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98 SUMMER AND AUTUMN MALARIAL FEVERS.

this process we get double tertians in which the attacks have lost
their own individuality by being prolonged and overlapping.

(5) By mixed infection—tertian and quotidian. The quotidian
Jever, in the majority of cases, loses its intermittence by the pro-
longation of the paroxysms.

Now if we consider, on the one hand, that the malignant
infections may be attended by intermittent, subintrant, and sub-
continued fevers, in an order of frequency which rises from
the intermittent to the continued fever, and if we remember, on
the other hand, that the same types of fever are found in non-
malignant infections, we must conclude that there is no type of
fever which is necessarily malignant (and this agrees with what
18 known of all the other infections, in which there is no thermie
curve existing to distinguish the serious and fatal forms from
those which are less serious and not fatal). This, however,
does not prevent our having to rank the subcontinued fevers, in
order of frequency, among those which are highly dangerous ;
and this is especially true of those subcontinued fevers which
are produced by more than one parasitic generation. It is pre-
cisely these forms of subcontinued fever which Baccelli has thrown
light upon, and to which we have called attention at the begin-
ning of this work.

§ 33. In order to interpret the complex curve of these fevers,
it is necessary to make an accurate examination of the parasitic
cycle. Inasmuch as there is a direct correspondence between the
development of the life cycle of the amceba, and the changes in
the fever, it follows clearly enough from what has been said with
regard to the way in which the fevers become complicated, and
as regards the different fluctuations of the temperature, in the
malignant infections, that the condition of the parasites ought
also to vary. And so it does in point of fact.

In the malignant infections which are accompanied by an inter-
mittent fever, quotidian and tertian, the examination of the blood
shows the presence of a single generation of amwba : cases of this
sort are not frequent, and we have observed only a few instances.
(See Case 17.) But that such cases do exist has been proved by
examination carried out on all the organs, in examples of malig-
nant fever terminating fatally, and where, consequently, the in-
vestigation could be made in the most thorough way. How-
ever, in the vast majority of cases we have to do with more
complex conditions, and we may divide them into three groups.
(1) We find a single generation of parasites, in which the deve-
lopment and especially the sporulation of the forms take a period













102 SUMMER AND AUTUMN MALARIAL FEVERS.

§ 35. If after this we take the facts which have been determined
with regard to the condition of the parasites in the malignant
infections and attempt to put them in connection with the
various clinical forms, at the same time keeping to the classical
grouping of these fevers, we cannot avoid the conclusion that, ,
from the point of view of the parasites as we find them, there
does not exist any sharply defined boundary between the so-
called “complicated ’ malignant infections and those that are
subcontinued in Tort1’s sense.

As we have said, there are certain “ complicated malignant”
intermittent fevers in which enormous quantities of parasites are
found, all in the same stage of development in the blood of the
living person, and after death in the spleen and bone marrow.
But in a large number of the ““complicated malignant ” fevers
(e. g. the comatose, the delirious, the bulbar, the choleraic, &e.)
we find in the blood two, and rarely more than two genera-
tions or colonies of amcebm—that is to say, the very same state
of things as constantly occurs in the subcontinued fevers.
Therefore one of the fundamental facts, and probably one of the
factors which are of the greatest importance in determining the
malignancy, is common to the two classical divisions of malignant
fevers. This explains, in our opinion, why it is that in so
many cases the ““ complicated malignant ”’ infections are attended
with a continued fever, and why the malignant subcontinued infee-
tions show in their turn, in a more or less pronounced manner, one
or more of the symptoms characterising the * complicated malig-
nant.”

In a word, this classification is very useful for nosography and
for practice, although, as Torti himself admits, it leans a little
on the scholastic exigencies of the time,! but it does not corre-

normal size and flabby, the sectional superfices being of a yellowish-grey
colour and dried-up appearance; the spleen a little enlarged; the kid-
neys with signs of cloudy swelling of the cortical substance; the serous
cavities normal ; the pharynx, the larynx, the stomach, and the intestines in
normal condition, except that in some parts there was hypermmia of the
mucous membrane and a slight degree of catarrh; so that not only the
examination of the blood in life but also the anatomical and pathological
condition in these cases exclude the possibility of malarial infection. Every-
thing leads one to suppose that here we have to do with an acnte infection
about which we as yet know nothing. Hitherto we have had no opportunity
of making bacteriological researches, as we have been unable to carry out the
autopsies under favorable conditions. We wish, however, here to draw atten-
tion to these facts, which owing to their obscurity are the cause of frequent
mistakes of diagnosis in malarial countries.
1 Torti, 1, p. 273.



























































































132 SUMMER AND AUTUMN MALARIAL FEVERS.

ment, and many bodies with pigment at the centre ; also a mode-
rate amount of crescent-shaped forms, both adult and young, as
well as bodies of different sorts,—vound, spindle-shaped, &c.
Many pigmented white blood-corpuscles are seen, of large size, and
abounding in shining granules.

Although at brief intervals during the day fresh injections of
quinine, of camphor, &c., were given, death supervened at 4 p.m.

The autopsy.—The meninges are hyperwmic and dry ; the cere-
bral convolutions are flattened, owing to increase of the sub-
dural tension. The brain is melanotic ; the capillaries are filled
with red blood-corpuscles containing forms with a small mass, or
with needles of pigment in a state of motion, at the centre. The
spleen is twice the normal size; it is a little softened, and black
in colour. The liver is melanotic, and at the same time of the
colour of yellow ochre. The marrow of the ribs abounds in para-
sites, which are for the most part pigmented; it contains also
many nucleated red blood-corpuscles, in one of which a parasite is
found. There is nothing worthy of notice in the other organs.

9.
Malignant Infection with Cerebral Symptoms of Irritation.
Appearances of Meningitis.

Case 21.—A boy of twelve years of age is brought to the
hospital, by people who know nothing of his history, in the night
between the 11th and 12th of November. He has very high
fever, and the house surgeon orders him to be wrapped in a cold
pack (after which the temperature sinks to 101°8°) and administers
a hypodermic injection of bimuriate of quinine, 32 grains.

Being visited on November 12th, at 8 a.m., the patient is found
in the following condition :—he is very pale, and with an earthy
complexion ; there are some entaneouns heemorrhages on the breast.
The spleen is enlarged, but not overlapping the costal arch. The
pulse isslow. There is a prompt response to stimuli, even tio slight
ones. The heart is dilated on the right side. Blood : there are
many plasmodia without pigment, a few crescent-shaped forms,
and several pigmented white blood-corpuscles. 4 p.m., blood : con-
dition the same. The patient has fallen into a lethargic state. He
mutters a few words in snch a way that they cannot be understood.
Motus carpentes et ludentes. The bladder is full. The teeth are
pressed together ; the mucous membranes are dry and covered with
sordes. There is a remarkable hypermsthesia, both superficial and
deep. Vomiting now takes place. After 4 p.m. tonico-clonic
convulsions set in, and continue for several hours. Then collapse
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brassy red blood-corpuscles : also a few forms with a small mass
at the centre.

23rd.—Temp., 4 a.m., 103°. 8 a.m., 104'4°. 12 noon, 103°.
4 pm., 104'9°. 8 pm,, 105'3°. 12 p.m,, 1062° F. Dauring the
night the patient is twice wrapped in a cold pack. There is
frequent vomiting. 8 a.m., the patientis calm. Blood: there is
a very small number of plasmodia without pigment, discoid,
annular, and bacilliform ; also an extremely scanty quantity of pig-
mented white blood-corpuscles. g.30 a.m.,there are plasmodiawith-
out pigment as above: also a minute quantity of discoid plasmo-
dia with one or two very fine granules of pigment. One form is
seen with a little mass of pigment at the centre, small in size, and
another, larger—about one third of the size of a red blood-corpuscle
—with signs of spore-formation ; also a very small number of pig-
mented white blood-corpuscles. 3 p.m., there is severe headache
and prostration. Blood : the parasites have remarkably increased,
and consist of the following :—A moderate number of plasmodia
without pigment, small, discoid and annular in shape, and in
motion (the first and second forms being in the majority) ; discoid
and annular plasmodia with very fine granules of pigment or with
indefinite outline ; one form with a small mass of pigment at the
centre in a shrivelled blood-corpuscle—in size about one third
of a normal red blood-corpuscle ; one form of the same size with
pigment at the centre and in motion, in a well-preserved
red blood-corpuscle ; and lastly, a very few white blood-corpuscles
with small masses of pigment. 4.45 p.m., blood: the condition
is as above. There is one form with granules of pigment at the
centre, about as large as a third of the size of a normal red blood-
corpuscle, enclosed in a brassy red blood-corpuscle. Also some
white blood-corpuscles with small masses of pigment.

24th.—Temyp., 4 a.m., 101°8°. 8§ a.m,, 101°6°. 10.30 a.m.,
ror.2°. 12 mnoom, 1oz2°. 4 pm., 1006°. 8 p.m., 101°8".
12 pm., 100°8°F. 8 a.m., blood : amoderate number of plasmo-
dia of medium size, annular and discoid in shape, all with clearly
marked granules of pigment, some in brassy red blood-corpuscles
or in those tending to become so; also a few pigmented white
blood-corpuscles. 11 a.m., blood : the condition is as above,
but the number of the parasites has a little decreased ; there are
several pigmented plasmodia in brassy red blood-corpuscles, also
white ones with small masses of pigment. 2.45 p.m., blood:
there are still plasmodia with fine granules of pigment, discoid
and annular in shape, and in motion, enclosed in red blood-cor-
puscles both normal and brassy; but they are less numerous































148 SUMMER AND AUTUMN MATARIAL FEVERS.

and frequently pigmented white blood-corpuscles, but all of these
become progressively less.

On September 21st, towards 11 a.m., the patient feels unwell,
and shows a tendency to vomiting, headache, &c., and the tempe-
rature rises to above 100'4°. From this day a remittent or inter-
mittent quotidian fever begins, which does not entirely cease till
October s5th, and this notwithstanding that the parasites had
completely disappeared ; indeed, so soon as the 22nd and 23rd
September, examination failed to detect any.

During the whole of this period of fever (until October 5th)
no amcebee were found in the blood ; but the quinine appeared to
be totally ineffective.

In this case it is to be noticed that after the malignant attacks,
during which the condition of the parasites in the blood was
characteristic, a period of freedom from fever followed, lasting
for about ten days; throughout this period 32 grains of sulphate
of quinine were daily administered by the mouth, the blood
being found to contain parasitic forms belonging to the group of
crescent-shaped bodies. When these disappeared, an intermit-
tent fever set in which was clearly not of malarial origin, because
no parasites whatever were discovered in the blood, neither were
the salts of quinine of any avail against it. The most searching
objective examination showed no lesions capable of explaining
this fever. The patient left the hospital completely cured and
re-established in health.

17
Hemiplegic Malignant Infection.

Case 29.—A middle-aged man, pale and very weak, is admitted
into the hospital of 8. Spirito (Baglivi Division) on September 26th,
1889. He complains of pain in the head, but has no fever—
indeed, the temperature is subnormal ; and there is no enlarge-
ment of the spleen. A few hours after being put to bed he
loses consciousness, and becomes hemiplegic with facial paralysis
on the left side; there is also hemianalgesia and effacement of
the deep reflexes,—symptoms which were co-existent with sub-
normal temperature. A careful investigation as to the cause
of this state of things is made, and the examination of the blood
shows the presence of immense numbers of endoglobular amcebe,
the majority of them without pigment. The patient was treated
with intra-venous injections of quinine, and recovered after two
days, remaining, however, very ansmic.
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quinine produces in the intimate structure of the amaba (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. agqueouns solution of
eosin. It appears that the action of quinine 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 circumference, while in place of the nuclens, and resulting
from its actual destroction, 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 anthor 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 effeet is produced when very strong doses of quinine
are given, whether by the mouth or by hypodermic injection.

The young amcebe, 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
destroged. On the second day of apyrexia, when the changes
which should lead to segmentation are commencing, the amabe
are more sensitive to the action of the remedy.
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S 43. It follows from the facts described that investigations as to
the action of quinine must be made in all the various types of fever,
and on the different varieties of parasite. Clinical study shows
the varying amount of resistance which the fevers offer to the
action of the remedy, not only in different sorts of malarial
infection, but even in one and the same group—for instance, in
that of the summer-antumn fevers.

Our own researches, indeed, enable us to state that the resist-
ance to quinine varies much more considerably in the infections
belonging to this latter class than it does in the common quartan
and tertian ; this will become manifest from the details which
we shall now give. We have made the summer-autumn tertian
the chief object of our studies, and we have investigated, first,
the changes which are produced in the thermie curve through
the agency of the salts of quinine, administered in different
ways ; and secondly, the action effected by the remedy on the
life and development of the amaebe.

Lastly, the influence of quinine on the paroxysms and on their
succession must be distinguished from its influence on the recur-
rences of fever, in accordance with the method of adminis-
tration,

1. Modifications of the thermic curve produced in the summer
tertian by the action of quinine.—These modifications vary accord-
ing to the time that the remedy is administered. But even if
it be given, in the different cases, at the same time with refer-
ence to the development of the paroxysms of fever, the results
are not so constant as in the quartan and tertian, so that they
cannot be formulated in simple and fixed laws, as they can be in
these latter. We must always bear in mind the remarkable
variability of the thermic and the parasitic resistance in the
group of fevers now under consideration.

The results, then, vary according as the salts of quinine are
administered (a) a little after the pre-critical elevation (that is
to say, during the crisis of an attack) in a single dose, in the
space of several hours, or else successively in several doses while
the crisis lasts and on the following day ; (b) during the six
hours preceding the expected attack ; (c) at the beginning of
the paroxysm just as the temperature begins to rise; (d) during
the paroxysm.

For brevity’s sake, we shall state our conclusions without

mentioned), Golgi has criticised these conclusions in a manner obvious enuu_gh
to anyone familiar with the latest researches on the biology of the malarial

parasites,
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It is only in a few cases that we have been unable to observe
any appreciable influence exerted by the quinine on the next
paroxysm ; it was given in the same way, and also in very large
doses (for instance, g6 grains in a little more than twenty-four
hours).  Nevertheless even here it has usually prevented the
return of a later paroxysm. But if the quantity administered
during and after the crisis be insufficient, ¢.g. 16 grains,
which is also too small when injected subeutaneously, then not
only is the following attack not checked, as far as we have
observed, but it may even be succeeded by a second. The
second attack, which is developed in spite of the action of the
remedy thus insufficiently administered, can be met with under
various forms; thus in some of the cases we have collected it is
abortive; in others, on the contrary, it shows the normal curve of
the summer tertian, while in others it may even be considered
as prolonged. In several instances we have found that these
paroxysms that are subsequent to the administration of quinine
display certain oscillations of temperature which appear more
pronounced than usual, while the intermissions intervening
between two attacks are more clearly defined and of greater
length than generally happens in the common tertian. These
facts are in themselves sufficient to give support to the con-
clusion we have already expressed with regard to the varying
thermic resistance observed in these fevers. But the truth of
the proposition becomes still more manifest when we remember
that the same thing may oceur—that is to say, the return of a
second and of a third paroxysm—notwithstanding the action of the
remedy, and this not only if it be given in insuofficient quantity,
as we have explained, but also when really large and repeated
doses are administered—for instance, 32 grains, and even more,
every twenty-four hours. -

In the fevers in which the intermissions tend to become im-
perfect and disappear, 4. e. where there is an inclination to sub-
continuity, if the quinine be administered in the same way, or at
the end of an attack, and subsequent doses be given at regular
intervals of about twelve hours, then it may result that a paroxysm
is succeeded by a complete intermission unlike the previous course
of things ; but other attacks which are to follow are not prevented,
although they may be modified in one of the above-mentioned
ways [11].

(b) If the quinine be given during the six hours preceding
the expected paroxysm, in the ordinary doses, no discernible
effect may be manifested on the curve of the subsequent attack ;
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In another group, notwithstanding the energetic administration of
the remedy, the fever is found to persist, and may become very
high, sometimes reaching hyperpyretic temperatures, for some
days before death takes place.

Between these extremes there are intermediate cases where,
although the quinine is continued, the malignant paroxysm is
succeeded for some days by paroxysms of fever ; but these for
the most part take an abortive form.

If, owing to the presence of several parasitic generations, the
fever be a complex one, as is the case in many severe infections,
then, at any rate, one fresh paroxysm is not prevented, and
frequently there are even several subsequent ones, however
liberally the quinine may be given at intervals on an average of
six to twelve hours. Indeed, the succeeding paroxysm may be
more than usually protracted, and in the malignant infections it
may even possibly be fatal.

If, now, these conclusions be compared with what has been said
with regard to the behaviour of the fever in the tertians of
medium gravity, or even in the mild ones, it will be seen that
there are cases belonging to this latter group which offer at least
as much resistance to the action of the remedy as the more serious
infections ; whenece it may be laid down that there exists no con-
stant relation between the gravity of an infection and its resist-
ance to the influence of quinine. Moreover it will be understood
how it is that we find cases of irregular or continued malarial
fever, produced, as a rule, by more than one generation of para-
sites, in which, if the quinine be administered, as often happens,
at irregular or too long intervals, the fever, although be-
coming modified, nevertheless is so protracted that the physician
is placed in doubt as to whether the diagnosis of malaria is cor-
rect. On the other hand, if in these same cases the quinine be
given at short intervals, even for two or three days only, the
malarial nature of the fever usually shows itself at once, throngh
the various alterations of the thermie curve, as above deseribed.

§ 45. It may be asked whether the probability of a relapse or
of a recurrence of the fever is the same, if the remedy be
administered immediately after the attack or several hours before
its commencement ; or whether this issue is more likely to be
avoided by following one of these methods rather than the other.
According to Golgi, if in the quartan the quinine be given some
hours before the paroxysm, the recurrence may be more easily
prevented than if the remedy be first employed during the inter-
mission following the attack. In the summer fevers, as far as our
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lessened, or is wanting altogether. Sometimes it happens that,
s0 far from the attack being cut short, it is even more than
usually protracted. KEssentially the same facts are observed in
the quotidian fevers.

§ 47. The cause of the above-mentioned phenomena is found—
as might be easily foreseen—in the action which the salts of
quinine exert on the life of the malarial parasites. Let us now
consider what this action is on the ammbe of the summer tertian
when the remedy is given at varied times, with respect to the
development of the attacks of fever, and in the same doses as
those we have already deseribed. For the sake of brevity we do
not propose to introduce clinical details in support of the facts
here enunciated. The questions which we must separately
examine are (1) the way in which the quinine influences the life
of the amcehs in their young endoglobular stage, i. e. the plas-
modia without pigment in a state of motion ; (2) the way in
which the action of the remedy is felt by the forms in course of
growth, as well as those in which the process of fission has already
commenced and 1s progressing towards completion, 7.e. plasmodia
with pigment at the circumference, those with pigment at the
centre, and forms of fission; and (3) we must investigate the
effect which the quinine has on the amwba a little after they
have become free from the segmenting forms, and before they
have invaded any fresh red blood-corpuscles. Hence, in order to
answer these questions, it will be necessary to inguire how the
- condition of the parasites is modified, according as the quinine is
administered () immediately after an attack of fever, () during
the hours preceding an impending paroxysm, and (¢) at the
beginning and during the development of the hot stage.

(¢) If the quinine be administered in close proximity to the
crisis, when nothing is found in the blood except young plasmodia
without pigment, in a state of motion, and if the doses be con-
tinued for about twelve hours, then the amceba still remain
visible in the blood of the finger for almost twenty-four hours,
together with pigmented white blood-corpuscles; after that, they
disappear without developing further, while the red blood-cor-
puscles, which contain them, undergo alteration by shrivelling up
and taking the colour of brass or old gold. In some few cases the
amoeb® may vanish more rapidly, and they may even do so in
twelve hours. On the other hand, the pigmented white blood-
corpuscles may still be found in the blood for two days after the
first administration of the remedy, and in the dangerous fevers
for even a longer period, as we shall see. These are the pheno-







164 SUMMER AND AUTUMN MALARIAL FEVERS.

with others less advanced in development, as well as with forms
of fission already completed, on all of which the action of the
remedy is simultaneously exerted.

(¢) If the quinine be administered at the beginning of a
paroxysm, when the blood only contains forms in which either the
fission is accomplished or is still in progress (although these are
but rarely seen in the blood of the finger), then the amehsm of
the new generation are found to be affected in a marked manner,
During the course of the paroxysm they become extremely scanty
in number, and disappear within twenty-four hours, especially if
the remedy be continued when the attack has become advanced ;
at the same time the red blood-corpuscles containing them
shrivel up, and assume the appearance of the so-called brassy
blood-corpusecles, while the young amebse show not the least
signs of development.

In spite of the remarkable paucity of parasites during its
course, the paroxysm may nevertheless be severe, owing to the
duration and height of the fever, as well as on account of the
accompanying symptoms. There are, indeed, cases in which,
when the quinine is given as above stated—that is to say, at the
beginning of the paroxysm—and continued during its course, the
fever is protracted beyond the length of an ordinary paroxysm.
Now in these instances an accurate examination of the blood will
show that the new generation of amcebas appears a long time
(even twenty-four hours) after the fever has begun, and for the
most part in very moderate numbers. It is probable that this
fact—that is, the slow invasion by the young amebea of the red
blood-corpuscles consequent on the action of the quinine—stands
in a causal connection with the prolongation of the paroxysm
beyond the usual duration. For just as the paroxysm arises
from the diffusion in the blood of the materials derived from the
fission, so it would seem that the cessation of the paroxysm
results from the entrance into the red blood-corpuscles of the
young ameebs derived from the spores. It is as if every cause
for fever was removed simultaneously with the disappearance of
the free foreign elements scattered about in the blood-plasma.
We have, indeed, already observed that the number of young
endoglobular ameba progressively increases during the course
of a paroxysm, and attains its maximum at the close.

This being so, it may be supposed that the process, whereby
the plasma is relieved of the free parasites diffused in it, is re-
tarded through the action of the quinine given at the beginning
of the paroxysm, and that consequently there is a corresponding
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the generation of parasites in course of development may be
so limited as to numbers that it escapes notice, even for a
long time, e. g. twelve hours; but the endoglobular amceboid
forms increase in nmumber during the paroxysm, corresponding
in a certain ratio with the gravity of the latter. We have
already remarked that it is no rare occurrence to see the
crescent-shaped bodies appear, or (if they were already in
the blood) increase in number, at the same time that the
endoglobular amcebse become fewer under the influence of the
quinine. In cases belonging to this last series the same fact is
more frequently and more clearly observed. Generally speaking,
it is a question that has to do with dangerous fevers which have
already lasted for a certain time, and where the parasites are
very numerous ; which, in our opinion, is the explanation of the
phenomenon.

It is well known that, during the periods of freedom from fever
subsequent to a series of paroxysms, the forms of the crescent-
shaped phase frequently persist in the blood from one to two
weeks.

On this (the crescent-shaped) phase in the life of the ameba,
the salts of quinine even when liberally employed (e. g. from 16 to
32 grains per diem) exert no appreciable influence ; Laveran was
the first to notice this, and it has been confirmed by Chenzinski,
Councilman, Marchiafava, Celli, Guarnieri, &ec.

§ 48. We now proceed to sum up the facts we have described
in the following propositions :—When the quinine is administered
at the end of a paroxysm, there being none but non-pigmented
plasmodia in the blood, then as a rule the development of these
plasmodia is checked, and they disappear between from twelve
to twenty-four hours, less frequently from thirty-six to forty-
eight hours ; or else they develop partially, and become slowly
pigmented, thus giving rise to a delayed paroxysm; or, lastly,
in exceptional cases, where we must assume a great resistance on
the part of the ameebse to the influence of the alkaloid, they
develop normally both in time and manner. This is especially
the case when the whole quantity of quinine prescribed is taken
in one dose.

If the remedy be given during the apyrexia preceding a
paroxysm, there being in the blood only adult forms, which are just
beginning or have already commenced to display the changes
which end in fission, then, although, as is well known, the im-
pending paroxysm is not prevented, the new generation fails to
make its appearance within the red blood-corpuscles. If, how-
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and grows darker than usual. What is more interesting to
observe is that the nutritive processes of the amwba become
feeble and then cease altogether; in fact the non-pigmented
parasite does not proceed to develop and acquire pigment ; and
in cases where very fine granules of pigment, arranged at the
circumference of the amceeba, have already appeared, the pigmen-
tation goes no further. This may be taken as the general rule.

On the other hand, there is a certain characteristic belonging
to this group of summer-antumn fevers, which is analogous to
what Golgi has observed in the quartans ; we refer to the fact
that those intimate modifications which accompany the act of
fission are carried out despite the action of the remedy, until the
entire process is completed, as may be arrived at not so much
from examining the blood of the finger, as from noting the presence
of numerous fissional forms in the cerebral capillaries, even when
death has occurred after several hours from the time that liberal
doses of quinine were given [12]. But the new generation
resulting from this production of spores, which is aecomplished
under the influence of the alkaloid, does not invade any other
red blood-corpuscles.

Other changes, manifested, for instance, in the appearance of
the parasites, in their shape, in the characteristics of the pigment,
&ec., cannot be seen in this class of fevers.

While the other phenomena we have described may be satis-
factorily interpreted without difficulty, the last-mentioned fact
cannot be itself directly observed, and hence it is possible to
frame various hypotheses with a view to its explanation. The
question is, what becomes of the spores formed during the period
in which the quinine is active, and are they or are they not the
source from which the new generation springs? We know that
not only the free spores, but also the ameebze, previous to their
invasion of the red blood-corpuscles, pass, as a rule, undetected.
Now, with regard to this matter, one may suppose (i) either that
the quinine has a fatal effect on the spores, or on the young
ameebe which are evolved from them; (ii) or else that it does
not destroy the spores, but prevents their transformation into
young plasmodia. Of these two hypotheses, the first is opposed
by the fact that all the malarial infections belonging to this group
are nearly invariably followed by the recurrence of the fever;
hence, supposing we assume that the quinine has the power to
kill the spores aud the young amceba which spring from them,
it must nevertheless be admitted that not all the forms are sub-
ject to this lethal action, which, consequently, cannot be said to
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This resistance of the adult forms, which in spite of the action
of the remedy complete the phase of fission or sporulation, explains
the powerlessness of the drug in so many cases of fatal malig-
nanecy. The fission of the adult forms takes place, whatever be
the quantity of quinine employed, and however it be adminis-
tered. Now if, as is more than probable, poisonous materials are
formed during the fission, it is clear that the treatment is in-
capable of counteracting the injurious effects which these produce,
and (what is more important) that it is still less able to prevent
the accumulation of parasite-laden red blood-corpuscles in the
vessels of the different organs, especially in those of the brain.
In the cases of fatal malignancy which we have observed, the
autopsy revealed a great predominance of adult forms (i. e. plas-
modia with a small mass of pigment at the centre) and of fissional
forms, especially when we came to examine the internal organs.
We have already indicated that this also is one of the reasons why
the presence in a malignant infection of a large number of adult
forms leads one to make a very serious prognosis.

But if all these facts place it beyond doubt that the quinine
actively hinders and changes the nutritive processes which are
carried out in the amceba, so, on the other hand, it cannot be
denied that the remedy may also possess a more complex power
of action, and may exert an indirect influence on the life of the
parasite. Certain experiments carried out by Binz and his colla-
borateurs have demonstrated that quinine has a directly preventive
effect on oxidation and some other processes which are due to the
presence of heemoglobin. If a neutral salt of quinine be added to
blood, no spectroscopic modification of the hemoglobin takes
place, but the conduction of oxygen from ozonised turpentine to
guaiacum—which is induced by a certain property of heemoglobin
—is either stopped or distinctly retarded. Rossbach attributes
this action of quinine to the following cause :— Quinine does
not modify the property of hemoglobin whereby it is a conductor
of oxygen ; it only makes the latter (the oxygen) combine more
closely with the colouring matter, and does not allow it to pass
so readily into other substances.”

If now we take due account of these ascertained facts, we cannot
but admit that the action of the remedy not only extends directly
to the parasite, but that it also alters the red blood-corpuscle
in such a way as to render it less fit, or unfit, for the ameba to
live in,

Hence it seems to us that in our investigations as to the mode
in which quinine influences the malarial parasites, it is of import-
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the time when the blood contains nothing but parasites which
are ripe for or actually in course of fission, a beneficial influence
is nevertheless brought to bear on the amebe produced from the
spores. We have also seen that the administration of a single
dose, and even of a large one, is less efficacions than a number
of doses repeated every five or six hours, even though they be
collectively smaller in quantity. Now, seeing that these fevers
in the vast majority of cases are dangerous, and moreover that
the drug is not without a useful effect at whatever time it be
employed, it is clear that recourse to it ought not to be put off
until some hours before a paroxysm begins (which in the quartan
and tertian is the best course) ; it will be well to administer it as
soon as possible, and repeat the dose at intervals of from four to six
hours, no matter what may be the particular point in the course of
the fever at which the remedy is first commenced. This is exactly
how nearly all the cases in our hospitals are treated, and it is a
plan which is strictly and completely rational.!

It may be asked whether it is possible to escape the recurrence
if the quinine be continued for several days after the cessation
of the fever. As far as our own experience goes, we cannot give
an affirmative answer to this question. In several cases we have
administered the remedy for four or five days, and even for a
longer time, after complete absence of fever had been secured,

! In obstinate quartan infections Puccinotti advises that the quinine should
be given one or two hours before the attack. By following thie method
“ prompter and more certain results are obtained” than from the other
plan, which is to employ the remedy at a time as far removed as possible from
the paroxysm. But in the malignant infections (he says) the guinine must be
administered without delay during the paroxysm itself, in as large a quantity
as can be given, and in the most effective way possible; so that the rules
which Punceinotti succeeded in forming from clinical observation evidently
agree in the most perfect way with recent researches. He closes the discus-
sion of this subject as follows :—*“ In all the intermittent malarial infections,
both benign and malignant, excepting where it is necessary to make use of
some preparation of quinine during the paroxysm itself, it may be main-
tained, as a general therapeutic rule, that the strongest dose of quinine
ought to be given immediately before the onset of a paroxysm, and thatin
the intermittent quartans and tertians which are of benign nature, we may
and ought to defer the administration of the remedy until this favorable
time arrives. The longer the fever has persisted, and the more it has shown
resistance to the system of small and divided doses, the greater is the need
for employing this method; whereas in the malignant infections the safest
and most efficacions course to pursue is to give the guinine during the
whole period of the apyrexia, the doses being gradually increased in strength
up to the last moment before the new paroxysm begins.” (‘Opere Mediche
di Francesco Puccinotti,” p. 326, Milano, 1856.)
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leucocytes (large mononucleated lemcocytes) which degenerate
and die in large numbers (as Guarnieri and Bignami have noticed)
in consequence of their performing it ; they are then succeeded by
young elements of the same species, which rapidly multiply in the
spleen and bone marrow.!

Notwithstanding these phenomena of cellular 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 inerease, but even then not with any steadiness, and in
any case merely for a short time. In the opinion of Dionisi, the
white blood-corpuseles 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
leucocytosis in the proper sense of the word. The ordinary lenco-
eytosis, 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 wvariety
that has a polymorphous nucleus 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 1s 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 nentrophil 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. . Bastianelli and ourselves 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

I 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, 189z2). Our own conclusions agree with
those which Dr. Bastianelli has arrived at.

: Dr. H. Rieder, ‘ Beitviige zur Kenntniss der Leukocytose,” pp. 29 and
following, Leipzig, F. C. W. Vogel, 18g2.
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large numbers when the fever returns. The presence of phago-
cyte forms during the paroxysm may be almost always verified ;
indeed, there are cases of mild summer tertian where sometimes
it is impossible to find parasites in the blood of the finger during
short intervals of time, but the pigmented white blood-corpuscles
enable the physician to diagnose the infection as malarial.

This eyclical function of the white blood-corpuscles, which is
carried out in correspondence with the paroxysms of fever,
may be easily traced in cases where the infection is recent ; but
its course cannot be followed if the disease has lasted for a
fairly long time. In instances of this sort, pigmented white
blood-corpuscles are found every time the blood is examined, and
it may be impossible to say when they are increasing or
diminishing ; moreover the shortness of the periods of apyrexia
is another difficulty in the way of forming a judgment. That in
these cases phagoeytes are met with not only during and a little
after the paroxysm, but also throughout the whole apyrexia, is
no hard matter to explain. As a matter of fact it is well known
that large numbers of pigmented white blood-corpuscles, and
generally phagoeyte forms as well, are found in the organs of
those who have died from a malignant infection. After the
acute stage of the fever has passed away these bodies slowly
leave the vascular system of the lungs, kidneys, intestines, &ec.,
and gather together in the spleen, liver, and bone marrow. Now
experience shows that this process of purifying the vascular
system takes many hours, and in some cases several days to
complete ; hence, when, owing to the succession of different
paroxysms, the capillary system of the various viscera has been
polluted by a great quantity of phagocytes, it is obvious that
these forms must still be seen circulating in the blood during an
apyrexia intervening between two paroxysms ; and the difficulty
of following the cycle of the phagocyte function will be found to
vary directly as the gravity and extension of this pollution. For
the same reasons it will be understood how it is that in the
apyrexia which is interposed between a series of paroxysms and
the relapse, a small quantity of pigmented white blood-corpuscles
may still be seen in the blood, even for several days (for instance,
four or five), at a time when the parasites have completely
disappeared. It will also be perceived why the severe and
malignant infections show the same state of things; in these
cases, even after a cure has been effected by the extinction of
the acute infection, one may still see pigmented leucocytes in the
blood for five, six, or eight days; they consist for the most part
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§ 54. The evolution of the phagocyte function in the quartan
and tertian has been followed by Golgi, and we can confirm his
observations.

We will give the summary of his investigations in his own
words : '—“ Tt would be useless to look for signs of phagoeytism
in the blood as it circulates at the time when the parasites of
malaria are in their endoglobular stage, or when they are passing
through the phases preceding complete maturity ; on the other
hand, when the ameeba are full-grown and are ripe for segmen-
tation, or when the segmentation has just taken place, then the
activity of the phagocytes may be seen easily enough. This
begins simultaneously with the onset of the paroxysm, becomes
more marked in the course of three or four hours, and termi-
nates some hours after its close, although even later than this
certain faets pointing to the continuance of the process may be
verified. The phenomena, in their entirety, run their course in a
period of six, eight, or twelve hours.”” The author then proceeds
to deseribe how, during the period when the paroxysm is being
prepared, the blood contains white blood-corpuscles enclosing
forms which are either still in process of segmentation or have
already separated, or, it may be, they comprise isolated masses
of pigment. Later on, the same malarial forms are found
included in white blood-corpuscles, but in a state of disintegra-
tion, which constantly increases until nothing is left but ex-
tremely fine granules of pigment. After ten or twelve hours,
when the destruction of the materials contained in the leucocytes
has been completed, the phagocyte forms disappear, only to re-
appear with the subsequent attack, and pass through a similar
evolution.

§ 55. If now we compare these facts with those observed in the
dangerous fevers, certain important differences will become evident.
First and foremost, we must draw attention to what we have
already noticed, namely, the fact that in the dangerous infections
one frequently meets with blood-corpuscle-laden cells, and espe-
cially with large lencocytes containing brassy red blood-corpusecles
laden with plasmodia, while the enclosed red blood-corpuscles
may be either entirely decolourised, or may retain an almost
normal aspect ; and they may comprise young plasmodia without
pigment and discoid in shape, or pigmented forms, or corpuscles
with pigment at the centre in process of fission ; or, lastly, bodies
belonging to the group of crescent-shaped forms. Therefore in

1 Q. Golgi, “Azione della chinina sni parassiti malariei,” *Atti Istituto
Lombardo,’ vol. xxv, No. 5, p- 357-
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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 becaunse, 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 spontaneouns 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-
corpuscles. If the enclosed spores ave 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 vacuolated 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 enﬂoﬂ:{e]u]
cells is manifested in other infectious diseases, and Metschnikoff cnnsidera
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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as follows. The youngest amwhm, 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
a way that each part presented a parasite surrounded, as it were,
by a zone of heemoglobin,

ligts

Page 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

1 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-

tion.—ED.
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third or fourth day of the fever, and who either have not been
treated or the treatment has been carried out in a most im-
perfect manner, we seldom see more than one attack after the
administration of several grammes of quinine. However, in some
cases it appears that the action of the remedy is not as prompt if
administered earlier. Subecontinued fevers,as we have already men-
tioned, present the same variations in the resistance to quinine; this
is probably most marked in the so-called subcontinued ““ d’emblée.”
In one case of this type, notwithstanding the administration of
quinine at the very onset, and its being continued regularly, the
fever kept its course, uninfluenced by the remedy, for about five
days. We do not know of any cases in which the resistance to
the influence of quinine was greater.

[12]

Page 168. The facts allnded to in the text, relating to the action
of quinine on the parasites of summer-autumn fevers, refer merely
to what is observed in studying fresh preparations without fixing
or staining. We must add, however, that staining brings out
the more minute alterations produced by quinine. Besides
the observations already cited of Romanowski, there are those
of Mannaberg, which treat specially of the parasites of the
quartan and of the common tertian type. In examining
the blood of a quartan or of a tertian, a few hours after the
administration of the first dose of quinine, the greater number
of the small and medium-sized parasites will be observed to have
their nucleoli no longer stained, whilst the small vesicle which
represents the nuclens continnes to be stained as before.
According to Mannaberg, this disappearance of the nucleolus
demonstrates the necrosis of the minute parasite. Fuorthermore,
he observes that many spornlating forms undergo special altera-
tions, after the administration of quinine a few hours previous to
the attack ; whilst to all appearances the fresh specimens seem
normal, when stained with heematoxylin, the nucleoli of the greater
part of the spores remain uncoloured. Mannaberg considers
these thus altered forms as stillborn spores. These observations
lead him to conclude that the spores of all the various forms of
parasites of malaria are the most susceptible to the action of
quinine. He also holds that these facts contradict the hypo-
thesis of Bignami, i. e. that the relapses are due to the develop-
ment of spores which have remained latent in the spleen,
and have escaped the destructive action of quinine, of the pha-

gocytes, &c.
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bodies which spring from the conjunction of the *smallest
parasites (syzygium) ; accordingly, starting from this position,
he divides the malarial ameba into two groups,—those which
form syzygia and those which do not. Thus:

I. Malarial parasites with sporalation, but without the forma-
tion of syzygia,—that is to say, without crescent-shaped bodies.
This group contains—(a) the quartan parasites; (b) the tertian
parasites.

II. Malarial parasites with sporulation and with the formation
of syzygia,—that is to say, with crescent-shaped bodies. This
group contains—(a) the pigmented parasite of the quotidian ;
(b) the non-pigmented parasite of the quotidian; (c) the
malignant tertian parasite. '

It is clear that here the subdivision is almost identical with the
one proposed by us, except for the fact that the author draws a
distinction between the pigmented and non-pigmented parasite of
the quotidian—a view which we cannot endorse for the reasons
already stated. On the other hand, the fundamental grouping
rests on a theory regarding the biological signification of the
crescent-shaped forms which is not shared by other observers,
and which requires to be verified. Whatever be the result which
investigation may establish, Mannaberg’s classification, to say the
least, is based on a view which is open to doubt.

The fact that various points in the biology of the malarial
parasites are still under discussion has induced us rather to take
certain clinical and epidemiological phenomena as the fundamental
criteria of our classification of malarial fevers. This method is
certainly of greater importance for the physician than one which
is purely zoological. It would seem that we are fully justified in
having given the name of ““ summer-autumn > to the group of fevers
which prevail during the summer and autumn. As a matter of fact
these infections have an entirely special clinical aspect, which
surprises the practitioner who is only familiar with the milder
manifestations of malaria. The parasites present such special
characteristics that a differential diagnosis may be made on the
first resort to the microscope. Then, again, near Rome they usually
commence with great regularity at the end of June and the
beginning of July, as we have been taught by an experience of
many years; and they continue during the whole autumn, the
recurring fevers making their appearance in the winter, while in
the spring this type of primary infection is never observed,

To call the mild fevers (the common quartan and tertian) by
the name of ¢ winter-spring > may appear less justifiable ; forin
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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, &c., 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 ammboid parasites are seen during the
paroxysms, and the crescent-shaped bodies during the apyrexim ;
other cases show the parasites of the mild tertian, as in some
instances which have come under our own mnotice. 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 withount 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 faet,
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 one 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 oceurs after an interval
manifestly equal to the time required for the parasite’s incuba-
tion ; so that these ‘‘ long-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 «8ylle Febbri Intermittenti Malariche a Lunghi Intervalli,” * Arch.
delle Scienze Mediche,’ vol. xiv, f. 3.
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the exception, and on the exception it is attempted to construct
theories,

If we desire to look for the explanation of these phenomena,
we should remember first of all that analogies capable of verifica-
tion occur in all the infections. In the experimental infections,
where we can approximately measure the quantity of the material
inoculated, it is admitted, and, indeed, well known, that if the
amount of the material of a culture of bacteria, which is injected
into the animal, be varied within certain limits, then, cateris
paribus, different effects will be produced with regard to the
intensity, the duration, and the issue of the infection thus arti-
ficially developed. Nevertheless it is common knowledge that
exceptions to this rule are not infrequent, and these may be
explained by the fact that different subjects show different
degrees of sensitiveness to the same dose of infective material.
And it would certainly be remarkable if malaria were to give
no sign of analogous phenomena. Indeed, if we look at
this matter closely it will be seen that the question is not so
much one of finding the cause of occurrences like these, as of
investigating the reasons why they happen only exceptionally.
This consideration leads us to regard it as probable that the
possible variations in the degree of the parasite’s virulence have
no such importance as one might a priori suppose; because, if
this were so, the cases to which we have drawn attention wounld
be more common. The severe symptoms observed in these
instances, in spite of the relative paucity of the parasites, might
be attmbuted to the quantity of poisonous products which they
secrete, or else to the greater virnlence of the products them-
selves. This is an obvious hypothesis; but we cannot conceal
that, at present, it is purely arbitrary to asecribe, as some have
done, to assumed poisonous substances whatever in the sympto-
matology of the malarial infection has hitherto escaped a better
established interpretation. On the other hand, when we take
into account the special facts, it does not seem improbable that
other extrinsic factors, in addition to the infection, go to make
up the cause that determines the severe symptoms: these are the
heavy toil, the exposure to the sun, &e.

Nor is it an easy matter to discover the reason why these cases
of severe infection, in which the number of parasites is relatively
small, make their appearance by preference (as we have before
stated) at the beginning of the malarial season. We have
already remarked that this is the time when work in the country
is of the most laborions nature. But speaking generally, we must
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in cases of fatal pernicious fever.” The monograph of Bignami
and Bastianelli' published several years ago, describing the
methodical study of these fevers by means of frequent puncture of
the spleen, seems also to have escaped Golgi’s attention.

These observers, treating of this subject, state, *“ On studying
these patients in the initial paroxysms of the fever, and in
carvefully observing the development of the parasites, above all,
avatling oneself of frequent punctures of the spleen, only the
various forms of the amweba of Marchiafava and Celli in various
phases of its development, from the unpigmented amceboid
protoplasmic body to that containing pigment, or in a state of
segmentation, will be found to be in relation with the paroxysms.
In the greatest number of cases, in order to determine in the
patient the forms of multiplication of the parasite, it is necessary
to resort to puncture of the spleen. The blood extracted from
the finger in the primary paroxysms generally only demonstrates
unpigmented plasmodia or those containing only very minute
granules of pigment. Marchiafava and Celli, in their preliminary
publication, had already called attention to this fact ; and evidently
not bearing this in mind, it would be easy to think, as Golgi has
affirmed, that the plasmodia of this group of fevers do not, as a
rule, mature.” It is also stated in previous portions of this
publication that one may follow the development of the parasite,
making use of puncture of the spleen, in all the fevers of this
group.

Therefore, that multiplication of the parasites does take
place in correspondence with the febrile paroxysm is not an
hypothesis, but a fact, confirmed by numerous observations and
studies, carried out with the same methods of investigation that
Golgi has deemed fit to adopt in his own researches. Accordingly,
it will appear as natural if we, in our latest researches into other
points, have no longer practised repeated punctures of the spleen
—an operation, although devoid of all danger in malarial patients,
always unpleasant. Insisting upon its being a hard fact, con-
firmed by numerous experiments, we may pass over other
observations made by Golgi in treating of this question, these
no longer pertaining to the fact itself, but rather to his interpre-
tation thereof. As it is, it would not be difficult for us to
demonstrate also that these latter are not well founded.

We first of all felt the difficulty of satisfactorily explaining
the reason why in this group of fevers, whilst the younger

1 ¢ Observations on Summer-antumn Malarial Fevers,” * Rif. Med.,” Ottobre,
18g0.






218 SUMMER AND AUTUMN MALARIAL FEVERS.

must favour their normal circulation. However, the great and
special alterations which they, due to the endoglobular parasite,
have undergone, does not seem to have been considered, Now
arises the question whether the circulating quality of the red
corpuscles depends alone on their size, or not rather and mainly
on their inherent elasticity, the state of their superficies, &e.
That these qualities of the corpuscles do undergo profound
alterations in summer fevers may be proved by direct observation,
On examining microscopically fresh blood in which there are
many corpuscles containing parasites, especially of the adult
type, and making pressure on the covering glass, thus pro-
ducing a change of position, the normal red corpuscles will
usually be observed to rapidly move in all directions, rolling and
gliding over each other, whilst those altered by the presence of
the parasites barely move or change their places. This altera-
tion in elasticity is not noticeable, adopting the same mode of
procedure, in the red corpuscles invaded by the parasites of the
classical tertian.

But, whatever be the reasons that the parasites prefer the
internal organs to complete their cycle of development, we have
certainly demonstrated this fact by repeated punctures of the
spleen during life. It is in this sense that we must deny
Golgi’s charge, that the well-known state of segmentation of
parasites found in the organs in fatal cases of pernicious fever
““ constitutes the principal basis of the doctrine that attributes
the so-called summer-autumn fevers to the cycle of development
within twenty-four to forty-eight hours of the small summer-
autumn ameebee” (1. e, p. 21). This assertion is entirely
arbitrary on Golgi’s part.

The econditions found in the above-mentioned autopsies con-
tribute to our general knowledge of parasitic accumulations in
internal organs, and permit us to have a clearer conception of the
laws governing the distribution of parasites in the vascular areas
of the viscera, There are cases in which, on nicroscopic
examination, one may find within the narrow confines of one
cerebral capillary, side by side, types of the various phases of
development of the parasite, from the unpigmented amoeba
up to the period of segmentation. But what relation have these
facts with the theory of the cycle of development in one or two
days? This last is based upon an entirely different series of
observations, made during life.  Accordingly, Golgi’s strictures
can have but little weight, in face of the fact that he has not kept
an important part of our researches in view.
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the more so as Golgi agrees with us, “ that of the various hema-
tological appearances that point to an approaching development
of fever, the one in question (the presence in the blood of red
blood-corpuscles containing parasites) is indisputably of notable
importance ”’ (. ¢., p. 14).

As we have amply illustrated our observations by examples
and thermometric tracings annexed to our publication, we similarly
prefer not entering into argunment upon points referring to the
clinical course and the variety of these fevers. Furthermore,
we shall not dwell upon some inexact eriticisms which Golgi’s
work offers; as example, on p. 14, in treating of the greater
virulence of the parasites of summer-autumn fever, he states
that this co-efficient ‘“ has, up to the present, never been
taken into consideration in malaria,”’ whilst we in our publica-
tion have paid special attention to it in the chapter ¢ On
Pernicions Fevers.” Were we to combat, point by point, the
criticisms levelled against us even in the most trifling details,
we should of necessity be compelled to repeat continuounsly
facts already treated of in this work. To avoid this, we shall
pass on to the second part of Golgi’s work, that based on
original researches. The principal and fundamental propositions
that result from Golgi’s observations are essenfially two m
number; we shall present them as nearly as possible in the
author’s language, namely—

1st. In contradistinetion to what occars in the classical
intermittent fevers—of the tertian and quartan types—in summer-
autumn fevers the pathological state of the circulating blood
(essentially due to the presence of the small summer-autumn
parasite) does not represent a necessary, however almost constant,
““index  of this special group of malarial fevers.

2nd. “The entire process (i.e. the ecycle of development of
the parasite) does not take place in the circulating blood, but wn
the internal organs.”

According to Golgi, all the changes found in the circulating
blood represent “ merely an accidental, not necessary, index of
this special group of malarial fevers” (l. c., p. 33). Let us now
look into the facts upon which he bases this proposition, and the
consequences to which it leads. It is essentially based upon the
cirenmstance that the exammation of the blood in certain cases,
notwithstanding the existence of malarial infection, may give
negative results. We need not remind the reader that these
negative results are entirely exceptional; we cannob recall a
single case of malarial infection in which repeated and properly
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looked upon as the bodies containing masses of pigment, and
which, being free in the plasma, are in a state of degeneration.
This metamorphosis may take place by a process of vacuolisation
or of hyaline disintegration. As long as Golgi himeelf admits
that he is far from being able to establish their biology, we do not
push our view.

As seen by this summary but careful review, any newly ascer-
tained facts which may prove of fundamental importance are
entirely wanting in Golgi’s memoir. TIn concluding his own
observations he sustains the view of the continuous development
of the parasites in the internal organs. Further, he inclines to
the belief that the forms of segmentation which occasionally are
found in the circulating blood have casually escaped from the
viscera in a similar way to that indicated by the presence of
young amebs in the circulation, which also must be looked upon
as accidental. Tt is almost useless to repeat here that this
conelusion is contradicted in the most absolute manner, by the fact
that « very large proportion of the eireculating amebe is capable of
mature development up to segmentation. We have already shown
that it is partly based on an erroneous estimate of exceptional
facts, and partly on a preconceived idea.

In referring to this, Golgi, in order the better to elucidate his
view, resorts to the arguments of analogy ; he compares the
condition of the circulating parasites in these fevers to that of
the nucleated red blood-corpuscles found in the cirenlation in cases
of pernicious ansgemia, of severe common ansmia, and of leukemia.
While, in fact, the nucleated red blood-corpuscles are found in
the greatest number in the bone marrow and in the spleen in these
pathological conditions, yet it is only on rare exceptions that these
are observed in the circulating blood (1. c., p. 33).

We do not know to what extent investigators engaged in
hematology, who are specially interested in these questions,
would agree in the estimation of this fact as a rare exception.
If, for example, in pernicions angmia the state of the nucleated
red blood-corpuscles, specially certain types of them (megalo-
blasts), are looked npon as characteristic, and constant, and neces-
sary for the clinical diagnosis of certain forms of progressive
angmia, and if the same applies to certain medullary cells in
medullary leuksmia, on what anthority may one speak of accident ?

We have felt impelled to dwell so long upon this argument
merely from our dread of the harm which may accrue to medical
practiceif Golgi’s error, in deference to the anthority of the observer,
should be accepted. In fact, if there can be cases of pernicious
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suffered from malaria, although in the history given, pro-
bably on account of faulty observation (for the insane patient
had been for many years in an asylum) there is no reference
to the subject. I do not think it superfluous to give a quota-
tion from Meckel’s original report, because it shows that this dis-
tingnished observer recognised clearly the difference between
lymph cells and pigment cells. On page 205 [1]' he says:
““This blood (from the heart), as well as that obtained from all
parts of the body, either lying in the capillaries or squeezed
out of the vessels, contains black pigment. . . . Invariably a more
or less great number of black, irregular granules were united by a
colourless substance to a globular, egg-shaped or fusiform body ; the
size of these bodies amounted to *002 to "007 of a line. In them no
other structures could be made out but a transparent connective tissue
with 1, 2, 4, and more pigment granules. Hven in the larger bodies
no particles except pigment granules could, as a rule, be seen.  But
in several bodies ome noticed between the pigment gramules a
clear, roundish space left free, so that one was obliged to imagine
that the nucleus lay there, although not clearly recognised, In
rare cases single complete pigment cells could be seen in which there
was a distinet nucleus. A distinct cell membrane was not distin-
guishable, and the granules never had molecular movement. Thebodies
were most nuwmerous in the vessels of the grey matter of the brain.”’

Meckel reported quite independently during the subsequent
progress of his work with regard to the behaviour of the lymph-
cells, so that no doubt can be entertained that he differentiated
clearly between the pigment cells, the malarial parasites of to-day,
and the lencocytes. Almost simultaneously with Meckel, Dlauhy in
Prague observed pigment in the organs of the body of a person who
had died suddenly with * typhus-like symptoms.” Virchow was
present at the post-mortem examination of this body, and reported
its results in a letter to Meckel. Virchow [2] had later in Berlin
the opportunity of personally making a post-mortem on the body
of a patient who had died from fever, and he confirmed the
occurrence of pigment cells in the blood. Illustrations of these
cells are to be found in the different editions of his Cellular Patho-
logy [3]-

At this time also attention was directed in Vienna to the pig-
ment in the bodies of persons who had died from malaria. Heschl
[4,5], at Rokintansky’ssuggestion, made a series of observations in
this connection. Lastly, Planer’s [6] work must be mentioned

! The numbers in brackets refer to the bibliography at the end of the
book.
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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 because they at first only examined
stained preparations of blood, which they also deseribed, and from
which it was perfectly impossible for them to see that the bodies
which they held for degeneration 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 anthors 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 cycle was for
the first time sketched. It was they, too, who later on prodnced
valuable information concerning the diagnostic and pathological
importance of the nmpigmented varieties. Also the name “ Plas-
modium malarize ’—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 [19, 20]. They
snggested it originally for the unpigmented bodies, the discovery
of which they still ascribed 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 increased the importance of his discovery for
diagnostic purposes. The most noteworthy of these writers were
Sternberg [21], Councilman [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 mew dis-
covery. It was E. Metschnikoff [32], in the zoological department,

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

graphy.







200 MALARIAL PARASITES.

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 anatomical 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, &e.

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. Hssematozoa have formerly been often described in
animals, especially in cold-blooded animals, by Gruby [51],
E. Ray Lankester [52], Osler [53], Lewis [54], &ec., 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 jmmediately followed by Daniel-
ewsky’s [74—77] numerous new discoveries in the blood of
lizards, tortoises, and various birds ; itis especially the hsematozoa
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 faet 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
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specimens to take hold of the cover-slips with proper forceps,
such as those first employed by Ehrlich for this purpose ; these
forceps, after sufficient practice, prove of advantage in many
ways ; nevertheless, serviceable specimens may be prepared with-
out them. The cover-slips, protected from the dust, are dried in
the air, and their forther treatment depends upon the object in
view.

The malarial parasites can be fixed and stained in various ways.

Laveran mixed upon the slide a drop of blood with a drop of
a solution of osmic acid 1 in 300, applied the cover-slip, and then
permitted glycerine, in which picro-carmine was dissolved, to
flow through. By this method the parasitic elements were
stained a pale rose colour, whereas the nuclens of the lencocytes
took on a thorough red colour. In certain bodies, of which we
shall speak later, a double contour further appeared.

Marchiafava and Celli stained the products of degeneration,
which they at first held to be parasites, with methylene blue and
other aniline colours, but did not obtain any satisfactory results,
on which account Celli and Guarnieri (loc. cit.) attempted to
stain the living parasites by taking a drop of acetic flnid in
which methylene blue was dissolved, placing it upon the finger-
tip, and making the prick throngh the stain, by which method the
unaltered blood came immediately in contact with the stain.
This mixture was then placed between the microscope slide and
the cover-slip, and the process of staining of the hamatozoon was
examined microscopically, either at once or after the preparation
had been laid for a few hours in a moist chamber, and the
staining completed.

The results of this method, as will be explained later on, are
rather faulty; also the method of staining is inconvenient and
produces no permanent preparations.

In order to obtain the latter, varions modifications of Ehrlich’s
method of staining blood are appropriate, as specified by Sacharofi,
Chenzinsky, Plehn, Romanowsky, and others, and also staining
with heematoxylin, after fixing with picric acid, which I first
brought into use for bringing out the fine details of structure.

For the common staining of dry preparations methylene blue
and eosin are most useful. The cover-slip, with the dried film,
is placed in a mixture of equal parts of absolute alcohol and
ether for half an hour. It is then, after drying between
blotting-paper, floated upon a half-saturated watery solution of
methylene blue for half an hour, then washed with water, dried
upon blotting-paper once more, and then stained with a 2 per
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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 hamatozoa 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 hsmatozoa 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 varions methods
employed in bacteriology, with often very fantastic modifications ;
also with many new eultivation 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 unsuccessful 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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I observed, as did Grassi and Feletti, that in immature para-
sites the melanin granules are chiefly found in the ezternal part
of the protoplasm, whereas the inner, the part next the nucleus,
contains little or no pigment. I have therefore suggested that
the distinction of the two layers shonld be based upon this fact.
In many of the illustrations in the plates the reader will notice
the conditions mentioned well marked. As, however, especially
in the larger forms, the opposite condition is also to be observed,
or certainly no considerable difference in the distribution of the
pigment is appreciable, I think that we shall do best in the mean-
time to consider the protoplasm of the malarial parasites as a body
withont any distinet differentiation. 1 must distinctly deny
Romanowsky’s [48] opinion that in healthy parasites, which have
not been influenced by quinine, the marginal layer is always left
free from pigment. A glance at the illustrations shows that just
the opposite is the case; in young lively amceboid bodies, and,
therefore, certainly in perfectly vigorous bodies, I have very often
observed that the very few pigment granules which are present
are found at the extreme periphery of the parasite (Plate II, figs.
12—14). Danielewsky finds that also in the blood parasites of
birds pigment forms in the outer layer.

It is interesting to notice that this behaviour presents a contrast
to the known fact that in the other Protozoa it is the inner proto-
plasmic layer (Entoplasma) which contains the granules, products
of digestion, &c., while the outer layer (Ektoplasma) is free from
them.

The protoplasmic substance appears to be chiefly homogeneous
and hyaline, but in fully developed parasites it not infrequently
shows a thick granulated appearance, which is made up of slight
refractile granules. These granules also take part in the peculiar
motion in which the pigment granules are found.

The most important protoplasmic contents are formed of melanin
granules, the malarial pigment. It has already been mentioned
in the introductory chapter that Heinrich Meckel was the first to
see this pigment in the blood, and that Virchow first recognised
the importance of the fact in regard to malaria. Virchow, as well
as Meckel, then assumed that the pigment originates in the spleen
and from there makes its way into the circulation of the blood,
while Planer first thought of the possibility of the origination of
pigment in the blood itself. Later observers divided themselves
chiefly into two groups, one of which represented the view started
by Virchow, for instance Frerichs [63], who, placing the principal
source of pigment in the spleen, regarded the liver as a secondary
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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 thevefore represents a product of digestion of the
hemoglobin. It is produced by the metabolism in the hzmatozoa,
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 p. 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 [o, 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 hydrochlorie 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 is unknown.

All malarial parasites do not contain pigment. Firstly, all
immature forms are free from it ; thereis, 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 colour than is the case in vivo. The preparations in question have
been passed through ammonia.
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he was unable to bring out anything that looked like a nuclens
in the parasites.

Marchiafava and Celli, amongst their numerous drawings of
the small unpigmented forms, have here and there perfectly
distinet representations of structure, but they have given no
special attention to the structural relations.

Celli and Guarnieri [46], first employed the methods of
staining above referred to, but without much success, for they
permitted themselves to be misled, and to take the nucleus to be
a part of the protoplasm (their endoplasm). They were not
fortunate enough even to get the nuclear chromatin sufficiently
stained in the unpigmented bodies; at any rate there is nothing
of the kind to be seen in the plates attached to their publications.

Grassi and Feletti [47] first gave accurate information con-
cerning the nueleus and nucleolns of the quartan parasite. Soon
after, I [49] and Romanowski [48] published similar information
concerning the tertian forms. Since then I have become con-
vinced of this, that the details of strncture of the small pigmented
and of the unpigmented forms are analogous to those of the
large forms,

In fresh (living) preparations one can occasionally see at
certain stages something of the structure of the parasite. These
stages are the spore-forming stage of the quartan parasite and
the fully-developed, large, so-called free forms. In the spores
the nucleus appears as a bright, strongly refractile body,
which forms the chief constituent of the spore, and on which a
still smaller and more brilliant body (nucleolus) is to be dis-
tingnished (see Plate II, figs. 6 to 8). The nucleus is more
rarely to be seen in the fresh spores of the tertian parasite (see
Plate II, figs. 22, 23). The nucleus of the large forms has been
often seen and described by former observers; it forms in the
interior of the parasite a relatively large vesicle which is some-
times waved hither and thither by the movement of the proto-
plasmic waves. It is also noticeable that the pigment is never
stored up in it, but rebounds from its border as it were (see Plate
11, fig. 24). In these nuclei of the large living forms a distinct
boundary contour is seen, so that a nuclear membrane can be
spoken of. I have never been able to distinguish this in stained
preparations, for in them the nucleus appears as a relatively large,
more or less rounded kind of vesicular structure which is most
usually eccentrically placed. The nucleus is not at all or only
slightly stained, but at the periphery it possesses a very dark-
coloured body, around which a slightly tinged zone is frequently
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latter view when one sees in what tortuous ways the pigment
granules whir about amongst one another. It is no vibrating
motion, but a continuous, if frequently repeated, change of posi-
tion. Against Laveran’s proposition it has been rightly objected
that the movement of the pigment is noticed in the immature
forms which send off no flagella.

I think that it has to do with a wave-like motion of the
protoplasm, which drives the pigment granules with slower or
more rapid pace through each other, according as surrounding
conditions favour or retard it.

This movement is best seen in the mature pigmented forms of
the tertian parasite, and in the spherical bodies of the crescent
series. The quartan forms have usually quiescent pigment,
whereas it is nearly always found in movement in the tertian
parasites. The crescents often show, so long as the pigment lies
scattered in them (i. e. in the immature crescents) a slight move-
ment of pigment ; if the pigment is a concentrated heap in their
centre, it remains still. In the spherical bodies which arise from
the crescent the pigment remains quiet for a time, then, under the
microscope, 1t 18 often seen to be moving, and gradually attains
the most violent motion. At this time the flagella usually break
forth, whereupon the pigment may come to a standstill, but not
invariably.

The movement of the pigment is also to be seen in some of
those forms which I shall afterwards describe as ““ quinine forms.”

The duration of this movement varies ; in all cases it continues
the longest of the three movements which have been mentioned.
I have been able to observe it for from twenty-four to forty-
eight hours in my moist oxygen chambers.

It is not yet certainly decided whether the movement continues
or not in the parasite cadavres; the answer to this question
depends upon the definition of what a cadavre is. One very often
sees, for instance, how from a large spherical body single small
balls containing pigment, which we believe to be perfectly unable
to reproduce owing to their non-nuclear character, free themselves,
and in them the pigment continues active movements. The
““ quinine-forms *’ are at any rate very reduced in their vitality
and yet they show pigment motion. On the other hand, the fact
must be recognised that the cadavres of all parasites contain
quiescent pigment. After all, one will not be much in error if
one takes for granted that parasites in which the vitality is
deeply injured (unhealthy parasites) can still contain pigment
motion, whereas dead ones do not possess it. By saying this,
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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 IT,
figs. 15 to 20). Probably this hypertrophy is analogous to other
cellular hypertrophies which have been observed in infested
Gregarinida, for instance in the Klossia 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 deseribed by Marchiafava and Celli. They are
shrivelled blood-corpuscles, having a copper colour (see Plate IT,
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 beantiful 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 phagoeytosis, mention will be made
subsequently (see Chapter 1X).

(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

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

“ Messing-Kérperchen ” (translated, copper-coloured bodies; they are said
by the anthor to have the colour of old brass).
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The several divisions then begin to round themselves and
suddenly break apart as rounded bodies, leaving the dead residue
behind.  Hach of these bodies, having now become independent, is
@ spore.

The starting apart of the spores can be observed under the
microscope. It occurs probably through the gradunal increase of
the germs, which at length canses the rupture of the delicate
residue of the blood-corpuscle.

In the spores of the quartan fever a brilliant body representing
the nuclens may be already often seen in the unstained condition.

In like manner the spore-formation in the parasites of the
Febris tertiana takes place, although, as Golgi has proved, it is
modified in a characteristic manner. The pigment here also
becomes concentrated, as a rule, in the middle of the parasite
preparing to spore ; still the concentration may just as well take
place at the edge, or it can be omitted altogether, in which case
the pigment forms an even network in the meshes of which the
spores are formed. According to Golgi, the residue of these
parasites retains more protoplasm than those of the quartan forms ;
also sometimes it may be enclosed in a membrane. According to
the same observer, the division into spores occurs in two or three
circular rows around the residue, and there are produced, not
six to twelve, as in the quartan variety, but fifteen to twenty
spores, which are smaller and unpigmented, and in most of them
- no nucleolus can be recognised. The grouping of the tertian
spore-forming bodies is compared by Golgi with a * sunflower *’
(see Plate III, C and D).

According to my experience, as indeed is mentioned by most
observers up to the present, considerable differences occur in
the shape of the spore-formation of the Febris fertiana. It
forms only seldom and exceptionally a typical sunflower shape.
Usnally the spores are irregularly arranged; their number is
greater than in the quartan parasite, but occasionally spore-
forming bodies are seen with less numerous spores (see Plate II,
figs. 22, 23). I have not yet been able to convince myself that
I have found the larger sized residue with its membranous
envelope.

It is of practical importance to know that to differentiate the
two types of spore-formation by Golgi’s signs, and therefore to
be able to diagnose the character of the fever, is not difficult.

The spore-formation of the small parasites of the pernicious
fever occurs, as Marchiafava and Celli have proved, chiefly in
the internal organs, and indeed in the capillaries of the brain and
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the presence of a crenated inner line on the cuticula, which
Antolisei and Angelini mention, and of which, unfortunately,
without drawings no one can form a conception, has never been
seen by me, and this makes me imagine that there exists a con-
fusion between two things, i. &, membrane and blood-corpuscle
residue.

The membrane is not to be seen in all, but only in a relatively
small number of specimens. Together with it there may be a
broad blood-corpuscle residue which is sharply defined from it
(see Plate II, figs. 57—65, and Plate IV, figs. 63, 64). It
remains also during the transformation of the crescent form into
the spherical body, and gives to these bodies a peculiarity which
differentiates them from the large spherical bodies of the pre-
viously described forms (tertian and quartan parasites.)

It has been already mentioned that these spherical bodies can
very often be observed on their escape out of the red blood-
corpuscles. The disappearance of the membrane can also be
connected with this occurrence, which probably takes place
throngh rupture, or, indeed, the two processes may be separated
from one another in point of time, and it is then seen how the
torn membrane shrinks together into either a loop or a ring,
whilst the remainder of the blood-corpuscle is left immediately
after by the spherical body. Even when these spherical bodies
do not any longer possess a double contour, that is when the
membrane has ruptured, they are not always very sharply defined,
g0 that it is easily possible to mistake them for other spherical
bodies. This mistake, however, can be guarded against, espe-
cially if the formation of flagella has occurred, by noting the little
balls and ringlets which are often found at the periphery of the
spherical bodies of the crescent series, and which, as we have seen,
proceed partly from the residue of the blood-corpuscles, partly
from the membrane which is rolled together, or also from a bit
of protoplasm which has become separated. These little balls,
which are found on the edge of the spherical bodies of the
crescent series, were first deseribed by Celli and Guarnieri (see
Plate 11, fig. 66), and said to be a budding—an idea which, as we
have seen, was not accurate, and which has already been given
up by the authors themselves. Lastly, these bodies very often
send out flagella, thereby arriving at their last change. The
procedures just described do not always occur with the same
regularity ; many deviations in the order and in the method of
escape from the capsule, &e., are observed, which present in part
inexplicable appearances ; for instance, I have often observed that
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that underneath the pigment in the transverse bridge two darkly
stained points appear. These points are not often seen in ordinary
preparations because they are usually hidden underneath the pig-
ment, but if this is dissolved by placing the preparation for several
hours in a weak solution of ammonia, it can then be demonstrated
in numerous mature specimens, which in consequence of this
treatment are more slightly stained (see Plate IV, figs. 33 and
34). Such a mature crescent, freed from pigment, looks remurk-
ably like the conjugation form with which we started ; the small
difference between the two appearances consists in the fact that
in the crescent the protoplasmic mass, especially at the boundary
of the two units (transverse bridge), has become thicker, and
that the nucleoli have lost both in size and chromatic properties.

3. Concerning the origin and arrangement of pigment in the
creseentic bodies, I am of the opinion that by the conjunction of
the two conjugating parasites a really heightened vitality is deve-
loped in them, which manifests itself in the rapid formation of
pigment, and the corresponding decolorisation of the blood-cor-
puscles. Whereas the amceboid forms are faintly, if at all, pig-
mented, more or less pigment is always found in the crescents ;
1t appears in single scattered grains and rods, just as in the forms
of the tertian and quartan fever types. In the fresh condition
these scattered pigment granules are seen to make a slight tre-
mulous motion within the crescent ; they often also slowly change
their position in consequence of protoplasmic waves, and form
thereby ever-changing groups. In the concentrated pigment, how-
ever, movement is never seen. 'The pigment becomes concentrated
in the mature crescents, corresponding to the conditions seen in the
forms of the regular type ; this takes place, indeed, in a way which
once more proves the bipartite nature of the crescent, The
granules withdraw from both limbs towards the middle in such a
way that at a certain point of time they form a figure of 8. If the
concentration proceeds further two little heaps are formed corre-
spondingly in both limbs, which very often remain lying sepa-
rated from one another, or may be at length compressed into &
single heap.

The figure of 8 arrangement of the pigment is such an ex-
ceedingly prevalent one that it cannot be doubted that in each
limb of the crescent the grouping is caused by separate waves,
so that this circumstance again indicates the bipartite nature of the
crescent.

In regard to those crescents in which the concentration of the
pigment is not in the middle of the body, but is sitnated nearer
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single polymorphic organism, and they support this view chiefly
by the difference in the forms of the it '

‘ parasites according to
climate, to season, and to the oceurrence 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 oecur-
rence of variations) ; but they energetically deny the possibility
that a definite species can be transformed into another, either
through 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 bring
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 ome 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 described by Laveran, Richard,
Marchiafava, and Celli, which appeared to have hardly any rela-
tion to each other, distinguished 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 stundied a large number of quartan
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
described the whole eycle of the development of the tertian
parasite. Together with these two groups, Golgi deseribed [g1]
another group, the parasites of the irregular fever, or the fever with
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and months have been performed chiefly by Calandruccio [g6]
and Di Mattei ; for instance, in a triple quartan fever the blood
was daily examined microscopically for months and invariably
showed only the quartan parasite; and in two cases with
crescents in the blood, the latter was examined during two and
six months respectively, and no other forms were seen except
those belonging to the Laverania.

Far more important than these observations made on individual
patients is the fact, which I have already mentioned, that in
Vienna, for instance, in the cases of intermittent fever originating
there, the tertian or quartan fever parasites were alone seen, never
the crescentic bodies or the small amceboid parasites ; these latter
we only observed here in patients who had invariably acquired
their illness in very malarious districts (Dalmatia, Herzegovina,
&e.). This fact cannot be explained by means of polymorphism,
for it remains perfectly incomprehensible why an organism,
polymorphic in Dalmatia or in Italy, should present itself in
Vienna always in one and the same form.

With the supposition of varions species, however, the facts
mentioned find at once an unstrained explanation. The telluric,
and probably also the climatic conditions in Vienna offer the two
first species a favorable soil, whereas the other is not able to thrive.

A very noteworthy observation in this connection is to be
found in Trousseaun’s work [97, p. 459]. The sagacions clinician
says, “ The type seems to much more nearly approach the nature
of the miasma, or more precisely of the locality which it infects,
than the inherent conditions of the individual who suffers from
its attacks.” To make good this remark, Trousseau mentions that
in Tours itself only tertian fevers occur, and that the quartan
fever which he had observed there had always been introduced,
especially from Saumur, which like Tours lies on the left bank of
the Loire. On one occasion fourteen soldiers came from Saumur
to Tours, nine of whom after several days became ill with quartan
tever ; they had evidently taken the fever in Saumur, for at the
time only tertian fever obtained in Tours.

After weighing the experimental, clinical, and epidemiological
facts brought forward, polymorphism of the malarial parasite
appears to be very improbable, and we can almost with certainty
state the opinion that the various forms and cycles of development
of the malarial parasite belong to various species, which, although
standing morphologically and biologically very near together, canot
trangform themselves the one into the other.

The correctness of this opinion can only be proved with
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I 2 3 1 2 3 1 2 g3 &e,quartana triplex (quotidian).

© 1 2 o, &e, quartana duplex.

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-fonr
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 agune occurs ; if the generations, however,
are present either at irregular intervals or in greater number,
then the fever will be as irregularin 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 [g9, 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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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 quartan parasite, has become amceboid; 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 succeeded in noticing a movement
in the spores. The possibility may still be admitted that the
spores, before they form young amceboid 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 Profomyxa, which Haeckel has observed, or
the zoospores of the Myaxomycetes, 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 quartan 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 amcebaea, has other facts
to econtend 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 amwbza are known
to be such, although one frequently finds such ammbza 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 amcebzea, 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 amcebeea, 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

! T only once came across such an observation noted. It is taken from

von Waldenburg (103), who once saw an amaeb@a within an epithelial cell in
the intestinal canal of a rabbit.
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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 tofour days) ; that they form more numerous spores ;
and that, lastly, their immature forms possess no amomboid move-
ment, as is the case'in those of man, For this last reason Dani-
lewsky called them Cystosporon malarize-avium, not Hemamaeba,
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 caused by the Cysto-
sporon malarize, the second by the Polymitus avium and by the
Pseudovermieuli ; but the description of the diseases shows, and
Danilewsky himself partly acknowledges, that the differentiation
18 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 ansmia
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 © Pseudovermiculi ** with the crescentic
bodies is not 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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but through the air. TLater Grassi discovered in the blood of a
young hawk (Cerchneis tinnuncula) small Hemamaba which were
absolutely unpigmented, and which spore without forming pigment.
He calls this species Hamameba 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 heemoparasites in the frog, and hold with him
(in contradistinction to Grassi) that the small parasite undergoes
spore-formation inside the blood-corpusecle, or that it slowly
grows and leaves the blood-corpuscle as a Drepanidium. With
reference to the parasite of the Testudo ewropza, 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 chiefly studied 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 lvia ; 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 without 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 extrem.itiﬁjs
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 nuclei. 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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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 II, 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 amceboid 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 quartan 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 raised, 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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by fully developed forms. They are to be seen on the slide soon
after the blood ds 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 upon 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.
I 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 Tertiana 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 does,
or that possibly it originally enters the infested organism with
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as in Plate III, fig. 40; probably these are also segmented
bodies.

Golgi [gr] once expressed the opinion that spores are formed
at the edge of the crescents, which are scattered by the bursting
of the latter; this idea would agree with segmentation. As
against these attempts to learn the further development of the
crescents, Bignami, Bastianelli, Celli, and Marchiafava continue to
maintain an opposite view, believing the crescents to be degene-
ration forms which are perfectly incapable of further development,
and which, after previously becoming vacuoclated, disintegrate.
There can be no doubt that there are degenerated crescents (see
Plate IV, figs. 55, 56) in which drop-like formations are to be
seen, and which one might consider to be spores if they did not
change their form under the observer’s eye, but from this one
cannot draw the far-reaching conclusion which theabove-mentioned
observers wish to deduce. In the third chapter I have stated my
views with regard to the body in question being syzygies, and refer
the reader to that chapter.

The statements regarding the numerical relation of the cres-
cents in the intervals free from fever, and the oceurrence of the
relapses do not quite agree ; whereas some have observed a
decrease, others say that they have demonstrated an increase or
no change at all. In this connection I have noticed no remark-
able or at any rate no legitimate differences, for it has happened
that on one day only isolated bodies of this deseription were
found ; on the next day they were very numerous, nor have I
been able to confirm the statement made by several authors that
the crescents more frequently change into flagellated bodies at the
time of the relapse than during the interval.

In stained preparations the young quotidian parasite appears
like the immature forms of the tertian and quartan parasites. It
possesses, as do they, nucleus, nucleolus, and protoplasm. In the
spore-forming bodies also the new spores show complete details
of structure. Before the spore-formation the nucleus and the
nucleolus seem to disappear in them as in the tertian variety.

The malarial infections which oceur from the pigmented
quotidian parasites often show a pernicious character. In con-
sequence of the greater adhesiveness of the parasites, the small
vessels may become blocked if a sufficient number are present.
Should this happen, as it may do, especially in the capillaries of
the brain, then a malarial perniciosa comatosa oceurs, which fre-
quently ends fatally, In Plate IV, fig. 67, a drawing of a
brain capillary is given, which is filled by infested blood-cor-
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Typical Temperature Ohart of the Malignant Tertian Fever, after
Marchiafava and Bignami.
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It is noteworthy that both these authors have found that the
relapses in these cases usually possess the same type (often more
clearly defined) as the initial fever.

Grassi and Feletti [86] do not acknowledge that this new
variety of pernicious tertian fever parasite is sufficiently
characterised, and they believe that in Marchiafava and Bignami’s
cases an ordinary tertian parasite is mixed with the pigmented
quotidian parasite (Hamamaeba precor and H. vivaw).

I cannot, however, put aside Marchiafava and Bignami’s
opinions, as is done by Grassi and Feletti, for I have met with
a considerable number of patients who definitely gave me a
history of tertian fever, but whose blood showed only small
bodies which could certainly not be mistaken for the ordinary
tertian parasites. It did, however, turn out when observed in
hospital that several of these patients had qunhd]au fever, but
the presence of the tertian type was demonstrated in many of
them.

Previous to Marchiafava and Bignami publishing their prelimi-
nary reports, this fact had aroused my interest in the summer of
1891, and only the wish to first study the conditions more in
detail pravented me from then publishing a communication
concerning the malignant tertian fever. In the summer of 1892
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7 p-m.—Temperature 40'3° C. (104'5° F.).
25bh, 10 a.m.—Temperature 36'5° C. (97:7° 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 amceeboid bodies to be seen, whilst later only crescents were
found ; the fever had a tertian type predominating.

G. C—, canal worker, 18 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 jth, 1891, 4 p.m.—Temperature 38:7° C. (101°6° F.).

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

8th, 9 a.m.—Temperature 38:2° C. (100°7° F.).

Microscopical appearances : The same as yesterday, only rather
fewer parasites. No small bodies. Hwemoglobin 70 per cent.
Number of blood-corpuscles 3,217,000,
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take no account of such-like bodies lying free in the liqnor 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 II1, 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 wonld
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 occurs ; and with reference to this exception, namely, the
spore-forming bodies of the unpigmented quartan parasites, they are
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 occur less frequently, must be con-
sidered. They appear as amorphous 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 gnard
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 sanguninis at the time of
spore-formation, before the lencocytes appointed for the purpose
have cleared away this fecal 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 Hoating lnmps 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 lenco-
cytes of fresh preparations ; evenif it be only a few granules, they
form an important aid to diagnosis, especially if there is no sus-
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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
fever, which indeed appears rarely to occur, I can at any rate
point to another fact, previously mentioned, which follows the
parasitic infection, namely, the decrease in the amount of hemo-
globin after the paroxysms of fever cease, as a condition which
may be with certainty considered as the resunlt 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 bactericlogy 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 poisonous 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 poisonous 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 causing 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 ; dyspncea 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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