the small and middle-
sized varieties did not possess a nucleolus that would take on the
stain, whilst the elear vesicle which represented the nucleus was to
be seen as formerly ; the further fate of these necrosed parasites con-
sists likewise in disintegration (see Plate III, fig. 35).

I have found, moreover, that many of the spore-forming bodies
can undergo peculiar changes owing to the administration of
guinine several hours before an attack (see Plate III, figs. 36
and 37).

These spore-forming bodies show, indeed, a segmentation which
in fresh preparations might possibly appear as complete ; in stained
preparations, however, the interesting fact 1s brought out that
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malaria that the administration of gquinine in the form of
powder by the mouth retards the rapidity of its action when
compared with the administration of the same doses in solu-
tion. The reason for this is easily seen. Without doubt, in order
to exert definite action upon the parasites, the quinine must
be dissolved in the blood in a definite amount, and unless
there is this proportion, a slighter action only upon some
especially susceptible parasites will be obtained, or even no
action may result. The quinine must be present in the organism
in such a way that the blood contains for some time as strong a
proportion of quinine as possible. This result is certainly less
obtained by the administration of the drug in the form of powder
than when it is given in solution ; the solution is more rapidly
absorbed than the powder, which is only gradually dissolved in
the stomach and absorbed in small portions. In this connection
it must be remembered that the quinine is eliminated by the urine
very rapidly. The elimination already commences ten minutes
after the drug has been given, increases considerably six hours
later, and is almost completed in twelve hours (Thau [135]). Later
(from forty-eight to sixty hours) only traces of it can be demon-
strated in the urine.

Stall better than by the administration of solutions of quinine
by the mouth, the desired results may be obtained by the hypo-
dermic injection of the drug. The following solution recom-
mended by Vitali and Galignani [136] may be most conveniently
employed.

Chininum Muriat. . 5 ; . Io'o
AqueeDeat. « & . & o+ TH
Acid. Mur. dilut. . . . A

This solution contains o0'73 gramme of the muriate of quinine
in the cubic centimetre (nearly 11} grains in 16 minims).

Baccelli [137] has recently introduced the intra-venous injec-
tion of quinine with much success for the gravest malarial infec-
tions, in which the greatest possible concentration of the drug
and the most rapid action is needed. It can be recommended
for cases of malaria comafosa, which very frequently terminate
fatally.

Baccelli employs the following solution :

Chininum Mur. ’ : ] TETD
Natrinm Chlorat. . : : . ©wo75
Aqume Dest. : y : . . Ioo
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The solution should be boiled and filtered before use; the
injection should be made into a small vein in the arm. It may
be injected direct through the skin, which has been previously
thoroughly disinfected.

Apart from the method of administration there may be other
eircumstances which retard the action of quinine, as, for instance,
imperfect action of the mucous membrane of the stomach or
intestines or of the subcutaneous conneefive tissue which delays
absorption, blocking of the cerebral capillaries with infested
blood-corpuscles, on account of which the parasites cannot come
in contact with the quinine, and possibly also a heightened power
of resistance on the part of some species of the parasite.

One series of the malarial parasites is completely unsusceptible
to the action of quinine, namely that of the crescentic bodies. All
observers are at one in stating that these bodies remain unaltered
even by the most energetic administration of quinine, and that
the treatment in these cases likewise plays no prophylactic rile
is shown by relapses oceurring whether or not quinine has been
given during the periods of apyrexia.

This fact also militates against Bignami’s view of latent spores
which have escaped out of the phagocytes causing relapses.
Through all the wvarious stages of the development of the
malarial parasite the spores are the most susceptible to the
action of quinine. Golgi [140] has constructed the following
scale of susceptibility to quinine for the various phases of
development of the quartan parasite, based upon his experience
of fresh specimens of blood.

I. Spores. _

IT. Mature forms before the commencement of the process of
segmentation.

III. Endocorpuscular younger forms.

The spores are the most susceptible bodies; then follow the
large bodies which have completely replaced the blood-corpuscles,
and finally the endocorpuscular younger bodies whose blood-
corpuscle envelope Golgi considers as a relative protection
against quinine. Of the tertian parasites Golgi has found, as
I have, the endocorpuscular immature forms very susceptible,
and he believes that the quinine can more easily penetrate into
the hypertrophied more flexible blood-corpuscles. ;

In quartan and tertian fevers Golgi has tried to ascertain, by
observing the appearance of the parasites, at what time the
administration of quinine is of the greatest use in the smallest
dose, and he came to the conclusion that the most beneficial time
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found that when the quinine was administered towards the end
of the paroxysm the young generation of parasites either stopped
developing, and after twelve to twenty-four hours (more rarely
thirty-six to forty-eight hours) disappeared from the blood, or
that a part of the generation developed, only in a sluggish
manner, or lastly (and this one must probably be put down to a
special resistance in the parasites to the alkaloid) that the entire
generation went on developing and propagating undisturbed.
According to these three possible courses, the following attack
either did not oceur, or it followed later and remained abortive,
or it came at the right time and in full force. The last course
was especially noticed to follow the administration of the drug
in one single dose.

If the quinine be administered during the apyrexia, at the
time that the pigmented parasites are already preparing to form
spores, then the young generation is not seen to0 make its
appearance at all; if the temperature is, however, rising at the
time of the administration of the drug, then the young generation
is seen either to make its appearance during the attack of fever
and soon after disappear, or it is first seen in the blood-corpuscles
several hours (up to twenty-four) after the commencement of
the attack.

Corresponding to this, when the drug is administered during
the apyrexia the next following attack breaks out in full force,
but the later ones generally do not occur.

When there is multiple infection with these parasites—and that
is indeed by far the most usual case—the various generations
disappear one after the other. After the spores, the pigmented
bodies are believed to be the most suseeptible, while the immature
already endocorpuscular parasites have more power of resistance
and are to be found during one or two days, though perhaps in
diminished numbers.

We see also in these fevers, presupposing that apyrexia is
recognisable in them (that they therefore are caused by only one
generation), that the quinine has the greatest effect if administered
several hours before the atfack.

The same may be said of the quotidian fever. It must, how-
ever, be borne in mind that the three crescent-forming species of
parasites occur mostly in multiple generations, so that t:hem-
peutical measures cannot, in the case of the resulting continued
or remittent fevers, be directed upon the single paroxysm. In
these cases it is important to begin the administration of quinine
as soon as the diagnosis is made, and to continue the same in
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0'5 to 1'0 gramme (8 to 15 grains) doses, given at intervals of
four to six hours; smaller doses also, as 1'0 gramme (15
grains) in three doses, taken in the morning, mid-day, and even-
ing, give good results in these fevers when they are not too
severe.

Marchiafava and Bignami report that in the Roman hospitals, in
summer fevers of ordinary severity, they give at first 2 grammes
of sulphate or muriate of quinine (30 grains) in two doses at
an interval of from two to four hours, and then give o'5 to 15
gramme (8 to 24 grains) doses every twelve hours. In the severer
forms of this fever a subeutaneous injection of 1 to z grammes
(15 to 30 grains) is given at first; in fever with pernicious sym-
ptoms one of from 2 to 3 grammes (30 to 45 grains), at the begin-
ning ‘every four to six hours, later 1 gramme (15 grains). These
fevers are, as has already been mentioned, most successfully met
with the intra-venous injections of Baccelli.

Besides the therapentical, the prophylactic use of guinine must
also be mentioned ; this is employed with success in many
malarial districts, and consists in the following treatment: that
people should take daily a fairly large dose of from o°3 to o4
gramme (5 to 6 grains), generally in brandy. In Pola this
prophylactic treatment by guinine was introduced some years
ago among the soldiers who were posted at very bad malarial
spots (such as the Brionic Islands, certain marine fortresses, &ec.),
and I have heard from the naval surgeons that it has done very
good service. Similar results are reported from the English and
French navies.

The destructive action of quinine upon the lower animals
appears, according to Binz [141], to be connected with the power
of this alkaloid to arrest oxidation. It has also been ascertained
by Bonwetsch, Binz, and Rossbach that quinine causes a more
stable combination between the haemoglobin and the oxygen, the
latter being therefore less readily given off ; quinine also weakens
considerably the ozone reaction of the blood, whether the guinine
be incorporated in the living animals or mixed with the blood.

Binz is therefore justified in giving expression to the opinion
that the Infusoria are destroyed by asphyzia, the quinine robbing
the protoplasm of the ability to take up oxygen.

It was mentioned above that the malarial parasites present
appearances under treatment by quinine very similar to those
which Binz observed in the Infusoria. In support of this state-
ment his work [142] in 1869 may be referred to, where, amongst
other things, it is remarked that if there is a small concentration
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bodies or in crescents ; the bodies in this case only remained alive
for a short time, but did not increase in number.

After all these unsuccessful attempts, it appears to be more
and more probable that the malarial parasites do not evist in the
external world as sapmpi'zyfea but must live as pm-a&ites either in
animal or vegetable organisms,

Laveran’s suppomtl_an that possibly the gnats are the hosts of
the parasites is disproved by Grassi and Calandruccio [1oo0] on
account of the negative experiments in feeding which were made
by Calandruceio. These investigators have occupied themselves
with a thorough investigation of the question as to the existence
of the malarial parasite in the external world, and they believe
that they are justified in drawing the conclusion from their
investigations that certain species of amcebs—especially the
Amaeba guttule (or gracilis)—may be regarded as their extra-
parasitic form.

Grassi and Calandruccio start with the assumption that the
malarial parasites are to be songht amongst those Rhizopoda which
are found in all malarial districts. Therefore they investigated
marsh water, moist soil, rice fields, macerated hemp and linen, in
a word all possible malarial seats, for Rhizopoda, and found in all
of them species of the genus Amcmeba and of those genera nearly
related to them—the Hyalodiscus (Dactylosphariuwm)—present
in great nuombers. They imagined that the infection of men
and animals occurred by the encysted amcebee being inhaled in
consequence of their imponderability and presence in the air
currents. They were also able, although very rarely, to prove
the presence of ameboid cysts in dew ; further they discovered
them in the nasal secretion of pigeons which they had exposed
for several nights to the evaporation from marshes or from
malarial earth,

They explain the impossibility of cultivating the parasites
taken from the blood of men or animals back to the ameebs of
the external world by stating that the parasites of the animal
organism have been, so to say, “spoilt,” so that they lose their
capacity to again return to an independent mode of life.

The most weighty objection which can be raised against Grassi
and Calandruccio’s hypothesis is this, that the amwebsa mentioned
by them are more widely distributed in the world than malaria
itself. The weight of this objection is recognised by both authors
themselves, and they reply to it that it is the greater number of
the amcebae which causes the malarious regions to be such plagne
spots.
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It is impossible at present to fully estimate this proposed hypo-
thesis, and it is important in the first place to wait for the detailed
publication of the results obtained by the Sicilian investigators
before passing a judgment on the correctness of their argument.
With all reserve, and without in the least drawing the slightest
conclusion from if, I may mention that I once had the opportunity
during a cultivation experiment (with tertian parasites) in the moist
oxygen chamber to find in the preparation, twelve hours after the
commencement of the experiment, two cysts which appeared to
completely resemble the cysts of the Monas guttula, Ehrenberg.

That the malarial germs may be inhaled with the air there can
be no possible doubt after innumerable experiences, although there
are observations reported from time to time which point to the
fact that it is also possible to acquire malaria through the intes-
tinal tract, especially by means of drinking water.!

These observations are, however, very few as against the
general experience as to the dangerous nature of the air in
malarious districts ; indeed, it appears that a number of these
communications are not completely free from objection with refer-
ence to the correctness of the diagnosis of the cases of disease in
question. In the well-known case of the ship “ Argo,”” which
was reported by Boudin and which has been quoted repeatedly
since then, the circumstances are also, as Colin pointed out, not
irrefutable, and it is by no means certain that those of the
crew who are said to have suffered from malaria at sea, owing
to the use of bad drinking-water, really suffered from malaria,
and not rather from some typhoid condition, as Colin finds reason
to suppose.’

In my opinioa the same objection can be raised also against
Senise [146], who three years ago reported on the outbreak of a
malarial epidemic in Basilicata, where, in consequence of damage
to the aqueduct, the population used impure drinking water. The
cases of illness appear to have chiefly presented appearances of
gastro-enteritis and liver complaints.  Unfortunately, Senise
neglected the investigation of the blood, and from what we know
now the diagnosis of malaria must be doubted.

That, on the other hand, drinking of even very bad swamp
water need not produce malaria has been repeatedly proved, as
indeed by Marchiafava and Celli [1g9] several years ago,

1 Biichner's [145] observation may be given as a curiosity, namely, that an
ague could be given by a malarial patient to a healthy person with whom he
slept in the same bed.

2 Colin, quoted by Kelsch and Kiener [98, page 843].
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who permitted six persons to drink water from the Pontine
marshes for eight to sixteen days without seeing one of them
attacked by malaria. Two years ago Salomone Marino [147] made
similar experiments, also with negative results.

That the malarial parasites, or the blood-corpuscles infested by
them, can pass through the placenta is proved by the cases in
which the feetus has been infected by the suffering mother, as
shown by the reports of Dinstl, Schramm, Duchek, and Playfair ;
the nurse also has been observed to infect the suckling (Schramm,
Baxa, and Luc), and the reverse condition has likewise been main-
tained (Sons [145]).

It may be mentioned here that Dochmann [148] succeeded in
inoculating a healthy man with the contents of an herpetic vesicle
of a patient suffering from quartan fever, and produced a fever
after a few hours’ incubation which was of the quartan type; in
the same way he inoculated three men with quotidian fever,
once with a positive, twice with a doubtful or negative result.

Nothing is up to the present known as to the contents of an
herpetic vesicle containing parasites, but after Dochmann’s experi-
ments it is highly probable that the parasites must have been
in the serum of the vesicle.

I have repeatedly investigated sweat without result.

It does not lie within the scope of this book to consider the
telluric and atmospheric conditions which cause and aid in the
production of malaria, but it may be pointed out at this place
that the rules which have been gained by a study of those condi-
tions, and have been thoronghly appreciated by numerouns authors,
in no way militate against the supposition of a living malarial
virus. The most important conditions under which malaria breaks
ount are, as is well known, slight poresity of the sol, moderate
moisture and warmth, and indeed most authorities on malaria state
that a rainy spring and a warm but not too hot summer following,
which does not completely dry the soil, results in the appear-
ance of far more numerous and severe cases of malaria than when
the opposite conditions obtain. In our climate the most severe
malarial season is August and September; in tropical countries,
as for instance in Algiers and Tunis, September and October (see
Kelsch and Kiener, loc. cit., p. 816).

It must, indeed, be admitted that those cireumstances which. .
have been named as favouring malaria completely agree with the -
conditions which present the best opportunity for growth to alow
organism having either a parasitic or saprophytic character.

Finally, concerning the incubation of malaria, we know that
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PLATE 1I.

A. The process of development of the quartan parasite. (Figs. 1—8 after Golgi.)
Fias.
1. Unpigmented parasite, slightly ameboid.
2. Pigmented parasite.
2, Ji"uglzlj.r developed parasite.
4. Preparatory stage to spore-formation.
5. Concentrated pigment; radiating striation as the commencement of
H{)Dl'ﬂ-fﬂrﬂliﬂuil}ﬂ.
6—8. The spores developed, each with a visible nucleolus.
9. Spore-forming body, in which the spores in vive have exhibited no
nucleolus.
10. Fan-shaped spore-formation, after Canalis.

B. The process of development of the fertian parasite.
11. Unpigmented ammboid corpuscle.
12—14. Parasite with a mavrginal pigment granule showing actual ameboid
movement.
15—18. Gradual progressive development, amwboid movement being less
but still present.
19). Bndg uiescent before forming spores.
20, 2I. l'%inﬂ..r_jr spore-forming hodies.
22, 23. Abnormal spore-forming bodies, with few spores and a visible nucleolus.
24. Large free body, very granular, with vacuolated nucleus and nuecleolus.
25. Large pigmented parvasite.
26. Escape of the same from the blood-corpuscle.
2&. Free parasitic débris.
28, Lavge free parasite.
29. Flagellated parasite.
C. The process of development of the pigmented quotidian parasite.
30—35.
D. The process of development of the unpigmented quotidian parasite.
Sﬁ_ﬁg‘ Parasites with amwboid movement. .
40 ud]; quiescent, mnt-a.mmﬁ- a fragment of hemoglobin.

arasites situated at the periphery (of blood-corpuscles). The spore-
formation of this parasite 1s depicted on Plate IV, fig. 68.

E. The process of development of the malignant tertian parasite,
43. Immature ameboid unpigmented body. win i
44 Peripherally situated parasite, already containing pigment. _ i
45—47. Transformation of quiescent body (ringlet) into the ameboid condi-
tion, and wice versd. _
48. Bpore-formation in a very much shrivelled blood-corpuscle.

F. Forms common to the last three varieties.

49. Copper-coloured corpuscle (glob. rossi offonati).

so. A sphere of the erescent series with double contour. ,

51, B2. E‘uﬁiform body of the crescent series ; the double contour disappeared
suddenly under the microscope. :

53—n5. Coalescence of two small amwboid bodies observed under the micro-
scope.

6. Syzygy.

g?— I.I l?a.usfnrma,t.iun of a erescent into a spherical body, whereby the
residue of the blood-corpusele has re-absorbed the hamoglobin
colour. Dauring the transformation the original double contour was
lost.

G2—66. The escape and separation of a spherical body of the crescent series
out of the capsule of a blood-corpuscle, with subsequent formation of

flagella.
il G. Vacuoles changing their shape.

41, 42.

67—70.
?E. TThe punctiform vacuolisation of a blood-corpuscle.

% 1000: Zeiss's apochromatic lens, 3 mm. focus; aperture 1°40; compensa-
tion eye-piece 12,
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