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PREFACE.

A yawwvan on the diseases of warm climates, of
handy size, and yet giving adequate information, has
long been o want; for the exigencies of travel and
of tropical life are, as a rule, incompatible with
big volumes and large librarics.  This is the reason
for the present work.

While it is hoped that the book may prove of
practical service, it makes no pretension to bheing
anything more than an introduction to the important
department of medicine of which it treats ; in no
sense 1s 1t put forward as a complete treatise, or as
being in this respect comparable to the more elaborate
works by Davidson, Scheube, RRho, Laveran, Corre,
Roux, and other systematic writers in the same
field.

The author avails himself of this opportunity to
acknowledge the valuable assistance he has recetved,
in revising the text, from Dr. L. Westenra Sambon
and Mr. David Rees, M.R.C.P.; L.IR.C.P.; Superin-
tendent, London School of Tropical Medicine. He
would also acknowledge Ius great obligation to Mur.
Richard Muir, Pathological Laboratory, Edinburgh
University, for his care and skill in preparing the
tlustrations.
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INTRODUCTION.

THE _ETIOLOGY OF TROPICAL DISEASES.

Tie title which T have ¢lected to give to this work
TroricaL DiseaAsEes, is more convenient than accurate,
It by “tropical diseases” be meant discases peculiar
to, and confined to, the tropics, then half a dozen
pages might have sutficed for their description ; for,
at most, only two or three comparatively unimportant
diseases strictly deserve that title.  If, on the other
hand, the expression “tropical diseases 7 be held to
include all diseases occurring in the tropics, then the
work would require to cover alnost the entire range
of medicine ; for the diseases of temperate climates
are also, and in almost every instance, to he found in
tropical climates.

I employ the term “tropical “ in a meteorological
rather than in a geographical sense, meaning by it
sustained high atmospheric temperature ; and by the
term “tropical diseases,” I wish to indicate diseases
occurring only, or which from one circumstance or
another are specially prevalent, in warm climates.

It must not be inferred from this, however, that
high atmrospheric temperature is the sole and divect
cause of the bulk of tropical diseases. The physio-
logical machinery of the human body is so adjusted
that ¢reat variations of atmospheric temperature can
be supported by man with impumty. Indeed, although
temperature acts as an important pathogenie factor,
it is very rarvely that it does so directly.  Fxtreme
cold may cause frost-bite : exposure to the sun, sun
ervthema, sun headache, and sympromatic fever; a
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residence

hot atmosphere, hieat exhaustion ; prolonged rex
litions of

in hot moist climates vague, ill-defined conc
debility ; residence in a dry cool climate a confgrary
effect ; profuse sweating from heat of climate, p}*lckly
leat.  But none of these states can with justice be
regarded as disease.

This being so, it is natural to ask: In what
way do tropical influences affect disease, as they
undoubtedly do; and why should it be that some
diseases are peculiar to tropical climates, or are
specially prevalent in such climates?

Speaking generally, the natives of tropical coun-
tries are not injuriously affected by the meteorological
conditions of the climates they live in, any more than
are the inhabitants of more temperate climates ; their
physiological activities are attuned by custom and
habit to the conditions they were born into. The
European, it may be, on his first entering the tropics,
and until his machinery has adjusted itself to the
altered meteorological circumstances, is liable to slight
physiological irregularities, and this more especially if
he persist in the dietetic habits appropriate to his
native land. A predisposition to certain diseases,
and a tendency to degenerative changes, may be
brought about in this way; but acute disease, with
active tissue change, is not so caused. In the tropics,
as in tenqperate climates, in the European and in the
native alike, nearly all disease is of specific origin. It
1s in 1}]1911’ specific causes that the difference between
the d1sease.s: of. temperate climates and those of tropical
climates principally lies.

(1iS(é2£gSeI£rzgilan§phiilsd 'cileatﬁly shown that nearly all
it must’ be confgssed thalt? i(itg(; 8:}? g b‘y - —
these germs have been di%( vored o mAny l.nstances

5 scovered, in other instances
they are yet to find; nevertheless, their existence
in the latter may be? confidently postulated.

Germs are organised and living beings, and, like
all llx'lr}g thmgs,.demand certain physical conditions
for their well-being. One of these conditions is a
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certain temperature ; another 15 certain m dia 5 and
a third 1s certain opportunities.

In the majority of instances disease germs arc
lrue parasites, and therefore, to keep in existence as
spectes, require to pass from host to host.  If, during
this passage from host to host, the temperature of the
transmitting medium—hbe 1t air, water, or food—be
too hngh or too low for the special requirements of
the germ m question, that germ dies and ceases to be
mfective.  In this way may be explained the absence
from the tropics of a class of directly infectious dis-
eases represented by scarlet fever, and the absence
trom temperate chimates of a similar class of diseascs
represented by dengue. In the onc case, during
the short passage from one human being to another,
tropical temperature is fatal to the an-borne germ ;
in the other the lower temperature of higher latitudes
has the same effect.

In anotlier type of disease, of which tropical scaly
ringworm (Tineaimbricata)is an excellent example, the
germ vegetates on the surface of the body, and 1s thus
exposed to the vicissitudes of climate. One of the
requirements of the germ referred to is a high atmo-
spheric temperature and a certain degree of moisture.
(viven these it flourishes ; remove these and it dies
out, just as a palm tree or a bird of paradise would
die on being transferred to a cold climate.

Many diseases require for thenr transmission
from one 1ndividual to another the services of
a third and wholly different animal.  The pro-
pagation and continued existence of a disease of
this description will depend, therefore, on the pres
ence of the third anmmal. Tf the latter be a
tropical species, the disease for whose transmission
t 1s necessary must necessarily be confined to the
tropies.  The third or transmitting animal operates
in one of several ways. Thus in “fly discase,” the
protozoal orgamsm which is the dircct cause of the
discase 1s carried from one animal to another on
the mandibles of the tsetse fly.  Consequently, unless
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the passive role of the tsetse fly 1s illh‘llti“ll“.”.\'
imitated by man, the disease is not found Olltb:ldU
what is known as ¢ the fly belt,” the g«fogl'ibpll}("'d
hmits of whichh are very circumscribed, depel}dlllg,
among other things, on tropical conditions. Similarly,
althoush on a somewhat ditferent principle, the geo-
araphical range of malaria and of filariasis 1s deter-
mined by that of special species of mosquito which
Ineest and act as intermediate hosts to the respective
g("l'ms, and, so to speak, prepare them for entranee
into their lluman host. The distribution of a large
number of animal parasitic diseases depends in this
way on the distribution of the living inoculating
agency, as in “fly disease,” or of the intermediate
hosts, as in malaria and filariasis.  When this third
anhmal happens to be a tropical species, the disease
1t subtends, so to speak, 1, in natural conditions,
necessarily tropical also.

Certain diseases are common to man and the lower
animals. If these latter happen to be tropical species
the opportunities for man to contract the common
disease are most frequent, or are only found, in the
tropics.  Such, most probably, arec some of the
tropical ringworms.

Certain parasites are so organised that before re-
entering man they must pass a part of their lives as
free organisms in the outer world, where they require
a relatively high temperature for their development.
.\“Lwh parasites, therefqre, and the diseases they give
risc to, must necessarily be tropical or sub-tropical.
The vlylostonnme duodenale and
an instance in point.

There is a class of intoxication diseases which
depend' on toxins generated by germs whose habitat is
the soil, water, or other external media, and whose
germs dp not enter tl‘le human body as a necessaly
feature in their life-histories, although their toxins
may. The.yeast plant and its toxin, alcohol, and
the disease it causes, aleoholism, is the most familia:
example of this. Such, too, are ergotism, pellagra,

ankylostomiasis is
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and, perhaps, lathyrism.  The bertbert germ, its toxin
and beriberi, 1s probably another. These germs require
certain temperatures and certain niedia ; consequently
the diseases they produce have a corresponding geo-
graphical range. If one of these conditions he a
high temperature, the disease; as in the case of beri-
beri, 1s a tropical one.

Lastly, I can conceive, and believe, that there is
another and less directly-acting set of conditions
influeneing the distribution of discase, conditions
which as yet have been ignored by epidemiologists, but
which, it seems to me, must have an important hear-
ing on this subject. Discase germs, their transmitting
agencies, or their intermediate hosts, being living
organisms, are, during their cxtracorporeal phases,
nccessarily competing organisms, and therefore liable
to be preyed upon, or otherwise crushed out, by other
orcanisms in the struggle for existence.  The malara
parasite 1s absent in many places in which, appar-
ently, all the conditions favourable for its existence
are to be found in perfection.  Why is it not found
there, seeing that it must certainly have been fre-
quently introduced ! I would suggest that in some
instances this, and other disease germs; or the organ-
isms subtending them, are kept under by natural
cnemies which prey on them, just as fishes prey on
and keep down water-haunting insects, or as mice do
humble-bees.  The geographical range of such disease
germs, therefore, will depend, not only on the pre-
sence of favourable conditions but, also, on the absence
of unfavourable ones.  Herein lies a vast field for
study, and one which, as yet, has not been touched
on by epidemiologists.

In these and sinular ways the peculiar distri-
bution of tropical discases is regulated. The move
we learn about these diseases the less important in
its bearing on their geographical distribution, and
as a dircct pathogenic agency, becomes the ro/e of
temperature per se, and the more the influence of the
tropical fauna.
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1t is evident from what has been advanced that the
~tudent of medicine must he a naturalist betore he can
hope to become a scientitic (\pid'v‘llliolt’.‘-"i*t‘;‘01' path{)]-‘
ogist, or a capable practitioner. 'he necessity for this
in all departments of medicine 1s yearly becoming more
apparent, but especially so in that sectl?n- of medicine
which relates to tropical discase. This is further
accentuated if we reflect that, although we do know
sometliing about a few of the tropical diseases and
their germs, there must be many more tropical diseases
and tropical disease germs about which we know
absolutely nothing. Who can doubt that just as the
fauna and flora of the tropical world are infinitely
richer in species than those of colder climates, so
there is a corresponding distribution in the wealth
and poverty of pathogenic organisms ; and that many,
if not most, of the tropical diseases have yet to
be differentiated ? Opportunities and appliances for
original pathological study are, from circumstances,
too often wanting to the tropical practitioner ; but,
in this matter of the ztiology of disease, lie certainly
enjoys opportunities for original research and dis-
covery far superior in novelty and interest to those
at the command of his fellow inquirer in the well-
worked field of European and American research.

In the following pages I have included certain
cosmopolitan diseases, such as leprosy and plague,
discases which, properly speaking, do not depend in
any very special way, or necessarily, on climatic con-
ditions.  They have been practically ousted from
Europe and the temperate parts of America by the
spread of civilisation, and the improved hygiene that
has followed in its train; and are now virtually
(:Ollhll@(,‘l to tropical and Sllb-tropical countries, where
they still ~urvive under those backward social and
sanitary conditiu_ns which are necessary for their
§ucc“/exsful propagzation, and which are more oy less an
mdirect outcome of tropical climate.
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SECTION L—-FEVIERS

CHAPTER 1.

MALARIA,

Definition.—A protozoal parasite helonging to the
Class Sporozow, Ovder Hemamabida, \\hoso definitive
liost is the mosquito, and whose intermediate host is
man and, possibly, other vertebrates. In man it in-
habits tle red blood corpuscles, giving rise to fever
usually of a periodic chalacter, anwemia, enlarge-
ment of the spleen, and the deposit of a black pig-
ment in the viscera and elsewhere.  Certain of its
phases are amenable to quinine.

MORPITOLOGY AND LIFE-HISTORY OF THI MALARTA
PARASITE.

Its tmportance.—This organism is by far the most
important discase agency in tropical pathology. Not
only does it give rise to grave and sometimes fatal
fevers, but, in consequence of its prevalence, of its
aniviniating and  debilitating influences, and of its
tendency to cause congestion of thie abdominal viscera,
it undermines the health of millions ; predisposing
them to other diseases which it complicates and
aggravates ; impairing their powers of resistance and
vepair ; and otherwise unfitting them for the active
business and enjoyment of life.  Dirvectly and in-
directly it is the principal cause of morbidity and
death in the tropics and sub-tropics.

The DPlasmodivm malarice the cause of wdarial
disease.—1t is now certain that the presence and

B
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proliferation in the blood of this parasite, (llﬂt‘?:‘ lt(h((l“
by Laveran in 1880 and conveniently knm\'n.‘t i
Llasmodiiwn  malarie®; 18 the cause Of_ Wh(_‘" e‘ ”
formerly, and is still, known as ¢ malarial (1_15109:11'is
The following arc the principal reasons for
belief:— . . '

1. The occurrence of the plasmodium 1m the
blood is practically always, sooner or later, assomated
with the clinical phenoniena of malarial infection.

2. Malarial fever throughout, or at one tnce or
another during its course, is invariably associated
with the presence of this parasite in the blood. .

3. The phases of malarial fevers bear a definite
relation to the phases of the life-cycle of the parasite.

4. Those absolutely characteristic feat}lres of
malarial disease—melanaemia and malarial pigmenta-
tion of viscera—are fully accounted for by the
melanin-forming property of the plasmodium.

5. Intravenous injection of blood from a case of
malarial infection—that is, of blood containing the
plasmodium —is generally, after an incubation period
of eight to twelve days, followed by an attack of
malarial fever, and by the appearance of the plas-
modium in the blood of the person injected. .

6. The administration of quinine, which brings
about the cessation of the clinical symptoms of acute
malarial infection, rapidly causes most phases of the
plasmodium to disappear from the blood.

¢ If, after they have imbibed malarial bloqd,
certain spccies of mosquitoes be dissected at serial
intervals, the evolution of the malaria parasite can be
followed in their tissues until, finally, the germs of
the parasite can be tracked into the cells and secre-
tion of the veneno-salivary glands of the insect.

The nedaria parasite is not a0 plasmodiuin in the zoological
meaning of the word.  To this extent the introduection of the
name Plasuodium malario is to be regretted.  However, of the
many names given to the org:

anisin this is the one most usu
employed ; and as itis now in sueh

wivisable to adopt
scientifie <ense,

ally
general use, Thuve thought jt
it, notwithstauding its innecuracy in »
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R, If after a week, or thereby, a similurly-fed
mosquito bite a hitherto uninfected man, m many
instances, after a few days, that man will exhibit
the clinmcal phenomena of malarial infection and the
charvacteristic parasite in his blood,

The proot of the causal relationship ot the para-
site to the discase may now, therefore, be said to he
complete.

Necessity Jor a practical fpowledye of the plas-
modiine-—For the tull understanding of the wtiology
and pathology of malaria, apart from the very prac-
tical consideration of diagnosis, it is evidently of the
first importance that the student should be thoroughly
familiar with the lifc-history of the plasmodium, and
with the various appearancesit assumes in the human
blood. To enable him to acquire this knowledge it
1s absolutely necessary that he should acquaint him-
self with, and practise himself in, the art of demon-
strating the parasite.

MORPHOLOGY AND IIISTOLOGY OF PLASMODIUM
MALARLE.

Its zoological affiiilics.—Zoologically, the plas-
modium bhelongs to the Sporozon. 1t is closely allied
to the Coccidia® but as it has many pecubiar
features it has been placed along with similar para-
sites of the lower animals in a special order variously
named Hemamebida, Homosporiding ote.  Like the
(‘oceidia, for part of its life it is an intracellular
parasite, its special habitat, so far as man is concerned,
being the red blood corpuscles.  Many of the other
vertebrata are affected by similar, though specifically
distinct, parasites ; that of man, o far as known, is
special to himself.

¥ Recent observaticns, particularly those of R. Pfeiffer and of
Simond (Ann, de U'Inst. Postour, July 27, 1897}, by showing
that many coccidia possess a double life-cycle—one adapted for
the multiplication of the parasite in the original Lost (endogenous),
and one adapted for it transmission to fresh hosts (exogenous)—
have thoroughly extablished the close relationship, previously
nmerely conjectured, of the plasmodium to this ovder of Sporozoa.
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Endocorpusenlar parasites of lower animals.—The best known
of the endocorpuseular parasites of the lower animals are Jirep-
anidium, Pirosoma, Protcosoma and Halteridium.  From the
study of these muech hight has been thrown on the morphology
and life-listory of the malaria parasites; the practitioner 1s
therefore ~trongly recommended to avail himself of the abundant
opportunitics he is sure to cnjoy in the tropics to study the
blood parasites named and athied organisms.

Drepanidium (Fig. 1), a blood parasite of frogs (Ran« esculenta),
occurs in two forms—an irregularly-shaped endocorpuscular body
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Fig l.—Drepanidium ranarum. (After Celli.)
«, Intracorpuscular form ; b, ¢, d, frec motile forms,

and an endocorpuscular passive vermicule, whicl may becomc free
and actively motile, Ncither form is pigimented,

Pirosoma bigeminum (Fig. 2) is the parasitic cause of Texas
cattle fever, a very fatal disease of bovines, characterised by
haanoglobinuria. It occurs in the warmer parts of the world
and has been specially studied in Texas, Italy, Rouinania, South
Africa, and Australia. The parasite, which is non-pigmented,
1s foumd in the rcd blood corpuscles as a minute ovoid hody
usually sharply pointed at one cnd. It often occurs in pairs,
sugeesting that 1t multiplies by binary division. As demon-
strated by Smith and Kilborue, pirosoma 18 transferred from host
to host by the cattle tick (Boophilus borvis). In feeding, the
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Fig. 2.—Pirosoma higeminwmn.  (After Celli)

tick swallows the parasite, which then, in some unknown way, in.
fects the eggs of the insect.  When the young ticks hatched out
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from the infectl eggs proceed to feed on a healthy bovine they
introduee the parasite and so communicate the discase,
Lroteosonue and L padvinne (Fig. S are endocorpuscular paoa-
stbes of birds, wlhich, in their morphology and life-history, closcly
resemble the malaria parasites of man. Both are pigmente.d, both
multiply in the vertebrate host by the fornvtion of muled spores.
hoth form flagellates, and probably hotli have an extracorporeal
plase in inseets  proteosoma in culex and halteridinim in some as

.
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Fiz. 3. —1alteridiunm,  (LAfter Cellil)
w, by ¢, Evolution of maer wnnete s ¢, feetilisation by wicrogamete; d, o, f, evo-
lution of microzmete (p. 27).

yet unknown species. Proteosoma is most conveniently studied in
sparrows and finelies, halteridiwun in pigeons and doves.  The pad
of the terminal phalaux of the bird's toe is eleaned with spirit,
dried, and deeply pricked with a needle ; a droplet of blood is then
expressed and mownted in the usual ways.  The matwre forms of
thie two parasites ave readily distinguished,  In proteosoma, the
patasite as it grows pushes the nuelens towards one pole of the
long diameter of the corpuscle, at the sune time tilting the nucleus
over so as to cause it to lie obliquely ; halteriliwim does not dis-
place the nuclens, but spreads along one side of the corpuscle
covering slightly and expanding over bhoth c¢nds of the nueleus.
Flagellation readily and rapidly occurs in ordinary wet prepara-
tions ; according to Koeh it is best observed in a hanging drop
prepared by mixing a trace of the infected bird's blood with hird’s
blood seruum and physiological salt solution.  Halteridivm infec-
tion, which apparcutly is not pathogenctie, persists for many
months 3 proteosoma infeetion is more evaneseent and is often
assoctated with dangerous fever,  Halteridiwm is not readily, it at
all, communicable by inoculation of blood ; proteosoma, on the
contrary, may be so communieated.
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Of the human plasmodia there are several \:;u'.iv—
tics, possibly species. The distinctive characteristics
of each of these will be detailed farther on. 'The
following brief description is confined to what may
he regarded as the generic features common to all.

Its three phases.—The plasmodium, like all true
parasites, must be adapted not only for a life inside
1ts hosts but also, in order that its continuance as a
species may be assured, for a passage from one host
to another. Consequently, as regards man, it exhibits
two distinet phases—an intracorporeal and an extra-
corporeal ; clinical observation makes it certain that
there is yet another—a latent phase.

Intracorporeal or huiman cycle.

Each variety or species of plasmodium has its
special and more or less definite intracorporeal life-
span of twenty-four hours, of forty-eight hours, or of
sevelty-two hours.

Ou examining malarial blood towards the end of
one of these cycles, an hour or two before the occur-
rence of one of the paroxysms of the characteristic
periodic fever it induces, the parasite may be recog-
nised as a pale, somewhat ill-defined disc of proto-
plasin occupying a larger or smaller area within a
proportion of the red blood corpuscles (Iig. 4, a).
Scattered through this pale body are a number of
particles of intensely black or reddishi-black pigment
—melanin.

By repeating his examinations and making them
at short serial intervals, the observer is enabled
to ascertain that certain changes systematically occur
in this disc of pigmented protoplasm. He will find
that after a time the scattered pigment particles
collect into little groups, sometimes into radiatine
lines. These pigment groups subsequently concentrato
into one or two larger and more or less centrgl
blocks, around which the pale protoplasm of the
plasmodium arranges itself in minute segments whicl,
finally acquire a globular form and appear as well-
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(‘lvfinwl spherules — spores (i, 4, 5, ¢, d). The
cluding blood corpusele then breaks down and the
spores, none of which contain piginent, fall apart
and, along with the clump or clumps of melanin,
b%ome free in fhe liquor sanguinis (Fig. 4, »).  The
phagocytes now quickly absorh the melanin and
many of the spores. A proportion of the latter,
escaping the phagoeytes, attach themselves to other

oo L—Evolulion of the benign tertian porasite ) nnstained. (Coopiled
trom Thayer and Hewetson!)

blood corpuscles which, in some unknown way, they
contrive to enter (Hig. 4,_/‘ ). Tu the interior of these
newly infected corpuscles the young parasites exhibit
active amwhoid movement, shooting out and retract-
ing long pseudopodia, and growing at the cxpense
of the hwmwoglobin (Fig. 4, ¢). This substance they
assimilate, converting it into the pale protoplasmic
material constituting the mass of the parasite, and
into the melanin particles (Fig. 1, 7, 7). As the
parasite  becomes larger its ameboid movenments
aradually slow down until all motion finally ceases ;
just before sporulation and completion of the cyele
(Fig. 4, /), bevond slight translation movement of
the pigment particles, the plasmodium is passive.
Strweture  of the  parasites.—Dy  staining  with
methylene blue, the plasmodial spore (Fig. 5, 5, ¢
/)y is found to consist of a minute, deeply tinted
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nacleolus surrounded by an unstained (in its early
stage not very apparent) vesicular nucleus, and this
again by a somewhat lightly tinted covering of proto-
plasm.  After the spore has entered a blood cor-
puscle (Fig. 5, ¢), staining shows that the vesicular
nucleus has become larger and more distinet, that the
protoplasm has increased in bulk, and that the deeply
stained nucleus, which is sometimes double, has come
to lie eccentrically in the nucleus. On account of
the relatively large size of the unstained nucleus, the
eccentric position of the deeply stained neucleolus,
and the narrow rim of stained protoplasm, the

A .57 -
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TFig. 5.—Evohution of the benign tertian parasite ; stained with niethylence
bluc.  (Compiled from Mannaberq.)

younger parasites look like so many minute blue
signet-rings stuck on to the blood corpuscles. As the
parasite grows and approaches maturity the nucleolus
g}sp.erses azl'cl Ehe vesicular nucleus becomes less
istinct (Eig 9y o & o) finally, just before
sporulation, both nucleus and nucleolus cease to be
distinguishable (Fig. 9, Jy ). Apparently at this
stage these elements; in some undetermined wav

e X u’
l')eccu'ne fragmented and  diffused throughout the
protoplasm.  Later the nuclear ¢lements reappear as
numerous, nnnute, scattered nucleohi ; and it s
around these that the protoplasm of the segment-
o . 3 A %) il 1 8
mg  parasite arranges itself to form the spores
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(Iig. 5, b, ¢).  The vesicalar nueleus does not usnally
appenr in the spores until after thev become free
m the Hquor sanguinis (Uig. 5, d).

The melanin particles. so characteristic of the
walaria germ, occur cither m dustlike specks, In
coarse grains, in short rods; or aggregated mto dense
clomps.  Until the concentration of pigment which
precedes sporulation takes plice the particles are
scattered, being located principally in what, were
we to regard the plasmodium as an amaba, might
be described as the ectosarc. Apparently so long
as the nucleus remains entire the pigment is periph-
eral ; when segmentation occurs in the nucleus the
pigment becomes central.

Such is a brief account of the structure and life-
cycle of one phase of the plasmodium. From it we
may understand how the parasite maimtains itsclf
and multiplies iuside the human body. It does not
explain, however, the two other important features
in the life of the plasmodium, which analogy and
observation clearly indicate —namely, its latency in,
and its life outside, the human body.

Latent phase.—It 1s a well estabhshed fact
that, concurrently with the subsidence of acute
clinical symptoms, the plasmodium may disappear
from the general circulation and pass into a latent
condition. This it does either spontaneously, or as a
result of the administration of quinine. As to the
organ or tissue it selects, or as to its appearance and
structure during this stage of latency, or as to the
exact conditions which causce 1t once more to resune
active, propagating, circulating life, nothing 1s posi-
tively known. This much, however, we do know—
naLmé]y, that physiological strain ov vital depres-
sion in the host tends to bring about conditions which
break up, and that quinine and vital vigour tend to
hring about conditions which favour, lateney.

In a paper read before the Berlin Medical
Society, May 31, 1898, and translated in the Jowral
of Tropical  Medicine  (October,  December, 1899,
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and JLaoary, 1900). A0 Plehn suggested the idea
that the minute colonrable specks (Fig. 6) which are
detectable in a proportion of the blood corpuscles in
certain individuals, and which are faimthar enough to
evervone accustomed to working with stained speei-
‘ mens of malarial blood, and, possibly, of
%% non-malarial  Dblood, are really the latent
weed phase of the parasite.  Plehn states that
VT West Africa a condition of anemia, cor-
g responding in character to that of malaria,
primitive — often develops in the European soon after

}:‘l“'l“’)‘l' his arrival in the country and before the

psele.ordinary malaria parasite  appears in his
blood, and before he has had any attack
of fever.  In such these specked  corpuscles  are

to be found. Plehn calls then ¢“karyochromato-
phile granules™ or; in allusion to their supposed funec-
tion, “primitive bodies.”  He believes they multiply
in the blood, destroying and infecting the corpuscles
indefinitely until certain conditions (those that provoke
malarial fever) occur, when they develop into the
amwboid phase of the malaria parasite.  After the
subsidence of the fever and disappearance of the fever
phase of the parasite, the “primitive bodies ” coun-
tinue in the blood as the latent phase of the parasite,
and, according to Plehn, form o valuable test of the
presence of latent malavial infection.  The subject is a
promising one and is well worth further study.

Extracorporeal or mesquito eycle.

As 1t is unreasonable to suppose that an organismn
which propagates so actively in the human body has
no opportunity, either by passing from one host to
wother or in other ways, of continuing its speeies,
we are forced to conclude that some provision must
exist in the economy of the parasitc that enables it
to leave and enter successive hosts. Tle problems
snegested by this  consideration are: Tirst, how
does the malaria parasite leave the lLuman body ;

second, what is its life when temporarily outside the
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human hody 5 and, third, low docs the parasite
coter the human body

— The flugellated hody.—When fresh malarial blood
15 examined some time after it has been mounted
1t 15 1o unusual thing to sce what is known as the
“llagellated body 7 # (Fig. 7). Varieties of this body

X 1000 DM R# Muir

Fie. 7. Mulivia parasite : flagellated hody 3 staiued,

are found in all forms of plasmodial infection, both in
the corresponding parasites of the lower warm-blooded
animals as well as in the forms special to man.
It is a strange-looking, octopuslike creature with
long, actively-moving arms.  Though composed of the
same materials—muamely, colourless protoplasm and
dark melanin granules —it differs in many respects
from the ordinary parasite, more cspecially in the fact
that it is not mtracorpuscular.  The long, whip-like
arms, numbering from one to six, or even nore, are
usually - desigunted fagella. They are exceedingly

The expressions © flagellated body  and * tlagellum,  ap-
plicd  to thix phase of the malaria parasite, are somewhat

misleading.  The flagella of  the malaria  parasite are in no
sense analogous to the tlagella of the tlagellata.



12 RIEVFVIEN

delicate and phant filaments, ditticult to sce not only
on account of their delicacy but also on account of
the rapidity of their movements, Sowmetines bulbous
at the free extvawmity, soimetimes presenting one or
more swellings n their continuity, the flagella are
three or four tines as long as a blood corpuscle is

X (900 DM,
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Fiao s Malaria paisite : flagellated hody and free switnming tlagelluni,

broad. At first they are attached to the periphery of
the pigimented central, more or less spherical, body
whicli is about half the diamcter of a red Llood
corpuscle.  The movements of the flagella are so
vigorous that they double up and distort temporarily
those corpuscles with which they chance to come in
contact. Occasionally it may he observed that one
or move of the fligella hreak away from the central
sphere and swim free in the bloo 1 (Fig. %), remaining
active for a considerable time —several lhours perha];s
—before finally vanishing. When swimining free in
the plasma, and also while still attached to the sphere,
the flagellum indulges in three kinds of movements :
—(«) an undulatory movement, evidently intended
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for locomotion ; (4) a vibratory movewent, apparently
provoked by eontact with a resisting hody, as a
hlood corpuscles in such circumstances the little
ilamient s <ometimes seen to straighten itself out
and shiver like a slender rod when struck on the
ground : () a coiling up movement, usually seen just
lwfurv the agellam hm.l]\ ceases to move.

Careful observation shows that the tflagellated
bodies are e veloped from two forms of tlw mntra-
corpuscular parasite — namely, in certain tyvpes of
malarial infection from what is known as the “cres-
cent body 7 in other types from certain larce intra-
corpuscular plasmodia closely resembling the mature
parasite (Fig. 4, /) just prior to concentration of pig-
ment and sporulation. It is of importance to hear
in mind that they are never scen m newly drawn
blood, and that they come into view only after the
slide has been mounted for some time—ten to thirty
minutes, or even longer, according to circumstances.

The crescet body.—The shape, size, and strueture
of the crescent body can best e comprehended from
the illustration (kig. 9). The principal features to
be noted are its very definite mathematical shape :
the probable existence of a delicate limiting mem-
brane: the presence of needle-shaped melanin particles
usuallv about the centre of the parasite, though
sonmetimes nearer one end ; and a peculiar bow-hke
and exceedingly delicate lIime that, springing from
a point somewhat inside the rvounded-oft tips of
the horms of the crescent, bridges 1ts concavity
Manitestly this bow represents the outline of the
remains of the blood corpuscle in which the parasite
had developed.  In many instances, especially in
stained specimens, the continuation of the red blood
un]nusdv can be distinetly traced around the con-
vexity of the crescent.  This cireumstance —together
with the fact that the material included 1 wot ho how
and also oceasionally seen as a delicate, sometimes
slichtly ]I(”'((] rim around the convexity of the
crescent, gives the staining reactions of hemoglobin—
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proves that this form of the malaria pavasite, like
the ordinary amaboid bodies already described, is
also intr;mn'i)uscular. Shght differences, particulavly
as recnds the sharpness or obtuseness of the lorns,
occur ;. but, on the whole, the ereseents are very
untform i appearance  Very rarely twin or double
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Fiz,o . —Malaria pavasite ; the creseent hody ;) stained, (% 1060.)

crescents——that is, two crescents in one corpuscle—
are encountered (Fig. 10).

Three types of crescent occur ; one in which the
pigment is scattered throughout the parasite, one in
which the pigment is concentrated, and one in which
the protoplasm shows vacuolation and other signs of
degeneration. The first, it is believed, ard young and
immature, the second mature, and the third effete
pavasites. In the first, the pigment rods sometimes
exhibit shght translation as well as vibratory move-
ments ; in the two latter the pigment is absolutely
quiescent. The first, or younger type of crescent,
stains uniformly : but in the second type the staining,



Parasirr  Twur CrrscexT FBopy. 15
in many instanees, 13 markedly bipolar, a clear, un-
stamed aren oceupying the middle of cach horn,
whilst a zone of stained protoplasm occupies the
periphery, and a hridge of stained material divides the
two horns at the centre of the p—
creseent, By dissolving  the 77 A
mclanin particles at the centre %}; ) § '
of the creseent with weak solu-
tlon of ammonia, and  subsce-
quently  staining, a  double
nucleolus  can  sometimes  he
demonstrated just at the central
bridee or, in other words, at
the point of junction of the two
clenients ot which the crescent
appears to be formed. On ac-
count of these evidences of a
double structure Mannaberg
regards the crescent as a syzy- , ,
: : Tiy. 10.—Malaria pavasite:
gium ; that is to say, as the " " crescents.
result of the conjugation of two
amaboid forms in a doubly infected corpuscle, a
circumstance which he considers gives a special
direction to development and, as in other protozoa,
ix usually followed by encystment (Fig. 11). Bas-
tianelli affirms that some of the differences in the
staining veactions of the crescents depend on their
respective sexual characters, to be ) -
alluded to presently. He says that \f ™, £

k) &
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the protoplasm of the male crescent é\g:} 5 %‘

stains more deeply, and that the ™7 -
nucleus is larger and carries more  inent of the cres-
chromatin than in the case of the Acﬁfl:,t//11:(,I;,E»},il,,()"l”//”
female crescent. The more imma- ‘

ture forms of the crescent arve said to begin to be
recognizable in the spleen and bone marrow about
the fourth day after a malarial attack commences.
At first, according to Bastianelli and Biguami, they
.o minute, highly refringent ameboid hodies.  They
Jre rarely encountered in peripheral blood @ there the
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crescent body does not begin to show itself till it
approaches maturity, about a week after the first
crop of ameboid parasites associated with the fever
paroxysm has appeared.

Lormation of the dagellated body.— Although there
way be some doubt about its mode of origin, it can be
' said with confidence that the
destiny  of the crescent has
been determined.  This destiny
1s the formation of the flagel-
lated body and certain spheres
belonging to the special type
of plasmodial infection in which
the crescent occurs (Fig. 12, b).
Ordinarily, if a number of cres-
cent hodies ard kept for a time
under obscrvation on the micro-
scope slide, a certain proportion
of them will be secn, slowly, or
more rapidly, to undergo change
of shape, grad%(]])}_,bocoming
converted into §Gtat” crescents,
then into oval bodies and then
mto spheres (Fig. 12, 0, ¢),
whilst the remains of the en-
closing blood corpuscle fall to
picces or ‘melt away. The re-
mams of the blood corpuscle
are often seen as a  small,
Fir. 12 -Malvin pasite: glightly  heemoglobin  tinted

evolution of the flacellnted . . o
Loy fromn the eve-eent.  Sphere lying in contact with or
near the parasite. The spheres
so formed are of two types, some having hyaline, others
having cranular, protoplasm. At first the pigment
particles, in the crescent, in the oval body, and
in the sph()re,/;gl‘e _mot/iop]‘ess,l,‘z‘;nd central—more
rarely eccentric. By and by, in‘many of the spheres
these particles tend to arrange themselves as a ring,
lving in contact with the inner surface of what may
be a very fine, invisible membrane, and occupying
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| . . .
e cantal thivd of  the sphere and forming, as it

Woeresacsmaldl eentral sphere within the larger sphere
-\flv‘r oo time an the hvaline spheres the pigment.
Pirtides begin - - at first slowly and intermittently,
aftersands ore encrgetically—to dance about.  \s
the movenent of the pigment mereases in rapidity
mn.] cnergy the entire sphere seems to partake in the
agitation- to quiver, to change form, and to e
Jerked about as by some unseen foree  The pigment
particles may now  hecome  diffused  through  the
general mass of the sphere (Fig, 12, ), or they may
not.  Whether this does or does not happen, the
agitation of the sphere now becoming intense, one or
more flagella are suddenly shot out from its periphery
&L[l);l at once begin to indulge in characteristic waving,
lashing movements (Fig. 12, £)*  The granular spheres
do not project flagella.

In stained preparations it can bhe shown that the
process of extlagellation is preceded by fragmenta-
tion of the nucleus, the chromasomes proceeding to
the periphery of the sphere and each becoming sur-
rounded by a portion of protoplasm. The tlagellumn
s composed of these two elements drawn out into a
thread—a chromatin filament enclosed in a covering
of protoplasm. In the granular spheres the minute
nucleus remains central surrounded by its circle of
pigment rods.

The Hagella, it they do not succeed in hreaking
away as already described; may continue to move for
an hour, or even longer — that is af the flagellated
body is not engulted by a phagocyte, an oceurrence
very frequently witnessed.  Finally, they slow down,
cease to move, curl up perhaps; and then gradually

“fade from view.  Should the flagella succeed in break-

ing away, the remains of‘tlu' H;\gv.]l:ltw] body, consist-
ine of proment particles mchrded e a small amount
of residunl protoplasm, tend to assume a somewhat

Conerul focussing, especially of stained  crescent-derived
plicres, may sometimes show that for a short time before their
quption the tlagella exist pretormed inside the limiting membrane
¢ the spheve (Figs 12, o). One can sometimes sce a flagellum, in

C
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sphevical, passive form, the hitherto vielent changes
of shape and the movement of the pigment ceasing
ahmost :1b1‘upf]y.

Tn another variety of plasmodial infection certain
bodies  (Fig. 13, «, ), wlnch look like ordinary
full-crown intracorpuscular parasites r~distmguisl'md
by the pigment being active —prior to the formation

Fieo 1. —Evolution of the Hagellated Lody in the tertian (o), b, ¢) and
quartan (d, ., f) parasites.  (Compilod from Theyer aud [Hovelson.)

of spores, may sometimes be seen to slip out from
their enclosing corpuscles (Fig. 13, 1, ¢).  Tf these
escaped  plasmodia are watched, in some instances
the pigment they contain Is seen to indulge in violent
dancing movements, the hody of the parasite being at
the same time agitated and jerked about. Finally,
flagella may be suddenly projected from the periph-
ery (Fig. 12,00 /), very much in the same way as
the flagella are projected from the periphery of
its efforts ;to ‘erupt, carry this membrane in front of it and,
fuiling to hreak through, retract and perhaps renew the effort at
another point. Doubtless the agitated movements of the sphere

are proluced by the efforts wade hy the flagella to break through
this membrane.

hu S
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the crescent-derived sphere, Manifestly, these farge
spherieal plasmodia and the flagellated hodies arising
from then correspond to the crescent-derived sphere
and crescent-derived flagellated bhody.

(,'u//l///'/[mt‘\'_/;//'r;z(/'[//{/ i /‘P/ll/'(/l.//‘r/ w,:_'//r/_r/w//u/l'u}t.

Ross has shown that, provided the Dlood contain-
g the crescent body lw prevented from coming in
contact with the air, as can be secured by prie }\mt- the
finger through vaseline, the evolution of the parasite
does not proceed.  He has further shown that if the
droplet of blood is exposed to the air for a minute or
two hefore bemg mounted on a shde, exflagelation 1s
markedly encouraged. Snnilarly, Marshall has shown
that by mixing the blood with a trace of watar ex-
tlagellation is also favoured. 1 find that by com-
bining these methods—namely, exposure to the air
with shght aqueous admixture, as by breathing on
the ship before applying the cover-glass—it 1s gener-
ally easy to procure quickly, from crescent-containing
blood, specimens of the flagellated body.  Probably
although I have not experimented with this ol)j(-ct
i suttable cases; flagellation will be favoured 1n
the non-crescent-forming plasmodia by similar means.

In certain bloods exflagellation 1s casily  pro-
cured ; in others the opposite is  the case  As
regards the erescents, doubtless success depends in a
measure on the degree of maturity of the parasite,
young ov cffete crescents failing to evolve  There
are other conditions aftfecting the process; however,
whiclt are as yet unknow.

MOSQUITO-MALARTA THEORY.

Popular and carly views.  The idea that
some relationship exists between the mosquito and
malaria has  long been  entertained, not only Ly
medical men, but alko by the inhabitants of malarial
countries.  In parts  of  Ttaly  the peasants for
conturies have believed  that fever s produced by
the bite of the mosquito ; and, as Koch has ]mmtt(
ont. in German East Africa the natives of the high-
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lands declare that when they visit the unhealthy
lowlands they are bitten by an iusect they eall Mbw
(mostuito), with the result that they get fever which
they also call M. King and others lm;g ago pointed
out how a mosquito-malaria hypothesis coul_(l b‘est
explain such things as the connectiop of malaria with
swamps and with high atmospherie L(‘ln‘pm'uturqs;
the well-known danger of might exposure 1 malarial
countries; the influence of trees, of an expaunse of
water, and of altitude on the dittusien of the germ,
and many other points. As to how the mosquito
intervened they had no reasonable hypothesis to offer.
Laveran, Koch, and Pfeiffer suggested the mosquito
might stand in the same relation to the malaria para-
site as it stood to Flilarin noctirna ; but as to the
particular phase of the parasite 1t subscrved, and as
to the exact way in which the insect operated, they
were silent.

A mosqnito-malaria theory definitely
formulated.

In 1894%, and again in 1896, I formwulated a
definite hypothesis on the subjeet.  Being a parasite,
the plasmodium, to keep in existence as a species,
must pass from host to host; in other words, must
at some tine have an extracorporeal life.  From the
fact that the flagellated body does not come into
existence until the blood has left the hlood-vessels—
that is, 1s outside the body—I concluded that the
tunction of the flagellum luy outside the human body,
and that the flagellated body was the first phase of
the extracorporeal life of the malaria parasite. As
the plasmodium whilst in the eireulation is always
enclosed in a blood corpuscle, and is therefore in-
capable of leaving the body by its own efforts, and
as 1t is never, so far as known, cxtraded in the
excreta, I econcluded that it is removed from the cir-
culation by some blood-eating animal, most probably

- Brit. Med. Journ., December 8th, 1894 ; *“ Goulstonian
Lectures,” Brit. Mcd. Journ., March 14th, 21st, and 28th, 1596.
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by some suctorial insect common in the haunts of
malari, This bloodsucker | belicved to bhe the mos-
(qmto, an inscet whose habits seemed adapted for
such oo purpose, and whose distribution conformed to
the well aseertained  habits of malaria.  Further,
basing iy opinion on what 1 had shown to be the fact
i the case of Filuria nocturne and on the peculiarities
of the distribution of malaria, 1 conjectured that only
particular species of mosquito were capable of sub-
serving the particular species of plasmodium.

Ross’s discoveries. —— Working on the lines
suguested by this hypothesis, Ross fivst (1895) demon-
strated the fact that when creseent containing blood is
ingested by the mosquito a large proportion of the
crescents rapidly proceed to exflagellation and to the
shedding of the flagella. In 1897 (Dwit. Med. Jowrn.,
December 18th, 1897, 1bid. February 26th, 1898) he
showed that in particular species of mosquito fed
on malarial blood, living and growing pigmented
malaria parasites are to be found embedded in the
stomach wall of the insccts.  Early in 1898 (as
aunounced by me at the meeting of the British
Medical Association, in Edinburgh, in July, 139%)
he showed that if a particular species of mosquito
be fed on the blood of proteosoma-infected birds, the
parasite will enter the stomach wall of the insect, grow
and sporulate there, and that the resulting sporozoites
will enter the venenosalivary gland of the insect,
and that the inseet will now be capable of infecting by
its bite other birds.  Ross further showed that only
particular species of mosquito could subserve proteo-
soma in this way, and that the particular mosquito in
question was 1ot efficient as regards another blood
parasite of birds—nantely, haltevidium —or as regards
the malaria parasites of man.  Thus by direct ob-
servation and by analogy Ross distinetly, and first,
1)1‘“\wl that the extracorporeal phase of the malaria
parasite ix passed in particular species of mosquitoes,
and, by analogy, that the parasite is transferrved from
man to man by the mosquito.
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MacCallum’s discovery.—A g¢ap in Ross’s
observations was filled in by MacCallum, who showed,
principally by observations on haltevidium (Leancet,
November 13th, 1897), that the function of the
tlagellum after it breaks away from the parent sphere
is to impregnate (Fig. 3, ¢, /) the granular crescent-
derived spheres, which then become transforined into
heaked and travelling vermicules. Doubtless, althongh
the process has not been dirvectly observed, it is in
virtue of the locomoting and penetrating properties
of the travell/na vermicple that the malaria parasite
is enabled to 10(l<re 1t%e%f where Ross first found it,
in the stomach wall of the mosquito.

Confirmation and extension of Ross’s
work. —Ross’s discoveries were quickly confirmed
and elaborated by the Italians, by Daniels, and by
Koch. Grassi has shown that several species be-
longing to the genus Anopheles, more particularly
Anopheles claviger, are the special mosquito hosts of
the malaria parasites of man. Step by step he traced .
the crescent - forming and benign tertian malaria
parasites through their mosquito host, finding that
in their evolution they closely resembled that which
Ross had so successfully demonstrated for proteosoma
and had so clearly foyéshado@ved and partly demon-
strated for the malaria parasite of man. In conjunc-
tion with Bignami he repeated successfully in man
Ross’s experiment of conferring plasmodial disease by
mosquito bite. Bastianelli, Celli, Dionisi, and others
have also succeeded in confirming Ross’s statements
and in adding to our knowledge of the extracorporeal
cycle of the malaria parasite. The mosquito-malaria
hypothesis has now, therefore, passed from the region
of conjecture to that of fact.

THE MALARIA PARASITE IN THE MOSQUITO.

In the lumen of the stomach : travelling
vermicule stage.— When crescent- containing blood
has been ingested by certain species of mosqulto
belonging to tlle genus Anopleles, those crescents that
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are mature and that e not obsolescent are trans-
formed into the two tvpes of sphere already described
—hyvaline and granular. The hyaline Sl)ll(’l(s then
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Fig. 14, —Evolution of the crescent pavasite in Llnophcles claciger. (Adpred

Jrom Girassty Bignoama, and Dustoopellil)

1 1o 6, The paragite as found in the <tomach w: Ut

< <porozoitos in the salivary gland ;
pﬂmll: [

Toolated 2povozortes
9, <eciton of ~tomach wall <howing the

emit their flagella, which, breaking away, approach
and seek c¢nerge tlmll\ by buttmw '111(1 1)01‘1110 to enter
the granular qp]uu-\ At one point on the surface
of «(uh of the granular spheres a minute papilla is
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projected to meet, as it were, a corvesponding ntt;wl{.ing
flagellum, At this point one of the flagella contrives
to enter and, after momentarily causing considerable
perturbation in the contents of the sphere, comes to vest
and vanishes from view. Although the granular spheve
nay he subsequently energetically attacked, no second
flagellum ean effect an entrance.  For a short time
after this act of impregnation® the granular sphere
undergoes no apparent change.  Presently, however, it
gradually alters in shape, becoming oval, clongated,
and finally assuming a lauceolate and then a vermi-
cular form, the pigment accumulating at the broad or
posterior end, whilst the anterior end becomes pointed
and hyaline. On the completion of these changes, the
little body begins to move about ; at first slowly, then
more rapidly, the pointed end being in front. Should
this travelling vermicule impinge on a red blood cor-
puscle, it seems to prick the capsule of the corpuscle
permitting the hwemoglobin to escape; 1t passes
through white blood corpuscles.

In the stomach wall : encysted oy zygote
stage (Fig. 14).—It is to be presumed that soon
after its formation the travelling vermicule penetrates
the wall of the mosquito’s stomach. Working its way
through the layer of cells and the delicate base-
ment membrane which together constitute the inner
coat of this organ, it finally lodges itself among the
longitudinal and transverse muscular fibres lying
between this inner membrane and the equally delicate
outer coat.  Here the parasite, some thirty-six hours

* The impregnation of the grauular spheie has only twice
heen witnessed 1 tlie ease of the malaria parasite of man
(MacCallum) ; but in halteridium of birds it has been observed
many times. Koch has seen the vermicule in proteosoma.
Avalogy, therefore, justifics the inference, so compatible with the
other well-a~certained features in the eycles of the intraeorpus-
cular parasites of man and the lower animals, that a similar
arrangement abtains, as described above, in the haemameebide of
man, Prof. Grassishowed me sections of the mosquito’s stomach
in whieh the travelling vermieules eould he seen approaehing and
nctually in eontaet with the epithelial coat. These preparations
were from mosquitoes killed thirty two hours after foeding on
malarial bloo.1.
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‘a

?li'}t‘l' the mosquito has fed. may be detected as a
minute (G oval or spherical body with a shap out-
line and hyaline o slightly  aranular, contents in
\?'Illh'll the melunin particles are plainly vistble, It
!“‘S between the musceular fibres whicly as it @rows,
o disassociates to o cortain extent.

.Uuring the next few days the parasite grows
rapudly, wequiring a well-defined capsule, and, in conse-
quence of its arowth, protirading on the surface of the

)

Fig. 15.—a, Stonueh, or middle intestine of enlex after infection with
proteosoma ; s, Malpighian tubes s fut., intestine 5 Oes,esophagns
Py, profeasomnn zy gotes protruding into the body eavity. B, Ruptured
syuote eapsule containing Ross™s *“black spores.”

stomach like a wart or hernia (Fig. 15, ). Meanwhile,
important changes take place in the contents. Nucleus
and protoplasm  divide into a number of spheres,
around which, attached by one end like the spines on
a poreupine, a vast number of minute (16u), slender,
spindle-shaped, nucleated bodies are ultimately formed.
At a later stage the spherules disappear, leaving the
spindles (sporozoites) loose in the capsule which 1s
now packed full of them.  Tn about a week—sooner
or later according to atmospherie temperature, which
Lias o great influence on the rate of development of
the parasite—the eapsule ruptures and collapses, dis
chareing its contents into the body cavity of the

nmmluito.
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In the veneno salivary gland: sporo-
soite  or infeetive stage. —From the body
cavity of the mosquito the spindle-shaped sporo-
zoites pass  (probably by way of the blood, for
movement of a spontaneous nature has not _been
observed in them) to the three-lobed veneno-salivary
olands lying on each side of the fore part of the thorax

Fig. 16.—Dissection of head of mosquito showing poison apparatus. (After
Muacloskie,)

A, Median section of head, showing dw, the veneno-salivary duct, with its
insertion in Ry, the hypopharyux; ¢, cerebrum ; below rthis is the cere-
belluni and the pumping eunlargement of ce, the esophngus; Ir.e, hare of
labrum epipbavynx; m, muscle;, » nerve commis~ure. The other parts have
been renmoved., B, The veneuc-silivary duct, showing it- kifurcation and
the three gclands on one of its branches; pg, poison gland 5 sq, marks the
upper of the two salivary glands. ¢, The bhifurcation of the duct with its
nucleated hypodermis,

of the insect (Fig. 16). These glands communicate

with the base of the mosquito’s proboscis by means

of a long duct along the radicles of which the clear,
plump cells of the gland are arranged. The sporo-
zoites can be readily recognised in many, though
not in all, of the cells, especially in those of the
middle lobe, and also free in the ducts. So numerous
are they in some of the cells that the appearance they

present is suggestive of a bacillus-laden lepra cell,
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Transference to the human host.. In o
tited number of experiments 1t has been shown
that i o mosquito whose veneno-salivioy gland con-
tains these sporozoites bites a man, the sporozottes
are jected into the man's blood, where they multiply,
and where, after cight to ten days their progeny
can he seen as malaria parasites of the type corres
sponding to those of the man on whom the infecting
mosquito hiad originally fed.

By a large number of cxperiments, abundantly
confirmed, Ross has distinetly proved that if appro-
Priate birds are bitten by mosquitoes whose veneno-
salivary glands contain the sporozoites of proteosoma,
the birds become infected with the purasite and
in duc course exhibit proteosoma i their blood and
develop corresponding clinical symptowms.

The complete ceyeles of the parasites,
—The complete cycles, therefore, both intra- and
extra-corporeal, of the intracorpuscular blood para-
sites of man and birds can now be described.  Using
zoological terins, and commencing with the youngest
phase, these parasites may be said to enter the blood
corpuscles as e b or myropods.  Growing at the
expense of the hamoglobin, they become pigmented
and, on reaching maturity, develop cither into («)
sporocytes (the sporulating body—rvosette body), or
into (b) gametoeytes (crescents, spherical body of
tertians or quartans).

(«) The sporocytes, after concentration of pigment,
divide into a number of naked spores, which, on the
breaking down of the enveloping blood corpuscle,
escape into the blood plasma and enter fresh blood
corpuscles as amawbule ;. thus completing the «ndo-
qrenous cyele and providing for the multiplication of
the pm-:\site in the vertebrate host.

(h) The  gametocytes belong  to the  crogenous
cycle passed in the hodies of particular species of
mosquito.  They ave of two kinds: wi/e (hyaline
spheres) and  feneale (cranular spheres). The male
camctoevte emits several mderogametes (flagella), one
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of  which, breaking away, enters and  impregnates
the single nacrogamets of which the female gameto-
evies consiat.  The product 1s a zygote, which,
virtue of acquired locomoting powers, fransfers itself
from the lomen to the wall of the middle intestine
(stomach) of the mosquito in which it had developed.
Tere it grows, becomes encysted, and divides 1mto a
number of  wygotomeres and  residual bodies.  The
zyvgotomeres  become  converted into  blastophores
covered  with  zygotoblasts (sporozoites; “ germinal
rods”—Ross).  The blastophores next disappear,
leaving the cyst packed with the zygotoblasts. Finally,
the zygote ruptures, discharging the zygotoblasts into
the body cavity of the insect, whence they are trans-
ferred to the veneno-salivary gland, in the secretion
of which, opportunity offering, they are injected
into the blood of an appropriate vertebrate, in whose
blood corpuscles they subsequently develop into
ameebule and so renew the cycle.

Possibility of yet another extra-corporeal
phase.—So far the story of the life-history of these
parasites seems to be complete. There are certain
facts, however, which seem to indicate the possibility
of yet another phase. Firstly, there are districts
in India, Africa, and elsewhere that are practically
wnhabited on account of the prevalence and viru-
lence of the local malaria. If man be necessary for
the completion of the life-cycle of the parasite,
lhow cxplain its abundance in such circumstances
that is to say, in the absence of man? Secondly,
those engaged in malarious districts on works en-
tailing disturbance of the soil, c.g. opening jungle
lands, digging canals or foundations, making roads or
railways, are particularly prone to contract malaria ;
yet such operations seem in no way caleulated to
foster broods of malarial mosquitoes. How account
for infection in such circumstances ; where, and in
what form, is the malaria germ to be found there ?

For the first of these difficulties two explanations
may be submitted. («) The malaria parasite may be




Mosoviro axp ParasiTe. 29

capable of Tiving in a variety of vertebrate hosts, as
we kuow to be the case with halteridium and pro-
tcosoma of birds. [t way be that in the malarious
(hftri(-ts alluded to the prevalence of such a appro-
priate vertebrate, together with the presence of an
appropriate osquito, insure the continuance and
abundunce  of the parasites. Support 1s given to
this hypothesis by the recent discovery by Dionisi of
three speeies of mtracorpuscular parasites in bats,
closely resembling the three malavia  parasites of
man ; and by a similar discovery by Koch in monkeys,
Similar parasites have also heen found in the ox,
lamb, sheep, dog and horse. (b)) The malaria
parasite may he capable of passing from mosquito
to mosquito without the intervention of a vertebrate,
either by the penetration of the sporozoite into the
mosquito’s ova, or by means of a special type of
sporozoite, As regards the former, we have some
support i the behaviour of the analogous parasite,
Pivosoma bygeminwing of Texas cattle fever, which
gains access to the body of the young tick apparently
through the infected ovum. As to the latter, Ross
and others have found in a proportion of mosquitoes
ifeeted with human, or avian, malaria certain dark
brown or black, relatively large, sausage-shaped bodies
(Ross’s ““black spores™) lying inside the ruptured
zygote capsules (Fig. 15, B).  The function and nature
of these bodies are not apparent.  They resist decom-
position, and pass through the intestine of wmosquito
larvae fed on them unaltered. The frequency of their
occurrence, their organisation, and their ability to
resist  decomposition, suggest that they have a part
to play in the life of the parasite. Possibly they e
a torm of resting spore intended to carry the para-
site over adverse times, and may lie m the soil
petaining vitality for an indefinite period.™

Cirasst Is of opinion—and his preparations support him in
this view—that the © black spore ™ appearance is produced by the
deposit f o dark encrusting material on sporozoites which have

Hot escapud frour the zygote eyst when 1t ruptures at maturity.
Tlese **black spores ™™ he finds only in ruptured cysts,
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In explanation of the second ditheulty ind,i‘cn.tvd
it has been suggested that the © black spores just
referred to, or perhaps encysted sporozoites, may
have been deposited in the soil years before by long-
defunct mosquitoes, and that in moving the §011 .the{s‘e
dormant parasites are set at liberty, and so 1n air, 1n

Fig 17.—a, Culex pipiens @ ; v, Anopheles claviger (maculipennis) Q.
(After dusten.)
a, palpi ; b, proboscis; ¢, antennic.
water, or otherwise, gain access to the workmen
engaged. .

Grassi is of opinion that the malaria parasite,
under natural conditions, can be acquired by man
only through the bite of the mosquito, and that the
mosquito can acquire the parasite only by ingesting
the blood of a malaria-infected man.  He holds
that there 15 no other extracorporeal life than
that described ; that there is no authentic instance
of malaria being acquired in uninhabited places ;
and that in the case of malaria in connection with
soil Fhsturbancgs, 1t depends on the creation during
digging operations of puddles of water in which
dnopleles breed.
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Malaria-bearving mosquitoes.— [t 15 mani-
fest that all mosquitoes  of which in Kurope there ave
at least some fifty species are not capable of acting
as hosts to the malara parasite.  Furopean species
helong to three geneva - namely, Culew, dnoplieles, and
Fdes.  Hithe 260 the p(uasm' ) o Tencz found onlv in
Anopheles  several species of Corler) although eflicient
hosts for proteosoma, have been proved to he ineffec-
tive as regards the hunan parvasite.  Probably several
spectes, perhaps many, of Jluopleles arve cflective hosts.
Tn Italy dnopheles claviger (maculipennis) is the
most 11n|)()1“ta,nt but A, pectus, Ao Difurcatns, and in
Iadia 4. rossii, have been found to harbome the para-
site. It 1s of 1)1'actlcal unportance therefore to he able
to recognise, if not the species, at least the genus, to
which any given mosquito belongs.

POINTS OF DISTINCTION BETWEEN (ULEX
AND ANOPHELES (Fig. 17).

CULEX. ANOPHELES,
i/ “rar ally Taid i The ove arve laid i tural
0N are geneml y auld 1n e O anre Al I natura

artificial collections of water  collections of water, c.. stag-
ahout houses, c.g. in pitchers,  nant pools, paddy-ficlds, or
cisterns, cte. They form tiny small, sluggish streams which
boat-shaped masses which float  ave free from fish and wh'chpre-

on the water like specks of  ferably contain algi. They arc
gencrally arranged in loosely

soot.
connected masses of threc or
four, aud attach themselves to
sticks, weods, ete. (Fig, 18).
2
3 4 b
.
A
B
Fizo 1~ Anupliales
cleriger o hifureatns,
ity irross
Lerve . Arevery active, anl Larec.—Arevery active, and
feed wieedily on oany animal feed preferably onalgies They
atter. They come  to the come to the surtface of the
crface of  water to breathe water to breathe  with body

with head hanging vertically Iving parallel to the swrface.



[P

te

RIEVAEV IR

Fig. 19.—Culex & : Head of 1male; @ liead of female ; larva.

down ; the air tubes termin-
ating at the candal extremity
in a long respiratory tube
determine this attitude. When

The air tubes terminate dorsally
near caudal extremity without
any respiratory tube. When
disturbed they glide away tail

Fig. 20, —Anopheles @ . Head of female ; & head of male; larva,

disturbed they sink rapidly to
the bottom of the water.

Mature Insect.—The 1nale
Las maxillary palpi nearly as
long as the proboscis with five
sezments, The female has dimn-
inutive palpi with three seg-
ments (Fige 19). 0 Most species
Lave unspotted wings,

When at rest on a plane =ur-
[ace, it asstunes a position tnore
or loss with the axis of its hody
parallel to the surface (Fig. 21).

first, close to the surfaee, with
a skating kind of movement.

Mature Insect.—Both male
and female have imaxillary
palpi nearly as long as the pro-
hoscis ; each palp has five seg-
ments (Fig. 200 Moot species
have spotted wings.

When at rest on g Plane
surface, it ascumes & position
more or less at rvight angles
to the surface (Fig. wgj, ©
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PEinst he remembered that it s onlv the female

Vi . " ” Py . o
O pato that sueks blood.  The male ix a vegetarian.

| b
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Fig. JI-*F}‘““{‘“' “'\t)“' position i 220 Characteristie position
LUl (s o Anoplicles, (Rass,)

The latter can readily

) be distineuished  from the
female by his well-deve

loped feathery antenna.



CHAPTER TI.

MALARTIA ¢ THE MICROSCOPICAL ENXAMINATION OF THE

BLOOD.

BerorE commencing the study of malarial blood it
1s advisable for the beginner to familiarise himself
with the microscopical appearances of normal blood,
both in fresh and stained preparations. He should
learn to recognise the several varieties of leucocyte ;
to appreciate differences in colour, size, and shape of
the red cells; to recognise dirt, vacuoles, forms of
crenation, and artificially prodéced appearances. By
mastering such details at the outset important sources
of fallacy will be avoided, and in the process of self-
education a useful knowledge of technique will be
acquired. The English-reading student will find the
works of Coles or of Cabot of great assistance.

For a thorough appreciation of the principles on
which blood examinations for the demonstration and
study of the plasmodium should be conducted, it
must be borne in mind that the parasite is intra-
corpuscular. To see it, therefore, it is necessary,
particularly for the beginner, so to dispose the cor-
Puscles in his preparations that a proportion of them
shall lie flat on the slide, in a single layer, and pre-
senting their surfaces, and not their edges, to the
observer (Fig. 23). It is mainly from ignoring this
fundamental principle that so many fail to find the
plasmodium.

Preparation of fluid  blood  films. To
secure this disposition of corpuscles in fresh blood
:l]ll;’ 'iu1]:]f"f]-;]§' ]’\lroc?dure, the smallest detail of which

st hescrupulously carried out, is recommended.

Thorouzlly ccansc with alcohol thy
glassos and as numy slips, and cover th
Somi convenient vessel so as

ce or four thin cover-
em 1mmediately with
to protect them from the minutest



PrepagarionN o Srine.

[
=1

Ity 1". of floting dust Cleanse one of the Jtiont s
llll‘;]'“l‘-[ll)x with aleohol and dry it Prick the finger-pad with
Aol needle and wipe away the first diop of bload  that
(\_“1'1"*‘ Tirew cently, with finzi and i, squeceze the
fincerpad express o sceond minnte droplet of Dlood @ this
should he very small oo broer than a pin's-hewd. Touch the

i, 20— Microphotogram showing the necessary disposition of blood
corpuscles 1n stides for examination for the plusmodium. - To fhe
rizlit of the white blood corpusele in the centre of the field a red
blood corpusele thiee-fourths filled with o tertian (benign) parasite is
visible,  (Fronemicroplotoqeam by Deo Coseis.)

droplet lightly with the centre of 4 cover-gliss, taking care
that the latter does not come into comtuet with the skin, and
immediately drop the cover-gliss on the xlide.  No pressure
choull be n=cd to cause the hlood to spread oute T glasses
and Huneer ave gqoite clean, the bloed will at once i ont in a
very fine tilne Tt is sonwiimes more conventent to obtain
the Llood from the lobe of the car or, in children, the
et oo, ! Y

Several preparations should be made, the requisite
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blood being obtained by renewed geutle coupression
of the tinger-tip.

After waiting a few minutes to allow the 1)1.00(1 to
spread out completely between the glasses, 1618 \ve-ll
to ring the preparations with vascline.  This will
eftectually stop all movement, all evaporation of the
blood, and, consequently, over-compression of the
corpuscles, and will thereby greatly facilitate ex-
amination.

Tn making these preparations care should be
taken to sterilise the needle employed, otherwise
grave accidents might occur. It is unnecessary to
sterilise the slides and cover-glasses.

Characteristics of a successful prepara-
tion.—On lolding a successful preparation up to the
light, one or more areas, each made up of three zones,
the different zones shading into each other, can be
made out by the fia '8&”5}“_}7‘5. Each such area includes
a peripheral zone of a reddish tinge, a middle zone
having a somewhat iridescent look, and a central zone
absolutely devoid of colour. Successful preparations
may be recognised by the presence of these zones.
Preparations not exhibiting this appearance should
be rejected ; it is waste of time to examine them.

On examining successful preparations with the
microscope, it will be found that the central zone or
area contains few or no blopd corpuscles. This zone

. SRl 5
may be designated the ‘“empty zone.” Proceeding
outwards from this we come on an area occupied by
scattered, isolated, compressed, and much-expanded
corpuscles — the  “zone of scattered corpuscles.”
Farther out the corpuscles hecome more numerons
and  Tess 1;31)1'0350(1 (Fig. 25). Gradually, as we
trace the shide still farther outwards, the ucorpuscles
are found approximated to each other until, finally,
the pm'lphenes of the corpuscles are mostly in touch
—the “.\,mgle-laxer zone.”  Farther out the cor-
puslcles, though Stll.l lying flat, are found to overlap
fﬁzl:?ﬂ:ﬁl or are piled one on the top of the other —

e of heaped-up corpuscles.” Beyond this
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zone the corpuseles wre wrraneed in rouleaux -the
“zone of roulenux.” A the extreme marein of the
Preparation the corpuseles tend to break up and run
tozether so o as 1o form a narrow border of free
!lll'l‘noglol)in, the individual corpuscles, perhaps, being
mdistinguishable —the “zone of free hamozlobin.”
Each of these zones should  he studied, for cach
carries special information about the plasmodium.

Wicroscopical examination. —The heginner
will save time if he gets someone who s familiar
with the necessaey teelmique, and with (he appearance
of the parasite in the blood, to vive him one or two
lessons.  Accuracy and  quickness can be acquired
only by practice. It is a good plan to practise pre-
paring films from one’s own blood.

The c¢xamination is hest conducted with ', of an
inch o1l immersion lens, a rather low eyepicce, a
sub-stage condenser, and ot too dazzling an illu-
mination,

Tt 15 not always possible to choose, but, if prac-
ticable, a case of quartan infection shonld be scelected
for examination in the first instance. Failing a
quartan, a well-defined benign tertian infection might
he chosen.  Failing either of these, a long-standing
case of recurring malaria with marked cachexia will
afford thie next Dest opportunity. It is best to
examine the patient’'s blood just before or at the
time of rigor. In quartans and benign tertians, at
the time named, there should be little difficulty in
discovering large plasmodia : in their case attention is
ealled to the velatively large parasites by the abund-
ance of coarse pigment they contain. In the blood
of malarial cachecties with recurring febvile attacks
it iz generally an casy matter to find crescents
and crescent-derived  spheres, as this form of the
parasite is of conxtderable  size, carnies a])undan‘w
of pigment, and posscsses a very definite and stiik-

g shape.
When the beginner has learnt to recogimse one
form of the parasite, he will hegin to appreciate what
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sort of body he has cot to look for thereafter he
eheuld be sable te edueate himself, and to pick out the
simaller and intermediate torms, .

In proceeding to make his first (\x:unin;?t‘i()n‘()t
a liquid blood slide, the beginuer, in the first m-
stance, should confine his attention to the ¢ single-
laver zone 7 Field after field of this hie must pass
in review, carefully serutinising the interior of every
Llood corpuscle; every leucoeyte, and every pigmented
hody, even though it be not included in a corpuscle.
e must not expect to find parasites in every cor-
pusele, or even in every field ; and he certainly
must not expeet, as the beginner usually does, to
find in every shde the beautifully rvegular sporu-
lating form or ‘“rosette body,” or the weird-looking
flagellated body made familiar to us by so many
illustrations.  Such bodies, though really present
somewhere and in some form at one time or another
in every case, are among the least common of the
many phases of the plasmodium ; they are met with
only under very definite and not very constantly en-
countered conditions, and ave not very often seen at
an ordinary elinical examination.

T most eascs the plasmodium is discovered in the
first field or two examined; but in not a few instances
dozens ot fields may have to be scrutinised before a
single parasite is found. Therefore no examination
can be said to be complete, in a negative sense, until
at least half an honr has been spent over several
suitably preparved slides,

- The forms of Tntra-corpuscular plasimodia most
frequently met with have the appearance either of small
speeks of pale protoplasm, or of larger 1masses of pale
prutu];‘hmn containing grains of bhlack ptgment.  Close
\\'ut‘vlnng discovers that the former are endowoed with
active amahold movement, and that they continnall

change shape aud position in the affected corpuscles,
As t}n.ww movements are anb-im]»prt;mt test of the
parasific nature of the bhody sGught, they should be

caretully looked for.  These protoplasmic specks look
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ke little washed-out smudges of dirty white paant,
halt Lidden "Iy the hiemoglobin

) theyv are sometimes
“havd "to sce.

Their parasitic natwre can readily he
determined by their movements ; their soft, il detined
margins 5 and by the fact that they tend now and
again, on  first removal from the body, and per-
manently later, to assume the appearance of tiny
white vings which show up very distinetly in the
liemozlobin of the corpuscle,  These features readily
distinguish  them from the sharply  defined,  clear,
motionless vacuole (Fig. 24). The other common forns
—the larger or smaller intra-corpuscular pigmented
parasites—occupy anvwhere from a sixth to necarly
the entire area of the affected corpuscles. They
are recognised by their pale protoplasm: the black
melamn  particles sprinkled about or, if towards the
period of rigor, concentrated in thelr interior; and
by their more or less active wameboid movements.
In quartans and tertians, but especially in the former,
spornlating rosette forms are seen oceasionally.

Eoeaniination of blood jor flagellated  bodies.—
When the student has become famihar with these
appearances, and has thoroughly seized the fact that
the sporulating forms are to be found only, or usually
during. just before, or soon after the rigor stage of
fever, he should endeavour to follow up the initial
steps of the intra-corporeal or mosquito stage ot the
parasite.  No far as  ondinary preparations permit,
this phase is Dest studied in the “zone of heaped-up
corpuscles 7 and in the “zone of rouleaux ”; hecause
iu these zones the parasite, not being subjected to
pressure, has more freedom to undergo its evolutionary
change into the flagellated body.

In ordinary quartans and tertians the tlagellated
Lhody is but seldom encountered.  The bhest time to
find them in such cases is said to be during the
hot stace of the fever.  In eases of crescent infection
they are much more frequently met with, ax; in
this form of malaria, Hagellated bodies are more
numerous, appear at any time of the clivical cycle,
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and persist in the cireulation perhaps for several weeks
atter fever has disappeared.

I most eases of evescent  infeetion the f:l'm]llﬂ]
cvolution of  the tlagellated body  from «'1‘(*scu‘11t
through oval and sphere can, with patience, be casily
followed.

Dicguostic vralue of the “zone of free heemoglobin”
—The zone of free hwmoglobin is of value as
enabling the practical observer to pronounce very
rapidly on the presence or absence of pigmented
parasites in the hlood.  The relatively Jarge quantity
of blood in ench ficld of this zone, and therefore the
proportionally large number of parasites in any given
field, lends itself to this, as does the fact that the
black pigment shows up very distinctly in the
homogeneous lake-coloured shieet of free hwemoglobip. .~ -

Phagocytosis and pigmented lewcocytes.—Strikifg “’
examples of phagocytosis are often witnessed in
malarial blood. So soon as a malarial parasite,
whether spontaneously or as a result of pressure,
escapes from the blood corpuscle in which it had
developed, it becomes exceedingly liable to attack
by the phagocytes. More especially is this the case
with the flagellated organism; this body seems to have
a powerful attraction for the phagocytes, which arc
often seen to travel long distances to attack it.

Pigmented leucocytes—that is to say, leucocytes
containing grains or blocks of melanin—are very
often encountered ; they can best be seen in the
single-layer zone during, or shortly after, fever.
Leucocytes may sometimes be observed to swallow
the piguiented centre of the broken-up sporulating
bodies.  Often they derive their pigment from the
remains of some sphere or flagellated body which they
may hgve engulfed subsequently to the preparation of
the shd‘e. In peripheral blood the Phagocytes are
rarely, if ever, seen to attack the plasmodium so lone
as the parasite is inside a blood corpuscle °

Both tl.le mono- and the poly-nucleated leucocytes
may contain malarial pigment. Great care, however,
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st he exercised in drawing conelusions from the
discovery of Black material in these bhodies i ime
pertectly eleaned slides, fracments of dirt, which the
lencocytes rapidly take up, are apt to mislead.

Pl iuted Tymphocytes. According to Metselni-
kott; the Iymphoeyte has no phagoeytic action in
nm: Ll(\ll(L This observation I believe to he correct.
Several writers; however, have deseribed and figured
what they 101.[141 s ma](tnal pizment in the Iy mp}m
cyte. This, | am convineed, 1s founded on an error
m interpretation, and has arisen from ignorance  of
the fact that in all bloods, healthy and malarial alike,
from 20 to 50 per cent. of the small mono-nucleated
lymphocytes contain, lying i the narrow zonce of
cytoplasm, one or two minute round dots of intensely
black material optically indistinguishable from ma-
birtal melanin, I amm not aware that this appear-
ance has heen deseribed  hitherto, hut multiplied
observation has convinced me of i fuun'tcy of my
statement.  The discovery, thercefore, of what looks
like a speck of intensely black pigment in the
Iymphoeytes must not be regarded as evidence of
malarial infection.

Dingnosis of cacuoles.The beginmer may have
a dificulty in determining whether certain appear-
ances in the corpuscles are vacuoles, or whether they

ORORTRCONOL0)
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Fio, 24, Vaawlated and erenated blood corpuseles. (Aster Leceeran o
Blanchard.)

, b, oo Blood corpuse le< with central vacnuoles, ¢as crenated ;o dy e £k blood
“.11»||~(l¢~ with central vacnole coutaning fIIL’(IH(llIHl hamow lobin.
Sonpetimes mmute eye-shaped vacnoies with a speck of henmoslobin in
Lhe centre e et with, and areapt to be taken for purasite<. o, crenated
hlood unmm tes with several vacnoles, or it sy be crenations ont of
focuss ¢, J, AL deformed blood corpnscles with central lacunx.
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are parasites. The following hints may help him to
L correct decision. Vacuoles (Fig. 214, «, b, o, d, v,
fo bty gy kD) ave well defined, clear, and  have
sharp edwes they may change form shehtly, but they
have no true amaboid movement, carry no pigment
and, of course, do not stain. lntr:m-corpuscu];u’
plasmodia, on the contrary, are dim and, as a rule,
ill-detined 1 they have sott, shaded-off cdges 5 possess
amahold movements ; when large they carry grains
of pigment : and, of cowrse, they take the appropriate
stams Tt s hardly necessary to indicate the p?ﬁisﬂﬂ‘)
of diagnosis from leucocytes, or from cupped, folded,
or crenated (l'ig. 24, ¢, £, ¢, 1, 4, &, 1) corpuscles,

Morvibwnd and fragimented plasmodin.— Moribund
— 1t may be fragmented—free parasites (Ilig. 25) are
often a source of confusion to the beginner. Their
nature is frequently misnnderstood ; they are some-
times  erroneously termed ¢ sterile bhodies,” an
expression at one time frequently applied to the
crescent-derived spheres (gametocytes). They are,
in fact, mechanically-freed parasites expressed from
blood corpuscles by the compression to which the
blood is subjected between slip and cover-glass.
The longer blood is on the slide=—particularly if
evaporation he not prevented by vaseline ringing of
the cover-glass —the more closely will the cover-glass
approximate to the slip, the oreater will be the
pressure on, and consequent thinning and spreading
out of, blood corpuscles and parasites, and the
greater the liability to damage of these very delicate

Fig. 25 —Free noribnnd plasmodia,

a b oo, Comprossed nnd fragment nwe el pavasite- s d, o f, the s

4 In HU TR TR
Itz (Compali d from Thawer aud Howetson,, ;
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dics.  Frequently the artificially-freed parasites arve
broken into simall fragments.  The entire, as well as
t‘llf' fracimented, plasimodia on becoming frce in the
]f‘l“”l‘ sangumis tend to assmme a spherieal or dise
like form ; at the same time the protoplasm of which
tl""}' are composed seems to become difftuent, and the
Pigment is resolved into a number of minute dust-
hike particles possessing active, brownian movement.
Nome of these spherical or dise-shaped bodies with
dancing pigment particles are really crescent-derived
spheres.  These are parasites which have escaped
from corpuscles in a normal way, but which have
become arrested in their evolution in consequence of
the abnormal conditions in which they find themselves
placed 71 ritro  others are the remains of flagellated
bodies, the flagella having broken away.

The plasmodinne as « means of divgnosis.—All
of these wmultiform appearances the student mnst
learn to recognise and interpret. Skill in this is
merely a matter of time, practice, and reflection.
Given these, the stulent should not only be able to
diagnose by the microscope malavial iufection, but
he should also be able to recognise the type of any
particular infection, the period of the fever cycle,
and, 1t may be, the scverity of the case.  For
diagnosis in malaria, therefore, skill in the micro-
scopic examination of the blool is of the utmost
value, and no pains should he spaved by the prac-
titioner in malarious countries to acquire it.  In acute
untreated malaria the plasmodium may be detected
practically in every case. Thus ‘Tha_\'(-r and Hewet-
son  excepting n two or th‘rm\ mstances w‘]wnx the
patient’s  blood  was examined  only dunng con-
saloscence  in 616 cases found the plasmodivm in
cvery  instance The best  Ttaltan and  German
authorities are  equally ewphatic on  this  point.
Personally, 1 can assert that sinee I hecame familiar
with the subject 1 have mnever failed to find the
parasite in any acute untreated m.-l‘]:l‘l‘izd Cise I have
Lad a proper opportunity of examining.  Whenever
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in a caxe of acute discase, supposed to be malarial,
[ have failed to do so. the ease has turmed out to be
of (uite another nature. \

Bearing of guinine on microscopical diagnosis.

It is of little use to examine the blood for the imtra-
corporeal forms of the plasmodium after full dpses
of quinine have been taken ; the drug rapidly
brings about the dizappenrance of this phase of the
parasite, The crescent or  extra-corporeal  phase
is not affected by drugs, and may be found
suitable cases for days after the patient is cin-
chonised.

Oon staining malarvial blood.- As a general
rule, the beginner should work only with unstained
preparations of fresh liquid blood. To the unpractised
staining is full of pitfalls. In such circumstances it
must not be Télied on for purposes of responsible
diagnosis. For-the study of the morphology of the
plasmodium, staining is of real value; nibreovar”
some such method must be employed should per-
manent preparations be desired, or should it he
inconvenient to make an immediate examination of
the blood. The English reader will find full details
of a variety of methods in Mannaberg’s (Sydenham
Soc.) and in Thayer and Hewetson’s monographs
(Johns Hopkins Hospital Reports, Vol. V.); lere
only one or two of the many wethods can be
described.

Preparing  the film. -The following method T
strongly recommend :-

Cleunse with aleohol a dozen or more slips, and plice them
yide: by side in a row near the patient.  Prepare halt a dozen
/".sltrips (1% b}' { inch) Qf smooth, uncrinkled guttapercha
tissue. or of tissue or cigarette paper. Prick the patient’s
finger or, if preferred, the lobe of his ear.  When u minute
droplet of blood has welled out, tuke one of the strip< of
guttapercha or of paper, and apply it to the exuded blood so
that 1t ‘touch(-s the drop ubout Zinch from one end of the strip.
Immediately lay the chavged strip, blood surface downwards
on one of the slips: ufter \\“'nimj a_sceond or two, until it is
scen that the blood has éprwucf dut, draw the strip, holding
it by the uncharged end, along the glass. Or, us has been
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desevibed by Dr. Neil Macteod, the Blood way be taken np on
the cdge of 4 ~teip of stont note-paper and \.lbl"lul on ~lip o
‘."’\"'1'-14'1:(\'\ by driwing the piper, held wt un ancle, alone the
Faee of the eliss,  In any of these wavs a number of fin
tilms of blood, with beautitully reculie and snitably i~posed
corpusceles, miay be seeured in a few minutes, '
O the film may e Prepaved by taking the blond up on
‘me cover-gliss on whicht another is imeding Iy ~uperposed ;
when the blood has sproad ont the glisses are glided apart two
paars ot forceps being used for the Iplll'lm.\t,'. ) ,
_However spread, after the blood hus drie], whenever it is
(1<'S11'1-11.lu stain i, either at onece or at any future and more
convenient time, it shonld be fixed by (11-01f1)111(»- on the slip a
little absolute wleohol and ether in el ])zu'?s. or ahsolute

aleohol alone.  Cover-ghuss fihns ey be dropped into a small

leido-m(;uth bottle containing the fixing agent. or they may be
fixed' by pussing them through the flame (not a good metliod),
or by placing them for some hours (1 to 3) in a warm dry
chamber at @ temperature of 105 to 120 Cent.  When aleohol
15 used, after ten to thirty minutes or longer, it is dried off.

STAINS,

Borar-methylene blne.—N\ drop or two of aqueons solution
of horax- (5 per cent.) methylene blue (2 per cent.) is spread
on the filni. After thirty seconds or less the slide is thoroughly
wiashed in water, dried with filter paper and afterwards by
gently warming it over the spirit lamp.  IFinally, xylol balsam
and .« cover-glass ave applied.

Locpley™s methylone blue.—Coneentrated alcoholic solution of
methylene blue 30 parts, solution of caustic potash (,,1,)
100 parts.  Stmn for thirty =ce.nds, wash in water, dry and
wount.

Curbol  thionie —- Saturated aleoholic (60 ) solution of
thionin 20 purts, watery solution (2 per cent.) of carbolic acid
100 partx. The mixture should be kept ot least a fortnicht
Defore use.  Stain for five minutes, wash and mount.

Ronworesky's method —This is an excellent though some-

what unmanagenble  stuine Inosuecesstul - preparations the
mcleolus of the parasite Is stained bright ved. M oalso 15 a

vood st for the chronamtn nuderiad of the thezell, Cover-
:«;Iu.\s films arc fixed by heat 110 Cvuts for one hour. They
are then immediately foeted tor over two hours on a ficeshly
prepared mixtine of satwnted watery sobation of methylene
blne 2 parts, wafery solution of cosin 1 per cent.” 5 parts,
wirhed in water, dried and mounted.  The precipitate formed
iy the mixture must not be filtered ond.

" Jenner's stain.—This method hax the advantage of dispens-
ing with a scpuate fixing azent, the aleohol i which the
st s dissolved acting a~ such: when successful. it gives
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execliont vesalts, Spend cave must be Giken that there s 1o
trace of wlkali o acnd om the glass o whicel the filin s spread
I mast, theretore, he washed in distilled witor and stood in
abisolute wleohol. The stain is made by dissolving Grithler’s
water, soluble cosin (yellow shade” iand medicinal 111(:111‘\'}(-11«-
blue inpure wbsofute methylic aleohol which mast he free from
dctone and other impnrities © the solntions ave then mlxv;(l m
the proportions of 125 parts of L per cont. ~olution of the
cosin gl 100 prats of L per eent, solution of the methylene
blue, O the componnd body formed by fhe eosm and
methylene blue in this misture may he purchased in the dry
state and snbsequently dis<olved in absolnte methylic aleohol,
To use the stuin a fow drops are ponred on the blood film and
covereid to prevent evaporation and precipitation.  In three
mimntes or a little longor the stain is vapidly pourcd off, and
atterwards the film is w ashul m distidled wauter from five to ten
scconds until it assumes a pink colonr. It ix then dried high over
the flame, ov in the air, and mounted in xylol lulmm The
red dises e terra-cotti-coloured, the nuclei of the white cor-
puscles blue, the platelets mauve, the granulcs of the poly-
worpho-nuclear cells and myclocytes red, the granules of

the basophils a dark violet, and the malaria or other parasites
blue.

On examining with a twelfth immersion lens
slides prepared with methylene blue or thionin alone,

Lig 26, —Young tertian parasite ; stained with methylene blue, (o Tuon,)y
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the nucler of the white corpuscles are scen to he very
«llw‘])]y ~tanme |, the protoplasm of the white <-rn']>11x'<'1<~vs
1s very hghtly stained, whilst the parasites are stained
anantermediate tint, and show up sleaply enough in
the fnintly tinted red bHlood corpuseles (l:‘ij_f\'. g, 28,
.‘_’ﬁ,. 27). Contrast staining with eosin is uncertain
moats results momethyvlene bHlue preparations @oeven

Fig, 27, —Tertian rosettes ; stained with methylene blue, (x 1000.)

in practised hands good preparations are the excep-

tion. For ordinary purposes I do not recommend it ;

it is superfluous, troublesome, and unveliable.
Methylene blue preparations are apt to fade.

Ilcwmatorylin and ecoson—Ehrlich’s arid iematoxyling or
strone solution of Juenmluwm, five minutes @ wenk cosin halt
2 minnte ;. wash in tup water and then in distilled water o dey
and mount in xvlol balsaum. This is an casily earrvied out and
cffective wethod for obtaining less intensely stained but more
permanont preparations, . .

Staining the flagellated body.—A <heet of thick blotting-
paper. having rows of oblong lwles (1 inch by 3 i}l(']l\ cut out
in it is prepared it s shichtly ot sudliciently weistened with
water and Lid smoothily on o shect of window wliss,

A patient, in whose Dlood the cvescent form ot the
parasite abounds, is sclected.  His finger s pricked and o
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droplet of blood, the size of a large pin head, s expressed. .\
clean microscope slip is then breathed on once, z}lld l.lw (}H»plﬂ
of blood immediately taken up by lightly touching it with the
centre of the breathed-on surface of the slip.  The 1)]()0(1 18
now rapidly and somewhat nnevenly spread ont with the
neeile %0 as to cover an area of about ¥ inch by § inch.
The slip is immediately inverted over oue of the blotting-
paper cells and pressed down snfficiently to s>cnre thorongh
apposition of the slip of paper withont, at the same timne,
bringing the blool into contact cither with the moistened
paper forming the wall, or with the glass forming the floor
of what is now a very perfect moist chamber. The rest of the
paper cells are rapidly covered with blood-charged slips pre-
pared in the same way. In from a quarter to three-quarters
of an hour the slips arc removed and dried by gently warm-
ing them over the spirit lamp-—blood surface away from the
flame. When dry the films are fixed with absolute aleohol,
a few drops being poured on cach. After ten minutes the
alcohol is dried off, and a few drops of weak acectic acid
(10 to 20 per cent.) are laid on the films and left there
long enough thorougbly to dissolve out all the hiemoglobin.
The slides are then washed in water and dried. They may
now be stained with various re-agents. So far, T have
obtained the best results from weuak carbol-fichsine (20 per
cent.) and prolonged staining. The stain is dropped on the
slip and covered with a watch-glass; after six to eight hours
it 1s washed off (warm water), the slide dried, and a cover-
glass applied with xylol balsam.

The staining, though sufficiently intense, is fairly trans-
parent. If the preparations are stained by Romanowsky's
method the nuclear clements in the flagella are well
brought out.

Most of the slides will show numbers of spheres
and several or many well stained flagellated hodies
(Figs. 7 and &), Very few crescents remain untrans-
formed. Tt the slips ave removed and dried in from
five to ten minutes after being placed on the blotting-
paper u.']]\, only erescents, ovals, and spheres will he
found : if they are left for three-quarters of an lLour
to an hour, free flagella, and what Ross calls ¢ spent
pigment,” may also be found, the latter sometimes
enclosed in phagocytes Occasionally flagellated bodjes
are found partially included in phagocytes.
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CHAPTER TI1I.
CLASSIFICATION  AND DESCRIPTION OF TIHE MALARIAL

PARASITES AND THEIR ASSOCIATED FEA ERS.

Fromay be asserted i a general way that the different
climeal types of malarial disease are associated with
different and corresponding tvpes of plasmodia. A«
to whether these ditterent types of plasmodia are
nere Vi 11'1<‘t1«'s or whether they are distinet species,
the evidence, so far, is insufficie nt to warrant a de dintte
conclusion,

The point is 'by no means’ easily s<ttl< d: nor is
it likely to be decided until we are in possession
of more detailed information about the mosquito
phase of the organism, and on the relationship of
the varous pammtc% to various species of mosquito.

O 2 lnclplc of classification of parasites.
——\10 wwhile, the varieties or possible  species  of
prasmodia h(we been classified according to: -

1. The duration of their respective life - cveles
inside the human hody.

2. Thelr lllOl])]lO]O“'lL(LI characters,
3. The clinical phenomena theyv give rise to.

4. The results of inoculation experiments.

[t may be said that, so far as these tests o,
there is evidence either of plurality of species or of
the existence of very stable varieties,  That is to say,
a particular chinical tvpe of alarial disease 1<
associated with a parasite of more or less definite
morphological  form and intra-corporeal life  cvele,

i
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characters wineh are maintained when the parasite
has been inoculated vxp('l'ilm\ntull_\'. .

[ the treatment of this subject t-lu“ classitica-
tion suwuested by  Mannaberg will be tol.lowcd., Q
classiticntion  based  principally on .the 1}1\'6?“{.}.3{-‘
tions of (olgi, Marchiatava, Blgn;mn,.Celll, Grrassl
and other Italians, as well as on his own most
excellent work.

The forms of the wmalaria parasite and of the
diseases they give rise to may be divided into two
comprehensive groups—the benign and the maliguant.
A principal morphological distinction between these
two groups is that whereas the benign parasites never
form crescent bodies, the malignant parasites form
crescents. In the former the extra-corporeal flagel-
lated phase is evolved from what appears to have been
an ordinary full-grown intra-corpuscular plasmodium ;
in the latter the flagellated phase is evolved from
crescent-derived spheres. A principal clinical differ-
ence between the two is that whereas the benign
parasite rarely or never gives rise to pernicious attacks,
the malignant parasite may, and frequently does,
give rise to such attacks. Herein lies an important
practical diagnostic point, one which only the micro-
scope can render available.

The benign parasites are of two kinds: One,
having a cycle of seventy-two hours, causing a fever
recurring every three days——quartan ague ; the other,
with a cycle of forty-eight hours, causing a fever
recurring every two days —tertian ague.

The malignant parasite has three forms, perhaps
more* :— A pigmented parvasite of forty-eight hours’
cycle ; a pigmented parasite of approximately twenty-
four hours’ cycle ; and an unpigmented parasite, also
approximateiy of twenty-four hours’ eycle,

Many authorities refuse to recognise more thun one species
of malignant parasite, the differences in length of cycle and
pigmentation described in the text being regarded
variations depeuding  on circumstances, and 1ot
differences.

merely ag
a3 specific


http://Maniml.org

CrLASSIFICA 110N 01 LPARASITIS.

Pl

We may arrange them thus*
{ Quartan
{ Tertian |
Quotidian  prgmented
Mahgnant = Quotidian unpigmented
Tertan

» 4 .
lengn Do not form crescents,

Form
crescelts.,

Clinieal elassifieation.  Formerly, classifica-
tion being based entirely on chnical  phenomena,
malarial diseases were divided into quotidian, tertian
and quartan intermittents or acues, and remittents ;
but since it has been found that what was desionated
remittent fever is produced by quartan, tertian, and
quotidian parasites  the fact of intermittency or re-
mitteney being more or less amatter of aceident 1t

I have not attemnpted to give in the textany ol the zoological
names applied by varions writers to the diffcrent known species of
Hamamaba in man and aniinals,  The following classification of
species and grouping of names by Ross will be fomud of use by the
stndent of the confusing literature of the subject

FAMILY @ ILEMAMMEBID. YL, WASIELEWSKI,

Genus 1. -Hemamoba, Grassi and Feletti.  The mature ganeto-
cvtes are similar in form to the matnre sporoey tes hefore the
spores have been differentinted.

Species 1o~ Homanuiba danilewskhii, Grassi and Feletti, Ny, e
Larcrania danilaeskil, Grassi and Feletti, in part o« Halterid-
{um dandlewskii, Labbdé, cote. Severnl varieties — possibly
distinet species.  Parasites of pigeons, jays, crows.

Npecies 20 -Homamoeba relicte, Grasst and Feletti. Sy,
Hoamamalu velicta, B, subpracos 4= H. subiniuaculato, Grassi
and Felettiy Proteosome grassid, Labbé, ete. Parasite of
sparrows, larks, ete.

Spectes 3o Homame ba madario . Grassi and Feletti, Sy, e
Homamoba laverand, Labhé, in part. Parasite of quartan
fever in man.

Species 4. Homamala civoe, Grassi and Feletti. Syw o Heona-
meabe laverand, Labbeé, in part. Parasite of tortian fever of
mna.

Genus 2.—Homomenas, gen. nov., Sy, Larceranio in pat 4
Homameeba, in part, Grassi and Feletti.  The ganietocey tex
Lave a special form (eresceentic).

Species,—Ha monenas praeoc, Grassi and Felettio Sy Hooo
mo et pracoe 4+ H, inomaeulatu 4= Eaccrania malarar, Grassi
and Feletti s Bemamoba lacorand, Labbé, in pat, cte.
Several varieties —possibly distinet species. Parasite of the
irregular, remittent, pernicions or wstivo-autuinal fever of
mai.
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advisable to expunge the term
dicative of a distinct speeles of
plasmodium disease. Any 0“‘9 of wtﬁi V%\;Se kl;lt)li\(};
of Parusit‘vs cnumerated I}lity cfxuse i ¢ . )
as remittent fever. The 1ntermlttency. or re
mittency of any oiven fever depends, 1n great
measure, on the simultancousuess or the- reverse of
the maturation of the swarm of parasites giving
rise to it. If all the parasites present are of
nearly the same age, they mature approximately
simultaneously, and we have an intermittent ; if they
are of different ages, they mature at different times
scattered over the twenty-four hours ; and we have
what was known as a remittent. Further, two
generations of tertian parasites maturing on successive
days will produce a qnotidian fever, Zertrana duplex ;
two generations of quartan parasites maturing on
successive days will produce fever”fit$ én two succes-
sive days followed by one day of freedom, Quartana
duplex ; three generations of quartan parasites will
produce what clinically appears to be a quotidian
fever, but in reality is a Quartana triplex.

Present classification not final. — The
classification adopted must not be accepted as
final ; at best it is merely provisional. In actual
practice it may be hard, often impossible, to bring
the cases met with into exact line with such an
arrangement. Moreover, as this classification is based
principally on observations made in a very limited
district, principally in ltaly, and principally on
Roman fevers, it may not apply to the entire malarial
world. That it lies on a substratum of fact
there can be no doubt ; nor can there be much
doubt that it has in 1nany particulars a general
application to malarial disease as found all over the
world.  Still, j}ldging from clinical facts, there seems
ground for believing that there are other species or
varieties of the plasmodium besides those described
by the Italians, and ,that the list here given will have
to be enlarged or/recast in the future. Men with

Lhas been considered
remittent fever as in
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extensive expertence of malarial disease in their own
persons tell us that they can discriminate by their
sensations  and symptoms  between  the fevers of
different localities.  Analogy would incline us to
believe that clinieal differences of this sort depend on
ditterences in the causal parasites.  How very different,
for exawmple, are the hamoglobinuric tfovers of Africa
and the bilious remittents of India. Is it not
probable that they depend on specitically  distinet
parasites or, at least,; on more or less definite
varieties !

CLINICAL PHENOMENA OF MALARIAL FEVER.

Before proceeding with a description of the
vartous plasmodia and their associated fevers, there
are certain generalities which, to save repetition, had
better he mentioned here,

Intermittent fever or ague.  Every typieal
malarial fever is made up of a series of pyrexial
attacks which recur at definite intervals of twenty-
four, forty-eight, or seventy-two hours. Each attack
consists of a stage of rigor, a stage of heat, and a stage
of sweating ; these are followed by a peviod, « the in-
terval,” of apyrexia actual orrelative.  The duration
and intensity of the constituent stages vary consider-
ably.  On the whole, they observe a certain proportion
to cach other: the more pronounced the rigor, the
higher the fever, and the morc profuse the sweating.
Such attacks, with well-marked intervals of apyrexia,
are designated intermittent fevers or agues. The
expression “ague” is by many applied only to
intermittents having a pronounced rigor stage

Premonitory stage. —— Before rigor sets in, and
sometimes for several davs before the actual disease
declares atself. there may m‘ there may not be oo
premonitory stage marked by lassitude, a desive o
streteh the Himbs and to™y vaw, aching nf the bones
headache, anorexia, puh aps \omitin(f perhaps a
feeling as of cold water trickling down the back. Tt
the thermometer be used, it \Vlll he found that body-



i JALARIA.

temperature has begun to rise, 1t may be some two
or three hours before the other and more striking
symptoms which ensue set in. . .

" Cold stage.  When rigor sets in the fecl.mg of
cold spreads all over the body, l)ecominor,v,_s‘o‘‘_lntellse
that the teeth chatter and the patient shivers and
shakes from head to foot. Hesceks to cover himself
with all the wraps he can lay hands on. Vomiting
may become distressing. The features are pi‘n'ched,
the skin is blue and cold-looking, the fingers are
shrivelled. But the feeling of cold is entirely sub-
jective ; 1if the temperature he taken, it is found to
be already several degrees above normal, and to be
rapidly mounting. In young children it is not at
all unusual to have a convulsive seizure at this stage;
a fact that has to be borne in mind, as it is very apt
to lead to ideas of epilepsy.

Hot stage.— After a time the shivering gradually
abates, giving place to, or alternating with, waves of
warmth and, before long, to persisting feelings of
intense heat and febrile distress. The wraps, which
before were so ééger’lj hugged, are now &é&a{ off';
the face becomes ﬂ%sﬁé’d; the pulse is rapid, full,
and bounding ; headache may be intense ; vomiting
trequent ; respiration “Hurried ; the skin dry and
burning ; the thermometer mounting to 104° 105°,
106", or even higher.

Sweeating  stage. — After one or more hours of
acute distress the patient breaks out into a profuse
perspiration, the sweat literally running off him and
saturating his clothes and bedding. With the ap-
pearance of diaphoresis the fever rapidly declines :
headache, vomiting, thirst, and febrile distress givin(:
place.to a feeling of relief and tranquillity. 3;
the tlm‘e the sweating has ceased the patient may
feel quite well.; a little languid, perhaps, but able
to go about his usual occupation. The bodily tem-
pel'atu%’e 18 now often sub-normal, and may remain
so until the approach of the next fit one, two, or
three days later. ’
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Diration of the Sit. The duration of an avie
fit and of its constituent stages is very variable. Oy
an average 1t may be put at six to ten hours: the
cold stage occupyving about an hour, the Lot staue
from three to four hours;, the sweating <tawe from
two to four hours.

The wrine (v oagee. During the cold stagze the
nrine s often limpid and  abundant, and is passed
trequently ; but during the hot and sweating stages
1t s scanty, loaded, sometimes  albuminous.  The
amount of urea is increased, particularly during the
cold stage i and so are the chlorides. The phosphates,
on the contrary, diminished during the rigor and hot
stages, are increased during defervescence. The ang-
mentation in the exeretion of urea commences several
liours before the subjective svmptoms of the attack
begin, attains its maximum towards the end of rigor,
and  decreases during the hot and sweating stages
although still continuing above the normal standard.
The excretion of carbonte acid follows a correspond-
ing conrse.  Dr. Sydney Ringer was the first to point
ont the interesting fact that, although the return of
fever may be prevented by thie administration of
quinine, yet, for a time, a periodic increase in the
excretion of urea occurs on the days on which the
fever fit was due.  The urine is often deeply coloured,
giving with nitric acid the play of eolour charac-
teristic of bile pigment, or the brown colom deseribed
by Gubler as “hwemapheic.”  Glycosuria does occur,
but is by no means common.

The spleew dwring the  fit.—The spleen becomes
enlarged to a greater or less extent durmg rigor.
The swelling disappears at first in the interval, but
tends to hecome more or less of a chronie feature if
the attacks vecur frequently, more especially it they
are associated with pronounced cachexia.

Period of the day at which agie commercrs.—
Two-thirds of agues come oft between midnight and
midday. This is a fact to remember in diagnosis;
Pspeci;ﬂly when we have to face the possibility of
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recurrent 1»)'1'<'xi;11 attacks being (lopvnl(lvnt on .sm-'h.
conditions s Hver abscess, tuberculosis, 3111(1 septi
ctates - conditions, be it remarked, 1n \\'luch.t(-brllo
recurrence takes place almost invariably during the
atternoon or evening.

Atypical agues.  Cases are frequently met
with in which all of the above symptoms are very
much toned down ; in which, perhaps, a periodic-
ally recurring feeling of coldness followed by languor,
or a slight headache, or a slight rise of temperature,
are the only symptoms indicating the presence of
the malaria parasite in the blood. In some fevers,
and these by no means the least dangerous, the
subjective symptoms may at first be of so mild a
character that the patient is able to go about his
duties with a body - temperature of 103° or 104°;
lie may have mno severe rigor, no headache, no
severe gastric symptoms, no acute febrile distress of
a disabling character. Some of the African fevers—
so lable to assume suddenly a pernicious character
—are of this nature. On the other hand, notwith-
standing a comparatively slight rise of temperature,
lieadache, languor, vomiting, may be extremecly dis-
tressing.  There is an infinite variety in this respect.
Evidently the toxin -if toxin there be —of the plas-
modium 1s far from being a simple body ; prohably,
like tuberculin, it contains scveral ingredients arranged
in different proportions in the several varieties of
the parasite.  Doubtless, also, the degree of infection,
various combinations of the varieties of plasmodia,
and individual idiosynerasy play a part in determin-
ing the intensity and character of the reaction of
the body to the plasmodium.

.T(’f""“ employed. — Acute malarial attacks
whicl recur daily are called quotidian ague ;  if they
recur every second day they are called testiomn wyne
if every third day, they are called qitcrtan ,',,/,,C,.
As a rule, the attacks tend to occur about the
same tlmc‘every day. In some cases the time of
recurrence pecomes earlier cach day ; such fevers are




AcUE. 7

I

sid s to autieipate. Or they mav oceur at a later
hour, in which case thev are <aid to postpone. When
the individual paroxysis ave prolonged, so that one
attack has not concluded bhefore the next commences,
the fover fits are said to Le subiutrant.  When the
fit is prolonged and periodicity is marked by only
a shght fall of temperature; a slight sweating, a
sheht feeling of chilliness, the feveris saie to remit
to bea remittent. Sometimes there is no remission ;
such a fever is said to be continned. Tt occasionally
happens that two distinet pyrexial attacks come oft
the same day ;osucli a fever is said to be double. Al
corts of blendings of malignant infections, henign
tertians, and quartans occur; in such the infeetion is
satel to be a wired tnfeetion.

Relation of the phenomena of the fever
fit to the stages of the parasite. A}l the
difterences and peculiarities in the clinical phenomena
of & malarial attaek, as indicated Dy the foregoing
terms, comphcated and hard to interpret m many
cases though they be, are, it 1s helieved, directly cor
related to the phases of the intra-corporeal life of the
plasmodium ; this organism is, in fact, the key to their
mterpretation. As already mentioned, as the thne of
rizor approaches the pignient ot the parasite, hitherto
scattered  throughout  the  substance of  the little
animal, becomes concentrated, and the sporulating
body develops.  Shortly hefore and during rigov, and
as a direct cause of rigor, these sporulating bodies
are breaking up and, presumably, liberating their
toxins. At the end of rigor, during the hot, and
during the sweating stages, the young parasites of
the new generation, the smiall intra-corpuscular
hodies, and the leucocytes earrying the pigment
liberated at the breaking up of the sporulating
bodies are in evidence, and the toxins hiberated at
the <ame time are being elimmated,  During the
mterval the intra-corpuseular parasites grow, become
pigmented, and prepare for maturation.  From the
fact that parasites are present in the blood during
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apyrexia, and often in great abundance, it 1s v.\'idm‘lh
that it is not the mere presence of the parasite am
the blood  corpuscle  that  causes the fever: niost
likely the pyrogenic agency 1s some toxin wlhich 1s
liberated when the sporulating parasite breaks up and
hecomes tree in the liguor sanguims. (‘onsequently,
we find that in remittent and continued types of
malarial fevers sporulating plasmodia may be et
with at all stages of the fever: and, couversely,
that when plasmodia are met with at all stages
of development the associated fever s probably
remittent, irregular, or more or less continued in
type.

The foregoing are generalities which apply to all
the types of malarial fever.

QUARTAN INFECTION,

The parasite. The parasite of quartan fever
(Plate I., Fig. 1) has a cycle of seventy-two hours.
At its earliest stages of epi-corpuscular and of early
unpigmented intra-corpuscular life it takes the form
of a small, roundish, clear speck (Plate 1., Fig. 1, ),
showing up somewhat distinctly against the hamo.
¢lobin of the invaded corpuscle. At this stage, as
contrasted with the other varieties of plasmodia, 1t is
further distinguished by the feebleness of its ameehoid
movement. Later, as soon as it becomes piginented
(Plate L, Fig. 1, b, ¢, «/, ¢, 1), all amwboid moverment
ceases,  Relatively to the other plasmodia, the pig-
ment carried by the quartan is large in amount and
coarse in grain, sometimes forining shiort rods.  The
sporulating parasite (Plate 1., Fig. 1, ¢, 7) is made
up of eight to ten clements arranged daisy fashion
and, usually, very svinmetrically around the now cen-
trally placed and massive block of very Llack pigment.
About the centre in each of the spherical or pear-
shaped spores, which are slightly rough in outline, a
shining nucleolus can usually be readily made out
The quartan parasite, never forming crescents,
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'lf‘l‘i_\'v.\' its flagellated form from what looks like an
((”[‘;}::é:?mf_ l(lil;_il int;;L-f](:‘l;{)nlji:ll;:x]‘-‘.li)i;fllnefl'l.t“d [t)]“uuml

’ ’ ‘ S 1rom 1616
cnrpuw]o - which it had developed. Tt may be
recogniscd sometimes by the very active movement of
the pigment granules.  This phise; vavely seen; ocenrs
almost ,P)\L]ll\l\(]\' during the 1»\1(‘,\13.1 stace of the
eyele, [ artliei T, the quartaur parasite does not, as does
that next to he described - the tertian parasite
cause marked enlargement of the blood corpusele in
which 1t Lies. W 11( ‘nomature 1t unnp]( tely fills the
normal-sized eorpuscle, scavcely a vim of lm-moglobm
being visible (Plate 1., Fiz. 1, ¢); so that it somctimes
looks at this stage as if it were a free and independ-
ent body floating about in the liquor sanguinis.*  All
quartan parasites do not proceed to spore formation,
or flagellation ; some are said to degenerate into the
peculiar clear, dropsical-looking spheles filled with
dancing particles (Plate 1., Fig. 1, /), which form «a
striking feature in certain malarial bloods. A con-
siderable proportion of these free; dropsical-looking
bodies with active pigment are probably male game-
tocytes which, after being placed on the microscope
slide, and after escaping from corpuseles, have failed
to project flagella; others, doubtless, are granular
female gaumetoevtes.  The failure to extlagellate; in
many mstances, is probably not normal, but an effect
of mechanical disturbance from presswre of the cover-
glass, or of other circumstances inherent to the
artificial conditions under which we necessarily ob-
serve these bodies. In more normal conditions, as
in the mosquito, exflagellation may be more frequently
ettected.,

The “daisy”- as it is sometimes called—or sporo-
cyte form of the quartan parasite is more frequently
seen in the peripheral blood than is the corrvespond-
g phase of the other alarial parasites. Lor this

* In malarial blood the corpnscles ave apt to vary in size as in
other anwmmic conditions. A quartan parasite in a megaloeyte
may therefore simulate a tertian,
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reason, and because of the easy visibihity of the para-
site at all its stages owing to its size and to the large
amount of pwmont it carries, and because the entire
intra-corporeal evele is completed in the peripheral
blood, the quartan is the best form of plasmodium
tor tlm heginner to study.
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Fig. 25, —Chint of quartan azne,

Geographical distribution.—The fever whicly
the quartan parasite gives rise to-—single, double, or
treble quartan ague—is, relatively, much more common
In temperate l'lt]tll(]PS tlmn i the tropics.  Formerly
it was common enough in England ; it is stil) far
from rare in the malarious districts of north and
mid-Europe and, doubtless, clsewhere under similay
climatic aud telluric conditions,  But, as we proceed
south, it becomes, relatively to the oth(-r forms of
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malaria, rarver. In  the tropies 11 some highly
malarions plices it is unknown. Thus in a paper
vead at the Caleutta Medical Congress of 1804, Dr.
Crombic mentions that in his large experience he
rarely saw quartan ague.  As his ¢ xpe ricnce apphed
paltlcu]all\ to Calcutta and its environs, it Inay hot
hold for the whole of India; i taet, L()ss (L1 e
(ruz., Feb., 1396) and others state that the quartan
p(u(mtc is common enough in Madras and clse-
where in India. 1 have seen it in blood films from
Mauritius ; Ross mentions it as occurring in Sierra
Lcone, Doubtless it occurs in Hmited districts
throughout  the tropies.  The  general  statement,
Lhowever, that quartan ague is more a discase of
the temperate zomes than of the tropics, probably
expresses the truth.

The fever.—The ague fit in quartan is generally
smart while it lasts, and well defined as regards its
constituent stages (Fig. 28). It does not tend so
markedly, as is the case with the other malarial
infections, to the rapid development of cachexia.
Although the individual attacks are very amenable
to quinine, the infection appears to be of a more
persistent nature than that of tertian malaria ; attacks
therefore are prone to recur during several years.

e e
BENIGN TERTIAN INFECTION_ (SPRING TERTIAN OF

THE ITALIANS).

The parasite.—The early stage of the benign
tertian parasite (Pl‘mte 1., Fig. 2) 1osunbles that of tlm
quar :Lll( inasmucl as- 1t con51sts of a small pale speck
on, or in, the invaded red blood corpuscle (Plate L.,
Fw ¥, @ ); it differs in exhibiting very much greater
amaboid activity, changing its form and location in
the corpuscle 1ncessantly, besidés “pushing out and
retracting pseudopodia (Plate I., Fig. 2, 4). This
ameeboid activity persists during growth and the
acquisition of pigment, though in a progressively
diminishing degree ; it gives rise to great and rapidly
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changing irregularities in the contour of the parasite
(Plate 1., g 2, e o, ¢). It is almost entively
suspended by the time  pigment concentration s
effected. In the tertian parasite the pigment par-
ticles are, on the whole, finer than those of the
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Fiz. 2u. -Chart of benign tertian agne.

quartan parasite ; and, moreover, are in a state of
much more active and incessant movement, con-
stantly changing their position in the peripheral
region in which they, for the most part, seem to
lie (Plate I, Fig. 2, f). Another, and markedly
characteristic, accompaniment of tertian parasite in-
fection is the considerable hypertrophy and marked
decolorisation of many of the corpuscles containing
the organism (Plate 1., Fig. 2, d, ¢, /; 4). Sometimes
the affected corpuscles seem nearly twice the diameter
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of the healthy ones : and nearly always, it the plas-
modium is of any magnitude, the rim of h:mn()(vlobm
surrounding the parasite 11.1.s a washed out 7 look,
sometnnes heing almost colourless.

I the tertian parasite when segimentation is com-
pleted the resulting body, tnstead of the very svm-
metrical, daisy-like figure of the quartan, resembles
rather a cluster of grapes in some more or less central
part of which one or two masses of black pigment
have accumulated among the berries (Plate 1., Fig. 2,
fe:oalso, Tigs. T and 2, b).  The little spores forming
the cluster- fifteen to twentvsix  in number are
smaller, smoother, and more spherieal than those of
the quartan parasite ; seldom, in the unstained con-
dition, exhibiting their nucleoli. T believe that in
natural, uncompressed conditions the tertian rosette,

sporocyte, tends to pass from the dise form, 1m-
pressed on it originally by the shape of the corpuscle,
to something more approaching a globular form.

In benign tertian the flagellated body is formed in
the same way as in the quartan parasite —that is, from
an escaped intra-corpuscular pigmented body (Plate L,

Fig. 2, /). It is scen particularly, just as in the case
of the quartan infection, usuallv after and not infre-
quently about the time of rigor.

Geographical distribution. —The benign ter-
tian parasite, probably the commonest form of plas-
modium, ocenrs in - temperate and  tropieal Tatitudes
alike. 1t is often found as o double infection, and 1s,
perhaps, the most frequent cause of quotidian as well
as of tertian agues.

The fever. The fever it gives rise to, except in
the matter of the spacing, which is one of forty-cight
hours, resembles that caused by the quartan p(n(L.%lte

(K@ 29)
MALIGNANT INFECTIONS (CESTIVO-AUTUMNAL OF TIE
ITALIANS, TROPICAL OF KOCH).
Many authorities refuse to recognise more than
one species of crescent-forming parasite.  On the
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other hand, caretully-conducted observations, hoth
microscopical and clinical, secem to indicate a plurality
of species. 1 shall follow the latter view.

The three parasites (Plate 1., Fig. 3, zm(l.Pla.te
[L., Fig. 1) deseribed by the Italian pathologists 1n
coniection with malignant malarial infection, although
often associated together as well as with the benign
parasites, are each of them occasionally found in what
might be termed a pure culture. From a study of
such cases the morphological and distinguishing char-
acters of the different speeies, and their special patho-
logical cHects, have been more or less satisfactorily
made out.  Although much remains to be done,
enough is already known to enable us, in a measure,
to ditferentiate the parasites from each other as well
as from the benign plasmodia, and to justify their
being placed in a group by themselves.

Chlaracters possessed in common by the malignawnt
parasites. —One notable feature in regard to them is
that they are very much smaller than the benign
parasites. The earlier unpigmented phase, owing
partly to minuteness, partly to its forming but a thin
and very transparent ameeba in the liemoglobin, is
hard to see. When first mounted on the slide the amoe-
boid movenients are very active (Plate L., Fig. 3, d).
In a short time this subsides somewhat, and then the
little parasites tend to assume a more passive condition
and to arrange themselves as tiny, though very definite
and easily recognised, rather bright, colourless rings
(Plate 1., Fig. 3, «, b, ¢, ¢). Sometimes these rings
may revert to the amehoid condition, and this,
perhaps, for several times in succession ; ultimately
the ring form becomes permanent. Multiple infection
of individual corpuscles (Plate L., Fig. 3, ¢) is often
encountered, and this much more frequently than in
the benign infections; doubtless this is owing to the
prodigious number of parasites whicl, in malignant
infections, are sometimes present in the circulation,
As development advances, the plasmodinm-infected
corpuscles seem to be filtered out by the capillaries
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Fig. 1.—Parasites of the pismruted malignant quotidian (Marckiafom
and BH]nUmL) Fig. 2.—Brain capillaries containing malaiia parasites.

trisverse section ; ; the blood corpuscles at penpher\ invaded by un-
]wmcnted parasites; B, Vessel filled with sporuliting unpnzaented
parasites; ¢, blood corpuse les in ('qullar}, and others hu in the ohain
rilistance, each contaning  small pigmented  parasites  (Mawngbery |
Fir 8, —Pearuicions malaca (spleen).  Figo 4.—Pernicions maiura (liver).

(he'shoand Wiener )
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and small urteries (Plate 11, Fig. 2, A, B, ¢) of the
deeper viseera and of the bone marrow ; so that even
m severe infections the pigmented stage is by no
nieans 1)1'01)01t101mtely vepresented by, or cven fre-
quently encountered in, finger blood, the sporulating
stage (Plate [, fie 5 ,_/) stll le.\.s so.  To find
numerous examples of the more advanced stages of
these: parasites 1L 1s necessary to o aspirate splenic
blood, or to search n fatal cases in the decper viscera,
or 1 the bone marrow mmmediately after  death.
Owing to this absence of the more advanced forms
from the peripheral cireulation, the duvation of the life
span of these parasites is dithicult to fix ; probably it
varics between twenty-four and forty-eight hours, heing
not very constant even in the sauie type.

“ Drassy bodies”—The malignant  parasite  fre-
quently leads to o peculiar shrivelling of the invaded
corpuscle, resulting in the tormation of a crenated; or
folded, very dark corpuscle, This dark, nregularly-
shaped corpuscle the Italians, from its colour, have
designated < bragsy body © (Plate L, Fig. 3, »). In
the interior of these davle, shrivelled corpuscles the
parasite can generally be made out as a mimute, pale
ring.

The crescent body claractoristic.—Most distinetive
feature of all; the malignant  parasites alone torm
crescent bodies.

T wehew creseents apprar o nol « feeer foru,
[t 18 to be remarked that these erescent hodies are
not to bhe seen at the very commencement of an
mtection. .\ week wsually elapses between the first
appearance in the peripheral blood of the small, intra-
corpuscular plasmodia and the first appearance of
the crescent bodies. Onee the Tatter hegin to appear
they generally tend to increase 1n numbvl during a
fow da) s. ,Uu'y may persist, though atter a tune m
decreasing nunbers, in the cirealation for one, two,

three weeks after the smally fever-causing intra-
corpuscular plasmodia and their associated fever have
disappeared, whether spontancously or in consequence

¥
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of the adunumistration of quiniue. Although when
given early in an infection quinine may prevent the
appearance of crescents, yet, once formed, this drug
has apparently no influence on these bodies nor on
thewr capacity for extlagellation. The crescent body
does not cause fever,  Its presence is usually asso-
ciated with marked cachexia.

It is a vremarkable fact that in many of the worst
types of tropical malaria—as that of tropical Africa —
crescents arc few in nwnber, and in some instances
cannot by ordinary examination be found. \. Plehn
states that during a period of two years in Africa he
only once saw the Hagellated body. Omn the other
hand, when we nmeet with these Afiican infections in
England, crescents and flagellated bodics are nearly

- always encountered, and often in great abundanco ;
“/at ‘all "évents,/this is my experience.

Characters of the fever.—It is found that the
fevers these parasites give rise to are apt to be
very irrcgular in their course. The rigor stage 1s
relatively less marked, the pyrexial stage 1s more
prolonged, and is often characterised by a tendency
to adynamic conditions, vomiting, intestinal catarrh,
pains in the limbs, anorexia, severe headache, de-
pression.  After apparent recovery from the fever
there is a great proneness to relapse at more or less
definite intervals of from eight to fourteen days.
Such fevers are accompaiied by rapid destruction
of corpuscles, and are usually followed hy marked
cachexia. At auny time in their course pernicious
symptoms of the gravest character may declare them-
selves,

i/

MALIGNANT QUOTIDIAN INFECTIONS.

The parvasite.—The parasitc of these infections
1s of two kiuds, very generally in association, the
pigmented (Plate 1L, Fig. 1) and the unpigmented,
In both the cyele is approximately one of twenty-four
iours; in both the young parasites exhibit very
active movenients, and tend to assume the ring form.
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Before sporulation they grow <o as to oceupy from
one-fifth to gue-third only ot the corpuscle.  Both
form lictle heaps of from six o cight very minute
.\]ml‘(*.\',

Inthe unpigmented parasite proment s never
seent unless i the ereseent phase @ this phase, how-
ever, pigiient s never absent. In the pignented

SUMMER QUOTIDIAN
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IMie 50 -Chart of malivnant quotidian infection,

parasite there is a considerable  amount  of - fine
pigment which at the sporulating stage—ravely seen
m peripheral blood—colleets in the usual way into
one or two more or less central clumps. a.

The fever.--The fever is such as just descrilied,
a typhoid-like depression being generally @ prominent

feature in wellamarked cases (Fig, 50),

MALIGNANT TERTIAN INFLRCTION,

The parasite.—This, the usual parasite (Plate 1
FFig. 3) of maligiemt infection, is, I many respects,
like that of ordinary bhenign tevtoim, only smaller,
altaining when mature from a half to two-thivds the
size of the corpuscle it occupies. The infected blood-
corpuscle may he altered in colour in the direction of
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hter ; sometimes at shrinks

1 sither darker o v
being either darke =5 The H(.glnlt'lllu\

. “ ] Qs ] 0(1 P
or it may become a wassy  body. ing parastte
of the rarely encountered mature apofnlbingg ]'i -;lon“'
number usually ten or twelve, annd are arrangec s E
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:\'1t1.1 the associated clump or clumps of pigment in
&111s t]ill Lcﬁllgiln ilefzzg.t urThefcg'lesce}nt is‘also, of course, a
s feat e o e infection.

| r.—The associated symptoms are, in
Ay respeets, very different from those (‘:LHSG(], b
the bem;_gn tertian  parasite In the first pluctl'y
though ngoras not so warked, the liot stuce last:;
longer—otten exceeding twenty-four hours ; i f:
the tendency for the suzuwsi\'c 3 o
- fo, sucCess Daroxysms to overlap

to‘ become. subintrant, is very muked. Morcover.
where the intermissions arc distinct, as A\IELI‘Clli;Lt"LL']-’
and_ Bignami point out, the crisis is unlike t]mt; \uft‘
ordinary tertian. There is what is called 1 double
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erists 3 that is to say, when the fever has attaned its
apparent fasticiuom there s a drop of one or more
decrees of  temperature—the  “false erisis)” to he
followed by a fresh rvise, wlich is then followed by
the trmne ersis, This peathiar phenomenon the writers
referred to attribute to the presence of two swarms
of parasites, one of which matures ~somewhat later
than the other (Kig 51,

The tendeney to the development of pernicions
svinptoms; to the production of cachexia, and to
refupsc s similar to what oceurs in the case of the
malignant quotidian infections.

Geographical distribution. —All these malig-
nant parasites arve confined to the warmer regions of
the carth, and to the more mtenselv malarial distriets
in these In o the sub-tropieal zones they oceur as
first infections only i Iate sumner or early autumn :
henee the nante “estivo-autumnal.”

Vicroscopical exantinations innm:alignant
fevers. Tnmalignant infections the pigmented fever-
causing forms of the parasite are not very frequently
met with in peripheral blood.  When  found, and
when 1t 1s observed  that the pigment has becone
concentrated; it 1s aosure indication that a proxysm
ix tmpending. On the oceurrence of vigor, and at
least during the carlicr stages of the paroxysm, many
small unpigmented  plasmodia, sometimes exhilbnting
active amaboid movement, sometimes appearing as
ring<, will he found in finger blood : but towards the
end of fever these unpigmented  plasmodia - often
diminish in number, and all evidence of puasitic
infection may even disappear from the blood till
the approach or incidence of the next paroxysm,
(‘rescents and pigmented leucoeytes may he numerous
in the intervals of absence of the mtracorpuscular
parasites. The seementing forms of the mahgnant
parasite are best found by aspirating the spleen with
a hypodermic needle—hardly a justifiable procedure
unless in very exeeptional eircumstances @ only very
oceasionally are they encountered in peripheral blood.
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CLINICAL FORMS O BENTGN AND PERNICTIOUS

MALARTAL PEVERS.

General statements. ‘The foresoing ”C('.”‘}"t'
o far ns it voes, and o far as it relates to the *']'11]_"“]
manifestations produced by uncmnplic:mwl and 1)‘1)10111
infections, is true enough.  But, ax there may he an
infinite varicty as rvegards the number of the para-
sites present, individual susceptibihity, concurrence of
several species of plasmodia (mixed infection being
a1 from uncommon), or of several generations of the
smme species of plasmodium maturing at different
times, there may be a corresponding variety in the
clinical manifestations. /

In more temperate climates, and in the winter
and spring seasons of warmer latitudes, malaral
fevers are usually distinct intermittents. Fresh n-
fections occurring in these places and seasons, so far
as the subject has been studied, are found to be
produced by the benign tertian and quartan parasites,
and ave, therefore, of little danger. Relapses, how-
ever, of malignant infections originally contracted
during the hot weather may occur during the cold
season—in faet, are far from uncommon.

Fivst attacks, though produced by one of the
benign parasites, may assume the characters of a
1'emittent;_ generally, in temyperate latitudes, they
are fr;.mk intermittents.  First attacks of malignant
J.nalm'u},,, ;thhough.they may in a few instances be
}ntermlttvnt, are in the nwmjority of cases remittent
1 type; so are the attacks resulting from extensive
1'@111_f01*cmn(-nt by fresh parasites (through fresh in-
fection) of tlm. old stock which a fover Asul;j('ct may
carry about l.nm in a latent condition. The first
attack experienced by a newconer toa highly
malarious district with a hot climate is, thvm'f?m-(\
generally remittent and severe, ’

It is neither necessary nor desirable to attempt to
describe in detail the infinite variety malarial attacks
assume, It would be impossible in a lintted space tq
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doso 3 and, if done, the result would amount only to an
uninteresting and unprofitable ringing of the changes
on rigor, pyrexia, diaphorvesis, bilious vomiting, hilious
diarrhioa, constipation, catarrhal gastritis, headache,
bone ache, prostration) and so fnrth. The picture would
he farther confused by the fact that the natural pro-
cossion of events is generally, nowadavs, hroken in on
by the action of quimne, tlw use of which 1s almost
universal with Europeans i the tropies @ <o that 1t 1s
difficult to say how any given malanal fever wonld
develop, or how it would terminate, if left alone
Sometimes in the case of natives of tropical countries,
who may not always command a few grains of quinine,
such fevers pass into a typhoid state, with dry hrown
tongue, sordes in the mouth, muttering de ]111um, and
may terminate in collapse and death. In others, un-
treated remittents and intermittents gradually subsulv
spontaneously In the course of a w eck or for tm(r'ht or
the remittent may merge into an imtermittent whlch,
in the course of weeks or months, subsides for a time,
to recur every now and again at longer or shorter
intervals.  These recurrences may take p]ace at f‘mlv
definite mmtervals ;. “longe interval fevers 7 the It,l,]l&ll-%*
have named them  Kelseh and Kiener “llowed
certain remittents in - Europeans to run their course
nnchecked by quinine ; they found that in ten or
twelve days the fever gradually expended itself.
Under favourable hvgienic conditions the plasmodinm
and the associated fover frequently disappear together
spontancously.  Oceasionally the fever forms of the
parasite may be present in the bleod for dayvs on end
without cansing acute elinical syimptoms,

REMITTENT TYPER,

Bilious remittent. One type of fever, known
as bhilious remittent, has long been recognised on
account of the bilious vomiting, gastric (hStl('S\ SOMCe-
times hilious diarrheea, sometimes constipation, which
accompany the recurring exacerbations. 1t 1s turther
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distinguished by the pronounced icteric or, vather,
reddish vellow or saffron tint of skin :1.11(1 sclerae
a tint derived, probably, not from absorption of bile,
as in obstructive jaundice, but from modified ll"l‘}llO-
alobin (hamaphein) free in the blood or deposited
in the derma. These bilious remittents are very
common in the more highly malarious districts of
Africa, Amoriea, the West Indies, India and, in fact,
in all tropical countries. They arc not specially nor
directly dangerous in themselves, but they result
usually in profound anwmia, and are often but the
prelude to chronic malarial saturation, bad health
and invaliding.

Typhoid remittent. —A modification of the
bilious remittent — what Kelsch and Kiener call
“typhoid remittent ”—is very mueh more grave as
affecting life than the simple bilious remittent. In
the typhoid remittent, typhoid symptoms-—such as low
delivium, prostration, dry tongue, swelling of spleen
and liver, subsultus tendinum, marked melanwxmia—
are superadded to the usual symptoms. Though re-
covery is the rule, a considerable proportion of such
attacks proves fatal.

Adynamic remittent.—The same writers class
by themselves a set of cascs they call ‘““adynamic
remittent” ; cases which are characterised by fatuous-
ness, restlessnéss, nervous depression, intense muscular
and cardiac debility, profound and rapid blood de-
tevioration, icterus, leucocytosis, melanemia, liahility
to syncope, occasionally hamoglobinuria, lability to
heemorrhages, and a marked tendency to local gangrene.

Tuberele, syphilis, renal disease, or alcoholism will
often he found as factors in determining the {wo latter
tvpes of tever,

PERNICIOUS ATTACKS.

Many writers Liave drawn attention to what e
called pernicions attacks or pernicious symptoms-——
the French neatly designate them accés pernicicux
—a series of phenomena, the possibility of the appeny
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ance of which, not only in the conrse of remittents
but in the course of what s seemingly only an
ordimary paroxysm  of intermittent  fever, should
never be lost sight of by the practitioner in tropical
chimates. These “uaccés pernicteux ” may supervene
in apparently” mifd cases and carry oft the patient
with horrifving suddenness as suddeply as an at-
twck of malienant cholera, 'l‘h(}/ Aary practitioner is
always on the look-out for them; and s alwavs
prepaved with measures to meet them promptly when
they threaten, -

Permicious attacks  ave '//i‘\")ngl'll_\' classified 1nto
corebral and algide  The cerelial are divisible into
hyperpyrexial, comatose, convulsive, paralytie, and so
forth: the algude mto syncopal, choleriform, dysenterie,
hemoglobmurie, cete,

CERFBRAT FORMS,

Hyperpyrexial, - There can be little doubt that
many of the cases of sudden death from hyperpvrexia
and coma, usually eredited to what has been ealled
“ardent fever™ or to “heat apoplexy, are really
malarial. 1t cavetnl mquiry be made into the ante-
cedents of many of these cases, o history of mild
intermittent will often be “EHAtCd . or it will e
found that the patient ind heen living in some hnghlv
malarious locality.

In the course of what seemed to be an ordinary
malarial attack  the  hody-temperature  instead  of
stopping at 104" or 105 Fahr.,, may contimue to rise
and, passing 107 | rapidly mount to 110 or even

maniacal, ov, perhaps, muttering delivium, hecomes
rapidly unconscious, then comatose, and dies within
a few hours, or perhaps within an hour, of the onset
of the pernicious syinptoms,

Comatose.—Or the patient, without hyvper-
pyrexia, the thermometer perhaps not rising above
Lot or even lower, may lapse into coma. The coma
may pass away with crisis of sweating 1 on the other

Y

to 112 The patient after a brief stage of \\'il(l, L

fa
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hand, an asthenic condition may set in, and deatl
from collapse supervene.

Other cerebral forms.- Besides these hyper-
pyretic and  comatose  conditions, other forms of
cerebral attack may occur in the course of malarial
fevers. Thus there may be seddec delirinm ending
e coma and, perhaps, death @ conralsior seiomres of
an epileptic or of a tetanic character, with or with
out dehrinm or coma ; various forms of apoplectic-lik:
conditions and of paralysis, complicated it may he
with aphosia. Seizaves of this deseription, if not
fatal, may eventuate in permanent psychical dis
Lirhanees.

Linholisue of cerelhral capillaries.—These cerebnal
attacks are now explained, and it appears to me
correctly explained, by the supposition, founded on
actual post-martem observation, that they depend on
cmbolism by the malaria parasite of the capillaries
of the varions nerve centres (Plate TI., Fig. 2)
mvolved ;5 in hyperpyrexia, the thermic centres; in
aphasia, Broca’s convolution ; and so on. By micro-
scopical examination of properl 1'0}{):}1?0(1 sections of
the brain in fatal cases, such a p%é’é/irfg of the vessels
can generally be readily observed.  The earlier
students of malarial melanaemia had remarked the
presence of pigment in the cerebral capillaries in many
cases of this deseription, and attributed the associated
symptoms to thrombosis by the pigment.

Malarial amblyopia.—in rare instances a
eomatose pernicious attack eventuates in blindness.
The amblyopia is usually transient, lasting for an
hour or two only. On the other hand, it may be
persistent 3 in which case, according to Poncet, optic
neuritis, peripapillary wdema, extravasation of leuco-
evtes, plugging of retinal and choroidal vessels by
parasites or pigmented leucocytes and  conscquent
multiple hemorrhages, may be found in the fundus,
If the heemorrhages are minute they are discoverable
by the microscope ouly, These fundus changes differ
from those in quinine amblyopia. Tun the latter,



76 MALARIA.

depending on retinal anwemia from toxie spasm of .t]m
arterioles, the amblyopia 1s more p‘(‘rfislvn{ < the dises
are white and the vessels” shimnken : there are no
nflannnatory svimptoms ; and central vision is the
first to recover,

ALGIDE FORVS.

The algide forms of pernicious attack, as indicated
by the name, are characterised by collapse, extreme
coldness of the surface of the body, and a tendency
to fatal syncope. These symptoms usually coexist
with elevated axillary and rectal temperature,

Gastric form.—This may be associated with,
and in a measure dependent on, acute catarrhal
dyspeptic trouble. Tt is accompanied by severe
epigastric distress, tender retracted abdomen, and in-
cessant vomiting.

Choleraie form.—Malarial attacks are some. %
times accompanied by choleraic symptoms. The $6661s ~ /
suddenly become loose, profuse and numerons. They
ave not generally so profuse or colourless as the rice-
water discharge which Pdai& from the patient in true
cholera; they retain a certain amount of biliavy
colouring, and may be mucoid or even bloody.,  As
i cholera, the serous drain may lead to cranps in
the limbs, loss of voice, pinched features, washer-
woman’s fingers, almost complete suppression of urine
and, perhaps, to fatal collapse.  Nuch altacks ave
very deceptive, and may be wistaken for true
cholera.  The high axillary temperature if present ;

a history perhaps of recent ague fits; the subsequent
rapid disappearance of choleraic symptoms on  the
appearance of the hot and sweating stages ; the
colour of the stools and other collateral circumstances
usually suffice for diagnosis, particularly if they are
supplemented by a Inicroscopical examination of the
blood. Although not usnal, recurrence of the choleraic
symptoms may take place at the next fever period,
A dangerous tvpe of malarial fever prevalent in
the Punjab is often ushered in hy suel symptoms ;



Parurorocy oi ArcipE Forus. b

without the wicroscope its true nature may be hard
to recognise,

Dysenterie form—Another form of pernicious
attack 1s charvacterised by the sudden appearance of
dysenteric symptoms, perhaps by lwemorrhage from
the bowel orelsewhere.  The possibility of asuddenly
developed dysentery being of malarial origin must
therefore be kept i view ; particularly if in what
appears to be ordinary dysentery axillary temperature
1s found to be abunormally high. In every case of
dysentery of this kind examination of the blood should
be made before the usual treatment for that disease is
instituted—a treatment which, in the probably ady-
namic state of the patient, might very well prove fatal.

Syncopal form.  lu the preceding types of
algide pernicious malarial attack the dangerous symp-
toms show themselves in the rigor stage of the fever.
There 1s yet another form 1n which the danger appears
to depend oun an exaggeration of the symptom usually
hailed as bringing relief aud, for the time, freedom
from danger. Thus the sweating of the stage of
defervescence may be excessive and cause collapse
which, if the patient rise up suddenly or make an
unduc effort, may lead to fatal syncope. Weak and
cachectic patients, therefore, should be “warned “of
this possibility, and not be permitted to rise suddenly
or to exert themselves in any wayv during the defer-
vescenee of an ague.

Tl}%!])qg%o&lto?g/ of these various forms of algidity is 1n
allikelthood o a very mixed character. Tnthe gastric,
choleraie, and dysenteric types there is probably an
aceumulation of plasmodia in the vesselsof the intestinal
mucosa ; such sccunulations of parasites have been
deseribed.  Inn those attacks in which profuse sweating
is the dangerous element, the diaphovesis may be
regarded, at all events in part, as symptomatic of
excessive blood destruction— of what is, in rveality,
equivalent to a sudden and extensive hzemorrhage ;
or it may be that it is only an excessive reaction to



28 MAarariA.

the malarial toxin.  The dangerous syncope attend-
ine all types of algidity 1s secondary, and merely an
expression of collapse.

A\ practical experience of these suddenty developed
pernicious fevers of the tropies teaches that we should
never make light of any malarial attack : partlcu.l;u'ly
it it he of a mild irregular character and impertectly
controlled by quinine, and if small parasites, or the
crescent form, be present. The practitioner should be
on the alert for any danger si@(nal‘ilgental aberration,
restlessness, peculiarity in behaviour, alteration in
knee reflexes, and other indications of grave implica-
tion of the nervous system. It further teaches that the
subjects of such fevers should be particularly careful to
guard against chills, fatigue, insufficient and RGO
some food, and all causes of physiological depression.
The subjects of African hwemoglobinuric fever, to he
presently described, must exercise special caution in
these respects, not relaxing their care for months
after return to a cold climate. There seems to he
hardly any disease in which chills, wettings, ete,
determine attacks so readily as in heemoglobinuric
fever. If possible, anyone who has suffered from this
discase ought not to return to Africa.

HAMOGLOBINURIC FEVER.

There 15 one form of what is believed to be
malarial infection which, though fatally common iu
certain countries, and though possessing very alarming
and distinctive symptoms, has only comparatively
recently been differentiated and studied. 1 refer to
bilious hamoglobinurie fever, sometimes crroneously
called “leematuric fever,” sometimes “ blackwater
fewon,’

At s characterised by pyrexia, which is ushered in
with rigor, bilious vomiting, with icterus and lhiemo-
gl(?l)lnurrxa, and with a diminution in the quantity of
urine.  These symptoms, in greater or less degree,
are practically never abseut ; occasionally, howcver,
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m what micht be called abortive attacks, the bilious
vomiting may not occur aund the other symptoms
may he mild in character.

This most dangerous discase prevails especially in
the morve malarial districts of tropical Africa. 1t was
fivst described by French naval surgeons stationed at
Nossihé) a French settlement oft the north-west coast
of Mudagascar.  Subsequently it was found to have
a more extensive distribution, and to bhe common,
as mentioned, in many parts of tropical Africa. Tt
15 also found o the hotter regions of America, in
the West India islands, 1 parts of the Eastern penin-
sula and archipelago, 1n the south of (hina, in Assam,
and i some districts of India.  Until quite recently,
strange to sav, no Indian writer had mentioned
lmm(wlobmulm as a feature in the pyretology of
Hindustan or of the East.  The disease occurs, but 1s
rare, in Nouth Furope ; cases are sometimes met with
i Greeee, Jtaly, and Sardinia.  Possibly 1t has been
overlooked 1 many places,

There may be another explanation for the singular
stlenee on the subject of hwewmoglobinurie fever of the
classical writers on Indian diseases; they way have
confounded it with hilious remittent. It 1s difficult
to helieve, however, that the large number of acute
observers who have studied Indian diseases so care-
fully, and for so many years, could have system-
atic: lll) overlooked this stukmn diseasce.  Possibly,
therefore, 1t 1s of recent introduction into Tndia. Such
an idea 1s countenanced hy the fact that certain
medical men practising in Africa, good observers,
declare that this form of malaia is of comparatively
reeent introduction there ; and, morcover, that it is
yearly becoming more common in that continent.
There 1s another remarkable fact about haemoglobin:
uric fever, which would lead us to bhelicve that it 1s
dependent on a form of the malarial parasite, or,
possibly, of a species of parasite, peculiar to itself
and this is, that in its recurrences hemoglobinurie
fever often retains its peculiar characteristics for
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cases of the kind which
105 | {1 occurred recently in
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tack may occur in
SXIEST) QYoo — Europe. Such a case I
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102 . although he had fever
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dent in tropical Africa
regards three, or four,
or more attacks of ma-
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apprehiension ;- for not only are they dangerous in
themselves- at least one in cvery three or  fon
proving fatal—but, cven if recovered from, thev
leave  the  patient  in-
tensely  anwemie,  with

Now11 12 | 14-15 1 16-17 |

damaged  kidneys ywer-  ¢fwe me wm e 1w
haps, and strongly pre- Sl2oi12 1000 101 |
disposed to a recwrrence |1 CHIHOHL P g
of similar attacks, in " Lo | o
one of which he will  w i =
probably succumb, 6oy
Himoglobhinurie - ‘\ _ Celpm
fever is not very com- Tooam. '
mon during the first year ‘ .

of vesidence in Afviea, 05— - —
though, in rare instances,
it does oceur even as - ] plopm
arly as the second or
third  month. Tt is
usually after a vear or 1)
two of malarial satuva-
tion, and after many g
attacks of an ordinary
character. that it shows ‘
1tself, WL
[t would appear
from statistics prepared
from certain returns ve-
garding the white em- " -
plovees of the Congo . |
Free  Ntate, and  from W
the evidence collated ])\ iz i —Temperature chat af re-
other writers, that the  jener o b s bivic e
third vear of residence after his et to Congoland,
15 the one most Hable ])"‘['Tq:;(“””“\ hivnioglninnria,
to this disease.  Longer
residence with immunity seems te imply in the
European special resisting powers as against  the
discases of Africa, and special suitability for the
African climate.  On the other hand, many think
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that Teneth of residence has no mfluence as 1'0}.:'11‘!11-\‘
blackwater fever : they think that the susceptible
set it whether in robust or indititrent h(‘&l.th,
whether newly arrived or long resident. .Natlve
Africans, though subject enough to intermittents,
enjoy a relative immunity from haemoglobinurie
attacks. This is not absolute, however; Kasmon,
Eyles, Quartey-Papafio, and others, have recorded
cases of the disease in natives. Many of the Chinese
labourers on the Congo railway died of heemoglobin-
uric fever.

Symptoms.— A European, who has been subject to
occasional attacks of malarial fever which lhitherto
had been more or less successfully controlled by
quinine, has a recurrence of what at first appears
to be the familiar symptoms, although frequently
patients say that these early symptoms are not quite
like those of their ordinary fevers. A slight, oramore
considerable rigor is followed by intermitting, or
remitting, or irregular fever, with marked bilious
symptoms.  Earlier or later in the attack he beconzgs ’
conscious of aching, perhaps severe pain, in the loins,
in the region of the liver, and over the bladder ; in
exceptional instances these local pains are absent.
In consequence of a somewhat urgent desire he passes
water, when lie 15 astonished to sec that his urine has
hecome very dark in colour, perhaps malaga-coloured,
or possibly almost black.  The fever continues, though
not mnecessarily very lhigh.  Very likely he suffers
from epigastrie pain and distress, hilious vomiting to
an unusual extent, and, it may be, bilious diarrheea ;
or he may he constipated. The pain in the loins
f:lld the liver-ache continue, and the urine bLecomes
darker and darker.  By-and-by the sufferer broeals
nto :lnpl‘()fu.'\‘? swent and the fever gradually subsides,
(Iig. 32.) ~The wine, which hitherto had heen some.
whay scanty’, now flows more freely : and, after piassine
through various paling shades, from dark hrown o
She.l'r)j red, becomes once more natural in appearance,
Coincildently with the appearance of the dark colouy
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in the urine, o1 even before this has been remarked,
the skin and sclere vapidly acquire a deep sativon-
vellow tint. This icterie condition persists and even
deepens dnring the progress of the fever, continming
for several days to be a striking feature in the
symptoms.  When the fever subsides, the patient is
conscious of a feeling of intense weakness from which
hie recovers hut slowly.  Fever may recur next day,
or for several days; or 1t may cease; or it may be
remittent, or almost continued in type.  The haano
clobinuria may vecur with cacll rise of temperature ;
or there may be only one or two outhursts.

In the more severe forms of heemoglobinurie fever
there is usually a very great mmount of bilious vomit-
ing, of intense epigastric distress, and of severe liver-
and loin-ache.  The urine may continue copious and
very dark in colour : or, continuing hwemoglobinous,
it may gradually get more and more scanty, acquiring
a gmmy consistenee, a few drops only being passed
at a time.  Finally it may be completely suppressed.

In severe cases death is the rule. Tt appears to be
roughit about in one of three or four wavs, The fever
may assume the typho-adynamic type ; or snddenly
developed pernicious cercbraly hyperpyrexial (Fig. 53),
or algide symptoms may snpervene  In other cases
the symptoms may be like those conscquent on sudden
and profuse hemorrhage jactitation, sweating, sigh-
g, syncope.  Or it may be that suppression of
urine, persisting for several days, terminates; as cases
of suppression usually do, i sudden syncope or con-
vulsions and coma.  Or nephritis may ensue and the
paticnt die from uraemic trouble three or four weeks
after all signs of hwemoglobinuria and  fever have
disappeared

Reeently I saw in London a cave in which the
fatal issue appeared to have been brought ahout by
persistent llig‘l(ﬁ(ﬁé‘ll, hepatitis and vomiting of blood.

Such 15 a brief and impertect sketch of  the
symptoms of this, the most important of the African
fevers., It 1s a disease, which, as this continenv

Qv e
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becomes more; gpened up and more frequented b};
Europeans, is bound to occupy a greater amopnt ’0
attention from medical writers than it has hitherto
done.

The wrine.—1If the characteristic dark brown,
generally acid, urine of a hwemoglobinuric case be
stood for some time in a urine glass, it will separate
into two well-marked layers: an upper of a clear
though very dark port-wine tint, and a lower—
perhaps amounting to one-half or one-third of the
entire bulk—of a somewhat brownish grey colour,
and consisting of a sediment in which an enor-
mous number of hyaline and haemoglobin tube casts
are to be found, together with a large quantity
of brownish granular material. Epithelium is also
met with; but blood corpuscles may be entirely ab-
sent, or very few in number. With the hemoglobin
there is also an escape of the serum-globulin of the
blood, for the urine turns almost solid on boiling ; and
for some days after it has regained a normal appear-
ance the urine will still contain albumin, though in
gradually diminishing amount. Spectroscopic exami-
nation gives the characteristic bands of hemoglobin,
sometimes those of methemoglobin.

The Eidneys.—1f the kidneys of a fatal case ave
examined at an early stage of the disease, they are
seen to be enlarged and congested, the tubules blocked
with hemoglobin infarcts, the cells laden with yellow
pigment grains, and the capillaries most probably with
black malarial pigment. If the case survive for three
or four weeks and then die of uremia, the appearances
are those of large white kidney.

The liver 1s enlarged, soft, of a dark yellow colour.,
Microscopically it reveals evidence of cloudy swelling
with a large amount of yellow pigment in the liver
cells.  Melanin may or may not be present.

The parasite.—The parasitology of hemoglobinurie
fever has not been worked at sufficiently to justify
an expression of opinion as to its exact nature, Plas-
modia have been found in the blood and organs ;




I EMOGLOBINURIC VEVER. 85
but thehr specifie characters, in many instances, have
not been accurately determined, further than that, as a
rule, they are small, non-pigmented, and rarely sporu-
late in the peripheral blood, belonging, doubtless, to
some form of the crescent-forming malignant tyvpe.
In one instance, slides from which came under my
notice, a mixed infection of small parasites and be-
nign tertian parasites, the latter predominating, was
present. Considering the peculiar clinical manifes-
tations, and the facts of geographical distribution, it
seems not unlikely that the parasite of hwmoglo-
binurie feser is specitically different from the malaria
parasites usually met with in Ewrope and, perhaps, in
India.  Sambon’s suggestion that it may be allied to
Livosoma bigeminwin of the hemoglobinuric fever of
cattle deserves consideration. It by no means follows
that any given parasite found in the blood of a hwmo-
globinuric case is the cause of the discase.  Thus we
must expeet that the ordinary malaria parasites may
be met with, and, indeed,; ave likely to be met with, in
a population so universally infeeted with malaria, as
that of the unhealthy regions of Africa ; and this move
especially 1f the patient’s resistance is lowered by
sonme other and concurrent infection.  The conclusion,
so apt to be jumped at, that such malaria parasites are
the cause of the concurrent diseasc, is not justitied on
this evidence alone.

It is a striking fact that the malara pavasites,
which way be present before and at the outset of
a hwemoglobinuric attack, generally disappear from
the blood during the progress of the heemoglobinunia.,
and that without quinine ; and, further, that a
liemoglobinuria may terminate for good a chronic
malarial infection. Heaemoglobinuria or, rather, the
sudden destructionn of all the parasite-infected cor-
puscles, and consequently of the included parasites,
would seem therefore to be a method of spontaneous
cure of a malarial infection.
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CHAPTER 1V
MALARIA @ MORBID ANATOMY AND PATHOLOGY.

The blood in malarvia.—As the plasmodium is
a blood parasite we naturally expect that the primary
etfect of its presence will be exercised on, and mani-
fested in, thie blood ; and as the parasite lives in and
at the expense of the corpuscles, destroying a certain
proportion of them—in .fact, all those attacked—we
look, in the first instance, for a correspouding di-
minution in the number of these corpuscles — an
oligocytheemia.

Oligocythewia.—Accordingly, when in malarial
disease we come to measure accurately the corpuscular
richness of the blood, we do find a decided oligo-
cytheemia ; and, not ouly this, but we find a degree of
oligocythwemia greatly in excess of anything we might
expect, or which can be accounted for by, or is in
correspondence with, the proportion of corpuscles
attacked and directly consumed by the plasmodium,
Judging by what we see in finger blood—peripheral
blood. If, for example, every hundredth corpuscle
contains a parasite we might look for something like
a quotidian, tertian, or quartan 1 per cent. reduction
in the total number of blood corpuscles ; if every
twentieth corpuscle contains a parasite - a very high
and unusual proportion—we might look for a similarly-
timed 5 per cent. reduction.

Now this is an amount of heemolysis which should
be easily gompen§ated by the latent physiological
hzemogeqetlc margin, an(.l which one would not expect
to show itself as a de-aﬁnlte apeemia, or to show itself
only after -the recurring drain had been kept up for
some considerable time. But what are the clinical
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facts 1 One or two paroxysms only, of some mala-
vnal fevers, may be immediately  followed by an
anmia so pronounced as to be discernible to the cye
i the intense pallor of the c<kin and visible mucous
surfaces,  On counting the corpuscles in such a case
we note a regiilar drop in their number of from 5 to
1V pee ermt, e paroxysi. Often after a single
paroxyshi of some pernicious fever as many as Lalf a
million, or even one million, corpuseles per canm. drop
out of the normal five mllhons, and this reduction
may o on, as paroxysm follows paroxysm, until
the cor pusc ular richness has fallen to one million, or
even less.

Diniiistod haioglohin ralue of corpuscles.—Not
only 1s there in many, in fact in most, cases of
malarial disease a pronounced oligocythwemia, but
therve is, in addition, a marked diminution in the
liemoglobin value of the surviving  corpuscles ; it
may fall 10, 200 or even as much as 0 per cent.

Diniwishied ot of blood.— And not only 1s
there this marked diminution i the proportion of
the corpuscles to the bulle of the blood and in their
L:emoglobin value, but there is, furthermore, i all
malarial conditions of any considerable standing, :
narked diminution in the volume of blood.  Thus it
comes that at the post-mortem examination of such a
case we do 1ot always meet with that congestion of
the organs which is so usual a feature in most specitic
fevers,  On the contrary, although in quite recent
cases visceral congestion may be marked enough, if
a malarial fover has been of any considerable (1111&
tion, the venous system, with the cxce ption of that
appertaining to the spleen, liver and portal system
generally, may be markedly empty.  And thus it
is that often, when we would make a preparation
of blood from the living malarial patient, we may
tind that not only is the blood lakey, thin, and
watery, but that 1t does not flow freely from the
pricked finger.

Destrction ad ropucration of blood Ge first allucks
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e inrelapses.—There appears to be no very defimte
or manifest law governing the degree, progress, and
quality of the anwmia of malarial discase. On the
whole, and as rough general rules, it may be laid
down that in any given ecase the antemia 1s 111 pro-
portion to the severity of the febrile attacks ; that,
although the loss of corpuscles following first attacks
is usually very marked, this loss is rapidly made
good ; that, although in relapses the loss of corpuscles
15 less than in first attacks, the tendency to reparation
1s also less,

Morbid amnatomy: Jacroscopic.—If the body
of a patient who has died in the course of an
acute attack of malarial disease be dissected, certain
appearances are generally found. In the first place,
and invariably, the spleen is enlarged-—often very
much enlarged ; its surface is dark—black some-
times; what is called pigmented. On section, the
gland tissue is also found to be dark. Generally the
parenchyma of the organ is so much softened as to be
almost diffluent, so that the tarry pulp can sometimes
be washed away by quite a gentle stream of water.
The /lwwer, too, is softened, congested, enlarged, and
pigmented. The vessels of the pic mater and brain
cortes are full, and the grey matter may present a
peculiar leaden rwe.  The iiwirrore of the spongy bones,
such as the sternum and the bodies of the vertcbre,
is also dark and congested ; and a similar state of
pigmentation and perbaps congestion may be dis-
covered in the luinys, /lli/ur‘///u;'y canaly and kidueys.

Microscopic  Malarial piymentation.—The pig-
mentation referred to is pathognomonic of malaria.
On submitting malarial blood from any part of the
body to microseopical examination, it will bhe found
to contain grains of Llack pigment. Particularly is
this the case \\’.ltll blood from the organs just men-
tioned ; their microscopical sections will show (Plate
'IT., Figs: 2, 3 -1),'m(')1'e or less thiekly distributed
in the blood,.;md within the cells of the endothelium
of the arterioles and eapillaries, minute grais, or
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actual blocks, of the same intensely black substance.
Fov the most part these piginent grains are enclosed
in leucocyte-like bodies which are either clinging to
the walls or lying loose in the lmmmen of the \esscls
Here and there the pigmented bodies may be so
agaregated together that they form veritable thrombi
and occlude the vessels. 1t is possible that many of
these Dodies are not pigmented leucocevtes, hut are
really dead and hreaking-down parasites; for if the
preparations were made within two or three hours of
death—that is to say, wlen the tissues were quite fresh
—1t may he possible to see that the capillaries of some
of the organs wre full not only of piginent but also of
plasmodia, a very large proportion of the blood cor-
puscles cmlt‘mun(f parasites.  Particularly is this the
case with the spleen and bone marrow ; often, too,
with the brain, liver, epiploon, and 1ntest1nal niucosa.
The spleen and bone marrow are further distinguished
from the other organs mentioned by the position in
which the pigments occurs in them, In all organs the
pigment is found in the blood-vessels, but only in
these two organs is it found in the cells of the paren-
chyma as wel], and outside and away from the blood-
vessels.  This extravascular pigment is either free, or
it lies in the large cells characteristic of these organs,
or in the small cells of the parenchyma.

Natwre and souree of malarial piguent.—What is
this Dblack pigment which is so generally diffused
throughout the circulation, and which is so speetally
abundant in the spleen and bone marrow ! In colour,
m structure, and in chemical reaction it corrvesponds
exactly with the pigment already deseribed as forming
so prominent a feature in the malaria pavasite itsclf.
Like this, it is insoluble even in strong acids : it is
altered by potash, and is entirely and rapidly dis-
solved b\ ammonium  sulphide. Tt may occur  as
minute dust-like grains, or as coarscr ])lltl(]e\ o1 as
agglomerations  of theso into 1rregular, mamillated
lumps.  So far as the circulation is concerned, such a
pigment is found in no other disease whatever.  As
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an extravascular pathological product 1t 1s found 1
certain melanotic tumours; but only in the cells of
the tumour, never in the blood-vesscls.  Pigments .of
several kinds arc found in old blood clots; such pig-
ments are manifestly differcnt from that of malaria,
and yield very different chemical reactions. Intra-
vascular black pigment, therefore, is absolutely
pathognomonic of malaria.¥ Because of its physical
characters, and of the circumstances in which it
occurs, it may with confidence be regarded as the
specific product of the malaria parasite itself.

Nowrce of the piyiwent in the pigmented leucocyte.
—If further evidence be required of the identity of
the intraparasitic pigment and that found in the
tissues, it will be supplied by a study of the fate of
the pigment grains and clumps set free in the blood
on the breaking up of the sporulating plasmodiumn.

If malarial blood, drawn during the rigor and
early stages of acute attacks, and even at other times,
be examined, leucocytes carrying grains or even
blocks of black pigment will be encountered fre-
quently.  If the observer Dbe fortunate and perse-
vering he will sometimes actually see whence this
pigment is derived ; he may even detect the leuco-
cytes in the act of taking 1t up. He may see the
pigment set free in the liquor sanguinis by the falling
to pieces of a sporulating plasmodium ; and he may
then see a phagocyte creep across the field of the
microscope and slowly engulf the little block. This
undoubtedly 1s a principal source of the pigment in
the leucocytes. Other, though possibly less import-
ant, sources, are the effete crescent bodies, and,
especially in the large cells of the spleen, necrosed
parasite-containing red blood corpuscles.

P{zagocytosis i the spleesr.—The evidence of phago-
cytosis in the spleen in malaria is very remarkable,
Not only are large and small masses of pignient

* The pigment-like dot occurring in a lur

lymphocytes, even in normal blood (s
founded with malarial pigment.

gie proportion of the
¢ . 41), must not he con-
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included in the macrophages, in the smaller cells,
and i the endothelium, but entire hlood corpuscles-
sowmetinmes asnany as cight or nine, mostly containing
parasites besides free parasites, free pigment, and
fragmented heemoglobin are frequently to be secn in
one and the same phwocvtv Sometimes one pigment-
laden phagocyte may be seen included in another
phagocyte, and these perliaps in a third.

Blood of the splevic vein and Tiver  Of all the
vessels of the hody the splenie vein is that in which
malarial pigment is most abnndant ; whereas in other
vessels itis found to be ineluded in 01(1111ary eucocytes,
i this vessel it is inelnded, not only in the leucoeytes,
but also in certain large white cells identical with
those ocenrring in the spleen, and, doubtless, of splenie
origin also.  Nimilar cclls may be found in  the
capillaries of the hver, rarely, however, in the blood
bevond this organ ; that is to say, they are filtered
out by the liver from the blood carried to it by the
splenic ven Anadditional reason for the abundance
of pigment in the splenic vem is; that not only is the
spleen the physiological destination of many of the
pigment-laden lencoeytes and effete parasite-infested
corpuscles, but 1t is likewise a favourite nursery for
the plasmodium.  In fact, the parasite is present in
this organ in greater profusion than elsewhere, Hence
it is that the splenic vein, coming direct from a vich
breeding- and  dumping gronnd for the plasmodium,
contains a large number of pigmentladen lencocytes,

Eetravasenlar pigment.-—1in the early stages of
malarial disease, except in the case of the spleen and
bone marrow, the pigment is entirely confined to the
Innren of the vessels and to their endothelium.  Bnt if
we examine tissues from a case which has died at a
late period of the disease, the pigment may then be
found, not only in the endothelium, bnt also in the
walls of the vessels, and even in the perivascular
Ivinph spaces whence, it may be inferred, it s
xuhxoquontl\ carried to the Tymphatic (»lzm(ls to be
finatly dealt with and broken np, A eneont: aving



94 NMarArrA.

this view about the ultimate fate of the malaria
pigment, Kelsch has pointed out the significant fact
that the lymphatic glands in the lilum of the liver
are always markedly pigmented in old-standing
malarials ; a fact evidently referable to the disposal
of the large quantities of pigment which, as we have
seen, the liver filters out, more especially from the
splenic portion of the portal circulation.

These facts explarn malarial pigmentation and
oligocythemia.—The facts just mentioned explain not
only the origin and nature of malarial pigmentation,
but also, in part at least, the oligocytheemia of the
malarial state, which, as pointed out, is only partially
accounted for by the destruction of corpuscles by the
plasmodium in the general circulation as represented
by finger blood. They show that what is seen in
finger blood does not represent anything like the
aggregate mortality going on among the corpuscles
from direct destruction by the plasimodium. The
principal part of the malarial drama is played out in
the spleen, liver, bone marrow, brain, etc., and not in
the general circulation. What is seen in finger blood
is but an overflow, as it were, of the greater drama
going forward in the viscera,

The yellow pigment.— Although the black
pigment is so prominent a feature in malaria, it is not
the only pigment of a pathological nature originating
in the action of the plasmodium on the blood cells.
The black pigment isa pathognomonic and interesting
feature ; but, apart from this, it does not appear to
be of any really very great pathological importance.
It does not seem to act as a poison, or irritant, or as
a cause of degeneration of tissue, any more than a
few grains of lampblack would, if so much. It is
otherwise, however, with the pigment which Kelsch
and Kiener have so carefully described, and which
they call the “ pigment ochre.”

If the tissnes of a patient who has recently died
from a perniclous malarial attack are examined with a
Ligh power, there will be found (Plate IT, Figs. 3, 4),
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m addition to the black pigment already deseribed
as lving m the vessels, another pigient—a yellow
pigment  incorporated as lttle granules, or even as
larger grains, in the protoplasm of the cells constitut-
g the parenchyma of most of the organs and tissues
of the body.

The yellow pigment vot peculiar to nalaric,—This
pigment 18 not peculiar to malaria, It is found in
other diseases and conditions, particularly in  those
associated with extensive and rapid lberation of
hamoglobin from the blood corpuscles.  Thus it is
found in pawroxysmal hamoglobinuria, in pernicious
anemia, in extensive burns, in poisoning by pyro
gallic acid, potassium chlorate, arseniate of hydrogen
and many other toxic agents. It has peculiar chemiceal
properties, being equally insoluble in acids, in alkalies,
and 1n aleohol. At flirst, when freshily deposited, it
gives no evidence, under the usual micro-chemieal
tests, of contalning ivon ; after it has been in the
tissues for some time it appears to be altered in
character in this respeet, and 1t then gives a ferrous
reaction  with ammonium sulphide, and  with the
double evanide of iron and |)0t;1%s‘inm

Polychiolic and hamaoglohine i, Under ordinary
conditions of physiological waste the  products of
the eflete blood corpuscles are converted into hile
pigment, and so got rid of.  Up to a certain degree
of pathological hamoglobmimia the liver can deal
in a similar way with free heemoglobin ; so 1t comes
about that, when this substance is free in the blood
i unusual abundance, the secretion and How of
bile become correspondingly increased.  If this tlow
of bile he excessive 1t gives rise to what are called
“bilious symptoms - bilious vomiting, hilious diar-
rieca ; svmptoms which are so common in maiarial
dlS("LSO p’u‘tlcuhll\' in that variety known as “bilious
remittent.”  Thus polycholia 1s a constant and often
urgent feature in most malarial fevers, and is good
evidence that in malarial infections there 1s a sur-
charge of the blood with free hiemoglobin. Tt is not
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improbable, although this point is disputed, t.vlmt the
yellowness of the skin and sclerw observed in these
fevers is due to tinting by free hamoglobin, to a
hemoglobinsemia in fact, and not, as is popularly
believed, to biliousness or choliemia from bile ab-
sorption,

The yellow pigment is deposited in excessive heemo-
globinemia.— As in those other conditions referred to
as being attended by rapid hemolysis, in severe
malarial fevers in which there 1s great and sudden
liberation of hsemoglobin which the liver cannot at
once deal with, pending its transformation into bile
pigment the liberated hsemoglobin is taken up by
the protoplasm of the cells of the different tissues
and organs of the body and precipitated in them in a
slightly altered form ; it is stored up in fact, waiting
to be worked off as bile pigment by the, for the time
being, overtaxed liver. The yellow pigment, the
“pigment ochre” of Kelsch and Kiener, is, in all
probability, this precipitated heemoglobin.

Great excess of heemoglobinemaa results wn hamo-
globinuria.—Should the liberation of hzemoglobin go
beyond this, be too great and too suddenly effected
for the excretory powers of the liver and the storage
capacity of the tissues, then the hznioglobin, little-
altered in composition, seeks a more speedy way of
escape by the kidneys, and hazmoglobinuria is pro-
duced. Thisis what is found in ordinary paroxysmal
heemoglobinuria, and in toxic hemoglobinuria ; and
in this way we may account for the peculiar features
of that most dangerous type of malarial poisoning,
‘ bilious heemoglobinuric fever.”

Hwmoglobinemia  how produced.—How, it may
be asked, does the malarial parasite give rise to
hemoglobinemia ?  The enormous quantities of
hemoglobin free in the blood, deposited in the
tissues, escaping in the urine, or elaborated as hile
pigment, surely cannot be derived solely from the
remains of the corpuscles invaded by the parasite ;
for these invaded corpuscles are almost entirely
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caten up, and the hamoglobin they onee contained
Iias heen nearly entively assimilated by the parasite
and  transformed into its proper tissue and into
niclanm,

It bhas already Dheen pointed out that hamo-
¢lobinometric observations show that in the sur-
viving and non-infected corpuscles there is a pro-
nounced deficiency of hamoglobin.  May it not he
that part at least of the free Lemoglobin s derived
from these corpuscles ! May it not be that at a
particular stage e all malarial fevers, at the stage
of 1igor (which, as has heen explained, corresponds
- time to the breaking down of the sporulated
plasmodium), there is a sudden Liberation of some
hemoglobm-dissolving substance which hitherts had
subscrved the parasite during its growth as a sort of
digestive agent, ailding it in the assimilation of the
contents of the blood corpuscle ' May it not be that
on the breaking down of the sporulating plasniodinm
this substance 13 set free 1 the cireulation, and that,
being there, retaining its digestive properties, it
continues to act as a lvmnonlolnn solvent, and  so
digsolves out a proportion of the haemoglobin from
the otherwise healthy corpuscles?

Size and shape of the blood corpuscles.—On the
whole, ax 111 most anemic conditions, in malaria the
corpuseles ave larger than normal—particularly those
attacked by the parasite, especially the tertian pava-
site,  Occasionally we come across genuine megalo-
eytes s and, not mfrequently, cmtam very  minuate,
darkly (014)1110(1 spherical corpuscles, which may 1»(‘
nucleated and of embryonic type. There may also
be marked irregularity of outline in many of the
corpuscles, and an indisposition to form rouleaux.

Poikilocytosis in Lawoglobiverie freer. —The most
striking display of blood destruction by the malarial
poison ix to be seen in cases of hamoglobinurie fever
during the carly stage. 1 onee had an opportunity of
examining the blood in such a case.  There did not
scem to be a sound corpusele in the patient’s hody

H
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nearly all were mis-shapen, tailed, bnekled, shrivelled,
or otherwise deformed ; microeytes, mog.:ml()CyU‘S, and
pallid ghost-like corpuscles were present m a1>11}1(1;\11(-(\
in every field,  In this case the h:mnoglob.m was
pouring from the kidneys ; the albuminous urme was
the colour of porter, and deposited a copious dark
brown sediment of slightly altered haemoglobin.

The lencoeytes in malaria.—Although the leuco-
cytes, especially the large mono-nuclear and poly-
nuelear, play a very important part in the malaria
drama, hitherto their numbers and varieties in this
infection have not been sufliciently studied.  In mild
attacks their numbers, as observed in peripheral
blood, decrease somewhat, both relatively to the red
corpuscles and absolutely.  Possibly this decrease
may be accounted for by the tendency the pigment-
laden leucocytes exhibit to carry their burden to the
spleen and other internal organs, so that the decrease
is only an apparent one. Dr. J. S. Billings, who has
given attention to the leucocytes in a limited number
of cases of malaria, reports that the diminution in
their numbers is striking. In benign tertians and
quartans their maximum is attained, he says, two or
three hours after the onset of chill. From this time
there is a progressive diminution until the minimum
is reached at the end of the paroxysm and when
temperature has become subnormal.  After this the
number rises somewhat, and during the interval
occupies a position midway between the maximum
and minimum.  The large mono-nuclear elements are,
as a rule, greatly increased, both absolutely and
relatively.  With regard to the leucocytes in that
type of fever which is caused by the crescent-forming
small parasites, it is impossible, he says, to arrive at
so definite a conclusion as in the benign tertian cases.
In the former type of case there appears to he a
sheht diminntion in the number of leucoeytes towards
the end of the attacks, a diminution which is made
good.during the j1.11;.01'\':L1. Curiously enough, in
certain severe pernicious attacks there is o decided
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merease of the leucoeytes in the periplieral blood
sometimes an cnormous inerease, o positive leuco-
eviosis, the normal 8,000 per canm. vising to 10,000
or even (o 30,000, the proportion to red corpuscles
rising from 1 to 300 to 1 to 70,

Lhe hematoblusts i inalario.—As veeards the
haematoblasts, Tavem has shown that the number of
these hodies  somewhat declines during an acute
malarial attack, to rise very considerably above the
normal standard  during  the succeeding  davs  of
apvrexia. This apyrexial multiphication he calls the
erise hématoblastique)” and e conjectares that its
ocemrrence s associated with the regenevation of the
red corpuseles; so muaeh reduced  n number and
deteriorated in quality dioring the attacks.

The eause of fever and periediceity in
malaria. The fever caused by the malaria para
site and associated with the changes in the blood and
tissues just deseribed, 1s characterised by clinical
features which, when typically manifested, clearly
differentiate it from all other fevers.  These features
are, more especially, periodicity and  intermission.
Questions which suggest themselves in this connec-
tion are : What 1s the 1immediate cause of the fever
in malaria ! What 1s the reason for the remarkable
intermissions  and  peculiar,  almost  mathematical,
periodicity which these fevers exhibit?

Febrogenetie agent.-——In all malarial attacks tlis
periodicity tends to become, and in most attacks
actually 1s, quotidian, tertian, or quartan in type.
[f we study the parasites  associated  with  these
various types we find that they, too, as has been fully
deseribed already, have a corresponding periodicity.
We have also seen that the commencement of the
fover in eacli case corresponds with the hreaking up of
the sporulating form of the parasite concerned.  This
last is an important point : for, doubtless, when this
breaking up takes place, besides the pigment set free,
other residual matters—not so striking optically, it is
true, as the pigment, but none the less real-—probably
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arve liberated ; a hemoglobin solvent. for example, s
I have suggested.  Whether it be this haemoglobin
solvent, or whether it be some other substance, \\'111.011
is the pyrogenetic agent, 1 believe that some toxin,
hitherto enclosed in the body of the parasite, or 1n
the infected corpusele, escapes into the blood at the
moment  of sporulation ; a pyrogmmtic suhstanc.:e
allied to the toxins of wmany of the pathogenic
bacteria and to those of some animal pavasites such as
liydatids, bothriocephalus, and dracunculus.  The fact
that this toxin is liberated periodically accounts for
the periodicity of the fever, as its successful elimina-
tion does for the intermission. Celli has made several
experiments with a view to demonstrate the presence
of such a toxin in malarial blood. He injected large
quantities of blood serum from malarial patients,
obtained at the ouset of a paroxysm, into children,
adults and animals, but got no marked febrile reaction.
Possibly the amount of serum employed, although
considerable, was insufficient. We know that the
malaria parasite may propagate actively in the blood,
but unless it be present in adequate numbers fever
does not show itself. It is with this hypothetical
malaria toxin as with other poisons: to get the
spectific effect the dose must be adequate.

Theory of peviodicity.—The periodicity of the
clinical phenomena is accounted for by the periodicity
of the parasite. How are we to account for the
periodicity of the parasite? Tt is true that it has a
life of twenty-four hours, or of a multiple of twenty-
four hours ; but why should the individual parasites
of the countless swarm all conspire to mature at or
about the same time? That they do so—not perhaps
e.xactly at the same rnpmont, but within a very short
time of each other—is a fact, and it is one which
can be easily demonstrated. If we wish to gee the
sporulating forms of the plasmodium in .
%ntermittent, it .is practically useless to look for them
in the blood during the later stages of fever, or duyin .
the interval, or during any time bhut just hpﬁ,,.(':

pure
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during, or soon after rvigor. If we wish to sce the
carly and unpigniented forms, we must look for them
during the later stage of rigor or the carlier part of
the stage of pyrexia.  And so with the other stages
of the parasite ; cach has its appropriate relationship
to the fever eyele. How is this simultancity in the
development  of - the  individuals  constituting  the
swarm of parasites to he accounted for ?

Lafespan of the petraside subject to carution.—~
1t has abready heen hinted that the parasites do not
all attain maturity at cxactly the same moment ; some
ripen and break up a little eanlier, some a little later.
That the cycle for the individual parasite is not
exactly and necessarily one of twenty-four hours, or
of a multiple of twenty-four hours, is also certain ;
for it 15 a well-ascertained fact that fevers may
“anticipate” or “postpone” that is to say, come on
a little carlier or a little later in the day.  Of course
this means that the parasites “anticipate ” or “ post-
pone.”  Why in such cases should the parasites all
anticipate together, or all postpone together; why
should they all conspire to live cither a little shorter,
or a little longer ; why should the swarm kecp to-
aether; as 1t were?  And, if the duration of the life
of the individual parasite be thus subject to a certain
degree of variation, why should not some of them
mature a little carlier and others a little later ; and
so gradually, in the course of a few days, some of
the different individuals constituting the swarm come
to be maturing at every hour of the twenty-four, and
thus cvery intermittent become a continued fever!
In the answer to these questions scems to lie an
explanation of malarial periodicity.

Influcice of plysiological vhythiue on  nilarial
prreiodicity.—My beliet 1s, that malarial periodicity
does not wholly depend on the more or less definite
life-span of the parasite, but that it depends, in part,
on the well-known quotidian periodicity in the rhythm
ot the physiological processes of the human body.

Rhythinical tmmaunity.—In all animals, including
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man, there exists a certain innate physiologieal s
tective influence qud the malarial as well as ()L]l(tl‘
parasites. As regards malaria, in most .‘dl.l““”]S this
protecting power is absolute —always suflicient, for no
vertebrate animal, except man, so far as we know at
present, is subject to malaria. But in the case (.)f.man
this immunity is not quite absolute in every 111dw1du‘a]
and at all times; althougl, as experience shows, 1n
some men it is complete, and in many, with tine, an.
increasing degree of protective power is gradually
acquired. Thus in highly malarious countries the
newcomer’s first attack of fever is generally of the
remittent or continued type; that is to say, the
swarm of parasites is able to mature during a large
part of the twenty-four hours, the protective power
being inoperative, or insufficient, for a eonsiderable
period, or for the entire circle of theday. But in
the progress of a remittent malarial fever, even when
untreated, the remissions tend to become intermissions
—that is to say, the spaee of timc during which the
protective power of the body is insufficient tends to
become contracted, although not altogether bridged
over. As the physiological rhythm of the body is
diurnal, the spacing of the fever to which this recur-
ring suscecptibility exposes the body is also diurnal.
Should a proportion of thc parasites in virtue of the
variability which, as we have seen, they possess,
mature earlier or later than this period of unprotec-
tion, they are destroyed by the still Present or de-
veloping protective power, and the fever does not
bcecome continued.  So it comes about that it ;s only
the progeny of thosc parasites arriving at maturity
during the rhythmically daily recurring insuﬂiciently
protected period which survive. In thig way I seek
to explain the phenomenon of malarial periodicity.
Spontaneous recovery.—That there is a protective
power in the human body against the plasmodium s
.certan.;, otherwise spontancous recovery from malayial
infection fzould not take place. Such spontancoug
recovery 1s no unusual occarrence. A patient ig
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attacked with typieal malaial fever, He is adwmitted
to a well-appointed hospital.  Plasmodia are found
in Ins blood. e is kept without quinine.  For one
or two pertods the tever comes off” at the usual hour,
and the parasites o throngh theiv typical course.
But one day the pavasites ave seen to he fewer, and
the next attack of fever is milder; thereatter fever
does not recur again, and the plasmodia gradually and
spontancously disappear from the blood.

The only things that could he credited with the
cwre i such aocase are the vesty the warmth, the good
tood, and the other favomrabl: hygienic conditions of
hospital it The tonie influence of these things
favours the rehabilitation of the self defending physio-
logical clement of the body, and raises its amount,
qualtty and duration to such a standard of sufliciency
that it 15 enabled to kecp the multiplication of the
plasmodiam in cheek duving the entive twenty four
hours.  This detensive clement may be, i part at
least, no other than the phagoeyte, which we have
already seen to be an active agent m attacking and
destroying the plasmodial spores on the breaking up
of the mature parasites,

It 15 possible, therefore, that the mtermittency
observed m malarial fevers in great measure arises
from two causes; the more or less fixed lifespan ot
the plasmodium, and the recurring dinrnal deficiency
or debility of a protective, plasmodium-destroying
ageney anherent i the hwnan body,  Iv might be
wrged that though such s explanation may he ap-
phicable to quotidian pertodicity, 1t could not apply
to tertian or gquartan pertodicity.  This  cannot be
admtted.  If there be a regular quotidian occurvence
of susceptibility to the malaria germ, this suscepti-
hility must be existent on the seeond and third day
as well as on the first; therefore a tertian parasite,
on maturing, will encounter it-on the second day, and
a quartan on the third, just as certainly as it they
were daily maturing quotidian plasmodia,
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Practical lessons from the hypothests advanced. —
This hypothesis may be a wrong one.  But although
it may be wrong, it will not be without 1ts usc 'lf 1t
impress the importanee of placing malarial patients
under tonic influences as an aid to specifie treatment}
and, on the other hand, of protecting the subject of
malarial recurrences from debilitating influenees. For
just as tonic influeneces may suflice to eure a fever,
so, 1In many malarials, depressing influences, as a
wetting, a surfeit, over-fatigue, anxiety, grief, in fact
physiological strains of any deseription, are sufficient
to provoke relapse of fever—presumably by debilitat-
ing or, for the time, abolishing the protecting physio-
logical element which holds in check the latent but
not quite extinct plasmodium.



CHAPTER V
MALARIA ¢ MALARIAL CACHEXIA.

Definition,—Malarial cachexia is the term applied
to w group of conditions, more or less chronie, the re-
sult of an antecedent attack of severe malarial fever,
or of a succession of such attacks, or of prolonged
exposure to malarial influences.

Symptoms.—The leading symptoms are those
of a special kind of anwmmia, characterised objectively
by a peculiar earthy sallowness of skin, somewhat
vellow sclerotics; enlargement of the spleen and—in
the early stages at all events —of the liver.  Usually
the subject of this cachexia is liable to frequent
attacks of an irregular type of fever, particularly
after exposure or fatigue, or, in fact, after any un-
usual physiological strain.

Malarial cacleria withont  fecer. —1t should  be
wmentioned, however, that fever is not a necessary
antecedent or accompaniment of malarial cachexia.
In hghly malarious countries 1t is not unusual to
see typical examples of this condition in which fever
had never beeun a feature, or, at all events, hiad been
of so mild a character as not to have seriously at-
tracted attention, or may have occurred in childhood
and been forgotten.

Enlarged spleei.—Tn such countries a large pro-
portion of the population have enormously enlarged
spleens.  The traveller cannot fail to be struck by
the number of people he sees with big bellies and
spindle shanks ; by their languid and depressed air ;
their sallow, dry, rough, unhealthy-looking skins. In
many malarial cachecties the skin pigmentation is
remarkably dark ; patches of almost black pigmenta-
tion are also sometimes discoverable on the tongue
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and palate.* It is said that in some intengﬂy malavial
places children are occasionally born with (‘“]*_‘l'.‘%“d
spleens, as if the malarial poison had already uﬂect(.td
them in wlero. 1 cannot personally vouch for this,
but I have often scen very young children with
bellies enormously protubcrant from distended splcﬂell.
According to Scheube, de Freytag and Van der Elst
observed in 1873 and 1878 in Atchin that all the
children born were affected at the time of birth with
malarial cachexia, and that most of them died in a
few months. Bein and Xohlstock found malaria
parasites in the blood of the four-months-old child of
a malarial mother, born some time after the arrival
of the latter in a non-malarial district. On the other
hand, Bignami failed to find malarial parasites,
malarial pigmentation, or other sign of paludism m
the foetus of a woman who died of a pernicious
malarial attack. Bignami therefore holds that the
plasmodium does not pass from the maternal to the
feetal circulation.

Delayed  development. — In  some instances of
malarial cachexia of early development the general
growth of the body is stunted and puberty retarded.
I have seen a malarial cachectic who, although twenty-
five or twenty-six years of age, had the stature and
sexual development of a child of eleven or twelve.
Abortion and sterility are common effects of malarial
cachexia, which, in this and in other and more direct
ways, becomes a potent agent in repressing population.

dequired  tolerance of the malarial {oxin.—In
many of these instances, although the state of
cachexia has attained an excessive degree, ague, or,
in fact, fever of any kind, has never been a prominent
symptom. It would seem that the body can become
accustomed  to the fever-producing toxin of the
malarial parasite, much in the same way that it
may become aceustomed to opium and many other

Observations in India tend to show that

i this condition
melanoglossia, is racial and not pathological Indi -
Guzette, 1897), sieal (Indian_ Medical
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orcanic potsons, both animal and vegetable, 1 Lave
watched for three weeks the vhvthmical development
of a tertian parasite in a sailor who, although pre-
viously the subject of frequent attacks of ague, was
quite free from fever duwring the period I had him
under elose observation.  Just as in those habituated
to the use of optumy a full dose of the drug, which
the vnhabituated would produce protound or even
fatal nareosis, acts merely as a gentle stimulant 5 o
in those constantly exposcd to malavia from infancy
the poison sometimes fails to act as a febrogene,  And,
to continue the comparison, just as the habitual use
of ()1)111111 produces a \]»1111\ of chronic poisonig or
cachexia without narcosis, so the habitual presence of
the malaria toxin may produce its peculiar cachiexia
without giving rise to fever. s a vule, however,
particularty in the case of Huropeans forced to reside
m highly nalarious countries, attacks of fever ave of
frequent occurrence 1 malarial cachectics,

Medarial weiaroses and  skiv affections. —Suaper-
added to the febrile attacks, and to the assoctated
anmemia, we may meel inocachecties with a variety
of functional troubles.  One charactenistic of most
of these functional troubles 1s the periodicity they
aeneradly  observe. Thus we may have quotidian,
tertian, or gquartan neuralgias, gastraleias, vomiting,
diavhaa, headaches, attacks of palpitation, of sneezing,
and so forth.  Besides these, skin eruptions. - such as
herpes, ervthema nodosum, patehes of hichen planus,
eczema, nrticaria, cte.— exhibiting a periodic liability
to exacerbations and an amcenability to guinine, have
often heen noted in malarial conditions.

Herpetic cruptions are very common in malaral
attacks,  According to Powell (Brit. Jowrn. of Der-
mietlology, Sept (lll])c , 1RO7), in Nssan the ap penrance
of a patch of helpox somewhere about the body is
wg(ndwl as an infallible sian that the attack of tever
is over for the tine being.

Heamorrhages, - 1In o high  degrees of  cachexia
haemorrhages of various kinds are apt to occur——
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epistaxis, hwemoptysis, hematemesis, nelena, 1'f't111ull
haemorrhages, purpura, occasionally lu}an}ntlll‘l‘& or
hwemoglobinuria.  In such patients trifling opera-
tious —tooth extraction, for example—imay Prove @
dangerous matter. I have seen in malariad cachectics
haemorrhages from the latter cause which were very
difficult to control ; care must therefore be exercised
in advising and in performing even the slightest opera-
tions in this class of patient.

Lutestinal and pulmonary affections.— In addition
to the troubles mentioned, we find that the subjects
of malarial cachexia are apt to be dyspeptic ; to sufler
from irregularities in the action of the bowels; to
suffer from morning diarrheea, at first of dark bilious,
and later, perhaps, of pale, eopious and frothy stools.
They are also very liable to a low and highly fatal
form of pneumonia.

Cachexia associated with functional and with
organic lesion.—There may be said to be two degrees
or kinds of malarial eaeliexia. Iu one there is merely
anwenia with eongestion of the portal system ; this
may be quickly recovered from on the patient being
removed from endemie malarial influences and sub-
jected to speeifie and proper treatment. In the other
there is, in addition to anwemia, organie disease of the
abdominal viscera—of the liver, spleen, and kidneys
—the ontcome of long-standing congestion of these
organs. These tissue-changes not only keep up the
anwinia, in spite of removal from malarial influcnees,
but, in the long run, inevitably progress to a fatal issue.

Pathology and pathological anatomy.—
The pathology of malarial cachexia is virtually, in
the first instance, that of acute malarial disease.
There is blood destruction by the direct action of the
malaria parasite and of its toxins, eventuating in
oligocytheemia and in the deposit of melanin and
altered hemoglobin (ycllow pigment) in the tissues ;
the El(‘t'i\'it)' of the process leading to congestion
cnding in organic changes in liver, spleen, kidney, and
probably in the bone marrow.
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;\'/»//‘//l'l‘ /‘///H/'{//'//l///f, The \;])ll'(‘ll nay hecome <o
enlareed under l'(‘])(';lt(‘1l attacks nf the congestion
attending o succession of fever fits, or in consequence
of a less active and perhaps fe \6‘]1( 'S5 ll wmolysis, that
1t may comne to weigh many pounds, and so to inerense
in bulk as to oce upy nearly the eniive abdomen. The
capsule of the vland, particularly on ifs convex sur-
fice, s thickened and, perhaps, “the seat of filwous
patehes; or even of adhesions ta neichbouring orvans.
Many of the trabeculie forming the framework of the
cland hecome greatly hvpertrophied,  On section, the
tissues of sueh a spleen are found to he moderately
firny, and usually of a reddish hrown colour; bt
when death happens soon after or during a febrile
attack, the seetion of the cland shows a dark siorface
trom deposit of black pigment, the pulp at the same
time being softened.  Perhaps from over-distension
some of the vessels in the interior of the oland give
way, and then theve 1s a hreaking down of the spleen
pulp in patches, the remains of splenie tissue floating
about in the extravasated blood,  Microscopic in-
spection of these hypertrophied spleens, especially
during fever; shows the black and ochre pigments in
the situations already indicated.

Splewic: Tumowr i a  district s indicative of
cidemic alaric—There are practical pomts in
connection with malarial spleen which deserve men-
tion. The prevalence, or relative absence of, these
enlarged spleens or ¢ ague cakes, as they are some-
times called; in the native population is an excelleut
rougzh indication of the salubrity, as regards malaria,
of any particular district. - Wherever they are common
the district is malarious and therefore unhealthy, per-
haps to Europeans deadly, and should be Tooked upon
as extremely unfavourable for camping or vesidential
])111'1)()&(2\'.

Liahility to ruptiure of splevic ficnionrs.— Another
practical point is that these enlarged  spleens are
easily ruptured by a biow on the belly.  In hot
and malarious countries many a coolic goes about
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doing his work althongh he has a spleen !11%
abdomen nearly twice the size of his head, whiclh
might be easily ruptured. This is a {acl to 1)(\.]‘0—
membered in administering even mild corporal punish-
ment to natives of malarious countries. Huropeans
have more than once been tricd for m:mslaughtqr
in consequence of neglecting it. Owing to this
liability to rupture, the subjects of splenic enlurge-
ment must not be allowed to play at violent games,
as foothall or even ecricket, or at any game in which
the diseased organ is exposed to a blow. Apart from
dircet violence, an enlarged spleen may rupture spon-
taneously owing to sudden accession in size in the
course of a fever fit.

Splenic ruptures are, of course, generally fatal.
It sometimes happens that the presence of adhe-
sions limits and restrains the heemorrhage ; localised
heemorrhages of this description may, in time, lead
to splenic abscess.

Hepatic enlargement.—Like the spleen, the liver
in malarial cachectics becomes enlarged during ac-
cessions of fever. Under the influence of a succession
of acutc attacks, hepatic congestion may gradually
aecquire a more or less permanent character. After
death from such fevers the capsulc of the liver is
found to be tense; on section, the highly vascular
tissue of the organ is seen to be reddish brown or
almost black, according to the degree and kind of
pigmentation. If this stage of congestion be long
maintained, it tends to bring about various kinds and
degrees of chronic hepatitis with hypertrophy of the
intralobular connective tissuc, and in time leads to
hypertrophic, or to different forms of atrophic, civrhosis.
Thus irremediable organic diseases of the liver, portal
obstruction, and ascites may cnsue.

Siderosis.—1It is in livers of this deseription that
a form of what is called siderosis is produccd—a con-
dition resulting from chemical changes undergone b
the vellow pigment with which the various cells of the
organ ave charged. It has already been stated that
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when first deposited; this pigment gives no ferrous
veaction with ammoniun snlphide, or with the double
evinde of iron and potassinm s and that; as the deposit
hecomes  older,  chemical  changes  ensue, vesulting
m the claboration of a form of iron which will then
vield the ehavactevistic black colour with the former,
and blue colour with the latter reagent.  Treated
with aunmonium sulphide sections of liver, and also
of spleen, kidney, and other ochre-pigment-charged
tissues from ehironie mabavials, may turn alinost hlaek
to the naked eye or, at all events, exhibit abundanee
of blackened  pigricut on being placed under the
nmiceroscope. Inosuch sections 1t 18 seen that the
ochre pigment 1s no longer in minute @ains, as when
first deposited, but in blocks and globules as farge as, or
cven larger than, blood corpuscles.  This pigment 1s,
of course, something quite apart from the parasite
derived melanin deposited in the same organs.

Practical  considerations.— Certain - clinical  facts
about malarial hepatic congestion and malarial hepa-
titis ave of mportance (1) Sach conditions do not
tend to terminate in suppnration ; (2) they are almost
mvariably associated with splenie entargement. These
are 1mportant facts to recollect when it becomes a
question of the diagnosis of malarial hepatitis from
abscess of the liver.  Another important fact to re-
member is that recent malarial enlargement of the
liver is usually curable, depending as a rule on simple
eongestion ; whereas old-standing malarial  hepatic
enlargement is usually meurable, depending, as it
usnally does; on hypertrophy of the connective tissne
and a curhotie condition of the organ.

Malwria a coause of nephritis.—Changes similar to
those found in the liver in the cowrse of, and
conzequence of, malarial disease occur in the kidney ;
in time they result in confirmed Dright’s disease.
Ilenee, probably, the frequency of Dright’s disecasce
in some hichly malarious chmates.  In the Dritish
(Cuiana Medical dpwual, Dr. Daniels mentions that
i 926 post ortem examinations in the hospital at
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(Georgetown, Demerara, a highly malarial .d]Stl‘l(‘t, he
found evidence of disease of the kidneys in no fewer
than 228,

Cardiac degeneration.—As a consequence of de-
fective nutrition from prolonged ancmia and recur-
ring fever, the muscular tissue of the heart Qf chronic
malarials may degenerate, the ventricles dilate, and,
in time, the lower extremities become cedematous.

Other sequelce.—Dysenteric conditions, forms of
diarrheea, low forms of pneumonia readily set up by
chill and prone to terminate in abscess of the lung
or to become associated with empyema, extensive
slonghing phagedsena, and other forms of gangrene
such as noma, or pernicious fever, may supervene at
any time and rapidly carry off the subject of advanced
malarial cachexia.

It is probable that splenic leukzmia is in some
instances a remote effect of malanria.

Tubercular and syphilitic disease not infrequently
concur with malaria ; in fact, the latter may power-
fully predispose to local manifestations of either of
the two former and wice wersd, a complication as
to which the practitioner must be on his guard.
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CHAPTER VI
MALARIA @ .ETIOLOGY.
CIRCUMSTANCIS FAVOURING  INFECTION.

IN considering the @tiolosy of malaria two things
must be carefully distinguished @ (1) the circumstances
leading to the invasion of the human body by the
malaria parasite ; (2) the circumstances determining
the chimical manifestation of such an invasion. In
the mosquitomalaria theory, now thoroughly estab-
lished, we have the key to the first of these. What-
wer favours the presence and increase of the malaria-
bearing species of mosquito tends to the increase of
malaria, and eice vorsd whatever favours the access
of these particular insects, and the parasites which
have passed into them, to the human body favours
the acquisition of malaria.

It must not be forgotten that the malaria parasite,
ter giving rise to fever within a few days of its
sriginal invasion of the hwman body, tends to pass
into a latent condition from which 1t wakes up mnto
clinteal activity again only after longer or shorter
mtervals; further, that in rare instances the clinical
evidence of a suceesstul malarial invasion is delived
for months or, perhaps, for vears.  Consequently, the
particular civeumstances in which any given malaral
attack deelares itself e not necessarily those whieh
led to  the acquisition of  the original intection.
Therefore, in regard to the wetiology of malaria, fevers
of first invasion have a signiticance very diflerent
from that pertaining to relapses or recurrences,

Geographical raiege, —The geographical range of
malaria is very great: it extends in the Northern

1
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hemispherc from the Arctic Circle to the Equator, and
in the Southern probably as widely. . Malaria is not
uniformly distributed throughout this vast arca. - It
occurs in limited endemic foei which tend, speaking
generally, to bc more numerous and larger as the
Equator 1s approached. .

Influence of latitude and season.—In colder lati-
tudes theassociation of malaria with swamps is marked;
in warmer latitudes this association is much less ex-
clusive and apparent. In colder latitudes the type
of disease is milder ; in warmer latitudes it is apt
to be more severe. In certain warm countries,
however, as the Argentine and many of the islands
of the South Pacific, malaria is entirely absent, or
mild and rare. In colder latitudes it is active ounly
during the summer or early autumm ; in warmer
latitudes 1t is perennial, certain seasons—usually,

though not invariably, the warmer — being more
malarial than others.

Influence of local conditions.—The strip of flat,
waterlogged country lying along the foot of mountain
ranges, tlie deltas of large rivers, the pool-dotted beds
of dricd-up streams, areas of country which have
fallen out of cultivation, recently deforested lands, are,
in many instances, notoriously malarial. Well-drained
uplands and carefully cultivated districts, as a rule,
are healthy. There are instances, nevertheless, of
elevated, ard, and sandy plains which arc intensely
malarial.  Towns are much less malarial than villages
or the open country.

Ship malaria.—Although several instances are
on record of outbreaks of what was reputed to be
malaria on shipboard on the open sea, many epidemio-
logists vefuse to accept the diagnosis as to the nature
of thesc outbreaks, and maintain that malaria is never
contracted away from the land. * Mosquitoes haunt

If it be the casc that ‘thc .m’zllariu gerin can be conveyed in

s conceuable that a s compng by oo ol
) ) xposure to telluric influences,

I knpw of at lqast one ‘instanee of well-authenticated (micro-
scopically) malaria occurring at sca which appearcd to have been
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ships for some time after the latter leave port.  If
they are infected with the malavia parasite, either
when they first enter the ship or should they ingest
the parasite after coming on board, they might very
well communicate malaria.

e and epidendic pflictuations.—From time
to time malaria  extends beyond its cndemie  foe,
spreading in epidemic form over large tracts of what
15 usually healthy country.,  There are a few well-
authenticated instances of countries (Mauritius, Ré
union®) which, although previously c¢xempt, snhse-
quently becaune endemically malarial ; and there are
many instances of countries previously malarial which
afterwards, cspeeially under the influence of cultivie
tion and drainage, became salubrious.

These circumstances evidently have reference to
the distribution of species of malarial mosquitoes.
Mosquitoes, like other inscets; occasionally  under
specially favourable conditions, increase enormously
in numbers and spread out in every direction.  New
species, which may belong to the malaria-bearing
kinds, may be introduced into places where they
formerly did not exist, just as Culew eiliaris has
been introduced into Australia. T belicve a mosquito
capable of subscerving the malaria parasite was intro-
duced in this way in the early “sixties into Mauritius,
an island whose fauna and flora had bheen hitherto
very peeuliar and special. In this way, we can
conceive, arose the great epidemic of malaria in that
island and its present endemie insalubrity. A\ sionlar
wisfortune may very well happen to the South Pacific
1slands in the near future,

dtwospleric temperature. One of the most -
portant conditions necessary for the elaboration of
contracted in this way. If the malaria germ can be conveyed in
water, the water must quickly  cease to be infeetive 5 that s,
the germi cannot live in water for more than a duy or two,
Hence, though a ship is supplied with water which might be
dangcrous to-day, if kept for a weck the same water may he
wholesome enough.

* Davidson, ** Geographical Pathology.™
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the extracorporeal phase of the malaria germ is «
sustained average temperature of at least 60° Falr,

Altitude.—Altitude per se has, apparently, no in-
fluence on malaria. It is the decrease in temperature,
usually implied by an incrcase in altitude, that is the
real determining circumstance in bringing about a
diminution in the prevalence of malaria in uplands,
In the tropics an elevation of six or seven thousand
fcet may not secure immunity from malaria unless
there be, at the same time, a corresponding and
suflicient lowering of temperature. In Italy there are
many malarious spots bigh up among the hills; the
same is the case in India and elsewhere in those
elevated valleys which arc also narrow, imperfectly
ventilated, and imperfectly draincd.

Moisture.— Another important condition for the
production of malaria is the presence of water. In
the Sahara there is no malaria unless in the oases ; in
inany of these it is rife—in Biskra, for example. A
large expanse of water is not favourable to malaria.
The mosquito thrives best in small pools where there
are no fish to prey on their larve, and where the sur-
face is not agitated by winds. One such puddle near
a house may suffice to render that house unhealthy.

Decomposing vegetable matter.—1t is customary to
add yet another condition as being necessary for the
existence of malaria, namely, the presence in the
soil of a mnotable amount of decomposing organic
matter, particularly vegetable matter. DBut that
this is not an indispensable condition is proved by
the fact that there are many almost barren spots n
which malaria abounds.

Other conditions necessary.—The concurrence of
these conditions, high temperature and moisturoZ even
though associated with abundant vegetation, 1s not
sufficient to generate or support malaria ; for there
are many places in the world—the Argentine and tfhe
jslands of the South Pacific, for example—in which
high temperature, moisture, and decayipg yegetable
matter are present, but in which malaria is almost
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unknown.  Manifestly there ave other and more com-
plicated conditions which are cqually indispensable,
and which must concur with heat and moisture in
order to secure the presence  of malaria-bearing
mosquitoes.  What these conditions are it is as yef
impossible to say

Influence of subsoil moisture. —The state of the
subsoil as regards moisture appears to have con-
siderable influence on its malaria-producing properties.
Short of general overflow, the higher the subsoil
water the greater the chance of a given loecality
supplying places for mosquitoes and therefore of
proving malarious.  Hence arises marked Hability to
epidemies of malaria on the subsidence of extensive
floods ; and hence the danger attending the raising
of the level of the subsoil water by irrigation works,
canals, embankments, and other engineering works.

Titlnence of rainfull . —As regards the relation
of the prevalence of malaria to rainfall there have
been too many generalisations based on the Timited
experience of one or two districts.  Thus, 1t is often
said that the most malarious time of the year i
at the end of the rains, when the soil is becinning
to dry up. A wider view of the subject shows that,
thougli applying to some places; this statement does
not apply to all. There are localities where the
fever curve 1is highest before the setting in of the
rains. In some places, particularly in those that are
low-lying, flat, and swampy, fevers of first invasion
disappear almost entirely when the country becomes
(looded.  This apparent want of o universal and
detinite relationship of fever curve to raimfall mdi-
cates that the conditions determining the prevalence
of malaria are highly complex, and that they ave not
hy any means merely a matter of heat, moisture, and
\';'g1;t;|,ii()ll. In some places much rain will seour out
the mosquito pools; in other places it wiil just fill
them.  The key to the explanation of the varying
relation of malaria to rainfall lies in the influence of
the latter on the local mosquito pools.
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” {)nﬂuenge of winds a'n(l atmospheric difusion.—It
s been said that the wind ean carry the malaria vern
great distances, roll it along the ground like th;i:st;le]
fiown, and even foree it to ascend high mountains, I{;
1s very doubtful, however, if the malarial niosquito
can be transported, in this way, very far from its
native pool. The mosquito does not aseend mor;z
than a few feet from the ground, and in hich winds
or even in draughts of air, such as th;t from z;,
punkah, immediately seeks shelter. 1t is certain that
some thousand or fifteen hundred yards of water
between. a ship and a malarious eoast suffiec to
secure immunity to the erew. The ecircumstanecs
of the notorious Walcheren expedition prove this. A
similar distance on land from a malaria source is
probably approximately as effeetive. The diffusion
of malaria by winds is probably extremely restricted.
Inside a city may be quite liealthy, whilst outside the
walls the country may be pestilential. One village may
be sickly, whilst a neighbouring village may be healthy.
Surely, if winds transport the malarial germ for any
distance from its source, there would not be so great
a difference in the relative salubrity of urban and
suburban loealities, nor of neighbouring louses and
villages. Neither does the malaria germ aseend
to any great height above the ground. — Acting
on the empirical observation of this faet, the
peasants in many unhealthy spots in TItaly and
Greece seeure a remarkable degree of immunity
by passing the night, during the fever season, on
platforms raised on poles a few metres above the
ground. It seems safe, therefore, to conelude that
the horizontal and vertical diffusion of the malaria
germ, ‘that is to say, mosquito, are very restrieted.
Influence of trees, houses, and lodging.—The inter-
vention of a belt of trees between a malarial swamp
and a village is said to protect from malaria the
houses on the leeward side of the trees. The trees
may filter out the mosquitoes by affording them pro-
tection from winds. Open windows and doors, by
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giving ready access to mosquitoes, arc sources of
danger 11 malarial eountrics. For the same reason
sleeping on the ground, on the ground floor, or
unprotected by a mosquito eurtain, is dangerous.

Time of duy i velation 1o infection—Evidently,
in conformity with the habits of the mosquito, the
time just before sunrise and just after sunset, and the
night, have the reputation of being the most dan-
gerous as regards liability to contract the infection.
To those actually engaged m the work, the risk from
carth disturbance scems at times to extend through-
out the twenty-four hours,

Disturbace of the sotl,—Tt has often heen observed
that in malarious countries, so tong as the soil remains
nndisturbed, agues and the severer forms of fever
are comparatively rare ; but so soon as building, road-
making, and other operations implying soil disturb-
ance commence, then severe malarial fevers appear.
After a time, and when these operations in the
progress of events have coneluded, and the broken
surface of the soil has, so to speak, skinned over
again, the place becomes once more comparatively
healthy.  The medical history of Hong Kong may
be cited in illustration of this fact. At the com-
mencement of the oceupation of this island by the
Sritish, for a short time it was healthy enough.
Then, on its cession being completed, and when
harracks and houses were being built and roads laid
out, it became excessively unbealthy, the soldiers
dving by the Iimndred of pernicious fevers.  In time
the sickness and mortality gradually decreased ; and
now, so far as malaria is concerned, the eity of
Vietoria is healthy. DBut, ecven at the present day,
wherever in the outskirts in the ecourse of the con-
struction of houses, roads, forts, and similar works,
coil is twrned up, fever—often of a most pernietous
type—is nearly sure to break out among vthoso
enenced in the works. T cite the case of Hong Kong ;
but there are dozens of other imstances which might
be quoted, and which are quite as apposite and
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in which a speedy diagnosis is of the first importance.
In such cases tlie microscope is the only trustworthy
diagnostic agent.

Periodicity im  diagmesis. — Periodicity at
times is a trustworthy enough clinical test for
malarial disease.  Tertian and quartan periodicity
occur only in malarial disease ; when either is
thoroughly established, its presence is almost con-
clusive as to the case being malarial. But it is
otherwise as regards the significance of quotidian
periodicity. Quotidian periodicity we find in greater
or less degree in nearly all fevers, particularly in
fevers associated with suppuration. In hectic con-
ditions, quite unconnected with malaria, one often
sees a quotidian afternoon rigor, followed by hot,
dry skin, and a temperature rising even to 103" or
104° Fahr., the febrile movement concluding with
a profuse diaphoresis and complete morning apyrexia.

Pervodicity of fever in liver abscess; diagnosis
Jrom malaria.—Particularly is this the case in
suppuration connected with the liver—a condition
peculiarly liable to occur and to cause confusion in
tropical practice. Simulation of malarial fever by
Lepatic abscess is very cominon ; it is a pitfall into
which the inexperienced tropical practitioner often
tumbles. In consequence, we find that, at one time
or another, most liver abscess cases are drenched
with quinine, on the supposition that the associated
fever is malarial. There are several points, even
apart from an examination of the blood, which, if
duly considered, will avert this blunder.

In hepatic abscess, although the liver is enlarged,
the spleen is not necessarily so ; splenic enlargement,
though an occasional, is not a usual feature in liver
abscess. In malarial fever, if the liver be enlarged
the spleen is still more so and can usually be felt
extending well beyond the costal margin. In hepatic
abscess the fever occurs generally, though not invari-
ably, in the late afternoon or evening; the patient
may perspire profusely, independently of fever lysis,
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at any tine of the day or night very cenerally
whenever he o chances to fall asleep. In malarial
fever the paroxysm may, and generally does, ocem
carher i the day; there is no mavked tendeney to
sweading unless at the deferveseence of the fever.
In Liepatic abscess a history of dysentery is nearly
always obtainable if carvefully inguired for.  If fever
be distinetly tertian or quartan in type it is not
hepatic Inall doubtful cases the Hlood must he
cxannned onee or oftener, the rigor stace or carly
hot stage being sclected for the examination, and the
exaunination being made before administration of
aquinine.  Oceasionally cases are met with in which
there 1s a history of malarial infection and, in
addition to this, a history of dysentery, and tlur
hver and spleen are hoth enlarged.  Insucli casces
diagnosis may be impossible without the microscope
and the aspirator.

Diagnosis of Ihhwemoglobinuric from yel-
fow fever. The diagnosis of hamoglobinurie from
vellow fever sometinies comes up as a practical point.
Apart from a blood examination, the following con-
siderations will aid (o a correct conclusion,

I'rom the outset heemoglobinuric fever is asthenie
in type; vellow fever; on the contrary, has sthenic
teatures to commence with—violent headache, con-
vested conjunctiva, flushed face, ete In haemoglobin-
uric fever the liver and spleen are enlarged, often
painful ; the vomiting is bilious, ravely bloody ; the
vellowness of the .51\111 concurs 1 poit of time with
the leemoglobinuria, and is an initial symptom.  In
vellow fe\ er there 15(&1]_\ and increasing albunnnuna,
sometimes hematuria; there is no true haemoglobin
uria, no en'argement and  tendevness of the hiver
and spleen of & marked eharacter ; there is epigastric
reirlerness wid burning 5 often vomiting of clear acid
mueus, but not of large quantitics of bile as
malarial aflections ; black vomit and yvellowness of
skin are late and not necessary features.  Yellow
fever is endemic only in certain limited ar eas, tends to
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occur as an epidemic, and attacks newcomers much
more frequently than old residents. Hwmoglobinuric
fever has a more extensive distribution, is sporadic,
and is more especially a disease of older residents.
Diagnosis of bilious lcnuttcnl from yel-
low fever,
of thie skin is an earlier feature ; albuminuria is mre,
and not marked ; temperature is maintained high for
many days, not subsuhnﬂr in three or four days as in
yellow fever ; the vonutlng is profuse and bilious ; the
pulse does not become plenomenally slow as in yellow
fever ; in the initial stage the eyes are not congested
and shining to the same degree ; and, of course, the
plasmodium is to be found in the blood.
Cerebro-spinal meningitis  may simulate
malarial fever ; but the occurrence of rigidity of the
muscles of the neck should put the physician on his
ouzud, and lead him in such a case to search the blood
and inquire for other diagnostic symptomis.
Diagnosis from other types of paroxysmal
fevers.—Urethral fever is often mistaken for ague;
so*is the fever attending the passage of gall-stones ;
so is the fever associated with pyelitis and surgical
kidney ; so is lymphangitis, particularly that form of
lymphangitis associated with elephantiasis and other
filarial diseases ; so is Mediterranean fever; so Iis
that form of post-malarial fever which is attended
with enlarged liver and spleen and with ansmia, but
which is not associated with the presence of parasites
in the blood, and is not amenable to quinine ; so are
the fevers associated with tuberculous disease, with
ulcerative. endocarditis, with some types of pernicious
angemia, with splenic luucocythcenua especially with
visceral syphilis, with rapidly-growing sarcoma, with
forms of lysteria, and with many obscure and ill-
defined conditions. The use of the microscope must
not be neglected in such cases if there be the slightest
doubt as to their exact nature,
Typhoid fever.
sometimes impossible to diagnose typhoid types of
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malaral fever from conune enterie. In botlh there
ey be diavhaa or constipation s in hoth there may
be splente enfargement @ in bhoth theve may he t‘\'])]mi;]
tonane, deliviom, and the entire range of typhoid
svimptoms. .\s aomatter of fact, until recent vears
all typhord m Indic was vecarded and  treated as
malaial fever  malarial remittent  and, doubtless,
often with disastrons resnlts,  Inetreumstances where
Widal's serum test can he used it is an invaluable
supplement to microscopical exanmmation of the blood.

Typlhio-malarial (ever. One Tmportant fact
i connection with the dingnosis of typhoid in malaria
st ever be kept in mand, [nomdividuals who have
previously heen subjected to malarial influences and
who, perhaps, have suffered at one time from well
marked malaial fover, the oncomig of typhowd s
often 1)1‘('(‘(‘(1(‘(] 1)_y three or four paroxysms exactly
ke those of ordinary ague. This may occwr even
when the patient Lias heen for several vears ina non
malarial country, as Fngland.  Tn osnch cases quimine
15 usually given caurly i the attack @ its falwe o
check the disease shonld Jead to caretul proginosis
and the avordance of too active purgation. Silarly,
well maked malarial like fluctuations of tamperatnre
and the appearance of the plasimodium in the blood
i the course of a continued tfever do not exclude
tvphoid.  These cases are probably  typhomalarial,
and have to he treated as sueh as typhord with a
makarial complication.

Necessity for microscopical examination
of blood in pernicions attacks,  Without the
microscope 10 i~ sometiines nnpossible to diagnose, in
time to divect treatment, pernicious comatose malarial
attacks from heatstroke o, af algide in character,
from ordinary apoplexy + malarial dysentery, which
must he treated with quinine, from ordinary dysentery,
which must he treated with ipecac, or with the sal-
phates : aleide malarial attacks, from cholera : cortain
types of malarial fover ocemring, as it s very apt to
do. in the puerperal state, from puerperal fever:

J
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malarial pneumonia, from croupouspngumon.ii\ : “}“‘1341“1“.
aphasia, from the aphasia of organic brain disease ;
and so on. .

Tt is manifest that the revelations of. the nmicro-
scope have enhanced our powers of diagnosis 1n
malarial affections enormously, and, therefore, our
powers of treatment. Every doubtful case must b-e
tested by it. In many forms of malarial disease, if
life is to be saved, action must be prompt, decisive,
energetic and based on accurate diagnosis. The
diagnosis of ordinary agues may be postponed for a
day or two without much danger, and be diagnosed
correctly enough without the inicroscope; but every
now and again a pernicious attack is sprung upon
the practitioner, the nature of which he must be able
to recognise at once, and recognise with confidence.
When the plasmodium is seen in the blood, it is
surely known that there is a malarial element in the
case and that quinine is indicated. Confidence in
directing treatment is a great matter. It cannot,
therefore, be too strongly urged on the tropical prac-
titioner to avail himself of every opportunity to gain
experience in the use of the microscope in blood
examinations, and to take care to have a suitable
instrument in working order and available at a
moment’s notice. The practical difficulties in carry-
ing out this recommendation are insignificant in com-
parison with the importance of the results. With
practice, five minutes usually suffice to effect a positive
microscopical diagnosis of malaria.



LR

CHAPTER VIIIL
MALARIA: TREATMENT

Quinine. Many drugs have been emploved  in
the treatment of malarial discase, and many drugs
have some mfluence on it all sink intonsignificance
in comparison with quinine.  In serious cases, to use
any drug to the exclusion of quimine is culpable
trithng.  Therefore, so soon as a diagnosis of maluia
has been arvived at; unless there he some very mam-
fest contracindication, the tivst duty of the practitioner
15 to set about giving quinine.  There are many ways
of exhibiting the drug: however given, care niust
be taken that 1t is given in such aoway that there
can be no mistake abont its being absorbed.  If the
patient for any reason, such as inability to swallow
or persistent vomiting, cannot take quinine by the
mouth, and the existing condition be grave, it may
be injected by the rectunn; but if the cireumstances
of the case are such that a rapid action of the drug
1s imperative, it must bhe jected at once subeu-
tancously, or into a vein.

Whew and inachat dose to gice quinine vicordinary
cases,— During a paroxysm of ordinary intermittent
fever it 1s better, hefore giving quinine, to wait until
the rigor and hot stages are over and the patient
is beginning to perspire A fever fit, once hegun,
canmot be cut short by quinine, and to give quinine
duving the early stages agaravates the headache and
general distress ; but so soon as the skin 1s moist
and the temperature hegins to fall, the sooner the
drug is connnenced the better.  Fen graims, prefer-
ably in  solution, should Dbe adninistered at  the
commencement of  sweating, and thereafter five



132 RIEVVIED

arains every six or eight hours for thf; next bwg‘m'
threc days. This is almost a certamn cure. l_lw
quinine may not always prevent the next Suqcecdlng
fit, but it nearly always diminishes its severity. In
99 cases out of 100 the second following attack does
not develop. )

When giving quinine it is well to admivister an
aperient and to keep the patient in bed ; in ordinary
cases neither aperient nor rest in bed is absolutely
necessary.  1n cachectics, however, and in all obsti-
nate cases, both are invaluable adjuvauts. On the
complete subsidence of fever, iron, or iron and arsenic,
should be exhibited; and, with a view to prevent
relapses, one or two full doses of quinine—five to
fifteen grains—should be taken at intervals of from
five to seven days for six weeks or thereabouts.

My practice in the treatment of ordinary malarial
fevers is to give quinine for two or three days in the
doses mentioned, and then to prescribe arsenic and
iron in pill or solution. At the same time, with a
view to prevent recurrence of fever, I direct the
patient, particularly if I have found the ecrescent
form of the parasite in the blood—for such cases are
prone to relapse, to leave off the tonic one day a
week (to give precision to my directions I generally
mention Sunday), and on that day to take a mild
saline, sulphate of soda or Carlsbad salts, in the
morning, and three five-grain doses of quinine during
the day. The iron and arsenic may be taken for a
fortnight at a time, and, after an interval of a week,
for another fortnight. =~ The weekly aperient aud
three doses of quinine had better be kept up for six
weeks or two months or longer,

Dose of (]uz:}zine o toriwe effects. — There is great
dif.feyence of oplniqn and praetice about the dose of
quinine.  Some give thirty grains at a dose, some
give three. The former, in my opinion, is too larce
a dose for ordinaly cases, the latter too small. Tt
must never be lost sight of that occastonally quinine
in large doses produces alarming effects ; 1ot singing
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of the ears and visual disturbanees merely, but actual
deatiess and even amblyopia, both of which may
prove very persistent and occasionally permanent. Tt
may also produce profound ciurdiac depression and
gastrie disturbance, and eveu death from syneope
Urticania is another, and not very uncommon, effect
of exen small doses of quinine : some canuot take it
on this wccount, el prefer to endure the discase
rather than suffer the intolerable irrtation induced
by the vawmedy. I believe that nothing is gained by
excessive doses s i ordinary cireumstances, thirty
cratns spread over two or three days 1s usually auply
sufficient to cheek an nitermittent.

For children under one vewr halt o grain for a dose
sultices; for older children the dose must be incereased
proportionately to age and strength.

If a supposed ague resist the doses of quinine
mentioned, 1t is advisable to revise the diagnosis,

it in preguancey. Care should be exercised
i giving quinine to pregnant femnales, for undoubtedly
1t sometlines causes nnscarriage The fact of preg-
naucy, however, must not debar the use of the
drug  altogether ;3 only, in such eircumstances, it
should be given in the minimum dose likely to be
effectual, say three grains repeated every eight hours
for two «dayvs. A pregnant woman will run morve
risk of miscarriage and to her health from repeated
acgue fits than she will from a reasonable dose of
quinnte,

Quinine 11 the puerperal state.——T1 18 a wise
precaution i malarious countries to give u few
five-grain doses of quinine during labour or soon
after.  The puerperal state seems to have the effect,
as any other shock or physiological strain might, of
waking up the slumbering plasmodium. .\ dose or
two of quinine in these circumstances does no harmn,
and mway, by choking off & threatening fever, avert
sutfering and anxiety, not to meution danger.

Form in whick to aducdnister giuinine  -Quinine

1s best given in solution, and probably the hydro-
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chlorate. as containing a larger proportion of the
alkaloid than the sulphate, is the best salt.  Some,
under the impression that liydrobromic acid prevents
the singing of the cars attending the free use of the
drug, prefer this to dilute sulphuric acid as a solvent
for the ordinary sulphate. Wlhen the tongue is fairly
clean and digestion not altogether in abeyance, the
quinine may be given in freshly prepared pill; in
tabloid form, in caclhet, or enclosed in cigarctte paper;
but in serious cases, particularly where the tongue is
foul and digestion enfeebled, pills and tabloids are not
to be trusted to. i these circumstances they are apt to
puss through the bowe's and to uppear in the bedpan
unaltered. In grave cases this occurrence must not
be risked.

Milk as @ menstruum for quinine.—If the taste
of the drug be very much objected to, a good plan
Is to give it in powder in a tablespoonful of milk
after the patient has previously lubricated the
mouth with a miorsel of bread and butter. Given in
this way the bitter taste of the drug is not perccived.
This is by far the best way of getting children to take
quinine.

Hypodermic injection of quinine.—In any type of
fever if vomiting is persistent, if the brain is affected,
or if the patient is insensible and cannot or will not
swallow, recourse must be had to the hypodermic
injection of quinine. TIn all cases in which life is in
imminent danger, and in which the earliest possible
action of the drug is of importance, it must be
given hypodermically or, rather, intramuscularly.
This method is sometimes a painful one, and may le
attended with some risk of abscess; in the circum-
stances, such possibilities count for little. The most
suitable readily procurable salt for hypodermic in-
jection is the hydrochlorate, or, better, the acid hydro-
chlorate (5 parts, water 10 parts), which is soluble
i less than its own weight of water. The hydro-
bromate is equally soluble. If neither of these calts
can be procured, the sulphatc may Le used, solution
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betng effected by adding half its werght of tartaric
ackl. ™ Ten to fifteen grains dissolved in sterilised
water would be a full hypodermic dose ; in grave
cases this dose should he given three times in the
twentv-four hours, The needle should be driven well
home, cither deep in the subeutancous econnective
tissue or, hetter, into the nuscles of the gluteal or
scapular vegion, the skin being previously eavefully
cleansed, The solution must be fre<shily pnepaved
and botled, and the syringe and needle thoroughly
sterilised. Inthe malignant fevers of Rome as much
as a drachm of quinine, divided mto three or four
doses; 1s sometimes administered in this wayv i the
course of twenty-four hours,

Benson (Trans. First Indian Med. Coig.), speaking
from an exvertence of 1,390  cases, says  that the

* The more serviceable salts of quinine, of which the bichlorate
of quinine and urea is one of the hest, cann now be procured in tabloid
form specially prepared for hypodermic injection.  These tabloids
ave much hetter than solutions, which cannot be kept for any
length of time without risk of fouling,

T SoLeBILIry AND EQUIVALENT VALUE OF SALTS OF QQUININE.

|
o Amount

Peverntag : .
4B TILIEE ‘ Equivalent in

Name of Salt ‘ All(\':fl'lf)li:(l. in T‘:%llzlln\l\}g‘tt_*lm . \.u]fuh t‘() One
the Salf. | G Qg
Sulphate.
Sulphate : (BR In 00 parts 100
Hydrochlorate o 818 5 10 ., ")
*Bihydrochlorate - 720 . S e 102
Hydrobromate , TH6 U R 06
*Bihydrobron:te ! GO0 n 7 b 16
Bisulphate . - 591 o1l 124
Phosphate TH2 ,o 4200 Ot
Valerianate ... : 0 o 110 1‘01t
“Tactate 2 5, 100, "0
Nalicylate . . 701 w22y 100
“Hydrochloro-sulphate e S w2 N 109
Arseninte ;] 694 slightly soluble 106
Tannate 200 pe b BT

*Bichl. of Q. and Urea

These are suitable for hypodermic injections,
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hypodermic injection of quinine is by far the most
effectual, as well as most cconomical, way of treating
malarial fovers.  He nsed the sulphate dissolved in
water with the aid of hydrochlorie acid, the strength
of the solution heing fifteen grains to the drachm ; of
this he injected twenty minims between the scapul:v,‘ or
into the outer surface of the arm. In 614 consecutive
cases so trcated mot a single untoward accident
occurred, one injection usually sutticing.  Dr. George
Watt mentions a case of etght years” standing, which
had been treated unsuccessfully by quinine in the
usual way, and which was promptly cured by hypo-
dermic injections. Benson also succeeded in the same
way in obstinate cases.

Precautions.—It may be well to mention, not with
the idea of deterring the practitioner from using the
drug in this way, but to impress upon him the necessity
for care in keeping instruments and solutions aseptic,
that tetanus has sometimes followed the hypodermic
mjcction of quinine. In these unfortunate cases it
was not the quinine that causcd the tetanus; it was
the tetanus bacillus, and this tetanus bacillus was in-
troduced either on a dirty ncedle orin a fouled solution,
Tetanus is an exccedingly common diseasc in some
tropical countries. In Western Africa, for example,
a large proportion of wounds, no matter how trifling
as wounds they may be, if they are fouled by carth
or dirt result in tetanus.  The French in Senegambia
have fonund this to their cost. A gentleman who
had travelled much in Congoland told e that
certain tribes poison their avrows by simply  dipping
the tips in a particular kind of mud. A wound
from these arrows is nearly sure to canse tetanus,
In many tropical countries, so vencral and so ex-
tensive is the distribution of the tetanus bacillus
that trismus neonatorumn is a principal cause of the
excessive Infant mortality.  Every precantion must
therefore be taken to ensuve that the little instin-
ment, which is so potent in saving life, may not by
carclessness be turned into an instrument of death,
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Quiine aay also he civen by enema. Tt s
readily absorbed it civen in this way if the howel be
not too nritable )

Tilvarenons /'u.jw//'m/ 0/ r//l/'///'//r1~~Ill cases of
pernicious comatose remittent in whieh it 1s of -
portance to obtain a rapid and powertul action of the
drug, Bacelli vecommends the intravenous injection
of the following solntion : Hydrochlorate of quimme
I orianme, ~odivim ehloride 75 conticrammes, distilled
witor 1O crannnes. This <olution he has employed
th these desperate coses with mueh suecess injecting
direetly nto avein five to seven grammes at a time
he states that whereas with hypodermic injection the
mortality in such cascs mounted to 17 per cent., with
mtravenous injection it was reduced to 6 per cent.

Warburg s tiucture- -A very effective medium for
giving quinine, and one of high repute 1n many places,
15 Warburg’s tincture. This contains, hesides quinine,
a number of drugs, many of them doubtless inert,
although some of them certainly possess valuable
therapeutic properties. Experience has shown that
the combination is really a good one, and that
Warburg's tincture sometimes suceceds where quinine
alone farls or acts too slowlv. Tt generally proves a
powerful sudorific.  The dose is half an ounce, and
is repeated after two or three hours,  The action
appears to be somewhat similar to that of the anti-
pyreties now in vogue —antipyrin, phenacetin, cte.—
drues which, when ¢iven in combination with quinine
m the routine treatment of malarial fevers, although
theyv hiave no curative  properties, sometimes  con-
tribute very markedly to the reliet of headache and
fehrile  distress. They must e used  with  areat
caution in adyvnamic cases. At the present thme
these drues are mueh  abuscd in many  malarial
countries

Mode of action of guinine. ~Inwhat way
quinine acts has not yet heen satistactorily explained.
Some, reasoning from the toxie influence this drug
exerts on many kinds of free amaba, say that it acts



138 MararrA.

malaria in the same way —that is, as a direet poison
to the plasmodium. Others maintain that it acts 11
stimulating the phagocytes, the natural cnemies of
the parasite. Sonic experimentalists allege, on the
other hand, that it paralyses the white corpuscl(r..s'.
That quinine does not kill all blood protozoa 1s
certain, for it has no effect on the hwmocytozoa of
birds and reptiles, or on the trypanosoma of surra.
(‘ertain it is that in man, with the exccption of the
crescent body, it usually quickly causes the plas-
modium to disappear from the general circulation.
[t is said by some to be most effective against the
free spores of the malarial parasite and the very
young intracorpuscular forms, but inoperative against
the more mature plasmodia ; hcnce they advocate
giving it early in the plasmodial cycle. Others, on
the contrary, maintain that it is operative only on
the large intracorpuscular forms, and therefore advo-
cate its use at a late stage of the cycle. It docs
not appear to have any cffect on the crescent bodies,
or to interfere with their evolution into Hagellated
organisms. As stated, T have seen in the blood
crescents and flagellated bodies three weeks after the
cure of a malarial fever by full doses of the drug
continued for a fortnight.

Strange to say, quinine, especially in small doses,
seems sometimes to wake up latent malaria and to
bring about an ague fit. The same may be said of
a course of mineral waters, of hydropathic treatment,
and of sea-hathing.

Treatment of bilious remittent.—Iu bilious
remittent and other severe forms of malarial fever
one must not, as in a simple intermittent, wait for
the remission beforc giving quinine. To wait for
remission or sweating used to be the practice ; it was
said that to give quinine at any other time was
wrong, and that something terrible would happen if
the superstition were ignored. Zn all grave Severs
« full dose, ten or fifteen grains, showld be at once
administered.  The parasite cannot be attacked too



TrREariENT 0 [IVPERPYREXNIL L30)
soon. It is desirable to have the bowels frecly
opened ©oquinine is sabl to act better then. It s
a mistake, however, to delay the administration of
the specific pending the action of the aperient, Tt
an aperient he indicated, it should he ¢iven along
with the quinine.  Five or ten grains of calomel is
the best. Thereafter the quinine; in five-grain doses,
should he vepeated every three or six hours until
fever has snbsided.  Tf there he much hilious vomit-
e an emetic of i]w-:u- or repeated draughits of Tiot
water will elear the stomach and perhaps, after a
tinme, enable it to retain the quinine  The drug is
sometimes more readily retaied if given in chloro-
form water.  Mustard poultices to the epigastrium,
simall hypodermic injections of morphia, tce pills, sips
of very ot water, effervescing mixtures, champagne,
one- or two-drop doses of tincture of 1odine, are each
of them on occasions aids in stopping vomiting.  [If
these measures fail, and if the vomiting is <o frequent
and so severe that the dose is immediately vejected,
and 1f there s no diarrhaea, 1t 1s advisable to clear out
the rectum with an injection of warm water and, when
the action of this has concluded, to throw up an enema
of thirty grains of quinine in tlhee ounces of water
witl a few drops of acid to aid solution : at the same
time, five or ten grains of calomel may be given by
the mowth. Ho soon s the stonaclt las quicted
down, quinine may be given again by the mouth.

Treatment of hyperpyrexia. -Hyperpyrexia
must be promptly met by prolonged immersion in the
cold bath, reetal injections of ieed water, ice hags to
the head, ete. At the same time quinine must be in-
jected 11\ podermically, or into a vein, in tull doses, and
repeate A eve 'y three hours until t]mt_\ or forty grains
Lave been given.  Prompt action in these cases is of
the first importance, and may save life.  [f tenmpera-
ture  be kept down  for three o1 tour hours the
quinine gets time to act on the parasites crowding
the intracranial vessels ; but if temperature be atlowed
to ntount and to remain high the patient is destroved
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before the specific has a chanee. The cold hath, there-
fore, is absolutely necessary.  In such circumstances,
antipyrin and similar antipyretics are worse than
useless.  Good rules are to prepare to give the cold
bath if the axillary temperature reach 106, and to
remove from the bath when rectal temperature has
fallen to 102° IFahr. Although the temperature has
been reduced by this means, thermometrical observa-
tions must be continued at short intervals, say every
two hours; directly 1t begins to 1i1se again, say to
10271037, the patient should be placed in the bath
again ; this must be repeated as often as necessary,
Patients who have suttered from a hyperpyrexial
attack should be invalided hiome.

Treatment of algide and dysenterie at-
tacks. — Algide and dysenteric attacks demand
quinine combined with a little opium. If dysenteric
symptoms persist, ipecac., or the aperient sulphates in
full doses and opium must also be given.

Treatment of hazmoglobinuric fever.—
Hiemoglobinuric fever is most resistant to quinine.
Some practitioners of experience recommend the exhi-
bition of the drug in heroic doses, giving it every two
hours in divided doses to the extent of 120 grains a
day ; this they keep up till convalescence is estab-
lished. On the other hand, hemoglobinuria may
come on while the patient is cinchonised ; indeed,
some writers of experience—the Plehns, Koch, and
others--declare that quinine conduces to and even
causes hamoglobinuria.  After trying it in these
cases, and carefully comparing the vesults of treat-
went both with and without quinine, these authoritics
abandoned its use.  No long as the hamoglobinuria
continved they treated the case symptomatically,
cautiously resuming the specific if the case merged
into and concluded as a simple intermittent. There
can be no doubt that in Lkage doses quinine exercises

a certain amount of destructive action on the blood
corpuscles, rendering thenr  luemoglobin  unstable,
When, therefore, its toxic influence is superadded to
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Hat of the malarial poison, 1t may be that 1t supphies
the Tittle that as requived to determine an extensive
liberation of hiemoglobin, which, had the quinine heen
withheld, might 1ot have taken place  Bastianelli
(don. v ded. . Anno i1, Fasc. T1) lavs down the
following sensible vales as to the use of quinine in
haemoglobinurie fever:——(o) It hiemoglohinuria ocenrs
during a malarial paroxysm and parasites are found
in the blood, quinine should be given. (0) It para.
sites are nui found in the blood, quinine should not
bhe given. (¢) If quinine has heen alveady given
hetfore the haemoglobinuria has appeared and no para-
sites are found, its use should bhe suspended 5 but 1f
parasites persist it should he continued.

Calomel in large doses 20 to 50 grains 15 a
fivowrite remedy with some for hiemoglobimuric fever,
It has heen \'y\‘h‘lI]‘Lti(';l“\' used 1 Afiricain these cases.
I have hewrd of 1t bheing given there by the teaspoonful.
I kiow of eases \\]114]1 recovered pufutl\ without a
arain of calomel or of quinine.  Severe stomatitis may
arise from the former; it should therefore he cm-
ployed with great caution.

Quennee has advocated  the  administration  of
small doses of  ehloroforne in heemoglobinurie fever.
His formula is chloroform 4 grammes, powdered
gum s, sweetened water 250 grammes: of this a
tablespoonful 1s given cvery ten minutes until a
certain decree of chloroform intoxication is produced.
Thereafter the effect is kept up hy enemas of chloral.
In twenty two successive cases he had no death.

Tanic acid is another dirug which enjovs a certain
reputation in the treatment of malarvial fevers which
have resisted qmnmv. and especially in haemoglobinuric
tever. It s given, well diluted, in fifteen-grain doses
every two hours for four or five times. the dosing
\win}_;‘ repeatesd on the thivd and sixth diyvs to the
extent of two doses cuch day.

Selicylate of soda 15 a vemedy much used by somce
medical men in West Africa at the present thme, and,
it is said, with good results,
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Transfusion of blood has been succeessfully prac-
tised In 'high degrees of anemia in somc of these
cases.  Owygen inhalations arve indicated, but are
rarelv practicable.

Precantions. — Patients who are suffering from or
ave threatened with hwxmoglobinuria, or who have
had this disease before, on the slightest indication of
fever should go to bed at once, keep their skins
warin and scrupulously protected from draughts, and
take plenty of warm fluid; if parasites are present
in the blood, moderate doses—tive grains—of qui-
nine every three or four hours (hypodermically by
preference), and a large dose of calomel should be
given. Thosc who have once suffered from hemo-
globinuric fever must at all times avoid, above cvery-
thing, getting wet, or chilled, or over-fatigued, and
all other causes of physiological depression. Sitting
down to cool off in clothes wet from perspiration or
from any other cause is most dangerous. When the
urine tends to be suppressed, diuretics must not be
given with the idea of stimulating the kidneys. In
these circumstances hot fomentations should be
apphed to the loins, plenty of bland diluents ad-
ministered, and an exclusive milk det ordered until
all albumin has disappeared from the urine. This
is the only rational and safe systematic treatment of
the hemoglobinuric phase of malaral fever. Anti-
pyretics, as antipyrin and phenacetin, are dangerous.

Other drugs in malaria.—During the con-
tinuation of a fever I have never seen much, if any,
good from arsenmic. The place of arsenic is not as
a substitute for quinine during fever but as a blood
vestorer after fever. I have heard of cases of
obstinate ague cured by half-drachin doses of liquor
arsemcalis. I have never myself ventured on these
heroic doses. I have never seen benefit, in aliy way
approaching that derived from quinine, from methy-
lene blue, carbolic acid, iodine, anarcotine, ann]gezl,
phenocol, partheninm, ailanthus, chiretta, cucalyptus,
or any of the many drugs which fromn time to tine
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liwve, on very limited experience, been recommended
i malaria.  In those cases, however, in which from
SONC ])w-uli-n' tdiosynernsy  the patient is unable to
tuke quinine, it ney be nece ssary to have recourse to
some of these drags. Methylene blue in doses of two
to three orains, and ]mslml until the urine becones
deeply tinged or signs of kidney hrritation appear,
enjoys o certain reputation in \merica and in
Giertmany. Anarcotine was at one time, during a
quinine famine, extensively and successfally employed
in hidiac the dose is from one to three grains
(Drit. Med Jowrn, Aug 17th, 1895). Phenoeol hiydro-
chloride; in ten-grain doses, administered five, three,
and two hours before the expected paroxysm, has
been used with advantage in Ttaly, and s said to
have sueceeded i some instances in which gquinine
had tailed.  The tannin treatment; alveady allnded
to, might also be tried in obstinate cases where
quinine had failed or could not be taken. .\ grain of
capsicum with five grains of quinine is said to succeed
sometimes where quinine alone fails. I have given
this pill; but how much the capsicum contributed to
the cure I cannot say I cannot «ay 1 have ever
seen an ordinary uncomplicated ague resist quinine
properly civen. There can be little doubt, however,
that in rare cases it does fail, and that 1t 15 more
efficient against the benign tevtian and the quartan
than against the malignant parasites. Tt does not
prevent relapse, ]l()\\'(‘\’('l‘, even in the non-malignant
mfections,  Euchinin, lately introduced, is said to have
all the therapeutic \n*tuesuf quinine with none of the
bitter taste.  The dose is the same as for quinine. 1t
shiould be of value in the treatment of children,
Treatment of splenice tuemonr ed malarial
‘achexia.— The enlareed spleen of malarial cachexia
is hest treated by counter-ivritation (lintmentum 1odi,
or ung. hydrarg. biniodid.) and saline aperients, com-
bined w ith (quinine, arse nic, and iron. Hepatic enlarge
ment and abdominal concestion artsing from madarial
disease of long standing generally derive much benetit
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grass should, if possible, be preserved, or, if it be
disturbed, replaced immediately, or the exposed soil
covered with rammed clay or cement. It is unwise
to have flower-beds or vegetable gardens ncar bed-
room windows, or to allow water from bath-rooms or
cook-houses to flow over the ground in the vieinity of
the house, or to keep water unchanged in tubs or
water-butts for mosquitoes to breed in. Pools and
puddles of stagnant water should be filled up and
turfed. Ponds should be stocked with fish, as fish
tend to keep down mosquitoes by preying on their
larvee,  The neiglibourhood of swamps is to be avoided.
A few ounces of petroleum thrown on the surface
of a pond will prevent mosquitoes from depositing
‘their eggs on the water, and will asphyxiate their
larvee ; the petrolewm requires to be renewed from
time to time. There are many simple precautions of
this sort which will occur to every prudent man, and
which, in malarious countries, he should take care to
have carried out.

The cultivation of trees and plamts.—
Much was expected at one time from the cultivation
of eucalypti of different species— particularly Ewea-
lyptus globulus—as a means of suppressing malaria.
Specific virtues were attributed to its balsamic exhal-
ations. These hopes have not Leen fulfilled in every
case ; but, undoubtedly, the effect of this rapidly-
growing tree in drying the soil, or, perhaps, in
keeping away mosquitoes, which are said to object
to the peculiar aroma given off by the leaves, is of
use in some localities. The same may be said of the
cultivation of the sunflower, chrysanthemnm, kiri
tree, and other plants. Possibly they too influence
insect life, and do good in this way also,

Disturbance of the soil—The soil must not he
disturbed during the sickly seasou. Workmen so
engaged must not sleep near their work.

Native experience to be consulted. Tt is unwise
to build where the natives say the neighbourhood
is unhbealthy ; natives generally know such places.
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Neither, if it can be possibly avouded, should a
stay he made where the natives are ansemic and
have enbwged spleens a sure indieation of an un-
ltealthy district.  Water from wells of bad repute,
or swaunp water, should be avoided, or boiled,  We
do not know for certain that malaria can be con-
veved in water ;s but it is certain that the natives
of many countries think it can, and, as their npmmn%
in such matters are founded on t]w experience of
venerations, they should not be ianored.

Other precontions. Visits  to notoriously  un-
healthy Tocalities should he avoided in the evening
and ecarly morning.  In such places siceping on or
close to the ground is dangerous,  Bedroomns, there-
fore, should he sitvated in an upper storey, and
dwelling-rooms be well vaised on piles or arehes above
the ground. Common sense tolls us that canpaiens and
journevs o malarious districts should be conducted
and concluded during the healthy season, if there he
one. Hosqucito wets ot Gneariably be wsed, many
travellers attest their value, so plainly indicated by
recent discoveries. The body should be covered up
during slecp, and every precaution (as fives, eucalyptus
bonghs, cte.) that circumstances permit should he
ecmployed to keep mosquitoes away.

The subjects of malarvial infection are dangerous
to their  companions @ thev  should, therefore, he
avorded or, 1t this is impracticable, compelled  to
sleep under eflicient mosquito nets. It will prove a
truly cconomicad procedure to suppl\ natives liberally
with quinine; this should ¢o hand i hand with other
steps that may be taken to render a place salubrious.

Quinine and arsenie as prophylacetics.
A great deal has been written about the prophyvlactic
use of arsenic and quinine in malarii Opinions
are very much divided on the subject.  Most deny
that arsenic possesses any prophvlactic power what-
ever.  Duncan, after an exhaustive study of the
recorded evidences, and after extensive and carefully
conducted expernments made by hnnselt o larve
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bodies of troops, concludes that arsenic has no pro-
phylactic virtue whatever ; but that quinine, in a daily
dose of three to five grains, lessens the fever admis-
sions by one-half. He therefore strongly advocates
the systematic use of the latter drug in all campaigns
involving a sojourn in malarious districts. In thishe
is backed by the opinion of many medical men of ex-
perience. Corre, although he admits the prophylactic
power of quinine against ordinary malarial fever, says
it has no influence in preventing pernicious fevers,
Other authorities, on the contrary, state that those
who take quinine systematically, though liable to mild
fevers to some extent, enjoy immunity from pernicious
attacks. On the whole, the evidence is distinctly in
favour of the systematic and daily employment of
a prophylactic dose of quinine, three to five vrains.
Methylene blue, given systematically, appears to have
a distinetly prophylactic action, and is well spoken
of by Celli and others in this respect.

Other prophylactics. — Tea, coffee, and very
small doses of alcoliol are also decidedly of service ;
but they should be used in strict moderation, the last
being taken only after the work of the day is over,
and when there is no longer any necessity for going
out in the sun. Crudeli speaks highly of lemon
decoction (made as already described, page 144) as
a prophylactic ; its use can do no harm, and it is a
pleasant, slightly tonic, and slightly aperient beverage,
well suited as a drink in hot climates. The decoction
made from one lemon may be taken daily in divided
doses.
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CIHTAPTER 1X
VELLOW FEVER.

Definition.  An acute, specttic, very fatal febrile
disease oceurring epidemically; oras an endemie, within
a peculiarly linnted geographical arca. It is charac-
tertsed by o definite course consisting of an initial
stage of a sthenie nature, vapidly followed by an
adynamic condition in which such evidences of hlood
destruction as black vomit, albunimuria, and haemato
cenous Jaundice are hable to ocenr.

Geographical distribution. —~Of all the -
portant zyvmotic diseases yellow fever has the most
restricted geographieal range.  Its centre is the West
Iidies, whenee it spreads north to the United States
and Mexico s south to the Brazils and, at tines; as
far as Buenos Avrves and Monte Video; west to
Central Amertea, and across the Tsthmus of Panama
to the Pacitic coast, along which it extends north
to the Gulf of California and south to Peru. Tt
ovewrs also, 1 the epidemic form, on the west coast of
Africw Whether it s endemie there it 1s iimpossible
to say.  Neither 1s it now possible to determine from
existing records whether it was originally an African
or a West Indian disease.

Yellow fever has been imported frequently into
Portugal and Spain, and once. from  the latter,
into Italy.  Although a good many died 1n these
visitations, the discase has never obtained a permanent
footing in Kurope. (fases have occurred in seaport
towns in France and England— Brest and Swansca,
for example; these little epidenties, however, have
invariably rapidly died out.

Tn several of the West India islands yellow fever
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15 endemic. 1t ix always to be found in Havaua
Formerly the Brazils enjoyed an absolute immunity ;
but ever since 1849, when yellow fever was 111’01‘0-
duced for the first tlme into Balia by a bllll) from New
Orleans, it has been practically endemic in the large
cities. At Rio de Janetro, although in some -ycars
the cases are few, it is never entirely absent. In such
places as New Orleaus, (‘harleston, Monte Video, and
Buenos Ayres, although now and again epidemics of
great severity break out, several years may pass with-
out its appearing. Some of these epidemic visitations
bring a heavy death-bill ; thus in New Orleans, in
1853, 7,970 peopte died of yellow fever, in “\(n.
3,093 ; in Rio, in 1850, it claimed 4,160 victims, in
1852, 1,943, and in 1886, 1,597. In Havana the
annual mortality from this cause ranges from 500 to
1,600 or over.

Atology.— Peculiar limatation.—The reasons
for the peculiar geographical limitation of yellow fever
are but partially understood. A principal reason
undoubtedly is that yellow fever belongs to a some-
what restricted class of diseases which, though
commuuicable, ave not directly so through immediate
atmospheric conduction from sick to sound ; discases
whose germs do not pass quickly from the sick to the
healthy, like those of scarlatina or small-pox, but
have first, apparently, to undergo extracorporeally
developmental changes that enable them to attack,
aud to live in, the hluman body again. Cholera is,
perhaps, another such disease ; beriberi is probably
another ; and so, 11 a sense, is malaria, and all
atfections wliose germs require au intcrmgdiary host
or an intermediary nidus.  Such diseases, seeing that
their propagation demands an additional con(ht,louﬁ
the cxtracorporeal state or medium —must, cowteris
paribus, necessavily he morve diflicult to acquire, must
spread more slowly and be move restricted geographie-
ally, than the ordinary directly infectious diseases.

Lufluence q/ n/mu..s]///rz/ ve Aemperatire. - Another
reason for the restriction- of the endemic area of
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yellow fever Hes in the fact that either the germ
1s killed, or the extracorporeal nidus is in some way
rendered unsuitable by low atinospherie temperatures.
For 1ts development in epidemic form, yellow fever
requires a temperature of over 757 Fahr., It ceases
to extend 1ts arca when the thermonteter sinks below
this point, and 1t stops abruptly as an epidemie when
the freezing-poiut is reached ; although-—as proved
by the recurrence of the disease two vears in succes-
sion in one of the Spanish epidemics, and that with-
out a fresh introduction —the vitality of the germ
may not be extinguished and killed ontright by frost.
Dampness favours yellow fever; it is therefore most
proue to occur during the rainy season.

Conditions of sol requived.—Further, it is not
every spot that affords the conditions demanded by
the germ. It would appear that an admixture of
antimal matter must enter into the composition of
the nidus ; decomposing vegetable matter does not
suthice.

Unless all of these conditions coneur, yellow fever
will not establish itself in a locality : consequently,
the arca of the disease 18 a restricted one.

Usvally a sei-const disease —The favourite haunts
of yeltow fever are the sca-coast towns (more especially
the sea front where the sewage disclharges), the banks
of rivers, and flat delta country.  Rarely does 1t pass
far wland, or ascend high ground.  Stilly, there are
many exceptions to these general rules: for it has
bheen found far inland, and at a considerable elevation
(Nao Paulo, Brazil, 2,500 feet; Newecastle, Jamaica,
3,000-4,000 fect ; (‘uzco, Peru, 9,000-10,000 feet).
Villages are seldom aflected ; nor does the disease
readily spread it introduced into rural localities.  In
spreading inland it follows the lines of communica-
tion— railways, canals, navigable rvers.

A ship disease—~As in the case of bertherd, the
somewliat Himited eonditions found on bhoard =hip
supply the requirements (191}1zmded by the germ of
yellow  fever Ship  epidemnics are common oceur-
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rences. TIts ideal haunt, however, is the low-lying,
hot, squalid districts in the neighbourhood  of th_(:
wharfs and docks of large seaport towns. Tt is
believed that the germ is often introduced on board
ship in washing decks with harbour water, a custom
which in many vellow fever ports is discontinued.

A place disease.—-Yecllow fever, therefore, is a
place disease, like malaria or beriberi. If the patient
is removed to a hitherto unaffected spot, his attend-
ants and neighbours will not contract the disease,
unless the spot itself first become infected. The
occurrence of this place infection will depend on
whether the particular locality affords a suitable
nidus for the germs which escape from, or are brought
by, the patient. If the locality supplies these con-
ditions, then, for the time being, the disease will spread
and become epidemic ; if the locality does not supply
these conditions, then the disease will not spread. It
is safe, therefore, to visit a yellow fever patient if he
is lodged outside the endemic area; but it is never
safe for the susceptible to visit the endemic area,
whether they come into direct contact with the sick
or not.

Nott has pointed out that yellow fever occurring
in a many-storeyed building attacks especially those
living on the ground floor. It picks out particular
localities, houses, and streets, apparently in the most
capricious way.

Portability of the yerm in fomites and merchandise.
—That the geim may remain for a counsiderable time
potentially infective in fomites, clothes, merchandise,
etc., and in wooden structures (ships), is an established
fact. Thus Strain (Journ. of Trop. Med., April,
1899) saw cases in Sido Paulo in which the infection
was acquired from unpacking a box of clothes which
had Jain at Santos for some time and had bLeen
damaged there by damp and sea water. The epidemic
of 1893 in the same city he traces to certain cases of
machinery which had lain for some months at Santos,
On opening tlhe cases the packing straw was found to
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he ¢ damp.  Four of the people in the hou-e where the
cases were opened got vellow fever withim a few davs.

]mm////(/// mr/////u/ //// profonged pesidipec or by
« precions attack, 2\ curious fact about velow fever
is that the natives of, and those who have lived for
a long thme in, the endemic area ave practieally
exempt from the disease @ or, if thev are attacked, the
disease 15 usually of a very mild tvpe. 1t s also said
that 1f the native quits the endemie area his Mamunity
decrenses in proportion to the length of time he
remains away : so that after long abscuce, on his
return to the endemic area, he may be ’Ltt&(‘k(’d just
as an ordinary visitor mwht he, I urther, those who
enter the endemic area f01 the first tinte are the most
susceptibley the suseeptibility deercasing with length
of residence. It 1s probable, therefore, that at sueh
places as Rio the endemicity of the discase is kept up
by the continnal influx of foreign and, therefore,
susceptible visitors.  Oue attack of vellow fever is
almost invariably protective against a recurrence. It
ix sometimes athirmed that the relative immunity of
the creole 1s the result of an attack of vellow fever in
childhood.

Race  as anfluencing  susceptibility. - Another
curious fact is that the negro 1s little liable to yellow
fever, and that when he gets it the attack 15 usually
mild.  The vellow-skinned races are more susceptible
thau the negro, but less so than the Furopean. 1t 1
also said that the cuxeeptibility of the uropean
Inereases in proportion to the height of the latitude
of his native place; that is, a Norwegian will be
more susceptible than a Frenchman, and a French-
man more than an Halian or Rpuniard.

Incubation piriod. —— The incubation period of
vellow fever rarely exceeds four or five davs 1t may
e much shorter— under tw entv-four Lhours.,  The
Limits, according to Rérenger-TFéraud, we one  to
fiftecn davs in the temperate zones, one to thuty
davs in the tropics.  Oceasionally it happens that the
disease breaks out in a ship after she has heen several
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weeks at sea, having had no communication with the
land or with another ship in the meantime. It must
not, however, be inferred from this that the incuba-
tton periol is to be reckoned in wecks., The ship
itself, the cargo, or timbers, or ‘the clothes of the crew,
were infected 1 port ; but the crew had not, until
long afterwards, caught the infeetion from tie par-
ticalar part of the ship in which the virus had been
brewing or latent. The ship was infected for wecks,
but not the crew. Exactly the same thing happens
in the case of ship beriberi.

The germ. .\ great many attempts have been
made to discover the germ or virus of yellow fever,
and a corresponding variety of organisms has been
described. One of the best kuown and, at one time,
most talked about, was the Cryptococcus zantho-
genicus which Dr. lﬂrure, of Brazil, proclaimed as the
true cause. He cven went the leugth of practising
protective inoculations by eultures of this organism,
prepared on the Pasteurian system of attenuation.

Dr. Finlay, of Havana, who regards the mosquito
as a principal ageunt in the diffusion of yellow fever,
claims for another organism-—the Tetrcuenus febris
Aava—the distinction Cof being the true virus. lle
practised inoculations by the bites of n1os(uitoes
previously fed on yellow fever patients, and claims
that as the virulence of an attack depends on the
number of infected mosquitoes biting the inoculated,
by reducing the number of bites a mild yet protective
attack can be harmlessly imduced.

At the instigation of the Government of the
United States, these and other organisins were
rigidly 1nvest1<rated by Sternberg, whose standing as
) bacteuologlst, and whose judicial cast of mind
eminently qualified him for forming a trustworthy
judgment. His verdict on these, and many similar
organisms for which pathogenic claims have heen
advanced, was unfavourable.

Sanarelli ( Brit. Med. Journ., July 3rd, 1897), whose

record as a bacteriologist gives great weight to his
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statements, elaims to have found the werm inoa highly
pleomorphic;, very minote bacterimn, which he has
named Boaeillis ictoroides. Tt has rounded ends, and
ocenrs for the most part in pairs in the cultures and
sk groups in the tissues, Tt measures from two-
to four-thousandths of a millimetre o leneth, and is
two or three times lonver than hroad. Tt is actively
mottle 5 flagelle s be demonstrated, A gar-agar
cultures meubated at 37 €0 for twelve hours, and tor
a ltke period at room temperature, show a character-
istic zrowth, the centre of the colony heing Hat, trans-
parent and bluish, the peviphery prominent and quite
opaques 1t is said to resemble a drop of sealing
wax.  Tts a facultative anacrobe, It grows best at
3770 af kept for a few hours at zevo it hecones
non-virulent to animals. It gives the clump reaction
with diluted serum of a vellow fever patient. It is
pathogenic to monkeys, vabbits) guinea-pigs, mice and
vats. It 1s present tnosmadl numbers in the blood
and tissues, especially the hver, and almost invari-
ably e assoctation with streptococed, staphylococed,
and Dacillus «ofi. 1t 1s not found in the contents of
the alimentary canal. Tt is casily stained, and grows
readily and chaacteristically in the usual media.
Injected into animals, it proves exceedingly toxie,
giving rise to o symptoms  and  lesions  resembling
those of vellow fever.  Filtered cultures injected into
five men produced typreal vellow  fever, including
lremorrhage, dcterus, anuria, delivimm, collapse, and,
as steatosis of the liver and nephritis are mentioned

conditions which can only be ascertained post-
morteni—presumably death.  Tmportant  practical
pomts in the hiology of the bacillus ave: It strongly
resists dieving o1t dies i water at 600 C Rt s
kalled by seven hours” exposure to the sun it hives a
long time in sea water: the development of moulds
on a culture tavours the bacillus.  Nanavelli has
prepared aserum from horses immunised by intensive
treadment with this bacteriam carried on continuously
for many months (fourteen), for which he clatms pre-
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ventive as well as eurative powers. The statistics he
gives are encouraging. It is premature, however, o
pronounce deeisively on the value of Sanarelli’s dis-
eovery, for whilst the commissioners (Wasdin and
Gedding) detailed by the United States marine author-
ities to report on the subjeet, state (July 10, 1899)
that Bacillus icteroides is the cause of yellow fever,
other investigators have arrived at an opposite con-
clusion.  Steruberg, to whose opinion mueh weight
must be attached, holds that, so far, the evidenece for
or against this bacterium is inconclusive,

Symptoms.—There is the same variety in the
initial symptoms of yellow fever as in the other
specific fevers. There may be sudden rigor super-
vening in the midst of apparent health ; there may
be only slight chills; or there may be a period of
premonitory malaise leading up to the more pro-
nounced symptorns. When fairly started, the proces-
sion of events is rapid.

Roughly speaking, and provided there are no
complications, an attack of yellow fever is divisible
into three stages: 1, The initial fever; 2, “the
period of calm,” as it is called; and 3, in severe
cases, the period of reaction.

The initial fever lasts usually from three to four
days. The maximum temperature is generally at-
tained within the first twenty-four hours, or by the
sccond day, and, in a case of medium severity, may
rise to about 103" or 104" Fahr. During the three or
four succeeding days the mercury slowly sinks to 98
or 99° Fahr, the diurnal fluctuations being seldom
more than half to one degree. It occasionally happens
that high temperature is maintained for two or three
days, and also that the maximum is not attained
till the third day ; as a rule, the thermometer behaves
as described, the maximum being reached within a
few liours of the onset of the disease.

With, or soon after, the initial chill or rigor
severe headaclie sets in and 1s generally a prominent
feature. For the most part the pain is concentrated
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about the torehead, in the ercumorbital vegion, and
i the cyeballs themselves. Tnomany  cases 1t s
associated with imtolerance of Tioht.

l.oin painn 1s another very distressing svinptomn
it may amount to o posttive agony.  The leus, too,
achie excessively  particularly the calves, koees, aud
ankles o they feel as 1t hroken,

The face is tlushed and swollen ;5 the ceves are
shining, 1n|mtul, and ferrety @ the skin is 111\ and,
what with parn and febrile distress, the pationt mpl(]l
passes into a very miserable condition.  He is rest-
less and coutinu: L”\ tossime about.

At first the ]blll\(' ravces from 100 to 120 per
mimute, and 1s full and strong @ but, ws the disease
progresses, it loses s stheme chavacter, graduaally
tulling i tforee and frequencey until o tlw ¢ period of
calm 7 1t becomes remarkably slow and compressible,
beating perhaps ouly thirty or torty times per minute.

At the outset the tongue is not very dirty, hut
it soon acquires a white coating on the dorsum, the
edges renmaining clean., Tt is ot so swollen and flabby
as i malkuial fever; on the contrary, it is often
small and pomted throughout the disease.  This is
reearded as an important diagnostic mark ; taken
along with the progressive diminution in the strength
and frequency of the pulse; and the peculiar hehaviour
of the temperature, it is nearly conclusive as to the
discase being yellow fever.  Later, the tongue dries,
and, at the same time, thirst becomes intolevable.
The palate is congested and swollen @ the gums may
also swell and bleed.

The congested appearance ot the face at the onsct
of the disease tends to subside : so that by the time
the asthenie stage is reached; the features may have
become shrunken and small, the eve sunken, and the
evelids discoloured by vuh\nmsv\

fn some cases the skin 1s hot and drv throughout ;
in others 1t may be bedewed with perspiration from
time to time: or the sweating may be constant,
especially so it collapse oceur,
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By the third day the sclerw assume a yellowish
tinge, and very often the skin acquires the yellow
colour from which the diseasc derives its name. Tt
must be understood, however, that it is not cvery
case that presents this colour of skin; in some it is
entirely absent, but if cavefully looked for there is
always some icterus of the sclerw present.  The yellow
tinge generally shows about the end of the first stage,
deepening in intensity as the case advances, and re-
maining apparent for a considerable time after conva
lescence has become established. It ranges in depth
from a light saffron tint to a deep mahogany browu,
In fatal cases it is always present; not nceessarily
during life, but invariably after death. The skin is
said to emit a peculiar odonr like gnn washings, or,
as Jackson puts it, like the smell of a fish market.

Petechial, erythematous, papular and other ernyp-
tions may show themselves in different cases; but in
yellow fever there is no characteristic eruption.

An 1mportant feature, from the diagnostic as well
as {rom the prognostic point of view, is the appearance,
in some cases almost from the outscet of the discase,
of albumin in the urine, together with a tendency to
suppression. In mild cascs these features may be
little marked ; but in severe cases, particularly during
the stage of depression, the urine may fall to a few
ounces, and be loaded with albumin to the extent of
one-half or cven two-thirds. The more pronounced
these symptoms, the graver is the prognosis.  Urea
and uric acid arc very much diminished, the former
in severe cases falling to 15 gramme to the litre.
The urine is almost invariably acid. Bile pigments
show themselves towards the end of the disease;
their appearance is regarded as a favourable omen.
Heemorrhage from kidneys or urinary tract is not
uncommon.

Delirium may occur, but is not an invariable
feature. Usually, after the initial stage of restlessness
and acute suffering, the patient becomes torpid, and
perhaps taciturn.  In bad cases coma, subsultus, ete.,
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may cradually <upervenc, the tempernture vising as
death approaches and even after death.

At the outset the bowels wre confined.  In the
second stage, diarrhan, perhaps of black material 1
sembling the vomit, may snpervene toor there may lw
actual hiemorrhage of 1»11"111 red blood from the bowel.

The welbkuown  black rom it alwavs o grave
sympton, but fortunately not by any means an in-
variable one —forms one of (he most stnl\mﬂ features
of this discase  In the carlier stages of the fever
vomiting of bilious matters s a common oceurrence,
This may subside, or, after w time, give place to
acoffee cround vomit which eradually  decpens in
colomr until it becomes uniformly black.  On micro:
scopte examination the vomited material 1s found to
consist of broken down blood corpuscles and altered
Liemoglobm suspended ina vellowish mucond  taid.
This material 15, doubtless, in the main derived from
blood transuded through the walls of the capillavies ot
the mucous membrane of the stomach. Tt is itensely
acid.  Though the black vomnt may not always be
scen in fatal cases durving htfe;, it is invariably found
m the stomach on postonortene examination.

Sometimes pure blood 1s thrown up from the
stomach © similar passive lwemorrhages  may take
place from almost any part of the body—from eves,
cars, nose, mouth, bladder, uterus, and so on.

Death may occur during the early acute stage,
heing prece ded by aapid rise of temperature.

In mild cases the “period of calin,” which =sets
i after the subsidence of the itial fever, may last
for several days before convalescence s estabhshed.
Tn such, recovery once bhegun s usually very rapid :
i a week from the begimming of the disease the
patient mayv be about again. [ severe cnses, how-
ever, the period of calin is followed by o thivd stage.
the stuge of reaction, in which  the  temperature
aunin vises, though not to so high a point as i the
initinl fever, and a sort of remitting fever of an
adynamic type keeps on for several days or weeks.
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This sccondary fever is prolonged, more especially if
there is any complication such as abscess, boils, paro-
titis, buboes, hepatitis, and so forth. The icterus is
now very pronounced ; black vomit may vecur, or
appear for the first time; perhaps a profuse diarrheea
ends in collapse ; or the urine may be suppressed,
stupor, coma, and other nervous symptoms ensuing
and very often ending in death. In other instances
the secondary fever terminates in a crisis of sweating
and a prolonged convalescence.

Relapse may occur at any time up to two or three
weeks after the subsidence of the initial fever. Ttis
specially prone to occur if the patient has heen guilty
of any dietetic imprudence during the period of cahn
a period at which the appetite may return to some
extent. Relapses are very dangerous.

Prognosis and mortality. —The prognosis
in yellow fever is good if the temperature during
the initial fever does not exceed 103" to 105° Fahr.
It is better for women (although if pregnant, abortion
is almost invariable) and children than for men ;
better for old residents than for newcomers; worst
of all for the intemperate. According to a table of
269 carefully-observed cases given by Sternberg,
there were no deaths in 44 cases in which the tem-
perature did not vise over 103" ; per contra, in 22
cases in which the thermometer rose over 106 there
were no recoveries. Of 36 in which the temperature
rose to between 105° and 106° 22 died ; of 80 with
maximum temperatures hetween 104° and 105" 24
died ; and of 87 in which it rvanged between 1037 and
104" only 6 died. The mean mortality in the whole
269 cases was 277 per cent. This may be taken as
a fairly representative mortality in yellow fever
among the unacclimatised, something between twenty-
five and thirty per cent., althongh in some epidemics
it has risen as high as fifty or even cighty per cent.
of those attacked. Among the permanent inhabitants
of the endemic districts the case mortality is very
much lower—seven to ten per cent,  During epidemics
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abortive and ambulatory cases ocear; in these, icterus
and other characteristic symptoms are often absent.
Such cases may be hard to dincnose from febricala or
mild malarial attacks.  Tn them the mortality is nil.
Some epidemics are particularly mild.  Tn the same
epidemic the cases may vary in severity from time to
time.

>athological anatomy.— Depending probably
on hwmoglobin diffused in the liquor sanguinis and
tissues, and not on biliary pigment, the yellow colour
of the skin is most marked in the dependent parts
of the cadaver, especially in those parts which are
subjected to pressure. Petechiz are common in the
skin ; more considerable extravasations of blood may
be found in the muscles. The brain and meninges
are hyperemic. The brain tissue may be studded
with minute hemorrhagic effusions; like the other
tissues of the body, it is stained a lighter or deeper
vellow. The blood in the vessels of the general
circulation 1s not firmly coagulated. The blood cor-
puscles appear to be normal, althougl there can be
litule doubt that there is 1n this disease a liberation
of heemoglobin, arising, possibly, from destruction of
a proportion of the corpuscles. An important fact,
as explaining the liability to passive hemorrhages,
1s the existence of a fatty degeneration of the capil-
laries and smaller blood-vessels. The stomach, as
stated, always contains more or less black material,
such as may have been vomited during life. Here
and there in its mucous membrane are arborescent
patches of congestion and ecchymoses. Observers are
not agreed as to the nature of this congestion, as to
whetlier it is passive or inflammatory. Sternberg
says there is evidence in the increase of leucocytes in
the submucosa of a slight inflammatory action.  The
small intestine may contain a dark, acid material
similar to that iu the stomach, and doubtless coming
fromn the same source.  Like that of the stomach, the
mucous wmembrane of the intestine shows patchy
arborescent injection,

I
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As compared with other fevers, the liver is charac-
teristically affected in yellow fever. As a rule, if
death have occurred at the later stages, this organ is
somewhat exsanguine, friable, and presents a yellowish
colour from profound fatty changes in the cells.
Occasionally, though rarely, it may be hyperemic
and dark. Here and therc thronghont the gland
the cells—particularly those about the periphery of
the lobules—on microscopical examination are found
to contain globules and grains of fat. The nuclei in
some instances, as well as the protoplasm of the cells,
show fatty changes. This profound fatty degeneration
of the liver cells is well marked in the great majority
of cases.

The kidneys are affected with parenchymatous
nephritis, Hemorrhagic foci under the capsule and
in the cortex are common. The renal epithelium
shows cloudy swelling passing on to fatty degenera-
tion and desquamation. The tubules, here and there,
are filled with infarcts, either of an albuminoid
material or of débris of desquamated epithelium,
corresponding with the numerous casts which can be
discovered in the albuminons urine.

Diagnosis.—This subject of the diagnosis of
yellow fever has already been treated of under
¢« Malaria ” (pp. 127-8), to which the reader is referred.
Practically, the only two diseases with which yellow
fever may be confounded are bilious remittent and
bilious hzemoglobinuric fever. The clump reaction
which is said to occur on the addition of diluted
serumn of yellow fever patient with a culture of J.
icteroides should be a valuable aid to diagnosis when
cultures are available.

Treatment.—Fornerly, a mnch more active
treatment than that in vogue at the present day was
the fashion for yellow fever. It is now recognised
that, as with most specific fevers, the treatment is
more a matter of nursing than of drugs.

Experience has shown that a smart purgative at
the very onset of the disease is beneficial. ~With
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nany castor ol 1s the favourite drug, but to he of
service it has to be given in very large doses—two
to four ounces.  Others use calomel ; or calomel
combined  with  quiniue—twenty  crains of each.
Others, again, prefer a saline.  The purgative, which-
ever he selected, minst not he vepeated, or, for that
matter, given at all if the paticut s not seen until
after the second day of the disense,

1ot mustard pediluvia, trequently repeated during
the first twenty-four hours, the paticut and bath heing
enveloped in a blanket, are in constant use in vellow
fever epidemies. They are said to relieve the ecerchral
congestion and the intense headache,  Very hot baths,
with subsequent blanketing and sinapisms to the
epreastrium, are also said to have a similarly favour
able influence ou the congestion of the stomach, which
15, undoubtedly, another constant feature of the
disease  For hngh fever antipyretic drugs, cold baths,
iced 1njections, cold sponging and the hke wmay be
cavefully emiployed.  Iu view of the asthenic nature
of the disease, the less depressing measnves should be
preferved.

Vomiting may be treated with sinapisms and
ice pills, or with small doses of cocaine.  Morphia is
dangerous, and must be avoided.  For black vomit,
frequently repeated doses of perchlovide of iron,
ergotine injections, acetate of lead, and other styptics
bave been recommended. Ior restlessness, phenacetin
or antipyrin is used. When the skin is dry, the
urine scanty, and the loins ache excessively, Stetnberg
recommends pilocarpine.

After the fourth or fifth day the flagging circula-
tion demands stimulauts of some sort.  Iced cham-
pague, hock, ov teaspoonful doses of Dbrandy civen
every half hour, may tide the patient over the period
of collapse. Great care, however, should be exercised
in the use ot these things 5 if they seem to nerease
the vomiting and the irritability of the stomach, they
must be stopped at once.

The feeding is an Important matter.  So long as
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there is fever the patient has no appetite ; during
this tine—that is, for the first two or three days—
he is better without food. When the fever subsides
appetite 1nay return, and a craving for nourish-
ment become more or less urgent ; the greatest car,
however, must be exercised about gratifying this
untimely appetite. Only the blandest foods, and these
only in very small quantities, should he allowed —
such as spoonfuls of iced milk or chicken tea.
Gradually the quantities may be increased ; but, even
when convalescence is established, solid food must
be partaken of very sparingly, and it must be of the
simplest and most digestible description. Indiscretion
in eating is a fruitful cause of relapse in yellow fever ;
and it must be borne in mind that in this disease
relapse 1s exceedingly dangerous. Nutrition may
be aided by nutrient enemata.

The Stermberg treatment,—Sternberg las
introduced a system of treatment by alkalies which
promises well. It is dirccted principally to counter-
acting the hyperacidity of the gastric and intestinal
contents—always a marked feature in yellow fever.
His prescription is 150 grains of sodium bicarbonate
and one-third of a grain of mercury perchloride in a
quart of water ; of this an ounce and a half is given
every hour. This, he claims, not only neutralises the
acidity of the intestinal contents but increascs the flow
of urine, the perchloride of mercury tending to check
termentative change in the alimentary canal. Of
301 whites treated in this way only 73 per cent.
died, and of seventy-two blacks all recovered. Other
encouraging figures have been adduced as to the
efficacy of this line of treatment, whicl is certainly
deserving of further and more extended trial.

Prophylaxis.—During epidemic visitations or
during exacerbations of endemic yellow fever, the
unacclimatised should, if possible, immediately quit
the implicated zone. Above all, the sluins and low-
lying districts of the town should be shunned ; these
places should not even be visited ; or, if visits have
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to he made to them, these visits should be as brict
as possible and not made during the night.  The
Suse Pptible should avoid sleeping in the lower storeys
of thenr houses, and pay great attention to their general
headth, carefully avoiding all causes of 1)]1_}'Si(l)|(lgi(‘:1,|
depression or disturbance.  Sailors must not be allowed
on shore, :

In every country subject to visitations of this
discase the sanitary condition of the towns should he
most carefully attended to.  Expericnee has shown
that nothing invites ycllow fever so surely as filth
and overcrowding.  Ships should not be allowed to
clear from infected ports, nor to enter nom-infeeted
ports, during the warm season, without adequate
mspection.  If yellow fever is found on board, the
cases  should  be isolated in a proper uarantine
hospital, the ship thoroughly disinfected, and the
crew prevented for at least five days from com-
muntcating with the shore, or until every risk of
conveying infection has passed away. The destruc-
tion of all fomites is lmperative. Clothes, books,
and so forth must be rigidly and thoroughly dis-
mfected, and  every feasible means employed  to
prevent the formation of fresh foci of disease around
the patients.  In the event of the disease appearing
m a locality which ts not habitually a yellow fever
centre, the most economical plan of dealing with the
threatened danger is for the authorities promptly to
remove the entire population of the neighbourhood,
with the exception of the insusceptible and those
in attendance on the sick, and to place the deported
population before dispersion in a ten days’ quaran-
tine camp. Meanwhile, the infected area must be
rigidly isolated.  Im this way it has heen found
possible to prevent the spread of the discasc.

1 the event of vellow fever breaking out in the
crew of a man-of-war, the cases, if possible, should
he sent ashore, and the ship hurried north or south
into cold weather, every sanitary precaution being
cmployed meanwhile,



166 Yerrow FEVER.

Sanarelli’s serum (p. 155), both as vegards treat-
ment and prophylaxis, must be considered as being
still sub judice.

There is an important matter in connection with
this disease, which, in the ncar future, ought to he
made a subject for international consideration, and
that is the prevention of the spread of yellow fever
to Asia, the Eastern Archipelago, Polynesia, and
East Africa. Tt has spread in the past to Europe ;
this is a comparatively unimportant natter, as the
chimatic and hygienic conditions in that continent
arc not favourable to the extension of the discase.
It is otherwise, it is to be feared, in this respect with
Asia.  Fortunately, ycllow fever, so far as known,
has never appearcd in the crowded, filthy cities of the
East ; but should it ever be introduced, the favour-
able climatic conditions and the surpassing filth
everywhere present there will enable it to spread
like wildfire. The probable reason of its non-intro-
duction into Asia is that the trade route from the
West Indies to China and India has hitherto not
been a direct one, but has passed by a long circuit
either to the north or to the south. When a Central
American canal has been constructed, as it most
likely will be, and at no distant date, then there will
be direct and rapid communication hetween the
present yellow fcver centres and Asia. With this
more direct and more rapid communication there will
anse a corresponding risk of spreading yellow fever
into a huge section of tropical humanity which ‘hay
hitherto enjoyed exemption from one of the deadliest
diseases afflicting mankind. Let us hope that before
the Central American canal is opened this important
matter will not be lost sight of, and that due care
will be exercised that America does not reciprocate
the introduction of cholera from Asia by a return
gift of yellow fever.



CHAPTER X
BUBONIC PLAGUE.

Definition. —Plague is a specitic, inoculable, and
otherwise communicable epidemic disease common to
man and many of the lower animals. Tt is charac-
terised by fever, the development of huboes, a rapid
course, a very high mortality, and the presence of a
specific bacterium in the lymphatic glands, viscera,
and blood.

Geographical distribution. — Though not
necessarily confined to such, in modern times plague,
like leprosy, has become practically a disease of warm
cimates.  The hygienic conditions which advancing
civilisation has brought in its train have forced back
these two diseases from Europe, where, at one time,
they were even more prevalent than they arve in
their tropical and subtropical haunts at the present
day. They are typical examples of that large group
of acute and chronie germ diseases whose spread
depends on  social aud hygienic, rather than on
climatic, conditions, and more especially on filth and
ovel‘mowdmg; conditions which nowadays are found,
to an extent and an intensity suflicient to ensure the
endemic prevalence or epidemic extension of these
discases, for the most part only in warm countries.

Tt 1s difficult to say what the pestis of the ancients
may have been.  Probably in many instances it was
bubonic plague ; doubtless the terin was sometimes
applied to other epidemic sicknesses attended with a
large mortality.

The desceriptions which have come down to us of
these old-world epidemics are too vague for recog-
nition.  According to Hirsch, the first recognisable
deseription of what 15 now understood by plague
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refers to its occurrence in Libya, Egypt, and Syria
about the end of the third and the beginning of the
second century before the Christian era. The next
authentic account, and the first as regards liurope,
refers to the great epidemic kumown as the plague of
Justinian, which, in A.p. 542, starting from Kgypt,
spread to Europe and all over the Roman Empire ;
and which, lasting for fifty or sixty years, wrought
the most frightful devastation wherever it reached,
depopulating the towns and turning the country into
a desert. From that time until 1841, when plague
appeared for the last time in Constantinople, it
recurred again and again in different parts of Europe,
though latterly only in the south-eastern parts of the
continent and in areas becoming gradually more
circumscribed. In 1878-79 a small epidemic, which
speedily died out, broke out in the Russian province
of Astrakhan. With the latter exception and the
present, as yet limited, epidemic in Oporto, Europe
has long enjoyed exemption from this worst of
epidemic diseases. The plague visited England for
the last time in 1664-79, when, in 1664-65, upwards
of 70,000 perished of the 460,000 inhabitants of the
London of that day.

Teypt, in former times the favourite haunt of the
disease, until 1899 has been exempt since 1844,
although several epidemics have since the latter date
oceurred in its neighbourhood—in Tripoli (Benghasi)
in 1856, in 1859, and in 1874 ; aud on the Red Sea
coast of Arvabia (Assir) from 1853 to the present
time. It is said to be endemic in Uganda and in
the hinterland of German East Africa (Koch).
Many epidemics have occurred in Mesopotamia (last
in 1892), in Turkestan (last in 1892), in India, in
China, and in Mongolia.

In India there have been several outbreaks during
the current century, but they have been of a localised
rather than of a general character. One, beginning
in Cutch in 1815, spread to Scinde and Gujerat, and
continued to 1821. Epidemics have also occurred in
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Kumaon and Glioval on the <outhern slopes ot the
Hinalayas in I824 1S3 37 1846-53, 1876, and
[SS15 also at Hanst 1o Delhn, 1828 29 Tn 1836
1t appeared at Bareilly, Rohileund, and at Pali in
Rajputana, spreading to Jodhipore and to Marwar,
and continuing till 13580 Prohably plague is always
present m some part of Tudia, esp vcm]lv amony the
rude }nllluupl(\ In 1896 it appeared at ])Ollﬂut\
awd, possihly, in Calcutta, having been imported to
the fmm(l city most like l\ from Hnnf- Kong.

It is now known that plfwuv has been eudomlc n
the south-west of China, in the province of Yunnan,
for many ycurs. Jln(n- it was seen by Rocher &11(1
others in 1878 and afterwards. Tt was particularly
active in IRTL=73, after the great Mahomedan rebel-
lion.  From Yunnan, probably following the trade
route, 1t spread to Pakhoi on the Gulf of Tonquin, a
severe epidemic oceurring in 18833 in that and in
neighbouring towns (Lowry, Cldwese Tugp. Mar, Cust,
Gazy Med, Rep. 25 ot seq). T 1891 it had extended
to Canton (Renmie, Cliivese Lwp, Mo, Cust. G, ded.
Leep. No. 18), whele it killed, 1t is estimated, 60,000
m a population of 1,500,000 (/). Later in the spring
of the same year it broke out in the English colony
of Hong l\onu, subsequently spreading "o Mac 10,
\\\(LtO\\, Amoy, Foochow, Formosa, and probably to
many other places in the southern provinces of the
Chinese empire, where, in one place after another,
considering the wretched hygienie conditions and the
poverty of the inhabitants, tt is safe to prophesy
that plague will continue epidemie for many vears to
come.  Reeently it has broken out in Mauritius,
Madagascear, and at Delagoa Bay, and a few cases are
reported as occurring in Australia,

Until its recent appearance at Santos, Brazil,
and 1 the Argentine, plague had never been seen in
America,

Ariology. —The micro-oryganism.—The proofs are
now complete that the specttic cause of plague is the
cocco-bacillus which was first discovered by Kitasato,
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and afterwards by Yersin, during the Hong Kong
epidemic in 1394.  This microbe occurs in great
profusion in the characteristic buboes—generally in
pure culture, but towards the later stages often asso-
ciated with the streptococei and staphylococel of
suppuration. The same bacterium is also present,
and in great abundance, in the spleen, intestines,
lungs, kidneys, liver, and other viscera, and also.
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Fig. 54.—Bacillus of plague in chains showing polar staining Frol
a young culture in bouillon.  (x 1000.)  (Muwir and Rifchie.)

though in smaller numbers, in the blood of advance
septiceemic cases, and in the sputum in enormovu
numbers in the pneumonic type of the disease. I
the latter, though easily detected by cultivation, th
bacillus may be hard to find by direct observatior
Towards the termination of rapidly fatal cases
becomes more abundant in the blood, and may ¥
readily observed there with the microscope.

The plague bacterium (Fig. 34), as seen in smea
ings or scrapings from the pulp of the buboe
or from any of the inflamed lymphatic glands, «
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from the viscera, is a short, thick cocco-bacillus very
like that of chicken cholera. It has rounded ends,
and, according to Kitasato, is actively motile.  Gon-
don says it Las one terminal flagellum. A capsule,
necording to the cwime observer, o the appeaance
of a capsule, can generally be made out, especially
im those bacilli which are present in the blood.  The
bactllus is readily stained by aniline dves, the ex-
tremities taking on a decper colour than the inter-
polar part.  Those oceurring in the blood are shorter
than those found in the glands, and, according to
Aoyama, are stainable hy Gram’s method, whereas the
bacilli of the glands are larger and arve decolourised
by this process.

(ulture characters.—\When sown on blood serum and ket
at body temperature, in from twenty-four to forty-cight hours
an aboudant, moist, yellowish-grey growth ix formed without
liquefaction of the culture medimm.  On agar, bt better on
elycerine agar, the growths have @ grevish-white appearance,
In agar plate cultures they show a Dlnish transhicence, the
individual colonics being cireular, with slightly irregulu con-
tours and a moist surface. Young colonies are glass-like, but
older colonies are thick at the centre and more opague.  Stub
cattures show after one or two days o fine dust-like line of
vrowth.  According to Yersin, when sown on gelidine the
hacillus gives rise to white transparent colonies which, when
examined in reflected light, present irideseent borders. In
bouillon the cultures present a characteristic appearance; the
liquid remains clear whilst a erannlar deposit takes place
on the sides and bottom of the tube. KExamined with the
microscope, these various cultures show chains of a short
baeillus, presenting here and there lurge bulbous swellings, In
gelatine the bacilli sometimes form fine threads, sometimes
thick bundles made up of many laterally agglomerated
bacterin,

The most favourable temperature for culture is from
369 Cent. to 39° C'ent.

The bacillus, according to Kitasato, does not form spores.

Loeperimental plague.—Intentional and uninten-
tional experiments have proved or, rather, made
probable, the inoculability of plague in man. Whyte,
mm 1802 communicated the disease to himself and died
of it. At Cairo, in 1835, two condemned criminals
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were inoculated from the blood of plague patients ;
they contracted the disease but recovered. The
value of these experiments, as proving inoculability,
is somewhat invalidated by the circumstance that
they were made in the presence of an epidemic of
the disease ; ordinary methods of infeetion cannot
be said, therefore, to have been absolutely excluded.
For the same reason the cases of Aoyama and his
assistant, who were believed to have contracted the
disease from dissection wounds, cannot be held as
proving that plague 1is inoculable in man. The
recent deplorable accident in a Vienna laboratory,
by which fatal plague was acquired, in what way is
not exactly known, from manipulations with plague
cultures, goes far to complete the little that was
wanting in the chain of evidence that this discase is
caused by the introduction of the specific bacillus into
the human body. The unintentional experiment, in
this instance at all events, was not vitiated by
having been made in the presence of a plague
epidemic.

There is no reason for supposing that man differs
in this respect from the lower animals, many of
which are exceedingly susceptible to inoculation.
Pigeons survive, but mice, rats, guinea-pigs, and
rabbits are invariably killed if successfully inoculated
from the buboes® of plague patients ; and present on
dissection characteristic lesions with numerous bacilli
in the lymphatic glands, blood, spleen, and other
viscera. Guinea-pigs die in from two to five days
after inoculation, mice in from one to three days.
Sheep and swine are feebly, if at all, susceptible
(Lowson). Monkeys readily take the disease.

In the case of the guinea-pig, within a few
hours of the introduction of the virus a consider-
able amount of w@dema is already apparent around
the puncture, and the adjacent gland is perceptibly

* The pus from a bubo is not always infective. Inoculation
made with sueh may fail. Apparently the haeteria of suppuration
may kill the Bacillus pestis.
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swollen. At the end of twenty-four hours the animal
15 very all; its coat is rough and  staring, and at
refuses food.  Presently it falls onits side and hecomes
convulsed, one (it following another with 1ncreas-
ing frequency as death approaches. It the body
15 opened ammnediately after death a rosy red san-
guineous adema is found at the point of inoculation,
and hamorrhagic mflammatory effusions around the
nearest  lvmphatic ¢land; which s much swollen
and full of bacilli.  The intestines are hyperanic :
the adrenals, kidneys) and Tiver are red and swollen.
The much enlarged  spleen frequently presents an
eruption of small whitish granulations resembling
appeivance miliary tubereles. AL the organs, and
even any serous fluid that may be present in peri-
toncum  or pleura, will he found to contain plague
hacilli.  fu the blood, besides those free i the
liquor sanguinis, bacilli are to be found in the
mono-nuclear, though not, it is said, in the poly-
nuclear leuncocevtes.

The disease is readily communicable to the lower
antmals from cultwres.

Iutonsification and attewnation of virus.—There
can be no question that, both by artificial means and
in a natural way, the virulence of the bacillus of
plaguc is susceptible of moditication. Tt has heen
remarked in Russia, in Persia, and in Caleutta, that
certain outbreaks of plague were preceded by a
sporadie, or cpidemic febrile, sometimes afebrile,
affection in the eourse of whieh the Iymphatic glands
beeame enlarged and perhaps suppurated.  Cases of
this nature, in which a bacteriological examination
proved that a cocco-baeillus was present n the blood
and enlwrged glands, we recorded by Drs. Cobh and
Simpson  (Ludione Med. Gaz, Nov., 1896). 1t s
further known that in some instanees the virnlence
and case mottality of a plague epidemic show a
tendeney to decrease, the early cases being the most
frequently and most rapidly fatal.  These facts seem
to indieate that under certain unknown natural con-
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ditions the virus tends to acquire inereased poteucey,
whilst in other circumstances its virulence tends to
diminish.

This conjecturc is countenanced by the results
of experiment on animals. It has been shown that by
passing the virus by inoculation from one guinea-pig
to another the rate of its action becomes accelerated.
On the other hand, Yersin remarks that, although it
is difficult to start a gelatine-peptonc cultivation,
nevertheless, when obtained, such a cultivation—at
all events certain parts of such a cultivation—will be
found to be quite as lethal as virus derived directly
from a bubo. He further observed that in such cul-
tures a certain proportion of the colonies developed
more rapidly than others; that if inoculation werc
made from these more rapidly developed colonies, their
virulence is found to be duninished ; and that if these
rapidly growing cultures are frequently repeated, in
the long run they cease to be fatal to guinea-pigs,
although they may still prove fatal to white mice.
During the height of the Hong Kong epidemie the
same observer asserted that he found in the soil
fo