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2 MALARIA

The distrbution of malana and the vanous plasmodial species
15 mamly a question of herte temp and b

but additional factors such as soil chemustry, altitude, facral im
mumty and local economics all contribute to the incidence of the

disease both as a seasonal and as an endemuc malady 1 any given

locality
‘Wherever malana prevails in a highly endenuc form, the tendency
1s for the 1nd hab tobwldupa derable measure

of 1mmu'mty to the disease, so that the acute paroxysms of wmfancy
and early childhood gradually give way to a smouldening mfection
wirtually devord of chimeal expression That 1s to say, a state of
premumty prevails and 15 mamtamed only so long as the ifection
persists i the tissues of the host For this reason acute malana 1s
seldom encountered amongst the adult population of an endemc
area where 1€ mfection 1s taking place contnuously Only i the
presence of hypennfection or of some debilitating 1llness are acute
symptoms likely to appear, and even then are readily elimmated
therapeutically Furthermore, the comparative freedom of the adult
section of, for example the African native from the acute mamifesta-
tions of malana 1s all the more remarkable when 1t 15 borne 1n mind
that he 1s being simultaneously assailed by the debilitating influences
mherent 1n polyparasitism and avitanunosis

The 1ntruston of the non immune European into the malanous
zones of the Tropics has, however, brought the clinical features and
after effects of acute malana into sharp relief Not only are the
immedrate consequences of mfection more damaging and more
dramatic, but recurrent infectron leads to progressive detenioration
1n the patient’s gencral health, and 1n the case of young children
may gravely retard development of mund and body

1t follows, therefore, that 1n the case of Enropeans, neglected
malaria not only exacts a high toll of life, but may engender a state
of physical and psychological detenoration and thereby exerts a

.

adverse nft on the and moral standard
of those upon whom the ultimate success of all colonisation schemes
must depend

From the chinteran’s viewpoint, however, malana has two great
redecming features Firstly, accurate diagnosis 15 possible 1 the
great majonty of malanal cases This 15 particularly 5o 1o acute






4 MALARIA

ammals, 1t 15 probable that these were dealing with
B anthracis They named their orgamsm Schizomeres bacillarss,
and claimed to be able to 1solate 1t from the soil of the Roman
Campagna They then bwlt up an ingenious theory to the effect
that for physical reasons these microbes lay like a ground fog over
and around the marshes, and would therefore be mhaled by anyone
walking 1n the vicity

Thus until 1880, malaria was regarded as a disease that followed
exposure to the muasmata that rose from marshes, lakes or nvers
What the “‘malanious substance”” mught be was uncertain, but was
probably some lowly form of life, either algal, fungal or bactena
1n character

Then came one of the most momentous discovertes in the hustory
of mataria—the discovery of the causal parasite by Alphonse Laveran
on the 6th November, 1880 Thus was followed 1n 1881 by a detailed
description of “‘certain parasitic elements,’” which he had succeeded
1 demonstrating 1n the peripberal blood of his malana patients
He regarded the parasite as a species of Oscillania, and named 1t
Oscillaria malariae After some controversy Laveran’s findings
were finally confirmed and extended by Richard in North Afnca,
Marchiafava in Italy, and 1n due course by workers 1n other parts
of the world

As morphological and chmcal details accumulated, 1t became
apparent that more than one species of parasite was concerned 1a
human malana, and eventually four distinct spectes came to be
accepted But 1n spite of the wealth of parasitological detail that
was being amassed, the whole question of transmission remained
unsolved, and as yet nothing had occurred to upset the inhalation
theory But it may be said that the first step towards solving the
nddle was taken when the phenomenon of ex flagellation of the
microgametocytes was observed While the Italian observers Bignami
and Grassi regarded ex flagellation as ewvidence of dissolution,
Manson was convinced that 3t constituted an integral part of the
plasmodial ife cycle Manson’s views were eventually confirmed 10
1897 by W G MacCallum of Johns Hopkins University, who was
able to demonstrate impregnation of the female malartal gametocytes
by the flagella extruded by the male forms Meanwhile, attention
was bemng attracted to the possibility of malana being an msect-
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6 MALARIA

mosquito-malaria hypothesis He himself was prevented by circum-
stances from working out hus 1dea, so that 1t fell to Sir Ronald Ross,
ta whom Manson communicated his views, to carry throu gh the long
sertes of experiments which 1n 1898 established the truth of Manson's
theores

Ross began his *‘historic quest®” 1n India 1n 1895, and soon showed
that the phenomenon of ex-flagellation took place n the stomach
of a dapple-winged (anopheline) mosquito, and later on found that
the flagella soon disappeared, or at least could no longer be recog-
nssed m the mosquito’s stomach Then at Secunderabad 1n 1897
he saw pigmented cysts (obcysts) in the stomach wall of laboratory-
bred of the spotted-wing vanety which had fed on
malanous patients, 50 that now he was reasonably certain he had
found the specres concerned 1 malana transmission He saw, too,
the rupture of the odcyst, whereby the sporozortes were released
1nto the body cavity of the mosquito with some eventually reaching
the tissues of the salivary glands

At this juncture Ross’s were 1ly
by reason of his transfer to a non-malanous district i Rajputana,
but on his return to Calcutta he was urged by Manson to follow
McCallum’s Jead and utibse avian malana in hus final expenments
Thus he did, and 1n 1898 ded 1n tracing the devel 1cycle
of the avian plasmodium through all its phases, and finally succeeded
1n establishung the truth of Manson’s hypothesis by carrying out a
senies of transmussion expeniments by the bite of infected anophehne
mosquitoes

All that now remamed to be done was to venfy these findings 1
relation to human malana, but an ill-fated transfer to Assam on
a new problem demed to Ross the final discovery Instead the
problem was taken up and carred to finality by the Itahan workers
Grasst and Bignamu, who confirmed Ross’s work and established
the mosquito transmussion of human malana

In the years that have followed these bnlliant discovenes, a wealth
of biological detarl has been accumulated round the vectors of
malaria 1n all parts of the world, so that present day control measures
are based on accurate knowledge of the bi of the

host
Agamn, a keener appreciation of the natural lustory of malana
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in man has Jed to greater precision i its therapeutics, while quinine,
which has long held pride of place as the drug of choice 1n malana,
18 now bemg nvalled and 1o some extent replaced by a senes of
synthetic plasmocidal drugs The first of these was prepared at
Elberfeld 1n 1924 and tested against avian malana in 1926 It was
onpna\]y termed biprochun, but later became known as plasmoquine

1s 2 synthetic line denvate which destroys the
schlmms and gametocytes of Plasmodwm visax, Pl ma!e, Pl malariae
and the ga but not the schizonts of PI fo cxcept

when combmcd with qunne in the form of plasmoqume compound

Further 1nvestigations led i 1930 to the production of Enon
or Plasmoquine E, a synthetic acndine denvative which was later
termed Atebnn Since the drug 1s now manufactured in several
parts of the world, 1t 15 vanously known 25 Mepactine, quinacnine,
haffkimne and d Its 1 action 1s to
qumine 1n that st destroys all forms of P! wwax, P! ovale and P!
malariae Tn the case of P! faleiparum infections it destroys the
schuzonts but not the gametocytes

Finally, the Iatest synthetic plasmocidal drug to appear was pre-
pared 10 England by the Imperal Chermical Industries under the
name of Paludrine, and the prehiminary tnals show a hugh order of
therapeutic efficiency

Thys brief historical review brings us back to the malana problem
of the present day

c disease to be d th the length

and breadth of the Tropics and beyond, and 1n consequence 13 res«
ponstble for a heavy toll of hife, both amongst the indigenous inhaby
tants and amongst European settlers In addition 1t 15 responsible
for much in the way of chronic 1ll health and nvalidism

But recent advances in ¢chemo-therapy have provided the chirucian
with new and powerful drugs for the more efficient treatment of the
disease 1n all sts phases, and at the same time refinements 1n labora~
tory technique have enhanced the accuracy of laboratory diagnosts

Agam, in the sphere of preventive medicine, the hygienst 1s now
n possesston of hughly potent insectiades by means of which he
can strike at the very heart of the malaria problem—the mosquito
vector

None the less, the scientific control and eimination of malara
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will long remain a task of the first magmtude but the balance 15
now more defimtely weighted 1n favour of those who are grappling
with ths elusive biological challenge to human life and enterpnise



CHAPTER TWO

PARASITOLOGY

Human malana 1s conditioned by an infection with protozoa which
belong to the class Sp suborder dia, genus
Plasmodia The various members of this genus extubit a biphasic
Iife cycle whereby one developmental phase occurs within the tissues
of an host—the female and the
other takes place withia the endothelial and the red blood cells of
the human host

The mosquito phase represents the sexual cycle or sporogony
which 15 1mtiated by fusion of the sexual forms of the plasmodium
withia the mosquito's stomach and 1s followed by gradual evolution
of an odcyst 1n which develop vast numbers of sporozontes These
are subscquently transmitted to the human host by the bite of the
mosquito From the biological view pornt, the mosquito constitutes
the definstive host of the plasmodium with man the intermediate
host The human or corporeal phase of the cycle follows upon the
tnoculation of the human host with sporozotes from an infected
mosquito On entening the red blood cells an asexual developmental
process known as schizogony occurs This process, which 15 confined
to the red blood cells, results 1n the formation of a number of
daughter spores or merozotes, the sudden release of which into
the blood stream the febnle p which
the classical presenting clical feature of acute malana These
pyrogenic forms, however, are incapable of infecting the mosquito
host, and are therefore valueless from the poiat of view of propagat-
g the plasmodial spccms

Hence, an 1 1 ph can be observed
duning the corporeal phase, and consists 1n the evolution of sexual
forms or gametocytes whach, though without influence on the febnile
paroxysms, render the blood infective to the carner mosquito The
term gametogony 1s applied to this process, and by this means a

3



1o MALARIA

brological Ik 1s forged betwéen the human and mosquito cycles

Thus the full life cycle of the malanal parasite 1s made vp as
follows

1 Sporogony which takes place 1n the female anopheline mosquito
and from the view pomt of human malant represents the extra-
corporeal phase of the cycle

2 Schizogony and gametogony, both of which eccur withun the
red cells of the human host, the former precipitating 2cute febsile
paroxysms and the latter rendering man infective to the mosquito

THE HUMAN PLASMODIAL SPECIES

There are at least four plasmodial species encountered 1 human
malania These are

1 Plasmodum vivax (Grassi and Felett:, 1890)

2 Plasmodium ovale (Stephens, 1922)

3 Plasmodum malariae (Laveran, 1881)

4 FPlasmodwum falciparum (Welch, 1897)
These four species of malana parasite can be differentiated morpho-
lopically throughout therr developmental cycle 1n the human host,
and 1 view of the chimcal 1mplications mherent 1 the species
diffe a of the p dia wall be
given later Meanwhile a more detatled picture of the brology of
the Lfe cycle common to all four species will be described

THE PLASMODIAL LIFE CYCLE
As already stated, the hife cycle of the malaria parasite 15 biphasic
1n character, consssting of (@) the Human Phase (sometimes referred
to as the corporeal, endogenous or asexual phase or the phase of
h ), and (b) the Mosq Phase (or the ext poreal,
exogenous or sexual phase or the phase of sporogony)

THE HUMAN PHASE SCHIZOGONY

The human host 15 mfected through the bite of a female anophelme
mosquito when sporozoites re imjected into the subcutaneous tissues
The 1mmediate fate of the sporozoites 1s still sub yudice, but there

18 Increasing support for the view that they gamn access to the cells

of the reticulo-endothelial system, m which they undergo a prelumin-

ary stage of development before enternng the red blood cells This
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phase, which 15 vanously referred to as the *X'<cycle, the first tissue
stage or the exo-erythrocytic cycle, has been amply demonstrated m
the case of certain avizn plasmodia, ¢ g, P! relictum, Pl gallinaceum,
P! lophurae, while simular claims have been made 1 coouection
with the human plasmodia

In the case of avian pldsmodia the exo-erythrocytic forms appear
as non pigmented bodies withm the cytoplasm of macrophage cells
1n the liver, spleen, bone marrow, and eventually in the endothehum
of blood vessels 1n vanous parts of the body, They appear to undergo
a form of dvision wath the formation of daughter spores or mero-
zortes which on escaping from the parasibsed cell not only enter
cells of a stmilar class, but also mvade the red blood corpuscles

This remarkable phenomenon not only provides a clue to the
vaganes of chemoprophylaxis, but may also constitute the basis
of clmcal relapses m the therapeutics of malana

Eventually, however, the parasite appears 1n the red cells as a
thin, crescentic nng of cytoplasm surrounding a centrat vacuole
with a smalt chromatin dot o1 dots lying on the crescent at s most
tenuous part This growing form 1s known as a trophozoite

The number of trophozoites 1n a given red cell may vary from one
to several, depending to some extent on the intensity of the infection,
but more especially on the species of the infecting plasmodia As
will be seen later, multiple parasmsm of the red cells 1s a common
event in heavy with P! f As the
matures it assumes an cregular, amo:bmd outine with tmc fila
mentous strands of protoplasm extending out nto the substance
of the red cell It 1s possible, of course, that the plasmodium lives
on the surface of the red cell rather than within its substance, but
it 15 not necessary to delay over this controversial point which
does not affect the developmental pattern

Snce the growth of the parasite takes place at the expense of the
red cell, modifications occur 1n its staming reactions, to an extent
which may be utiised 1n species dl:gnosxs In addition to the chroma

h which 1n the pr fan

can be shown to conust 1n either snpphng or decolounsation the
red cell may be demonstrably enlarged or may appear more corpact
and solid than usual In one vanety of stippling, the red cell 1s
covered with fine, pink spots known as Schuffner s dots This type
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of stippling 1s seen 10 infections with P! snax and Pl orale

Another vanety consists 1n the formation of coarse red dots
with a coccoid, cuneiform or irregular outline They are never more
than a few to a red cell, and are known as Stephen's and Chnsto-
pher’s or Maurer’s dots

It does not appear that young red cells (reticulocytes) are infected
with greater frequency than the more mature forms, even though
some workers claumn to haw shown that 1 P/ yisax infections particu-
larly the pl di bited dil for the if

As the parasite develops, yellowxsh brown granules known as
malanal prgment appear within the cytoplasm, representing a specral

dation product of | lobin, and therefore an exeretory

product of the plasmodial metabohsm The quality and quantity
of the malanal pigment varies as between one plasmodial species
and another

As the parastte gradually fills the red eell, amitotic division of the
chromatin dot occurs and continues until from eight to 32 sub-
divisions have formed As division of the cytoplasm occurs simoltan-
eously, each daughter nucleus comes to be contained m a small
fragment of cytoplasm, thereby giving ongin to a group of new spores
or merozottes which lLie enclosed within the red cell envelope

‘The merozoites tend to be disposed round the central mass of
pigment and residual cytoplasm after the manner of a rosette

In due course the red cell membrane gives way, and the merozostes
are scattered into the plasma, but they rapidly become attached to
a new senes of red cells and the cell b
to mmtiate a further developmental cycle

The pigment released by the rupture of the red cells 1s taken up
by the cells of the reticulo-endothelal system 1n the spleen, Liver

and elsewhere

THE HUMAN PHASE GAMETOGONY
From the biological view pomt schuzogony 15 a sterie phcuomcnon
which would lead 1ly to the of the p
species, but 1n order to maintain contimuty with the deﬁmme host
a morphological vanant appears from amongst the merozoutes,
sometimes quite early on in the malanal attack, of 1t may be after
a delay of several days These vanants are destined to become the
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sexual forms of the and are d
Testrally they appear as globular structures which develop \mhm
and gradually fill or even distend the red blood cell Duning develop-
ment they exhubit little or no amoebord activity, and when switably
stained have a more compact appearance than the developing schi-
zonts, while 1t 18 usually possible to distinguish between the male
and the female forms Thus the cytoplasm of the male gametocyte
(or mucrogametocyte) stams a faint blue, the nucleus 15 composed
of fine chromatin granules centrally situated but loosely dispersed
over a fairly wide area, while the pigment consists of a fine granular
deposit,

In the case of the female gametocyte (or macrogametocyte) the
cytoplasm stans a deep blue, the nucleus 1s deeply stamned and
compact with the pigment a coarse yellow-brown colgur

The detaled morphology of the gametocytes vanes with the
plasmodial species but 15 plobular 1 all the recognised species with
the single of Pl faleip, 1n which forms
appear

The process of gametogony ends with the fully grown parasite
occupying the red co¢ll where 1t remams 10 a dormant phase until
taken up and by the ap q!

THE MOSQUITO PHASE SPOROGONY
The sexual phase of the hfe cycle (or sporogony) 1s mmtiated within
the stomach of the mosquito where the gametocytes escape from the
red cell envelope to form 2 spherical bedy, whatever its onginal
shape By means of reduction division a process of maturation
follows, duning which portions of nuclear substance are probably
extruded as polar bodies

The nucleus of the male gametocyte breaks up to form from four
to eight divisions, each of which acquires a thin filament of cyto-
plasm, and by a process of vigorous flagellation succeeds 1n breaking
away from the parent cell This new body 15 now termed a mucro-
gamete

The female gametocyte undergoes a sumlar process of maturation,
but apart from extruding two chromatin fragments or polar bodies
the nucleus remans intact and the cell globular The cell thus mods-
fied 15 now the macrogamete, and as such 1s capable of beng fer-
tilised  Fertihsation 15 effected by the actively motle microgamete
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which the cytopl of the te, wh
fuston of the nuclear elements of the cells ensues The fertilised
macrogamete 1s now referred to as the zygote, which rapidly changes
to become an actively motile body termed the traveling vermicule
or ovkmete It penetrates the gastnc epithelium and finally
comes to rest immediately beneath the delicate outer membrane
of the mosquito’s stomach, where it rounds up to form a minute
transparent structure or odcyst which at this stage measures 6u
to 12z m diameter, and consists of a single vesicular nucleus enclosed
m cytoplasm As the odcyst matures it sncreases 1n size, the cyto-
plasm becomes vacuolated and the nucleus subdivided with the pro-
duction of a senes of chromatin granules which are distnbuted on
the protoplasmic strands In due course each granule becomes the
centre of an acicular it structure or sp arranged
in radial fashion within the oScyst When fully matured each odcyst
measures from 40s to 60 1n diameter and containy thousands of
P An 1nfected will carry an average load of
some 20 obcysts, but counts as high as 500 have been recorded

On attaining full matunty the odcyst ruptures and the sporozoites
escape mto the body cavity of the mosquito, and by virtue of ther
motility they mugrate antenorly to the salivary glands where they
eventually appear 1n heavy concentration, although most offier
parts of the insect’s body become mfiltrated to a greater or less
extent

The sporozoites measure 14z to 154 m length and carry ether
one or more nucler The mosquito 15 now nfective to man, and in
the act of biting, the sporozostes are carned down in the salvary
secretion and thus gan access to the human host

NOMENCLATURE AND DESCRIPTION OF THE MALARIA
PARASITES
PLASMODIUM VIVAX
(Grass1 and Feletts, 1890)

Synonyms Haemamoeba malariae var tertianae (Celli and Sanfeles,
1891) , Haemamoeba malariae sar magna (Laveran (in part), 1900},

Except where otherwise stated the morphology of the malana
parasite will be descibed as 1t appears I smear preparattons
stamed either by Leishman’s or Giemsa's technique
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KEY TO MALARIA PARASITES

Pla mod m voax

Smallest ring {about one third d ameter of celly

Accole form S milar forms occur 1n atl the spe es but are not shovn
R

* A
1

P malurtae
Smallest ring (about one third diameter of cell)
Ring form showng a pigment grain
Ribban form

vor 4

.

P ovale

Smaliet nog (about one third drameter of cell)

Partially grown schizont showing [obose form as m quarlan sl pp] ng 1
not shown but should be present If sp~ imen were properly s

Same showing appearance not uncommonly seen stipphng it normalh
be present i well stained preparation

Partially grown schizont with stippling shown compare Fig & (P 3¢
in wh ch amoeboid processes are very evident at this stage)

Maturing schizont

Mature schizont

P falesparum

Smallest ning {about one sixth d ameter of cell}

Ring with double chromatin mass

Same with fine hair ke cytoplasm

Commencing amoeboid changes compare size of nng i Fig 3 (P s 1t}
Largest ring form showtng Maurer s stipphng

Most advanced stage usually seen n peripheril c|rsuh| on (Maurer s

P tenue
Smallest ring (about one stxth d ameter of cell)

rger and more commonty se€
Maurcr s stippt ng as 1n Frg 42 would normally be present 1n well sta ne
Form similar to Fig 33 but commonly present in peripheral blood

{Colour Pla ¢ reproduced by perms 0 of But erwo b and Co fom the
Bn sh Encyclapicd a of Med cal Practice )
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Wi e spororeetes reach the red blood colls they form 2 nes-
e bodv which measures aboot 2+%p @ dmster of approqmatah
oo therd the damerer of the red copuscle. The blrewstymne ovie-
pum gs faoly abundant and 15 2maeped crestectiaih round 3
vaceole whyh Schavdmn reeard-d as 2 food vacue's, The nackaus
2ppears 25 2 baght red margeal dot of chremat whxch may some-
tives be wrmatsd pearer the ceatre of the noe.

As development proceeds, the g 3PPEARNCT 15 mantyzned but
ha eytonlacn wereases, 1 ananmt end the chromatin dot enlaress.
Gradually, however, the paratee assymes an wreeular shape, and
when exazamed m the fresh state dunng this phase of davelopment
1 exhibsts a Gvely amoeboid activity 2s revealed by the visorous
extengion and of the penpheral pseudop In stamed
Preparations the amocbord actmsy 1s refectsd 1 the reregular out
Tine of the projecting pscudopodia. As the parasite merges from the
nieg to the amoebord stage, fing pigment gramikes appear wathin
s and 1 fresh pr these show active Browman
fiovemsnt, When stuned they appear ether as brown or black
franules, With the h of nuclear b
movements become more slugmsh, the vacuole vanshes and the
plasmodiam yow appears as 3 compact rounded body which fills
the greater part of the enlargng red el Nuclear dision sets in
from 36 to 43 hours after mvasion of the red cells, and Jeads 1o the
fc of ly 16 pew chy particles, althoush
the actwal number vanes from 12—24

Divisien of the cytoplasm then follows, 5o that exch chromatin
fragment acquures part of the ongnal cytoplasm 1n this way &
Tumber of young forms or merozomes are evolved and are
teraporarily clustered withinthe red cell after the manner of a
Tosette or mulberry

Thus the fully matured schuzont 18 composed of some 16 meto-

S " . L r —am e g

N
- . v ooy,

Or other side They rapdly penetrate or attach themselves to fresh
1ed cells where the asexual forms FEAPPEAr 3s NOEs 10 tmttite 3 new

Shizogony cydle The cycle 1asts appronmately 48 bours ard vie
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place within the red cells of the peripheral circulation

The Parasiused Red Blood Cells in Pl vivax Infections Infection
of the red blood corpuscles by P/ 1nax imtiates a seres of character
1stic changes 1n the parasitised cell, whether the mfection be caused
by the sexual or asexual forms of the parasite

Withun a few hours of mfection the red corpuscle begins to -
crease 1n size and simultaneously becomes paler 1n colour With the
steady growth of the parasite a number of fine red dots of urform
size appear, and 1n due course stipple the entire red cell in 2 regular
pattern  These dots are termed Schuffner’s dots—after their dis-
coverer—and are never found apart from nfections with P/ virax
and P! ovale They enlarge slightly and become more defined as the
plasmodium develops, and are regarded by Schaudinn and others
as a fine precip 1 the sub of the red cell
brought about by the colloidal di which
plasmodial absorption of the more readily digested components
of the red cefl structure It 1s mmportant to bear in mind that the
stippling affects the red cell, not the parasite, and furthermore that
1t can only be demonstrated when the blood films arc stamned m a
medium of suitable alkalimty

Gametocytes The factors govermng the onset of gametogony
are not defimitely known, but gametocytes are not usually demon-
strable 1n the peripheral blood until after the completton of several

cycles, although 1t must be ad d that young sexual

forms have been observed 1n the course of the first febrile paroxysm

Young tertian gametocytes appear as small globular bodies
staming blue with a chromatin particle situated exther centrally or
to one side Stamed preparations may show a zone of pennuclear
pallor, but vacuolation does not occur As growth continues the
differential characters of the male and female gametocytes become
more defined, so that when fully matured differentiation 1n staned
preparations becomes relatively easy

The Lively amoeboid actvity of the schizont 15 mever observed 1n

the developing which tf rematas round or ovoid
throughout the ntracorpuscular phase Full matunity 1s attamed
1n six days

The female gametocyte fills the enlarged red cell and measures
from 9 to 10u m diameter The cytoplasm stams 2 dark blue and
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15 densely infiltrated wath a coarse yellow brown or browmish-
black pigment The chromatin 1s concentrated to form a compact
nucleus situated perspherally, and as already observed m the young
forms, frequently shows a pale or colourless peninuclear zone—the
““zon¢ of caryolymph **

The male gametocyte remains smaller than the female, so that it
never quite fills the enlarged red cell, For this reason Schiffner’s
dots may be demonstrable It has an ovord shape and measures from
7p to 8 1n1ts longest diameter  The cytoplasm stains a faint blue or
slate prey and contains abundant pigment 1 the form of fine rodlets
or granules The nucleus consists m a loose reticular aggregation
of chromatin granules distributed over a faicly wide area m the
centre zone of the parasite

It should be noted that the rich pigment content of the game-
tocytes renders their possible 1n
when the active Brownian movement of the granules c:m be seen
to best advantage by means of dark ground illummation

PLASMODIUM OVALE
{(Stephens, 1922)

Pl ovale bears a general resemblance to PJ malfariae except that the
1nfected red cell 1s often elongated or oval in outline with a ragged
margin, while the trophozoites are either round or oval

In stamed preparations the nng forms of PI orale stam a decp
blue with a promment chromatin dot while even 1n thus early phase
numerous Schuffaer’s dots can be demonstrated i the nfected
red cell

From the ring stage the parasite matures without extubiting any
of the lively amoeboid actvty of the P/ snax The schizont develops
as a compact rounded or ovai body which stains a deep blue and
exhubits a tendency to assume band forms When nuclear division
oceurs the chromaun which stains a deep red or violet 15 distnbuted

h the P together with fine grans of

light brown pigment When segmentation 1s complete the schizont
contains {rom s1x to ten ty eight The sch
cycle occupies 48 hours and takes place withun the penpheral
circulation

A charactenstic feature of the parasiised red cell m P! ovale
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anfections 15 the early app 'o(‘ huffner’s dots
‘These dots appear much earlier than m Pl wvivax infections where
they are seldom observed at the ‘‘ring*’ stage

At the same time the red cell enlarges shghtly, becomes progress-
avely decolounised and assumes an oval shape with a ragged margin
at one pole

The gametocytes of P owale are compact rounded bodies beanng
a close resemblance to PI malarige, but occupying an oval shaped
red cell 1n which Schuffner’s dots are readily demonstrable. Differ-
entiation from P/ vnax, however, 1s not always easy

PLASMODIUM MALARIAE
(Laveran, 1881)
Synonyms  Haemamoeba Imeram rar quartana (Labbe, 1894)
P! golgr (Sambon, 1902)
The young ning forms occupy about one third of the diameter of
a normal red cell, and measure from 2 to 2 5¢ 1n diameter Intra
corpuscular growth 1s relatively s[ow and at the same time there 15

At all stages of development the parasite shows 2 tendency to
assume the form of a band whuch crosses the full extent of the red
cell, but does not necessanly Le m the long axis of the smear In
these band forms the chromatin usually hes near one margin

The schizont slowly enlarges and may for a short time contain 2
vacuole, but whatever shape the plasmodium assumes, the nucleus
1s mnvanably situated near the edge

Prgment gradually develops in the form of a fine golden yellow
granular matenal which accumulates on the margin ditectly opposite
the nucleus, more especrally 1n the case of the band forms

The schizont has a Hly compact and
when mature fills or practically fills the red cell which 15 neither
decolounsed nor enlarged,

Before the onset of nuclear division, the pigment, wiuch by now
has lated 1n ble guantity, Is buted more
diffusely throughout the cytoplasm as well as 1 the marginal zone
Nuclear division leads to the formatton of esght to 12 merozoites
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Plasmodwm malariae praecox (Labbe, 1899)

Plasmodium praecox (Blanchard, 1900)

‘The earhest asexnal forms demonstrable 1n the peripheral blood
take the form of minute rings measunng about { 54 n diameter
or about one sixth the diameter of a red cell or even less They are
the smallest and finest of all the nng forms, and are eastly distorted
IR SMear preparations

The nucleus consists of a smgle circular granule of chromatin
situated on or withun the nim of cytoplasm which encloses the vacuole
Sometimes the granule appears to be situated within the vacuole

With the rapid onset of nuclear changes the chromatin takes the
form of a strarght or shightly curved structure, or 1t may appear n
the form of twin granules placed either contiguously or at opposite
poles This binuclear appearance 15 2 frequent findmg 1n all infections
with P! falaparum Another highly charactenistic feature of P/
falciparum nfections 1s the occurrence of multiple nfections of the
red cells topether with the tendency for the parasite to be silhouetted
aganst the cell margin (appliqué or accolé forms)

The delicate rings gradually increase in size and give rise to what
1s sometimes referred to as the signet ring appearance These forms
measure up to 4p 10 diameter and are ncher 1 cytoplasm with a
well defined chromatin granule (or granules) which may project
beyond the cell margin or may be within 1ts substance In addition
to the signet nng appearance, more amocbod forms may be en-
countered in which traces of pigment may be demonstrable But some
18 to 24 hours after their appearance the nngs disappear from the
penpheral blood and only under conditions of exceptional gravity
are the more mature developing stages encountered in the penpheral
circufation

On leaving the pertpheral circulation the parasites become solid,
non vacuolated bodies with the pigment aggregated into a single
round mass, while the chromatin 1s loosely distnbuted 1n contra
distinction to the single compact chromatin granule of the other
plasmodial species during early schizogony

The parasite continues to grow until 1t occupies about two thirds
of the un enlarged red cell, when nuclear division recurs with the
formation of from eight to 32 merozotes

The whole process of schizogony, which begins 11 the peripheral
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and 15 leted wathun the i of the mtemal

organs, occupies about 48 hours

The Parasitised Red Blood Cells i Pl falaiparum Infections.
The red cells do not enfarge, but m Giemsa stained preparations
they frequently acquire a purphsh tinge, and when deeply stamed
showa coarse stipphng This stippling takes the formof a few coarse,
urregularly shaped red dots, rings or loops, or may appear as a
chromatin-coloured ring enclosing the parasite or demarcating the
ted cell margin These ntracorpuscular deposits are known as
Maurer’s or Stephen’s and Chnstopher’s dots, and 1n view of their
extreme ranty in quartan infections they are regarded as character-
sstic of infections with P! faleiparum

The phenomenon of auto-agglutimation 1s frequently observed 1n
wnfected red cells, and there 1s also a tendency for these cells to adhere
to the capillary endothelum of the internal organs Thus latter ob-
servation 15 believed to offer at least partal explanation of the
occurrence of schizogony within the capillary system of the internal
organs

As will be seen below, the gametocytes assume an elongated
crescent shape, and 1n so doing stretch the red corpuscle i such a
way that 1t may appear as a dark red capsule surrounding the para-
site, or at other tumes as a deltcate bow-shaped line curving across
the concavity of the crescent In such circumstances extensive
decolourisation of the red cell has taken place

Gametocy tes ‘The gametocytes of P! faleiparum assume a charac
tenstic crescentic shiape and are commonly referred to as crescents

Initrally they appear 1n the penpheral circulation as small, com-
Ppact non vacuolated bodies which gradually elongate and take on

mately 124 by 2z to 3p  Morphological vamants are frequently
encountered, such as straight forms with taperng extremuties or
short stumpy forms

The female m outhine
with a cytoplasm wh:ch stams adark blue The chromatin is collected
into a centrally placed mass and 1s closely mvested by the coarse
Pigment granules
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The male gametocytes have a stumpy or oval appearance and the
cytoplasm stains more lightly The chromatin 1s distnbuted over a
wider area while the dark brown pigment 1s scattered throughout
the cytoplasm 1n the form of coarse granules or rodlets

It should be noted that during the collection of blood samples
the gametocytes may assume 2 globular shape This morphological
change bas never been observed as an intravascular phenomenon



CHAPTER THREE

PATHOLOGY AND MORBEBID
ANATOMY

CLINICAL PATHOLOGY

HAEMATOLOGICAL FINDINGS THE RED BLOOD CELLS

The puscut b of the pt d leads to des
truction of the mfected red cells at the termmation of schuzogony,
and at the same time cells that have been damaged by the malana
toxuns are removed from the circulation by the phagocytic activity
of the reticulo-endothelial system In this way an anacmua of the
haemolytic type1s snduced The degree of anaenua will be determned
by a vanety of factors such as the seventy of the plasmodial infec-
fion, the actual spevies of parasite concerned m the attack, the
pre-exssting state of the blood, the resources of the erythropoietic
marrow, and so on For these several reasons a wide range in
b 1 values 15 both 1n acute and m chrome
malarta The Jowest counts are useally found 1 assoctation with
subtertian infections, but 1n spite of this it may be stated that severe
anaermua i3 not a feature of acute malama In previously healthy
Furopeans the red cell count may fall to between 4 5 and 4 milbon
eells per cubic millimetre following an acute attick of malaria,
but 1t 15 certataly not common to {find a count of less than 3
mulfion The observation has also been made that the red cell count
may begin to fall before the onset of the chnical patoxysms There
18 an associated fall m the hasmoglobin values, s0 that a colour
xm{cx of 0 9 may be regarded as an average finding

ch -

oy
ar -

7eu Leu w4y be seen In the more chrome types of plasmodial infec

tion gant semilunarshadow cells (the “corps en demulune’”® of the

Sergents) are frequently seen as pale crescent shaped shadows
3
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They take ongn 1n the decolourised red cells which become enlarged
and vacuolated, and subsequently break up to form semulunar
shadows when blood smears are bemng prepared Cabot’s nings
and Jolly bodues are also frequently seen and may give nise to diag
nostic errors 1f the possibility of therr existence 1s overlooked
Punctate basophilia occurs to a vanable extent and 1s charactensed
by the presence of fine umiform basophilic granules which are difficult
of recogmtion 1n over stamed preparations
When severe grades of anaema are induced by massive or re

current pl. d fe 1t 15 not to encounter
leated red cells bl 1n the peripheral blood
On rare the 1 anaemia o the megalo-

cytic type, but compared with permcious anaemua, megalocytes
are relatvely few 1 the peripheral blood, hence 1t 1s doubtful of
a widespread megaloblastic reaction occurs m the marrow

The presence of polychromatic cells 1n the blood has already been
mentioned, and 1n vitally stamed preparations the polychromate
cell has been 1dentified with the reticulocyte

The beh of the ! 1n malanal has been
closely studied, and 1t 1s now generally accepted that a shght but
persistent mcrease 1n the reticulocytes occurs 1n the presence ofa
chronic pl dial More however, 15 the
steady nise 1n the reticulocyte counts which attends the employment
of plasmocidal drugs This nise 1s directly proportional to the degree
of anaenua exssting immediately prior to treatment, and attans
maximal values between the sixth and tenth days following the onset
of treatment It follows, therefore, that 1n these specral circumstances
a study of the reticulocyte count may supply indirect evidence of
a chronic malarial mfection The actual counts obtamed dunag the
treatment course may range from 3% to 30%

THE WHITE BLOOD CELLS
The whte cells 1n malarza vary with the phase of the attack and the
chromicity of the infection so that vanable and apparently dvergent
figures are frequently quoted both for the total and for the differential
white cell counts
At the outset of a malanal paroxysm a rse occurs 1n the total
count, but as the attack develops and passes through its Varons
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phases the count falls to pormal and subormal values dunng the
apyretic interval

Durnmg the febmile phase the neutrophile percentage may reman
withm the mormality range or a defimte merease may be found
Dunng the afebnle phase, however, the haemogram shows a charact-
enstic reduction 0 nevtrophiles with 2n associated sncrease
lympk and When the ytes are studied
throughont & serses of malaral paroxysms 1t can be shown that thewr
percentage vanes nversely as the temperature—that 1s to say the
monocyte percentage mses as the temperature falls

The monocyte 1 malana appears as a large non granular cell
nich 1 cytoplasm which may contan a few vacuoles and which
stains a pale grevish blue  The nucleus 1s situated eccentrically,
15 oval or round 1a outlne, and stans & pale violet colour The
chromatn 15 arranged m strands which are characteristically thick-
ened at the powts of intersechon

Occastonally a very large form of monocyte 1s encountered m
which the puclens 15 banded, lobulated or hosse shoe shaped Such
forms are frequently referred to as the transitional cells of Ehrlich

In healthy normal blood the monocytes constitute from 4 %to 8%
of the total white count, whereas 1o chronic or latent malana the
percentage may increase to between 15% and 309, or over

‘Where a monocytosts of this order 1s encountered 1n association
with an appropriate chnical picture, 1t undoubtedly affords valuable
presumptive evidence of malana 1o thase cases 1 which for one
reason or another the pl. cannot be d d 1n the
penpheral blood On the other hand, 1t 1s important to bear sn mmd
that there may be 2 complete absence of monocytosss in those who
have been repe exposed to over a Jong
peniod of time, as 1n the case of Afnicans 1o an endemc agea

Agam, monogcytosis may arise in conditions other than malapa
such as kafa azar, amoebiasis glandular fever, nckettsiosis, and so
on, hence the importance of assessing the differential white cell
count an conjunction with chincal data

However, 2 study of 1he white cell count n malans supports the
view that & recurring febrle illness charactensed by splenomegaly,
lencopenta and a relative monocytosis of 109 or over may be
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as of a pl dral infection and
Justifies a course of anti malanal therapy

THE PIGMENTED LEUCOCYTE

A highly ch sstic but rel ly 1nfi finding 1n blood
smears prepared from malanal patents 1s the pigmented leucocyte

The leucocyte 1s usually a monocyte contarmng small clumps of
malarial pigment withm 1ts cytoplasm Less commonly the pigment
contaimag cell 15 a neutrophile polymorph

The presence of these pigment cells imphies that the
patient 1s suffering from or has recently suffered from an acute attack
of malana

THROMBOCYTES

The chief significance of the thrombocytes 1n relation to malanal
diagnosis ktes 1n the posstbility of therr being mistaken for plas
modia When stained by Giemsa’s method they appear as small
reddish violet bodies which may be round or oval 1n outlire, so that
when overlying a red cell they may simulate the malana parasite
but closer study will usually reveal the absence of a chromatn
particle and of vacuolation im the cytoplasm Dunng an acute
malanal paroxysm the thrombocytes are reduced in number, but
usually increase during the afebnle phase in conjunction with a
leucopemc state of the white cell count

BIOCHEMISTRY OF THE BLOOD IN MALARIA

HAEMOGLOBINAEMIA
The d. of h 1ok 1 ol .""
presents many d I and so far no 1ncrease
1n the haemoglobin content of the plasma has been demonstrated
even 1n the presence of massive infections On the other hand

Sch s test for i 1b 1s usually positive, thereby
providing indirect evid of b
The absence of h can probably be explamed by

the steady absorption or conversion of haemoglobim by the plas
modium durniag schizogony, together wath the swift phagocytosis
of all infected or damaged red corpuscles by the cells of the rettculo
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endothelial system In this way haemoglobin released durimg sporula
tion must necessarily elude detection by current analytical methods

BILIRUBIN CONTENT OF THE PLASMA
The occurrence of excessive blood destruction 1n acute malana
Jeads to a measure of hyperb n most
but not 1a all cases of the disease

In terms of van den Bergh units (taking 1 0 as the upper homt of
normality) haematogenous bilirubin may range from 30 to 6 0
umts with an average finding of 1 45to I 75 umts These umt figures
bear no direct relationship to the degree of anacmua prevatling 1o
any given case but are determimed essentially by the rate of blood
destruction

The direct or biphasic van den Bergh reaction 1s not obtained
1n malana except 1n the presence of some comphcating factor such
as cholelith Thus »m with the haemo-
lysts conditioned by plasmodial infection the qualitative van den
Bergh test 1s positive in the indirect phase only

ALKALL RESERVE

Conflicting data bave been obtained 1n acute malanal attacks but
when the CO;~combimng power of the plasma 1s determined by
the van Slyke technigue no signsficant decrease m the alkal reserve
can be demonstrated i uncomplicated cases of acute malana

BLOOD UREA

Any shght nise in the urea content of the plasma i acute malana

15 of a temporary nature and merely reflects the state of enhanced

katabohsm that normally accompantes any acute febnle condition
Permanent riitrogen retention would be conststent with permanent

renal damage which rarely occurs in plasmodial mfections except

1n quartan infections

BLOOD CHOLESTEROL
I the normality values for tropical patients be accepted as ranming
between 120 and 200 mg per 100 ¢ then 1t will usually be found
that hypocholesterolaemia predominates 1n acute malana The fall
m the cholesterol values coincides with the appearance of the
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plasmodium 1n the peripheral circulations and perststs until specific
therapy 1s well established

1t 1s of mterest to note that the nise 1n cholesterol values parallels
the rise 1 the reticulocytes

BLOOD SUGAR

Most observers record a normal blood sugar range 1n acute malana,
although there have been occasions 1n which a nise has occurred

SERUM PROTEIN FRACTIONS

There 15 a general reduction n the total serum protein, largely on
account of a fall sn serum albumin Euglobulin 1s mcreased to twice
the normal values and pseudoglobulin 1s reduced

Lioyd and Paul have demonstrated a nse 1n the serum globulin-
albumin ratio from the normal index of 0 66 to just below umty

SEDIMENTATION RATE
Thus 15 usually increased 10 acute malaria (Landeiro)

THE URINE

The unne 1s usually d and hughly coloured dunng the
febrile There 15 a ct 1stc increase in urobihn and
urobilmogen (which 1s gradually converted to urobiln on standing)

A trace of albumin 1s commonly found, but clears up in the pre-
sence of efficient anti malanal treatment

On the other hand, a heavy albuminunia may develop and may
constitute evidence of an acute parenchymatous nephntis In such
cases the 1 1 factor 15 almost bly an d quartan
1nfection, and 1t will usually be found that resolution of the renal
Ieston follows upon the ehmination of the plasmodial infection

Very Hy a 1s noted 1n acute malana

IMMUNITY IN MALARIA

The complex subject of immunity 1n malana has been materially
advanced by the study of the disease m the treatment of meuro-
syphilis and by the detaled immunological studies of Taliaferro
and of Sinton on avian and simian malana
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1t 1¢ now evident that immunity 1o malarnia may be either natural
or acquired

NATURAL IMMUNITY

The existence of a natural immumity to malana s frequently en-
countered 1n groups of neuro syphuilitics undergomg malana therapy
1In these circumstances the patient may prove sefractory to mnfection
or, 1if infected, the resultant febrle paroxysms are extremely mild

In the same way clinical practice affords mstances of a patural
resistance to malanal infections amongst non immune groups
Apart from vanations 1n the seventy of the febnle paroxysms, the
ncubation pertod may be protracted up to as much as six months
Again, the existence of a natuml immunity may be revealed by the
presence of an 1 dium 1n the 1 blood with
an entirely negative clinucal picture When this occurs 1n the absence
of any history of cliucat malana, 1t 1s logical to explain the pheno-
menon 1n terms of natural immunity

This smmunity, however, may be restricted to one plasmodial
species or cven to one plasmodial stealn

ACQUIRED IMMUNITY

Acquired immunity 15 met within areas of endemuc malarna where it
develops an response to repeated plasmodial infection In these
circumstances recurrent pyrexia together with splenomegaly persists
for a penod of two or three years, and 1n due course a hugh degree
of ymmunity 15 built up and will continue at a high level so long as
the remains m the hyp Ll arez A high mfantile
mortality rate 1s exacted as the prce of this immunity i any given
commumty The usual measure of 1ts existence 1s the spleen rate
which rematns more or less constant 1n any commumity with a high
rate of tolerance, but the labile nature of the immunty 1s shown by
the fact that any n the active of infection
may at some later date be followed by a major cprdemic and a high
mortality rate The building up of a defence mechanism against
malana 1s a two fold ph based on a and
heightened activity of the or retscull

elements together wath the elaboration of specific antibodies which
are probably of the nature of opsomns
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The cellular changes occur mainly 1n the spleen, hver and bone

marmw whcre the arculation 1s comparatively slugmsh, thereby
C 1t can be shown that m the

presence of rccun'em malania the macrophage content of these
organs s enormously mcreased whilst the phagocyhic activity of the
cells 1s heightened to an amazing degree The source of the macro
phages 1s still uncertain, but 1t 1s probable that they are denved from
cells of the lymphocyte series

It may be argued that if immunity to malaria were based on the
cellular responses already described, a general resistance to hetero
logous plasmodial spectes and strains would result, but 1t has been
shown that unmodified mnfections may develop in the presence of
an hypertrophied macrophage system Th:\t 15 to say, a hughly hyper
trophied phage system 1s a rel; defence agamnst
malanz 1n the absence of specific sensitization of the macrophages
It becomes evident, therefore, that immunity to malania 15 of a highly
specific character wiuch must necessanly be conditioned by specific
antibodies, probably of the nature of opsonms

It 1s believed that these anttbodies are elaborated n organs such
as the liver and spleen and for this reason their presence in the pen
pheral blood has never been successfully demonstrated

PATHOLOGY

The pathol 1 changes 1n both acute and chronic
malara are largely conditioned by the destruction of the red blood
cells on the one hand, and by a vigorous proliferation of the macro
phages (reticulo-endotheltal cells) on the other

The reduction 1 the red cell content of the blood that accom
pames all plasmodial infecttons leads 1n time to a compensatory
hypertrophy of the red bone marrow, whilst the proliferation of
the macrophages 1s reflected 1 various organs but more espectally
1n the spleen and placenta

At the same time the pigmentary deposits whxch accompan)'
the ntracorpuscular devel of the pl
a charactensstic feature of the histopathology of those organs in
which active phagocytosis predominates, whilst various non speafic
changes are brought about by the ntense malanal toxaemia
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THE SPLEEN

In acute mataria the spleen 15 moderately enlarged, 1s soft i con-
sistency and 1s usually a slaty grey or black colour The distended
state of the organ 15 reflected 1n the tense capsule which encloses a
soft, almost diffluent, dark pulp, and 1s easily torn at post mortem
exammation  Histologically the splemc pulp 1s diffusely congested
and oedematous and shows scattered foc1 of haemorrhage In the
case of subtertian nfections the splenic sinuses commonly contain
vast numbers of sporulating plasmodia Malanal pigment (haemo-
zom) 15 reachly demonstrated 1n the form of smatl compact deposits
which have been taken up by the splenic macrophages

It will usually be noted that if pigmentation of the malpighsman
corpuscles occurs at all 1t does so to a very himited extent

A somewhat different picture is presented by the spleen in re-
current malana It 1s usually considerably enlarged, and 1n some
cases may occupy the whole of the left hypochondrium On the other
hand, in long standing chronic malana with stabilisation of the
fibrotic changes wathin the spleme substance, only moderate degrees
of splenomegaly are observed

‘The organ 1s firm and hyperplastic while the capsule 15 usually
thickened and at the same time shows patches of chronic pensplemtis
and areas of penisplenic adhesions

The pigmenary content of the spleen in such circumstances 15
vanable, but 15 always densest after a recently imposed acute attack
Consequently the colour of the spleen may vary from a slate grey
to black

On section, the splemc pulp 1s seen to be traversed by prominent
white and on
hyperplasia of the macrophage cells is usually evndem The mal
pighian corpuscles are usually small and atrophied

In this state the spleen 1s eastly ruptured

THE LIVER

Inacute malana the liveri1s moderately enlarged and deeply congested
The colour, however, will be determined by the extent of the pig
mentary deposits and the associated dcgener;mve changes in the
hepauc but s pt loured when first
exposed
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In sub the ds are d; ded with heavy
concentrations of parasitized red cells together with actively phago-
cytic p In these the pressure may be such

as to set up atrophic changes 1n the adjorning trabeculae In this way
small foc1 of parenchymatous degeneration are brought about

Alternatively thrombotic reactions in the radicles of the portal
vein in the presence of massive infections may cause areas of necross

Focal haemorrhages, fatty degeneration and other toxic changes
may all be d d In acute malanal pigment
appears within the macrophages of the hepatic sinusoids when not
contained 1n the parasitised red cells, whereas mn chronic infections
the pigment 1s usually distnbuted throughout the fibrous tissue of
the portal tracts It 1s never found within the parenchymatous cells
of the Tiver

While a fine mtercellular fibrosis may possibly be ascribed to
chronic malana 1t 1s unhkely that gross hepatic cirrhosis ever
oceurs

THE BONE MARROW

The continued blood destruction 1n malaria leads to a compensatory
hyperplasia of the red bone marrow which gradually encroaches
and may to a vanable extent replace the yellow marrow of the long
bones The new erythrot tissue 1s Iy normobl: m
type although excessive stumulation may lead to a relative mncrease
1 megaloblasts The extent of the normoblastic hypertrophy 15
drrectly related to the duration and seventy of blood destruction,
hence the degree of reticulation that follows elimmation of the plas-
modial nfe a measure of erythrobl; hypertrophy
A stnking feature of all marrow preparattons 1n malana 1s the
preat increase that takes place 1 the concentration of macrophages
and the vigour and scope of their phagocync activities They Caﬂ
readily be d P d plgmcnt, P
and non cells and even 1 In this
way the bone marrow constitutes an important defence mechanism
1n malana

THE KIDNEYS

A certain amount of transient renal damage occurs 1n e cows?
of an acute malanal paroxysm as 1n any other acute febrile condition
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In some instances, however, more espectally 1n subterttan and 1n
quartan infections, lesions of a more permanent nature may be
produce:

In severe the renal may be blocked
with masses of parasittsed red cells, thereby giving rise to small renal
nfarcts At the same ume glomernlar congestion, oedema of the
1nterstitial tissue, desquamation of the tubular epithelium with focal
haemorrhages and areas of necrosis may all occur m varymg d:grccs
of intensity Pigment granules appear withun the vascular
and i the interstitial tissue

In rare nstances an acute haemorrhagic nephntis has been pre
cipitated by an acute subtertian 1nfection Nephrosis 1s especially
common 1n relation to foct of quartan malaria, where 1t frequently
becomes a feature of long standing chronsc infections Although
Giglolt ders that a to chrome Bright's
disease may be conditioned by chrome quartan infection, 1t appears
to be more usual for the albuminuna to clear up after elimnation
of the plasmodial snfection

THE SUPRARENAL GLANDS

Microscopically there 1s an evident loss of the normal yellow colour

due to the disappearance of the fat and lipoid content of the gland
Histologically a retative or complete absence of celt chromaffin

occurs 1 many cases whilst other changes met with include focal

haemorrhages, capitlary thrombosis and focal tissue necrosis These

acute lesions are especiall with

where 1t 1s believed they give rise to a state of vasomotor asthenia

THE PANCREAS
A cond of acute has been d
1n relaton to acute subtertian malana, but the more usual changes
consist in the concentration of plasmodia wnhm the pancrcnuc
with the prod of focal orth

In rare instances lestons of the sslet tissue have been described
and have been held responsible for the occurrence of a diabetic
syndrome n malana Normally, however, the degree of pancreatic
mvol t mn it to gve nse to
any regional climeal features
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THE GASTRO-INTESTINAL TRACT

A state of diffuse gastritis 15 usually demonstrable 1n acute malana,
together with focal haemorrhages or capillary thrombosis These
changes are espectally common 1n acute subtertian infections when
local tissue anoxia occurs as a sequel to the overcrowding of the
gastro-mntestinal capillanes by masses of sporulating plasmodia
When similar lestons develop i the large bowel, an acute
diarrhoeic or dysenteric state may anse with blood and mucus m
the stools In such circumstances, however, the more usual bactenal
or parasitic causes of dysentery must be carefully ehminated
Finally, a pigmented atrophy of the small bowel has been described
by Rogers, 1n which the bowel mucosa assumes a dark colour while
fibrous tissue replacement of the normal bowel structure occurs

THE HEART

Severe myocardial changes are infrequent 1n all save severe subtertian
mfections either 1n the acute or chromic phase

‘When widespread sporulation occurs within the cardiac capillanes,
a state of diffuse fatty change 1s induced which renders the myo-
cardium pale and flabby In the same way thrombosis of the capil
lanes may anse with the formation of foc of cardiac 1schaemia

Punctate haemorrhages, either subpencardial or subendocardial,
are readily demonstrable 1n severe acute malana, when they are
usually associated with focal haemorrhages 1n the substance of the

myocardium
‘These myocardial changes in acute malana are reflected 1n a state
of artenal hyp with a tend to acute my 1 faiture

1n the presence of massive infections

THE LUNGS

Pulmonary changes are usually restricted to an acute congestion of
the alveolar capillartes together with a vanable degree of congestion
of the bronchial mucosa

In some 1nstances small intra alveolar haemorrhages may occur,
usually in the lower lobes posteriorly where small areas of oedema
or alveolar collapse may be found There is no convincing evidence,
however, that p dial inf bring about p




PATHOLOGY AND MORBID ANATOMY 35

consobidation of the lung, even though plasmodia may sometimes
be noted wrthim the alveolar capillanes

THE BRAIN AND MENINGES

Demonstrable changes 1n the central nervous system are mainly
confined to subtertran infections of great seventy 1n which cltmical
evidence of cerebral mvolvement has been observed While a true
malanal menigitis has been described (Laveran), the usual memin-
geal change consists 1n diffuse congestion and oedema induced by
a massive plasmodial mfection of the memngeal capdlanes

The cerebral lestons, on the other hand, are the product of two
primary factors

1 Mechanical blocking of the cerebral capillanes by masses of
parasitised red cells, leading to (4) thrombosis, and (6) haemorrhage,
and

2 Mailanal toxaemia

The blockage of the cerebral capillanes may constitute the ongin
of the socalled * malanal granulomata * which are distnbuted
matnly 1n the subcortical zones Tnterference with the capillary crcu-
lation leads to the formation of a small necrotic area around which
small haemorrhages develop, and in due course the disintegrated
cerebral substance 1s replaced by neuroghal elements which consti-
tute the histological basts of 2 ‘malanal granuloma **

Cercbral granulomata have also been observed in the general
paralytics treated by means of induced malana In these circum
stances the lesions consist in a localised proliferation of the regional
macrophage cells

Ta the presenck of severe toxacmua, the tissue changes encounteted
are non specific 1n character, and for the most part consist 1n numer-
ous punctate scattered throughout the bram
1t comyunction with degenerative changes n the netve cells

THE PLACENTA

A histologcal study of the placenta 1n malania reveals two charactes-
1stic features
1 A heavy concentration of plasmod:a in the mtemllous spaces

2 A of actively p macro-
phages
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THE GASTRO-INTESTINAL TRACT

A state of diffuse gastritis 1s usually demonstrable 1n acute malana,
together with focal haemorrhages or capiflary thrombosis These
changes are especially common 1n acute subtertian infections when
local tissue anoxta occurs as a sequel to the overcrowding of the
gastro mtestinal capillanes by masses of sporulating plasmodia
When simlar lestons develop in the large bowel, an acute
drarrhoeic or dysentenic state may anse with blood and mucus 1n
the stools In such crrcumstances, however, the more usual bactensal
or parasitic causes of dysentery must be carefully eiminated
Finally, 2 prgmented atrophy of the small bowel has been described
by Rogers, 1n which the bowel mucosa assumes a dark colour while
fibrous tissue replacement of the normal bowel structure occurs

THE HEART

Severe my dial changes are qi m all save severe subtertian
nfections exther 1n the acute or chronic phase

‘When widespread sporulation occurs within the cardiac capillanes,
a state of diffuse fatty change 1s mduced which renders the myo-
cardium pale and flabby In the same way thrombosis of the capil-
lartes may anse with the formation of foc of cardrac 1schaemia

Punctate haemorrhages, either subpencardal or subendocardral,
are readily demonstrable in severe acute malana, when they are
usually assoctated with focal haemorrhages 1n the substance of the
myocardium

These myocardial changes 1n acute malania are reflected in a state
of artenal hypotension with a tendency to acute myocardial failure
1n the presence of massive nfections

THE LUNGS

Pulmonary changes are usually restricted to an acute congestion of
the alveolar capillaries together with a vanable degree of congestion
of the bronchial mucosa

In some small satra-alveolar b hages may OCCUr,
usually 1n the lower lobes posteniorly where small areas of oedema
or alveolar colfapse may be found There Is flo convmcing evidence,
however, that p dial bring about ext: p
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consoltdation of the lung, even though plasmodia may sometimes
be noted within the alveolar capillaries

THE BRAIN AND MENTNGES
Demonstrable changes in the central nervous system are mamnly
confined to subtertian mfections of great seventy in which chinical
evidence of cerebral involvement has been observed. While a true
malanal menmgtis has been described (Laveran), the usual menin-
geal ¢hange consists i diffuse congestion and oedema ynduced by
a massine plasmodial wofectron of the mentngeal capillaries

The cerebral lesions, on the other hand, are the product of two
primary factors

1 Mechancal blocking of the cerebral capillanies by masses of
parasitised red cells, leading to (a) thrombosss, and (5) haemorthage,
and

2 Malaral toxaemia

The blockage of the cerebral caprlianes may constitute the ongin
of the so-called “‘malanal granulomata’® which are distributed
masnly 1n the subcortical zones Interference with the capullary circu-
fation Jeads to the formation of a small necrotic area around which
small haemorthages develop, and i due course the disintegrated
cersbral substance is replaced by neuroghal elements which consti-
tute the histological basis of a *‘malanal granuloma **

Cerebral granulomata have also been observed mn the general
paralytics treated by means of induced malana In these ctireum-
stances the lesions consist 1n a locahsed proliferation of the regionat
macrophage cells

In the presenct of severe toxaemua, the tissue changes encountered
are non specific 1o character, and for the most part consist 1n numer-
oys punctate b h scattered the brawm
1t conjunction with degenerative changes in the nerve cells

THE PLACENTA
A histological study of the placenta in malana reveals two character-
istic features

1 A heavy concen(muon of plasmodia 1n the mtervillous spaces,

2Ar of actinely ph: yuc macro-
phages
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The features are seen to best advantage 1n mnfections with P/ faly-
parum

The 1ntervillous spaces are crowded with compact trophozontes
and maturing schizonts, many of the red corpuscles show multiple
infections, but ring forms are scanty and gametocytes are rarely or
never found The heavy concentration of parasites 1n this situation
15 probably due to the sluggish circulation 1n the sinuses where repro-
duction by schizogony goes on steadily with only a small percentage
of parasites reaching the general maternal crrculation

For this reason plasmodia will always be more readily demon-
strated 1n placental smears than 1n blood films prepared from the
penpheral blood

The h

to 1salso
seen 1 relation to the intervillous spaces, which 1n normal circum-
stances contan nothing but blood In established or relapsing malana
many of these spaces are vartually obliterated by masses of macro-
phage cells and 12 some cases they may be 5o numerous as to jeopard
1se the foetal circulation It has even been sdggested that abortions
10 malana may sometimes be due to phystcal rather than to toxaemic
causes

The wigorous phagocytosis that takes place 1 the placenta 15
largely the ly of the Ithough there are other
cells that may play a munor role Hlslologxcally, therefore, the pla-
centa clearly shares 1n the defence agamnst malana, and 1t 15 thought
that 1n hyperendemic areas 1t may be indurectly responsible for the
Jow parasite rate 1 infants up to two months




CHAPTER FOUR

CLINICAL FEATURES

‘When acute malaria 18 regarded from the strictly chimical view pont,
1t tends to fall into two categories In the one, the paroxysms are
sharp and severe but grave compheations are rarely or never en
countered, whereas i the other, not only 1s the febnle paroxysm
severe, but there 1s an ever present nsk of sertous comphcattons
ansing Hence on chmcal grounds acute malana may be grouped
as (1) acute benign malana, and (2) acute malignant malana From
the parasitological view pomnt the benign forms are due mamly to
Pl wvax, Pl ovale and Pl malariae, while the maltgnant forms are
d with with P! falap

The climcal features of malana may be still further modified
(a) 1n terms of a frequently recurning attack, and (b) m terms of
ractal smmumity In both circumstances a state of chrome malna
1s nduced which, however, vanes as between the European and
mdigenous races

The followrag chinical classification will be adopted 1n the present
discussion
Malania in the European

1 Acute bemgn malana

2 Acute malgnant malana

3 Chronic malana
Malaria wn the African

1 Acute malana

2 Chromie malans

MALARIA IN THE EUROPEAN

1 ACUTE BENIGN MALARIA
Thus vanety of acute malana constitutes the chnical expression of
mfection with P spav, Pl ovale or P! malariae ‘The febnle paro-
xysms, though severe enough in themselves, are seldom accompanied
n
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by the onset of pernicious symptoms Exceptions to this rule un
doubtedly occur, as, for example 1n the case of the cerebral attacks
induced by P! wnax infections 1n Macedoma dunng the last war,
but such exceptions are rare
Again while renal complications may anse 1n the course of an
uncontrolled quartan infection, the tendency for the repal lesions
toresolve in the presence of adequate antt plasmodial therapy renders
1t unnecessary to regard this as a ‘‘malignant’’ comphcation
Finally, m P/ oiale infections the febrle paroxysms are usually
shorter and mllder than m the other forms, so that far reaching con
are Ly 1n thus type of mfection

INCUBATION PERIOD
The average incubation pertod in P/ wuax and Pl ovale infections
varies from 10 to 20 days and represents the nterval that elapses
between the 1 of the sp by the and the
first febrile paroxysm This period may be very matersally modified
either by quimne or mepacrine prophylaxis or by some measure of
natural immunity For these various reasons the mcubation penod,
or perhaps more strictly the perod of latency, may last for several

months or even cxtcnd over a year

This pt m Pl wax malana m
temperate zones wherc 1nfections acquired in the summer or autumn
months may not become ci I unt the
spring

In Pl malariae infections the average mcubation period ranges
from 12 to 21 days, but 1t 15 especially noteworthy that the parasite
may remain dormant for years

PRODROMAL SYMFTOMS
The actual malanal paroxysm 1s sometimes preceded by certaun
premomtory symptoms which include a fcelmg of tiredness 1n asso-~
ciation with chilly orexia, pains
1n the bones, stiffiness 1n the neck muscles and fugtive fluctuations
1n temperature

THE FEBRILE PAROXYSM

The actual febnle paroxysm sets ip abruptly with a violent ngor
and the subjective sensation of intense cold Thus marks the beginning
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of the cold or shivering stage which may last from 30 minutes up
to about two hours The patient looks pinched and cold and the
whole body shwvers violently and uncontrollably, so that his teeth
chatter audibly, hus speech becomes jerky and uncertam and he
vainly attempts to get warm by piling on blankets and surrounding
tumself with hot water bottles, even though the weather be sweltering
hot

Even at this stage of the attack the temperature has begun to nse
and may soon reach 100° to 102° F Frontal headache setsin early
1n the attack and may be severe Sometimes 1t culminates 1n and 8
partially reheved by a sharp epistaus Nausea and vomiting are
common and 1n some cases the paroxysm may be imituated by violent
vomting The pulse 1s raprd and usually of low tension

Then 1n due course the chinical picture changes abruptly as the
cold stage merges rapidly 1to the hot or febnile stage Dunng the
transition stage the patient may expenience a flecting sense of well
being, but soon becomes so hot and uncomfortable that he rapidly
casts aside lus bed clothes

The skin 18 now hot and dry the face flushed and the headache
ncreases 10 intensity as the temperature nses to about 105° F
Myalgic pains develop all over the body, but are especially acute
m the lumbar region The vomiting becomes more urgent as the
pyrevial phase develops, the respirations quicken and the pulse
15 now full and bounding The tongue becomes dry and furred and
the conjunctivae congested Meanwhile the patient feels and looks
acutely 1ll, and there 1s frequently a tendency to delicium at the
height of the pyreual phase

After a penod of from one to six hours the dry burnung pyreua
gives way to the stage of sweating The break in the pyrewa s
heralded by the appearance of a few beads of sweat on the forchead
near the hair margn, and then very soon the whole body 1s drenched
1n a soaking sweat which conunues to pour from the body for the
next two to four hours

The temperature falls by crisis with the onset of profuse sweating,
and a feelng of relief and comfort replaces the musery and distress
of the dry pyreia As the sweatng passes off, the patient rapidly
recovers his sense of well being and may either doze off into a restful
slecp or may enjoy a light meal
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by the onset of permicious symptoms Exceptions to this rule un-
doubtedly occur, as, for example, 1n the case of the cerebral attacks
mnduced by P! ynax mfections 1n Macedoma dunng the last war,
but such exceptions are rare

Again, while renal complhications may anse n the course of an
unc quartan 1nfe the di for the renal lesions
toresolve 1n the p: f adequate anti pl dial therapy renders
1t unnecessary to regard this as a ‘‘malignant™ complcation

Fally, n P! orale infections the febnle paroxysms are usually
shorter and milder than 1n the other forms, so that far reaching con-
stitutional disorders are relatis ely infrequent m ths type of mfection

INCUBATION PERIOD

The average incubation period 1 Pl inax and P! pale mfections
vanes from 10 to 20 days and represents the interval that elapses
between the 1} of the sp by the and the
first febrile paroxysm Ths pertod may be very matersally modified
cither by quimne or mepacrne prophylaxis or by some measure of
natural immumity For these various reasons the incubation penod,
or perhaps more strictly the penod of latency, may last for several
months or even extend over a year

This ph S i) m P inax malama
be zones, where 4 10 the summer or autumn
months may not become lly app: untl the
spring

In P! malarige infections the average mncubation period ranges
from 12 to 21 days, but 1t 1s especially noteworthy that the parasite
may remain dormant for years

PRODROMAL SYMPTOMS

The actual malanal paroxy ded by certuin
premomtory symptoms which mclude a feeling of tiredness 10 ass0~
cation with chilly dache, anoreua, pans

1n the bones, stiffness sn the neck muscles and fuptive fluctuations
n temperature

THE FEBRILE PAROXYSM
The actual febnle paroxysm sets n abruptly with a violent ngor
and the subjective sensation of intense cold This marks the beginmng
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of the cold or shivenng stage which may last from 30 minutes up
to about two hours The patient looks pinched and cold and the
whole body shivers violently and uncontrollably, so that his teeth
chatter audibly, his speech becomes yerky and uncertain and he
vainly attempts to get warm by piling on blankets and surroundmg
Timself with hot water botiles, even thongh the weather be sweltening
hot

Even at this stage of the attack the temperatore has begun to nse
and may soon reach 100° to 102° F Frontal headache setsin early
1n the attack and may be severe Sometimes 1t culminates m and 15
partially relieved by a sharp epistaus Nausea and vomuting are
common and 1n some cases the paroxysm may be initrated by violent
vomiting The pulse 15 rapid and usually of low tension

Then 1t due course the climcal picture changes abruptly as the
cold stage merges rapidly nto the hot or febnle stage Durnng the
transition stage the patient may experience a fleeting sense of well-
bewmng, but soon becomes so hot and uncomfortable that he rapidly
casts aside tus bed clothes

The shin 1s now hot and dry, the face flushed, and the headache
ncreases 10 ntensity as the temperature nses to about 105° F
Myalgic pains develop all over the body, but are especrally acute
10 the lumbar region The vomiting becomes more urgent as the
pyreual phase develops, the respiranons quicken and the pulse
15 now full and bounding The tongue becomes dry and furred and
the conjunctivae congested Meanwhile the patient feels and fooks
acutely 1], and there 15 frequently a tendency to delinum at the
height of the pyrexial phase

After 3 peniod of from one to six hours the dry burning pyrexia
gives way to the stage of sweating The break in the pyrewa 13
heralded by the appeasance of a few beads of sweat on the forehead
near the hair margin, and then very soon the whele body 1s drenched
1 a2 soaking sweat which continues te pour from the body for the
next two to four hours

The temperature falfs by crisis with the onset of profuse sweating,
and a feeling of relief and comfort replaces the misery and distress
of the dry pyrexia As the sweating passes off, the patient rapidly
recovers hus sense of well being and may exther doze offinto a restful
sleep or may enjoy a light meal
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The whole attack will have occupied from six to ten hours

Physical signs during the paroxysm Dunng the imtral stage of
shivening the skin remains cold and **blue,” but with the onset of
the hot stage 1t becomes hot, dry and flushed, and continues thus
until the pyrexia breaks, when 1t rapidly cools 1n the presence of
the profuse Very {ly an eryt rash
develops during the hot stage, when 1t most commonly appears as
a roscolar eruption As the attack develops, a shight ictenc tnge
appears 1 the skin and conjunctivae, but 13 more apparent 1n re-
current malanal attacks than in a primary paroxysm The eyes are
usually bright and alert even though conjunctival congestion pre
vails The pulse 1s rapid and of low tension mitially, but becomes
full and bounding as the fever stage develops

The blood pressure may fall to low levels at the beginming of an
attack, but 1n the ordinary sthemc type of malanal paroxysm it
approximates to normal values dunng the hot stage

Signs of a muld b hitss are Ithough the
persistent dry cough may be the result of 2 mld trachestss, 1 which
case no particular chest signs will be noted The tongue soon becomes
coated and the bowels may either be loose or constipated

The spleen undergoes progressive enlargement dunng an attack
but may not be palpable until after a senes of paroxysms have
occurred, nevertheless, some degree of splemc tenderness can
practically always be elicited on deep and steady palpatton 1n the
left hypochondnum, even 1n the absence of demonstrable spleno-

megaly
A

ds degree of h 1 Iy occurs, but even
though this feature may not be particularly noticeable, hepatic
tenderness 1s almost wmvarably present N

Labral herpes commonly develop early 1n an attack of acute
benign malana, but the mouth, face and ears may also be mvolved

During the cold stage the unne 1s pale 1 colour and of low speaific
gravity, but with the onset of the hot phase 1t becomes concentrated
and highly pigmented by reason of the high urobtlin content Febnle
alburmnuna 1s the rule, while 1a quartan nfections a true malanal
nephntis may supervene

The cytological and chemucal changes that take place n the blood
dunng an acute attack of malania have already been described
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COURSE OF THE DISEASE THE TEMPERATURE CHARTS
The *classical’” temperature chart m acute bemrgn malana 15
charactensed by a recurning senes of pyreual paroxysms consisting
of an abrupt nse, 2 sharp peak reachung 104° to 105° F, a steep
fall and a narrow base In the case of PI ynax and Pl ovale mfec-
tions, the febnle paroxysm recurs every third day, and in the case
of P! malariae wfections every fourth day Between the paroxysms
the temperature remains at normal or subnormal levels, and i the
absence of treatment a sharp recurnng pyrexial reaction will persist
with either a tectian or @ quartan penodicity over a peniod varying
from a few days to onc or two months

The **classical”® temperature 18 not always observed 1n benugn
malana Thus a quotidian type of fever may be encountered dunng
the first few days of the attack, to be followed later by a true tertian
or quartan perodicty  Sometimes the opposmite state of affairs
obtains The explanation Lies in the existence of two generations of
plasmodia developing in senies and 50 precipuating a quotidian feyer
‘The disappearance of onc generation in the course of an attack ot
1ts tendency to assert stself later 1n the attack will be the determining
factor 1 the uming of a true terhan or quartan penodiaty

The pyrewal paroxysm tends to occur with greatest frequency
between midnught and noon except in infections with PI orale, when
the nse of temperature takes piace 1n the late afterncon or at mght

UNTRIATED BENIGN MALARIA
and 15 apparently mamtained at an effective fevel 50 long as the plas-
modium persists as a subclimcal infection There 15, however, an
ever present tendency to relapse, espeaally in the presence of some
detalitating factor such as chufl, faugue, intercurrent disease and
50 on On the other hand, a relapse may occur 1n the absence of any
demonstrable precipitating cause

Chinically a relapse consists 12 a sharp febnle paroxysm which
presents all the features of a pnmary attack, although usually
10 Jesset degree The penodiaity, either terhian oF quartan, s mam-
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iyalgic pains which attan their greatest intensity in the lumbar
:gion
Vomiting sets 1n early 1n the attack and may be of such seventy
s to gwe rise ta great prostration and exhaustion
Delirium 18 common at the herght of the attack
The pyrexial phase 15 usually prolonged from 12 to 18 hours, but
he subdivision of the attack nto relatively short, sharply defined
old, hot and sweating stages 15 rarely observed The patient remains
1 a state of hot, dry pyrexia throughout the attack and enly obtains
elief from s dstress with the onsct of sweating As in the bemgn
orms, the sweating 1s profuse and 1s an essential prelude to a bref
pyreual period
Physical Features of the Attack The skin remains hot, dry and
yurming throughout the paroxysm, while the face looks flushed and
he eyes congested The patient 15 very obwiously acutely ill The
srostration which 1s usually associated with acute malignant malana
s always sharply accentuated by severe and persistent vomiting
dence 1 such circumstances the blood pressure remains low and
he pulse soft and rapd
NA fleeting exanthem may be observed at the onset of the attack
The »sually of the roseolar type, but 1n some very acute infections
tween m dm-may assume a purpuric character
e ise of te and sclerac show & shight but easly recogrsed ictenc
T in the attack, but this becomes more defined as the
i \tinue
me mea
ad1s appiver also becomes swollen and tender The unne, which 1s
um p:d n volume, 15 highly coloured, heawly charged with
preset and usually contans a trace of albumin
Plitatin
jou On COURSE OF THE DISEASE TEMPERATURE
cunes mn Pl faley n infection reveal an essen.
uChmuluoudmn penodicity in which the temperature nises less
Emu Iy than in the bemign forms The stage of pyrexia 1s more
welessee ted and 1s charactensed by the presence of remissions before
no

¥

2
M
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the final fall to normality In these circumstances a four hourly
temperature chart shows several sharp peaks i the course of a single
febrile paroxysm The apyrexial interval 1s bref However, 1t must
be emphasised that a wide range of temperatures 15 encountered 1n
acute malignant malana In some cases the temperature rises 1
a step ladder fashion as 1n the opemng phases of typhoid fever,
at other times an approxumately tertian penodicity 1s observed, or
the paroxysms may run into one another with the production of
a remuttent fever

It 15 therefore wiser to be without any ngid concept of the pyrexial
pattern in acute malignant malara

THE UNIREATED ATTACK OF MALIGNANT MALARIA

A study of the natural lustory of untreated (or imperfectly treated)
mahgnant malaria at once reveals 1ts potentialities for grave and
often rapidly fatal complications, and 1t 1s 1n this important respect
that acute mahgnant malaria differs so fundamentally from the
benign form The bological background to this differentsation 1s
0 be found 1n the sporulation of P/ faleiparum within the capillanes
of the internal organs such as the bramn, heart and adrenals, thereby
1nducing serious and even fatal structural or functional damage
It follows, therefore, that 1n the absence of treatment a heavy mnfec
ton with P! falciparum wall almost mevitably move rapidly to a
fatal termunation, probably within the space of 24 hours, certamly
within a few days

In less massive nfections 1n which the body 1s given time to
mobilise 1ts cellular and humoral defences, the temperature gradually
subsides after a week or two of daily paroxysms and an afebrile
penod lasting perhaps 10 to 14 days will ensue

From now on relapses occur, and although they may be milder
than the ongmnal attack 1t 1s always possible for the course of the
disease to be abruptly interrupted by fatal imvolvement of a wital
organ More often, however, the relapses grow less frequent and
less severe until after about 12 to 18 months they may disappear
altogether

PERNICIOUS FORMS OF ACUTE MALIGNANT MALARIA

It has already been mentioned that the intenstve sporulation of
P! falesparum within the capillanes of the mternal organs constitutes
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the main brological basts of the grave climcal varants encountered
n acute mahgnant malania. This phenomenon, peculiar to P
faletparum, leads to extensive capillary blockage which, together
with the associated toxaemia must necessanily have sertous chnscal
imphications when vital organs such as the bran, heart or adrenals
constitute the main focus of mfection

These grave or forms are most
amongst Europeans and espectally amongst non immunes such as
NeWCcomers or young chlldren 1n an area of endemic or hyperendermc
malana iz which P/ f the
species On the other hand Europeans who have already suffered
from malignant malama may succumb to one of the permcious
forms, either 1n the presence of a massive nfection or by reason
of efficient therapy A state of general debility induced by pre-
existing disease or malnutrition and the absence of a spleen will
still further pre-dispose the European patient to the grave forms
of mabgnant malana

As will be scen later, pernicious forms are rarely encountered in
the African, except n the case of African infants i whom cerebral
malania s a frequent cause of death

The clinical mamifestations of the pernrcious forms are many and
vaned, and on analysis 1t will usually be found that the climeal
pattern in any given case 1s determined by two primary factors —

1 The anatomxcal site of the massive internal sporulation and

2 Th toxaemua m with the
devtlopmcnlal cycle

C apart from h features, the
Ppatient 1s always acutely 1Ml in the permicious forms of acute mahignant
malana

It 1s undoubtedly the case that this type of malania may simulate
almost any acute febnle disease, whether medical or surgical hence
apart from being conversant with the commen clinteal vanants of
pernicious malana, 1t s highly smportant to exclude the disease
1n any acute febnle allness 10 which the diagnosts may be 1n doubt
This 15 especaally important an surgical practice

The permicious forms of mahgnant malana fall into farrly well
defined clinscal types, the main vanettes of which will be discussed
n  series
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ALGID FORMS
The dommant charcal feature 10 algrd malana s the overall state
of collapse, and as this 15 the one form of malana 1n which there
may be no nse of temperature, 1t must always be kept 1n mind 1f
a sertons diagnostic error 1s to be avoided
The pattent 1s pallid and collapsed with 2 thin thready pulse and
acold clammy skin The breathing 1 shallow and raptd and weakness
1§ extreme, while nausea and vomiting with cramps 1n the leg muscles
occur The p of the body surface 15 always
subnormal, but the rectal and oral temperature may be 1n the neigh
bourhood of 99° or 100° F
The chnical state 1s clearly a reflection of the ntense vasomotor
collapse which prevails and 1s thought to 1mply a massive infiltration
of the adrenal glands by sporulating plasmodia
A simlar chmeal picture results from a heavy 1nvasion of the
In these the falls and rest
lessness sets m Dull pain over the precordium 1s usnally complained
of, and on examination the heart sounds will be soft and remote
while some variety of arrhythnua may set 1n
The cardiovascular changes 1n algid malana may be compared
with those d 1 d m that the complex
may be conditioned by
1 Paresis of the penpheral vasomotor system, or
2 Durect mvolvement of the myocardium
‘Whatever the precise pathological basis of the algid state in malana
may be, the situation 1s an extremely dangerous one with a tendency
to fatally unless gnised p and treated ex
peditionsly

CEREBRAL FORMS (CEREBRAL MALARIA}

Cerebral malania constitutes one of the gravest forms of acute
malignant malarra It occurs most frequently 1n 1nfants and young
children, both African and andn
to any area m which P/ falciparum 1afections predominate

An attack 1s precipitated by the sudden massing of sporulating
plasmodia within the capillary vessels of the bram and meminges

The pathological reactions that occur n these circumstances
have already been described, and on the basis of these reactions
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the :hmm\ features of cerebral matana ™Y be gouptd in two
categor
The m:mngea\ form 11t whieh the snfection 13 :onc:nmmd

The encephalitic forms 1 which spom\au n OCCUTS manly
aithin the braie substances ather 102 focal of 19 a diffuse manner

1t must be appmcmsd, however hat cases presenting ewidence @

s\mu\mneous mvolv:ment of both the memnge and braint substance
are also et with, putasd ulen any gven ¢& exther the mcmug:a\
or the ¢ encephalitic element predommates

MEN‘NGE-\L FORMS

“These forms are not encoumcrc d very l'rcquem\y, ut when they do
oceur they present 2l the climeal features O of memn: ngeal yrntation

s
suffness of the neck muse cles wailt some degTee of head retraction
The temperatur® 1Y prachca\\y l\h:\ys cummuous\y mghs remain
°

een

On lumbar puncture a considerd able INCTEase 1 the pressure of the

Ct(:\‘:mspmal Aud wilt pe found put it 1% unusual 10 find ony
1 o

chermeat K ab alities Vc lly @ mild
pleocytosis y occur
Since the menngeal seaction 35 f an ncul: na u e accompa amed
by severe toxaerd, the t:ndency for fatal com: l mn rapidly
1n the absence of speedy a0 effectve therapy
ENCERMALITIC FORMS
Cercbral maland expresses sl with greatest frequency n one of
the :nccph:\\mc (om\ , but 1 wiew of 1be fortuitons dxstnh ution of
{he plasmo! odia W o the bra® substance & wide Tang of ¢b nical

ypes 1S encoun\er
General S) ndromes Wheno the pla smodia 1€ utnbuted Aiffusely
\hroughounhcb substance ©F wh nastate o(prol‘ou nd toxacmid
prevails, 3 arly W :\\-dcl‘m ed sym cptom complet & n consistng
essentially of an mgr.msccm comd

e patent ‘begomes Arowsys apathetic and non-coopcm\\:
e resents bein! g:v.\mmed ;mdusua“yh with hsey:sc\ osed, enher
because Of ¥ the e drowsiness or of P hcmphobm There 18
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a generalised slackness of the muscles with dimmution or loss of
reflexes

The temperature nses to 104° or 105° F , but rarely exceeds 106° F

As the attack develops a general restlesspess sets 1z often accom
pamed by the onset of jerky movements of the hmb and face muscles
In children convulsions frequently occur at this stage, either as an
1solated event or as a series of attacks

Mental confusion 1s now apparent as the patient lapses into a state
of Finally, pl loss of
follows, when the patient may be either delirious or 1n 2 deep coma

Muscle twitchings frequently persist into thus stage, with or without
generahised convulsions, and 1n the event of 2 spread of the mnfection
to the meminges, head retraction with spasm of the trunk muscles
may be supenimposed on the ongmal climcal prcture

As the attack moves swiftly to sts close, the twitchings and con-
vulsions cease, and a state of deep coma prevails At this stage
nothing can avert a fatal 1ssue The march of symptoms may take
place with alarming rapidity, so that a child taken 1l in the morning
may be dead by evening In fulminating cases of this type the attack
sets 1n with 2 violent 1 or series of ] to be

P

[P

fulminating cases of cerebral malana a delay of more than 12 hours
from the onset of the attack to the start of treatment will seriously
prejudice the pauent's chances of recovery

In other cases the hal, d 15 di d by a state
of cerebral excitation The degree of excitement varies from excted;
ceaseless talk to one of extreme restlessness and even mamz A
high temperature persists throughout the attack

In the absence of specific therapy, excitement gives way to coma
and death

2 Local Syndromes When plasmodsal mvasion of the bram
substance evolves as a focal rather thap a diffuse Jesion, a wide
range of local neurological syndromes may be encountered

These mclude fempleges, monoplegtas, apkasia, diplopa, Sg0S
of bulbar paralysts, Jacksoman epilepsy and so on On rare occasions
nvolvement of the spmal cord occurs with the production of para-

.
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a generalised slackness of the muscles with diminution or loss of
reflexes

The temperature nses to 104° or 105° F , but rarely exceeds 106° F

As the attack develops a general restlessness sets 1n, often accom
pamied by the onset of jerky movements of the imb and face muscles
In children convulsions frequently occur at thus stage, either as an
1solated event or as a senes of attacks

Mental confuston 15 now apparent as the patient lapses mto a state
of Finally, loss of
follows, when the patient may be either delinous or 1n a deep coma

Muscle twitchings frequently persist into thus stage, with or without
generahsed convulsions, and in the event of a spread of the infection
to the meninges, head retraction with spasm of the trunk muscles
may be supennmposed on the onginal clintcal picture

As the attack moves swiftly to 1its close, the twitchings and con-
vulstons cease, and a state of deep coma prevarls At this stage
nothing can avert a fatal 1ssue The march of symptoms may take
place with alarming rapidity, so that a child taken 1l 1n the morning
may be dead by evening In fulmunating cases of this type the attack
sets 1 with a violent convulsion or sertes of convulsions, to be
followed almost immediately by the onset of a deep and fatal coma

It 1s more usual, however, for the attack to evolve more gradually
over a pertod of 24 to 48 hours, but even 1n what may be called non
fulmnating cases of cerebral malana a delay of more than 12 hours
from the onset of the attack to the start of treatment will seriously
prejudice the patient’s chances of rccovcry

In other cases the hal 15 d by a state
of cerebral excitation The degree of excitement vanes from excted,
ceaseless talk to one of extreme restlessness and even mana. A
high temperature persists throughout the attack

In the absence of specific therapy, excitement gives way to coma
and death

2 Local Syndromes When plasmodial mvasion of the bramn
substance evolves as a focal rather thap a diffuse lesion, a wade
range of local )l d may be d

These 1nclude hemuplegia, monoplegias, aphasia, diplopia, sigas
of bulbar paralysss, Jacksonian epilepsy and so on On rare occasions
mvolvement of the spinal cord occurs with the production of para-

.
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rashes are only found in the presence of a profound malanal
toxacmia

In some cases, and for the same reason, profuse bleeding takes
place from the nose, mouth, gastro-intestinal tract, lungs or gemto-
urninary tract

3 CHRONIC MALARIA

In the presence of repeated or inadequately treated attacks of
malana a chimeal state 1s gradually evolved, to which the term
chromc malana 15 applied The penod of time required for the
production of this chromc state 1s necessanly a vanable quantity,
but even in the presence of constant reinfection a penod of about a
twelve-month will usvally elapse before chromaity may be said to
have established itself

The cond: wmplies the of the p n the
tissues of the human host not 1n a state of commensalism but as &
teue pathogen, whose activities have been modified by virtue of
prior of the h both 1n respect of its
humoral and cellular components In this way the climcal responses
to the plasmodial infection no longer assume the acute overtly febnile
character of a pnimary infection, but are **damped down®* to the
extent of giving nise to a complex syndrome which may be said to
represent the sum of a modified malana toxacmia and a progressive
malanat anaemia While the syndrome of chromc malana may be
summansed 1n terms of this apparently simple formula, its complex-
1ty 1s such that 1t has become a favourite climical serap-heap for condi-
tions difficult of accurate identfication

‘The basic eritena on which the diagnosis of chronic malana must
depend are dealt with later 1n the section on diagnosis, meanwhile
the main clinical features of the condition will be discussed

The climcal pattern vanes considerably in degree, hence the
following description may be smid to represent the findings i a
typical case of chromc malana 1n the European, but it must be
remembered that mild chinical vanants exst and may prove more
difficult of recogmuion

CLINICAL FEATURES
The salient feature of chrome malana 1s a state of general debility
which 1s characterised by persistent lassitude 1n both a physical
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and a psychological sense That 1s to say, the patient 1s always tired
so that lus capacuy for any sustained mental or physteal cﬁ”ort 15

he shows an
to shurk the daily rouune Then too the discovery that hc can no
longer nor ber things easily ad

effect on hus general outlook and gives rise to a wearness of the spint
and even a sense of hopeless frustration
15 and 15 fy 1 d by feelings

of nausea and even a tendency to vormt
immediately after a meal This feature 1s probably related to the
state of chrome catarthal gastntis which supervenes on the asso-
crated achlorhydna or hypochlorhydna The poor appetite leads
1n turn to loss of weight, so that 1n a well-established chrome malana
the patient 15 constantly underweight to the extent of emaciation
m the more severe cases Constipation 1s usual, but a spurnous
diarthoea may occur from time to tume, either by reason of the
defective gastric secretion or on account of recurrent mfections of
the vulnerable gastro-intestine

Headache 1s a frequent complamt and 1s often of maximal inteasity
1 the Jower occapital region It may also show a tendency to develop
at a more or less regular time each day, and 15 seldom relieved except
to a lmited extent by ordinary headache tablets, whereas anti-
malanal therapy 1s snvanably effective In some cases the headache
assumes the charactenistics of 2 hemicrama

A state of asthena 1s and 1s
by artenal hyp n with poor tone,
shortness of breath even on moderate exertion, and 1n some cases
hypostatic oedema may be found

with sut "

occur from time to

)
time, and may even show 2 rough penodicity

Apart from general dulling of the mental processes already men-
tioned, certain psychotic disorders may anse m p ly normal
1ndividuals A brnight, cheerful personality may give way to gencral
apathy and depression, which merges eventually snto a state of melan-
cholia There may even be attacks of disonentation or clouding of
consciousness after winch 1he panent may have no recolteenon of us
activities Allernatively curious aberrations of conduct may occur
1 which the patient becomes unexpectedly rmtable and unrehable
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Duning these phases he 1s often untruthful in 2 petty stupid way and
may abandon any sense of responsibility 1n regard to the execution
of tus routine duties

In some cases the p may beofa
character such as neuntis of a cranual or a penpheral nerve, e g,
the fifth cranal nerve or the sciatic nerve In such cases the neuntic
symptoms tend to appear and disappear in an wregularly periodic
manner

Finally, the granulomatous and sclerotic lestons which follow
m the wake of cerebral malania may be respoasible for a vanety of
chronic neurological syndromes ranging from disturbances of speech
to spastic paraplegia

PHYSICAL SIGNS

In a well-established case of chronic matana the patient looks tred
and thm, and may even have a cachectic appearance The skin and
sclerae show a distinct yellowash tinge which accentuates still more
tus sickly appearance

The spleen 1s usually palpable but the degree of enlargement
varies from case to case The spleen 1s not usuafly tender, but a
dragging pain or ache 1n the left hypochondnium 1s often enough
complained of, and can probably be explained 1a terms of a chrome

or chronic dh ‘The spleen 1n chronic

mahrm 1s always firm, even hard, and 1s casily traumatised

A moderate degree of hepatomegaly usually develops but no
textural changes occur

The blood pressure tends to be low 1n conformuty with the geaeral
vasomotor hypolensmn, whilst the cardiac tone 1s poor Penodic
attacks of are and 1 the
presence of severe anacnma hzemic murmurs are heard  The
haematological changes have already been discussed, but may be
summansed by saying anaemia of varying degree 1s encountered

The unne 15 usually highly coloured, largely on account of an
ncrease of urobilin excretion, whlst traces of albumin are common

When the p 1s taken a low
fever 1s the rule with penodic nises to 100° F or so, lasting only an
hour or two at the most. These penodic febnle reactions are usually
accompanied by sensations of cold ot an attack of sweatng, or by
exacerbation of the presenting cliucal feature
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Finally, in the case of chronic malana becomung established 1n
a European child from an early age, a state of infantilism may be
nduced

MALARIA IN THE AFRICAN

From infancy ouwards the African of the kraals 1s exposed to re-
The

peated d rate 1s ly hugh,
but those who survive gradually build up a considerable measur:
of immumity despite such debil g factors as , poly-

parasitism and general poverty
Except 1n very young children malana 15 therefore a relatively
muld disease 1n the Affican, so that chincally it may be grouped as
1 Acute malana,
2 Chrome malana
This groupng applies, whatever the causal parasite, which in any
given case can be determmed by blood smear examimation only
Very occastonally, 1n the case of P! faleiparum nfections, permicious
comphications occur, either on account of a massive infection or as
a sequel to depression of the premumity 1n the presence of general
debility

ACUTE MALARIA

This 1s predominantly a disease of infants and young children 1n
whom premumtion has not yet been established Consequently the
clinteal features are essenttally the same as those encountered m the
non mmune European and have already been described  Further-
more, 1 the case of P! f pernicious )
tions, mcluding cerebral malam, occur and account for a consider-
able proportion of deaths amongst Afnican infants

In older chuldren and adults living 1n an endemic ares, the gradual
acquisition of a relatne immumty to plasmodial mnfections becomes
evident 1n the chinical features of the malanal attack The nse of
temperature which heralds the onset of a paroxysm 1s seldom
accompanied by shivering, and the actual mise of temperature 15
less and of shorter duration than in the European Headache and
diffuse myalgic pains, though not severe, are common features of
an attack, but both vomiting and sweating are usually absent A
troublesome cough 1s not uncommon
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Compl are k m the immune Afncan
except 1n quartan malana, m which malanal nephrius not infre-
quently occurs

Very rarely an acute malanal attack 1s complicated by the onset
of cerebral malana, ot even blackwater fever

Finally, all cases, whether complicated or not, show a rapid
response to quimine or mepactine therapy, although spontaneous
recovery will usuatly take place 1n the absence of plasmoaidal drugs

CHRONIC MALARIA

In the majority of cases chrome malana exists 1n the Afnican without
giving nise to any significant features, even though plasmodia may
be present 1 blood smears

Thus the stigmata of 1fl health so well portrayed in the European
1n like circumstances are strkingly absent in the African

Splenomegaly 13 almost always present 1n chroric malana, but
vanes n degree In some cases the spleen cxtends almost to the
umbilicus whilst :n others 1t may be barely palpable It 1s hard but
not tender, although the presence of areas of penisplenitis 1s fre-
quently associated with a deagging ache or pain an the left hypo-
chondrium

A low grade conunuous pyreuia is sometimes observed, but 18
scldom sufficzently pronounced to mterfere with the patient s datly
routine

Finally, 1n fughly malanious areas, the blood deteriorates to a
greater or less depree, so that anaemia, usually in the form of a
moderate hypochromic type, becomes apparent Occasionally an
anaemua of the macrocytic type 15 encountered, but it may be diffi-
cult to ascribe this to malana alone The anaeruc state 1s usually
associated with anorexa and loss of weight, although nrever to the
same extent as in the European
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paroxysm, which may evolve through fauly sharply defined phases,
terminating 1n a drenchung sweat or, 1n the absence of such phases,
headache, vomuting and backache constitute the presenting clhinscal
features which, after some hours, are relieved by 2 heavy sweat

‘These features, together wath a tender and enlarging spleen,
constitute presumptive evidence of an acute malanal attack, and 1
the absence of laboratory factlities, would justfy a course of antt-
malanal therapy

‘Wherever possible the diagnosis should be confirmed by dicect
examination of blood smears for plasmodia By this means not only
15 the diagnosis confirmed, but the species of the infecting plasmodia
1s 1dentified, and 1f we accept the chimical claswfication of acute
malana into benign and malignant forms 1t 1s clear that species
wdentification 1s of more than ac;\demxc nterest It may be sad to
afford of d p value both 1 an im-
mediate and 1 a more remote sense

THE EXAMINATION OF BLOOD SMEARS

The preparatton and exammation of blood smears constitutes the
basic procedure tn the laboratory diagnosts of malania, but 1t must
never be forgotten that plasmodia will not always be demonstrable
m every casc of n:u(e malana

Wherever sp 1 freely 1n the blood
no difficulty will be expenienced 1n demonstrating the parasites, but
1n the presence of chemoprophylaxis with quinine or mepacrine or
when, as 1 the case of P! faletparian 1ofections, sporulation takes
place within the capillary system of the internal organs, parasites
m1y be extremely difficult to find 1 smear preparations, even dunng
a febnile paroxysm Consequently, to enhance the accuracy of smear
diagnosis 1n malania, & series of preparations should be made at
regular intervals, say, every two or four hours

With these limutations 1in mind the chntcian should never be
afraid to base his diagnosts of acute malana on an accurate assess
ment of the chncal findings and so avoid unnecessary and even
d; delay in the of vigorous th measures

PREPARATION OF THE BLOOD SWEARS
Blood for the preparation of smears 15 most convemently obtained
from the dorsal surface of the terminal phatanx of the thumb Just
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behind the nail The site 15 cleansed with spint and after drying 15
pricked with a sharp tnangular needle or with a trnangular splinter
of glass

To prepare a thin smear, a blob of blood 1s expressed and a clean
glass shde brought gently into contact wath 1t so that 2 portion
of the drop 1s transferred to one end of the side Tius shde 1s then
lad flat and held between the finger and thumb of the left hand
A second or spreader shide 1s brought nto contact with the drop of
blood 1 such 2 way that the blood spreads rapidly along the juncton
between the two shdes® The spreader shde, held at an angle of about
20°, 1s then pushed steadily and rapidly over the surface of the first
shde, thereby feaving belund a umform Iayer of blood The blood
film so formed 1s then dried 1n atr

A thin smear prepared 1n thus way should be a single cell layer
thick and should neither extend to the edges of the shde nor reach
1ts distal end

As soon 2s the smear has been prepared the patent’s pame or
snitials should be wntten 1n the blood at one end of the film, which,
1f 1t cannot be stained immediately, must be smtably protected against
flies, ants and cockroaches

Thuck films should always be prepared at the same time erther on
the same shde, but preferably on a separate one A large drop of
blood 1s placed on the centre of the glass shide, and usmg a stout

a3

. . ..
1t tends to flake off the shide duning drying So long as the hands ot
2 watch can be seen through the drying drop the density of the pre-
paration may be regarded as satisfactory It 15 then dned 1 air,
preferably under a petrt dish and duly labelled

FIXATION AND STAINING OF BLOOD FILMS

Thun Blood Films The Giemsa stamming techmque constitutes a re-
Lable and factory p dure 1n the of blood films
for plasmodia The films are fixed for tivo or three mutes 1 methyl
alcohol erther by tmmersion 1 a specially constructed trough or
by laying the glass stide film side upwards across two parallel glass
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rods {fixed on plasticine across a sink) and flooding 1t with the
fixative

Absolute or 965, alcohol may also be used, when a penod of
10 to 15 mnutes must be allowed for fixation

The fixative 15 draned off and the sl de dned 1n air. Thereafter
1t 15 flooded with Giemsa’s solutson which has been diluted 1n the
ratio of one drop of the stain to 1 0 e of buffer solution consisting
of 1 G potassium dihydrogen phosphatc and 2 G sodium phos-
phate (tnbasic) in 1,000 c¢ of distilled water Stauning 15 alloned
to continue for half to three-quarters of an hour, after which the shde
15 held horizontally and the stam floated off by flooding with tap
water The stained film 1s then rapidly dned in air or by placing
between clean blotung paper, and 1s then ready to be examined

Where rapid examunation of a blood film s necessary a more
concentrated form of Giemsa s stamn may be employed by mixing
one part of Gremsa’s with five parts of water and stamung from
five to ten minutes The stasn 1s washed off as described, and the
film dned on clean bloting paper

When Giemsa's stain 1s employed the nuclear chromatin of the
plasmodium appears a bright red with the cytoplasm staming blue
or pink The nucles of the white cells stam dark violet, the platelets
a light wiolet red, with the red cells a salmon pink colour

Thick Film Preparations Thick films are not fixed so that they may
be stained and dehaemoglobimzed simultaneously

After drying, the shde 13 placed on its edge 1n a trough contuning
Giemsa’s solution (diluted 1n the ratio of one drop of the stain to
1 0cc of buffer solution) and left standing for 30 minutes

The watery natute of the stameg solution tapidly releases the
haemoglobin 1n the preparation The shde 15 then dipped 1n a
beaker of tap water and gently moved to and fro to remove all
traces of stain Tinally, 1t1s dned m aur

Vanous staning techmques have becn evolved with the object
of obtaiming better contrasts i the stuned preparations with a
mimimum of distortion of leucocytes and protozea The most success-
ful of these techmques 15 undoubtedly Field s thick film method,
the details of which are as follows —
Preparanon of the Stain
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Two 1sotonte solutions are employed with a pH adjusted to 66

Solution (1)
Methylene blue 038G
Azure blue 005G
Disodium hydrogen phosphate (anhydrous) 50G
P dihyds phosph (anhy
drous) 625G
Distilled water 500 cc
Solution (2)
Eosin 10G
Disodum hydrogen phosphate (anyhdrous) 500G
P dib hosphate (anhy
drous) 625G
Distrlled water 500 cc

These solutions are allowed to stand for 24 hours and are then
filtered They keep for several weeks but may require filtering from
time to time to remove any scum or any sediment that might mter
fere with the staiming results The appearance of a greemsh tnge
1 the eosin solution 15 an mdwcation that it should be discarded

Technique and Staining

(1) Dup the film 1n Solution (1) for one second

(2) Rinse immedately 1n clear tap water until stain ceases to

flow from the film

(3) Dip in Solation (2) for one second

(4) Runse mn clear water

(5) Dram and dry by placing vertically agaiast a stamning rack
Considerable expenence 1s necessary for the accurate interpretation
of thick smear preparattons, whatever the staiping techrique may be
Tn the case of young trophozoites the ring stage 1s seldom preserved
but the cytoplasm stawns farly deeply except i P! falcparum
1nfections when the cytoplasm of the young rings may be very
difficult to discern The chromatn appears smaller and more
faintly stained than in Giemsa stamned thin film preparations

Schizonts are deeply stamned and therefore easily distngushed

although 1t 15 sometimes difficult to distinguish the larger forms
from gametocytes except i P/ faleiparum wnfections The chromatin
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15 not well defined but the cytoplasm stains deeply and the pigment
18 usually 1n evidence

Species differentiation 15 therefore & matter of some difficulty,
but a consideration of such features as the size and concentration
of the parasites, the texture and arrangement of the pigment, the
number of merozoites 1 the mature schizonts and so on, will assist
n species diagnosis It will usvally be found more profitable to
differentiate the species in thin rather than in thick smear prepara-
tions

CHRONIC MALARIA

From the clincal t malara 10 the Europ both n ats
latent and chronic forms commonly appears as an obscure llness
1m which a state of general debility possibly accompamed by spleno-
megaly consututes the presenting clinieal feature

In the case of the immune Aftican 2 chronic or latent mfection
13 usuafly devord of chinical features although a palpable spleen may
provide a clue to the malanal background While the patient’s
chinzeal history together with the knowledge that he resides in a
known malarious area will provide presumptive evidence of chronic
malaria, 1t 1s always desirable to obtain @ modicum of laboratory
support for the diagnosis otherwise there 1s 2 temptation to group
all manner of chromic 1lls 1n lhls category Unfortunately the scareity
of pl. diz 1n the penph renders 1t necessary to
have recourse to mdu-ect procedures n the laboratory diagnosis
of chronic or latent malana

HAEMATOLOGICAL FINDINGS
Y Thuek Blood Smear Preparations
Thick smears should always be studied on the grounds that 1t
may be possible to demonstrate either a trophozoste or perhaps 2
gametocyte

2 The Pigmented Leucocy te-

While the bulk of the malanal prgment 1s taken up by the macro-
Phages of the spleen, liver and bone marrow, o certain amount 18
someumes to be found mn the leucocytes of the penpheral blood
especaally in the large hyaline monocytes but sometimes m the
neutrophales
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The pigment appears 1n the form of coarse yellowish brown or
brownish black granulations and 1s more likely to be found 1 thick
smear preparations than in thun films The presence of this intra-
cellular pigment n the peripheral blood always means that the
patient 15 mfected with the malana parasite
3 The Dyferential i¥iite Cell Count

The behaviour of the white blood cells 1n malana has already
been discussed Wiule it cannot be claimed that an absolutely
specific haemogram obtams in chromc malania there are certain
findings which, when taken along with the clinical data, may be
said to provide presumptive evidence of the disease The total white
cell count usually falls within or just below the normal range, while
the p of to 15%, or over

Thus the positron may be summansed by saying that where chrome
or latent malana 15 suspected on clingeal grounds a lencopenta with
a relative monocytosis provides valuable support to the diagnosis
and would justify a course of ant: malanal therapy

SEROLOGICAL FINDINGS
1 Henry s Serological Test
Henry’s reaction 1s based on the assumption that flocculation of
melann or of iron albuminate will be brought about 1n the presence
of the serum ant: bodies that develop 1n response to malartal pig
ment
‘The reaction, however, 15 probably related to the increase n the
plasma euglobulin which flocculates 1n the presence of disulled water
Flocculation may also be mduced by lowermg the pH of the
plasma hence the reaction cannot be regarded as a specific scmlogxtal
test, but the lugh d of fl 1 pl d
supports thed. validity of the test in the Iabomtory
1nvestigation of the disease
The test 1s positive 1n the majonty of cases of acute and chrome
malarta and although a small percentage of positsves may be obtamned
1 non malanal d recent 1mp: m
appear to have reduced the margm of error to between 1 and 3%,
The chief value of the test ltes 1n the mnvestigation of chronic
or latent malarza, but 1t 1s clearly of little more than academuc mterest
1n acute malana
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Where a patient 15 suspected of suffering from chronic malana
but 1n whom no parasites can be found, a negative Henry's reaction
may be said to exclude the disease A positive reaction on the other
hand supports a diagnosis of malana

Melano floceulation In carrying out the melano-flocculation test
melanin 15 obtained by scraping the chorord from ox-eyes and
suspending the gelatmous matenal in two volumes of doubly-dis-
tlled water The suspension 1s ground 1n a mortar containing fine
sand and thereafter a little formaldehyde {1 1n 200 solution) 1s added
After filtration through loosely packed glass wool the filtrate 15
centnfuged for eight munutes at 4 000 revolutions and 1s then stored
under stenle conditions for a month n a refrigerator

The melarun 1s then standardised 1o a senes of dilutions to which
02 cc of test serum 1s added and after two and a quarter hours
ncubation at 37° C, a final reading 1s made after a further 15 minutes
at room temperature Only definite large floccules are regarded as
positive

Ferro-flocculation ‘The test consists 1n adding 0 2 cc of serum to
each of a senes of test tubes containing respectively 11n 450 methar
fer, 1 10 4 800 1ron albuminate, 1 1n 6,000 sron slbumunate with
doubly distilled water as the diluent 1n each case The control tubes
contain doubly distilled water, 1 1n 4 800 1ron albumumnate and 110
1,000 saline solution

‘The suspenstons are kept at 37° C for two and a half hours and
then at room temperature for another 30 munutes, after which they
are examined for flocculation

In a positine reaction large floccul are seen

Bolfl"s d; of Chorine s Techmgue The serum to be
tested 15 prepared by collecting 3 0 ¢c of venous blood which 1s
placed tn a dry centnifuge tube untl the c¢lot has formed and
Toosened 1t s then placed in a refrigerator overmght, after which
the serum 1s separated and if not clear it 1s centnfuged

A series of tubes 1s prepared each holding 1 0 cc of diluted buffer
mitures prepared from Baird & Tatlock s Universal BufTer Muxture
varying from pH 8 4 to 5 0n graduated steps of 8 04 Two drops
of test serum are then added to cach tube in the senes The tubes
are shaken and left standing for five tunutes before readings are
taken
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The reactions are recorded as opalescent, famnt cloudiness, cloud:-
ness, and marked cloudiness Normal sera rarely show more than
famt cloudiness at pH 7 0 and enly an opalescence at 7 4 Strongly
posittve malanal sera will show cloudiness or marked cloudiness
up to 8 0 or 8 4 or beyond, while weakly positive sera show cloudr
ness from 7 4

These results closely parallel those obtatned from the melano-
flocculatron test

2 THE ICTERUS INDEX
A small but significant rise 1 the scterus index beyond the normal
range of four to seven may lepd support to a diagnosis of chronte
or latent malana

URINARY FINDINGS
Urebdinuria An 1acrease 1 the urobiln content of the urine 1s a
charactenstic of acute malana, but 1t may also be found in latent
and chronc forms of the disease depending on the degree of haemo-
Iytic activity underlymg the non acute forms
The tests designed to detect the urobilin increase mefude
1 The Spectroscopic Test
Thus test has to be carred out on 2 fresh specimen of urine which
has been acidified with hydrochlonic acid In the presence of an
ncrease of urobilin a characteristic absorption band 1s seen at the
Junction of the blue and the green
Fresh normal urine falls to show any absorption bands
2 The Schlesinger Test
This constitutes a hughfy specific and reliable test for both urobia
1 h d

and 1ts ct b Its 1
m the presence of albumun which absorbs small amounts of the
pigment

The test consists 1n miung and then filtering 10 cc of urme with
the same volume of a well shaken suspension of 1035 zinc acetate
1n absolute alcohol

Equal portions of the filtrate are then transferred to narrow test-
tubes

A few drops of HCl are added to one test tube

Both tubes are then observed agamnst a black background with

lateral 1llummation
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A greenish fluorescence indicates a positive urobilin reaction

A shght blush tinge—the Tyndall phenomenon—should be
1gnored

Fiaally, by the additcon of N/10 1odiae (o each tube any urobiline-
gen present 15 converted into urobilin

STERNAL PUNCTURE

Whilst the of the blood an ntegral
part of the laboratory diagnosis of acute malana, the £xamination
of marrow smears obtamed by sternal puncture may provide a
valuable accessory procedure 1n the diagnosis of malama m the
chrome phase or modified by chemoprophylanis Using a sternal
puncture needle or a stout lumbar puncture needle, the sternum
1s punctured at the level of the second intercostal space at a pomt
which lses just below the angle of Lowss The skin over the centre of
the sternum ss anaesthetised The needle 1s insested vertically and
pressed firmly through the skin and subcutaneous tissue untl the
bony cortex of the sternum 15 encountered It 15 then forced imto
the bone by means of a to and fro rotatory movement or by gentle
tapping with a small mastoid mallet, and 1n due course a sudden
lessenung of resistance indicates that the necdle point has reached
cancellous tissuc The stilette 1s removed, and from 0 Scc to 1 Oce
of marrow fluid aspirated

The marrow flnd may be oxalated, centnifuged and examined
within 30 minutes, or preferably thick and thin smears are prepared
at once, and after drying are stamned by Gtemsa's or Field s tech-
Rique

Great care, patience and expenence are necessary in the accurate
terpretation of marrow smears on account of the multiplicity of
artefacts encountered These include distorted platelets Howell
Jolly bodies lying on a shadowy red corpuscle, basophilic red cells
or portions of disintegrated myelod cells The two features which
assist 1n the 1dentification of a plasmodium are malanal pigment
and a containung red cell

In acute febnle malana, marrow smears appear to have no parti-
culac advantage over penpheral blood as a means of diagnosts,
butanchronic of latent malaraa the chances of demonstratiag plas-
modu are undoubtedly greater tn thick marrow smears provided

15 fully t with the lties of




CHAPTER SiIX

DIFFERENTIAL DIAGNOSIS

ACUTE MALARIA

It has already been emphasised that acute malana may simulate
practically any acute febrle illness but in discussing the differential
diagnosts 1t 1s proposed to deal with the common fevers of the
Tropics only

A careful chimcal history, the lustory of exposure to infection and
the season of the year will provide clues to the possible malarial
character of the fever, and 1n the case of Europeans the exclusion
of malana 1s a primary necessity in all acute febnle states But since
the mutial phases of so many fevers have so much m common, it
may be exceedingly difficult, on chnical grounds alone, to establish
a diagnosis hence the importance of blood smear examnation in
all febnle alls

The following condittons ment careful consideration i the
differential diagnosis of acute malana

ACUTE PNEUMONIC CONDITIONS
In an acute pneumomc attack the onset 1s abrupt with an inttal
nigor, but there 1s usually pain in the side of the chest together with
a dry, restrained cough The breathing 15 rapid and a sticky blood
stamned sputum soon appears, while the physical signs of consolida
tion rapidly develop 1n the wake of an area of 1mpaired air entry
ENTERIC FEVERS
While an attack of enteric fever may set in with an abrupt febnle
reaction, there 1s more ly a steady nise of temp which
will be unaffected by quinne therapy Headache, drowsmess and a
gradual slowmg of the pulse soon dommate the climcal picture,
while tenderness 1o the night lower segment of the abdomen 1s
common, with a certain amount of perststent gurghng whea this
area 15 palpated The abdomnal reflex 1s absent
6
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Al thus early stage of the rliness, confirmation 1s obtatned by means

of blood culture
RELAPSING FEVER

Tt may be glmost impossible to distinguish between relapsing fever
and malaria at the onset of the first febnle paroxysm, but the flushed
face and congested eyes, together with the photophobia, are more
charactenstic of relapsing fever than malana However, the only
certamn means of establishing the diagnos:s 1s by blood smear exam-
inations during the pyrexial phase In relapsing fever sprronemata
will be found 1n the bloed

THE TYPHUS FEVERS
In the uck or mite borne types, 3 pnmary eschar wath regponal
tymphangitis and ademtis will indicate the probable nature of the
fever, whilst the intense headache, diffuse body pams and later
the chasacteristic rash will distinguish the attack from acute malana

TRYPANOSOMIASIS

In acute trypanosomiasis a pamless enlargement of the posterior
cervical glands (Winterbottom’s $ign) 1s a common and valuable
sign At the same tme a circinate erythematous eruption or the
appearance of localised oedemas of different parts of the body,
more espectally of the face, legs and feet, will constitute clmnical
evidence of the non-malanal character of the mfectton The diagnosis
will rest finally with the demonstration of trypanosomes 1n the
penpheral blood or sn the juxe from the entarged cervical glands

YELLOW FEVER

While abortive and incomplete attacks add to the compleuty of the
yellow fever syndrome, the salient features of a typical attach, include
the ramd onset of severe prostration, early and ncreasing albumin-
una with bradycardia and a gradually decpenmng icterus Violent
fluctuations 1 temperature, drenching sweats and splenomegaly
are ot encountered n yellow fever

THE DENGUE~—SAND-FLY FEVER GROUP

The imtal chincal picturs 1 ths group of fevers may Suggest
an acute malanial atrack, but the intense headache with pams
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the eyes, excruciating pains i the back and joints, and a bradycardia,
constitute important clincal clues to the virus nature of the infection
Further confirmation 1s obtaned from the blood which shows a
leucopenia with a relative lymphocytosis and an absence of malana
parasites

AMOEBIC HEPATITIS AND AMOEBIC ABSCESS

The exsstence of an amoebic hepatitis gives rise to pain and tenderness
over the liver which 1s usually enlarged The spleen, on the other
hand, 1s not palpable mn uncomphcated amocbic hepatiis Blood
reveal a 1

In amoebic abscess of the hver a more exaggerated chinical picture
1s obtained, together with heavy sweats, nigors, loss of weight and
emactation There 1s thus an even closer resemblance to acute
malanal attacks, but the presence of hepatic tenderness, the absence
of splenomegaly, raising of the night leaf of the diaphragm, with
possibly a right basal pleunsy, indicate the probable nature of the
1llpess At the same time the blood shows a neutrophilia, and the
recurrent nses of temperature fail to respond to quinine therapy

'HEAT HYPERPYREXIA

The acute symptom-complex assoctated with heat hyperpyrexia
18 mosl hkcly to be confused with cerebral malaria, hence the only
y consists 1 careful examination
of blood smears, both tluck and thin In the absence of laboratory
faciities the only logical procedure to adopt where the two condi-
tions cannot be differentiated with certainty, 15 to admumster 10
gramns of quimne (well diluted) intravenously

THE DIFFERENTIAL DIAGNOSIS OF THE PERNICIOUS FORMS OF ACUTE
MALIGNANT MALARIA

Since P! falciparum imfections are capable of giving nise to a masstve
1afection of practically any organ or tissue, 1t follows that a wide
range of grave febnle ders will be d, more especialt
1 the non immune European

The chmeal grouping of these p forms the
basis of any scheme of differential diagnosss, so that a detarled hist
of the acute febnle conditions with which malignant malana may

be confused becomes necessary
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1t 13, therefore, apparent that in the presence of any fulmmating
fever sn the Tropics, the excluston of acute malignant matania should
be regarded as an elementary step in the investigation of the pnmary
cause

This precaution 1s especially necessary in the presence of any
acute fever in which the presenting features indicate involvement
of the central nervous system, abdomen or cardio-vascular system,
nor must 5t be forgotten that malignant malana may assume an
afebnle algd form 1n which a state of grave collapse domminates the
chnscal picture So long as the practising physician and surgeon keeps
malana well in mind at all times, dangerous errors of diagnosts wall
e avorded when dcalmg with apparem cases of acute menmingitis,
otiis media, heath acute p
perforated peptic ulcer, haematemests, acute bacillary dysentery
and coronary thrombosis

It 35 clearly necessary to observe the greatest precision in the
dagnosis of each and every tropical fever and also in every <ase
of collapse for which no obvious cause can be found, if lives are to
be saved through the prompt and efficient use of the anti malanal
drugs

DIFFERENTIAL DIAGNOSIS OF CHRONIC MALARIA

In Africa the main tropical disorders with which chronsc malana
may be confused are

Bitharzasts,

Ankylostomasis

Kala azar
At the same ume any chronie debalitating disease accompanted by
splenomegaly may stmulate chrome malana, espectally when the
syndrome cvolves in relation to a malanal background For this
reason 1t may be necessary o pass m Teview a vaned range of dis
orders including levkaemua, lymphadenoma, splenic 2naemua,
acholunc jaundice, erythracrma, amyloid disease, syphihis, tuber-
A IR P -

. - . .. -
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BILHARZIASIS

In the chronic phase of both unmary and intestinal bilharziasss,
a nse of temperature occurs at irregular mtervals, while spleno-
megaly and hepatomegaly can usually be demonstrated

These findings, together with loss of weight and a state of general
debility, may be ascribed to chromic malana, but 1n hilharziasis
the charactenstic ova appear i the stool and unne samples
(although prolonged search of repeated specimens may be necessary),
and charactenstic bilharzial lesions will be demonstrable on cysto-
scopic examination of the bladder or on sigmordoscopic examination
of the lower bowel

The blood findings 1 chromc bilharziasis generally fail to reveal
any degree of p but a d titre wall
always be obtained with Farrley’s complement fixatron test

ANKYLOSTOMIASIS

In this disorder, loss of weight, lassitude and anaemma with ictenc
tinging of the skin may suggest chronic malana, but the absence of
splenomegaly suggests a non malaral background, and the presence
of hookworm ova 1n the stool will provide the diagnos:s, although
1t may not necessarly the full of the synd
n view of the with which poly 18

1n the tropics

KALA AZAR
This condition bears a very close resemblance to chromc malana
by reason of the intermittent pyrexia, anaema, splenomegaly and
cachexa, all of which the two diseases have 1n common
ly the d rests ull ly on the

of Lershman Donovan bodies 1n the jutce aspirated from the hver
or spleen or cultured from the perpheral blood Kala azar will fail
to respond to qumne therapy

Finally 1t may be stressed that when dealing with any chromc
syndrome for which no adequate explanation can be found, 1t 15
always worth while to investigate the pauent czu:i‘u]ly for enidence
of chronic malaria In this way a
syndrome, neuntis, especally a mono neuntis, tzch)cardms and
even certain psychoses may be found to have a malanal background,
the elmination of which clears up the complamt




CHAPTER SEVEN

PROGNOSIS AND TREATMENT

PROGNOSIS

The progrnosis i acute malana 1s determined by the species of the
infecting parasite, rapidity of di and efficiency of
but the outcome of a given attack will also be influenced by such
factors as the age, race and state of health of the individual

Acute malaria 15 always a dangerous disease in nfants and young
children, whether European of African Ths 15 especially true of
childhood attacks of acute malignant malana, which 1s prone to
merge suddenly into a cercbral attack

0n the other hand the mortality rate from malana amongst the
adult Aftican population living in an endemuc area is enterely negliy
able But in the presence of debilitating conditions such as ankylo-
stomuasis, bilh: syphilis, and so
on, acute malana becomes a more senious disease with 2 correspond
1ngly higher death rate m all population groups

With these vanous conditions in mmd 1t may be claimed that acute
benign malania (as the name 1mphies) has i the man 2 good prog
nosss, even though exceptions to the rule can be quoted On the
other hand the bemgn forms show a high relapse rate

Tnacute malignant matana the danger Lies 1n the onsct of permicious
forms such as algid or cerebral malara which render the outlook
graye i the extreme Frmally, in the presence of repeated anfections
with Pl falciparum there 13 an iaherent nsk of blackwater fever
and with 1t an entirely new sct of adverse prognostic factors

With chronic malaria the danger to Lfe fests not so much with
the malanal infection as such, but with a state of enhanced suscept
ity to such as bronchor and
bacillary dysentery which tend to termunate fatally

But both the ansemra and cacheua which charactense chronic
malana in Europeans will usually tespond well to routine treatment

M3
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with rron and vitamins once the plasmodial mnfection has been
ehminated
TREATMENT
GENERAL MANAGEMENT

Dunng an acute attack of malana the patient should be put to
bed and b d until the p has been
normal (or more likely subnormal) for a matter of three or four
days A mosquito net should always be used from just before sun-
down until the following morming

For the immediate relief of symptoms a tepid (80° F) sponge-
down of the entire body will have a soothing and refreshing effect
and at the same time a tonsc effect on the vasomotor system Spong-

1ng will also be necessary at the termination of the sweating stage
R ~ tamempsnt ra af INAS T
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1t there until speaific drug therapy becomes effective

For the headache, myalgic pamns and general malaise a simple
diaphoretic mixture or a combination of five grains of aspirin and
five grains of Dover’s powder will usually give adequate relief and
may be repeated after an imterval of four to six hours

Restlessness at mght and 1nability to sleep can usually be counter-
acted by a sumple barbiturate, 2 bromide mixture or even 15 gramns
of Dover’s powder Very occasionally severe pain 1 the splemc
region may necessitate 2 gr 1/6 ot gr 1/4 of morphine to ensure a
good nght’s rest at the onset of the attack

Nausea and vomuting wall usually respond to wvigorous anti-
malarial therapy, but where this has been delayed or has been -
effective an 1ntravenous dnp saline becomes necessary to offset

dangerous dehydration

1L e ar A mnla

acute attack of malana

Since the febrile phase i malana 1s of short duration the dict
should be restricted to fluds smtially Each feed should consist of
510 6 0z of flurd admmstered every two hours Fruit ywices are well
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tolerated when sweetened with glucose, and have a greatly enhanced
food value Other fluids melude ertrated milk (two grains of sodium
citrate to the oz.), barley water flasoured with orange'ot ITemon jurce,
weak tea or clear soup Jelhies and custards may be mncluded 1n the
dictary of desired Barley sugar should be kept by the bedside and
taken at any time, while a frec intake of plain water should be en-
couraged

SPECIFIC DRUG THERAPY
THE PLASMOCIDAL DRUGS
1 QUININE

Cinchona bark, from which quimine 1s obtained, reached Europe
from Peru tn 1640, whence 1t was brought by the wife of the Spamsh
Viceroy of Peru, the Countess Cinchon It 1s popularly held though
not necessanly historically correct, that the Countess had been
rapidly cured of a fever by means of the powdered bark of what
came to be known as the Cinchona tree

The crude bark continued 1n use in Europe until early in the 19th
century when Gomez of Portugal isolated a substance he termed
cinchonine (1810 sef 1815) Ten years later cinchonine was shown
by the French chemusts Pelletier and Caventou to be made up of
o alkalords which they named quimne and anchomne Upwards
ofa score of alkaloids have been ssolated from cmchona bark since
then, and although some of them, ¢g, qumding, have been
shown to be actively plasmocidal they have all been set aside
favour of the crystallizable alkaloid quinine by reason of ther
greater toxicity or (¢ g, cinchomdine) lack of therapeutic efficiency

The cinchona alkaloids are denved from the bark of the Cinchona
tree, onginally indigenous to Western South Amenca, but subse-
Quently brought to Ceylon and Java which became the major source
of the world’s quinine supplies Of the vanous speaies of Cinchona,
C suecirubra and € cahsayu are extensnely culuvated 1 India
where they constitute the main sources of quinine, even though the
yreld s small (1 5103 59} In Java, on the other hand, the domaant
species 1s the more deheate € ledgertana with a quimine yield of
310 8°; or more This species 1s commonly grafted on to C sucar-
subra, thereby ensuring a hardy plant and a hugh yield of alkaloid
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Smce the base (quinine alkalowd) 1s msoluble, qunie 15 usually
admimstered 1a the form of a soluble salt The salts most commonly
employed ncllde (1) the sulphate and the hydrochlonde, both of
which have one molecule equivalent of actd and give an almost
neutral solution but are not very soluble, and (2) the bisulphate and
the bihydrochloride with two acid 1 a hugh solubihity with
a resultant strongly acid solution due to the Liberation of free sul
phurtc or hydrochlonic acid by hydrolysis, and (3) the dshydro
‘bromide and the ethyl carbonate of quiine

For cconomuc reasons extracts contaimng the combined atkalowds
of cinchona bark have been employed at different times They have
been prepared from barks with 2 low quinme yield, e g , € succirubra
Thus quinetum was prepared from C succirubra 1n India, and later
*‘cinchona febrifuge™ was evolved from the restdual alkaloids after
extraction of quimne Smnce the actual qunme content of these
total alkalord preparations vanied widely, the League of Nattons
Malana C ) d the use of a dardised product
termed *‘Totaqum™’ in those countnes manufactunng *‘cinchona
febnfuge ** It was laid down that Totaqun must contamn at least
70% crystallizable alkaloids, of which at least one fifth must be
quumne  Amorphous alkaloids must not exceed 20%, while mineral
substances and water were hmited to 5% It 15 obvious, however,
that these crude preparations contain a high percentage of inert
matenal, thereby impanng the therapentic efficiency of the active
components

THERAPEUTIC ACTION

It 1s probable that the therapeutic value of quinmne 1n malara is
due to its plasmocidal property rather than to any ndirect action 1t
may have on the immunty mechamsm of the body

This view recetves support from the rapidity with which quinine
acts 1n acute malana, esp ly when lar};
or mtravenously Agmn, both under expenmental conditions
1n the ape and 1n naturally occurnng infections i man, the plas-
mocidal action of quimne 1s 1n no way impaired by the absence of
a spleen, which constitutes an integral part of the immumty mechan
1sm m malanal mfections

Unlike undsfferentiated protoplasm, the malaria parasite shows
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n s to qumuae The sexual
forms are unaffected by ordinary therapeutic doses of the drug
while the available evidence suggests that the exo-erythrocytic forms
of the parasite ar¢ also immune Hence the therapeutic value of
qutrune 1n malana lies in sts powerful action on the merozotes as
they crrculate as free bodies in the plasma, and on the developing
schizonts withsn the red corpuscles

Quinine 15 rapidly absorbed and can be demonstrated n the
vrine withia 15 minutes of beng taken by mouth The excretion rate
18 3 vaniable quantity, but about a third of that absorbed appears
in the urine, with traces in the faeces, sativa and milk Just under
two-thirds 1s destroyed 1n the tissues About two-thirds of the quimne
absorbed 13 excreted 1 the first 12 hours, and most of the remainder
within the next 24 hours The amount and rate of excretion is roughty
the same whether the qumine 1s given orally, intramuscularly or
mtravenously The rapidity with which quinine 1s evereted or des-
troyed 1n the tissues necessitates using large doses fairly frequently
il an efficient concentration of the drug 1s to be muntaned w the
blood stream

Methods of Admimstranion Quinine salts may be administered
orally, intramuscularly or sntravenously

ORAL ADMINISTRATION

Quirune 15 given by the mouth whenever the clincal state permts

Although administered erther 1n solutton or in tablet form 1t ss

always more efficacious and therefore preferable to prescnbe quimne

1n a mixture in the treatment of malana The sulphate of quimine

15 entirely* suitable for the purpose, and there 1s no advantage tn
g either the bih: or on the ground

of therr greater solubnl:ty The tulpha(c 15 mdnly broughl mto solu
fan hy eha -2 e

ruxture of quinine

Quinine sulphate 10 grains.
Diute sutphunc acid B P 10 mimms
Syrup of gieger q1

Cinnamon water, to hatf an ounce
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or
Quinine sulphate 10 grains
Citric acid 30 grans
Syrup of ginger q.5

Cinnamon water, to half an ounce

Given as a mixture the quinune 1s rapidly and completely absorbed
with speedy control of the malanal paroxysms (dilute hydrobromic
acid 1s sometimes added to the formulae (1 muum to 1 grain) with
the object of reducing tinmtus), whereas tablets may fail to dis
integrate and may traverse the mtestinal tract unchanged When
tablets have been stored for any length of time they must be examined
periodically to ascertan their capacity for dismtegration in the
gastro intestine To this end a tablet should be placed m a glass
of lukewarm water and should begin to disintegrate within a few
muautes Complete solution s not necessary but farlure to disttegrate
at all after an hour or so means that the tablet will almost certainly
pass unabsorbed through the intestine

INTRAMUSCULAR ADMINISTRATION

In the treatment of acute malarna, especially acute mahgnant malana,
s fi Iy necessary to quinine by the mtramuscular
route 1n order to obtain speedy and effective control of the mfection
Neglect of this procedure may senously jeopardise the prognosis

The mam indications for the employment of qunmne mntra
muscularly are as follows —
Persistent and violent vomiting
A heavy infection of the penpheral blood 1 P! faleparum
fections,
The presence of permcions forms of acute malignant malara
or 2 clinically severe attack whatever the species of the infecting
plasmodium,
Wherever there 1s reason to suspect ineffective absorption of
quinine admustered orally,
Whenever an attack of malania compheates the puerperium
the post operative state or any illness such as pneumomua which
has already grven mise $o 2 state of debility

It should be emphasised, however, that it 1s only necessary to
utilise the 1ntramuscular route as a means of bringing the malarial

w N
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attack under control so that 1n the majonty of cases 1t should never
be necessary to admumster more than two or at most three mntra-
muscular injections, after which treatment may be continued and
completed by means of quinine given orally

The dose gven intramuscularly 1s usually 10 grains of quinine
bihydrochlonide dissolved 1n 1 Qe to 2 0 cc of stenle water, and
1t should be remembered that a certain amount of pam 1s expen
enced locally duning the ipjection but the pma does not radiate and
does not persist The site usually selected for the njection 3s the
upper outer quadrant of the buttock 1n order to avoud injury to the
sciatic nerve fibres Once the injection has been given the sie 1s
gently massaged to disperse the solution and so avoid extensive
muscle necrosis

It 1s obvious, therefore, that the mtramuscular administration of
quinine 13 not without danger Some necrosis of muscle tissue 1s
always caused by quinine and should nfection of the necrosed tissue
set In, abscess with extensive and a
spell of amvalidism will result Gas gangrene, tetanus and general
septicaemia have also been hsted as comphicatrons of intramuscular
quining, but the incidence of such major disasters must be extremely
low A more common 1s the gradual ofa
small indurated nodule at the injection site whuch may last for years
and may give rise to a certan amount of local discomfort or even
pan from time to ime It has somctimes been found necessary to
excise the nodule 1n later years

Finally, the injection of quinine 1nto or near the stratic nene
has been responsible for paralysis of the ham strings and all the
muscles below the knee with foot drop and nability to flex the knee

But these potential dangers fade 1nto insignificance when a
maximum of care 15 exeraised in the mamtenance of a stnctly stenle
technique and 1n the selection of the site for injection

Thus sntramuscular quimine therapy consuitutes an important
therapeutic weapon tn the teeatment of acute malana

INTRAVENOUS ADMINISTRATION
Intravenous quinine therapy 1s usually reserved for the permcions
vancues of acute mabgnant malana where the urgency of the chinical
features demands rapid and immediate control of the iafection.
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Ths 1s especrally the case in cerebral malania 1n which the transttion
to a state of fatal coma may occur with alarmung speed

It cannot be said, however, that mtravenous quimine 1s desirable
1n all the pernucious forms of mahignant malaria In abdominal and
1n algid malana, for example, the degree of vasomotor collapse 15
such that any further d caused by quinne
therapy 1s more than likely to bring about fatal syncope

In such cases (as will be seen later) st 1s more profitable to give
an intravenous glucose saline to which 10 grains of quinme have
been added while at the same time 10 grains have been given intra
musculasly

‘When admimistered intravenously the bihydrochlonde of quinine
15 employed 1n a dose {for an adult) of 10 grains dissolved mn 20 cc
of stenle water or 5% glucose saline The injection 1s given very
slowly to obviate an abrupt fall 1n blood pressure

‘When properly admuinstered the injection s painless and n favour
able circumstances a satisfactory clinical response 1s obtatned But
1t must never be forgotten that a rapid flooding of the circulation
with qunine 1s capable of precipitating a fatal collapse There 15
too the added danger that an over rapid destruction of parasites
may mduce a modified Herxhermer reaction

However, the dangers inherent 1n the intravenous administratton
of quinine are Iargcly offset by a carcful assessment of the climical

d with to the details

of techmque Once it 15 obvious that an attack 1s coming under
control oral therapy should be started

TOXIC EFFECTS OF QUININE
The admumstration of quumine 1 therapeutic doses gives rise to a
mld plex known as h with deafness and
buzzing or ninging 1n the ears as the main presenting features These
symptoms usually appear dunmng the early stages of quimne medica
tion, but are 'y 1t ¢h 1 that they with the
cessation of treatment, and may be said to constitute a useful chmical
1ndex of qumne absorption
Qther side effects of a more troublesome nature include nauses,
2 feeling of d tremor or palp while the p
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of quimne int ly may result in an abrupt

fall 1 the blood pressure with the nisk of fatal collapse

In the ordinary way, however, the features of ainchomsm do not
necessitate suspendiag quuame therapy Over and abose these
charactenstic side effects some patients exhubit a hyper sensitivity
to quimne which may express itself in a vanety of ways

1 Cutaneous eruptions These vary from a diffuse erythema or
scarlatiiform eruption to an urbicara which may vesiculate In
some cases a true allergic eczema develops with extensie oedema
of the dermss In such cases the chnical picture bears a close resemb-
lance to exfoliative dermatitts

2 Localised oedemas may develop in relation to the mucous
membranes of the nasopharynx, oral cavity or the bronchial and
almentary tracts, causing acute synd
with pulmonary oedema or violent attacks of vomiting or purging
accomparnued by cardio-vascular collapse

3 Pwpuric haemorrhages may develop n relation to the shin
©or mucous membranes, causing a purpunc ctuption which may
attain the sevenity of a purpura h or may be
nsed by mtractable haemorrhage from the nose, mouth, bowel or
unnary tract

4 Visual distwrbances Retinal damage leading to amautosis may
be caused by qumine, but 15 a relatively rare complication The
Testons tn the retima develop abruptly, are bilateral and are character
15ed by rapid shnnkage of the visual fields, culnunating 1 complete
blindness This compheation 1s liable to be follow cd by optic atrophy

5 Permanent deafness This 1s a rare but possible compheatron
when massive doses of quinine are being grven over an unnecessanly
long penod of time

ANTIDOTES TO CINCHONISM

Itis claimed that the toxic effects of quinine can be Jessened by means
of peptenc orally 1n 7§ gram doscs grven 30 minutes before each dose
of quinine Potassium bromide, caffeine and adrenalin have also been
secommended

1115 now possible, however,20 make use of alternatve plasmocidal
drugs 1n the presence of quining intoxication or allergy
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2 MEPACRINE (ATEBRIN)

Mepacrine ‘sa synthetic acndine derivative with plasmoadal pro
perties It was produced n 1930 by Kikuth and his collaborators,
Mietzsch and Mauss, at the 1 G Farberundustrie, Elberfeld, where
1t was found to exert a powerful plasmoctdal effect on the parasites
of bird malana Shortly afterwards its therapeutic efficacy m all
types of human malana was established and confirmed by workers
1 all parts of the Tropics

The drug 1s a bright yellow crystalline powder with 2 btter taste
and spanngly soluble in water, giving a neutral fluorescent solution
Its lable for oral ad n tablet form, each tablet
contamming 0 1 G (1} grams) of the drug A soluble form of the
drug known as mepacrme methane-sulphonate (BP) (Atebnn

(Bayer), Q soluble (Phar 1 1

1s suitable for parenteral therapy, and may be given either intra
muscularly or, 1n very urgent cases, intravenously

Mepacrine methane sulphonate 1s a yellow crystaline powder
soluble 1 1n 3 m water Itis put up in ampoules contamning
0 375G of the drug and 1s equvalent to 0 3 G of mepacnine hydro
chlonde Before admunistration the powder 15 dissolved 1 50 cc
of stenle distilled water and injected immediately

Mepacnne 15 rapidly absorbed, whether given orally or intra
muscularly, and 1s excreted very slowly, unchanged in the unne
It appears 1n the unine about the second day, and persists for two
or three weeks after cessation of treatment It 1s beheved that 2
certamn amount of the drug 1s excreted 1n the bile, but 1s subsequently
reabsorbed, thereby prolonging sts therapentic action

THERAPEUTIC ACTION
Mepacrine exerts a powerful plasmocidal action on the asexual
forms of all the malaria parasites It has been shown mucroscopically

that )f and fi of the pl dral cytop
oceurs, followed by d of the and plet
disappeatance of the pigment

While 1t 15 probable that these changes represent a direct para-
sitrcrdal effect, 1t does not entirely preclude the possibility of the
enhanced action of indirect biological factors
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Mepacrine, how ever, has little or no value as 3 gametoaide, espear-
ally 10 respect of the crescent forms of P fakiparum Nor does it
appear to have any destructive influence on the exo-erythrocytic
forms of PI vivax as revealed by the relapse rate after treatment
and the development of an overt attack ol‘ berugn mal;m within
2 few weeks of

PP 2

Methods of Admimstration Mep:\cﬂnc may be given (1) onally

1n the form of or (2) larly or
as methane sulph

ORAL ADMINISTRATION

When d orally mep hydrochk 18 given in tablet
form, cach tablet contarning 0 1 G (11 grains) The dose should be
taken with plenty of fluid and smmediately after food if meals are
bangtaken In the case of adults and older chuildren the tablet shoutd
always be swallowed whole in view of its intensely btter taste,
but with very young children it may be necessary to crush the tablet
and give st m mulk or concealed in & spoonful of jelly The average
datly dose foran adultis 0 3 G, butin the case of very heavy patients
weighing 12 to 13 stones or over, the daily dose shou!d be increased
004G

In the case of cluldren the following duly dosage scheme s
recommended

Up to one year 005G (re, half a tablet)
One to four years o1 G
Five to esght years 002G
Oner aight years 003G

PARINTIRAL ADMINISTRATION
‘The circumstances which justify and necessitate using quinine esther
of n thing an gcute malanat
attack will also necessitate parenteral mcpamnc therapy when that
drug 1s beng used solely 1n the treatment of an attack
Thus of mep are given in the
presence of f vomitng, ns, & heavy plase
modiat mfecnon of the p:nrhml blood nnd so on In the case of
adults 0-36 G of mepacnae methane-sulphonate dissolved 1n 5 cc
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of stenile distilled water 1s 1njected 1nto the gluteal region and the
dose repeated 1 12 hours If the clinical state permts the treatment
course 1s then completed orally over a period of five days

The intramuscular dosage scheme for children 1s as follows

Up to four years 01G
From five to eight years 02G
Over eight years 03G

The 1ndications for intravenous mepacrine therapy are the same as
those listed for mtravenous qumme, but there 1s a fairly general
(though not necessanly Jogical) tendency to use quinine intravenously
rather than mepacrine when faced with urgent and dangerous perm
<10us symptoms

‘While the intravenous dose of mepacrine methane sulphonate 15
grven as 0 3 G for the adult, 1t 1s probably safer touse 02 G and
give 0 15 G ntramuscularly at the same time  As 1 all forms of
ntravenous therapy the injection must be given slowly and may be
combrned with 0 5 cc of 11n 1,000 solution of adrenalin Although
a temporary fall 1 blood pressure has been noted both 1 man and
m ammals dunng the of
senous collapse has seldom been observed and so far as can be
ascertained climically, mepacnine does not affect the myocardim
adversely

TOXIC AND SIDE EFFECTS OF MEPACRINE
1 Gastro-mtestinal Upsets When taken orally mepacrine may
give mise to a certain amount of epigastnic discomfort with nausea
and possibly vormting The vomiting may be persistent enough to
necessttate abandomng oral 1n favour of paremera[ thempy
Abd, 1 cramps are when
the bowel 1s constipated They usually disappear after adequate
evacuation of the bowel
Severe abdomnal pamn was a frequent occurrence when it was
ry to ad and p 1
In a few cases muld diarrhoea persists throughout the course of
mepacrine therapy
9 Headaches an

dds In a few dache and
gddiness constitute unpleasant features of a treatment course
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3 Psychological b ‘These disturb which fortun
ately are not common amongst the Luropean races range from a
state of mild cerebral excitement with msomma of hvely dreams to
a true toxc psychosis which usually assumes the charactenstics of
an acute confustonal snsanity of the mamacal type

‘The patient 1§ restless and sleepless talks incessantly ina rambling
mcoherent manner exhibiung a wild flight of ideas and teads to
shout and scream and may even become violent when restrained
in any way

Fortunately, the psychosis 15 usually of a temporary nature, but
1t may be many months before mental stability is regained Indeed
temporary fi ts not tnft ly necessary

It appears that certain Far Eastern racal groups are especially
prone to mepacrine psychosis but there can be no question of the
European races enjoying complete smmunity from this alarming
toxic effect

Apart from temporary mental derangement transient epileptiform
convulsions have also been deseribed 1n Tamils

4 Yellow Stauning of the Skm Yellow coloum:cn of the shin s
a frequent whether
therapeutic o prophylactic nm stumng appears dunng or soon
after a treatment course and 15 due to deposition of the acndine
pgment ta the derrms 1t persists for three ot four weeks of morte

The stumng 1s usually most pronounced over the front of the
chest and abdomen but 13 not associated esther with imtation or
photosensiivity Starming of the selera 18 also found

3 PAMAQUIN

Pamaquin 1s & synthetic qunoline compound prepared 1n 1924 by
Schuleman Schonhofer and Wingler and ongmally known as
plasmogquine Jts plasmocidal efficacy tn avian malana was demon
strated by Rohlin 1926 and soon afterwards the drug was introduced
wnto the treatment of human matana

Pamaquin 13 a pale yellow granular powder msoluble in water
but readily soluble i alcohol

THERAPELTIC ACTION
It dmm)x the asemal forms of P! visax and P! molarice butys a2
poor sch m Pl f On the other hand
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s an actne de 1 all types of nfection with a
hughly selective action on the crescent forms of P! falciparum
It can be shown mucroscopically that i the presence of pamaquin
the crescents become 1rregular in outhine and then rapidly disinte-
grate, leaving a deposit of granular pigment

While the drug may be employed 1n the treatment of an attack
of acute benign malaria, 1t 1s valueless i acute malignant malana
In the current therapeutics of malana, therefore, pamaquin 1s em-
ployed 1n a supplementary sense after the acute attack has been
controlled by means of qunme or mepacrine Its mam value hes 1n
1ts gametocidal properties which render the convalescent patient
non-infective to mosquitoes, and 1n 1ts capacity for reducing the
relapse rate 1n acute berugn malana

METHODS OF ADMINISTRATION
While may be dp Ily, the oral route 15
the only one that need be considered Only mn very exceptionat
will the lar route be necessary, while

ntravenous therapy 1s both useless and dangerous

The drug 1s given 1n the form of small tablets of 0 01 G and 15
best gven immediately after a meal When given concurrently with
mepacnne the toxic effects of both drvgs are sharply enhanced,
and attacks of severe abdommal colic are commen

When given as a follow up to quimne or mepacrine therapy, the
usual dosage scheme for pamaquim 1s 0 01 G thnce daily for five
days

T0XIC EFFECTS

Pamaquin therapy 1s complicated by the narrow margn that exists
between the therapeutic and the toxic dose, hence when first used 1n
the treatment of malarta toxic symptoms were of frequent occurrence
on account of the heavier doses employed at that ime

On the other hand toxic effects may be induced by extremely small
doses of the drug, but usually when treatment has extended over a
penod of six to mne days

The chief toxic effects that may arise dunng pamaquin therapy
are as follows

1 Abdominal pan 1n the form of dvll persistent ache m the
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epigastriem The underlying causeis probably astate cfpylorospasm,

but whatever the caus:. the patn 1s rendered very acute by admimister-

1ng ly (a2 procedure no longer followed)
2 Cyanosls Cyanosis, especially of the lips, ears and finper nals,

tends ¢o occur 1a susceptible patients or whenever heavy doses are

betng employed
The ph

Is by the
of mett lobin, thereby imy frec of the red
cells, so that when the attack 1s at its height the affected areas may
ook almost black Dyspnoca 1s not a feature of the aftack but a
state of weakness together with & severe headache dominates the
chimeal pcture

3 Cardiae Arrhythma Temporary disturbances m the cardiac
thythm may ansc in the course of pamaqun treatment

4 [aemolytic Anaerua with Methaemoglobinuria /\ severe form
of anaerma has been d bed 1 highly , and
13 usually P d by In such circum-
stances the condition 1s Liable to be confused with blackwater fever
Cases which termanate fatally show an acute yellow atrophy of the
liver

4 PALUDRINE®

The discovery of pamagma and mepacnine was followed by an ex

tensuve study of the qu noline and acndiee nucler but no significant
advances have been made on the onginal discoveries More recently,
therefore, attention was directed 1o other hetero-cyclic ning systems.
and for a vanety of reasons the pynmidine nucleus was chosen asa
new basisin the search for a potent and easily prepared plasmocidat
drug. The chenustry of its ning structure had already been well
studsed in relation to sulphapynimudine, and 1t had the added advant

ape that its molecular structure lent atself to the introduction of
chemical groupings of known anti malanal properties  Closely
linked with these chemical studies was the problem of a biological
test of suffictent sensitivity to detect traces of anti malanal activty
tn any gmven compound, and after careful comparative study 1t
was deaided that P! gallinaceum anfection in chicks prowided a

satsfactory means of detecting these important lesser degrees of
*Sce abw addendum on page 104
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plasmocidal activity By means of thus biological test a moderate
degree of plasmocidal activity was detected when a dialkylamunoal-
kylamino side-change was added to the pynmidme nucleus (Com-
pound 2666), but when tested agamst human malana, the drug was
chnically unsuccessful

Thus snsnial discovery was followed up by a close study of the

of the 2666 and the 1 was reached that
a central rng system 1s not essential to antt malanal activity, but
that any system the necessary all of mtrogen and

carbon atoms with the appropriate double bonds conld have plas-
mocidal properties

These simphfied conditions are fulfilled by the bigeanides, and
after a senes of brlliant chemotherapeutic studies by a group of
Brtish chemists 2 compound now known as Paludnine Hydro-
chloride was evolved, and probably represents thc hughest level of
activity ble with the P

THERAPEUTIC ACTION
The meticulously careful war time studies carried out at the Liverpool
School of Tropical Medicine and by Fairley and hts team at Cairns
n Austraha, served to establish the pre-emmence of paludnse 1m
the therapeutics of human malana

The 1mtial studies 1 avian malana had already revealed the
mteresting fact that the powerful plasmocidal action of the drug
15 exerted on the schizonts and on the exo-erythrocytic forms of the
parasite Consequently paludrine was found to exert a causal pro-
phylactic as well as a therapeutic action against P/ gallinaceum (in
chicks), P! cathemerum (mn canares), P! lophurae (m chicks)
and PI relictum (in cananes)

Until the discovery of paludrine, pamaquin had been the only
drug capable of destroyng pre-erythrocytic forms of the malana
parasite, but the toxicity of the drug precluded it from general use
1n the chemoprophylaus of malana

When the study of the therapeutic properties of paludrine was
extended to human malara, 1t soon became apparent that the action
of the drug was not restricted to the trophozoutes alone, but involved
the hypothetical pre-erythrocytic forms of the parasite At the same
time expenmental evidence denved from human volunteers showed
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that d 13 probably pable of d at
the ttme of their inoculation 1nto man so that 1t becomc; necessary
to conclude that sts prophylactic property 1s based on 1ts fethal action
on the pre-crythrocytic forms of the plasmodium This action
probably the result of arrested nuclear function

In the casc of P! falcip the d
tion of paludrine will in due course effect the complete destruction
of alf the exo-erythrocyuc forms so that schizonts fail to appear in
the blood and 1n this way the infection 15 completely ¢limnated
Thus in Pl falciparum infections paludnne s a true and complete
causal prophylactic

In Pl vhax infections on the other hand, the destruction of the
exo-crythrocytic forms of the parasite 15 evndently incomplete, and
n of paludnne 13 followed 1n due course
by the appearance of schizonts 1n the red cells and the onset of avert
malana as a sequel 10 umnhbied schuizogony In the case of
P! vira infecttons paludnine must therefore be classed as a partal
causal prophylacric

When adminustered therapeutically n overt malana, paludnne
acts on the young schizonts at the stage of chromatin dispersal
and just before dnision of the cytoplasm takes place The schizont
becomes swollen and vacuolated and the chromatn gradually dis-
wntegrates In this way mertozoues (al to devclop snd febnle
parovysms are prevented

The drug has also an important action both on the process of

and on the g

When given at the very onset of a malanal attack the »idespread
destruction of trophozoites leads tn turn to a relatve fafure in
gametocyte production in view of the fact that gimetocytes esohe
1 the wake of the pnmary schizogony cycles

While morphologpieally no significant changes can be seen in
gmctocytes exposed to the action of paludnne, far reaching bio-
logmeal effects have been clearly established.

When taken up by the approp of
both P/ 1raand Pl folctparum undergo uﬂagrlhuon and fertliza.
ton with the formation of a zygote which may develop as far as the
odcyst stape but wherever traces of paludnne appear in the blood-
feed the sparogony eycle fails at this point with complete stenhiza.
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tion of the gut This phenomena as descnbed persists untl all traces
of paludrine have been ehmunated from the human host In the
event of the blood stream contaung a high concentration of palu-
drine when the mosquito takes up sts feed of gametocyte<containing
blood, the sporogony cycle 1s virtually eiminated 1n that even fusion
of the germmal elements fails to occur

But 1n view of the absence of any direct action by paludnne on
malarial gametocytes 1tis Jmpomnt to realise that once the drug
has been ] d the may regain their
mfectivity thereby restoring the **carner state’”

However, 1t 1s obvious that the influence of paludnne on the
biology of the gametocyte constitutes a factor of major 1mportance
1n controlling the spread of malana

METHOD OF ADMINISTRATION
Paludrine hydrochlonde 1s given daily in tablet form, each tablet
contaiming 100 mgms (01 G)

In acute mahgnant malana due to P/ falparum radical cures
have been effected by administenng 100 mgms three times a day
for 10 days or 100 mgms twice a day for 14 days In acute ben'gn
malana due exther to P wunax, Pl orvale or Pl malarige the optimum
standardcourse has notyet been determined While benign attacks may
be cut short and temperatures reduced to normal values by a single
dose of 100 mgm of paludrine radical cure cannot be guaranteed,
hence a maintenance dose of 100 mgm  each week will avert relapses

ly It has been d that 300 mgm of paludnne daily
for 21 days would constitute an overall course for acute bemgn
malana followed by 100 mgms twice a week for at least six months

From the View| point of chemoprophylaxis 1n malania paludnne

a ac of the first magmtude

As mentioned AbOVC 1t constitutes a true causal prophylactic 12

mfcc!lcns with P! faleiparum, but in view of uts failure to effect
1 of all pre-erythrocytic forms m P snax
wnfections 1t can only be classed as a partial causal prophylactic

In the causal prophylzms ol‘ Pl ﬁzlaparum mfections a dosz\ge of
100 mgms of palud; 18 ded twice 2
week (:very ‘Wednesday and Sunday) throughout the mal:mﬂ

*‘season”’,
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THE TOXICITY OF PALUDRINE

In discussing the toxicity of palud, 1t should be app d
that the toxic effects so far observed have appeared sn relation fo
doses far 1 excess of those normally employed in the chemo-
therapeutics of malara There 18 clearly 2 wide margn of safety
between the therapeutic and potentially toxic dose, but 1t 1s possible
that cases of idiwosyncrasy or aliergy to the drug will eventually
emerge as the drug 15 used on an ever increasing scale

When for expenmental purposes, paludrine was beng tested i1n
extremely hugh doses in human voluntzers, the following tome
cffects were observed 1n some cases

(1) Vomiting occurred when cases of overt maland recerved
1,000 mgms of paludnne daily, but 10 only one case (in
which oesophageal spasm occurred) was 1t found necessary
to suspend paludnne therapy altogether Whenever yomt-
ing has occurred a temporary withdrawal of the drug for
24 to 48 hours or & reduction 1n the dosage has senved o
allay the vomiting

In two 1nstances the admumistration of paludnne ¢n &
single dose of 1,000 mgms gave nise to abdominal pamn,
vomiting and some diarthoea These symptoms persisted
for about 12 hours.

(2) In the presence of a continued hugh dosage (e g, 1,000
mgms daly for'}4 days) evidence of srntation of the renal
tract appears n the form of baematuna accompamed by
shects of emthehal cells, probably denived from the lower
reaches of the renal tract, together with a few hyaline and
granular casts, So far there 1s no evidence that paludnne
f1ves nse to an acute parenchymaious nephnts

(3) The only observed effect of plaudnne on the hacmopotenc
ussue consisty m lhc mns:cn( |ppcaruncv of myclocytes
in the penph foll of
heavy dascs This phmomcnon i orﬂy observed tn relation
to overt malana and bears a direct relationship to the dos.
age employed Tt is thought to be due to the direct sction of
patudrine on the bone marrow No tendency to agranu-
focytosis has o far been observed
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OTHER PLASMOCIDAL DRUGS

It 1s not proposed to deal with these drugs 12 any detail, as
have luttle or no practcal value m the current therapentics of me

METHYLENE BLUE

This drug was employed 1 the treatment of malana by Ei
and Guttman as far back as 1891 It has little or no action on

tions with P/ vnax or Pl faleparum, but 1s defimtely plasme
towards P/ malariae, destroying both the schizonts and the g
tocytes The drug is given orally in capsules contamng esther

3 grains with a total datly dose of 15 grams The unne and the
are stamed blue, and 1n some cases strangury occurs as a com]
tion

ARSENICALS

The drugs 1ncluded 1n this group are for the most part useful
malaral tonics, although 1n some cases a direct plasmocidal a
can be demonstrated

NOVARSENOBILLON (N A B)

Whittingham claims that N A B not only destroys plasmodia,
at the same time exhibuts an adrenaltn Iike action whereby the §
site content of the periph IF 15 d, and 1

ctrcurnstances both quinine and mepacrine act with greater efficic
However, 1t will usually be found that relapses occur wherever N

15 employed as the sole plasmocidal agent, so that tt1s wiser to re
the drug as a valuable post malanal tome For this purposea us
dosage scheme consists 120 3 G to 0 45 G gven tntravenous.
weekly mtervals for three mjections

MAPHARSEN

It 15 stated that a single mtravenous wmjection of mapharsen
termnate an attack of acute benign malara (P/ rnax) 1 50%
cases The dosage employed vanes from 0 04 to 006 G accorc
to body weight So far, however, mapharsen therapy appears
have been restrcted to cases of therapeutic malana
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STOM ARSOL
Here agam the preparation constitutes an effectne post malanal
tonic, but when bined wath qumne as g 1 acquires

moderate plasmocrdal properties

THE SULPHONAMIDES
Recent expenimental work on the therapeutic range of the sulphona.
mides has revealed an actwity agunst P! gallinaceun 1n chicks,
Pl lophuraein ducks and P! knowlesi in monkeys They are inactive
aganst P! {nui 1n monkeys and Pl relictur tn cananies and pigeons
In regard to human malana they show a vamable range of plas-
mocuhl actnty Rccent work has shown that preparstions such as

and h are all capable
ofd:suoymg the asexual forms of PI falciparum, and could therefore
4 as malanal with curative

ln the case of Pl rhax tnfecions, however, they have proved
ineffective as suppressants

Tn view of the vanable therapeutic results obtatned both 1n human
and 1n expenmental malana in laboratory anmmals, 1t 1s clear that
the plasmocidal value of the sulpha drugs 18 definstely nfenor to
that of esther quinine or mepacnne

CERTUNA (CILIONAL)
This drug 18 stated to be daalkyl and
Iike pamaquin s gametoaidal, but 1s much less toxe than pamaquin

The dosage schemes adiocated so far are as follows
() 0-07 G thrice daily for seven days (Sioh)
(3} 12 G dahy for six days (Missiroh and Mosua)

SPECIFIC TREATMENT OF ACUTE BINIGN MALARIA
IN THE EUROPEAN

The treatment of acute bemgn malana atms at the rapid control

of the febnle paroxysms, which, though scldom dangerous, neverthes

less cause the patient acute distress and may subsequently pave nise

10 a state of post malanal debility
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It 15 generally agreed that the control of the febrile phasc 1s rela-
tively easy even though no standard procedure to thus end has ever
been laid down The prevention of relapses, however, 13 much more
chfficult, and 1n view of the uncertainty 1n this regard, most clinicians
are content to eluminate the acute attack and simply deal with the
relapses when they occur

Since the parasites are most vulnerable at the time of their release
from the red cells, the plasmocidal efficacy of the drug employed will

be greatly enh d by s its
10 the blood stream with sporulatton In chimeal practice, however,
this 15 difficult to plish, hence ams at

2n adequate concentratton of the drug 1 the blood stream through

out the 24 hours As the paroxysms will often be found to occur 1n
the course of the fi twill g lly be 'y to admin-
1ster the drug during the hours of sleep

As already stated, absolute umiformity 1n the treatment of acute
malara has not yet been reached, but the following procedures have
been found to constitute 2 smitable basis for the treatment of acute
benign malana

With the diagnosis established and the patient 1 the grip of an
acute febnle p one of the foll proced may be
adopted —

1 Qumne sulphate 13 grven 1n solution 1n a dosage of 10 grans
thnce daily and contnued unhl the patient has remained
afebrile for 48 hours, after which the dosage 15 reduced to 10
grains twice daily for a further five days An alkaline solution
consisting of 30 grams of sodum brcarbonate and 30 gras
of sodium atrate 1s gven twice daily throughout the penod
of qunne therapy, but to obviate precipitation of the alkalord
3t must never be given together with the qumine solution
Where with oral 10 grams of
qunne are admmstered mtramuscularly and repeated
12 hours time after which 1t should be possible to complete
the quinmne course orally.

A very satisfactory procedure conststs in controling the febnle
phase by means of quinne as descnibed above and following
through with mepacnne 0 1 G thrice datly for five days

[N}
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4 M may be employed th h the entire course of
treatment a3 follows

() Orally 03 G thnce datdy for one or two days, 0-2 G
thrce daily the next day, 2nd 0-1 G thnee daily for a
further five days, or

(&) anmual dose of 0-375 G of mepacnne methane sulphon-
ate mtramuscularly may be connidered necessary to expedite
control of the attack, after which the mepacnine course
may be completed orally as indicated above

§ Recent observations on the therapeutses of PI wsrax infec-
vons indicate that the lowest relapse rates arc obtained when
the infection 1s treated with a combination of quinine and
pamaquin m esther of the fallowing ways

{¢) Ten grans of qunine and 001 G of pamaquin thrice
daily for 10 days (Ttus course calls for constant medical
supervision and the of p qt
at the first sign of touicity )

(b) An intermittent course spread over a penod of 3t days
as follows 10 grains of quinine and 001 G pamaquin
thrice daily for seven days followed by a seven-day rest
penod The dosage scheme 1s resumed for a further perniod
of five days and after a further interval of seven days, the
five day course 1s repeated for the last time
Touc manifestations are scldom encountered duning

the * ** course and are remarkably
few

6 Paludnne will effecta climical cure 1 all forms of acute benegn
malanz As a sutable overall course 0.3 G daily for 21
days 13 reccommended To prevent relapses 8 maintenance
dotage of 01 G twice weekly for at least ux months will
be nocesary

Finally, whichever proceduré has been followed, after 2 two-day
rest an which no drugs are taken, the treitmert course 1s rounded off
with pamaquin 0 01 G thnce daly for three days
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THE SPECIFIC TREATMENT OF ACUTE MALIGNANT
MALARIA
In the treatment of acute malignant malana, speedy control of the
attack 15 of paramount importance 1f the dangerous pernicious forms
are to be averted Indeed 1t may be said that the occurrence of such
forms usually means that treatment has been either delayed or 1n-
d C the mam therap b n acute
malignant malana 1s the rapid ntroduction of an approprate load-
1ng dose of the plasmocidal drug followed by the mamtenance of an
adequate concentration n the blood stream, throughout the treate
ment course To thus end the procedures laid down for the treatment
of acute benign malaria apply, although in malignant malara 1t will
frequently be found necessary to employ mtramuscular medication
1n the 1itial phases of the attack
Before deciding upon a definste ke of therapy 1 any given case
it 15 necessary to ascertamn—
1 Is there a lustory of blackwater fever?
2 Is there a hustory of hypersensitivity to quintne?
3 In the approprate 15 there a ting
pregnancy?
‘Where a positive reply 1s obtawned to any of these questions it 1s
advisable to use mepacrine rather than quinime It must be empha-
sised, however, that there 15 no hard and fast rule of procedure
the treatment of acute malignant malania, but the usual Lnes of
approach may be summansed as follows
1. Quinine sulphate 1s given orally 1n solution starting with 15
grams and followmng up with 10 grams thnce daly untd the
temperature has been normal or subnormal for seven days
In the presence of persistent vormting, a heavy concentration
of plasmodia in the peripheral blood or the threat of pernicious
symptoms, 10 grams of quinine are admnstered intramuscu-
larly, and the dose repeated m 12 hours or carher 1f need be
If after the second 1njection the attack appears to be well under
control, the treatment course can then be completed orally
by means of qumsne (10 grans thuce daily as already des-
cribed) or by means of the mepacnne dosage scheme already
described

~
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3 M may be yed th the attack, and 1n
the special d above 1t the
drug of choice Where rapidity of action 1s clearly necessary,
mepacnine 15 given mtramuscufarly and the dose repeated
st hours Thereafter 1t wall usually be possible to complete the
treatment course orally Where oral treatment 1s possible from
the outset the dosage scheme 1s the same as that advocated
the treatment of acute bemgn malana

4 Paludnine stisclamed, will effecta radical curem dosesof 0 1
G thrice daily for 10 days or 01 G twice datly for 14 days

5 After an interval of two days a course of pamaquin 1s given
(00! G thrce daily for three days), where quimne or
mepactine have been employed

TREATMENT OF THE MAIN PERNICIOUS FORMS
1 ALGID MALARIA

The dangerous state of vasomotor collapse which characterises this
vatiety of malaria calls for prompt and expeditious reltef pars passu
with the treatment of the malarial infection Hence the treatment
of alz;id malana consists 1n

I The adminsstration of 59, glucose saline by the mntravenous
dnp This dure 15 bined with

(@) the maintenance of adequate warmth to the body, and

{b) 10 mg of desoxycortone daly by mjection unut the blood
pressure has been restored to normal levels

Quimine (10 grans) or mepacrine methane-sulphonate (0 375
G) 1s mjected mtramuscularly and the dose repeated after
sit hours If after 12 hours no chinical improvement 1s evident
1t will then be waser to give 10 grains of quimine mtravenously
throueh the tube of the dap apparatus, and 11 view of the
itas to pive 10
mlmms of 110 1,000 adrenalin solution at the same time and
by the same route
Once the patient has recovered from the algid state the treatment
course may then be completed by means of mepacrine orally

~
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THE SPECIFIC TREATMENT OF ACUTE MALIGNANT
MALARIA

In the treatment of acute malignant malana, speedy control of the
attack 1s of paramount importance if the dangerous permerons forms
are to be averted Indeed 1t may be said that the occurrence of such
forms usually means that treatment has been either delayed or 1n-
deq C the mam therap objective m acute
mabgnant malana 1s the rap:d satroduction of an appropnate load-
g dose of the plasmocidal drug followed by the mamtenance of an
adequate concentration in the blood stream, throughout the treat-
ment course To this end the procedures Jaid down for the treatment
of acute berugn malana apply, although 1n malignant malana it will
frequently be found necessary to employ mtramuscular medication
1n the imtial phases of the attack,
Before deciding upon a defimite line of therapy 1n any given case
1t 18 necessary to ascertain—
1 1Is there a hustory of blackwater fever?
2 TIs there a history of hypersensitivity to quinmne?
3 In the appropnate 15 there a ting
pregnancy?®
Where a positive reply 15 obtained to any of these questions it 15
advisable to use mepacrine rather than quinine It must be empha
sised, however, that there 1s no hard and fast rule of procedure 1n
the treatment of acute malignant malana, but the usual lines of
approach may be summarnised as follows
1 Quumme sulphate 1s gmven orally 1n solution startng with 15
grams and following up with 10 grains thrce daily unul the
temperature has been normal or subnormal for seven days
In the presence of p a heavy
of plasmodia 1n the peripheral blood or the threat of permctous
symptoms, 10 grains of qumne are adminstered intramuscu-
larly, and the dose repeated 1n 12 hours or earher if need be
If after the second injection the attack appears to be well under
control, the treatment course can then be completed orally
by means of quunine (10 gramns thace daly as already des-
cnibed) or by means of the mepacrine dosage scheme already
descnbed

N
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3 M may be employed the attack, and 1n
the special above 1t the
drug of choice Where rapidity of action 1s clearly necessary,
mepacrine 18 gven mtramuscularly and the dose repeated 1
six hours Thereafter 1t wll usually be possible to complete the
treatment course orally Where oral treatment 1s poss;ble from
the outset the dosage scheme 1s the same as that advocated 1n
the treatment of acute bemign malana

&~

Paludrine, itisclaimed, will effect a radical curein dagesof 0 1
G thnce daily for 10 days or 01 G twice daily for 14 days
After an mterval of two days a course of pamaquin ss given
(001 G thuce daly for three days), where quinine or
mepacrine have been employed

w

TREATMENT OF THE MATN PERNICIOUS FORMS
1 ALGID MALARIA
The dangerous state of vasomotor collapse which charactersses this
vanety of melaraz cally v prowmy aind espaahiaons ralel, pare passu
with the treatment of the malanial infection Hence the treatment
of algid malania consists 1o
1 The admumstration of 5°, glucose saline by the mtravenous

dnp This 15 with

{a) the maitenance of adequate warmth to the body, and

(b) 10 mg of desoxycortone daily by injection until the blood

pressure has been restored to normal levels

[

Quinine (10 grawns) or mepacnine methane sulphonate (0 375
G) 15 impected intramuscularly and the dose repeated after
sty hours If after 12 hours no chimenl improvement s evident
1t wil! then be wiser to give 10 grains of quinine ntrayenously
through the tube of the dnp apparatus, and n view of the
prevailing vasomotor depression it 1s important to give 10
minms of 110 1,000 adrenalin solution at the same tme and
by the same route

Once the patient has recovered from the algd state the treatment
course may then be completed by means of mepacnine Orally
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' 2 CEREBRAL MALARIA

It may be said that the best treatment of cerebral malara 1s centred
1 the prompt recogmtion and efficient control of every case of acute
malana But n children especially, or 1n the case of newcomers to
a malarious district cerebral symptoms may set in with alarming
rapidity, and in such circumstances a clear concept of the therapeutic
pracedure 1s essential Treatment aums at the speedy arrest of sporu

latton within the cerebral capillanes, and only by rapidly flooding
the entire airculation with a powerful plasmocidal drug can this
be achieved Any delay i the absorption of the drug will gravely
Jeopardise the patient’s chances of recovery, hence intravenous
therapy constitutes the method of choice in this dangerous form of
malana Various d have been d, but the

regime has been found satsfactory over a peniod of several years

1 Ten gramns of qunine hydrochlonde are given
and repeated 1n six hours 1f no apparent clinical improvement
has taken place
Lumbar puncture 1s performed soon after the intravenous
mstillation of quinine, and the cerebro-spinal flurd 1s drained
away until a normal rate of flow from the lumbar puncture
needle 1s observed

Lumbar puncture may not be deemed necessary 1n every case
of cerebral malana, but it should always be regarded as an
essential therapeutic measure 1n all cases showng chmecal
evidence of the onset of coma This procedure probably has
the effect of improving the concentration of quinne in the
cerebral circulation
Glucose saline (5%) 15 admunsstered intravenously by the slow
drip techmque Under “‘field conditions”’, however, this step
may not be possible
‘When climeal improvement sets 1, intravenous qumnc therapy
1s replaced by qumine or mepacnne intramuscularly every
6 to 12 hours for two or more njections, and finally the treat-
ment 1s completed orally
It may be noted that some climctans prefer to employ mepacnne
intramuscularly 1n the treatment of cerebral malaria, mving0 375G

(&3
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of mepacrine methane sulphonate every six hours Good results are
clumed for this method

The h already desenbed will usually be found
effectnne 1 the treatment of cerebral malatia wa the first 24 or 36 hours
of the attack, but once this perrod has elapsed the therapeutic control
becomes mereasimgly dufficult and fraught wath considerable hazard

From the nursing pomnt of view, every case of cerebral malana
must be kept under constant supervision dunng the acute phase
The face 13 kept turned to one side, and it 1s preferable to keep the
head and shoulders slightly raised to give free play to the respiratory
muscles

3 ABDOMINAL MALARIA

The treatment of abdominal malania resoves itseif into the prompt
admunistration of a speaific drug and the prevention of dehydration
1 The drug of chotce in abdominal malana s mepacrng in that
st does not appear 1o aggravate the state of vasomotor hypo-
tension which so frequently sets sn as the attack develops
Mepacnine 15 gaven inteamusculasly, and the dose 15 sepeated
every six hours until sustamned clinical improvement 1s apparent,
when oral treatment can be mnstituted
Intravenous glucose-sahne (5%;,) 15 given at the outset and
mantaned until all flwd loss has been made good and until
the patient can take an adequate amount of flwd orally

SPECIFIC TREATMENT OF CHRONIC MALARIA
Omnee a diagnous of chrome malana has been established, 2 highly
satisfactory response to one of the ant malarial drngs will vsually
be obtained 1t 1s probable that the efficacy of specific drug therapy
18 sigruficantly enhanced by the state of premunity which it 3 season
able to assume exssts to a greater or less degree 1n all cases of chrome.
mafana At any rate 1t1s scldom necessary to give a senes of courses.
of drug therapy in chronic malana

Mepacnine 1s an wnvaluable drug in all cases of thus kaind 1t s
given orally af the rate of three 0 1 G tablets daty for a total of
seven days

Asafoliow up measure N A B intravenousty will always be found
of great salue It may be given in three doses of 03 G ax weekly
ntervals

»
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THE SPECIFIC TREATMENT OF MALARIA IN THE
AFRICAN

When an adult Afnican develops chnical evidence of malarra, an
elaborate course of specific therapy 15 both unnecessary and undesir-
able

The native of the kraals or the native iving under conditions which
expose him to remfection 1s largely dependent on a continuing state
of premunity to protect him against acute attacks of malanal fever,
so that agy treatment which aims at complete elmunation of hus
nfection 15 thoroughly unsound from the immunological viewpoint
When, therefore, an African native develops an acute malanal
pyrexia, a logical and entirely f y therapeutic p
consists n admunistering”

{a) 10 grans of quimne twice daily, or
(5) one0 1 G tablet of mepacrine twice daily untl the tempera.
ture has been normal for a day

‘When this line of treatment 1s adopted, the course of specific therapy
will rarely last for more than one to two days

In the case of infants and young children, however, acute malana
may be a serious disease, so that a more vigorous and protracted
course of treatment becomes necessary Using appropriately modified
doses of qumtne or mepacrine, the procedure to be followed s
essentially the same as that descnbed for the European




CHAPTER EIGHT

PREVENTION

As the wider 1ssues inherent 1n the problem of malana prevention
fall outside the scope of what 18 essentially a climeal monograph,
the discussion will be confined to the question of chemoprophylaxis
from the view point of the individual

Until quite recently the quest for a true causal prophylactic
matana had proved unavaibag, but preliminary tnals with Palodnne
hold out considerable promuse of the effective chemical control of
the disease 1n the pre~clinical phase

{¢ may be said that wherever Europeans five 1n an area of endemic
malana 1t 38 clearly necessary to supplement all other prophylactic
procedures by means of chemoprophylaxis Where the discase per-
5151510 an active form throughout the year, then continuous chemo-
prophylaxis becomes necessary, but an most parts of Africa at least
malana has a distnct seasonal mcidence, $o that a more restncted
scheme of suppressive treatment becomes possible In such circum-
stances it will suffice 1f the treatment 15 begun immediately ahead
of the **season’* and continued for s1x weeks after the danger penod
has passed Furth s to adhere
to the dosage scheme adopted particularly in the case of quimne
prophylaus, as it 15 g:n:m\ly held (hat the erratic quinmne taker
appears to show an to fever

The following drugs are avanable 1n the prevention of malana
(1) Quinine, (2) Mepacrine, and (3) Paludnine

QUININE PROPIIYLAXIS

‘Two methods of quinine prophylaxs have been evolved (a) the daily
small dose of quinine which until quite recently has been the method
of choice throughout the tropical belt of the Briish Colomal Empire,
and (5) the method ongy d d by Koch

Ta the case of adults the duly method of qumne prophylans
consmists in taking 5 graias (0 325 G ) of qumne at sunset or prefer-
ably § grans might and moring Children from four to 12 years

”
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recerve 3 grams (02 G) daily Chuldren under four years recene
 gramn (0 05 G) for each year of life For children over 12 years
6 gramns (0 4 G ) 1s recommended

The 1ntermittent method of quinine prophylaxis onginally advo-
cated by Koch consisted n taking a large dose of quinine every tenth
day Koch’s procedure has sice been modified by shortening the
interval between doses and now conststs m taking 15 grans ( 1G)
daily on two consecutive days 1 each week Nocht advocates five
doses of 3 grains (0 2 G ) or four doses of 0 25G dauly on each of the
two days i question, while Ziemann favodrs 15 grams (1 G )} every
fourth day

Neither method of quinine prophylaxis will prevent infectron,
nor will 1t ensure complete freedom from chical attacks 1n bad
malarious regions, but severe and dangerous attacks wall usually
be averted, wh method of prophyl: 15 adopted Finally,
the clinical evidence available suggests that side efiects such as myo-
cardal weakness, defects of hearing or of vision are not encountered
1m the course of quinine prophylaxis

MEPACRINE PROPHYLAXIS

Expenence during the war years has amply demonstrated the out-
standing value of mepacnine as a malanal suppressant, together with
1ts great superionity to quimmne 1n this regard
The dosage recommended 15 0 1 G daily This dosage scheme 35
1mtiated a week or two before the onset of the malana seasop, to
allow time for an effective build up 1n plasma mepacrine It 1s mam-
tamed throughout the season and for six weeks after the nsk of
snfection has passed By this means infections with the P/ falciparum
will be eimnated and the nisk of clincal attacks followng the
of sup ve wvirtually removed In the case of
infections with P! vnax, however, overt chinucal attacks will be held
1n check throughout the period of suppressive treatment, but an
acute attack nvanably develops wathin a few weeks of its cessation
No toxic of any i are d with mepa-
crine prophylaxs on the dosage scheme outhmed above, apart from
peeastonal transent gastric discomfort dunng the first two or three
davs of the treatment Yellow tinting of the skin, however, occurs
1n most cases but vares derably 1n depth The pig 15
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usually most noticeable m relation to the dorsum of the hands and
fect and on the face

PALUDRINE PROPHYLAXIS

Whle 1t 15 not yet possible to make a final assessment of the pro-
phylactic value of paludrme 1n relation to all vareties of Afnican
malaria, 1t has been shown above that by reason of 1ts lethal action
on the pre erythrocytic forms of the plnsmodxum 1t constitutes a
complete causal A in Pl faleipe and a
partial causal prophylactic 1n the bemgn forms

The dosage scheme at present recommended for prophylactic
purposes 1s 01 G every and Sunday through the
malana season

ADDENDUM

PALUDRINE

Siace the account of the paludnae treatment of malaria was written
the drug has become available for the treatment of the disease 1
Africa, and the expenience gamed to date has revealed the fact that
the drug fails to bring about the rapid control of the febrle paro-
xysms as claimed n the origmnal publications Thus pyrexias condx-
tioned by the Rhod strams of Pl fakep continue
for three or four days after the introduction of paludrine therapy,
while severe attacks of malignant malania have occurred in spite
of systematic paludrine prophylaxis

1! 15 clear from these findings that some modification 1 the

of the th of pal 1n relation to the African

forms of malana will be necessary
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