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of the perchloride of mereury and iodide of potassium, has
haps a theoretical basis of justification, gut practically
ittle good can be ascribed to it. The latter-mentioned eolu-
tion may have a higher claim, as in several cases in which it
has been administered temperature falls and the patient seems
easier. It may be, however, that the mere pricking of the
tense capsule of the gland, even by needle punctures, may
gerve to relieve tension and thereby pain. This leads ome to
the belief that subcutaneous incision of the gland may be
sttended with beneficial results, and it is a method of surgical
lure not without precedent. Early free incision of the
gland is not to berecommended, nor can excision be in any
wayjustified. The disease is a polyadenitis, and of so exten-
sive a nature that eradication of infected glands is an impos-
gibility. A gland when swollen, red, and painful may be
smeared with glrcerine and belladonna, or poulticed to re-
lieve ga:‘m, and when fluctuation is perceptible it should be
opened, but farther procedure is useless. When pus is
evacuated, dusting the wound with iodoform and ensuring
thorough drainage are the means by which the best results
are obtainable,
. Retention of Urine, a frequent concomitant during the de-
lirium of plague, renders the use of the catheter imperative,

—

OBSERVATIONS ON A CONDITION NECESSARY
TO THE TRANSFORMATION OF THE
MALARTIA CRESCENT.

By RONALD ROSS, D.P.H., M.R.C.E,,
Surgeon-Major ILM.8,

Biomamr, in the Policlinico, July 1sth, 1896, gives a lengthy
eritigue of Dr. Patrick Mansgon's views, expresged in the
GGoulstonian Lectures for 1866, as to the mosquite being the
alternative host of the malaria parasite. Beginning by o
posing Manson's leading postulate, that the so-called flagella
are in reality flagellated spores intended for the continuance
of the life of the parasite within some suctorial animal, on
the gromnds that the crescents are “deviate and sterile
formsz,” and that the flagellate bodies are products of de-
generation, Bignami proceeds to advance a mosquito
1h£3n¥ of hie own on certain epidemiological considerations.
Tlhm e reaches by a process of p;cluaiun. Refusing to admit
either water or air as the medium of malarial infeetion, he
arrives at the eonelusion that that infection must be produced

inoculation—namely, by the mosguito; and assumes for
t He'ﬁuﬁls that the mosguiteo is the alternative host of the
parasite.

With respect to this latter part of Dr. Bignami's paper, it
may be remarked that in it he does but repeat the almost
obvious reasoning which must have led Laveran and others,
besides Manson, to connect the disease with the mosquito,
0 that it appears scarcely necessary to consider this part at
length here. We may perhaps object to eome of his citations.
Thue not everyone will be willing to discredit the possibility
of malaria being carried from a shore to a neighbouring
vessel, nor will everyone deny that drinking water may con-
vey the diseage. Bignami cites the general opinion of Italian
peasants in favour of the view that water is not the medinm ;
In India, however, an opposite opinion is frequently ex-
Ppressed, not only by natives, but by forest and survey officers,
and sportsmen who are intelligent men, and who are con-
tinually in contact with malaria. On the whole, however, one
may agree with the general trend of Bignami's remarks in
this direction, but I cannot exactly perceive the grounds on
which he assnmes, as he seems to assume, that these views
are digtinet from Manson's, and hence worthy of such de-
tnﬂedlenminatinn. Manson has already suggested many of
them in the Goulstonian Lectures and in the Ei’irtrr:ﬂ.ﬂ; MEeDI-
CAL Joumwarn, December th, 1804, and would doubtless have
discussed them in greater detail if he had not thought them
to be rather self-evident. Given the broad epidemiological
facts of malaria, and granted that the mosquito is the carry-
ing agent, we are easily led to conjecture that it may also be
““E *‘Itre_mntl ve host, and that it may cause infection by means
of its bite or otherwise. The latter idea has probably oc-
curred to scores of people, 1 remember talking it over with

1

D, Manson two years ago, have thought much about it since,
and in August last, before seeing Dr. Bignami's paper, per-
formed several negative experiments with a view to produe-
iuﬁinfectiuu by mosguito inoculation.

ut what should be emphasised here is that such epidemio-
logical data are so uncertain that it is really quite impossible
to base upon them alone any substantial theory. Dr. Bignami
accuses Manson of expounding a theory of his own, and ai-
tempting to back it up with proofs, which are, however, mat-
ters of speculation more than of observation; and then pro-
ceeds to expound just the same theory, except that the most
convineing argument is omitted,

Fortunately the theory as developed by Mangon is founded
on something far more solid than such merely plausible con-
jectures as Bignami has to advance, It is Ioumfed on his in-
duction (for which we are indebted to him and to no one else)
that the process of exflagellation is a developmental one in-
tended by Nature to continue the life of the species within
gome suctorial animal. The epidemiological considerations
serve only to fortify the presumption that the snctorial animal
is the mosquito. And it is here, jost at the climax of the in-
duction, that Bignami falls away. He returns io the involu-
tion (degeneration) theory of Antolisei, Grassi, and Feletti,
and of himself and Bastianelli.

Of conrse, if this involution theory be the troe one, the evo-
lution theory of Manson falls to the ground. On the other
hand, if the evolution theory holds, the conseguences must
be far-reaching, because the paragites must evolve somewhere,
and in all probability must evolve within the mosguito.
Henee I gshould like to reopen the discussion here, especially
ag I think that I have some new facts to offer in respect to
the transformation of erescents—facts which I believe to be
subversive of Bignami's views.

EBefore considering such facts, however, we must remember
that the crescents (whiclh may be taken as typical of the
flagella-bearing forms) are much larﬁﬂ'. more permanent, and
perhaps altogether as numerous in their allotted period as the
#etivo-autumnal fever forms are in theirs. Hence any theory
which ventures to atigmat.ise them as being sterile, degenera-
tive, or useless, and the flagellate bodies as being mere agony
forms, must face the guestion as to how it is that Nature,
neually so purposeful, has in this respect proceeded so aim-
lesely. Is it likely that after ﬁmducing bodies so carefully
adapted in every d};l,ail to their habitat as the fever forms, she
ghould proceed to fill the blood with as many sterile bodies
which have no function to falfil in favour of their epecies ?
On the contrary, the position appears to be directly opposed
to the first teachings of the Darwinian system, which lay down
that useless forms are excluded by the evolution of the spe-
cies. Il the crescents serve no purpose, how comes it that
they exist ¥ Either the case must be an utmurqury exeep-
tion to a great general law, or, what is far more likely and
what g0 often happens with those who argue the inatility of
phenomena, the degenerationiste have failed to detect the

urpose served by the bodies referred to, and, in failing to
gatect it, have fallen back rather rashI§ on the supposition
that there is no object. Hence we are, I think, justified in
demanding at the onset very conclusive facts before accept-
ing a theory so much at variance with accredited views as to
the usual intentionality of Natare.!

The facts really given, however, are far from conclusive.
Bignami, in the critique referred to, does not even reply to
Manson's cogent reasoning against the degeneration theory ;
and he has not repeated my experiments with the mosquito.
He returns simply to the old arguments which have already
been traversed, partly at least, by Laveran, Danilewsky,
Mannaberg, Manson, and others. They are: :

ARGUMENTS FOR THE IxvonvrioN THEORY.

1. That the nuclei of crescents do not participate in the
development of the flagella, and that the latter contain no
chromatin. Manson admits that this will be fatal to his
theory, but cites Bacharofl (also a degenerationist) as giving
an opposite opinion. Mannaberg also appears to be in opposi-
tion : so that in view of such disagreement among those who
have specially studied the subject, as well as of the delicacy
of the necessary investigation, we can hardly venture to
accept the statement as being final ; while, on the other hand,
convictions forced upon us by other observations lead ua to
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doubt whether some mistake has not been made, and whether
- revised inquiry will not demonstrate the facts now denied by
ignami,

z. The fact that fagellate bodies are found only after the
blood has been drawn is looked upon as suggesting that they
are dying or *“‘agony " forms. But the same fact can be also
explained by Manson's theory on the ground that exflagella-
tion is the first step of the parasite outzide the hnman gbody
{(in the stomach of some suctorial animal), and therefore
necessarily oceurs only after the blood is drawn.

3. The frequent vacuolisation met with in crescents and
crescent-derived spheres is supposed to support the same
view as 2, but similarly ean also be shown to be consistent
with Manson's theory. By this the flagellate body is taken
to be an act of birth of the flagellated spores acoom panied by
the death of the residual mass of the parent =1 PAL-
turient dissolution, in short. Hence, in these r{*sidu&}mnssesr
as well as in those erescents and spheres which have failed to
give birth to their contained flagellated spores and which
must evidently die sooner or later, we must certainly expect
to find vacuoles as we find them in dying fever forms. The
flagellate body is a degenerative body to the extent that all of
it except the flagellated spores is dying : but this, while ox-
plaining the vacuolisation, does not admit that the flagella
necessarily participate in that death.

4. Similar cases of degeneration are quoted, and Dr, Bignami
does not hesitate to repeat the old comparison of the flagella
with ** the bacilliform filaments which in special conditions,
as, for instance, under the action of an elevated temperature,
originate from the red eorpuscles.” Even if there were any
real similarity, we must seriously object that such similarity
cannot prove identity. As a matter of fact, as Laveran and
Mannaberg have already shown so vigorously that one is sur-
prised at sceing this argument erop up again, there is no real
similarity. For example, even Thayer and Hewetson, who
reserve their opinion on the general question, say of the
flagella, ' Their appearance, their activity, the regularity of
outline, the shape of the flagella are very much against their
being compared to the sarcodie prolongations of degenerating
red corpuscles, which are certainly very dissimilar in appear-
ance.” For my own part, I feel compelled to say that when
we carefully observe the movements of free flagella, which
are as vivacious as trypanosomes, and more vivacious 'than
spirochztes, we must refuse to admit such a comparison for a
moment,

ARGUMENTS FOR THE EvorLuTion THEORY.

Buch are the arguments in faveur of the degeneration
theory : in my humble opinion the first only is of any value.
Keeping this argument in mind, however, we may now con-
sider the reasons against this hypothesis :

1. Both crescents and creecent-derived spheres undergo
another process of degeneration after death—a process un-
like flagellation, but similar to the degeneration of fever
forms, and seen best in sealed liguid specimens. Crescents
tend either to shrivel at the ends, leaving after a day or two
nothing but the central mass of pigment (and this without
true spherulisation or the escape of flagella): or become
vacuolated, the pigment often being somewhat distributed
and irequently taking on after twelve or more hours a rapid
Brownian (¥) movement, sometimes within the wacuoles
(sic). The crescent-derived spheres tend to swell up after
several hours like dead leucocytes, the pigment at first col-
lecting eccentrically and then often assuming a lively
Brownian movement. These, I submit, are the true degene-
ration forms of these parasites.

2. The flagella cannot be extruded sarcodic processes of
dying bioplasm, not only for the reasons given by Laveran
and Mannaberg, but because they may sometimes be seen
within the parent parasites. I observed lately a sphere in a
situation specially favourable to examination, within which
three active flageHa could with ease be detected, eoiling and
uncoiling themselves and tossing about individual pigment
granules, their movements persisting after those of two other
flagella, which had partially eseaped, had ceased. The
flagella referred to were clearly within the parasite and not
above or below it; and were of the same size and shape as
flagella seen in the usual positions. I have seen the same
thing on several previous o cazions.

3. Il exflagellation be a process of death, why, we may

ask, does it not oeeur among the fever forms ?  As it does not
do =0 we must assume, on tﬁia hypothesis, that the bioplasm
of these must be very different from that of _the flagella-
bearing bodies, which undergoes such extraordinary degene-
rative changes. Are we justified in believing that such a
marked difference in the bioplazm of various individuals of
the same species can exist ? .

4. But, perhaps, the strongest argument which may be
adduced against the involution hypothesis iz that the process
of transiormation of the crescents behaves under experi-
mental conditions like a process of evolution, and not like
oneof degeneration. If ()it be one of death and degeneration
we may reasonably expeet that it is due to some inherent
quality in the bioplasm of the crescents—a guality which
will produce the transformation referred to, either indepen-
d-;rmll;rrot*surmnndinga or, i anything, to a greater degree
under conditions which hasten the death of the parasites.
On the other hand, (8) if the process be one of life and evolu-
tion, it is likely to be encouraged by condition which exactly
suit that life and evolution. In other words, (&) to Eupport
the involution theory we have to show that the transforma-
tion always occurs in, at least, a certain percentage of dying
crescents, whatever the surrounding conditions, short of
actual chemical alteration of the blood, may be: and that it
is hastened by conditions which tend to kill the parasites.
But (4) to support the evolution theory we should show that,
unless a certain condition propitious to that evolution be
present it will not proceed at all, and that,’on the other hand,
if we supply the required condition we may encourage it as
much as we please. I venture to maintain that we can en-
tirely cheek, or produce as much as we please, the trans-
formation of crescents, and this simply by withholding or
supplying the condition necessary to it.

Experiments suited to this inquiry are somewhat difficult
to devise, because, if we use reagents to kill the crescents,
and if thereupon it be found that they do not become trans-
formed, it iz sure to be said by the involationists that the
phenomenon has been checked by some subtle alteration in
the bioplasm of the parasities induced by the reagent used ;
on the other hand, if the reagent hastens the transformation,
it will be said that it has killed the parasites without altering
the bioplasm, so that the result is only what was to be ex-
pected the involation theory ; and it will be very diffienlt
to controvert these statements. It will be seen presently,
however, that -reagents are unnecessary: and that we have
but to diseover the condition necessary to the transformation
in order to control it as we wish.

EXFERIMENT I.—The following experiment entirely checks the full
transformation of crescents. and appears to me to be equally damnpatory
of the degeneration hypothesis, A lump of vaseline free from air bobbles
is placed on the finger. and the skin iz pricked throwgh it (Plehn'a
methodr. A balloon of blood rises in the vaseline, which i8 then re-
moved, blood and all, to a glass slide, care being taken not 1o expose the
blood for one instant to the air, A cover-glass i8 mow laid on the
vageline, which is so flattened ont by pressure (eitler at onee or later) as
to produce sufficiently thin fields of vasel'ne-surrounded blood. 1f the
experiment be properly done, it will be found ihat hardly any of the

crescents have become spheres. even after twenty-iour hours, and that
none of them have become flagellate.

I have lately had the opportunity of reipmting this experiment fre-
quentlff with & case containiog swarms of crescents. In one specimen
alone 1 counted no lewer than seo crescents, keptfor four hours in vaseline,
without chancing wpon a single crescent-derived sphere : after this
number was counted it appeared unnecessary to count further. Occlus
sion in vaselive ¢learly checks the transformation practically altogether.
How explain the fact on the degemeration hypothesis? it cannot be
argued that the vaseline exerte on inhibitory chemical effect upon the
phenomenon, because if the blosd be exposed to the air even for half &
minute before ocelusion in vascline, the transformation does proceed
even in crescents Iying close to the grease; and again considering that
the blood is merely surrounded by the vaseline and not mixed with it, it
iz otherwise ¢llrﬁm={1&yunii}ml§' that this inert substance should have
such a remarkable an immediate effect on crescenta Iving in e contre
of the drop of Elood. Nor can it be argued that the absence of trans-
formation is due to the crescents remaining alive in the vaseline, because
a specimen may be kept for any length of time without showing true
spheruligation of the erescents, which, it is presumed, must die seoner or
later. Moreover after twelve hours or so thev exhibit the obvious signs
of death referred to above, They die. but they are not transformed.
Hence we may justly ask, How iz jI-t.. if the transformation be a process
of death, that it does not occur here. even thouph the parasites die 7 Wa
s-a:.i' that a certain phenomen is due to the death of an animal ; the
animals die in hundreds and do pot exhibit it; what are we to conclude #

(See also Experiment 1v.)

It is evident, on the contrary, that the transformation is
rather one of life and evolution, but that in the vaseline ex-
periment we have excluded some condition which is neces-
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sary to its ocenrrence. It remains to discover that condition.
The following experiments will, I think, show what it ia.
ExpEmIMENT 11.—The finger is pricked and the drop of blood allowed
to stand on the skin cxposed to the air for five seconds to {our minutes,
and is then taken up on a coverglass and laid on the glide in the ordinary
way. 1twill be found that the looger the blood has been exposed to the
air the greater, roughly, is the number of crescents which proceed to
gpherulisation. The experiments should, if possible. be done with blood
containipg numersus crescents, say one or (wo in every field. Examinge
tion of the specimen ahould at frst commence directly it is made, and an
agsistant should be ready to record cbservations as soon as taken. In &
imen made with thirty seconds’ exposure (that is, an Drl:lil!arg:‘-peci-
men) it will be found that about zo per cent. of the crescents "OTLE

gpheres. Thus in an experiment which I take at haphazard from those

made from the case referred to. which swarmed with parasites, I found,
after thirty seconds’ exposurs and during five minutes’ search, 158 para-
gites, of whieh 38, or =4 per cent., had become spherés in that time. In
such specimens it will generally be noted that it is the parasites lying
cloge to air bubbles which more commouly become sphiérés. An exposura
of even half & minute long will as & rule result in the transformation of
Many more crescents ; and with three to four minutes’ exposure we shall
find that about go per cent. of them have changed. Thus, in another
unselected experiment made with three and a-half minutes’ exposure
and examined for five minutes I found 268 parasites, of which a4z, OF go
per cent., had become spheres and 1 flagellate in that time. In another
made with three minutes” exposore and examined from fiftean to teenty
minutes after the finger was pricked 1 found s parasites, of which 65, or
&z per cent.. had become spheres; of these 81 parasites, so, OT zb par cent.,
were tingellate. i 1 3

The following observations should be recorded in this con-
pection, Making the specimen tends to check the trans-
formation except in the pr:l}mmltf of air bubbles. I have not
vet succeeded in converting all the crescents by any ex-
posure, Perfect spheres may be already found within one
minuote after pricking the finger. The above experiments
should be compared with Sacharoff's method of obtaining
fl.aéu:]I,ﬂt-\fﬂl_+ : x :

omparing these experiments with the vaseline experi-
ment we shall conjecture that exposure to the air is the con-
dition necessary to the transformation of crescents. This,
however, iz not the case,

ExpERIMENT II1.—A mosquito is allowed to suck the blood which is
remaoved from the insect from 2 guarter of an hour to one or more hours
alter it huflu to suck. Even after a quarter of an hour practically all the
crescents have become spheres. From filteen to thirty minates numerous
dagellates are often found. At one hour 6o per cent. of the spheres pre-
sent the appearance of a sphere after the flagella have eseaped. 1 have
£Eamined over o moaguitos, and find the rule that all crescents are con-
werted to be almost invariable. Of course If we examine the insect
to0 goon we shall find some crescents which have only just becn in-

gested.

Exreminest IV.—Leeches are applied, removed at various intervals,
and evacuated by means of salt rubbed into the mouth. The results are
the same as those observed in the mosquito, except, perhaps, that the
tranzformation is more tardy. Numerous flagellates may be found
occasionally.

Now what iz the condition necessary te the transformation ?
It cannot be a low temperature, as Sacharoff and Manson have
conjectured, beeause I found, working at Secunderabad at a
temperature nearly that of the blood, that the process went
on to the same degree at that temperature as in control speci-
mens kept on ice, and I have never noted temperature to have
any effect. It cannot be exposure to air, because blood in
leeches and mosquitos, where the transformaiion is most
complete, is no more exposed to air than in the vaseline ex-
periment, where it is entirely checked. It eannot be contact
with the stomach of these animals, because the change occurs
wearly as much in the exposure experiments, and because it
commences very rapidly, long before the blood can be acted
apon by digestive juices (if any), and, indeed, long before
lencocytes and even small ameboid bodies are at all
affected.

The condition must be abstraction of water from the gernm.
Thie is clearly abeent in the vaseline experiment ; while more
and more water is abstracted by evaporation the longer blood
is exposed to the air. Lastly, the mosquito and leech ab-
straction of water is very rapid (evidently in order to reduce
the bulk of the blood). ~Not only does the microscope give
evidence of this in the g\:eater huddling together of corpuscles
in blood taken from these animals, but the mosguito can
<asily be observed to void droplets of water every ten seconds
or 80 while she is sucking, while the profuse sweating of feed-
ing leeches is well known, Hence the view that the condi-
tion required iz found in the said abstraction of water is the
only one (which at least has occurred to me) that fits the

ts; and it fits them very accurately indeed.

ExrErimMenT V.—We may now makae n concluding erucial experiment
whicl clearly dl:uﬂqstrut.lju- the eflect of the necessary condition. and, at
the same time, strikiogly illustrates the liviog nasare of the plisuomenon.

A vaseline preparation is made as in Experiment I; after one or two
hours it is examined, and found to contain only crescents; itis then
opened, and the blood is removed Lo a clean slide. where it is exposed for
evaporation in the air for a minute or twa, and lastly covered with a fresh
cuver glags. In a few minutes the translormation begins. as in Experi-
ment I1. Numbers of the erescentls become spheres, and many of them
become flagellate. The crescents have remained alive in the vaseline for
the one or two lours, so that they are still capable of retaining their
function when taken out and brought into the preseoce of the n
condition. Aﬁ‘m' n similar vaseline preparntion is kept for twenty-four
hours, after which it also is opened.  Nooe of the crescents now become
:ﬁhcms: many of them have vacuoles and oscillating pigment; in fact,
ey are now dead, and no longer capable of undergoing transformation.
Ithink that the erescemts begin to die after an hour or so, but am not
iret in a position to state the usual time of death definitely. Inall vase-
ine experiments a few paragites are found, which have, soto 8 +
attempted to become spheres, and these ave readily taken up by p
ripm.-. but there is no true process ol spherulisation, Crescents showing
:&;rijlrallmg vacuoles, or the slightest oscillation of pigment, are guita
il

All these experiments should be made from a patient con-
taining numerous crescents, who has not been taking guinine.
The experiments should be repeated =o frequently as to assare
the observer that he has arrived at the real facts. He must,
of course, be able to distinguish true spheres from crescents
hanging end downward in deep blood, and from the spurious
¥hcrinal degenerative change of dead and shrivelled erescents,

he vaseline experiments uire very careful manipulation
to exclude air, the presence of air bubbles in the grease, and
even (I think) the existence of too thin a film of it between
the bload and the air being sufficient to allow a few crescents
to become spheres. The best results are obtained, I imagine,
by pressing[ out partially at onee by means of the cover slip,
whiech iz, of course, entirely impermeable to air; and Eerhagn
gome better medinm than vaseline may be found; but the
number of spheres seen even in carelessly made specimens is
g0 small as compared with that in exposed blood, that the
main principle in question can scarcely be denied,

It may now be asked, How and why does abstraction of
water from the serum affect the crescents? I suppose that
the slight alteration of density caused thereby is instantly
appreciated and taken by them as a Bi%MI- that they are now
in a proper position to ondergo farther development with
advantage. As to the why, we may remark that, at first at
all events, the only sudden alteration which occurs in blood
ingested by the mosquito is, so far as we can see, this same
alteration of densitg, It is 8o ragid and marked that in a field
of mosquito-drawn blood we find two or more corpuscles or
parasites to one which we shall find in a field of finger blood
made quickly into a specimen. In all other qualities the
ingested blood probably remaing at firet much the same as
when it wag in the capillaries; there is no exposure to air;
there is a certain amount of motion; the temperature must
fall very slowly at first; and there is not likely to be any
digestive action during the first few minutes after deglutition,
namely, those when the transformation occurs, and possibly
must ocear, to enable the flagellated spores to escape the
approaching viscidity induced by the extravasation of heemo-
globin, Hence it seems that alteration of density can be the
only alteration on which the crescents can rely in order to
know, so to speak, when the time has come for them to give
birth to their included epores. That it is the alteration on
which they actually do rely is evident; and our knowledge
of the exquisite arrangements which Nature is wont to make
for emergencies of the kind suggests that this is another
example to the same effect.

In view, however, of the fact that I have never been able by
any exposure to the air to convert all crescents into spheres
with the constancy found in the mosquito, I am inclined to
believe that in the latter there is some slight subsidiary con-
dition, perhaps some subtle coincidence of temperature,
which also affects the Ehenomemn. Flagellation also appears
to depend on some additional condition which I have not yet
been able to ascertain. because it occurs very markedly to a
different degree in different specimens, or even in different

rts of the same specimen. £till, abstraction of water is the

rat condition: and 1 feel justified in eaying that anyona
who econsiders the above experiments with due attention
must conclude that the mere fact that an extrinsie condition
g0 necegsary to the phenomenon exists at all negatives the
view that the phenomenon is due to any intrinsic change,
such az the degeneration theory assumes it to be. Maore than
this, the same fact seems to me strongly to enforce Manson's
thieory by reasons based on direct observation. We owe to
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him the view that the transformation of erescents is intended
for the propagation of the parasite within the mozquito ; and
later 1 was able to show that the same transformation does
actually ocenr within the mosquite, and occurs there toa
greater extent than in ordinary specimens. But the above
experiments appear to denlonqtrate, further, not only that
the transformation must be a vital phenomenon, and not one
of degeneration as some eay it is, but that the condition
which is absolutely necessary to its occurrence is just the one
which is most conspicuously found in the stomach of suctorial
animals (mosguitos and leeches).

I may algo mention here, as being opposed to the involu-
tion theory, the effect of guinine on the transformation of
creseents. Though I am unable to speak yet with any abeo-
lute certainty on the point, the effect appears to me to be one
of partial restraint both on the change of crescents into
gpheres and of spheres into flagellates (not one of complete
repression, as Mangon has through a misapprehension given
me as sa‘ymg}. Thus in a specimen taken from a cinchonised

atient fewer crescents will be transformed and fewer flagel-

ates found than in one taken from an untreated person, I
have often remarked this, but have not yet attempted a
quantitative examination of the guestion. The fact (if it be
one) will, as Mannaberg has already suggested, be strongly
opposed to _tha dpgene::atﬁmn hypothesis, according to which
cregeents killed by quinine should be the first to undergo
transformation. Direct treatment of crescents with reagents,
guch a8 water, quinine, and methyl blue, always appears to
check exflagellation, again contrary to the degeneration
hypothesia.

XPERIMEXT VI.—The last series of arpaments which may be directed
against the involution theory are those based on a careful study of the
appearance and movements of free flagellated spores, a subject which
may be treated at such length that}l am not Erepﬂ.red to enter upon it
here. Dr. Bignami describes Manson's remarks under this head as “'a
mera matter of impression,” and I think we shall be willing to let the
matter restat this for the present. It is our* impression ™ that the enid
movements are eminently indicative of independent life—the same sort
of impression which convinces us thata flying bird or a galloping horse
is a living animal and not a dead one. In favour of the degeneration
theory it 1s impossible to feel any impression whatever. That theory ap-
pears to have arisen irom an insuflicient scrutiny of the minutie of these
phenomena, and probably from the spectacie of those flagellate bodies
whose spores cannot free themeelves and therefore die in giln. Some of
my own experiences in repard to these poiots may, however. be brichy
recorded Liere, The movements of frée spores (which mas live for two
hours) are very similar to those of trypanosomes. All living free spores
geen by me have had a nearly uniform structure, namely, that of a central
enlargement, |-roml::1ls the spore. with & flagellom on either side, and I
opine that this central body will, with suitably staining, be demonstrated
to contain chromatin, The spores are capable of attaching themselves,
apparently by the extremity of the lagellum or by the body, and 1 have
on several occasions seen them attached to red corpuscles, and pullin
them along. The ordinary flagellaie body is generally such a confus
mass of waving flagella, that it is impossible to make out the structure of
the spores until they effect their escape. Much work in this connection,
however, remainsto ba done.

; 2 REMARES. %

It is interesting to note that Bignami has not succeeded
hitherto in finding the parasite in mosquitos—an expe-
rience which, so far as it relates to the post-flagella stages,
eoincides with mine up to the present. His argument, de-
livered with much confidence, that it is impossible for the
mosquito to convey the parasite out of the human blood,
gince in this case we should expect to find the disease com-
municated from an infected person to healthy individuals in
his neighbourhood, appears to me to be of little value,
because in the first place I doubt whether such cannot oeca-
sionally cccur—witness the first appearance of malaria in
the Mauritius in 1866 ; and, in the second place, it is poesible
that each species of parasite rquirea for its pmgsﬂil?ﬂ 8
npee:l_al species of mosquito, 8o that, if this be a vnt in a
locality, the gnraslte cannot exist there at all, and therefore
cannot gpread there, :

Bignami refuses to credit that a case of fever following
upon a “‘mosquito water” experiment was one of malaria.

scents were certainly not found after the fever; but this
was possibly because they were not carefully enough looked
for. I think that the case was one of slight malarial infec-
tion ; and it may be remarked that the natives of India appear
often to be comparatively immune to the effects of the para-
gite, as Thayer and Hewetson have remarked in the case of
the negro. Thus, I have lately treated several cases in which
the clinical symptoms gave no idea of the numbers of para-
sites found. arked rigor is, of course, frequently absent,

)

Binee this experiment 1 have had similar slight reactions in
z out of 21 experiments of the same kind; 3 more experi-
ments were performed as follows: Mr. Appia, assistant
surgeon of my hospital, volunteered to be bitten by numerous
mosquites fed on malarial blood. In August last he was
bitten on three oeceasions by altogether 36 mosquitos, most
of which had been fed on a case containing quartan, mild
tertian, and mstive-autumnal paraszites. Two other volun-
teers underwent similar experiments. All the results were
entirely negative. These 25 experiments are detailed in a

aper read in October before the South Indian Branch of the
E&ntiﬂh Medieal Association, in which I conclude that ne
definite inferences can be drawn from them. For various
reasons the similar experiments cited by Bignami appear to
be equally inconclusive. - )

Dr. Bignami quotes Calandruecio’s  results with the
mosquito as being opposed to mine, I have not had the
good fortune to read Calandruecio’s observations in this eon-
nection, but understand that he worked with fever forms,
which, of course, die in the mosquito. My work, on the
other hand, refers to the transformation of crescents, which
beyond all l.!]nuubt. orcenrs in the insect, though, owing to the
difficulty of the investigation, I am not in a position to state
whether or not the flagellated spores undergo further develop-
ment then.

NOTES BY THE AUTHOR.

I had just written and dispatehed the above when my atten-
tion was called to a letter Ebr Dr. Marshall, from Rio Tinto,
Epain, * in which he states that the addition of a small quan-
tity of water not only canses all crescents to become spheres,
but encourages extlagellation as well. This appears to be
diametrically opposed to my own conclusions ; and it became
neceszary therefore not only to repeat my experiments onece
more, in order to gee whether some error had not been made,
but alzo to ascertain the exact effect of the addition of water.
Being in charge of a patient whose blood was rich in crescents,
I have been able to effect the necessary observations in time
for the publication of this paper.

Repetition of my experiments given above yielded precisel
the same results; and a further experiment was devised,
whiech led still farther to the coneclusion that unless water ia
abstracted from the blood the crescents will not change. The
finger was pricked, and then guickly held over warm, not
hot, steam, and kept there for one minute. Elood will
evidentlg not evaporate so copiously under these conditions
as when it is exposed to comparatively dry air; and conse-
quently, by hypothegis fewer erescents will change. The ex-

riment is not 8o complete as the vaseline experiment and
18 ditlicult to do, not only because the hot blood cscaping
from high pressure in the capillaries has an immense ten-
dency to evaporation, which is but partially resisted by the in-
completely eaturated air over a steaming vessel, but becanse
the drying edge of the blood and air bubbles in the specimen
eause a rapid increase of density in their vicinity, which
affects the parasites there. Nevertheless, it was found that
in blood exposed for & minute over steam only about half as
many parasites change as in blood exposed for the same
period to dry air, and that those parasites which do change
are generally to be observed near air bubbles and the edge of
the specimen. Further, in experiments conducted in this
manner it was determined from the microscopical a%lpeamm:e-
of the blood that often a certain amount of water had been
added (from absorption of globules of steam). I am therefore
of opinion that if the blood density be kept at its normal
amount, or even i it be slightly lowered by admixture of very
gmall additions of water, transformation will be checked.

So far, then, the former conclusions were again justified ;
but it was now necessary to observe the eg‘ect. of larger
additions of water. Here I may say that I Elor one) was
already familiar with the fact that an excess of water causes
all crescents to swell up into spheres. 1 did not deal above
with the fact, becanse I held somewhat hastily that it was
due merely to absorpti~n of water by the parasite, and there-
fore looked upon it as an example of the effects of the re-
agents, which I was not considering. On second thoughts,
however, it became evident that the chanqe is not in this
ease due merely to *imbibition of water,” as Dr. Marshall
thinks, and, as I once thought, becanse the transformation
is here not a mere mechanical swelling up of the parasites,
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but & genuine transformation which may be complete in all
its stages. It is therefore necessary to admit, contradietory
as it may appear, that decreased density may provoke trans-
formation as well as increased density can; and it is equally
necessary to consider this new fact.

The following are the results obtained by me: A large drop
of water is placed on the finger, and the skin being pricked
throngh it, a small quantity of blood is mixed with the water.
The well-known effect follows, that the hmmoglobin is dis-
golved out, and the lencocytes are swelled into spheres. At
the same time the crescents have become spheres, almost
always without thick outline. The spheres are larger than
normal (7}, and the }figm&nt remains clustered in a mass
and soon takes on a Brownian movement. Many eviscerat
erescents are found (a form noticed, I think hr Canalig), in
which we may observe lying together the shell of the cor-
puscle and the outline of the crescent, with the pigment ex-
truded from it ina mass. At this stage transformation is
checked, pigment is rarely distributed, and exflagellation
does not occur. In short, excess of water accelerates the
first stage of transformation, but then kills the parasites.

Again, a small drop of water is placed on the skin and is
mixed with a larger quantity of blood. On examination it is
found that the hmmaﬁlobin is not dissolved out, but that the
corpuscles are swelled up so much as to prevent their form-
ing rouleanx. The crescents rapidly become spheres, and if
too much water has not been added some of them proceed to
exflagellation, about as many as become flagellate in blood
exposed for forty seconds or so. The stages of transformation
are precisely the same as usual, exflagellation oecurring
almost invariably at eleven, twelve, and thirteen minutes ;
and I think equally in parts removed from air bubbles as in
those near them. If, however, sufficient water has not been
added pumerous crescents still remain, and spheres and
flagellates are generally found only in parts in proximity to
air. We must conclude, then, that the addition of a certain

nantity of water (say per cent.) encourages transforma-
tion just as the abstraction of a certain amount of water does,
To sum up I reach the following conclusions :

1. Transformation does not proceed unless the normal

_ density of the blood be changed to a certain extent—that is,

either increased or decreased.

2. 1f the normal density be decreased too much, crescents
become gpheres, but are then killed.

The addition of water as practised by Dr, Marghall—namely
by mixing water into blood which has already been ex]mseci
to the air for a few seconds—gives rather dubious results.
In some crescents transformation appears to be started by
exposure to air, in some by the eflect of water, in others
(generally numerous) by the proximity of air bubbles ; while
many crescents—namely, those which happen to have come
in contact with excess of water—may be first transformed
and then killed. Judging from many such experiments,
however, I hold that change of density has the effect
merely of starting transformation, and does not much control
subsequent developments, except in the ease of excess of
water. 1 think, too, that transformation once started addi-
tion of a little water helps the next stages by increasing the
bulk of the blood, and so preventing undue pressure of the
cover glass on the parasites. :

Exposure to very hot steam kills the crescents. Normal
galt solution permits some crescents to proceed in develo
ment, but a stronger solution checks transformation. Hayem's
solution is quite inhibitory so far ag T have examined. Many
interesting experiments with reagents, such as solutions of
various salts, sogar, etc., may be tried. I have not had
leisure to attempt them. One interesting experiment in the
game line as the vaseline experiment may be suggested—
namely, to check transformation temporarily by means of a
salt or Hayem's solution, and then to endeavour to resusci-
tate the crescents by further dilution with water.

Wea have now to consider how the new fact bears npon my
An argument in favour of Manson's
theory was derived from the observation that increased
density, which is just the condition found in the mosquito’s
stomach, is also_the condition necessary to transformation ;
and it will now be said that the argument no longer holds,
because decreased density is also necessary, while decreased
density iz not found in the mosquito’s slomach. To this the
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| density.

anawer seems to be that the argument still remains scund,
becanse inereased denesity is the natural condition which pro-
vokes transformation, being that condition which obtaing in
the mosquito ; whereas the effect of decreased density is an
aceidental or artificial one, due to its producing some action
upon the crescents similar to that produced by increased
What is this action which is produced both by con-
densation and by attenuation of the medium? I think it is
an alterative action on the shell of the corpuseles containing
the parasite. If we ecarefully examine crescents becoming
spheres, we shall observe that the first step of the change con-
gists in an apparent thickening of the outline of the crescent.
This thick outline persists not only while the crescent be-
comes an oval, but for a minute or two after it has become
a complete sphere. Then, generally five minutes after the
blood was drawn, the thick outline is suddenly discharged,
and we find a sphere without any limiting line at all. The
thick outline is connected with the shell of the corpuscle
which contained the parasite, and its disappearance is duoe
to ite rupture by a slight but often distinct stretching move-
ment of the ltntasit,e—n fact which may repeatedly be observed
in exposed blood four to eight minutes after it was drawn (I
hope to describe the exact steps of exflagellation hereafter).
Now both increased and decreased density appear ‘o have an
alterative effcet on corpuscles; either, if carried far enough,
produce extravasation of hmmoglobin ; and I judge, in short,
that it is the beginning of this alterative effect which deter-
mines the commencement of transformation. But while con-
densation is the natural incentive to the change, attenuation
is accidentally capable, so to speak, of producing the same
effect by having or threateninlg a similar alterative action on
the shell of corpusele. For all we know, many reagents may
be found which will give the same result; though, however
numercus they may be, condensation will remain the natural
condition leading up to the phenomenon.

1 must here correct a misapprehension of Dr. Marshall's ;
he evidently thinks that transformation in the mosquito is
occasioned the addition of some fluid which has the same
result as the addition of water. * What bearing theze pheno-
mena (effects of water) may have on Dr. Manson’s theory,” he
writes, *1 cannot venture to say, but only express the
opinion that they are due to the imbibition of water by the
crescent, and that this may take place as well in the stomach
of the mosquito as in any other place where blood containing
crescents is mixed with a comparatively inert finid.” In the
stomach of the mosqguito there is no fluid mixed with the
blood, certainly not enough to cause transformation; water
is abetracted. :

I have forgotten to note that in making most of the above
experiments a fairly large drop of blood should be examined ;
that two or more exposure specimens should not be made
from the same drop of blood, and that the great effect of air
bubbles in promoting transformation should be always re-
membered.
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LocAl, DEATH-RATES.—AL the last meeting g e Hoyal
Statistical Bociety Mr, Thomas A. Welton ca : Mion to
some of the fallacies which vitiated thgae Cl
death-rates. In particular he pointed
charging all deaths in workhouses and lunjti
district in which the building happened
urged that the workhouse deaths ought to bigSiatriby
the asylum and hospital deaths shown separdtgy] TR}
ghowed ground for believing that in large towns, Where many
PErsons Were emflog_ed at the ages 15 to 335, whose parents
resided in rural districts, thege persons when taken geripusly
ill returned to their country homes and died there. He
pointed out also that the death-rate of watering places and
pleasure towns were made to appear too heavy because their
average population was based upon census returns taken at
a period ot the year when visitors to such places were fewest.
in number.

ANTiTOXIN 1§ Louisiana.—The Lounisiana State Board of
Health has announced that it will supply antitoxin free of +
charge to poor patients suffering frem diphtheria.







