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PREFACE TO SECOND EDITION.

In the preparation of the second edition of this manual of Tropical
Diseases it has seemed advisable to adhere to the original plan of the
book, the division of subjects and method of presenting important facts
in a concise and readily accessible manner having met with favorable
criticism.

Two new chapters have been added to Part I, the section on tropical
diseases, one dealing with typhus fever, the other with spotted fever of
the Rocky Mountains.

Not only have recent advances in our knowledge of the etiology and
treatment of tropical diseases been added to each chapter but many of
the former paragraphs have been entirely re-written when there seemed
a possibility that the presentation of the subject was not entirely clear
and 51mple '

In order to make 1mporta.nt paragraphs more striking and easy of
reference frequent employment of italics and bold faced type has been
resorted to, thus adding to the accessibility of the subject matter of
the book for the medical student and busy worker in the tropics.

Two new chapters have been added to the section on diagnostics
of tropical diseases, one dealing with the special problems attaching
to diagnosis in the tropics, together with a brief discussion of the
question of the peculiarities and frequency of cosmopolitan diseases
in the tropics, and the other treating of the diagnostic value of clinical
manifestations from the side of the cutaneous system and organs of
the special senses.

The section on diagnostics has been more extensively added to than
Part I, as it is believed that one can more readily acquire skill in dif-
ferentiation of diseases by considering them when grouped according
to clinical manifestations than when treated separately.

Notwithstanding a greater use of small type in the new edition it
has been found necessary to increase the number of pages in this edition
by more than one hundred—this, however, without increasing the size
of the book to an extent that it would cease to be a pocket manwual.
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PREFACE TO FIRST EDITION

There is no more striking evidence of advance in general medicine
than the present attitude of the physician or rather internist in the
diagnosis of the cases met with in a modern hospital ward. Instead of
first considering the evidence obtainable at the bedside and then noting
the lat\)oratory findings as something apart and entirely subordinate, we
now find the two aids to diagnosis so correlated that it is as difficult
to note one kind of information as bedside and another as laboratory as
it formerly was to separate signs from symptoms in the study of a case.

In tropical medicine, however, we have for many years made our
diagnosis in the laboratory, the bedside playing a subsidiary part—
the laboratory diagnosis is controlled by the bedside findings.

It was originally my idea to prepare a book which would enable
students to have presented to them in intimate relation the laboratory
and clinical aids to the diagnosis of tropical diseases. I was forced to
abandon this plan as it did not seem possible to take up clinical diagnosis
prior to the obtaining by the student of a comprehensive knowledge
of the facts in connection with each separate tropical disease. There
was not the same difficulty attaching to a book exclusively devoted to .
the diagnostic methods of the laboratory so that in 1908 a laboratory
manual was published. More recently it has occurred to me that my
methods in teaching tropical medicine from the clinical rather than the
laboratory standpoint might be of assistance to those who are interested
in this very important branch of medicine.

When we consider that a knowledge of malaria, blackwater fever,
amoebic dysentery, bacillary dysentery, liver abscess, pellagra and
hookworm disease is just as important for the medical man in the
Southern States of the United States as for the physician in tropical
colonial possessions, it will be realized that there is more of a practical
side to tropical medicine than is usually admitted.

Although this is intended as a companion volume to the one on
laboratory methods yet, in order to make it complete in itself, therg has
been prepared under each disease a paragraph dealing with the labora-
tory diagnosis of the disease under consideration.

vil
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Furthermore, under the sections on the blood, faeces and urine in
. the diagnosis of tropical diseases, the laboratory methods which are
of practical application have been given.

The chief feature of the book is in presenting in Part II the clinical
side of tropical diseases from a standpoint of the signs and symptoms,
of these diseases which are connected with anatomical or clinical
groupings rather than from the side of the individual disease. Thus
in Chapter XXXIX the diagnostic points which may be obtained from
a study of the temperature chart are given while in Chapter XILVI the
neurological manifestations, which may be noted in va.nous troplca.l
diseases,.are presented.

In Part I each individual tropical disease is treated as taken up in
any of the well-known books on tropical medicine. It has seemed to
me, however, that the paragraphs on epidemiology and prophylaxis
should receive especial attention. Again, in order to bring out more
strongly the symptomatology of each disease, I have followed the para-
graph on symptomatology in general with a section dealing with the
symptoms in detail, as shown in a consideration of the circulatory,
respiratory, digestive, nervous and other systems.

' The paragraph devoted to the definition of each important disease
has been prepared with a view to giving the reader a brief description
of the disease in its clinical and etiological aspects.

Small type has been used rather to supply headings than for the
purpose of indicating less important matter because in a book so con-
densed it has not seemed advisable to present any subject not of
practical value.

- This book is written from the standpoint of the teacher who aims
not only to give the essential points but to present them in a manner
so cross-referenced that the student has the subject presented to him
from every angle.

It has been my custom in preparing my lectures to abstract the
various works on tropical medicine in order that special points in one
book, not noted in the others, would stand out prominently. In this
connection I am deeply indebted to the manuals of Manson, Scheube,
Castellani and Chalmers, LeDantec, Jeanselme and Rist as well as
to the monographs in Maladies Exotiques, Albutt’s System of Medi-
cine, Osler’s System of Medicine, Mense’s Tropenkrankheiten and
Traite Pratique de Pathologie Exotique.

In particular T am indebted to Ruge and zurVerth’s Tropenkrank-
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heiten, to Brumpt’s Precis de Parasitologie and to the only work in the
diagnosis of tropical diseases I have been able to obtain, that of Wurtz
and Thiroux, entitled Maladies Tropicales.

In the section on blood examination I have advocated the adoption
of the scheme of differential counting brought out in Schilling-Torgau’s
work on the blood in tropical diseases.

I have freely consulted the various journals dealing with the subject
of tropical medicine as to recent advances in this branch of medicine
and I would particularly express my indebtedness to the Tropical Dis-
eases Bulletin which should be in the hands of every student of tropical
medicine, not only as an index to original papers but as a guide as to the
advisability of consulting such papers. These abstracts are prepared
by authorities in the different tropical diseases and many of the
abstracts indicate the value or lack of value of the paper abstracted.

The tropical diseases are classified under those due to protozoa,
those due to bacteria, those due to filterable viruses, infectious granu-
lomata and tropical skin diseases. Sprue is classified as a food defi-
ciency disease for the reason that the cure seems to rest solely in
dietary treatment. Certain diseases which did not definitely belong
to any of the above-named sections were taken up under diseases of
disputed nature or minor importance. The second part of the book
deals with the clinical diagnosis of tropical diseases.
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SECTION 1
DISEASES DUE TO PROTOZOA

CHAPTER 1
MALARIA
DEFINITION AND SYNONYMS

Definition.—Malaria is a protozoal disease caused by three species
of Plasmodium. In the clinically benign types of malaria we have that
of benign tertian, due to P. vivax, with-a tertian periodicity and that of
quartan, due to P. malariae and showing a quartan or seventy-two hour
periodicity. The clinically malignant type of malaria is due to P. falci-
- parum, the parasite of malignant tertian or aestivo-autumnal malaria.
The benign malarial fevers are characterized by a frank chill and well
marked distinctions of cold, hot and sweating stages. In malignant
tertian there is an indefinite or dumb chill with prolonged hot stage.
Diagnostic of malaria are periodicity, parasites and splenic enlarge-
ment. The malignant tertian parasite is the one responsible for the
so-called cerebral and algid manifestations of perniciousness. Man is
the intermediate host of the parasite while the sexual cycle or sporo-
gony goes on in some species of mosquito of the anopheline subfamlly,
the definitive host.

Synonyms.—Remittent Fever, Intermittent Fever, Ague, Marsh
Fever, Paludism, Jungle Fever.

French: Paludisme. German: Wechselfieber.

History AND GEOGRAPHICAL DISTRIBUTION
A Y
History.—Hippocrates, who considered malaria as intimately connected with
" bile, divided the disease into quotidian, tertian and quartan, differentiating such
types of fever from continuous fevers. It is interesting to note that Celsus recog-
nized two types of tertian fever, the one benign and similar to quartan fever, Xne
I
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other far more dangerous, with a fever occupying thirty-six of the forty-eight hours,
not entirely subsiding in the remission, but being only mitigated.

In the time of Caesar views were expressed by Varro that swamp air might be
the cause of malaria and furthermore that animals, so small that the eye could not
follow them, might trapsmit diseases by way of the mouth or nose.

In the view of our present knowledge it is remarkable that Lancisi, in 1718,
should have associated marshes with the development of gnats, which insects he
thought could not only introduce with their proboscis the putrefying organic matter
of such swamps but animalculae as well.

In 1638 Countess del Cinchon, the wife of the Viceroy of Peru, was cured of an
intermittent fever by the employment of the bark of certain trees which bark was
introduced into Europe in 1640. The origin of the name cinchona is thus explained.

‘While Morton in 1697 and Sydenham in 1723 noted the specific action of cin-
chona in certain fevers it remained for Torti, in 1753, by the use of cinchona, to
clinically differentiate those fevers which were cured by cinchona from those which
failed to yield to this specific. Quinine was not introduced until after 1820.
Audouard, in 1803, was the first to draw attention to the splenic enlargement of
malaria.

The views of Nott and Beauperthuis as to transmission of malaria and yellow
fever by insects are considered under the latter disease.

In 1847 Meckel announced that the dark color of malarial organs was due to a
pigment and in 1848 Virchow noted that this pigment was contained in cells. In
1875, Kelsch observed pigmented bodies in malarial blood and in 1880 came to the
conclusion that these pigmented cells (melaniferous leucocytes) were diagnostic
of malaria.

The year 1880 is the most important one in the history of malaria for on November
6, 1880, Laveran, at Constantine, first saw the parasites of malaria while carrying
on investigations as to the origin of the pigmented bodies and melaniferous leucocytes.
He not only noted the findings of spherical pigmented bodies but also of crescents
and in particular the flagellation of the male gamete which demonstrated to him
that these were living bodies.

The name Oscillaria malariae was proposed on account of the movements of the
flagellate body, but had to be dropped as not valid, the generic name Oscillaria
having been previously applied.

When these bodies were demonstrated to various Italian authorities, in 1882,
they were thought by them to be degenerated red cells.

It may be stated that at this time the Italians, influenced by the work of Pasteur,
were convinced that an organism, Bacillus malariae, reported by Klebs and Crudeli
(1879) to have been isolated from water and soil of malarious districts, was the cause
of malaria. This bacillus was said to be cultivable on ordinary media and to be
capable, when injected into man, of producing malaria.

By 1885 the Italians were convinced that the bodies discovered by Laveran were
the cause of malaria and Marchiafava, by staining with methylene blue, noted the
ring forms and the increase in size up to that of the sporulating parasites. To Golgi
we not only owe the discovery that the malarial paroxysm coincides with the period
when the sporulating forms (merocytes) simultaneously reach maturity but also the
exact working out of the cycle of quartan malaria. He even showed three stages of
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capillaries at the autopsy of a malarial case considered them to be coccidial in
nature. In18¢2 Pfeiffer,studying the Coccidiashowed that there was an endogenous
cycle going on in the epithelial cells as well as the long known exogenous cycle con-
nected with the ingestion of oocysts passing out in the feces of an animal infected
with coccidiosis. He suggested that malaria might similarly have an exogenous
cycle as well as the well-known endogenous one. Opie noted hyaline and granular
forms of parasites in the blood of crows and MacCallum, working with this malaria-
like disease of birds (Halteridium), observed the fecundation of a granular female
parasite by the flagellum-like process of the hyaline male cell.

In 1898, in India, working with a malarial disease of sparrows (Proteosoma),
Ross infected 22 out of 28 healthy sparrows by mosquitoes which had previously
fed on sick sparrows. He noted in the culicine mosquito employed for transmission
the same cycle of development as that subsequently worked out for human malaria,
in anopheline mosquitoes, by Grassi and Bignami, in Italy.

Koch’s great work in connection with malaria was to demonstrate that the
malaria-like infections of other animals had no part in the causation of human
malaria and that the malarial parasite could only circulate between man and
certain mosquitoes.

In order to demonstrate conclusively the connection between infected mosquitoes
and malaria Sambon and Low lived for three of the most malarious months of 1goo,
in one of the most malarious sections of the Roman Campagna, in a mosquito
screened hut and did not contract malaria.

Infected mosquitoes were also sent to London from Italy and allowed to feed
upon Doctor P. T. Manson and Mr. George Warren. After a period of incubation .
these volunteers came down with typical malaria with parasites in the blood.

In 1911 Bass first cultivated the parasites of malaria.

Geographical Distribution.—Malaria is so widely distributed over all parts of the
tropical and subtropical world that it would require too much space to give its geo-
graphical distribution other than as given in the accompanying chart. The malaria
belt may be said to extend from 60° N. to 40° S. Many of the islands of the Pacific
are exempt.

ET10L06Y AND EPIDEMIOLOGY

Etiology.—There are at least three species of animal parasites which
produce human malaria, Plasmodium vivax, the cause of benign tertian,
P. malariae of quartan and P. falciparum of aestivo-autumnal. These
parasites belong to the haemamoeba type of the order Haemosporidia,
of the class Sporozoa and of the phylum Protozoa.

This type of Haemosporidia is characterized by invasion of red
cells, amoeboid movement, pigment production and the extrusion of
flagellum-like processes from the male sporont after the blood is taken
from the animal and allowed to cool.

Other Haemosporidia which are very important in diseases of domesticated
animals, but not for man, are those of the piroplasm type.
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had fed on crescent containing blood and which were dissected from three to thirty-
eight days after such feedings with negative findings in stomach and salivary glands.
Furthermore, these mosquitoes failed to transmit malaria to healthy persons.
Control experiments with 4. quadrimaculatus and A. crucians were successful. In
June, 1916, King has reported 33% of positive findings after dissection of A.
punctipennis which had fed on malignant tertian cases and 85% of success where
the man bitten had benign tertian malaria. These results showed as high a degree
of success as that obtained with the control 4. crucians and A. quadrimaculatus.

From the above it must be evident that there are other factors involved besides
that of the host species as both Mitzmain and King are expert epidemiologists.

A species which may be the chief transmitter in one country may be unimportant,
though present, in another country. Thus Cellia albimana is the chief malarial
transmitter of Panama although C. argyrotarsis is present. In Brazil the conditions
are reversed, probably due to C. albimana thriving best where slightly brackish
pools of standing water abound, as in Panama.

In the Philipines 4. febrifer seems the important transmitter. It freely enters
houses and is a vicious biter.

In India the species which seem most active in transmitting malaria are M yzomyia
culicifacies and M. listoni; while in Africa, M. funesta is very efficient.

In Europe A. maculipennis and A. bifurcatus are important.

The following species of anophelines selected from the different
genera are important transmitters of malaria.

Anopheles maculipennis—Wings with four spots located at bases of both forked
cells and of second and third longitudinal veins. No costal spots. Palpi yellowish
brown and unbanded. Legs unbanded.

Anopheles punctipennis—Wings with black costa showing yellow spots at
apical third and at apex. The apical spot involves the first long vein and upper
branch of first fork cell. The larger spot at the apical third passes through the first
long vein and to the second vein just before it branches. In A. pseudopunctipennis
the markings are as above but the fringe has yellow spots.

Myzomyia funesta.—Wings with four yellow spots on a black costa and two black
line spots on third longitudinal vein. Palps with three white rings. Proboscis
unbanded. Legs with faint apical bands.

Pyretophorus costalis—Costa black with five or six small yellow spots. Palps
with two narrow white bands and white tip. Femora and tibiae with yellow spots.
Apical tarsal bands.

Myzorhynchus pseudopictus.—Black costa with two pale yellow spots. Wing
fringe unspotted. Black palps with four pale bands. Apex of palps white.

~ Nyssorhynchus fuliginosus.—Black costa with three large yellow spots.
Numerous black dots on the longitudinal veins. Palpi black with white tip and
two narrow white bands. Last three hind tarsal segments white.

Cellia argyrotorsis.—Black costa with two distinct and several smaller white

spots.
While anophelines are usually rural or at any rate preferring the
suburbs of cities yet we can differentiate between domesticatec% and
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3. Plasmodium falciparum, that of aestivo-autumnal or malignant
tertian—cycle of forty-eight hours.

Multiple Infections.—Variations in cycles may be produced by infected mos-
quitoes biting on successive nights, so that one crop will mature and sporulate
twenty-four hours before the second. This would give a quotidian type of fever.
In aestivo-autumnal infections anticipation and retardation in the sporulation cause
a very protracted paroxysm, lasting eighteen to thirty-six hours; this tends to give
a continued or remittent fever instead of the characteristic intermittent type.

Plasmodium Vivax.—In fresh, unstained preparations, taken at the time of the
paroxysm or shortly afterward, the benign tertian schizont, or nonsexual parasite,
is seen as a grayish white, round or oval body, whose outlines cannot be distinctly
differentiated from the infected red cell. They are about one-fifth of the diameter
of the red cell and are best picked up by noting their amoeboid activity. In about
eighteen hours fine pigment particles appear and make them more distinct. After
twenty-four hours the lively motion of the pigment and the projection of pseudopod-
like processes, in a pale and swollen red cell, makes their recognition very easy.
When about thirty to thirty-six hours old the amoeboid movement ceases. Ap-
proaching the merocyte stage the pigment tends to clump into one or two pigment
masses and one can recognize small, oval, highly refractile bodies within the sporulat-
ing parasite.

The gametes or sexual forms do not show amoeboid movement, but the fully
developed gamete, which is generally larger than the red cells, has abundant pig-
ment, which is actively motile in the male gamete and nonmotile in the female.
The male gamete is more refractile, is rarely larger than a red cell and shows yellow
brown, short rod-like particles of pigment. About fifteen minutes after the making
of a fresh preparation these male gametes throw out four to eight long, slender,
lashing processes, which are about 15 to 20 microns long. These spermatozoon-like
bodies now break off from the useless parent cell and with a serpent-like motion glide
away in search of a female gamete, knocking the red cells about in their passage
through the blood plasma.

The female gamete is larger than a red cell, is rather granular and has more abun-
dant dark-brown pigment than the male.

Stained Smears.—In dried smears, stained by some Romanowsky method, as
that of Wright, Leishman or Giemsa, we note small oval blue rings, about one-fifth
of the diameter of the infected yellowish-pink erythrocyte. One side of the ring is
distinctly broader than the rather fine opposite end, which seems to hold a round,
yellowish-brown dot, the chromatin dot, and has a resemblance to a signet ring.
These small tertian rings of the nonsexual parasites (schizont) are seen about the
time of the commencement of the sweating stage of the paroxysm. Two chromatin
dots in the line of the ring are rare as is also true of more than one ring in a red cell.

When the parasite is about twenty-four hours old we note that it contains much
pigment and has an amoeboid or multiple figure of eight contour, is about three-
fourths the size of a red cell and that the infected red cell is about one and one-half
times as large as in the beginning and presents a washed-out appearance. It is an
anaemic-looking cell. We also note, as characteristic of a benign tertian infection,
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tions of blue staining for the female, with lighter gray-blue to purplish staining and
The chromatin staining of crescents does
not stand out so well as that of the round form gametes of benign tertian and

‘abundance of chromatin for the male.

quartan.

The black pigment of the female tends to be clumped toward the center while
the rather generally distributed pigment of the male is reddish brown rather than
black in a stained preparation.

This variation of pigment color may be due to the effect of chromatin staining, as
the black of the pigment is the same in male and female gametes in fresh blood

preparations.

As regards differentiation of species and cycle the examination of
stained smears is more satisfactory and definite, as well as less time con-
suming. Still, one obtains many points of differentiation in the fresh
preparation and should study such a preparation while carrying out the
staining of his dried smear.

Central vacuolation of red cells is common in malarial anaemia and may be mis-
taken for nonpigmented parasites.
Malarial rings are usually peripheral and do not vary in size as one focuses up and
down as do the central vacuoles.
A very puzzling but well-recognized finding in cases treated with quinine or sal-

varsan is the so-called quinine affected parasite.

Such parasites lack definiteness

of outline and show poor chromatin staining. The gametes do not seem to show
these effects from the drug.

UNSTAINED SPECIMEN (FRESH BLOOD)

P. vivax
(benign tertian)

P. malariae
(quartan)

P, falciparum
(malignant tertian)
(aestivo-autumnal)

Character of the
infected red cell.

Swollen and light in
color after eighteen
hours.

About the size and
co]llor of a normal red
cell.

Tendency to distortion of
red cell rather than crena-
tion. Shriveled appear-

. ance. (Brassy color.)
Character of young| Indistinct amoeboid| Distinct frosted glass| Small, distinctly round,
schizont. outline. Hyaline,| disc. Very slight| crater-like dots not more

Rarely more than
one in r.c. Active
amoeboid movement.
One-third diam. of
r.c.

amoeboid motion.

than one-sixth diameter
of red cell. Two to four
parasites in one red cell
common. Shows amoe-
boid movement until ap-
pearance of pigment.

Character of ma-
ture schizont.

Amoeboid  outline.
No amoeboid move-
ment.

Rather oval in shape.
Sluggish, movement
of peripherally
placed coarse black
pigment.

Only seen in overwhelming
infections. Have scanty
fine black pigment
clumped together.

Pigment.

Fine yellow-brown,
rod-like granules
which show active
motion in_one-half-
grown schizont.
Motion ceases in
full-grown schizont.

Coarse almost black
granules. hows'
movement only in
young to half-grown
schizont.

Pigmented schizonts very

rare in peripheral circula-
tion except in overwhelm-
ing infections. Tends to
clump as eccentric pig-
ment masses almost black
in color.
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haemolysin and an endotheliolysin were thrown off at the same time. Brown
considers that the pigment produced by the parasite, in its metabolism of the
haemoglobin of the red cell, may act as a haemolysin, he having found that in-
travenous injections of hematin were capable of producing marked anaemia.
It is well known that a far greater number of red cells are destroyed in a paroxysm
than would be accounted for by the actual percentage of red cells destroyed by para-
sites. The endothelial cells take up actively this malarial pigment or haemozoin
and are damaged or destroyed thereby. Haematin injectlons also tend to destroy
leucocytes and platelets.

Rowley-Lawson is of the opinion that the greater red cell destruction than would
be represented by percentage of cells showing parasites is explained by parasites
migrating from cell to cell so that many red cells may be destroyed by a single
parasite.

4. There has been an idea that sporozoites might enter the ovaries and ova as
well as the salivary glands so that a second generation of mosquitoes might transmit
malaria. There is no proof that such a method is ever operative. ’

5. There has been some question as to the possibility of congenital malaria.
Heiser has recently reported the case of an infant which showed crescents in its blood
by the end of one week from birth. The mother showed the same infection and
the child must have been infected through the placental circulation.

Clark in numerous examinations of the blood of the new-born failed to find infec-
tion even when the mother’s blood teemed with parasites. In one case where the

"child showed infection shortly after birth there had been an accident to the placenta
and he believes that instances of so-called congenital malaria are to be explained
in this way.

6. As to cultivation of malarial parasites. Bass takes from 10 to 20 cc. of blood
from the malarial patient’s vein in a centrifuge tube which contains %{¢o cc. of
50% glucose solution. A glass rod, or a piece of tubing extending to the bottom
of the centrifuge tube is used to defibrinate the blood. After centrifugalizing there
should be at least one inch of serum above the cell sediment. The parasites develop
in the upper cell layer, about 14 to 14¢ inch from the top. All of the parasites

- contained in the deeper lying red cells die. To observe the development, red
cells from this upper %4 inch portion are drawn up with a capillary bulb pipette.

Should the cultivation of more than one generation be desired, the leucocyte
upper layer must be carefully pipetted off, as the leucocytes immediately destroy
the merozoites. Only the parasites within red cells escape phagocytosis. Sexual
parasites are much more resistant. Bass thinks he observed parthenogenesis.
The temperature should be from 40° to 41°C. and strict anaerobic conditions ob-
served. Aestivo-autumnal organisms are more resistant than benign tertian ones.
Dextrose seems to be an essential for the development of the parasites.

Bass considers that P. vivax has a disc-like structure which enables it to squeeze
through the brain capillaries while adult schizonts of P. falciparum have a solid
oval form which causes them to be caught in the capillaries.

The Thompsons have rather simplified the method of Bass. They draw 10
cc. of blood into a test tube containing the usual amount of glucose solution.
They then defibrinate the blood by stirring with a thick wire for about five minutes
and remove the wire with the adhering clot. They then pour this defibrinated
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Anophelinae show abundant upright forked scales on occiput. The mesothorax
shows sparse hairs or scales with a smooth scutellum. As a rule, the wings are
spotted (dappled) and the location of these spots gives the best clue.to the different
species of the genera. With the exception of Bironella the first submarginal cell is
large. This cell is longer than the second posterior one.

In the resting position Culex allows the abdomen to droop, so that it is parallel
to the wall. The angle formed by the abdomen with head and proboscis gives a
hunchback appearance.

Anopheles when resting on a wall goes out in a straight line at an angle of about
45° It resembles a bradawl.

The scutellum of Anopheles is simple, that of Culex trilobed. Amnopheles has but
one spermatheca; Culex has three.

1 2 3

F1c. 11.—Resting posture of mosquitoes; 1 and 2, Anopheles; 3 Culex pipienes.
(After Sambon.) From P. H. Reports.

Anophelinae

1. Scales on wings, large and lanceolate. Amnopheles.
Palpi only slightly scaled.
2. Wing scales small and narrow and lanceolate.
Myzomyia. Only a few scales on palpi..
3. Large inflated wing scales. Cycloleppteron.
2. Scales on head and thorax {
I.

1. Scales on head only; hairs
on thorax and abdomen.

(narrow curved scales).
Abdomen with hairs.

Wing scales small and lanceolate. Pyretophorus.

1. Abdominal scales only on ventral surface.
Thoracic scales like hairs. Myzorhynchus.
Palpi rather heavily scaled.

3. Scales on head and thorax | 2. Abdominal scales narrow, curved or spindle-
and abdomen. Palpi{ shaped. Abdominal scales as tufts and dorsal
covered with thick scales. patches. Nyssorhynchus.

3. Abdomen almost completely covered with scales
and' also having lateral tufts. Cellia.

4. Abdomen completely scaled. Aldrickia.

Note.—Of the above genera only Cycloleppteron and Aldrichia are unproven
malarial transmitters.
The female anopheline mosquito alone bites man, the male feeding
on fruits and flower juices. The female absolutely requires blood for
the development of her eggs after fertilization by the male mosquito.
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While these benign infecticns rarely or never exhibit pernicious manifestations,
they may, equally with the more dangerous aestivo-autumnal parasite, lead to the
production of malarial cachexia, in which the clinical manifestations are similar
whether produced by a benign or malignant species.

(2) Those in which the alternation of cold, hot and sweating stages is
lacking. Thereis not the frank well-defined chill of the former group, so
that the term dumb chill is frequently applied. With the possible
exception of the first paroxysm the temperature tends to remain well
above normal giving a continuous, or at any rate a remittent type of
fever, instead of the intermittent temperature curve of the benign
infections. The designation remittent fever, is often applied to such
fevers. Clinically there is a resemblance to typhoid fever.

Such malarial fevers are caused by the small hair-like ring parasite with its cres-
cent sexual forms. There are many designations for this species of malarial parasite
of which the best recognized are: malignant tertian, subtertian, aestivo-autumnal and
tropical. It is preéminently the malarial fever of the tropics and, from its appearing
in temperate climates chiefly in the late summer and through the autumn months,
received from the Italians the designation aestivo-autumnal.

Such fevers were called subintrant by Torti because the succeeding
paroxysm set in before the completion of the long-continued preceding
one. This type of fever was greatly dreaded. The designation malig-
nant tertian is to be preferred as indicating the greater seriousness of
this type of malaria.

INCUBATION PERIOD

Depending in great part on the number of sporozoites introduced by one or more
infecting anophelines at the time of biting we have with quartan fever (8-12 mero-
zoites) a period of incubation of approximately three weeks, for benign tertian (16—24
merozoites) two weeks and for malignant tertian (32 merozoites in culture) eight
to twelve days. These periods however may be much longer.

ProbrROMATA

There may be prodromata of the nature of malaise, vague muscular
pains, headache and anorexia, possibly showing a periodicity in their
' appearance or intensity.

It is only when a sufficient number of parasites sporulate simultaneously and pour
out into the circulation sufficient toxic material to cause a well-marked paroxysm
that such occurs—with less poison we may only have vagye suggestions of an attack
of ague. ’


















32 MALARIA

fast with sighing respiration, hot dry skin and flushed face. There
may be rigidity of the neck muscles.

(3) Such terms as epileptiform, tetanic, aphasic, cerebellar and
bulbar have been applied to malarial manifestations and are seli-
explanatory. ‘

Cerebral malaria may give rise to a delusional insanity. Various psychoses or
amnesia at times follow cerebral types of pernicious malaria.

Algid Manifestation of Pernicious Malaria.—In such cases we havea
small thread-like pulse and a cold clammy skin surface. There are
signs of collapse. The respiration is slow and shallow and the voice
weak. It is customary to consider some of these cases, when there is
vomiting and diarrhoea, with painful cramps of the legs and scanty or
suppressed urine, as of choleraic type, while other cases, with blood and
mucus in the stools and marked abdominal pain are termed dysenteric.

The dysenteric type is more common but the question always arises whether
the case may not have been really dysentery lighting up a latent malaria or the
lowering of resistance from the malaria favoring a dysenteric infection. Stott had
five algid cases of dysenteric type but not one of choleraic. The choleraic types
have often been reported during outbreaks of cholera.

When epistaxis and haemorrhages from the intestines or stomach are marked
features of an attack the cases are termed haemorrhagic and, if a prostrating, collapse-
producing sweat be a characteristic feature, they are called diaphoretic.

Cases have been observed when the excessive sporulation was ap-
parently taking place in the pancreas, giving the symptomatology of
acute haemorrhagic pancreatitis.

Bilious Remittent Fever.—This is the most common and the least
dangerous of the pernicious manifestations but tends to rapidly produce
malarial cachexia. Slight jaundice and bilious vomiting may appear
in the course of an ordinary malignant tertian paroxysm and only severe
types, with fatal tendency, should be classed as pernicious. It sets
in with marked nausea followed by bilious vomiting and bile rich stools.
Jaundice shows itself by the second day; earlier than in yellow fever,
but much later than the rapidly appearing jaundice of blackwater
fever. The urine shows bile pigment and a yellow foam. Epigastric
distress and liver tenderness are marked features and there may even
be gastric haemorrhage.

Other recognized types are when, with the symptoms of a broncho-pneumonia,
we find an element of periodicity and a response to quinine—the so-called pneumonic
fype. : .
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malarial carriers is of great practical application. Gill uses 10 grains
of quinine daily for six months after discharge from hospital. The
effect of tartar emetic on malarial gametes may prove of value.

Treatment.—Cinchona bark was first introduced into Europe in
1640 and has its name from Countess Cinchon, wife of the Peruvian
Viceroy, who was cured of a fever by this bark in 1638.

Mouch of our knowledge of the therapeutics of cinchona bark is due to Torti.
In giving the drug he used a large dose the first day and the same for the subsequent
two days. After that he administered smaller doses for a week and then still smaller
doses for two or three weeks. Quinine was not introduced until 1820.

At present quinine or some salt of the alkaloid is used in malaria
instead of preparations of cinchona bark.

Toxic Effects of Quinine.—The most important untoward manifestations of
cinchonism are the very common scarlatiniform, eczematous or urticarial rashes,
gastric disturbances and vertigo. Impairment of vision may be brought about by
quinine and quinine haemoglobinuria is a recognized possibility. In quinine am-
blyopia the pupils do not react to light and the optic disc is very pale, thus dis-
tinguishing the impairment of vision due to the plugging of the retinal vessels by the
malarial parasite, in which condition the pupils do react to light and the disc is a
grayish red.

The cheapest and most generally obtainable salt is the sulphate. It
is only soluble in 720 parts of water and contains 74 per cent. of alkaloid.
The opinion now prevails that this is one of the most objectionable
forms for the administration of quinine. It is frequently obtained in
pill or tablet form and it must not be forgotten that such preparations -
may be almost stone-like and pass through the alimentary tract without
absorption. If used it is best to give it in acid solution made by dis-
solving 5 grains of quinine sulphate in one teaspoonful (1 dram) of
water with one drop of concentrated hydrochloric acid.

There now seems to be a tendency to use the alkaloid itself instead of its salts,
it having been found that the alkaloid and its very insoluble tannate are absorbed
from the digestive tract equally as well as the soluble salts. Quinine is almost in-
soluble in water (1-1560) and hence has less bitter taste than the soluble salts. It
is also less haemolytic so that it may be used with greater safety where blackwater
fever is feared.

Eugquinine or ethylcarbonate of quinine contains 81 % quinine, and is only soluble
in 1-12,000 parts of water, hence its comparative tastelessness. It is expensive.

Quinine tannate contains only about 30% of quinine and is practically insoluble
in water. It is often given to children in chocolate tablet form. It can often be
taken by those who suffer disagreeable effects from other salts. The dose should
be 235 times that of quinine sulphate. '
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The form of methylene blue to use is that labelled ‘“ Medicinal.”

It is often stated that the opium fiends of the tropics are immune
to malaria and some physicians have claimed antiperiodic properties
for the drug. Dover’s powder is lauded by some as of value in symp-
tomatic treatment.

Surveyor has recommended picric acid in the treatment of malaria in doses of 2
grains two or three times daily.

Recently hectine, a remedy somewhat similar to the cacodylates, has been
strongly recommended by the French. It is given intramuscularly in 2-grain doses.
It is said to be valuable when there is a leucopenia as it has a tonic action. It has
been recommended to combine this treatment with quinine.

It is said to be a good substitute for quinine in blackwater fever.

Rogers has recently noted the value of tartar emetic injections in
eradicating the sexual parasites of carriers.

4 veus . S e



CHAPTER II

BLACKWATER FEVER

DEFINITION AND SYNONYMS

Definition.—Blackwater fever is a disease of disputed etiology but
recently there has seemed to be rather general agreement that it is
connected with repeated attacks of malaria. It is prone to affect the
old European residents of parts of the tropics where malignant tertian
is rampant.

On the basis of lowered integrity of the red cells, by reason of re-
peated attacks of malaria, we may have extensive lysis of the red cells
following the administration of a dose of quinine or as the result of
refrigeration, excessive exposure to the sun or great fatigue.

Clinically we have a prostrating chill of asthenic type associated
with early jaundice and the passage of porter-colored urine—haemo-
globinuria.

Synonyms.—Haemoglobinuric Fever, Bilious Haemoglobinuric
Fever, Haemorrhagic Malarial Fever. '

French: Fievre Bilieuse Hemoglobinurique. German: Schwarz-
wasserfieber.

HiSTORY AND GEOGRAPHICAL DISTRIBUTION

‘History.—There is no reasonable doubt that the explanation of the fact that
blackwater fever was first brought to the attention of the medical world, by Lebeau
and other French naval surgeons, in Madagascar, in 1850-1853, was due to the con-
fusion of this disease with the bilious remittent type of pernicious malaria as well as
with yellow fever. Even after the clinical picture was well recognized, disputes as to
the nature of the coloring matter of the characteristic urine were frequent, some con-
sidering that the dark color, which we now know to be due to haemoglobinuria, was
due to haematuria or that the color was due to bile.

It was first described in the U. S. by Cummings of Louisiana in 1859. Other
Anierican physicians during the next ten years, described the disease from various
other Southern states.

Veretas noted the presence of the disease in Greece, in 1858.

It is rather remarkable that the disease was not noted by so keen an observer as
Torti, if it existed in his time, and Manson states that it is strange that it should not
have been recognized in India if it had existed there prior to recent timés. Some
think that its mtroductlon mto Afnca. has begn of recent occurrence There are two
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old view that haemoglobinuric fever was simply a type of pernicious
malaria. :

Brem has proposed for such cases the designation, pernicious malarial fever with
haemoglobinuria.

The idea as to etiology which now seems most generally accepted is
that blackwater fever occurs almost solely in those who have resided for
considerable periods of time in districts where malignant tertian malaria
is very prevalent and intense and who have repeatedly suffered from
such malarial attacks. Rarely blackwater fever may be connected with
benign tertian infections or exceptionally with quartan ones. As a
result of the damage done the patient by the malarial attacks there is a
tendency on the part of his red cells to haemolysis which may be due to
the production of a hypothetical autolysin or to anaphylactic sensitiza-
tion, as has been suggested recently.

Malaria is the predisposing cause and the exciting cause may be any of a number
of different factors capable of lowering body resistance such as the occurrence of
another malarial attack, the administration of quinine, particularly of the acid
salts of quinine in rather large doses, refrigeration, as brought about by ones clothes
becoming wet and then later subjected to the chilling influence of a sea breeze, to
excessive fatigue or dietetic or alcoholic excesses.

Quinine administration, particularly if associated with refrigeration, is the most
common exciting factor.

As regards the association of malaria and blackwater fever Stephens, in a study
of 390 cases of blackwater, found that 739 of the cases showed malarial parasites on
the day preceding the haemoglobinuria, 47.5% on the day of the attack and 23%
on the day following the appearance of the dark urine. Other workers give higher
figures as 95, 70 and 20 per cent.

Where one utilizes the methods of examining for increased percentage of large
mononuclears or for melaniferous leucocytes, in those cases not showing malarial
parasites, the percentage of evidence of malaria is greatly increased. It is necessary
to understand that a small percentage of cases diagnosed as blackwater fever do
not show evidences of malaria at autopsy and cases are recorded where blackwater
has attacked persons who had never had malarial fever, such instances, however,
being exceptional.

The Quinine Theory—This idea as to the causation of blackwater fever first
originated with Veretas, in Greece, in 1858. Later Tomaselli supported this view
in Italy and more recently it was advocated by Koch. Just as in connection with
the influence of Koch’s great prestige much harm was done in prophylaxis against
bovine tuberculosis so in this matter of quinine in the causing of blackwater the
influence was unfortunate because many persons with severe malaria now refuse to
take the specific quinine for fear of bringing on haemoglobinuria.

It may be stated that quinine alone, even in doses which are capable of producing

profound toxic effects such as disturbances of sight and hearing, weak heart and col-
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speaks for a powerful circulating toxin in blackwater fever which is not present in
malaria. .

The liver cells in the area of the central veins show the most marked
destruction.

The anuria is thought to be mechanical and due to the plugging up of the tubules
by haemoglobin casts.

The urine shows a reddish to black color and has a sediment made up of granu-
lar debris with haematoidin crystals and only rarely a red cell. It is not a haema-

turia. The absorption bands of methaemoglobin are usually noted spectroscopic-
ally. Urobilin and albumin are present in large quantities.

SYMPTOMATOLOGY

A Typical Case.—In a person who has lived in an intensely malari-
ous region for one or two years or even long after he has left such dis-
tricts and who has had several malarial attacks, there comes on what is
considered as another malarial chill, which may or may not be definitely_
connected with some resistance lowering influence, as exposure to tropi-
cal sun or rain, or indulgence in dietary or other excesses, or following in
one to six hours the accustomed dose of quinine. This chill, however,
is more prostrating than those formerly experienced and upon passing
his urine the patient notes its reddish to black coffee color and himself
makes the diagnosis of blackwater fever. The attack comes on sud-
denly with a very severe chill, marked prostration and pain over the
region of the kidneys. The temperature in a typical case rapidly goes
up to 104° to 105°F.

Rather profuse sweating accompanies the fall of the fever and the patient is
markedly debilitated after the subsidence of the fever. There may be a recurrence

of the paroxysm the following day. The fever course, however, may be more or
less continuous or remittent. In other words it tends to be irregular and atypical.

Nausea and bilious vomiting come on early with epigastric distress.
Almost as pathognomonic as the haemoglobinuria is the early and in-
tense jaundice. This comes on within a few hours or almost simul-
taneously with the haemoglobinuria and usually lasts for two or three
days after the haemoglobinuria and fever have ceased. Itching of the
skin of this jaundice is not noticeable.

The spleen and liver are enlarged and tender. Albuminuria comes on with the
haemoglobinuria and shows from 3{¢ to 4{¢ of 1% of albumen by weight.

The pulse is rapid, 110 to 120, from the first but soon becomes feeble and of low

tension. In severe cases the very rapid almost thready pulse, with pallor and cold
extremities, may resemble a severe haemorrhage. Epistaxis is not uncommon.
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haemolysis. Hb percentage reduction generally parallels the reduction in red cells.
. Melaniferous leucocytes may be found and during the leucopenia, which follows the

paroxysm, the large mononuclears and transitionals may be increased to 20%,.

is a reduction in the alkalinity and coagulability of the blood.

DiacNosis

There

Clinical Diagnosis.—An unusually asthenic prostrating paroxysm,
similar to that of a malarial chill, but with more intense rigor, during
which haemoglobinuria, early jaundice and marked bilious vomiting are
features, makes for a diagnosis of blackwater fever.

Blackwater fever

Yellow fever

Bilious remittent

Sudden but as-

Onset.......oovvvviineennn.. Sudden but sthenic| Comes on more
thenic with| for two or three| slowly.
marked rigor. days.

Urine.........ocovvviiinnen Haemoglobinuria. | No blood in urine| Bile in urine. Yel-
Pink foam to| before 3d or 4th| low froth on shak-
urine, Albuminu-| day and then| ing urine. Albu-
ria from first day. | haematuria.  Al-| minuria slight and

bumin from 2d| not common.
day.

Teterus......oovvvvnnennnnnnn Early and intense.| Does not appear| Jaundice ,develops
Comes on in a few| before 3d day| slowly about 2ad
hours. and gradually in-| day.

tensifies.

Spleen........coovvviiiiinns Somewhat enlarged| No enlargement of| Splenic enlargement
and tender. spleen. is marked; may

have ague cake.

Pulse.........covcviiiiin., Rapid from start| Stationary pulse, Pulse not so rapid
and becoming| with rising tem-| as in blackwater.
more so as disease| perature or falling
progresses. pulse with sta-

tionary tempera-
ture. (Paget's
law).

Vomit..........ocvvvvvnnn. Early marked bili-| Mucus like followed| Bilious vomiting
ous vomiting. by black vomit| a