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INTRODUCTION

Trs book has grown out of a seres of lectures given over the past
two years to post-graduate students of tropical medicme Its object
15 to define as far as possible the basic physiological and pathological
processes which determune the reaction of the antmal body to mvasion
by the malinia parastte and the appearance of blackwater fever The
discusston centres around most of the mmportant organs affected with
the exception of the lungs and the gastro mtestnal tract Reference
to the latter has been largely onutted because the changes occurring
1 them are primarily the same as those 1n other organs

It was hoped at one stage that 1t would be possible to present a
coherent picture of malarta as a whole but the lack of mformation
15100 great at present to permut thus Certam pracesses hawve however
been found common to the desclopment of lestons m all the organs
notably generalized anoxaemia vascular endothehal damage and
general and local circulatory changes which result m the production
of tissue anoxa

If this book does no more than pomt out some of the appalling gaps
m our knowledge and sumulate some meelligent research 1 believe
1t will have served a useful purpose
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PATHOLOGICAL PROCESSES IN
MALARIA AND BLACKWATER FEVER

CHAPTER 1

HUMAN MALARIA

GeNERAL P VivAt Mazanes Incub oon period  dprod n Lsympe m — Th  ttack —
Theparoxy m  du ter al — Othets gns ndsympt ms—Co s fthed e sc P Mara 18
Mazasia T cubation period and prodr mal symptom — Th  ttack — The paroxy m

terval — Other signs and symptom — Cotes of th Qi UNCOMPLICATED P F 1T
PAaUM Mataia Ing b & n period and pods m Lsympt m — Th ttack — Other g
4d ympe ms — C ume of the dse ¢ Pernicious Atracks Hype py — Algd

51
malaria — Cerebr 1 mal m2 — Biio  emuttent fe cr — G teo~ tsunal £ m Diacnosis
©OF Matamia  Crzmorrerapy of Matar 4 Th u omplcated st k — R 1 pses — Com
phcated and permicious ¢ es—S pp ¢ ton— Child en Br. cKWATERF ver D tmbuto and

acmology — Chms 1p tre — D gaosis — T tme t

Trms Chapter contans a very brief account of some of the mam
features of the clinical manfestations of malania_and 1s meant to act
as an introduction to the disease for those unfamibar with 1t It 15 not
n any sense mtended to be more than this Detailed descriptions
of the signs and symptoms assoctated with pathological changes m
certain organs will be found 1n the Chapters dealing with the various
organs concerned A short note on treatment has been added for the
sake of completeness P ovale mfections are not described

Man acts 1s the wtermediate host m the life cycle of the malaral
plasmodia which infect him  Infection occurs i natural circumstances
as a result of parenteral mtroduction of sporozoites by the mfective
mosquito  There 15 some evidence that infection may 1n rare mstance
be acquired across the placenta grving mse to so—called congenstal
malana  The bite of one mosquito may troduce sufficient sporo-
zotes to establish the disease In such natural fections 1t 15 often
assumed that the sporozortes are myected directly mto the blood stream
but there 15 no proof of this and 1t 15 apparently not essential to the
establishment of the disease since Boyd and Stratman-Thomas (1934)
have shown that wmfection can be obtamned by the mtroduction of
sporozontes mto blister flud  Gordon and Lumsden (1939) watched
the mouth parts of mosquitoes m the act of biting the web of 2 frog's
foot and observed two methods of feeding one by direct msertion of
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for some days untl the appearance of trophozotes Thus silent phase
has been explaned on the grounds of the existence of an exo-erythro-
cytic tissue phase of the parasite mntervening between the sporozoite
and the known asexual cycle It 1s not possible by mcreasing the dose
of moculum to reduce this period to less than a certain minimal ume
the length of which depends on the species of Plasmodium mvolved
By submoculation of bload from the moculated subject to 2 non-
infected reciprent 1t has been ascertamned that the blood of the former
1s never infective before the fifth day from noculation although 1t 15
commonly mfective by the scventh to the ninthday depending on the
species of Plasmodum (Raffacle 1937 Farley 1947)

The mcubation penod 15 usually considered to end with the appear-
ance of fever  Parasites may become first detectable i the blaod ax the
time of the appearance of fever but they are frequently present a day
or two before the rise m temperature and occasionally appear later
According to Ross the parasite concentration m the blood must reach
a certam crstical level before fever develops Boyd (1938) found this
pyrogenic level was about 10 parasites per cu mm m the case of 1~

uced P twax malaria The level was lucher m cases 1n which the
appearance of parasites m the penipheral blood preceded the nse n
temperature It 15 dependent to some extent on the immune reactions
of the host as can be seen p larly wellm P falerp fe
In negroes very high parasite densiies may be recorded before the
temperaturerises Kitchen (1941) quotes one case forinstance nwhich
71000 patasites per cum were presene on the fiest day of the fever
and m which parasites were present three days before the febrile attack

Such imtial ugh densies are uncommon m white subjects 1n whom
the appearance of fever commonly precedes that of the parasites In
both P falaparum and P v.ax mfections the pyragemc level 15 usually
hugher 1 relapses presumably because of the development of some
acquired tolerance to the parasite (Kitchen 1941)

The fever and associated signs and symptoms of an overt malarial
attack usually show a pertodicity which 1s dependent to a large extent
on the growth and maturation of the parasie as 1t undergoes 1ts
asexual cycle  The febnle paroxysm appears about the tme of maxi-
mum segmentation and rupture of the mature schizonts with hberation
of frce merozoutes nto the plasma  In the early stages of an attack the
developing broods of parasite are otten not closely synchronized and
the fever 18 1regular but after a few days the parasites fall into step
and the broods mature within a few hours of one another Synchro-
nicity 15 most evident 1 P 1rrax mfections least 1 P Saloparum
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the fascacle mto a capiilary and the other by absorption of blood from
pools formed by the ijury to the vessels resulng from the mnsertron
of the fascicle  These experiments indicate that the mosquito does not
have to rely on direct capillary penetration and that such penetration
15 largely fortutous Presumably therefore the direct mjecnon of
sporozoites 1nto a vessel must be equally foraumtous

Artficial infection may be achueved by causing infected mosquitoes
to bte sutable subjects or by the ntravenous mjection of suspenstons
of sporozoites prepared from the glands of infected mosquitoes
(James Nicol and Shute 1927) Shute (1937) reported successful
infection after njection of as few as fifty sporozoites

Infection may also be acquired aruficially by myection of tropho-
zorres mrravenously ntramuscularly or subcutancously for thera-
peutic p Acadental nfe as followed blood fi
from nfected donors or stored blood and from the use of a communal
syrnge e g by drug addicts (Biggam 1929 Hutton and Shute 1939
Black 1940 Sharnoff Gerger and Selzer 1945) Shortt and Mcenon
(1940) have reported successful mfection m monkeys and chickens
followmg the oral ad of defibnnated mfectne blood
Infection has also been established by the mjection of a single tropho-
zo1te or merozotte s P kot lest and P cathemerum malania (Cogges
and Eaton 1038 Stauber 1039) and Kitchen (1941) reports the trans-
musston of P t1wax malatia with as few as ten trophozottes  The latter
pomts our that a successful take after 1jection depends not only on
the dose of moculated matenal and its stage of development but
also very much on the reciprent and s state of natursl or acquired
1mmumnity to the meroduced plasmodia

The mterval between moculation of the fective material and the
appearance of the disease {taken erther as the first appearance of para-
sites m the penpheral blood or as the first nse of temperature to 1007 F )
15 known as the mcubation penod  In trophozoite mduced malarta
the length of this mterval 15 roughly mn inverse proportion to the dose
admirustered Tt1s possible wath a sufficrently heavy moculum to obtain
immediate mfecion  Boyd and Katchen (1936) have recorded passive
paroxysms 1 some heavily moculated cases related to the division of
the mjected brood of parasites (Boyd 1941}

The incubation pertod of sporozoite mnduced malara whether
naturally or artificially acquired 15 usually called the mtnnsic incuba-
won penod 1o distngussh 1t from the tme required for parasitic
development i the defimtive host  Shortly after 1jection sporozoytes
disappear from the blood stream which becomes free from all parasites
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bload mast commanly 13 days after moculation but they may appear
as early as the eighth day 1f the dosc of sporozostes 1 sufficently hr;l;c
Oceasionally the meubanon persod m both natural and arufically
wnduced P 1w snfecuons may extend mio months {Boydand Katchen
1938 Shute 1946}

During the last few days of the mncubation period the patient may
suffer from prodromal symptoms  particolarly headache hmb pams
and backache anorexaa slight nausea and even vomting He frequently
complams of shiverng feelngs which m relapsing cases often have
the same persodicaty as the paroxysms which subsequently develop
The prodromal symptoms m P siwa malara are however scldom
severe and may be ngsmt altogether

The attack

The mncobanon penod terminates with the onset of the disease
whuch 1s usually defined as the pomt at which the body temperatare
fiest nises to 100°F or above This does not often oceur before the
tenth day following infection  Patasites may be detectable for the firse
tsme mn the perspheral blood one or two days before or after the febnle
onser

The onsct may be accomparued m a relapee by a ugor and febrie
paroxysm but ths 15 vnusual 1n the pnmary atack m which the
fever becomes or irregularly for the first few days
dunng which rgors are uncommon  As the disease progresses how-
ever the regular paroxysm makes 1ts appearance and usually by the
end of the first week the pattern of imntermuttent febrile paroxysms
scgamc& by apyrexal and aften symptom free wtervals 1s established
The penodiary of these paroxysms may vary for some nme but event-
ually they become tertian or quotsdran and usually remamn so althongh
 some cases changes 1o the thythm may occur spontaneousty from
tme 1o tme

The paroxysm aud sterval

In the expenence of most obscrvers parowysms of berugn tertian.
maltria develop 1n the post wesidian hours Katchen found this to be so
um 90 per cent of hus cates 70 per cent of which started the paroxysm
between 3 and 9 pm (Stratman-Thomas 1941) The paroxysms
develop m three well-defined stages 1¢ the cold stage or the chall
the hot or fever stage and the sweating stage

The rold stage 35 c%anﬂtrﬂtd by a subjecnve fechng of itense cald
assoctated with a rapudly rismg body temperature and vanous degrees
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Symptoms appear as 2 rule only duning the stages of the completion
of schizogony and the Liberation of merozoites Where the cycle of
schizogony takes 48 hours asm P vivav and P falaparin infections
the classical periodiaty of fever 1s tertian the paroxysms occurring
every third day but m these infections daily or quotidian paroxysms
are also very common_ indicating two broocfs of parasites maturing on
alternate days  Quotidian periodicity may follow a single moculanon
and cannot therefore be explamed mn terms of successive mfections
The classical peniodierty in P malanae infeenons mwhich the plasmodia
mature every 72 hours 1s quartan 1¢ the paroxysms appear every
fourth day In this mfection however almost every concenable
vanatron of penodicity from quottdian to quartan has been recorded

After the short irregular interval mmmediately following the onset
of symptoms some kind of periodicity 1s usually established m P orvax
and P malariae and less oftenin P falciparum malarta but the pertodiaity
15 by no means fixed so thata tertian fever may change suddenly mnto
quotidian and vice versa  Such changes of pertodicity may be produced
artifictally by various methods of eg thead of
vaccmne f{ver therapy has been shown to change quotidian pertodicity
mto tertian (Ploter 1944) probably by ehmmating one brood of
parasites  Pertodicity may also be upset by altering the habits of
the patients with regard to their pertods of actvity and rest {Young
Coatney and Stubbs 1940}

The duration of an attack of malara depends on both the patent
and the stramn of parasite P w11 ax and P malaniae infections tend to be
long forinstance Kitchen (1941) quotes a case of uninterrupted quartan
malaria which continued for over 300 days P falesparum infections
are usually shorter Spontancous cure 1s followed mn more than half
the cases by return of symptoms at antervals after weeks or months or
even years  All three mfections may lie latent for long peniods  The
relapse follows the pattern of the primary attack mn most cases except
that the pertodicity of the symptoms 1s determuned from the onset and
the length of the attack 1s usually shorter

P VIVAX MALARIA (Bemgn Tertian)

Incubation period and prodromal symptoms

‘The incubation period of benign tertian malariz vartes from 10 to 17
days In aruficually induced malara the length of this period depends
to some extent on the dose of sporozottes ioculated mto the subject
Stratman-Thomas (1941) states that parasites appear the periphera]
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stage the patsent s extrausted and frequently passes mto deep skeep from
which he wakes connderably refreshed and subjectively much better
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The temperature remaws normat or befow unal the start of the
next paroxysm Thus interval 15 ssually symptom free  Occassonally
the tempesature an the mterval mav mse above normal

Other signsand symptoms

Paraxysms as explawed above will cepeat at regular mtervals
duttog the chimeal acovity of the dusease In addimon to the paroxysms
however there are other symptoms of unportance  The spleen en-
larges dunng the disease and 15 often palpable by the second week It
enfarges shightly m some cases dusing the paroxysm  Anaerma develops
as the discase progresses and may n exceprional cases become v
sevese although st 15 vsually not pronounced (sec Chapter HI} The
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of shivering and nigor  Chills are uncommon 1 the primary attack
during the imtial eregular fever but accompany the febnile paroxysms
as soon as they are established In the relapse however they are present
with the first paroxysms They may be present at every paroxysm
or 1 quotidran fever may appear only 1n assocration with every other
febrile attack  The temperature at the start of the shivering 15 usually
below 100° F and may have reached 104-106°F by the completion of
the cold stage In the primary attack the severity of the ngor and the
height of the temperature reached mn the cold stage may ncrease for
the first one or two wecks before reaching 2 maxamum and similarly
the total length of the cold phase may mcrease from ro-15 mmutes
to a2 maximum of 45-60 munutes as the disease progresses
The cold stage begins abruptly The patient complamns of feclng
butterly cold and begins to shiver frequently passing mnto a violent
ngor The skins pale and may be slightly cyanotic mn the extremiues
There may also be some apparent cyanos:s of the mucous membranes
The body temperature rises raprdly  The pulse 15 smalland fast although
the blood pressure may mse Anorexia nausca and vomiung are
common and sometimes accompanied by epigastnic pamn and dis-
comfort By the sccond week of the illness the spleen 15 usually palpable
and tender and may often appear to enlarge shghtly durnng the
paroxysm_ Polyuria 15 common 1 the cold stage and the urine 1s of
low speafic gravity and concentration and may contan albumm
The hot stage follows the cold  The nigor ceases and the patient feels
uncomfortably hot The skin becomes flushed hot and dry  The tem-
perature may continue to rise or reman at the level reached at the end
of the cold stage  The pulse 1s full and bounding and the blood pressure
tends to fall the diastolic pressure falling proportionately faster than
the systolic  Resprratron 1s raprd and there may be some unproductive
coughing Nausea and vomiting are common and the patient fre-
aucntly complamns of thurst He 15 restless and may be excted and
elirtous and occastonally passes into bight coma  He s usually euphoric
and disonentated and plamns of severe throbbing frontal headach
and pams n the hmbs and back
The hot stage lasts two to six hours and 1s succeeded by the sweating
stage Sweating appears first on the face usually on the sides of the
forehead but rapidly becomes generalized It 1s commonly profuse
and sweat Literally pours off the pauent who begins to feel better
immedately ‘The temperature has usually begun to fall before swear-
ng occurs but many case once the sweatmg has begun 1t falls rapudly
reaching normal or below m two to four hours  After the sweatng
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stage the patient 1s exhausted and frequently passes mto deep sleep from
which he wakes considerably refreshed and subjectively much better
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The temperature remams normal ot below unnl the stare of the
nexe paroxysm - Thus wterval s usually symptomefriee Occasionally
the temperature 1n the mterval may nse above normal

Other signsand symptoms

Pamxl\.,‘sms as explamed above will repeat at regular mntervals
during the clinical activity of the disease In additon to the paroxysms
however there are other symptoms of importance The spleen en-
larges during the disease and 15 often palpable by the second week It
enlarges shghtly in some cases duning the paroxysm  Anaerma dev elops
as the disease progresses and may n exceptional cases become ver
severe although st 15 usually not pronounced (see Chapter IlT) The
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blood picture may show macrocytes and other changes not unlke
those of pernictous anaemia_but the bone marrow response 15 essen-
tallv normoblastic and the colour indexss umity or shghtlyless Oedema
occastonally appears m the legs after the disease has lasted some wecks

Kadney comp{lcmons are rare but polyuna 1s common during the
early part of paroxysm There may be a short penod of ohgura n
the hot stage  Jaundice may appear 1n very severe cases but 1t 15 less
common than mn P falaparum mfections  Herpes labialis 15 very
common In the primary attack this complication occurs after the
diseasc 15 well established but i relapses 1t may precede by a day or
two the onset of malanal symptoms It 15 usually confined to the
mouth and lips but may spread to the nose and laterally to the ears

Herpes subsides wath the malanal attack

Course of the discase

A single untreated attack may last for two months or longer before
at subsides  Termunation of the attack s indicated m most cases by
reduction 1 the seventy of the paroxysms which become ieregular
and finally cease and may be replaced by pertodic small rises of tem-
perature accompanied by the usual paroxysmal symptoms  Katchen
(1941) considers that a symptom-less and fever-free period of about three
weeks should pass before the primary attack may be considered over
In about 5o per cent of cases renewed clinical activity occurs subsc-
quent to the subsidence of an attack followng a period of quiescence
the length of which 15 determuned by many factors mcluding the strain
of mfectng parasite and the total duration of the mfection It 1s
customary to refer to such recurrences as relapses although James has
attempted to divide them artificially mto recrudescences ~ relapses
and recurrences  depending upon the length of time elapsing between
the termmnatton of the primary attack and the reappearance of
symptoms Relapses have been reported two years or more subsequent
to the pumary attack 'The chinical features of the relapse are mndistin-
guishable from those of the pnmary attack except that the total
duration of clmical actrvity 1s usually shorter 1n the former

P MALARIAE MALARIA (Quartan)
Incubation peniod and prodromal symptoms

‘The mcubation period of quartan malana 1s longer than that of
bemgn tertian in some cases extending to 30 to 40 days between
moculatron and onset
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The prodromal symptoms are smular to those of bemgn tertian
and occur during the last few days of the mcubation period  The
patient complains of headache and vague Junb pains and aches  Chally
or shnenng fechngs are common and there may be nausea and
vomung

The attack

The chinical onsct of the discase 15 msidsons and nealy always pre-
ceded by some days by the appearance of parasites wn the perpheral
blood According 10 Boyd tflc parasite density of the blood at the
ume of the chmcal onset 15 related to the mterval elapsing between
the fiest appearance of the parasttes and the simymms When this
mterval 15 long the parastte densiry 55 greater than when the mterval
ss short

The acatc attack of guartan makana 15 usually more severe than that
of bemgn ternan  The matial attack commences with 2 paroxysm and
regular penodioiry 15 the rule trom the start of the chincal actnary ot
the discase Jrregular renunient fever such as 15 seen m the wninal
stages of P w1 ¥ mnfecuons 15 rare  The appeacatce of paroxysms
depends on a3 Iife cycle which 1 completed n 7. tous Ina sxm{lc
m{;mon therefore the paroxysms occur every fourth day  In naturally
acquired snfections such quartan paroxystns are most often seen bue
1 arufical antections the peniod ey of the paroxysms varies & pend-
mg on the separate development of one two or three mdependent
broods of paraistes Katchen (1941) points out that a panent m whom
theee broods ot plasmodia are maturmg may exhibt any of seven
possible arrangements of paroxysms ncluding the simple quartan
double quartan and quondian periodiaty 'The commonest 1 the
simple quartan  During the full period of an attack the paroxysms may
conform to one type of penodicsty but 1113 by no means uncommon
pacticularly 1 trophozone mduced mfection " to tind some degree of
vatation so that quartan paroxysms become double quartan and vice
versa (hatchen 1931 Crug 1909)

The paroxysm and mterval

Paroxvsms as a rule occor 1n the afternoon or late mormng  The
time of thew appearance however may vary fom day to day and
can be altered by readjustment of the habuts of the panent (Craig
1909) Deadenck 1911 katchen 1941 Young Coatney and Stubbs
1940
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The paroxysms of quartan malarra are i most respects simibar to
those of bemgn tertian. The three stages are clearly defined

The cold stage may be more severe or prolonged than 1 P 1nax
malarza On the other hand 3 true nigor may be absent or replaced
by chlly sensations wathout actual shivering™ True ngors are most
frequent in cases 1 which there s a quartan peniodicity  Both primary
attack and relapse are likely to be mitrated by 2 rigor and cold stage
The patient complams of btter cold and shrvers violently There s
severe headache and may be nausea and vomiting wlhich 1s somenmes
bihtous and diarrhoea and pelyuna The skmispale or shghthy ey anotie
the cyanosis beiny, most visible 1 the fingers and lips The pulse 15
rapid thin and weak and respiration fast and shallow

The temperatute reached during the cold stage 1s usually 103-104° F
Rugors rarcly precede 2 patoxysm in which the temperature does nat
nse sbove 102 F

The cold stage lasts 15 to 45 munutes and 1s followed by 2 hot stage
very sumlar to that of P cwax malina but usually more severe It
may last for six hours or more The pattent fecls hot and becomes
restless  The shin ss flush=d hot and dry The boddy temperature
remarns at the height artamned at the end of the cold stage and may
contnue to 1t~ Nausca vomuting and duarchoea are common
Resptration 15 rapid and somctimes accompanted by a dry cough
The pulse 15 rapid and full and che blood pressure which may have
risen during the cold stage now begws to fall below notmal Nervous
symptoms ncluding ilmum ate frequendy scen (Craig 1gog
hachen 1941) There may be polyura the urme passed bemg un-
concentrated and of low specthic gravity

The sweating stage 15 similar to thar of bemgn ternan malana
Collapse 15 however commoner 1 this stage 1 quartan malara and
the fall of temperature more rapid and prolonged (Craig 90
Buspham 1944) At the end of the sweating the temperature reaches a
pomnt swell below normal and stays subnormal until the onset of the
succeedmg parosysm  The temperature may remam subnormal for
days after the subsidence of an attack

Other signs and symptoms

The spleen enlarges durmg the attack and eventually becomes
palpable” It increases in size more sfowly than m other forms of
malarta and does not reach the dimensions found m bemsgn tertian
or mahenang ternan malata except m Jong-standmg chromic mfections
or remfectons 1 cluldren  The anaenua of quartan malana 1s a5 3
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rule less severe than that of benugn tertian and develops more slowly
possibly because of the relatvely shight invasive properties of the
plasmodia (see Chapter IIE)
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It has the same features as the anaenua of bemgn tertian the colour index
eng umty or shghtly less and the varations m the hacmoglobm
concentration and erythrocytic count being parallel  Jaundice 1s rare
but lver dysfunction may be mdicated by the results of various tests
Qcdema 1s more common than in benign tertian and may be assoctated
with ascites Boyd and Proske (1941) found m two cases that the
development of oedema was accompanied by a considerable dep
n serum albuun content together wath the passage of albumin in the
unne (sce Chapter IV) The latter 15 seen to some degree m most
quartan patients and may be severe and assoctated with oedema and
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chinscal signs of an acute nephrosis espectally mn children (James
1910 Gigholt 1930 sec Chapter VII)

Herpes labialis appears as a concomtant of quartan malana as
frequently as in other forms of the discase

Course of the disease

Quartan malara 15 the most persistent and chronte of the human
mfections  hatchen found n his series of cases that spontancous ter-
mination occurred 1n 19 to 169 days i mduced quartan malarta mw hite
patients and was of somew hat shorter duration i negroes  Secondary
attacks have been observed more than two years after the mmtial
attack  Relapses are common  although Ratchen (1941) reported that
1 hus series of cases they did not occur 1f a quiet period of more than
53 days followed the primary attach  Spontancous cure 1s likely but
fatal cases occur  Pernicious symptoms are rare and the degree of
parasitaernia 15 usnally low but Katchen (1939) has reported a case
m which the parasitic density of the blood continued to tncrease to
death reaching 70000 parasites pur cumm  the wsual maximum
being about 20000 The disease readily responds to treatment so far
as the immedsate symptoms of the attack are concerned but parasites
may remam for long peried 1 the blood stream without giving
rise to symptoms

UNCOMPLICATED P FALCIPARUM MALARIA (Mahg-
nant Tertran)

Malignant tertian 15 the most serious form of human malana
It differs trom the others in being caused by a species of Plasmodium
which has potentally unlimited mnvasive powers as far as red cells
are concerned and which sporulates almost entirely m the vessels of
the mternal organs and not 1 the general blood stream It 1s liable at
any stage to develop sertous and often fatal comphcattons

Incubation period and prodromal symptoms
The ncubation period 1s short clmical activity appearing 8 to 12
days after 1 of sp he prod: 1 p
make therr appearance three or four days before the onsct and are often
severe The patient 15 tired def d pl f headach
lumbar backache and vague aches and pams m the hmbs  He loses
Ius appetite and may suffer from nausea Sometimes there may be
shghe daty elevations of temperature  The onset itself1s usually abeupt
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In about a third of cases 1t starts with a rigor  Occastonally severe or
fatal complications may mtrate the attack A relatvely lugh para-
sitaemaa may develop before symptoms appear
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The attack

The fever commences with assoctated shivenng or chully feehngs
but defimite nigor 15 often absent and when present 15 not usually
as severe as those of bemgn tertian or quartan malana  Nausea and
vonuting are common from the onset and are frequently accompanied
by severe epigastric pamn

Parasites may be present m the peripheral bloed for several days
before the onset of clinical symptoms  The degree of parasitaemra
reached 1 this stage 1s higher 1n negroes than 1 whate races and in the
former 1t 1s unusual for the clinical activity to begmn before parasites
can be detected mn the blood whereas m the latter the reverse 1s some-
times the case and hugh parasite densities without symptoms are un-
common (Kitchen 1941) In the untreated casc the parasiaerua
mcreases as the disease progresses but m some cases there can be
detected a datly alternation of parasite density which 15 roughly
inversely related to the appearance of the paroxysm (Ratchen 1941 sce
Chapter I} In the uncomplicated case except where a very heavy
parasitaenuz obtams 12 15 unusual to observe parasite forms other than
trophozottes and gametocytes 1 the penpheral blood  Other forms

ncluding sporulating mature schizonts can be demenstrated 1 argan
smears
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The fever of malignant tertian malana 15 often very wregular but
some degree of synchromcity can usually be observed  Occastonally
paroxysms occur with true tertian or quotidian penodiaity but thus i
uncommon The fever may be continuous remuttent or stermuttent
Sometimes there are double peaks mn the temperature chart resembling
those of kala-azar In some severe attacks the fever may never be
high and may not appear until the development of heavy parasitaerma
The rregulanity of the fever in P faluparum malarna 15 probably due
to the successive and srregular maturation of separate broods of the
parasite (Kstchen 1941 Nelson-Jones 1944 Craig 1909

When synchromucity exusts the chimcal picture of the disease closely
resembles that of P 1svax mfections The febnile course of the paroxysm
1s however usually prolonged and m cases exhubing quotidian
peniodicity the successive dally paroxysms may overlap to some
extent so that normal temperatures are not reached m the mterval
The patient often does not appear to be very 1ll but the apparent bemign

/ coursc of the disease 1s deceptive because serous comphications may
arise at any stage either m the mitsal attack or subsequent rclzpsc)

Other signs and symptoms

Considerable anacmia 1s lable to develop m the acute attack P
Jalerparum attacks all ages ot red cells impartially so that high degrees
of parasttaenuia may be reached very rapidly with great concorutant
destruction of the mnvaded cells and probaﬂly also of the umnvaded
cells A severe case may 1n a week from the onset lose as much as two
tmullion red cells per cu mm  Lytic erises of great severity occasonally
occur (usually assocrated wath the passage of Ezcmoglobm m the vnine)
n which the erythrocyte count may fall to one mullion or fewer cells
per camm 1n the course of 24 hours The anaemia 15 commonly
assoctated wath a mild leucopensa characterized chiefly by an absolute
reduction 1 granulocytes and an increase m large mononuclear cells

The spleen enlarges in all cases and 1s usually palpable and requently
tender During paroxysms the splemic size sometimes increases de-
creasing again m the mterval The ultimate size attaned by the organ
1 the acute attack 1s smaller than that reached 1n P vivax infections
probably because they are of short duranon  After repeated attacks of
malignant tertian and 1 chromc mfecuons especially in children
the spleen may become enormous

Enlargement and tenderness of the liver 1s not uncommon 1 severe
malignant tertian malana assoctated with epgastric distress and bilious
vonutmg and jaundice
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Herpes lTabialis 15 a . of mabignan tertan

and behaves m the same way as 1t does m bemgn tertian malana
disappearing, subsequent to the conteol of the malana mfcenon

LYRE:) AR [P AN P AN CH AN PR AN £1 ]
Pt % 82 8 0{2I6 K2 51012 610/2 6 XT3 b0l 6 Ofisw X €10y 6 W7 A irfa 152 € 4
B ely 7 [ N 5 1
b oxe N T L T T
. CEEC b '.4:4.*441:' *ﬁ«;r i

- VR e R R e e
1 A e

¢ { H = T
105 \RREGULAR FEVER

[ i DEVELCRING QUOTIDIAN pERIODICITY

i £ _FALCIPARUM INFECTION
104

I
e

TR
5

% L T
o ot +
: ¥ Bk
NN
) bR
- - &
Irrs it ; _Lf‘i ‘«
4 i {
3 I8 t
1o, (2% Y-
o = e N
U HEE A
T I Ly ey iR
MOl DS OO s =R e e

Rt Jleropuar fe or § ot et~ of cnial act ey of B Sl paru # rfe-tr
dan period wy 1 b omng esabh b d “p obably :oyymm fa o brosd of
pita tes mturu g ety 43 hours the ssexu § yrbs brng complned on altermate Gaps

Course of the disease

The acute attack of P faletpann malana 13 shorter 1 duration than
euther beniyn tertran of quartan 1 adequately treated and 1f no perm-
cous symptoms develop there 15 rele hazard to L The duscase
xelapses bt renewal of chinscal actwity 1 sncommon after a year
from the wutal artack  In chrome eases o m subjects constantly
expased to fresh mfections or a seres of acute attacks severe anzemis
and splenomegaly develop and the paueat may £o on to the state of
wahanial cachewa (James 19-. Hehir 19.7 hatchen 1941 Bupham
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The fever of malignant tertian malara 1 often very wrregular but
some degree of synchromaity can usually be observed Occastonally
paroxysms occur with true tertan or quottdian periodicrty but thus 1s
uncommon The fever may be continuous remuttent or intermustent
Sometimes there are double peaks m the temperature chart resembling
those of kala-azar In some severe attacks the fever may never be
high and may not appear until the devclopment of heavy parasitaemua
The srregulanty of the fever i P falaparsm malana 15 probably due
to the successive and irregular maturation of separate broods of the
parasite (Katchen 1941 Nelson-Jones 1044 Crarg 1909)

When synchronicity exssts the clintcal picture of the disease closely
resembles that of P 111 ax infections The z:bnlc courscof the paroxy sm
1s however usually prolonged and i cases exhibumg quotdian
penodierty the successive daly paroxysms may overlap to some
extent so that normal temperatures are not reached n the terval
The patient often does not appear to be very 1ll but the apparent benign
course of the discase 15 deceptive because serious complications may
arise at any stage erther 1 the wutnl attack or subsequent relzPsc)

Other signs and symptoms

Considerable anzema 15 Lable to develop 1n the acute attack P
Jalaparim attacks all ages of red cells imparually so that high degrees
of parasitacrta may be reached very rapidly with great concomtant
destruction of the mvaded cells and probably also of the umnvaded
cells A severe case may 1n a weck from the onset lose as much as two
mullion red cells per cu mm  Lytic enises of great seventy occasionally
occur (usually assoctated with the passage of haemoglobmn m the urine)
m which the erythrocyte count may fall to one nullion or fewer cells
per cu mm. m the course of 24 hours The anaemia 1s commonly
assocrated with a muld leucopena charactenized chuefly by an absolute
reduction 1n granulocytes and an ncrease 1 large mononuclear cclls

The spleen enlarges 1n all cases and 1s usually palpable and frequently
tender Dunng paroxysms the splemic size sometimes ncreases de-
creasing agam m the mterval. ‘The ultimate size attaned by the organ
m the acute attack 1s smaller than that reached 1n P vut ax infections
probably because they ate of short duration  After repeated attacks of
mahgnant tertian and mn chromic mfections especaally m chldren
the spleen may become enormous

Enlargement and tenderness of the hiver 15 not uncommon m severe
mahgnant tertan malara associated with epigastmc distress and bilious
vorutng and jaundice
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Herpes labiahs 15 a common accompamment of malignant tertan
and behaves m the same way as 1t does 1 bemgn tertian malara
disappearing subscquent to the control of the malana mfecuon
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Course of the disease

The acute attack of P falaparum malana is shoster t duration than
enber begn tertan or quartan  1f adequately treated and 1 no permus
cious symptoms desclop there s hde hazard to Ife  The duease
selapses but renewal of cliucal actoity 18 uncommon. after 2 year
from the sutial attack  In chrome eass or 1m subjects constantl
exposed to fresh mfecuons or a scries of acute attacks severe :n;trn;’;
and splenomegaly develop and the patient may g0 o0 to the state of
mualanial cachea (James ‘1922 Hebwr 19.7 Kuchen 1941 Bispham
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1944)  Although malarual mfection 15 the underlymg actiologrcal
factor mn this latter condition the picture 1s almost always complicated
by 1ll nourishment and dictary deficienctes so that 1t becomes ympos-
sx{wlc to disingussh the effects of the discase per se from those grafted
on to 1t by lack of proten essential substances and so forth

PERNICIOUS ATTACKS

Permcious forms of malara are serious vanations and compheations
of the disease produced by the same parasites as the common mulder
fections  They should therefore be regarded not as separate disease
entities but as syndromes ansing duning the clinieal course of malara
They can be divided roughly mto syndromes of 2 general type and
those which ndicate specific attacks on various organs  Thus on the
one hand there may be an overwhelming infection of the kind seen 1n
P Lo less malarsa in monkeys or the appearance of a state of complete
vascular collapse and on the other syndromes apparently almost
exclusively mvolving the central nervous system or the gastro-mtestmal
tract  Permcrous attacks may develop at any stage of the disease
The onset of a pnmary attack may Ec accompanted by pernicious
symptoms or they may appear during an apparently mld attack or
m a relapse  On the whole however they occur most frequently
mn cases which have suffered from repeated attacks particulardly if
these attacks have been mnadequately treated (Craig 1909) A hustory
of irregular and nadequate suppressive therapy 1s also sometimes
assocrated with pernicious attacks  As a rule in perntcious malaria
there 15 2 hugh parasitiemia but this ss not always the case as the
parasites may be concentrated 1n the organs and not appear in great
numbers mn the peripheral blood stream

Kitchen (1041) gives a list of over forty syndromes and symptoms
of permcious malarta grouped under the vanous bodily systems
they mvolve namely nervous system gastro-mntestinal system cardio-
vascular and hacmoposettc systems  respuatory system  gemito-
unmary system and others It would be tedious to attempt to deal
with any but the commoner types and we shall discuss here only a
few of the more 1mportant syndromes

Hyperpyrexia

This manifestation of permcious malaria shows aeself'as a rule during
the course of an ordinary attack of malignant tertan malara It may
on the other band complicate the prcture of other forms of permicious
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attack partscularly the cerebral type The charactersstic feature 35 a

rapid me of bodily temperature to 107°F or higher  The nse of
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temperature which occurs 1n 2 matter of 2 few hours continues
most cases untl death unless sutable vreatment 15 mstituted  The pateat
55 dﬁspnomc and becomes comatose  The skn s hot dry and nuy be
shghely cyanotsic The dryness of the skin 15 gmportant since there
appeats to be some mhibston of sweatng (This may lead m hot
chmates to the mcorrect diagnosss of heat hypcrp)rcxx:)

Algd matarsa

The patiens passes rapidhs mnto 2 condimon of complete coffapse
and muscular asthenzz tesembling surgieal shock  His appearance s
charactenistic (Paissean and Lemmse 1916) The expresion s anuous
the face drawn and pinchied and the eves sunken ™ The breathmng 15
shallow and the pulse thin and fast and casdy compressible  The
skin s pale or shehtly cyanouc feds cold and 15 covered wih
clammy sweat  Afthough the skun fecls cold the rectaf remperature
soften raned above normal reachng 10110103 T Theren frequond)y
mtense abdomwmal pun centred mamby m the epigasirm and some-
times accompanied by p o profuse watery die-
thoes The blood pressurc 1s low  Parannzed cry throcy tes ace wsually
present 1 farge numbers m the penpberal blood  In unereated cases
and often 1 teated cuses the wsue 15 faral the patient pasng it
coma with uregudar thready pubse and rapid weegular breathung

s
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and dymg from peripheral circulatory fatlure The relation between
this syndrome and that of acute adrenal msufficiency 15 discussed 1
Chapter X1

Cerebral malara

A malaral attack concentrated mamly on the bram may appear
cliucally in many form, all of which are usually classified as cerebral
malania The predonunating clinical features may be those of coma
delirium  menimgitis and so on

The onset may be sudden but 15 more commonly gradual develop-
mg 1n the course of an apparently uncomplicated case of malaria In
the acute case with sudden onset coma appears without warning
and death ensues rapidly  The more slowly developing case of cerebral
malana 15 often st detected by the odd behaviour of the patient
who may become confused and pass into acute delinum with hallu-
cmations  accompanied by violence More commonly the patient
complains of ncreasing headache and becomes drowsy or restless and
depressed  He contines mto coma slowly and progresstvely In the
comatose state he hies deeply unconscious and quiet_except for irregular
muscular twitchings and tremors  The face 15 pale or suffused The
pupils are contracted sometimes unequally so  There may be paralysis
of the external orbital muscles caustng squint The decp reflexes may
be abolished or sometimes exaggerated and the Babimnskt sign 15 some-
times posiive  There may be suffness of the neck and muscle
twitchings going on cspectally i children to convulsions which may
be epileptic in type Hemuplegra may also develop The pulse in the
early stages 15 full and bounding but as the case progresses towards
death 1t becomes small fast and thready The respirations are fast and
shallow ulomately there may be stertorous and even Cheyne-Stokes
breathing  The skin 15 hot and dry to begin with but i the stage of
final collapse 1t 15 pale and covered with fine cold sweat  The tempera-
ture 15 usually 1n the region of 101 to 103° P but 1t may be subnormal
and n some cases becomes raised uncontrollably the patient passmg
mto hyperpyrexia  The cerebrospinal flurd 15 usually under mereased
pressure and contasns excess of protem  Any degree of parasitaenua
may be present i the pernipheral blood

In most cases the condition 15 progresstv e and deatlt 15 the outcome
unless prompt and adequate treatment 15 mitiated early  Termmnal
mcontmence of urme and facces 1s common There may be shore
remussions of the coma even in the worst cases the patient becorng
tempornly lucid for a brief mterval before lapsing back into coma
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whach 15 usually firal In recovery there may be evidence of central
nervous molvement i headache and
paresis of groups of ‘muscles

Bious remuttent fever

Ths camplicaon of malna 15 one m which the patient usually
suffers from abdommal discomfost from the outset There 1 severe
epigastric pam  mauwses develops early and vomung follows
beconung severe and persistens  The vomit contams bide sometimes
coffee grounds and even unchanged blood Duwrrhoea 15 common
ard usually severe wath the passage of copous watery stooks sometimes
contumng blood  The pattent passes rapidly nto 3 state of deby dration
accomapanted as a rule by 2 low delimum  The spleen 15 palpable and
tender and the hver enfarges apprecuably and s also tender The skm
hecomes tetessc as a rule by the second day of the disease  Jaundice
wicreases raprdly  Epstaxss 18 frequent The stine ss scanty and contains
bile pigment  The red cell count Gils rapidly and a hugh degeee of
parasitaemia 5 usual  In the begmning of the attack the temperature
m?' show some prrodicity but 1t eh wstically beromes
2
fat:

xrmy closely resemble the fever of typhoid  The ontcome 15 wsually
&1

In the form of bitious remuttent fever described above the mam
malarial attack w on the hver  Bacley (19333 desenbed amother form
wm which the jaundice 15 of a different type and m which there 15 no
bihrubm 1n the wrme and the van den Bergh reaction 15 sndirect or
biphasic and evidence of Inver damage 18 not so obvious

Gastro-mtestinal forms

Dysentene p malanz 15 ch d by the passage of
frequent stools conssung manly of blood mucus and epathelial and
ccllulor debris There s tenesmas colicky abdomunal pasm and render-
ness of the abdomen particulasly along the line of thecolon  Theremay
be nausca and vonutmg  Fever s usually tugh and renuttens  The
condwon 15 practically mdistnguishable from acute bacillary dysentery
and must be diffe d from 1t by ¢ of the heral
Blood and the bload of the stool both of wlich will be found to
contam plasmodia Srool eulture 15 of course essential

Choleraie pesnscrons malarsa niay sery closely resemble true cholera
The stools arc frequent profuse and waters and may contam mucus
blood and bule piyments  The Joss of flmd from durrhoca Yads fo
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dehydration and collapse associated frequently with severe abdonunal
cramps nausea and vomting which may be bilous  The pulse 1s fast

Fic 3—Sccuon of stomach n case of malignant tertan malariz showang intense secumula
tion of parasinzed erythrocytes 1 capillanes
and small and the blood pressure falls and the skin becomes cold and
clammy The temperature 15 usually rased above normal Oliguma
1s common and may go on asmn true cholera to complete suppression
followed by death 1 uraemia  The general picture i the final stages
resembles that of algid malana

DIAGNOSIS OF MALARIA

Malaria can be diagnosed for certam only by the identification of
the parasite Normally this will be found mn'the peripheral blood but
occasionally 1t may be necessary to search for 1t m the sternal marrow
The chances of finding 1t 1 the marrow when 1t cannot be discovered
m the blood are very small Falure to find the parasite on one or two
occasions does not exclude the diagnoss The probable degree of
P cannot be d chnscall

For details of methods of exammation and tdentificatton of parasites
see Chapter I Climcal dragnosis which 1s of importance only when
laboratory methods are not avatlable 1s discussed 1 the standard texi-
books (Stitt 1942 Manson-Bahr 1945)

CHEMOTHERAPY OF MALARJA
Speaific treatment with antimalanal drugs should be  started
immediately diagnosis has been confirmed ~ Oral admimstration should
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be ammed at but 1t may be necessary to use parentezal routes n special
cases ¢ g wtractable vomating vascular collapse {for example s algid
mahna) coma hyperpyrexa and by perparastaema

Quinine mepacrsne and paludnine are now i general use for thera-
peutic purposes  Plasmoguine {pamaquin) 15 not used slone bur only
m combunation with one of the other drugs It 15 never given paren-
teaally  Certam sulph d {phad have also been
aduumstered with some degree of success  The pomt of action of
antimalanal compounds m relation to the parasites 15 duscussed m

Chapter . Derals of treatment should be sought m approprate toxt-
books

‘The uncompheated attack

Uncomphicated cases of o}l forms of human malanal mfecron wall
respond to any of the followsng courses of treatment {Macgruth
1036 Macgraith et ol 1945}

{a) Quuune {dihydrochlonde or selphate) grams 10 tds for . days
followed by grams ro b1 d for 5 days
{6} Mepacnine 300 mgm tds for 1 to. days
Mepacrine 200 migm tds for the next day
Mepacrine 100 mgm tds for the succeeding 5 days
{¢) Quuune sals gsans o £d s for 3 days
Mepacrine 300 mgra tdy for § days
Interval of . days {May be omutted )
Pamaquin 10 mgm brd for 3 days
{d) 1 For Bengn Teruan and Quartan mafara
On diagnoss Single dose of 3comgm paludeme Followed by
100 mgm Paladrme twice weekly for 6 months
1t For Mahgnant Tertan naalaria
Paludrine 300 mgm bid for 7 10 14 days  {In severe cases
500 mgm bid mav be given for the firse 3 days )

Relapses
t Bungn Tertian and Quartw malma
{4} Quumine graws rovds
Pamaqumn 10 mgm rd's
Drugs given concureently for 1o days
(This mzy be modificd so that st 15 given for ¢ days folloned

by a 7-day mrerval afier whach a further 7day course 15 prven
{8} Patudane as above {d1 ) ’ seen)
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dehydration and collapse associated frequently with severe abdonunal
cramps nausez and vomuting which may be bilious The pubse 15 fast

Fic 3—Section of stom ch i case of malignant ertian malan  showang imtense accum 1
ton of parastuzed erythrocytes m capillanes
and small and the blood pressure falls and the skin becomes cold and
clammy The temperature 15 usually raised above normal Obguna
1s common and may go on as in true cholera to complete suppression
followed by death i uraera  The general picture 1 the final stages
resembles that of algid malana

DIAGNOSIS OF MALARIA

Malaria can be diagnosed for certan only by the rdentification of
the parasite Normally this wall be found 1n the peripheral blood but
occastonally 1t may be necessary to search for 1t n the sternal marrow
The chances of finding 1t in the marrow when 1t cannot be discovered
1n the blood are very small Fatlure to find the parasite on one or two
occastons does not exclude the diagnosis The probable degree of
parasitacrma cannot be estumated chimically

For detals of methods of examnation and identfication of parasites
see Chapter Il Clincal dragnoss which 1s of importance only when
Iat y methods are not avalable 15 di d m the standard tex¢-
books (Stitt 1942 Manson-Bahr 1945)

CHEMOTHERAPY OF MALARIA
Speafic treatment with anumalanal drugs should be started
immedrately diagnos:s has been confirmed  Oral admnistration should
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be aimed at but 1t may be necessary to use parenteral routes i specat
cases € g mteactable vomutimg vascalar collapse (for example 1 algid
malana) coma hyperpyrexaa and hyperpasasitacuua

Quinmne mepacrine and paludsine ase now 1 general use for thera-
peutic parposes  Plasmogquine (pamaquin) 18 not used alone buc only
1 combination with one of the other drogs  To 15 never given paren-
terally  Certan sulph des ¢ tphad have alo becn
adnumstered with some degree of success  The pomt of action of
antmalaral compounds w zelanon to the parastes s discussed m
Chapter I Details of treatment should be sought i approprate text-
books

The uncompheated attack

Uncomphcated cases of alf forms of human malarial infecton wall
tespond to any of the followang courses of treatment (Maegrasth
1946 Macgraith ef al 1046}

{8} Quirane {dhydrachtonde or sulphate) graws 10 1ds for 2 days
followed by grams sobad for 5 days
{b) Mepacrine 300 mgm tds for 110 . days
Mepacrine 200 mgm td s for che next day
Mepacune 100 mgm tds for the succeeding § days
(e} Quinune salts grams sotd s for 3 days
Mepacnine 100 mgm tds for 5 days
Interval of « days  (May be onutted )
Pamaqun ro mgm bid for 3 days
{d) 1 For Besgn Tertian and Quartan malarta
Ondugoons Single dose of 300 mgm paludrine  Followed by
100 mgm Paludnme twice weekly for 6 months
1 For Mahgnant Teruan malansa
Paludene 300 mgm b1d for 710 14 days  {In severe cases
soomgm bid may be gren for the first 3 days }

Relapses
¢ Bungn Turnan and Quartan malana
{a) Qunme grams 10tds
Pamaquin 10 mgm tds
Drugs given concureently for 1o days
(This nuay be modified so that 1t 13 gven for 7 days followed

by a 7-day anterval afier which a fusther 7-day contse s guven )
) Paludnme a3 bove (d1)
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u Malignant Tertian malana
A full course of exther mepacnine or paludnne should stenihze
the wnfection

Complicated and pernicions cases
1 Qunme dihydrochlonde grams 73 to 15 gnen mtravenoushy
well diluted. Intramuscular injection may be given where the
mtravenous route 1s difficulr
1 Paludnine 75 to 100 mgm 1ntras cnously
ut Atebrin {mepacnine) musonate or hydrochlonde 300 mgm mntra-
muscularly never intravenously
These drugs must be given with careful aseptic precautions  If given
slonly they are perfectly safe and may be repeated 1n 6 to 12 hours
Oral admunstration should begin as soon as possible

Suppressive dosage

1 Mepacrine 100 mgne daily

u Paludnne 100 mgm. twice or thnce weekly 1n subjects not
previously exposed  In individuals who have suffered from
mabignant ternan malara 1t 15 probably better to give a full
therapeutic course (d 1) followed by 100 mgm thrice weekly
or once daily

Chuldren
1 Quuune One twenuieth of adult dose mulnplied by the age of the
child m years
1 Mepacrine Not more than 150 mgm m the day up to the age of
2 years 300 mgm at 10
w Paludnne Up to 25 mgm 1n the 24 hours can be gnen safely to
children of any age

BLACKWATER FEVER

Some authors regard blackwater fever as one of the pernicions
comphications of malania but 1t 1s probably better at this stage to treat
the two clinical conditions separately since the prectse nature of the
relationshup between them has not yet been determun

Distribution and aetiology
Blackwater fever 1s not found m regions where malana does not
exast except n individuals previously infected elsewhere  Itsrelation to
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malarna has often been emphasized (Marchiafava and Bignamt 1900
Ross 1932 Foy and Kondi 1037 etc) It 15 seen mostly sn hyper-
endemic malignant tertian areas and has been reported i mduced
P falaparum nfections m syphilities (James Nicol and Shute 1932
Kitchen and Sadler 1945} In endemuc areas 1t appears most commonly
1 the non-mdigenous population but 1t may develop occasionally in
the natve  In the former 1t occurs as a rule m dividuals who have
been 1n the endenuc area at least a few months espectally 1t the area
15 one in which constant re-infection 15 likely (Ross 1932) Formstance
Findlay and Markson (1947) 1n BriushWest Afuica found the hability
to blackwater fever in British troops was not pronounced untl after
they had been at least g months 1n an endemic area On the other hand
1 Afnicans blackwater fever occurred m children or 1 adults who were
1 the habit of using supp drugs and mosquito nets for p
agamst malara  In most cases 1t 15 possible to trace a hustory of a suc-
cession of previous malanal attacks often nadequately treated In
some however this hustory 1s absent and blackwater may appear
within a few weeks of arrival in the endemuc area

Plasmodia are found m the peripheral blood m about half the cases
In the majonty of these the mvadmg organism 1s P falesparum but 1
may be P (1ax or P malaniae  In the case desenbed by katchen and
Sadler of hacmoglobmura ansing i aruficially induced malana all
three plasmodia had at some time been moculated mto the patient
but at the ume of onset of hacmoglobmuria only P falaparum was
active

The pathogenesis of the haemolysis i blackwater fever 15 sull
obscure The role of antimalaral drugs 1s uncertain although there 1s

derable evidence me quinine  Mepacrine has been

considered an actiological factor by some but this has not been the
expenence of most observers (Zyfmann 1944 Findlay and Steven
son 1944) Attention has been given also to the possibiliry of the -~
volvement of immuntty and imnwne reactions in the production of
hicmolysts Recently Gear {1946) has suggested that the mvaded red
cell behaves as an auroantigen and produces an anubody which acts
as an autolysin n the presence of complement causing haemoly sis
Findlay and Markson (1947) have brought forward expenmental
evidence supporting the general contention that sensttizatton to the
malarta parastte 15 an important factor m the genests of blackwater
fever They report 3 considerable merease m the weidence of black~
water fever i Afnican troops over the years 1941-45  Dunng thus
period civilin figures for the same arcas showed no change  The chucf
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difference between the lving conditions of the soldiers and cvilians
was that the former Iived 1n quarters where the chance of infection was
low so that their immumty to local strams of parastte was reduced
In this state re-infection Jed to haemolysts

Chmical prcture

The basic phenomenon m blackwater fever 1s a rapid severe lysts
of erythrocytes associated with the passage of hacmoglobin or 1ts
dertvatives 1n the urme

The panent usually gives a history of a senies of malaral attacks
usually malignant tertian prior to :Lc onset of hacmoglobmurta
the mtervals between which there was persistent headache and back-
ache accompared by general malaise  Occastonally a previous ustory
of blackwater fever may be elicited

The case may present as a straightforward uncomphcated malignant
tertian mfection or 1t may commence suddenly wathout signs of overt
malar The onset of the haemoglobinuria may take place without

diate accompanying but 1 most cases 1t 15 sudden
and associated with a nigor The latter 15 often severe and 1s accom=
panted by a rapidly rising temperature which may reach 103 to 105° F
After a bruef hot stage the temperature may fill to normal or below
and a sertes of paroxysms may supervene but 1t 1s more common for
the temperature to remain elevated and remuttent Sometimes m fatal
cases the temperature may contmue msing and the patient enters 2
hyperp} rextal phase In some cases often severe there may be no
fever ‘throughout the illness Sweating 15 a common feature and
appears irregularly in relation to the fever It may at tunes be profuse
It s for the first s of | 1 1c urine to be
passed during or immeduately succeeding the imtial ngor  Sometimes
the announcement that black water has been passed may be made
quite casually by the patient the passage of haemoglobin pigments
usually grves fise to no symptoms at micturition and may consequently
be mssed especually at night It 1s thus often impossible to determine
the true time of the onsct of the condition

The patient 15 usually considerably prostrated from the first and 15
restless and anxious but fully conscrous untd late m the illness when he
frequently passes mto delirum and sometrmes decp coma very sumular
to that of cerebral malana  In the termmal stages he 15 often mcontinent
of facces and urine  Various complications are lizble to develop and
are discussed briefly below

Parasites nearly always P falaparum may be found i the early
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stages of the illness or they may be present before the onset of haemo-
globinuria but once the latter commences the parasites uswally dis-
appear from the blood Their absence 15 therefore not of great
dugnostic sigmficance

The haemolysis may occur only once during the course of the attack
or may recur spasmodically for periods varymg from a few hours to
several daysin length withnon lytic intervals of hours or days between
In the haemolytic phase the destruction of erythrocytes may be
extremely rapid several million cells per cumm  betng destroyed i
the course of 24 hours Erythrocyte counts of under 3 mullion
cells per cumm  are not uncommon 1n severe cases sometimes after
the first haemolytic crisis Occastonally the mitial haemolysis 15 con-
tmuous and overwhelming and leads 1f uncontrolled to the death of
the patient  On the other hand muld cases occur i which the haemo-
lysis never becomes extensive and the 1llness amounts to hstle more
than the passage of hacmoglobin or s denvatives n the urme

Duning hacmolyne activity the urmne contams oxyhaemoglobin
and methacmoglobin 1 varying proportions The firse specimen
passed contamng the pigments 15 usually bright red or reddish brown
depending on which pigment pred, the oxyk glot
bemng bright red the methaemoglobm dark brown Somenmes the
pigments appear m the unne more gradually the urne darkening
over the course of some hours In most cascs after a few hours to
several days the urine lightens in colour and finally becomes clear of
pigment Duning succeeding pentods of haemolysis the pigments return
to the urine

In addition to the pigments the urme passed dunng the lytic phase
contamns 2 heavy brown amorphous deposit contamning granular casts
and cellular debris and s loaded with albumn  In the nterlyuc pertods
the unne 1s clear contams htle deposit and few casts and 15 nearl
always free from albummn  The reaction of the urme may be acr
alkaline or neutral even during scvere obguria (Maegraith and Havard
1944 Macgraith 1944)

Great ateention must be paid to the urine 1n a case of blackwater
feser since at any stage independent of the passage of haemoglobin
pigments renal fulure may develop  Such fadure 1s lnd(camig by a2
reductton 1n urtnary output which may go on to complete anuria 1n
the course of 3 few bours  QOccastonally anuma may appear without
any prelmunary oliuriz Once anwna has developed recovery s
uncommon and the patient dies 1n 2 statc of progressiv¢ uraema with
rising blood urea nitrogen It may be noted here that the blood urea
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nitrogen 15 ratsed to some extent in all cases of blackwater fever whether
complicated by obvious renal failure or not In cases recovermng from
anunia the urea mtrogen returns only slowly o normal The urme
passed 1n obguna may or may not contain blood pigments and albummn
If the oligunia develops 1n the post-ly ttc phase the urine 1s clear and un-
concentrated Its reaction m oliguna and durning suppression which 1s
not absolute (sometimes an ounce or less may be passed m 24 hours)
15 not as 15 frequently stated always aad but may be neutral or
alkaline  After recovery from anura there may be polyuria associated
with the passage of large quanuties of dilute urine which slowly
regamns 1ts normal concentration

In many severe cases and someeimes after an apparently muld lytic
phase the patient collapses and passes 1nto a state resembling medical
shock (Atchley 1930) The facies are anxious and drawn the eyes
sunken The patient 1s restless and amxaous  The blood pressure 1s low,
except 1 cases in which uracmic mantfestations have developed
following renal farlure 1n which case the blood pressure nises as the
uraemna progresses Even n these cases however mn the final stages
the blood pressure frequently falls rapidly especally the diastolic
pressure  Death occurs from vascular collapse

Interference wath hver function appears carly 1 many cases The
Liver swells and becomes palpable and tender  Acute epigastric dis-
comfort 1s common and there 1s nausea and vormting which 1s often
bihtous and may become intractable  Uncontrollable hiccough develops
m the worst cases  Jaundice appears as a rule within two days of the
onset of haemolysis and deepens quickly It may or may not be
accomparued by bile prgment in the unne

Reduction mn plasma alkal: reserve has often been reported m black-
water fever and 15 usually interpreted as demonstrating presumptive
aadoss There are however no relable records of changes m blood

H
The course of a case of blackwater fever may be nuld or fulminatimg
Most cases are severe  All must be considered grave since at any stage
fatal complications may appear such as overwhelmmng haemolysis
total renal faslure and sudden cardiovascular collapse
The death rate vanies from 20 to 30 per cent Renal farlure accounts
for one-half of the deaths (Stephens 1937)

Diagnosis
Haemoglobmurra associated with progresstve anaemia occurnn
1n a subject who has been persistently exposed to malanial mfection 15
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almost certamly blackwater fever In Africans the presence of sickle-
cell disease must be excluded Other causes of haemoglobinuria must
also be excluded particularly n relation to qumne and pamaquin
The presence of haemoglobin or 1ts dervatives should be confirmed
spectroscoprcally where possible and must be clearly differentiated
rom bile pigment  The absence of malara parasites from the pen-
pheral blood 15 not significant as has been already pomted out  The
d of clintcal compl 15 of the utmost importance The
volume of cvery specimen of urme passed should for mstance be
measured and recorded since anura may develop suddenly

The rapid haemolysis and renal failure are the most striking pheno-
mena seen in blackwater fever  The true nature of the haemolysis
n blackwater fever 1s stll to be dutermined  No speaific haemolysin
has ever been 1dentified and no change 1n the saline fragiity of the
erythrocytes consistently observed Foy and hus colleagues (1943)
have found that the ccﬁs are 1 some cascs abnormually fragile m a
lysolecithm system and believe that the fundamental factor at work
1n the haemolyss 15 extracellular and 1s capable of lysing normal red
cells and rendering the cells of blackwater fever panents more suscep-
tible to lyss Other theories imphicate an upsct of the normal balance
between lytic tissuc factors and their mnhibitors the productton of an
autolysin as a result of plasmodual mvaston of erythrocytes and changes
m the plasma agglutmn pattern (Maegrath Findlav and Martin
1943 Wail 1907 Gear 1946 Butts 1945 Maegraith 1946)

The renal fulure was thought to be due to mechanical blochage of
the urimferous tubules with precipitated haemoglobin products but
recent work has shown this view to be untenable (Georgopoutos
1933 Foy et al 1943 Maegraich 1944) It 15 rather an cxample of
the syndrome of renal anoxia the basis of the anura beng a redistribu-
tion of renal blood flow which results i relative cortical 1schaemia
with assocated changes 1n the cortical portions of the renal tubules
(Macgraith 1944 Macgraith Havard and Parsons 1945 Tructa f af
1946 Lancet leading arncle 1046)  The charactenistic lesions of the
fver in blachwater fever are also probably esseatualls vascular in ongin
and arc discussed an Chapter VI

Treatment

When malana parasites are present m the penpheral blood a full
course of mepaenne ot paludnine should be gwven as for malana
Quinine should be avorded  In the absence of parasites no 2numalaral
thetapy 15 called for  Parasites often appear i the catly stages of
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mtrogen 1s raised to some extent n all cases of blackwater fever whether
complicated by obvious renal Failure or not In cases recovermng from
anuna the urea mtrogen returns only slowly to normal The unne
passed m oligurra may or may not contamn blood pigments and albumm
If the oliguria dev elops an the post-ly tic phase the urine 15 clear and un-
concentrated Tts reaction 1n oliguna and during suppression which 15
not absolute (sometimes an ounce or less may be passed m 24 hours)
1s not as 15 frequently staced always and ‘but may be neutral or
e After recovery from anura there may be polyursa assocated

with the passage of large quantities of dilute urne which slowly
regams 1ts normal concentration

In many severe cases and sometimes after an apparently mild Iync
phase the panent collapses and passes mto a state resembhing medical
shock (Atchley 1930) The factes are anxious and drawn the eyes
sunken The patient 1s restless and anxious  The blood pressure 15 low
except 1 cases 1n which uraemuc mamfestations have developed
followmg renal failure 1 which case the blood pressure fises as the
uraenma progresses Even m these cases however mn the final stages
the blood pressure frequently falls rapidly especially the dustohic
pressure  Death occurs from vascular collapse

Interference wath liver function appears early m many cases The
Iiver swells and becomes palpable and tender ~ Acute epigastric dis-
comfort 15 common and there 15 nausea and vomuung which 15 often
bihous and may become mtractable  Uncontrollable hiccough develops
mn the worst cases  Jaundice appears as a rule withun two days of the
onset of haemolysis and deepens qmckly It may or may nmot be
accompamed by bile pigment 1n the urine

Reduction m plasma ‘alkah reserve has often been reported n black-
water fever and 15 usnally mterpreted as demonstratng presumptrs e
acdosis  There are however no reliable records of changes m blood

pH

The course of a case of blackwater fever may be nuld or fulmunatng,
Most cases are severe  All must be considered grave since at any stage
fatal complications may appear such as overwhelming haemolysis
total renal farlure and sudden cardiovascular collapse

The death rate vanes from _0 to 30 per cent  Renal farlure accounts
for one-half of the deaths {Stephens 1937)

Diagnosis
H. globinura d with prog anacrua occurring
1 a subject who has been persistently exposed to malanal infection 1s
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THE PARASITES OF HUMAN MALARIA

by
Roeerr H Biack MD BS DTM & H

TNTRODUCTION 4D HISTORY  Z0OL0GICAL CLASSIFICATION Lme Cycie In Man — In
Mosq to ~ Trophozoite-t duced malana — Persstence of malan1 f no i Man —
Infocto of M with malama of other ve tebrates — Tr f ofbu  m1ln 1o other
nebrates  Desc terion oF PARASITES P v v— P [l prim—P alia —Po le—
Ab ormal £ m of p ras tes — Doubtful paras tes  APFEARANCE OF PARASITES In th ck £lms —
Int ues THENUMB OF PARASITES 1N Pemp £RAL BLOOD  DIFERENTIATION OF Pa ASITES
LasoraToRY PROCEDU £ Thun flms — Exfl gell u n— Smears of tisue — Parastesinsectio +
— W tflmpepa b ns— Thick flm —En m a6 n of pat stes — Culu at n of mal
patautes PHYSIOLOGY OF THE MALARIA PARASITE  MODE OF ACTION OF ANTIM LaRIAL Datcs

INTRODUCTION AND HISTORY

Tie malana parasites of man are truc parasites living at the expense
of their vertebrate host caustng 1t harm and on occasions resulung
m s death  They are closely related to the malara parasites of burds
monkeys and other vertebrates which are also classified i the same
genus—Plasiodin

Laveran (1880 a and b} was the first to describe the parasites found
1n the red blood cells of pattents suffering from malara The dufferen
tuation of the vartous species has been the result of the work of numerous
obseevers since that £rc Manson (1893) expressed the opmion that
mosquitoes would be found to transnut malaa That this was so tn
the casc of bird malana was reported by Ross (1898) who also followed
part of the development of the parasites of human malna m the
mosquito (1897) Grasst and his colleagues (1898 1899 a and b}
desenbed the stages of development of the parasites of human malarra
1n the anophel quito and B, {1 and Bignanu (1899) mfected
man with malana by means of the bites of mosquitocs

‘With the work of Huff and Bloom (1935} Raffacle (1936 2 and b}
James and Tate (1937) and others mterest was aroused 1n forms of
malara parasites scen an birds which developed outside the red cells
These forms of the parasite had been deseribed ongmally by Mac-
Callum (1898) and Laveran {1900) Recently pre-crythrocytic forms
of one of the human plasmodia (P 11ax) were demonstrated m che
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recovery and m these ar full
necessary

Cardiovascular fallure potential or real must be treatcd on general
lines  Vomutng sweating and diarthoea may tend to dehydrate the
panient  Flurd should therefore be replaced” A daily flud mntake
output account must be kept and the nput balanced carefully agamst
the loss since the patient may easily become waterlogged as a result
of pushing flurds particularly tn anurnc cases (Paramore 1945 Mae-
graith 1945) Flud may be given orally or mtravenously i the form
of glucose salme

If the erythrocyte count 1s 1 5 nullion cells per cumm or lower

fi of blood 1s advisable esther 1 the form of a concentrated

suspenston of cells or as an infusion of citrated blood  The transfusion
should be given slowly and the amount given should be mcluded m
the total fluid mtake for the dav  The greatest care 1s necded n trans-
fusion Cross matching of donor s cells and patient 5 serum 1s essenaial

Alkalis are often recommended i big doses with the object of
producing an alkaline urme  Since the meroduction of heavy alkaline
treatment the death rate of the disease has risen  In many cases no
amount of alkalt will alter the acid reaction of the urme In others
the urne 35 alkaline or neutral to begin with There 15 evidence to
show that large doses of alkalt per se may be harmful to kidney function
mn normal subjects These facts mdicate that alkalt if admunustered
at all must be given n moderation 3¢ not more than about 20 gm
1 the course of 24 hours given as sodium bicarbonate  If bicarbonate
solutions {150 grams to the pmnt) are to be given mtravenously they
should never be stertltzed by heat

Once the pauent has become anurie there 1s little active treatment
to be grven beyond controlling his flud intake Since however the
renal failure of blackwater fever 1s fund Ily of the p lly
reversible renal anoxic type 1t 1s possible that Koiff s (1946) aruificial
kudney mughte prove of some use

13l therapy 1s
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where the plasmodia reproduce by 2 process of divason known as
sporogony

Man 15 mfected by the emtry of sporazoites in the sahva of an nfec-
tve anopheline mosqusta at the time of buing and after an meubanon
penod suffers from an attack of malarm  Duning thus attach. sexual
forms of the parasite are developed which are able to mfect anopheline
morquitocs shauld they feed on the panent  Afier a penod has elapsed
these mosqt then become for man

The life cycle 1 man

Sporozotes from the salivary glands of mfective mosguitoes enter
through the skin of man at the ume of hing  These sporozoites
rapidly enter the crculation and have been demonstrated 15 the peri-
pheral blood withm a few wunutes of binng by mosquitoes infected
with P faloparumt ot P vnax (Fawley 1935) Half an hour after
brting the parantes disappear from the blood  Prolonged mucroscopic
scarch of the blood for parasites and submoculation blood wansfusions
given to healthy recipients fasl co show therr presence m the perpheral
blood for » pennod of 7 days fox P falrparum and 9 days for P swan
{New Guunea steains of these parasstes)  In northeen Egrope however
the period wiuch mtervencs berneen natural mfection sath vivax
malana and the first appearance of symptoms 15 often as fong as 7 or
8 months {Hackett 1937)

The number of sporozoites required to produce malarsal infecton
n man has not yet been deternuned with any degree of cerramty
James {i9.6) reported that 5. among 2.1 luetic patients who were
bitten by mosquitoes of mfective batches faled 0 develop malana
Further he sud that the bite of one mfectn ¢ mosquito may be followed
by a severe attack whereas the attack followang bites by So mfecuve
mosquitoes may be relancly mild Fawdey {1945) stated that a reason-
able dosage of viable sporozowe wilk always infecr the European
who has not {pxc\noml) been exposed to malaria and that the natural
smmumty of the white man of European ancostry to junghe malara
15 2 myth —at least so far as New Gumen strans sre concemed  De
Sancts Monaldh {1935) mjected susp of P oysay
of known concentration by varous routes  He found that . 500
sporozoies Luen by intravenous ihjection produced an attach 3s also

1d doses of 50000 and 100000 The meubatton pertod 1was from rs
10 57 days  Intradermal myections of 3 ooa sporozostes resulted n an
attach of malarna sftee 74 davs but a dose of 90 000 produced a negame
eesult Boyd (1940} found that the proportion of snsucesssful mocula-
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Tiver by Shortt etal (Brit med J 1048 1 547) 7 days after mfection
by sporozoites

ZOOLOGICAL CLASSIFICATION
The classification of the Plasmodia 15 as follows (Wenyon 19.6)
Phylum Protozoa
Class SPOROZOA
Sub-class  Cocadiomorpha

Order COCCIDIIDA
Sub-order Hacmospondudea

Family PLASMODIIDAE

The members of this famuly are included 1n the single genus Plasimo-
dium  These are parasites which produce pigment during therr asexual
cycle m the red blood corpuscles of vertebrates In human malna
the sporogonous cycle of the parasites 15 passed mn the anopheline
mosquito Four species of the genus Plasnodinm are responsible for
malarial infection n man  These are P 1nav P faluparum P malariae
and P ovale

There have been vanous attempts to place Plasmodumn falaparsn
1 a separate genus Laerania because of the charactersstic shape of s
gametocytes but 1t 15 generally accepted now as Plasmodium falesparunt

Chrnistophers (1945) 1 a recent paper on the nomenclature of the
malania parastes stated that the three common plasmodsa (P tiwvax
P falaparum and P malaniac) are according to the Rules of Nomen-
clature mcorrect but the utmost confusion would result if attempts
were made to mtroduce the correct names The only satisfactory
procedure would be for the International Commussion to suspend the
rules n order to validate the names commonly mn use

With the discovery of the exo-crythrocytic forms of the parasites
ot bird malaria the question anses of the correctness of the defimtion
of the genus Plasmodium as g org which pass their
asexual cycle only 1n the red blood corpuscles of vertcbrates

LIFE CYCLE

The malama plasmodia of man have an asexual and 2 sexual cycle ot
exsstence  The asexual cycle takes place i man 1 whom the parasites
1n the blood mhabit the red blood cells and undergo division by schi-
zogony The sexual cycle occurs i mosqurtoes of the genus Anopheles
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spotozontes has already been mentioned ‘The effects of certan drugs
mdicate that the parasites 1n this stage have a different suscepuibality
from that possessed by erythrocytic forms Fawley et al (1946 2)
have reported that a single dose of 10 mgm of paludrine given 7. or
120 hours after bitng with P falap P d the develop
of an attack whereas all volunteers with overt falerparum malana were
not cured by 100 mgm  of paludnne given dady for 7 days  With
P tiav James Nicol and Shute (1931) showed that plasmogune pro-
duced a lengthenmg of the t peniod mnd g an action
on the pre-ervthrocytic forms of this parasite  Quinune and atebrn
have no effect on this stage of the parasite and do not prevent the entry
of parasites mto the circulatng fylood at the end of the negatve
subinoculanon period  The relapses of vivax malarta despite clearmg
the blood of parasites by antimalanial drugs indicate the persistence
of some form of the parasite resistant to these drugs penodically
giving nise to erythrocyne forms which enter the airculating blood

At the end of the negative subinoculation period parasites are seen
m the arculating red blood cells The youngest forms appear as small
dises or ngs which enfarge wuth the formanon of pigment  These
asexual parasites or teop} divide by sch nto a number
of merozortes which are released when the red cells contamnmg the
parauites rupture  The free merozontes enter fresh red cells where
they grow and divide The time taken for one cycle of asexual develop-
mene ot the periodicity of the parasite vanes wath the species  In
P tnax and P orale 1t 1s about 48 hours in P malanae 72 hours and
from 36 to 48 hours 1n P falaparum

Some of the trophozoites do not undergo schizogony but develop
mto sexval forms known as male and female gametocytes  These
undergo no further development m man but are capable of infecting
anophehine mosquitoes

The Lfe cycle 1n the mosquito

When blood 13 drawn 1nto the stomach {rmd-gut) of an anopheline
mou‘ulm from a person in whom camctocytes are present in the
arculatmg blood the gametocy tes devclop furc&cr Active movements
of the gametocy tes cause the rupture of the contaming red cell and they
then ke free in the stomach content Nuclear division occurs n the
male gametocyte and a number of fine motle flagella are thrown out

nece of nuckear matenal enters mto each one of these fagella
Exflagellaron as thus process 15 called 15 followed by the separation
of these acuvely monle filiments or microgametes from the parent

c
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tions was high 1f the dose of sporozotes was small—as deduced by
dissection of the salvary glands of mosquitoes—and that the meubation
pertod tended to vary mversely with the dosc of sporozoites  Shute
(1946) suggested that about 2 000 vivax sporozottes arc necessary to
ensure the normal incubation period  He also reported that nfection
with a small number of sporozoites or wath sporozontes that had been
m the salvary glands for more than 2 or 3 weeks mught result 1 a
long meubation persod

After the myection of sporozoites of P gallinacern mto chickens
Huff and Coulston (1944) found that sporozostes were present 1 the
heterophil leucocytes and that no sporozoite comp[ctuf 1ts develop-
ment mn thus type of cell Thus these leucocytes 1f they did not subse-
quently disgorge the sporozontes acted as a defence mechamsm aganst
malanal infection Thus 1t 15 quite possible that there 1s 2 hminal dosage
of sporozortes required to produce an nfection

Although Schaudinn (1902) descnbed the eniry of a sporozotte
directly 1mto a red blood cell 1t 15 probable that the early stages of
development of the malaria parasite m man take place outside the
arculating blood  Mussirol (1933 and 1934) described chromatin
division 1 the sporozoites of P praccov at the site of mjection mnto
canartes but the sporozoites soon disappeared from this arca Huff
and Bloom (Ip;sf described one of the malara parasites of burds
(Plasmodium elongatum) which developed 1n all the blood cell types
Pigment was formed only 1 cells of the erythrocyte seres which
contamned haemoglobm  Raffacle (1936 a and b) found parasies
the reticulo-endothelial cells of birds mfected vith P elongatuns and
P relitum  James and Tate (1937) recogmzed the sigruficance of the
same phases seen an P gallinacenm mfections of fowls These evo-
erythrocytic parasites—designated as such by James and Tate ?938)—
persisted 1 the rettculo-endothelial cells and m the endothelial cells
of the bramn capillaries despate the clearing of the blood of circulating
parasites by quinme and were responsible for killing the fowl b
occlusion of the cerebral capillaries Huff and Coulston (1944,
described the penetration of cells of the reticulo-endothelial system by
sporozoites of P gallmacenms withm half an houe of thetr mjectron 1nto
the host Here they developed into exo-erythrocytic forms which
later gave nise to erythrocytic parasites

Thus the exo-erythrocytic cycle or nissue phasc has been estabhished
1 bird malaria  Before the demonstration of the pre-er throcytic
forms of P ywax there was much indirect evidence for therr exise-
ence The negative subtnoculstton persod after nfection with
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ton of blood transfusion It may occur as a result of mefficient steriza-
tionof appacatus used for myections asin the giving of neoarsphenamme
(Wenyon 19 6 Black 1940) and smongst drug addicts (Biggam
195 Geiger 1932 Chung et ol 1038) Malana m newborn mfants
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cell The microgametes move amongst the red cells of the stomach
content The female gametocytes extrude a small amount of chromatin
and become macrogametes and are then ready for fernlization
Ferulbization (syngamy) takes place by the entry of a microgamete
into a macrogamete and subsequent nuclear fuston to form a zygote
The zygote clongates and becomes motde when 1t 15 known as an
ookinete or travelling vermicule The ookmnete penetrates and passes
through the stomach epithelium and becomes embedded 1n the stomach
wall forming an cocyst  Watlun the oocyst very numerous thm fisst-
form sporozotes are formed which are about 15 p 1 length. They are
Iiberated when the oocyst bursts mto the blood fluid of the haemocoele
of the mosquito and eventually are distrbuted throughout 1ts body

They are however especully found 1n the saltvary glands and thewr
ducts Mussirolt (1937) reported that the sporozoites from mature
oocysts of P praecov m Culex pipiens were mfectious for canartes so
that there 15 no period of maturation 1 the salivary glands These
findings were not m agreement wath those of Sandicchu (1938)

The period which elapses betw een the mgestion of the infected blood
by the mosquito and the app of'spc 1 the salvary glands
1s usually 10 to 14 days It 1s longer with P snalarsae, beng from 28
days (Mer 1033) to 35 days (Boyd 1934) The length of time 15
mfuenced by the temperature of the atmosphere and by the spectes of
the mosquito At the end of this sexual cycle the mosquito 15 infective
for man "~ Sporozostes are myected mn the saliva of the mosquito through
the bite 1 the skin and the asexual cycle m man begims

Trophozoite-mnduced malaria

Malaria may be transferred from man to man by means of mocula-
tion of blood contanmng asexval parasites This transfer may take
place acadentally or dehiberately

Parasttes may remam viable for at least 8 days when atrated
blood 15 kept 1n a refngerator (Sharnoff et al 1945) Johns (1931)
added glucose to defibrinated blood contammng  trophozoutes of
P wnax and secured mfecttons after 1t had been kept at 0° C for 18
days In the reciprent of malanal blood the parasites continue to
develop and undergo schizogony The mfection differs from that of
sporozoite-mnduced malarsa m t.gat erythrocytic parasites ate present

rom the begmmng If a sufficient number of parasites are myected
sntravenously they may be seen 1n the blood of the recipient a few
munautes after the transfusion

Aceidental transter of malaria 15 occasionally reported as 2 comphea-
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mfection appears to die out  Ovale malana may relapse for several
cars and quartan 15 the most persistent - Acadental transfusion malana
Kms occurred using blood from donors 30 years or longer after they
had been mfected with P malariae (McClure and Lam 1945 Fischer
and York 1946) The great preponderance of the quartan parasite
as the cause of this 1 of blood leads to the
question of the persistence of trophozoites in the blood stream n mfec-
tions with P malanae  The donors in these cases are healthy despite
the presence of parasites m the circulating blood at sub-microscopic
densities It 1s unltkely that blood has been taken from these donors
when the parasites were increasing to cause a relapse  Thus 1t scems
probable that after the imtral attack and relapses with P malanac infec
tions a state almost of commensalism rather than true parasism
ensucs with parasites m small numbers i the peripheral blood  The
writer has scen such 2 case i a pavient mfcctcdp with P 1nav of New
Guinea ongin with parastes present i the arculating blood for long
pertods at the borderline of mucroscopic densities and with no clinscal
conconutants
Trophozone induced mualania when adequately treated does not

show this tendency to relapse as all the parasites have been destroved
by the antimalarial drug used  In P galflmacenm ifections exo-crythro~
cytic forms occur 1n birds noculated with trophozottes or sporozoites
{James and Tate 193 8) although they arc scen at a comparatively later
period with the former method of mfection (James 1939) I sccondary
exo-crythrocytic forms are developed 1n trophozote-induced malana
n man they must aither be as susceptible to antimalaral drugs (such as
atebrn) as are trophozortes—unlike the primary exo-crythrocytic
forms—or ncapable of producme parasites which will mvade erythro-
cytes and cause relapses  Oberle (1935) described non pigmented
extra~cellular forms n the bone marrow 1 trophozoite-nduced vivax
malaria but these findings have not been confirmed

Infection of man with malana of other vertebrates

Man has been expenmientally mfected wath three parasites whose
natural hosts are monkeys These nfections were obtamed by means
of blood moculation and the nfections reported were with Posmnt
(Das Gupta 1938 Ciuca ef af ated by Hackete 1937) P knonlest
(hnowles and Das Gupta 193 Jolly et ol 1937 and others) and
P redhum (Rodhan 1940) Infections with P Anon lest were tran-
sient and although some showed mcreases 1 the number of parasites
spontancous recovery occurred  Joll ef al reported that passag.e of thus
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has been reported on several occasions (Herser 1913 Clark 1915
Jones and Brown 19.4 Tanner and Hewhtt 1935 Gammue
1944) and appears to be duc to acadental admixture of maternal
blood with that of the foctus Malarnal infection of the placenta 15
very common n malanal areas (Blacklock and Gordon 1925) and a
placental acaident at the ime of barth may account for the mfection
of the mnfant via the umbihical cord Dehberate trophozoite induction
of malarza has been used 1n the treatment of syphihtic dseasc of the
nervous system and experimentally in research on antimalanal drugs
and the life history of the parasite

The persistence of malarial mfectton 1n man

Malara d from the 1 blood after adeg
doses of antimalarial drugs but wrophozottes of P titav P orale and
P malariae are prone to reappear and cause relapses  This oceurs m
the absence of any fresh mfection of the host Relapses do not tend
to occut with P_falaparum nfections after adequate treatment (as for
example a course of atebrin}

A persistence of the tissue or exo-ervthrocytic phase of the parasite
with pertodic mvasion of the blood stream by erythrocytic parasites
would account for these relapses Shute (1936) on the other hand
considers 1t unlikely that exo-erythrocy tic forms of the parasite—com-
parable with those scenin P gall mfections i fowl espo!
sible for relapses 1n vivax malama He suggests that sporozoites may

blish ¢ m reticulo-endothelal cells  These sporozontes
when released on the death of the host cells may develop and bring
about nfection of the red cells causing a relapse  So far no drug
has been found which will prevent with certanty relapses of benign
terttan ovale or quartan malara despite the comparative ea ¢ with
which the airculating blood can be stenhized  In faloiparum malana
the ending of the tissue phase with the first appearance of erythrocytic
parasites apparently leaves no reservorr from which parasites can arise
to cause relapses

Relapses are to be differentiated from recrudescences  Inadequate
treatment may cause the number of arrculating parasites to fall below
microscopic densities (one parasite per one to three cu mm  of blood)
but will not completely sterilize the circulating blood  When the
drug concentration falls below an effective level the parasttes increase n
number and gwve r1se to a recrudescence of the infection

Relapses of vavax malarta may occur for several years the frequency
to some extent depending upon the mfecung stran  Eventually the
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stage preparation  This active movement was responsible for the
namung of the parastte tivax At this stage the ring has a dumeter of
abouc one third of that of the red cell in which st hes  After about 6
to 8 hours growth a few granules of browmsh pigment appear
the cytoplasm of the parasite which 15 now larger and irregular 1n
shape (amocboid form) or sull mameaws a ring form At this stage
changes may be observed in the contatning red blood cell 1ts diameter
1s mereased 1t has become somewhat pale and when well stamed
witha Romanowsky stam shows 2 number of fine red granules known
as Schuffner s dots

At the end of 24 hours growth the parastte fills about onc-half of
the red cell 1t s trrey ular 1 shape with active pseudopodua extending
out into the red cell and contans granales of yellowssh
brown pigment scattered throughout the cytoplasm

Increase m size continues unul at about the end of 36 to 4o hours
the parasie almost completcly fills the enlarged red cell It has now lost
1s amocboid actvity and the cytoplasm becomes more compact
although 1ts border 15 somewhat mregular

The nucleus imcreases m size wath the appearance of several granules
and then diides to form daughter nucter which divide farther unul
typically 16 nucler are present although the number vartes between
toand 24 The cytoplasm condenses around these nucler and at about
the end of 48 hours a mature schtzont 15 formed contaming 12 to 24
merozontes: wuen arc round or oval i shape and usually arranged m
two rows  During nuclear diviston the prgment becomes accumulated
¥ One of more areas and there 15 a gradual increase m the size of the
parasite so that it reaches 10 to 11 4 m diameter  The remaming portion
of the red colf snl shows Schuffner s dots which are more numerous
and coarser than n the younger trop. hen segs 15
completc the red cell ruptures and the merazostes and pigment are
teleased nto the blood plisma  The mcrozostes quickly become
attached to new red cells and after entering them repeat the process
of schizogony

Most parasites mature at the same ume—at the end of 48 hours—
bat some are fully divided before this ume and some take longer
In some cases two batches of ;;Immcs may be scen which attam

:m:m) at different nmes which mav be -y hours apart producing
schu:

zogony cach dav I the carly days of the primary attack the
Presesce of parasites dev cloping out of p‘uxc s very commion (James
19-6 Lowe 1934) In relapses of v nvax makina in the writer s experi-
etwce the parantes appear to be more m phase
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parasite through man reduced 1ts pathogemerty for monkeys The
mfection with P rodham 15 open 1o question because of the symulanty
of thes parasite to P malanac Cuca et ol (1937) have passed P knouless
from man to man many tunes by trophozoite inoculation

Transfer of human malana to other vertcbrates

P riax and P falap have been tr d to monkeys by means
of blood moculation of trophozoues In the howler monkey (Alouatta
Sp) P falaparum produces a transient infection with mcrease n the
number of parasites It shows a 48-hour cycle and the parasites cannot
be distnguished morphologically from those scen 1n man (Talaferro
and Talaferro 1934} Mesml and Roubaud (1917) moculated blood
g P 1iavp mto 2 chimp where the trop}

underwent schizogony  The animals showed no marked fever and the
parasites disappeared after 22 days Rodham and Muylle (1939)
reported the transfer of trophozotes of P 1 ax to two chimpanzees
In the first parasites were seen for 9 days In the second the parasites
persisted for 46 days as shown by submoculanion to two men who
developed typical vivax

There has been no reported transfer from cither host to the other
through mosquitoes

DESCRIPTION OF PARASITES

Four species of the genus Plasmodinm are recogmzed as bemng respon-
sible for malaral infection n man  These are P 11ax P Salesparuns
P malanae and P ovale There are 1 addition other doubtful species
and vaneties which will be described tater  The descriptions given here
are imited to the appearance of the parasttes as scen n the human host
and apply to both sporozoste~ and trophozoite-tnduced malaria

Plasmodium vivax

This parasite causes bemign tertian malama m man It was first
observed as a distinct speaies by Golg: in 1886 (2 and b) Grasst and
Felettt named 1t Haemamoeba vit ax 1 1890

P 1nax takes 48 hours to complete 1ts asexual cycle and divide by
schizogony  The earltest faems seen m the blood are 1n the shape of
a disc wath a single nucleus within the red blood cell Withmn a few
hours a vacuole appears and the parasite resembles 2 signet ring as the
nucleus 15 pushed to one side  The parasite 15 now actvely amoceboid
and this movement may be observed microscopically with a warm
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stage preparaton  This active movement was responsible for the
naming of the parasite 111ax At this stage the ring has a diameter of
about one-third of that of the red cell m which 1t hies After about 6
to 8 hours growth a few granules of brownish pigment appear
the cytoplasm of the parasite which 1s now larger and uregular i
shape (amocbod form) or stll a ing form At ths stage
changes may be observed m the contaming red blood cell 1ts diameter
15 mereased 3t has become somewhat pale and when well stamed
witha Romanowshy stam shows a number of fine red granules known
as Schuffner s dots

At the end of 24 hours growth the parasite fills about one-half of
thered cell It 1s arregular n shape wath active pseudopodia extending
out mto the red cell and contamns numerous granules of ycllowish-
brown pigment scattered throughout the cytoplasm

Increase in size continues unul at about the end of 36 to 40 hours
the parastte almost completely fills the enlarged red cell It has now lost
1ts amocbord actvity and the cytoplasm becomes more compact
although 1ts border 15 somew hat 1rregular

The nucleus increases 1 size with the appearance of several granules
and then divides to form daughter nucler which divide further unul
typieally 16 nucler are present although the number vanes between
122nd .4 The cytoplasm condenses around these nucler and at about
the end of 48 hours a mature schizont 1s formed contatning 12 to 24
metozowtes which are round or oval m shape and usually arranged in
two rows During nuclear diviston the pigment becomes accumulated
1n one or more areas and there 15 a gradual increase mn the size of the
parasite so that st reaches 10 o 11  n diameter  The rematning portion
of the red cell stll shows Schuffner s dots which are more numerous
and coarser than 1n the younger tropt When 15
complete the red cell ruptures and the merozoites and pigment are
released wnto the blood plasma  The merozoites quickly become
attached to new red cells and after entering them repeat the process
of schizogony

Most parasites mature at the same time—at the end of 48 hours—
but some are fully dded before this tme and some take longer
In some cases two batches of parasttes may be seen which attan
matunty at different tmes which may be 24 hours apart producing
a schizogony each day In the carly days of the primary attack the
presence of parasites developing out of p{lasc 1s very common {James
19 6 Lowe 1934) In relapses of vivax malarta i the writer s experi-
ence the parasites appear to be more n phase
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When schizogony has occurred several tumes a number of tropho-
zoutes do not develop mnto schizonts but form male and female gameto-
cytes  Thus gametocytes are not seen 1n the arculating blood m the
fist days of an attack of vivax malaria  Immature gametocytes are
not often seen 1n the peripheral blood circulation as their maturation
appears to take place m the blood vessels of the spleen and bone
marrow Their growth isslower than thatof atrophozoite Novacuole
15 produced and there 15 no active amocboid movement although some
moverent 15 seen 1n a warm stage preparation  The contaiming red
cells show the changes described wath the developing trophozote
mcrease in size pallor and Schuffner sdots  Maturation of gametocytes
takes about 96 hours for completion

The cytoplasm of the gametocytes 1s rounded and occupies almost
the enure red cell When stamed with a Romanowsky stamn the
cytoplasm of the female gametocy te 15 darker 1n colour than that of the
male The pigment 15 yellow-brown m both and 15 scattered through-
out the cytoplasm m the form of granules of which there are more
than m the mature schizont The nucleus of the male gametocyte
15 larger than that of the female In both forms 1t 15 always single
If viewed n 2 wet film preparation the male gametocytes after escaping
from the red cells are seen to have active motile pigment granules
and undergo the process of cx-flagelation formmng 2 to 6 mucro-
gametcs

Red blood cells are 1ly seen muluple
with vivax parasites  There may be two or more trophozortes or more
rarely a trophozaite and a gametocyte

Charactenisic features of P 11ax which help m 1ts differentiation
from the other plasmodia are active moulity enlargement of the red
cell with the appearance of Schuffner s dots the occurrence of all
stages of schizogony 1n the pertpheral blood the number of merozortes
formed and the appearance of the gametocytes

In thin film preparations staned with Leishman s stain the cytoplasm
of the parasites 13 blue the chromatin erimson and the red cells salmon-

ik 1 colour The monocytes may contan pigment granules

In a well-developed mfection with P 1rav parasites are usually
moderately numerous and one may be seen m every few microscopic
ficlds The parasite may be present m all stages of growth or only 2
few stages may be seen depending upon the synchronicity of develop-
ment It 1s not uncommon to se¢ two parasites i one red cell A
varymg number of gametocytes may be present  The ning forms are
relatively large with a simgle mass of chromatm  Amoeboid forms

P
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are larger with pigment granules of a yellow-brown colour scattered
through the cytoplasm The red cell 1s enlarged and becomes pale
as the parasite mereases 1n size  Schuffner s dots stamung a dark red
are seen m the red cell  Prior to division of the chromatn the tropho-
zoite may present some resemblance to a gametocyte If the parasites
are developing m phase examination of the blood during a paroxysm
will reveal mature schizonts and some young nngs About 12
hours later large nngs will be scen with some amocbord forms
Twenty-four hours after the paroxysm the parasites are the larger and
wregular amoebord forms  Thrrty-six hours after the paroxysm
nuclear division of the schizont will be seen to have commenced and
this 15 completed shortly before the next paroxysm  The table shows
the stage of development of P 1rax at vanous ames during one
schizogonous cycle

TABLE I
10 1T 12{4 PARASITES
Total ' ! I Gametocytes
Tume perarmm ‘ R ! 4 Ps , S per cu mm
|
10 ‘ !
o800 860 | ++ . |+
1400 3900 | 4+ | +
1800 4050 | ++  + !
2400 3340 |+ ! + 6o
1 ] ‘ !
0800 3460+ |+ ‘ + 1.0
1400 3060 ++ + 140
000 47% + \ A+t , &
2400 a0 ‘ [+t 6
12 | l ! l |
0200 1 4o+t
0400 s00 |4 | ++ 1 40
o6oo 4560 | 4+ + 9%
o800 17000 | ++ -+ -0

Tave 1-—Form ofp werpresents theblaod € pnentwah  a<mln tvanow

tmesd nog 0 schizogo o eycle (Nt R mngs A amocbod form  Ps form seen
mmd iy el ¢ bro ¢ d St £y o) i
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Plasmodinm falerparum

P falcsparsm s the parasite which canses malignant tertan subtertian
or aesttvo-autumnal malaria m man It dernves 1ts name from the
shape of the gametocytes

Laveran m 1881 and Golg: 1 1886 (a) gave carly descriptions of
this parasite  They were followed by fuller ones by Canahs (1889)
and Cellh and Marchiafava m the same year  Welch 1n 1897 proposed
the name Haematozoon falaparum  There have been attempts to place
P faletparum 1n a separate genus Lar erama because of the charactenstic
shape of the gametocytes but the generally accepted classification s
now P falaparum

The time taken for ths parasite to complete a schizogonous cycle
15 about 48 hours or somewhat less The behaviour of the parasite
differs from that of P 111av 1n that the process of schizogony does not
take place m the perpheral circulation and only the younger tropho-
zottes are usually found m blood films  As the trophozotte mcreases
1n size the red cell contaming 1t becomes sticky and 1t 15 held up m the
capillarses of the mnternal organs  This stickiness 1s seen when the para-
site 15 cultvated 1 titro where clumps of infected red cells may be scen
espectally around cells of the monocyte vatiety  After schizogony
the merozortes enter fresh red cells and appear 1 the peripheral blood
as young trophozortes

The youngest trophozottes are thin minute ning forms whose
diameter 15 about one-sixth of that of the red cells contamnng them
Often the cytoplasm 15 applied along a part of the cireumference of
the red cell wath loss of the ning form (applique forms) Many other
forms may be scen with wrregulanty 1n the shape of the cytoplasm
Two pieces of chromatin are often present 1 a single parasite The
parasite ncreases m size and takes on amocboid actvity A small
amount of pigment may be formed by the parasite before 1t withdraws
from the peripheral circulation  In heavy infections some of the more

mature parasitcs may be seen in the arculating blood

As the parastte mcreases n size prgment 15 formed which 1s much
darker in colour than that of P vitax being dark brown or black The
cytoplasm 1ncreases mn amount and remams farly compact and
rounded There 15 no mcrease 1n the size of the contamng red cell
which may show Maurer s dots These are seen when a film 1s heavily
stamned and are less numerous and larger than Schuffner s dots They
are rod- or wedge-shaped and give the appearance of clefis i the
red cell The red cell in a stamed film may have a crenated edge



THE PARASITES OF HUMAN MALARIA 43

When the parasite 15 neanng uts full size the pigment granules
become compacted together to form a provunent dark granular mass
The nucleus divides to form a varying number of segments the
numbes ranging from 8§ to 36 The cytoplasm condenscs around the
duided nuclear materal to form merozoses The matuse schizone
occepies about tworthuds of the dumeter of the red eell which
releases the merozoues and prarent when w ruptures

Gametocytes are formed from cortun of the merozosees Early
forms asvath P aian are not often seen m the penpherat cweulation
The gamctocytes male and female are crescentic 1n shape wath
rounded or pomted ends and the remammg part of the red cell may
be seen arched across part of the concave border  The male ganctocyte
has a hyaline cysoplasm with 3 selatively large highty-stanung nucleus
and prgment scattered throughout the cytoplama In the female the
nuclens 15 smaller and s aws more darkly the cytoplasm 15 denser and
the pigment tends 1o be accumulated about the nuclens i the centre
of the gametocyte  More female than male gametocytes are asuatly
seen i blood filims the ratio being of the order of 3 1 (Stephens and
Gordon 1924 Pawan 1927) The shape of the gametocytes vanes

ctween a ponted crescent and 2 plump bean-shaped body and these
vanous shapes may be seen m one film

With P faloparum multple mfections of red cclls by wophozoites
are common  The number of parasices both trophozottes and gameto-
cytes scen i films 55 often much higher than with P 1nan

In thin blood films made fiom P faluparum mfections there are
wstally relanvely large numbers of parasites There are often several
parasites £ be seen m one microscopic field  Usually only ring forms
and gametocytes ate present but of the mfecuon 15 severe the more
mature parasttes may be seen It 1« not uncommon to see fections

m 1pmcms with smicroeytie anaenma m which cases the nvaded red
aells may be smaller than normal

Phsmodium maleriae

This s the parasite which causes quanan malna  Tv was first
studied by Laveran n 1880 {2 and b) and called by hum Ocosllana
walarae T was described by € rasss and Feletts m 1890

The paraste grows slowly and takes 7. hours to complete the
schizogonous cycle which occurs m the penipheral bloed  The ning
forms are difficul to distin,uich from thoscof P erwar It shows hetle
amocboid actvicy during 1ts growth and ss thus more compact than
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P ruax The pigment granules are coarse and dark 1 colour resem
bling those of P falparim

A characteristie disposttion of the parasite m the red cell 1s i the
form of a band stretched across the red cell (band form cquatorsal
form) The red cell 1s not increased in size indeed 1t may appear
smaller than normal It shows no Schuffner s or Maurer s dots

A nearly-mature schizont of P malanae almost fills the red cell and
1s circular n outhne  The pigment accumulates 1n one area and the
nucleus divides 1nto 6 to 12 segments  The cytoplasm divades around
the nuclear matertal and the merozoites may become arranged around
the pigment mass to form 2 rosette if the pigment happens to be
centrally situated

The gamctocytes are round and almost fill the contantng red cells
The cytoplasm ‘of the female 15 more dense than that of the male
and sts nucleus more compact The pigment 1s scattered throughout
the cytoplasm  Young gametocytes are not often scen mn the peripheral
arculation and are difficult to disunguish from schizonts mn therr catly
stages

The characteristic features of P malariae are the slowness of 1ts
growth an mfected red cell of normal size with no Schuffner s or
Maurer s dots the band forms which occur very rarely with other
plasmodia_the relatively small number of merozoites and the almost
complete filling of the normal-sized red cell when the parasite 1s mature

P smalanac 1s usually presentn the blood 1n relatively small numbers
and a prolonged search of a thin film may reveal only a few parasttes

Plasmodtum ovale

This parasite was described by Craig n 1900 but was not named
(Craig 1933) It wasdescribed and named by Stephens (19.2) James
Nicol and Shute (1933) described the parasite and 1ts passage from man
to man through mosquitoes (1932)

P ovale produces an infection resembling that caused by P 1 twax with
a fever which 1s terttan m type  The schizogonous cy cle takes 48 hours
to complete and occurs m the circulating blood

Young rings measuring 2bout 2 to 2 § ¢ are contaned m red cells
which are usually heavily studded wath Schuffner s dots  The chroma-
un matenal 15 arregular 1n shape and 15 relatvely large 1n amount
With mnerease 1n size the contaming red cell becomes enlarged and pale
and frequently has a ragged outhne The pigment formed 1s i finer
granules and a lighter colour than n P malariae  The parasite shows
Tittle amoeboid movement and 15 round or oval m shape
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In the stage of segmentation of the nuclens 25 per cont of the infected
red cells are oval m shape and this charactenstic feature led to the
mmng of the parasite The divading schuzont 1s usually round 1n shape
measuring about 6 2 g 1 dameter  Frequently the red cell has a rageed
outline or fringe which 15 decolounized and may contam Schuffner s
dots which appear to be outnde the corpuscle The schizont divides
1m0 6 to 1. merozotes the pigment bemng accumulated 1n a central
mass

The gametocytes resemble those of P ynay espeanally as they are
scldom found withun oval corpuscles

P owale though 1t shows the charactenstc change in the shape of
the contaming red cell requires carcful study and compatison with
the other plasmodia for 1ts differentianon  In thin blood films the
parasites may be rel 1y scan prob d
or correct species diagnosts

Abnormal forms of parasites

The descriptions gwven are for typical forms of the paraswes
Changes may be seen with different methods of staning and the
admunsstration of drugs causes vaniations i the appeatance of the para-
sies seen m the crculation  Wenyon (1926) desctibed degenerate
forms of P vivax cansed by the admimistration of quinine with smaller
schizants contamning fewer nucler than normally scen and changes n
th stamng properues of the parasites  James (1934 a} described the
degeneratrve changes produced by atebrin on P vivax and P malariac

and Hubne the chmics m P falaparsm Faueley ctal (1946 2) reported
d}c 2dumgv:s seen with paludnine acting on P ¢ 1wax where devefopment
of the tro

hozoste ceased ar the stage immedrately preceding nuclear
division preschizont)  Black {1946 described “analogous changes
produced by paludrine on P faleiparum
It s vemarkable that whife the individual species may cause marked
eretices - clinical and smmunological features . various parts
of the world (gwmg rise to the naming of stramns of parasues the
morphology of the plasmodia remaws very muwch the same

Doubtful parasites

From time to time different vartetses and species of plasmodia have

been deeribed  Plasmodunn ov ale was classified s a doubtful species
ntd 1t was studied fully and 115 characterisucs were shown to be
reruned on pas age from man to man and through mosquitoes
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Plasmwodism tene was reported by Stephens 1n 1914 as seenm 2 single
blood film taken from a child and sent to hum from India Staton {192.)
described 2 case 1n India where simlar parasites were seen regularly
The characteristic features described by Stephens were marked amoe-
boid acavity as judged by the morphology of the young trophozoies
which were the only forms present in the shde examined scantiness
of the cytoplasm and the presence of a relanively large amount of
nuclear chromatin

Plasmodun permcrosum was described by Ztemann m 1915 as the
parasite causing malignant tertsan malana in West Africa He stated
that 1t produced less pigment than P falapanum as seen i Iealy the
schizonts were smaller and contamned 12 to 16 merozottes

Plasmodm falaparum_ quotidiansm was studied by Craig m 1909
and regarded by him as being a sub-spectes  He described 1t as smaller
n size at all stages than P falesparun and relatively sich m chromatn
mn the ring stage The number of merozoites was on an average from
12 to 14 1n number and the time for a schizogonous cycle was 24 hours
The gametocytes were relatively smaller than those of P falosparum

Plasmodim vitax var munnta was descrsbed by Emun 1 1914 He
stated that the contarung red ccll was not enlarged Schuffiier s dots
were present the parasite was actwely monle and the number of
merozottes from 4 to 10

Plasmodiins falaparum var aethwopieum was descnbed by Raffacle
and Lega m 1037 who stated that the ring forms were larger and richer
m chromaun than P faloparum

Plasmoduum wilsons was described by Roberts (1940) i East Aftica
as 2 quartan type of parastte in an enlarged red cell formmg dark
pigment and having from 10 to 12 merozotes m a mature schizont
It caused heavy infection and muluple mfection of red cells was
common

Other un-named vanctes have been described but none of these
patasites have been fully studied or accepted by the majority of
malariologists nor has any speaific stramn been 1solated as the causal
parasite of blackwater fever

APPEARANCE OF PARASITES IN THICK BLOOD FILMS

In thick blood films from which the haemoglobin has been removed
the outlines of most of the red cells are obltterated  Those parts of the
film mn which the nucler of the leucocytes are stamed purple show
parasttes at their optimal colour differentiation  The eytoplasm of the
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parasite 15 staned blue and the chromatin matenal cmson  The
duagnostic features wall be outhned

The rng forms of P v11 ax are relatively Jarger than those of P filer
parun - The amocboid forms may appear to have therr cytoplism
fragmented mto several parts At the edge of the film parasites may be
seen within the ghost outlne of red cells contaning, Schuffner s dots
The scluonts are farger than the polymorphs

In P falaparum mfections the ring forms are small and fine two
chromatin dots are common and often the cytoplasm 15 comma-
shaped or disposed hike the wings of a bird on esther side of 2 chromatn

ody  Growmg trophozottes and mature schizonts are usually not
seen The crescentic shape of the gametocytes 1s charactenstic

In mfections with P malariae and P ot ale there are no amoebord
forms seen and the growng trophozottes are more compact and have
darksh pigment  The number of merozoutes 15 relattvely small
The gametocytes are circular m outhne

APPEARANCE OF PARASITES IN TISSUES

Tisstes removed at biopsy or antopsy from patsents durmg an attack
of malarsa will show parasites 1n the blood vessels corresponding to
the stages seen m the peripheral blood In addition m falerparum mfec-
tons dividing and mature schizonts will be seen within red blood cells
which may be adherent to capillary walls In the placenta m malaria-
endemnitc countries infection with P faleparym may be found when no
Parasites have been seen i the pertpheral blood (Clark 1915 Black-
lock and Gordon 1925

Exudates contaming red blood cells may also show the presence of
malari fparasltes eg those scen 1n dysenteric nfections during an
attack of malaria

Attempts have been made to demonstrate the presence of malaria
parasites during latent periods between relapses Gasic (1938) examuned
the sternal marrow of twelve such cases and concluded that the pro-
cedure was of no practical diagnostic value As has been mentioned
clsewhere - exo-erythrocytic forms of human malaria parasites have
only very recently been demonstrated

THE NUMBER OF PARASITES IN PERIPHERAL BLOOD

In a prmary attack of sporozorte mduced malana the number of
parasites found m the peripheral blood at the time of onset of symptoms
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Plasmoduim tenue was reported by Stephens in 1914 as scen m 3 single
blood film taken from a child and sent to lum from Indta Sinton (192.)
described a case m India where simlar parasites were seen regularly
The charactenstic features described by Stephens were marked amoe-
boid actrvity as judged by the morphology of the young trophozotes
which were the only forms present i the shde examuned scantiness
of the cytoplasm and the presence of a relatvely large amount of
nuclear chromatin

Plasmoduun permaosum was described by Ziemann m 1915 28 the
parastte causing malignant rertun malaria 1n West Afnea He stated
that 1t produced less pig than P falaparum as scen m Tealy the
schuzonts were smaller and contained 12 to 16 merozostes

Plasmoduwm falerp q was studied by Craig an 1909
and regarded by him as bemng 2 sub-spectes He described 1t as smalles
m size at all stages than P falaparum and relauvely nch i chromans
1n the ring stage’ The number of merozoites was on an average from
12 to 14 m number and the time for a schizogonous cycle was 24 hours
The gametocytes were relatively smaller (Ean those of P falaparutts

Plasmoduum virax var mnuta was described by Emun i 1914 He
stated that the contaming red cell was not enlarged  Schuffher s dots
were present the parasite was actively motile and the number of
merozoutes from 4 to 10

Plasmodium falaparum var aethiopenm was deseribed by Raffacle
and Lega n 1937 who stated that the ring forms w ere larger and richer
1 chromatin than P faluparum

Plasmodium wilsont was deseribed by Roberts (1940) mn East Africa
asa quartan type of parasite 1 an enlarged red cell forming dark
pigment and having from 10 to 12 merozottes m & mature schizont
It caused heavy mfection and muluple mfection of red cells was
common

Other un-named varicties have been described but none of these
parasites have been fully studied or accepted by the majority of

malaniologists nor has any specific stramn been isolated as the causal
parasite of blackwater fever

APPEARANCE OF PARASITES IN THICK BLOOD FILMS

In thick blood films from which the haemoglobwmn has been removed
the outlutes of most of the red cells arc obltterated  Those parts of the
film 1n which the nucler of the lencocytes are stuned purple show
parasites at thetr optrmal colour differentiation The cytoplasm of the
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may be very small Indeed diligent search of a cubic mullumetre or
more of blood 1 a thick film may fal to reveal a single parasite
On the other hand the parasites may be relauvely numerous Ross
and Thomson (1910) descrtbed 2 pyrogemsc tevel which varted from
200 to 500 parasites for P 11 ax mgcnons and 6oo to 1 s00 for P faln
parum mfections  These figures were denved from a study of malana
1 seamen at Liverpool  Since that date many observations haye shown
that fever may on occastons precede the appearance of parasites at
microscopic densities It may be taken as a general rule however
m primary mfections that the onsce of symptoms comades roughly
with the ume that parasites arc first scen mn thick films

v Assendelft (1934) found that the number of parasites present 10
primary vivax malana at the onsct of fever vanied between o 3 and
900 per cu mm

Relapses of vivax malara 1n the writer s experience wath New
Guinea strans are wsually associated vath the presence of fauly
nllllmcmus parasttes 1t the perspheral blood when the patient becomes
1

In theory 1f all the merozortes mvade fresh red cells and come to
maturity the number of parasttes would merease durmg each cycle
at a rate of the order of twenty-fold 1n falciparum and vivax and ten~
fold m malariae infections  Talaferro (1925) counted the increase 1
number of parasites 1n bird malaria and found that 10 merozoates out
of an average of 15 5 per mature schizont did not develop mto mature
schizonts Lowe (1934 b) describing the number of parasites seen 1
cases of untreated malana counted the number of schizonts 1 vivax
nfections before a paroxysm and the number of young trophozoites
found afterwards  He reported that 62 5 per cent of merozottes were
destroyed but was dealing with the later part of the mfection where
counts were on the average 11 200 per cu mm

If the theoretically computed mncrease of parasites m falaparum
malaria 15 compared with one constructed from observations made
two hourly m imfections with New Guinea strains the two are seen to
agree closcly over 2 period of two or three cycles (Chare 5) Thus 1t
appears that wath these strams of faleiparum malana  during the
logarithnuc phase most of the merozoites succeed n entering fresh
red cells and d g nto mature sck The rise 1n the number
of parasites 1s so mexorable that when the count reaches 100 000 per
comm the curve shows but little tendency to flatten out—ths of
course 1t must do {tf the patient survives) for the number of red cells
per cumm 152 hrmitng factor despite the mulaple mfection of red
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alugeware ofgamemcytcs does not appear unless preceded by a Tugh

number of trophozottes Thomson (1911 ) suggested that gametocy tes

T
ere developed 1n falciparum infections as a resalt of the development
of smmuny

the numb % ‘?“ ards lhtangm:l parasites  Inmfections with P malarrac
oyte wavy °r of gametocytes seen 1 relatively small When a gameto-
ke “'; ‘;:‘7“;‘ 1 falaiparum mfections the crescents usmally appear
wd ThPomfo cral blood at mucroscopic densities about 8-10 days (Ross
aceof n lI(?m Thomson 1911 a) after the day of the first appear~
fapdl m?“‘( orms at ssmilar densittes The numbers wnerease furly
lel\ﬁ{ 03 atter :!h: peak of the eurve 15 reached the number slowly
blood fm_g mcm]:: ! drug 15 given—they may be scen m the penipheral
course f] weks (Dick and Bowles 1947) or more after an adequate
" of trophozomrcrdal treatment has been given
pared ::z;‘b“ of gametocytes scen 1 vivax mfections 1s small com-
Ou the mhson}: of the counts obtamed with faleiparum infections
‘“ﬂimlsmn“f nd Boyd ef al (193s) stated that for the practical
pimeton o of malana by A guadnmaculatus the number of vivax
2 ﬁl"}’:}n, s tequired a3 a mummum was onty one-cleventh of that for
m

Various estimates hay
tequired
the limye

¢ beent grven for the number of gametocytes
to nfect anopheline mosquitoes  Darling (1015) stated that
s GOf wnfectiousness was 12 gametocytes per cu mm for A albi-
2 which ‘;‘“ (19-9 2} found that the lowest density of gamerocytes
o tuactlatus became infected was for P falaparum 42 per
He fuged or P ytr.ax 10 per cu mm and for P mialariae 27 per cu mm
ed however to infect some mosquitoes when the blood of the
patients contained many morc gamctocytes James (1931) workng
with 4 maeulipens found that there was no mfection with P tivax
of tnere were fewer than one exflagellating male gametocyte per 1 000
cucocytes However with P falerpanim and P malanae the finding of
considerable numbers of exflagellating male gametocytes was not a
sure sipn that maculipenms would become mfected Boyd et al (1935)
stated that munimum densitics per cu mm of one male and one female
gametocyte of P 1wav and 11 male and 11 female gnmc(ocytcs of
P falaparim were necessary for the practical infection of A quadrimac-
latus “Robertson (1945) found that the gamctocyte density required
tegularly to snfect A gambrac and A melas with P faloparum was ¥ pec
35 leucocytes
Thus the number of gametocytes 1s not the sole factor determuning
the infection of mosquitocs  The species and vaneties of anopheline
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cells by parasites Faitley et al (1947) state that i their volunteers
suffermg from poimary falarparum malana the parasites had reached
an average density of the order of 300000 per cumm by the
seventeenth day after infection

In primary vivax infections however the curve plottng the nse
the number of parasites tends to flatten out when a density of the order
of from §000 to 20000 parastes per cumm 15 reached  There 15
obviously some limuting factor i operation and m this regard 1t 15
mteresting to note that several observers (Eaton 1934 Kitchen 1938
Ferrebee et al  1946) have shown that P pisan has a predilection for
reticulocytes  The merozoite of P faleparim doces not appear to cxer-
ase this selection of 1ts host cell (sec Chapter I1T)

P smalanae has few merozottes a relatively slow growth and the
number of parasites found m the penipheral blood 15 relatively small
This parasite apparently prefers to infect mature red cells

If the number of parasites 1 the blood 15 followed at frequent
mntervals i a case of faletparum infection mn which the parasites are
developing i phase 2 fairly raptd drop to 2 low figure will be observed
{such as from 8 500 to 56 per cu mm 1n 9% hours) which 1s associated
with the withdrawal of the developing trophozoites to undergo
schizogony 1n the internal capillanies Similarly the next crop of young
ring forms will be seen to emerge with a large increase 1n the number
of parasites 1n the peripheral blood (as for example an increase from
60 to 59 20011 14 hours) It 1s by plotting the crests of these waves that
one can determme the actual increase 1 the number of parasites
The troughs are mmportant as a mustaken 1dea of the seventy of the
infection may be derived 1f notice 1s taken only of solated parasite
counts Usually 1t will be seen during the phase when the count has
fallen that the parasites are refatively large nings and soon they too
will disappear from the penpheral blood There may also be seen very
fine rngs of the next generation In cerebral malara when there are
very numerous dividing parasites i the cerebral capillanies the number
of parasites scen 1 the peripheral blood may be very small or even ml
This marked periodic fall 1n the number of parasites i the peripheral
blood (duning the phase of ncrease) 1s not seen wm vivax mfections as
here schizogony occurs mn the perspheral blood

The behaviour of parasites m primary trophozostc-induced malaria
15 essentially sumular to that seen m sporozotte-mduced mfections

The number of gametocytes i the peripheral airculation does not

appear to bear a direct relatson to the number of trophozoites although
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alarge wave of gametocy tes docs not appeat unless preceded by a fugh
sumber of trophozoites Thomson (1911 a) suggested that gametacy tes
wese developed 1 falparum tafections s 2 result of the development
of dsthe ongualparasites Ik with P aalanac
the number of gametacytes seen 18 relamvely small When 2 gameto-
cyte wave occuts tn falapatam wfections the crescents usaally appear
1 the perpherat bload at nucroscopic denssties about §-10 days {(Ross
and Thomson 1910 Thomson 1911 a) afcer the day ofthe firse appear~
ance of asexual forms at sunular densites The numbers mcresse fauly
rapidly and after the peak of the curve ss reached the number slowly
fall1f no gametordal drug s gis en—they may be seen 1 the penpheral
blood for 3 weeks {Dick and Bowles 1947) ot more affer an adequate
course of wophozottiadal treatment bas been given
The number of gametacytes seen mn vivax fections ss small com-
paced with some of the counts obtuned with falaparum nfections
On the other hand Boyd et af {193s) stated that for the practical
tanstussion. of malanz by A quadnmacdatus the number of vivax
ytes requured as 2 was oaly one-cleventh of that for
P faloparim
Various estimates have been gien for the number of gametacytes
required to fect anophelme mosquiroes  Darling {x915) stated that
the bt of mfecniousness was 1. gametocytes per cu mm for A4 albe
manus Green (19.0 a) found that the lowest dennity of gametocy tes
at which A maculatns became mfected was for P falaparm 42 per
wmm for P 11ax yo per co mm and for P malarcac .7 per ca mm
He faded however to mfect some mosquitoes when the blood of the
patients contamed many mote gametocytes Jomes (1931) working
with A macuhpennss found that shere was no mfection with P rcan,
of there were fewer than one exflagellating male gametocyte per 1 000
lencorytes However with P fuloparinavd P malariae the finding of
2 ble numbers of exflagell male gametocyes was not a
sure ngn thay macelipennts would become mfected Boyd of of (1935)
stated that mmmum densitees pes cu mm of one male and one female
gametocyte of P tiax and 11 male and 11 female gametocytes of
P falagarim were necessary for the practical infection, c? A gusdnmaen-
latus  Robertson {1945} found that the gameracyte densicy required
regulacly to sfect 4 gambiae and A melas with P Jalaparian was s per
35 Jeucocy tes
Thus the numb
the

et of gametocytes 15 not the sole factor deterrmuning
wfection of mosquitoes The spectes and varteties of anaphelne
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mosquitoes show varymg susceptibility to mfection and there
mdividual susceptibility within spectes  In 1935 Huff described hus
work on the natural suscepubihity and immumty of culicine mosquutoes
to avian malarta Immunity to mfection was species specific and was
an mhented conditon as also was the susceptibihity to nfection
Stratman-Thomas (1940) found that unfavourable temperatures
could destroy P rrear 1 the cycle m the mosquito the early stages
bemg most suscepuble and unfavourably high temperatures more
effective than unfavourably Jow temperatures  Darling (1910} des-
cribed the active phagocytosis of gametacytes in the mosquito s stomach
by the polymorphs i the mgested blood So for the mfection of a
mosquito there must be adequate gametocytes i the blood meal the

quito must be ptible to infe the gametes must pass by
the polymorphs m the quito s h and the temp of
the environment must be favourable James (1931) also expressed
the belief that the quality of the gametocytes 1s 1mportant m the
nfectron o mosquitoes

DIFFERENTIATION OF PARASITES

It 1s 1mportant not only to diagnose malana by a demonstration of
malara parasttes m the patient s blood but also” from a_chmeal and
epidemiologteal viewpomt to differenttate the species of Plasmodim
prosent The table gives a summary of the chief features of the four
Plagmodia of man which serve to gtve a correcs species diagnosis

Thick film preparations (page $6) are usually adequate for the
duagnosisof P cseav P faleiparum and P salariae but there ate several
circumstances 1 which 1t 15 necessary to examue thin films and even
follow the vartous stages of develop through 2 complete schizo-
gonous cycle In muxed fections an exammation of a thin film 15
desirable so that changes i the red cells may be observed in addmon
to the morphology of the parasites Infections with P malariae may
be misdiagnosed 1f the band torms are not recognized m the thick films
or 1f nng forms only are present 1€ a development cycle 15 followed
1ts relative slowness will be observed and 1 a film made when the
parasttes are undergoing division the charactensstics of the schuzont
will aid n 1ts differentiation

P ovale requires very careful study for 1ts diagnosts which should be
made after observation of all the stages of development and comparison
with films of the other spectes of parasites
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LABORATORY PROCEDURES

The techniques detailed & thus section do not include st the mctbods
which have been described for the ¢ and
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parasttes but are the ones commonly i use and gue satisfactory
results

Parasites 1 the blood may be exammed 1n thin and thick films
and 1n wet preparations In tissues they may be demonstrated by means
of stamed smears or 1n scctions  The cnumeration of parasites i the
crculating blood 15 an essential procedure on many occasions

Thin films

Thun films are made as for ordinary blood examunations and may be
staned by any of the Romanowsky blood stans Lesshman s stan
gives umformly good results if a standard techmque 1s used  The film
15 fixed with a 015 per cent solution of the stan m methyl alcohol
for 1 nunute and then this 1s diluted with twace 1ts volume of buffered
disnilled water * It 35 essential that the volumes of stan and buffer
solution should be measured accurately and to ensure this two Pasteur
p(l{pcttes may be graduated and one used for the stam and the other for
adding and muang the buffer solution ‘The diluted stam 15 allowed to
remain on the shide for 25 mmutes after which the film 15 differentiated
with water and allowed to d.

In a film which has been properly stamed for malana parasites the
granules of the neutrophil leucocytes should be well stamned

Exflagellation

Exflagellation of the male gametocytes 1 thin blood films may be
demonstrated by Shute s method as described by James (1934 b) Four
Petr dishes are prepared by fitung two filter papers into the top and
bottom dish of each pair  The filter papers are morstened and a trian-
gular prece of glass tubing 1s placed 1n each Petr dish  The dishes are
then put 1n a moist atmosphere mcubator for 2 hours at 25° C
While the patient 15 bemng bled from a finger prck the dishes are kept
warm Thin films are made Lghtly breathed upon and quickly placed
on the trangle i the Petrs dishes and the Lds replaced  Four prepara-
tions are made and placed mn the incubator for 15 20 25 and 30 munutes
At the end of these intervals the films are removed from the Petn1
dishes and examuned to see if they arc sull moist  They are then dried
i the air and stamed with Leishmans stan  In the tropics the

Buffer solution

Sod um pho ph te (N HPO, 12H ) 20 g ammes
Pot sum d hyd ogen phosphate (KH PO) 10 gramme
Thymol 10
D ull d water to 1000 ml
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h s often sufficiently high to sccure good
nﬂzg‘:lhmn : Y

The flagella {mscrogametes) appear as long filimentous bodues
stuning red or viokt and are artached to or separated from the
peaphery of the male gametocyze

Smears of Tissues

Smears are made by dabbung the cur surface of an organ such as
spicens of bram on a shide and then staning wath Leshman s stam
3 for 4 thun Blood film Matenal obtamed from sternal puncture 1
spread and staned 1m the same way as tissae smears Dilute Giemsa s
stamn m{y be used for smears of tssue After fixing w absolute methyl
sloaholfor 3nseconds the shde 1s washed and then eovered with Giemsa s
stam diduted 1 1n 10 1m 2 buffer solution of pH68t0 70 After 30-45
mnutes the stde ss washed 2nd dried

Parasstes mn sectsons

Gremsa's stun

1 gnves dufferentiation of the parasstes from the host's
<elis

The method descnbed 15 that suggested by Hewut (xo40)

The tssue 13 fixed m Zenker s fud contagung § por cent formol
o 18 tn 24 hours after which 1t 15 washed and tﬁi bichloride of
mercury removed wath wdinized alcohol ¥ 15 then dehydrated m
aleobiols and embedded 1 paraffin Sections are cut from § to 10 g m
thickness and passed through xylol absolute aleohol 95 per cent
aleshol and 7o per cent alcohol into dustilled water A 25 per cent
solueton of potassium bchromate 15 used as 2 mordant and the sectsons
2t¢ placed 1 this for from 4 to ¥ hour They are thent washed quickly

m dutiled water and placed 1 the following stam
Diustilled water 1occ
2 5% Na,COy 24 drops
Methyl aleohol {cp ) 3cc
Gremsa s stan® 25¢¢

The sections are left m the stan for 24 hours  When tetmoved the
excess stan 15 washed off 1n dssuilled warer coloured lemon yellow with
~ $ per cent potassiom hichromate

Gems ¢

Ax 30g ammes
Anell Cdg mme

Glyeern ( ) 2000 grammes
Absalut b thylal b 1fep) 200
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Differentniatton wath 70 per cent alcohol 15 the cnncal step n the
procedure and the time vartes with the thickness of the scction and
the type of nssue mvolved The me required 1s from 3 to 2 munutes
and the tissue 15 then washed quickly n distilled water as soon as the
stain 15 beng removed m noticeable quantities It 1 then dehydrated
and mounted Dehydration 1s accomphshed by passing through a
series of xylol-acctone muxtures as alcoho! removes the stan  The
following muxtures are used after the distilled water wash

5% ylol 95%, acetone 1 munute

30% 7% 2 munutes
7% 30% 2
xylol 5

Fresh muxtures of § per cent xylol and 95 per cent acetone must be
used as continued use 15 apt to remave the stan  The section 1s then
mounted mn neutral balsam

Wet film preparations

A drop of blood 15 placed on a slide covered with a covershp
and the edges are sealed with paraffin which fixes the covershp and
prevents evaporation  If the slide 15 kept warm the amocboid move-
ments of the parasites may be seen and also the contmnuation of their
development for a few hours

In the days before effectve staming techmques were mtroduced
microscopic exanunation of fresh blood was the laboratory method
for the duagnosis of malaria  The larger parasites were seen and the
exflagellation of the male gametocytes

Thick films

Thick blood films provide a rapid method of examining 2 large
amount of blood compared with thin films The techmque 15 of value
1n finding, parasites present at low densities and when large numbers
of patients have to be cxamuned It has become a routme method
for the detection and differentration of malana parasttes In addition
other mfections may be diagnosed such as tryp lap
fever and filarasis ‘A thorough knowledge of the parasites as seen 1n
¢hun films 15 required before their diagnosts 1s attempted 1n thick films

There are several methods of stuning thuck films  Field s stamng
method (1941) 15 2 raptd one giving a Romanowsky effect and retam-
1ng the haemoglobin n the red cells to provide 2 background  Staming
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wath diluce Lewhrman or Gremsa stam removes the haemoglobin from
the fitm Ieaving only famt remams of the red cells

Thuck films ace muade by placing 2 drop of blood on 3 mucroscope
shde towards onc end Tl drop 15 qusckly spread out with a needle
so that the hands of a wateh may be scen throngh v 1 115 thickest
pomt Tris wsefi 1o havea thin margin to the film  The Slm s atlowed
to dry and should be peo ccted from dust and fhes The best results are
obtaned when 1t 15 stamed a5 soon 25 possible after drymg

Field s stam consises of & o soluvons soluvon A and solution B
These are kept i stamming jars with necks wide enough to pernut mser-
ton of 2 muctoscape shde  They ate kept stoppered when not m use
The thick film w ‘placed i solution A® for ¥ second then removed
and immediately rmsed gently 1 clean water for a few seconds until
the stam ceases t flow trom the film and the ghass shde 15 frec from
stun ‘The filra 1s then placed 1 solunon B for 1 second and rmsed
by waving gently m clean water for 2 to 3 seconds ¢ 1s then allowed
to dry 1 a vectical postion

Removal of the hacmoglobun durieg staing s preferred by some
workers Thus may be done by staiming the thick il with Leshman s
st diluted € m 30 with buffer solution and wsed for half an hour
with Giemsa s staun dured or by diluring Freld s stam {A) 1 m 3 with
buffer solunon and stasnme for § t0 1 mumute w this solution foflowed
by 2 more prolonged washing with water before stammg with solue
ton B The effect produced 15 2 unsform colowriess bachground
10 the purple-stamed nucles of the Jeucocytes red stamed platelets
40d parasstes showng blue cytoplasm and red chromann

Enumeratian of parasites

Sexeeat methods are avalable for enumerating pasttes  In thin
£l the number of red cells seen idected m counting 1 000 or 10 003
cells compared wath the red cell couns will gave the figuce for pacasies
per cumem Sumlbarly com;;anson wuh the number of leucocytes
seen am the flm and the total whire cell count mav be used  Swmton

S twon b
Medhdrebi vy
Az 1

Ak
Dol o hydn w phoghuee qanhi dr ) Sbg m
T Shyd gaph prt { Asd 3

Dl dw ces x

£ Solunon §
Eoun yell w wt sl b} 10 gaam
Dad' td genph pb (rhvdo ) >vg mm
Pota mdbydor ph pht nend 6.
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Dufferenniation with 70 per cent aleohol 15 the crinical step m the
procedure and the time varies with the thickness of the section and
the type of ussue mvolved The time required 1s from 4 to 2 mumutes
and the ussue 15 then washed quickly m distilled water as soon as the
stain 15 being removed m noticeable quanuties It 15 then dehydrated
and mounted Dehydration 15 accomplished by passing throngh a
sertes of xylolacetone mixtures as alcohol removes the stam  The
followmg muxtures are used after the distilled water wash

5% xylol 95% acetone 1 munute

30%, 79% 2 munutes
7% . 3% 2
xylol s

Fresh muxtures of 5 per cent ylol and 95 per cent acetone must be
used as contmnued use 1s apt to remove the stan  The section 1 then
mounted 1n neutral balsam

Wet film preparations

A drop of blood 15 placed on a shde covered with a covershp
and the edges are sealed with paraffin which fixes the covershp and
prevents evaporation If the shde 1s kept warm the amoeboid move-
ments of the parasttes may be seen and also the continuation of their
development for a few hours

In the days before effective staimng techmques were mtroduced
mucroscopic examunation of fresh blood was the laboratory method
for the diagnosis of malara  The larger parasites were seen and the
exflagellation of the male g ytes

Thick films

Thick blood films provide a rapd method of examning a large
amount of blood compared with thin films The technique ts of value
tn finding parasttes present at low denstties and when large numbers
of patients have to be cxammed Tt has become a routme method
for the detection and differentiation of malaria parasttes In addinon
other mfe may be d d such as tryp relapsing
fever and filartass A thorough knowledge of the parasites as seen 1
thun films 15 required before therr diagnosis 1s attempted m thick films

There are several methods of stamng thick films  Freld s staming
method (1941) 15 a rapid one giving a Romanowsky effect and retain-
1ng the haemoglobmn in the red cells to provide 2 background  Staimng




THE PARASITES OF HUMAN MALARIA 93

PHYSIOLOGY OF THE MALARIA PARASITES

Duning uts sojourn withwn a ted cell Jasting 48 hours or 72 hours
the trophozotte of the Plasodia of human malarta mncreases greatly in
sze and dwvides anto a number of merozoites It depends npon the
red cell and the surrounding plastma for nutriment for oxygen and for
the dleposal of waste metabolites

Studies 11 the morphology of the parasites have revealed much about
th behavsour of the parasite The quartan pacastee 15 slower to develop
1 1ts cycle m man and mn the mosquito than the other threc parasttes
and remains tn the vertebrate host for a much longer period

Durng therr development the wrophozoites may show actve
movement as docs P tuax and P falaparum or this amoebord move-
ment may be comparanvely shght'ss m P malana and P vsale The
formation of the vacuole 15 supposed to be comparable to the dcvck?)-
ment of 2 faad or nutrttive vacuok. by amoebac The growth of the
parasite 18 p ly rapd 1 of P 1 may
produce 30 merozoutes at the end of 48 hours When the schizont 15
matuee 1t cau es the contammng red cell to rupture and release the
merozottes mto the plasma  The method of penetranon of fresh red
¢ells by merozortes 1s unknown and how those of P vn a¥ select young
ted cells preferentially remams a matter for speculanion It 15 known
fSnpbem 1940} that the sutface charge on reticulocytes 15 different
from that on morc mature ted cells and 1t 15 possible that thrs resules
™ an attraction for vivax merozontes

During sts growth 1n the red cell the trophozore produces such
changes m the contamung red cell as enlargement m vivax imtections
stppleg (Schuffner s and Maurer s dats) changes m surfsce properties
5o that the cells apparently become sncky m faloparum mfectons
and pallor apparently from the metabolism of the hacmoglobin of
the red celt

The assimatation of food by the trophozontes rases the quertion of
the abihity of the red cell to provide all the matertals which are required
for yrowth and draston. Nucleoprotem 1 formed within an crythro
cyte which mn man contains no nucleus  In mérction with P aveleo-
phulum the parasite 15 m inpmate assocration with the nucleus of the
erythrocyte but appears to cause no change in the morphology of the
nucleus ~ Any accessary factars which are not provided by the red

cell must reach the parasie from the blood plasma by penetrating the
red cell membrane
The fatlure of sporozortes grven m a single dose at one biting session
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(1924) muxed malarsal blood with an equal volume of a suspension
of fowl cells of known concentratton and compared the number
of parasites with the number of fow! cells 1n a thick film A further
method 15 to count the number of parasites mn a measured volume of
blood spread out on a shide and stamed by the thick film method
(Thomson 1911 b} The measured volume of blood may be spread
evenly over a known arca on the shdc and the parasites counted 1n a
smtable number of mucroscopic fields of known arca  This area may

e ot d for a given ] bjective bmation by the use of 2
stage micrometer A factor for this combmation 15 denived from the
volume of blood used the area over which 1t 1s spread and the area of
the microscope field  The number of parasites per cu mm can then
be calculated

A knowledge of the number of parasites crculatmg 1n the blood

15 essentral 1n the control of mduced malaria and for studies on ept-
demiology and 1n expenimental malania It 15 valuable also as a guide
1o the severity of an mfection for the climcian

Cultivation of the malaria parasites

Bass and Johns (r912) first reported the successful culttvatron of
P wnaxand P falaparum They stated that they had observed des elop-
ment for three generations 1 therr cultures Thss finding that malara
parasites would develop when cultivated m pitro was confirmed by
Thomson and McLellan (1912) for P 1sray and by Thomson and
Thomson (1913) for P falaparum  Row described the cultvation
P malariae n 1917

Many other workers since then have described various modifications
of techmque but no one has been able to perpetuate a culture of the
parasites of human malana nor has the procedure been developed
mto a diagy method comparable to bactersological blood culrures

1t has been 1 the cultivation of the parastes of ammal malana
that progress has been made Trager (1943 b) reported the survival
of P lophurae for 16 days 1n a culture medum contamning calcium
pantothenate Ball et al (1945) used a compheated medium contanmg
morgame salts and organic substances smcluding vitamuns for the
culuvation of P kuonless and secured an mcreasc m the number of
parasites m vifro comparable with that occurring 1 110 1n monkeys
Hawking {1944) described the development of the exo-erythrocytic
forms of P’ gallmaceuns i ussue culture




THE PARASITES OF HUMAN MALARIA 61

50 per cent solution to 10 ml of blood and stressed the necessity for
anaerobic condmons  In 1928 Row descnsbed a modified Bass and
Johns technique and showed that parastes developed m culeures
mcubated aerob

Tragee (1941) usig P lophurae found chat cultures were more
suceessfal when his morganic medrum was enriched wath the followmng
substances red cell extract cluck embryo extract glucose or glycogen
glutathione and probably yeast exsract and a very low concentration
of hiver extract He later {1943 b} noted tmprovement m his results
when calorupy panthothenate a5 added to the culure medwm

Ball et al (1945) have described the suceessful culture of P kuowles:
uswg 3 complex medium of morganic salts and orgamic substances
meluding glacose ammo acids and numerous vitamms . A slow streant
of 2 muxture of 5 per cent GO, 95 per cent arr was bubbled through
the medwm  The caltures wete placed on a rocking machwe and
wenbated at 385 C They emphasized the importance of para~
ammobenzoic acd 1n the medium

Trager (1946) found that gentle rocking of hus cul uses of P loph wae
under a stream of 5 per cent CO, 95 pur cent arr allowed the parasite
to mulnply 1n lus morganic medium ennched wath red cell extract
As yet there have been no comparable results published for the malara
Flasmodia of man nor have there been any complete results showmg
the morganic and organtc requirements of parasites  Most workers
agree that cultivation at body temperature gives the best results

Another method of approach to the problem of the nutrmonal
requirements of the parasites 1s to vary the diet of the host and observe
the changes produced m the behasiour of the parasie  MacDougall
{10..7) observed that an increasc m the blood sugar concentranon m
birds infected wath P gallimcen brought about a condiion favourable
for the parasite A decrease m the blood sugar as a result of msubin

i created a cond fa ble to the parase

Trager (1943 a) showed that the biotn content of the dict of chicks
and ducks mfluenced the natural suscepubilicy of these birds to mfee-
tions with P loph srae and P cathemenuns He found that chicks and
ducks deficient in broun developed much more severe mfections with
P lophurae than did non-deficient control ammals  He proposed the
theory that all malana parasites requise brotm for growth ‘and that
for cach speoies of bird parasste these 15 an optimum range of blond
broun concentranon m the host  The growth of parasues 15 slowed
1f the broun concentration falls below this range and 15 mhsbieed by
the durect toxic effeet of 2 biotin concentration above 1t
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to give nise to an mfection with P 11wax m which the trophozostes
are all developing i phase 15 a problem for which no explanation
has yet been given  Perhaps the trophozontes enter the red cells from
the exo-erythrocytic schizonts over 2 pertod of time and then com-
mence to develop thus giving nise to asynchronous schizogony
James and Shute (1926) described development of synchronous division
of parasites wath a typical tertran temperature chart as occurring late
m primary anfections  They attributed this to the disappearance of
the group of parasites present n the least numbers as vivax malaria
tends towards recovery with the disappearance of parasites from the
carculating blood

The precipitating factors causmg relapses of malaria have not been
clucidated It has been usual to attribute these to some change n the
environment or bodily constitution of the host but they may well be
due to renewed perhaps pertodic actvity of the exo-crythrocytic
parasttes The host-parasite relationship ?las been studied 1n bird
malana Boyd (1929) found that reversal of the hight and dark periods
of the host resulted 1n a reversal 1n the penodraity of schizogony of
P cathemernm mfections  Stauber (1939) showed that vanation mn the
temperature of the environment of the host affected the pertodicity 1n
P cathemermmand P relictum nfections  Influence of the diet of the host
upon the development of the parasites has been reported by Trager
(1943 a) and Seefcr and Ott (1946) Immune reactions on the part of
the host are important m the discussion of the host-parasite relationship
and are descnibed elsewhere  The difficulty found m establishing human
malaria 1n monheys and monkey malara 1 man ndicates exther
active natural tmmumty or that the red cells and plasma of the new
host do not provide the essential metabolites for the growth of the
parasite

Like bactena _trophozotes of the plasmodia may be preserved for
long periods 1n the frozen state Coggleshall (1939) found that monkey
blood containing P knotiless and P i frozen rapidly and kept at
—76°C remamed mfective for monkeys for 70 days  Brumpt and
Dao (19045) however faled to preserve P gallinaceuns at a temperature
of —.s°C

‘The metabolic activittes of the malarra plasmodia have been studied
i a number of ways The requirements of the parasite 1 culture
were first reported by Bass and Johns i 1912 ‘These two workers
stated that glucose or maltose were essential addinions to the secum of
the culture medium for the growth and drvision u: vitro of the Plasmodia
of human malarta  They added glucose in a proportion of 0 1 ml ofa
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find o clear cvidence of phosphorylation of glucose i 1ts metabolism
by the parasie

Maser and Coggeshall (1941) showed that the oxygen consumption
increases with the development of P knowlest from the ring to the
segmentmg form  They confirmed the utilization of glucose and
concluded that thus 1s the substance which meets the normal energy
requirements of the paraste  Cutrate malate fumarate and succiate
were not used by the parasite  They suggested that glucose was meta-
bolized by the parasites without phosphorylation It 15 teresting to
apply the figures for oxygen consumption grven by the last mentioned
workers to the malaria of man  They founc% that scgmenters of P yno-
molgs took up 47 0 cu mm of oxygen per hour per ro® parasites It
man the approximate number of parasites present in the body when
1 per cent of the red cells are infected 15 .. 500 X 10* and if ther
oxygen consumption wese of the same order as that of P cynontolgi
this would mean that they requice about . c ¢ of oxygen per munute
compared with a basal oxygen requirement for the whole man of
say 220 c¢ per munute A 10 per cent mfection of the red cells
would result i consumption of oxygen by the parasites of the
order of -0 cc per nunute and the haemoglobmn of the red cells
which are infected with parasites consuming oxygen at this rate 15
mostly occupied wath 1ts supply to the parasite  The full amount of
hacmoglobin 1 the red cell of 4 rhesus monkey can only combne
with enough oxygen to supply the paranite at this stage of development
for about 4 munutes In a well-developed parasite much of the
b lobin has been bohzed by the paraste  Admuttedly the
temuning hacmoglobin can absorb oxygen from the plasma and
establish an oxygen gradient around the mnfected red cell

Wendel (1943) stated that approumately one half of the glucose
destroyed by I Luou lest was converted into lactic actd and the remain-
der onl% partly oidized He suggested that there may be a dependence
upon the host for the metabolic processes of the parasite and for the
disposal of the end products of? metabolism  Moulder and Evans
(1946) found that chicken erythrocytes infected with P gallinacem
produced large amonnts of ammo mirogen when mcubated n air 1n
the presence of glucose  When glucose was absent from the medwm
much of the ammo mitrogen appeared as ammona  Normal chicken
erythrocytes formed only a small amount of ammo mitrogen or
ammonia  This finding suggests that P gallimacewm can de~ammate
anuno acds - Anaerobosss strongly inhibited the production of ammo
nitrogen by infected crythrocytes They prepared cell-free extracts
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Although Trager pownted out that the biotn deficiency was un-
accompamed by any severe weakening of the ammals these results
may have been due to an alteration 1 the resistance of the host rather
than to a direct effect on the development of the parasite Seeler and
Ot (1946) confirmed theeffectupon P lophurae parasitaenia m chickens
produced by biotin deficiency and reported (1944) that nboflavine
defictency 1n the chickens resulted in a lowenng of the parasitaenua
Further 1f nboflavine was given during the course of the infection 1t
resulted 1n increased seventy as judged by parasite counts  Secler and
Ott (1946) also showed that parasite counts 1n well-noursshed chicks
infected with P lophurae were less than m mnfected chicks deficient n
brotin folic acrd and protem

The adminsstration of anttmalarial drugs in combmation with the
feeding of other substances to birds has given some indication of the
T of bird pl dia for therr develap Maier and
incy (1942) reported the mhibition of the action of sulphamilamude on
P gallmaceum m chickens by the feeding of para-ammnobenzoic acid
Seeler et al (1943) described a sumlar mlubition of the action of
sulphamethyldiazine on P lophurae m ducklngs also by feeding para-
aminobenzorc acid  Seeler (1945) stated that the admmnstration of
pyndoxine definitely mhbited the action of quinine and atcbrn on P
lophurac and P cathemermm m ducklings

In these results there 15 a simulanity to the mlubition by para-ammo-
benzotc acid and other substances of the action of sulphonamides on
bactena  Despite much research on this mlibitory effect the complete
mechanism with bactersa has not yet been elucidated The mnference
1s that sulphonamudes deprive the malana parasites of para-amuno-
benzote aaid or prevent 1ts use by the parasite and as 1t 15 an essential
metabolite the parastte 15 destroyed  Stmilarly quinmne and atebnn
interfere with the parasite s use of pyridoxine and when this substance
15 admumstered 1n excess there 15 sufficient for the normal metabolism
of the parasite and so the effect of these two drugs 15 modified

Chnistophers and Fulton (1938) studied the respiration of P Rnowles:
in blood as measured m a Warburg manometer They found that
there was a very derabl p of oxygen pared wit
blood containmg no parasites  An approximately equal output of CO,

ave a respiratory quottent of 091 They stated that serum played
lgmlc partin providing the requirements of the oxygen uptake and that
the parasite was able readily to take oxygen from the oxyhaemoglobin
of tgc red cell Fulton (1939) showed further that glucose laevulose
maltose mannose and glycerol were oxidized by P knoulest He could
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and sllastrated the extracellular position ot malania parasites and the
of troph and g from red celf to red ceft

but this view 15 net held by modem protozoologists Christophers
and Fulton also showed that isolared trophozottes of P Lriowlest taok up
oxygen but at a slower rate than when v/t the red cells

Spech et af (1946) freed P galluacewnt from the red cells of chickens
by means of haemolytic scrum and reported that these parasites
required varous co factors for the oxdaton of pyruvate which were
not needed when the parasites were studied m mtact red cell  Free
parasiies formed appreciable amount of acetate from p,ruvace vhereas
this substance was oxtdized abmost completely to CO  and water by
parasttes 1 mact red cells They concluded that the oudaton of
pyruvate 15 catalysed by the dicarboxylic acids and molves the -~
carboxvhic aod eycle and the glucose and l-tate are ovidized by the
same path a, pyruvate

The secrenon of a toxn by the malama parasite has often been
suggested  This has been suppased o be responsible for the paraxy m
when refessed mio the blood by the rupture of the red cells contamng
mature schizonts  Wihnle Kudo (1946) states that 1t 15 probable that
some protozoa secrete potsonous substances through ther pseudopodia
which possess a paralysing effect upon ther prey no toxic secrenon
of the malana parasites of man has yet been convinemgly reposted

A by-product of the metabolsm of haemoglobm by malana
parasttes 1s the malanial prgment h inP el
of the canary parasttes are found w all the types of blood cells (Huff
and Bloom 1935} In erythroblasts which have not acquired haemo-
globm no pyment 1s formed but 1n those members of the red cell
scries where haemoglobn 1s present malanat pigment 15 seen in mcreas~
ing amounts with mcrease of haemoglobin mn the host cell In the
human plismodia the appearance of the pymenr vanes with the
species of the parasite 1n P snan at s of a much hghter colour than
the other spectes ' Whether or not this difference in appearance 1s due
to chcmlcafdlﬁbrcnccs m compositzon is unknown

Malarnal pigment was known to the ancients as black material in
the hver and spleen Meckel (1847) noted black bodies i the blood
and spleen and Viechow (1849) first rdennified the presence of pigment
n organs with malaral infeetion Meckel and Virchow considered
the splcen was the sue of onigun of the pigment Planer (1843) described
the prgment i the blood cells and concluded that the pigment
onginated 1n the blood  When Laveran (1880 a and b) discovered the

1)
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of malarta parasites and found that these extracts hydrolysed native
haemoglobn at a very slow rate but split denatured globin much more
rapidly The production of ammo nitrogen from denatured globmn in
cell-free extracts was not mhibited by anacrobic conditions They
suggested that in the intact malara parasite protein hydrolysts 1s n some
way linked to the oxidattve processes

Speck and Evans (1945 a) reported results of the action of cell-free
extracts of parasites (P galfinacenim) on glucose  They stated that glucose
was converted to lactic actd by a path stmilar to that of the phosphory-
lang enzymes which catalyse the phosphorylation of glucose by
adenosine triphosphate the spliting of fructose-r  6-di-phosphate
to form 3-phosphoglyceraldchyde and the dismutation between
3-phosphoglyceraldehy de and pyruvic aaid

The carbohydrace and protemn metabolism of the parasite may then
be represented as m the following diagram (adapted from Moulder
and Evans 1946)

Protem of erythrocytes\  Parasite protein
N Ve
Ammno aads
A \
Haemoglobin—globin Ammoma
+ haematin

Coupling between
protein hydrolysis
and oxidation
hosphorylatio;
Glucose FooPRoryRION —Pyruvic aad—CO; and H,0

Lactic actd

Desprte thus appatent reltance of the malarta parasites upon the red
cell for 1ts protein metabolism Christophers and Fulton (1939) reported
that P’ knoules: freed from red cells by saponin retamed its infectvity
for monkeys ‘When the free parasites were mjected mto the pentoneal
cavity of monkeys infection of these ammals oceurred with some delay
m the mcubation peniod compared with controls m which the para-
sues were still contamed 1n red cells They pomted out however
that 1t was ampossible to exclude the presence of segmenting parasites
with merozoites 1n the mjected material 'Were merozostes not present
1n the mjected materzal the ability of free parasites to enter fresh
cells would have to be considered  Lawson (1913 1020) described
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and sllustrated the extracellular position of malana parasites and the
of woph and g; tes from red cell to red celt
but thry view 15 not held by modemn protozoologists  Chnstophers
and Falton alio showed that ssolated trophozostes of P kiowt fest took up
oxygen but ag a slower rate than when within the red cells
Speck ez al (1946) freed P galfmaerms from the red cells of chickens
by means of haemolytic serum and reported that these parasites
requited vanous co factors for the ovadation of pyravate which were
not needed when the parasices were studied m meact red cells Free
parasstes formed apprecable amount of acetate from pyruvate whereas
this substance ¢ s oxdized almost completely to CO and water by
pacasttes w wntact red cells They concluded thar the oxdanon of
pyruvate 1s catalysed by the dicarboxyhe acids and nvolves the n-
carboxyhic anid cycle and the glucose and lactate are owdized by the
same path as pyruvate
The sccretion of a oxm by the malama parasite has ofien been
suggested  Thus has been supposed to be responsible for the paroxysm
when released nto the blood by the rupture of the red cells contamnng
mature schizonts Whle Kudo {1936) states thar 1t 15 probable thar
some protozoa secrete poisonous sub tances through their pseudopodta
which possess 2 paralysing effect upon their prey no toxic secretion
of the malania parantes of man has yet been convinemgly reported
by-product of the bholism of h gl by melina
parasttes 1s the malarul pigment hacmozom In P chungatm mfections
of the canary parasites are found m all the types of blood cells (Huff
and Bloom 1935) In erythroblasts which have not acqured haemo-
globm no prgment 1s formed but n those members of the red cell
serses where haemoglobim 1s prescnt malanal prgment 1 seen i increas-
ing amounts with increase of haemoglobm m the host cell In the
human plasmodia the appearance of the pigment vartes with the
species of the parastte 1 P 1ivax 1 is of 2 much bghter colour than i
the oth 1 species Whether or not this dulference 1 apprarance 1s due
to chenucal dhiferences m composttion 1s unknown
Malanal pigment was known to the ancients as black matersal 1n
che liver and spleen  Meckel (1847) noted black bodies m the blood
and spleen and Virchow (1849) first identified the presence of prgment
m organs with malanal mfecnon  Meckel and Viechow constdered
the spleca was the site of ortgm of the pryment Planer (1853) desrribed
the pigment m the blood cclls and concluded chat the pigment
ongmated i the blood  When Laveran (1880 2 and b) discovered the
®
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of malarta parasites and found that these extracts hydrolysed native
haemoglobin at a very slow rate but spht denatured globin much more
raptdly  The production of amuno nitrogen from denatured globin in
cell-free extracts was not mhibited by ‘amacrobic condiions They
suggested that in the intact malana parastte protemn hydrolysis 1s 1n some
way limked to the otdative processes

Speck and Evans (1945 a) reported results of the action of cell-free
extracts of parastes (P gallmacerm) on glucose They stated that glucose
was converted to lactic 2cid by a path similar to that of the phosphory-
lating enzymes which catalyse ‘the phosphorylation of glucose by
adenosne triphosphate the spluting of fructose-1  6-di-phosphate
to form 3-phosphogl Idehyde ‘and the d between
3-phosphogly ceraldehyde and pyruvic actd

The carbohydrate and protein metabolism of the parasite may then
be reprcscnte! as m the following diagram {adapted from Moulder
and Evans 1946)

Protein of erythrocytes\  Parasite protem
N 7
Amino actds

~ ] \
Haemoglobm—»globmn Ammoma
+ hacmaun
Coupling between
protemn hydrolysis
and oxidation
hosphorylatio:
Glucose _prosploryation osphorylaton —Pyruvic aad->CO, and H,O

Lactic acid

Despite this apparent relance of the malara parasites upon the red
cell for 1ts protem metabolism Christophers and Fulton (1939) reported
that P knowlest freed from red cells by saponin retamed 1ts tnfectrviry
for monkeys ‘When the free parasites were injected 1nto the penitoneal
cavity of monkeys mfection of these amumals occurred with some delay
m the mcubation period compared with controls 1n which the para-
sires were sull contaned m red cells They pointed out however,
that 1t was impossible to exclude the presence of segmenting parasites
w1th merozoutes 1 the mjected matenial  Were merozotes not present
i the myected matertal the ability of free parasites to enter fresh red
cells would have to be constdered  Lawson (1913 1920} described
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by the oxyhaemoglobin of the com:unmi red cell and the amount
consumed ncreases with mcrease in size of the parasite

The protetn matenat of the red cell mdudmg the haemoglobm
1 broken down by the pacasite and some of the dervative resynthe-
sied to form parastte protein  QOne waste product~—haemaim—ts
deposited as granales m the cytoplasm of the parasite It 15 possible
that some of the ma eruals required for protem synthesss are denved
trom the plasma by diffusion through the red cell membrane Proten
metabolism appears to be linked with the oxdation of glucose

Raboflavine and calesum pantothenate are two substances of known
chemscal constitstion which, with hiotin scem to be essensial for the
normal growth of the Plasmodia P b actd can 1
the lethal effect of sulphonamides upon P Arou fesi—an actton sumdlac
to that seen with bactena

The biochenical processes of the malarra parasire which have been
described <o tar are sumlar to those seen w other orgatsas with one
exception and onr which 1s charactersstic of the Plasmoda  Ths 1s the
formattan of malanal piygment and 15 deposition m the cytoplasm of
the parasite  Thus pigment 15 not formed by other parasites of the red
corpuscle such as the Babestae

Binally « appears certan that there are differenens m the bio-
chemscal behaviour of the vanous spectes of Plasmoha which are as
defimte as the differences m ther morphology

MODE OF ACTION OF ANTIMALARIAL DRUGS

When mterest was first 1aken i the method of actson of vartous
spectfic drugs on ifecung orgamsms @ was found that these drugs
cawsed a semarkably kd\a% action on the organism m the body bur a
bke effect was not necessanly seen when 3 simlar concenteation of
the drug was added ta the organssm m vuro

Bass (19.2) added quimine m the hugh concentration of 1 1 2 ~00
to a culture of P faluparum  This prevented growth of the parasits and
thete death ensued Muhlens ang Jarschbaum {19..4) added quinine
1o blood contamng parasttes (P vizax) to give 2 tmal concentranon of
1m 5 000 and allowed 1 to act 1 an tcubator for s haurs The blood
sull remaned mfecuve for man  Loune {1934 ) added quinine m 2
suntlar corcentration ta blood contatning P cathemermm and mcubarcd
1t for ¥ hour He found that st caused some delay of mf ction shen
the blood was imjected mto a canary  Chopra et al {1936) added atebrin
to blood contaming trophozottes of P knmonless and mcubated the
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rmalarta pacastee the signuficance of the prgment i the blood and organs
became clearer

Meckel (1847) called malaral pigment melamn and 1t was for many
years considered to be related to the melamn group of pigments
Ascolt (1910) suggested that 1t ntay be haemann and Brown {1911)
as a result of companison of the solubiity and spectroscopic appear-
ances of malartal pigment and haematm  considered that malanal
pigment was essentrally haematin but may contamn some 1mpurities
Warast (1927} however considered that malanial pigment was more
closely allied to an 1ron-contamng melanm than to haematin - Stmton
and Ghosh (1934 a and b) confirmed the work of Brown and con-
cluded that malarial pigment was idennical wath haematin - Ghosh and
Nath (1934) found that the wron carbon and hydrogen content of
malarial prgment dersved from P Anowlest agreed with those of haemaun
but compared with the latter pigment the amount of mitrogen
found was too low  They attributed thus to experimental error  Devine
and Fulton (1941) showed that the pigment was not haemn and
Morrson and Anderson (194.) also "confirmed the pigment to be
haematin (ferrthaemic acid) It 15 now generally accepted as bemg
haematin denived from the digestion of the haemoglobum of the red
cell and deposited i the form of granules within the parasite Malarsal
prigment was called haemozomn by Sambon

When the schizont ruptures pigment 1s released mto the plasma
and 15 removed by cells of the reticulo-endothelial system so that 1t 15
seen espectally 1’ the liver and spleen  The prgment of the ferale
gametocytes 15 readily seen i the oocyst i the mosqurto where 1t has
an arrangement and character more or less constant for the particular
species of the Plasmodia of man  In the tssues malaral pigment
persists for 2 long trme and Brown (1011) considered that the difficulty
1 1ts disposal by the human organism mdicated that the production
of haematin could not be considered as 2 normal internal process m
the breakdown of haemoglobm Rugdon (1945) constders that the
malarral prgment within the endothehal cells may be slowly oxdized
to form haemosidersn winch can be used by the host {see Chapter IV)

Research on the biochemistry of malarra parasites has produced
so far an mcomplete story The chief features so far cluchatcd will
be summarized Glucose appears to be the carbohydrate which pro-
wvides the energy requirements of the plasmodial cell and 1t 15 oxadized
probably by phosphorylation to carbon dioxtde and water  The oxida-
tion of glucose may be incomplete and the parasite may rely upon its
tost for the excretion of lactic aad  The oxygen used 15 provided



THE PARASITES OF HUMAN MALARIA 9

atient but some of the parasites became monle agan some hours
%’azcr when the plasma atebrin concentranion dropped  Fauley et ol
(1946 a) described the changes seenn P 1 1:av after the admustration
of paludrme Here development ccased ar the stage immedaately
preceding nuclear diviston Bock and Osterlin (1938-9) showed by
photofluoroscopic examunarion that atebrin was present i the malana
parasttes of monkeys when thus deug had been nsed for treatment

Thus changes could readilv be produced and often obstrved in the
malana parasite by antimalsnal drugs after thesr admunustration to a
patient with malana but changes could not aly ays be produced with
smilar concentranions of these drugs added to the parasite m vitro
Black (1946} desmbed the cffeuts of variows antmulinal deags w
the form 1o which they cireulated m the blood upon the trophozostes
of P filaparum d-velopy, sn cultures m vitro Tic drugs were given
an therapentsc doses to healthy donors and the scra from these wsed
for the culture medin A direct Jethal effect an the parasite by the drugs
s this form v as found  Fusther the drugs wed were observed to act
a¢ different pomts m the de chpmental cycle of the parasre eg
atebrin and quinine acted on the parasite 1 sts carly stages of growth
whereas palademe exerted 1ts effoct later and prevented the duwiston
of chromatn to form schuzonts (see Table 115 This suggests that
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preparation for .4 hours  The blood was then moculated 1nto a group
of monkeys of which one developed malama and two did not  The
concentration of atebrin 1 thus experniment (.0 000 ¥ per htre) was
much hugher than 1s ever obtained with therapeutic doses of this drug
Hewitt and Ruchardson (1943) added drugs ether i the form of 2
powder or 1n solutron to blood mfected with P lophsirae and meubated
ther preparations at 6°C They found that typrcal degeneratnve
changes occurred m the parasites when plasmoquine was used  These
changes were similar to those seen when infected ducks were treated
with plasmoquine  They failed to produce degenerative changes m
the parasites wath quinine and atebrin Tonkmn (1946) added various
antimalanal drugs to tissue cultures of the exo-erythracytic forms of
P gallmacensn  Some of the drugs e g paludrine had no effect but
mhibition of parastte growth was obtained with several drugs, mncluding
some of the sulphonamudes and p-anisylguamdine merate

Studies have been made on’the depression of respiration of the
parasites by antimalanal drugs added s witro to blood contaming
plasmodia ~ Fulton and Christophers (1938) found that quune and
atebrin caused mhibition of respiration of P knonless "Coggeshall
(1940) showed that the addition of sulphonamide 1n concentrations
less than those necessary to effect a cure m monkeys almost completely
mhibited the respiration of P Lnouless The same concentrattons of
the drug had no apparent effect on the respiration of P s a paraste
which 15 much less sensitive i vivo to sulphonilamide than 1s P kuowlest
Nevertheless Coggeshall and Mater (1941) reported that the results
obtamed with this method did not always agree with the observed
therapeutic effect of the drugs when they were used t 1wo

Observations have been made on the changes in morphology and
development of parasites after the adnumstranon of antimalarial
drugs to patients suffering from malara  Wenyon (1926) described a
decrease i the size of P orav schuzonts and a reduction of the number
of merozottes formed With P cathemenum m canaries Lourie (1934)
found that quinine caused a retardation of growth of the parasite and
the formation of a smaller number of merozoites James (1934 a)
i d pigs y and cytop changes p by the
action of atebrnon P vitavand P malanae and Huhne {1942) described
the degenerative changes seen 1n the parasites when atebrin was given
to patients with falaparum malana - Young et af (1943) reported that
thiobismol had an mhibitory effect on half-grown trophozottes of
P viar Trager et al (1945) stated that P snax lost its amocboid
acuvity an hour after an tra-muscular mjection of atebrm mto 2
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was ad 4 dunng the sulph 3 of birds mfected
with P gallmacessm and P lophurac Para anunobenzoic acd had no
effect on the action of quintne and atcbrin upon P gallinacenm Tonkin
(1946) reported that the mhubitory cffect of sulphathiazole i cultures
of the exo-erythrocyuc forms of P gallnaceuns was ncutralized by
para-ammobenzoic aad  Ball (1046) reported antagomism between
para b ac1d and sulphad: m cultares of P knowless
In these last resules theec 15 a close resemblance to the intubition of
sulphonanude action upon bactena cansed by para-amobenzosc acd

In a senies of studies of the brachenustry of P galliaceum b{ Speck
Moulder and Evans (Speck and Evans 1945 a and b Moulder and
Evans 1946 Speck Moulder and Evans 1946) qunme and
atebrm were found 1o bt the glycolyue enzymes of the parasite
although the concentration required was relanvely high Low
concentrations of these drugs were found to mhibit strongly the
prod o trogen by p d erythrocytes  They
suggested that quimine and atebrin acted by mbubitng the ovdatron
of the pyruvic aad produced by the paraste to carhon droxide
and water Bovamuck ef ol {1946 3 and b} found that atebrin mhibated
the oxygen consumpuon of P loplmrae which had been released from
erythrocytes by saporun  This mhbitton was much more marked
1f the parasites had previously been deprived of substrate and could be
partially neutralized by the additson of adenosme triphosphate and
adenylic aaid  They concluded that the action of atebrmn on the
parasttes 15 due to meerference with some phaspharylanan reactions
which are necessary before glucose can be utihzed Madmavertra
{1946) showed that some antimalagal drugs 1 ¢ ¢ antagomstic for
nboflavin mn the growth of Lactobacillus cases Curd and Rose (1946)
reported that patudnne does not show tlus antagonism for nbofiavine
and suggested that the antimalartal acevity of paludrine may be
comnceted 1n some way with an nterference with the porphyrin
metabolism of the parasite as this drug forms with metals such as copper
2 complex compound resembling protoporphynin

The report by Trager (1943 b} that calcium pantothenate was a
growth factor for P lopharac led to the mvestiganion of related com-
pounds to determme 1fp any of these had antumalarial actity Mead
etal (1946) stated that a dertvatnve of 4 pantoyltanrime show ed definite
actvity m avian malana  Marshall (1946) teported the use for the
treatment of malara of a compound prepared by Wooley (1944}
and shown by him to be a pantothenate antagonust for bactersa Ths
compound—pantothenone~—was found to be as active as quinine agamst
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the immediate stte of action of thesc drugs 15 different though the
action 15 a direct onc on the paraste atself atcbrin and quinine would
appear to antagonze the actwvities of the cell concerned with us early
growth  whercas paludrme mterferes with ws nuclear dwviston
Hawking (1947) reported the anti-plasmodial action of paludrne
upon the exo-erythrocytic forms of P galhuacenm when serum from 2
fowl treated with this drug was added to cultures of these parasttes
Wendel (1946) stated that certamn drugs n the serum after adounustra-
non to the host depressed the respiration of parasites s 1utro

In thesc last results the drug used to act on the parasttes was 1 the
torm m which 1t circulates in the body  In the case of atebrin given
by mtramuscular anjection the serum for the cultures was obtaned
from blood taken only 15 munutes after the mjecuon and yet 1t was as
cffective as serum with sumlar concenerattons of atebrin which had
been mgested  Black (1946) pomted out that 1f atebrin must be 1 a
combned or altered form before 1t can act on parasites alimentation
15 not necessary for this modification of the drug and the change
occurs within 15 mmnutes of its mtramuscular njection  In the case of
paludane Hawkng (1947) suggested that the drug 15 actnvated mn
the bods

The exact manner of the direct lethal action of the drugs on the
parasite 15 a biochemucal problem  The exastence of complex enzyme
systems i the single cell of a malana parasite has already been dis-
cussed The normal functioning of these systems 15 presumably neces-
sary for ats survival and growth Thus there are manv vulnerable
pomnts for an attack on the malara parasite or mndeed on any cell
Walker {1928) showed that arsemc excrts its toxic effect on living
cells by attacking some essential sulphydryl component in the enzyme
system of the pyruvate cycle Henry (1944} concluded that the sul-
phonamudes destroy bacteria by inlubiting onc or more of their
respiratory systems  The divers antimalanal drugs may act on the
various enzyme systems cssentral for the growth and division of the
plasmodual cell

There 15 already evidence that tus 1s the method by which these
drugs act on the parasite Trager (1943 b) showed that ‘when calaum

antothenate was added to lus cultures of P lophura. the parasites grew
?or longer petiods than n its absence  Seeler (1945) reported that the
admunsstration of pyridoane mhibrted the action of quinine and atebrin
on P loplrae and P cathemersum m ducklings Inhtbition of the action
of the sulphonanudes on malaria parasites has been reported by Mater
and Ruley (1942) and Secler ¢ al (1943) when para-ammnobenzotc acid
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causes degencratnve changes m the chromeun and cytoplasm of
gametocytes as described and illusteated by Mollow (1928) v fala-
parum makina

Paludrme 1 therapenuc doses affects nether the motphology
nor the number of gametocytes already formed 1 mnfection with
P faluparum and P 1nax (Farley ef al 1946 2)  These workers also
showed that the effect of paludune on the gametocytes is seen i the
gut of the mosquieo  If mosquitoes are fed on gametocyte carmers
who have recently had paludnine development may proceed up to
the oocyst stage but awng to the jcmstcnt cffects of the drug all
oocysts die  In mosqurtoes which had engorged partually on 2 normat
person takmg 100 mgm of paludrme darly and allowed to complete
theis feed on 2 falaparum gamerocyte carner ooeysts formed mn the gur
but died without growng and sporozotes completely failed to reach
the salwvary glands The offect 1 the coryst appeass to be much the
same s the effect produced by paludnne on the developmg ropt
1¢ mhbron of nuclear dwvision 1 this case preventing the formanion
of sporozoites and cansing death of the oacyst  Mussirolt and Mosna
(1938} reporied a simular effect wath the actton of munute doses of
Cihional { Certuna ) on the gametocytes of P faluparum  This drug i
targe doses destroys the gametocytes smaller ones prevent evflagelfa-
uon and though nunute doses cannots prevent the ferulization of the
gametes mside the mosquito yet they can and do hinder the further
development of the cacysts

The 2cquision of resistance to paludrine by P gallinace um has been
described by Bishop and Bukerr (1947) and Willzmson  Bertram
and Lourte {1947) The parasites were exposed to non-sterdiztng
concentrations of this drug during senal passage through chickens
secured by troph 1 The ytes were able to
mfect Aedes aegypn and the sporozones formed when anjected nto
chicks produced nfections wiich were equally renstant eo paludsine
Fasrley er of {1946 b} describing atebnin-resustant strams of P faloparnns
found m the Astape Wewak area of New Gumea suggested that
this resistance may have been a tesule of prolonged subopumal dosage
of the drug  Successive passages of one of the strams through mos
quitoes suggested that 1t had lost 1ts atebrmn resistance  Bishop and
Buekett {1947) and Wilhamson Bertram and Loune (19.47) reported
thae with P gaflaccum they bad been unable to produce atebrm-
sesstant stramns with a period of exposure of these paravites 1o the drug
of 6 months to 2 years

The acquisition of drug resstance by bactena 15 well known bug
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P gallinacenm mn the chick This acuvity 1s antagomzed by panto-
theme acrd  There 15, apparently compeutson between these two
substances for an enzyme necessary for the use of pantothentc actd by
the parastte

A speafic combimnation of the antimalarial drug with some par-
ticular component of the parasite 1s indrcated when the therapeutic
effects of an addiwve series denived from one compound are studied
Fmdlay (1939) discussed the expansion of one side chan of an anu-
malarnal drug and detailed the chemotherapeutic mdices of the com-
pounds of the series formed The anumalanal properties of this
sertes of drugs depended on the presence of an odd number of carbon
atoms m this side cham  This recalls the ongmal theory of Ehrlich
when he explaned the action of salvarsan  certam side chams of the drug
had 2 selective chemical affimity for certan side chams m the proto-
plasm of the sprrochacte  Support for this sheory 1s found mn the
differences 1n susceptibiity of various spectes of malarna parasites to
anfimalanal drugs ~ Bishop (194..) stated that there are drugs such as
Paludex which are more effective m treatment of the malaria of man
than 1n avian malaria  Green (19.9 b) reported on Dimenplastun
which although meffective n the trcatment of human malra s
hughly effective agamst avan malaa  Amongst the Plagmodia of
human malaria there 1s also this difference 1n suscepubiity to antt-
malarial drugs  Plasmoquumne 15 a moderately effective trophozottieide
m vivax malara but 1t 15 mefficient as such i falciparum mfections
Similarly Young e ol (1943) found that tluobismol was active
agawnst P vivav but had no effect on P falaparum Thus there 15 oftena
spectes difference 1 the reaction of plasmodia to antimalanal drugs
Further Lounte {1934 b) showed that two strams of P relictum differed
1 ther response to identical amounts of qumnne when present m
canaries ‘This vamation 1n response to drugs 1s not dependent upon
differences m the hosts but 15 probably due to some subtle differences
1n the biochemical activities of the parasites

Although much has been elucidated about the mode of action of the
antimalanal drugs there 15 as yet no explanation for therr selective
action upon the Plasmodia—no brochenucal process has been described
for the parasites which has not a parallel in the host apart from the
formation of malanal prgment

Little 15 known about the mode of action of gametocadal drugs
beyond the resules obtamned from dircct observation of the effects
produccd i the morphology of the gametocy tes i the vertebrate host
and of their subseq bet m the q Pl q
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Iavaston OF REp Cris G iavges ©v RED CEil ATPEARANCE  CHances s Rip Ce

Bovevr  Hasvorrs Phopocyto 1~ b %o of hacmoly s SEoIMENTATION RATS
CoaguiaTion Tiue  LEUCOCYTES AND PHAGOCYTES

ANAEMIA

Tur matucaon of the schizont wath the hiberation of merozores into
the plasma leads to the destruction of the parasited _erythrocyte
Through sowme process not yer fully understood red cells which ace
not actively mvaded by plasmodua ate sbso destroyed in Jarge numbers
Accordmng to Garn (1930) the number of red cells destroyed w2
?pxcal pataxysm 15 about two hundred thousand Howie {194}
ound i P ﬁ.pamm mfeettons that the fall was even greacer amount-
g ¢o five hundred thousand cells per co mm m some cases with an
assocnated £l of haemoglobm concentration of 1o per cent  The
reduction m oxygen carrying capacity of the blood resulnng trom such
losses of erythrocywes afieats the erythrapowetic centres of the body
and brings about changes m the rare of producnon of new cells and
possibly (Thannard-Neumann) tn che rate of discharge of new celis
mto the general circulanion  Other ficrors such as dusturbances of
vascular flaw and saasis of cells m the small blood vessels probably
enhance this process
The result of thest phenomena 1 the development of ansemn
The sevensty of thus vaties trom patient to patient and depends largely
upon the species of mvading plismodium  the degree of wmvasion of
erythracytes and the duranon and seventy of the nfection  In acute
acbve cases the reducrion m red cells 15 3ssocated wich 2 roughly
proporuonal reduction n hacmoglobm conventration 1 & the anacmin
15 usually of the simple type In lonp-standing mfecnons the charac-
terises of the anacmia may be modified o some extent by accom-
panying changes ma the bone marrow
Anacmia 15 wsually most pronounced m P falaparum sntectionts m
humans and m P Anonless nfections m monkeys  In acute severe
& frlaparun safoctians 1« often develops extremely capidly and pro-
FESSCS sometmes 1 2 sertes of enses during which the red cell couny
may falt by as much as a muthon cells per cumm i the course of
»
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bacterta multsply by asexual division  In the case of the reustance to
paludane the gametocytes appear to have been modified so that they
were able to pass on this sesistance to the nexe asexual generation
An alternative explanation 1 that the apparent acquisiron of resistance
15 due to the survval and multiplication of a certain few parasttes which
were naturally resistant to paludrine 1¢ the ongmmal stram was not
absolutely homogeneous with regard to sts response to paludrme
This theory presupposes that gametocytes formed by these asexual
parasttes were also resistant to paludrine. Whatever the explanation—
and 1t 15 apparent that one cannot defimtely b formulated at this
stage—the ¢ paludrme~resistant patasttes appear to differ m their
brochenmical behaviour from those parasites which show the usual
reaction to paludnne
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field detived from both natural and mduced P 1ssay wfections may
be quoted These authors reporied red cell counts varymng from 2.
10 49 muibon per cnmm  averaging 3 99 mutlion per cu mm with
hacmoglobin congentrations from 40 to go per centt with an average of
76 per cent Colour tndees 1 these cases averaged 0 95

The anaenua seen s both P malanaeand P ot alc infections s generally
mid and of the order of that seen m P rovax infections Severe P
talariac wfections have been reported however m which anaemua
was pranourced

THE BLOOD PICTURE

In very severe acute pumary snfections there may be lietle change
m the appearance of the erythrocytes Where however the discase
has progressed for some ttme or has reached a chrowe stage or s
relapsing the bload picture presents chavactenstics superficially resem-
bhing those seen m perascions anaemia There 3s potkilocytosss and

Y polyct and basophihe stippling Both parasitized
and unparaunzed cells may show signs of change

The anmsocytoss 15 asociated with both small and large red cells
Faley and Bromfield (1933} did not find any apprectable increase
the diameter of the red cells 1 thetr cases “Thus in 14 cases of P fala-
parum wfecuion halometer measurements gave a mean of 7 5 g with
arngeof 7. 10 78 p for the erythrocyte duameter and n the same
number of cases of P 1wax malara the mean dameter was 7. p
witharangeof 68107 8 4 Inonecase of P ot ale infecnon the average
ted cell dameter was also 7. 4+ Fawley, Bromfield Fos and Kondt
(1938) drew Price Jones curves m three moderately anacmue patrents
with severc matima (parasites present in the blood) They found the
curves fell withm the sdeal corves for the smallest and Jargest mean
diameter  the average diamcter bemg 735 # Nevertheloss some
degree of megalocytosss has been seported by many other authors
both tn natucally acquiced and arttficrally nduced malariz - For mstance
Svarez and Costa Mandry (1934) found that m chrome malaria the
anacmia was hyperchromic with a tendency o macrocytoss  Thon-
nard-Neumann  {1944) made coreful estimations of the diameter
of ted blood corpuscles m the progress of induced P wspgn mfection
1 sypluluic patients before durmg and after treatment with malarta
He found that durmg a malanal attack there was bath an merease m
the mean corpuscular diameter and a nsc w the colour ndev both
these vatues teturning to normal rapidly affer treatment At the com-
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24 hours In such cases there 15 usually accompanying haemoglo~
bmuna and the general climcal picture of the blackwater fever
syndrome but very rapid and progressive reduction m erythrocytes
may occur 1 the sbsence of haemoglobinunia so that m the course of
afew days the total red cell count may fall below a nullion per cu mm
The anaenma of P faluparum wfection 1 1ts degree and raprdity of
development mn active cases resembles in many ways that of P kuou less
mfecaon m monkeys Fauley (1934) however has pomnted out that
the enttical fall 1n the number of red cells occurs n untreated P Lnowlest
mfections m the matter of a few days and 15 always associated with
progressive mcrease mn the number of parasites  In P faloparum
wfections on the other hand the mvasion of erythrocytes m cases
extubsang severe haemolytic anacmua 15 not always very great and
severe anacrmua may not deselop m infections unul they have gone
on for some ime

The red cell counts observed 1n cases of P falpariim malana seen
under ordinary aircumstances 1n the tropics and in England are seldom
very lon They may even be within normal lymits - Suarez and Costa
Mandry (1934) for mstance reporr a red cell count of five mithon
and a haemoglobin concentration of 110 per cent i an acute case
Farrley and Bromfield found that i 30 cases of malignant tertian malana
cxamuned in England the red cefl count varted between 18 and 52
mullion per cu mm  The hacmoglobin concentration varied between
32 and 102 per cent with an average of 73 per cent and the colour
index averaged just less than one Figures such as these have often
been reported bue much lower figures for both erythrocyte count
and haemoglobmn concentration e g of the order of 1 o mullion cells
per cumm_and 30 per cent haemoglobn or less are not infrequently
encountered 1n mdividual cases  Nelson Jones states that 1n his pattents
1 the Gold Coast no great fall took place in the blood cells except
m severe cases of haemolytic anaerma i which a reduction of the
erythrocyte count of the order of a mllion cells per cumm might
occur duning a smgle haemolytic crists

In P spav mnfections the degree of anaenua 1s usually less than that
seen i P faliparums malana O lly however espeaially i
cluldren the anacra may be severe and n exceptional cases approach
that seen in P faloparum wnfections Thus Carduca (1907) records a
red cell count of 0 44 milhon cells per cu mm and Amy (1934) one
of 0 56 mllion cells per comm 1 fatal cases of P 11ax malatia
As an example of the degree of anazenuz usually seen m patients
suffering from benign tertan malara the figures of Faurley and Brom-
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1n the peripheral blood n one fatal case of P falap trum infection and
1n 2 case of P 11 ax infection duning the ninth successive nigor

RETICULOCYTES

The prod of locytes and their app 1n increased
numbers mn the arculation may mnfluence to some extent the mean
diameter of the red cells scen 1n the perspheral blood The presence of
reniculocytes m the blood may ako account for the polychromasta
mentioned by many authors smce it has been pomted out by Whtby
and Brtton (1046) that such irregular stunung of red cells'ss related
to their immaturity

Renculocyte response m malaria nfections has been described by
many anthots but as far as the reticulocyte concentration dunng an
actual attack 1s concerned  the findings of workers ar. often at varzance
Farrley (1934) and Farrley and Bromfield (1933) found that there were
between 0 6 and 7 8 per cent of reticulocytes present i their malara
cases (both natural and induced cases of P falaparum and P vivax
infections) before treatment  In one case the reticulocyte count was as
tugh as 10 per cent on the second day of treatment  After the ad-
munistration of qumme and diately followmng the disapp ©
of parasites and fever there was 1n all cases an increase mreticulocytes to
an average maximum of 10 per cent and In one case to 23 per cent
‘The maximum responses tn all cases occurred 6 to 10 days after mtia-
tion of treatment It was found that the degree of reticulocytosts m
these cases was directly related to the degree of anaemma present
For example 1n 2 case m which the red cell count varted from 5t0 4 1
mubon cells per cumm  the maamum reticulocyte count recorded
was 9 4 per cent whercas in another case where the blood count varied
from 2 to 1 1 mullion cells per cumm  the maximum reticulocyte
count was 2¢ 3 per cent

Benhamon (1933) reported that m muld malaral anaemias where
the blood count ranged from 3 5 to 4 mullion cells per cu mm the
renculocyte concentration vaned from 3 to 5 per cent In more
severe anacmuas the reticulocyte percentage increased 1 one case
reaching as much as 19 per cent  This latter figure approxamates
closely to that recorded by Yang and Berglund (19.9) who found a
reniculocytosts of .3 per cent 1 an untreated tertian malama case
with an erythrocyte count of 1 mullion per cumm  These 2uthors
regard such high reuculocytosss as evidence of bone marroy, regenera-
ten resulting from haemolysis  High rencalocyte counts have also
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mencement of treatment 1 these patients the mean red blood cell
count was 4 5 million per cu mm and the mean haemoglobin 86 per
cent At the end of the active clintcal malana (cases were allowed
10 paroxysms) the mean red cell count was 2 7 mullion per cu mm
and the haemoglobin 6o per cent The colour ndex n 15 out of 22
P vivax mfections was Jess than one on the first day of mfection and m
19 was greater than one at the beginning of treatment  after treatment
20 cases had colour mdices of less than one 1In 10 cases Price-Jones
curves were drawn  The mean cell diameters were found to be 73
77 #and 73 g at the start at the height of wfection and shortly
after cure respectively

Thonnard-Neumann was dealing with mduced malaria but simlar
results have been reported under field conditions Thus Sechg and
Hemnung (1944) noted megalocytic anaenma as a sequel to chronic
malignant tertian malaria 1n Indan troops These authors describe
the climical picture as pernicious anaenma without involvement of
nerve tissue  The sigmficance of their results 15 perhaps not very great
m view of the possibility of mvolvement of other factors such as
malnutnition However such findings are 1 agreement mn general
waith those of many other observers Buanche (1940) for mstance has
reported that in acute malignant terttan malarta in Sardinta macro-
cytes are constantly present in the pertpheral blood and that the colour
mdex 15 greater than one Schretzenmayr (1938} has stressed the
stmilanity between the blood picture m malanial anaerma and perm-
cious anacmia and also reported high colour mdexes mn the former
The sumlanity between pernicious anaemua and malarial anaemua 1s
however a very superfictal one and 1s related more to the picture
seen 1 the peripheral blood than to changes m the bone marrow
It 15 generally agreed that macrocytes may be present sn malarial
anaermia especlal%y m 1ts more chromc stages and that nucleated red
cells are on and cells x bl loblasts extremely rare
Normoblasts have been reported 1n the peripheral blood and would be
anucipated m pronounced anaemua of malarral ongn m which the
predominant response of the bone marrow 1s normoblastic a com-
pensatory hypertrophy resultng from the continued haemolysis

Megaloblasts when' present m the peripheral blood according to
Earley and Bromfield amse from hyperstmulation of the marrow
probably m response to an anoxaemua consequent on anacmia  True
megaloblastic response has however been reported and Bianchi
(1940) believes that the bone marrow 1s sometimes directly mnvol ed ;n
malania  ‘Thonnard-Neumann repores the presence of megaloblasts
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the pertpheral blood  The author therefore suggusted that there was
an nverse relanonship between the prescnce of parasites in the pert
pheral blood and the height of the reuculocyte connt  Fusther invests-
gations mvolving repeated examumations of the bone marrow showed
that duaing the active stage of malana there 3 as no sustction i the
producnen of retculocytes 1n the bone marrow  In fact reuculocytes
1ncreased 1 the bone marrow until i some cases 1t contamed as many
as esrhit tumes the proportion of resculocytes present i the peripheral
blood (the normal relattons are according to Neumann about three
to one) Followng trcatment of the malana the rapid tnerease of
reenlocytes m the penpheral blood was associated wath a_ further
increase ot production in the marrow  Upon reduction of parasi-
taermta by appropriate treatment the retrrulocytes formed m themarro v
were apparently flushed out into she crreulatton: giving oise to 3 retieu-
locytoss m the penpheral blood Thonnard-Neumann thetefore
cansiders that m some vay peripheral pa asttaemu ganes te to a
damnung up of the newly formed reticulocytes t the bone marrow

and that the anacmua produced by the infection 15 to some extent
thereby mereased i degren simce these 15 htsle replacement by reticn-
tocytes of the cells destroyed by parasites and by haemoly sic processes
ttiated by the disease  The suggestion that the repeulacyte cuiss w
the blood following specific therapy can be correlated with the re-
moval of a barner in the bone marrow whuch obstructs the release of
reticulocytes has abso recently been nude by Gramicaa (x94s)

DIFFERENTIAL INVASION OF RED CELLS

Its generally accepted that 1 P tivav mfcetions the mvaded red
cells become enlarged durmg the mvasion of the parasite  Wenvon
{19-6) stated that the fully grown schizont was 10 to 11 ¢ i dameter
and Cratg (1937) found that the diameter of the segmenting schizont
vaned as much as from 0 to 15 ;¢ According to Wenvon expressing
a widely eld view the mvaded red cell ncreases i drameter as the
parasite develops i 1t and m confirmation of this Wilson and Wilson
(1935) found that the rchative mean diameter ot the infected cell was
91 4 Reckonmng the normal diameter of the red cell as about 76 p
thus means that the mfccted red cell had increased on the average by
1 . mes 1ts normal dismeter Increase i stize of red cells after invaston
by parastes has also been observed m m vitro cultures

1t 1s possible however that simple cn]argcmcnt of the rd cell m

1

order to date the grawing g 15 ot the only factor
E
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been noted by other authors during the course of untreated malana
n both humans and monkeys particularly 1n P Anon less infections n
monkeys (A mmulatta)  Such big counts have been recorded as the rule
only mn the later stages of severe mfections  Thus Malamos reported
a reticulocyte count of 35 per cent on the penulumate day of a fatal
P Lnowlest infectionmamonkey (M mulatta) Bianchi (1950} however
1m a series of exght cases of malignant tertian malarra in Sardinu found
a rettculocy tosis of between 4 and 12 5 per cent

The reticulocyte count varies from day to day in indivadual cases
Kitchen (1939) for mstance has recorded reticulocyte rates varying
from 15 to 75 per cent m a case of induced P filesparum mfecuon
031093 per cent n another which was untreated and 0. to 1 5 per
cent m a third which recerved a single dose of quinme  In two cases
of mduced P malarae infection the reticulocytes ranged from o1 to
35and 06 to 45 per cent respectively  The first of these P malanae
cases was faral and 1t 15 nteresting to note that 1 this case m which
the parasite denaty reached the unparalleled concentranon (for this
species) of 71 000 parasites per cu mm  the reticulocyte response n
the last days of the illness did not exceed 3 per cent

Most authors agree that 1 both human and monkey malana a big
imerease of reticulocytes occurs durmg speaific drug treatment  The
nse 1n retrculocytes observed under these conditions 15 usually hugher
than that seen n untreated cases except towards the end of a severe
mfection  Fauleys figures n this connection have already been
quoted for human malarsa  This author reports a concentration of
retculocytes of 35 per cent occurnng mn 2 monkey with P knou lest
infection seven days after treatment was commenced Dahne (1944)
has noted similar increases in reticulocytes after treatment of human
malana with arebrm  Th d-N has mvestigated this
phenomenon in detalin duced P vatav P malariae and P falcsparim
mfections mn syphilitics  Before infection the renculocyte ‘counts of
hus patients varied from o 1 to 1 4 per cent  During the active stage of
the disease the retrculocyte count was not rassed n any case above 2
per cent with an average of o 6 per cent for 20 cases A rise m rettculo-
Ccyte copcentration was noted mn all cases after spectfic therapy The
mean maximum reached after trcatment was 6 5 per cent Thonnard-
Neumann drew attention to the rclation between the ewsstence of
parasttaemia and reticulocytosts  Some of hus cases showed a double
wave of renculocytes during antimalanal treatment and 1t was dis-
covered that the fall m reticulocytes observed on these occasions
always corresp ded wath the app of parasites 1 the cells of
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cell and argued from this that myvasion could not have occurred only
1n the retculocyte stage which according to vartous authors lasts
12 0 24 hours  Malamos (1937) studied the comparative mvasion rates
1n mature and young red cells i the malara of monkeys (P knowlest
and P cynomolgt) andman (P treavand P faloparum) In all mfections
he found only a small proportion of plasmodia m the reuculocytes
In one case of P faloiparim malaria there was no mfection of reticulo-
cytes He pomnted out however that when they did otcur in renculo-
cytes the plasmodra existed mostly m young forms excepemnP Luou less
mfections where they were sometimes 1 the half developed state
It was possible therefore that although he was unable to confirm
Hungst s changes in retrculum stamng the reticulum of some cells
mught have suffered damage during the growth of the plasmodia
Malamos found that on the whole the mvaston of reticulocytes ran
roughly parallel to the madence of reticulocytosts

Most observers m vestigatmg this problem have relied on the
exanumation of blood films taken at regular mtervals during the course
of an mfcction but as the argument really depends on what cells are
mvaded by merozomtes the correct pomt of invesngation should be
the ume immedaately follow ing the completion of schizogony Eacon
had pointed this out “and n hs single case found that muluple infection
of cells mostly reticulocytes occurred to the greatest degree wathin
2 to 4 hours ofY sporulation  Hegner {1938) followed up this obserya-
tion by examming preparations from one mfection cach of P
vivax P faleparum P malanac and P ko lest made duning the period
of segmentatton He found that 89 per cent of the young nings of
P vinax wvaded reticulocytes the relatne frequency of wnvasion
bemg 1 20 1 compared with mature cells He also observed that the
reticulocytes contamng the small rings were as laree 35 those contan-
g half-grown parasites from which he concluded m agreement
with Cratg that the cells in P vt a¥ mfections were already large when
mvaded In P falaparum and P malanae malata 96 per cent and 89
per cent respectively of the freshly mvaded cclls were mature  The
comparauve rates of nfection wath these last two species were 14 1
and 10 1 for renculocytes compared with nature cells P Lnowlest
mvaded both types of cell equally 99 per cent of the nings beng found
m the mature cells  Katchen (1938 1039) mvestigated the problem
further ininduced P tiwav P falparum and P malaniae mfecnons  He
found over along senes of studies that m ewo cases of P 1sta¥ infee-
tions the frequency of parasitization of reticalocy tes was always greater
than that of mature clls the actual degrec of difference depending on



8 PATHOLOCICAL PROCESSES IN MALARIA AND BLACKWATER FEVER

concerned n the size of the mvaded cell for 1t has been pomnted out
by Craig (1926) amongst others that the infected red cell may be
larger than normal even when the mvading plasmodium 15 i a very
early stage of development This observatton has not been generally
confirmed but where the point has been speaifically examined some
evidence has been produced to show that many of the red cells recently
mvaded particulacly n P t1av infe are of large d an
1t has been suggcsteci that the explanation of thus 1s that the plasmodium
preferentrally mvades the y ounger red cells which are usually of greater
diameter than more mature cells

Such differential 1nvasions of young cells was suggested by Crak
(1920) who 1n examining the blood 1n P v1t ax mnfections found that
the parasites_although few 1n total number were most often observed
m young red cells and that where mulnple infection of cells occurred
the red cells concerned were the youngest corpuscles

P falaparum trophozottes were subsequently reported mn nucleated
red cells i the bone marrow and in the perspheral blood by Thomson
and Robinson (19.9) and Tobb (1930) but the matter did not recewve
much attenton untl Eaton (1934) pomnted out the prevalence of
reticulocy te mfectron m the blood of a case of unspecified malarsa with
quotidian fever Eaton suggested as a workmng hypothesis that red
cells were susceptible to invasion by plasmodia only when they were
1n the reticulocyte phase and that as a corollary anything mcreasing
the number of reticulocytes would favour the spread of the disease
His provocative contention had the desired effect and 1 the course of
followmng years a good deal of work careful and otherwise was
directed towards investigating the mvaston of reticulocy tes i malarna
Jacobsthal (1936) claimed 1n a note unsupported by detarled evidence
that i fresh P yseav and P falaparm 1nf§cuons there 15 a preponderate
mvaston of reticulocytes  He suggested that at Ieast go to o8 per cent
of the mvaded cells were reticulocytes and that mn the mfected cells
there were demonstrable changes i the retculum  He pomted out
that such heavy mvasion of rettculocytes mught affect the development
of anacnuz since the old cells when destroyed were not easily replaced
(sce Thonnard-Neumann)

Baserga (1937) failed to confirm Jacobsthals findings and other
workers soon observed differences bétween the behaviour of vartous
plasmodia  Thus Shushnan  Blitz and Adams (1937) recorded that
reticulocytes were selectively mvaded by P vvax whereas reuculocytes
and mature colls were mvaded with equal facility by P falparam
Corradettr (1937) observed large and smoll parasites 1 the same red
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than  the bone marrow m P 1uay mfecnons Beltran and Sand wal
{145} Fowever reported sunibar intecnon cates wm blood and marrow
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the time of exammation of the blood Thus m one case the relatve
rates of smvasion varied from 19 to 1 s00 tumes greater for reticulocytes
than for mature cells and mn the other case from 7 to 1 .50 tumes
greater  In both cases the total rate of mfecnion of cells was less
than 1 per cent and the rate of mfection of reticulocytes was never
greater than 86 per cent In P falaparum infections the total number of
mature cells parasitized was always greater than the number of renculo-

tes invaded  Mature cells were invaded on all occasions during which
blood was examined  Reticulocytes were found nvaded m only .8
out of 40 exanunarons - From thus Kutchen concluded that P falesparm
was indifferent to the age of the erythrocyte invaded In P malariae
mfections the plasmodia mvaded proportionately many more mature
than immature cells thus renculocytes were found to be invaded
only 3 out of 18 observations

Recently Beltran and Sandoval (1045) found that in induced P s ax
malana i general paralyncs 15 to 9o (average 41 8) per cent of the
carly ring forms of the parasite were found 1n renculocytes mndicating
a predilection on the part of the merozoutes for renculocytes Ferrebee
Gibson and Peacock (1946) have also produced evidence of differential
mvasion of reticulocytes in P yiax mfection  They studied the dis-
tribution of radioactive 1ron ncorporated tn the hacmoglobin molecule
m a casc of P vav malarta and observed that whole blood from a
patient who had been grven mntravenous radioactive tron 24 hours
previously was much less radioactuve than concentrates of mfected
cells (Ferrebee and Geiman 1946)  Stnce radioacttve haemoglobm 15
found only m newly-formed red cells under ¢he conditions of the
experiment (24 hours after mtravenous mypection of radioactive 1ron)
they infer that the parasites preferentially mvade young red cells

Although there 15 some disagreement among workers mn this field
1t seems established on the balance of evidence that mn P viav mfec-
tions the plasmodia show a predilection for mvadng 1mmature red
cells whereas m P falaparun mfections both mature and immature
cells are mvaded about equally and m P malana: nfections the plas-
modia mvade mamly the matare erythrocytes

In assessing the value of these observations however 1t must be

ownted out that the differential rates of snfection of cclls measured
pheripheral blood may not necessarly mndicate exactly those rates
obtaming 1n the bone marrow and other organs where maximum
sporuhation e g i P falaparum 1s taking place  In this connection
1t 15 mnterestmg to record that Thonnard-Neumann found that the
rate of miection of reticulacytes was lugher 1 the peripheral blood
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than 1 the bone matrow mP tnax mfections Belran and Sandoval
{1945) however reposted simular infectson rates in blood and marrow
After makng due allowance for ths what1s found o occur in the peri-
pheral blood 15 probably a far md of the fund ! duffc
ewnsting between the ‘theee plamodie m regard to therr anvasne
powersofthehost sred cells  Such differencesin the mvasive tendencies
of the human phsmodia may explam to some extent the degree of
parasaema met 1 the vanous forms of malina For example the
predifecnon of P oivax for renculocytes which are normally s low
concentrations might fout the spread of this phasmodium “whereas
the appasent mdifference of P falaparsn 1o the age of the erythrocyres
would place no such natural hmies upon s disperston amongst the zed
cells The hrmtanon of parasiie densities of wmfection with P smalanac
mught similacly be parey dependent upon 165 preference for the more
mature red cefls 1ts much sower development 1 comparsson with
P falesparum bemg due to 3ts longer asexual eycle and fprodumon of
relatively fow merozontes at sponﬁmon The degree of development
of anaemsa 1 human malara may also be corselated with the dift
ferences observed m the wnvaswve propesties of the plsmodia In
P falaperum for msance the blood destruceion brought about directly
by snvasion of the red cells 15 potentally almost unbmyted  (Thss 15
afso the case with P knowles ) In P usve ifections the number of
cells diectly destroyed 15 small bue the resulung anzemu may be
disprapostionately sovere because the rate of destruction of the young
red cells may exceed the rate of thewr replacement  The mere mature
cells are destroyed m P nialarac wfecuons and as these cells may be
regarded m any case as already approaching destruction thewr dissolus
fion may not greatly affect the degree of anaera attamned

CHANGES IN RED CELL APPEARANCE

Manor changes 10 the size and shape of smvaded erythrocytes such
as the enlargement of the cells m P yiax mfecnons are also seen 1n
P falcrparune and P arale malsnia In P salarae infections the maded
erythracytes are not wsually alered 1 appeatance  Erythrocyres
wsaded iy P falcparuynt appear normal n the early stages of develop-
ment of the parisres but as the disease progresses they tend to become
wregular and distorted 1n shape and somctimes reduced 1n size and
appeat brassy m stamed films The chanzes i shape of mvaded cells
m P ovak walana are charactensee of the mficton  Inthe early stages
of tvaston when the pytante 1 m the young ung forms red cells are



86 PATHOLOGICAL PROCESSES IN MALARIA AND BLACKWATER FEVER

not uncommonly oval with ircegular margins—fimbriated (Stephens
192.) The red cells are not enlarged at this stage but later as the
parastte develops to the stage of segmentation they may be sometimes
slightly mereased i diameter more frequently however remamng
unchanged n size

In preparations of infected blood certamn changes m the stamng of
1nvaded red cells have been observed in various infections In P 1seax
malaria the so—alled Schuffner s dots appear when the trophozonte
has become mature and are most evident dunng the schuzont stage
Schuffner s dots show up as small or large reddish dots scattered evenly
over the affected red eell  They are never present in uninvaded erythro-
cytes  Schuffner s dots are often regarded as charactenstic of P 11eax
mfections but simular stipphing occurs freely m P ovale infections
especrally during the stage m which the plasmodium s half-developed
becomung less obvious mn the schizont stage

Most obscrvers agree that Schuffner s dots do not occur 1 quartan
malarza but stipphing of 2 somewhat sumular kind has been occastonally
reported 1 infectrons with this plasmodium  The evidence for the
existence of such changes m the red cells in P malarae infections was
reviewed by Stephens and Owen (1927) who pointed out that such
observations are opposed to the statement of the great majority of
observers that the quartan parasite produces practically no changes
1n the red cells

Stippling of the mvaded red cell 1s often seen in P falaparum nfec-
tions especially 1n heavily staned blood films  Here 1t takes the form
of scattered coarse brick-red dots and streaks usually called Maurer s
dots The relation of these to Schuffner s dots has not been deter-
mmed  They are wsually much less numerous than are Schuffner s
dots

The stippling of red cells described above has not been sanisfacronly
explamed  Schuffier humself thought that the dots were probably
part of the essennal structure of the snvaded erythrocyte which became
susceptible to staning only after nvasion by the parasite  Sinton and
Ghosh (1934) concluded they were local aggregations of haemoglobn
denvatives  Meyer and Rueder (1907) however had suggested that
Schuffner s dots mught 1n fact be related to the renculum of the young
red cell and Hungst (1936) after a study of induced P vieax malarsa
concluded that this was indeed the case  He found that i two cases of
P yirax malana 5 5 and 6 4 per cent respectively of the invaded cells
contamed reticular matenal  Schuffner s dots were present m 3 8 and
8 6 per cent of the cells contarung nings so that the total percentage
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of parasitized cells contaming erther retcular matenal or Schuffner s
dots was huigh  Hungst considered that st was reasonable to suppose
that th= cells showing Schuffver s dots were prabably m the rettculo-
LZ:C stage when mv;n%cd and concluded that hus observanons supported
the view that the dots \ ere reticulac w ongm Malamos {(1937)
could however find no evidence to support this hypothesss He found
the staming seacnions of Schuffner s dots complrtely distmct from those
of reticulum and 1n hus 2 s35.0n cases noted 3 hugh pereentage of cells
with d Sct s dots although the degree of mvas on of
ret calocytes was m has cases very small  Further work ts requiced
beforc 1t can be finally decded whether or nat Schuffrer s dots are
remnants of cell retreulum  The determunation of the porphynn con-
tent of mvaded culls mught help to seetle the matter

CHANGES IN RED CELL PIGMENT

When the merozoste first 1nvades the red cell 1t 15 unpigmented
but as the plasmodsum develops wathun the mtact erythrovyte granules
of brownsh or black pigment appear the teatures of w¥uch depend
upan the species of mvadmg p{'asmodlum and 1ts rate of growth
As the parasire develops a change can frequently be observed m the
colour of the host s cell which becomes paler than the non infected
erythrocyte This loss of colour 15 usually well seenn P ersax (Sture)
and P aiale (Stephens 19..) and 1s presumably related to the dis-
appearance of haemoglobm followmg 1ts unl by the parasie
A reduction of the haemoglabm concentration m the pertpheral blood
n malara intecuons has of conrss been noted m all forms of human
malana_and has been shown to run roughly parallel with the reductron
in numbers of red cells The loss of intracellular hacmoglobin 1n the
mvaded erythrocytes has not been actually shown m human malarsz
but Chnstophers and Fulton (1938) have demonstrated 1¢ indirectly 1
P knowless mfections m monkeys

HAEMOLYSIS
Phagocytoss

The destruction of mvaded red cells has becn referred to above
Such Joss of red cells eakes place partly as a direct resule of the growth
of the parasite and the destrucrion of the host scell at the time of sporu-
Yavon and partly through phagocy tosis of both mvaded and uninvaded
erythrocytes The phagocy tosts of red cells has been observed by many
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authors duning malara both 1n the penipheral blood and 1n the internal
organs particularly the spleen and bone marrow  Talaferro and hus
associates have shown that phagocytoss 1s carried out mamly by the
cells of what they call the macrophage-lymphoid system \wh:cix m-
cludes the reticulo-endothehal cells of other authors These cells
phagocytose parasitized and unparastized cells alike In monkey
malana such phagocytosss 15 especially prominent in acute mfections
at the so-called cnsis of the infection ~ According to Talaferro the
heightened phagocytosis at this stage of the disease indicates the
pp e of acquired y and may possibly be explamed by
the development of opsomuns (Coggeshall 1937) It 15 important here
to realize that phagocvtosss of red cells although an important factor
1 erythrocyte Joss 1 malana scldom proceeds at a rate sufficient to
account for more than a small proportion of the loss of red cells from
the arculation  Phagocytosis of parasites and red cells 15 not always
obvious 1 malana infections particularly m human malana and m
severe mfections where red cell loss becomes acute the phenomenon
mnﬂbe regarded as mconstderable  The haemolysis occurring m severe
malarta must therefore be regarded as mtravascular 1 ongm  The
striking effects of such rapid hacmoly sis 1n malara are best seen i those
cases m which the destruction 15 so raprd that free pigment 15 thrown
out 1n the urine eg 1n blackwater fever and the haemoglobnunc
fevers 1 monkeys

Mechanism of haemolysis

The mechamsm of haemolysis m malana has not yet been deter~
mined The cxstence of speaifically haemolytic parasite strams has
been postulated but not d d (Gigholt 193.) No crculating
h lysin has been 1dentfied erther n malama or m blackwater
fever althongh there 15 some evidence that the exainng agent 1s extra-
cellular  Foy and Kondi (1943) found that red cells from normal
donors were rapidly haemolysed when introduced mto an actively
haemolysing case of blackwater fever and mnferred from this that i
blackwater fever some circulating haemolysin may exsst  Foy and hus
colleagues however disconered that cells' from a haemolysing black-
water fever case were cqually rapidly lysed when introduced mto a
normal crcvlanon  They sugfcsred that the extraccllddar agent
responsible for the lysis of normal cells n the blackwater fev er errcula-
tion mught also be capable of renderng the red cells abnormally
susceptible to destrucion by the normal lytic processes

Changes m the red cells themselves have been considered by some
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authors to be responsible for ther d pubility to lysss
The changes occurring as a result of direct nvasion of the cells can as
we have sad be of hittle importance 10 regard to the total degree of
anaemia produced except n extreme degrees of parasitacrta such as
ate met 1 P hnowles: mfections  Attention has therefore been con~
centrated more on the mode of destruction of the non-parasinzed
cevthrocvtes  Alterations 1n sahme fragihity have been recorded by
some authors but on the whole a decreased rather than mcreased
fragility has been observed thus Barrenscheen and Glaessner {19.3)
and Potapenko (19.9) observed some mcreased framlity whereas
Dudgeon (19.0) and Khigler both observed decreased fragility and
Ganm {1930) and Foy and hus colleagues (1943 observed no change

Ross (1928) mvestigated the saline fragility of erythrocytes m ten
cases of P fuluparim malarna and six cases of blackwater fever using
Sunmel's techmgue {19.3) He found no apprecuable change from
normal in the cells 1 esther condition  He considered that the haemo-
Iync processes m the blackwater fever must therefore be independent
of the sabine fragtlity of the ervthrocytes He noted however that
Barcroft had reported that red cells from the splenic pulp were more
fragile than those in the perpheral blood and suggested !ﬁnt 1f haemo-
lysis occurred mamnly 1n the internal organs such as the spleen 1 which
the mfected cells became filtered off from the crrculation measurements
of the fragility of the red cells in the peripheral blond were of no real
value whereas 1f the haemolysis went on i the blood stceam which
was more hikely the resulss showed that osmotic processes were not
mvolved 1 1t

Ganin (1930) found no difference between the saline fragility of
invaded and non mvaded ervthrocytes

Foy et al have recently reported that the red cells dunng the lync
phase of blackwater fever may show an increased fraglity to the
action of a lysolecithin system although at the nme the salme fragthity
15 undistutbed "The significance of this finding 15 not alto. ether clear
though 1t 35 probably associated with the observations of Foy and his
colleagues and others that in malarta and blackwater fever some degree
of spherocytosss may be found  Accordnp to some workers € g
Yorke Murgatroyd and Owen (1930) and Farcley et ol {1938) the
mean cellylar volume 15 not changed m blackwater fever or chromc
malatia bur spherocytosss has been deseribed directly or indiceetly
by several authors including Gear {1646) who states that 1 two cases
of malana the red cells were mucrocync and hyperchromc which
hisview showed a tendency to spherocytosis  Foy and hondi {1943)
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measured the mean corpuscular volume 1 their case and found 1t
considerably increased and the diameter/thickness ratio of the cell
reduced  The appearance of spherocytosss suggests that the merease
lysolecithin fragility 15 related to the action of thus substance on the
lipoid and lipoprotem complex i the cell membrane (Foy and kondi
1943) allowing alteration 1n the cell volume and possibly concomtant
changes 1n the permeability of the membrane to haemoglobin

The development of spherocytoss may be related directly to the
ulumate destruction of the cell smce Whipple (1941) suggests that
spherocytes may obstruct the crculation through the small blood
vesscls and so retard the passage of cells through the mtemal organs
particularly the spleen thus encouraging phagocytosts In this connec-
tion 1t should be noted that the slowing of the arculatton 1tself may
aggravate the degree of spherocytosis of the red cells concerned and
that thus also assists the process ocleysls (Ham and Castle 1940}

Fahraeus and his coTlcagucs have shown that when defibrinated
blood 15 allowed to sediment at body temperature and 15 subsequently
shaken up agan sedmmentation after the shaking s slowed and the
red cells become more globular than normal This process they call
stabilization and they consider 1t 1s due to the appearance at the nme
of separation of corpuscles and plasma of a chemcal substance allied
to 1f not identical with lysoleaithn  According to these workers
separation of the blood elements takes place n the spleen (equivalent
to allowing warmed blood to settle 1 vitro) and stabilization occurs
when the cells and plasma mect agam 1n the splenic vem {equivalent
to shaking) In support of this suggestion many authors have obsers ed
that blood from the splenic vemn has 2 much slower sedimentation rate
than blood from the splemic artery and that cells from the splenic
vein are more spheroid than those from the artery The stabihzing
substance 1s normally adequately adsorbed on to the surface of ery-
throcytes but when the erythrocyte surface 15 reduced cg m
anaemua adsorption s mcomplete this results 1 lowermg of sedi-
mentatton rate together with the appearance of more globular erythro-
sytes which develop ulumately to spheracytes  According to Vint
(1941) the slowng of the airculation through the spleen which occurs
m malania particulacly 1f tt goes on to the stage of stasts will facilitate
the separation m that organ of the erythrocytes and plasma  This
increased separation and the prevailing malanal anacnua would allow
an ncreased degree of stabilization 1n the splenic ven and possibly
account for the spherocytosis and so lead to increased hacmolysis
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(Bergenhem and Fahracus 1936 Stephens 1039 2 and b 1930
Fahraeu 1939 Vint 1o41 Kmsely 1934)

Other changes 1 the red cell particularly changes in 1ts sucface
may affect 1ts chances of destruction  The posstbility of sumulanon
of phagocytosis by the production of opsonmn has already been men-
tioned but certan other changes concerned with the phenomenon
of phagocytosis may be mentioned here  Brown (1933) has demon-
strated 2 reduction m the electrical charge on the surface of the
erythrocytes (both parasiized and unparasitized) n bid malara and
suggested that a5 in the case of bacterta ths nught be related to the
develop: of immune sub: 1n the blood and be partly respon-
sible for the mcreased phagocytosis of red cells tn malaria Vavations
m the surface charges of the erythrocytes have not yet been reported
tn human malana but the changes of sedimentation rate which have
been demonstrated could be cxplamed on this basis  Investrgation of
the erythrocyte surface phenomena m malara mught also help to
mterpret recent observatons of Knisely in regard to the agglutnation
of red cells in monkey and human malana Krusely (1945) showed by
direct observanon of the arculation m severe malana that at a ceram
stage of the infection a substance which headennfied as fibrin appeared
as 2 tme preaiputate around the erythrocytes The appearance of thus
substance was followed by clumpmg ofct‘{nc etythrocytes into what he
desciibed as 2 sludge which wnterfered with the passage of blood
through the finer blood vessels Knusely also noted that ted cells
coated with the precypitated fibrm became sncky to macrophages
the app c{P the precip ding with avid phagocytosis
of both p d and unp ed cells This ph will be
discussed m more detail later

e changes recorded n the erythrocyte sedimentation rate 1

maana also indicate some alteration in the surface charge and may be

with the 1 of red cells so commanly seen

n severe malanial anaemuas It has been suggested by some authors
that autoagglutmanion 15 1 mans cases a prelummary stage to lvsis

It will be seen that changes m the red cell cannot alone account
for the fuemolysis which occurs m malaria and 1t 15 generally agrecd
that associated changes 1 the external environment of the red cell
must co-exist with the changes m the red cells thunselves  Ponder
(1944) considers that m all probability the normal meravascular }ysins
of the body play lietle part 1n red cell destruction unless their concentra-
ton rises or unless therr activity 15 increased by acceleration or by
reduction of the actvsty or concentrattan of the normal mhibitory
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mechamsms  He behieves that the three normal 1 110 lytic processes
are (1) the action of bile salts and soaps () the acuon of the spleen
in giving nise to substances leading to spheracytosis of the red cells
wdentified by Bergenhem and Fahracus as lysolecithin (small amounts
of which produce spherocytosss large amounts haemolysis) and (1)
haemolytic substances derived from the tissues  Lytic processes such
as saponin hacmolysis are mhibited by various substances present
normal plasma including cholesterol and the plasma proteins especially
globuln  Under certam arcumstances the inhibitory action of these
substances may be forther enhanced or dimunished with consequent
changes n lysis The mhibitory power of human plasma according to
Ponder 1s thus related to the combned concentrations of cholesterol

protemn and possibly leathn rather than to the concentration of
cholesterol alone  Changes 1n the conc of these

have been frequently reported 1n malaria and may have some direct
effect on the normal haemolytic processes of the body leading under
special arcumstances to excessive actvity Maegraich Martin and
Findlay (1943) reported that animal ussue contams a heat labile lytic
agent which can be inhibited by various means such as heat and by
substances present m nissue washings and serum  They have suggested
that the rate of lysis occurrmg 1n the normal aimal 15 dependent

so far as these tissue lysins are concerned upon the balance between
the lytic agent and 1ts mhibitors  Evidence obtained from blackwater
fever indicated that this balance nught be shifted to the lytic side n
that discase so that the haemolysis observed might be 1n fact simply
2 mamifestation of excessive unmhubited activity of 2 normal lyuc
process  Ponder (1944) has repeated the experiments of Maegraith
and his co-workers and confirmed their observattons as far as the lytic
effects of various tissues are concerned Weil (1907) found stnular
evidence of the presence of lyuc agents m the nssues and obscrved
that the haemolytic actwity of the uissue agent 1s enbanced by the
addition of extracts of red cells (hus RBCD factor) He noted that the
haemolytic agent present i organ extracts could be anchored to the
red cells and that cells thus sensinzed could be haemolysed by the
addition of the RBCD factor Weil's demonstration of this red cell
factor may be of importance m malaria i that the products of red cell
destruction may assist haemolysis once 1t has started  Bruckmann and
Wertheimer (1945) confirmed the presence of the Iyuc agent n tissuc

but considered that 1t was not connected wrth either normal or patho-
logical blood destruction Evidence has also been provided by Brown
etal (1944) of the exastence of a tissue Iytic factor during the course of
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exp designed to gate the fate of transfused ted cells i
anaermas of various kinds  Ponder suggested that the nssue Iync
agent described by Maegrasth et al may be lysolearthun and so related
to the stabilizing factor of Fihracus In thus case 1t 15 probably not the
same substance as that recently 1solated by Laser and Friedmann (1945)
from human plasma This latter substance 1s nitrogen and phosphorus
free and cannot thercfore be lysalearthin Its significance 1 malana
has not been established but the remarkable mhibition of 1ts actviry
by antimalarual drugs has led Laser to suggest that the malara parasite
may produce durmg 1ts development a metabolite closely related to
this haemolytic agent

On the analogy of the part played by the spleen m other lync
anacmiss 2 splemc factor has frequently been postutated as an agent
m the process of haemolysis 1n malaria’ Reference has already been
made above to the production of the stabilizating factor 1 the splecn
following separation of plasma and red cells durng the passage of
blood through the organ  Fahraeus thought that this factor was prob-
ably related to Iysolecithin and was an 1mportant agent m haemolyss
Vint (1941) has pointed out that the enlargement of the spleen which
occurs 1n malarsa and blackwater fever would tend to merease the
degree of separation of erythrocytes and plasma in that organ and so
influence the production of the stabilizing factor Foy and hondi
and Gear (1946) have also discussed this possibility  The latter has
further suggested that 1 blackwater fever the spleen mav act as a
reservorr of autohaemolysin which may be forced mto the general
erculation dunng splemic contraction and account for the sudden
onset of haemolysis seen m blackwater fever The production of excess
of the stabihzing factor m the enlarged spleen of malana has not yet
been demonstrated but the theoreuical possibility exusts particularly
in view of Krusely s observanons on sp{cmc blood flow It should
however be pomted out here that the latter s observations have not
yet been fully confirmed by other mvesngators

Vartation in the physico-chemtcal environment of the ervthrocvte
may play an important part m haemolysis Thus changes i the re~
action of the plasma i the acid direction have been shown to be
associated with mereased red cell destruction m certam haemolyvue
ansemus  For anstance Dacie and Ruchardson (1943) have shown that
i panents suffering from haemolvsis associated with nocturnal
haemoglobmuria lysis of the red cclls 15 sensitive to pH changes both
mioand mstro They found that m i tatro haemolysis the optimum
for lyss occurred at pH 7 .. and mhibition of by sis about pH 8 and pH 6
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Burnbaum Goldblum and Kligler (1046) observed that red cells from
malaria patients laked more easily 1n bile solution than did cells from
normal subjects Quintne enhanced this lytic effect and alkal mhibated
1t They considered that the mhibitory effect of alkalt was not primanly
due to pH changes and that though acidity nught play some part m
haemolysis 1t 15 probable that 1t 15 the red cell stself which 15 chiefly
concerned 1ts sensivity to lysis 1s therefore not primanly related to
1ts external environment  Smuth and Evans (1943) however clam
that alterations to the blood pH may affect the rate of haemolysss
These authors found 1 tatro as have many others that erythrocytes
were mote resstant m alkaline than n acxz soluttons of salme They
suggested that the degree of actdosis sometimes seen m blackwater
fever may account for the excessive haemolysis seen m that disease
The acidosis 1 malana and blackwater fever however when 1t does
occur 1s not to be measured 1 terms of gross deviation of the pH
of the blood At most 1t 15 exhibiced by small changes m alkak
reserve and cannot serously be constdered important so far as haemo-
lysis 15 concerned  The fallacy upon which the clam of Smuth and
Evans 1s based may be stressed by the work of Harkins and Hastings
(1931) which illustrates the extremes of acidity necessary to disturb
the buffering effect of the plasma sufficiently to alter the pH i 11vo
for any length of time

It 15 possible that haemolysis in malara may be the outcome of some
form of immumty reaction mvolving anngen-antbody complexes
and possibly complement The evidence for such reactton n malara
and particularly m blackwater fever has recently been reviewed by
Gear (1946) He claims that the presence of antibodies 1n the form of
opsonmns 15 indicated by the mcreased erythrophagocytosss demon-
strated durmg malaria m the organs of the body and the peripheral
blood (Taliaferro and Mulhgan 1037 Yorke Murgatroyd and
Owen 1930 Thomson 1924)  Coggeshall (1937) supports this view
The ewastence of compl devating sul i the serum of
cases of human and monkey malana akso clearly demonstrates the
presence of antigemc complexes within the mvading parastes The
development of spherocytosss as a possible prelinunary to haemolysis
1s according to Gear suggestve of the ewistence of autohaemolystns
and Foy s expenments on the fatc of transfised cells 1n blackwater
fever and normal arrculations can also be explamed on the basis of
sensitization of the red cells concerned Gear pomts out that the
paroxysmal | lot 12 an pattble blood transfusion may

both be regarded as ples of h I d wich antibody
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reactions  He also draws attennion to the many sinulanties between
the syndrome of blackwater fever and the effects of haemolytic sera
Gear has propounded a theory of haemolysis which 15 of considerable
mterest He found 1 unpublished exp that an Iston of
lver from a rhesus monkey killed by yellow fever produced liver
antibodies after injection 1nto other thesus monkeys protected agamst
yellow fever The prod of such t log bodues for
Iver was similar 1n many ways to the results of the experiments of
Schwentker and Comploter {1939) who observed the production
of complement fixing antibodies reacting with rabbut kidney and bram
following mjection mto rabbats of emulsions of homologous kidney
plus staphylococcal and streptococcal extracts  On the strength of
these observations Gear has suggested that the lysis of red cells
blackwater fever (and presumably m malara) may anse from the
actvity of an autolysin produced as follows

(1) Red cell + malania parastte
or

+ antimalanial drug =autoantgen

or 4+ antimalanial drug
1, d bod:

() A

(m) Red cell + haemolysin =sensitized red celt
(wv) Sensitized red cell + complement =lysis

helal system y
(haemolysin)

He concludes that red cells invaded by malama parasites become
autoantigenc An antibody (or haemolysin) to red cells 1s formed m
the reticuloendothehal system  pacticalarly in the spleen  When the
splemc circul. t d thish lysin is mopped up by
red cells and these sensitized cells are removed by the reticuloendo-
theltal cells as they are sensitized and before demonstrable mtravascular
hacmolysn occurs  When the spleen becomes congested as ¢ does
malara the impedance of the arculation allows the hiemolysm o
accumulate and under certain cond ths lated by ly
may be thrown 1 large amounts 1to the general circulation  Gear
considered that the extubition of antmalarsal drugs may affect the
production of the autoantigen

In many ways Gear s hypothesis helps to explain the phenomenon
of malarsal hacmolysis but at the present stage 1ts cluef virtue lies n
the fact that 1t offers a new basss for expermental work

The possibility that immune reactions may be concerned . the
haemolysss of malarta 15 further suggested by !K: extraordinary degree
of agglutination (which some regatd as a prehmunary step to haemo-
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lysis} which 1s frequently seen in severe malaria This phenomenon 15
sometimes easily visible mucroscopically especnally when the red cell
count 1s of the order of two mullion or fewer per cumm  Olwver-
Gonzilez has suggested that the malanal plasmodium may contan
an antigen related to human ssoagglutinins and that the autoagglutina
tion seen 1n blackwater fever and malana may result from immuniza-
t1on of the host against this substance  An mcrease 1n alpha and beta
agglutinns has also been observed m cases of malana and blackwater
fever (Oliver-Gonzilez 1944) and may be associated 1 some way
with the excessive agglutmability of the red cells m these discases In
any case such changes in the agglutimn pattern of the plasma may
explan the extreme difficulty sometimes cxpertenced in finding
suitable blood donors for transfusion of malaria patients  Cold agglu-
tinuns have been found by several workers m the sera of patients suffer-
ing from malaria and blackwater fever and may possibly be connected
with the phenomenon of autoagglutiation as tzey are 1n certamn other
discases Butts (1945) believes that a factor concerned 1 the develop-
ment of blackwater fever 1 lysis may be to an
Rh-like substance present i the malara plasmodium  He supports
Ius suggestion by quotng figures for the mcidence of blackwater
fever and ery throblastosts foetabs 1n whites and negroes

Enough has been sud above to show that there are grounds for
believing that immumity reacttons may be important i the production
of haemolysts 1n malaniabut at present too much stress should not be
laid on this proposition particularly in regard to mtravascular agglu-
tination which Knsely has shown may also occur m some degree
as a result of crush trauma

At least two other possible mechamisms may be concerned 1 haemo-
lysis n malaria namely the hiberation of malarial pigment at the com-
plenon of schizogony and the production of poisonous substances
by the parasite etther direcily (toxwns) or mdirectly m the form of

b suchasthe p of plete carbohy drate oxidation

eg pyruvic or lactic acds The carcful work of Morrison and
Anderson and others on the part played by malarial pigment 1
the pathogenesis of the disease leaves hittle doubt that the pigment
as such 15 of no mportance m the production of lysis  As far as
the products of metabolism of the parasitc are concerned or the pro-
duction of a tox by the plasmodium the evidence 1s meagre and
conflicting and will be discussed elsewhere
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SEDIMENTATION RATE

Changes 1n erythrocyte sedimentanon rate m malara have been
described by many anthors  Occasionally a reduction i this rate has
been reported but more frequently an increase had been observed
particularly during the acute stage of the diseasc Radosavljevic and
Rustic (19.6) demonstrated such an mcrease m sedimentation rate
and a return to normal subsequent to the cute of the acute attack
The sedimentanion rate 1n three forms of monkey malama and m
human malania was mnvestigated by kehar and Harbhagwam (1937)
Observations were made n five monkevs before moculation with
P knoulest and subscquently during the incub, peniod and acuve
discase  In the incubation period the sedimentation rates were un-
affected but during the active disease a notable and progressive mcrease
m rate occurred particularly mn the last stages of the attack when there
was mntense parasitacria and a marked fall 1n erythrocyte count
There was a clear rclation between the total red cell count and the
cateof sedimentation (and therefore associated parasitaermia) In antmals
given adequate antimalarzal trearment sedimentation rates fell rapidly
to normal limits  In chronic mfections with P eynomolgr and P anuns
the sedimentation rate was shightly increased In relapses there was a
sharp rise

Inhuman P vvax P falapanim and mixed infections also an increase
1 sedumentation rate was cgservcd (Mullrgan) m some cases the rate
was over 60 mm m 1 hour Scdimentation m P falaparum was not
apparently greater thanan P vs ax mnfections and there was no obvious
corrclation berween the degree of sedimentation and parasitaerma
body temperature or size of spleen

Kehar and Harbhagwam noted an almost proportional increase n
sedimentation rate with the nise of the globulin fracnion mn the plasma
of monkeys n acute P knowless mfections The surface tension of the
blood was also lowered 1n the acute final stages of the disease Wood
(1945) has confirmed the increase 1n sedunentanon rate in both P vivax
and P falaparim mahina  There was no obvious difference i the
sedimentation rate observed mn these two infections or between the
fates noted 1n acute attacks primary attacks or telapses The changes
m sedimentation rate lasted from two to three weeks after the zcute
attack

The imcreased sedmentation rate obscrved an malima probably
depends partly upon altcrations in the cclls themselves such as changes
m the sucface crccmcal charge and m the shape of the corpuscles
G




) PATHOLOGICAL PROCESSES IN MALARIA AND BLACKWATER FEVER

(Stephens 1940) Changes in the physico-chemucal constitution of the
plasma are probably also concerned such as quantitative alterations in
plasma protemn as suggested by Kehar and Harbhagwam and possibly
t0 a munor dcgrcc Ci :mgcs n thc 10nic concentration of S&Its In
human mfections m contrast to monkey malanis no close relatson has
been observed between the degree of anaemm and the rate of
sedimentation

COAGULATION TIME

Bleeding ttime 1 malaria appears to be hetle altered (Mikeladse
1924) Reduction of the coagulation time duning the paroxysm has
however been recorded by Maslova (19.4) The changes in fibrnogen
are sometimes equivocal but a decrease n this globulin has been noted
by Kopp and Solomon (1943) mn mnduced bemgn tertan malarta
Radosavljevic and Rustié (1926) clatm however that there 1s sometimes
an merease m fibrmogen dunng the paroxysm at the height of fever
No significant changes m prothrombin values have been recorded
(Fredricks and Hoffbaver 1945 Diggs 1945) Decrease m platelets
has been reported during the paroxysm (Maslova 19.4)

LEUCOCYTES AND PHAGOCYTES

The total leucocyte count m human malana may sometimes nise
above normalin the early stages of the acutc attack especially in P fale
parum mfections (James 19.2 Garnn 1930) The leucocytosis may
persist . pernicious forms of malaria particularly when the tempera-
ture 15 nising {Marchiafava and Bignamz 1900 ‘Craig 1909 James
1922) Most authors however are agrecd that during the ordinary
malarsal attack a mild leucopenia develops the white count often
commencmng to fall before the appearance of parasites i the peripheral
blood Farrley and Dew {19-0) for instance reported a constant Jeuco-
penta 1 both pyrexial and apyrexial naturally acquired P falaparum
mnfections  assoctated with a granulocytopema and an increase m
mononuclear and transiional cells A leucopenia has also been reported
by Farley (1947) 1n induced P falaparum and P vuav infections
Kischen {1941) 1n ten cases of P falapanm infection found that the
leucocyte count dropped from an average of 7 5 to about 6 0 thousand
cells per cu mm 1 the three days immediately preceding the appear-
ance of parasttes 1n the blood "Thereafter 1t fell slowly, reach
mummum of 5 o thousand cells per cu mm on the sixth day  Treat-
ment OF spontaneous cure lead to a retumn of the leucocyte to normal
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values although 1n some cases the leucopemsa persisted for some
ame In chrome malana there 15 wsually some degree of leacopenia
and 1n relapses there may be a greater reduction i Jeucocytes than that
abserved 1 the prmary attack

Fchen considers thae the leucopenia of malansz 15 probably non-
spearfic 1n ongm and 15 of the same general type as that mimated by
tﬁc admunsteanion of forergn proten

Charactensuc findings are thos~ recorded by Buanchs (1940) 12 acute
P falaparum nfections In 1. cases the total wiite cell count vaned
from 4 a to 6 o thousand cells per cu mm. The low erng, of the leuco-
cyte count was primanly due to a fal} 1 the numbers of neutrophd
cells Total numbers of lymphocytes were shghtly mereased and there
v as a clrar meresss m monocytes  The average differential connt m
the 12 cases was ncutrophils 50 per cent fymphocytes 34 per cent
monocytes 1. per cent Sinmilar figures have been reported by other
workers A fall in neutrophils and 2 rise n monocy tes has been ohserved
also by James (19..2) and others

A risc m neutcoplul numbers has been observed by some authors in
P 1wax malara Gann describes such a ns~ taking place just befo e
the beginning of the paroxysm succeeded by a reducnion as the fever
subsided  [n spree of such fluctuattons there was a gradual decrease
11 neutrophuls and a shuf’ to the left a5 the disea ~ progressed assocsated
with a fail i total white cell count  Treatment or spontancous cure
was followed by a gradual cetura ta normal of both total leucocyte
and ncutroplut count  Ganmn also noted 2 relative mononucleoss and
some eosinophilia most marked in the apyrewal intervals

Schulline, (194} also reported an mcrease 10 nuambers of neutrophs
in the early stages of the Y d with a_prog,
decrease 1 monocyzes and lymphocytes  He observed 2 decrded
stuft to the lefe m the granal cells at the beg: of the
paroxysm_ An werea.c in total leucocs fe numbers during the early
stages of fever was recorded by Rubrtschung (19..5) who stated thae
as the disease progressed the ¢urve of leucocyte numbers corresponded
approsamately to the 1 erted fever curve  There s as also an 1verse
relation between the numbers of parasites and leucocytes such as 1s
seen 1 the ternunal stages of malarsal infections 1n monkeys

The changes m the jeucocyte count 1 malarma have been carefitly
followed by Malamos (1934) m P knoulest mfections m Af s
MM mulatta and Cercoputhecus mona  The Jeucocyte count 1 pormal
amals ranged from 15600 o -4000 per cumm  Shonily afier
Npmmcnm%mocuhnon of the malana a ld leucocy tosis developed
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Thus was followed by a leucopema and a return to normal values after
weatment The leucopema was as 1 human malana prmanly due
to a reduction 1n the numbers of neutrophuls A shift to the left was
not observed 1n the acute chnical stage of the mfections but appeared
later 1n the regenerative phase when the bone marrow was restoring
the normal balance of cells Lymphocytc numbers were not altered
apprecably There was an increase m monocytes from the begmning
of the mfection In splenectomized animals which died rapudly from
the mfection there was a termunal fall 1n numbers of all leucocytes
mcluding lymphocytes and monocytes  The findings of Malamos are
sinular to J;ose of hrishnan Lal and Napeer (1932) who also noted 2
leucocytoss at the beginming of the first stage of the acute disease m
monkeys These authors studied the dev c!fopmcnz of monocytosis
and found that on the first day of the appearance of parasitacma
there was usually already a rise above normal (6 8 per cent normal
4 4 per cent)  On the sccond day the monocytes rose to 11 § per cent
When parastaemua was extreme the monocyte count fell (7 5 per
cent) After treatment with quinine or spontancous recovery there was
a further transient rise of monocytes

hehar (1936) also found a leucocytosss in the early stages of the acute
discase i P knowlest infections m Al mulatta In three monkeys the
normal leucocyte count varied from 13 8 to 18 o thousand cells per
comm A rise was observed mn all three on the day preceding the
appearance of parasites 1n the blood and thereafter the count rose to
between -4 and 32 thousand per cu mm until the day of death in one
case and the final two days m the others when there was a considerable
fall (between 17 and 25 thousand per cumm ) corresponding to an
€normous mcrease 1 parasitacmita

Stephens (1937) reviewed the lterature pertaming to leucocyte
changes i blackwater fever and stated that there was much discrepancy
beeween the values observed by vamous authors for absolute and
relative cell counts Both leucocytosis and leucopenia had been
recorded and sometimes both at different nmes m the same patient
An mcrease 1n monocytes had been noted by many authors but not
by all For instance” Stcphens and Chesstophers (1901) recorded
monocy te counts as high as 23 per cent whereas Fartley and Bromficld
(1933) reported a non-fatal case 1 which over a period of 19 days
the number of monocytes never excceded 4 per cent of the circulatory
Jeucocytes A reduction i true lymphocytes was noted m some cases

by Chrstophers and Bentley {1908)
yYorke bﬁurgatm)d and Owen (1930) described a case of blackwater

T
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fover m which haemoglobmuta perssted for the first four days and
n which there was a leucopenna for the first three days a normal
count on the foursh day and a decided leucocytoss on the fifth and
seventh days of the illness (18 . and 12 5 thousand cells per en mm

respectively)  They drew attention to the expersmental work of
Mackenzie (1929) and Uchada (19.1) on the changes i the white cells
followng arafictally induced attacks of paroxysmal haemoglobinuria
both of whom observed leucocytosis follow tng hacmolytic paroxysms

Uthida found simiar lencocyte changes m rabbats after imecrion of
blood dertvatives and belteved that the blood changes m patients were
due to the products of destructton of the erythracytes  Such patients

according to this worker produced a phagocytosts promoung sub~
stance (auto hacmotropm ) m the blood Yorke and hus colleagues
suggested that the leucocytoss observed 1n their case may have repre-
sented an attempt on the part of the orgamsm to deal wath the stroma
of haemolysed erythrocytes

A simufar process may be gowng on mn malana uncomphcated by
h lot It was dered at one ttme that malarial pigment
might be responsible for the changes 10 leucocytes since Brown
{1913) found that m the rabbir mtravenous imjectron of alkahne haema-
tin gave rise to immediate leucocytosts (such as Gann reports m man
and Malamos 1 monkeys) and ‘a rapid mcrease m monocytes and
pigmented phagocytes i the peripheral blood The role of parasitic
prgment as 2 specific factor has however recently been demed since
m the discase the pigment 15 apparently never liberated mto the blood
stream mn soluble form (Anderson and Morrison 1942)

Evidence of phagocytosts 1s ly seen i the cells of the blood
n acute malasta Thomson (1933) states that after a paroxysm the
appeatance of pigmented monocytes 15 comparatively common
Most observers have at some time or other reported prgmented leuco~
cytes m the penipheral bload but as Talaferro and Mulligan have
shown these cclls are usually monocytes and rarely polymorphs
The latter however do occasionally contain parasitic pigment  but
the number of such pigmented cells 15 uswally small and che content of
pigmentlow  Polymorphs as a rule contatn only pigment but m very
acute or pernictous P falaparum mnfections they may show mngested
parasites as well Thomson (1933) refess to three cases of acute P falo-
parum malanz m which the arculating polymorphs contaned both
prgment and pasasites the latter 1 the late schizont stage  The lacter
staned weell and showed no signs of degencraon  Smular phagocy-

ey
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tos1s of parasites by polymorphs i the peripheral blood has also been
recorded by Thomson and Robertson (1929) and de Langen (1933)
In monkey malarta pigmented polymorphs are rarely seen 1 the
penipheral blood Taliaferro and Mulligan (1937) have repeatedly
faled to find much evidence of parasite phagocytosis by polymorphs
(heterophtls) n even the most severe malaria mfections 1n monkeys
assoctated with very high parasitaerma_ They cast some doubt (almost
certamly unjustified) on the validity of the evidence of Thomson and
others 1n regard to phagocytosis of parasites by polymorphs and
suggest that some of the cells described were not polymorphs at all
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PLASMA PROTEINS
Alburmm and the globulins

TuE concentrations of the plasma protems have been found to alter
auantitacrvely in both naturally acquired and artificiatly mduced human
malarta and m monhey malana “Some workers claim that there are
also quahtative changes in the globuhn fractions but this has not
been substanttated (Trensz 1935 Benhamou and Grlle 1935) During
the active stages of the disease the total protein tends to fall and there
15 an associated deercase 1 albunun and increase m the globultns
Petersen {19-6) found a reduction mn total plasma protemns during they
carly stages of the berugn tertian paroxysm the concentratton becom-
ing normal agam after the paroxysm was fimshed A diminuzion m
the ¢ of albunn d with a less obvious fall mn total
protemn concentration at the height of the paroxysm of benugn tertian was
observed by Radosavhievic and Rasic Normal values were approached
s the ap yresial pertods and established rapidly subsequent to
An tacrease m globulin cancentration was observed by Weichmann
and Horster during the meubation period m cases of induced malana
and a corresponding fall m albunun which became more pronounced
at the onsct of the fover Treatment of the malam was followed
rapdly by r of normal Lloyd and Panl
examuned the prote changes m the blood of eight cases of chronte
P falapasum and P vnax nfections (four of each) over Jong perods
uring and after trcatment with qunne  They found 1n all cases before
treatment that the total pratem was low the reducnion bemng mamly
due to lowerms, of the albumn concentration  Total globuln was also
lowcred bur the concomuant fracnons were altered so that the
cufobulm was roughly doubled and the pseudoglobutin reduced
The globulin albunua rano was correspandmely altered  They con-
cluded that the fall of protem content of the plisma was the result of
103
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the plasmodtal mnvasion and not directly connected with the easung
fever A rapid return to normal concentrations followed qunme
therapy  the albumun was the slowest to be restored

Ghosh and Sinton {1935) reviewed the hterature up to that period
and invesngated the protem changes in monkey malara They
considered that since a good deal of the mformation i human cases
had been obtained m malarn induced m syphilitics 1t Was necessary
to mvestigate the problem under miore controlled conditions They
exarmned the changes i blood protemn n infecttons of P knou lest
P cynomolgt and P s an thesus monkeys In blood moculated severe
P Lnouliss mfections durng the acute stages of the disease they ob-
scrved a marked fall m albumun concentravon and a shght rise m
globubn associated with a fall n the total protem values Therr
results can best be judged by quotng an example from their expen-
mental scries. Thus 1 monkey 556 betw cen the first and the minth
days of the disease the total protem fell from 744 to 693 gm per
cent the albunun from 4 9 1o 4 1 and the globulin rosc from 2 54 to
28 gm per cent In ammals sufferng from chromc P hnoulest
nfections h logous or homol supermfc were followed
by smular changes m plasma protem In the mtervals between relapses
or supermnfections the protein values approached normal In P ¢ymo-
molgt mfections wluch were chnically much milder than those caused
by P knoulest the changes m the plasma proten were not so evident
and n Pt mnfections were mapprectable  Treatment of the malarra
by vanous drugs mcluding an arsenical restored normal protemn
values 1n both P~ Lnou fess and P eynomolgs infections The degree of
reduction m alburmn and merease in globuln depended m P krou lest
mfections on the severity of the attack and wntensity of the plasmodial
nvaston

Kehar (1936) estimated the serum protems in three fatal h2emo-
globmunic cases of P Lwonless mfection 1 M mulatta recording

before 1 during the b pertod and

datly 1 the active disease up to the day preceding death  He found
the total protemn rose shghtly 1n two monkeys on the day before the
chncal signs of the disease’ appeared and fell m the third animal
On the day preceding death the total protemn was reduced 1 the two
animals and rarsed above normal in the third  Albumun concentration
eIl m all three the reduction first showmg on the day the parasites
appeared mn the penpheral blood  The globulin fraction rose in all
after the onsct of the discase reaching 1ts lughest values on the dz
before death  Kchar pomts out that hus results very closely agree war
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those of Ghosh and Sinton 1n monkey malaria and Chopra et ol {1935)
m human malaria

Kopp and Solomon (1941) examuned the plasma protemn changes
m neurosyphilitic pattents who were given therapeutic malarta and
allowed 10 or morc paroxysms before quinne treatment They
observed a rapid and progressive reduction 1n total protem and the
albumun concentranions during the active climical phase of the malana
and anisean globuln starting later usually after the first few paroxysms
The risc of globulin was roughly mversely refated to the fall in alburmin
1n that the maximal concentrations of the former were evidenced
at about the same time as the minmmal concentrations of the latter
Termnation of the malarsa with quinine was followed by restoration
of normal values withm three weeks Kopp (1942) 1 other expen-
ments on neurosyphiline patients found that the fall i albumm con-
centranon occurred i all cases and was marked and progressive
The concentrations of globulin and fibnnogen however showed
no consistent trends  Normal values were re-established after treat~
ment Fever induced by typhoid vaceme or mnductothermy did not
appreciably affect the plasma protein levels  In subsequent experiments
m collaborauon with Solomon Kapyp (1943} found that the fibrmogen
was generally decreased during the clintcally acuve stages of mduced
bemgn terttan malaria returning o normal three to six weeks after the
termination of the malama with quine  (The fibrinogen fell to an
average of 303 3 mgm per cent m exght of nne patients the average
before therapy bemg 367 8 mgm  per cent )

Sumilar results with regard to plasma protemns have been reported
by Boyd and Proske (1941) m experiments designed to determune
the relation berween the changes occurnng 1n plasma protems and the
chinical appearance of oedema in mduced P wvivax P malanae and
P falparum wnfections They observed an increase 1 albumin con-
centration 1n five cases of P 1 ax nfections commencing early i the
meubation period and giving place to a considerable fall in concentra-
tion with the onset of chnical malana often to as low as 50 per cent
of the normal value In two of three cascs of P falrpartim there was a
fall of albumin concentration throughout the mcubation penod
conunuing mto the fever period m onc case to below 2 gm per
cent In some cases the depression of plasma pratein was still presene
for days or even wecks after the ternunation of the malarn with quinine
1n others the levels were restored to normal before treatment

Three pattents developed ocdema duning or subsequent to malanal
therapy Two of these were infected w ni P malaniac and of these
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one showed a dep of alb corresponding roughly to the
pentod of acuve malania and the other showed a fall for ‘the first
few weeks followed by a steady mse to normal values contmumg
during the actve stages of the malana The third patient who
developed oedema was nfected with P faliparum and m thus case the
plasma albumm fell to less than 2 gm’ per cent during the clncal
acuvity of the malania and retumed very slowly to normal after
treatment

Boyd and Proske found that changes m the globulmn fraction of
the plasma were not so consistent In some cases there was a clear
nise durmg the ncubation pertod of the malarta 1w others the globulin
remained normal until the onset of the fever or even later and then
rose The rased globulin concentrations were somettmes mamtamed
for the duratton of the malanal attack sometumes for weeks after 1ts
termunation  In one case of P falparum mfection the globulin began
to nise about a month after the onset of fever and continued to mise
throughout the clinical actvity of the malarra unul a concentration of
over s gm per cent was attamed  The concentratton of the euglobulin
fraction tended to x1se 1 most cases the merease corresponding with
that of the total globulin but there was no very close relation between
the concentrations of these two fractions Fibrimogen was not estimated
but the amount of fibrin recovered after clottmg the plasma wath salt
and calaum chlonide remamed within normal fomts 1 all cases
which 1t was measured

The total protemn concentration showed a r1se when measured during
the mcubation period followed by a sharp fall soon after the onset
of chmeal malaria  In those cases m which there was an mcrease of
globulin during the febrile peniod  the total protem tended to mse also
towards 1ts normal values

Other workers have recently confirmed the fall 1 albummn levels
m the active stages of the disease the relauve nse m globulin with
assoctated changes m the albumin/globulin ratio the restoration of
normal levels after treatment with esther atebrine or qumnme (Glenn
¢t al 1946 Dole and Emerson 1945) and the relattvely longer ime
required for the readjustment of the globuln level (Lippmncott ef al
1045) Doleand Emerson working on cight cases of naturally acquired
relapsing benign tertian nfections m which three paroxysms were
allowed found that the alb g ratto was def 1 although
the plasma total protemn was little altered the depression being due to
the fall m albumn fraction Tn a single case of P faleparum infection
however which remamed untreated for three weeks there was a great
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reduction an total protem and a corresponding change 1 alb /
globuln ratio These au ho 5 suggest that the estimation of total
protemn and the albumun/globulin rano mught be useful i esttmating
the scverity of the ds ease

1t has been mentioned above that Llayd and Paul (19.9) found that
the euglobulin traction of the plasma globuhins was much mcreased
Dole and Emerson {1945} invesugated th plasma protems by electro~
phorenc methods and found that when an mceease of globulin accurred
durtng 2 malarial attack the mncrease v as chuefly observed 1 the fibuno-
gen and gamma globulin fractions The molity of the variow proten
fractions durmy, the malanal attack was normal They considered
therefore that the changes 1 plasma protein accompanymg malarial
nfections are non-speaific ang comequently methods of diagnosis
based on the proten pattern are nat sigmaficant especially as the latter
returns to nornual during the latent stage of the discase betw een relapses
although infectron must be presumed to contnue durtng this perind
Dragnosuc methods such as that of Proske and Watson {1930) which
degend on q e d of euglobulin 1 serum are
therefore probably unsansfactory and sumlarly eests such as chat
elaborated first by Henry (19.7) which depend on the presence of
excess serum euglabulin {Hocculated m water 1 the presence of
melanin) are also unreltable (Chorme and Giler 1934)

The effective osmotic pressare of the plasma s fargely dependent
on the concentration of albumin and reduction m the latter brlow a
certan pomt xe aboutr 30 gm 100 ¢ parnculardy if assocuated
with a reductton 1 total protetn to s gm per cent or less raay gve
r1se to fuud loss from the capiliaries and local oedema (Best and Taylor
3943} Such vedema 1 occasionally seen mn malita Boyd and
Proske (1o41) have attempted to careelate 1t wath the pratan con-
centraons prevathing at the tme of sts appearance  They found thar
no chinical oedema appeared n their five cases of P vivax wiections
although at onc ume s one patent the total prorein and albumin
tell bciw sand o 5 gm per cent sespectively at the same time and 1
four the albumin concentration fell below 2 5 per cent The plasma
albumn concentrations fell below 2 5 per cent n tvo P faboprarum
fections on several occasions without the appearance of oedema
Ina thurd P flaparom ifecton a value of below . 5 per cent was
obtamed at 2 ime when ocdema was present but the atbunun concens
tration rose to over 4 per ¢cone durmng the persistence of the oedema
Twocascsof P molona malana devcloped oedema  Inboth the albumm
concentratton was depressed to between 2 and 3 gm per cent during
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the ocdema  There was thus no very close quantitatve correlation
between the appearance of oedema and the ewsting albumun levels
exceptin the P malarac infections although i the ocdematous patients
the plasma albunun concentrations tended to fall Jower than mn the
non-oedematous cases and stay depressed for longer periods

The development of oedema m relation to plasma protein con-
centration 1n malaria has also been studied by hopp and Solomon
(1941) In six of their neurosyphilines who recerved P 11eav infec-
tions the plasma albumun concentratton felf to less than 3 1 gm per
cent ‘The authors calculate that the osmotic pressure of the plasma
1n these cases must have been reduced to between 16 and .3 mm Hg
In spite of this only three patients developed oedema Ther restlts
thus confirm the general findings of Boyd and Proske to the effect that
protein concentration 1s not the only factor concerned 1n the escape of
flmd from the capillanies to the tissues They pomt out that the three
patients m whom oedema developed were all anaemic and suggest
that this may also have been concerned mn the development of the
cedema The known effects of severe amemic anowa on the endo-
thehium of the smaller vessels make this lghly likely (Maurer 1040)
particularly as Peters and Exsenman (1933) have shown that other things
beng equal oedema appears at ugher protemn concentrations if the
subjects are anaenuc
~J/ Plasma albummn and the globulins fibrinogen and prothrombin are
synthesized 1n the hiver and vartations in erther must be related 1n some
degrec to funcuional changes in that organ  Albumun 1s formed slowly
and 1ts synthesis 15 disturbed even 1 low grade hver dysfunction
The fall 1n concentratton 1n malaria may thus be associated wath the
hepatic damage which occurs m the disease and has been shown to be
accompanted by other signs of functional derangement It may also
be reduced as the result of lowered protem mtake for long periods
before malarual infection e g m poorly fed populations when the body
protemn stores are already low or following failure of absorpnon
during the acute stages of the disease ansing from anorexia vominn
or severe diarrhoea  Alburmn escapes easily from the plasma throug|
damaged endothelial walls and some may be lost n this way Con-
siderable amounts may be discharged 1n the unne

In lver dysfunction eg that produced by chloroform or after
hepatectomy  the concentcatton of fibrmogen uswally falls It 1
also reduced considerably after haemorrhage ~ Its concentration how-
ever varies independently of that of the other protem fractions of the
blood under many physiologtcal conditions mdicating as Best and
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Taylor pome out (1943) an mdependent soucce 15 also tmportant to
remember that m muld liver wmpury where some degree of sumulagion
as well as depression of the many fanctions of that organ may occur
the fibenogen concenteation may i fact e and not fall It 15 thus
wot surprsng that although there seems to be a tendency for the
concentratton to fall i rmalana the findings of workers often vary
tn regard to thus globulm  No apprecuble variations s prothrombin
concentration have been recorded dunng malana {Frednicks and Hofi~
baver 1945 Diggs 1045}

The sire of synthesss of the ather plasma globulns 15 not cestamly
known bur i haemoly tic states such 25 makraa there 15 busde doubt
that haemoglobm from the destro ed crrhrocytcs serves as the prn~
aipal source 1 15 atso hikely that globulins are pardly synthenized m
the loendothelnal system the L of which i the course
of malinal mfecnon has been elearly demonstrated m both human
and monkey malara {eg Tabaferro and Mulligan 1937) The falf
of atbumm and the rie of globubn so frequently recorded . malara
do nor appear to be immedurcly assonared smee therr sites of ongn
and mnﬂgods of synthesss are disunce  Nevertheless as Fimsworth
posnts out {1946) there must be sonte relation between the tvo since
when the albumumn talls from deficiency of protem wrake excessive
Toss from the tissues or deficient symehens the plasma globulin con-
centration tends to imicrease

BLOOD SUGAR

Esumatons of the glucose concentranon m the blood 1 cases of
human malarta at a8 stages of the disease have frequently been made
over the last 30 years and m spue of the often wade duspaney of
she sesults of individual authors geveral agreement has been reached
on certmn pomts It ss for instance now gencrally accopred that both
mereases and deercases 1w blood seqar may occur m malana depending
on the stage of the disease m which the blood 15 examined :m«f on the
severtry ot otherwnse of the mfccon  The fiterature was reviewed
it 193¢ by Smton and Kehar and more recentdy by Fulton and Mae-
graith (1948) Both chese revicws have been used m the followng
summary of expenmental results  de Langen and Schut {1019) 1~

g the ghacose ¢ 1 the blood of pauents suffering
from berugn wernan mafara e the Netherlands Ease Tndies and
obsersed a nise m concentratiare v duch commenced about an hour
before the on es of @ parovysm and further rose during the develop-
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ment of fever A decrease m blood sugar preceded the fall i tempera-
ture at the end of the paroxysm The average glucose content i eight
cases during fever was 190 mgm per cent Yoshida and ko (1920)
recorded mean values duning pyrexia of 117 125 and 132 mgm per
100 cc for benign tertlan malignant ternan and quartan malaria
respectively  Other authors also observed increased blood glucose
during the fever stage but some found httle difference from normal
and somenmes reported a fall in concentration  Massa (19.7) exanuned
the blood glucose concentration of 28 malara pattents and found
normal values when there was no fever In primary nfections and in
relapses occurrng after long pertods of remusston he found that during
the rigor the blood sugar rose raptdly and fell to normal at the herght
of the fever period finally becomung subnormal at the commence-
ment of the apyrexial stage ' When relapses occurred at short tervals
the observed changes m blood sugar were slight Sinton and hehar
state that MacDougall (1930) observed a similar increase durng the
chill stage of the benign terttan paroxysm tn one case and Anderson
(1927) reports hyperglycaemua at the begmmng of the cold stage

falling off as the paroxysm develops At the height of the hot stage
the blood sugar sometimes fell to less than the normal fasang con-
centration  On the other hand Ruge (1935) found 1n a large series of
cases ncluding P visax P malariac and P falasparum nfections that
cstumations made at all stages of the disease revealed that hy pergly~
cacmua was uncommon the glucose concentration never rising abose
130 mgm per cent Petersen (19.6) found an actual decrease in blood
sugar during the peniod of chill and nsmg temperature 11 moculated
malara followed by a return to normal concentranions after the finish
of the paroxysm Rudolf and Marsh (19..7) and Rudolf (19.7) found
that 1n general paralytics given P v1av malana therapentically the
blood sugar fell as the temperature rose so that in general the glucose
concentration appeared to vary mversely as the temperature  After
paroxysms the blood sugar returned to normal or somenmes became
raised above normal fasting values  Isolated measurements of blood
sugar made for other purposes eg durmg galactose and laevulose
tolerance tests of Iiver function have revealed equally variable results

For mstance Swron and Hughes (1924) and Willams {19..7) found
fasung glucose concentrations withm normal Limts i natural P Jala-
parum and snduced P vivax mfecuons respectively whereas Hughes
and Malek (1930) found a mean concentratton of 123 mgm per cent

n nme cases of chromc malaria  Flosi (1944) also reports normal
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sugar concentrattons an some of his cases of both P wwwar and P falu-
porum malana

Sinton and Kehar {1931) mvestigated the blood sugar changes
30 whaze troops i Indu sufferng from chromc mtections of P 1 wax
and P falaparun  All patients had parasites 1 the peripheral blood
and had had no antimalartal teeatment for some tme previous to the
expersments which were carnied out several hours after the last meal
Blood sugar estrmations were made soon after the first detection of
parasttes during fever 12-18 hours atter the temperature had become
normal and gm)ly after treatment with qumune and pamaqun
{lasting, three wecks for benign terttan cases and one week for mahig-
nant tertizn) The blood sugar was measured 1n all four periods m
.5 of the panents The average glucose concentrations found before
Ppyrexia was 66 mgm per cent dunmng fover 124 after fever 74 and
after treatment 85 mgm per cent The average value for normal
t1oops m the same area was 85 mgm per cent Very smmlar figures
were obtamed by odd sampling at various tumes 1n another 38 panents
The hughest recorded figure was .06 mgm per cont observed m
a panent dunng pyrevia occurrmg i the course of a P falaparum
1nfection

Thus these anthors observed in berugn tertran 2 fall in blood sugar
prior to the onset of the ngor in agreement with de Langen and Schur
{1917) and a nse duning the pyrexial periad  In three cases of P s ax
infection and one of P faluparum the blood sugar concentrations
were estimated at frequent mtervals over the period of the paroxysm
and apyrexial mtervals It was found that there was a general tendency
for the blood sugar to rise 1 advance of the temperature and to begn
to fall while the temperature was snll nsmg This latter phenomenan
was most marked in P filespari infections and probably accounts
for some of the apparent disagreemens berween tfc observattons of
various authors although Sinzon and Kehar suggest that the findings
of Rudolf and Marsh of a pronounced fall n b?ood sugar during the
paroxysm may possibly be due to the syphiliie infections present m
thair patients

The sise in blood sugar in the pyrevial stages of malana which has

n observed by so many workers has been expluned parely 1 terms

of the glycogen content of the liver Thus Smrton and kehar clum
that the degree of nise 1n a guven case depends on the amount of avail-
able ghycogen in the Iiver at the tme  In some very severe cases and m
chrontc malana the gheonen may be grossly depleted so thae the
blood sugar changes would be relaavely stall T acute feeshnfections
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mene of fever A decrease n blood sugar preceded the fall i tempera

ture at the end of the paroxystm  The average glucose content n exght
cases during fever was 190 mgm per cent  Yoshtda and ko {19.0)
recorded mean values dunng pyrexia of 117 125 and 13. mgm. per
100 cc for bemgn tertan malignant ternan and quartan malaria
respectively  Other authors also observed mncreased blood glucose
duting the fever stage but some found hitrle difference from normal
and somettmes reported a fall in concentration  Massa {19..7) exanuned
the blood glucose concentranion of 28 malana panents and found
normal values when there was no fever In pnmary mfecnons and n
relapses occurning after long periods of renussion he found that during
the rigor the blood sugar rose rapidly and fcll to normal at the height
of the fever period finally becomuing subnormal at the commence-
ment of the apyrexial sage  When relapses occurred at short mtery als
the observed changes m blood sugar were shght  Swton and hehat
state that MacDougall (1930) obsersed a sumilar increase durmng the
chill stage of the bemgn tertan parovysm 1 one case_and Anderson
(19.7) reporss hyperglycacmua at the beginmng of the cold stage

falling off as the paroxysm develops At the height of the hot stage
the blood sugar someumes fell to less than the normal fastng con-
centranion  On the other hand Ruge (1035) tound 1n a large seres of
cases ncluding P tyax P malaniae and P faleiparum mfecuons that
estimanions made at all stages of the diseasc revealed that hypergly-
caemua was uncommon  the glucose concentration never rising above
130 mgm per cent Petersen (19-6) found an actual decrease m blood
sugar during the period of clull and nsing temperature m moculated
malaia followed by a return to normal concentranons after the finish
of the paroxysm  Rudolf and Marsh (19.7) and Rudolf {19.7) found
that 1 general paralytics given P piway malana therapentically the
blood sugar fell as the temperature rose so that 1 general the glucose
concentration appeared to vary mversely as the temperature  After
paroxysms the blood sugar returned to normal or sometumes became
rarsed above normal fasnng values  Isolated measurements of blood
sugar made for other purposes cg durmng galactose and laevulose
tolerance tests of liver function have revealed equally varable results

For instance Sinton and Hughes (19.4) and Williams (1927) found
fasung glucose concentratrons withun normal lumts n matural P falo-
parum and mduced P 11 ax mfections respecely whereas Hughes

and Malek (1930) found a mean concentration of 123 mgm per cent
1n e cases of chronc maliia  Flosi (1944) also reports normal



THE DLOOD IN MALARIA AND BLACKWATER FEVER 13

Kehar the most bikely cause of the hyperglycaemma of malaria 1s the
production by the malanal process of mereased circulating adrenalin
by sumulation either directly or ndurectly of the adrenal glands
The mechamsm of such stmulaton they considered mught be related
to that which gives nise to sumilar temporary hvperglycaemta m pep-
tone or serum shock or after the injection of hustamme (Marnot
19.3 Chambers and Thompson 19.5) They also draw attention to
the simutlanity berween the phenomena of the malamal paroxysm and
those of anaphylactic shock and mjection of adrenalin (Anderson
19..7

T}Zc suggestion made by Sinton and Kehar that the hyperglycaermua
of malaria 1s the result of excesstve glycogenolysis in the liver appears
to be the most feasible explanation but the way tn whach such glycogen
breakdown can be brought about 1s not altogether clear If the primary
fault 1s m the Iiver then the process whereby that organ becomes
damaged 13 probably the same as we have described c]sc\v%crc {Chapter
Vi) namely anoxia and associated changes i blood flow Anoxwa
resulung from breathing low oxygen tenstons was found to grve mse
1 rats to a transient hyperglycaerua followed n fastng rats by a
hypoglycaemia hy perglycaemua was absent in adrenalectomized rats
\Vhlch d 1 d an d. y 1 o
these phenomena in rats 1s almost pr

Pog e exp
ecisely the same as Sinton and Kehar
suggest in malarta namely that the first reaction to anova 1s a samula-
non of the adrenal medulla and production of excess adeenalin the
subsequent changes n blood sugar depending on the supplies of glyco-
gen available (van Middlesworth ccal 1944) Interference wath glyco-
genesis such as Swnton and Hughes observed 1n therr laevulose tolerance
tests 1 mialarna has also frequently been reported m anoxic Iver states
such as those developmg 1a shock (Saxton and Miler 1944 Clark and
Rossiter 1944) It appears hughly likely therefore that the elevanon i

lood sugar seen n malana can be related like so much else in the
discase t0 a state of induced tissue ano<a

Occasionally as reported sbove hypoglycaenua has been observed
n malaria durmg the paroxysm. This may to some extent depend on
the chromaty or otherwise of the cases cxanuned or on the tume
during the attack at which the blood sugar was estimated so thae the
workers concerned eg Rudolf may hase mused a transient rise
n concentratton  Smton and Kehar Jm“cd clearly that the hyper-
glycaenua they observed was of a transient nataze and that i some
cases the blood sugar fell to normal or below normal values shortly
after the height ot the paroxysm  Fulton (1939) obsersed hypogly-

H
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on the other hand the hepanc glycogen store would be considerable
and the changes correspondingly great

These authors pownt out that dgcﬂcxcncy of Iiver glycogen might
anse 1n part from defecnive storage of the sugar taken i the food and
quote the results of Sinton and Hughes (1924) and Green (1928) to
which mught be added those of Willtams (1927) 1n support of the view
that 1n malana the converston by the liver of laevulose mto glycogen
1s at faule  The recent observations of Lippencott et al (1946) are some
what at variance with these results however since these workers have
found that m neurosyphilitics grven induced P tsav malama the
galactose test which 15 based on the hepatic conversion of galactose
to glycogen was normal Lippencott Ellerbrook et af (1945) pre
viously however reported some deviaton mn this test m chronic
relapsing naturally acquired P 11 ax malana

Stnton and Kehar also suggest that there may be m malara some
defect m the unlization of the blood sugar by the tissues possibly
related to the action of msulin  In this connection 1t 1s mnteresting to
note that Chessa (1938) has reported some degree of sensiuvity to
msubin 1n both acute and chronte cases of malignant terttan malana

Stnton and kehar discuss at length the possibility that the ise m blood
sugar dunng the patoxysm may be due to excessive breakdown of
glycogen m the hiver brought about by the mcreased metabolism of
fever damage to the hepatic cells ot increased adrenal acavity giving
ise to an ncrease n crrculating adrenalin

Increased metabolism 1n fever has been frequently demonstrated
For mstance du Bois (1922) found that heat production 1n the d
stage of benign tertian malana was raised by about 200 per cent  Heat
loss m the patient 1 this stage of the paroxysm 1s greatly mhibited so
that body temperature 1s rapidly elevated Where the temperature rises
well above normal i the absence of a high mntake of carbohydrate
the glycogen of the liver may be broken down to glucose and used for
energy supply Thus although Sinton and Kehar state that the rising
temperature of the paroxysm does not play any part i glycogeno-
Iysis 1t 15 possible that some of the glycogen breakdown in malaria 15
2 teaction to the prevailing fever (Kirstemn and Bromberg 1039)

Some damage to the hepatic cells has frequently been demonstrated
3n malarta and 1t 15 possible that such mjury may give mise at any rate
to a temporary hy perglycaemua arising from excessive glycogenolysis
such as 1s seen 1n chloroform Liver posomng  Changes n the physico-
chemical consttution of the blood (e g changes 1 pH) reaching the
hver may also stmulate glycogenolysis but according to Smnton and
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content of the iver The fatter however was much lower m the -
fected anumals than 1n healthy controls  (Mean liver glycogen control
amsmals 7 7 mfected animals 0 66 (splenccsomzed) and o o. per cent)

He thus demonstrated a dumnution of lver ghycogen content during
acute P Anost Ju 1 mfections but was not able to deaide from his expent-
ments whether this was due to loss of storage capacity reduced carbo-
hydrate meake or to demands made on the bloos sugar and ultmately
the glycogen store by the parasis Marvin and Ragdon consder the
latter iypothms unikely since the hypoglycaemua observed m ducks
1fected wach I lophurac connnues even when thece 1s a termunal reduc-
ton 1n parasitaemia These auchors suggese however that such a fall
1 parasitaera may be related to the hypogly caemya

BLOOD AND PLASMA CHOLESTEROL AND PHOS-
PHOLIPOIDS

Most workers have reported 2 reduction 1 chalesterol conceticration
of the blood 2t some time dunng the course of a malarnal attack
Fairley and Bromficld (1933) estimated whole blood total cholesterol
concenteations s 12 cacs of malama and found that these were
lowered m three of four cases of P_vivax mfection and four of et
P jalesparum mfections  (These authors considered values of 120-_00
mgm pir cent to be the normal range ) Senal mvestigations were
carned out in three cases of induced malana In all of these after the
appearance of parasites the blood cholesterol fell steadily to below
normal values fising agam upon the termmanon ot the infecuons
by speaific drugy therapy {quimne m ewo cases arebrme i onej There
was an apparent relation between the recovery of the blood choles-
terol after trcatment and che development of the reticulocyte resporue
MeQuarme and Stoesser (193.) also found a reduction 1 blood choles-
terol i induced malarsa  Grerg Hendry and van Rooyen (1934}
however reported total serum cholesterol concentrations lying, within
normal hrmuts m several cases m the apyrexial inrervals

Crespin and Zaky (1919) found mn 30 cases of mabara chac the
cholesterol content of the blaod fell below normal values just before
the beginning of a paroxysm and became normal or shehily rased
above normal 1 the pyrexial period and subsequently fell to normal
m the apyrewial period  In cases i wluch the temperature remasned
clevated afeer the pacoxysm the cholesterol tended to Gl

hehar {1937) studicd the changes in cholesterol concentration durtng

th P rwax and P filoiparum mfcctions m subgeets hymg n India
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cacmua in some P know lest snfections in Af mulatts and found that the
lowest blood sugars were present i those monkeys with the lowest
ﬁl} cogen stores 1 the liver  This indrcated that as Sinton and hehar

ad suggested there was some mobilization of glucose during malana
and that the maximal concentration reached by the blood sugar was
related to the glycogen supply avatlable ‘This s also true of blood sugar
changes i anoxia, since van Middlesworth showed that the transient
hy pergly caemua whach resulted from anovic anoxaa 1 rats was follow ed
by hypoglycaemta m fasting rats but not m well-fed anmals 1 which
there was an adequate store of glycogen It 15 mteresting to note that
Marvin and Rigdon (1945) have recently reported 2 scvere (6o per
cent) fall termunal hypoglycacrmua in ducks infected with P lophurae
They suggest that mn such fatal mfections mn ducks the anoxaena {or
anoxia) resulung from the destruction of the erythrocytes brings abous
lver damage which mpairs Iiver function so that eventually the
mantenance of a normal glycacmia 1s impossible  In birds which were
not fasted at the tune of the experiment there was a tendency to hyper
glycaemua before the parasitacma reached its peak but i fasang bir
there was no appreciable change 1n blood sugar unl the development
of the final hypoglycacnua  Marvin and Ragdon do not refer to the
glycogen content of the livers of therr birds Their results however
ke those of Fulton 1n monkeys mught be mterpreted i terms of such
concentrations since the body would be unable to mamtain normal or
ransed blood sugar levels once the hver glycogen supply had become
significantly diminushed  Thesc authors showed by wnyection of ns
that the hypoglycaemic levels reached mn the infected ducks were not
1n themselves sufficiently low to cause death

Christophers and Fulton (1939) found that glucose dsappeared

rapidly from solution i the presence of P knonless” and Fulton (1939)
Maer and Coggeshall (1941) and many others have shown that
glucose 15 an important factor 1n the bolism of malanal pl. d
Fulton (1939) has suggested that the plasmodia may act as a con-
tmual dram_on the glycogen store of the hiver  He studied this problem
m P knowlest nfections of M mulatta by esamanng the glycogen
content of the hver and the glucose content of the blood 1 mfected
ansmals at the ume of killing ™ He was not able to find any closc rela-
tonship between the glycogen content of the Iiver and the glucose
concentration 1n the blood except that in severe mfections the lowest
values for liver glycogen were found mn assoctation with the lowest
concentrations of Klood sugar The degree of parastaemia was not
closely related to ather the blood sugar concentration or the glycogen
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were recorded 1w the same case  Fawrley and Bromficld reviewed the
findings of other warkers and reported concentrations of 68-90 and
77-93 tugm et cent espectnvely m o faral cascs of blackwater
fever In three non fatal cascs the values mégcd from 71-100 mgm
per cent Transfusion of blood made hule difference to the cholesterol
concentration  The aserage for 18 estimatians w all five cases was 86 5
mam per cent  There was thus a persistent hypocholesterolaenua

The cholesterol changes m whole blood m monkey malana were
exarmned by Krshnan Ghosh and Bose {1936) 15 P knowless snfections
m M awlattz some of which were splenectomized with a view 10
increasmg the seventy of the mfection They found the normal
vatues ranged from 143-214 mgm per cent There was no demon~
stzable change m the blood cholesterol n the meubanon perod  In
the eatly stages of the overt nfection great varmtion m cholesterol
values was ogscncd and some reduction occurred m anmals 1 which
the parasmaenua developed rapidly where progress of parasaenua
was slow the reductian was not so cbvious

Afcer termuiation of the malarma by quunne the cholesterof concen-
trauons retumned to nopmnal or shghtly igher values Durng lacent
pertods in the mfection the cholesterol coneentranions were just below
normal but prier 1o relapse they rose  During a refapse the cholesterol
frequently fell lower than s the pnmary mfection and 1 long-standing
cases the authors clamed that there was a state of persstent hy po-
cholesterolasm

The authors determuned the whole blood cholesterol m six mfected
monkeys with hacmoglobmuna assocated with severe parasitaemia
Sernal estmations were made daily from tao davs prior to the onset
of the haemoglobinursa to the day of death  In four of these ansmals
there was a &ﬁﬂdtd £l of blood cholesterol concentration .4 hours
before the first passage of haemoglobin followed by an equally deaded
nise within .5 hours of the appearance of the piyment i the urtne In
afl four monkeys the haemoglobun dsappeared from the urie although
one ammal died from the mfeenon  OF the other two 2mumals one
showedap ¢ fall m blood chol { after the ensct of haemio~
globinuna and died with haemoglobin sull present in the wome In
neicher of these monkevs was there any nse m cholesterol before the
onset of haemoglobinuria  The other ammals which died from seyvere
wnfections wathout devcloping haemoglobinuria showed a big Gl of
cholesterol concentration withi .4 hours of death

hehar {1037) measured the total plasma cholesterol concenteanons
w 25 pamacy P Luow sy snfctions st A mail s and found very wide
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He found the normal range of values in Brstish soldiers and Indians
lay between 121 and 192 mgm per cent plasma  The observations on
malarta cases were carned out s soldiers suffermg from chrome m
fections When fist examined these subjects had not had relapses or
anumalanial treatment for some time  Cholesterol estimations were
carried out when the parasites appearced 1n the peripheral blood during
the paroxysm 1n the immediate apyrexial period (1.-18 hours after
temperature had become normal) and after speafic treatment (quinime
and pamaquin) Estimattons were made at all four tumes n 25 pattents
In all cases the cholesterol concentration was low (about 100 mgm per
cent) immeduately before the fever It was raised considerably durmg
the fover (average about 210 mgm per cent} and fell to subnormal
levels 1 the immedrately post-pyrexial pertod becomng normal
after treatment

In four bemgn tertan cases frequent observations were possible
duning the paroxysm  In two of these the nise m cholesterol concentra
tion occurred before the rigor commenced The maximum level was
reached withm three hours of the commencement of the parotysm
and the subscquent fall m each case preceded that of the temperature
The author reports sinular changes i two P _falaparnm mfections

Total free and ester blood cholesterol concentrations were measured
by kopp and Solomon (1943) 1n the course of mduced begn tertan
malania 1 mine neurosyphiliies  The total cholesterol dunng the
malana fell considerably 1n all patients the mean bemg 1.6 mgm
per cent compared to 219 mgm per cent before the onset (normal
values according to these authors range from 140-230 mgm per cent)
The free cholesterol also fell but there was an even more pronounce:
lowenng of the cholesterol ester fracuon  The phospholipods of the
blood were also reduced  Other signs of mterference to hver function
were also present 1n thesc cases

Ross {1932) esimated whole blood and plasma cholesterol concen-
trattons mn 1o cases of P faleiparun malaria and found values ranging
from 1-9--00 mgm per cent for the former and 102-160 for the
latter According to Fairley s and hehar s esttmates for normal con~
centrations in whole blood Ross s results indicate no deviation from
normal but according to the normal figures proposed by Kopp and
Solomen for plasma cholesterol all except three show ed some degree of
hypocholesterolacmza

In 15 cases of blackwater fever Ross (193.) found the total whole
blood cholesterol varted from 114-234 mgm per cent and the plasma
cholesterol from 75-.00 mgm  per cent  The lowest figures for cach
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were recorded 1n the same casc  Farrley and Bromfield reviewed the
findings of ather workers and reported concentrations of 68-90 and
77-03 mgm per cent respectreely i two fatal cases of blackwater
fever In three non-fatal cases the values ranged from 71-109 mym
per cent Transfusion of blood made Litle dsfference to the choles erol
concentration The average for 18 estimations m all five cases was 86 §
mgm per cent There was thus a persistent hypocholesterolaemia

‘The cholestero} changes i whole blood ;m monkey malana were
exammed by Knshnan Ghosh and Bose (1936) n P knowless imfections
tn M mudatta some of which were splenectonuzed with a view to
snercasing the seversty of the intecion They found the normal
values ranged from 143-.14 mgm per cent There was no demon-
strable change n the blood cholesterol in the meubation period  In
the carly stages of the overt infection grear vamanon m cholestero}
walues was observed and some reduction occurred 1n amumals 1 which
the parasitaemia developed rapidly where progress of parasitzeria
was slow the reduction was not so obvrous

After termmaation of the malarra by quinine the cholesteral concen-
trattons returned to normal or shightly ugher values Dunng, latent
periods 1n the infection the cholesterol concentrations were puse below
normal bu prioe to relapse they rose  Duning a relapse the cholesterol
frequently fcll lower than n the primary infectton and i long-standing
cascs the authors clamed that there was 2 statc of persistent hypo-
cholesteralaerma

The avthors deternuned the whole blood cholesterol m si¢ infected
monkeys with hacmoglobmura associated with severe parasitaemra
Sertal esttmatons were made daily from two davs preor to the onset
of the haemoglobinutsa to the day of death In four of these ammals
there was a decrded fall of blood cholesterol concentration 24 hours
before the first passage of hacmaglobn followed by an equally deerded
nise withun g hours of the appearance of the pigment in the urine  In
all tour monkeys the haemoglobin disappeared from the unne although
one animal died from the infection  Of the ather two amnuals one
showedap d fall n blood chot Lafter the onset of haemo-
globinuna and died with haemoglobm sull present m the erme 1n
netther of these monkeys was there any rise i cholesterol before the
onset of hacmoglobinuria  The other antmals which died from severe
infections without developing hacmoglobmursa showed a big fall of
cholesterol concentration withm g hours of death

Kehar {1037) measured the total plasma cholesterol concentrations
in 23 pumary P knou | st infectons in Af melarr 2 and found very wide
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deviations 1n ndividual ammals although the mean value obtamed
was normal The average plasma cholesterol 1n a further 34 monkeys
suffering from chromc P Kuonlist P nnt and P eynontolgs infections
Was 71 mgm F“ cent  (Normal value 100 mgm per cent) Where
changes 1 cholesterol had occurred quinine and plasmoquune therapy
restored the normal levels in five to seven days  More numerous
estimations were made n .o monkeys moculated with P knou less The
average cholesterol concentration before inoculation was 103 mgm  per
cent It dth g the meubation peniod and dusmg overt
infection averaged 99 mgm per cent  The range of variation between
the values recorded for different ammals throughout the expeniment
was too great to allow any conclusions to be drawn from the results
except that 1n anumals which developed haemoglobinuria there was an
abrupt apprecuable rise 1 cholesterol concentration shortly before
death  Quantitative changes m cholesterol fractions were found m
25 blood samples examined  The varations were a mise n the choles-
terol esters and an almost proportionate fall in the free cholesterol
The former obscrvation 1s at variance with that of kopp and Solomon
m human malariz who noted a fall in both chclcstcro]P fracuons par-
ticularly 1 the esters

The phospholipord content of the blood 1 human malaria has not
recerved much attention from research workers but where estimations
have been made the concentrations have been found to be low dunng
an attack although Grieg et al reported normal values durmng the
apyrextal mnterval  Kopp and Solomon (1943) measured the total
blood lipord n nine neurosy philitics during therapeutic berugn tertiant
tmalara and observed a decided fall m concentration  Normal values
wercrestored after termination of the malana by quinine The lecithm
content of the blood m blackwater fever was also found to be low 1
four cases out of six m which estimations were made by Whitmore
and Roe (19.9) during the attack and between 2 and 60 hours from the
onsct of haemoglobmuna

Kehar (1937) esumated the lecithin content of whole blood and of
the plasma m acute and chrome P Lnowles: infections mn M mulatta
He found that the concentrations were lowered m both types o
mnfection  The fluctuations n concentrations observed n mdwvidual
ammals were very considerable and further estimations were made
serally m four monkeys before moculation with P knowlest and
dunng the incubation” and nfection periods Little change was
observed during the incubation period except m one ammal 1n whc!
the concentration of Jeaithm decreased  There was however a decrde
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fat donng the patent disease penod. In one animal which did not
pass haemoglobmn 1 the unne this decrease conunued up 1o death 1n
the other three which died 1 2 haemoglobinunic state there was an
sbrupe rise to normal values before death. In two other monkeys
which died withour developing haemoglobumuris cholesterol estima-
uons were made simulancously with those of fecithun - In both animals
the concentravon of cholesterol and leathm fll steadily durmg the
acuve disease pertod after a temporary fall followed by a sharp nse
towards the end of the ncubation peiod  On the other hand 1ntwo
other monkeys which did develop hasmoglobinuria there was an
munal fall 1 the concentranons of both substances during the overt
mfection followed by a sharp rise shortly before death at the ume of
the appearance of haemoglobinurz A simlar nsc - cholesterol
concentration was as we have scen above recorded by harishnan ef of
(1936) m some but not all hacmoglobinuric cases of P knowlen
mfections i M smulatta

It will be seen that the degails of the findings of vanous workers
differ considerably with regard to the concentrations of cholesterol
obtamng in matana but there 15 some agreement on several pomes
In well-cstablished malana by pochol 1 occurs 1 many cases
but not ;n all. In pnmary nfecuons results vary but both Crespin
and Zaky and kehar have noted hypercholesterolaemia dunng the
patoxysm. The latter author found a pronounced merease m all his
cases 1m the carly stages of the parovvsm. When the toal cholesteral
1 deercased the free fracuon is reduced and according to Kopp and
Solomon  the ester fraction 15 also reduced  Kehar on the other gund
found the fatter rassed in monkey malaria.

In blackwarer fever there 1 wsually some degree of hypocholes-

i very derable  In monkey malara a falln

both cholesterol and learshin occurs duning the clinically active stage of
P lnoulese mnfection and 1n haemoglobmuric cases there 15 frequently
a sharp terminal rise 1 the concentration of both

According to hehar the blood cholesterol 15 mercased at some
tme dunmny, the paroxysm and deeseased both immeduately before and
afier 1. He behieves this accounts for the many conflicung views on
the blood cholesterol concentranion m the disease for unless serual
caminagons are made the dimmshed or more especally the
augmented, concentration may eastly be nussed  hehar suggests that
th= hvpercholesterolacrma he obsersed rught have been due to the
merezsed fat mewsbolism of fever and poms out that a amilae nse
occurs i 2naphs icroid shock
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devianons m mdividual amals although the mean value obtamed
was normal The average plasma cholesterol mn 2 further 34 monkeys
suffering from chromic P knowless P st and P cynomolgr mfections
was 71 mgm per cent (Normal value 100 mgm per cent) Where
changes mn cholesterol had occurred quinine and plasmoquine therapy
restored the normal levels in five to seven days More numerous
cstimations were made 1 20 monkeys moculated with P Anoulest The
average cholesterol concentration before moculation was 103 mgm per
cent Itremaimned the same during the incubation period and during overt
mfection averaged 99 mgm per cent  The range of vanation between
the values recorded for different animals throughout the expertment
was too great to allow any conclusions to be drawn from the results
except that 1n amimals which dev eloped haemoglobinursa there was an
abrupt appreciable mse i cholesterol concentration shortly before
death Quantitative changes mn cholesterol fractions were found 1
25 blood samples exanuned ‘The vartations were a rise m the choles-
terol esters and an almost proportionate fall m the free cholesterol
The former observation 1s at variance with that of Kopp and Solomont
m human malana who noted a fall m both cholesterol fractions par
tcularly m the esters

The phospholipoerd content of the blood 1n human malaria has not
recerved much attention from research workers but where esumations
have been made the concentrations have been found to be low durme
an attack although Grieg o al reported normal values durng the
apyreatal mnterval Kopp and Solomon (1943) measured the total
blood lipoid 1 mine neurosyphhtics durmg therapeutic berugn tertiant
malaria and observed a decided fall in concentration Normal values
wererestored after termmation of the malaria by qumune  The leaithn
content of the blood m blackwater fever was also found to be low m
four cases out of six 1 which estimations were made by Whimore
and Roe (19.0) during the attack and between 2 and 60 hours from the
-onsct of haemoglobmuria

Rehar (1937) esumated the lecithin content of whole blood and of
the plasma i acute and chromic P Lnou Jes infections i Af mulafts
He found that the concentrations were lowered 1n both types ol
mfection The fluctuations m_concentrations observed m mdrvidual
ammals were very considerable and further estumations were made
seralty 1 four monkeys before moculation with P knou fest and
duning the mncubation and mfection periods Little change was
observed during the incubation period except m one ammal 1 whicl
the concentration of lecithin decreased ‘There was however a decided
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fall duning the patent discase period  Tn one amumal which did not
pass haemoglobn 1n the unne the decrease continued up to death m
the other three which died 1 2 haemoglobinuric state there was an
abrups r1se 10 nozmal values before death In two other monkeys
w died withoue developing haemoglobmuna cholesteral estima~
tons were made smultaneously with those of lecthin In borh anumals
the concentration of cholesterol and leathmn fell steaddy dunng the
actve disease pertod after a temporary fall followed by a sharp nse
towards the end of the incubation perod  On the other hand m tno
other monkeys which did develop haemoglobmunia there was an
mtal fall i the concentrations of both substances during the overt
fection followed by 3 sharp rue shorths before death at the ome of
the appearance of haemoglobmuria A simulfar rise m cholesterol
concentration was as we have seen above recorded by Knishnan e of
{1016} m some bur not all hacmoglobinune cases of P Lnonles
mfections i M mulatta

It will be scen thae the detals of the findings of vanous workers
differ considerably vath regard to the concentrations of cholestero!
cbrammng 1 malana but there 13 some agreement on several points
In well-established malara hypochol i OCCUTs 1N many cascs
but not m all  Tn primary nfections results vary but both Crespin
and Zaky and Kehar have noted hypercholesterolicomz dunng the
pacoxysm  The latter author found a pronounced merease  all his
cases 1n the early stages of the paroxysm  When the total cholesterol
15 decreased the free fraction 18 reduced and according to Kopp and
Solomon the ester fraction 1s also reduced  Kehar on the other hand
found the latter rased m monkey malarn

In blackwater fever there 13 wually some degree of hypocholes
terolacmma sometimes very considerable  In monkey matana a fall m
bath cholesterol and leaithan oceuts dutng the chincally active stage of
P kaowless nfectron and 1 h glob cases there 1s fr t
a sharp termunal rise m the concentration of both

According 1o Kehar the blood cholesterol 15 mereased at some
time durng the paroxysm an d both duately before and
after 1t He behoves thus accounts for the many conflicting views on
the blood cholesterol concentration m the discase for unless semal
exammanons are made the duminshed or more especnally the
augmented concentration may easly be mussed  hehar suggests that
the hypercholesterolacrua he observed mught have been §uc to the
mereased fat merabolsm of fever and powmts out that 2 wmilar e
accurs m anaphylactord shock

Y
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deviations 1n mdvidual animals although the mean value obtamed
was normal  The average plasma cholesterol in a further 34 monkeys
suffering from chronic P knowless P mur and P cynomolgs infections
was 71 mgm per cent  (Normal value 100 mgm ‘per cent) Where
changes in choﬁstcml had occurred quinine and plasmoquine therapy
restored the normal levels i five to seven days  More numerous
estimations were made 1n 20 monkeys moculated with P knoulesi The
average cholesterol concentration before inoculation was 103 mgm pet
cent Ier dth during the meut period anddunng overt
mfection averaged 99 mgm per cent  The range of varation berween
the values recorded for different animals throughout the experiment
was too great to allow any conclusions to be drawn from the results
except that 1n antmals which developed haemoglobinuria there was an
abrupt appreciable rise 1 cholesterol concentranion shortly before
death  Quantitative changes 1n cholesterol fractions were found 1
25 blood samples exanuned  The vanations were 2 rise 1 the choles-
terol esters and an almost proportionate fall 1n the free cholestero!
The former observation 1s at variance with that of kopp and Solomon
n human malania who noted a fall mn both cholesterol fractions par
ticularly n the esters

The phospholipoid content of the blood 1n human malarsa has not
recerved much attention from research workers but where estimations
have been made the concentrations have been found to be low durig
an attack although Grieg « al reported normal values dunng the
apyrexul mterval kopp and Solomon (1943) measured the total
blood hipoid i nmne neurosy philines duning therapeune bemgn ternatt
malana and observed a decided fall 1n concentranon Normal values
wererestored after termmation of the malana by quinine  The lectthin
content of the blood m blackwater fever was also found to be low i
four cases out of s1x m which estimations were made by Whitmote
and Roe (19.9} duning the attack and between 2 and 6o hours from the
onset of haemoglobmutia

Kehar (1937) estimated the lecithin content of whole blood and of
the plasma 1 acute and chromc P Lnoulest ifections m M mulatta
He found that the concentrations were lowered n both types of
mfection The flactuations i concentrations observed 1 mdividual
anmals were very considerable and further estimations were made
serually an four monkeys before inoculation with P Liowles: and
durng the mcubation” and infection periods  Little change was
observed durmng the mcubation pertod cxcept 1n one animal in which
the concentrauon of lecithin decreased  There was however a decided
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hacmolysis or as a cure for prevathng hacmolysis  Success has been
cumed by Ot {153} bue the adnumstration of cholesterol has no
effect on the madence of hacmoglobmuria m monkeys wfected with
P Jmoslest {hehar 1937}

INORGANIC CONSTITUENTS

Plastaa potassium and sodium

Most of the potassum of the blood 15 held 1 the erythrocytes so
that when these are desroyed rapidly for example m haemolyue
anacmuas exeess poragstum 15 hbetated mto the plasma A ratsed plasima
concentration smpht therefore be expreted m severs molana when red
celf destruction s proneunced for mstance durmg the sporulauon of
the plasmodia Thus hay been found by most obsery¢rs ta be the case
but there 15 some doubt 35 to whether mure red ecll destruction can
account for the clevation of p con which sccurs

Punells {39 9) d serurn p m cases of
P uway and P fafparum malana and recorded values ranging from
~7 10 406 mgm per cent durng the febrife pertod and a retum t6
approxynarely normal figures durtng the apyrevaal mtorvals (Normal
concentranen of plasma potasstum 15 about 14 fo .0 mgm per cent )
Int the same y ear Andniadse seported a very greatly mcreased concentra
ton of plisma potastam doning the paroxysms of P tieay P falo-
parim and reaxed infections ang a fall to below normal values i the
apyreial snterval He abserved rapid excretion of potassiumn after the
peak concentrations had been teached

Velick and Scudder (1940) smuesigated the changes i plasma
potassium concentration tn P cathemenyon mfecuons n birds  They
found that 1 wfected cananes with 4 t 14 prz Cent parasiacmua
which sporulanon occurred mainly 18 the esenngs the pousswm
concenreations ranpged from . 10 44 mgm per cont {1 10 25 mgm
Per cent w unmnfected birds) the higher values obtammg m the
eremngs  Smaller changes were noted m chuckens and ducks {infected
with P lophurae) 1 the mfectrons of netther of which was there any
marked synchromary These authors suggest thas the souree of the
#ased putasum mn thewr buds may have been the erythrocytes smce
P cathemernom mvaded almost evclusively smmature ted cells whuch
tontan more potasmum than more mawre cells (Henrques and
Orskov 1036)

Zwemes Sims and Coggeshall (1940) studied the plisma potassium
concentranons m eases of nduced P 11say malana in parenies” Concen-
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knshnan et al make the suggestion that the great vanations i choles-
terol concentrations seen n the carly stages of malana of monkeys may
be due to failure of mobilization  of cholesterol and possibly to m-
hibition of synthesss  They suggest that cholesterol may be important
for parasitic metabolism mn some way  What they mean 1s not very
clear but low lecithun concentrations mughe well reflect ncomplete
synthesis  Recent work has shown that in hepatectomuzed dogs after
mjection with radioacane phosphorus no radioactse phospholipotds
appear mn the plasma (Hevesy 1940) It would not be surprsing
therefore 1f 1 malara which causes such severe disturbances of
Irver function synthesis was temporanly nhibited with a consequent
reduction 1n plasma phospholiperd concentratron

The Iner damage 1 malana 1s assoctated wath mtrahepatic anowa
and 1t 1s mteresting to note that such anowa gives rse to an nerease
m plasma lipords  Lipaerma has frequently been recorded m severe
anaemic ano-aa ansing from haemorrhage m amimals Starup {1934)
claims that pronounced lipaemu can also be produced m rabbuss by
the admumstration of phenylhydrazme the destrucuon of corpuscles
by mntravenous miection of disulled water or the exposure of the
ammals to atmosphenic oxygen lack No work on the effect of anoa
on blood hpoids has been done m the human subject and so far the
ammal experimentation has led to somewhat conflicung results It s
not therefore possible to extend the argument to the human subject
until further research has been carried out

Fauley and Bromfield have drawn attention to the possibility that
there may be some common factor mvolved 1n the production of the
hy pocholesterolacmmta seen 1n malana and that i permicious anacmia
They pomt out that m the latter disease liver tréatment restores the
blood cholesterol concentrations to normal levels the return to normal
keeping pace with the development of renrculocy tosis I three of ther
cases Farley and Bromficld observed a sumlar relanon between the
restoration of cholesterol concentration and an mcrease 1n reticulocytes
dunng treatment

‘The relation between the concentranion of cholesterol and the
appearance of hagmoglobinuria has not been ascertamed  Farley and
Bromfield pomt out in this connectron that nformatron concerning
the concentration at the ume of severe lysis 1s required before the
problem can be solved and no knowledge of this 15 available It 15
known that cholesterol in excess wall mnlubit some forms of haemolysis
(Ponder 1944) and wath this 1n muind some workers have tried the
chinical effects of the adnumstranon of cholesterol as a preventive of
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~.6mgm 1 one monkey .8 9and ... 0 the other duning the after-
noon and momimng respeenely)  Simlar results wete obtawed m a
third ammal ;n which the blood was taken on the day before the
appearance of parawees  The concentrations were saised 1 both
mormng and evemng plasma samples 58 3 fourth mfecred monkey
More definute peak concentrations were found m two mfected ammals
which were bf’cf! at morc frequent intervals  n one of these (bled at
Iulf bourly mtervals) a value of 4o mgm per cent was zeached the
coreesponding to the pesk penod of sporula
ton The risc m potassinm concentration at thes pendd was very rapid
and there was a subsequent apid G As the (Emsc rogeessed the
tassiunt concentration of the whole blood began to fall the decrease
g roughly propornional to the loss of red cclls

Vehick and Scudder 25 3 result of their experiments m bird malarna
suggested that the chief source of the excess potassium m the plasma
was probably the erythrocytes haemolysed durmg the ducase par-
toabarly as the parssinzed colls were mostly wanatore and therefore
hugh s potassiam content To support thewe view they pomted out
that simular wcreases 1 potassium concentrations have been roported
1 severe haemolytie anaemuas Morcover Colale (1930) found that of
rabbit red cells were lysed m vio an mcrease m plasma. potassium
developed coughly m proporuion fo the red cells destroyed  Elevauans
of plasna potassium has e also been observed m experimental Tryparo-
somta equiperdusm ifections shortly before death at 2 tme when there
55 co;md:rablc destruction of erythrocytes (Zwemer and Culbertson
1939,

Zwemer Sims and Coggeshall however made an estioate of the
total quantity of potasstum avartable mw the cefls lysed in cases of malaria
and found that the amount avatlable was imsufficient to account for the
concentration m the plasma especally durng the eatdy stages of the
parovysm  They therefore came to the conclusion thac seme of the
excess potassium must come from ussue cells and suggested that such
release of mtracellutar porassium mught enginate from etther the towic
mfluence of the excess of that ton or from generalized cellvlar damage
caused by tugh fover

There 15 nevertheless some refation between the destrucuon of
the d cells and the I fevel snce Zwermer
e al and Flost found that the peak pfasm: concentration comctded
with the begmning of the parovysm w man and wiek the perod of
mavimal sporslation 1 monkeys 1t has therefore been suggested thar
some reactson of an anaphylatord mataee may develop dunng this
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trattons were measured immediately after moculation with tropho-
zoites during the mcubation Ecnod and after the onset of symptoms
Once the malana was established the plasma p
was found to rise to an average highest value of 35 2 mgm per cent
The peak concentration occurred usually at about the tume of the begin
ning of the ngor and often preceded the nise 1 temperature  As the
temperature rose the potassium concentration fell steadily reachmg a
fauely constant level before the end of the paroxysm ~During the
chnical actvaty of the malana the concentration nearly always ex-
ceeded the normal values for the mdividual patient Tt was occastonally
normal duning the afebnle period  There were no corresponding
changes 1n potassium concentrations m control cases not treated wath
malania

Flost {1944) duning an mvestiganon of the suprarenal functions
m human malara measured the plasma potassium and sodum con
centrations 1n 12 cases of P tiear” P faliparum and mred mfections
In most of these pattents he found raised potassium and lowered sodum
concentrations during the attack and immedrately after quumne
therapy In two cases of P t11ax malaria the concentrations of these
1ons were measured before during and after a paroxysm  His results
1 these cases were substantially the same as those of Zwemer ef af
In the first of these pattents nearly two days before the ngor the
plasma potassium and sodium concentrations were 19 and 324 mgm
per cent respectively  On the day before the ngor when scluzonts
were appearing the concentrations were 18 § mgm and 325 mgm per
cent During the nigor when the schrzonts were ruptuning  the
concentrations were 24 mgm and .93 mgm  After the fever fell the
values were 18 5 mgm and 320 mgm respectively Quinmne therapy
was commenced and the followmg day the concentrations of potas-
stum and sodum were about the same as before the nigor In the
second case very sumlar figures were obtaned In both the rise m
potasstum preceded that of the temperature For example 1 the
second case the potassium level had fallen from a peak value of .70
mgm to 240 mgm per cent before the maxunal temperature was
reac]
Zwemer Sims and Coggeshall also cxamuned the plasma potassium
concentrations 1n monkeys (M mulatta) mfected with P Lyowlest
No marked peniodtaty was observed m these infections but when the
specimens of blood were taken morming and afternoon 1t was found
that 1 two mnfected anmals the afternoon speamen contamed con-
siderably more potassium than the morning sample (-8 6 mgm and
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22 6mgm n one monkey 29 9 and .2 0m the other dunng the after-
noon and mormng, tespectively)  Sunilar tesults were obtauned m a
third arumal 1 which the blood was taken on the day before the
appearance of parasies The comcentrations were rased an both
mommg and evenng plasma samples 1 3 fourth infected monkey
More definste peak concentrations were found 1n rwo mfecred anmals
which were bled st more frequent mtenals In one of these (bled at
$Salf-hourly mrervals) a value of 40 mgm per cont was reached the

© . to the peak peniod of sporala-
won The tse in potassium concenration at ths period was very rapid
and there was 2 subsequent rapid fall  As the disease propressed the
potassiam concentration of the whole blood began to fall the decrease
bemg roughly proportianal to the loss of red cells

Vehek and Scudder as 3 result of therr expgriments 1n bed malaria
suggested that the chief source of the excoss potassium 1 the plasma
was probably the erythrocytes hacrnolysed dunng the dusease par-
ucularly as the parasiized cells were mostly tmmatuse and therefore
hugh 1 potassium content  To support their view they pomted out
that sumular ancresses in potasssum concentrations have been reported
1 severe haemolytic ansemus  Moreover Colale (1930) found that of
rabbse red cells were lysed sm 1320 an merease m plsma portsssum
developed roughly i proportion to the red cells destroyed  Elevauians
of plasma potassium have also beeu observed m expersmental Tryparo-
soma equiperdsen infections shortly before death at a tume when there
15 cox):sxdcmble destruction of erythrocytes (Zwemer and Culberison
3939,

Zwemer Sims and Coggeshall however made an estimate of the
total quantity of potassium avatlable m the cells lysed 1n cases of malarna
and found that the amount svatdsble was msufficient to account for the
concertration i the plasma especially duning the early stages of the
paroxysm They therefore came to the conclusion that some of the
excesy potassium must come from ssue cells and suggested that such
selease of Hular p mught from esther the wme
mfluence of the eveess of that son or from generahized cellute damage
caused by high fever

There s nevertheless some selation besween the destruction of
the d cells and the 1 level since Zwemer
¢ al and Flost found that the peak pfzsma concentration comaded
with the beginnmg of the paroxysm in man and with the period of
maximal sporulaon in monkeys It has therefore been suggested that
some teacuan of an anaphylatod nature may develop during this
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phase of the plasmodial cycle resulting trom the sensinzation of the
body m some way to thc?xsc}mgc of the final products of schrzogony
mto the general circulation  An mcrease of plasma potassium concen

tratton has been observed i anaphylactic shock m dogs and rabbus
(Schuttenhelm Erhardrand Warnat 1928) and it1snow well established
that plasma potasstam 15 also elevated n other forms of shock including
surgical secondary shock somettmes to double or more the normal
values  High levels of potasstum howcver also occur m certan
related phenomena which may concervably play an important part
m the general picture of malaria Thus elevation of plasma potassium
associated with a sharp fall in sodim concentration and a reduction m
total plasma alkali results from adrenal corucal insuffictency (or adrena

lectomy) and factors which disturb the blood electrolyte balance may
produce corresponding changes m adrenal cortical function A sumilar
nise i plasma potassium also oceurs 1 certamn forms of anoxia such as
asphyxia and severe amaenma  The high potasstum concentrations
developing after asphyxia and after expermmental haemorrhage are
connected 1n some way with the adrenal gland and the Iver since the
potassium r1se i the former can be hibited by adrenalectomy and the
rise m both cases can be prevented by hepatectomy (Mullin Denms
and Calvin 1938 Houssay Marenz1 and Gerschman 1936 1937

Fenn 1940) There 15 seill a division of opinzon on ths pomnt but most
workers are agreed that the mitial increase m potassium {and the corres-
pondung rise 1n blood sugar) follows stimulatton of the adrenal medulla
to produce adrenalin which 1 turn mobilizes the potasstum from the
liver cells and possibly from the heart and skeletal muscles It appears

therefore that the anoxic processes assoctated with malaria such as the
reduction of numbers of red cells and changes 1 blood arculation
through the organs {see Chapters on liver kidney etc ) are probably
concerned to some extent 1n the production of the high plasma potas-
stum concentrations met 1 the disease It 1s mterestng to record that
ano<ia may 1tself cause active damage to the adrenals and so aggravate
the process It has been shown for mstance that anowic anoxt
derwving from deficiency of atmospheric oxygen may give mise first
to hypertrophy and later to degenerative changes in the adrenals

espectally the cortex (Armstrong and Heim 1938 Emerson and van
Liere 1938) Climical and pathological evidence of changes m the
adrenals will be discussed later There 15 much m the clhncal picture
of malaria that may be referable to adrenal msufficiency and the co-
exastence of such clinical evidence wath raised plasma potassium levels
indicates that the latter may owe their ongin'm part to adrenal dys-
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funcsion “There 15 evidence also that rased potassium concentrauons
may reactadversely on the adrenals so that a vicious cucle 1s sometunes

setup

High plasma p ate m themselves extremely
toue and may be fatal they are dificult to mamtan expermentaliy
The valoes obtaming s malana and shock are however much below
the lerhat levef and 2re unhikely m themsehves to cause death (Manery
and Solandt 3943} 1t 15 not now consmdered that such
are of prunary or major tmportnce s the development of shock states

Mast observers have noted wery hetle change w the calaum content
of blood 1n matara and blackwater fover {Schuttenhelm e ol 198
Andendse 19.9 Earley and Bromfield 3934 Whitmore and Roe
39 9 Watsand Das Gupra 1934) Itfollows therefore thatthechanges
n potasum toncentration will brng sbout raprd fluctustions m the
potasstumfcalaum. balance  Several authors have soggested that
restoraion of ths batance to noreul nught muumize the anaphylicuc
sate and Schuttenelm et ol proposed & of calerum
with s object m view  Zsvemer et of and Flos have clearly shown
the relation of the pesk potassum valucs to the begmmng of the
paroxysm and consider that this association of hugh porassium and
rigot may explatn the effect of calaum chlonde m ternuriating the
chull pertod (Beeson and Hoagland 1940}

Chlosides

The chlonde content of the bloed has not been clascly observed
m malana although several workers have recorded measurements
dusing the course of blackwater fever I both condstions st 15
apparently often lowered Myyahara (1936) mvestigated the plasta
and whole blood chlonde content m over 100 cases of mabana (pre
sumably bemugn tertian) and observed a reduction in the former during
the febule period of the discase There was actually @ small e m
erythroeyte chlonde concentration and the author suggested that thas
maght be due to some change m permeabibity of the erythrocyte cell
mermbrane possibly assoaated with aadoss  Lahtile {19153 cxammed
the setmn chlondes {expressad as sodism chlonde) m fwo cases of

ackwater fever In o fatal caso dymg m anuna there was 2 very
great reducuion on the day before delth and o sweady fall m concentra-
ton prior to that I the second and non-fanal case the concentration
remamed within normal hmsts Wakeman (19.9) found che serum
chlondes smuch reduced m 2 non firal anunc case especially over the
penod of the anuna and the begianngs of renal recovery  The same
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author with Morrell (19.9) reported normal chloride concentrations
Ross (1932) found the chlorde content of the blood m his cases of
blackwater fever vaned considerably 1t was greatly dimunished
some cases  Fairley and Bromfield (1934) 1n 2 fatal case dyng from
renal acidosis reported somewhat low plasma chlorides (5.8 mgm
per cent)

The significance of the low chloride content 1n relation to the renal
function will be discussed elsewhere

Other 10ns

No gross deviations from normal in the content of morganic phos
phate have been reported 1n malania (Wats and Da Gupta 1934 Ross
1932) In blackwater fever however 1t 1s frequently found elevated
particularly i those cases which present climcal features suggestng
acidosis  Farrley and Bromfield (1934) for mstance found a concen-
traton as great as 10 7 mgm  per cent 1 a fatal case wath rased blood
urea low blood chlondes and a very low plasma carbon drowde
combining power Thesc authors also observed raised plasma morgamc
phosphate n P know less infections of M mufatta  Ross (1932) found
raised morganic phosphate m only two severe cases of blackwater
fever Phosphatase has been measured only in relation to iver funcuon
tests and  these as far as can be ascertamed only m chromic relapsing
P vuax cases m which 1t 15 apparently unchanged (Lippencott et af
1045) Other morgame constituents of blood with the exception of
those mentioned below 1n reference to the physicochemical properties
of blood 1n malaria do not seem to have recetved any attentron

ALKALI RESERVE

Many workers have attempted to demonstrate a reduction i alksh
reserve m malana and blackwater fever Sinton and Baily (1924)
observed the amount of sodum bicarbonate admsnistered orally wheh
was necessary to make the reaction of the urine alkaline m norm:
Induns and pauents with P virax and P falaparum mfections  They
found that whereas on an average normal subjects passed alkaline urine
after only 6 5 gm of sodum bicarbonate had been admumustered
pattents suffering from bemign tertian malana needed 139 gm  an
those suffering from malignant tertian 14 5 gm of bicarbonate to
produce the same effect They suggested that these results mdicated 2
diminutton of alkali reserve and that there was possibly therefore some
aaidosis present mn the malanal cases  The degree of reductron n alkalt
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feene was greater m the more severe mahignant tertan mfections
Hunnchs (19.6) found a reduction m atkah reserve 1 malania but was
mable to confirm Smton s observauon that a relanan evsted betw een
the degree of acidoss and the severty of the case Blood atkals was
also fowered m fever from other causes and Hinrichs put forveard the
view that the raued temperature of malama nught be responsible for
the zeducton 10 alkali reserve This has not been confimed by
Bischoff Long and Hill {1031) who showed that arnifienally mduced
yperthermua there was a tendency not to acidosss but to. alkalosss
presumably resulng from hyperenul frequentdy d
ith the passage of an acd unne and sometimes with an tcrease m
blood pH Figh alkalt rescrves have 1 fact been recorded by Suea
{1920) 15 chrome malarra assoaated wirh an enfarged spleen in chaldren
In acute cases w chaldren this suchor observed a reduction i alkab
resceve: parnculatly during the apyrevaal pertod
e are many theoretical objections to the method used by
Sutton and Bady to determme alkalt reserse  Brearbonate tolerance
wests of this knd are of wse anly when the hdney 1 funcoioning
sormially and any dissurbance of renal function may nterfore wich the
bicarbomate excretion and upset the results of ¢he tost by wndicaning
# lower teserve than w fact obtaws  This apphies particulardy sn
ana More direet methods are required for detesnunation of the
alkals resere m disease and where these have been applied the results
dicate thag 1n uncompheated malasza there 15 butke change m the
bscarbonate content of the blood Ross (193.) found the plasma
carbon diovide n acue and convalescent mahpnant tertian malana
ay within normal henrts Fauley and Bromtield (1933) reported
stmshar resales 113 soven cases of benign testian {average carbon divxade
607 vals per cent) and 16 eases o ntalignant tertan salara (averape
carbon divaide 606 v als per cent)  In two cases of mduced bemgn
vectian malarsa these authors found no change 1n plasmia carbon diowide
ut 1n 3 third case whach was suffering from ntercurrent renal discase
the vatue fell frequently below 50 vals per cent and on one accasion
0 38 vols per cont They conuder therr resuits indacate that there 1

no ltwdcncc of significant reduction of alkak rescrve 1 unco mplcated
malana

Mose conflicting results have been obramed i blackwater fever
n which under certain condtions the alkals rescrve may be con~
sideeably reduced  Wakeman {1920} and Wikeman and Morrell
{49.9) recorded o change m plasma carbon diowde 1n one non fazal
anuric case and sn 2 case m which the essmates were made durmg
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haemoglobmuria  Wakeman et al  reviewing these cases state that
alkalosis followed bicarbonate ad ration and quently
there can have been no fall in alkalt reserve but possibly a rise resulung
from excessive vomumg  Fauley and Bromficld quote Whitmore
(1928} who recorded values of under sovols per cent 1n two cases
one of which showed no evidence of mtrogen retention  Whitmore
and Roe (1929) report a plasma carbon dioxade concentration of 35 vols
per cent 1 a third case on the second day of the discase and values of
49 and 48 5 vols per cent mn two others These authors consider that
only the first of thesc cases exhubited a sigmficant reduction of plasma
alkali reserve  Ross (1932) evamuned the plasma bicarbonate concen-
tration 1n four active and three convalescent cases of blackwater
fever and found no evidence of reduction  He considered  therefore
that there was no acidosts m his cases but he did not deny that sucha
state could exast 1n some patients as ketonuria was sometumes record
m malaria

Fatrley and Bromfield (1934) mvestigated seven cases of blackwater
fever In three fatal cases all exhibiing urea nitrogen retention
plasma carbon dioxide concentrations of under 50 vols per cent were
observed In one case four hours before death the concentration was
only 21 8 vols per cent and was assoctated with thevery high morgantc
phosphorus level of 107 mgm per cent The latter patient died
according to the authors 1 a state of uncompensated actdosts possibly
renal 1 ongin 1 view of the passage of very acid unine contaming
no ketone bodies This patient was given bicarbonate orally but
absorption was largely prevented by vomuting  The other two faral
cases were given alkali orally and per rectum and by wtravenous
myjection respecttsely  In two non-fatal cases m which there was no
concomitant increase in blood urea nurogen the plasma carbon
diovde concentration was found normal In a third case the blood
urea nitrogen was moderately raised and the plasma carbon dioxide
was 48 0 vols per cent on the third day In the fourth non-fatal case
the plasma carbon dioxide fell from §2 4 vols percentto 33 I ~vols per
cent 1n the course of a few hours on the fourth day of the illness with
an accompanying increase n g phosphorus and the passage ©
aad urine  Admumustration of bicarbonate restored the plasma carbon
diowde to 60 3 vols per cent ‘The authars consider that renal aadosss
- fas developing 1n this patient and was reheved by the admnistration
&)

ercfore that reduction of alkali reserve may develop 1t
s blackwater fever patticularly those cases m whi
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there 15 2 conconueant nsc n blood urea mtrogen  Fawly and
Bromfield {1934) conuider rhat acrdosss of senal ongin may amse
s some of these cases They very nghtly powmt ont however that
lthough reduction of alkals reserse m:? usuafly be taken to represent
the sppestance of acudons thus 15 not stways the case smee aleranon
of the propornion of free carbon diowde to combined carbon dioade
will sfiect the buffenng and ulamately the reaction of the blood
Thus Muntwyler Limbach Bilt and Myers (1931) found a Jowered
alksls reserve e cases of tovaenua of pregancy assoctated with an
eletated blaod. pH and 2 reducuon w total base  They connidered
that the reduced plasma bicasbonate was the resit of by perventilation
and the £ in total base therefore compensatory

ctual p changes m mizlana do not scem to have been recorded
except in P hnowles: mfechons i monkeys (M mulatta) In three
snfected monkeys all of which died 15 3 haemoglobnunic state hehar
(1936) observed some fall m pH follownng the appeassnce of parasttes
m the penpheral blood and 2 very apprecusble fall m the termmal
stages of the discase  Kehar states m the sumnury of tus paper that
the pH values were shehddy affected when the parastie mfiction 15
very heavy  Invien of a fll m phl an one anamal from the normal
{7 328-7 380} to 7 055 on the day before death, thas must be regarded
a5 an understatemient Confirmation of these changes 15 needed before
they can be accepted stnce large deviations of pH indicate most severe

dcw;gcmtnz of saad-base balance of the blood {Hardans and Hastmgs
931

OTHER CHANGES ¥ THE BLOOD

Siaton Orr and Ahmed (1028} reported 2 tise 1 refractive index
of the serwm 1 human malana dunng the wigor and a £l to normal
values after the paroxysm and during the apyremal period A rise 1
thus 1ndex has béen vecorded 1 ansphylaene shock {Zonz 20d La Barye
1922} Kehar {1936) found a shght mcrcase durmg the aenve discase
n P Liowlest mfcction 1 three monkeys (M mulatea)

Chianges w serum sarface vension have also been reporeed i human

mataria durmg the parowysm and 1 P Ariowles: mfections of mankeys
No varations m the s

ey
oo peafic gravity of the blood have been recorded

The sigraficance of the above findings 15 obscure but
probably selated 1o the changes which occur m the o ey are

3!
uring the ifections (see secon of blood protem) Pl proteins
1
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The changes i the cellular constituents of the blood are dealt with
elsew here {Chapter 1T}

The ranations of urea mtrogen m the blood 1n malana and black-
water fever are discussed tn Chapters VII and VIII

BLOOD PIGMENTS

Barratt and Yorke (1909) made the first quantitauve mieasurements
of the haemoglobin concentration 1, the plasma of malara patens
They found no sigmficant rise i 14 cases  Fauley and Bromficld
(1933) examimned the plasma of 32 cases (21 P faluparim 10 P sivax
and one P o1ale mfecrions) and found traces of haemoglobin 1n 14
ranging from 0 03 to o 12 per cent (cstimated as percentage of normal
blood)  Methaemoglobin was never present The plasma of onc of
two patents infected arnficrally with P 5.1t ax showed traces of haemo-
globin duning fever ‘Traces of hacmoglobin were however notedm
seven of 53 normal controls (rangmng from 007 to 0 1. per cent)
The authors suggest that tn malama the haemoglobin of the parasinzed
red cells may be destroy ed or metabolized nto malarial pigment before
the destruction of the cell (Chastophers and Fulton have recently
(1938) d d the disapp ¢ of actve haemoglobin from
mvaded cells 1n P knoy lest anfections of A mulatta )} The absence of
sigmficant amounts of haemoglobin m the plasma may also partly
depend on the phagocytosis of whole parasitized erythrocytes by the
cells of the reuculo-endothehum

Many mvestigators have recorded the presence of haemoglobir
1n the serum or plasma of cases of blackwater fever Relatvely few
however have made quantitanve esttmations (Chrstophers an
Bentley 1908 Barratt and Yorke 1909 Thomson 1924 Ross 19.7)
Owen and Murgatroyd (1928) summarized the literature to that date
and Yorke Murgatroyd and Owen (1930) reported the results of
quantitatry ¢ measurements of haemoglobmaema 1n five cases of black-
water fever (mcluding two cases previously reported by Owen and
Murgatroyd) 1n all of which haemoglobm was found m che plasma
during and for a varable time subsequent to the passage of haemo-
globm m the unine These authors noted 1n one case that there was a
close relanon between the amount of haemoglobm in the plasma
(esumated as percentage of normal blood) and the prevailing haemoly-
sis (measured m terms of the fall of erythrocyte count and the itensiry
of the haemoglobinneia) Thus on the third day after the red cell
count had fallen from 2 8 to 1 6 mullion cells per cu mm 1n 24 hours
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the total haemoglobmacoma was 11 per cent The vatue for the
previous day duning whch the red celt count fell from 34 10 L 8
suthion cefls per cumm was o 44 per cent and for the succeeding day
duning which the red cell count remamed wnsltered 25 per cent
On the fifth day the first day free from haemoglobmuna the haemo-
globinaemusa was © 13 per cent and on the seventh day had dusappeared
In another case the hughest valves wer recorded during the haemo-
globinunc phase bemg 2 ¥ per cent and 1 5 per cent an days one and
o cespectively haemontobin was still present m the plasma 10 days
after st had disppeared from the unne  The authors considered that
this may bave been assoctated with the semporacy renal fasture which
developed

Yorke Murgasroyd and Owen recorded the presence of methaemo-
globn m two of e cases and noted that tus pigment was present m
she plasma but not m the corpuscles themselves Ross {193.) later
confured the presence of this prgment muxed with haemoglobn
12 of 18 cases examin

Yorke aod hus colleagoes conudered that m view of the degree of
haemolyss winch took place so rapidly m thest cases the concentranion
of heemoglobim observed was much smaller than might be expected
They theref ggested that the b 2t from the lysed cells
entezed the ctrculation tore slowly than n other haemolyuc states
¢ g Bobeso mfectors wdogs aud concluded that baemolyns probably
occuered mainly 1n the organs such as the spleen and hver and not m the
penpheral blood

Fassley and Dromfield {1933) sradied the problems w nane eases of
blackwater fever i five of which s'mal esumauons were snade
They measured the trae plasma of oy Tobi
bliatunand methacmopfobin I those cases w which seriat obsersa
nons were made these workess found that haemoglobinaerm was
present @ all n two the vales were disuncely higher than those
recorded by previous waorkers e g 2 haemoglobmeernta of < to 14 per
<ent was recorded m 2 fatat case They considered that the amount of
glgmcnt present was enough to explan the pheromens of blackwater
ever 1 terms of 2n 1ncsavascular haemolysis and that there wasthus ro
need to pastulate haemolysis m the spleen etc a3 suggested by Yorke
etal  Methaermoglobin ‘was present m all cases except one 1n which
2 refated but entizely pew pgment % a5 demonstrated {metharmate
bumn)  Methaemoglobin was found to be the predommant pigment
w the plasma 16 was not found w the corpuscles confirming the
findings of Yocke et of {1930)
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The changes 1n the cellular constituents of the blood are dealt with
elsewhere {Chapter I11)

The vanatons of urea mitrogen m the blood 1n malaria and black-
water fever are discussed n Chapters VI and VIII

BLOOD PIGMENTS

Barratt and Yorke (1909) niade the first quantitative measurements
of the hacmoglobm concentration 1n, the plasma of malana panents
They found no sigmficant mse m 14 cases Fauley and Bromficld
{1933) examumed the plasma of 32 cases {1 P felaparnum 10 P inax
and one P o1 ale mfections) and found traces of hacmoglobin 1 14
ranging from 0 03 to o 12 per cent (estmated as percentage of normal
blood)” Methacrmog Jobm was never present The plasma of one of
two patents mfected artificially with P 1 ax showed sraces of haento-
globin durng fever Traces of haemoglobin were however, noted
seven of §3 normal controls (ranging from 607 to 012 per cent)
The authors suggest that i malarta the hacmoglobun of the parasinz
red cells may be destroy ed or metabolized snto malamal pigment before
the destruction of the cell (Chnstophers and Fulton have recently
(r938) d d the disapp of actnve haemoylobmn from
mvaded cells ;n P knou lest nfections of M mulatta) The absence of

grufi of h lobin 1n the plasma may also partly
depend on the phagocytosis of whole parasitized erythrocytes by the
cells of the reiculo-endothelum

Many inesngators have recorded the presence of hacmoglobin
1n the serum or plasma of cases of blackwater fover Relatively few
however have made quanutamnve estumations (Christophers an
Bentley 1908 Barrattand Yorke 1909 Thomson 1924 Ross 1927)
Owen and Murgatroyd (1928) summanzed the bterature 1o that date
and Yotke Murgatroyd and Owen (1930) reported the results of
quantitatrve measurements of haemoglobinaemta n five cases of black-
water fever (including two cases previously reported by Owen and
Murgatroyd) 1 all of which haemoglobw was found m the plasma
during and for 2 varrable tune subsequent to the passage of haemo-
globin 1n the unne  Thesc authors noted 1 one case that there was
close relation between the amount of haemoglobmn in the plasmz
(estrmated as percentage of normal blood) and the prevailing hacmely-
sts (measured 1n terms of the fall of ery throcyte count and the mtensity
of the haemoglobinurta) Thus on the third day after the red cell
count had fallen from 2'8 to 1 6 mullion cells per ct mm 1 24 hours
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stated 1. the phagocytic cells of the reticuloendothelm and only
very slowly excreted” The mechod of excretion 15 not known It
Boes ot appear 10 be an dsate product mn the synthesis of bile
pgments {Duesberg 1934} Rugdon {1045) has suggested that 1n duck
malana there mav be some slow oudation of the haematin mto haema~
sidenn wheeh could be used by the host

The haemoglobin Iiberated mto the ;hxma by lysis of both para-

suzed and d cells fram the 1 raguﬂ‘,
In severe haemolynic states a small proportion may pass through the
kudneys and appear 1 the wnne but the bulk of the pigment 1 exther
absorbed snto the cells of the retculoendothehial system wor spht and
sytithesized anto the new. pgment ) Theh glob
taken up by the renculoendothehal cells 15 converted mto bitrubin
wiz the production of biwerdm formed by the apenang of the
protaporphynn g, by partal oxidation and subsequent loss of both
wonand protem T%(c baticubsn 1s exercted through thehver and appears
w the plasma when thess 15 excess production or some nsesfesence
with 1ty excretion  Some of the haemaglobun however 15 converted
mto methaemalbumu whenever there 15 exeess for a sufficient length
of ttse to permus the synthesss The oxyhacmoglobim is broken down
to globm and hzematin the laster umung wath crystalbunun to form
methaematbunun the molecule of which 15 100 Jarge o pass through
the kedneys and escape tate the wone  The subsequent fate of the
rethaemalbomn © et cectmn but Ruvungron (1939) has shows
that an increased faceal excrenon of porphyrn follows sntravenous
wyecnon of haemotn m man monkeys and rabbats  This merensed
excretion persists for Jonger in man and monkeys than ;. the rabbie
whuch does not form methacmalbunun  He suggests that the methac-
walbunnun 15 removed via the hver after a process m which the pig-
ment 35 converted not mto bile pigments but mto porphynn  Farley
{1939) pomts out that #f this were so merthacmalbumm should be
persistent s cases m which there was derangement of hver function
He states that he has confiemed this chimeally m cases of hepatic ars-
hosis assoomted wath heemolytse anacra end haemoglobinaria

R s olservation that int mjection of haematm
feads to mcreased faceal exeretion of parphynin ndicates the probable
sonte of the break-down of matarial pigment  Fasley {1938) has shown
that methaemalbumin 1 synthesized m viso from myected baematsn or
large quantmes of haemaglobm so fhar st 15 pasnb{c that the malanal
{lgm{nc smself haemann may be finally converted mto methaemale

ummun and broken dovwn and excreted as porphy s through the heer
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Faley and his co-workers found that although methacmo-
globinuna 1s common 1 blackwater fever true methacmoglobmaemi
docs not occur The arculating pigment described 1n carlier work a5
methaemoglobin was 1 fact, the pigment first 1dennfied by Fauley
and Bromficld (1934) and subscquently named by the former
methacmalbunun

This pigment was related to methaenoglobn bur differed from
1t certain mmportant chenucal properties e g its protemn fraction
was albumun and not globin It never appeared i the unne an
was not found 1 the red cclls It was first called psendomethaemo-
globin but the name was changed later (Farrley 1938) to methae-
malbunun since 1t was found that 1t could be synthesized from
haematn and crystalburmn (the latter from human or monkey
serum  but not from rabbit serum) hein (1944) has recently
suggested that 1t should be called haematm-albumin when the wron
1s 1n the trivalent state She has also produced evidence suggesting
that the hinkage of the albunun to the haematin 1s not to the won but
to the porphyrn  Methaemalbunun gives a positive reaction with
Schumm s reagent which enables 1t to be disungmshed from haematin
and oxyhaemoglobm Its molecule 15 too big to pass through the
kidneys mto theunine It 15 unable to function as a respiratory prgment
(Falrl:Z 1938 1939)

Metl 1t ¢

an be syntk d 111 1110 by anjection mnto man
or monkeys of alkaltne hacmaun Fareley (1939) has also found 1t
present 6 to y2 hours after heavy doses of haemoglobm intraven-
ously Tt has been 1dentified constantly 1m severe cases of black-
water fever and m some other ¢ Tuding patibl
blood transfusion noctarnal haemoglobmuria and certan anacmias
not d with h globmnuria 1t 15 not present i myohaemo-
globinuria
The fate of the hacmoglobin of the parasitized cell 1 malara has
been determined to some extent by the recent work of Devine and
Fulton (194121 Chanstophers and Fulton Mormson and Anderson
(1942) and others There 1s little doubt that a large proporton of the
prgment 15 converted mto haemozom before the rupture of the cell
and the completion of schuzogony This process apparently requires
the sphtting of the globmn from the molecule and the retention of the
rron-hacmatoporphyrn nucleus  (haematin) which  according to
Mornson and Anderson (1942) may be present either as free haematin
or preformed fernhaeme aaid In this state the pigment remans m
the plasmodiz until these are destroyed and phagocytosed It 15 then
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stored 1 the phagocync cells of the renculoendothebum and only
very slowly excreted The method of excreuen 15 not_known it
does not appear to be an sntermeduate produce m the synthests of bie
pgments (Duesberg 1014)  Rugdon (1945) has surgested that 1n duck
smalarsa there may be some stow oxidation of the haemann o haemo-
siderm wiuch could be used by the host

The fuemoglobm bberated mto the plasma by hyms of both para~
stized and unparantized eells 1s removed from the cuculation rapadly
I severe hacmolyte states 2 small proportion may pass through the
kidneys and appear m the urme but the bulk of the prgment 15 exther
absorbed mto the cells of the retculoendothehial system or spht and
synthesized into the new pigment metk T k alol
taken up by the toendothelal cells 15 ¢ ¢ mto bihirubmn
v the production of bilwerdmn formed by the opeming of the
protoporphysin ring by parnial oxidsnon and subsequent loss of both
won and protem The bilirubin 1 exosered through thelinerand appears
m the plasma when there 15 excess producuon or some mterference
with 16s excretion  Some of the haemoglobin however 15 converted
smto methzemalbumsn whenever there 15 excess for a sufficient fength
of ume to permut the synthesss The oxyhaemoglobn 15 broken down
to globm and haematin the hacter vmting with erystatburn to form
methaemalbunun the molecule of which 15 too large to pass through
the kidneys and escape mto the vune The subsequent fate of the
methaemalbumm 1 not certam  but Runungton Stg;p) has shown
shat an mereased faecal cxcretion of porphynm follows intravenous
mjectton of haematn w man monkeys and rabbits  Thus mcreased
excretion pesists for longer mt man and monkeys than m the rabbit
which does not form methaemalbermm He voggests thar the methac~
malbumn 15 removed via the hver after 2 process m which the pig-
ment 15 com crted nat mto bile prgments but into porphyrn Fasrley
{1939) pownts out that of this were so metheemalbumin should be
persistent in cases it which there was derangement of hiver funetion
He states that he has confirmed thus chimcally 1 cases of hepatic arr
hosts asseciated with haemolytic anaenma and haemoglobinuria

Rumungton s observation that myecnon of h
leads to ncreased faecal excretion of porphysin mdicates the probable
route of the break-down of malanal pigment Farley (1938} has shown
that methaernatbumsn 1¢ synchesized m 1150 from ingected haernaun or
firge quantines af hacmoglobin so that it 15 possible that the malanat
gxgmmr 1tself haematin may be finally converted mto methacrmal-

unun and broken down and excreted as porphyrn through the fer




CHAPTER V

THE LIVER IN MALARIA AND BLACK-
WATER FEVER

(¢) Clenscal evrd. of hep. dysft

JAunpice  Brusuatwagsis  THE INTERPRETATION OF THE INDIRECT VAN DEN BeacH REACTION
Bree PiGMENTs 1N THE Urine  Ltvir Funcrion Tests

SioNs and symptoms of disturbance of lver function may appear
dunng the course of all forms of human malana both naturally
acquired and artificially mduced The degree of Iiver damage varies
considerably from case to case and 1s dependent to some extent on
the species of mvading plasmodsum and the seventy of the mfection

The most sertous disturbances have been reported m P faleiparum
infections 1 which the development and progress of hepanc faure
sometimes associated with evidence of olycﬁoha may completely
donunate the climcal prcture  Extreme }5: atic failure 15 seen 1 the
syndrome usvally called bibious remuttent fever a form of pernicious
malaria which 1s now uncommon but which was once greatly dreaded
espectally on the West Coast of Africa In the classical syndrome s
described m text-books (Manson-Bahr) signs of lver fatlure appear
early Severe gastro-meestinal disturbances develop rapidly ancluding
diarthoea  wluich 15 somctimes biltous and haemorrhagic an
vomitng frequently bile stancd and often mtractable Jaundice
develops duning the first or second day and decpens rapudly bile
pigments appear n the urme  The hver enlarges and becomes e¥-
tremely tender The condiuion 15 progressive and fatal In this syn-
drome the malarial attack appears to concentrate mamly on the lver
but Farrley has pomnted out (1932) that there 1s another type of bilious
remurtent fever mn which the Iver damage 1s not so obvious and which
15 charactenzed chiefly by hacmoly tic jaundice and a biphastc van den
Bergh reaction with urobilinogen but not bilirubmn 1n the urine

In the above conditons there 1s usually a high degree of parasitacmia
Evidence of hner damage however may appear when the degree o
‘mvason of the red cells 1s shght or when parasites are undetcctable
1n the penpheral blood Decpenng Jaundice associated with biliru-
binuria enlargement and tenderness of the liver and other signs of

13¢
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Irver mvolverrent are not uacommon 1 blackw ex fover mwhecha
duncal prevee vemy smilar to tha of dasscal blhious rerue— fever
may develop  As m makina, the prundice of blackwa -r f-ver man be
v hasmolvoe m ongm by as we shall see s ~r nex damaee

of the seserest tvpe may supeny ene m the duscase (Rass, 193- Stephens
103"

vazus of Iner damage are also observed m uncomplcated mabina.
Ent and tend of the hver assoaa =d with
Jaandice and Etrubmuma have formsance been frequends repot~d.
Henry {103.) takes the extreme vr-w tha the live- 15 alwavy affecrd
m makna, bur ths contention 15 not widels support~l Neverthelss
accordang to Rudolt (19--) and hern ard Norrs (1944) som~ signs of
Irver damage are common @ all forms of human pulim, aod 2 all
stages of the disease whether m the proman attack or m subcequen
relapses. Orlina abso report=d signs ot bver dvshacnon, especalh m
benign ternan mi~cmons, 1 ahon $0 per cen of ber cases azd sa s
that enlargemen of the Iner 15 as fequent m makenant trtan and
berugn terman makima as 15 enlargemne of the spleen. Mamy ober
observers have nor=d frequer evid-nee of Iver myolver--at m maalima,
bu some g Huches and Bomfo d (1944) have toard such sgns
uncommon, even m Large senes of cases.

Jaundice mn malama and blackwater fever

Th jaundice obserned 10 naruralh acquired malaen 1 wsmally anld
and 15 seen maaly as shoh screrus of th~ coapmerna and ls com-
monly of the skm. Occastomally howener 1 ruy be see aldoach
the chneal prcture 15 not so defim ¢ as tha of bilons remurtm fover
Huzkes and Bomford {10.44) for mstance r-port~d, among over Soo
cases of mahignant tertan malinz 5.x pan~rs with ppund. e ard dav-
coloured stools and bilirubinuna, and described b= p crure 25 i
angushible from mf~cuve hepanns  Klotz repe-t~d jaund.ce 1 10
of 1. faal cases of mabianare terman mabine m N g, azk wh
well marked jiundice and three wih defnte necross of the hver
Ten out of 1 fatal cases of malignant t~rnan malyra dvinx berwe-n
19..5-4- 111 th Caral Zone had jaendice as a presennng ngn (hezn and
Sratch, 1944}

Jaundice has frequentls been observed durmg the course of malin
mdaced for therapeunc purposss Jarres Nicol and Shur~ (193.}
foond 1t 2 commen feauze of therapeune malmane ternan mabima,
and Bunker and Kurby no od a2 mild degree of jrand.ce appeanng
usmath berneen the fifth and eghth parovsyms m sbou 3 thad of
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their 53 cases of mduced benign ternan malana Many other authors
have recorded muld jaundice in both mduced P falparum and P 1nax
mfections sometimes m as many as half the cases and sometimes

quently (Kopp and Sol 1943 Fredncks and Hoffbaer
1945 O Leary Greene and Rowntree 1929 Wile and Sams 1934
Mirsky von Brecht and Williams 1944 McCorkle 1944)

Severe and ncreasing jaundice assocrated with enlargement and
tendemness of the hver has also been reported m mduced malanz
Moore (1941) described several cases of what he called tosac hepa-
nus  characterized by mncreasing jaundice and enlargement of the
Itver occurning m syphilines duning the course of therapeuncally
induced malana  Symular cases have been reported from time to tume
by other anthors ever smce malana therapy was meroduced (O Leary
et al 1920 Fredncks and Hoffbaver 1945) The consitently short
peniod between moculation of the malara and the appearance of
Jaundice excludes the possibility of synnge jaundice mn these cases

Climical signs of hver dysfunction also frequently occur mn black-
water fever as already pomted out  For mnstance 1n 46 fatal cases of
blackwater fever seen 1 the Briish West African Colomes during
1941-43 Jaundice was observed 1 33 and of these the liver was
enlarged m 12 and bile prgments were found m the urme 1 seven
The sigmificance of such findings and sumilar observations of other
authors will be discussed later (Ross 1927 1932 Yorke Murgatroyd
and ?wcn 1930 Owen and Murgatroyd 1928 Farrley and Bromfield
1934

Jaundice appeaning 1n malana unaccompamed by bilirubmuna 15
according to many authonties nearly always haemolync m type
(McNee 1923) Tt 1s the result of the overproduction of bilirubin due
to the excessive rapid haemolysis iitiated by the infection to a pomnt
beyond the excretory capaaity of the liver Retention of bilirubin
1 such cases may not therefore necessanly indrcate any hepatic dys-
function 1n fact most authors appear to tahe 1t for granted that the
excretory powers of the organ remam undisturbed Ruch (1930)
does not however agree with this and beheves that therc 15 an
hepatic element m all forms of jaundice whether accompanted or not
by bilirubimuria  He ponts out that the normal excretory powers of
the liver with regard to biltrubin have an enormous reserve (McMaster
and Rous 19.1} and that conditions such as hacmolysss which guve
nse to excesstve productton of bilirubin are practically always

d with some 1mp of hepatic excretory function  (This
contention 1s borne out to some extent by the recent work on hepanc
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function tests n malania which 15 discussed below ) In hus view the
appearance of paundice m any given case depends on the balance
exsting, berween. the bilirubun bemg produced and presented to the
Iver for exeretion and the capacity of that organ to excrete it The
latter 15 normally so great that regention of bilirubmn oceurs only when
there 15 some reduction of the hepatic excretton function

Jaundice in malara d by biltrubnurra 15 usually
with chnieal signs of hepanc myvohvement sach as enfargement and
tenderness of the hiver Here 1t 1s pacely hepatogenous and reflects
some degree of mterference with bilnary excretion by the hver and
possibly damage to the polygonal cells

q

Bilirubinaemsa

The nature of the jaundice appearing 1 malaria and blackwater
fever has been mvestigated by many workers by estumanting, the serum
bil rubmn concentrations by the van den Bergh tchruque

Most authors agree that in uncomplicated naturally acquired malana
the direct van den Bergh reaction 1s only verv rarely posttive whereas
the mderect reaction 1> dy posttive ,» an el ot
arculayng serum bihrubm) dunng the actve stage of the discase
returmng to normal rapdly upon the subsidence of the mfection or
after trestment  The scrum bilirubin 15 not rassed mn latent malaria
or mild attacks in which there 15 hetle fever and there are verv few
parasites m the peripheral blood (Kingsbury 19.6  Schachsuwarly
197 etc

The mndirect van den Bergh rcacnon has also been found posiave m
mduced malarta  Some authors have also reported positive direct
reactions O Leary Greene and Rowntree S)r nstance  report a
positive direct reaction m six syphilitics given malaria therapy asso-
ctated with strongly positive indirect reactions of from 3 o to .3 4 umits
bilirubin  These reacttons deseloped 1n the indrvidual cases withm
10 t0 15 days of the onset of Lltmcal symptoms of fever Fredrrcks and
Hoffbaver (1945) have recently found both types of van den Bergh
reactions present in therapeutic malarta They carned out quantuianve
bilicubm determunations n 31 syphuliues recaving malurea teeatment
and found sigmificantly rarsed seram bilrubin (total bilirubm measared
by the method of Malloy and Evelyn 1937) i nine m erght of which
the direct reaction was posmve  Such findings differ considerably
from those 1 na ural uncomplicated malara m vhach the direct
reaction 1s seldom positrve It 15 possible that sypluline changes wm the
lver may sometimes explam the reactions obsers ed i mduced malana
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In blackwater fever most observers have recorded an increase m the
mdect van den Bergh reaction The findings in regard to the durect
reaction vary considerably  Ross (1927) examined a series of 21 cases
and found quantitanve values for the mdirect reaction ranging from
52to sgunis In three fatal cases all of which extubited sappréssion
of urinc the dircet reaction was positve 1 all the other cases 1t was
negattive Owen and Murgatroyd (19.8) reported two cases in which
the indirect reaction was ncreased and the direct reaction postuve on
the eighth minth and fifteenth day 1n one case and on the third and
seventh day of the disease i the ot¥mr Yorhe Murgatroyd and Owen
(1930) reported a further case 1 which the direet reaction as well as
the indirect was postive between the first and twelfth days of the
disease Al these cases were jaundiced but m none of them was bile
detected 1n the urme  Owen and Murgatroyd pomnted out that the
three cases 1n Ross s series giving positive direct reactions were also
the only ones examuned after the first day (so far as can be Judg:
from his tables) and that 1t 1s possible that some of the other cases mught
have developed sumular reactions had they been further exammned
Thas 15 not supported by the evidence brought forward by Farley and
Bromfield {1934) who mvesngated seven cases of blackwater fever
at mtervals over periods ranging from 2 to 20 days and reported
that nonc of these cases showed a direct positive reaction at any ume
although one showed a biphasic reaction On the other hand during
the active stages of the disease they all had rased serum bilirubin
mdicated by the mdirect van den Bergh reaction

The interpretation of the mdirect van den Bergh reaction

Other things bemng equal the degree of bilirubinaerma mn malana
1s not apparently closcly dependent on the specics of mvading plas-
modium  Kingsbury (1926) found that the average concentration of
serum balirubin was least 1 quartan (o 75 units) and greatest in malig~
nant tertian (. 0 units) with bemgn tertian malana mn berween (121
units) Ross (1927) obtamed higher figures for malignant tertian but
Wolski and Schewelewa (1929) found hetle difference between the
average concentrations reached 1n the three mfections (1 34 for quar-
tan 1 30 for malignant tertian 12 for bemgn tertian) and Fauley
and Bromfield (1934) reported that mn ther senes of 30 malignant
tertian and 20 bemign teran cases the average values reached were
1 45 and 1 75 units respeetively

According to Wolsk and Schewelewa (19.9) the hyperbilirubin-
aemua of malarta 1s not always related to the degree of parasitaenua
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Thus m one case m which the parasite count was 856 parasiies per
100 fields the bilirubm was 1 0. untes whereas m another with a
parasite count of only 46 per 100 fields the serum birubin was . 0.
units

Kingsbury s figures suggest that there may be some relation between
the degree of bilrubimaerata and the size of the spleen n mdividual
cases Other authors have not confirmed this (Wolsk: and Schewe-
lena 1.9 Schachsuwarly 19.7)

The figures published by workers i thus ficld show a wide vanety of
quantitative results  For mstance Ross s fiures for malignant tertian
malara are consistently higher than those of most other authors
Raoss accounts for this by suggesting that hus high figures are the resalt
of examuning blood during quiune therapy In hus serses of 30 cases
the five smallest concentrantons wete abserved 1n untreated cases and
most of the hugh concentrations were found  cases under treatment
with etther quinine or plasmoquin One untreated case Jud however
2 concentration as hugh as four umits per 100 c ¢ By closer observation
of the bilirubin content of secum over a period of treatment 1n some of
Lus cases he obsersed charactenstic changes following quimne therapy
In most patients the bilirubin rose noticeably dunng the first day of
weatment  but rapidly returned to normal after a few days This
change 15 clearly illustrated m hus case 3 1 whom the serum bilirubin
Tos¢ from 1 2 to .. o unuts on the first day of quinine therapy and fell
100 4 umts by the third day Hughes and Shrvastava {1930) m several
of their cases of chrontc malara with enlarged spleens also observed
2 1ise 1 birubm within 20 nunutes after meravenous myection of
quintne

Fairley and Bromfield noted a fall to normal inuts within a few days
of both quinme and arebrn therapy neither of which alone affects
the Iner funcuon and drew attention to the fact that m therr cases the
maamum concentrauon of bilirubin reached m the blood was mde-
pendent of the degree of ansemia evisting at the tme of examimation
Thus 11 cases m which the mean ted blood ccll count was 4~5 mllion
percumm  the mean serum brlirubin measures 2 2 wnues and 1 8 units
1 benign tertian and mahignant tertian cases respectively whereas in
the group of cases with cell counts of 3-4 rullion percumm  the mean
serum bilirubin was 1 15 and 1 13 respectvely for the two mfeenons
They pomted out that this discrepancy could be most easily explamed

Y presurung that the quantity of biltrubin present at any one time
was dependent on the current rar of destruction of red cells and not
on the total nuntber which had been destroyed  On this assumption



140 PATHOLOGICAL PROCESSES IN MALAR!A AND BLACRWATER FEVER

the greatest degrees of bilirubinaenia nught be expected to occur n
blackwater fever where haemolysis 1s most rapid and severe This s
usually the case  With the exception of the figures of Yorke Murga
troyd and Owen the quantitati e measurements of bilirubn observed
by workers an blackwater fever have been very high indeed. For
example Farrley and Bromfield recorded as much as 88 5 umts m 3
fatal casc  These very hugh concentrations arc usually observed dunng
haemolysis but as Owen and Murgatroyd pomt out the excess
bilirubin 1n blachwater fever may persist for some days afier the
haemolysis has apparently ccased  These authors suggest that this
continued 1ncrease m bilirubin may be the result of conconutant hiver
damage which causes slow excretion of the pigment and quote 1
support of their contention the experiments of Jones and Jones
{19-2) who showed that frec haemoglobin disappears from the ar
culation 1n a matrer of hours Faurley and Bromfield however refute
this argument_and consider the persistence of bilirubin m the blood
1s accounted for by 1ts naturally slow excretion subsequent to the
cessation of the hacmolytic actvity

Most authors regard the hy perbilirubinaenua of malara and black-
water fever as the result of abnormually rapid blood destruction.
Some however regard itas evidence of hepanic msufficiency especially
in mnduced malina For mstance Wile and Sams (1934) state that
although haemolysis may explan much of the nuld jaundice with
rased bilicubmn scen n therapeunc malana m svphihaes such lysis
cannot account for the more scvere 1cterus sometimes observed  They
consider that the serum bilirubin 15 scldom elevated sufficiently as the
result of haemoly sis to produce very obvious clinmcal jaundice and that
the Iatter does not appear unal appreciable hepatic damage exsts
hopp and Solomon (1943) support this hypothests as a result of the
findings 1n one of their cases and consider that generalized jaundice
(as distmet from mere scleral icterus) developing dunng malan:
therapy derves from ner damage O Leary ef ol (19-9) also take the
view that jaundice associated with moculated malarra 15 not ennrely
due to blood destruction and that there 15 a hepatic factor mvolved
They suggest the unwieldy label haemohepatogenous for such forms
of 1cterus

Differences of opimon are not surpnising for although there 1s hutle
doubt that the bulk of the bilirubin arculating 1n the blood derives
from the products of haemolysis the degree of hy perbilirubinaemia
attamed must also to some extent be determumned by ats rate of excre-
tion through the Iner  Phystol 1 or ! derang, of
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the latter organ may thus be mvolved to a varable extent w the
producton of I perbilirubinaemia i malama (Rach  1930)  Thus
derangement 1 1n£ca!cd i much of the recent work in which changes
w serum bilwubin content have been examued contemporaneously
wich hver fanction tests of one fand or another In the mam the
development of hyperbriirubinaermia has been found to run paraliel
with dipression of hver funcuon determined by such methods as
laevulose tolerance hippunic acid synthests and dye retention To thus
extent therefore 1t 16 reasonable to suggest that cven though the
production of excess bilirubin mav wself be the direct resule of excessve
blood destraction the falure of 1ts removal from the blood stream
may be due to hner derangement

Farrley and Bromfield 3934) as we have seen apparently consider
that the excrenion of hacmoglobm dervatves 1 norm:ﬂ{y a slow
process 5o that hyperbilimbinacsia 1 the late stages of blackwater
fever a3 veported by Owen and Musgatroyd may indicatc nesther
hepatic involvement nor cxistng hacmolysis  Such s view s howeser
not substantiated by the results of cxperiments 1n the treatment ot
polycythaenma vera with phenylhydrazin i which asa result of rapid
blood destruction temporary embarrassment of excretion of the
products of haemolysis 1s believed to occur and bilirubin accumulates
i the scrum with consequent production of scterus Huffinan (1927)
found that when yaundice developed in such cases the nise i bilicubin
was only temporary and was not sustained and recovery was rapid
and complere Other workers have ako found the removal of the
products of haemolyss 1 rapid i healthy ammals  Jones and
Jones (19.2) for mstance found the bilrubinaenma resulung from
arvfeally induced haemoglobmuria in pacoxysmal hacmoglobinuria
Was of very short dyration It should be noted that in the patient
wefereed to by Owen and Murgatroyd excesive bilirubmaena was
present on the twenty-first day of the discase 19 davs after haemo-
globinuna had stopped and at a ume when hacmoglobin could no
onger be detected 1n the plasma

From what has been sud 1t 15 evadent that the part played by the

ver m the develop and p c of hyperbiliruk m
matana 15 difficult to asses and on grounds of measurement of bilt-
b n alone probably cannot be csumated  In view of the widely
stated ainmon that such hvperbilirubimaemia and associated jaundice
1 ?mrc 'y haemartogenous m orign 1t must be emphanized that so-
Cﬂ(l ed towc hver damage can also grve nise to an merease m the serum
ot 3 pigment mdwtnguishable from the bibrabin of haemolysis 1
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that 3t gaves the indirect van den Bergh reactton and 15 not normally
passed through the kidneys (Best and Taylor 1043)

‘When the dircct van den Bergh reaction 1s also present 1t mdicates
some degree of difficulty m excretion of bile through the hver, espe
aally when accompanied by the presence of bile pygments in the urme
In naturally acquired malara as has been nored such durect reactions
are scldom observed Ross says they are never seen m uncomplcated
cases In more severe malania and in blackwater fever they are how-
ever reported not mfrequently usuall?' 1 assocution with chinteal
signs of Lver Ivem Tuding bilirut and enlarg:
and tendemness of the organ  There 15 lirtle doubrt that 1n these cases
the liver has become actively mvolved, but 1t 15 not always easy to
understand how such snvolvement occurs particulatly m cases which
ulumately recover normal Liver function In extreme cases the lver
at autopsy 1s found to be swollen and congested and there are often
marked degenerative and necrotic changes m the lver cells and the
biliary capllaries and gall bladder are often choked with visad bile
Some degree of mrcrt%xcncc with excretion of bile i such arcum-
stances 15 not difficult to appreciate  Changes like this are probably
irreversible but mn mulder cases the changes are probably mamly
funcuonal with no obvious anatomical basis

In nduced malaria the mnterpretation of all results must be modified
by the chmcal state of the patent smce latent or actrve syphibs may
assist the assault of malana on the cells of the liver and grve nse to
changes which the disease would not usclf produce

Farrley and Bromfield (1934) have drawn attention to the curious
absence of severe bilrubmacmia m monkeys (M mulatta) mfected
with P knowlest Although grave haemolytic anaemuas develop rapidly
1n such animals the authors found no clinical evidence of jaundice and
never more than 2 75 units of bilrubin n the plasma They note also
that the plasma of normal M mulatta often appears to contam no bilr-
rubin the van den Bergh reaction bemg frequently neganve and
suggest that the fate of haemoglobin m monkeys may not be the same
as 1t 15 m humans

Bile pigments 11 urite 1 malara and blackwater fever

It has been noted above that considerable jaundice may develop m
malana without the passage of bile pigments to the urne  Kingsbury
(x926) mfers from this that obviovs jaundice 1 the absence of bili-
submuna must be principally haematogenous

The fatlure of bilirubin 1 many cases of malana to pass from the
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plasma mto the urne 15 m keeping with the fandamental physico-
chermical differences between the biirubm resulung from bilary
obstructicn and that denived from hacmoli,sls Hoover and Blanken-
hom (1916} have shown that the former dialyses readily througha semt-
permeable membrane whereas the latter does not - The absence of
brhirubin i the yrine tn malanal jaundice 1s often considered to exclude
the cxsstence of any mterference wath the excretory function of the
fver butt does not necessanly indicate that the excess prgment present
1 the serum 15 denved from haemolyns tm!fy because the bilrubin
anssing from towc mtcrference with Lver cell funcuon (e g 1n chlaro-
form poisomng) 1s closely related to 1f not identical with that of
hacmolync ongn and 1 equally non-alysable

When btlirubin passes 1n the normal manner mto the mtestme 1¢ 15
there reduced to urobilmogen and returned via the portal circulation
tothe hver The greater part1s re-excreted mnto the mtesune but some
may escape mto the urme and becomes oxidized to urobim on
exposure of the urine to air and hight There 15 some evidence that the
hver cells themselves may be capable of fornung small amounts of
urobilinogen and that the pigment so formed s thrown nto the
general arcalanon eventually passng into the urmne but the bulk of
the urobibnogen present in the body 15 apparently formed 1n the mntes-
tne and the Iver functions manly as a channel of 1ts re-exeretion mto
the bule (Elman and McMaster 1925)

Many avthors regard the app of excessive urobilinogen and
urobilin m the unne as evidence of liver damage {Wallace and Dia-
mond 19.§ MacCormac and Dodds 19.3) According to Elman and
Ml aster however both pigments may be present after haemolysts
when the excretory function of the liver 15 apparently normal 1 ths
case they result from the production n the seticuloendothebal system
of mote urobilmogen than the hver even wath 1ts grear functronal
reserves can excrete

1t 15 not surprssing in view of what has been said that both arobilin
and wrobilinogen have frequently been found i urme 1 malasa and
blacksvater fever According to Owen (19.8} Gnim was the first
to demonstrate wroblmuna occarning durtng malanal fever  This
observation has been amply confirmed by manf authors  Sumpson
(1911) stated that a mse 1n urobthn oceurs shortly after the onset of
pysexia 1n malana_and Rcfmlds (1919) found the concentration m
the urine rose and fell roughly wath the fever  Gordon (19.4) observed
an mcrease 1 the pigment csfcml]y dunng the acute phase of the
attack of maltgnant tertin malana Run (1941) reported increases i
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both urobilin and urobilnogen m some 6o per cent of acute cases
and 1n many latent and chronic malignant tertian infections  Sorensen
(1914) found that m some of his cases the uninary concentration of
urobilin rose sharply some hours before the onset of the paroxvsm
but this observation has not been confirmed

in view of the (then) uncertan chermical relatton betwecn urobil
nogen and urobihn kungsbury {1926) mvestigated the exeretion of
both pigments 1n malara espectally 1n malignant teruan  He found
that urobilin and urobilinogen concentrations m the unne mereased
during an acute malanal atrack and that the concentrations reached
were greatest i malignant tertian especially when there was jaundice
Owen (1928) studied the excreuon of urobilimogen thoroughly i
11 cases of bemgn tertian (six induced) 40 cases of mabignant tertan
(two snduced) and four cases of quartan malana (two mduced}
Excessive urobilnogen was found at times in the urne of most cases of
naturally acquired malana of all threetypes  In the induced cases excess
pigment was not recorded over the period of observation mn quartan
sfection (two cases) and was found in only a few of the bemgn terhan
mfections (six cases) at srregular mtervals  Both cases of nduced
malignant tertian showed considerable concentration of prgment m the
urine although one did not develop a heavy malamal infecion  Owen
concluded that overlong pertodsof observation ‘excess of urobihinogen
m the urine 13 by no means a constant finding m cither simple tertian
or guartan malaria  and that over shorter periods excess may also
be absent 10 tafections with P falaparsm

Greatest excess was present m Owen s cases n P falaparim mfections
Ths finding agrees wath those of Simpson who found that the urobilin
¢ was 1 in mal tertan but contrasts with
that of de Jonge (1904) who stated that the output of urobilin 1s highest
n bemgn tertian.  Gordon (1924) and Hehur (19.7) could find no
significant difference between output of urobiin 1 the various
mfections

Owen found no relation between the fever and increased unnary
excretion of urobilinogen. In many of his cases the patients suffered 2
series of severe paroxysms without any inerease m urobilinogen out-
put His findings agreed wath those of de Jonge n that output of uro~
bilmogen was mncreased by giving quimre Other observers have
however noted a relation berw een urobilin and the presence of fever
Thus Sunpson says the output commences shorely after the onset of
pyrexia and Reynolds that 1t r1ses and falls with the fever  As men-
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toned above Sorensen stated that the amount of urobihn actually
wncreased before the onser of the malara attack
The excrenon of both urobilin and urobilnogen has been watched
by observers during mduced malaria and m general the findings ot
Osen have been confirmed  The output of the pigments 15 arregular
and cannot be clasely related to the seventy ot the climcal stage of the
malara attack  Fredricks and Hoffbauer (1945) tor example mvest-
gated the urnacy exercuon of vrobiknogen m .4 syphilitt pariencs
undergomg malarsal therapy  Stgnificant ncreases were observed n
18 m etghe of which there was some degree of hyperbilirubmacmia
Stephens and Chustophers (1908) statc that exeretion of urobiln
1 common 1n blackwater fuver usuatly at the nme of haemoglobinuna
orsubsequent to 1t Sotensen (1914) held that the output of the prgment
€gan to mctease before the paroxysm and considered 1 view of its
association with red ccll destruction that 1es presence 1n high concentra-
tion mught be a warning sign of oncoming blackwater fver He
reported 16 cases n which hugh weimary urobihn concentration was
tegarded as suspicaous of blackwater fever all developed blackwater
fever within 10-20 hours of the observations  Owen and Murgatroyd
{19-8) mvestigated the output of urobilmog.en i two cases of black-
water fever over a period of 24 days and were unable to contirm
Sorensen s observations They reported chat th output w the unne
gave no mdicanon of the onset of hacmoglobinura being no higher
before onser than m many cases of uncompliated malana  The
conc ol b m one case were abserved
duting the hacmeoglobmuric period with high values still present ewo to
three days aftec the urine had dlearcd  In the second case urobilnogen
was present irregulacly during h Tok 2 and the -
ton was greatest on the fourt% day following temporary suppression
of unne at 2 yme when the uninc was free from haemoglobm In a
thurd case reporeed by these authors together with Yorke (1930) high
values were recorded on the second day of hacmoglobmuria and
s segularly thereafier up fo she minth day five dnys after haemo-
globnursa had stopped - Urobilinogen was prescnt on the day follow-
g the disappearance of hacmoglobinura and agam five days later
when 3 second wave of haemoglobiaurie occurced (Yorke Murga-
troyd and Owen 1930
Thos m both malana and Blackwarer fever urobihmogen and uro~
bilin may be present 1 the utime They arenotalways present however
urng an attack of malana and the quantities 1n the urme vary con~
sderably m indroadual cases In blackwater fever urobilinogen 15
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normally in greatest concentration duning or immediately after th
passing of haemoglobin so that its presence appears to be related 1o the
haemolytic process In malara the relation to the haemolyuc process
15 not so obvious

It 15 of interest to note here that So (1941) observed that mereases
n urobilm m malana ran parallel to depression of the excretion of the
pigment azorubn-S the latter finding beng interpreted as evidence
of hepatic dyvsfunction  Other authors as we shall see have also ob-
served that ancreases mn urnary urobilin and urobilinogen comad.
with deviations of so-called hepatic function-tests and may therefore
be associated with hepatic msufficrency Some authors go so far as to
consider the presence of excess of urobilin or urobilnogen as defite
evidence of hepatic damage (Wallace and Diamond 195 MacCormac
and Dodds 1923 Fredncks and Hoffbauer 1945} In fact howeser
assessment of Iiver damage on the esttmate of the excretton of either
urobilin or urobihnogen alonc 1s not yustificd  As 15 the case with all
laboratory msestigations of hier function the results of such siele
tests are sigmficant only when considered wath those of 2 senies of others
performed contemporancously (Whue ef ol 1939 Higgms ef a
1911)

Liver function tests i malaria

There have been relimely few attempts to assess the funcnonal
capaaty of the Iner duning the course of naturally acqured malar2.
Sinton and Hughes (1924) appear to be amongst the first to i esngate
the deviations of a speafic Iner function m malara under controll
condinons  They used a Laevulose tolerance test 1 which the blood
sugar curve was determined at regular mtervals after the oral admmss
tration of 45 gm laevulose When the Iiver 15 functioning normally
with regard to lacvulose the blood sugar curve following such admnis-
tration of laevulose does not nse more than 30 per cent above the
fasung level andreturns to wythin 15 mgm of normal withmn ew o hours
Abnormality of function of the liver 15 mdicated by elesation of the
curve and by persistence of hugh levels after two hours According to
McNee the lacvulose tolerance test is posiive m most cases of jaundice
except those of haemolync ongm = Using Tallermann s standards
(r923) Swnton and Hughes i esugated 15 cases of acute P falosparum
nfection which were not showing permicious symptoms  Some of these
pattents showed abnormal curves and the authors considered that n
thesc there may have been some definite mterference with the glyco-
genic function of the hver They could detect no relation betw een the
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degree of rase 1 the blood sugar carve and the seventy of the paras-
taemia the size of hver or spleen of the mtensity of jaundice which
developed

Rem and Nores {1944) w thetr review of over 1 100 cases of all
types of malama teported enlarged hvers in 59 out of 100 consecutive
cases Some of these cases had hyperbihrubumaenus and showed
retennon of bromsulphthalem the lawer mdicating 3 derangement
of the excretory functions of the lver

So (1945} observed the cxcretion rate of the dye azorubin-$
acute malara and found that reductson of its excrenion was assocmted
with mcressed wrmary excretion of usobdm Th combuanon of
reduced dye excrenion and excessve excretion of urobiim was regarded
a5 evidence of diturbance of hver fonetion  The changes weze most
pronounced dunng fever p larly 1 mabsg tertan
In these experunents the author could find no sclaton between the
falare of gyc excretion and the development of the Takata-Ara
flocculatton reacuon which 15 dependent on the globulin content ot
the seram

Deviations n 2 smlar test the cephehn cholesterol Socculation
test were studied by Mursky won Brecht and Willams (1914} m
acute vecurrent and chronte malana o 2 detaled study of yo panents
infected with P ¢soay and P filcparim it was discovered that at some
tume or other durtng the discase the cephatn cholesterol flocculanon
test was positive  In addition sn most cases they found 2 hugh scterus
index rassed serum globuhn and an mereased erythrocyte sedimenta
tion rate Some of the panenrs exammned by Munky and hss col~
Teagues had been sreated with quinine or mepactine but the tests were
done and found positive n some cases before these drugs were gren
sa that they conssdered 15 unltkely that the reaction was affected E‘, the
drugs themselves  On the contrars s the chrcal condition smproved
undet wreatment the results of the foceutatton tests setumed so normal
The authars considered there results indicated hepate damage and sug-
gested that this nught be to some exient obviated by employing a
more substantial diet durmg malarta ferer They proposed a routine
duet of fugh carhohydrares lugh protams low fat and high vramn
content

McCorkle (1044) stadied hver fancuons s g5 severe cases of
malana by means of the hippuric 2cid synthesis test which ss designed
1o test the detoxacating funcuons of the bver  The synthesis was normal
snall except eight five of whom had scleral scterus and ene of whom
was appreciably jaundiced  In six out of the exght patients exhibuung
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reduced synthesis the test was normal by the ewelfth day of treatment
These patients were treated with qumme 2 gm daily for three days
followed by mepacrine 300 mgm daily for a further five days and l}’lc
synthests tests were performed on the fifth or sixth days of treatment
The author mterpreted hus results as indicating hepatic dysfunction so
far as hippurnic actd synthests was concerned ‘and considered that the
anumalarial drugs did not affect the test since m Ius expenments
neither quinine nor atebrin displayed any mubitory action on ver
function” His results with regard to these drugs are m accord with those
of recent work on the physiological effects of therapeutic and sup-
pressive admunstration of mepacrine (Lancct 1945 Macgraith and
Havard 1945 Army Malara Research Unit 1945) and with those of
other observers suc¥1 as hopp and Solomon (1943) who found that
n the liver derangements ot induced malarta recovery of function
occurred during quinine therapy

Hepattc function tests have been employed also 1 patients suffering
from therapeuncally mduced malara  Williams (1927) exammed the
oral laevulose tolerance test n a group of general paralytics and 2
tabetic who were given therapeutic malania  He used as controls
general paralytics not recaving malara and known cases of liver
damage * Lacvulose blood curves were drawn before moculatton with
malina duning the course of the induced malaria after recovery an
during and after relapses when they occurred  He found that m every
case the tolerance curves observed towards the end of malarial therapy
showed evidence of hepatic insufficiency  In some patients the curves
became abnormal after only one or two ngors In one case which
died eight days after the malaria was termnated by quinme the
deviation from normal was extreme and autopsy revealed acute
yellow atrophy of the hver In most cases the curves returned to
normal limits very rapidly after adequate treatment with qumme
but the restoration to normal was slower 1n the more sertous cases
Hepatic insufficiency as displayed by deviation of the laevulose test
was seen mn four relapses Withams states that when they were
measured the greatest changes mn the mdirect van den Bergh reaction
ran roughly parallel wath the changes i the sugar curves Hs results
1n Ius control groups are mteresung In only one out of 13 general
paralytics treated with arsentcals was there any disturbance of laevulose
tolerance In seven general paralytics treated with relapsmg fever
there were no such hepatic effects

OLeary Greene and Rowntree (19-9) state that of 400 syphiliuc
patients treated with therapeutic malarra 6 per cent developed some
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degree of jaundice  Six of the Jatter shoned bromsolphthales reten-
ton The van den Bergh reactions m these cases have been referred to
eliewhers 1 all the diect 25 well as the mdurece reactions were
postive There was entargement of the Iner 1 only one case wwhom
2z days after omset of talarna the mdrect van den Bergh reaction was
314 umts and there was marked retenton of bromsulphthalesn
on re-camination of the blood later when the panent had recovered
the brdirubm was 0 6 uzuts and there was no evidence of dve retenuon
In all these s1x cases the bte 2ads the concentranon of whuch 15 often
mereased i obstrocuve juundice remained withm normal himuts
bug sometimes near the upper hiouts of normal durng the acuve
malinad mfection O Lesry « af n view of the fact that m their
series of cases some degree of retennion of dye and a duwect van den
Bergh reacnon were 1y present dozed that n p
E\a\ana 1 syphibitic panents there 15 atways some mvolvernent of the

VEL

Lappencote Ellerbrook <t af {1045} carmed out hyer funcuon tess
in cases of chronie relapsing P ¢ nav matana They wsed the followmg
tests b vxtxv phalsn-chol I f 1
galactose tolerance happunc acid synthests and measured m addinon
th serum brlirubin ictene index albusun globubn cholesterol and
hosph and urinary urobdimogen  The gal lerance tests
were performed on patients 4 to 5. weeks after an attack of malaria
and of .07 men o evammned only seven showed abnormahty m the
cxcreton of the sugar  Thar sesults which were much the same as
those of other workers ndicated that transient derangement of hver
function accurred w some cases but there was hitle or 10 evidence of
permanent hepanie damage

Kopp (194.) observed progressive pronounced lowenng of plasma
albumyn with varymg changes 1n fibrinogen and globuln content at
the onser of the paraxysm m tnduced malana  Fevers mnduced art-
fiewally by smyections of typhowd vacome or by mductothermy had no
such effects ” He dherefore dered thae malarsa whe fe
with the hepanc synthess of albumin ‘The merease m globubn could
be explamed by the mereased haemolysss assosated sth the paroxysm
The changes 1n fibrino,en obscrved by hopp were equvocal but 1
subscquent work (Kagp and Solomon 1943) 1t was found that fibruno-
gen was definely decreased durmg the acuve stages of induced
malna Radosalvievic and Ristic {1926} report an wmcrcase m thus
substance at the hesght of the fever dunng a paroxysm This latter
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observation 15 of course just the reverse of what mught be expected
m hiver damage

kopp and Solomon (1943) further nvestigated Inver function
therapeutically induced bemgn terman malana (quotidian fever)
nine neurosyphiline panents” who were allowed to have 4 to 1.
paroxysms before the admmstranon of speafic qummne therapy
Stx of these cases had not been previously treated for syphulis but three
had had arsemscal drugs In these studics the authors used a senes of
function tests including bromsulphthalen retention the cephalin-
cholesterol flocculation and hippunc acid synthesis and the esumation
of bloed cholesterol (total free and ester) “phospholipords fibrinogen
and total bilirubmn

Before malama therapy was begun crght of the mine patients gave
normal values for all tests except four cases who showed a very
small degree of dye retention and five 1n whom the concentration
of fibrmogen was lugh The ninth panient had had arsentcal hepatiis
six years previowsly and showed considerable dye retention and poot
hippunic acid synthests Durmg malarial therapy all cases extubited
signs of lver dysfuncuion determincd by increased retention of dye
reduced synthesis of luppuric acd postfive cephalin-cholesterol floc-
culation reduction of fibrmogen concentration and a fall m total blood
cholesterol especially 1n the ester fraction The authors considered
this latter an mdication of serious hver damage (White Deutsch and
Maddock 1939) Phospholipoids were also reduced as they are m
acute hepatitis Admumstranion of specific drug treatment for malana
was followed n all cases by a retum of the tests to normal values n
three to six weeks apart from continued elevanion of fibrinogen con-
centrauon 1 three cases  Of the other tests the cephalmcholesterol
flocculation was slowest to return to normal  The authors found that
thedegree of impairment of hiver function did not depend on the number
of malana paroxysms suffered or the total duration of active malana

Kopp and Solomon concluded from their obscrvations that thera-
peutic malaria gives ise to disturbance m liver function of a transtent
nature  The findmgs an one patient who became severely jaundice
during malania therapy indicated that jaundice of malarta may be due
to liver damage They do not consider that the rapidly developing
hacmolytic anaemia of malana wn self affects the lver function
since they quote Deutsch as stating, that ntravascular haemolysis of
red blood cells such as 15 produced by autohaemolysins does not
result mn abnormal Inver function tests nor 1s hiver fanction imparred
by secondary anaemia aself  In this they are supported by the findmgs
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of Huffman 1 hus studses of the effects of phenylydrazne 1 poly-
cythemn {t927) They powt out however that the reduction m
blood pratem observed m malana may be a factor 1 promoung lver
msafficieney stnce st s been shown thatsmpairmens of bver funcuion
develops readdly m protein depleted ammals {Elman and Hesfetz
19 ¢ Kopp and Solomon 1941)

Erednicks and Hoffbaser {1045} recently made a careful survey of
hepatic fincton m anduced malarta Their reseacch was stazted as the
sesult of the death subsequent to malaria therapy of 2 neurosyphibne
patient m whom there was found an acute degeneération of the hver and
porsal ewrhans These authors gave bemgn teruan mabina 1o 20 male
and 11 female sy phulite patients who were allowed 8 to 10 paroxysms
each The cases were all neurosy philties and none had mansfest liver
disease before trestment The first 20 paticnts were guven the ordinary
hospital diet but the last 11 an view of the consistent evidence of
hepane i olvement of the others were gnven alternately the ordmary
detor 3 liver sparingy deet consistmg of high carbohydrate fugh pro-
tem and low fat Chmeal sugns of hver mvolvement descrabed a3

purpusa scleral scterus and nodubar enfargement of the hver appeated
monecaseafter eight paroxysms  Enlargement of the Inver wasnoted 1n
three The changes i tota] bihrubn and direct van den Bergh reaction
observed by thesc authors have already been described m the section
onbiirubinzemia In 2dditton to these mcreases m bilrubm 24 panents
devcloped ficantl halm-cholesterol focculanous

The vtina: urobalmogen, was excessive m 18 Five out of exght cases
camned before durmg snd after malarsa therapy showed moamal
dye setention duzmg the maleriz  Dict apparently tnade no dufference
0 the appearance of doviatons m the tests

The authors summanze thew findings by statmg drat all patients
3d¢1\mtcly studied showed some evidence of hepauc dysfuncrion
Glenn ¢t of (1946) have tecently reported their findwngs . 2 sevies
of liver funcuion tests carned out on a group of 60 neurosy philines
who had been recetving maph and bismuth for some
wme prior to the mducton of P oowas and P omalanae maara The
blood bilirubin was raiscd m some  There was reducnon m huppunic
aad synthesss and the ronal plasma protem fell durme the febnle
ﬁsuud with the usual changes m the albumon/globubn rane  The

ppursc acsd synthests and the plastua proten concentrauons were
restared to normal soon affer tesnunanon of the malara with atcbnn
and maph but phalin-chol 1 4 reaction
seturned only slowly to normal 2 finding sumlar to that of kopp and
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Solomon (1943) The authors consider that their results ndcate
temporary hepatic dysfunction during the malarial therapy particu
larly 1n respect of the hepatic detoxicating powers

Strular evidence of hepauc wnsufficiency has also been noted by
Lippencott et af (1946) 1n induced P 11.av malania in nenrosyphilitics
In some of their cases tests conducted after the termmnation of the
malania showed restoration of hepatic function to the level present
before therapy

Carter and McLagan (1946) have recently mvestigated the results of
two tests of liver function (the serum collordal-gold test and the
thymol turbtdity test) m a vanety of condinons mncluding congestive
carduac failure glandular fever and P 1iwax malana and report that
1n the latter discase all except two of 35 patients gave a posiave collowdal-
gold reaction and 28 gave a positive thymol turbidity reaction I
seven cases the tests were repeated and found normal affer three
weeks treatment  Urobithn was found m the unne m .o out of 2t
cases examined The authors pomt out that these flocculation tests
probably depend prncipally on changes n serum gamma globulin
Increases 1n gamma globulin occur 1n liver disease but are not con
fined 1o such bemg also found for example m rheumatic fever
aplastic anaemua and pertomus It 15 possible also that crculating
antibodses may be found within the gamma globulin fracnon (Enders
1944} They consider that hver dysfunction 15 indrcated by the presence
of urobilin m the urne m malana coupled with the results of the
flocculation tests The formation of antibodtes may however partly
contribute towards the latter reactions and mterference wath the
hepatic blood supply may be concerned m the hepatic dysfunction

The mvestigations that have been outlined above show clearly that
1 many pattents during the acute phase of both naturally acquired and
artifically mduced malarta deviattons 1 the standard hver function
tests can be demonstrated  The assessment of such results m terms o
Iiver damage depends on the credence that can be placed on the tests
used Exammation of one test alone such as the use of the laevulose
tolerance test by Smton and Hughes 1n naturally acquired malaria
and by Willams 1n artrfictally induced malania 15 probably not suffi-
cient but the value of repeated senal tests as measurement of liver
function 15 now widely accepted (Higgmns et ol 1044 Best and
Taylor 1943 White et al 1939) It appears therefore that malana
infection can brng about miubition of certam hver funcuons even m
the absence of the usual cliucal ssgns of hepatic msufficaency  Such
disturbances are of a transttory character and except in cases where

e
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the liver 1s grossly damaged testoration of normal hver function takes
place rapxd%y after the termunation of the malana attack  Adfter 2 smgle
attack hide m the way of permanent damage occurs bue although
there appeass to be no work cleacly definmg the effects of long
cormmxg Jow grade or chromc malanal mfection there 15 some
evidence to suggest that permanent Iner damage may ultmavely
result  The means whereby the hver cells become gamagcd 1 malana
will be discussed {ater
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Solomon (1943) The authors consider that their results indicate
temporary hepatic dysfunction during the malanal therapy parneu
larly mn sespect of the hepatic detovicating powers

Similar evidence of hepatic nsufficiency has also been noted by
Lippencott ct al (1946) 1n induced P 111 av malana 1 nevrosyphibiies
In some of therr cases tests conducted after the termunation of the
malara showed restoration of hepance function to the Jevel present
before therapy

Carter and McLagan (1946) have recently mvestigated the results of
two tests of hver funcuon (the serum collordal-gold test and the
thymol turbidity test) m a vanety of conditions ncluding congestrse
carduac falure glandular fever and P triox malana and report that
m the latter disease all except two of 35 panients gave a positry ecollordal-
gold reacion and 28 gave a posinve thymol turbidity reacnon  In
seven cases the tests were repeated and found normal after three
weeks treatment  Urobilin was found m the nrine 1n 20 ovt of .1
cases examined The authors pomt out that these flocculation tests
probably depend princpally on changes i serum gamma globuln.
Increases 1 gamma globulin occur 1 liver disease but are not con-
fined to such bang also found for example m rheumanc fever
aplastic anaemta and pentonins It 15 possible also that cicculating
anubodies may be found wathun the gamma globulin fraction (Enders
1944) ‘They con.tder that ver dysfunction 1s indscated by the presence
of urobiln 1n the unne n malara coupled wath the results of the
flocculation tests  The formation of antibodies may however partly
contmbute towards the latter reacnons and terference wath the
hepatic blood supply may be concemed mn the hepatic dysfunction

The mvesugations that have been outlned above show clearly that
in many pattents duing the acute phase of both naturally acquired and
artificially mnduced malaria deviations 1 the standard hver function
tests can be demonstrated  The assessment of such results 1 terms of
Iver damage depends on the credence that can be placed on the tests
used Examunation of one test alone such as the use of the Jaevulose
tolerance test by Smton and Hughes n naturally acquired malara
and by Willlams 1 artifictally mnduced malana 15 probably not suffi-
cent but the value of repeated seral tests as of hwver
fenction 15 now widely accepted (Higgms ef al 1944 Best and
Taylor 1943 White et al 1939) It appears therefore that malana
mfecnion can bring about mhibition of certam liver fiunctions even 1n
the absence of the usual climeal signs of hepatic msuffictency Such
disturbances are of a transtory character and except in cases where
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For mstance 1 acute severe P Rnou fest nfections s monkeys there
may be httle structurat alteration i the hver but the glycogen content
of the polyganal cells 1 often appreciably Jowered {Fulton 1539)
When the severity of the mfection or s complications reaches a
centan posnt the changes produced m the cells may be arreversible
and stryctural alterations become visible  Such changes an the cells
cesule dicetly frans the malasa mfection_or from tissuc reaction to the
mvason of mdmectly from changes 1 blood flow through the hver
and assocnated anowic condisons of the cells  Many warkers have
suggested that some soluble chenueal substance eithes in the form of
2 so-called toxin or 3 metabolite such as pyruvic or Jactic and may
be generated by the parassee and be vitally concerned m che patho-
genesys of lver damage  Others beheve that the products of schizogony

released mto the general cwcobrnon dunng the paroxysm may be
concerned

Macroscopic appearances

The lner n acute matana 15 often umformly enlarged due partly
10 congestion and partly to swellmg of the hepanc polygonal cells
plus hypertrophy and hyperplasa of the reticuloendotheliad cells
Such enlargement has been reporsed m P owisav and P malaniac as
well as m P falaparum mnfections  Occanonally 1n some very sevese
and rapidly fatal infections the liver may be reduced m size

According to Gaskell and Mulfar the stze of the organ 1n maligpant
tertian malara depends to some extent on the clmieal rype of the
mfection. Thus m the group I cases of these authors {the so-called
true cerebral type ) which the parasites were chuefly concentrated
m the bran the hver was Jarge smooth and firm ' group 1 (the
septicaemic type ) where there was muense prohferation of parasstes
tn the blood stream the liver was generally large and sofc 1 group 1T
{the carduc rype) m which there was a hustory of repeated attacks
of malgnant tertian the size of the organ vared  In the view of these
authors the size of the liver was apparently mamly dependent on the
amount of congestion thus m |tsc(prbcmq related to :{c condzton of
the heart Many ather workers refer to the vastation m the degree of
hepaac congestion observed t malana but most agree that some
congestion 18 wsmally present Klotz for mstance noted that m hy
autopsies of children under ten the liver was mtensely congested
such congeston was less prononnced 1n the more necrotic hvers

Tabaferro and Mulbgan (1937} state that the changes n ssze of the
Yver 1 monkey snd bird matara are mouch the same as those seen 1
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PATHOLOGY

In human malana few cases other than severe P falaparum or black-
water fever cver reach antopsy so that the pathological pictare
generally described represents the findings i only the most serious
forms of the disease There 15 Iitle information about the anatomcal
appearance of the liver in the uncomphcated acute attack and_except
m a few human cases m which biopsy of the liver has been performed
most of our knowledge has been dertved by analogy from mvestiga~
won of amumal malia particularly P Lnoulest and P cpnomolgs
nfectons m rhesus movkeys It may be said 1n general that m the
uncomplicated case the deviations observed m hiver function tests are
not reflected in any appreenable changes in the macroscopic and mucro-
scopic appearances of the hver Fredricks and Hoffbauer (1945) for
wmstaice. descrsbe a case 1 whih Iner function tests were normal
before the admumstration of therapeutic malarza and became abnormal
during the attack so that the cephalin-cholesterol flocculation became
positive some retention of bromsulphthalemn was observed and uro-
bilimogen was excreted . the urine m excess although the serum
bilirubin was not mereased  Liver biopsies before and after therapy
showed no sertous hepatic changes

Thus hittle anatonucal evidence of change m the liver can usually be
found associated with even gross deviations of function tests probably
because the latter often represent reversible changes of function and
s0 are not visibly reflected m the hver substance stself  Somettmes
however evidence of Tiver derangement can be obtamed 1n other ways

I
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changes are usually lited to the central zone of the lobule Where
necrosts 15 pronounced the necrotic areas are yellowssh grey and
contrast clearly with the brownish-red background of the rest of the
Iiver substance  Klotz 1n a senes of severe malignant terttan mfections
1n West Aftica found that the individual lobules were plainly marked
out by the presence of yellow-grey centres of deg; and necrosis
so that the freshly cut surface gave the appearance of reversed nutmeg
detarl

Malarial pigment 15 scattered more or less eventy through the liver
substance m the acute stages of malira 1ts distribution as Talaferro
and Mulhgan pomnt out being deternuned by generahized phagocytosis
by reaculoendothelial cells In the acute discase there may be so many
parasites and so much pigment arculatng that all the retieuloendo-
thelial cells lming the sinusords are presented with equal opportunities
of phagocytosts In malarsa of long standing however the malartal
prgment s found predomimantly i cellsnear the periphery of the lobule
a fact probably explaned by the entry of parasitized blood from the
portal system at the periphery  According to Taluferro and Mulligan
n chromc malana the relanvely few circulating parasites and the
associated prgment are phagocy the reuculocndothelial cells
at the peniphery and become filtered out of the circulation before the
blood reaches the mrddle and central regions of the lobules

The amount of malarial pigment present may be sometimes so great
that the hver 15 slate grey or even black in colour  Such deep prgmenta-
t10n 15 most ly seen in malignant tertian espectally
according to Gaskell and Millar 1n subjects m shom there has been a
general extensive mvasion of the red cells throughout the arculating
blood

The consistence of the Jiver varies with the type of mfecnon the
degree of congestion and amount of necrosts and other cellular changes
such as regencration  As a rule m acute malaria 1t 1s softer than normal
and may be friable especially when there 15 necronc tissue present
Some workers have described an mcrease mn fibrous nissue in chronie
and long sustained malana and have referred to malanal arrhoss
The exstence of such arthosis has however according to Tahaferro
and Mulligan never been securely established

The cut surface of the hiver 1n acute malaria 1s moist and blecds easily
espeenally from the congested and often dilsted lobular vems  In severe
cases there may occasionally be scattered small haemorrhages  These
are however uncommon (Crasg Dudgeon and Clacke ctc) The
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human although occasionally extreme hepatomegaly may ocoor m
avian malara paruicularly the chrome type Macroscopic evidence of
fatty degeneration was not observed 1n monkeys by these authors

Fic 4—P gmentanon of hver 10 a casc of recurrent maligna ¢ tertian malatsa (apper
secnon)  Secton of no mal ver below

The colour of the malarral Itver depends upon the state of congestiont
the amount of pigment taken up by the reticuloendothelial cells and
the presence or absence of fatty degencration or necrosts of the hver

ells
i In the acute case the hver 15 usually dark chocolate red and bleeds
readily on section It may be reddish-yellow or streaked wath yellow
and appear greasy on cutung 1f fattv changes are pronounced = Fatty
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changes are usually hinuted to the central zone of the lobule  Where
necrosis 15 pronounced the necrotic areas are yellowssh grey and
contrast clearly wath the brownish-red background of the rest of the
Iner substance Rlotz 1n a scries of sev cre malignant tertian infections
1 West Africa found that the mdividual Jobules were plamly marked
out by the presence of yellow-grey centres of deg and necrosts
;0 dlll:t the freshly cut surface gave the appearance of reversed nutmeg
etal
Malaal pigment 15 scattered more or less evenly through the hver
substance n the acute stages of malana s distnbution as Tahaferro
and Mulligan pomt out being deternuncd by generalized phagocytosis
by reticuloendothelial cells In the acute discase there may be so many
pazasttes and so much pigment arculatng that all the reticuloendo-
thelial cells bng the sinusords are presented with equal opportumties
of phagocytosss In malarma of long standing however the malaral
pigment 15 found predommantly n cells near the pertphery of thelobule
a fact probably explamed by the entry of parasitized blood from the
portal system at the periphery  According to Tahaferro and Mulligan
1 chronie makana the relanvely fow circulanng parasttes and the
associated prgment are phagoeytosed by the reticuloendothelral cells
at the peniphery and become filtered out of the circulation before the
blood reaches the mddle and central regrons of the lobules
¢ amount of malanal pigment present may be sometimes so great
that the liver 15 slate grey or even black in colour  Such deep prgmenta-
ton 15 most ¢ ly seen n mal tertian mfe especnally
accordmng to Gaskell and Millar tn subjects 1n whom there has been a
Ef:utsal extensive mvasion of the red cells throughout the airculating

4 The consistenice of the hser varies with the type of mfection the
<gree of congestion and amount of necrosis and other cellular changes
such as regencratton As a rule in acute malarsa 1¢ 15 softer than normal
and may be friable cspectally swhen there 15 necrotic tissue present
Some workers have described an mcrease m fibrous tssuc 1 chromic
and long sustaned malaria and have refirred to malarnal cirrhosis
¢ castence of such airrhosis has however according to Talaferro
and Mulligan never been securely established
The cut surface of the ver 1n acute malaria 1s moist and bleeds eastly
especaally from the congested and often dilated lobular vemns In severe
cases there may occasionally be scattered small hacmorrhages These
are however uncommon (Crarg Dudgeon and Clarke etc) The
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cut edges may cvert when there are early degeneranve changes with
consequent swelling n the polygonal cells

Not snfrequently * especrally 1 blachwater fever the gall bladder at
autopsy 1s found distended with thick tarry viscid mspussated bile
which may be almost sohd  The possibility that such mspissation of the
bile may cause sccondary effects by obstructing the flow of bile and
so account for the direct van den Bergh reactions sometimes recorded
has been pomted out by Ross (1927) and Owen and Murgatroyd
(1928) Fairley and Bromfield found m two fatal cases of blackwater
fever that the gall bladder was distended with thuck black tarry bile
the excesstve viscosity of which must have made 1ts persodic discharge
mto the duodenum difficule  They investugated the bilirubm content
of this thickened bile and found 1t contamed five to seven tumes as much
as pormal bile  They point out the simulanty of their results with those
of Bamatt and Yorke {1914) who showed thar followmng the produc
tion of a hugh degree of haemoglobmaenua 1 rabbits the bile pigment
content of the ble flud did not increase by more than four to sue-fold
The mncreased viscosity of the bile m fatal blackwater and malarta cases
15 probably related fo the gencral dehydration common n those
condrttons

Histological changes

General picture

The lobular structure 15 mdistmet  When the organ 15 congested
the central vemn and 1ts tbutary stnuses and smusords are filled wath
red cells many contanng malama parasites When anaepna 1s severe
however the central vem and smuses appear dilated and empty In
most cases there 15 very little evidence of thrombosts or stasts in the
smaller blood vessels and smuses Malaral prgment abounds i the
cells hinng the smusords  These cells are hypertrophied and often.
hyperplastic and contam actively phagocytosed red cells both para-
sihized and unparasinzed as well as malaral and blood pigments
They may be greatly swollen and project mto the Jumen of the vessel
somettmes apparently blocking 1t The hver cells do not contam
malanal pigment but may show granules of haemosderm derived
directly from breakdown of hacmoglobin pigments The cotumns of
cells are often widely separated pardly because of dilatation of the
sinusords or swelling of the littoral phagocytic cells and partly because
of atrophy of the hepatic cells themselves ~ Al stages of degeneranion
from the mldest form of granular degeneration to fatty degeneration
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and the most severencerosss maybefound  Suchnecross when clearly
evidenced most frequently occuptes the central regon of the lobules
muobvng especally the cells mmmediately surrounding the contral
vem The biver cells mear the postal systems take staming bewter than
those v the ceneral zone and even when necrosis 15 advanced are
mmll{lrchm ely healthy 1 appearance tn comparison with the more
centratly pliced celly  Some degree of collular wfiltration may be
present usually most concentrated m the vicsty of the portal vessels
Qc fy small ik h occur m relagon to the
central vem of the lobule  Such hacmorrhages aze seldom extensnve
In severe malana and m blackwater fover the bife canalicul and some-
tumes the bule ducts may appear choked with fuck bile

Malaria parasites

Parasites s vanious stages of devclopment are wsually easy to find m
hstological sections and smears of the Irver after death from molana
They wssally occur within red cells the latwer bemg eacher free or
f:hﬂgoq tosed by macropheges bur sometimes may be €ound m the
atter free from crythrocytes The number present varies with the
type of cluycal attack  Gaskell and Millar for mstance found there
were few parssites 1o the lver m cases of malignant techan 1 which
the emphasss of the atrack was on the bram whereas they were plentiful
t cases m which thete was 2 generalized parasitacmua Theese workers
and Dudgeon and Clatke agree that the degree of myasion of red cells
m the hver 15 relanvely less sntense than m the spleen  Klotz found
parasites equally reachly in the snuses of both chxkfrcn and adules dead
from malignans testan malaa Marcluafava and Bagnama {1894}
and Thayer (1890) state that chey are more numcrous 1 the portal
and capillary vessels than in the lobalar and hepatic vaws

Pigment

Malatial pigraent 15 not cen n the polygonal hver cells 1 1s found
only m the cells of the reticuloendothebal system  Tabaferro and
Mulhan as a remab of mach carefol experument m monkeys and
birds “stare w agreemnt with most workers that the cells cheefly
concetned are those lmmg the sinusods the so-called Kapffer cells
The undsfferentisted endothclial cells hning the sinuses are not phago-
cyte accordmg o these authors bur may be differenttated under the
seress of malana into acavely phagocy nc monocytes mdisungusshable
trom the Kupffer cells The endothelsal hning of the smalicr blood
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vessels 15 not phagocytic and does not therefore contan malanal pig
ment Phagocy tes from other tissues may find their way to the hver
vz the circulation and may contan pigment  Some of these may come
from the spleen via the splentc vemn In support of thus 1t has been
claimed by Le Dantec {1925) that the blood 1 the porral vem (e
enterng the liver) contans 2 hugher proportion of macrophages than
that n the hepatic ven {1e leaving the liver) Some authors have
reported the presence of pigmented polymorphs m the vessels
espectally 1n chronic malama

Malarsal pigment occurs both 1n assocason with parasttes and
independent of them The phagocytes may contamn at the same time
P d red cells unp i red cells and pigments durng
the acute stages of the disease but in the latent or chrone mfecnon
the phagocytes contam only pigment which disappears from them
extremely slowly The amount of pigment present 1ts colour and the
shape of 1ts granvles vary with the type of malariz and the chmcal
hustory of the case  As has been sard above prgmented phagocytes are
to be found throughout the hver hnmg the smusotds and sinuses m
alf parts of the fobule in severe acute malania whereasm chronie malanz
the pigmented phagocytes are most frequently found concentrated
towards the periphery of the lobule The pigment as st occurs withm
the Kupfier cells has been descrbed vanously by different authors
but 1t occurs most commonly 1n the form of farge or small granules
and coarse thick masses or balls the former being the commonest 1
acute and the lattet 1n chronse malania mfection

Extracellular malanal pigment has been reported by some authors
lying free m the stnuses (Dudgeon and Clarke 1917)

In addition to malaral prgment the phagocytic cells of the her
may also contan granules oth dern s py 15 ly
present 1 the hcﬁ:mc cells m whch 1t may appear n considerable
amounts especially mn chronic or severcly “haemolytic malana
Dudgeon and Clarke (1919) state that the ferrocyanide reaction for
free 1on which 15 given by haemosidenn 15 absent or only shghtly
present in acute malarta It 1s more pr 4 m chronic long-stand
g cases of malara Klotz reports a small amount of free sron 1 the
liver cells 1 hus acute cases  According to Tabaferro and Mulligan 1t
1s found n greatest concentranon m the region of the central van

The blood vessels
The state of the blood vessels capallaries and smusosdal vessels of
the liver substance and the efficiency of the bloed flow through
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them ace muatters of very great imporeance i the pathogenests of the
degenerative and necrotic changes scen 1 the organ in severe moalaria
and blackwater fever

Evidence of damage to the endothelal cells hrung the vessel walls
has been recorded by some authors There has however been a good
deal of confuston over nomenclature and the term endothebm has
been frequentl; us~d to 1nclude nat only the cells Linmg the blood
ves els but often most of the macrophages both fixed m the tssues
and free It 15 necessary here as Tahaferro and Mulbgan pomt out
to distngush cleardy betwcen the relanvely non phagocytic true endo-
thelial cells lnung the ordmary blood vessels and capillartes and the
speciatized acnvc%y phagocytic cells hmng the smusordal vessels The
former the true ‘vascular endothelum may sometimes be swollen
n malaria and show mild granular or fatty degenerative changes and
occasionally even necrosts Some degree of pha%o tic activiey has
often been attributed 1o these cells but 1t 15 probable thae i most cascs
ths 35 the resule of confusion berween them and the rencolar cells
brung the stnusoids In genceal the pathologreal changes vistble 1n
the true endothelal cclls m the hver are considerably fewer and Jess
severe than those found elsewhere e g m the spleen or the bram but
occasionally they may be severe  For mstance Gaskelland Millar (19..0)
ooserved m many ogthcl( maligrant tertian cases thar the endothehal
eells of the hver capiflanes were often swollen and farty the nuclesm
some bemng famdy staned these changes were particularly roticeable
m the septicacrmic type of the discase

Talaferro and Mulliean describe two types of cells imng the Iner
swusoids These are (1) the actively phagoe e s vollen eraculae cells
usually called Kupffer cells and (u) undifferentiated cells resembling
the endothebum of ordinary blood vessels but winch are disunct
from the lacter 1n being potentially capable of developing into phago~
cytic cells undisunguishable from the kupffer cells - According to these
workers the lttoral cells of the sinusoids are esther phagocyuc or
capable of developing phagocytic activity under such stresses as malarial
mtections  Phagocytic actvity 1s accompanied by both hypertrophy
and hyperplasia of the cells concerned 50 thar the siusosds may not

frequently appear comp i d by swollen phagocytes
This phenomenon was recorded many years ago by Guarsert (1886)
and by Marchafava and Bignanu ({1804) and has frequently been
observed since  The cells concerned usually show signs of intense
phagocyne acnvity and may contam parasiized and unparastized
erythrocytes remnants of free parasttes and granules and masses of

1
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malarsal prgment  The ¢ytoplasm nuay be so greatly swollen that 1t 1s
somenmes dufficult to distingwish the cells from the polygonal hepatic
cells a arcumstance which probably explans the clamms of some
authors that under certam condutons the true hepanc cells may be
phagocyuc (A full account of the phagocytic powers of the vanous
forms of liver cells 15 given 1 an excellent review by Tahaferso and
Mulligan (1937} of the lustopathology of malara) According to
some obsers ers the sw elling of the littoral cells may distort the arrange-
ment of the columns of polygonal hepatic cells sometimes pushing
them widely apart Thus Gashell and Millar describe wide spaces
between rows of shrunken cells filled with swollen stellate and endo-
thelalcclls - Opinion 15 disided about w hether such phagocy tesbecome
seriously damaged 1n malarta and blackwater fever but vanous changes
have been deseribed m the heavily pigmented macrophages of the
malanial Iner which most probably must be considered rdentical
with the hirtoral cells of the sinusords Thus granular and fatty degenera
tion of thesc cells (which may be free m the lumen of the vessels)
and occasionally necrosts with loss of nuclear stumng have been
described {Gaskell and Millar ¥9_0) On the other hand some authors
state that 1n their expenence sertous degeneranve and necrotic changes
are confined exclustvely to the hepanic polygonal cells (hlotz 19.9)

It 15 evident from what has been sard chac the changes found n the
true endothclium are unlikely to disturb the flow of blood through
the vessels whereas the passage of blood through the smusords which
are normally tortuous and srregular 1n diameter may be 1mpeded to
some extent by parnal obstruction or occluston of the Iumen by swollen
Lttoral cells The blood flow may be deranged 1n other ways In the
first place there 1s frequently a general congestion of the organ In
some mstances this may anse from rassed hepatic venous pressure caused
by a fuling heart {eg m the septicacrmc type of mfecnion when
the heart may be greatly dilated Gaskell and Millar ) In others as we
shall see later there 1s probably some kind of acuve obstruction to
the escape of blood from the hepatic venous system to the vena cava
In ather case the result 15 congestion and dilatation of the central
lobular vems which can be clearly seen m hstological sections The
trbutary snusoids are usually involved particularly towards the
centre of the lobule and according to Gaskell and Millar i the region
Just under the capsule of the organ  In extreme cases the whole vascular
svstem of the IObl;]is 1 gﬂ‘)ssly d.lstaendcd Where there has been severe

and a

or long ly low red blood cell
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count the vessels may appear distended or patent and contain relatvely
few corpuscles !

The smaller vessels sinusoids and even the sublobular vewns have
somenmes been reported obstructed o partly obstructed by collections
of macrophages uswally heavily plgmcme} and actively phagocytic
or of parasitized red cells which m the larger vessels may tend to
accumulate near the endothelial lining (Guarnien quoted by Marchia-
tava and Bignamu 1894 Dudgeon and Clarke 1917) Large numbers
of cast off fatty hver cells and pigmented mactophages have also been
seen 1 the larger hepatic vemns (Gaskell and Mxllar{

T} stasis and aggl of nid cells parasitized and
unparasitized 1 the small blood vesscls and sinusoids have all been
described and some authors have suggested that the areas of necrosis
observed i the parenchyma are usually associated with such obstruc~
tton to the vessels Dudgeon and Clarke (1917) refer to such throm-
bosts m some of their cases of malignant tertian mfection 1 troops
1n Macedoma and state that where thrombosis occurs the component
red cells are heavily parasinzed Dudgeon (19.0) further states that
10 some cases the sinuses contam agglutinated erythrocytes The cas
tence of any apprectable degree of bosts 15 ly dented
however by many workers and the concensus of optnion seems to be
that vascular thrombosis 1 the liver 1s rare 1 malina  Klotz states
that 1n his series of cases of young children who had died of mahgnant
tertian malana there were no thrombr composed of erythrocyres
parasitized or unparasitized or of leucocytes n the sinuses He found
m adults that the central vem of the lobule and uts tributaries were
patent and congested with blood cells and showed no evidence what-
ever of thrombosis or other form of obstruction  He states that the
picture 1n the bver as far as the small vessels are concerned 15 nothing
Iike the brain

The vessels of the stroma of the Iver are not usually congested or
otherwnse affected i malaria except for the appearance in the portal
regions of pernvascular accumulations of round cells which will be
discussed later Marchtafasa and Bignanu state that parasinzed red
cells ase more prevalent m the portal vessels and capillary network
than m the hepatre vems This may possibly be explaned by the
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malarial pigment The cytoplasm may be so greatly swollen that it s
sometimes difficult to distinguish the cells from the polygonal hepatc
cells 2 crcumstance which probably explans the clatms of some
authors that under certam conditions the true hepatic cells may be
phagocytic (A full account of the phagocytic powers of the vanous
forms of hver cells 15 given in an excellent review by Talaferro and
Mulligan (1937) of the }usmpathology of malara ) According to
some observers the swelling of the Lttoral cells may distort the arrange
ment of the columns of polygonal hepatic cells’ sometimes pushing
them widely apart  Thus Gaskell and Millar describe wide spaces
between rows of shrunken cells filled with swollen stellate and endo-
thelial cells  Opinton 1s divided about whether such phagocytes become
seriously damaged 1n malaria and blackwater fever but various changes
have been described 1 the heavily prgmented macrophages of the
malaral lver which most probably must be considered sdentical
with the hittoral cells of the sinusords  Thus granular and fatty degenera-
ton of these cells (which may be free i the lumen of the vessels)
and occastonally necrosis with loss of nuclear staming have been
described (Gaskell and Millar 1920)  On the other hand some authors
state that m their experience sertous degenerative and necrotic changes
are confined exclusively to the hepatic poly gonal cells (klotz 1929)

It 15 evident from what has been said that the changes found m the
true endothehum are unlikely to disturb the flow of blood through
the vessels whereas the passage of blood through the smusowds which
are normally tortuous and arregular i diameter may be impeded to
some extent by partal obstruction or occluston of the lumen by swollen
Lttoral cells ‘The blood flow may be deranged m other ways In the
first place there 1s frequently a general congestion of the organ In
some wnstances this may anse from rased hepatic venous pressure caused
by a fuling heart {eg . the septicaermic type of mfectron when
the heart may be greatly dilated Gaskell and Mallar ) In others as we
shall see later there 1s probably some kind of acttve obstruction to
the escape of blood from the hepatic venous system to the vena cava
In ether case the result 15 congestion and dilatation of the central
lobular vemns which can be clearly seen m histological sections  The
tbutary smusoids are usually myvolved particularly towards the
centre of the lobvle and according to Gaskell and Midlar 1n the regton
¢ under the capsule of the organ  In extreme cases the whole vascular
tem of the lobules 1s grossly distended Where there has been severe
tinued haemolysis and a consequently low red blood cell
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the latter case to be certan whether the changes observed may not
1n fact be due to post mortem degeneratton rather than to the malaral
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Fatty degencration 15 common The far occurs cither as evenly
distributed fine dots or as globules often of considerable size and
sometimes occupymg mast of the cytoplasm In some lvers the total
fat 15 clearly increased but 1n others especially those of patients dyng
from very acute malana or blackwater fever 1t 1s probable that the
fatty change 1s more m the nature of a phancrosis  Fatty degencration
15 seen most commonly m the cells in the central zonc of the lobule
but where these are necrone fat may be presene m the cells ac the
periphery of the lobule frequently assocsated with granular cytoplasnuc
changes and sometimes with some loss of nuclear stanmg  Dudgeon
and Clarke noted fatry degeneranion of one kind or another m about
a third of tharr cases of malinant tertian malara - Most degeneration
was observed 1n a case of blackwater fever 1 s huch the fatty changes
were practically limted to the central zones of the lobules Gaskell
and Mullar (1920) describe the appearance of fatty s lobules m all therr
malignant terttan cases In the cases of cerebral malira the most
deencrate cells were those near the central tobular ven and here the
fatey content was often excessive and there were often globules of
large size In cases m which the parasttacrma was severe most of the
Jver cells were affected and the cytoplism especully m the ceneeal
zones was nfiltrated with small fat droplets  In the thued type of ease
m which the cardiovascular system was mamly mvolved the Iner
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phagocytosis of parasirzed cells winle the blood 1s passing from the
portal vessels through the smusouds to the central vem (Tabaferro
and Mulligan 1937)

Fic_S—Atrophy and necrosis of Ier cells n n align n¢ tertun malana Note
central distribution of les ons and relatnvely normal appearance of penpherally
placed cells

Haemorrhages 1to the substance of the hiver have been reported
mn both malania and blackwater fever They arc infrequent and may
occur m any part of the organ but are commonest n the regon of the
central vems of the Jobules They have occastonally been described as
subcapsular (Thomson 19..4)

The tissues of the liver may rarely show lustological evidence of
oedemna presumably developed as a result of changes m the permea
bility of the small vessels Such oedema with separation of the cell
columns has been described by Thomson in blackwater fever

Changes 1n the Liver cells

Bropsy of the hver i acutc uncomplicated malarna usually reveals
no obvious anatomucal changes mn the cells but m fatal cases an
especially 1n blackwater fever degenerative changes arc common
and may appear m all stages from simple granular degencration of
the cytoplasm to frank necrosis with nuclear mvolvement Cloudy
swellimg with granular cytoplasm and apparently healthy nuclet has
often been reported sometimes accomparued by vacuolation Such
slhight changes are vsually found n assoctaton with more severe

degeneration but Ily occur independently It 15 difficult 1n
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to the neuotx areas  As mentioned abuve Kotz described the
appeatance as one of reversed nusmeg detatls —a penphecal red zone
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and yillow-grey centre  Hustological exammmanion revealed necrons
which m most cases occupied the nrer two thueds of the lobule and
was mast matked m the cells surrounding the central vem  Here the
cytoplasm was granufar vacuohited somenmes fatty and markedly
acrdophibe  The nudler stamed badly or v ere pvnotic broken up or
absent  The azea of necrosis in the lobule was sharply lnmted and the
cefls at the periphery i the regron of the portal systems were relatrvely
unaffected  except for faty channes s the cytoplasm fsee also
Dudgeon and Cluke 1917 1919 Gashell and Malar) Klotz con-
sidered that the dilacion of the central vens and smsords (gd:scnbcd
m the previous section) s as a3 symbicant tvee leston and developed
befora the changes i the hepane cclls

In many cases of blackwater fever and m sorue of fatal malana the
badee found 1n the gall bladder 15 duck carry and msprssated and appears
capable ot causing, obstruction to the fiow of bile from the galt hfxddcr
to the mrestine and henee from the Iver to the gall bladder ~ Associated
with theee changes espectally in the presence 3f severe necrosts the bver
cells may show signs of biliary obstruction It 1s not uncommon to
find the canalicult choked and distend d with dork greensh bile m
such casec espeeaily m the central recton of the Jobule  The smaller
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cells were not greatly damaged but those at the penphery of the
lobules contamed globules of fat and those in the central zone showed
all stages of fatty degencration sometumes assoctated with poorly
stained nucler Klotz (1920} has also described fatty changes in the ver
cells 1n malignant tertian malaria In hus series of autopsies on children
under the age of ten he found acute parenchymatous degeneration
sath lintle evidence of far but in older children there was 3 varsble
amount of fatty change i the form of ducrete globules i the cyto

plasm of the cells particularly 1n the portal zones Occasionally the
central zone was entircly occupted by a fatty degencration of hver
clls and 1 some cases such fatty degeneration was the only leson
present  Simular changes have been observed by other workers 1
both human and monkey malariz (Rsgdon and’ Stratman-Thomas

194. Kcan and Smuth 1944 Taltaferro and Cannon 1936 Taltaférro
and Mulligan 1937 Napter 1946)

The ultunate stages of degeneration ¢ the irreversible changes of
necrosts myvolving both cytoplasm and nucler of the liver cells are
frequent 1n fatal severc malarta and blackwater fever  Such changes
probably also occur m some non-fatal cases and the ussue concerned 15
ultmately replaced by processes of regeneranion or fibrosts 1o human
malaraparticularly malignant ternan the latter changes are obscured
by the degenerative processes In the most severe cases of Iiver damage
practreally all the ceﬁs show somc degeneratton or necrosis but more
frequently the necrotic arcas are scattered irregularly through the organ
The most severe changes are sometimes seen m the 1mmediately sub-
capsular nssue  The arcas of necrosts may appear as necrotic foct
which according to Thayer (1899) resemble those scen m ty phos
fever or the toxic foct of diphtherta and other mfections (Dudgeon and
Clarke 1917 Tahaferro and Mulligan 1937) Ragdon and Stratman-
Thomas (194.) however pont out that in malana the necroric cells
are nearly always confined to the central zonc of the Jobule and cannot
therefore be regarded as stmular to necrotic foct seen m other infectrons
which may appear 1n any part of the lobule Such centrally place
necrosts has been descibed over and over again m both malana and
blackwater fever and must be considered one of the most significant
and charactenistic features of the pathologcal findings There 35 7o
point m cataloguing accounts of such central necrosis_ but space may
be given to Klotz s (1929) descrsption of it n West African malignant
tertian malana  On cxammation of the cut surface of the hver the
{obules were poorly defincd but the mdividual lobules could be prcked
out because of the presence of yellowish-grey centres corresponding
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malana one of the best p betng that of M. and
Bignam (1000) who earlier (1894) reported signs of fresh ccllular
formatton i malarual livers 1t 15 perhaps worth while quoting thesr
account which refers solely to chrome malana

The most tmportant condition m thus stage 15 the begmung of the
new formation of hepatic cells  This process usually begins rowards
the middle of a Jobule whence 1t cxtends throughout a large part
or even the whole of the lobule The newly formed hepatec cells ace
arranged as cellular cords by the side of the remnants of the necrosed
hepatie. cells around which arc accumulated multnuclear lympho-
cytes some contamng pigment others clmging to the necronc
detrrus 1n such a fashion as to suggest the tdea of a phagocytic functon
desaned to carry away this detritus which would then be repliced by
the young hepatic cells

Reparr m the sense of replacement ot damaged and necrosed tissue
by fibrous tissuc has been described by some authors  Such fibrosis
1 complcated by the processes of regeneration referred to above and
as far as can be judged from what Iietle cvidence 15 avatlable 15 seldom
extensive  Hyperplasia of the perilobular connecrve tissuc has also
been reported but never appeats extensive  Marchafava and Bignamt
considered that such mcrease n fibrous eissuc was not a true cirrhosis
and this view has on the whole recewved general support

Intdiration of Glssons capsule has been dcscnﬁcd frequently
especially 1n the pertportal tssue  Gaskell and Mallar for snstance
found some degree og round cell mfiliranon of the capsule m ther
malignant ternan cases and stated that the accumulations of cells were
most concentrated about the branches of the portal vem and hepatc
attery but m some cases were generally distributed through the ca
sule * Such mfiltraton was most marked n those cases e which tf
clirucal stens were mamly cerebral The cells tended not to invade the
peripheral regions of the Jobules except where the cases showed ugns
of carduc faxixurc

Talaferro and Mulligan demonstrated strufar round cell infiltrations
concentrated about the vessels of Ghsson s capsule 1n monkey malana
and refer to such accumulations 25 manthag  In P knost fess mfections
ot M mulatta the degree of mantlng, observed depended on the type of
chrucal attack Thus wn the late stages of acute untreated infections no
changes were observed m Chyson s capsule but some manthng appeared
1 twd out of four monkeys m which fatal relapses supervened after
apparent cure of the prinuary attack  The monkeys in the hvers of
which manthing of the vessels was found had both been infeceed with
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bile ducts arc also frequently found distended with apparently visad
bile (Whipple 1909 Dudgeon 1920 Paternt 1923 Marchufna
and Bignamt 1900 Rapoport 1928 Thomson 19-g) Sometimes
however the bale appears normal and flows easily  In such cases there
1s hittle evidence of Exlm‘y obstruction and the liver cells are apparently
free from bile cven when there 1s considerable necrosts (hlotz 19.9
Gaskell and Mdllar 1920}

Amyloid degeneration of the her cells 1n chrome malara has been
described (Marchuafava and Bignamt 1900)

In addimon to degeneratnve changes” some degree of atrophy of
the Inver cells 1s commonly seen 1 malana assoctated as 2 rule with
wide separation of the columns of cclls  Gaskell and Millar for instance
describe rows of shrunken cells 1 the central zone of the lobule 1n
cases of cerebral malar_and state that i cases with a high degree of
parastaemua the hver cells were shrunken and degenerate and the ce
columns widely separated especaally at the centre of the lobule  Smilar
atrophy was described by Marchiafava and Bignamu (1894) The
JIIK;P}UC cells are characterized by reduction of cytoplasm w hich may
be fragmented and distorted and changes 1n the nucler which may
fadl to tahe stans normally

Regeneration  cellular 1nfileration and repair

In scute human malana active uissue response to the mvasion 13
usmally secondary to the processes of destruction so that signs of
regeneration and repair are not so well marked as those of degeneration
and necrosts  Nevertheless increased mutosts and dnvaston of both
rencular cells and the polygonal hepatic cells have been described
The mulaphcation of the reticular cells follows the mtense phagocy-
tosis of red cells parasiized red cells and pigment which takes place
1n the smusords and 15 thus m the nature of 2 direct response to the
disease processes Division and increase 1n pumbers of the hepatic
cells should be classified more as an attempt at repair and replacement
of damaged tissue - Such mulupl, of the polygonal cells has been
recorded 1n both acute and chromc human malaria (Marchiafava and
Bignanu 1894 1900 Deaderich 1911 Thayer 1899 Craig 1909
ctc) Gaskell and Millar (1920) observed changes sugestave of re-
generation m the tvers of some of therr cases who had died of cerebral
malana  These changes were found amongst the less degenerate
cells in the peripheral regions of the lobules ™ Here some cells were
large and had excepuonally large nucler  others had two nucles
Regeneratton bas been more commonly scen however m chronic
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Lwver changes in monkey malaria

Changes developmg m the hver 1n monkey malaa are remarhably
sundlar o those scen m the human disease and afford an important
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means of mvestigating the scquence of events and something of the
pathogenesis of the human lesions

Tahaferro and hs associates have studied the histopathological
changes mn the livers of monkeys infected with P Avotfess and P cyuo-
miol(1 ar varrous stages of the disease acute and chronic n M pmdatea
killed tn the late stages of an acute untreated P knowles mfecnon they
found some cloudy swelling and vacuolation of the Iver cells tow ards
the centre of the lobules and 1 Jear cells
(probably dersved from the undifferenttaced endothehal cells) and an
tnerease in the actwey of the phagocytic cells inung, the susods some
of which contancd pigment  In fatal treated or untreated cases of
P Lnou list mfection many of the Iver cells were swollen and vacuo-
lated and at the centre of the Jobules some were found 10 be necranc
In the nocrotw arcas wmfiltration with polymorphs was observed
sonte aumals  The Kupfler cells were remendously swollen and
contamed pigment and red cddls both Yarasmzad and uoparasitized
In monheys which had did from a relapse of P nont kst infecnion
some time after trcatment of the primary attack the Iiver cells i the
centre of the lobule showed all stages 0(365&1&:(\0“ sometimes very
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P luoulest for some time ‘These authors suggest that m human
malaria round cill ( eells of the lympord type —Tahaferro and Mull
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gan 1937) wfiltration 15 more obvious m panents with long malarial
hustories Ths 1s not always the case however since accumulations
of round cells have been commonly reported 1 acute primary atcacks
of P falaparm malana (Gaskell and Millar 19.0 Dudgeon an
Clarke 1919) Taltaferro and Mulligan believe that round cell 1nfiltra
tion about the portal vessels may represent a reaction to the malaruat
mnfection and pomt out 1n support of this that such manthing occurs
at the time of the crisis 1 birds nfected with P cathemrim  Klotz
(19.9) however considers that such cellular mfiltranon 15 enurely
non-specific and not essentnally related to the malanal infecuon

The latter author described another form of mfiltration which 15
sometimes seen in malaria  Here the cells uvsually round cells are
found mn the sub of the lobule especually towards the periphery
and 1 the boundary zone between the necrotic tissuc and the relatively
healthy eells of the outer zone According to Klotz such wfiltration
15 not found m the central necrotic regrons  Occastonally especrally
1n association with severely necrosed tissue a proportion of the nfil-
trating cells may be polymorphs p  Infil
with polymorp! alone has been described (Dudgeon and Clarke

1917)
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the pathogenesis of the L er lesions  Rugdon and Stratman-Thomas
(194-) reviewed some of the relevant lirerature in a discussion on the
pathological lestons seen in P Leowlest mfecuions of M umlatta They
pomted out that the heart muscle 1n both human and monkey malana
1s often pale flabbv degenerate and even necronc and the heart
cavitres somettmes diated especully on the night side  They con~
cluded that the Itver changes were secondary to congestion following
cardiac ffure

In cases m whnch heart fulure 1 evident the above explanauon of the
pathogenesss of the hver fesions may be correct or pantly correct
but there ate many fatal cases of malarta and blackwater fever n which
cardiac farlure never occurs or appears only 1n the very last stages of the
tliness  Such patients frequently die 1 2 condition of vascular collapse
very closcly allied to shock m which right sided heart farlure does not
occur and where the venous return to the heart 15 markedly dimmished
so that back pressure effects ongmating 1n the vena cava cannot have
any part n producing the liver lesions  Nevertheless ar autopsy severe
Iiver changes are often found which are indistnguishable from those
described by Gaskell and Millar and many others (Rigdon 1942
Macgrath 1944 Diggs 1945 Crole 1901 Wigcers 1918 Dale 1919
Mann 1919 Camnon 19.3 Moon 1938) Itis clear thercfore that
1 such cases other explanations of the vasculsr phenomena seen m the
Twer are called for In this connection st 13 1important to note the vies s
ot Moon who states The similarity to passtve congestion accounts for
the falure of pathologusts to recogze the visceral changes of shock
A review of necropsy records in cases of shock shows that the crrcula-
tory changes were adequately described but mvarably they were
mterpreted as passive congeston

Dilation and congestion of the small vessels of the liver may result
etther from some form of obstruction to venous Row or from changes
m the vessels themselves  Obstruction ta the venous flow may be
produced as described above by back-pressure from a failing
heart but 1t may also accur i ather ways with the development of
biver lestons very sunular to those of cardiac falure  For anstance
when the venaus outflo 7 of the lver 1s suddenly blocked such lestons
may be produced 1 the course of a fow davs This 1s well scen i the
syndrome of Chuan s disease a condmon 1n which the onfices of the
Targe hepane vuns arc obstructed by thickening of the intma by
~ascular canshzed fibrous ussue cr somettmes by thrombosts When
such abstruction 15 acute the Iner cells may be completely destroyed
exeept for those near the perphery of the Jobules  There 15 mtense
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severe ncluding fatty degeneration and necrosis In the necrotic areas
there were accumulations of polymorphs The changes m Ghssons
capsule and the vessels therein have already been described (Tahaferro
and Mulligan 1937)

PATHOGENESIS

The most striking and constantly reported features of the hepatic
lestons of malana and blackwater fever are apart from pigmentation
the atrophy degeneration and necrosis of the polygonal cells m the
central zone and the dilatation and frequent congestion of the smusordal
vessels and central vems of the lobules

Tn many ways the lesion closely resembles that scen m night-sided
heart failure with 1ts attendant interference with the escape of venous
blood from the hver and so-called back-pressure effects (which
probably anse from cellular anowa and not pressure) Lesions
assocated with cardiac failure usually progress more slowly than those
m malania and do not often reach the extreme stages of necrosis seen
mn the latter disease  Nevertheless in some cases of malaria and blach-
water fever the effects of a fatling heart probably contribute to the
ulumate pathological picture  According to Gaskell and Mullar (1920)
m cases of malignant tertian malana m which death followed cardrac
falure {their cardiac group of patients) Lis er lesions occurred but were
muld n type and characterized by separation of the columns of hepatic
cells with atrophy and some degree of degeneration and necrosis
chuefly 1n the cells of the central zones of the lobules The capillantes
(? sinusords) were distended with blood agam mamly m the central
zone In cases with extensive patasitaenma and i which the symptoms
of heart fulure were never ‘evident unul the end (the septicaemuc
group) the Liver lesions were severe and the congestion of the vessels
1 the central zone of the lobule was marked the separatton of the
cell columns n this region being often accentuated by the marked
back pressure congestton In fatal cases of cerebral malana wath no
obvious signs of heart falure the Iiver lestons were also well developed
m the usual pattern_although the congestion was not pronounced

It can be nferred from the account of the lestons observed by
Gaskell and Millar that these authors consider that m some cases cardiac
falure was chiefly responsible for the liver lesion They do not
however attempt to explam the development of the almost 1dentical
hepatic changes seen m the absence of heart mvolvement Other
authors have also implicated heart falure and +enous congestion 11
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macrophages must result from mterforence with the drawage of the
venous blood from the lobules Congestion of the Iver has been
frequently deseribed 1 human cases of surgcal shock (Moon) In
acute serum shock m dogs it 15 one of the most strking phenomena
In the latter case within 2 fow munutes of the admaustration of the
tngges dose and comadent wich the general fall m blood pressuce
and decrease 1 carduac anflow the hiver begims to swell and raptdly
becames turgid with blood  On section the vessels are tremendousty
congested with the maximal effect noticeable m the contral regron of
the Jobules It has been shown experimetteally chat the venous outflow
from the liver 15 reduced m such anaphylactic shock {Sunonds and
Brandes 10.7)

Swmce the mfow of blood to the hver 1 apparently not greatly
mcreased 1 the shocked dog the congestion of the organ 15 pre-
sumably due to active reduction of the venous outflow arising from
obstruction somewhere m the hepatic venous tree Stmalar obstruction
may be brought about by the myection of bustamune {Baer and Ross-
ler 1927 Maumer and Pick 19.9 Bauer o af 1932} peprone
{Ssmonds and Brandes 19..9) and digitalin (Katz ez al }

Baver Dale ef al (ro3.) mvestgated she flow of blood through
the perfused dog s hver under  vancty of condinons and obsaned
clear evsdence of the existence of a mechansm which controlled the
outflow This mechamsm was thrown ito msense activity by hista-
mine and relaxed by small doses of adremalin or sumulanion of the
sympathette nerves to the ver They showed experunentally that this
sphuncter mochanism was located near the caval osta of the larger
hepatic veins where the venous walls are especially muscular m the
dog {Arey and Simonds ¥9.0 Bauer eral 193.) They were unable
to demonstrate sinular sphncter acuvity 1 cats and ‘goars  Smalt
doses of adrenalin however cause an accelerated venous flosw from
the bver 1n most spectes assaciated with 1 reduction sn organ volume
{Frankbn 1937) Sumuticion of the splanchnic nerves may alo have
the same cffect

A smtlar sphincter 1 the hepatic vans of man has uot been
demonsirated phystalogically but Ehas and Feller {19..6) found con~
stricaions 1 the caval ends of the hepatic vems when hot formahn
was ijected 1nto the sena cava of fresh buman cadavers  Section of
these vens showed thae the plam muscle coat ncreased m thickness
neat the opening of the vein where 1t ntermeshed wath the muscle
layers of dgc vend cava  Miyake (19-9& hay reported a thick layer of
Jongatudinal muscle fibres 1 the larger hepatic veins 1n man which he
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congestion of the central ven and 1s trrbutary stnusords and extenstve
haemorrhage 1nto the parenchyma In cases of more gradual develop-
ment  extensive atrophy of the parenchyma i the centres of the
lobules occurs with the hving cells confined to the periphery The
smnusoids are distended and there may be haemorthages Regeneration
of liver cells and mcrease of mterstitial wssuc are also described
Thompson and Turnbull describe the pathological findmgs m thus
xKndromc thus At autopsy the remarkable assoctation of a Iver
showng extreme atrophy with venous congestion wath a heart m
which there 1s no cvidence of chromic embarrassment 1mmedtately
suggest the site of the Jesion 1 ¢ occlusion of the hepatic vemns (Chian
1899 Thompson and Turnbull 1912)

The acute syndrome of Chuars s discase illustrates clearly the effects
of active obstruction to the venous outflow of the Iiver and provides a
remarkable mstance of the production of a liver lesion t’umﬂmcma]ly
sumilar to that scen 1n heart farlure bue occurring in a clmical condinon
n which the heart 15 prmanly unaffected  Such a preture helps m 2
way to cxplamn the pathogenests of the hver lestons n malania since
although thrombosts or other intensive obstruction of the hepatic veins
have not been described 1 malarta 1t 15 clear that the hver lestons
scen 1n that disease might atise from any form of actve mmpedance
of the hepatic venous low The avarlable evidence, as we shall see
points to venous obstruction being m fact the most hikely actiologteal
factor at work mn the pathogencsis of the liver changes m malana
The apE:amncc of centrally placed Iobular degeneratrye lestons follow-
g Ecks fistula and ligature of the portal vemn or even (sometmes
the hepattc artery mugh seem at first to invalidate this starement but
1t 15 possible that the changes ansing i such expeniments are deter-
mmned by a reflex obstruction to the hepatic venous flow smtiated by
the operative procedure (Bamnbridge and Leathes 1906 Rous an
Lanimore 19.0 Behrend ef al 19... Cameron and Mayes 1930)

The possible exustence of some form of active obstruction to venous
flow 1 the hver 15 most easily pictured i those cases m which the
clinucal condition approaches that of shock e g algid malaria or some
cases of blackwater fever Here the hver leston displays the picture
of severe venous cong developimg p Iy with a
general condition m which there 15 vascular collapse and a reduction
1n venous return to the heart Under such ciccumstances congestive

back-pressure effects must bempossible so that any marked defgr:c of
congestion  as distmet from thrombosis stasts of dilatton of small
vessels ansing from mechamcal obstruction such as hypertrophied




THE LIVER IN MALARIA AND BLACKWATER FEVER Ered

The dramage of the hver lobules and the blood flow through them
whitch 1s normally shiggish except on the venous side may akso be
unpeded by changes m l%c smasordal vessels themselves  As has already
been shawn above the hyperplasa and hypertrophy of the hrtoral
cells accompanied by cytoplsmic sweling and mtense phagecytic
activity may give mise to mechanical obstruction of the blood flow
by xc?ucmg the effective bore of the vessels  Mechanscal obstruction
of blood Row may also result from accumulation of free phagocytes
ar masses of leucacytes or red cells ercher m a state of sludge agglu-
tmation {hnwsely 1943) or formung a thrambus  These phenomena are
uncommon m human mafana but the poteunality of a further form of
obstruchon that of stans of eryrhrocytes exists m any condiions i
which the cells of the vessel walls are lable to damage As Moon
{1938} pownts out once the vascular wall 15 damaged stasss may be
expected espectally of there 18 assocnated vaseular difatation simce the

bty of the endothelial t 15 increased and unphysio-
f‘agwﬂ quanuties of fuid escapes mea the ussues so that the red cells
tend to became packed ﬁrmfy wn the lumen of the affected vessel
Such stasts has not commonly been reported m the bver m malaria
although 1 15 often scen m other organs especnally the bram  Irs
absence from the liver is posubly associated wich the fact that the per-
meabihey of healthy hver capitlanies and sinusords 18 much greater
than 10 most ather tssues 5o that fud resembling plasaua normally
passes directly through the vessel walls to bathe the nssue eells (Moon
1038 Dnnker and Field 1933) Damage 1o the endothchat biming of
hepanc vessels 15 therefore unltkely to give mse to great alterations
n the passage of fwd from the lumen to the surrounding nssues 2
fact which may possibly explan the rarty of obvious ocdema s even
the severest hepauc lesions  In any case the ly m(ghmc deanage from
the hver 15 haghly efficient and excess flud passing from the blood v essels
1o the tisues would be speedidy removed as fong as the kymphaue
flow were nos itself affected Ttas of course posmible that furd 18 1n fact
passing m abpormal volunes from the liver sinusords anto the ussues
m maim especnatly m degenerated areas and that the escape of this
fluid may m atsel€ be so great as to smpede the fow through dgccw:ssels
Under such arcumstances however the develapment of stasss would
appear nevitable even 1 severe anaena when the numbers of cor-
puscles i the snusosds were grent\f reduced  Such stzas as we have
snd does not occur ard 1 15 unbhely that the provalng snaemua
could effeet 15 appearance since although absent i the hver 1t mav be

wery much n evidence m other organs i the same patient
M
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compares with those of the vena cava and Elias and Feller (1931) 'spur
Itke muscular processes projecting mto the lumen of the hepatic veus
near therr ontfices

Tt 1s possible therefore that some sphuncter mechanusm exasts in the
hepatte vems 1n man similar to that i the dog capable of obstructng
the flow through the venous vesscls of the Iver This abstruction to
flow nught ansc esther direetly or mdirectly by meerfermng with the
dranage of whar Deysach (1941) calls the 'xmalf stuice vessels (which
open dicctly from the sinusowds mto the sublobular vems) thus
diverting 3 larger volume of blood than normal through the central
lobular veins and congesting them Deysach (1941) has produced
experimental evidence of the custence of these slmces 1 centan
antmals 1n wuch the hepatic vemns are not richly supplied wath smooth
muscle but lis work has not yet been contirmed

If such a hepatic venous sphincter mechamsm 1s present m man
1t presumably reacts to shock and hustamme by consteiction and may
well account for the hepanc Jestons scen 1 severe malaria It ss how-
ever dangerous to argue from the dog to man and the hypothess
necds expenmental proof An analysis of hepatic blood fow by
means of mtravascular mjection of X-ray opaque flusds would probably
provide 1mportant smformation

Kmsely (1039) has described sphincter mechanisms at the efferent
ends of indrvidual sinusords n the frog s ver capable of regulating the
amount of blood passing through the sinusosd and although (spart
from Deysach s work) nothing of this kind has so far been 1dentified
m mammals ntermittent flow through sinusords has been observed
m rabbats rats and mice by Wakim and Mann (1942) These authors
found that smusords were someumes packed with mottonless red cells
and were sometimes clear contamng practically none These observa
tions suggest the possibility of there beng mtrahepatic mechanisms
capable of controlling the smusoidal blood flow If this proves to be
the case mnterference wath such mechantsms mugh bring about gross
changes m arculation within the lobule and possibly play a part
the pathogenests of iver Jestons such as those scen m malaria - There
15 no nformation on this pomnt  Indeed a great deal of experimental
work 15 needed before we ‘can begin to understand the norml creula~
ton through the hver quite apart from that occurring 1n pathologtcal
condimons It seems clear however that the congestion of the liver
1n malaria may be accounted for in some cases by acuve mterference
with the venous dranage  Suc] fe 1f p could aswe
shall see give rise fo secondary changes n the parenchymal cclls
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acute heat collapse has been commonly demonstrared {Caplan 1944

cc) and Ko,ilp and Solomon {1937) have reported chmcal states
closely resembling shock occurrmg . human cases w which hypee-
thermua was mduced by exposz © to hor most air Hartman {2938)
has described m detadd pronounced alterations m cerchral blood flow
resulting from fever i humans and dogs and Moon {1038) after
reviewing the fieratore states that exposure 10 heat above 3 certam
fevel causes dusturbances n 1 S 0 the first mstance
m the capillarses and giving sise to congested condinons of viscera

and degencratian both in the braw and the parenchymatous organs

The two pracesses chuefly mvolved 1 the development of patho-~
togwal changes 1n the hver pacenchyral cells m malaria are probably
anoxna wath consequent wmeerference with oxygen supply to dhe cells
and some kind of dareet toxac action on the cells camsed by non speafic
diffusiblc substances produced dircarly or mdireetly durmg the course
of the diseas.

‘The vaseular changes which develop m the lver 1 malama lead
eventually to appreciable sfowing of the hepatte arvulanon and give
rse to progresse staphant anoxic condstrons {Peters and van Slyke
w31) with marked disturbances of the gaseous mterchanges between
the blood and the parenchymatous calls and vice versa When the
oxygen supply to the cells wv reduced below the apumal tension
neeessary for full metabolie activsty she cells become damaged and of
the anoxic condstions persist the damage may become wreversible
and go on to degencration and necrosis The speed wath which these
changes develop depends partly on the degree of anoxia obtathung
focally and pactly on the prevailing metabobe fevel av which the cells
ate attempung to funcnon  The latter may be considerably rased
above normal sn malsssa pacticedacly w hy perthermic cases and when
such sncrease i metalouhism oceursthe demand far sxygen ncreases
with 1t and signs of oxygen deficiency develop correspandungly
rapidly  The chiect of such stagnant anowa m nualana n bhely to be
considerable as wnll be appreciated from the hustolog cal preture pre-
sented 10 severe cases ancr from the €act that i conditions other than
malanz g conumwed nght heatt wsuffiaency severe Iver changes
may anse from arealatory disturbances onty

Intealobular arentatory retardanon 15 howerer only onc of several
fcrors w makna kading to the creation of anovic condisions m the
fever parenchymal oclls ~ Another factar of conuderable mportancs
1 the ivasion of the red cells by plasmiodia I the md v 1dual erythro-

lab
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The mravascular agglutmation of erythrocytes so common m severe
malarta and the production of a circulating sludge of massed corpuscles
described by kmsely and hus assocrates and by Lack 1 the malara of
man_monkeys and birds should provide ample opportumty for the
development of stasis and thrombosts 1n a vascular system markedly
obstructed by mechanical means such as hy pererophy of the lnmg
cells of the vessels The fact that m most cases of malaria there 1 Lutle
or no evidence of erther stasis or thrombosis indicates that mechancal
obstruction can play only a very small pare i the impedance of blood
flow through the lobules

It therefore appears that nesther the mechanical effects of hyper
trophied cells m the vessel walls nor the severe damage to the endo-
thelial lining leading to dilatation and ncrease of permeabulity can be
considered major factors per se m the impedance of the arculaton
through the hver lobule in malarna and blackwater fever

Acnive obstruction to the hepattc venous flow thus seems to be the
most reasonable mterpretation of the vascular phenomena (Macgraith
and Findlay 1944) The mechansm whereby such obstruction arises
15 not yet clear apart from an element due to right heart failure an
possibly some kind of active consttiction of the sublobular mter-
lobular and hepatic vens as suggested above

We are also completely m the dark as to the mtiating factor m these
condutions It may be directly related to the malartal mfection  For
example there may be some soluble chemical substance—the so-calle
toxin as yet umdeénufied—claborated by the parastte which diffuses
mto the ussues and acts on both vascular endothelum and hepatic
cells Metabolites produced by the parastte may act similarly and the
products of schizogony hiberated sugdmly 1nto the general arculation
may be mvolved “Malartal prgment has also been ncrimimnated  On
the other hand since liver lestons occur in malarsa or blackwater fever
i the presence of very scanty parasitc mvaston and simular lestons
appear n conditions 1 no way alhed to malara  especrally when
associated with clinical shock 1t 1s more ikcly that some general factor
15 ultimately mnvolved such as ussue anowr whrch leads prumarly to
arculatory changes in the liver lobules m much the same way as they
may develop 1 the kidney in the syndrome of renal anowa It 15
interesting to recall here the frequent assoctauon of hepanc and renal
Tesions of tus type a fact which suggests a possible common funda-
mental mechanisy In cases exlubing lugh fever some circulatory
changes may also be brought about by the lugh blood temperature
Thus the similanty to surgical shock of chmical conditions such as
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acute beat coffapsc has been commonly demonstrated {Caplan 1944
ewe) and Kopp and Solomon {1p37) have teported clmucal states
closely resembling shack occurring an human cases m which hyper-
thermrs was induced by exposute to hot mout aw  Hartman (1938)
has described 1n dotard p d alterations w cerchral blood flow
resulting from fever 1 humans and dogs and Moon {1938} after
revicwing the hterature states that expasare to heat shove a certam
Tevel causes & n it m the first mstance
m the caprilanes and givng nise to congested conditions of viscera
and degeneration both i the bramn and the parenchymasous organs

The twa processes chiefly mvolved 1 the development of patho~
logcal changes n the bver parenchymal cells m milania are probably
anoxta with consequent mterference with oxygen supply o the cells
and same knd of duect tovie action on the cells caused by non speetfic
diffastble substances produced ducedy or mdireerly dunng de course
of the diseasc

The vascular changes whech develop m the hver m malana Tead
eventually o apprecable slowing of the hepaue ereculation wnd gue
Tise to ProgEessive stagnamt anoxic copdirrons (Petzrs and van Slyke
1911} wisth marked disturbances of the gaseaus iterchanges beeween
the blood and the parenchymatous cells and vice versa™ When the
oqygen supplzx w the cells 15 reduced below the opumat tenston
necessary for full metabolic acuvity ehe colls become damaged and 1f
the anoxic conditions persist the damage may become wreversible
and go on to degenesation and necross The speed weth which these
changes develop depends partly on the degree of anowia obtaimung
Iocalty and partly on the prevahng metabolic level ac which the cells
are attempung to funcion  The latter may be considerably rawsed
above normal 1 malana paruculatly m hyperthermic cases and when
such ncrease 1 metabolism owcurs the s{;m.md for oxygen mereases
with - and sians of oxygen defiaeny develop correspondmgly
aptdly The effect of such stagnans anoxia m malssa 15 bkely to be
consderable as will be appreeiated from the tustologscal presure pre-
sented mn sevese cases and from the fack tha tn condserons ather than
malima eg conunued ngh hearr usufficency severe buer changes
may anse from areulatory distutbances only

fntralobular aircutatory rora dstion 1s however only onc of several
factors m smabarss leadine to the ereanon of amowe condinons m the
Irvee parenchemat cells  Anoather factor of considerable mportance
s the mn asion of the red cclls by plasmadia f the indesidual erythro
©yte this s aston i accompanied g\ an apprecisble foss 1n haemoglobin
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content and a consequent reduction 1n the potential concentration of
oxyhacmoglobmn avatlable for carnage of oxygen (Chnstophers and
Fulton 1938) The growth and development of the parasite m the
substance of the erythrocyte further draws on the oxygen of the 0~
haemoglobin wath the resule that sull less becomes available for
ulumate distrbution to the tissues The parasitized red cell must there
forc be considered as a poor oxygen carnier and thus m panents with
Ingh parasitacima there will be a correspondingly gross lmutaton o
the oxygenation of che tissues It 1s not unlikely thae the oxygen
carrymg powers of the non-parasitized erythrocytes may also be
reduced 1n malaria not because of loss of haemoglobin but 2s a result
of madequate oxygen saturation or nterference with the dissocation
of the oxyhacmoglobin  Fever may play a part m such processes
since Barcroft has shown that the total oxy gen saturation of the blood
15 decreased as the blood temperature rises An increase m cell meta-
bolism alsa accomp rising tenp the basal bolic rate
aceeleraung by as much as 40 per cent above normal when the tem
perature reaches 106° F so that concomutant wath the reduction o
oxygen saturation and conscquent decrease m oxygen availabiliry to
the tissues there 15 an mereased demand for oxygen tending to worsen
the existing anoxic state (Hartman 1937 Barcroft 19.0) The oxygen
carrlage by erythrocytes and the dissoctation of oxyhaemoglobin
have not been very thoroughly studied 1n malana although these
matters are clearly ‘of great importance to the understanding of the
pathological processes of the disease It 15 possible that both may be
iterfered with by diffusable substances produced directly or mdurectly
by the parasite but so far no evidence has been brought forward to
thus effect It may be that the persistent fulure of all workers to dis
cover anythng m the nature of a parastic toan s malarsa or black-
water fever 1s due to the fact that such substances have not been sought
n the night place Further work on the carnage of oxygen and the
dissociation of oxy lobin both n p d and wzed
cells n malanal infections mught be well repard

The existence of scvere anaemia will also give nise to anoxic con-
dittons 1 the Iiver cells by imiting the avatlable oxygen m the arcu-
lating blood and by the abnormally great fall m oxygen tension of the
blood following removal of the usual volume percentage (Peters and
van Slyke 1931 Hartman 1937) Ruch (1930) states that atrophy
of the hepatic eells about the central vem of the lobule commonly
occurs n permcious anaemia and 1 certam secondary anaenuas
Stmple haemorrhage m dogs may have the same result  The lesions
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found 10 antemta ceen . the absence of heart fulure aften closcly
resemble those arsing in so-called passtve venous congestion of the
lwer assoctated with faling heart  He suggests that 1 cach case the
ussue changes are prmanly due to anoxia It 1s dufficult to produce
such anaemic anowa experimentally by bleeding cxcept by removal
of relanvely lare volumes of blood or gross reduction mn the number
of circulating cells so that 1t 15 only m the severest malartal anacrmias
that this form of anoxta 1s likely to be of much significance

It 15 possible by various chemucal means to damage liver paren-
chymal cells eg by the use of cvamde or chloroform Under
such ciccumstances the damage may be very severe and arse from
direct chermical mterference with metabolic processes  In many cases
the fundamental derangement 15 one 1n which the cell loses 1ts power
to uttlize the available oxygen a condiion which Peters and van Shyke
(1931) have called histotovic anoxia  Vartous substances have been
found to have tlus property includmg certatn narcotics—alcohol
barbaturates—and Isexﬁn ﬁzs shown that the underlymg process 1s onc
whereby the oxycytochrome of the ussues becomes stabilized so that
oxygen cannot readily be removed from 1t Such processes may also
be working m malarra smce there 1s great sumilanty especially m the
bram between the lestons produced by histovic anovia and those of
malatia (Hartman 1937 1938 Jowett and Quastel 1937 Rugdon
194.) They may result from the presence of specific toxtc substances
not yet denufied or from the accumulation of metabolites such as
for caample pyruvic aad dertved from ecllular or parasitic activity
the latter especully under condinons m which the arculation and
thus the dramnage of the area concerned are impeded

It has been said above that the lesions m the hver m malaria may
arise either from anoxia or porsonung alone or from a combmation
of the two processes It s most ikely that ano1a 15 as a rule the more
important process for it s not only capable of producing, very simular
lesons—for mstance under cond: of venous cong but 1t
also gives mise to severe damage to the vasculsr walls which once
started may progress steadily especually as the vessels are themsclves
to some extent affected by JIC condition of the parenchyna (Moon
1938) At thus stage 1 our hnowledge however 1t 15 not possible to
rule out direct tovic effects on the cells and the scarch for possible toxic
agents must be contnued

The degenerative and necrotic changes m the parenchyma account
for the devianons i funcuion scen 1 the severest cases bur as has been
sad elsewhere no such anaromncal changes mav be visble cven
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cases 1 which gross vanations 1n so-called hepatic finction tests have
been found Some of these latter deviatrons m function probably anse
from reversible changes in the Itver cells resulting from mild degrees of
anoxta It has been shown for instance that anowc conditions bring
about alterations 1n the permeability of the hepatie cell membrane to
norganic 10ns

The nisc 1n blood potassium which occurs 1n asphyxia or hacmorrhage
was found to be prevented by hepatectomy ‘and adrenalectomy 1
the former case and by hepatectomy only 1n the latter  Houssay
and Iis collaborators argued from this that the anoxia m asphya
sumulated the adrenal to produce adrenalin which in tun mobiized
the potassium from the liver 1n hacmorrhage the effect appeared to
be dircctly hepatic (Mulln Denmis and Calvin 1938 Houssay
Marenzi and Gerschman 1936 1937) Mobilization of hiver glycogen
also occurs 1n anoxic states and there 1s evidence that the increase m
blood sugar depends on the degrec of anoxta present (van Liere
1942) It has been shown recently that durng the hepanc anoxia
resulting from anoxic anovia and shock produced by crush mjurnies
almost complete farlure of iver glycogenesis occurs At the same tme
normal glycogenolysis contmues The findings of Stnton and Hughes
and of Walliams m regard to the falure of xﬁc hver to deal with
gested lacvulose are particularly nteresting 1n ths connection

Rich believes the development of jaundice m cases of pulmonary
nfarction anses from the depression of bilirubin exerction consequent
on a state of Such dep has been dm
aruficially mduced anovaemia m human subjects and anmals  follow=
1ng the myection of bilirubin or laked blood (Rich 1930 Harrop and
Barron 1931) A decrease m the cxcretion of bilirubm has also been
reported m severe anoxic anoxia mn rabbis It will be noted that
these changes in hepatic funcuon caused by anoxra arc m cach case
parallcled 1n malana where there may be an mercase 1 plasma
p corresponding to the paroxysm and simlar changes n blood
sugar and where there 15 frequent evidence of bilrubn retention

Anoxia also greatly affects the vascular endothchum mcreasing 1ts
permeability to f!xotem and hence increasng the escape of flwd
The possibility of such changes occurring m the vessels of the liver has
already been discussed and 1t has been pomted out that mcreasing the
permeabulity of the hepaac vascular endothelium may not affeet the
surrounding tissue as much as m other organs because the natural
permeability of the hepauc vessels 15 considerable and the lymphatic
dranage of the hver 15 normally an cfficient one The latter fact may
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also explam why m even severe anoxic stages the water content of the
lver 15 not wsually mercased (van Licce 1942)

Anaphylactord shock m some way related 1o the penodic nature
of the parante s asexual cycle may also be concerned 1n che patho-
genesis of the hepanc Jesions 1n malais - According to some workers
the foreign protemn and debris thrown into the blood stream a1 schu~
zogouy may stowly sensthze the panent s tissues until a pomt 15 reached
at whuch ant body ecome sufficiently pr d
to damage the cells A further possibihty 1s that the chemical structure
of the hver cells becomes altered by malara or anoxia in such a way
that the tissue becomes anfigenic to seself and consequently suffers
uyury It ss well known that the ijecnon of homologous tissue anti~
badzes mto ammals wall produce nofmt tissue reacttons m the reesprent
Thus mjection of rabbat ksdney-antiserum (prepared by myection of
rabbut kidney ttssue into another species of ammal) will give nse o
acute fatal nephrotowac changes closcly resembling acure nephrsns
Schwentker and Comploier {1939) have shown that such homologous
antbodies can be produced mn rabbus by nyection of 2 ruxture of
homologous tissue plus extracts of certam bactersa espeeatly staphy-
fococas Thns means that i staphylococcal mfections in rabbus an-
bodies to rabbut kidney ussue may be praduced m the ammal s bady
the antigen bemng dernved from kiduey cells damaged by the bactersal
mfecuon Gear {1946} has suggested thar 2 similar reaction may account
for haemalysis m blackwater fever It 13 concewvable that some such
process goes on 1 the liver and that as 2 result of the malarnal mfecion
ot of the anoxa austne Gom at the hver cells may become auto-
antugenic and give 1ise 10 novous hver autoantibodies Suppore for
such a by pochesis 15 given by the furcher observation of Gear to the
effeer that Diver tssue from monkeys dywg of yellow fever 15 anto
antigenic and gives nsc o antt Iver cell bodies when inyected into other
mankeys of the same sgzcacs Tt s difficult to estimate the part played
by such processes 1n malaria and at the moment 1t 13 not easy to fir them
o the pathogenesis of the localized hepatic lesions that develop m that
disease although 1t s concenvable that they become enhanced i already
anovic nssue

Although as we have seen anoviz m s varwows forms appears
%o be the mamn process mvolied m the development of hepatic nssue
damage m malara 1es effects together with those of the hy pothetical
10%IC agents d above ma derably fied by the
general condition of the patient ‘parucularcly fus nutmtional status
Apart from the presence of toxic substances in the food such as the
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cyanogenous glucosides of certain root crops general dictary defia
cncres may n some cases muttate and sustan lhver damage  For
mstance Gilbere and Gllman (1944) found that extensive liver damage
occurred 1 albino rats fed for long pertods on the typical com diet
of the South African negro  Experiments of this type give licele more
than general information concerning the part malnutrition and defia
encies of one hand or another may play m the genests of lver damage
espectally 1n poorly fed indigenous populations and 1t 15 not possible
here to go 1nto this question 1n any detal It 1s important however
1 connection wath hiver mjury 1 malana to consider the state of the
dret so far as 1ts content of protein 1s concerned  Both carbohydrate
and proten have been shown to have some protectrve action m regar
to the towic effects on the iver of certain chenucal substances €g
assencals and chloroform and 1t has been found 1n the case of the
latter that as the protem stores of the ammal are dirmunished so the
suscepuibility to chloroform 15 mcreased Glyn and Himsworth
(1944) have produced masstve hepatic necrosts m rats by severe dietary
grotcm deficiency and have shown that such mjury can be prevented

y the restoration of protemn to the dict or by the admustration of
the sulphur-contaming ammno acid methonine  The Jatter has abo
been found effective n protecting the liver agamst the toxic activity
of arsencals (Goodell ef af  1944) and certain infecuons such as lepto-
sposis m gumnea pigs (Wyle 1946 Miller and Whipple 1940
Davis and Whipple 1919 Gyorgy and Goldblatt 1939)

It 15 thus clear that protem defteiency especially 1f assoctated with
speatfic deficiency of essential amuoacids such as methiomne may
expose the patient to the risk of serious Iner damage  Such protem
deficiency occurs commonly n malarta It has been mentioned else-
where (Chapter IV) that m this disease as m blackwater fever there
15 2 deaded change mn the blood protem content especlly so far as
the albumin concentration 1s concerned Albumun 15 synthesized 1
the liver so that the concentration of this protemn wall fall as the
functions of the liver are depressed The rapidly developing and
mereasing hypoprotemnaema of malatia may thus help to mtiate 2
vicious circle which ulnmately results m very severe hepanc dysfunc-
tion and injury  Protein may also be deficient 1 the individual malarsal
patient as 2 result of reduction n mtake during the acute disease or
lack of food protem followng anorexa (iself hable to exacerbatton by

rotemn or methiomne deficency Himsworth 1946) vomtng or
dnarrthoea  The rased metabolism induced by fever may further
increase the relative defictency of protemn and so aggravate the con-
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dinon  Finally n badly nounshed mdividuals the protem store may
be fow and rapdly deplesed by the duscase sa dnat che effects of
proten defictency woll develop carly and severely and when under-
nutntion seaches the stage of starvation the absorption of anuno aids
from the gut may wself become affected and lead to scute shortage of
methionie and other essential amuno acds mcdoding lysme How
greas 2 part 1s played i any mdividual exse of malarsa by such nute
wonal facrors may be very difficult o assess but mbadly fed indigenous
populations i endenwe malanal regions these fictors probably became
mereasmgly miportant and must noe be osertaoked

Glenn et al {1946} have studied thus question of the mfluence of
protein and other deficrencies m mduced malarin They mvestigated
lwver function tests m three groups of .o neurosyphtline patients 55
of wham were given P tway and five P omalaniae snfictrons The
first group recewed Tonfine treatment the second group were given
extra protem plus vitames A B complex Cand D cogether with
Lver snjecnions the thurd group were teeated ltke the second but had
1 addition thiaoun aod miravenous ghicose therspy  Chmcally the
malartal attacks appeared more severe m groaps two and three than 1.
the first group The results of organ function tests were much the
same 1 2] groups  The anthors concluded thac the deviations of fver
functions were nof influenced by she extra protem and vitanuns

The state of the hver wtself at the tme of the malareal awack 1 abo
an mmporrant fictar 1 the pathogenesss of hepanc lesions  Varous
concometant discases may for mstance be dormant i the nssues and
cause complications by beeommng acmv e a3 the madarsa develops This
must abways be remembered 1 assesstng hvers dysfonction and wyary
sm populations hving m regtons m which yellow fever or ifectne
hepavtis ate cndec 1t 15 also of great mportance m therapeuuc
malara s sy philitic patients for wn such cases interpretation of resuls
must be ﬂmlfc with the reservanon that previous ot present hepane
damace by syphils or therapeunc arsemic may afect the preture
O Leary of ol pont out in thus conncction that the jaandice seen i
sypbibies after admumstration of malerna may be the resalt of the
dicect acuon of the matara on the lner which they constder most
Iikely or of the acon avon of syphuhitic hepatits which has been ying
dormamt or cven some tnmc?y secondary mfevtive agent In some
cases there s evnidence that bver imjury dev 3ogs moze teadihy 1 patienes
frcnoush, affected by arsentc For mstance Wile and Sams (1934}

have desenbed jaundice developmg dvnng mokmal therapy m x
patient who lm{i previousdy had post arsphenanune pundiee  Kopp
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and Solomon (1943) grve an account of a patient 1 whom hepanc
mjury had ansen from prolonged arsenic treatment and m whom
generalized Jaundice developed dunng malanal therapy

Many similar cases have been described  Nevertheless where Iiver
function tests have been followed 1 therapeutic malarsa 1t has been
found that they return to normal values rapdly after the treatment
of the malania both 1n patients who have had previous arsentcal treat
ment and 1n those who have not and Fredncks and Hoffbauer have
reported deviations an hepang funcrion tests in a case given therapeatic
malana more than 10 years after arsemc treatment in which hver
biopsies showed no gross anatommeal changes Moreover many
workers have reported negatve findimgs m conerol cases of syphults
n regard to liver function tests and Walliams has stated that no changes
m laevulose toleranee tests occurred m sy philiucs treated wath relapsing
fever It therefore scems reasonable to consider such deviations o
hepatic function to result primanly from the malara but 1t 15 possible
that previous damage to the Iver cells may make them more susc?:-
tible to any form of mjunious agent  This has been shown to be the
case 1n sy philitics treated with malaria and subsequenely wath arsemcals
Wile and Sams (1934) desenibed two cases m which jaundice develo
during malarsal therapy and agamn durimg arsenical treatment  Other
drugs besides arsemcals may predispose the hver cells to damage m
malarrabut this does not seem to be the case with the usual ant-
malaral drugs

RECAPITULATION

Luver lestons 1 malaria and blackwater fever as examples of
an hepatic syndrome of wide distnbution

Signs of liver mvolvement may appear at any stage n_malara of
blackwater fever They are commonest m P falaparim imfections and
present 1n various degrees a syndrome of enlargement of the lver an
Jaundice with or without bilirubinursa_Jaundice may be accompanied
by the indirect biphasic or dircct van der Bergh reaction  Deviations
m seral hepatic function tests occur even 1 the absence of overt
climical signs of hepatic dysfuncnon

Buopsies of the Liver during acute attacks of malaria associated with
deviations 1n function tests may show no structural changes but
fatal cases p d pathol I lestons arc The Isto-
logical prcture 15 essenttally one of congestion and central zonal
degeneration necrosts and atrophy of the hver cells The central
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veans of the lobules and tributary stnuses aze congested or i anzemtc
cases dilated and empty Stasis and thrombosss and other forms of
mechanical obstruction to the capillanies and sinuses are uncommeon
Thete 1s mtense phagocytons of parasttized and vaparasiized erythro-
cytes and h by the renculoendothelial eclls which are often
hypermoptucd

The lestans resemble those found w night heart tadure which arsse
a5 a result of anoxia brought about by interterence with the escape of
venous blood from the liver Heart fatdure 15 not common n malaria
and hepatic lesions often appear in cases in which the chnical conditton
13 one of shock with a restrieon of venous flow to the heart In
these cases there can be no question of pas e venous congestion
Smee obvious interference wath mtralobular blood flow resulng
from changes m the vessels themselves 15 not 2 promunent feature of
the pathological pictute same other form of impedance to the circula-
tion must be postulated ‘The most probable explanation 15 active
absteuction to the hepatic venous outflow produed by changes in the
venous blood vessels  Reduction of this outflow would create 2 cond-
tion of stagnant anoxsa m the hiver stoular to that seen 1n heart falure
The effects of obstruction to the verous blood flow of dhe hser are
demonstrated m Chyart s disease 1n which there is extenstve mechanical
resistance to venous outflo v but no heart fidure  The changes 1
the hepatic tssue in malaria probably result pumanly from stagnant
anowg developmg because of interterence with mtralobular bload flow
Contributory factors mclude possibl- malaral tosms and by-products
ot pl dral bolism and of the Iver cclls
Speatfic actrvity of the parast ¢ or 15 p oducts 15 unltbely ance mo t
severe lestons may develop m the absence of plasmodis ¢ g wn black~
water fever The central distribution of the lesion may result from the
removal of oxy gen from the already anovic blrad by the peripherally
placed cells speafic sensrviry of the central cells to anowia or un-
dentificd diffusable chenuseal sut or some rearrang~ment of
the mtralobular blood flow

Lestons simular to those i n.alarsa and blackwater fever are found
m many other cond such as chloroform g (Whipple
and Sperey 3900} heart hyperpvreaa talanud e af 1946} severe
burns (Hartnan cral 1939 1943 Wikonctal 1938 Erberal 1943)
pastaperative necrosss of te boer (Suton 1943) shock (Moon
1938)  permaous and scoondary anaemmas {Rich 1930) cflects of
exposure to anovic anowa (Rosn 108 Rach 1930) and expen-
mental interference to the blood supph to the Itver marumals (Whipple
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and Solomon (1943) give an account of a pattent 1 whom hepatc
mjury had ansen from {rolongcd arsenic treatment and 10 whom
generalized Jaundice developed durmg malanal therapy

Many similar cases have been desenibed  Nevertheless where bver
function tests have been followed 1 therapeutic malara it has been
found that they return to normal values rapidly after the treatment
of the malana both i patients who have had previous arsenical treat
ment and 1n those who have not and Fredricks and Hoffbaver have
reported deviations m hepatic function tests 1n a case grven therapeutc
malara more than 10 years after arsentc treatmene m which hver
biopsies showed no gross anatomical changes Moreover many
workers have reported negatve findings 1 contral cases of s{f}uhs
m regard to liver function tests and Williams has stated that no changes
m lacvulose tolerance tests occurred i sy philitscs treated with relapsing
fever It therefore scems reasonable to consider such deviations of
hepatic funcnion to result primanly from the malana but st s possible
that previous damage to the liver cells may make them more suscep-
uble to any form of mjurious agent Ths has been shown to be the
case n syplulitics treated with malaria and subsequently with arsentcals
Wile and Sams (1934) described two cases mn which jadndice develo ed
during malapaal therapy and agam during arscmcal’ trearment  Other
drugs besides arsenicals may predispose the Liver cells to damage 1
malaria but thus doces not scem to be the case with the usual anti-
malanal drugs

RECAPITULATION

Luver lestons 1 malana and blackwater fever as evamples of
an hepatic syndrome of wide distribution

Signs of liver 1y olvement may appear at any stage m malara of
blackwater fever They arc commonest m P falparum infections an
present tn various degrees a syndrome of enlargement of the Iver and
yaundice with or without bilicubinuriaJaundice may be accompane
by the indirect biphasic or direct van der Bergh reaction  Deviations
m sernal hepatic function tests occur even m the absence of overt
climcal signs of hepatie dysfunction

Biopstes of the Iner during acute attacks of malania assocrated wath
deviations m function tests may show no structural changes bur m
fatal cases pr d pathologcal lesions are The listo-
logical picture 13 essentally one of congestion and central zonal
degeneration  necrosis and ‘atrophy of the liver cells The central




CHAPTER Vi

THE BIDNEY IN MALARIA AND BLACKWATER
FEVER

(2} Climeal signs of dysfunction  Pathology
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Cumicat evidence of renal dysfunction has been reported 1 all
common forms of human malzoa at all srages of the discase  Indica-
trons of dysfunction during an attack of malarsa can be convemendy
divided mto three groups of syndromes (1) the passage of protem
the unme {u) the appearance 1n the acute stages of the attack of a
d bling acute nephy usually d with signs of
water and Hy with and {u) the devel
mentinchrome securrent or repeated matara mfectsons of a syndrome
resernbling subacute or chronuc nephrosis of an hydracume type

PROTEINURIA

The passage of protem m the urine usually referred o as atbumu-
nurta 153 frequent occurrence n mabrz  Protemuna in the absence
of accompany sng casts or red cells may not at fiest sight appear to be
. b | evidence of d of remal fancnon  In fact
Meleney {1941) states that kadney function 18 hot usually distarbed m
chmeal cases of malana  and =rpparendv regards slbumunura as

when not with der ot warer salt
07 utragen mfc“)q ﬁmcnoﬂs Pxottmuru 1 oﬁcn present mare
over 10 {overs other than those assooated with matana and m healthy
mdvoaduals oceurs wnder physiological cond as MacLean {1919}
and Dich! and Mchanlay {1935) have shown In order 1o coreelare
protanura with the malarial attack st muwse therefore be demonsurated
ta oceur m such attacks consderabls moare froquently than st does
rarnl subjects (sbout 4-6 pet cent of subjects)

ter
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and Hooper 1916 Rous and Lanimore 19.0 Bambridge and Leathes
1906 Bcﬁrcnd ctal 1922) Some of these conditions are clearly anoxc
states but in others such as chloroform potsoning or severe burming
the mode of development of anoxia 1s not at first apparent  Neverthe
less the appearance of simular pathological changes i such drerse
conditions mndicates the existence of a common pathogenic factor
The most rational hy pothess 1s that there 1s 1n all these condions a
change 1n hepatic blood flow leading to reduction of venous escape
and the development of stagnane anoaa m the tissues

In the absence of cardiac fatlure  the retardation of blood flow most
probably devclops from active obstruction to the venous escape arsing
from constriction of some part of the hepatic venous trec  There 1s
evidence 1n ammals of the existence of a constrictor apparatus in the
hepatic vems which can be set m operation by either humoral or reflex
mechamsms Tt 15 suggested that something stmular may exist i man
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Although Sintos and Lal found the madeace of protemuxia equal
m benign and mabgmant ternan malassa mose other authars have
reperted 3 geeater adence an the latter Crag s gesults have alseady
been menttoned  Galdie {1930) ako found alburamunia commonest
w mobgnant tertian malaesa and So {931} observed an madence of
65 per cent in acute mahgnant ternan cases as compated o g0 pes cent
m benga ternan In So's cases showing albaminorss there was no
cevidence of derangement of renal function as messured by the excre-
sion of chiorde and the phenolsulphonephthalem test

James {1g22) sates that temporary  albwmitura 15 frequent in
sduced bergn tertian matana towards the end of a febride paroxysm
So {1945) confirmed thisobservation Boydand Proske {1p41) observed
traces of albumyn durmg thy course of faur our of five cases of mduced
P enacmfection and three cases of P fafaparum mfectson: one of which
developed acdrma  Albuminuna was presentin tw o &2 o of P malanae
wfecuon both of which develaped ocdema They found there was 2
sigmsficant assoention s the P praforiae cases between the appearance
of protemnuria and depression of plasma albumin and the development
of oedemz  The p dwappeared on the of the
infection

Gighol (x930) myvestyated the madence of renal sympeons during
malarsa attacks s 2 mixed population of Nigroes Indians and others
treated i hospatat m Briush Gurana and found albuminuri m about
w5 percent In over oo West Indian Negraes not sufferng from climeat
attacks of malana albumynuria was peosent n 4 s per cent Exervon
wereased the nedence of albumsnuna s 2 group of apparendy
malana free labourers from 7~14 per cont 0 over .4 per cont Albu
RURULI WaS gnComyton m new of recont wmfcuons m hus cases
Dueang 3 malacs epsdenic m 19,6 athumunuriz was sare i che fiest
three months when the eprdemic was 1 1ts acute phase and became
common as the epidenuc curve besan to declme and the chrome
mfections assumed the wpper hand  The highest mesdence m relanon
ta the species of wfecting parzate was found n P malarac wnfectons
{11 out of .4 cases) In cacly cases atbumun appesred m che urnne
nternurtenddy during the febnle sesction and was abseat s theapy rexul
el After reprated ammacks the albuminuna became constant
and othet st of venal mvohiment developed

The evidence outhined above demanstrates thar prozemuna oceurs
frequenty 1 malenz fcis usually assumed dhat the bulk of the protan
whuch escapes from the plasma 1 dhus way 16 afbunue swheeh hus 2
rebanely small moleculk but m face there 1 hitele snformanon about
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Most authors have recorded some examples of protemuna amongst
their cases of malania but the madence reported varies enormously
accordmg to the country i which the cases were mvestgated and the
type and seventy of the attack  Thayer (1909) 1n Amenea found pro-
tenuria m about 40 per cent of 350 cases of bentgn tertan malina
Crarg (1909} states that protemuria 15 50 common that 1t should be
considered more as a symptom of the discase than as a complication,
In hus expenience m the Philippmes 1t appeared i about so per cent of
cases of berugn tertian and 65 per cent of malignant tertran malama
Deaderick  (1911) also found albuminura extremely common m
P falaparumi nfections  On the other hand Hughes and Bomford
(1944) found protemura 1n Jess than 1 per cent of over 850 cases of
malignant tertan malana amongst Brinsh troops m West Afnca 1
contradiction to Holmes a Court (1018) who found 1t 1n 49 per cent
of hus West African cases

The varton 1n the reports of workers concernung the maidence of
protemuna m malara may be seen m the following examples Rem
Picet (1898) 1n Rome 6 per cent Ztemann (1924) 1n Ialy 18 per cent
(mahgnant tertian) Anders o per cent (1.0 cases parasite species un
stated) Cook 75 per cent (100 cases parasite species unstat
Henson (1913) 2540 per cent (bemgn terman cases persisung for
few days )

Stnton and Lal (1924) attempted to assay the sources of error i the
recorded madence of protemuria i malara They mvesngated 57
cases of benign tertian and 410 cases of malignane tertian malarna 1
Indians who were living on a standard prison dict and m whom the
disease was dragnosed and treated carlly Protemuria was found m
12 per cent of the benign tertran cases and 14 per cent of the malignant
terttan After a discussion of the literature they concluded that the
anconsistency of the results of other authors depended to some extent
on the number of urine examnations made m mdryidual cases the
ame during the attack at which the examinations were made the use
of drug therapy and finally the possibility of using a selected popula-
non They found the appearance of proteinuna srregular and mter-
nuttent i any one subject The admmistration of quimne had no
appreciable effect on the madence of protemurma but they detected
a shght dimmnution 1n the seventy of the albuminuria in cases treated
with alkali m additton to quuune They could establish no relacon
between the occurrence of protemuria and the prevailing degree of
parasttacniia the clintcal severity of the disease the height of fever or

splenic enlargement
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Although Sinton and Lal found the madence of protemuna equal
m berugn and mabignant tertian malarta most ether authors have
reported 2 greatee wmadence m the latter  Crang s results have already
been mentioned  Goldie {1930 also found albununursa commonest
w0 makignans testan malaria and So {1943} observed an madence of
65 per cent 1n acute malignant terpan cases as compared to 40 per cent
m bemgn tertun In So's costs showing albununuma there was no
evtdence of derangement of tenal funcuion as measured by the excre
t1on of chlonde and the phenolsulphonephthalemn test

James (19.2} states that temporary alburmnura s frequent
induced bemgn tertizn makarta towards the end of 2 febrde parocysm
So {1941} confirmed thisebservanon Boydand Proske (xg41) observed
traces of albumm dunng the course of four eut of frve cases of mduced
P ruacinfectonand three cases of P falaparum safection one of which
developed oedema  Alburmnuria was presenc 1n two cases of P mafarsae
infeetton bath of which devcloped ocdema  They found there was 2
sigraficant assocration w the P malarac cases between the appearance
of protomurta and depression of plasma albumyn and the development
of oedema The p disappeared on the ter of the
nfecuon

Ggholr {(1930) v esuigated the seidence of renal symptoms dunng
malana artacks 1 2 muved population of Negroes Indans and others
treated m hospital m Brms£ Gunana and found albummuna i about
~5 percent Inover 900 West Indian Negrocs not sufferm g from clmcal
atracks of malarsa albumsnurta was present w 4 5 per cent Exernion
ncressed she mesdence of atbununura w2 growp of apparendy
malatnz free fabousers from 7-14 per cent to over . per cent Alby
HUALE w38 tncommon m mew oz recent mfections o hus cases
Donng a sualarma epdenne i 19,6 albummuria was rase 1 the tirst
theee monshs when the eprdemic nas i 1ts acute phase and became
rommon 35 the cpidemic curie began to dechine and che chronie
wfeccaons assusmed the upper hand  The highest madence n relauen
to the species of mfecung parasite was found i P md e mfections
{1 out of ng coses) In carly cases albam appearcd m the unme
wtermuerently dusing the febnle reaction and was absent mthe apy rexsal
mterial - After repaared atwchs the albunununa became constane
and other suns of renal 1 ohment develaped

The evidence outlined above demonstrates that protemees oceurs
frequently womalania 315 wsually assumed that the buth of the protein
which eseapes from the plasma an this way 1 atbumen whach has 2
relamely snnall molecule but s fact there 13 httle wformaton about
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tts real nature An mnvesugation of the unmary albummn/globuln
ratio 1n malana mght provide valuable mformation It 15 probable
that the ratto 1n malana 1s Jow as 1t 15 m physiological protemuma
mndicating some mumnor functional change i the glomerular membrane
which temporanly permuts the passage of large molccules to which
1t 1s normally almost completely impermeable  As will be seen later
there 15 evadence that this’ change 1 permeabibity artses maly from
intrarcnal crrculatory changes and 1s associated to a lesser degree
with fever and the progressive anoxacmua of the discase There may
also be a speaific factor involved

The temporary protemuna which appears durmg the acute malaral
attack 1s probably caused as explamed above by changes i the per
meability of the glomerular membrane There is no evidence at this
stage of any myvolvement of the nephron In acute malana however
the nephron sometimes becomes affected and evidence of tubular
damage appears The protemn 1n the urine 1s now accompanted by
casts of the renal tubules and often by red blood cells The concentra
tion of the urine 15 sometimes reduced and the condition may progress
mto a state of acute renal dysfunction not unlike nephrns mn which
there 15 oliguria or anura and mtrogen retention  This condition
sometimes appears as a terminal event in severe P_faleiparim mfections
Azotaemna m other forms of acute malaria 1s mfrequent (Benhamou
Jahier Berthelemy 1921 Ascoh 1915) but 1t has been reported 1
acute quartan m:\]aua Marchfava and Bignanu (1903) state that 2
condition more closely bhng acute neph 15 c
especially m bemign tertian and quartan malsma m which theee 3
ocdema and clear evidence of water and salt retention  Thus syndrome

rapidly and pletely to anumalarsal treatment

More commonly the kidney L{amagc shows itself gradually dev :li)ﬁ"
g 1n the course of chronic recurrent or repeated mfections espectaly
in quartan malana  In this case the derangement 1s agam mamly
tubular and 1s assoctated with water and salt retention Nitrogen
retentton 15 Tare except during acute exacerbations of the malanz 1
which the renal symptoms may occasonally become exaggerated 2n
go on to uracmua In untreated cases the condition 1s progressive
but 1n the early stages 1t will respond to adequate antumalanal treatment
although less promptly than the acute nephrosis mentioned above
Death may oceur as a resule of the development of uraeua dunng 2
recrudescence of the malaria mfection but 1t more commonly results
from a state of gencral anasarca

The chnical mamifestations of kidney changes 1n malana thus van
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from simple protemnuria to acute or chronsc renal fature  The patho-

enesis o(P the tn0 forms of renal farlure 15 probably essentially simslac
%ut the clincal pretures are sufficiently dissumlar to warrant separate
sreaument here

RENAL DYSFUNCTION IN ACUTE MALARIA AND
BLACKWATER FEVER

Macfie and Ingram {1917) reported that m West Afnca acute
nephrius m the actye stages of malarta appears to be relatively seldom
recorded  Rogers stated that the unne in uncomplicated cases seldom
showed excher albumumn or other changes assoctated wath renal damage
James {1922) on the other hand found thar in artficially mduced
'malana temporary albummnuna was frequent especially towards the
end of the febrle paroxysm and noted epithelul and granular casts
10 the urmne in severe malignant tertan nfections Most workers have
Iike James observed some evidence of renal disturbance mn acute
malara Rem Picar (1898) m Rome for instance described acute
nephnts developmg durng or after an attack of malara  Ths
nephritis was severe or muld mm type and occusred n young rather than
old people It appeared i about 1 per cent of cases and was commonest
m mahgnant teshian malaria Thayer tn Ameriea stated that 21 out of
112 cases of acute nephrivs treated mn the Johns Hopkmns Hospital were
caosed by malara mfecrions  Over 17 per cent of hus 758 cases of
mslatez of sl kinds showed albumn and tubular casts m the urme
These urmary findungs were commonest 1 malignant tertizn malioa.

Craig {1909) reported some form of rephnns 1n 3 per cent of alt
Ius cases of malignant tereran mafana (presumably m the Phlippmes)
Signs of kudney damage were much less commion in bemgn ternan or
quartan malatiz - He stated that evidence of nephritis 15 to be found
wn alt fata cases of malara Casts of renal tubules were found m s per
cent of fus mahgnane tereran cases and s per cent of all cases of
bewgn ternan and quartan malama Despiee thus high sncidence of
casts only 3 small percentage ot cases developed chimal nephryus

According to Flensburg (191.) nephnnis was one of the most
frequent complications of the eprdenics of tertian malaria 1n Sweden
m the Jast century Decks (1916) also stared that nephrins was the
commonest complication of malaria occurnng mn the Canal Zone
Renal symptoms usually disappearcd after canvalescence but occa-
stonally they persisted and eventually caused the patient s death.

Paterns (19.9) reported mild acute parenchymatous nephrinis

N
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us real nature  An amvestigation of the urmary albumn/globulin
ratio m malana nught provide valuable information It 15 probable
that the ratio ;n malana 15 low as 1t 15 in physiological protemnura
mndicaung some mmnor functional change n the glomerular membrane
which temporanly permuts the passage of large molecules to which
1t 1s normally almost completely smpermeable  As will be seen later
there 15 cvadence that this’change m permeability arsses mamly from
mtrarenal arculatory changes “and 15 assocrated to a lesser degree
with fever and the progressive anovacnua of the disease There may
also be a spearfic factor mvolved

The temporary protemuna which appears during the acute malanal
attack 1s probably caused as explamed above by changes i the per
meabulity of the glomerulae membrane There 15 no evidence at ths
stage of any iy oﬁ ement of the nephron In acute malama however
the nephron somcumes becomes affected and evidence of tubular
damage appears  The proten m the urine 15 now accompaned by
casts of the renal tubules and ofien by red blood cells The concentrs
ton of the urme 1s sometimes reduced and the condition may progress
mto a state of acute renal dysfuncrion not unlike nephrits m whe
there 15 obguna or anuria and mitrogen retention  Thes condinon
sometimes appears as a termmal event i severe P_faleipanin ifections
Azotacmta m other forms of acute malara 15 mfrequent {Benhamou
Jahier Berthelemy 1921 Ascoli 1915) but 1t has been reported 1
acute quartan mn{am Marchiafava and Bignamu (1903) state that 3
condition more closely bling acute neph 15 C
espectally i bemgn terttan and guartan malama . which there 1
oedema and clear evidence of water and salt retention  This syndrome

ponds rapidly and completely to laral treatment
More commonly the kidney damage shows itsclf gradually develop-
g n the course of chrome recurrent or repeated infecnons especially
n quartan malara In this case the derangement 1s agam mauly
tubular and 15 assoctated with water and salt retenvon  Nitrogen
retention 15 Tare except during acute exacerbations of the malaria 1t
which the renal symptoms may occasionally become exaggerated and
g0 on to uracmia d cases the di 1'p ¢
but 1n the early stages 1t will respond to adequate antimalarsal treatment
although less prompely than the acute nephrosis mentoned above
Death may occur as a result of the development of uracmia durmg 2
recrudescence of the malana infection but 1t more commonly results
from a state of gencral anasarca

The chnical manmifestations of kidney changes m malara thus vary
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Surbeh conndered that the acute nephnts of malara developed
from the state of remal reacton It was charactenized by marked
albummuzia shight haermatuna and ohguas  The anne contam
very numetous epithelal granular and hyaline casts as wefl s erythro-
cytes Nausea and vomsting oceurred 1n some cases assocrated with a
shght mcrease m blood pressure  OF 17 cases of this ype. t.occureed
P falaperum mfections wwom P ssavand one tn P el mfecnons
The condition responded well 1o quinine therapy. Unfortunatcly he
geves no saformanon concemmg the previous malarial history of the
cases seferved so 1t s possible that 1 the quartan and bengn terttan
cases there may have been some undechying more chronie type of
malarnal kudney derangement so that the so-called acare nephniss was
1 reabty an acote rxacerbation of an ovsung tesion This 15 unhkely
m the P falaparum micctions winch may be regarded as genume
cxamples of acute remat dysfunction ansing 10 malarsa

Recently So (1941) has desonbed ehree cases of acute nephrws
occurnng dunng acute mahgmant tertian infections m- Japanese
Boyd and Proshe {1941) found atbunun assocated with casts i one of
three cases of induced P falaparun infoction and m one of tvo cases
of P malarae mfecuon Oedema occurred 1 the P walanac nfection
referred to and m onc other P salarsac and one P fdeparum mfecuon
The P flapanm nfection m whaels casts were present did not develop
oedemna  The authors concluded that some degree of nephrosts
developed m these cases  James (1910) and Marchufaws and Bignanu
(3903) have sk descrsbed acure nephots assocnated with oedema
during P malanac wfecuons I she cases described by Bovd and Proske
hovever the total protem and albumm w the plsma were con-
siderably fowered so thar che oedema may not have been entirely
remal an ony

Kean and Smuth (1944) reviewed the findings 1 100 autopsies on
cases of P faleparum walara which died between 10,5 and 191 m the
Caal Zone They found there had been clinscal evtdinee of anuna,
w six cases and four had died m ueacnma Thesr figures show a hugher
madence of renal demage than e comparable figures of Seyfarth
{2926} who stated that renal falure accounted for loss than 1 per cent
of deaths from malarnt mfectons

As will be seen there 13 connderable difference of opmon amengst
workers on many features of acute renal myvolvesient in makira but
certaw pows emerge from the mvass of appasently consrasting evidence
upon whach there 15 general agreement” Mast authors for instance
have found that acure as distuict from chrome venal symptoms are
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fess than 1 per cont of about 1000 cascs adnutted to hus hospieal 1
Rome between 9.4 and 1925 Albunununa was present m 10 ¢
cent of bemgn tertian and 18 per cont of malignant tertian mfecons
Renal svmp n 10 aft 12 occurred only m P fila
panum mfections meluding sux of 16 cases of pericious malrta

Giglolt (1930} found no evidence of acutc nephntis m fus cases 10
Brish Guuana although the madence of albumnuria and chronsc
nephnits was hagh  In these cases the magority of renal signs appeated
ut P alariae mfections

Jansco and d Engel (1931) review ed the experiences of over 50 yeats
wark m a clinic tn Hangary and recorded 28 cases of nc!phrms
Fourteen of these werc acute and appeared durng actrve P falapanin
infeetions The chiteal picture was that of typieal zoute glomtmb‘
nephrins with ohguna and unine of ugh speaific gravity contanng
farge amounts of albunun and somenmcs blood vistble to the nal
cye M preally the unne d blood cells and numerous
epithelal granular and hyaline casts Some degree of general oedenu
was imvanably present and n some cases there was an clevanon o
blood pressure  The symptoms corresponded very elosely € those o
the acute nephoins of scarlenna  Malara parantes were present 1
the peniphecal blood tn all cases and the response of the nephnc
ymp to larx {q ) was d In some
cases durests commeneed during the first day of therapy 1 afl it
appeared by the firstafebnle day  With the onset of dutresis the oedenna
disappearcd the blood pressure fell and the unne became norma
The subsidence of the nephntic symptoms after the adimussteation
of quimne was 5o strrking that the authors suggested 1t was of patho-
gnomuc significance In two cases the urmary ‘sediment contaned 11
addion to cells and casts granules of pigment which the authors
believed to be haemozown  The erythrocytes present were never
parasized

Among Malay Javanese and Chiese populations of Sumatss
Surbek {1931 a b} found thar renal reactions and compltcatons
duning acute attacks of malarsa scem to occur with notable frequency
He descrbed four clincal types of renal reactions which correspon
closely 1o those aleeady discussed namely ) febrile albumunuca
(1) renal reacton (marked albumnuriz with unne contamng hyaline
and pigmented casts) () acute neph and (1v) guart firos

P
nfantum ac adolescentiur whach he describes as a subacute parenchyma-
h
m

h
tous hydropic neph pecall quartan
malarta
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{Stephens 1937) 15 often described as developing suddenly i the
course of the discase It 15 usually recorded as appeartng i the form of
severe oligunia or anuria In fact howeser the renal damage has most
probably been progressing for some time before any marked reduction
In urnary entput occurs

The passage of hacmoglobmn 1n the urine 15 always associated with
the presence of protemn and granular and hyahne mLu]ar casts which
mdicate acute damage to the nephron  After the passage of hacmo-
globin has ceased the casts raprdly disappear but the protem may
persst an the unine m progrcsmd&y greater dilution for some days
Haemoglobmuria 15 by no means abways accompanied by changes m
vrnary flow The latter scem to be m EY:m independent of the passage
of haemoglobim since ohguna and anura develop somenmes when
the unne 1s clear ot blood prgments and fail to appear when there 1s
masive haemoglobinurta even m ¢he presence of ap aod wrme
Leaving aside for the moment the question of the pare played by hacmo-

lobin and 1ts dernatises mn the drvelopment of the renal fadure 1

lackwater fever 1t can be seen thac tubt lar damag s a propunent
feature of the disease as indicated by the passage of tubular casts and
sometimes occasional erythrocytes  Ths tubular damage 1 present
whether or not changes m urinary flow develop It appears sometumes
tobe exacerbated during the passage of haemoglobin bue the degree of

mag,e ts not very closely related to the degree of haemoglobinuria
In muld cases the dimmunon of urnary flow 1s hmueed and the ohgurta
which may last for several days and be accompanted by a ristng blood
vrea and somenmes ocdemna s eventwally succeeded by polyurta and
ecovery In the more severc cases there may be practically complete
suppression of urinary flow and the patient passes nto a state of acute
progressive urzenwa  Even mn the most sevete cases however recovery
of uninary flow occastonally takes place and s followed by a post anuric
period of polyuria assoctated wath the passage of dilure urmne

Pavents m whom the urinary output 15 unaffected show few signs
of renal dhsturbance beyond the presence of albumin casts and some-
tumes ery throcytes in the unine  In oligursc cases the blood urca nitrogert
may rise derably and some generalized ocdema may develop
The classical picture ot renat fatlure 1s seen as a rule only 1 the anure
case Here the urme that 15 passed and wsually an ounce or two 15
secreted 1n 24 hours rmay or may not contain haemoglobuw and may
be acrd neutral of alkahne It 15 usually heavily loaded verth albamun
tubular casts are abundant and the urea and chlorde concentra-
tions are low  The urmary flow may ccase abruptly or there may be a
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commenest n P falaiparum mfections They vary from stmple albu
munura with casts and blood cells i the urine fo syndromes which
resemble nephritis or nephrosis  The latter syndromes appear 1 two
forms The commonest 15 2 hydraemic nephrosts with some degree of
oligurta general oedema and signs of water retention More rarcly
there may be a picture closely ssmulating the acute nephrits of strepto-
coccal infections with severe oliguria mitrogen retention and uracnuz
Occastonally 1 recurrent malania {usually m P malanae mfecnons)
exacerbations of the mfection may be accompanted by acute exaggera-
tion of existing renal symptoms leading to renal fardure and death 1n
uraemta

It 1s not clear why the acute syndromes of renal farlure should appear
most frequentty m P faloparunt infecuons Gighioh {1930) has pomted
out that thus snfecuon has less tendency to chromaty and relapse than
the others and that 1t acts more vigorously so that any spectfic action
on the tissues eg on the renal epithel would be ¢ d
over a short peniod of ume  Gigliolt was thinking 1n terms of spectfic
toxns but hus remarks apply equally well to the arculatory and
other changes of a general nature which occur m malara and whuch
are most active and concentrated 1 P falaparum wfections These
pomnts will be discussed later It must however be noted here that the
presence of a heavy mfection wath parasites 13 not necessary n the
development of renal farlure 1 malana  Local damage to the kidney
uissue 15 seldom directly due to parasinc accumulanions In face the
most serious pathological changes anse in a condition 1n which para-
sites arc commonly scanty namely blackwater fever

Renal fatlure 15 the commonest compheation of blackwater fever
It 15 probably farr to say that such falure 1 blackwater fever 15 partly
dertved from other processes besides the matanal mfeetion but m
many ways the development of renal damage i thus disease sllustrates
the mechanisms myvolved m producing kidney damage 1 malana
uncomplicated by excessive lysis and h lobmuria The
clement of renal tubular damage 15 common to the early stages of both
conditions and probably has 2 common pathogenests  In blackwater
fever however the renal tubular damage 15 often exaggerated by an
almost complete supé;rcss)on of unmary secretion associated with
utrogen retention  The patent dies 1 a state of acute uraemia stular
to that ansmg n many other conditions such as ¢holera and mcom-
patble transfusion  In malara as we have seen the syndrome more
ly goes on to a much mulder hydraemuc nephrosis

frequentl
Renal falure which accounts for half the deaths in blackwater fever
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ons who developed marhed ocdema and signs of diffuse nephetas
These cases had suffered from untreared matana for some ame

Many obscrvanons of 2 simlar kand hmye been made m more recent
years and the syndrome of ocdema and remal symptoms arpc.mng
dusing the course of chromc or recurrent malarsa 15 now well authen-
teated  The syndrome a5 was mdicated m a previous section of this
Chapter 1t now thonght to be in the nature ofpa nephrosss rather than
a nephning

Macfic and Ingram (1917) n the Gold Coast concluded from thei
revsew of the bierature that nepheitts dev claped most often m malana
which bad been wireated or badly reated or m swbyeces who had had
tepeased attacks They reported nme cases m which renal symptoms
were well cstablished Al were chddren under 10 years of age
Some were suffering from muxed infections but all had quartan parasires
m the penpheral blood  The renal symptoms developed gradwally
with progeessive oedema af the fice ‘hands and feet three patients
had asotes The unne was examued m five cases onls, atbumun was
presentinall cases but casts are mennoned monly one no saformanon
an thie pows, being provaded m the other four cases Adeguate quinine
thetapy resotved the rensd symptoms 1 ol cases

Clatke {191 19.9) reposted that more than 0 per cent of cases
diagnosed as nephrins in Pocak had P aalarsae an their blood  Of 62
cases showang vedemna aud atbumunari 3. had parastes 2nd ouly five

fever These cases responded well 1o quinme therapy

Manson-Bahr and Maybury (19..7) described two cases ot nephrios
both associated wich P 'malanac mfection One case showed oedema
of the feer and face and the wane contamed 1 < per cent albunun and
granular and hyalme casts  Response to quuune therapy wis slow
The second patient first developed guartan malaru a year before the
onset of the oedema which first appeared three months aftcr a recue
rence of the mfection The swelling began w the wkle: and by the
tnte of exanumanion myvobved the face kas arms abdommal wall
and sacrobiac region The unine contained 1 per ccue albumm  epithe-
bal cells hyalne and granular casts and red blood corpuscles The
blood pressure was 145 90 and there was some cardiac hypertzophy
The case therefore suggested some evidence of azotemtc nephrns
There was a rapid response to qunme _one mouth after treatment the
ocdema had subsided and the sysiohic blood pressure was 130 mm Hg

Gigliolt (1930) made a thorough survey of the ntidence of nephnus
and 1ts relanon o mataca m Dersh Guuana between the years 1923
and 1929 There was 2 malama eprderme 1n 1926 Nephntis became
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short peniod of oligurna before the suppression develops The blood
urea concentration which 15 rased above normal m most blackw ater
fover cases (Facley and Bromfield 1934 Macgrath 1944) 15 often
high before the onset of ohguna or anura once renal failure
desclops 1t rises very rapidly and may reach very high levels In
recovery after anuma 1t remains elevated for some days and returns
slowly to normal in the course of two or three weeks  There 1s wsually
a pronounced fall 1 plasma chlonde dunng the anunc phase the
concentratton slowly returming to normal 1n recovery

An abrupe fall m blood pressure sometimes immeduately precedes
the onsct of anura but as the renal faslure progresses the bl
pressure tends to nise (Macgratth 1944) There s howover frequenthy
a rapid fall of blood pressure partcularly the diastolic pressure sn the
fate stages of the anuric state and towards the end the pauent com-
monly passes 1to a state of medical shock complicated n some eases
by motor hyperacttvity and vomiting

In blackwater fever there may thus be two clical forms of renal
impairment  In one there are albumun and casts n the vrine an
symptoms of tubular epithehal dysfunction  In the other there 1s
added to the first syndrome the compl of urmnary supp
which may go on to complete anuri and extreme exacerbation of the
tubular falure  Recovery in the latter case 1s associated with polyuria
and the passage of dilute urme a condition also seen after recovery
from malarsal nephrinis (Crag 1909) The reversible nature of the
anuria syndrome 1s the feature which distingusshes 1t from other forms
of acute nephriis As will be scen later st may be classified as an
example of the syndrome of renal anovia (Maegraich et of  1945)

RENAL DYSFUNCTION IN CHRONIC AND RECURRENT
MALARIA

Watson (1905) 1n reviewmg the clmcal features of natural P
malanae mfections reported that mn 83 cases 27 individuals showed
vanous degrees of oedema ranging from shiphe swelling of the fect to
ocdema of the hands and arms legs abdomen chest and face In
severe cases there was sometimes pleural effusion and some pulmonary
vedema  The veme usually contamed albumun and casts somenmes 1
large quantities Fever was frequenty but not always present and
the condibon responded well to ad larna]
James (xo10) described two patients Suﬂ{ctmg from P malariae infec~
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degendmg on the presenting symptoms  The first group complaned
oflon,, drawn out fever and had no obutous signs of renal dysfunction
except for occasional swelling of the ankles and face  The urme
volume was reduced the unne of high speaific gravity and usualty
aod It contaned albumin and abundant hyaline and granular casts
butnored cells Urea ¢ tests usually d d wmpar-
ment of concenteation and the dustane test 1mpaired permeabihity
The blood pressure was normal Under adeguate antunalamal tseat-
ment the signs and symptoms were reheved Many of these cases
returned subseq sently to hosprtal wath well established renal syndromes
In the second group of patients corresponding to what Gighol
calls chrome parenchymatous nephrius  the malara was usually
10 an acuve chmeal state on dividual complaned
cuefly of generalized oedema the onset of which was sudden and
related to 2 recent rectudescence of malar or cven the presenting
attack _The swelling mvolved the face abdommal wall enstals and
legs There was often asaites The urinc was scanty and contamed
large amounts of albumin The spectfic gravity was low and there
Was a sediment containing granular and hyaline ‘casts and occasionally
red corpuscles Urea concentratton and diastatic tests gave resuhts
:{uc}a below normal Both P vsrax and P malariac were gmnd in the
oo

The thurd yroup of paticats had kess marked bur more persistent
oedema hm&i’uhc vonuting  There was less albumin m the urme
and few er casts than i the second group The volume ot unne seceeted
darly was bugh The blood pressurc was rased and signs of cardio-
vascular alierations were present In these cascs the omet was very
gradual the hustory betng ane of low grade fever winch was so mld
that treatment was not thought necessary P malaniac was the
Commonest paraate observed m the bloed w this group which
Ciglols clasifics as the chrontc mersunial type of nephrus

Gigloli stated that once definit. nephntis had becn established
the condition unless enery, ucally treated pragresses wath exacerba
tons corsesponding to those of the underbying matina infecuon wnul
death supervenes m a relapse with symptoms of acute renal fadure

Surbek {1931 ) described a syndrome very sumlac to that descibed
by Gigholt accurrang, 1n patients i Sumatra He ealled the condstion
qiartana nephross tq};nmm ac adolescentium and described it as a sub-
acute parenchy matous hydropic nephettts with ocdema  frequent
:ucngs and heavy albumiruria and hyaline and prgmented casts but
usudlly no erythrocytes mn the urme It occurred m children and
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cspecaally promment during the post-cprdenute perod n the succeeding
twa years when chironic mfections abounded  Seasonal mses 1 dhe
mcidence of malana 1 these years was assocrated wath ‘exacerbations
of the renal syndromes  In 87 cases of nephnus exanuned m:
parastees were found m 61 He therefore concluded that maka was
the sigmificant actiologteal factor m the development of the endemic
nephntis of the area mn which he was making hus observantons Sevent
teen cases were nfected with P malanae only and two had 2 mxed
mfcction with P malariae and P 1wax  There were only 35 cases of
quartan malara so that the ncrdence of the renal syndrome m ths
wfection was nearly 50 per cent Just over 4 per cent of the P 1irax
cases showed renal symp In the 1nd s populatron children
were most frequently affected

Gigholt did not observe any acutc nephns  The 102 cases he
cxamined were all erther subchronic or chrome dropsical or mterstnal
nephnos  All cases gave a chnical hustory of chronic relapsmg nearly
continuous fever  The muajority had acquired malana durtng the Tocal
cepdenuc of 19.6 and the infecuons had subsequently been treated
madequately The malaral actacks were notable for their persistenc
and tendency to frequent relapse rather than ther il severity

Gigliol: considers that the scquence of events 1n the evolution of the
renal syndrome 1n malaria 15 as follows Albununuria sn acute casts
represents an ¢lement of transitory and reverstble renal damage which
disappears with the other symptoms when the clintcal actvity of the
malaria subsides In persistent chronuc and relapsing infections albu
nunuria becomes permanent and gradually increases Casts and cel
are eventually passed m the urine and at a later stage oederna appears
and nephnitis’ representing severe renal damage has become establish
In the carly stages the conditron 1s reversible and will respond to treat-
ment but 1f the disease 15 allowed to progress uncheched permanent
kidney damage occurs m the form of the complex s mptomatology
of chronic parenchymatous or chromic mterstial ncpimns The late
meidence of the renal syndrome 1n relation to the epidenuc of 19-6
and the fact that 1t was found m 19.8-.9 m cluldren of two or three
years of age but not younger mndicated the slow progress of the
condition

Gigholi concluded that pl  alk 12 and established
chronic nephntis were merely different phases of the same slow
process of hdney damage brought about by low grade chronic

malaral actity
He found that Ins pattents could be divided mto three groups
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the nephrins developed durmg a chascally actve attach of malara

one caie a man aged o1 the fever was subducd tnmeduately by
quuune therapy but the panent died two days afier admussion” At
autopsy the kidney showed the lesions of chronic nephaitis and there
was hypertrophy of the left side of the heart

Carothers (1934) m Fast Africa reported 15 cases of subacute
rephnns mn children from 3 to 1. years of age  Three cases were
it The syndeome was one of marked general ocderma especrally
of h Togs and face Twehe chuldren h‘:g asetes The urne mn alt
cases contaned albunun Ten of the 15 subjects were mfected wich
P malarige compared with 18 aut of <17 ather chuldren sufferng from
malina The rate of infecton with P falaparum was the same m
nephre and other children

Jumes (103) studied malanial nephrosis 1 New Guinea and the
Solomon fslands He reported L. cases n 10 years Nine were ifocred
with P wmalanae two with P malarac and P e two wich P oay
d P filaparynt and two with umdentticd parasttes  The clinieal
Picture was very sumilar to that desenbed by Gigholr and Surbek
Oedema was general and was parncularly cvident i the face legs and
sotum - Asates was common  There was mo mcrease 1 blood
P essure and no change 1n blood urca mrogen  The urine contaned
albumin 1 half the cases associard with granuhr and cellubar casts
renal cells Jeucocytes and ofien scanty crythrocytes The cases were all
ehronie malarnal subjects with some degree of ansemia and splemc
enlargement The syndrome accurred most commonly m children
17 being under seven years of age In most cases there was a long

tory of chronic or recurrent malarta and a relanvely short hustory
of renal 1y ol ement Adequace treatnunt of the malaria with quinme
was usually accompamed by recovery or parual recovery from the
renal symptoms In a fow cases oral qunine had no effect and the
Ppatients died

“There have been many other accounts of chrantc malarial nephnns
or nephrosis developing m the course of naturally acquired nfec~
tions most of them describing a climical pictuse stmilar to that ouchined
above The features that have been particalarly stressed are the
madence of the syndrome m P malanae mfections m young people
and the often dramatic responsc to quumue therapy (Hetlg 1941
Leading Artice Indian Medical Gazett 194..)

In induced nualaoa the fully developed syndrame daes ot seem to
have been reported but there are numerous accounts of albununurie
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adolescents infected with P malarize and 1 15 early stages responded
well to qunine In a subsequent paper (1931 b) he gave a more
detailed account of the syndrome 1n a young Javanese man who
had severe quartan malana (untreated) for two months before adms-
ston and who died three days later m spite of qumne therapy
P malanae parasites were present m the pertpheral blood  There was
diffuse oedema of the ncphronc type and sery marked asares The
paucnt was prostrated vomted and had persistent duarrhoea, Apart
from drowsmness there was no evident uraemuz but there was an azo-
temsa of 1 per cent (later corrected to 1 per mille) The erythrocyte
count was 2 9 nullion cells per cu mm. and there was an intense wfec-
tton with P malariac ‘There was heavy albununuria and the unne
contaned a deposit m which there were abundant casts of every
description and a few erythrocytes The urmary chlonide concentra
ton was low  Treatment with quinine reduced the number of parasites
m the blood bur the panent died apparently m uraemua. ~Surbek
refers to 10 cases of this renal syndrome scen m Sumatra two of which
were fatal  All occurred 1n subjects under 30 years of age and seven
m children.

Goldic (1930) reviewed the literature and came to the conclusion
that any form of malarsal infection 1f allowed through lack of treat-
ment or madequate treatment to become chronse or recurrent mght
lead to the appearance of chronic nephntis of the hydraenuc type
Goldic and his colleagues exammed 674 cases of bemgn tertian, 381 of
malignant tertan and 23 of quartan malina  Four cases of quartan
one case of benign tertan and three cases of malgnant tertian malana
show ed oedema and three of the quartan cases gave evidence of watet
retention. Water retention was also observed 1 1o cases of mzhgnant
terpan and two of benign ternan malama  Renal complications were
thus commonest m quartan malana  They considered that this was
probably because of the tendency of thus infection to become chrome
or latent  The symptoms of nephrins 1n malana were usually album
nuria Jocal or generalized oedema and water retention 1 the features
of hydraemuc nephnns  Cardovascular symptoms related to the
azotaemuc form of nephrits occurred m a few cases

Jansco and d Engel (1931) described stnular renal syndromes
1.4 cases of malana 1n Hungary 10 of which were P faloiparum mfec-
tions three P malanae and one muxed P 152ax and P malanae  The
chcal preture was that of chrontc nephnus even m the P falaparum
mfecons  The malara mnfection responded well to ?ummc but the
symptoms of nephritis were unaffected In the P malariae mfections
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the nephats deseloped dunng a climcally active attack of nalarta
In one case 2 man aged o1 the fover was subducd immeduately by
quinme therapy but the patient dicd two days after admussion At
auwisy the kedney showed the lestons of chronic nephrus and there
was hypertrophy of the left side of the heart

Carothers (1934) 1n East Affica reported Is cases of subacute
nephnitis in chuldren from 3 to 1. veats of age  Three cases were
fatal The syndrome was one of marked general oedema especially
of the legs and face Twehve children had aseites The urine m all
cases contained albummn  Ten of the 15 subjects were mfected wath
P malange compared with 18 out of .17 other chldren suffermg from
malanla  The rate of infecnon with P fakupanum was the same in
nephritic and other children

James (1939) studied malaral nephrosis 1 New Guinea and the
Solomon Islands He reported 2. cases i 10 years Nine were mfected
with P malange two with P malana. and P onav two with P rian
and P falaparin and two with unidennfied parasites  The clmrcal
picture was very simar to thae described by Gigholt and Surbek
Oedema was general and was particularly evident mn the face legs and
scrotum  Ascites was comunon  There was no tcrcase w blood
pressure and no change m blood urea mtrogen  The uzne contamed
albumun 1n half the cases assoctated wath granalar and cellular casts
renal cells leucocy tes and often scanty erythrocytes The cases werc all
chrome malarual subjects wath some degree of anaenua and spleme
enlargement  The syndrome occurred most commonly m chidren
17 bewng under seven years of age In most cases there was a long
hustory of chrome or recurrent malana and a relatively short history
of renal mvolsement - Adequate treatment of the malarta with quiine
was usually accompanted by recovery or partial recovery from the
renal symptoms In a few cases oral quunne had no effect and the
patients died

There have been many ather accounts of chronse nalarsal nephertis
ot nephrosss developmg 1 the course of naturally acquired mfce-
tions most of them descrtbing a chintcal pictare stmilar to that outhned
sbove The features that have been partcularly stressed are the
meidence of the synd m P malanae mfc 1 young people
and the often dramatic response to quume therapy (Halg 1041
Leading Article Iudian Medical Gazette 194.)

It snduced malana the fully devcloped syndrame does not seem to
have been reported bue there are nuntcrous accounts of albumnuria
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urmary casts and somcumes ocdema  assocated paraculady wik
P malanae infecnons (Boyd and Proske 1941 Katchen 1941)

A somewhat unusual syndrome has recently been described by
Sarrouy and Portier {1939) It occurred m a young Arab woman with
a history of fever and oedema developing a2 month before admussion
to hospital and a sumilar attack 12 months previously P malanae
roscttes were present in the blood  She was suffering from generabzed
oedema and the urne d considerable g of albumm.
There were however nerther casts nor blood cells i the unne and the
urinary urea output was normal The blood pressure was not rassed
but the blood urea mtrogen was 77 mgm per eent There was an -
crease 1 total blood hipoid and cholesterol a fall in albumin and 2
e m haemoglobin concentration  The blood chlonde remamed
normal cven dunng the most severe oedema  Antimalanal treatment
combmed with Liver therapy had a good cffece The authors called
this condinon nephrose hpoidigue

At first sight there appears to be wild confusion amongst authors
with regard to the description and classification of the yanous senal
syndromes they describe 1 chromc or recurrent malama but the
confusion hes more with the classification than the deseniption
Giglioh s three groups of syndromes with a few modifications cover
most of the cases described “Recapitulated these are

{a) A slowly developmg albuminuna wath casts m the vnne

(b) Generalized ocdema of varying degree with ohguna albu
nunurta casts and sometumes red blood cells m the urne no
mse m blood pressure or blood urca mtrogen uracmua only m the
final stages

¢) Some oedema some albuminuna and casts and occastonally
red blood cells in the urine no oliguria except i the final stages
a nse of blood pressure and blood urea mtrogen sometimes
cardtac hypertrophy uracmia a common outcome

Gigliolt calls the last two syndromes chromic parenchymatous
nephrits and chromie mterstitial nephntis respectively  Surbek ealls
the second syndrome guartana-ncphrosts mfantum ac adolescuntrent
Goldie diffe the’ two synd as hyd and azo-
taemic nephnns  The followmng labels have also been used  diffuse
nephnitss dropsical or mnterstial nephnins - parenchymatous hydropic
nepheitis sl nephnos neph and nephrose lipordique the
Jatzer refernng to the case described by Sarrouy and Porner which 15
somewhat unique m that there appeared to be a fatty nephronc
syndrome 1 whick the renal functton was untmparred
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The teve nature of these syndromes cannot be determmed without
an account of the patholozical changes and the functional deviations
asonated with them  There 15 ample wformation regarding the
patholopcal changes but very hitle cancertung che hidney function
during the syndrome

Where ivestiation has been carned ont however 1t has been
found thae renal funetion 15 frequently 1mpared.  For wmstance
Waolsky and Schewelewa (1930) mvestigated senal function using the
methods of Volhard and of Mosenthal m 76 cases of malar;a at all
stages ncludmg the quieseent perod between relapses  OF 34 eases
showing signs of renal dysfuncnon 15 weee vivax malacua {out of 23
caes) srewere falorparum (out of 10 cases) and 13 were quartan {out
of 19} The aushors concluded that renal dysfunction occarred
with equal frequency 1 the three forms of malina  They also
obtaned svidence wdicating a relation between the appearance of
venal dysfunction m makinia and the degree of enfargement of the
spleen

Toscano (1931) cxamned renal function m 1. cases of malana and
found a diminution 1 the difution power of the kidney in seven (srx
filotparum and one vivax malar)  Interforence with concentrasion
of urea was cvadent i four cases {theee falaparum onc vivax) In
the only two cases in which tosts were repeated after speafic therapy
sormal fuuction was restored  He could find no relation. berween
the grovity of the general symptoms and the appearance of kidney
dysfunction

The combined functional and pathalogical evidence supporrs the
view thatin mataria the emphass s on tobular damage of a degeneranve
rather than wflammatory nature so that the syndrome on the whole 1s
of the nature of 2 nephrosss rather than a nephetus

PATHOLOGICAL CHANGES

In the followmp secion the  pathologrcal changes i the
kdneys . malaea are subdivided for the purpose of discussion
mo {1} those of & general mature amsng diecdy from the
panastic imvasion and (i) those more speafically related o the
parenchymatous tissue  The lesions m blackwater fever arc treated
separately
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(1) Changes anising directly from malaral infection

Parasites

Parasites are usually scanty 1 the kidneys cven when they are
plentsful 1n other organs  Craig (1909) considered that they occurred
n numbers that were too small to account for the development of
the renal lestons  They are unevenly scattered through the organ
and are found most frequently 1 the meertubular capilfarics and less
commonly m the glomerular vessels They are rarely fourd i the
renal vens (Craig 1909 Deaderck 1909 Marchiafaya and Bignamt
1900 Gaskell and Millar 1920)

Occastonally the kidney vessels may be filled with parasinzed eclls
to the pomt of apparently obstrucung the blood flow Sucha case has
been reparted by Ewing (1901) At the othee extreme Allen (19 ol
has described four cases of acute P falasparum imfecuons m which there
were gross renal pathological changes but no parasites were foun
i the kidneys although they were abundant 1n other organs

Pigmentation and phagocytosis

The kidneys ate not commonly heavily pigmented but haemozom
1s frequently found m small amounts m ‘the glomerular tufts m the
intereubular vessels sometimes free n the mtcrstitial tssue and even
occastonally m the epithelral cells of the tubules and withm phagoeyts
i the capsular space The glomerult usually contam more pigment
than the other tissues  Very rarely prgmentation may be gcncral an
extreme and the mtertubular vessels may become ‘marked out by
haemozom within phagocytes contained n the vessels and according
to some authors m the vascular endothelium Pigment gving the
Prussian bluc reaction for 1ron 1s often scattered sparsely over the whole
organ including the glomerular tufts and tubular epithelium

Phagocytosis of erythrocytes parasiized crythrocytes and pigment
1snot pronounced in the kidney although the pigment present 1s mostly
mteacellular  In the glomerult pigment has becn reported mn bot
epithelral and endothelsal cells (Cratg 1909 Marchiafavaand Bignam!
1900} and mn genvascular cells on the capillartes (Tornolt 1932)
As mentioned above pigment has also been reported m the endothelial
cells of the wntertubular capillanies  Allen (19.6) found malaial pig-
ment coarse and fine m lear cells which collected 1n the
interstinal tissue 1 areas m which the dcgcnex;mve changes 1n the
tubular epithelium were not very advanced” Taltaferro and Mulligan
(1937) found Little evidence of phagocy tosis i simian malarta in erther
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the acure or chrome stages of the discase  Pagatent was occastonafly
presat m macrophag s lymg m the wneerstinal ussee and tn the late
sages of acute P Enouless mfections pigmented mionacytes ¢ ere
found s the capillartes togecher wath unphagacytosed parasitized
tr}d\mq tes

Vascular changes

Seattered small haemorrhages m the cartex and medulla have been
described especually in 2cute remal :{'ndmmcs Mutld and severc fatty
snd mild degencrative changes w che endathehum have buen noted
especually 1 the glomerular tutts and afferent artertoles Gross sw cling
or probiteration of the endotheliun has not been desrribed  Throme
bosis stays and meeavascular agglunnanon of erythracytes have been
described only in relauion 1o lesians i cases 1 which there 15 heavy
pataumemi volving, the remal vessels  Occasonally infarces have

o reporied In chronic and recurrent P malange malania Gighalt
(1932) has deseribed thickenung of the arterwes and atertoles of the
Yadaey assocuated with cardiac hypertrophy In these cases the fate
4 gerename changes m the glomerular capillartes were most marke

(1) Changes m the parenchyma
A Acute malana

\x‘n acute malarsal infections m which chere has not been marked
chinteal evndence of renal involvement thete are usually few pathalogical
changes 1n the kadneys The orpans are shightly enlarged and not deepl
P’fgmcntcd The capsulc 15 non adherent and strups casiy  The vessels
;‘d};um cortes and medulla may be congested on the other hand the
& €ys may be pale There are sometimes punctate haemorrhages m
Ml; micosa of che pebvss The cortex 15 frequently shghtly chickened
‘h:?;?&'::gz the lccslons pecultar to mafarta are much less in evidence

2

ongested and gans {Crasg 1909) The glomeralar vufts are somenmes

In severe casns may be the site of small hacmorrhages
*¢ m3y be some shighe prolife of the epithelium of B s

£ 3 A}
wsal-and f e capsular space sometmes contams fibrmous of albume
TOU matter and eyen

3 pymented loucacytes and plasmodsa (Cras
3“:1: 15 cloudy swelling of the cpnhchcu‘lm of thepmbulcs w(hxchsxix
o c::lclmahmz ehubt fatty degeneranon and necrosis The tubules
P 3( s starght tubules (Deadersck 1909) contun_hyaline
et 3’1 granular casts The mtertubular vessels are often, cone
nd contan parasnzed red cells and pigmented phagocytes
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(1) Changes ansing directly from malanal ifection

Parasites

Parasites arc usually scanty mn the kidneys even when they are
plentiful in other organs  Craig (1909) considered that they occurred
1 numbers that were too small to account for the development of
the renal lesions  They are unevenly scattered through the organ
and are found most frequently 1 the intertubular caprllaries and less
commonly m the glomerular vessels They ate rarely found m the
renal vans (Cratg 1909 Deaderick 1909 Marchiafava and Bignamt
1900 Gaskell and Millar 19.0)

Occasionally the kidney vesscls may be filled with parasunzed el
to the pomnt of apparently obstructing the blood flow  Such a case has
been reported by Ewing (1901) At the other cxtceme Allen (19-6)
has described four cases of acute PP falaparm fections i which there
were gross renal pathological changes but no parasites were foun
1n the hidneys although they were abundant 1n other organs

Pigmentation and phagocy tosis

The kidneys are not ly heawily p d but } i
15 frequently found m small amounts 1n the glomerular tufts m che
ntertubular vessels sometrmes free i the mterstinal nssue_and even
occasionally 1n the epithelial cells of the tubules and withm phagocytes
m the capsular space The glomerult usually contain more pigment
than the other tssues  Very rarely pigmentation may be general an
extreme and the meertubular vessels may become marked out by
haemozom within phagocytes contamned im the 3 cssels and according
to some authors 1n the vascular endothehum Pigment giving the
Prussian blue reaction for 1ron 1s often scattered sparsely over the w hole
organ wcluding the glomerular tufts and tubular epithchum

Phagocytoss of erythrocytes parasiized erythrocytes and prgment
1s not pronounced in the kidney although the pigment present 1s mostly
intracellular  In the glomeruh pigment has been reported m bof
cpithelial and endotheltal cells (Craig 1909 Marchiafavaand Bignam!
1900) and mn penvascular cells on the capillaries (Torrioli 1932
As mentioned above pigment has also been reported m the endothelal
cells of the mtcrtubuﬁr capllanies Allen (1926) found malanal pig-
ment coarse and fine 1 mononuclear cells which collected m the
interstitial tissue 1 areas 1 which the degeneranve changes in the
twbular epithelium were not very advanced” Talaferro and Mu]llim
(1937) found lirtle evidence of phagocytosis i simian malaria m either
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@ of P flapanm mfcction mwhich m hisview the renal danuge
was the cause of death  In these eascs the hidneys were connderably
enlarged the capsale was nom adherent and the organ surfice was
smooth and reddish grey  The substance was firm  The et surface
was preasy and the cortex could not casly be duunguished from the
medulls and the medulfary rays were idistnce

The outstanding hustological feature was the advanced degeneration
of the cpihelal cclls of the twbukes fn farge ascas these cells were
complewely degenerated the cytoplasm granuhar and the nucler brohen
up The banuna of the tubules were frequently filled with granular
debris “The meerstal ssue between the tubules contamed members of
large prgmented mononuclear cells which were present s greatest
fumbcrs 1n areas where the calls were Jeast degenerate The glomerular
tufts contaumed malanial pement and there was some desquamation
of the epubelium of Bowman s capsule Ay mentioned above no
parasstes were found m the kidneys i these cases although they were
present i other organs

Allen seated that the general histologcal picture was not unlike that
described mn the Jater stages of blackwater fever where some observers
kay stress on the & q wath which dr chanyes are seen
mthe cells hrng the tubles

¢ deseription cotresponds closcly wuh that of most other

wokers Goldic (1930) reviewed the bturare and came o the

el g
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Sometimes there are capillary haemorrhages and signs of pressure
necrosis (Crarg 1909 Marchiafava and Bignamu 1900 Thayer 1809
Deadenick 1909 Dudgeon and Clacke 1017)

Gaskell and Mullar (1920} have described these changes very clearly
s cases which died without overt renal symptoms from P falaparum
mfections 1n Salomka dunng the 1914-18 war In cerebral “cases the
kidneys were not greatly enlarged the capsule stnpped readily the
cortex was not markedly swollen and the cut edges did not evert
The cortical blood vesscls were distended wath blood  The glomerulac
endothelal cells showed arregular mild fatty degeneration and the
capillanies were congested The cells of the proimal consoluted
tubules wcre swollen and their mner margins cregular There wassome
loss of nuclear staning  The large vesscls at the junction of the cortex
and medulla were @ 4 as werc the medullary capillanies The
endothelal Lining of the fateer displayed some muld fatty degenerative
changes  The tubules other than the convoluted tubules were
apparently normal  There were few parasttes and hittle prgment In
scpticaemic cases 1n which the general degree of parasttaerma was
very great parasites were not present m the kidneys in large numbers
and the renal changes were sumilar to the above except for occasional
haemorrhages in the subcapsular regions and in the mucosa of the pelvis
(The latter was also described by Marchufava and Bignany ) In the
cardiac type of case 1n which cardios ascular symptoms predominated
parasites were also scanty 1n the kidneys ‘The cortex was swollen and
pale the vesscls dilated and congested The glomerult were norma
except for occasional parasites or pigment There was however
appreciable d 1on of the epithchal cells of the p con-
voluted tubules mn which nuclear staming was poor and there were
pronounced granular changes i the cytoplasm  The cells of the dstal
convoluted tubules had 1’ places desquamated and filled the tubule
lumen with debris The medullary portions of the tubules were not
affected  The medullary vessels were wregularly congested the con-
gestion being especually pronounced in certam arcas

It 15 clear from the above that the changes m the kudney occurrng
1n cases of malana 1n which the clinscal signs of severe renal drstur-
bances have not developed to the stage of a nephrosn or nephrius
are cluefly to be found 1n the tbules The glomerult apare from some

1ementation and congestion are not much affected In cases of so-
called acute malarsal nephrinis or nephrosts this concentration of damage
on the tubules 15 even more clearly marked

Severe lestons have been described by Allen (1926) in Jamatca m four
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d sidopment of scvere oliguna or anurta however simtlar lestons
are apparently capable of giviag risc to an azotsemic climseal preture
with rising blood pressure and blood urea As will be seen later theee
13 evidence to show that thus azotacnua 15 the outcome of the falure of
glomerular fiftranon consequent on fufure of glomerular blood fow
and rot of the wbular changes

Glomerular changes ntay occur 1 scute malassa uncomplicated by
other diseases but tﬁc) ate seldom severe and are rarcly as pronounced
as the changes i the tobules

B Chrome and recurrent malaria

Goldie {1930) reviewed the bteracure to that date and pomted out

at descripuions of kidney changes 1 chronie ot recurrent mialana
vaned trom big fat kidney (Foleh and kaener) 1o small granular
laduey (Sran)” Volhard and Fahr considered that the essenctal leston
wasa dffuse fatty degeneration associated tn acute cases wath eprthelial
nectosis Munk called the leston a nephrosis and stated that signs of
inflimmation of the renal nssue scldom accompanied it even when
the kudney vessels were loaded witk parasies Ewinig, s (190t} tindin, s
in 2 smgle case vere snular but Gigholr (193.) i%und wnsrdcrabﬁ‘c
mflamma ory or cellufar changes i three of five cases of quartan
nephross Goldre concluded from hus survey chat fatty changes and
egeneration of the tubules were the commonest findmes the patho
ogreal picture bony, that of a nephrosts of the hydracmue vpe In
acute malana thas nephrosts occurred mamby 10 I falry arent infections
it m C}]l’oﬂlc or recarrent ﬂulatll 1t was commoncr m Popssan
and P walonac mfeetions  The differences between the pathologtcal
chang s sn the former nfection and 1 the latter depended upon the
more toxic actwaty of P faluparum and the tendency for the other
species to rehapse and beeome Jatent

In gen ral the descripuons of kidncys gven by workers m ehys field
£l snto two groups In onc the Jodney 1s large wnse and yellow
white or grey and the essentnal Jossc 115 tubular epethelial degeneration
with few 3t any changes m the glomerult In the other the kidreys are
nat enlarged or are comracted and there are changes m the glomeruly
ot varying depree with massive and rrregular mfileration of the assue
with round cells asso 1ated wath an active hyperplasia of connective
ussue Gigliolt has suggested that these twa lesiors smght be relatcd
the v«mf succeeding the fist He has suggested that the evolunon of
th~ renal lesions may develop as follows n acute P faluparm and

¢ iy I malariae infe the kidney condi 1s ot hor cured
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conclusion that the principal renal Jesions i malana were fiey and
other forms of degencration of the tubular epithelum  Nevertheles
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glomerular changes have been occasionally reported m acute malarn
Marchafava and Bignanu (1900) for nstance are often quoted as
describing a glomerulo-nephaizts in a case of quartan malaga In thys
case however as m some of the others quoted (Jansco and d Engel
1931) there was the complicating factor of a secondary mfection
and 1t 15 1mpossible to separate the malarnal from the other elements
m the genesis of the kidney syndrome and pathological picrure
Gigholt ({1932) has descbed advanced glomerular changes m P
malarta. infections but only 1n chronic or recurrent malata and also
1 some cases 1 the presence of sccondary fections

Spitz (1946) found enlarged 1schaemic and celiutar glomeruls
and swelling of the ruft endothelium 1 ntne of a series of 5o cases of
malignant tertian malaria These cases had had azotzemua and four
also had what she described as hemoglobmuric nephrosts  sumilar
to that scen m blackwater fever and mcompatible transfusion  Changes
1 the tubular epitheltum were noted 1n the majority of cases

It appears therefore that the characteristic kidney leston of acute
malana 1s degencration of the tubular eprthelial cells” This as Goldie
pomts out 15 the pathological pattern of 2 ncphrosis rather than a
nephnus and 15 accompanied usbally by 2 hydraemic cliniel preture
Under cerran conditions especially an circumstances Jeading to the
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with necrosu 1 some areas These changes were most pronounced
1 the prowamal convoluted tubules where the epithebium was shed
and appeared m granutar masses with clumps of broken-down. nucler
formung epsthehal casts  The fotty chanee 1 the epthelial cells was
most pronounced near the basemant membrane Granules of hacmo~
zom were present m the epichelsal eclls of the prowmal convolused
tubules "The capilfaries assocated with the tubules show cd no evidence
of embohe blockage wath pgment The glomerul showed fatey
degeneration of the cpithell lirang and some fary changes m the
capiitary endorhelial cells These chanyes were notas pronounced as

s seen tn the rubules  Parauites of umdenufied species contaung
prgment were present n the eapilanes There was some swelling of
the epuehehum and b b mn Bowmans capsole
Compared with the changes m the tubules the glomerular changes
were very shght  The blood vessels were unchanged

Other authors have descnibed simiar lestons w cases of malar
usaally l:;guman but accasionally even m mahignant ternan malarsa
{Jansco dEngd 1931) The promnent lesion ts degeneraton of
the tubular epthelum  usvally most pronosniced the proximal
convolueed rubules 3 with desgs of the ephehal
&ebris o the lumen  The glomerulac changes are shgh tand are scldony
more severe than a smld fatty degeneranon of the epithelial hang
smembrane and the endotheliat cells of the capflaries  Sometimes as
sn Surbek s case round eell mfil ofthe ! ussue
10 the medulla 15 mennoned  Thas 15 vsually not promopnced but n
agroup of cases described by Gglolt 1t appeared as a promunent feature
and was assocuated with probiuration of the mterstmal connecuve
tissue The clinscal hustones of Gigholrs patients were all long both
from the pomt of view of malana and renal symproms so that it s
passible thar the cases represent a more advaneed stage of the pracess
which gives rse to the lesions alrcady descnbed  Cighiolis fine cases
can be davided o two m which the kidneys were entarged and tense
and 1n which the capsule was non-adburent and two m which the
kidneys were smoller than normal and 1n wihncls the capsules were
adherent  One case was comphicated by gangrene of the pudends

Case I belonged to the first group The patient was 3 chuld aged
tno years and a half at death  She had been snfecred with B malana:
for 2 yoar and had had an attack of oedera accompansed bv atbumi-
nurm and urmary casts successfully treated wath quinme sr¢ months
before the fina] smilar ateack of oedema and protemura winch farded
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or if untreated proves fatal Occasionally howeser 1t may progress
mto more chromc state In P tsax and P malaniae wnfections the
process 1s more gradual and a sub-chrome nephntts develops and 1s
succeeded 1n due course by a chromic parenchymatous nephntts an
ulumately by chrone mtersttnal nephnus  In the sl stages the
changes arc reversible and give rise cﬁmcall) to albuminuna and the
passage of casts later the symptoms of hydracmic nephrosts supervenc
and finally may grve place to those of terminal uracmia There 15 no
more than presumptive cevidence that the kidney lesions progress 1
this way but the history of individual pavsents 1s often strongly sug
gestive and 1t 15 com enent here to adopt such a hy pothesis n order
to stmplify the presentation of the evidence

The large white hidney type of picture 15 well llustrated m the case
described by Surbek (1931) The pattent was a Javanese who had had
ocdema and asaites for two months before admission  His blood
showed a heavy infection of P malaniac and although quunne releved
the malaria he died three days later from uraemn The kidneys were
greatly enlarged and pale whire m colour  The cut surface was opaque
and the capsules were non-adherent The cortex show od degenerate
convoluted tubules the cells showng small drops and gr:&nul:llmﬂs
which were hight rose i colour The lumina were filled with des-
quamated cells and coagulated masses of the same colour and ntensely
coloured hyahne casts The epithehial cells also show ed fatry degenera
tion Some fatty degeneranon of the glomerular cells was also
observed otherwise the glomerul were unchanged A few capsules
contaned debns simular to that i the tubules The cortical blood
vessels were unchanged ‘The medullary portions of the eubules con
1amed hyaline casts and there were scattered patches of round cel
tnfiltration  Surbek described the picture as degencratnve parenchyma
tous nephnins the shghe glomerular changes being outweighed by the
alterations 1n the convoluted tubules

A smular prcture was described by Menon and Annamalu (1933)
1n 2 Hindu w oman with oedema of the legs who was found comatose
and monbund The kidneys were both pale greyish whie tense and
much enlarged The capsule was non-adherent The cut surface
bulged and bled very hele Cortex and medulla were both swollen
and pale and the demarcation was not clearly defined The authors
describe the appearance as beng somewhat similar to the large white
kidney of subacute nephntis  The glomeruls were not vasible but there
was some congestion of the papillae of the pyranuds  The tubular
epithelum showed advanced cloudy swelling and fatty degeneration
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of the glomeralt than of the tubules the lestons of which he beheved
10 be Jareehy secondary to the changes i the tatersetial connectnve
ussne and glomeruly On this basts he regarded them as cxamples of
chronie glomesular nephrins m the acive and termumal stages of
development T hus view the evidence mdseated that i thr carly stages
of this chromse duscase 1o P wwalariae nfecuons the renal lesions were
prmanfy degencranve wheress 1 the later stages they were prin-
aipally mflammatory and probiferative

There 15 general agteement amongst workers on the appearance
of deenerative lesions but few have recarded the diffase cellulag mfil-
tratve and prohferauve picture or the severe glomeruhir changes
dosceibed by Gighioli Tt 1 possible ¢hat some of the lessons described
by the latter may have ansen 251 his sccond case winch died of ang-
rene of the pudenda from ficrors other than the malaral mfection

The kidaey 1 blackwater fever
Macroscopie appearances

Descriptions of the kedacys i blackwater fever vary considerably
There appear to be few speafic appearances €ven 1 apuric cases
slthough all workers agrec that the organs ase enlurged and many
report some deytee of oedema and tenscness of the tssucs  Semc
aathors have found the kidneys gencralhy cngorged and rrrepularly
matked with hacmorchages wlich are nuanky concentrated 1 the
cortex  Somse have reported that the congestion of vosch o chicfly
confined to the cortex others have observed the mam vascolar chanyos
i the medalla (Anvwlle < of 1918 Dudgeou 19.0 Lazrn jo.3
1028} A relatve anaemua of the cortex assocnared wath congestion
of the medulla has frequentdy been noc d particulacly w auge cases
and has been referted tn as the cssential lesion  For example Peiatm
(1876} duseribed the cortex i one casc a5 pale grey and the pyramuds
much congested  The cart x has often been described as suppled
swith brown spots and the medulla dark brown wath radaing brown
bnes (Basratt and Yo he 1039 Thomson 1024 Rapaport 19-8
Stephens 1a37}

In the cases seen m West Africz durmng the 1933-45 war the
appearance of the kiducys was faely unsform The organs were en-
latged swollen and shghtly ocdematous They were pate or hght
brown deprnding, upon the amount of pigmented matenal present
the tubules and general congestion was scldom obytous In relation
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to respond to quinmne - The kidneys were enlarged the capsule wasnon
adherent and the underlying surface was smooth and greyish yellow
The cornico-medullary ratso was normal the cortical pattern obscured
and the pyranuds congested at their bases Histologically the glomerul
were practically bloodless the nuclet were reduced 1n number and
there were some vacuolated {endothelial) cells Intensc fatty degener2
tion of the glomerular vessls and afferent arterioles was seen n frozen
sections The epithelial wall of Bowman s capsule appeared norml
but there were desquamated epithelial cells m the capsular space
The tubules were srregularly collapsed atrophicd and somenmes
obliterated or dilated and filled with collowd cellular detmtus des=
quamated epithehal cells and leucocytes  Casts ennieely formed of
polymorphonuclear cclls were abundant  The tubular cpuhch:l cells
showed some fatty degeneration  The arterioles and artertes were not
thickened but there was a diffuse increase 1 the interstitial connectne
ussue cspecrally 1n the cortex and infileration with lymphocytes and
polymorphs

Gigholt s cases 1V and V belonged to the other group Case Wa
girl of minc years of age had a malarnal lustory of fiveyears mfecuon
with frequent recurrences of P salansae infection and a successfully
treated cpisode of oedema and proteinuria 18 months before admussion
the presenting oedema developed 1. days before admussion there were
no parasites 1n the blood  Case V wasa man 39 years of age who had
2 malarnal hustory (P malaniac) of two years and a hustory of meermst
tent shght oedema for the 10 months previous to admussion P
talartae was present n the blood The kidney lesions were much the
same 1n both cases The hidneys werc not enlarged  They were
scarred and the capsules were adherent The cortex was reduced 1t
thickness  Glomerular changes were prommnent The tufts were
matted and ndistinct and adhestons to Bowman s capsule common
Fatty degs ton of the endothelial cells was pronounced Some
glomerult were completcly replaced by fibrous ussue ‘The mtersntial
fibrous tissue was irregularly and diffusely proliferated and iregularly
mfiltrated with lymphocytes  Polymorphs were rarc There were
focr of round cells about some of the vessels the walls of which were
hy Pcrtmp}ucd Many of the tubules were atrophied or destroyed
In some areas the tubules were diated and lined wich flattened ept-
thelom  The lummna were filled with colloid and desquamated fatty

Hyalmne casts were numerous
dered that his cases showed more sersous mvolvement

cells
Gigliolt cons
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of the glomeruls than of the tubules the lenons of which he beheved
to be fargely secondary to the changes m the mtersutal connective
oxme and glomeruls On this bass he regarded them as examples of
chrome glomerular nephnits 1 the setne and ternumat stages of
development I bus view the evidenee indicated that 1n the carly stages
of this chrome disease m P malanac anfecuions the renal Iostons were
prmarty degencratve whereas in the Jater stages they were prin-
apally seflanmatory and probiferative

There 18 general agreement amongst workers on the appearance
of degencratrve Jesions but fow have rocorded the diffuse collular mfil-
wtate and proliferatsve picture or she severe glomernlar changes
described by Gighol 1t 15 possble that some of the fesions descrsbed
by she latter may have snsen as i Ins sccond case which died of gang
rene of the pudends from factors other than the malanst ifecuon

The Ludney 1n blackwater fever
Macroscopsc appearances

Descriptions of the kidneys in blackwater fever vary considerably
There appeat to be few speafic appearances even I anuric cases
although all workers agrec that the organs are enlarged and many
feport some degree of oedema and tenseness of the nuues  Some
authors have found the kidneys geneeally engorged and wregularly
matked wath haemosrhages which are maunly concensrated in the
cortex Some have reported that the consestion of vesscls 1s chiefly
confined to the cortex others have observed the mam vascufar changes
11 the medolla (Amewtle ir 4l 1918 Dudgion 5920 Paterns 19.3
19.8) A relative anzemua of the corex asomated with congestion
of the medulks has frequently buen noted parncubarly m anunc cases
and has been referred 1o a3 the ossennal Jision For example Pulfann
{1876) deseribed the cortex w one case a5 pale grey and the pyramsds
much congested  The corzex has often been desersbed as suppled
wth brown spots and the medulla dark brown with radiaung brown
Lnes (Bareate and Yorke 1909 Thomson 1g.4 Rapaport 9.8
Stephens 1937)

In the cascs seen m West Afnca duting the 193945 war the
appearance of the kidueys was furly wuform  The organs were en-
larged swollen and shgiuly ocdematous  They were pale or hghe
brown depending npon the amount of pigmented materta present
the tubules and general congesnon was scldom obvious In relation
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to the medulla the cortex was frequentdy anaenuc and 1n most organs
there was some degree of congestion sometimes intense and often
wregularly distributed  of the medullary vessels (Maegranth and
Findlay 1044 Macgraith 1944)

Histological changes
(a) Glomeruli

Most authors have reported normal or only shghtly changed
glomerult in blackwater fever whether the patient had died i an anunc
statc or not Some workers have descrabed general shight congesnon
becomung intensc n a few glomerul (Dudgeon 1920) but more
c ly they have c { on the relanve bloodlessness of the
tufts even when occasional glomerul have been congested Paterm
(19.8) for mstance found mn the same speaimen some glomerult
ntenscly engorged and others completcly devord of blood Haemorr-
hages into the glomerul have been reported but these are uncommon
Anncrease 1n cells has been recorded 1n 2 few glomerult i Judneys in
which they were otherwise apparently normal (Stephens and Chursto-
phers 1901) Gross changes 1n glomeruht have been noted only by
Gouzien (1911) who clarmed that a glomerular nephritis was present
In the West Afttcan cases referred to above glomerular changes were
few The tufts were oecasionally congested but were more frequently
anaenuc and haemorrhages were not observed

Bowsman s capsules arc often apparently normal but they may be

ded and Ity sucl Is a pro feature ©
the hstological picture (Thomson 1924 Whipple 1909) The ept
thelium somerines shows muld or severe degeneratve changes and may
even appear necrosed  Desquamation is not uncommon and may some-
umes be considerable  Occastonally the tufts may be adherent and
young fibrous tissuc has been described occupying the capsular space
under these cir Stephens and Christoph 1901) The
capsular spaces are frequently empty but they may contaun amorphous
hyalmne or granular materral sometimes staning bike hacmoglobin
sometimes gvng the Prussan blue reaction for wron  The capsules
may occastonally contam considerable masses of materal Thus
Marchand (1918) records broad crescents of seddish brown partly
granular partly hyalne material  According to Dudgeon (19.0)
blood debrts may be present 1n acute cases but blood cells have not
ded the b b has

apparently been
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b n dseobed a5 degenerate {Porak 1018 Ameutle ot ol 1018
Salviols 19.. Rapaport 19.8 Hoepplt 105 Stephens 1937)

i 12-Glamerylas 0 3 cawe of snar b ckwat 18 e Nt the @ it
< D e abience of coybocytes 0 th wlt wilon addeg o
fpthel { churges Th capule 5 »  tended The dia t oo lurd
Chufessh W goncratevecha ges th pshel w

() The tubules
t Changes i the eprthelium

{a} Comoluted tulules Changes 1n the epithebum of the convotuted
tubalis are neasly abways present 1 blackwater tever whether the case
3 becarre anunic ornot A fev authars have absrved 1o evidence ot
change mn the eps helam (Porah 1938} and w cxses which have pro-
%::smi for some days hypertrophy and regencestion of the cells has
nreported (Amewlie 1938) Mo tautho s however havoobserved
dey eneranve changes tangmg from cloudy swelling and vacuolaton
udgeon 1.0 Dudyron and Clarke 917} 0 complete necross of
both cytoplasm and nuclus (Whipple 1000 Barratt and Yoske
1900 Paterms 19.3 Macgranth and Findlay 1933 Th~ dutribunon
of the degeneratve changes 1s often patchy  Degencranon and necrosss
of the eells o both proxumal and dutal consaluted tubules has been
freq sently nowd the more severe imons bewmng wsually found m the
larter The affected vel's have bren descubed a5 flattened (Baesatt 21d
Yorke yp00) or thunner than noral o thar the mbnlr fumn
appears dilsted or vuth pegad edges projecune treey ularly 1nto the

fomen  The steavion of lemunal swdace of the :cﬁs 55 lost early
D cells sre frequently desqy d and mamy authors have




16 PATHOLOCICAL PROCESSES JN MALARIA AND BLACKWATER FEVER

to the medulla the cortex was frequently anaemic and i most organs
there was some degree of congestion somctimes mntense and ofien
wregularly distnbuted  of the medutlary vessels (Macgrath and
Findlay 1944 Macgranh 1944)

Histological changes
(a) Glomeruli

Most authors have reported normal or only shghtly changed
glomerul in blackwater fever whether the pauent had died i an anunc
statc or not Some workers have described gencral shght congestion
beconung mtense m a few glomerult (Dudgeon 19.0) but mose
ly they have d on the relative bloodlessness of the
tufts even when oceasional glomerult have been congested Paternt
(19.8), for mstance found 1n the same speamen some glomerul
mtensely engorged and others completely devord of blood  Haemorr
hages mto the glomerul have been reported but these are uncommon
An wnierease an cells has been recorded m a few glomerult 1n kedneys
which they wete otherwrse apparently normal (Stephens and Chrrsto
phers 1901) Gross changes m glomerult have been noted only by
Gouzten (1911) who clarmed that a glomerular nephritis was present
In the West Aftican cases referred to above glomerular changes were
few ‘The tufts were occasionally congested but were more frequently
anaemic and haemorrhages were not obscrved
Bowman s capsules are offen apparently normal but they may be
d and oc sich 152 pr feature of
the histological prcture (Thomson 1924 Whipple 1909) The epi-
thelum sometimes shows mild or severe degenerattve changes and may
even appear necrosed  Desquamation s not uncommon and may some=
times be considerable Occastonally the tufts may be adherent and
young fibrous tissue has been described occupymg the capstlar space
under these circumstances (Stephens and Chnstophers 1901) The
capsular spaces are frequently empty but they may contam amorphous
hyaline or granular matersal sometunes stammng hke haemoglobin
sometimes giving the Prussian blue reaction for won  The capsules
may oceasionally contam considerable masses of materat Thus
Marchand (1918) records broad crescents of reddish brown partly
granular partly hyalme matertal  According to Dudgeon {19-0)
blood debris may be present m acute cases but blood cells have not
apparcntly been tecorded  Sometumes the basement membrane has
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There appears to be liztle that 15 specific abour the nature of the
Iesions which melude all gradanons of degeneration from cloudy
swelling to granulac degeneraton and necrosts The granules w the
degencrate cytoplasm sometimes stan pmk with cosin and resemble
haemoglobin droplets but there 15 no firm evidence of their beng

emoglabin or derved from 1t They miay or may not give the
Prusstan blue reaction for sron Malanal pigment 15 rarcly 1of ever
present

2 Changes 1n the tubules

The tubules have often been described as dilated sometumes grossly
{Whipple 1009 Wemner 1907 Barratt and Yorke 1909 Salvioli
19.2 Thomson 19.4) but although ths is the appearance given by
tustologieal spectmens actual measureruents do not seem o have been
made so that some ot the so-called dilatation may 1 fact be the
tesult of the frequent shedding or partsal desquamaion of the epithelral
¢cllsinto the lumen  In the tubules of the medulla the difatation may

c very obvious especially i regrons of capillary congestion where
there have been haemorthages directly mto the tubules which become
filled with blood cells

‘The lumen 15 frequently filled with matcrsal usually described as
€t Varying in app trom ebvious desq d epstheliumand
red blood cells o reddish-brown granules and spherules (sometimes

ut not always grving a positnve wwon reaction) the composition of
which 15 uncerram  The humimna are frequently deseribed as plugeed
with such marcrral and the assumption has n the past been roo readily
made that sufficient mechanical obstruction of ths sort arises to account
for the fallure of vrmary seceenion (Foy et ol 1943 Macegranh 1944)
This pornt wall be discussed later  The matersal within the lumen 1s
most abundant m the distal convoluted tubules the ascending loops of
Henle and the collecting tubules (Werner 1907 Salvioh 19.2 Mac-
gratth and Findlay 1944) lts distetbution thus differs from that of the
epithelual cellular degeneration which 1s cleacly marked 1 cells of
the proxumal as well as those of the distal convoluted tubule and less
obvious in the collccting tubules

The contents of ¢he fumuna also change from the proximal to the
distal extremitzes of the nephron  In the proxsmal and distal convoluted
tubules the contamed matenal 1s uxuale more obviously crllular 1
nature consisting of desquamated cells and portions of cells m s arious
stages of degencration topether with amorphous granalar matenal
which may be yellowtsh and not stam with eosin or, more camumonly,
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noted exposed basement membrane ofien tsclf mnvolved in the
dcqcncnmc process

The degenerate cells are usually deseribed as granalar the granules
m the hacmatoxyln and cosmn seaned specimen bemng grey black
rusty coloured reddish pmk or ycllomsfx They have often been
said 1o be haemoglobin or s dertvatves bue the eyidence for thus s
poor and such conclusions are based manly on the simfanty of the
statrung reactions of the granules and erythrocytes to eosn or alum
haematoxyhin  The granules sometimes give 2 posiene Prussan blue
reaction for ron but not always even when they stun pink. The ron
reaction 15 sometimes diffirscly positive throughour the cytoplasm of
the cells and may be posinve m granules which farl to stam with cosn
Hsalme cullmz} and diffissc fatry changes in the cprthelial eclls have
also been rc{aortcd Some authors describe large globular or wrregular
musses usually hyaline or colloid Iying m the cytoplasm and distinct
from the granules or the concomutant degeneration  These masses
for the sanic reasons as the granules have sometimes been desenbed a5
contaming haemoglobm Their true nature has not been determmn
In severc degencration the nucler undergo all the changes associa
with necrosts (de Haan 1905 Werner 1907 Marchtafava and Bignam
1906 Bacratt and Yorhe 1909 Gouzien tgrz Amcwlle et of 1913
Salviol: 19.2 Patermi 19.3 1928 Thomson 19.4 Stephens 1937}

(b) Culls of Henles loops The cells of the mbs of the loops of
Henle arc frequently d d those of the ding limb beng
more commonly and morc severely affected The degenerative changes
ate sometimes constderably Iess severe than those present w the ¢clls of
the convoluted tubules Tims the cells of the provimal b have been
described as showmng finely granular degeneration while those of the
distal imb show coarse granular changes  The Prusstan bluc reaction
for won guses wrregular results

(c) Cells of collecting tubules The cells of the collecting tubules are
not frequently serously affected They may show signs of degenera-
tion and may somettmes desquamate mto’ the lumen bur they ate
often described as mtact The tron reaction 1s vartable and pmk
eosm-stamning granules may appear 1 the cytoplasm sumshar to the
granules seen 1n the cells of convoluted tubules (Stephens 1937)

The degencranve and necrotic cellular changes in the nephron ate
thus most proment 1n the convoluted tubules especially the dstal
convoluted tubule and m the distal loop of Henle The cells o the
collectng tubules are damaged less in propornion
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There appears to be hutle that 15 speafic about the nature of the
lestons which include all gradations of degeneration from cloudy
swelling to granular degeneration and necrosis The granules m the
degenerate cytoplasm someties stam pink with cosin and resemble
haemoglobin droplets but there 1s no firm evidence of their bemg
haemoglobin or denived from 1t They may or may not gue the
Prussuan blue reaction for ron  Malarual pigment 1s rarcly if ever
present

2 Changes 1n the tubules

The tubules have often been described as dilated sometimes grossly
(Whipple 1909 Werner 1907 Barratt and Yorke 1909 Salviolt
19.2 Thomson 19.4) but although this 1s the appearance given by
histologteal spectmens actus} measurements do not seem to have been
made so that some of the so-called dilatanon may m fact be the
result of the frequent shedding or partral desquamation of the epithelial
cells into the lumen  In the tubules of the medulla the dilatatton may
be very obvious especully m regrons of capillary congestion where
there have been haemorrhages directly mnto the tubules which become
filled with blood cells

The lumen 15 frequently filled with matenal usually described as

€asts varyme n app from desq deptheliumand
red blood cells fo reddish brown granules and spherules {sometimes

but not always giving a posive tron reaction) the composttion of
which 15 uncertain  The lumina ase frequently desertbed as plugged

with such matersal and the assumption has 1 the past been too readily
made that sufficent mechamieal obstruction of this sore arises to account
for the farlure of unnary scerction (Foy ot af 1943 Macgranh 1944)

This point will be discussed later  The matersal withun the Jumen 1s
most abundant 1n the distal convoluted twbules the ascending loops of
Henle and the collecting tubules (Werner 1907 Salvioh 19.2 Mae-
grarth and Findlay 1044) Its distribution thus differs from that of the
T“he‘m‘ cellalar degeneration whuch 15 clearly marked n cells of
the proximal as well as those of the distal convoluted tubule and Iess
obvious i the collectng tubules

The contents of the %ummu also change from the proumal to the
distal extremunes of the nephron  In the proxamal and distal convoluted
twbules the contamed matersal 15 wsually more obviously cellular m
nature consisting of desquamated cells and portions of cells i various
stages of degeneranon together with amorphous granular matersal
which may be yellowsh and not stam with cosin or, more commonly
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phiic In the ding loops of Henle and partrculacly the
collecting tubules the granules are larger and may reach the size of
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The cellular debris the granules spherales and clumps of reddish-
yellow materl and erythrocy tes are the commonest substances found
tn the subules It would be tedious to da more than summarize other
findings Thus grey crumbling masses agglutinated or clotted red
cells fragmented red eells durty red glarmlgcs not staming with cosn
hyaline blocks coagulated serum or albummous matersal have been
desenbed at vanous nmes Occasional polymorphs have also been
recorded

The matenal m the mbules has usuafly been sad to be staned with
of even composed of haemoglobmn or ts deenvatives  As i the epi~
theltal cells the evidence for the presence of hacmoglobin s based
mawnly on the stasnug reactions af the matenal the haemoglobinous
matter stuning ltke red cells with hacmotoxylm and eosm or dark
with 1ron alom haemotoxyhn {Barrast and Yorke 3g09) and yellow
with pienic acid (Thin 1899)  Casts 1 the loop of Henle have been
stated to gave the haemoglobin reaction (Salviols 19..) and granules
of methaemoglobin have been ceported (Patenu 15,33

(¢) Changes 1n other tissues

The relatrvely anaemie cortex and glomeralar s and the irregalar
medullary capillory congestion have already been referred 1o In
some ateas as has also been menuaned the medullary congestion
may be severe with all the appearances of the dilated and engorged
vessels havmp broken through mto the neighbourmg degencrare
tubules cansing haemorshage mro the lununa which are diated wath
free erythrorytes Mulnple tabular hacmorrhages of this sort are
comman in some cases  Haemorrhages also octur m the mterstttal
mssues They are commonest and largest 1 the immediately subw
eapsular regron and may be confined to the cortex even when the
laster 15 ansemsc bat may abso be found scattered throughont the
medultary substance L\suzﬁy i darect relanion to areas of congestion
and damaged tabules especnlly the collectng tubules  In the cartex
comcal haemorrhaye areas have been descarbed wieh the base beneath
the capsule and the apex pamang towards the medulls  Such areas
may possibly be small mfarcrs bur they are not associated with any
endence of vascular ot by p dor d red cells

The 1 assae 18 Whipple (1909}
for wstance abserved ocdema an five of twelve cases and an the Weyt
Afercan cases referred to clsewhere oedematous sepatation of the cellu
far matrix was somenmes observed  Infiltration of the nssue with cells
fias also been desersbed particulardy around the blood vessels tnclading

I}
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the large veins wsually those of the medulla Paternt {19.3) has for
instance _described Iymphocytic infiltration aboue the vessels and
Marchrafava and Bignamu (1900) referred to nodules of epitheliord
and leucocytic cells among the tubules of the medulla Lymphocyuc
accumulations 1n relanion to the medullary vessels were not uncommon
n the recent West African cases Biggs (1945) has suggested that they
may be allergic 1n origin

Evidence of phagocytosts has been occasionally described malama
pigment appeartng 1 the endothelial cells of the glomerular tufts and
occastonally m the epithelal cells of the tubules Marchand (1918)
described 1 one case’ large monocytic cells filled with haemosidenn
conc  1n the cortic dullary zone

The general piceure i blackwater fever

Some of the mformation outhned above 15 conflicting but most
authors agrec on certam detmls Wrth few excepnons they have
found few changes i the glomerult compared to those i the tubules
Occasionally congestion of the glomerul and even hacmorrhages mto
the tufts have been described but more frequently the glomerult have
been found normal umaltered or anaenuc  The cortex has some-
times been found congested but more often paleand relatively anaemic
Most severe changes have been recorded m the urmiferous tubules
the degenerative and necroic lesions of the epithelum bcm{g most
prominent m the convoluted tubules and the ascending loop of Henle
The lumina of the tubules especially those of the distal convoluted
tubules the ascending loop of Henle and the collecung tubules have
been found wrregulardy filled or plugged wath casts composed of
epithelial debris desquamnated cells granular and hyalie matenial and
red blood cells Most authors have reported the contents of the lamuna
staned with or composed of haemoglobm or its dertvauves  The vesscls
of the medulla have been found irregularly congested and haemors-
hages reported mto the mterstitial tissue espectally about the tubules



CHAPTER VIl

THR KIDNEY IN MALARIA AND BLACKWATER
FEVER

(12) Pathogenesss of renal lesions

PATHOGENE 1 BLACKWATER Fevir The r le f haemoglobn — Th ¢h oty f mechamcal
brruct o Efctsof culn ghae oglob 1 PARMITES 1N THE PATHO pnesss OF Marama
AN Blackware Foven To — H emo op  SENGITIVITY AND ANTICEN-ANTISODY R
A Renar FURCTIONIN RELATION T0.C1 N £ INE. EGTROLYTE WATER PLasMA Ba ANcE
1 00D Passsune 4nD Bioon VoruMs CaNGES N RELAMION TO REN LFUNCTION  THE RENAL
CHANCES 1N Ma AWA AND BIACK WATER Fever As Examer s OF Tix EFfecTs OF CO TIAL
Bow eMi ano R L ANOXIA Th pthel llecons Th d ¢l pment of —R

Bood flow in e als w—Ch g enal blood A w  REcaprriiaTion  ComTicAL
SCHAEMIA AND RENAL ANOXIA IN MALAR A ND B A XWATER FEven

Wimit the exception of the so-called chromic mterstnal nephritis
described by Gigliols (1032) the renal le 1ons of acute chronic tecur-
rent and repeated malama have many points m common with one
another and with those of blackwater fever In all the cortex 15
commonly pale and the glomerul hittle affected  the degenerative and
hecrotic lesions are most severe in the tbules espectally the convoluted
tubules  the Jumina of the convoluted tubules and the less damag ed
collecting tubules contamn desquamated cells cell debris grey yellow
ot pnkish granules hyaline material or crythrocytes  In the case of
Blackwater fever the mbular contents ate generally believed to be
stamed with or composed of | lobin and its dervauves  Apart
from thus the lestons of blackwater fever are 1dennical m type and
distnbunion 1f not alwavs m degree with those of acute malana
The changes in the kidnevs are predonunantly degenerative and not
mflammatory  Qccastonally some cellular filtranion (usually peri-
vasaular or nodular) of the mterstitial ussue has been reported but
extensive mflammatory changes i the sense of vigorous cellular
Teaction 1n the mterstial tissue and glomernli have been recorded
only by Gigliolt m his sertes of five cases with histories of chromic
quartan malama  As mentioned elsewhere  Giglioh's findmgs may
have been complicated to some extent by the effects of secondary
mfection and the age of hus patients He belicves that the renal lesions
ate essenually degenerative 1n their early stages and become preva-
fently mflammatory and proliferative only in the later stages What-
ever the explanation of the lesions observed m Gighol s cases they are
gt
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umque 1 descripuions of the kidney changes 1n malana Al other
workers arc agreed that the damage 15 mamly concentrated m ¢he
tubular epithelium and not in the glomeruh and that the lestons ase
primanily degenerative and not mflammatory  For the purposes of
classification such lessons fall into the group of renal changes charac-
tenstic of the toxaemtc kidney or nephrosis (Langdon-Brown and
Evans 1946}

Although the pathological pattern 1s m many ways constant 1 that
the Jesions are deg ve and conc 110 the epithehum of the
tubules (parucularly those lymg m or ncar the cortex) the chmeal
syndromes obscrved are not uniform  As we have scen the patent
may suffer from no obvious renal damage except for protenuna
and the passage of casts he may gradually pass into a state of by draemic
nephrosts uncomplicated except termunally by anura or rassed urea
nitrogen or he may develop acute renal fulure assoctated with anuma
and rased blood urea mtrogen but not accompanted as a rule by any
apprecuable degree of haematuria It 15 difficult at farst to appreciate
how hydraemic nephrosis and azotaemuc syndromes can dertve appar
ently from the same pathological changes e the kidneys The most
reasonable explanation appears to be shat the azotaemuc state becomes
grafted on to the nephrosis as the result of the fulure of unmary
secretion  The suppression of urine anises from physiologrcal depression
of the glomerular blood flow and consequent cessauon of filtratron
No specific pathological lestons result from thys redistribution of blood
flow but as a result of 1t the already existung cortical 1schaemia 1
wcreased and the tubular damage heightened in proporton The
reversible nature of tlus kidney farlure distmgushes 1t from acute
nephnitis (Maegraith ef al  1945)

The tubular lestons of the nephrosis can i themselyes be most readily
mterpreted 1n terms of mtrarenal redistribution of blood flow They
occur most promunently 1n the cortical portions of the tubules par
trcularly the prowumal and distal convoluted tubules and arc as has
been shown above usually assoctated with 2 cortex which compared
to the medulla 1s relatively anaenuc They can be reproduced expert-
mentally m ammals by mterference wath the renal circulation The
development n malaria and blackw ater fever of some degree of cortical
sschaemsa 1s thus probably the bastc phenomenon nvolved 1 their
Pmductxon In muld degree such 1schaemia gives rse to the epithelial
changes and the clnical picture of the hydraemtc nephrosis but when
the 1schsemua develops to the extent of imuting blood flow through
the glomerular tufts anura and the azotacnc syndrome appears
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The asguments m support of thus vascular conceptron of the patho-
genesss of the renal changes 1n matana and blackwater fever have been
most thotoughly pursued i the latter disease bur they apply cqually
well 1o the former It 1s proposed here to mrroduce and develop
them from the pomt of view of blach water fever

Other factors of course probably play some part in the production
of the tubular lesions and possibly also i the development of anurta
It s well known for mnstance that tubular epithehal degeneration and
necrosts can be produced 1n ammals by the injection of certatn chenucal
posons A spectfic toxic substance denived from the parasitic mfee~
tion m malana has often therefore been postulated and has been
searched for but never found In spure of this fardure o honufy matanat

toxins st 15 2 clmscal fact that the degree of renal damage and type of
kidney future developing in an mdsvidual case depend upon the species
of mvading paraste Thus acmie 2.0t mic syndromes appear ovca-
stonally m acute P falaparum malara and commonly i blackwater
fever but are verv rate m P omalanar or P snav mfectons The
hyd ph ynd 15 much m P malanae
tharin P ¢oav mfections and 1s cxeeptional n P faloiparun mfections

Most authors conuder that the dfferences besween the slyndmmn
produced by the vanous infectng parasites are fundamental by telated
to the severty of the infection and the tendency or otherwise to
fatency and relapse n the acute and severe clinscal states of malsgnant
tertian malama’ and blackwater fever for mstance the conditians
leading to sturta more easily develop than m. the long contnued
relanvely mdder bemign teruan and quartan attacks  In the latter

however the mulder degrec ot amjury to the kidney persssts for long
persods and gradually gaves nise to irreversibl= kudney changes Malanial
? hast plicated b wincmply  Inanuncblackeates
fever the uninary suppression has been meorrectly held to reuls mamly
from mechanical blockage of the tubsles wath debris und precipttated
haemoglobin products These theortes are discussed below

THE PATHOGENESIS OF THE RIDNEY CHANGES IN
BLACKWATER FEVER

The renal symptoms of blackwater fever are characterszed by thar
scuteness and sevenny  They differ ftom those of matana matnly 1 the
(xcﬁucncv of the a}})cuam: of anuna and m the passage m the urne
of globm an d The snuria and haemoglo-
ph 1o hadow in’the

buurn are sufficently dramatic

1
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munds of most obscrvers the concomutant tubular falure  Neverthe
less evidence of tubular damage 15 found n most cases Protemomn
mv:mabli: accomy the haemoglobinurta and 1s usually assocuated
durmg the passage of haemoglobm with large numbers of hyalne
and granular casts and quantinies of cellular debns  Proteinuma and
cylindrunia may appear before the passage of haemoglabin forexample
during the attack of mahgnant feruan malara 1 which blackwater
fever develops  After haemoglobinuna has ceased the protemuma
may persist for some days the protemn and casts slowly disappeanng
The presence of casts indicates some degree of tubufar damage and
there 15 strong corroboratory biochemscal evidence of this In the
haemoglobinunic phase and for some time after_haemoglobin has
disappeared from the urmne there 15 evidence of reduced urnary
concentration  The urne passed 1s of low specific gravity except durmg
haemoglobinuria and heavy protemura 1t 1s usually low 1 concentra
tons of chlorde (as sodwm chloride) and urca particularly m the
post-anuric peniod  The sodium chlonde concentration of the urne
may be low before the onsct of haemoglobinura The low unmnary
chlondes are frequently assoctated with a fall m the blood chlondes
but there 1s no direct relation between these concentrations The
unnary chlordes are usually Jowest during or immediately after the
passage of haemoglobin but this 1s not always the case  For tnstance
Ross (1932) records one patient 1n whom the concentration of urmary
chlorides was 0 15 per cent on the sccond and last day of haemo-
globinuna and 044 per cent three days later and another patient
1 whom the chloride concentration was 0 09 per cent on the secon
and last day of haemoglobinuria and o 05 and o 06 per cent on the two
succeeding days The urnary chlonde coneentrations m two cases
immediately before the onset of oligurna were o0 42 and o so per cent
respectively A reduction of urmary urea mitrogen has also been
recorded even m cases in which the bf’ood urea has rsen considu ably
Thus farlure to concentrate urea 15 especially well scen duning the poly=
una which develops 1n cases recovering from anurta  For wstance 1n
a case 1 the West African senies duning the recent war the urmnary
urea mtrogen was only 07 per cent five days after the restoration of
unnary flow following a period of some days of almost complete
anuria (Maegraith 1944) Wakeman (1929) records a smular case 1
West Africa in which during the fiest week after urnary flow was
established the urmary urea concentratron did not exceed 0 4 per cent
although the blood urea mtrogen was over six ames normal He
considered this most strking evidence of mjury to the tubular cells
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The urca concentration test (Qwen and Murgatroyd 19.8) m one case
showed tmpaired renal function Sunmlar indications of dvsfuncuon
were obratned by Georgopoulos {1931} 1 water concentration tests
carnied out 1n a case stk days after recavery of uninary flow Lillowing a
short pertod of hacmoglobinuca and anura (hrauss 1904 Barratt
and Yorke 1900 Ross Thomson and Simpson 1910 Gouzien
1911 Patermt 1923 Lahull~ 1915 Wesrlko 1926 Quwen and Murga-
woyd 19.8 Yorke Murgatroyd and Owen 1930 Wakenuan 19.9
Wakeman and Motrell 10.9 Ross 193. Georgoponlos 1933 Foy
Altmann Barnes and Kondr 1943 Macgraith 1944}

It 1s thus clear that the renal syndrome of blackwater fever has theee
camponent patts 1¢ hacmoglobmurts and protewmuna oliguna and
anuna and rbular dysfancion mdicated by cyhmdruna and reducnon
m unnary concentration  As has been evplamed above there 15
evidence to show that the tubular damage 15 sumilar to that seen
malana In erder to establish the clo ¢ relation batween the malarul
and blackwater fever renal Jesions however st must first be shown
that the latter are not specific 1 there ongin and do not develop
primanly from the haemoglobimuna or from the ohguna and anura

The role of haemoglobm
The develop of tubular dysh 1s obviously not depend;

on the appearance of urmnary suppression since signs of tubular mury
aipea: 1 all cases of black ™ ater fever < hether or not they became
ohguric or anunic and 1n anuric cases frequemtly appear before the
onset of suppresuon  The face thae tubular dysfunction may precede
and tollow haemoglob 15 strong P pve evidence of s
non-specific onigm

The theory of mechanical obstruction

Unul recently it was generally accepted thar the renal lesions arose
as a result of the passage of the blood prgments through the kidneys
Bareate and Yarke (1909} and Yorke and Nauss {19t} praduced
haemogfobmunia m rabbits by imjection of b lot
solutions and found that some antmals developed anurta The kidneys
of these rabbits showed changes sumilar to zgfm- seen m blackwarer
fever the prominert frature beng tubolar epithehal damage and the
accumulanon of granular pink matenial an the fumma of the tabules
They concluded that the anura had probably ansen from mechanscal
obstructton by plugs of this matenial (which they considered was




2.8 PATHOLQGICAL PROCESSES IN MALARIA AND DLACKWATER FEVER

dertved from haemoglobin) to the flow of unne along the tubules
which were frequently widely dilated as 1f from pressure  Although
they held that this mechanreal obstruction was the mam fictor at work
they pointed out that similar farlure of uninary flow nughe anse from
any agency which caused a dimmution of glomerular filtration suchas
lowering of hydrostatic blood pressure or dehydration If the blood
volume were mamtained in the experimental antmals they found that
relatively large quantities of haemoglobin could be myected without
instiatng anurta Lestons were readily produced 1n dehydrated ammals
fed onadry diet They constdered that the preaipitation of the haemo
globmous matenal m ‘the tubules was closely related to the degree of
concentration of the unine

Baker and Dodds (19.5) followcd up the work of Yorke and Nauss
by mvestigating the factors controlling, the precipitation from solution
of haemoglobm and 1ts denvauves i t1tro and after myection mto
rabbus  They found that a solution of rabbie blood haemoglobm
obeatned by alternate freezing and thawing of ery throcytes was lethal
on mgection unless adequately filtered Filtered solutions of haemo
globin (obtamed by laking rabbit erythrocytes with asbestos fibre)
were njected 1nto rabbuts at repeated intervals and 1t was found that
the urme passed was brown and cloudy with precipitate when acid
and bright red and clear when alkaline "Ammals passing brown urme
suffered kidney damage those passing red urmne did not They found
1t was impossible to produce renal obstruction by njecting haemo-
globm 1nto rabbits unless the anunals are kept short of green food
On greens the unne was strongly alkaline on the dry diet used by
Yorke and Nauss the unne was aced  Baker and Dodds concluded
that the urmary pH was the chuef factor deciding the precipitation of
haemoglobm and its dervatives from solution i urine  They con-
sidered pH more important than the volume or concentration of the
urme the importance of which had been emphasized by Yorke and
Nauss
Experiments with solutrons of haemoglobmn 1 pitro confirmed their
view that precipitation was facilitated by a low pH  They also observed
that provided the urme was sufficiently actd the precipitation of the
haemoglobin was dependent on the presence of sodmm chlonde
the optmal concentration of this electrolyte bemg about 1 per cent
The precipitate formed m saline and acid solutions of haemoglobn
contaned hacmatin and they therefore suggested that in the anm:
a sumilar precipitation took place mn the tubules 2c1d haematin being
deposited when the urmary pH and salne concentration became



THE RIDNEY I MALARIA AND BLACR% ATER FEVER w22

swstable They argued dhat thus precipitation dud 1o mechanical obstrue-
ton to unnary flow and cousequent impaiement of renal funcuon
ey dered that therr oxp show od that the affected
animals could get rid of plugs 1 the tubules and that stmilar fushuny
of debnis accounted for the fasture of blocking o oceur sucg
conditions as paroxysmal haemoglobmura ind those cases of black-
water feser winch did not becorae anorie or which recovered from
anursa They beheved that thy seventty of the semal leson was thus
dependent s part on the degeee of haemoplobmana  As will be
scen these viess are not m accordance with chincat expenence of
blackwater fever
Baker and Dodds concluded from thewr expermrents that smee the
factass leading to precyation of pigment are the acdity and sake
concentration of the urme any type of therapy tending to feduce the &
should prose of value  Thus statement has been one of the most w-
ﬂucnmfmadc m the hustory of blackwater fever for upon 1t has been
bult vp the concentrated atkah therapy swhich has been adopted as 2
standard method of trearment and prophylaws zgams renal fulure
m blackwater tever for the kst 20 ‘)Cﬂrs In thas perod there has
been no substanual change m the death rate for the disease (Macgrarch,
s944) and fram ume o tme the basis of the atkak therapy bas been
challenged bt not before it has become widely employed m the
sreatment of other examples of the renal anoxu syndrome
Ross (1932) u)nducteg farther e4pertments on the preapitation of
temoglobn from solution at varons pH levels and sakt concentra-
wons and from fus resuls and hss climeal expenence of blackwater
fever concluded that the wmportance of sodwm chloride a3 the man
lectrolyte capable of precip g b globu o front an
acid utine had been evaggerated  In oy cases as has been already
omted out the sodum chlonde concentration of the urine was usually
on and always conssderably kss than the aptimal concentranon
veferred to by Boker and Dodds Ross could not agree that the
appearance of suppression was dependent prineipally oher on the
salt concenttation ot the pH of the urine and mehined to the view that
Yorke and Nauss had held namely that the degree of concenteanion
of the wrine was of primary mrportance
Georgopoulos (1913} survey ed the hteeature and his own expenience
and concluded that the mechanical factor could not be considered the
sole cause of obguna or anursa m blackwater fever In many cases
the degeee of blacking of the tubdes was not enough 1o account for
anuria - Georgopoulos ponted out the ranty of anera m other
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conditions associated wath hacmoglobinuria and stressed the greater
significance of the imparrment of renal function mdicated by the
passage of dilute unconcentrated urine 1n blackwater fever

Foy et al (1943) made a very careful analysis of the information
avatlable and showed that the theory of mechameal blockage was
untenable They considered that the producuion of anurma could not
be accounted for by any smgle factor but was the result of several
ncluding dehydration dimimished blood volume and dimunished
renal airculation and glomerular fileration

Mat}:r:mh (1944) Macgrarth and Findlay (1944) and Macgeaith and
Havard (1944) came to much the same conclusion as Foy et a with
regard to mechamcal obstruction They pomnted out ‘that if the
suppression of urnary flow arose from mechanical blocking of the
tubules arsing from the precipitation of haemoglobin dernatnves the
urine according to Baker and Dodds must be acd must contan
haemoglobin and must have a concentration of sodm chlonde of
about 1 per cent  Further the number of blocked tubules must be
very large approaching 100 per cent  Anura should occur more
frequently after a severe haemolysis than after a ight one provided the
unnar}/ conditrons were sutable  Moreover after recovery of urinary
flow followmng anuna the urmne should be loaded wath flushed out
plugs of pigment and casts and should be normal in composition

A survey of the hiterature and therr West African cases showed many
facts which were mconsistent with the blockage theory The urine
at the onsct of anuria 1s as often alkaline or neutral as st1sactd  Anuria
1n some cases develops after the haemoglobinuria has ceased or may fal
to develop in the presence of heavy and persistent haemoglobnura It
has already been potnted out that the sodium chlonde concentration
m the urine 15 Jow and never as great as 1 per cent The degree of
blockage of the tubules has not been ascertamned accurately by any
worker but it s often clearly msufficient to account for complete faslure
of utinary flow In some cases with very constderable blockage
the unnary flow remams unaffected  Fanally i the post-anuic phase
of the discase the first urme passed subsequent to anurra 15 usually
but not always (Wakeman 19.9) clkar ang free from the flushmgs
of debnis and ‘casts whuch would be expected

Maegrath and his colleagues have also stressed other mconsistencies
For mstance the presence and distributron of the tubular epithelnal
damage and the associated urnary dilutton are difficult to explan on
the basts of mechanical obstruction

Journe (1944) considercd that the cause of anuria i blackwater fever
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was not yer determmed  He beheved that preaipitation of haemo-
globin or 1ts produces mught play a pare but was not the whole ex-
planation His arguments were stular to those of the wotkers referred
to above but he also pomted out that it 15 very difficult to explan the
abrupt onset of anuria i terms of tubular obstruction unless a sudden
and simultaneous blocking occurs which he reparded as extremely
unlikely He emphastzed the smportance of the loss of concentratng
power of the kidneys m the Ecst—:munc phase and suggested that
recovery of unnary flow was the outcome of 2 sudden restoration of
glomerular filtranon and was followed by slower recovery of the
damaged tubules

Peters (194s5) and others have also noted the madequacy of the
theory of mechamical obstruction and 1t 1s now becomung generally
accepted that although some obstruction to unnary flow may arsse m
certam nephrons as 2 result of the accumulation of matersal m the
lummna this obstruction 15 of mmor importance and 15 not the chuef
factor concerned 1n the mttation or mamtenance of oliguria or anuri2

The effects of circulating haemoglobin

In hing for a more satisfactory expl than mechantcal
obstrucnon to account for the kidney changes n blackwater fever
workers hive pad particular attention to the effects of circulating
haemoglobin on renal function

There 15 little evidence that the passage of small quantities of haemo-
globin damages the glomerular membrane Foy ef 4l (1943) have
carcfully reviewed the literature on flus pomnt  According to Monke
and Yutle {1940) 2bout 3 per cent of the pores of the normal glomeru-
lar membrane are large enough to peraut the passage of the hzemo-
globin molecule which under certan circumstances may dissoctate
into smaller molecules whih are more casily filtered (Steinharde 1938)
“When haemoglobmn 15 present m the plasma therefore. 1t can be passed
through the glomerulus withour serious injury to the membrane
Scveral authors have found that wathin certam limues haemog lobm acts
as a threshald substance 1 man and some other antmals “appearmg
n the urine ouly when the plasma has reached a threshold
vabueof roughly 70 mam percent a fignrewhch vanes connderably m

d b subjects and ding to mdividual workers (Barratt and
Yorke 1909 Lichty ef ol 1032 O Shanghnessy et of 1030 Otten-
burg and Fox 1938 Forley 1940 Gulligan and Blumgart 1941)
Lichty et af produced experimental evidence i dogs ndicating, that
some haemoglobu was ceabsorbed by the epithelial cells of the con-
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voluted tubules They held that hacmoglobinuria did not appear untd
the reabsorptive capacity of the epithelium was exhausted 2 wiew
which has recenved some support tgom other workers (Gilhgan and
Blumgart 1941 Yuile et al 1941)

In view of the findings discussed above Foy ef al powted out that
functional ot structural damage to the glomerular membrane need not
be postulated 1n order to account for the passage of haemoglobun i the
unne  Nevertheless some change i permeability must take place
since h globinuna 1s always accompanied by heavy p n
and the passage of protem m Jarge quantities 15 not a phystological
occurrence No doubt some of the protemn passed may be accounted
for by the cffects of fever and other equally non-specific features of
the blackwater fever attack but the maximum amounts are passel

p 1y wath the b globin and the quanuty discharged
15 reduced rapidly after the cessation of hacmoglobinuria It is possible
therefore that arculating haemoglobmn may affect the membranc
sufficiently to alter 1ts permeability to protein such as albunun of
pp ly the same molecular weight Hesse and Filatov (1933)
obtamed evidence suggestive of this n dogs ijected with homologous
h al m which alk 13 was found to precede the
appearance of haemoglobinuria

The phystological effects of the injection of soluttons of haemoglobin
and allted pag have been mvesugated by numerous workers 1
man and ammals  The results have been found to depend largely upon
the animal used and the condinons of the cxperiments  Some of this
work ¢g that of Baker and Dodds has already been referred to
above There1s mn addition a considirable amount of other experi-
mental evidence which has a beating on the pathogenesis of the renal
lesions m blackwater fever although it 1s pnmanly concerned with
other conditions 1 _which the renal lestons are essentially the szme
(Bywaters and Beall 1941 Bywaters and Dible 1942 Macgratth
1944 Maegrath Havard and Parsons 1945) particularly the anurta of
mcompatible blood transft (i which h lobn 1s circulaung)
and that of crush mjury (in which the pigment concerned 15 myo-

lobin

8 Mzn)) workers have found that under some conditions the myection
of large quannties of homologous or heterologous pigment (haemo-
globin or myoglobin) with or without the cell debris removed may
produce no toxc effects (Baylss 19.0 Baker and Dodds 19.5 Bor-
charde and Tropp 1928 Outenburg and Fox 1938 O Shaughnessy
1939 Farrley 1940) Chmcally 1¢ has also been shown 1 blackwater
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fever wmeompanble transfusion 2nd vanous forms of haemoglobuurea
that large quantiies of hacmoglobin may pass through the kidney
witheut mbictmg serious damage o the renal tssue and without
apparent interference with Jadney funcuon (Maegranth et of 1945
Yale 1942)

On the other hand at tmes the passage of haemnoglobmn or myo-
globin does appear to lead to renal dysfunction and parenchymat
changes Yorke and Nauss {1911) succeeded ‘Pmducmg renal lesions
151 rabbats followang any of homot dabin sob
but the lesions developed only of the ammals were kept on 2 dry diet
Rabbits on an ordinary green vegetable diet excreted haemoglobm
wpidly and withstood ngection of large quantes without il effect
As descibed above Baker and Dodds {19.5) confirmed these expent
mental results and considered that 1o obtan renal lesions 1 rabbsts s¢
was necessary to keep the unnary reaction acsd

De Gowm (193¢ 1938) and hus colleagues obtatned sinular results
n dogs myected weth solutons of hzemoglobm  Amumals %xvm

chloride and quently passing an acd urine developed
severe tubular lestons and two died from anuna and renal fulore
although five showed no decresse 1 unmary flow  Anmals passing
atkslme urme showed nesther renal fulure nor tubular epithelnl
changes  De Gown considercd that the acidity of the urine was an
mportans clement m the development of the renal damage but as
Foy ez af (1943) pomnt out other factors the sigmficance of which de
Gowmn did not stress such a5 dehydration and the effece of the
ammonwm chlonde on the blood base were also mvohed wm s

P and make the p of them difficule

Do Navasquez (1940) repeated the ammal experiments of Baker and
Dodds and found ‘that rabbats mjected wath hacmoglobm solunon
showed o evidence of blockage of the remal rubules zven w
pasmg aad wnne He conwdered debydragon was probably more
woaporany than the sadity of the arme m the pathogenesss of rengd
farlure associated with the urinary passage of haemogfobin

Corcoran and Page {xo45) watched the effects of the mjecton of

yoglobin } fobin and h mn conscrous wramed dogs
taking a diet grving nise to an acid urne They followed the total renat
and glomenudar blood flow and found chat mtravenous myection of
myoglobia o haemoglobm brought abous remal mymry W sadunc
dogs They conchuded thar these pigments sught therefore be sigmfi-
<ant factors m the pathogencsss of the renal changes s ceush ingury
and patibl £ This was qualified however
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since in certain {then unpublished) cxperiments they were unable to
obtam severe renal damage in hydrared acidurie rats following imjec
tion of myoglobin whereas sumilar doses of the pigment produced
renal nyury mn dehydrated aciduric ammals with crushed kmbs  They
considered that the renal damage m therr dogs resulted from tubular
obstruction by myoglobin or us products and mpared tubula
sccretory activaty ansing from mgestion of the pigment by the epithelial
cells and complicated by the lustotovc effects of the haemann hberated
1 the tbules  As will be scen later their results can be interpreted
differently and on the whole do not bear out the authors conten
uons
Bywaters and Stead (1944) mvesngated the tovicity of solurions of
myoglobn m rabbuts  They myccted pigment extracted from dog
muscles mto ammals secreting an acid urne and mjured by a standar
dized muscular compression  Severe renal dysfanction was cvidenced
mn only four of 25 ammals mjected Myoglobin inyections had no
effect on normal ammals

In the experimental work described sbove 1t will be noted that
successful rosults so far as the production of renal msufficiency an
damage 15 concerned have depended on the exstence of some state
which 1s unnatural to the animal concerned In rabbits for mstance
renal lestons developed only m those antmals passing acid unne an
1n those m which the unnc was concentrated as a result of 2 hmited
mtake of flud n the diet  Solutions of haemoglobin or myo-
globin did not per se show signs of toxtcrty m normal anmuals  Yudle
Gold and Hinds (1945) have recently re-exammed the problem on 2
wide experimental basis and have obtamed results which are worthy
of close attention These authors reviewed the hterature and showed
that syndromes of renal fatlure assoctated with mtrayvascular haemo
lysis have several pomnts m common In all there 15 a crculanng
pigment a factor of vascular or chenucal nature influencing the
organisme as a whole and a renal leston comprising epithelial degenera~
tion and pigmented casts and debns mn the tubules They mjected
solutions of haemoglobm (obtamed from citrated rabbit blood) mnto
rabbuts secreting acid or alkaline urine (the reaction adjusted by dets
essentially the same as those employed by Yorke and Nauss) and m
which the renal tubules had been previously damaged by sodwm
tartrate or temporary clamping of the renal artery {Scarff and hecle
1943) Warer was allowed freely to all anumals

In normal ammals mjection of haemoglobm solution was net
followed by signs of renal disturbance whether the urne had been
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rendered acid or allowed to remam alkaline  Bref clampmg of the
renal artery gave nse to hacmoglobn casts tn allammals rather more
numerous m those with 2cid urime  In two ammals passing acid usine

there was a 1se of blood urea mutrogen shortly after the njection of
haemoglobm one antmal developed oligurra “When the renal artery
was claimped for 2 longer penod the ammals suffered more severe
renal syndromes Two ammals with acid urme became anuric and
died There were haemoglobm casts m the renal tubules 1 these
ammals A third acidurnic rabbit showed a r1se n blood urea nitrogen
without accompanytng ohguria  This antmal was kulled and found to
have many tubular hacmoglobn casts In the ammals given tartrate
maxumnal renal injury was observed n the actduric ammals

The authors luded that the precip of h lobin i the
tubules was not primanly dependent on the urnary reaction but
upon a functional lity of mdividual neph dicated
anatomically by the degenerative lesions of the tubules  The latter
appeared to be non specific smee they could be produced by exther
1schaenia or chenucal porsons (tartrate) However 1f the combination
of tubular damage and hacmoglobmuri ewssted they considered that
the pH of the unne mught be mmportant since mn therr expetiments
pigmented casts appeared more commonly when the urme was acd

e experimental findings quoted above demonstrate very cleatly
the mdependence of the production of the tubular lestons and the
development of anursa For mstance only two of de Gowin s aciduric
dogs developed anuria before death 1n the others the urmary flow was
not greatly reduced In spite of this epithelial necrosts and blocking of
the tubular lumna were promunent 1 all animals - Other workers (for
mstance Yuile e¢ af ) obtamed sumilar results Guven the correct con
ditlons such as acidurta tubular lesions could be produced by adequate
mjections of haemoglobin but anurta did not by any means always
accompany evun the scverest damage This distinction between the
development of chinical evidence of tubular lesions and the appear-
ance of anurna has been potnted out above m regard to blackwater
fever (Macgraith 1944) and has been noted sn similar chmeal condi-
toas such as mncompatible transfuston and crush myury (Bordley
1931 Kimmelstie] 1938)

Foy et al (1943) have mdicated the possible fallactes 1nvolved 1n
argumng dureetly from expenmental results i animals to humans and
stressed the vagations 1n the metabohsm of haemoglobtn which are
found m various amimal spectes (Foy and Konds 1935 1938 Fauley
1941} Nevertheless the gencral pattern of the teselts of hacmoy lobm
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tyction n the anmmals so far studied 15 faiely umform and conforms
m the main with the preture drawn by Yule et al [t seems clear that
tinder certam arcumstances the meravenous mjection of haemoglobin
1 followed by the devclopment of tubular lestons and sometmes
kidn~ faslure  Injecnion of hacmoglobin mto normal ammals Ivmg
on a normal diet has nsually no toxic cffects Other factors {for
mstance the secretion of aaid unne or conditions of reduced fud
mtake and decreased wrimany output) must apparently be present
before renal damage appears Such factors are not always present m
blackwater fever and Ig‘: this reason as well as for others already
discussed 1t 15 extremely unhkely that the renal changes m thes disease
are mmated purcly by the presence of arculanng haemoglobin or s
passae through the kidneys  There 15 a strong probabiliry however
that hacmoy lobin ma exagserate the seventy of the renal lestons under
appropriate condmons particularly mn view of 11s constcting effect
on the hdney vessels and consequent abiliey to reduce the renal blood
flow (Mason and Mann 1931 Red 19.9 Hesse and Filatov 1933)
The close anatonucal sirmlanity berw een the Lidney Jestons of black
water fever and those of acute and chronic malaria has been noted
cliewhere It 35 clear from the evidence just considered that the former
do not owe their ongn spearfically to the passage of haemoglobm.
Thetr simlaemny to the latter thus appears all the closer The non
speaific genesis of both 1s further suggested by thar obyious Iikeness
to the lesions scen 1n muany other conditrons of remal fatlure occurrmg
sn acute discase such as those recently grouped within what has been
called the syndrome of renal anown (Macgraith «f of 1945) In the
discussion which follows the dovelopment of the renal chanyes m
blackwater fever and mahinia are theretore considered together

PARASITES IN THE PATHOGENESIS OF THE KIDNEY
LESIONS OF MALARIA AND BLACKWATER FEVER

It has already been noted that i malaria parasites are usually S‘;la“f}]’
1n the reual ussue although they may be numerous i the penpl si:s
blood and clsewherc Only very rarely Ldocs r'hc Lidney contan para;l]

recrable and stasts or arsing from vascular
i PP by parasitized erythracytes 1s very unusual The parasttes
obsuuction c)selxaxt are most plentifil i the ntertubular capillarses of
which are pr d are not found spectfically 1n relation to the damage
th; ’;"‘d:l”aq:nmm\ Malarial prgment 15 also scanty and most con-
tubules
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centrated 1 the glomeruh  Both parasttes and malanal prgment are
rare 1n the kidneys 1n blackwater fever

It s clear theretore that parasites canhavelutle or no directnfiuence
on the development of the renal lestons 1n either matan: or blackwater
fever The absence of severe vascular changes such as those scen in the
bram 15 probably related as in the case of the liver to naturally high
permeabtlity of the endothelial walls No satisfactory explanation of
¢he relatively low rumbers of parasites found m the kidney hasyetbecn
provided

Indirect effects of the parasitic mvasion are morc difficult to deter-
pune  There 15 Little doubt however that the general anoxaenua
ansing from the destruction of red culls and the loss of actve hzemo-
globin and oxygen from the oxyhaemoglobm of the mvaded cells 1s
an mmporeane factor m producing local ussue anoxia and plays a
part n aggravanng the depeneratve changes m the tubules  Other
factoss may al o be mvolved two of which must be considered here
namely (1) possible diffusable taxins dernved from the parasites or their
metabolic products and () the products of schizogony especilly
haemozom

() Toxans

The tubular epithchal degencration has often been sud to be the
result of the action of malanal towns of one sort or another mcluding
spearfic nephrotowic substances liberated at the time of lysts of ery thro-
cytes Inthekudney where dense agglomerations of parasites are very
much the exception rather than the rule local accumulation of the
products of altcred parastuc metabohsm e pyruvic or lactic acids
cannot be of much importance  Nexther these substances nor parasitic

toxns have been idenufied 1n the renal bssues  Lintwar(H (1937)
suggested thac the parasites muhe produce 3 ton which could com-
bine reversibly with h globin to form a compound which acted
directly on the tnbular epithehum producing fatry and iimally degener-
ative changes  He aterpted to cstablish bus hypothesis by companing
the effects on the renal fanction of gumea pigs of the miecuon of
solutions of haemoglobin obtamed from normal and untreated maarial
indwiduals - Anumals myrcted wich malaeial haemoglobm developed
proternunia  those 1ngected with normal haemoglobin did not  Pro-
temuria was most intense n animals mpected with haemoglobm from
cases of P falcsparqm wmfection Hlus results were not very convincuy,
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myectton n the animals so far studied 1s farly umform and conforms
m the mamn with the prcture drawn by Yule ef al It scems clear that
under certamn circumstances the mntravenous mjection of hacmoglobm
1s followed by che development of tubular lesions and sometumes
kidney falure  Injection of hacmoglobin nto normal animals Living
on a normal diet has usually no toxic effects  Other factors {for
nstance the secretion of acid urine or conditions of reduced flus
mtahe and decreased unnary output) must apparcntly be present
before renal damage appears” Such factors are not always present m
blackwater fever and for this reason as well as for others already
discussed 1t 15 extremely unlikely that the renal changes an ths disease
are mutiated purely by the presence of arculatng hacmoglobn or 1ts
passage through the kidneys There s a strong probabiliry however
that hacmoglobin may exaggerate the sev enity of the remal lesions under
appropriate conditions particularly 11 view of 1ts constricting effect
on the kidney vessels and consequent ability to reduce the renal blood
flow (Mason and Mann 1931 Reid 1929 Hesse and Filatov 1933)
The close anatorical simfarity between the kidney lestons of black-
water fever and those of acute and chromec malaria has been noted
clsewhere It 1s clear from the evidence just considered that the former
do not owe their ongm specifically to the passage of haemoglobm
Therr sinmlanty to the latter thus appears all the closer The non-
speaific gencsis of both 15 further suggested by their obvrous likeness
to the lesions seen 1n many other conditions of renal failure occurring
1 acute discase such as those recently grouped within what has been
called the syndrome of renal anoxiz (Macgraith ¢ ol 1945) In the
discussion which follows the development of the renal changes i
blackwater fever and malaria are thercfore considered together

PARASITES IN THE PATHOGENESIS OF THE RIDNEY
LESIONS OF MALARIA AND BLACKWATER FEVER

1t has already been noted that m malara parasttes are usually scanty
1 the renal ussue although they may be numerous in the perpheral
blood and elsewhere  Onlyvery rarely does the kidney contain parasites
1 appreciable numbers and stasts or thrombosts arising from vascular
obstruction by parasttized erythrocytes 1s very unusual ‘The parasttes
which are present are most plentiful in the ntertubular capillarses ol
the medulla and are not found spectfically 1n relation to the damaged
tubules 1n the cortex  Malarial pigment 1s also scanty and most con-
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SENSITIVITY AND ANTIGEN-ANTIBODY REACTIONS

Renal symproms occasionally develop w proten and anaphy beue
shack g.ongsccpc and Rackemann 1917} and on the analogy of
Volbard s {1931} theory of the allergic nature of acute nephrstts some
authors have suggested that a sensimonty mechamsm may be mvabved
m the geness of the renal deficiency syndeomes of malara and
blackwater fever  There s nos much evsdence w support of thss
hypothesss bus 1t cannot altogether be duregarded especully m view
of the periodic ducharge mto the plasma of protein and other foregn
natersal at the ume ogparasmc sporulation

Haemoglobs does not appear to be mvolved m 2ny schntvity
reactions  smce s effects are demonsteable after 1 smgle mjection
{de Gowan Wasmer and Randall 1938)

Allergsc renal reacuons usually mvole the whole parenchyma and
are concentrated mamly on the glomernlar apparatus {Masugr 3933
1934} Speasfic damage to the epithelium such a5 1 found m malara
15 unlikely an such veacuons It 1 possible however that some
mechamsm 15 nvolved smidar 1o that suggested by Gear {1946} for
che formation of aucolysns The renal epitheltum may be affected
by the prevaimg anoxia or ducetly 35 a result of the emalanal attack
and become capable of acung as an awio-kidneyeputhelum antigen
productny, a diffisable asu-dodnev—prthelum antbody  Any resuling
anttgen-antibody reacton moght gne nse to degeneranon and necrosis
sumthar to that descnibed by Scﬁwcntkc: and Complows {1939) m
rabbus afier myection of maxtuses of homologous kidrey tssue plus
coccal extracts No expesimental evidence of such reactions 15 avarlable
1 matassa or blackwater fever

RENAL FUNCTION IN RELATION TO CHANGES IN
FLECTROLYTE-WATER PLASMA BALANCE

Although they cannot be regarded as mutsaung facrors m the renal
fatlure the changes m electrolyte-water balance occurrng m the blood
n malarmn snd blackwater fever probably mfluence the kaduey function
considerably  pacnicularly with segard ®o unnary output This s
especally tre m cases wwhich some depree of anhydeaemua 15
developed as 2 result of loss of Ausd from vomiung durrhoea and
sweatng 0 creumstances n which the flud meke s fow  Such
cases are yncommon smee m modern teatment fhud 13 vsually gven
in adegu;lc and sometmes excessive quantites (Paramore 043
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and other experiments aimed at 1dentifying toxns have been equally
unsuccessful

(1) Haemozomn

Some authors have held that malanal pigment (haematin) 15 con
cerned 1n the production of the renal lestons and have prowided
experimental evidence 1n support of tlus contention  Brown (1913)
however came to the conclusion that 1t was not possible to correlate
the renal complications of artificial haematin mtoxication 1 rabbits
with the changes found n the kidney 1n human malara snce the lestons
produced by hacmatin showed a predomunance of glomerular damage
whereas those of malaria were essentially tubular He decided that the
damage caused by the haematin resulted prmanly from s effects on
the small blood vesscls which were dilated and congested and the
endothelium of which was damaged

Anderson Morrson and Willums (1942) and Anderson and
Mornson (1942) mvestigated the pathological changes following
yjectton of ferrthaemate (haematin) into dogs and monkeys In both
species they obtamned renal lesions ncluding congestion and throm-
bosts of the glomerular vessels and degeneration” of the epithelium
of the convoif,utcd tubules The changes were less pmnounccd m
monkeys m which they could be directly compared with malarsal
lesions  All five monkeys mjected with disoduim ferrthaemate showed
hustological evidence of renal damage ‘The glomeruh were not
greatly affected the changes bemng most pronounced in the convoluted
tubules and occasionally i the cells of Henle s loop and the collecting
tubules The renal changes 1n monkeys which died from P Fknowlest
nfections were much the same and simular to those described by Tala
ferro and Mulligan (1937) The epithelal cells of the convoluted
tubules always showed some degree of degencration and there were
accumulations of amorphous matersal m the tubular lumma and some
glomerular spaces In some tubules there were hyaline and granulat
casts The authors concluded from the changes m the kidneys and
other organs that although the parasitic prgment was capable of pro
ducing lestons in many respects simlar to those of malara 1t was
unlikely that 1t was mvolved as a toxic factor 1n the disease since 1t was
never liberated from the parasite 1 any quantity mn a soluble form
They concluded that the principal agent of mjury n monkey malatia
was probably anoxaemia resulting from vascular occlusion and severe

anaemia
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that the reducuon in glomerular filtratton resulted from anh jdrarmia
which McCance and Widdowson (1937) (gcmccd out mught act b,
mcreasmg the collowdal osmotic pressure of the plasmz reducing the
volume of airculattng blood so that the usual number of glomerult
were not filled or by increasing the viscastty of the blood and so
dimntushing the glomerulac blood flow It 15 clear however that
anhydraemza cannot be the only factor concerned since Glass (1932)
has ‘obtamed azotaenua and termunal renal falure 1n expertmentally
produced hy pochloracmta 1 the abscnce of dehydratron and a smular
fall mn glomerular filtration rate has been recorded m uncompensated
alkalosts 1n which there was no anhydraem or fall of blood pressure
{McCance and Widdowson 1937 McCance 1936 Army Malar
Research Umit 1045) Wilkinson and McCance (1940) have recently
forther studied the creatinme and urea clearances m rabbits rendercd
salt defictent wachout anhydraemua (Michelsen 1933) and have shown
that such deficicncy results in azotaemia and oliguria on normal flud
mtakes relatne fathure eo evercte water on hugh Rud mtakes and a
reduchon m glomerular filtration rate  The latter n these expen~
ments could be cxplaned nerther by the existence of anhydraema
nor reduchion n hy drostatic blood pressure

Severe sodmm chlonde deficrency has thus been shown to bring
about a seduction i glomerular filtranon rate which 1s independent
of the custence of anhydracmua  McCance and Widdow son bave
suggested that this fall m glomerular filrranon may develop from
{1} a reduction m the number of functtanmg glomeruh artsing from
diminution 1 arculanng blood volume or (n) from a dimushed
renal circulaton caused by mereased blood viscosity or unknown
factors Few workers would agree with the former suggestion since
1t 15 generally considered (although Winton (1937) believes the pomt
1 not settled) that varanon of the numbers of dctrve glomerul such
asas scen an frozs 15 not a charactersstic of mamumaltan renal physiology
{Rachards and Schomdr 19.4 White 1939 Shannon 1939 Smuth
193940 1937) The explanation of the changes i glomerular filtration
1 E]mhably 10 be found in the general changes of coreal blood flow
which wilt be discussed Jater

1t weas pomted out above that sale deficiency may be concern~d 1n
the development of the senal derangements m malicta and blackwates
tever but 1215 probably only of nunor mportance and 15 not the tutiat-
g factor except very rarely smee the reduction of this electrolyte 1s
seldom withun the himuts behieved necessary for the production of renal
dystuncnon {(Glass 193.)

Q
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Bulletin of the U S Army Medical Department 1945) Inanhydraemuc
cases including those 1n which the blood volume has been reduced by
the appearance of medical shock the farlure of urinary flow probably
results from insuffiaency of glomerular blood flow and filiratton,
bue 1t 15 hikely chat the ¢ uhcﬁa] lesions are also aggravated to some
extent by the dunmished flow of urine through the wbules The
sigmficance of this dimmished flow was first stressed by Yorke and
Nauss who showed that saline mnjections could present anuna m aa
duric hacmoglobmuric rabbsts fed on a dry oats and bread diet and
has been repeatedly pormted out smce by other workers Gersh (1936)
for instance foumflhat the kidney s of‘}ch} drated rabbies injected with
pig hacmoglobm contamed much larger amounts of tubular debrs
and hacmoglobmn than did those of rabbus not depmed of flud.
Foy et al (1943) suggest that the formatton of tubular plugs may be
facilitated m dehydration states smee the concentration of unne 15
increased when the avarlable water 15 lmited and separation of pre-
apitates therefore becomes more Iikely It sould be noted m thus case
that the tubular plugs form as a resulf of the dimmshed utinary flow
(caused presumably by dmunished glomerular filtration) and do not
themselves imitiate 1t

Plasma sodium chlonde defictency 1s probably a contributory
factor 1 the production of renal failure m some cases of malana an
blackwater fever since 1t has been often shown experimentally and
climreally to be capable per s of gving rise to derangements of kidney
function  Some authors consider that deficrency of sodmum 15 more
important than that of chloride and link the renii’chmgcs found mn salt
deficiency with dehydration ansing from changes of electroly te concen=
trationn the aissue flud which are independent of fluid intake (herpel-
Fronmws and Butler 1935 Gamble 199 1936) Thus cannot apply often
to malarna or blackwater fever 1 wluch the defictency frequently atises
manly from chlonde loss following excessive vomting

McCance and hus colleagies 1 thar careful studies of the effects of
nduced salt deficiency 1n man and other ammals found mn common
with other workers that there was always an associated merease 1n
blood urea mitrogen They suggested that this azotaemua resulted from
a combmation of a reductton 1n glomerular filration rate increas
re-absorption of urea (Blum 19.8 19-9) and a breakdown of body
protem  The reduction of glomerular filtration rate was shown
cv(pcmncntall) by McCance and Widdowson (1937) and Harnson
and Darrow {1939) and 1t was found by the former workers that there
was nio associated fall of blood pressure It was therefore suggested
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of the pressure 1 the renal artery (Winton 1937 Fahr and Ershler
1941) 5o that the head of the gencral systemzc pressure 15 not neces-
sarily a measure of the glomerular pressure or of the glomerular filtra-
tion The latter appears much more to be 2 function of the blood flow
through the tuft than of the hydrostatic pressure (Ruchards and Plant
192.) The unmnary volume excreted may thus be regarded m part
atany rate asa funchon of glomerular filtration and thus of glomerular
flow " so that falure of unnary excrenon m malama and blackwater
fever (clmically mamfested as oligunia or anuria) may n the absence of
any evidence regarding increased re-absorption of flud in the nephron
be taken basically as evidence of reduction of glomerular flow  The
great umportance of this will become clear i the argument outlined
below

THE RENAL CHANGES IN MALARIA AND BLACK-
WATER FEVER AS EXAMPLES OF THE EFFECTS
OF CORTICAL ISCHAEMIA AND RENAL ANOXIA

It has been shown above that the renal lesions of malaga and black-
water fever are essentially stnular consisting primantly of degenerative
changes 1n the epichelinm of the tubules and the collection of debris
and other matenial m che tubalar lununa  The epithelial degeneration
1s most pronounced in the portion of the nephron lymg 1 or near the
cortex 1¢ the convolated tubules and the ascending hmb of Henle s
loop Glomerular chinges are scldom marked and the cortex 1s
frequently anaemuc m contrast to an wrregularly congested medulla

The chimeal signs of renal disturbance differ n malania and black-
water fever sice mn the latter 1 addition to evidence of rtubular
mvolvement which 15 equally obvions m malana the appearance
of anung {which 1s very uncommon in malara) 1s frequent and 1s
assoctated with azotaema  The signs of tubular derangement are
believed to arise from the degeneration of the epithelal cells and the
anura from falure of glomerular filtration caused by reduction of
the glomerular blood flow

It 15 clear thercfore that any rational account of the genests of the
renal changes 1n the two discases must cover the explanation of bath
the tobular degencraton and the farlure of glomerular filtration
As we shall sce the only hypothesis that fulfls these conditions 15 one
which postulates a redustail of the ! bload flow duemy,
the coursc of both malarta and blackwater fever whereby furst relam e
coctical ischacmuz and wltimately renal anowa develop
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Azotaemua and derangements of renal function assocrated with a
reduction in glomerular filtrationrate of inulin and creatune havebeen
reported m other states which may anse m malarma and blackwater
fever and i which the plasma concentrations of electrolytes are
disturbed  Both acidosis and alkalosis for mstance may affect renal
funcnon The former 1s uncommon 1 malana but has been recorded
1n blackwater fever i the sense of a reduction of plasma alkah reserve
(Fairley and Bromfield 1934) Some degree of alkalosts 15 probably
common 1n cases of blackwater fever treated with modern excessive
alkali therapy (Srmith and Evans 1943) and no doubt exerts its damag-
g mnfluence on the alecady potentrally deranged kidneys of such
cases (Foy of al 1043 Macgraith 1044 Maegrath and Havard
1944) The effects of such excess alkalt have frequently been described
1 expenmental and climeal work and recently m ‘normal subjects
given the high dosage of alkalt recommended by some authors for the
treatment of blackwater fever {Army Malarta Research Unit 1945)

BLOOD PRESSURE AND BLOOD VOLUME CHANGES
IN RELATION TO RENAL FUNCTION

Gross reduction of hydrostatic blood pressure and general circulating
blood volume such as occur m shock states and frequently grves nse
to profound renal dysfunction associated wath anura are seldom seen
1 makina except wm algid permcous forms In blackwater fever the
hydrostatic blood pressure may fall consderably just before the onset
of anurta but this 1s by no means a constant feature of the anuric case
m which the blood pressure often nises during the anuric phase ans
falls abruptly {especially the dustolic element) m the termunal stages
(Maegraith 1944) ‘There appears to be lttle avarlable mformation
concermng the circulating blood volume m blackwater fever Lahulle
(1915) reported an mcrease (based on the relative volumes of serum
and clot) m one anuric case and Farrley and Bromfield (1934) found 2
haematocrit value of only 6 8 per cent i a case m which the erythro-
cyte count was 0 9.5 mullion cells per cu mm  These figures suggest
that allowing for the possible fallaties of relying solely on haematocrit
readngs (Feldman and Murphy 1945) the arculating blood volume
m blackwater fever 15 certamly not always reduced and may be
mncreased It 35 thus unkikely that the anuria in blackwater fever can
arse from general loss of blood volume

It has been pomted out by several workers that under many condi-
tions varnations 1 glomerular blood pressure may occur independent
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factor 1n some cases of malaria and blackwater fever particalarly if
secretion of actd radicals directly through the cells takes place It does
not explan howcver the appearance of epithehal lesions m cases
secreting alkaline urine or m subjects suffering from atkalosts 1 whom
1dentical lesions may develop (McLetchie 1943)

There remains the postulate that the epithclial changes are due
essentially to local conditions of anowa In the production of the
lesions of the kidnev as m all organs m malaria anrf blackwater fever
there 1s a background of ussue anoxn ansing from anovaenua caused
prncipally by the destruction of parasitized and unparasitized erythro-
cytes Such anoxta no doubt effects general changes mn the clplthelml
cells of the whole nephron but st cannot easily account for the localiza~
uon of the major changes tn the convoluted tubules even supposing
the development of lesions 1n these tubules were mfluenced m some
cases by their specific function of adjusting the acidity of the urme
Other factors must be concerned n ‘the regional distributton of the
lestons It will be noted that the epithebal changes occur chiefly in the
cortical portians of the nephron and 1t has been pomnted out elsewhere
thac at autapsy the cortex 15 frequently found to be pale and anaemic
1 relation to the medulla Some degree of cartical 1schaemta may thus
be present etther assocated with 2 general redistnbution tn renal
blood flow or confined to the cortex the consequent tissue anoxia
may account for the development of the lestons m the cortically
dysposed tubules  The concentration of the epithelial damage mn the
distal convoluted tubules may be also emphasized 1n the event o

lized corncal 1sch by a redistub of blood fow
resulting 1 2 selecuve reduction of the blood supply to these tubules
which 15 according, to some authors partly non—g%omcrular {Smuth
1939~40 Maegraith 1944)

There 15 no direct chimeal evidence of tschaemia m the renal cortex
n malaria and blackwater fever In the absence of positive evidence
apart from the frequent clear-cut indications of tubular msufficrency
the atgument for the ewasience of cortcal tschaerma maust be based for
the present on the resules of antmal cxperiments and on the close
smtlanity between the chinical features and pathological changes found
1n the renal syndromes of malansa and blackwater fever and those scen
tn manv other d of renal dysft developmg 1 acwe
sllnesses and 1 which the evidence pomting to renal ischacnua s haghly
signthicant These pomts will be discussed below 1t should however
be noted here tha the lustological prctare of rubular damage can be
reproduced m anmals by expertmental interference with the renal
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The epithelial lesions

It has been demonstrated above that the passage of haemoglobi
1n the urme 15 not speaifically cancerned enther direedly or ndurectly
1 the genests of the cpithelial Testons m blackwater fever althoughthese
may be aggravated thereby It has been shown that (1) the presence of
parasites 15 not neeessary for the production of the epithelial changes
{11) malarnal prgment per se 15 not a sigmficant factor and () there 1s
no unequrs ocal evidence of the acuvity of malarnal roxms’ or parasmc
metabolites Morcover the changes i electrolyte concentration and
body water balance which may develop m these discases appear to
be wsufficient to evoke the epithelul damae and the depresnon m
hydrostanic blood pressurc and dummuation of circulating blood volume
which occasionally occur are madequate 1 most cases to account for
the renal farlure  Some other cxplanation of the epitheltal degeneration
1s therefore nceded and of the remanmg possibilities the most blely
appear to be (1) that the cellular changes arise from a defect of function
speaific to the part of the nephron mvolved or (u) that localized tissue
anoa 15 developed and gues mse to non-spectfic degeneranion and
necrosts

Many authors have stressed the sevenity of the epithehal degenera-
ton 1 the convoluted tubules parucularly 1n the distal rubules and
n the ascending loop of Henle It ss posslb{c that some of thys damage
may be related to the specialized funcuon ot these portions of the
nephron particularly sn regard to the acidification of the urne It
generally agreed that the unine filtered off through the capsular mem-
brane has the same pH as plasma (Wearn and Richards 19-4 Ellner
1934 1040) and that the filtrate undergoes a process of acdification
1 11s passage down che nephron  Experimental evidence 1 the frog
and the rat mdicates that 1f the ultimate acsdiry of the urme m relstion
1o the plasma 15 shghe _the acidification takes place exclusively m the
dustal convoluted tubules whereas of the bladder unmne 15 highly and
(for mstance 1n amnals gsven ammonium chlonide) both the distal and
provamal tubules are mvolved (Ellnger and Hirt 19.9 Ruchards 1929
Ellinger 193422ndb 19j02and b) Ellinger {1940 b} has also shown
that m rats gtven ammomum chlonde acid urine 1s apparently secret
drrect throngh the eprehelum of both the prowmal and distal tubules
Dunn et al {1941) have suggested that this may be an miportant factor
1 the evolunon of sunthar tubular damtage seen i the experimental
adnumstration of large amounts of urates and phosphates (Dunn and
Pokon 1926 McFarlane 1941) and 1t may ako gc a contributory
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factor 1n some cases of malaria and blackwater fever particularly if
secretron of zcid radicals directly through the cells takes place 1t does
not explan however the appearance of epithelual lestons i cases
secreting alkaline urne ot 1n subjects suffering from alkalosts 1 whom
1dentzcal lesions may develop (McLetchie 1943)

There remams lglc postulate that the epthelal changes are due
essenially to local condimons of anoxia In the production of the
lestons of the htdney as 1n all organs in malarta and blackwater feser
there 15 2 background of tssue anovu aristng from anoxacmma caused
primcipally by t%m destruction ot patasitized and enparasiized erythro-
cyres Such anovia no doubt cffects general changes m the epitheltal
cells of the whale nephron but 1t cannat easily account for the localiza-
tion of the major changes m the convoluted tbuales even supposing
the development of lestons m these tubules were mfluenced m some
cases by ther sprafic function of adjusting the sadity of the unne.
Other factors must be concetned i "the regronal distnbution of the
Jestons  Ir will be noted that the epitheliat changes occur chiefly m the
orncal portions of the nephron and it has been pointed out el ewbere
that at autopsy the correx 1s frequently found to be pale and anaenuc
1 relaton to the medulla Some degree of cortical 1schacmia may thus
be present esther associated wih a general redistribstion n remal
blood flow or confined to the cortex the consequent fissue anovia
may account for the development of the lesions m the cortically
disposed tubules The concentration of the epithehal damage m the
distal comvoluted tubules may be also emphasized i the event of

hzed corncal 1sch by a redstrt of blood flow
sesulung 10 a selective reduct on of the blood supply to these tubules
which 1s accordmg to some authors partly non—g}’omcrular (Smuth
193940 Maegraih 1944}

1e 15 no direct chincal evidence of tschaerua m the renal cortex
1 makina and Blackwater fever 1n the absence of positive evidence
apart from the frequent clear—<cut indications of rubular msufficency
the argument for the existence of cortical sschacmua mast be based for
the present on the results of ammal expenments and on the close
sumtlany between the climeal features and pathological changes found
1 the renal syndromes of malana and blackwater fever and those seen
uw many other condiions of renal dysfuncuion desclopmg m acute
rifnesses and m whnch the evidence pomung to renal ischaemua 1s ughty
sigmtrcant These pomnts will be discussed below It should however
be noted here thar the histological picture of tubular damage can be
reproduced m ammuals by experimental wterfreence with the renal
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The epithehal lesions ¢

It has been demonstrated above that the passage of haemoglobin
1 the unne 15 not speaifically concerned erther directly or mdirectly
1n the genesis of the epitheltal lestons 1n blachw ater fever although these
may be aggravated thereby It has been shown that (1) the presence of
parasites 15 not necessary for the production of the epithelial changes
{n1) malarsal pigment per sc 15 not a sigmificant factor and () there 1s
no uncquivocal evidence of the activity of malanal toxins or parasic
metabolites Morcover the changes in clectrolyte concentration and
body water balance which may develop mn these discases appear to
be msufficient to evobe the epithchal damage, and the depression 1t
hydrostattc blood pressure and duminutton of crrculating blood volume
which occastonally occur are madequate 1 most cases to account for
the renal failure - Some other cxpl. of the cpatheltal degeneration
15 therefore nceded and of the remaming possibilizzes the most likely
appear to be (1) that the cellular changes arisc from a defect of function
spearfic to the part of the nephron involved or (i) that localized nissue
anowa 15 developed and grves nise to non-specific degeneration an
necrosis

Many authors have stressed the sevenity of the epithelial degenera
ton 1 ‘the convoluted tubules particularly 1 the distal tubules and
1 the ascendmg loop of Henle It 1s possible that some of thys damage
may be related to the specialized funcrion of these portions of the
nephron parucularly 1n regard to the acidification of the urme 1t 1s
generally agreed that the unne filtered off through the capsular mem-
brane has the same pH as plasma (Wearn and Ruchards 1924 Elhnger
1934 1940) and that the filerate und a process of actdi
m 1ts passage down the nephron Expenimental evidence n the frog
and the rat mdicates that 1f the ulumate acrdity of the urne m relanon
to the plasma 1s shght the acidification takes place exclusively m the
distal convoluted tubules whereas 1f the bladder urine 1s thKIy aad
{for nstance 1 animals grven ammonwm chloride) both the distal and
proximal tubules are nvolved (Ellnger and Hiet 19-9 Richards 19.9
Ellinger 1934aand b 1940 aand b) Ellnger (1940 b) has also shown
that 1n rats gtven ammonyum chlonide acid urine 1 apparently secrete
direct through the epithelm of both the proximal and distal tubules
Dunn et al (1941) have suggested that this may be an important factor
m the cvolution of sumlar tubular damage seen m the experimental
admumistration of large amounts of urates and phosphates (Dunn and
Polson 19.6 McFarlane, 1941) and 1t may also be a contributory
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the passage of pigment 1n the urme sometimes not The feature which
distinguishes this syndrome from other forms of acute nephrits 1s sts
reverstble maturc (Macgrath et ol 1943) The close resemblance
berween the renal symptoms met n blackwater fever and those of
crush myury and ble blood transfuston has been d
on by many authors {Mayon-White and Solandt 1941 Bywaters
and Beall 1941 Bywaters and Dible 1942 Bordley 1931 Kunmel-
suel 1038 Foy ef al 1943) Kmmelsuel reported the syndrome
which he called acute haematogenous mterstittal nephettss m certam
acute cond luding lobar p and chenucal and heat
bums and drew attention to its appearance m mfectious diseases

p the hep 1 synds and non bactenial food potson-
g Tomb (193.) emphasized the simalanty berween the renal fadure
ofS cholera and that of the crush syndrome and Foy et ol (1943)
pornted out the common features of the azotaemia occurring i black-
~vates fever sulphonamude haemoglobmu ta (Wood 1938) and 1
other conditions i which there 1s mtravaseular lysis of erytheocytes
and where pigments were excreted m the urmne such as crush injury
srompatible transfius on and favism  Maegrath (1944) Maegranth
et al (1945) and Darmady (1947) have revicwed the literature and
demonstrated that the syndrome has been described n ncompanible
blood trangfusion (Watts 1y.9 Bordley 1931 Ayer and Ganld 1942)
erush wmqury (Husfeldt and Bjening 1937 Longland and Murray 1941
Henderson 1941 Mayon-White and Solmd(i 1941 Dunn Gillespie
and Niven 19j1 Bywaters and Beall 1941 Bywwaters and Dible
194.) smpunies associated with shock  framnatic wraema (Daemady et af
1944 Parsons 1945 Darmady 1947) surgical shock {Moon 1944}
the hepatorenal syndrome (Schutz et al 1932 Boyce and McFetndge
1935) septic abortion and concealed acerdental havmorrhage (Bracton 1941
Young 1942) cholira (Rogers 19.1 Chateerjee 1941 Tomb 104.)
yellow fover and Wed s discase (Stokes et ol “1917 Hoffinann 1g24
Beewkes 1936 Findlay 1941 Harnis 1942 Wylle 1947 Willams
1947) and aflalesis (Elis 19.4 Nicol 1940 McLetchic 1943) A
somewhat smilar syndrome has also been described 1 pernicious
anacnia and mercury and bisninth posonng (Fishbery, 1939)

Macgranth (1044) su,gested thar these renal syndromes all had 2
common basts and grouped them under the term tubulovascular
renal syndrome  Later he and his colleagues (1945) reviewed the
evidence and showed that the basic actiological factor was probably
anowa of the renal nissue particularly the cortex and proposed the
more appropriate term  remal anovia  Lucke (1946) has recently
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blood flow (Scarff and Kecle 1943) and that the intravenous mjection
of hacmoglobim has been shown to bring about dimumuton 1 renal
volume ansing from vascular constriction and reduction of blood flow
{Mason and Mann 1931) and m some cases reducnon of glomerular
blood flow 1n relation to total flow (Corcoran and Page 1945)

The development of anurna

Anunic cases of malaria and blackwater fever are almost always
assoctated with pronounced degenerative changes m the epithelum of
the convoluted tubules and with plugs ofdcgns 1 the lumina and
as we have scen many authors have attempted unsuccessfully to define
a causal relation between the failure of urnary flow and the whulac
lesions and apparent obstructions It has been shown elsewhere that
there 15 no evidence of inereased reabsorption of flwd m anunc cases
and that anhydracmua ansng from tssuc dehydratton cannot be
considered to be an operative factor m all cases although 1t may
fluence urmax}r flow 1 some cases m which flud has been lost by
vomuting or duarrhoea or n which the electroly te-water balance of
the plasma has been grossly upset Depression of hydrostauc blood
pressure and dimmution in crculating blood volume have also been
shown to be mconstant features and often absent at the onsct of
anurta Irappears therefore thatanuradevelo) mgmmalzmandbhck-
water fever 1s like that appeaning m many mﬁcr conditions the result
of deficient glomerular filtratton which as Black et al (1941) showed
1n connection with anuria following severe hacmatemess can be best
explamed by a reduction wm plasma flow to the filtering surfice 1¢ 2
reduction mn glomerular blood flow Apart from obvious ohigura
anuria and signs of water retention there 15 ltde direct evidence m
blackwater fever or malana of reduced glomerular filtration It 1
thus unfortunately necessary agamn to argue by analogy first by
establishing that the anunic svndromes of these diseases are 1dentical
with those seen in other condmions and second by demonstrating
that m the latter there 1s strong evidence of reduced glomerular filtra-
tion and blood flow  Such arguments are justly open to cicism et
until evidence one way or the other 1s presented they are the only
means of analysing the renal syndromes under discussion and serve to
provide a basis for ratonal expeniment

The syndrome of tubular dysfunction complicated by anuria
nitrogen retention and degenerative changes m the epithelial cells of
the c d tubules has frequently been reported in many acute
llnesses bestdes malaria and black fever d with
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Maegrach et al (1945) pomted out howeser that many of these
hypathetical toxins have not been wdenufied and that they must all
be assumed capable of produuing syndromes which are sumlar n these
chcal and pathologrcal appearances

De Gowm er al {1938) mentioned that Russian workers favoured
the view that renal nsufficency m patsbl arose
from 1schaemta of the kidneys and kimmelstiel {1938) after noting
the sumilarity of the renal symptoms m a lare number of conditrons
pomted out that general or local smparment of the renal crculatton
probably occurred in all of them  In cases 1 whnch the penpheral
arcolanon fated and the blood pressure fell the capillary blood
pressure t the glomerult was Yowered and reduced filtratton resuleed
and led 1o ob,urna or anura fatling crenlation gave nise to dimmution
of the oxygen supply to the epithelmm of the tubules and consequent
derangement of therr function evidenced by decreased concentration of
the urme I ca es where there was no ob stous perspheral cireulatory
collapse  Ksmmelsnel suggested that there was sill smpared renal
arculation resuling ether from ussue cedema or vascalar spasm
He stressed the view that anuria and tubular dysfunction both resulted
from general or local arculatory disturbances and were comadent
rather than causally related

Bywaters and Dible {194..) 112 carcful account of the renal syndrome
and pathological changes occurnng m crush syury concluded that
mechameal blockage was not the sole agent re ponsible for falure of
urinary flow and suggested that this arosc enther from dimmunon of
glomerular bltration due 1o reduction i {glomernlar) blood pressure
or blood flow or from excesstve but unselective reabsorption of the
glomernlar filtrate throngh the twbules They supported the lateer
View

Moon {1944 194.. 1938) con 1dered thar the renal changes develoj
mg m shock and traumatic mjury resulted from anoxacmua of the
kedneys upon the b of H sub from the
damaged tssee This anoxsesua (s bach proswmably asose Gom
reduced renal crreulation) 1 d to oliguna and azota=mua as sell as the
tubula degeneration  Expenmental evidence of the production of
such changes m the hadnevs followang histamme njection was obramed
by Hashin oto (19.5)

Maegranth et af {1945) cxhaustnely reviewed the Literature and
concluded that the most sansfactory expl: of the appearance of
the syndrome was the dev elopment of anoia of the renal tissue arsing
from reduced renal blood flow aftecting mamly the cortex and asso-
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classified the syndrome as lower nephron nephrosis It has been
suggested above that the tubular deficency developmng m malam
and blackwater fever arses from nissue anowa wduced by corncal
h and that accompanying anuna results from gross reduenion
of plasma flow at the filtering surface of the glomerub and thus mdicates
a diminution of glomerular blood flow  Laboratory nformanon
concerming renal function 1s unfortunately lacking m malaria and black
water fever but cvdence supporting both these contentions 1s available
n many of the examples of the renal anoxia syndrome quoted above
and m ‘smlar syndromes expenmentally induced m amimals Such
evidence may be taken to apply to some extent to malarsa and black
water fever f the reasonable assumption be made that the renal syn
dromes seen 1n these conditions are 1dentical with those grouped within
the term renal anoxa and are caused by sumilar pathologieal processes

Renal blood flow 1n renal anoxia

Many theories have been advanced to account for the tubular
damage and farlure of urmary flow 1n vanous examples of the senal
anowiz syndrome In those conditsons m which pigment 1s passed 1n
the unme the mechantcal blockage hypothesis has ﬁ:ﬁ]ucmly been
strongly supported  This suggestion has been discussed fully elsewhere
1 this Chapter (page 227} where 1t has been shown that 1t 1s now
generally agreed that mechanical obstrucnion of urmary flow ansing
from tubular blockage cannot be more at most than a contsibutory
factor m the genesis of the renal falure (Bywaters and Dible 104-
Macgrathef af 1945 Darmady 1947)

Experimental crushing of imbs ot myectron of myoglobin or hacrmo-
globmn m ammals have not been found to reproduce the renal syndrome
unless the subjects arc 1 a state of acidosis (Bywaters and Popjah
1942 Eggleton ef al 1943 Bywaters and Stead 1944 Yule ef al
1045) Foy et al (1943) have suggested that the factors imvolved m
the development of the syndrome 1n some cases associated with circu-
lattng pigment arc dehydration and reduction i blood volume an
renal arcularon A nephrotovic effect produced by somte noxious
substance conveyed to the kidney by the blood stream or resulung
from changes m elecerolyte concentration of the plasma has often
been postulated as the cause of the syndrome n intravascular haemo-
lysis (in which the arculating pigment has been smplicated) crush
mjury hepatorenal syndrome and vanious mfecuons such as cholera
and Weil s disease (Bordley 1931 Bywaters and Dible 1942 Fggle-
ton eral 1943 Eggleton 1044 Schutzet al 193. Sueghtz 1924)
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propornonal reduction of the mulin and diodrast clearances but m
the other eight the former clearance was reduced more n proportion
{as much as 40 per cent) than the latter  These results mdicared 2
differential reduction m glomerular flow

The reduction 1n total plasma flow recorded m some ot Pages
ammals followmg h globin myection is waith the findings
of other authors d elsewhere who d d a dimunu-
tion 1 senal volume m sumstar circumstances (Mason and Mann
1931 Hesse and Filatov 1033)

Searff and heele (1943) showed that degeneration of the renal
tubules resembling that seen . crush mpury could be produced n
rabbits by temporacy total occlusion of the renal blood fow for
pensods of np to three hours  Ansmals which sur wed this operation
for some days developed azotaemta The kidneys showed degenerauve
changes n the tubular epithelium especually 1n the first portion of the
secreting tubules  granular and hyahne casts were present n the
distal convoluted and collecting tubules The glomeruli were un-
affected  The authors suggested that the kidney lesions of crush
syndrome might be duc to renal schaemia which was not as complete
asthatde Joped i the anumals by clamping th~ renal artery but which
acted for a longer ime  Evidence of such dimmuuon of venal flow
has been Emvx ed by Black e al (1941r) who found a reduction of
perabrodil clearance m such cases  Scatff and Keele pomnt out that
€nanges 1 renal blood flow may occur ndependently of any change
m s}srem;mc blood pressure  Darmady {1947) states that van Slyke
etal (1944) and Badenoch and Darmady {1947) have obtaned sinular
results to those of Scarff and Keele

Yutle et ol (1945) summarized the k cratare on the grnesis of rensl
falure ssocuted with mtravascular haemeolyst  and noted that all
such s{ndmmcs have m commeon a arculaung pigment a factor ot
vascular or chenucal nacure affectng the orgamsm as a whole and
aspeaificrenatlesion They examined the effects of mjection of hacmo-
globin with and without concomutant temporary clampmg of the
reral :mc? or porsontng with sodium tarsrate m rabbues sceretng
aid and al\alme unnes They confirmed Scarff and Kecle's results
and showed that haemoglobin injection gave risc (0 most serious
consequences n those ammals which had had thewr renal tubules
damaged by 1suhacmua or tarerate  The maximum degree of tubular
mngury occurred in acidueic anemals

Measurement of renal clearances 1n human cases has yielded good
evidence. of distarbances of kidney blood flass dusing the cours of the
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cated 1n many cases with general perpheral vascular collapse They
later (1946) claborated this i) pothesis and suggested that the avalable
evidence pomnted to there beng m all cases whether associated with
general penipheral vascular collapse or not a reduction 1n total rend
blood flow and an mtrarenal redistribution of blood flow whereby
the cortex 15 rendered especally anacmic and thus anoxc  Macgraith
and Findlay (1944) had previously postulated 2 cortical 2naemn m
blackwater fever resulting from the shunting of the blood flow from
the cortex to the medulla They considered that cortical 1sch an
1ts attendant anoia mittated the tubular degenerative changes and that
anurma developed from a spectfic falure of glomerular flow

This vascular conception of the pathogenesis of the renal anoxz
syndrome has been challenged on general grounds with regard to the
renal syndrome scen m alkalosis (McCance and Black 1946) Never-
theless 1t 15 well supported by expenmental evidence  The syndrome
can be very closely reproduced mn antmals under certan condittons by
myection of lithm monourate o sodm acid phosphate (Dunn and
Polson 1926 McFarlane 1941) by severe haemorrhage (Corcoran
and Page 1943 Phullips et al 1946) and by myectron of hacmoglobin
and myoglobin mto acrdunc subjects

Corcoran and Page (1943) mvestigated the diodrast (total plasma
flow) and 1nuhn (glomerular flow) clearances and changes 1 urnary
volume 1n dogs during hypotenstve states imtiated by severe haemorr-
hage and agam after transfuion Dunng the hypotensive phase there
were marked changes 1n both clearances and 2 considerable reduction
n urmnary output  They concluded that the renal flow durmg hypo-
tenston 15 distributed srregularly through the renal vascular bed The
same authors (1945) carned out more detmled expenments n un~
anaesthetized tramed dogs m a study of the effects of myections of
h lot yoglobn and sodim ferrih They came to the
concluston that myection of myoglobin and haemoglobmn produced
partially recoverable renal mjury of varymg degree and that myo-
globw mght be a sigmificant factor mn the pathogenesis of the renal
syndrome m crush mjury Expeniments 1n rats mdicated that other
factors mncluding a state of dehydration were also important In some
ways thew wmterpretation of therr results was unsatisfactory  For
mstance they faled to comment on their own clear demonstration of
2 differential redistribution of renal flow followng, the mjection of
pigment  In experiments m which the immediate effect of myection
was measured drodrast clearances were ncreased m five ammals
unchanged m one and reduced m four In two ammals there was a
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In discussing the pathological picture seea mn the kidneys w malasa
and blackw ater fever 1t was pomted out that the cortex was often pale
and amaemic and the glomeruls a5 a rule esther normal or anzermc
the medolla was decply or wregulady congested and these were
scatgered tubulos asenlar hscmarrﬁ:\gcs Ssnutlar changes have been
deseribed m crush myury mcompatibl f uraemia
and other examples of the renal anows syndrome (Wauts 1929 de
Navasquez 940 Bywaters and Dible roga Darmady  1947)
Hustological evadence of this sore 15 m 1eself dafficult to correlate wath
funcronal derangements but 1t Yends support to the evidence outhined
above m fsvour of the wiew thar m these examples of the renal
syndrome there 15 some degree of cortical sschaema  mvohang
espectally the glomceult

Informanon regardmp mulm and dwdone dearances m walana
and blackwater fever 15 fackmng, bur 1f 1t be agreed that the renal
syndrowas seen m these duseases are basseally simalar to those mcladed
an the zevat anovsa group the available evidence hastologreal expers
mental and chnseal smdicates that there s a dtmunution of sotal renal
flow, and that sn anuric cases there 1s 2 further reduction in glomeralar
flow and correspanding fabuce of filtration Reduction of urnacy flaw
s mote sansfactonly explawied on thus bass than an wcreased mtra
renal pressure or excessive unselective re-absocption of the glomerular
filerate by the tnbules (Paramore 1945 Peters 3945 Dunn ef af
1945 Bywaters and Dible 1942}

It has already been noted that the destrucnion of erythrocy tes and
other changes in the blood lead to anoxacnua m malarea and black~
water fever The effects of this on the tubufes would be exaggerated
by a reduction of the coruical blood flow particularly m tho ¢ arcas
suluch have the poarest blood supply or m vhach the secretory acuvity
3 great {Dunn and Polson 19.6 Macgrah 1044 Darmady, 1047)
The anoxzenma and reduced blood supplv cagether would kad 1o local
anoxia and consequent damage to the cpehchum  Fishberg (1039)
beheved that a mechantsm of thus soce was mvolved m the producnon
of the defective renal funcuon seen somsetimes 1 pernicions anaenuz
which he conudered arose from poor mutmon of the kodney cells
from the anaenic blood  The producna 1 of wbular epithelal fessons
by obstruction of the senat astery has aleeady been discussed  Tmapair-
ment of swhular funcnon has also buen expenmentally bbmmcg by
hacmorrhage provided the hload b globin 1 reduced suffentt
(Corcoran and Page 1943 Essentand Porges 19..) Carbon monovede
possonity, 1 which the supply ot oxygen 1o the tissues 15 considerably
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renal anoxia syndrome  Cournand et al (1943) and Lauson ¢f df
(1944) d d very considerable reductton 1 renal blood flow
m ohguric cases of peripheral airculatory collapse followmg severe
non-crushing mjunes They found that the fall 1n diodrast clearance
was more than could be accounted for by the lowering of systenmuc
blood pressure or general circulatory rate and was best explained by
the presence of mcreased vascular résistance (v asoconstriction) within
the hidney  They concluded that their mvestigations confirmed the
view that the urnary findings i shock 1 ¢ ohguria or anuria and loss
or 1mpairment of concentratmng power are the result of decreased
arculation through the kidney  Ruchards (1944) supported dus
hy pothests

Black ef al (1941) studied the clearances of muln and perabrodil
m cases of azotaemua occurring after scvere haematemesis They
observed a similar reduction of total renal flow and 2 greater fall n
glomerular filtration which they attrsbuted as previously stated to
dimuinution of the plasma flow across the filtering surfaces of the
glomerult 1e to a reduction i glomerular blood flow the later
bung due to changes 1n the systemic blood pressure eurculation and
circulating blood volume associated with shock

The renal disturbances resulting from high dasage of alkali (whih
m their severest form amount to the established syndrome of ren
anoxia) wese mvestgated by members of the Army Malania Research
Unit (1945) who determuned nulin diodone and urea clearances
subjects taking 2 mixture of sodsum bicarbonate and citrate The
alkalt was adminsstered for 2 maamum of three days and water was
taken freely duning the experiments so that urnary volume was w el
mamtamed  After the first few doses the glomeru?::r Altrate mereased
considerably although the total renal plasma flow remasmed unchange
The fileration fraction estimated as the ratto of the tnulin to the diodone
clearances was thus rased 1t remamed high durng the rest of the
expertment towards the end of which the mulin clearance returned to
within normal hmuts and that of diodone was reduced  Clinucal stgns
of water and sodum retention were present by the conclusion of the
atkali admunstratton and 1n one subject the blood urea mtrogen rose
appreciably and urea clearance was greatly reduced Recovery was
rapid after alkah was stopped  The results of these experiments were
mterpreted as showing the devclopment of transient mjury to the
tubular epithelum and a redistribution of the mtrarenal blood flow
whereby the glomerular flow was mncreased 1 proportion to the total

flow
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In discussing the pathologseal picture seen 1 the kidneys s malana
and blackwater fever 1t was pomsed out that the cortex was often pale
and anacrac and the glomerul a5 2 rule ether normal or anaemuc
the medufla was deeply or mregularly congested and there were
scattered tubulovascular hacmorrhages  Sumilar changes have been
described m crush myary bl fi utaemta
and other examples”of the renat anoxia syndrome {Witts 19.9 de
Nnvasquer 1940 Bywaters and Dible 194. Darmady 1947)
Hustological evidence of this sort 15w stself difficult to corrclate with
funceional derangements but w lends support to the evidence outhined
above . favour of the view that m these examples of the renat
syndrome there 15 some degree of cortical wschaemia nvolving
espectally the glomeruls

Information regarding malin and diodone clearances m nialacta
and blackwater fever o Jacking but if st bo agseed that the renal
syndromes seen s those discases are basically sumlat to those mcluded
m the renaf anowaa growp the avatable evidence ustological expeni-
menta} and chinscal smdicates thar there 15 2 diunusnon of toral renal
flow and that m anurie cases there 15 a further reduction 1n glomeralar
How and corsesponding faduse of filttanon  Reducuon ofurinary flow
1 more sawsfactonly explawed on this basis than on mereased intra~
renat pressure or excessive nasclecnive revabsorpton of the glomerular
fltsate by she tubules (Paramore 1035 Peters 1945 Dunn ef of
1031 Bywaters and Dible 1942)

Er has already been noted that the destrucnion of erythrocytes and
other changes 1 the blood lead to anovacsma m malara and black-
water fever The effects of ths on the tubules would be exaggerated
by a seducuon of the cortical blood flow parsicularly m those areas
which hav e the poorest blood supply or 1 which the seerctory activiry
ts great {Dunn and Polson 1926 Maegranh 1944 Darmady 1947)
The snoxacrua and coduced blood supply tagether would lead to ocal
anoxiz 2nd consequent damage to the epithelum  Fuhberg {x039)
believed that 2 meeharnum of ths sort was mvolved i the producnon
of the defectve renal function seen somenmcs M perucions ansemia
which he considered arose from poor nutunon of the kidney cells
from the anaermc blood  The production of tubular epittelial lesions
by obstruction of the renal astery has already been discused  Impaie~
mient of rwbular function has also been expenmentally obtamed by
hacmorrhage provided the blood | lobin 15 reduced sufficiently

{Corcotanand Page 1943 Essen and Porges 19w} Carbon monowde
powsomng m which the supply of oxygen to the tissues 15 considerably
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reduced may also gue nise to renal symptoms including tubular
msufficiency (Herzog 1920 Drmnker 1938) Dinununon of urmary
secretion 1n dogs cxposed to low atmospheric oxygen pressure was
obscrved by van Licre ef al (1935) and by Torh?;guo) who found
that the oligurna produced m such aircumstances could be abolished
by dencrvation of the kidneys but was unaffected by adrenalectomy
Exposure of dogs to anoxic anoxiz however occasionally led to poly-
uriz which has also been observed in human subjects exposed to shghe
reduction 1 atmospheric oxygen No mnformation 15 apparently
available concermng the changes of the renal funcuon m mammals
cxposed to severe anoxic anowia but mn frogs complete absence of
oxygen leads to anuria due to cessation of glomerular flow followng
constriction of the renal arteroles (Adolph 1934)

Changes 1n renal blood flow

Macegraith and Findlay (1944) and Macgraith and Havard {1946)
suggested that the lesions m blackwater fever resulted from by-passing
of the cortical blood flow marnly to the medulla and partly to the sub-
capsular plexus Thes considered that m addition to reduction of total
renal plasma flow an active redistribution of ntrarenal blood flow
ook place g the cortical 1sch especally at the expense
of the glomerult These differential adjustments of blood flow within
the kidney mught occur through specific vascular channels or as the
result of active varmation in the caltbre of the vesscls concerned

The manner m which the Jatter can be 1mniated 15 indicated by recent
expertmental work  Lauson et al interpreted thewr renal clearance
findings mn traumatic shock mn terms of increased vascular reststance
(constriction) and Darmady e af (1944) held that the general reduction
sn renal flow n traumatic uraemn resulted partly from prcwllmg
low blood pressure and partly from intrarenal vascular spasm

Trueta (1945) 1 a note refernng to the hypothests of Maegratth
et al (1945) suggested n the hight of expenments he performed with
Barnes 1n which a widespread artersal spasm was mtiated 1n the body
by umlaterally apphed trauma to a hmb that the renal vascular
comstriction m traumatic uracmta was reflex m ongm and resulted
from overstmulation of penpheral nerves  Evidence indicating that
renal vasoconstriction might m fact be miciated by afferent stimult
ansing i perpheral nerves was brought forward earhier by Andrews
{1027} who demonstrated ohgura and anursa i dogs followng the
release of tght Iigatures of the limbs and by Bueter (1930) who con-
firmed previous work showing that sumulation of the central ends of
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severed peripheral nerves ncluding the sciatic Jed to vasoconstricuon
m the kidneys m frogs

A powerful nervous control of the renal blood vessls 1 animals
has been frequently demonstrated {Bradford 1889 Hirt 10.6 Kuntz
1929 Bueter 1930 Harrts and Harnis 1931 Milleseral 193122nd b
1932 Smuth 1939-40) For mstance direct smulation of the renal
or splanchnic nerves brings about mtrarenal vasoconstriction and
section of the splanchrucs results in an increase mn intrarenal blood flow
It has bren shown by vanous methods mcluding the study of renal
clearances that under normal conditions the rem%‘b]ood flow 1 man
15 controlled mawnly by alterations m the bore of the efferent arterioles
of the glomeruh n such a way that the urmnary filtration rate through
the glomeruks 1s kept constant (Smuth 1937 1939—402 Durect or reflex

I of the nerves (app ly af 1ctor)

comung, from the renal sympathenc plexus leads to constriction of the
efferent vescls  When the strmulus 15 excessnve g after large
doses of adrenalin extreme degrees of renal ischaemna may develop
owing to constniction of the afferent as well as the efferent vesscls

Reflex vasoconstriction of the senal vessels may apparently arse
from mtrarenal as well as extrarenal stmulr such as those referred to
above Maegrath and McLean (1938 1942) demonstrated this -
durectly 1n experiments 1n rabbats in which the appearance of Gold-
blate (1937 hypertansion {the production of whch requres 2 mummum.
of 40 per cent reductron mn renal blood flow) was ascd as an indication
of reduced renal flow  They showed thar shight damage to the kudney
ussuc induced by myectton of diatomaceous particles gave rise to reflex
vasoconstrichon which could be prevented or abolished by scction of
the renal nerves

If as sug il of vasoce nerves 15 responsibl
for the development ofthe renal tschaemia which geves risc to the renal
anowa syndrome breaking the reflex path should relicve the syn-
drome  The rehief of anura 1 some cases of reflex anuny traumate
anurta and Werl s dusease by manocuvres such as splanchne block or
high spimal anacsthesta has been explamed on ths basts (Darmady
1047 Willams 1947 Hessc and Filatoy 1933) Too much rehance
cannot safclg be placed on such climeal resalts hos ever smee the renal
anoxia syndrome 15 fundamenally reversible and recovery may take
Ehcc m some cases without treatment of any sort Nevercheless the

alance of evidence 15 1n favour of the value of such treatment and dus
taken m conpunction with the evidence of vasoconstaction and changes
m renal blood flow alrcady discussed and the intetestang results of
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Toth on the effects of renal denervation mn expertmental anoxic
anoxia mdrcates that renal ischaemia may anse from reflex vaso-
comstriction mttated by either extra- or mtrarenal sumuk The grear
reduction m intrarenal blood flow occurning 1n many examples of the
renal anoxia syndrome can be explamed n this way but general
renal 1schaemma cannot be held to account for the apparently specialized
fallure of glomerular flow i anuric cases

Trueta et al (1946 1947) have thrown some Light on this problem
recently by demonstranng 1 ammals a reflex mechanism capable of
differentually diverting the blood flow from the renal cortex to the
medulla much as was suggested by Maegraih and Findlay (1944)
blackwater fever Their observations were confined to the results of
extrarenal sumulation of the renal nerves and are therefore applicable
only to the develog of corncal 1sch m cond; suchas
traumatic injury m which such extrarenal excitanon 1s likely It 1s
possible however that this reflex adjustment of the circulation m the
kidney can also be mutiated by mtrarenal sumult and may explam
the results of Macgratth and McLean already quoted sbove and the
appearance of cortical 1schaeria 1 examples of the renal anoxia
syndrome 1 which general vascular collapse 1s not a characterisuc
eature

Shunting of the blood from the cortex to the medulla takes place
according 1o Tructa ef al  through the truc arteriac rectae and possibly
as d by M: h and hus coll (1944 1916) through
other non-glomerular channcls meluding the arteriovenous anasto-
moses described by Stewnach {1884) and Spanner (1938) m the pelvs
cortex and subcapsular pleus which according to Snuth (1939-40)
afford a mechanism for the direct perfusion of the tubales at a time
when the glomerular circulation 1s largely arrested  Heggte (1946) has
challenged this view and pointed out that most of the work prior to
shat of Tructa et af tended to disprove the castence ofanon glomerntar
medullary blood supply He suggested that the changes m renal flow
which developed tn Trueta's experiments and which were discussed
by Maegratth and his colleagues i the renal anoxta syndrome could
arise from the mamtenance of circulation 1 the deep juxtamedullary
glomeruli at 2 ime when the rest of the cortex was anaenuc following
vasoconstriction of the petipheral arterial vessels m response 1o
afferent sumull He Ec\d that the wide cffercnt vessels commng
from these deep glomeruh could mamtam the circulation sufficiently
without requirmg the existence of ewher vasa recta or the arteno-
venous shunts of Spanner and Steinach Heggie (1947) m a subsequent

R
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note stares that material provided by the Ovford group demonstraes
the 1mportance of the «fferents of the deep glomerult His general
argument regarding che doubtful cxistence of a2 non glomeralir
arculaton 1 the kidney 15 however not completely sausfactory
since 1t does not take mnto account such experimental results as those
of Maegrarth and McLean (1939} who demonstrated that the fie
quently observed spontancous resolution of Goldblate hypertension
(itnated by clamping the renal arcery s rabbuts) resulted from the
restoration of normal renal blood flow by the establishment of col
lateral exrculatron through the renal capsule from the pertrenal vessels
It 1s difficult to see how such collateral circulauon could develop
within the kidney except through non-glomerular vessels connecimg
the subcapsular pic'(us with the mam renal crculation The evidence
provided by Tructa and hus colleagues 15 very convineng so far as the
demonstration of the production of cortical sschacnua followng
sumulation of the renal nerves 1s concerned The exact vascular
channels through which the cortical blood Aow 15 diverted i this reflex
cannot vet however be said to be finally demonstrated

RECAPITULATION
CORTICAL ISCHAEMIA AND RENAL ANOXIA IN
MALARIA AND BLACKWATER FEVER

The pathog, of the renal synd of malara and blackwater
fever appears to be fundamentally 1dentical and similar to that of ke
syndromes artsing m many other condtions histed as examples of renal
anoxia  The tubular lestons n such syndromes can best be explamed
on a basis of tissue anoxsa and the anuna (and associated azotaenus,
by reduction m glomerular filtration Ieading to cessation of urmary
flow The argumcents discussed above serve to show that the most
rattonal expl of these ph 15 the develop of a change
1 ntrarenal blood flow which brings about cortical 1schaemia and
teduction 1n glomerular blood flow and consequently m glomerular
filtration  The available evidence poms to the exsstence of a renal
vasaconstrictor reflex which can give nise to cortual ischaemia and can
be mtrated by both intra- and extrarenal sumubt

The following will dlustrate the way m which the syndrome
probably arises

In malaria thete ts general anoxaenua and ussue anoxa ansing fom
(1) loss of both parasitized and unparasitized erythrocytes (i) Joss of
haemaglobm on conversion mto haemozomn () removal of oxygen
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from oxyhaemaglobm m pacasiuzed cells by the parasites and (v}
smtravasculer agglutmaton There 15 also possbly hustotowc anoxia
ansing from mucrference with dissocation of oxyhaemoglobn and
fixanon of the oxycytochrome systems in the nissucs fc-rhaps by some
product of the mewabolism of the parante  Finally therc are changes
in the endothelial walls of the blood vessels which lead to local escape
of fisd and slowng of the csrculation through the small vessels

Trssue anowia leads to changes m the renal ussue and affects both the
endothelim of the blood vessels and the epithelium of the tubules

As a resule of this the merarenal reflex 1s sumalated and changes
m the arculation take place leadng to some degree of corncat
1schacmia and the anoxic stare of the epithehal ussues becomes apgra
vated Changes 1 the cornical vessels greatly reduce glomeralar flow
and the output of unne falls the patiens finally becoming anunc
In severe cases of malaeta blackwater fever cte  general crreulatory
changes of the nature of shock weth reduced crrealating: blood volume
and Jow blood pressure supervene and the extrarcnal reflex 1s also
actvated

In the carly stages of the syndrome i malana therefore the mtra
renal stimalus 15 the smportant one  In other condiions ¢ g shock
the extrarena} reflex ts probably the mutinung factor  In shock and
simular general conditions there 15 evidence to show that the extra
renal reflex 1 only pare of a bodily protective mechanism  which
mvolves other organs mcluding the adrenals and the Iver



CHAPTER IX
THE BRAIN

CuwicAt  PATHOLOGICAL CiANGES Macroscop ¢ appearances — Histological appearances

General pictore Parasites Phagocyeos  Changes i blood Vesscls Vascular obstrucuo

Haemorrhages Degenerative changes n bran cells  Newroglil cha ges, granulomst:
Fanocenests Vasaula obstruction — St 15— Ef cfs of heat — Anos

CLINICAL

TrE ncurological mamifestations of malarna are protean  Climedl
evidence of mvolvement of the bram and spal cord 15 most com
monly scen 1 P falaparum infections but may occur m other forms
of malaria The presenting signs and symptoms can sometimes be
related to causal lestons which may be purcly temporary or of a more
permanent mature  depending on the develap of structural
changes cg followmng haemorrhage mto the bram substance I
many cases however there 15 no obvious relation betwcen the patho-
logical state of the brain and the chnical features of the ndividual case
Neurological symptoms ofien occur m fatal cases with no localzing
lesions and changes mn the bran may not be accompanied by any
related clinical phenomena

There are many reviews on the subject of the neurological mam-
festations of malara and these should be consulted for further details
Thomson and Annecke {1926) drvide the nervous signs of malaria into
those assoctated with acute malarna and those assocrated with chrontc

The signs m acute malarta include headache srrstability the cerebral
state (see Chapter I} hyperpyrexiz unconcrolled sweatmg apoplectic
and epilepuform attacks and convulsions frontal lobe syndromes
(Brill and Pellicano 1943) bulbar paralysis cercbellar disturbances

1 symptoms pol 1os {Lafora 1912) tremors m chromc
malarra muluple sclerosts (de Vnies 19.7) peripheral neunss and
amauross (Kuchen 1941}

There 1s also often very clear evidence of mental disturbances
meluding delirum. coma amnesia motor aphasa and vartous types of
psychoses neurasthenta fu and dep develop-
ing mto dementia praccox and delustonal msanity (Masson 19.4
Forrester 1920 Carhill 1917 Browne Mason 1905 Arien 1946

Pasmamk 1897)

60
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PATHOLOGICAL CHANGES
Macroscopic appeasances

The mformation gien below has been culled almost entuely from
accounts of antopsy findings 10 cates of P falsparns malana or black-
water fever In the few eases where exammations have been sade m
cases of other forms of human mihara the general 2ppearances and
Testons are much ¢he sune (Bullings and Post 1915 Marchsfava and
Bigharn 1900}

ennges Sowe authors have teported sie abnormal changes 1n the
meninges (Marmesco 191} Others have desenbed varsous degrecs of
congestions mvalving most of the vessels especaally those of the pra
mater There may be small haemorrhages wsually petechial sometimes
as karge a3 half an tnch m duamter and occasionally locahzed m certan
areas ¢g m the pra covening the cerebellum or cortex {Rugdon
1gs2 Guskell and Mdlar 19.0 Thonwson snd Annecke 19.6)
Infiltration wth round cells ¢hnckemng and oedema of the pua have
also been described {Thomson and Robertson 1920 Margubis 1014)
True leptomenmentss has been reported by Durck (1917 10.5)

Bram and spmal cord  Marchufava and Bignamy (1900} descnbed
the fep and eexebral su 1 cases of cerebral pernicious
matana as reensely hnp They dered that the comb:
gon of such hypersemu and durk brown or bhckish pigmentanon
of the brain spbstance {due to the presence of malanal pigment) was
pracueally duagnosuc of malarta Most workers are ageeed that the
bram surtace whyperacmc and covered with engorged vessels {udgron
and Claske 1917 Anicts 1046) pven when the patenr has chmeally
not suffered from cercbral symptoms  The congestion and hyperaemra
15 not confined to the cercbrat hemspheres but 15 nsually seen over
the wha'e bram and somessmes the cord  Oceasiamally certam regions
appear more Affccted than others e the cortex in the vertex region
{Caskell and Matlar} ot the corcbellom (Maomesco 19,1} Accounts
of prymentation vary from nat ofien prymented cxtemally (Crasg
1wop) 1o grey shie grey  smoky grey or brown (Thomson and
Annecke 196} Ocdema of the bram substauce has been deseribed
{Thaver 1899 Themson and Anncche 0.6 Margulls 1914 Arictr
1946} The surface may be spotted wath haemorrhages usually mimute
but som tinies of consrderable size {Thomson and Robestson 59-9)

The cut surface of the bram substance 15 hypersensc and the small
vessels blood frecly  Puncryte haemorrhages are seattered freely aboue
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the substance most commonly 1n the white matter but someumes also
m the grey (Ancu 1946)

Fic 15>—M crocopcappe  ceofban n_ute severe malg a tt wnmltn Note
d tnb to of h emor hages (After Ash nd Spitz 1946)

In deeply pigmented brains the cut surface 1s slate grey or brownin
colour the deeper shades bemg found m the grey substance of the
cortex and ganglia  The bramn substance 15 intenscly hyperaemic and
the surface dotted with munute bleeding pomts where the small vessels
have been cut  Scattered freely about in the whole substance of the
bramn and occasionally m the cord (Rugdon 1944) there may be
small punctate haemorrhages Occasionally there may be large
hacmorrhagtc areas  Gaskell and Mullar found no haemorrhages i
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che grey matter although m their cases of cercbral malama (P falo-
parum) they were present 1 the white substance of the cotona radiata
of the mierna capsule and the candate and lenticulate nucles Haemosr-
hages have also been teported sn the corpus sumtum and comu
ammonts (Marmesco) They are most common 1 the whute substance
near the cerebral coriex and may be absent from deeper parts of the
bran although abundant m this region  For example i Gaskell and
Muflar s cases there were no haemorrhages in the pons and medulla
although they were abundant m the subcorncal white substance
They may be present m the white substance of the cerebellum (Ragdon
1942} They have been reported mn the grey matter of the cerebral
cottex and are frequently found in the boundary zone berwcen the
cortex and the white substance (Marchufiva and Bignam 1900
Thomson and Annecke 1026 Anct 1946)

Apart from the pigmentation and hyperaemia of the bran ussue
and the scattered punctate haemorrhages there are usually few ather
changes visible macroscopreally sn the bram m matarz  The lateral
ventricles may be didated and sometmmes filled with blood stamed
fwd  The chormd plexus has been found congested Irregularly
dustributed areas of softemng have also occasionally been described
{Craie 1900 Marauls 1914) The larger blood wessels were found
to be frec from evadence of thrombests i the cases described by Gaskell
and Mullar (19.0)

As will be seen later the changes descrtbed abave are frequently
seen 1n cases with no chmeal history of cerebral malarza as well as n
those with obuious 1 1 symp! y W panents
with clear chmeal evidence of central nervous system distuchances
there may be stetkingly few changes in the bram az autopsy  In some
permcious cases paracularly those associated wath vascular collapse
cg algd nwlana the bran may be anaemic 1n appearance and not
congested or hyperaemue  Under such crenimstances vhere are usually
few parasnes i the bram capiilantes  In blackwater fever the bramn
may be pale with o without hacmorrhages mto the substance (e g
mto the cerebellum pons and corona radtata) and parasites are not
commonly present in the vessels (Whipple 1909)

Histologseal appearances
General picture

The most sutking features of the histological picture of the bram
w severe malaoa are the dilatation and congestion of the ymall blood
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vessels and the associated haemorrhages  The capillaries are usually
loaded with red cells almost all of which may be parannzed The
larger vessels contam fewer parasites which arcoften distributed around
the periphery  Somenmes there may be very fow parasites m the
small vessels and the red cells become clumped together into prac
tically homogencous masses i which the mdividual eells can no longer
be disunguished  In some bratns the diseribution of parasized eell
may be largely regional some vessels being pached with them others
being free or relatnvely free of them  Evidence of damage to the endo-
thehal Lintng walls of capillanies and small artertoles 15 common
There are frequendy small pervascular haemorrhages suggestne of
diapedesis of cells through the walls of the vessels and 1 many areas
mamly 1n the white substance especially in the subcortical layers of the
cerebral heruspheres there ate also frank haemorrhages with con-
sequent disruption of the local bran ussue  The red cells of the
hacmorrhages are usually non-parasiuzed  Scattered through the bram
substance there may be nodules of degenerate nissue and red cells
surrounded by accumulavions of small glal eclls and often with
a centrally placed small arteriole These nodules are the so-called
malanial granulomas and are by no means constant features

Degenerative changes in the neurologtcal tissue are commion
espectally m regions affected by haemorrhage or granulomatous
reacttons  Swelling and vacuolization of the cytoplasm Joss of Nissl
granules and necrotic changes n the nucler of nerve cells may be
present  Degeneration of medullated fibres also ocuurs

Cellular teactions n the form of accumulations of small round ghal
cells 1 the bram substance sometimes wide spread and lymphocytes
and plasma cells ;n the perivascular spaces are found mn many cases
especrally 1 cases of long standmng  Such pervascular lymphane
accumulations are also met m the mennges  Regencranon and repait
processes are not common beyond some degree of replacement of
areas damaged by haemorrhage” Some authors have desenbed rrregular
new formaton of vessels mn acure malara

Parasites

If 2 small portion of bram substance be removed from the cerebral
region at autopsy and examuned after squashing between two glass
shdes parasites many of them pigmented will uswally be found
withm the red cells filling the smaller blood vessels In many cases
pracncally all the erythrocytes may be mvaded In some there may be
very few  Gaskell and Millar have stated that i cerebral malaria



THE BRAIN us

the gresrest acoumplations of parasites are to be found 1n the vesscls of
the grey matter althongh the pathologieal lestons are chuefly found
the whie substance  The parasites may be ditmbuted evenly through
the vessels of the beaw or may accur wregularly sometimes bemyg
present an some and absent 1o other capiffanes o the same rgion
There may also be 2 regonal dsstnbonion ¢ g Margulis observed m
one <ase 3 comcentration of parannzed cells m the mamty of the
cornical ganghon cells Parasttes may appear in every stage of develop~
ment from the merozone 1o the ruptunng schizont  Occanonalle
one parncular stage of the fe cyde predomunates the prevailing
form to some exent dewermunmg the pigmentanon of the argan
Thus when munly young forms are present there s hale pement
when on the other hand schizones predomunate there may be very
heavy pgmentacon  Marchuafrva md Bignams {1goo} state that m
some eates 1t may be posable to recognize almost every stage of
pazasite an the asexnal bfe cycle wichin one mdividuat capillary  The
crythracytes withun the caprlares contarn the more mature forms of
parastte. 25 2 rule  The actenoles and larger vessels contam vounger
forms mcludmg young rmgs ln the capillanes the paraninzed cells
are closely packed and may present the appearance of thromboss
The tghtly packed cells are however probably not dicombosed but
m 2 condwson of stasts In the farger vossels the parastized eclls
are usually fewer and often tend to be dutnbuted along the vessel
wall the ceflew the centre of the Fumen beng non parasiized  Marchia-
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fava and Bignam suggested that the presence of the bulk of parasnzed
cells i the small yessels 1s an mdication of their mereased resistance to
flow through narrow channels compared to normal erythrocytes

Fic 17—-Para ttes 1 cerebral cap 1l nes in a case of m 1y, a ¢ ternan mahng
Note the sporul ton of n tu ¢ schizonts

Gaskell and Millar (19.0) conmenting on the enornious numbers of
parasttes obscrved i their cases of true cerebral and septicacmic
malignant terttan malarta suggested that in the former the gram may
assume the function of the spleen i becomng 2 factory for the
development of the parasitc m allies forms  Agonal development
of parasttes within the cerebral vessels continung after crrculation ha
stopped might explam the frequently observed predommnance within
the caprllaries of malarual forms represcnting one stage of the hfe
cycle
Most authors agree that the red cells accumulated n the nissues around
the small vessels and those m frank haemorrhages ate usually non-
parasitized or very spanngly parastized even when the assoctated
vessel lumen 15 1tself packed with parasitized cells (Marchafava an
Bignami 1900 Lafora 1912 Thomson and Annecke 19.6) Gaskell
and Millar {19.0) however have reported the presence of both rings
and crescents 1n such haemorrhages 1 malinant tertian mfections

Parasttes arc oftent found 1 the vessels of the meninges especrally
the pa sometimes with app thromk or stasis
(Gaskell and Millar 190 Thomson and Annecke I9.6 Marguhs
1914) They are usually present in sraall numbers compared with those
present m the bramn atself
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Phagocytosts

Pigmentation of bramn tissue 15 usually assocrated wath the presence
of parasites m large numbers 1 the small vessels but some workers
have reported free prgment lymg m the blood vesscls and i the bran
substance 1tself sometimes 1 relaton to hacmorrhages or granuloma-
tous nodules (Gaskell and Mular 19.0 Marguhs ror4) Pigment 15
akso frequently found within phagocytic cells lying free or wathin
parasitized cells Phagocytosis of pigment and debns by the endothelal
lining of the capillanies has also often been described  Marchnafava and
Bignamt foum‘lP these cells to be swollen and laden with pigment
and Craig (1909) Thomson (19-4) Thomson and Annecke (19.6)
and Seyfarth (1926) all report active phagocytosts by the endothelium
Dudgeon and Clarke (1917) and Gaskell and Mullar {19.0) also describe
phagocytosis of pigment by large cells lying n the lumen of the vessels
which ‘they regarded as’ desquamated endothelal cells Margulss
states that the endothehial cells contarn pigment  Other carefisl observers
have found Iittle cvidence of real phagocytoss by the true endothehal
Iining cells  Atiett (1946) found that m two heavily parasttized cases
of P fulop mfecion_pl y of the endothehal cells hnmg
the vessels was practically agscnt Parasites were somictimes seen
attached to the vascular endothel but werc app ly never
ingested Ragdon (1944) says phagocytosis by these cells 15 mchucnt
even m cases 1 which extreme phagocy toss 1s present an other organs
such as the lnver  Tahaferro and Mulligan (1937) have examined the
whale question of phagocytons by vanous kinds of cells m the bram
m matania and have come to the conclusion that although phagocytosis
of parasstes and pigment may occur as the result of abnormal activiey
on the part of eertam cells hmng the vessels as a rule such activity 15
uncommeon except n unusually severe cases and wher stasis in capil-
laries 15 evident  The phagocytosis which occurs 1 the bram under
any cond 15 deeabl pated with that going on m other
oreans cven m the same pattent  In brrd and monkey malara Taha-
ferto and Mulligan touus no locahizanion of parasttes m the bram
such as may occur m P falaparsm nfecnions and no undoubted endo
thelial eells g the caprllancs contamed prgmentor parasitie materral
Pigmented cells were found mn the lumina of the vessels sumtlar to those
somettmes seent m the human  They consider the latter were not
dernved from endothelum but were h h or

cells that had musgrated ’
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Anatonueal changes mn the blood vessels

In acute severe malarna the vessels of the menmnges and the bran
substance arc congested Where haemolyss has been mtense eg m
blackwater fever there may be an anacnua of the bram tissue with
many small vessels apparently empty of blood In such cases however
regional patchy congestion 15 common with the vessels filled tzghtly
with erythrocytes

The walls of the smaller artertoles and vems and those of the capil
lanies commonly show some sign of damage The endothchum 15
frequently swollen and degenerate ‘The affected cells may project
mto the lumen and according to many authors may ulmately
become detached from the wall and lie free m the circulaon  Such
detached cells are degenerate and may contan masses of pigment and
parasitre debnis (Marmnesco 191  Thomson and Annecke 19 6
Dudgeon and Clatke 1917 Gaskell and Millar 1920) The possible
phagocytic actvity of the endothelial linmg cells of the vessels bas
already been discussed Taltaferro and Mulligan (1937) beheve that
such cells are rarely phagocytic and that the so-called detached endo-
thelial cells are 1 all probability macrophages from other parts of the
body carried to the bram by the blood stream  Artets (1946) however,
has recently provided stnhing photographic evidence of endothehal
hypertrophy and desquamation

The degenerative changes suffered by the endothehal cells have
been recorded by various observers as stmple granular degeneration
(with or wathout vacuolation) fatty d ton (with small or
large globules of fat) or necrosss of both cytoplasm and nucleus
(Marmnesco 1921 Lafora 1912 Thayer 1800 Craig 1909 Torrtolt
1932 Thomson 1924 Thomsonand Annecke 1926 Gaskelland Mullar
1020 de Vries 1927) All stages of degeneratton may be met m the
same bram  Usually the degenerauve changes are not severe but
Gaskell and Mullar constdered that they were one of the most sigmficant
pathological cffects of malarra 1n the brain both m regard to subsequent
Tocal neurological damage and haemorrhage mto the bramn tissues

New formation of blood vessels m the bram has been described by
Corlett1 (1910} and Lafora_and more recently by Aren (1946)

The adventitral cells of the smaller arterioles and y enules somertmes
show signs of pathologrcal changes meluding degencration which
may be severe and progressive (Lafora 191.) Lafora has stated that
the adventitral cells may sometimes separate off from the vessels and
penetrate mto the bram tissue as the so-called stabchenzellen  Anett
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found the adveatial cells of memngeal and cexebral vessels esfarged
with swongly basophilic cytoplasm and nucle: sich m chromatin

Pernascular wfiltration with cells has been descubed by some
wotkess Gaskell and Millas for instance state that i the cases af
cerebeal wialana the penvaseular lymph spaces were dustended with
hymphotytes and Marmesco observed fymphocytes plasma cells and
monocytes 1 excess m the sheaths of the small merungeal vessels
snd mfddtration of small vessels in the cerebral corte and peduncles of
the bram Marguhs reported. that m one case of P faks parum malans
of three months’ duration there was no general infiltration of the vessels
m the bram although m some aress 10 the white substance theee was
eudencr of pervascadar development of glal cells  Other authors
have found no indication of cetlular reactions aroumd the vessels Thus
Dudgeon and Clarke describing festons m cases chnically smabar to
those of Gaskell and Millar seported complete sbsence of any pent
sascular mfammation

In some cases of P faliipenm malansa 1 whach there was evidence
of ceechral ocdema the pecwra cular ymphatie spaces have been found
dutended  Globules of fat have alio been reported m these spaces

Vascular obstruction

Many suthors tefer to some form of blockmg or obstruction of
the capllarses and small artersoles and venules of the bramn s malane
For mstance Thonwson and Annecke {1926) state that the most obvious
Tesion ss more or loss complete blockage of the bram capiflanses with
parasitized red colfs which ‘owmng o thewr tendeney to clump together
and stick to the endothehal eclls at the penphery of the vesse] couse
ocdema stasis ¢ b and p ; hages  Marchta-
fava and Bigrama {1853} descobe the capllanes a5 loaded with red
blood cells parasitized and pon parasinzed  Tabiaferro and Muthgan
{1937) 1 therr summary of ltcrature menvion obstructton ot the
¢apillanies by accunwlation of pacssitized red clls pigmcnt and phavo-
Cyles ogoutting suost ty m P falap e but alo
seported m P 1uac malaa {Bilings and Post 191y)  Marchufara
and Dignanu also refes to przment abstructing the smaller vessels
o the bram and state that w addwon the vessels may be blocked by
white cosgula  Thrombo 15 of the capfancs has alse been descnbed
by Thayer {1399) and Dudgeon and Clarke {1937} but Gadell and
Sdlar 1 their cases of makigmant terean malana found no conclusne
evidence of thrombosis i the bram vesseh  In theapparently obstructed
wessels che fatter authors found the erythrocy tes rormal m shape and
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Anatomical changes 1 the blood vessels

In acute scvere malara the vesscls of the memnges and the bran
substance are congested  Where haemolysts has been mtense ¢ g m
blackwater fever there may be an anaemia of the bran tissue with
many small vessels apparently empty of blood In such cases however
regronal patchy congestion 15 commion with the vessels filled ughtly
with erythrocytes

The walls of the smaller arteroles and vewns and those of the capd
lares commonly show some sign of damage The endothelum 15
frequently swollen and degenerate  The affected cells may project
mto the lumen and accordmng to many authors may ultmately
become detached from the wall and he free m the arculanon Such
detached cells are degencrate and may contam masses of pigment and
parasitic debris (Marmnesco 191 Thomson and Anneche 19-6
Dudgeon and Clarke 1917 Gaskell and Millar 19.0) The possible
phagocytic actmty of the endothelial liung cells of the vessels has
already been discussed Taltaferro and Mulligan (1937) believe that
such cells are rarely phagocytic and that the so—called detached endo-
thelial cells are 1 all probability macrophages from other parts of the
body carried to the bramn by the blood stream  Arsett (1946) however
has recently provided striking photographic evidence of endotheltal
hypertrophy and desquamation

The degenerative changes suffered by the endothelial cells have
been recorded by various observers as stmple granular degeneration
(with or without vacuolation) fatty d (wath small or
large globules of fat} or necrosis of both cytoplasm and nucleus
(Marinesco 1921 Lafora 191. Thayer 1899 Craig 1909 Torriolt
1932 Thomson 19.4 Thomsonand Annecke 1926 Gaskell and Millar
19.0 de Viies 1927) All stages of degeneration may be met m the
same bram  Usually the degenerative changes are not severe but
Gaskell and Millar considered that they were one of the most significant
pathological effects of malaria n the bram both m regard to subsequent
local neurological damage and haemorrhage 1nto the bramn nissues

New formation of blood vessels m the brain has been described by
Corlett2 (1910) and Lafora_and more recently by Anen (1946)

The adventitial cells of the smaller artertoles and venules sometimes
show signs of pathological changes mcluds st whicl
may be severe and progressive (Lafora 1912) Lafora has stated that
the adventitial cells may sometimes separate off from the vessels and
penetrate mto the bram fissue as the so-called stabchenzellen Aret1
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changes present s 100 cases of mahignant terian malara - These authors
pont ont that teve book slustrations of so-catled plugzing of cerebral
vessels merely show capilanies filled with red cells mosthy parasitized
Plugging was not 2 major factor 1 any of thewr cases and there was
hirtle correlation between such packmg of the capillanes and the
chrical signs and sy mptoms mansfested durmg hte Thus of 56 pavients
classtfied as to the cavse of death 12 had had typical cercbral malaria
and 24 one or more mafor cerebral symptoms such as convulnons
In to of the cerebral malana cases there was no plunemg i the
ather two there were parasitized cells m the bran capillaries but no
abvious obstruction In 16 other cases none of which were classified
as cerebral there was some evidence of plugging of the capillanies

As mentioned above sinular results were reported by Gashell and
Millar (19.0) m cases of malignant teruan malania m Salomka In
nether frank cerebral cases nor septicaenuc infections m which there
was extensive parasitiemm were these workers able to find any
evidence to support the view that thrombosis of capillartes was present
They dered that the dssturbances 1n cerebral malaria
were not prmartly ebstructive but were rather hacmorrhagre 1n type
Many capiilaries were filled with intensely parasinzed r:éz cells and
sometumes contamed extracorpuscular pacasites and free prgmene bat
there was no evidence of the presence of fibrm  Gaskell and Mullar
stated that their results indrcated char crrcalation through such vessels
was not necessanly wholly obstructed and that the assumption that
thrombosis had occurred was unwarranted and unnecessary for the
explananion of the pathological changes scen

Spatz (1946} has recently reported ocuasiona thrombiin P falaiparum
nfections an the central vessels of granulomas and m capitlancs m
the bran substance  The thrombr wece small and usually ({:stcndcd a
small scgment ot the otherwise  plugged  capillary or artetole  In
some vessels the thrombi only partly occluded the lumen  From her
study of 5o cases of mabgnane tertan malana Spuez concluded
agreement with Rugdon thae the small vessels of the bram were not

obstructed by parasittzed erythrocytes but stmply filled and distended
by them

Haemorrhages

Small perivascular haemorrhages sugestive of Jocalized duapedests
ot erythrocytes hase often been seen m the bram n malara particu~
Yarly where the degree of general vascular congestion 13 consderable
{Anen 1946 Rugdon 194, Gaskell and Millar 19.0) The vessel
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therc was no deposition of fibrin They considered that the cireulation
through such vessels was probably not completely obstsucted

Marguhs found the bram capillaries blocked ‘wath red cells para
sinzed and unparasitized and malarial pigment i one case m regions
where parasites were few 1o red cells could be distmguished i the
vessels the lumina beng filled with what he describes as strukturlosen
rotlichen homogenen Masse He considercd these vessels to be n a
condiion of stasts  Hyaline bodies or masses filling the vessels have
also been described by Lafora i acute malarta Other authors have
described pigmented bodies obstructing the capillanies and giving nise
to parasitic thrombosis (Rigdon 1942) These masses and bodues filling
the lumen of the vessels are presumably present as 2 result of stasis of
the red cells

Lafora observed m addition many congested capillaries contaming
parasttized red cells and sometimes free pigment and parasstes Large
mononuclear cells resembling macrophages contaming malanial pig
ment and degenerated parasites were very common 1n some vessels
Endothehal cells from the vessel walls were free mn the lamen  Phago-
cytes have also been reported m the bram capillantes by Taliaferro and
Mulligan (1937) and Manmnesco (1921) and others Marmesco men
tions also lymphocytes monocytes and plasma cells and describes
some l:;essels contaming only lymphocytes or lymphocytes and poly-
morpl

7The degenerate or hypertrophied swollen endothehal lmung cells
of the vessels have been regarded by some workers as partly responsible
for obstruction to blood flow exther directly or by assisting n the forma-
ton of thrombs (Marchiafava and Bignamui 1900 Thayer 1899
Cratg 1909 lafora 191. Torriolt 1932}

Thus obstruction to the flow through the bram capllaries has been
vartously consdered to result from stass thromboss embolsm
the presence of lirge numbers of phagocy tes and the hypertrophy and
degeneration of the lmng endothelial walls Rigdon (1944) has
analysed the available evidence and concluded that thrombosis and
embolism are not sigmficant factors m the production of the lestons
of the bran m malarta Stasis sumular to that occurrmg m shock and
changes m the endothelial cells of the vessel wall are of more impor-
tance Rugdon considers that the so-called capillary obstruction 15 m
many cases more apparent than real and ponts out that there 15 often
Liecle relation between the climcal signs exhibited by the patent
and the lesions seen at autopsy In this respect hus vaews are supporte
by the findings of Kean and Smith (1244) who studted the pathologcal
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changes present m 160 cascs of nalignant tertan mataca These authors
pomt out that text book fhustrations of so-called plugging of cesebral
vessels merely show. capiliaries filled with red cells mostdy parasitized
Plugging was not 2 major factor w any of thew cases and there was
Iutle coreelation berween such packing of the c:gdlnn:s and the
chucat signs and symproras mamfested durng lfe Thus of 56 patients
dlassified s to the cause of death 1. had had typical cercbral malara
and .4 onc or more major cercbral symptoms such as comulsions
fn 10 of the cerebral malara cases there was no pluzamg  wn the
other tno there were parantized cells in the bram capsflanes but no
obvious obstruction  In 16 ather cases none of which were classified
as cerebral there was somc evidence of plagging of the capiftanes

As mentioned above similar results were reported by Gaskell and
Mdlar (10.0) w cases of mahgnant ternan malarna - Salomka In
nesther frank cercbral cases nor sepuiczerme infections 1 which there
was extensive parasitacmita were these warkers able to find any
evidence to support the view that thrombosis of capulfartes was present
They considered thar the crreulatory disturbances 1 cerebral malaria
wete nat prunarty obstructne but were rather haemorrhagtc in rype
Many capillanies were filled with mtensely parasitized eed cells ‘and
sometimes contamed evtracorpuscotar parassees and free pigmens but
there was no evidence of the presence of fibrm  Gaskell and Millar
stated that thetr reselts indrcated that arculation through sach vessels
was not necessardy whotly obstructed and that the assumption that
thrombosis had occurred was vnwarranted and wnnecessary for the
cxplamation of the pathological changes scen

Spuez (1946) has recently teported occasionat thrambran P faleparum
mfections i ¢he contral vessels of granulomas and m capdlaries m
the bramn substance  The theontbs were small and wsually (is(cndcd a
small segment of the otherwise  plugged  capilhary or antenole  In
some vessels the thrombe only partly occluded the Jomen  From her
study of $0 cases of malignamt tertian mabma Spuz concluded m
agreement with Rugdon that che small vesscls of the bram were not

abstsucted by parastnized crytheacy tes but sunply flled and distended
by them

Haemorrhages

Small perwascular haemorchages sugaesmve of Jocohard duapedens
ot erythrocytes hav e often been seen m the bram m malwrn parneu-
lacly where the degree of general vasculec congesuon 15 conssderable
{Asten 1946 Rxgaon 194 Gaskell and Millar 19.0) The vessel
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there was no deposttion of fibn  They considered that the arculation
through such vesscls was probably not completely obstructed

Margulis found the bram capillanies blocked “with red cells para-
sitized and unparastized and malarnal pigment in one case n regtons
where parasites were few no red cells could be distmguiched mn the
vessels the lumma being filled with what he describes a5 strukturlosen
rotlichen n Masse  He considered these vessels to be i a
condicion of stasts  Hyaline bodies or nasses filling the vessels have
also been described by Lafora 1n acute malzria Other authors have
desctibed prgmented bodies obstructing the capillaries and giving rise
to parasitic thrombosis (Rigdon xg;zg Thesc masses and bodies filling
the lumen of the vessels are presumably present as a result of stasis of
the red cells

Lafora obscrved m additon miany congested capullartes containing
parasitized red cells and sometsmes free pigment and parasites  Large
mononuclear cells resembhing macrophages contanmng malarnal pig-
ment and degenerated parastes were very commeon 1 some vessels
Endothelial cells from the vessel walls were free n the lumen  Phago-
cytes have also been reported m the brain capillartes by Talaferso and
Mulkgan (1937) and Marmesco (19.1) and others Manmesco men
tions also lymphocytes monocytes and plasma cells and describes
some }:r'csxds contaning only lymphocy tes or lymphocytes and poly-
morphs

T}k:e degencrate or hypertrophued swollen endothehal Jming cells
of the vessels have been regarded by some workers as partly responsible
for obstruction to blood flow ether directly or by assisting sn the formsa-
tion of thrombt (Marchuafava and Bignamu 1900 Thayer 1899
Cratg 1900 Lafora 1912 Torrtoh 193..)

Thus obstruction to the flow through the bram capillaries has been
varously considered to result from stasts thrombosis embolisn
the preserice of large numbers of phagocytes and the hypertrophy and
degeneration of the Immg; endothelial walls  Rigdon (1944; has
analysed the availabl and tuded that thromboss and
embolism are not sigmificant factors n the production of the Jesions
of the brain i malana  Stasis sumudar to that occurning m shock an
changes 1n the endothelnal cells of the vessel wall are of more tmpor-
tance Rugdon considers that the so-called capillary obstruction 15 1m
many cases more apparent than real and pomnts out that there 15 offen
litle relasion between the clmeal signs exhibied by the panent
and the lesions seen at autopsy  In this respect hus views are supported
by the findings of Kean and Smuth (1944) who studted the pathologcal
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tion Bastianelh and Bignamy have suggested that the distribution. may
be related to the differences in the rate of blood flow through the grey
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and the white substance resulung from the more claborate capaltary
neework of the former  Arien {1946} beheves that the distrsbution of
shel frages 15 p y dep on the vascalsx patern of the
bram crculatton  The arcas m which he found the greatest concentra

non of haemorrhages all possess a refatcly poos blood supply {Cobb

193.) He mfers fgmm this that accluston of a vessel tgcsc regons
probably cauld not be compensated for by collsteral errculanon as
casly 23 n the better vascularized areas and changes i che vessel walls
nugit comequently resalt leading to drapedesss of red cells There
15 apparently hide direct relanon between the appearance of the
haemosthages and the stare of parasitizanion of the cells withm the
vessels 8ncy 35 3 commeon hnding that the vessels of she grev matter
contam suore heavthy parasinzed blood than thase of the whire (Gaskel!
and Milflar 190}

Degenerative changes i bram eclls

The nenve cells ae frequendy wnjured durmg the course of severe
malatat mfecton Marchuafaa and Brgnanu (1894) observed some
chsomatalysis espeaially 1 cases of cerebral maling and Lafors {1p1..)

desctbed extensne degencranion of ganglien ¢ells m two cases with
s
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nvolved 15 usually intensely congested and the contamed erythrocyees
frequently 1n a condition of stasis - There are often associated degenera
twve changes 1 the endothchum the evistence of which probably
permuts the mital escape of the red cells through the vessel walls
Such penvascular haemorrhages are found more commonly about
the vesscls of the white matter than about those of the grey  Accord
ing to Gaskell and Millar hacmorrhages mto the bran substance 1
sepncacmic mabignant tertian malarra {1¢ i cases n which there
1s a generalized parasttaemua not localized 1 any parucular organ)
are confined to this type of lesion and are found especnally assoctats
with arterioles and not capllaries

The morc extensine haemorrhages into the bramn  substance
commonly described m all forms of severe malana probably onginate
as cxtensions of the perivascular type They are usually clearly
associated with some vessel  According to Gaskell and Mullar they
occur more m relation to the smaller artenoles and venules
capilarics The vessels mvolved are usually packed with heavily
parasiized cells  Many authors e g Marchiafava and Bignam have
described thesc hacmorrhages as occurring round thrombosed vessels
but as has been explamed above 1t1s more Iikely that the erythrocytes
within the vessels concerned arc 1 a state of stasis Degenerauve
changes 1n the endothelial cells of the vessels involved are commonly
present  There 15 frequenty a narrow zone of bram tssue degenera
tive or apparently normal between the vessel atself and the red cells
Iying free mn the substance but sometimes the cells arc extravasated
cf:rcctly nto the penvascular ussue

The bran tissue nvaded by the red cells of the haemorrhage has
been described as tornup  The extravasated red cells m the nssue are
often pracucally free from parasites although the neighbouring vessels
may be filled with parasitized erythrocytes Occasionally the extra-
vasated cells may also be parasitized  Under these circumstances the
parasites may be m an earlier stage of development than those found 1n
the vessel stself

The distbution of these larger haemorrhages 1s the same as that of
the pernvascular type They occur mamly i the white matter and
according to Gaskell and Mullar are related most commonly to the
smaller arterioles rather than capillanies  The explanatton of their fre-
quency 1 the white matter and relatnve absence from the grey 1s not
known Varoussuggestions have been made mcluding the proposition
that the vesscls of the white substance are more primutve than those
of the grey but there 15 very Iitle evidence to support such 2 conten-
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neutoglal cclls often clustered around capiflaries or degenerate
nerve cells has alsy heen described  Sumdar cells have buen ob erved
1 large numbers bung m amongst degunerate meduflated nerve fibres
m the white substance (Gaskell and Millar m sepuicaenme cases of
mal yuant tertan malana)  Degeneratve change w the ghat cells
have also been descubed wncludmg cystrc degeneration of astrocytes
{Lafora_1012)

Prolferation of ghal cells 15 however most commenlv seen
assoctation with a proup of lesions winch have becomse knows col-
tecvely as malernal grannlomata  Marguhs (1914} noted scattered
ateas of softening m the bram ot 2 panent who had dud from malira
after an tilness lasting three months He found many  essels contatung
blood 1m a state of stasts surrounded by 2 narrow zone of degencrate
bram nssue Bevond th s zone and sometumies nuxed weh the degen-
crated taswe wese large nwmbees of extravasated erythrocytes often
badly stamng, In some areas there was musstve pernascutar prolifera-
non of ghal cells Marinesco {19-1) observed m tus cascs nodules of
probiferanng newroglial cells scattered through the white matter
particularly i the subcortical regions near the grey muatter they
were also prosent m the thalamus Jenneular nucleus and candate
quclmee  Occasionally these nodules were composcd mamly of
Ivmphacytes maononaclears and sometmmes plasma cclis but such
accumulations of cells were usually surrounded by a pempheral
cotletion of neurogla

Sunthsr cellular accumulattons have been desenbed by many other
authors  Thomson and Anncche {19.0) exammed the brams of 1.
cases of mahgnant tecan matana and found noduber lesons m theee
m the cortex and in one 1 the cerchellum  They wete as Marguhs
had stated commionest m the subcortical regrons ot the white matter
near the deep layers of thr cartex and were closely assoctated wath
numerous puncetform hacmarrhages  The charactersste nodule was
composed of a central d capallary 2 stased parasitized
red cells 2 naerow pernascalar arca of necrotic or degencratnve bram
ussue and an outer aircle of proliferaung o bab cells interming led with
extravasated red cells usually frec from parastes The 3 bl cells were
often pertpherally arranged gnane the whele Jewon a superfiesat
resemblance to a taberele The ghal eells somenmes showed actye
mt Osis

Thamson and Anneche found capilary haemorrhages in rebation
to all chetr nodules and considercd that such hacmorrhages were the
precursors of the ceffular reaceon the latter artsm 25 a nssue response
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mental symptoms whichdred m coma  The eells i these cases showed
chromatolyss and the cytoplasm was filled with granules to the
exclusion of the Nisst bodies The medullated nerve fibres were not
affected  Margulis {1914) also described degencranve changes m the
nerve cells 1 a case of malignant tertian malara which died after 2
three months 1llness with large liver and spleen and failing right heart
There were scattered arcas of softening 1n the bramm and in these regions
the nerve cells showed degeneration of Nussl granules and penpherally
placed nucles Margulis concluded that the lestons were not spectfic to
malara but were adequate to explam the presenting climcal signs
Dudgeon and Clarke (1917) also described extensive degencrame
changes m nerve cells n three cases of P falaparum mfection Gaskell
and Millar (19.0) made a carcful study of the nervous lesions m both
cercbral and sepuicacric forms of mahgnant tertian malana In the
former they found varying degrees of injury i the nerve cells mnclod
g rregular fatty degencration  The medullated fibres also showed
degencranve changes In the latter the lestons were more matk
The nerve cclls were degenerate  In some cells the nucler were ex
truded 1 others they were excentrically placed and stamed badly
often showing no leolas The pl exhubited granular
degeneration and frequently contamed a peppering of fat globules
The medullated nerve fibres were surrounded by round cells and
showed varying degrees of degeneration

Degeneranon of nerve cells and fibres 1s sometimes general m
distribution bat more often occurs 1n localized scattered arcas some
tumes concentrated m one or more regons of the bram  Durck (1925)
for mstance described degeneration particularly affecting the Purkinye
cells and Rigdon and Fletcher (Rugdon 1944) observed extenstve
nerve cell degencration especially in the Parkinge cells m man monkeys
chicks and ducks

Neuroglial changes, ‘granulomata’

Reference has already been made above to the proliferanon ot
neurogha m the neighbourhood of the bramn capillanies especially m
the wiite substance (Marguls) This phenomenon has also been
recorded by other observers eg Lafora (1912) Arct (1046) and
Marmnesco (1921) the latter stating that neuroglal cclls undergo
by pertrophy as well as multiphicauon~ A more general merease in glial
cells has been noted m the white substance by Marinesco and Gaskell
and Millar 1n cerebral cases of malignant terttan malaria  Infiltration
of the bramn ussue with round cells which may possibly have been
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reaction to 2 malanal toxm and thought the lesions were capable of
praducing permanent mulople sclerotic arcas Seyfaceh also considered
such lesions nught give nse to a muluple sclerotic condision He
stated that the bramn never completely recovered from an attack of
smalans 1n which the lestons had advanced to the stage of formation of
g;ranu!om.m No scarring of the bram 25 2 sequel to malaria seems

however to have been described

PATHOGENESIS

The sunimary given above of the pathologreal changes found m the
bram mn acute mafana assoctated or not as the case may be with 2
cerebral climeal state shows clearly that the most consistent Jesions
are vasenbar wvohung the capidianes and small arrerioles of the bram
wsue espectally i the white substance  The affected vesscls are dilated
and congested or m 2 condston of stasis and are commonly filled with
P d erythrocy he endothchal hmng cells of the vensels
shaw degenerative changes and perrvascalar escape of erythrocytes
leading to macroscopre haemarchage occurs  Assoctated with these
vascular changes there are signs of degeneration and regencrasion of
the bram ussue mchuding degeneration of the nenve cells and the
formatson of so-called granulomara and various ather accumulanons
of ghal and lymphocytic cells  Rigdon {ro44} separates the bram
lesions sno thiee groups {1} the vascular and haemosshagse {u) dov
generasve and (i) ecflutar reactions  OF these the first 1s undoubtedly
of major mmportance

The gencral appearance of the vascular lestons has often been when
t0 wdicare obstrucnon of the blood flow through the smaller vesscls
of the bram and for many years attempts have been made to demon-
steare such tmpedance of flow and the mechanism of s producuen

Marchiafava and Bugmanu {1591) pornted out that the smaller vessels
of the bram substance contamed relanvely farger numbers of parasitized
cells than the farger vessels and eried ro fink chis face warh the apparent
obstruction to the cireulition n the small vessels on the grounds that
parasinized cells offer more ressstance to flow through capitlanies than
normat cells Such mercased resstance would lead 1o slowmg of the
blood flow and thus m wm would result i mterference wich the
wenbolsm of tissue meloding the endothelial cefls so accounting
for the degeneratine changes found m the farer Diapedesss of red cells
through the chanaed vessel walls would follow and give rise o the
pernascular Jeakage of blood and ultimately to fill scale haemorshage
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to myury and going on 1 the cvent of recovery to repar The
believed that scartng would ulumately resule

Wemgartner (1920) described sinmlar lestons and found them
always related to a vessel  He considered they arose from glial prob
feration about an established cxtracapillary hacmorrhage  Mannesco
also noted that they were always assoctated with haemorrhages and
placed along the course ofsmaﬁ blood vessels Durck on the other
hand found that although usually related to blood vesscls the noduls
sometimes occurred mdependently m the bram substance He
considered they were comparable o true granulomata and should be
regarded as defensive inflammatory processes In hus series of patiens
nodules of this sort were found m all cases of pernicious malara-
Avett however does not regard these nodules as mflammatory
phenomena and suggests the rerm pseudograncloma  should be used
to describe them  Tlus view 1s probably correct since very smlar
Iesions occur 1n fat embolism (Spitz 1946)

Nodular lestons have been reported occasionally 1n other forms of
malana Oesterhn for istance has deseribed them m a case of beniet
tertan and m one case of blackwater fever Freifield has obsen
them 1n quartan malara

Margulis attibuted the formation of these nodular lesions to the
eficcts of vascular stasis and suggested that the glal }}:rohfmnﬂél
represented an attempt at repar Mannesco believed they resulte
from the irotative action of the local hacmorrhage or the producnon
of a malanal toun  Durch also suggested they arose from the s
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reaction to 3 malartal toxin and thoughe the lestons were capable of
producing permanent multiple sclerotic arcas  Sey farth also constdered
such lestons mught gave mse to 2 mulnple scleronc condwon. He
stated that the bram never completely recovered from an attack of
malanza m which the lestons had advanced to the stage of formation of
granulomata No scarrmny, of the bram as a sequel to malara seems

however to have been described

PATHOGENESI»

The summary given above of the pathologial changes found m the
bram m acute malaria assocaated or not as the case may be with a
cerebral chnical state shows clearly that the most conssstent Iestons
are vascular imvolving the capitlaries and small arterioles of the bramn
ussue especully m the white substance The affeuted vesscls are dilated
and congested or m a condution of stasis and are commenly filled with
P d eryth The endothehat liming cells of the vessels
show degenerauve changes and pertvascular escape of erythrocytes
leading 1o macroscopre hacmorrhage occurs  Assoctated wath these
va cular changes there are signs of degeneration and regeneration of
the bram tissue mcluding degeneration of the nerve cells and the
fo mation of so-called granulomata and vartous other accumulatrons
of ghal and lymphocytic cells Rugdon (1944) separates the bram
lesions mnto three groups (1) the vasculer and haemorrhagic () de
generatrve and (m) cellular reactions  OF these the first 1s undoubredly
of major importance

The general appcarance of the vascular lesions has often been taken
to indicate obstruction of the blood flow through the smaller vessels
of the brawn and for many years attempes have been made to demon-
strate such impedance of flow and the mcchanism of s productson

Marchiafava and Bignanu (1894) pointed out that the smaller vesscls
of the brain substance contatned relatnvely larger numbers of patasitized
cells than the larger vesschy and tried to link ths fsct with the apparene
obstruction 1o the curculation m the small vesscls on the grounds that
panssitized cells offer more resistance to flow through capillarses than
normal cells Such mereased resntance would lead to slowmg of the
blood flow and tlys m turn would resule t wterference with the
metsholism of uissue mcluding the endothelial cells so accountng
for the degeneratve changes found 1n ¢he Iatter  Duapedests of ted eells
through the changed vesscl walls would follow and give s to the
pernvascular leakag,c of blood and ulnmately to full scale haemorrhage
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to ngury and gomg on 1n the cvent of recovery to sepur The
behieved that searnng would wlamately result

Weingarmer (1920) descrsbed similar Iesions and found them
alnays related 10 a vessel He consdered they arose from glul prok
feranon about an established extracapillary hacmorrhage  Marines?
also notd that they were always associated with hacmorrhages aud
placed along the course of smal] blood vessels Durck on the other
hand found that although usually selated ro blood vessels the nodules
sometumes occurred mdependently m the bram substance  He
considered they were comparable to true gr:mulcm.m and should be
regarded as defensive mflammatory pracesses In Ius scries of pagenS
nodules of this sort were found 1n all cases of permicious malanit.
Ancti however does not regard these nodules as mflammator)
phenomena and sugeests the term pscudogranuloma should be wsed
fo descrsbe them  Thus view 1s probably correct smce very sumlir
Tesions oceur 1n fat embobism (Spitz 1946}

Nodular Iestons have been reported occasionally m other forms ot
malama2 Oesterlin for mstance has described then 1n a case of benig?
tertian and m onc case of blackwater fever  Frethicld has obsers
them m quartan malara

Margults attributed the formaton of these nodular lesions to the
cffects of vascular stasis and suggested that the ghal frohfmnoﬂ
represented an attempt at repar Marnesco believed they resuleed
trom the wntative acnon of the Jocal haemorrhage or the production
of a malaral toxm  Durck also suggested they arose from the ussot
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errculating flurd and consequent concentration of erythrocytes 1¢
stans To some extent both these processes appear to be anvolved

Krusely (1935) deseribes a thick glassy precipiate forming between
and around the ery chrocy tes e the late stages of acute malana i pan
morkeys and birds developing throughout the circulation contems
poraneously The erythrocytes are bound together m small wads and
masses_resembling sludge which offers resistance to 1ts own progress
through the small vessels  Such resistance stows the airculation and
leads to 4 state of progressive stagnant anoxsa  The anoxic conditions
brng about changes m the vascular walls and leakage of plasma flud
takes place mto the surrounding nissue In the vessels most affected
stasts of erythrocytes occurs around the sludged cclls and obstruction
w© Hoodcgow may become complete  There 1s Iietle doubt chat the
pheron enon of shudging so clearly demonstrated by knssely m the
general arculatton i malaria plays same part m the vascular changes
in the bram It 15 dufficule to separate 1t from stanis developin,, from
othter causes particularly as m cach case the appearance of the ob
structed vessels would be practically rdentical the mdividual corpuscles
becomung welded mto a homogeneous mass (Florey 196 Marmesco
19.1 Marguls 1914) Sludged blaad should however show evidence
of the presence of fibrin and as has been pomted out above fibrn 15
not often found m the capillaries 1 malarra (This fact 15 also of
smportance 1n considermng the possibility of the evistence of other
forms of mereased agglunnab.liey of dhe red cells )

1t 15 posstble that the cerebral erreulation 15 more senstatve to changes
mn the erychrocytes than the crculation elscwhere and that vascular
Phenomena commence there at an early stage before any degree of
sludge agalutination of red cells has occurred  kauscly Found that the
erythrocytes m the final stages ot P Luow lesi malana m mnkeys were
sticky 1 relation to one another and to phagocytes but were not
apparently so to the endothelal bmng of the blood vessels Many other
authors have however d d the app e of stick particu=
larly of parasitized cells in human malarna and have suggested thar the
slowing of the circulation mughe be effected to some extent by this
phenomenon The great accumulation of parasttized cells n the smallest
vessels and their frequent dutribution along the endothehal walls of
the Jarger vesshs are often quoted as evidence of such stckmess
Another factor which may sometimes play an 1mportant part m
1mpedng blood flow 1 the small vesscls 1s the appearance of sphero-
cytosis (Whipple 1941)

The changes described by Kmsely the possble stckiness of the
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These authors also noted that the extravasated cells in the punctiform
hacmorrhages were not usually parasinzed  although those s the
assoctated vessel were heavily infected and suggested that ths indicated
that some degree of stagnation had occurred 1 the vessel They
considered that the degencranvc changes i the nervous nssue resulted
from the mterference with errculation

The view that the presence of parastized cells may be a prumary
factor m bringing about slowmng of the cerebral circulation fus akso
been advanced by Bass and Johns (1915) These authors believed that
the plasmodial consistency was greater than that of the red cells
Consequently the presence of mtracorpuscular parasites led to greater
difficulty 1n tranait of erythrocytes through small bore vessels such as
capillaries and thus to interference with blood flow and finally obstruc-
ton of the vessels concerned

Marchafava and Bignamut believed that true thrombosis also occutred
1 the brain capillarics and played a sigmficant part in the interference
with blood flow Many other authors have expressed simular views
but as has already been pomnted out there 1s litle firm evidence to
mdicate the cuastence of any marked degree of thrombosis or embolism
m the capillaries of the bram m malana - Regdon (1944} as mentron
above has reviewed the hterature on this pomt and concluded that
both embol and thromboses must be extremely uncommon in malaria
and that obstruction to the vesscls 1f 1t occurs probably results from
stasis of the erythrocytes and not from thrombosis The frequently
rapid response of patients with cercbral malarn o speatfic drug
therapy mndicates as Dudgeon and Clarke (1917) have pomnted out
that many of the lesions m the organs including those in the bram
can only be of a temporary or reversible nature  Blockmg of vessels
cannot therefore be enurely duc to thrombosis or embolsm since
these pl would be unmfl d by speafic drug therapy

If the mterference to the cerebral blood flow 15 not caused by
thromboss or embolism 1t may 1 part be due to purcly mechanical
phenomenaresulang from physical changes i the mvaded erv throcy tes
2s suggested by Marchiafava and Bignami and Bass This can apply
however only to the passage of heavily parasitized blood through the
small vessels and cannot explamn the impeded circulation 1n areas where
the degree of parasinzation 1s not extensrve It 1s clear therefore that
other mechamsms which are rapudly reversible must be at work
tending exther to cause the corpuscles to cling together and to the w alls
of the vesscls or to give nse to changes 1n flow resulting from foss of
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dqung Aud and X of erythrocytes 1e
stass To some extent both these processes appear to be muolved

Rnusely {#p45) desenbes a thick ghassy precspiate forming berwecnt
and aronnd the erythrocytes m the late stages of acute malarta m man
monkeys and bieds developmg throughout the arculauon conterna
poraneously The erythrocytes are bound together i small wads and
masses zesembling sludye which offers resistance to 1ts own progress
through the sanall vessels Such cesstance slows th curcolation and
feads to a state of progressve stagnant anoxia The snoxic conduwtans
biing, about changes m the vascular walls and leaksge of plasma flud
takes place mto the surroundmg ussae In the vessels most affect
stasis of erytheocytes occurs around the studged cells and obstrucuon
to bload flow may become complrte  There 15 heele doubt that che
phenomenon of slndging so clearly demonstrated by Kassely m ¢he
general erculation sx malana plays some part m the vascular changes
m the bram It 1 difficult to separate & from stasis developing from
other caue  parucutarly as m each case the appearance of the ob-
structed ves els would be pracescally sdentieal the indovidual cospuscles
becorng welded into 2 homogencous mass {Florey 19.6 Manmesco
19.1 Margobs 1914) Sludged blood should however showevidence
of the presence of fiban and as has been pomeed ous above fibstn is
not often found w the capdlancs sn malama  (Thes fact 15 akso of
smportance m considernng the possbihty of the eostence of other
forms of increa ed agglaunabilicy of the red cells }

Tt 1 possible that the cerebral circulation 15 more senstave to changes
m the erythrocytes than the arculanon elsewhere ang that uscu%:\r
phenomena commence there at an early stage before any degree of
studge apghtmation of red cells bas oceurred  Koascly found that the
erythrocytes m the final stages of P Lnot kst alars - monkeys were
stcky 1 relanon to one another and to phazocytes but were not
apparently 50 to the endothelial bming of the blood versels Many other
authors have however desenbed the appearance of sneloness partien
Yarly of parasinzed cells i human matata and have suggested that the
sowmg of the circulenion mughe be effecred 1o some extens by this
ph Thegreat it ofp d cefis in the smaliest
vessels and thar frequent distabution alons the endothehal walls of
the lorger vesseb are often quoted as evadence of such suckiness
Another factor which may sometnnes play an unportant patt m
smpeding blood flow m the sraall sessels 1 the appeatance of spheso~
cytons (Whapple 1941)

The changes described by Knisely the po sble stichmess of the
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erythrocytes and the devclopment of spherocytosis are possibly only
some of the phenomena which work 1n the one direction of slowing the
carculation rate through the small vessels The common result of all
these processes 1s some degree of mterference with the well-bemng of
the endothelial lming walls of the vessel the effects of which are often
vistble as degenerative changes  The damage to the vessel wall results
mn alteration 1n 1ts permeability  Flud passes i abnormal amounts
through the cells into the surrounding tissue and 15 removed at first by
the lymphatic dramage  Eventually the fluid loss 1s sufficient to aler
the local airculatory plasma volume, and as the mtravascular flux

steadily decreases stasis of the red cells develops  The mdividual sed
corpuscles tend to become merged mto an apparently sold homo-
geneous mass and arculation through the affected vessel ceases In
areas where the process 15 less advanced the flow may be greatly
reduced but not completely stopped and the aggeegation of corpuscles
does not take place The red cells will under such conditions sull
appear separate  In most vessels this 1s the usual pathological findng
Gaskell and Millar have pomted this out as evidence agamst the
extstence of thrombosts and have stated that the arculation 1 such
vessels 15 mcompletely obstructed They consider the assumption of
the exstence of thrombosis unnecessary to explan the presenting
pathological changes

Gaskell and Millar held that the chief arculatory disturbances 1
the bramn 1 malana were the haemorrhages which occurred about the
vesscls rather than the changes mn flow through the vessels themselves
In so far as the more sertous and long-lasting nervous lestons of malana
are concerned this view 15 probably correct but the lack of corrclation
between such serous tissue damage and the sevenity of the chmcal
signs and symptoms of nervous involiement mahes 1t clear that
processes other than haemorrhage must play a vatal part and 1t 1s
difficult to see how such processes can be related to anything else than
temporary changes of flow through the bram blood vessels Such
changes 1n flow must be due to reversible phenomena since they
can be so quickly and thoroughly restored and 1t appears that stasis
or pear-stasts of crythrocytes resultng from temporary loss of circu-
lating plasma flurd, must be the mam factor at work.

The development of obstruction or ympedance to the flow through
the small yessels as a result of processes leadmg to stass 1s thus probably
the most sigmift ph m the pathog; of the bramn
changes and clmcal features of the cerebral syndrome 1n malarta
The mechamsms by which such circulatory changes can be brought
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about are of fundamental wmportance to the understandmyg of the
condstion.

The baste disturbance giving 1 to stasss 15 one by which the flurd
escapes mto the surrounding tssues from the plasma arcalitng
through the vessel This escape of fmd 15 brought shout by changes
w the vessel wall which render 1t permeable to substances 20 which
1t 35 normally smpermeable Proten and flud resenibling plasma may
thus pass through the endothehal hung and where the arculation 15
sdow  the foss of flud may take place so rapudly that a local reducnon
m arcalatng fud volume occurs  The erythrocytes are concen-
rrated as a result of the Buwd loss and finally become compressed
together into what Florey descnbes asa transparent mass of corpuseles
When ths stage 15 reached flow through the vessel ceases and all the
fusd appears to be draned away from the lamen  Restoration of fow
commences by the gradual escape of mdividual corpuschs from exther
end of the stased column of erythrocytes into the areslauon (Florey
1926) It 1s thus clear that thete 35 no true agglucnation of eorpuscles
dunng stans and the condstion appears to be fndamentally 2 reversible
one With the resolution of stans Hmd returns to the Jumen of the
vesiel and the tnpermeatnhey of the hning cells 1s restored unless some
Ynd of permancnt damage to the endothelium has taken place

Stasts of the cells wirhin a vessel leads to mserference with the oxygen
supply to the wssnes surrounding it and of this state of affuirs continues
for any length of tme damage to the tssue will re vkt from the

ecs of anoxir and the accumulation of metabolie products

The lesions of the bram m malana can thus be adequately evplauned
on the grounds of stasis and subsequent tissue damasy tesulrng partdy
from mterfezence wath arculatory flon and partly from the effects of
extravasated red cells passng between and through the endothelisl
cells of the affected vessels The problem appears ta be fundamentally
a matter of discovenng what processes are at work i producing the
changes in the wessel walls whnch lead to the escape of fuid and red cells
mto the tissues There scems to be hrele doubt that the pramary derange-
ment 15 one of anowa (Landss 1927 Blorey 19.6 Moon 1938)

I we are to postlate the existence of a state of anowa m the bram
w malara we must examne the means by whiel 1€ can be produced
Anowz can develop as the resule enher of loeal or general ficrors
ansing parily from the direct effects of the parasite on the red cell
and partly from the reaction of the body to the mfecton

Local anoaa may anse 1 the first wstance as m other parts of the
body ay the resulr of the muasion of the erythrocyte by the parasire
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The oxygen requirements of the parasite are such that 1 a heavy
nfection the demand 1s sufficient to make an appreaable difference
to the oxygen available to the tissues (see Chapter 1) It has been
explamed clsewhere that the parastte probably normally takes 1
oxygen from the oxyhacmoglobin of the mvaded cell and converts
some of the haemoglobin into mere malatial prgment cendecng the
myaded cell mefficient as an oxygen carmer to the tssues It 15 also
possble that the unparasitized red cells may be affected and that the
formation and d of oxyh i may be disturbed
The loss of both parasized and unparasitized cells by lysis may abso
greatly reduce the avalable oxvgen supply and make the tssues more
than usually suscepuble to changes in ‘the crrculation of the blood
It nught be argued that 1n scvere nulama the reduction m arcelanng
blood v olume sometimes scen may be suffictent to compensate for the
loss 1 red cells but measurement of haematocrit values 1n severe P
faletparum infections has shown that this 15 not the case (Feldnan
and Murphy 1945)

General anowa armg from farlure of the aurculanion nust also be
considered an imporgant factor The action of malana on the heart
muscle may also lead on occaston to cardnac fatlure wath charactenistic
changes 1 the arculation 1n the bramn (Gaskell and Millar 19-0) In
severc acute malarta or blackwater fever vascular farlure closely allied
ro medical shock also affects the cerebral circulation (Rigdon 194«
Macgraith 1944 Kean and Taylor 1946)

These general considerations are referred to elsewhere  It1s necessary
here merely to pomt out that condtions exist m the bram n malana
which are capable of giving r1se to anoxia of one form or another
the bramn ussue mcluding the walls of the blood vessels In the expent-
mental work of Horey and Lands and others m which the effect of
anowia on the permeability of capillaries was examuned the anowa
was acute and the effect reversible  Anovia acting over a long peniod
bas more permanent cffects on the vascular endothelium ultimately
gving nisc to degencrative changes and finally necrosis Changes of
this sort are often seen m the endothehal cells of the vessels in malania
(see above) and Cannon (1941) has suggested that they may m them-~
selves predispose to leakage of flud from the lumen nto the perivascu-
lar nssues He says  Onc feature of pernictous malaria which 1s
noteworthy 1s the vascalar myury as revealed by generalized facty
degeneration Such a condition should certamly predispose to loss
of fimd elements of the blood sumlar to that m shock and as 1t does
particulacly m the algid forms of permicious malana  He also suggests
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that the h of p malana may assist the
tendency to blockege of the copillaics but as has been pouted out
sbove this 1s nnlikely of there s associated severe haemolysis

1t will be seen that the Jesions 1 the bram m pialarsa can be reasonably
attnibuted 1o the production of stasis of near-stasis of the erythrocytes
m the small vesseds gving rse to mterference wath blood fow and
changes m the vascular walls allowing diapedens of red cells or more
severe hacmorrhage  The changes m the vessels and the blood flow
through thern have been atnbuted to anowsa ansing froms a numbes of
causes some Jocal some more general

& cemams 1o discuss the creation of anovoe condinons mote fully

The lesions doscrsbed are mot speatfic to the parasitic mvasion
Ssrmar changes may agse as the resuls of mduced hyperthermua severc
anaeniia mechantcal mterference with blaad fow to the bram or the
usc ot certam marconc drups mcludmg barbwurates and alcobol
Hartman (1937 1938) compared the lesions of cerebral nualarsa wath
those produced m man and dogs by the artificsal production of fever
mangng from 104 ta 109 F He found that ngh fever gave rise to
degenerative changes and hacmorrhage w the adrenals fver bram
and other organs which were compatable wath changes m these organs
produced by heat stroke burns and anowsa caused by hgatron of blood
sessels o the use of fethal doses of nitrous oxde gas The pathologrcal
changes produced m fever therapy were refated to che height of che
fever and sts duranon At blood temperatuses rangmng, from 104 o
307 F the oxygen saturation of the femoral aviersa] blood was reduced
 the fover were continued for four to five homrs I ammals this
saturation fell steadily and was assoctased wich lethal changes bevond
3 crtam percentage {65 per conr sarvration) The seveuns of the
Iesons was mcreased a5 the oxygen satunation of the blood was
depressed

‘The first signs of changes n the tssue were wongesuon followed
by oedema mdicaning wcreased permeabidity of the vessel walls
Ths was frequently succeeded by cuffs of hacmortha,e about the
e vessels and changes i the cortical ban} ganghatue and cete-

Yar cells winch stanid poorly and sometimes contamed pyknotic
nucler At a lanr stage so-called devastanon areas (Gildea and Cabb
1930) were found 1 both human and dog brams  There were areay of
mectosss of varying stze contatning paorly stammg cclls wath pyknotic
sucler wrerspersed wath clear zones of Jouse tissve  These areas were
stmular 19 some respects to the seateered arcas of necrosss seen sn the bram
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The oxygen requrements of the paraste are such that m a heavy
wnfection the demand 15 sufficient to make an apprecble difference
to the oxygen available to the ussues (see Chapter 1} It has been
explamed clsewhere that the parasite probably normally takes 1ts
oxygen from the oxyhaemoglobm of the invaded cell and converts
some of the hacmo;fobm nto mert malarl prgment rendenng the
mvaded coll incflicient as an oxygen carner to the tissues It 15 also
possible that the unparasinzed rcfcclls may be affected and that the
formation and dissociatron of oxyhaemoglobin may be disturbed
The loss of both parasiized and unparasitized cells by lysis may also
greatly reduce the available oxygen supply and make the fissues more
than usually suscepnible to changes i the arculauon of the blood
It nught be argued that i severe malana the reduction in arculating
blood volume sontetimes scen may be sufficient to compensate for the
loss 1 red cells but measurement of hacmatocnt values 1n severe P
falaiparum mfections has shown that this 15 not the case (Feldman
and Murphy 1945)

General anovia ansing from fatlure of the esrculanon must also be
considered an mportant factor The action of malaria on the heart
muscle may also lead on occaston to cardiac fatlure wath characrenstic
changes i 'the circulation 1n the bram (Gaskell and Millar 19-0) In
severe acute malarsa or blachwater fever vascular farlure closely allied
to medical shock also affects the cerebral circulation (Rigdon 194«
Macegraith 1944 kean and Taylor 1946)

These general considerations arc referred to elsewhere It 1s necessary
here merely to pomt out that conditrons exist in the bran in mal
whch are capable of giving rise to anoxta of one form or another m
the bramn tissuc including the walls of the blood vessels In the expen
mental work of Florey and Landss and others 1n which the effect of
anoxia on the permeability of capillaries was evammed the anowa
was acute and the cffect reversible  Anovaa acung over a long period
has more permanent effects on the vascular endothehum ultumately
grving nse to degenerative changes and finally necross Changes of
this sort are often seen 1n the endothehal cells of the vessels in malarta
(sce above) and Cannon (1941) has suggested that they may mn them-
selves predispose to leakage of fud from the lumen o the pertvascu-
lar mssues  He says  One feature of permcious malana which 15
noteworthy 15 the vascular myury as revealed by generahized fatty
degeneration Such a condition should certamly predispose to loss
of fuid elements of the blood similar to that in shock and as 1¢ does
particularly m the algid forms of pernicious malarta He also suggests
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such as occurs 1 malarta and which can be arnfically mduced by
cathing, an ovygen~deficient atmosphere e reduction oxygen
tenston 1n the airculating blood results in a deficiency of total oxygen
supply to the bran tissue  Lestons develop mn the central nervons
sy tem especsally in ¢he corte< and basel ganglia mvolving both vessels
and nssue cells These changes are at first physiological and reversible
but after a short wme become sereversible and result m permanent
damage (van Liere 194 Wolff 1936 Schmdr 19.8 1935 Schmude
and Picrson 1934) In condictons of anaemc anoxra which also oceurs
to some extent 1 malana and which can be produced experimentally
by the occlusion of the arsernal blood supply or by breachng carbon
monoxide non spectfic bram lestons develop which nclude haemorr~
hages about the vessels and ctecurmscribed areas of necrosis nvolving
both nerve and ghal cells In such arcumstances the cells of the
cortex are affected first and become permanently damaged m the
shortest tume so that 25 Drmkee porats out the animal subjected to
severe anoxia becomes virtually decerebrate (Gomez and Pake 1pop
Gildea and Cobb 1030 Wemnberper er al 1940) It will be seen that
the lestons described closely resrmble those occurrmg 1 malara
Many attempts have been made o discover whether the malanial
plasmodia produce towms capable of causmy, the ussue lestons seen
m the disease Such vork has not met with much success and 3t the
moment 1t 15 probably fair to say that no such toxms have ever been
demonstrated Thus mav be because they have been sought i the
wrong place Certatn authors have however from ume to trme tried
o 1mplicate the products of sehizogany 1 the pathogeness of malina
particularly the release nto the circulation of the plasmodial prgment
haemozom now behieved to be haemaan  Thos hy pothess has recently
been exhansuvely exanuned by Anderson Mornson and Willams
51942) and Anderson and Mornson {194.) These authors njected
isodium foree haemate 1n large doses intrapentoncally miravenously
and subeutarconsly mto dogs and analysed the results They found
that when mjected 1n harge doses meraperitoncadly or intavenousty
the prgment caused serious lestons chiefly v shuang the blood vessels
There was generalized va adil and e Jar | hag
thrombosts and smfarction also occursed  The subarachnoid space was
congested and peppered wich petectual | hages  Most of the
lesions produced could be accounted for by mulnple smalt thrombs
Py ment was hactnless when contamed n pha,ocy tes but potson-
ous when mjected nto the blood stream and the | sionss ere secondary
to arculatory or vascular changes rather than to any dircet rovic
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in malarra but lacked the obvious cellular reactions of the malanal
lestons

Hartman attributed these lestons m hyperchermua to anoxz He
pomnted out that anoxia could arse i four ways (Peters and van
Slyke 1931) namely as anovic anacnuc stagnant or histotoxic anoxis
and discussed the vanious possibilities of the develop of such
states He conaidered that the factors concerned in producing anoian
hyperthermia were alkalosss the mncreased remperatuse of the blood
(resultng an deereased oxygen saturanon Bareroft 19.0) ncreased
blood flow through the brain {at first) and the mcreased tissue demand
for oxygen (resulting from mncreased metabolism and depression of
oxygen-unlization by the tissues)

The alkalosis arose from the raptd breathung developed 1 hyper
thermnia which led to a lowenng of plasma carbon dioxide and 3
measurable shift of blood pH to the alkalne side (Bischoff Long
and Hull 1931) It had the cffect of mhubsting to some extent the dis~
soutation of oxyhaemoglobin  The effect of lugh blood temperatures
on the oxy gen saturation of artersal blood has already been mentioned
Ths was at first assoctated with an mereased blood fow through the
tissues the heat gving nise to a decrease n crculation time but as
the fever progressed the cardiac finction began to fail and stagnation
of the crrculation and further reduction m oxy genation of the blood and
ussues resulted The damage to the smaller vesscls was probably
mpated by ancrease m the permeabibity of their walls to fuds and
protems Moon (1938) supported thus view smce he found the changes
1n the vessels m hyperthermita were 1dentical wth those seen m shock
and Kopp and Solomon (1937) reported climcal shock 1n pattents i
whom hyperpyrexia had been mduced by means of hot most air

Hartman concluded that the lesions of cerebral malania were so
similar to those of hyperthermua and other conditions arsing from
anoxia of one form ot another that 1t was reasonable to deduce that
the damage mn malaria arose from the same bastc pathogenuc factor
Before contimung ths argument 1t 15 necessarv to review the evidence
with regard to the effect of nduced anoxa on the central nervous
system and to consider other alternatives ¢ g that the malartal lesions
anise drectly from the effects of mvasion or indirectly fron substances
such as hacmozomn formed by the plasmodia

The effects of pure anoxia on the central nervous system have
been recently reviewed by van Liere (194.) Oxygen def;/cxcncy first
produces vasodilatation and an mcreased flow of blood through the
bram In spite of thus mcrease 1 flow howcver m anoxic anowa

.
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the two bloods and concluded that more glucose was removed from
the blood by the bramsissuethan by other ssues . Measurements of the
espiratory quotient of bram tissue showed 1t to be approanately 1o

Itas thus evident that bram mssue metabolizes glucose almest ex~
closvely and must therefore depend fundamentally for ws funcuon
on an adequate supply of both exygen and glucose  Reduction
esier oxvgen supply or glucose sapply or both would cause serious
derangemeats i the function of the nerve cells It has been menssoned
sbove that anowia can give rise to electrical silence~the equnvalent of
metsbohe change 1 the nerve cells—and 1t has been found that smilar
stence can be brought about by prolonged h)gngl) cacmma and
restored by the ad: of glucose (Hoagl 1937) Quastel
(1939) quonng expenments performed by Himwich and Fazckas
concladed that suppression of nerve cell actnaty (praduced by sup~
pression of owdanve systems) could be brousht sbout by hpo-
glyczerua even m the presence of adequate oxsy gen

Stome and hus colleagues {1941) mvesngated the metabalsm of
ghucose during cerebral anovia m anaesthenzed cuts and found that m
anowis produced by enher ligating onc caraud artery o breathwng
oxygen defiacnt atmosphere licue acd accumutated  morgame
phosphate mcreassed and the concentraton of phosphacreate
dimnshed  The processes were seversed af the ammal were allowed
torecoves The changes observed i phosphorus and phosphocreatme
content of the bram tissue mdicated mterference witk the breakdown
and resynthenss of the latter The rapd disappearance ot lactic aod
o1 recovery was due 1o the acuvity of reversible betic acd dehydro-
genases and not to duffesion. from the tissues to the blood smee the rate
of diffusion of lactic acid was found to b very slow

It has been shown by other workers that the clecemcal activity of
the cerebral cortex depends on the mamsenanee of an adequate supply
of oxygen and glacose  Stone and his colleagues found :Em: electrical
silence developed n anoxia shortly after the decrease m phospho~
creatine concentration and befose there was anv appreciable change n
adenylpy rophosphate  They mterpreted this finding as mdicatg that
the clectzicat encrgy 15 not dertved from the breakdown of phospha~
creatme but fram oradation of glucose by some altermative raute not
dependent on the phosphorylation eycle It s notsurprising therefore
that a deficiency of glucose supply to the bram complicates the effeets of
anoaz Hypoglycaemua winch occurs durmg the malaral paroxysm
and m the later stages of fatal mabina (Marvm and Rugdon 1945)
has been found to aggravate the cerebral rezctions to anovia {Sugar
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effect They concluded that the ussue damage arose primanly from
anoxacmia followng vascular obstruction and that 1t was not possible
to smplicate the parasite pigment as a specific toxic factor smce 1t was
never liberated 1n soluble form from the parasites

The evidence available at present thus indicates that the lestons of the
brain seen 1n malaria can be most castly explamed ona basis of prevaihing
anoxia m that organ produced primanly by changes m blood flow

The gross pathological changes fested i the central nersous
system as a result of such exposure to anoiz are almost certamly
reflected in de of the bolism of all the cells of the ussue

concerned  This 1s especaally so m the case of the nerve cells which are
excessively sensitive to changes m oxygen concentration 1n their en
vironment  Exposure to carbon monoxide asphyxia (ansenuc anovia)
for mstance brings about 1rreversible changes 1 the small pyramudal
cells of the cerebrum withm cight minutes and m the celfs of the
medulla oblongata in 20 munutes (Drimker 1938) Wemberger (1940)
produced permanent and severe changes mn the cerebral cortex m
even shorter time as a result of exposure to anoxic anoxia following
occlusion of the pulmonary artery

The processes gving rise to such damage n the nerve cells have not
been fully determined but 1t 1s evident that the Jocal environment o
the cells must aleer considerably m any anowic state  Stone Marshall
and Nims (1941) for example have shown that anoxia produced by
breathing air containing low oxygen concenerations gave rse to 2
dectded shift of blood pH to the alhaline side whercas n anoxic
anoua arstng from occlusion of the blood supply to the bramn the pH
was reduced . Accumulanon of lactic acid occurred m conditons of
abnormal alkalimty or acidity (depending upon whether the plasma
carbon dioxide could be removed) and 1n the presence of metabolites
of mcomplete ussue oxidatton  The reactton to such environmenta;
condiions was shown by the development of electrical silence
durmng the period of anoxia

Under conditions of anowia therefore changes i the metabolism
of the bratn cells ase to be expected and should be observed particularly
1n regard to the forms of metabolism most sensttrve to oxygen lack
1¢ 1 this case the metabolism of carbohydrates

Lennox (1936) showed that the oxygen content of the blood 1n the
mnternal yugular vemn (representing blood comung from the bramn) was
much lower than that m the external jugular vein (representing blood
cormung from other tissue) The same worker (1931) and Myerson an
Halloran (1930) found simular differences in carbohydrate content 1n
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the two bloods and concluded that more glucose was removed from
the blood by the bramn tissue than by other tissuesMeasurements of the
respiratory quottent of bramn tssue show ed 1t to be approximately 10

1t 15 thus evident that bram tissuc metabolizes glucose almost ex-
clusively and must therefore depend fundamentally for ats function
on an adequate supply of both oxygen and glucose  Reduction 1n
etther oxygen supply or glucose supply or both would cause serious
derangements 1 the function of the nerve cells It has been mentioned
above tha anoxta ean gve mise to clectrical silence—the equivalent of
mctabolic change i the nerve cells—and 1t has been found that sinular
slence can be’ brought about bv prolonged hypoglycaema and
restored by the adnuniseration of glucose (Hoagland 1937) Quastel
(1939) quotng experiments performed by Himwich and Fazekas
concluded that suppression of nerve cell actrvity {produced by sup-
pression ot oxdatnve systems) could be brought about by hypo-
glycaenma cven in the presence of adequate oxygen

Stone and lis colleagues {1941} mvesugated the metabolsm of
glucose during cerebral anowia i anaesthetized cats and found that m
anoxia produced by either ligatmg one carotrd artery or breathing 1n
oxygen deficient atmosphere  lactie acid accumulated  inorpanie
phosphate mncreased and the concentration of phosphocreatine
dimmished  The processes were reversed if the animal were allowed
to recover  The changes observed i phosphorus and phosphocreatne
content of the bran tissue indrcated mterference with the breakdown
and resynthests of the latter The rapid disappearance of lactic acid
on rccovc3 was due to the actvity of reversible lactic acid dehydro-
genases and not to diffusion from the ussues to the blood since the rate
of diffission of lactic acid was found to be very slow

It has been shown by other workers that the electrical actrity of
the cerebral cortex depends on the mawmntenance of an adcquate supply
of oxygen and glucose dtone and hus colleagucs found that clectrical
silence developed 1n anoxia shortly after the decrease ' phospho-
creatine concentration and before there was any apprectable change n
ademyIpyrophosphate  They iterpreted this finding as mdicating that
the electrical encrgy 1s not denved ftom the breakdown of phospho-
creatine but from oxdation of glucose by some alternative route not
dependent on the phosphory lation eycle It 1s not surprising. therefore
that a deficiency of glucose supply to the brain complicates the effects of
anowia  Hypoglycaemua which occurs during the malarul pacoxysm.
and 1 the later stages of fatal malaria (Marvin and Rugdon 1945)
has been found to aggravate the cerebral reactions to anowa (Sugar
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cffect They concluded that the tissue damage arose prmanly from
anoxaerma following vascular obstructton and that 1t was not possible
to ymplicate the parasite pigment as a specific toxac factor snce 1t was
never hiberated mn soluble form from the parasites

The evidence available at present thus indicates that the lesions of the
bramn scen m malaria can be most easily explamed ona bass of prevailing
anowsa 1 that organ produced prmanly by changes i blood flow

The gross pathological changes fested 1n the central nervous
system as a result of such cxposure to anowia are almost certamly
reflected 1n der: of the boltsm of all the cells of the tissue

concerned Thus 1s especially so m the case of the nerve cells whichare
excessivcly sensitive to changes 1m oxygen concentratton in their en-
vironment Exposure to carbon monoxtde asphyxia (anaemic anova)
for mstance brings about wrreverstble changes i the small pyramid
cells of the cerebrum within exght nunutes and m the cells of the
medulla oblongata m 20 nunutes (Drinker 1938) Wemberger (1940)
produced permanent and severe changes m the cerebral cortex m
even shorter time as a result of exposure to anoxic anoxia following
occlusion of the pulmonary arcery

The processes givng rise to such damage i the nerve cells have not
been fully determned but 1t 15 evident that the local environment of
the cells must alter considerably m any anovwic statc  Stone Marshall
and Nims (1941) for example have shown that anovia produced by
breathing air contaming low oxygen concentrations gave rise to 2
deaided shift of blood pH to the alkalne side whereas 1n anowc
anoxia ansing from occluston of the blood supply to the bram the pH
was reduced . Accumulanion of lactic acid occurred 1 conditions of
abnormal alkalmty or acidity (depending upon whether the plasma
carbon dioxide could be removed) and in the presence of metabolites
of mcomplete issue oxadation  The reaction to such environmental
condittons was shown by the development of electrical silence
durmg the period of anowia

Under conditions of anoxia therefore changes m the metabolism
of the bram cells are to be expected and should be observed particularly
1n regard to the forms of metabolism most sensutve to oxygen Iac
1e 1 ths case the metabolism of carbohydrates

Lennox (1936) showed that the oxygen content of the blood m the
mternal yugular vem (representing blood coming from the bram) was
much lower than that m the external jugular vemn (representing blood
coming from other tissue)  The same worker (1931) and Myerson and
Halloran (1930) found similar differences m carbohy drate content m
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the use of mcounic actd i malar g5 1ts vasoddator effect on the
cerebral vessels an effect which would tend to mmize stagnant
anoxic conditions

The above will dlustrate the far-reachung cffects of anovia per st
on the anatonucal structure and physiologseal actrvity of bramn tssue
Whether mt malara these effects are aggravated and stressed by more
specific activities on the part of the parasite or 1ts products s yet to be
determined A great deal of expenimental work needs to be done
before we can obtain the answer In the meantime the most reasonable
hypothests 1s the one we have outhned above namely that the changes
produced 1n the central nervous system m malara are basically deter-
mined by the creauon of anoxic states

Ragdon {1944) has stated this proposition very clearly He pomnts
out that the cerebral lesions m malarta are not speaific to the disease
Identical changes accur i other conditions such as hyperthermia
1 which anowa 15 the principal pathogenic factor  The lestons m the
bram 1 malania thus most probably arse from the effects of anoxia.
Anoxia may anse 1 malama from the effects of parasitization of red
cells and subsequent interference with exygen carrage It also results
from circulatory disturbanices of winch there 1 ample evidence i
malina both chmcally and pathologically ansing from cardiac faslure
or arculatory collapse The lesions 1 the bramn tissue resule first from
increast n permeability of the walls of the small vessels brought
about by anoa gwing tse to cscape of flurd 1nto the ussues  The
escape of fluid leads to slowing of the intravascular flow and ultimately
m some vessels to stasis - Assactated anoia of the parenchyma develops
and may Jead to metabolic changes and later to facal degenerauion and
ulttmately necrosts When the damage to the capillary walls 15 suffi-
ciently severe erythrocy tes will escape by duapedesis and give nise first
to perivascular hacmorrhage and later to more extensive bleeding into
the tissues The preture 1s complicated by the 1vasion of erythrocytes
by the plasmodia smee the parasinzed cells appear to localize atong
the endothelial walls of the vessels and may mterfere still further with
the function  Unless the anoxic conditions are rapidly relieved the
metabolicactv ity of the tissue cells will become progressively impasred
at finst reversibly and finally arreversibly giving nise to permancnt
damage
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and Gerard 1938) and Gellhorn (1940) believes that it acts synergis
ucally with anoxa 1 the production of conrulsions m animals exposed
to anowa Dameshel and Myerson (1935} found that during hypo-
glycacma nduced by ansulin there was considerable reduction m
glucose unthization and oxygen consumpuon by bram nssue In dogs
there 15 an accompanymg transient increase m blood flow m the
cerebral branch of the jugular ven followed by a marked decreas
m flow 1n both artcmi’ and venous vessels There 1s thus 3 generd
reduction m blood flow through the bram so that as Quastel points
out (1939) lack of glucose wall create 1n the bram a state equivalent
to anovaenua even 1f oxygen 15 present for the Jatter element cannot
be utilized

In the devclopment of central nervous system derangements 0
malania the general processes of anowa may thus be modified by the
presence of hypoglycaenua espectally 1 the later stages of the discase
Other fictors arc probably also mvolved For instance Sugar 4o
Gerard (1938) have suggosted that increase m extracellular potassum
concentration (wluch occurs m mahm}) may wflucnce cerebral mets-
bolism The comphicated nature of the processes concermed m the
owdation of carbohydrate aflows for many possible points of fulure
Apart from 1ts action 1 _the phosphorylaion cycle which has been
referred to above lack of oxygen leads ‘to the fulure of decatbosyla-
tion of pyruvic acid and the production of Jactic actd_as Stone ¢f of
have shown The utilization of oxygen mn ths case depends on the
actnity of the cytochrome oxidase system and the coenzymes the
pyndine nudcon?cs flavoproteins and thismine pyrophosphate which
contam members of the vitamun B complex

As bas been shown above stabilization of oxycytochrome 15 effected
by histatoxic anoxia and may play an importane part m 1mpedance of
metzbolsm m the bram i malaria  Falure of synthests or actvity
of the coenzy mes may also be concerned but so far there 1s no conerete
evidence of this Trupp (1946) has sugeested that masstve destrucuon
of available mcotintc acid occurs 1n malarta during the phase of parastte
multphcation It this were the case the svnthesis of the pyridie
nucleotrdes mught be distucbed and the carbohydrate owdation
processes correspondingly depressed  Trupp believes that the basis
of nicotic actd therapy m cerebral malana 1s the restoration of the
vitanun lost during the plasmodual development and that there may
be competitve acttviey between the parastee and host for substances
such as Tespiratory pi,ments and coenzymes No information on this
point appears 1o be aval ble The 1y accepted for
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pecessandy regulaly but often m 2 series of bursts of entargement
and apparent regression  The spleen sometsmes vanes 1 sve with the
chrucal state of the pattent For mstance mapy authars have noted
that i enfarges durmg the paroxysm. becomung smaller agun m the
apyresial mtervals

fn long sustamed malarz or under condons mn which sabjects
are exposed to frequent remfections the spleen may become enormous
Trs wirsmate size 18 Tefated to the ace of the mdividesl and the number of
previows nualanal avtacks The degree of enlargement resulung from
repeated infecnons 15 wswally greater than that followmng 2 long
canunved smgle infection Such enfasgement 15 often scen m indrviduals
displaying no obvious chimeal nigns of avest malana and 15 probably
refated to the development of acquired immmairy o the malara
parastte {Talafecro and Mulligan 1937 Boyd 1930 e} Naper
(1946} regards splensc erlargement of ths vype 35 evidence smperfect
host parasite adgustment  No detaled account of tus relatronship
between splonic enlarg, and the develop o m
human malana 15 called for here  The reader 35 referred © the man
excellent accounts of the subject (Culberton 1941 Coggcsh:»[{
1943 Wilson 1939 Thomson 1933)

Octasionally m chrome makna fibrane changes m the spleen ma:
bring aboat a reduction m 13 size sometimes to smaller than nornu;
Reduction has also 1 rare mstances been observed m atute malara
{Scheube 1903}

fn blackwater fever the spleen 15 wsually palpable and ender The
size depends to 4 lage cxeent upon the matanal history of the patient

The enfuged spleen of acute malina s often very tender and
accomparaed by considerable pan ansing from smetching of the
splenic pentonewn. or  according 0 some authors {eg  Bispham
1944} to the developmens of persplenins  The edees are soft and
rounded and often 1l defined on ‘palpatien  In chrome malanal
infections or after repeated nfections the oruan can often be palpated
three or mare fingers breadth below the costal marpn and may be
enormous reaching almost w the pelvic bim o such cases 1215 firm
and presents wcll-defined shatp edges The hgaments supportme, the
sgkcn wway stretch and aflow the argam to move about more freely m
the abdamen giving mse to the clhmcal picture of sa-called Hoating
spleen The endarged orgsn 1s peculiacly susceptible to myvry and may
wpture 2 2 result of eveernal violence oc more tacely spontaneously
{Hughes and Niesche 1945 Andrew 3945) Infarcts twisted pedicle
gogrene and even abacesses amwng from sccondary anfcctions
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THE SPLEEN

In overt mualaria the spleen 1s alutost always enlarged and 15 often
palpable {1¢ enlarged to about three times normal size or mor¢

even m a primary attack after the first few days of the illness In
P 1navanfecnons for mstance the spleen 1s usually palpable seven
days or more after the first appearance of the parasites n the per-
pheral blood (Steatman-Thomas 1941) The size attamed and the
raprdity of enlargement depend on the infecung Plasmodiom the a}g:
of the patient and the history of previous exposure to malara The
degree of enlargement _other things bemng equal 15 roughly propor

tonal to the duration of the dlness (Boyd 1941} and 1s pmpomom!cly
greater i children than n adults Specific treatment or spontaneous
cure of an mfection are followed m most cases by a steady reducnon
1 splemc size Relapses or recrudescences are likely in cases m whi

the spleen does not subside after treatment of the primary attack
Craig (1909) found that in naturally acquired P _falparum infections
the spleen was more frequently enlarged (palpable) than in aither
P viax or P malanae ifections  Kuchen (1941) reported opposite
findings wath regard to induced P t1av and P faluparum mfecuons
In the recent war enlargement of che spleen was very commonly
observed m fresh P faluparum mfecnons eg in Brush troops
i West Africa Most authors agree that mn P malanige infections
enlargement of the spleen occurs late and 1s not usually as promunent
a feature of the disease as m other infections  Kitchen states that
P malarae mfections the period of detectable enlargement 15 propor~
tional to the duration of the climcal attack  In all untreated nfections
the size of the spleen tends to increase as the illness progresses not

20
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necessardy regulardy but often o a series of bussts of enlargement
and apparent regresston The spleen sometimes vanies m size with the
clnucal state of the patent  For mstance many authors have noted
that 1t enlacges during the paroxysm becomung smaller agam = the
apyrewial mtervals

In long susamed malima or under condinons m which subjects
are exposed to frequent remnfections the spleen may become enormous
Trs ultimate s12e 15 refared to the age of the mdividual and the number of
previous malsrial attacks The degree of enfargement resulang from
repeated mfecnions 1 wsually preater than that following @ long
contmued sngle mfection Such enfargement 1 often seen 1 individuals
displaying 10 abvious cinteal signs of overt malara snd 15 probably
related to the development of acquired mmunity o the malara
parasite {Takaferro and Mulligan 1937 Boyd 193¢ erc) Napier
{1946} regards splenic enlargement of dus type a5 evsdence mperfect
host parasite ad?ustmcnt No detasled accoune of dhus relanonshup
berween splenic enlargy and the develop of mn
hurnan malana 15 called for here  The reader 13 referred to the man
excellent accounts of the subject (Colberson 1941 Cnggcshaﬁ
1933 Witson 1939 Thomson 1033)

Oceasionally 1 chronic maha fibrotic changes n the splecn may
bung about 2 reduction m s size sormetzmas to smaller than normal
Reduction h3s also n rare mstances been observed 1 acure malarsa
{Schevbe 1903

n blackwater fever the spleen s wsually palpable and tender  The
size depends 1o a Jazge extent upon the malarial hustory of the patient

The enlaeged spleen of acute nwlina 15 often very tender and
accompanied by considerable pam ansmg from suetchon,, of the
splenic peritoneum or according to some authors {cg Bispham
1944} to the development of pensplemts The edges are soft and
rounded and often 1ll defined on palpavon In chrome makrl
mfecuons or after repeated ifections the organ can often be palpated
three o morce fingers breadth below the costal margm and may be
enormous reaching almost to the pelvic bum In such cases s grm
and presenss well-defined sharp edges  The higaments sapporung the
spleen mzy stretch and sffow the organ to move about more freely m
the abdomen §\w mg nsc to the chinieal picture of so-called floaung
spleen  The entarged organ ss pecubiarly suscepuble to mypury and may
supture a1 a zesule of external violence of more rarely spontancousty
(Hughes and Niesche 1045 Andrew 1945} Infarers twisted pedicle
gangrene and even abscesses amsng from secondary infections
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have been reported (Marchiafava and Bignanu 1900 Craig 1909
Deaderich 1911 Bispham 1944)

Fic 20—Eno mou splenic enlargen ent n a case of recurrent m Lignant te tan malans

Enlargement of the spleen 1n acute infections 1s a frequent finding 1n
the malanz of both birds and monkeys Talaferro and Mulhgan
(1917) state that i general the findings m these animals ase simular
to those reported 1n human malara with comparable lustories  In
monkeys the mcrease 1n siz¢ of the spleen depends upon the spectes
of vading Plasmodium and the length of the mfection  Coggeshal
(1037) has studied the vanations m size of the partially exterjorized
spleen m expetimental P knowles; and P s infections of M mulatta
Amimals given a large intravenous dose of P AnonJest dred 1n about
five days after mfection and showed an average merease 1n size of spleent
of about 57 per cent above normal - After a smaller dose of P Lot Jest
ammals sucvived for about 12 days and showed an increase 1n spleme
size of 91 per cent above normal  The rate of mcrease 1 the size of
the spleen was progresstve untl withm 24 hours of death at which
pont 1€ remamed stationary or dechned  When the P Knou less nfec-
fion was made chrome by admnistration of quinine or atebrin there
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was a much greater degree of splenomegaly Supinnfection of these
ammuals with homologous parasites sesulted 1 a very rapd and
consderable increase m splenic size followed by gradual return to the
size before supermfection  1n mornkeys moculated with Pt the
spleen mcreased m stze durng the mfction and after reaching 2 maxt-
mum size remamed constang for the penod of observation In the
tirst week the organ was soft and red suggesting congestion ¢ then
becume fitmer  Afnds (5038) obiwr red swvalar changes w the spleen

fgr nfe the size being reached i one to

mP ey

four days atter the peak of parasttacma
Talaferro and Mulligan (1937} came to the conclusion that m

monkey malaria the soft enlargement of the spleen m the primary

attack, e g tn P Luowlese and the carly stage of P g sufecuons could

be

d for by stmple hyp The firmer enlarged spleen
of contmued malana was the re ult of cellular changes srising from the
devel of acquired y possibly 1a extreme chronte

cases associated with mcrease i fibrous tissue  The muang, facror n
the size of the spleen 1n acute malara e g P Anowlesy or P filaparum
mfections was determuned by the balance set between hyperplasue
cellular reacttons and the degencratrve and necronc processes which
arrested them

Macroscopic appearances

In acute malara the spleen may wergh as much as 8co gm It s
usually dack red or chocolate 11 colour but aftcr repeated attacks
pactieulacly s P faferparum méections »t becomes much darker and may
appe 1 jet black” The organ feels soft and looks more rounded than
normal Deadenick (1911) described 1t as 2 bag of pulp tendimg to
Yose 1ts charactersstic contour and assuming, a more sphenical state
than normal  Gaskell and Mullar found the spleens of their cases of
mabgnant tertian mlans soft and flabby It 15 mtensely congesred
and the cut surface 00 ¢s and blecds readidy i some cases haemorr-
hages may be found scattered over the surfice bencath the capsule
and m the organ tssur Tle capsule 15 ten ¢ e and smooth and
fetracts from the tissuc on cutung - Ocrastonall, chere may b~ adhesions

etween the spleen and adjacert organs {Deadenck 1911) The con-
Istence 15 greatly dmmmshed and the substance 1s often soft to the pomt
of difffuence or' may be frable and pultaccous  The cut surface 15
deep red chocolate’ shitey red or Back depending on the amount
of mafarsal picment deposited i the tssues The substance appears
stvctureloss the Malpighuan corpuscles may be promunent as pale
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scattered dots but may be indisunguishable  According to Gaskell
and Millar 1n some cases the Malpighnan corpuscles and the trabeculae
arc more widely scparated than normal owing to the ncrease of pulp
tissuc lying 1n between In permicious pnimary attacks there may be
no apprectable prigment but in cases where nfection has been persistent
or repeated pigmentation may be extreme In the decply prgmented
organ the pigment 1s umformly distributed and the normal seructur:
appearances arc lost except for the Malpighian corpuseles which are
not prgmented and stand out distnctly agunst the dark background
The substance does not usually contan much pigment other than
haemozom but in some cases where there has been severe hacmolysis
won-contaming hacmoglobin products may be present and gne 2
positive Prussian blue reaction

In more chronie cases or affer recurrent attacks the spleen may be
much larger than n acute malana sometimes weighing several kilo-
grams The colour vanes from dark red to black depending upon
the malarmal hustory of the panent  Deadench (1911) states that i hs
experience the cut sutface 1s dark 1n proportion to the age of the infec
tion The pigmentation depends on the mfecting Plasmodiom  beny,
most pronounced n P faluparum malana and Jeast m P malanae
fections (Marchiafava and Bignanu 1900} The shape of the organ s
better preserved than m the acute attack and the consistence 15 firm-
The substance 15 pigmented and tarry and the Malpighsan corpuscles
are often clearly visible as grey-white spots There 1s hittle evidence
of congestion and the firmness of the organ 1s duc as wall be seen
partly to merease n fibrous tissuc and partly to hyperplasia of certan
cellufar elements  Some authors state that m thus stage the capsule 15
thickened and fixed to the tssuc of the organ so that 1t no longer
retracts on section

In the late stages of chromc malarna the spleen may be contracted
and fibrotic the fibrosis involving the capsule and being sometimes
assoctated with adhesions to adjacent organs  Scctions of the organ
may disclose extenstve fibrosis throughout the substance extending
from the capsule to the ¢ ve uissuc trabeculac (Marchafava and
Bignamu 1900 Deadenck 1911 etc)

The macroscopic appearances of the spleen i monkey malara as
m the human disease depend on the mfecting Plasmodium and the
hustory of the case In acute mfections m newy and old world monkeys
and apes the consistency 1s soft the organ feeling according to Menon
(1939) bke a bladder The capsule 1s tense and thin  The normal
wavy wrinkled appearance 1s lost and the cut surface 1s congested and
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vaes m pigmentaton depending on the fength of the mfection
In P kuowless mfections the substance 55 soft and phable and may
be diffieent  Shehe peruplensts has been descnbed by Menon {1939}
mdicated by swelling and desquamation of the serosz and occasianal
threads of Fibrm In the chronic stages of P browless and P epromalgs
nfections the substance 11 firm, and wmay be dark grey or black (Talia~
ferro and Cannon 1936 Tahaferroand Mulbgan 1937 Blacklock and
Adler 19.. Menon 1039 Abcde rogs)

Histologscal appearances
Parasites

Plasmtodsa m vastous stages of development ate usually found 1
abundante su dhe spleen m oll forms of acute malatia Most authorsies
repost the presence of dividmg forms of plasmodia m P falaparum
mfectons w smears of the splern taken at autopsy  thase forens are
often preant m the spleen exclusively but m smeaes made o
splerue puncouee they are not ahways present {(Yorke Murgatroyd and
Ounen 19.9-30)

In the exammation of the argan rself Crag {1969) found the suses
contained mulnrudes of plasmodia  erther free m erythrocytes or
phagocytosed by enormous macrophages mononuclear cells and
polynuclear cells w P fafapancn inbectiars almast ewery erythracyte
0 the sisuses imghe be mvadsd The pulp was filled wath paragnzed
red cells (sec also Marchiafava and Bignann 1893} pigmented and
sporelieng forms bang most frequent  Free pliswewdha were abso
greser am the pulp T acute P frloparam miecuons crescents were
sometimnes present m the spleen after the overt malara had asced
sevecal days but they were never w large nsmbers and were often
absenc 1n ca e whuch they could be scen m che penpherat blood
gMasch\sﬁw and Bagnsmt (1996) have reported precuscly the oppo e

ndg } The smaller true blood vessels of the spieen were usually
filled with mfected eryihrocytes and contamed occasional free plas-
wada Dudgeon and Cladke sute that thromboss of the capiifanies
and artenoles was a stnking featuee of the spleen m ther cases of
malignant terttan malarta and the red cell i sach vessels were very
heasdy paranitized

Gaskell and Milfar (19,0} found very large numbces of parastees
i the spleens of panents sulfertag from B falapanm cerebral malaria
Al stages of the parastees aseonl cycle were present except those
betwcen the nng and the rosctte! I the scprcaemuc type of P fila
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parim infection parasites were numerous throughout the pulp and m
certain degencrate areas of the pulp there were extremely dense masses
of parasites A simular 1ntense aggregation of parasites m relation to a
degeneraung area of the spleen has been deseribed by Dudgeon and
Clarke (1917) In this case there was a large snfarct. surrounded by a
zone of intensely congested pulp the red cells n which were heavily
parasiized although those 1n the mfarcted regron were not In the
cardiac type of case (Gaskell and Millar) 1n which death was due to
acute heart falure and m which there was usually a long hustory of
repeated attacks of malana parasttes were present m the spleen n fauly
large numbers and mostly 1 the ring stage of development Gashell
and Millar also described a soalled filled-in-nng form of P fala-
parin which was found lyine free in the conncctive ussue of the splenic
trabeculae

The anatonucal distribution of parasttes mn the spleen m human
malana has not receved much attention  although many worhers
(e g Gaskell and Millar) have pomnted out that parasites and pigment
are rarely found m the Malpxgﬁmn corpuscles It has been suggested
that the spleen probably acts a5 a filter for removing parasitized rex
cells from the general eirculation (Micheletn 1930) In thus process the
macrophages 1n the splentc cords probably play a parucularly active
part but the sigmficance of this has gecn nadequately stressed inhuman
malara  In certam forms of monkey malana however Talaferro and
hus colleagues have shown the importance of the localizatton of the
parasttes withun the spleen  Cannon (1941) has pomnted out that m
general parasites tend to localize m three organs the Inver spleenand
bone marrow (not all would agree to the latter—sce section on bone
marrow) Thisselectve distribution occurs because of special anatomical
and physiological charactenstics of the organs mentioned i that
addinon to capillanies and other blood vessels they possess blood siuses
which are lined by cells that are actually or potentially phagocytic In
the case of the spleen the processes mvolved n the locahzanon of
parasites have been beaunrfully d d b mfections
of Panamanian monkeys and acute P Lnou lesi mfections i Af mlatta
by Tahaferro and his colleagues who found that during the crsis of
the infection the parasites become regromally concentrated wathin
the spleen where they are held in the Billroth cords and are vigorously
consumed by the macrophages Thus active concentration and phago-
cytoss of parasites marks according to Talaferro and Cannon the
development of a functional acquired immunty to the parasite  Such
concenteation 1s rarely dcscnbc3 m man since the rapid degencrative




THE SPLEEN AND BONE MARROW 297

and necrone elements of acse P falaperin wnfections tend to over
shadow the more slowly developing cellular responses to mfection

Prgoent

Many workers have descnbed the presence of free malanal prgment
Iying i the pulp cords and vessels of the spleen but the bulk of such
prment 15 normally found within the vasious phagocyuce cells of the
argan and remany m the cells Jong after all traces of parasices have
duappeared  Prgmenr 15 very seldom found m the Malpsghun cor-
pusthes  Accordmg to Tahaferro and Mulhgan (1037) the amount of
pigment present m monkeys and the form m whicht t appears depend
on the sage of the mfection  In early acute sfections st 1s found
small disccete masses  After the ensis or m long-standing infections
i35 clumped m large masses  n chrowe mfectony 204 relapses both
forms of pigment may be found m the same cells These authors pomt
our that this dustmenon between the appearance of pigntent formed
acute and chromc tnfecuons bas not been recogmzed 1 human mahr
although from descripuians given by vartous authors 1 probably
easts

Vascular system

Descriptions of the spleen 1n acate human malaria have been almeost
exclusively concermed wich changes scen m P falerparum wdections
but the occasional report of the findings m other forms of acute
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parm mfection parasites were nunterous throughout the pulp and m
certamn degencrate arcas of the pulp there were cxtremely dense masses
of parasites A sinular mtense aggregation of parasites m relatton to a
degencrating arca of the spleen has been described by Dudgcon and
Clarke (1917) In ths case there was a large anfarct surrounded by a
zone of mrensely congested pulp the red cells i which were heanly
parasiized  although those 1 the mf: d region were not In the
cardiac type of case (Gaskell and Millar) 1n which death was due to
acute heart falure and n which there was vsually a long history of
repeated attacks of malara parasttes were present m the spleen i faurly
large numbers and mostly mn the nng stage of development  Gashell
and Mullar also described a so-called filled-m-ning form of P fala-
partint which was found Iying free in the connectrve tissue of the splenic
trabeculac

The anatomical distnbution of parasites 1 the spleen . human
malaria has not received much attention  although many workers
{e g Gashell and Millar) have pointed out that parasties and pigment
are rarely found m the Malpighian corpuscles Tt has been sugeested
that the spleen probably acts as a filter for removing parasized red
cells from the general circulation (Micheletts 1930) In this process the
macrophages m the splenic cords probably play a particularly active
part but the sigmificance of this has been mnadequately stressed 1n human
malarta In certain forms of monkey malarta however Tahaferro and
Ius colleagues have shown the importance of the localization of the
parasites within the spleen  Cannon (1941) has pomnted out that
general parasites tend to localize i three organs the Iiver spleen and
bone marrow (not all would agree to the Iatter—sce section on bone
marrow) Thsselective distribution occurs because of special anatomical
and physiological charactenstics of the organs mentioned mn that n
addition to capillanies and other blood vessels they possess blood sinuses
which are ined by cells that are actually or potentually phagocyuc In
the case of the spleen the Ived in the local of
parasites have been b fully Am P brasi fecttons
of Panamanian monkeys and acute P Anoit Jess infections in Af mulatta
by Taluferro and his colleagues who found that during the crists of
the mnfecuon the parasites become regtonally concentrated within
the spleen where they are held m the Billroth cords and are vigorously
consumed by the macrophages This active concentration and phage-
cytosis of parasites marks according to Talaferro and Cannon  the
development of a finctional acquired immunity to the paraste  Such
concentration 1s rarely descibed m man since the raptd degencrative
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tacttve w human malarsa and become actsve only 1 response to an
averwhelming demand on the macrogl;agc systert Taluafesro and
fus assoctates found sumdar fatlure of pl %’aqmm m the hrtoral cells
of the smuses of monkeys m simian and bird malarsa They suggest
that parasites and parasitized red cclls are usually removed bK the
cells of the Billroth cords before they come mto contact with the
hrroral cefls whereas m intense infections they reach the latter and are
mgested. {Taluferre and Mulligan 1937 Taluferro and Canwon
1936 Cannon and Tahaferro 1931}

Sumular suggestions were made by Marchafava and Bignarar (1900}
who ob;mct% thar the splensc vem often contawed relamvely fewer
mvaded red cells and free parasttes than did the capnflarses {smnuses)
They beheved that this indcated that the blood passmg through the
spleen became punfied by the remosal of parasized cells by the
muacrophages of the pulp

Changes m the endothehal bnmg cells of the splemc blood vessels
and sinuses are nos often referred to sn the hterature  Gaskell and
Millar {59.0) however descnbe fatry degencranon 1n the endothelal
cells 1 the vessels of the Malprphun cotpuscles w cases of mabignaat
testian malena and p and fasty deg m the endo~
thelial limng of the splemc capdlanes In the latter case they were
probably referring o the heroral cells of the venous simuses which
are not commdered to be true vascular endothehum: (Tahaferro and
Mulligan 5937} Gaskell and Mullar stated that m malignant tertan
malaria the endothelal cells which bnc the blood vessels  are
cspecially affected  and show fatty degeneranon and other degenera-
uve changes  They beheved that degenerate pigmented endothelial
celfs were sometimes casc off from the walls of vessels and became free
mthe Jumen Thesr clams have not been supported by other workers
In snun malarsa Talaferro and bus colleagues found newther phago-
cysosis nor degenerative changes m the true endotheliat cells On the
other hand Menon (19393 noted some endothelhal swelling 1n the
smaller folhcular vessels and staller captllasics of the margmal zone of
the folficles

Prolferatton of the himng, cells of the larme venous smuses has
recently been described by Menon (1939) and lh%don and Stratinan
Thomas {194.) w P Luost lss mfecrsons of 3 muilatt 2 and by Rigdon
(944} w P lophrac snfecnons s ducks  According 1o Rigdon
similar probferations have been fonnd m P faluparum mfections m
man ans P cathienrngm mfctions m canaries. He belbieves that such
hypeeplasia of she cells m the sinns walls represents extesmedullary
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malarta mdicate that the picture 15 esseataally the same as i malignant
tertan (Marcltafava and Bignamt 1900 Billings and Post 1915}
The spleen 15 hyperacmuc and congested the hyperaenua bemg
wncreased during the paroxysm (Marcluafava and Brgnamn 1894
1900 Craig 1909 Deadench 1911 Dudgeon and Clarke 1917
Gaskell and Millar 19.0 Rigdon 1943 1044) Many authors have
deseribed the pulp as filled or packed with red cells without speaifyirg
clearly whether the cells weree lymng mn the ussues or wathin the venous
sinuses  The latter are usually "dilated congested and tightly packed
with red cells many of which are parasinzed The smaller bl
vessels of the substance are congested and ako distended wirh erythro-
cytes In some cases the central vessels of the Malprghian corpuscles
have been found distended and congested and simular changes have
been observed m the large blood vessels In chrome malara or after
a succeson of acute malartal attacks the spleen 1s no longer congested
Ies size 15 due to hy perplasnc cellular changes rather than hyperzem
In somic chromic cases accordmg to Marchiafava and Bignami {xg00)
degencrate or necrotic pulp may be replaced by mtensely vascular
urssue which may contan enormous cavernous sinuses scparated from
one another by thin layers of pulp or finc conneerne nssue contamng
gunt cells In very long-standing cases the vasculas flow through the
spleen may be reduced as a result of hypertrophy of fibrous nissuc

Simular changes have been reported in the splcen m monhey malartz.
Taluferro and Mulligan (1937) and other workers have found the
enlargement of the splen m acute mnfections to be due mamnly 1©
cong; and hyp Afer d malanal the
hypetacnua 1s replaced by hyperplasia of ccllular nssue

Although the vessels of the spleen all contam masses of parastized.
red cells frec parasttes and malanal pigment and many kinds of
phagocytic and white cells 1 vanous stages of development and
degeneration there 15 hitele evidence that the true endothelnl inng
cells themselues act as phagocytes m human malarta Ths 15 abso true
of stmman malama_except for occasiomal phagocytosts by the endo-
thellum of the trabecular veins which (i M mulatta) are frequently
enclosed 1 2 thin sheath of red pulp (Taliaferro and Mulligan "1937)
Phagocytosis by the httoral cells of the venous sinuses {which arc true
reticulac cells and therefore capable of phagocytosss Tahaferro and
Mulligan  1037) has been reported by several workers wncludug
Dudf;éon and Clarke (1917 1919) Most authors however do not
refer 10 such phagacytosts and Talaterto and Mulligan deduce from
thus absence of comment that the lictoral cells are usually relanvely
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{19.1) They are not mentiotied by other authors ¢g Gaskell and
Mullar {s9.0} They are frequently found i simuan malana parncu-
tarly 1 acute P knoules mfections  Tahaferro and Mullsgan agree
with Cratg and Deadensck that such haemorthages probably anse
from complete or partial obstruction to the spleme bload Bow assocated
m some cases with changes i the vessel walls and perhaps wath
thrombosis

Degenerattve and necrotie changes in the spleen haw e often been held
o be related to vascular obstrucuon  Areas of focal degencratton
and neerows have been observed by Marchisfava and Bignams
Thayer Crarg Deaderck Dudgeon and Clacke and many others
Craig for wstance deseribed areas of foeal necrosis ssmuas to those
seen s the Iiver and prossure necross of nuniate sreas due to distended
ot ruptured capillaries  Deadenck (1911} also consdered these areas
of cdllular necrass to result from airculatory obstrectuon  Dudgeon
and Clacke {1917} observed necrosis of the pulp cells 1 some cases of
mabignant tertan malana and recorded simlar necrosis m the Mal-
pighuan corpuscles especially pronounced m a case of blackw ater fever
Areas of degeneration and necrosss 10 both Malpigluan badies and
pulp were also noted m P faloparm matana by Gaskell and Matlar
ng.o) who regarded them as evidence of toxic sctivery  These authors

‘xd not apparently observe any focal necrosis assoctated with vascatar
esions

Cellufar changes m the spleen
Degenesation

Generalized degeneration and necrosss of the cefls of both white and
red ﬁ“‘P of the spleen have been descrsbed 1 acute human malana
The lessons referred to above such as areas of foral necrosis and mfarce
son are possibly directly related to mresference wath local vascular
flov. but other degeneranve changes of a mose diffuse nature some-
tmes oceor esprorally i overwhelming mfecions such 25 P faln-
parum i manand P Anos st an monkeys  In the Malpsghuan corpaseles
such diffisse fesions have been described 1s reducton 1 the number of
tymphosd cells or even generahized atrophy and necrosis Degencratnve
changes have also beens noted 1 the supporting cells pulp cells lympho-
cytes and even polymorphs the most pronounced changes occurrng
m the cells contamung the greatest amonnt of pigrment {Gaskelt and
Millae 19,0 Marcheafasa and Brname 1900 Dudecon and Clarke
1917 1919} Tahaferro and hus colleagnes have desenbed sutar
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ery thropoiesis which arises i response to malarial anaemua Taliaferro
and Mulhgan also refer to the development of erythropoiesis m the
spleen 1 both P Knou lest and P eynomolgi nfections of M mulatt

Thrombosis m the splenic vessels has been descnibed by some
authoriies  Barher (1895) found numerous thrombi m acute fatal
cases of malama and Dudgeon and Clike n their survey of fatdl
mahgnant tertan cases recorded that thrombosis of the capillanes
and artertoles of the splecn was a stnking feature  The red cells mvolved
m the thromboses were heavily parasttized and there was usually
sfarction necrosts or haemorthage assocated with the thrombus
Deadenick (1911) does nor refer directly to thrombosis but ndrcates
that the splenic’ arculatton becomes slowed and obstructed 1o the
pomnt of gving rise to ocdema mterstitial haemorrhage and cellular
necrosts He does not indicate the origim of this slowmng of the arcula
ton but presumably rcfirs to the congestion and distension of the
vessels with packed and usually parastized red cells white cells
macrophages and guant cells  Similar slowng of the spleme creula-
tion 15 ndicated without specific reference to thrombosis by Craig
(1909) who regarded the congestion and dilatation of the venous
smuses as hindermg the arculation and resulung m trregular
haemorrhagic areas i the parenchyma  Thus author noted also that
the sinuses contained m addition to parasiized red cells 1mmense
numbers  of phagocytes mostly large macrophages endothelial
cells free pigment and parasites  Embolic obstruction to the vessels
Eluc tx)) pigment and parasttized cells has been recorded by Le Dantec
1025

Infirction of the splecn has been described by Dudgeon and Clarke
m P falaparims mfections  In one case there was a large typical mfaret
surrounded by mtensely congested adjacent pulp contawung many
parasites  The necrosed area contamed few parasttes and litle pigment
The state of the blood vesscls 1s not mentioned  Row Dalal and Goller-
ket (1933) and Talaferro and Mullgan (1937) have reported true
mfarcts m the red pulp of the spleen n acute fatal untreated cases of
P knowles infection m M smulatta and Bloom and Talferro (1938}
and Hewntt (1939) n P cathemerium infections m canaries According
to Hewntt thrombosed vessels were present m assoctation with the
splemc nfarcts  Rigdon (1044) has suggested that such thrombosis
arises as a result of hy perplasia of cells in the walls of the larger venous
smuses and the projection of the hyperplased tissue mto the lumen

Haemorrhages 1nto the splemic pulp have been described by Craig
(1909) Deaderick (1911) Dudgeon and Clarke (1917) and Pringault



THE SPLEEN AND BONE MARROW 303

nerease n the pulp cells many of which showed marked division
of the nucleus ~In malignant tertan the changes n the spleen were
similar a featwee bemg on meresse m pulp cells some of which
extubted dinding nuclr Marchuafas 2 and Brgnams {1900} found the
changes m chronie bemgn tertian malarsa more nouceable m the region
of the Malpighian follicles some of which were degenerate and
fibrosed while others were three to four times their normal uze due
1 hyperplasta of the Iymphoid nsse The pulp cells adpacent 1o the
hyperplastic follicles were themselves hyperplsne  The presence of
nucleated red cells and various stages of haemopoiesss has been reported
151 the spleen accastonally (Thayer 1899 Rugdon 194s)

Phagocytosss and hyperplasia 1n sumsan malarsa

The followng brsef description of phagocytons and cellular hyper-
plasta m monkey madana has been prepared mamly fron the accounts
of Tabaferro and Cannon {1936} Tahaferro and Mulbgan {1937) and
Tatuferro (1941)

According to Tahaferso the reaction of the amimal to mvasion by
mwlaria pazasites 15 fund ik p dal and not d wath
the disect mhibinton of parasitic reproduction The so-called natural
munity of the monkey probably represents the unsuiabibiy of the
host and 15 evident from the start'of the allness showng wself i the
high rate of destrucnion of the parasites

The reststance of the host mereases as the mfection progresses and
everpally an acquured smmunaty develops which m some infecoons
may be powerful enough to control ans subduc the attack

Both natural and acquired mumumey to malanal mfecrons are
asocated with phagocytons  Nataral immunity 1 dsplsved by
phagoeytosis scen most promumently m the spleen lier and bane
marrow  Such phagocytosss 18 slow and relatrvely meffective  The
devclopment of acquired tmmumty brngs about & greatly wercased
rate of phagocytoss by mdividual phagocytes associated with 2 local
ncrease m macrophages

As a result of their mvestigatons i monkey mataers Talaferro and
tus assocaates have shown that dursnig the sbrupt mcrease in the number
of parases m the mtial stages of the discase the free merozostes and
sniracospuscular pacasstes ase phagocytosed stag ishly chiefly by the
cells of che macrophage fymsphoid system n the spleen Tiver and
bone macrow At the ume of the erws m P cynomolgr ot P brasihanum
nfecnons the parantized erythrocytes appear to accumulare m the
Biliroth cords of the spleen, where thes adhere to the Jocal macro-
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changes m acute P Knau st mfections m monkeys 1 the final stages of
which the hy perplasta of Iy mphoid nssue ss succeeded by mtense cellolar
destruction and the (olhcl)cs become denuded and atrophied (Taluaferro
and Mulligan, 1937)

Phagocytosis and hyperplasia in buman malarra

Tahaferro and Mulligan (1937) have reviewed the literature on this
pont  Phagocytosis by polymorphs has been observed by some
authors usually 1 assocration with necronic changes m the tissucs the
cells c g pig , sometimes parasttes (Craig
1909 Gaskell and Millar 19.0)  Truc lymphocytes do not appear to
be phagocytic  Phagocytosis by the endothehal lning of the snuses
and blood vessels has been referred to above In some nstances
phagocy tosis by large mononuclears or monocytes has been recorded
(Thayer 1899 Pringault 19.1) both n the ussucs and withn the
sinuses (Dudgeon and Clarke 1917)  Small amounts of prgment have
been found i stular cells in P Lusou Iess infections m A malatta cxther
1n the venous sinuses or in the splenic vessels Most of the phagocytic
cells of the spleen belong to the macrophage type of cell for which
there are almost as many names as there are for the authors who have
described them  These cclls are large and usually mononuclear They
are mtenscly phagocync and contan pigment red cells parasiuzed red
cells free parasstes n all stages of development and often show signs
of granular or farry degeneratton Therr nature and ongin will be
described below

Most autopsy exanunations of the spleen m human malar2 bave
been made 1n permicious cases so that the more active degenerative
processes usually mask the hy perplastic responses of the splentc ussue
Hyperplasia of the cells of the folltcular lymphoid nissue has however
been reported and mutoses have been observed m the cells at the
pentphery of the follicles An mfiltratron of the pulp with lymphoid
cells has also been described {Thayer 1899 Pringault 1921 Dudgeon
and Clarke 1919 Gashell and Millar 19.0) Mitosts has been observed
1n the hittoral cells of the sinuses and many authors have recorde
an ncrease n the number of pulp cells (Marchiafava and Bignamt
1900 Deadenck 1911 Gaskell and Mullar 19.0 Pringault 1921
Rugdon 1944) Reucular hyperplasta has been reported by Levi-
Valenst and Montpellier (1930) Tahaferro and Mulligan (1937)

Hyperplastic changes in chronic malania have been described by
Craig (1909) 1n lLatent bensgn and malignant tertian malaria In the
former the connective tissue was not increased but there was a notable
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stonal 20nc of the nodule and throughout the red pulp  In the early
stages of acuse P hnowless mfecuons smular miense lymphasd hyper-
bt s arrested by 2 tremendous destruction of the cells The Joss of
fymphocytcs 15 often cxtreme and engorged macrophages frequently
show degenerauve changes When P Luow st mfecnions are adeguately
treated the hustologieal picture m the spleen sesembles that seen
P cynomolg: mfecuons aker the crws except for decper pigmentatton

PATHOGENESIS

Taliaferzo considers that enlargement of the spleen mn acute malana
resabs from sumple hyperacmsa but thus cannot be the whole explana-
non since on has own showmg m monkeys ccllular hy perplasta goes
on progressnyely vshin the organ unoi the final stages of the discase
Menon (1939) also pornts out that mechsmeal distensaon ansing from
vaenlar congestion cannor wholly explam the enlargement of the
‘Elccn m acute P Awouhs mfections He quotss 1 this connection
the expermments of Lubarsch {1927) who showed that the size of the
spleen coutd not be mose than doubled by maxamum dustension wath
watm sahne  In Menon's view other factots concerned m the enlarge~
weat of the spleen are probably eellular snfileration and swelling of the
degenerated pulp cclls

The crcalanon of blood through the normal spleen 15 so litle
understood that it 1s extremely difficult to snterpret the congestion
and didatation of the spleme vessels 1n acute malana gn terms of circu-
fatory phenomens only If the vascular changes m the spleen 1w

na were wnated by the facrors normally nvolved m other
condions of vascular collapse such as severe haemorchage ot shock
the organ should be contracted and relavely bloodless rather than
enlarged and d It appears therefore chat wh

g T happens
1 acute malara m she fisal stage of vascular collapse some mechamsm

st become active m the early stages of the disease whereby the
curculation of blood through the spleen becomes impeded and conges-
son develops  What this mechaniste may be 15 obscure  hnscly
{1934} has desenibed the spleme blood flow 1 normal ammals as a
closed oot 1 which the flow theough the verows smuses may be
smtermuttent  In expenments i which the wransilhasunated spleen of
the lving amumal was exanvned he found that imdvwsduat smuses had 2
cycle of filkng storage and emprying  During the fillng stage the
cfferent end of the sinus constucted and the vessel becasse distended
up 10 50 umes ws ordmary diameter with red cells which became
v
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phages In the course of a further day or tw o the macrophages become
extremely active and the parasiized cells are mgested rapidly and m
cnormous numbers  This represents according to Tabaferro  the
begnnings of heightened and once mitsated  continues
until the parasttes and mvaded cells are removed and the wnfection 5
gradually subdued  Supernfection with homologous strans after
recovery 1s followed by an mmmediate reappearance of active phago-
cytosis by the macrophages The mtense phagocytic acuvity of the
crisis 1 acute mfections or 1 supernfections 15 3\\3)5 assoctated 1
both P r!uonmqu and P brasthanum mfections with phagocytosts of
uninvaded erythrocytes Talhaferro and Cannon (1936) suggest that
1n such circumstances the mgested cells are probably damaged

The macrophage cells immicduately avatlable for defence agamst
malaria i the spleen arc the outstretched reticular cells of the Billroth
cords of the red pulp and the httoral cells of the smuses The latter
as explained above “are actively phagocytic only 1n overwhelming
infecaions By the tune of the crists n benign ifecnons such as those
caused by P’ epnonrolgt fresh macrophages are available A few of
these cells are g’cnv cd from dvision of pre-cxisting en orged macro-
phages others are produced by diviston of the rcucuﬁx cells of the
nodules which wander 1nto the red pulp some of the retrcular cells
of which also divide  According to Taltaferro however by far the
most important source of new macrophages 15 the Iymphocytes
Bructsch (1932) clatmed that n P 1t 2x malara macrophages arise
primanily from the httoral cells of the sinuses and partly from the
ordinary endothelium but Talaferro disagrees with this and quotes
the work of Maxamow and Conway (1939) m favour of. hus view that
the lymphocyte 15 the stem ccll of the various types of macrophage
which appear m the spleen 1 malara  Lymphod hyperplasta 15 most
obvious m the spleen n P eynomolgi and P brasiianum nfections about
the time of the crisis and shortly after  Small Iy mphocytes disappear
from the Malpighian corpuscles and are replaced by medium an
large lymphocytes mutoses 1n both these cells and 1n the reticular
cells become more numerous  The Malpighun corpuscles merease 1
size 1n the latc stages and the red pulp contams a greater number ©
lymphocytes and plasma cells some of which Taluferro and Mulhgan
consider have mugrated from the follicles  All stages of transiional
cells are present Talsaferro and Mulligan (1937) mterpret the cellular
changes m the spleen as mdicatmg proliferation of lymphocytes m the
Malpighsan corpuscles and their continuous mgration nto the red
pulp and tr: mnto phages especially in the tran-
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spleen w wluch of Kmscl{ s views are cotrect flurd 1s normally bemng
contmuously lost from diated sinuses  Nevertheless some trute stasts
probably occurs and may accasionally lead to thrombosts assocuated
wathinfarers and focal necrosts The evidence m some cases wath regard
to the exsstence of thrombosis m ¢he splentc vessels 15 unquesttoned
but 1 many there 15 2 good deal of room for doubt  Many authors
mdeed do not refer to thrombosss at all In monkey malina Menon
{1939} found no evidence of true thrombosts Fibrin was not presenc
m apparently obstructed vessels and Menon considered dhat the state
of these vessels was m this respect exactly stmafar to those of the bram
m human malara (see Chapter IX}

Mechameal obstruction to blood flow may arse from vanous causes
The intense phagocytic actvaty of she cells of the cords the massing of
rod cells both paranitized and vnparasuized m this ossue and the
swelling and hyperplasia of the cord cells must aff to some extent
mmpede the blood flow Damage to the true endothehal walls of the
vesscls 15 probably meigmficant but m the sinuscs the hitoral cells may
swell and divide and i overwhelnung mfections become acenely
phagocynic and are sometimes cast off mto the lumen of the vessel
causmng some degree of obstruction to the blood flow  Hyperplasia
of the hning cells of the large venous sinuses has been desenbed by
various workers and may be accompanied as Ragdon pomrs out by
projection of the new tissue tmo the tumen and consequent parnat
obscructton Plugs  of parasttes  parastuzed cells leucocyres and
phagacytes have also been deseribed 1n the smalf blood vesscls and
sinuses and may cause some obstruction

Al the processes referred to above which may potentially bring
about obstruction to the flow of blood through the spleen are probably
aggravated in the later stages of the acute discase by the aggluaration
of erythrocytes which takes place m the general arculanon At this
stage Kniscly {1945) has shown that erystals probably of fibrm precipi-
tate abour the affected erythrocytes and cause the cclls to become
sticky not only to one another giving rise to autoagglutnauon  but
also to phagocytes He has deseribed the crrcutation ot small masses
of agglutinated cells in the form of a shudze which resists is own
passage through the smaller blood vessels The effect of such shudge
in the congested malarsat spleen need not be emphasized

The degeneranive and necronc changes observed m splenic tissue
are as has been pomted out above enher focal or general m diseribu-
nion  The former probably anse from acure focal interforence wich
arculanon  The favier also probably resolt from circulatory insuffi-
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ughtly packed presumably as a resule of loss of plasma flud through
the vessel walls Retention of red cells m the sinuses lasted from 2 few
munutes to several hours Ultimately the constricted end of the stus
relaxed and the crythirocytes escaped” the smus rapidly returnmg to 1ts
normal size and conducting blood like an ordimary vessel

The castence of a mechanssm of this sort capable of acmvely
obstrucnng the flow through the venous smuscs would offer a very
satisfactory cxplanation for the vascular changes seen i malii
Knsscly s “findings have however been recently challenged by
Mackenzie ef al (1941) who clum that the arculaion chrough the
spleen 15 an open one and that the blood normally comes dircety
mto contact wath the cells of the pulp spaces before eventually collect-
ing 1n the venous smuses  The fatter and the mtralobular vens mto
which they dram are sard by Mackenzie and hus colleagues to have
lacunae m their walls through which fld and red cells can pass
They werc unable to observe the cychical filling and emptying of the
snuses deseribed by knsely but noted great vanation i the rate at
which blood passed through the pulp before rcaclung the venous
sinuses They found that nugrating leucocy tes sometimes blocked the
stigmata in the sinuses and caused a Jocalized damniung up of red cells
1n the pulp

Menon (1939) suggested that an acute hy peraemua 15 brought about
m some way n malara_affecung chiefly the Billroth cords  He clams
that n monkey malaria congestion of the venous sinuses is by no
means a constant feature In half of hus 12 cases of acute P knoulest
wmfection he found the reverse was somettmes the case The meshes
of the cords were packed with fice blood cells and often the swelling
of the pulp cords caused compression and collapse of the sinuses
He pornts out that venous stasis should show stself as distenston of the
venous sinuses and a more gradual escape of cells mto the pulp cor
It 15 dufficult to reconale his findings with those of others such as
Talnaferro and hus colleagues who hate also reported large numbers
of parasiized red cells m the cords but always assoctated with well
filled or engorged smnuses

Other factors are probably concemed m impeding the splenc
arculation m acute malara - Local loss of plasma flurd may be expecte
m regions i which the crculation s already slowed eg m the
heavily congested sinuses  Some degree of stasis may therefore
develop assoctated with complete obstruction to the blood flow m
the affected vessel and mterference wath the oxygen supply to the
related tissue  Stasts 1s unlikely to develop readily 1n an organ hike the
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spleen 1 wiuch 1f Krusely s views are correct fluid 15 normally bemng
conmuously fost from dilated sinuses Nevertheless some true stasis
prabably occurs and may Ty lead to th d
with mfarcts and focal necrosis The evidence 1n some cases with regard
o the exstence of thrombosis in the splenic vessels 15 unguestioned
but tn many there 15 a good deal of room for doubt Many authars
mndeed do not refer to thrombosts at alt In monkey malaria Menon
{1539} found no evidence of sruc thrombosis Fibnin was not present
m apparently obstructed vessels and Menon considered that the state
of these vessels was wn thus respect exactly smular to those of the bran
m human malana {see Chapter [X)

Mechanteal obsteuction to blood flow may anise from various causes
The mtense phagocy tic actrnty of the cells of the cords the massing of
red cells both parastized and unparastuzed m thus tissue and the
swelling and hyperplasia of the cord cells must all 1o some extent
smpede the blood flow  Damage to the tree endothelial walls of the
vessels 15 probably msigmficant but in the sinuses the littoral cells may
swell and divide and m overwhelming mfectrons become actrvel
phagacytic and are sometimes case off 1o the lumen of the \csser
causing some degree of obstruction to the blood flow  Hyperplasta
of the hming cells of the large venous smuses has been described by
varjous workers and may be accompanied as Rugdon pamts out by
projecuon of the new ussue mto the lumen and consequent partial
obstruction  Plugs of paraswes parasiized cells leucocytes and
phagocytes have also been deseribed 1n the small blood vessels and
smuses and may cause some obstrucnon

Al the processes toferred to above which may potentally brumg
about obstruction o the flow of blood through the spleen are probably
aggravated 1 the fater stages of the acute disease by the aggtunanion
of erythrocytes which takes place n the general crculatron At thus
stage Kmusely (1945) has shown that crystals probably of fibrm preaipi-
tate about the affected erythrocytes and cause the cclls to become
sacky not only to one another gving nise to autoagglitnason  but
also to phagacytes He has described the errculanion of small masses
of agglutiated cells 1n the form of a sludge which resists s own
passage through the smaller blood vessels The effect of such slndge
111 the congested malanial spleen need not be emphasized

The degencrative and nccrone changes observed m splenic tissuc
are as has been powmted out above ather focal or general m distribu~
tion The former probably amse from acute loc::i; mterference wich
cerculation The atter also probably result from arculatory msuffi-
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tightly packed presumably as a result of loss of plasma flud through
the vessel walls Retention of red cells i the smuses lasted from a few
minutes to scveral hours  Ultimately the constricted end of the sinus
relaxed and the erythrocytes escaped  the sinus rapudly returming to 118
normal size and conducting blood Iike an ordinary vessel

The castence of a mechamsm of this sort capable of actinely
obstrucung the flow through the venous sinuses would offer a very
samsfactory explanation for the vascular changes seen m malim
hnscly s findings have however been recently challenged by
Machenzie et al (1941) who clum that the arculagon through the
spleen 15 an open onc’ and that the blood normally comes directly
mto contact with the cells of the pulp spaces before eventually collect
m}g, m the venous siuses  The latter and the ntralobular vems mto
which they dram are smd by Mackenzie and Jus colleagues to have
lacunac m their walls through which flmd and red cells can pass
They were unable to observe the cyclical filling and emptying of the
sinuses described by Knisely but noted great varauon i the rate at
which blood passed through the pulp before reachmg the venous
sinuses They found that migrating leucocytes someumes blocked the
sugmata tn the smnuses and cavsed a localized dammung up of red eells
m the pulp

Menon (1939) suggested that an acute hyperaemta 15 brought about
1n some way n malaima affectuing chiefly the Billcoth cords  He claims
that i monkey malana congestion of the venous sinuses 15 by no
means a constant feature In half of hus 12 cases of acute P Rnou kst
mfection he found the reverse was sometimes the case  The meshes
of the cords were packed with free blood cclls and often the swellng
of the pulp cords caused compression and collapse of the sinuses
He ponts out that venous stasts should show seself as dstension of the
venous sinuses and a more gradual escape of cells 1o the pulp cords
It 15 difficulr to reconcile hus findings with those of others such as
Tahaferro and his colleagues who hate also reported large numbers
of parasiized red cells m the cords but always associated with well
filled or engorged smuses

Other factors are probably concerned mn impeding the splemc
arculation in acute malara - Local loss of plasma flurd may be expected
n regions m which the arculation 1s already slowed eg m the
heavily congested sinuses  Some degree of stasis may  therefore
develop assomated with complete obstruction to the blood flow 1
the affected vessel and mterference wath the oxygen supply to the
related ssue  Stasts 15 unlikely to develop readily i an organ like the
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spleen 1n which of Kasely s views ave correct fhud ss normally beng
contnuasly lost from z}chd sumuses Nevertheless some true stasts
probably occuts and may occasionally lead to thrombosis assoviated
with mfarets and focal necrosts The evadence m some cases wath tegard
to the evistence of thrombosts m the splenic vessels 15 unquestioned
but 1w many there 15 2 good deal of room for doubt Many authors
mdeed do not refer to thrombosis a5 all In monkey malaria Menon
(1939) found no evidence of true thrombons  Fibzwn was not present
1 apparently obstructed vessels and Menon considered that the state
of these wessels was in this respect exacly simalar to these of the bram
10 hwman malana {sce Chapter IX}

Mechanical obstruction to blood flow may anse from vanous cases
The miense phagocytie activity of the cells of the cords the massing of
red cells both parastized and unparasized m ths tisue and the
swelling and hyperphista of the cord cells mast ail to some extent
impede the blood flow  Damage to the true endothehal walls of the
~essels 15 probably tnagmficant but w the sinuses the hirtoral cells may
swell and divide and m overwhelmung wfections become actrvely
phagocytic and are somettmes st off mto the lumen of the vessel
caustng some degree of obstruction o the blood flow  Hyperplana
of the hning cclls of the large venous smuses has been described by
vanous workers and may be accompanied as Rigdon pomnts out by
projection of the new tisue e the himen and consequent parnal
obstructton  Plugs of parasites parasitzed cells keucocytes and
phagocytes have also been described i the sl blood vessels and
sinuses and may cause some obstruction

Al the processes referred to above wluch may potentally bring
zbaut obstruction to the fow of bload through the sp;cen are probably
aggravated 1 the kater stages of the acuse discase by the agglutinanon
of eryshrocytes whuch takes plice i the general arculanon At thes
stage husely {1943) has shown that crystaly probably of fibun preapi-
tate about the affected crythrocytes and cavse the cells o become
sticky not only to one another giving isc to autoagglummation  but
also to phagocytes He has deseribed the crculation of smrall masses
of agglutnated cells w the form of & sludee which reasts 165 own
passage through the smaller blood vesscls The effece of such shudge
1 the congested malarial spleen need not be emphasized

The degencranve and necrone changes observed m splenic ussue
are as hus been pomsed out above aither focal op cnctalpm dustniby
ton The formet probably anse from acure loral snterference with
arcalation The fottes alse probably resule from cieulatory msuffie
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cency and faulure of oxy genation of the ussues but many authors
have attributed them to " toxic elements produced by the mvading
plasmodia mcluding metabohe products such as lactic and pyruvic
acds  The importance of such toxns and metabolites has never been
established and the question remamns an open one  There appears to be
hetle doubs however that the pinapal changes scen can be relited
directly to the slowing of the mtrasplenie circulation and consequent
anoxz of the organ

The sclectiv e phagocy tosis of parasitized and non-parasiized erythro-
cytes by the splerue cords 15 to some extent specific since 1¢ 15 direct
marnly agamst } logous strams of pl dia  Tahaferro (1941)
believes that this actwvity 15 due to the presence of specific annbodies
which Coggeshall (1041) suggests may sensitize the parasie and render
it more susceptible to phagocytosts This does not however explan
the equally avid phagocy tosis of the non-parasitized red cells  Brown
and Broom (193s) suggest that the phagocytosts of all red cells ma
ultimately depend on a reduction 1 the electrical charge on the CCﬁ
surface They demionstrated such a reduction of charge n the crvthro-
cytes of malarn-infected untreated chicks at the time the birds began
to show signs of recovery from the infection There was no demon-
strable difference berween infected and non-infected cells in thus respect
and the reduction of charge appeared to be non-specific since serum
from mnfeeted chicks was capable of reducmg the surface charge on
normal red cells and even on the cells of other annuls  Brosvn an
Broom and Findlay and Brown (1934) noted that in bird malaria the
degree of splenic phagocytic activity appeared to be directly related
to the alteratton m the surface charge of the red cells They clamed to
have established a direct relation between the number of spleen
macrophages containing parasites and the extent to which the charge of
the red cells was reduced  Brown and Broom demonstrated a stmular
effect with solution of euglobulin and suggested that the reduction of
surface charge was related directly to the appearance of humoral
antibodies in the plasma  Tahaferro and Cannon (1936) and Talaferro
and Mulligan (1937) have shown that m monkeys the intense phago-
cytosis of cclls by the cords develops to a maximum n the perio
immedately followng the cusis and they regard this as indscatve
of the development of acquired immumty  Coggeshall (1941) states
that certan ynmune bodies e g agglutins first appeas in P Lysou less
infections at the powmt where the mfcction 1s controlled by drugs
The mcluston of many 1mmune bodis within the group of gamma
globulins throws an mteresting light on the experiments of Brown
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and Broom and those of other authors who have reported an inercase
m the plasra globulin concentrations in the late stages of acute matara

Another pl of nterest d with the mcrexse
phagocytous not ondy i the spleen but eliewhere 15 the preapination
of crystalime deposits on the surface of all red cells which has been
obscrved 1 man monkeys and buds 1 the later stages of malanz
{(Kussely et al 1945 Lack 1942 Knuscly 1943) The sclasion between
thus phenomenon whuch 15 nonwspecific and can be demonstrated
expermentally 1 traomane mpary and the reactions observed by
Brown and Broom has not been deternuned

Recapstulation

The ealargement of the spleen 1w malana apprars to be brought
about by a combimtion of cucnlatory and ccﬁuhr changes Tn the
acute stages of the disease the cong: pt pred
but 1n the later stages barnng a fatal sssue and m chromic and zecurrent
malana the cellular factors are of greater mpartance

The engorgement 1s not part of a general cardrovaseular disturbance
sice st begins very early 1n the disease and 55w cvidence usually fong
before there are an mJ\cmom of aculatory falure 1 which event
m any case the spleen would be d and ty bloadh
The congeston must therefore be due 10 changes occurnng wm the
arculaon within the organ nself These have already bren discussed
Opsmon regardmg the nucrocuculation of the spleen 15 divided  IF
hanely s view 1 accepted the congestion of the venous sinuses m
malaria probably anses from active constrietion of therr efferent
extremuties I Mackenzie 1 correct the impedance to blood fow
must ongmate 1 some mechamical obstruction {poswbly due to
mobilszed macrophages) o the escape of blood from the pulp mter-
stices I the present state of our knowledge i 15 impossible to deaide
which view 1s night  The blood flovw 15 also tmpeded passvely bv
swelling or proliferanion of the endotheliat cells and occasionally from
thrombosis or plageing of small vesscls with large masses of para~
szed crythrocytes free parastes phagocytes and pigment  In the
late stages of mabira the circubotion of sludged blood formed of
agglunnated red cells probably also causes some obstrucrion

In the carly stages of the mfeetion phagoeytons s humred clucfly
10 the cells of the spleen Liver and sometmes the bone marrow and
occurs most actuvely in the spleen This concensration of phagoeytoss
anses prabably from the slow blood flow through the smuses of these
argans and the dircet exposure of the parasinzed red cells to active
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macrophages  The normally slugeish arculanon through the splecn
15 impeded n malana by the processes mentioned above so that as the
discasc progresses the opportunsties for phagocytosts mcrease  Most
observers agree that phagocytosis goes on marnly 1 the cells of the
cords and that the lictoral cells of the sinuses are not geeatly mvohied
Many have reported that the splente arteral blood 1s richer 1 parasites
than exther that of the venious sinuses of the splenic vem Ithas lgcrcfarc
been suggested that the spleen funcrions m malana as a filter the para-
siized cells prgment and debnis being removed from the airculinon
as the blcodP passcs through the organ  Except m overwhelming
mfecnions the cells of the Billroth cords thus remove the bulk of the
parasttized cells before they reach the sinuses so that the httoral cells
have fow opportumtics for phagocytous This conception of the
spleen as a filter has recerved strong support from the work of Mac
Kenzie e al who have shown that India ink parnicles mjected mto the
general arculation i mice and other ammals 1s removed wth great
raptdiy m the spleen where 1t appears on and in the pulp cells and on
strands of reticulum within a few seconds of the myjecnions

In self-bmited malarna or m mfections controlled m therr later stages
by drugs a change 1 the phagocy tosis occurs shortly after the number
of parasites beguns to fll - Erythrocytes parastized and unparasstized
collect i the region of the Billroth cords and after a short interval are
avidly phagocytosed by the cells of the cords  Both the rate and degree
of phagocytosis are mtensificd m the mdrvidual macrophages and the
process conunues actvely as the infection becomes subdued  This
sclective phagocytoss 1s speafic suce once 1t has been devcloped by
the Billroth cord cells 1t will reappear rapidly on subsequent super-
mfection by the homologous parastte Tahaferro and hus collesgues
therefore consider 1t an acquired smmune response to the mvasion
This view 15 supported by other evidence Contemporaneously with
the appearance of cxcessive phagocytosts speafic immune bodtes
begm to appear mn the blood "amongst which are possibly opsonins
which assist the phagocytosis and at about the same time (i bieds)
the surface charge of all erythrocytes parasiized ot unparasitized
becomes considerably reduced thus Jatter phenomenon bemg appar-
ently alko assocuated with the appearance of mmmune bodies m the
plasma  Phagocytosis may be assisted n the Jate stages of the disease
by the formation of crystallne deposits of fibun on the erythrocytes
described by Knssely ‘smee these deposits apparently make the ery-
throcytes stichy to phagocytes It 1s not clear what the relation 15
between the appearance of immune bodies and these fibrn depostts
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but 1t cannot be speafie since the Jatter phenomenon has been observed
1n conditzons ather than malara such as traumatic mpury

Hy perplastic changes m the spleen. apparertly bega early 11 mahana
affecung chucfly the fymphocytes of the follicles and che cells of the
Ballroth cords ~ At the crists of seifdimuted or drug controlled malana
che hy peeplastic changes are espectally wigorous and ate appatently
related to the intense phagocytoss of this period the macrophages
developing prmcr.ga“y from the fymphocytes The stumulus for thus
hyperplana may be panasitic products sprofic or otherwise or the
mote general state of anoia antswg from impedance of the blood fow
Ins recutrent 2nd chronse malana the by perplasta may contwue uawd the
organ becomes tremendously enlarg

In alt mfections however and especially m severe actte attacks
an adserse factor {probably she progressive ttssue anowa) acts on the
cells ncerfenmg with the hyperplasue response and leading ¢o de~
gencratos and necrons  In acute faral mfections such as tho e of
P foloparunt and P dvonks malara thus deyentrative process pre-
dominates i the fina] stages and may quntap the by perplastic actreity
and give 1ise 10 widespread degencration and atrophy  In PP faloparun
mbcctans therefore the hypesplastic pretare & nor ofien cleadly
demonstrable

Local deg changes ¥ hage and mfasets are all due
to vascular detangements ansing 1 the first mstance from one or othe
of the vanous forms of arculatory obstructions which develop durmg
the duease

The mmpostance of the spleen m the body s response to malarsaf
sasion 15 cleae from the wtense phagoey tosts whuch goes on m
Trappears 1o be one of the first bines of defence and ws shsence frequentdy
Jeads to severs wfections and tugh purasitsema espectally m P
hnatlest malana w shesus monkeys e mav also be o some tmpottance
m controlling the hysis of red clls (Stephens 1939 Fshraeus 1930
Gear 1945

THE BONE MARROW

Changes 1n the bone marrow are to be expected m mataris 23 2
reaction o the de swoction of erythrocytes The piorare 15 compl-
cated however mpce evtra medullary erythropoteus 1 comrnon m
suany wifecnons patticatarly m monkey matana and may consutute
practically the whole of the erythropotetic respomse Fhe changes
oveuerw,, tn the blaad preture vy ol forms of malwa however gne
some mdicatton of the haemoporetse sty of the nssues whether
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the bone marrow or elsewhere  Such blood changes have been
discussed 1n Chapter 1l and need be only brefly recaptulated here
Anacrma m very acute Iytic malarta 15 normalls accompanied by few
changes 1 the appearance of the red cells In malara of Jonger dura
tion or 1n cases 1 which there have been repeated attacks of malana
cellular changes are often obscrved superficially resemblmg those scen
m permaous ansenua - Chromatophila porkilocytosts and amsocy
tosis have all been frequently deseribed  Both micro- and macrocytes
have been demonstrated and according to she suthor and the type of
mfection the general response has been described as exther mucrocytic
or macrocytic Nucleated red cells are not uncommon and some
authors have described megaloblasts Evidence has been provided by
some worhers that during an acute attack of bensgn terrian malana
the mean corpuscular diameter 15 1ncreased above normal others have
found no obvious change m cell size and some 1 makgnant ternan
malara have observed defimte mucroey rosis Renculocyrosis has been
observed by some worhers during the acute malanal ateack but the
more usual finding 15 that a real 1ncrease 1n reneulocytes occurs only
after speafic anumalaral treatment has been started ~ The absence of
any degree of renculocytosis  the perpheral blood 1n the acute stages
of malana has been taken by some authors to indicate a depression o
bone marrow activity and by others 1o represent an actve mhibition
of the discharge of reuculocytes from the marrow mto the arculanon
The colour mdex according to most authors approxmates to 10 but
some have found 1t persistently greater than unity i both benign and
malignant tertian malaria

In acute malarma there 1s usually a reductian m total pumbers of
crreplatng white cells  accompamed by a sranuloa topenia an
frequently by an increase 1 large mononuclear and transitional cells
the latter mcrease 15 often more marked m chronte malana or after 3
senies of attacks  The granulocytes usually show a shift to the left and
primitive forms mclud yelocytes are resent

The differences in the observations of vartous authors wath regard to
the blood picture m malara can be explamed to some extent by the
falure to distinguish between the uncomplicated effects of malanal
mfection and the results of complicating factors such as nutritional
deficiencies  The general conclusion appears to be that the cellular
clements of the ilood m malara seflect a normoblastic rather
than a2 megaloblasuc crythropotetic response associated with some
depression of myeloblastic activity  On the whole this view 1s w et
substantiated by the changes observed n the marrow




THE SPLEEN AND BONE MARROW 313

Macroscopic appearances

The descrsption of the bone marrow m acute and chrome malarsa

tven by Marchiafiva and Bignanu (1900} sncludes most of the pomts
%xoughr out by subscquent workers  The marrow of short flat bones
such as the nsbs 15 reddish brown m colour and hyperaenue  In acute
wfections the marrow of the fong bones 15 ittle changed and retamns s
normal yellow fatty appearance In more prolonged mfecuons the
marrow of the upper and low er thirds of these bones changes to brown-
whred and 1n long-standing cases or after repeated attacks of malara
may become slate grey or almost black  The constsience 1 acute cases
15 soft and often difffuent e cheonue cases or after repeated atracks 1t 15
fum  Bignomu {1900) and Crarg {1gug) have both described the
gradual replacement of the yellow facty marrow of the Jong bones by
vascalar cellolar tesue m the more chronc forms of malina and
aseribe the mcreased firm consisience of the marrow in these crcum-
stances o cellutar by perplasa  Tahaferro and Mulligan (3937} quote
Seyfarth {19.6) 1o the effect that under such conditions the reverse
may also happen the bone marrow becomng yelfower and fosung
both 1ts colour and constituent cells  Swmular farlure 10 react to the
disease has been described by Marchisfava and Bignanu who also
observed a rexction 1 which the sumulation of functional actinty was
msuffictent to make up for the destrucuon of corpascles and mn which
the whole marrow of long bones became red withour correspanding
changes m the perspheral bloed  These anthors m addition describe a
state of amylord degencrasron of the bone marrow m severe mataral
cachexta

Hastologrcal appearances

Vessels and parasites

The vessels of the acuve bone marrow 11 acute makaria are wsually
congested and filled with parautized red eclls Marchsafaa and Big-
namd (1854) found that the parates tended to be m the bate stages of
development and sporulating forms were commor: In acute stages of
several days duration the same authorms {1900} found chas crescent
forms were slso present m large numbers and appered more fre~

wently 1n the marrow than ebewhere  Marchiafava and Bignamy
?;goo) and Deaderick (1971} observed many parasites lymng free m the
vessels ,accompanted by granules and masses of malarsa) pigment
In some cases the concentration of parautes m the bone marrow
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appears to be mn excess of that found i the other organs or the pen
pheral blood but such findings are not constant and there 15 no clear

Fic 2.—Secton th oush g nal column of patent suf rng £ om malignant
tertan nalan  Secton thr ugh pormal spinal colu 1 shown fo  ompanson.
Note sntense black p gmentanon resulting from a cumalation of hacmozoin

evidence that any speenal aggregation of parasites occurs in the marrow
In some cases the reverse 1s true  For example m mahgnant ternan
malana Rigdon (1942) and Merkel (1946) found fewer parasites 11
sinuses of the bone marrow than 1n the vessels of other organs and
Kean and Snuth (1944) found parasites i the bone marrow only
58 out of 97 cases of malignant terttan malania with parasites 1 the
blood or tissues

Haemaoporetic tissue

In severe or madequately treated malarta erythropotests 15 sumulated
and there 15 often a great increase 1n the number of nucleated red cells
(Marchnafava and Bignamu 1900 Craig 1909 Deadennck 1911)
hu-lcy and Dew (19.0) examined the marrow from fatal cases of un-

P d and compl d acute sul and chronc

tertian malaria i Tucks and Egypeuans 1 Palesunc and observed 2
most remarkable erythroblastic reacion 1 which as many as 60 per
cent of the cells m a smgle microscopic field were nucleated erythro-

tes In some cases of permicious malana or afier repeated mfections
however there may be no evidence of erythropoiesis and nucleated red
cells are few (Marchiafava and Bignamu 1900 Craig 1909 Parsseau

and Lematre 1916}




THE SPLEEN AN BONE MARROW 35

Fawley and Dew (19.0) found that the erythroblastic response w
the bone matrow s thetr cses was accompanted by the presence of 3
farge number of cefls of the megaloblasuctype witha famdly acidophd
cytoplastn I the peripheral blood megaloblasts were frequently seen
w many eases and nosmoblasts onty occasonally  The colour mdex
was howeves muarably below wty They conuidered the picture
vesy ssmular 1w many ways to that of idiopathsc permacous anacomz

Bunch {1p40) imestigated che blood and bone marrow changes m
cases of acute and recently cured I' falaparum infecnons snd n some
post makral anzeqmazs He found i acute ases a bload pieture w0
which the colour index excreded unsty and macraey s were constantdy
present_associated with 2 bone martow reacuon which was prsmanty
enythroblawne bt 1 which foblasts wese presenr w 11 out of 1.,
cases He considered that 1n addison 10 the evident surmulation of
exvthropotests there was alo some retardation of the final mattranon
of the red cells 1 the bosie marsow  In recently recovered cases the
pictore was much the same  Post-malanal anaerma was assocated
again with erythroblastie hyperplania of the matrow cefls with many
wnmature forms and typied megaloblasts  He considered that thablood
pictuse 1 malanta arose partly from duect dartage to the bone warrow

Later work by Farley and hus colleagues and others has not altogether
sapported their earber observations {sec Chapter 1I) and » 15 now
gesierally accepted that a mogalablastic reacton 1 the bone marrow
15 the excepuon and not the rale m malara and arses as Farrley and
Bromficld {1933) suggess from hyperstunulation of the marrow
10 FESPONsE ta 3% AROXACTA CONSEGUADT ON ANACINT

The bone marrow picture 15 thus most commonty one of compen
satory hypertraphy with general mcrease m haemoporeuc oclgschr
tssue possibly resslting from the k Ty dered
by the disease the bone matrow response 13 therefose predommantly
normoblasue {Sntr 1942 Scl 1938}

Thonnard-Neumann {1944) 1t 2 sertey of tnvesnigations on induced.
bemgn and mabgnant ternan malana found thar the bone marrow

{taken 2t biopsy) showed mtense erytheoporetic activiry exhiby g an
merease in nucteated 1wd cells and ﬂpctugl m reuculocytes Megalo~
blasts were scen m only two cases one of which was a faral P Salaparum
mfection Lanza {1944) examtned the stremal marrow m 15 cases of
malna and found smalar changes  Erythroposess was stmulated m
some ¢z ¢s bue not in all and was bl and not ik
ut t\pL‘

The mereased eeythroposess wamfese m the bane marrow 10 many
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cases of malana 15 not normally accompanted by the expected rise of
reuculocytes m the peripheral med although these cells are frequently

wmncreased an the marrow 1self  Reteulocytosis normally does not

lop until ad larial v has been d

Tt has cherefore often been suggested that some mechanism capable of
depresing medullary acuvity 15 operatng dunne the malanal attack
It 15 not casy to sce how such depression of activity can oceur comeident
with obvious smulation of erythropoiesis but fight has recently been
thrown on this problem by Thonnard-Neumann (1944) who found
that durng malanz i keepmg with the increased erythroporess

reticulocytes mncreased in number 1n the bone marrow  When malanal
parasttes were present mn the penpheral blood the discharge of the
reticulocytes nto the gencral blood stream appeared to be prevented
and retreulocy tosts ofg the perpheral blood did not occur After
destruction of the parasites by speafic treatment the mhibitory effect
was fost and reticulacytes were dischacged 1 laege numbers mto the
blood Thonnard-Neumann therefore believes that the plasmodia

although they do not have any depressant action on the marrow
function 1tself can 1n some way nterfere with the escape of reticulo

cytes from the marrow to the blood

Leucoporests

Farley and Dew (1920) reported that 1n contrast to the acuve
erythroblastic reaction seen in the bone marrow m therr cases there
was a complete absence of leucoblastic response  Myelocytes were
few and showed no mitosts Even i cases in which the patient died
from bronchop complicatn, )} terttan mualaria
there was no leucoblastic response  Other authors have noted a sumilar
falure of leucopoiests m the marrow 1 malana some have descrbed
what amounts to an aplasia (Waras: 1927 Deadenich 1911 Seyfasth
1926) Bunchu (1940) lud great stress on the contrasting picture of
sumulated erythropotesis and depressed leucopolests m  malignant
terttan malar2 m Sardimia He found 2 leucopenta in the pertpheral
blood 1 all cases assocrated with a decrease m granulocytes and an
crease 1n Jarge monocytes the latter indicating that the derangement
of levcopotests was primanly connected with the development of

ranulocytes In acute malignant tertiant malana there was clear hypo~
plasia of the granulocytes with a defictency of myelocyes and pre-
myelocytes In some cases there appearcd fo be some sumulation of
the maturation of the myclocytic cclls  The same picture was scen 11t
recently-cured cases of mahgnant tertizn malarsa and was also evident
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n severe post-malaral anaermua where there was a pronounced hy po-
plasia of granulocynic cells although there was some hy perplasia of
certam other leucocytic elements especrally the fymphocytes and
plasma cells  Banchu believes that these bone marrow changes must
ortginate from the action of some soluble factor produced by the
malaa paraste  Regrusstve changes an the granulocytc cells of the
bone marrow have recently been agam described by Lanza (1944) m
assoctation with increase m reticuloendothelnal nssue and plasma cells
Tl s author stresses the imp of such kit of myel
develop 1 the develop of malanal leucop

Mention has been made above of the combmation i the marrow
of nhubttion of myeloblastzc activaty and merease in lymphocy tes and
plasmacells Tabaterroand Mulligan {1937) have reviewcd the evidence
concerming probiteration of such white cilf elemens and note that
ereases 1n the following cells have been reported (1) 1n acute malaria
vartous kinds of unspecificd medullary cells mcluding presumably
the Jymphocytes and plasma cells mentoned by Branchu and {u) n
chronse malana megakaryocytes lymphod cells large cells of the
sascular medullary ussue :Ko\\ g mutotic nucler giant cells Atcophy
of the leucocyuc tissue has been described by Deadertck (1911) n
chrome malarta and Scyfarth (19-6) 1 aplastic malanal anaemma

Y

Phagocytosis

Phagocytosts of pigment cellular debris and mtracorpuscular and
extracorpuscular parasites by vanous cells tn the marrow has fre-
quently been described tn malana Such phagocytosts has often been
noted tahmg place 1 cells lying frec an the small blood vessels and
sumises ‘Thus Marchuafava and Bignamu (1900) describe globuliterons
or pigmented nuacrophagt chinging, to the vascular walls ~In the tssue
sround the vessehs sinutar macrophages were abundant sowe of which,
were necrotic  Fareley and Dew deseribed large pha ocytic cells mn the
martow tissue contamn,, mgested malartal pigment red corpuscles
parasites and even leacocytes Many other aathors have observed
such macrophages and sametunes phagocytosis by polymorphs and
even the so-called endothelial cells linung the marrow snuses Phago-
cytosis of both pigment and parasites however scems to be less obvious
mn the bone marrow than i some other organs such as the spleen
even when parastes are abundant  Talafirro and Mulligan have
hsted the cells obscrved to act as phagocytes and found them sinular
to those known to behave m this way i the spleen The cells mvolsed
are (1) the ficed and free rencular cells of the parenchyma ()
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cases of malaria 1s not normally accompanied by the expected nise of
senculocytes in the peripheral bfood although these cells arc frequently
mereased n the marrow nself  Retculocytosis normally does not
develop untit adequate antimalartal treatment has been admumstered
It has therefore ogcn been suggested that some mechanism capable of
depressing medullary activity 1s operating during the malarnal attack
1t 15 not casy to see how such depression of scuvity can occur comadent
with obvous smulation of erythropoiesis but light has recently been
thrown on this problem by Thonnard-Neumann (1944) who found
that during malana 1 keeping with the mncreased erythropotests
reiculocy tes inereased m number i the bone marrow. When malarnal
parastees were present in the perspheral blood the discharge of the
reticulocytes into the general blood stream appeared to be prevented
and reticulocytosis of the peripheral blood did not occur Affer
destruction of the parasites by speafic treatment the mhibitory effect
was lost and reticulocytes were discharged 1 large numbers mto the
blood Thonnard-Neumann therefore belicves that the plasmodia
although they do not have any depressant action on the marrow
function 1tscIf can m some way Interfere with the escape of retculo-
cytes from the marrow to the bloo

Leucopotesis

Farrley and Dew (19.0) reported that m contrast to the actwve
erythroblastic reaction seen 1 the bone marrow m their cases there
was a complete absence of leucoblastic response  Myelocytes were
few and showed no mrtosis Even m cases mn which the patient died
from bronchop complicattr ! tertian malaria
there was no leucoblastic response  Other authors have noted a sumtlar
fatlure of leucopotests i the marrow 1n malana some have described
what amounts to an aplasta (Warast 1927 Deaderich 1911 Seyfarth
1926) Buanchi {1940) laid great stress on the contrastng picture o
tsmulated eryth and d 11 n 1 ¢

P P P

tertian malania m Sardima  He found a leucopema m the perspheral
blood n all cases assoctated wath a decrease m granulocytes and an
increase n lacge monocytes  the latter mdicating that the derangement
of lencopotesis was primarly connected with the development of
ra ytes In acute mal tertian malarta there was clear hypo-
plasia of the granulocytes with a deficiency of myelocytes and pre-
myelocytes In some cases there appeared to be some stmulaton of
the maturation of the myclocytic cells  The same picture was seen 1n
recently-cured cases of malignant terttan malatia and was also evident
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m severe post malaral anaemua where there was a proneunced hypo-
plasia of granulocytic cells although there was some hyperplasia of
certams other leucocyoe elements espectally ¢he lymphacytes and
plasma cells  Bianch beheves that these bone marrow changes must
ongiate from the action of some sohuble factar produced by the
mabina paraste Regressive changes m the granulocytic cclls of the
bome marrow have recently been agamn desertbed by Lanza (1944) in
assoctation with snerease m renculoendothelial tsue and plasma cells
Thus quthor stresses the importance of such mhibition of myelogenous
develapment 1 the development of makinis] lescopensa

Mention has been made above of che combmation m the marrow
of imtubition of myeloblastic actvity and mcrease m ymphocytes and
plasmacells Taliaferroand Mulligan {1937) havereviened theevidence
concermng probferation of such winte cell elements and note that
mcreases n the following cells have been reported (1 m acute malana
vanous kinds of unspectfied medulfary cells mcludm% presumably
the Iy mphocytes and plasma cells mentioned by Branchi and (u) n
cheonic malana megakaryocytes fymphosd colls targe cdlls of the
vascular medullary ossue show mg mutotic nucler guantcclls Atrophy
of the leucocytic tissuc has been descrsbed by Deadenick {1913} m
chronic matana and Sey farth (19.6) m aphstic mahrial anacma

Phagocytons

Phagocytosss of prgment cellular debns and wntracorpuscular and
extracorpusculer parasiwes by varous cells m she marrow has fre-
quently been described m malana Such phagocyrons has often been
noted nlung plce m cells lyme free i che small blood vessels and
sinuses Thus Marchiafava and Bignamt {1900} desenbe globuliferous
or pigmented macrophags dmging to the vascular walls  In the ussue
around the vessels simular macraphages were abundant some of which
were necrotie Fairdey and Dew descnbed Jarge phagosyne cells m the
marrow tssue comtaing mgested malanal przment red corpuscles
pazasites and even feucocytes  Many other authors have observed
such macrophages and somctimes phagocytosts by polymorphs and
even the so~called endothelial cells fining the marsow smuscs Phago~
cytosisof both prament and parantes however seems t be less obvious
m the bone marrow than m somc other organs such as the spleen
even when paramites are abundant  Taliaferro and Mulhgan have
Iisted the cells observed to act as phagocy tes and found them sintdar
to those known 1o behave n clus way m the spleen The cells myolved
are () the fixed and free rencolar clls of che parenchyma fu)
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the littoral cclls of the sinuses which show bLnle activity and (m)
vartous free cells m the lumen of the sinuses including mononuclear
macrophages polyblasts (defined as cells ntermediate between non
granular Jeucocytes and macrophages ) and heterophils (polymorphs)

Hyperplasia

The changes m the bone marrow m malania have been carefully
studied by Taltaferro and hus associates 1 ammals In birds mfected
with P cathemerinm some erythropotetic hy perplasia occurs after acute
mfections have become established but the reaction 15 never pro-
nounced In monkey malaria the changes depend on the host and the
wfective Plasmodium used as well as the length and mtensity of the
discase  Changes most closcly rescmbling those seen m acute human
malarta are found m the bone marrow mn P Auoulst mfections m
M muilatta In late acute untreated cases (hilled) there was htle hyper-
plasia of erythropotetic tissuc m the bone matrow but various stages of
polychromanic erythroblasts were found 1n the smuses of the hver and
spleen  In fatal cases the bone marrow mn different animals showed
great varation m erythropotesss In some there was constderable
activity mn others practically none In relapses after treatment and
fatal supermfection with heterologous stramms of P knon les srregular
erythropoetic hyperplasia occurred m the marrow  together with
ectopic erythropotesss m many other organs There appeared to be
no relatton between the latter and the degeee of hyperplasia of the
marrow Phagocytosis was never a prominent feature n monkey
malsna although enormous macrophages filled with clumped masses
of pigment were common m supermfections {they were also present
m the lung and kidneys)

Taliaferro and Mulligan found some degree of marrow hyperplasa
and occastonal lymphord hy perplasia m long contmued P brasthansum
infections in Panamanian monkeys The latter could not be demon
strated m relation to malaral mfecuion m P knowles: mfections of
M platta since 1t occurred spontancously in non-mfected animals
Phagocytosis was not 2 promunent featare of the marrow cells the
littoral cells occasionally contamncd pigment and m many cases the
histologrcal picture suggested the transformation of lymphocytes and
monocytes mnto phagocytes Phagocytosis was always more obvious
1n the liver and spleen In this respect the bone marrow m P cynomolgs
imfections showed a concentration of phagocytosed parasttes no higher
than 1 organs i which macrophages were not actve agamnst the
parasites such as the long kudney or heart (Aberle 1945 Nauck
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193¢ Tahaferro and Cannon 1936 Rsgdon and Seratman-Thomas
194.}

PATHOGENESIS

The erythroblasuc response to malaral nfecuon 15 essentally
sormoblastie although s very severe cases 1t may apparently acquire
an element of mchﬁyblasnc acavity 'The bone marrow reaction 15
reflected m the blood pcture which 1 manly nermocyue slthough
occasionally complicated by seme degree of macrocytoss and with 2
colour mdex of about unuty  Despite the obvious cry‘;xmh]a.mc actrvity
of the marrow reticnloeytes are not commonly found m the blood
m large numbers unni the mfecuon has been controlled by speafic
drug treatiment  Thas 15 noc due to medullary mhtbion since there are
wswally very harge numbers of nuckated red cefls and reticulocytes
the marrow and the numbers of the latter have been found to rise
during an mfection  Thonnasd-Neusmann has therefore suggested that
during the active stages of an mfection there may he some mhubiion
of the escape of reticulocytes mto the blood stream from the marcow
He has produced evadence mdicating that thys mlubstton # assocrared.
with the presence of parasites m the penpheral blood

The keucoblastic scoviry of the marrow 1 apparentdy partly depressed
sad sometimes partly sumulated  Most authors agree that there 15 3
granulocytopenta m the active discase but this appears to be assoctated
w many caes with a shuft to the left m the pelymorphs and sometimes
the presence of myclocytes and mvramyefacytrs m the blood It s
difficult to understand how 2 shaft to the left can occur m association
with 2 depression of granulocytes unless there 1s some mechamsm at
work which allows the unusually early escape of developing granulo~
cytes from the marrov or which 35 1 sulphonanude possonng
mhibiss matvravon  Bianchs has clamed that m hus cases the opposite
occurred and of the 1 was aceel d but by
observations on this pemt are vnconfirmed Certam other cellular
elements scem to be stmulated by malanial infeenon paracularly the
plasma cells and lmphocytes It 1s concevable that the large mono-
cytes which appear m excess 1 the penpheral blood are derned from
the Jakter

The erythroblasue changes m the marrow are presumably the
physiologrcal response to the d Joss of red cclls akang place
durng the mfection Megaloblastic actvsty may mdwcate when 1t
accurs some mose dicect effect of the parasste or 1ts products
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The state of anoxia existing in the marrow as a resule of the anaemia
and other general processes affectng the arculation and the oxygena
tion of the blood may also mfluence the hacmoporetic reacton
According to van Licte (1942) Dallwg et al slyr 5) have demonstrated
erythropotetic sumulation mn the marrow following exposure to 2
14 per cent reduction in atmospheric oxygen and ather workers have
shown that under stmular conditions of anoxi2 an mcrease n lympho-
cytes occurs 1n the blood at the expense of the polymorphs ~ Meyer
et al (193s) found that rats and guinea pigs cxpased to persistent
moderate anoxic anoxia first showed a leucocytosts and subsequently
a leucopenta which they considered arose from depression of the
lymph nodes and bone marrow

It has often been sard that the bone marrow  because of its sinuses
and sluggish arculation acts as one of the mam centres of phagocy tosis
mn the body n malana mfections  As will be seen from the text there
15 little justification for this claim esther n human or stmian malama

There 15 an nteresting lack of ewvidence concerning  pluggng
thromboss or stasis of the marrow vessels 1n malaria - Congestion 15
common but there scems to be no other mechancal obstruction to
blood flow This 1s probably due as i the case of the Iver to the
normally relatively permeable nature of the endothelium and littoral
cells of the smuses which allow free passage of flud from the blood
under physiological conditions and are thus little affected n thus respect
by anoxua
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ADRENALS

CLINICAL EVIDENCE OF ADRENAL INSUFFICIENCY
IN MALARIA

THe swularry berween the chinical symptoms of certam forms of
permctaus matana and tiose of adrenal asufficiency has been remarked
by many workers For mstance Paissean and Lemawre (1916} pomted
out that asthena and low blood pressure were cardmal signs m certan
forms of algwd and comatose malara and m a series of such cases were
able to demonstrate severe lestons m the adrenal glands  Other 2uthors
as we shall see have made sumifar observations and st has consequently
been frequently argued thar there must be 2 causal rebtian between
the sdrenal lestons observed and the symptoms cacountered chmeally
m pernicrous malarta

Rercently howeser st has been shown that a syndrome very dlosely
alled to traumane shock may develop s malasa indipendently of
adrenal damagr (Ragdon 1942 Kean and Tayler 1946) The symp-
roms of traumatic shock are very dlosely sumilar to those of adzenal
wsufficiency {Swingle et ol 1933) Morcover shock and assoctated
phenomena such as tissue anowa may give mse to pathologcal changes
m the adrenal glands and will cause humoral changes lgcntlcal wath
those of adrenal msufficency eg an mcreased potasum and
deczeased sodiom plasma concentration It thus becomes exiremely
difficule 1o dearde precssely the role of the adrenal 1 the pathogenesss of
malarta even tn cases 1 which the chimeal and pathologeal findungs
are hxgh!() suggesave of sdrenat insufficiency  Nevertheless tor many
years has been d on ths pomt and there 15
abundant evidence of pathologcal change m dhe adrenal glands and
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of climcal signs of apparent adrenal msufficiency  The question of
which 15 the primary condiion the adrenal falurc or the prevailing
state of vascular collapse will not be discussed here (see Chapter XII)

Acccm!m%1 to Flost (1944) Valenti m 1907 was the first physictan
to suggest that adrenal msufficency mught play an 1mporeant part m
the chinical mamfestations of severe acute permcious malana  Other
worhers confirmed his views and Brun described not only acute but
chrome signs and symptoms artributable to adrenal dysfuncnion and
suggested that the pathological changes ble for such d
m funcrion mught anse from deposition of malanal prgment m the
adrenals or from accumulation of parasitized red cells 1n the vessels of
the glands

Passeau and Lemaire (1916) reported as already mentioned the
appcarance of certam symptoms of adrenal fallure i permcious
malana particularly 1n algid and comatose patients and 1n some cases
were able to correlate the chinical findings with pathological changes n
the adrenals In three cases the lestons m the adrenals were much more
pronounced than those 1 other organs such as the liver and were
considered by the authors to be responsible for the cinical condition
Parsscau and Lemarre pomted out the sinulanty between some of the
adrenal symptoms of malarta and conditions arising i other diseases
such as diphtherna scarlet fever and typhoid fever  Such symptoms
were espectally obvious 1n permcious comatose or algid malaria Ces
etats s¢ presentent en effet avec une symptomatologte presque pure-
ment surrcnale et peuvent etre constderes comme de ventables sur-
renalites palustres aigues  An adrenal syndrome of a more chrome
type sometimes occurred assoctated with prgmentation of the skin
and mucous membranes and identical mn many respects with the
classical prcture of Addison's disease  Some evidence of adrenal m-
sufficiency could be found in many different forms of malama the
princrpal chntcal signs bemg asthenia hypotension perspheral vascular
farlure and digestive disturbances giving rise to abdomumnal and lumbar

amn

Paisseau and Lemawe distingusshed fulmnating (suraiguc) acute
and subacute forms of adrenal insufficiency i malana  The fulmmating
cases developed suddenly as a rule and often without warnng  Un
homme farsant partie d une troupe en marche tombe brusquement
sur la route un blesse entre dans le coma sans raison apparente  The
patient shows no signs of central nervous system mvolvement His
muscles are relaxed but not paralysed reflexes are unchanged The
temperature 1s at first elevated the blood pressure slightly lowered
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the pulse full and bounding I the course of a few. hours the tempera-
tore falls ro normal and below the blood pressure bocomes very
Tow and the pulse feeble and soft  Death occurs after a few hours
Thus form Q(P coma <can be clearly differentiated from that of the
cerebral rype of malaa m which there 15 2bundant evidence of
mvolsement of the central nervous system

The algid form of permoows malassa suntlerly presenss elements
which may be considered primartly adrenal m ougin e g profound
asthenz and red: of bodily The p spmp~
toms often develop dunng an apparently uncomplicated malarsal
atrack and are wshered m by a falling temperature and often signs of
nervous mstshibity and delmum and occasionally vomuting  The
temperature begms to £l rapidly to normsl and below and algd
collapse ensues The appearance of the patient 1 charactersnc He
hies sull 1n a state of profound collapse face drawn eyes sunken and
fixed The skin 15 pale and cold and covered wuth clammy sweat
‘The pulse 15 small and soft and 2 lude faster than nermal  The blood
pressuce 1s very low There may be severe epigastrec pun and ttrace-
able vonuung and diarrhoez accompamed by agomang muscular
cramps Sometymes the gasrro-intesymal symptous may predomunate
and loss of find may become extreme the patient passing o a
cholerasc state  Death occurs suddenly  When recovery takes place
the temperature mes as the blood pressure smproves

Severe signs of what Passeaw and Lematre regarded as advenal
faslure may also develap mn the course of more protonged malarral
attacks especally m cases m which the temperatare 35 high and there
has been the development of pronounced ansemuz  The temperatare
suddenly falls to narmal or below and diarrhoca and vomang develop
The patient complains of severc abdommaf pam He 1s emerated and
anaenue and asthena 1s the predonunaung symprom  He 1s prostrated
with soft smalt pulse and extremely low blood pressure. Reflexes
are feeble but present and he 18 mentally dear  The asthema may
develop and progress raprdly and death s hicly to occuraftersomedays
The condsson 55 thus less acute than that deseribed above  Somenmes
after recovery from the severe condition the panent may pass nto a
condion resembling Addison s discase

Subacute adrenal symproms ate also descrabed by Passeaw and
Lemawe developmg i appatently relatssely muld cases  In these states
the parient s emaciated anacrue compluns of Rausea and may voour
The blood pressure s low  Oceastonally these cases develop pigmentas
won of the skin aud mucous membranes as m Adduon s disease In
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of climcal signs of apparent adrenal msufficiency  The quesnon of
which 15 the primary condition the adrenal fatlurc or the prevahing
state of vascular collapse will not be discussed here (see Chapter XH)
According to Flosi (1944) Valenti 1n 1907 was the first phystaan
to suggest that adrenal msufficiency nught play an smportant part m
the climeal mamfestations of severe acute pernicious malana  Other
workers confirmed Ius views and Brun described not only acute but
chrontc signs and symptoms attributable to adrenal dysfunction and
supecsted that the pathologrcal changes responsible for such devianons
n tunction mught anise from deposttion of malarsal pigment 1 the
adrenals or from accumulation ol‘P parastized red cells 1n the vessels of
the glands
Patsscau and Lemawce (1916) reported as already mentioned the
appearance of certan symptoms of adremal falure in permcious
malara particularly m algid and comatose patients and 1n some cases
were able to correlate the clmeal findings with pathological changes 1n
the adrenals In threc cases the lestons in the adrenals were much more
pronounced than those n other organs such as the hver and were
considered by the authors to be responsible for the climcal conditton.
Paisseau and Lemaire pomted out the simmlanty between some of the
adrenal symptoms of malaia and condittons arising m other diseases
such as dxphticna scarler fever and typhord fever  Such symptoms
were especially obvions m pernicious comatose or algid malarta Ces
ctats sc presentent en effct avec une symptomatologie presque pure-
ment surrenale et peuvent ctre constderes comme de ventables sur-
renabtes palustres aigues  An adrenal syndrome of a more chrome
type someumes cccurred assocuted with pigmentation of the skin
and mucous membranes and dentical 1 many respects with the
classtcal picture of Addison s disease  Some evidence of adrenal -
sufficiency could be found m many different forms of malama the
princtpal climcal signs bemng asthema hypotension penipheral vascular
fadure and digestive disturbances giving rise to abdomumnal and lumbar
21N
Passeau and Lemawe dist hed fal g | ) acute
and subacute forms of adrenal msufficiency in malaria The fulnunating
cases developed suddenly as a rule and ofien without warmnmg  Un
homme fusant parne d une troupe en marche tombe brusquement
sur la route un blesse entre dans le coma sans raison apparente  The
pauent shows no signs of central nervous system involvement His
muscles are relaxed but not paralysed reflexes are unchanged The
temperature 1s at first elevated the blood pressure shghtly lowered
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with humoral changes stmthar to those found 1 Add son s disease

One of thetr cases showed extenstve pigmentation of the s
Macicl {1940} reviewed the hterature to that date and described
.0 cascs of malignant tertian malara n which evidence of adrenal
msufficiency m some form could be demonstrated  He came to the
concluston that the adrenals were affected m malara as frequently as
any other organ of the body mcluding the spleen and hver  Adrenal
i fh d connderably the peneral reachion of

y proba
the body to the malanal mvaston

The above summary of the Lieraturc on the chncal evidence of
adrenal mvolvement n malara 15 very meomplete  Those mterested
should consult the book recently publshed by Floa {1944)

It will be scen that the clinical evidence 1s based largely on the
development ctther acutely or motc slowly of a syndrome which
mcludes asthenta lowered acterial bloed pressure “and  peerpheral
vascular falure with skin pigmentation abdominal cramps ctc m
some cases 'To some extent the proposiiion that such symptoms and
signs are related to adronal msufficrency has been supported by chermical
observations on the blood and assues made dunng the permicious
malarnal attack  In estsmating the value ot such chemtcal evidence
however 1t must be reahized that condinons other than adrenal
msuffiuency may give rise to them and that such conditions e ¢ the
state of shock and anoxia may accompany all severe forms of mularia
It 15 thus extremely difficult to accept the evidence at s face valve m
any grven case cither for or agamst the mvolvement of the adrenals

We have alteady di cussed some of the biochemucal ewdence
other contexts (sce Chapter IV} where 1t 15 more relevant  Thus
Miyahara (1936) and others have observed hypochloracmia m acute
malignant teretan malarna and various changes n the blood glucose
concentration (both hypo and hy per-ghycaema) during the paroxysm
have been desciibed  Both the changes t chlonde and sugar content of
the blood could be explamed on the basts of alteratsons m adrenal
function and in this connection the expertments of Chessa (1938)
may be of some mnportance  This author found that m about one~
third of s cases of acute and chrome bentgn and mabignane terman
malana some of which showed signs of adrenal msufficiency  there
was 2 deftmte mncrease m sensivaty to msuhn  He deduced from this
that there was 1 these cases some degree of adrenal dysfunction

ossibly also associated 1m some with detangementc of the tzyrcud and

ver He explaned lus results m chrome cases by suggesting that the
adrenal lesions once produced recovered only slowly
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some m addition to adrenal symptoms there may be clhuneal featares
referable to damage of other organs such as the liver and bone marrow
Examples of such complicated syndromes acc seen 1n malarsal cachewias
of vanous hinds 1 which emaciaaon develops rapidly and eachexa s
progressive and fasal In theee such cascs the authors found lestons of
the adrenals and severc lesions i the Iver spleen bone marrow and
ntestines

Cases such as those deseribed by Parsseau and Lemaire are uncommen
to-day but were reported by many obsery ersduring thewar of 1914-18
Moner Vinard and Teysonmcres both described cases quoted by Pass
seaw and Lemarre and Garmn et al {t917) noted adrenal syndromes
24 out of 590 cases of malarna of alf the common types The syndrome
i these cases developed muidiously The chmeal pictare was one of
pallor malarse_asthema great Joss of werght and branze discoloration
of the hands face and mucosa of the mouth

Dudgeon and Clarke {1917) myestgated the cause of sudden death
m cases of malignant tertian malana m troops and found changes 1n
the adtenals 1n most cases  They considered that such parhologxcal
lestans were associated with the vascular collapse which was the
strking climeal feature of the fatal cases

Fraga and Motra (1917) came to sumidar conclustons in regard 0
the amportance of adrenal falure as a cavse of death 1 malam and
m the same year MacDowell suggesred that the three symptoms
asthenta hypotension and bradycardin which were often found m
malassa mught have thesr ongin 1n. adrenal nsufficiency and associared
sympathetic hypotonus

Mary othet authors reported cvidence of adrenal fulure m malanz
both clinical and pathological (Flos: 1944) but the first expernmental
mvestigation of the problem was conducted by Nawh {1934) who
reported the elimcal and anatomycal findings 1n a case of P_falaparmn
mfecyion and 1 a number of non-immune monkeys mnfected with
P loulss He found constant and charactensuc changes m the
adrenals and clamed that such lesions could account for the severe
symptoms and rapdly fatal course of the discase 1 both man and
monkeys The changes i the adrenals i severe cases predomnated
aver those mn all other organs—a finding which has nor atways been
confirmed  Natalt beheved that the lestons m the adrenals were
produced by the action of 2 malanal toxn

Peregrino and Brandao (t937) reported adrenal msufficiency (i
asthents low blood pressure etc ) i four cases ot malama associated
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the sodium plasma concentrations There was also a general climscal
improvement  Sodmm salts (chloride citrate and bicarbonate) also
relieved the chical picture and adjusted the elecerolyte corcentrattons
When desoxycorticosterone was gaven during the period of clical
acuvity of the msharna the excessive rice of potasstum concentration
durmg the paroxysm was checked and the blood pressure tended to
mse  Adnmumstration of erher desovycorticosterone or sodwm salis
significantly shortened the length of convalescence

Flosts results are pacetculacly mecresting i that they show that the
clnical development of adrenal symptoms m malaria may sometumes
be checked by the admmstration of adrenal cortscal extracts or sodwm
sals This may be eaken to mdicate the exsstence of adrenal an-
sufficiency clements 1n the symptom complex of the disease  The
mterpretation of hus findings wath regard to electrolyte concentrations
1n terms of adrenal changes however 1s not so obvious as he suggests

PATHOLOGICAL CHANGES
Macroscopic appearances

Parseau and Lemarre (1916) divided the esions observed in the
adrenal glands in acute malarnal cases dying 1n coma or from algrd
complicattons inta two groups 1e (1) those in which the predominant
change was one of degencration and necrosts and m which there was
Itle congestion or haemorrhage and (u) those 1n which congestion
and haemorrhage were the most consptcuous changes  The degenera-
tve type of gland was not atrophied or congested  The necrosis was
present manly 1 the mner zone of the cortex and the whole organ was
paler than normal the brght yellow colour of the cortex was Jost
and replaced by a umform dull grey yellow representn,, foss of hpord
substances  The pigmented zone was paler than normal In the
hacmorrhagic and congestive type of lesions the glands were deeply
engorged and the cut surface displayed many small blecding pots
and scattered arcas of frank hacmorrhage The organ was reddish grey
throughout and there were muny disuncr areas of necrosis chiefly
confined to the mner zones of the cortex

Dudgeon and Clarke {1917) m thetr invesugation of cases of mahg
mant tertien malana dying w acute cardiovascular falure found that
there was contmonly a dimunution n the amount of lipord substances
w all fayers of the cortex resulng m a distinet loss of the normual
yellow coloration  In addition 1 somse cases there werc areas of
exwenstve necross of the gland substance 1n both cortex and medulla
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Study of other morganic elements of the blood m malaria has also
provided evidence which could be nterpreted 1n terms of adre
msufficiency  Thus a rased plasma potassium concentration has
frequently ‘been observed 1n antmal and human malina and 1t 1
gencrally agreed that the concentrations obsery ed are i excess of those
wlich could be accounted for by the destruction of red cells as a resule
of plasmodual mvasion  The potassusm must therefore come from the
tissuc cells and Zwemer Stms and Coageshall (1940) have pomted
out that since the rauo of mtra’extra ccllular potassim 15 dependent
on the proper functiomng of the adrenals loss of mera~cellular potas
stum may mdicate some change in adrendl acavity  They suggest that
n addition the high potassium plasma concentrattons found m malana
may 1n themsclves be tovic to the adrenal glands

Flost (1044) recently invesugated the occurrence of adrenal signs
and symptoms n acute P falaparums P tnas and mrced malansl
mfcctions He found thae the inaidence of such symptoms was not
very great bue m mne out of twclve selected cases there was clin
evidence of adrenal msufficency  In crght of these cases m all of which
P falaparum was the mfecuve agent esther alone or 1n association with
P tnav he observed a persistently raised plasma potassum comeen-
tration and a reduced sodwm plasma concentration after antmalarial
treatment  In the ninth case these changes in clectroly te concentraton
were mamfest only during the adrmumstration of a salt defictent diet
In two other cases mfected with P 15144 without clnical signs of adrenal
disturbance an ncrease of potassiam and reduction of sodum plasma
concentrations occurred  during  the mualarial paroxysm  norm:
concentrations bemng restored 1n the apyrexial mtervals  Floss calls this
temporary change m potassium and sodim concentrattons _disionia
paludica and considers 3t related 1o the destruction of red cells at the
ttme of sporulation of the parasites and not to changes n the adrenal
glands  The latter however are probably present m cases which
echibit alterations of potasssum 2nd sodiwm concentranons dunng
the paroxysm and n which these concentrations do not return to
normal m the apyrexial pertod

Following laral treatment p symptoms of adrenal
msufficiency n Flosis cases were progressive asthenta anorewa loss
of weight and low blood pressurc  Restriction of sodum chloride
m the diet resulted m exacerbation of these symptoms and assoctated
changes m plasma electrolyte concentrattons = Admunstration of des-
0Xy COTtICOsterone acctate to cases of presumed adrenal msufficiency.
caused a rise m blood pressure and a fall of the potassium and s1se o
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zom reticulosa and bounded by the medulla  The cell columns were
completely dismtegrated by the haemorchages and the dilated vessels
and exteusive degeneration and necrosts of the parenchymal cells was
faund 1 assaclatton wth the haemorrhagic arcas  There were often
considetable areas of necrosts i which the whole tissue was dismteg-
cated and replaced by cytoplasnuc and nuclear debris - These necrotic
areas were often more extenstve than those the authors observed m
the purely degenerative type of glandular lesions  The normal
pigmentation of the cells was lost

Paussern and Lemare considered thar the necronc areas arose
primartly as 3 tesult of thrombosis of assoctated vessels bue beyond
referring to such thrombosts m general terms they did not produce
much positive evidence of 1ts existence

In both degenerative and hacmorchagic Jesions parasized red cells
were very numerous and m some cases appeared to pack the capiilanes

Lestons 1r other organs were not consprcuous winch m the author s
view established the pathogemc rote of the adrenal changes particularly
as 1 other cases examuned (g blackwater fever) m which clical
evidence of adrenal msufficency was licking lestons of the adrenals
were not chvious

Histologieal changes similar to those described by Passsean and
Lemaire have also becn observed by other workers in fatal cases of acute
malarta associated wath apparent clmical evidence of adrenal msuffi
cency Mosc other authors however have descnibed a type of lesion
which mncludes clements of both those described by Paisseau and
Lemasire Thus Dudgeon and Clirke found a constant reduction n
bipord contene i all layers of the cortex and a reduction m chromafin
ussuc 1 the medulla Malanal prgment was present i the endothelral
cells of the smuses and 1 macrophages lymg m the smuses  The
authors also refer to such pigment as beng present in the parenchymat
cells ‘Thts was also noted by Thayer (1399) but has not been reported
by other observess There was extensive necrosis of the parenchymal
cells m both cortex and medulls and the blood vessels of the organ
were congested  In some deeply congested glands there were also
haemorrhaees into the substance  The cortical tissue showed matked
granular degencravon and vacuolrzanon of the cyroplasm of the
parench m.z%V cells In some cases the degeneratve changes were
confined to scattered areas which appeared to be associated with
the prosence of vascular thrombosis  The vascular congostion and
haemorrhage varied considerably in degree and posinon m different
glands 1n some the cortex wis primantly affeeted - others dhe
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and congestion of blood vesscls in both In the more deeply congested
glands small haemorrhages were common throughout  the gland
substance
Natalt (1934) described the adrenals i 2 single case of acute malig
nant tertan malaria from West Afica He found oedema of the capsule
and dilated and congested blood vessels throughout the gland  There
were arcas of necross m both the cortex and medulla p:uncularly
concentrated n the mner layers of the cortex
These authors all refer to extensive damage to the adrenal
cases of malarta associated with clincal signs suggestive o
myolvement but many other workers have cither not observed such
lesions 1 autopstes of clinically stmlar cases or have faled to refer
specifically to the adrenal glands in their reports It 1s farr to assume m
the latrer ‘case that lesions of the glands 1f present cannot have been
It appears therefore that changes in the adrenal glands

consp
arc not constantly present 1n acutc nualarma

Flnnds n

adres

Histological changes

Passseau and Lemarre (1916) described the hustological pictures of
the degencrative and haemorrhagic lestons separately In the degenera-
trve ghnd the spongiocytic cells had generally disappeared from the
cortical layers The parenchymal cells of the zona reticulosa were pale
and degenerate the degencration rangtng from sumple granular
changes to advanced necrosts with pyknotic homogeneous or broken
up nucler In some cells there was a clear zone of plasmolysis in the
nuclear region  The cell columns were broken up and indwidual
cells were often separated and completely disintegrated  Practically
all the cells in the gland were 1mvolved to some degree but the necrosis
was most conspicuous 1n the glomerular and reticular zones  In many
areas che damage was so extensive that the tissue resembled an amor-
phous mass of debrss In the fascicular zone the normal prgmentation
was frequently lost Degenerative lestons also accurred in the medulla
but these were less extenstve and less developed than those m the
cortex The blood vessels were not grossly mvolved and there was no
apprecuable congestion  Cellular mfltraton was common 1 the
cortico-medullary junction zone

In the haemorrhagic type of gland there was mtense congestton of
the venous vessels The cut surface was covered with small haemorr~
hages and the vessels of both cortex and medulla deeply congested
and thrombosed The haemorrhagic zone was on the whole concen-~
trated mamly mn the mner half of the cortex mvolving espeenily the
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sumular lesions m the adrenals although all are agreed that m the non-
immune and untreated antmal the disease 15 rapxgly fatal Rigdon and
Stratman-Thomas (1942) for mstance carned out careful autopsies
on 26 maccacus monkeys mfected with P Lnoulest  All thesc
ammals echer died of the disease or were killed mn the acute stages
Gross pathological changes werc seen only m the hver and spleen
and pathological changes 1n the adrenals were relatively mconspicuous
consistng of scattered small haemorthages scen i only a few monkeys
mostly m the region of the cortico-medullary junction The vessels of
the glands were congested and filled with parasiiized red cells They
concluded 1n disagreement with Natali that although adrenal lessons
mught be of tmportance 1 _human malaria they could be of Lrtle
sigmficance m monkey malaria since they were so seldom found
Taltaferro and Mulligan (1937) do not refer to changes m the adrenans
mn acute P hnoulest mfections m M mulatta but m cases m which a
fatal relapse occurred after successful treatment of the primary attack
they mention general pathological changes 1 various organs ncluding
degeneration of the parenchymatous cells of the suprarenal

According to Taliaferro and Mulligan (1937) there 1s not much
evidence of extenstve phagocytosis of pigment or parasiized crythro
cytes n the adrenal glands in malaria  Reference has been made above
to the findings of Dudgcon and Clarke who reported phagocytos:s by
macrophages’ the endothelial lining cells of the smuses and occasionally
by the parenchvmal cells themselves Others have recorded phagocy-
tosis by macrophages or polymorphs (Pringault 1921 Thayer 1899)
and by the hittoral cells ofPthe smuses On the whole however phago-
cytosts does not appear to be a promunent feature of the adrenals
reaction to malaria 1n etther human or monkey hosts Talaferro and
Cannon (1936) for imstance found that the macrophages n the
adrenaly of Panamaman monkeys or Af mulatta played little part m
the defence agamst acute P brasthamum or P knowlest nfecuons
respectively Thus 1n the late stages of acute P knou st mfections
although parasitized red cells were extremely common wn the blood
vesscls of the adrenals phagocytosis was represented by at most only
a few small discrete granales of pigment 1 a few monocytes or small
polyblasts (Tahaferro and Mulligan 1937) In chromc infections as n
mfections of splenectonuzed ammals some phagocytosis was observed
1n the littoral cells of the sinuses  For mstance m one monkey whick
died from an acute relapse of P knon lest malara following the suceessful
control of the primary attack the littoral cells contaned considerable
amounts of pigment
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medulla Parasites were present m the red cells i most cases but the
degree of parasitization of the blood varted greatly from case to case

Necrosis of the parenchymal cells of the af{cmls mn human malara
and thrombosts of the vesscls of the glands presumably accounting
for the degenerative changes of the ussuc have also been described by
Wenyon (19.2) and Barker (1895)

As mentioned above however other workers have not been
mpressed with the appearance of adrenal changes at autopsy 1n malarial
cases Thus Pringaule (1921) reported some degree of vascular con-
gestion but made no reference to degeneration although i one case
there was some proliferation of pernvascular connective tissue Talia
ferro and Mulligan (1937) quote Levi-Valenst and Montpellier as
failing to find noteworthy lesions mn the adrenals n three autopsies
of malania cases

Natah (1934) examuned the adrenals i onc case of P falaparum
mfection and i eight monkeys which were supermfected with P
knotlest He concluded that m acute malara anatomucal changes m
the adrenals could arise independently of concomutant changes m other
organs and considered that such lestons were responsible for the raprdly
fatal 1ssue of algid and comatose malaria  The seventy of the patho-
logical changes seen was apparently independent of the degree of para-
sttaema observed 1n the glands at autopsy or of the stage of parasinc
development  The lesions were fundamentally haemorrhagic and
necrotic n type and affected chtefly the zona fasciculata which was the
centre of necrotic damage and the zona reticulosa which suffered
chuiefly from haemorrhage and congeston An  mflammatory
response on the part of the host referred to by Passcan and Lemaire
as carly cellular imfiltration of the cortico-medullary region was
present 1n the form of a diffusc mfiltration of the tissues with Iympho-
cytes lustiocytes and plasma cells

Natah considered that the degeneratrve and necrotic changes m the
parenchymal cells could not be considered speafic to the malarnal
mfection but were probably simular to those secn 1 other degenerattve
mflammations of the glands and exhubited the basophilic granular
degeneratc changes m the cytoplasm charactensiic of such nflam-
mations He defined the malarial lesions of the adrenal as bemng
a congll 1on of d necrosts haemorrhage vascular
congestion and thrombosis cellular infiltration and oedema He
believed that the lestons arose primarily as a result of the actvity of 3

malaraal toxin
By no means all observers of acute monkey malania have remarked
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f1se m blood non protemn mitrogen bue this agan has been frequemly
demonsteated by others m ternunal mfecttons

It seems reasonble to suppose therefore that adrenat wnsufbciency
may anse during the course of a malarial infection but before aunbue-
1ng the symptarns descrtbed above ro fature of the adrenal glands due
allowance must be made tor the fact that malaria 15 a general discase
w which the attack 1s felt by many organs besides the adrenals De-
rangement of the glucose concentration of the blood for mstance
mught anse from lwer dysfunction  Similarly a rise 1 nrea mtrogen
nught resule from renal faure and so on The grest difficulty with
tegacd ta the adrenals w ralatz appears to be not so much to determine
whether the glands are nvolved as to deeide what part adrenal dysfunc-
tion plays as a pmary factor i productng the cltmical picture of acute
permerous malana  As was pownted out above although there 15 2 good
deal of evidence to show that 1n certain cases pathological changes
aceur panctpally in the adrenals ro the exclusion of other organs and
are seveze enough to damage the gland and interfere with 1ts function
there 15 also 2 considerable amount of negatrve evidence parncularly
1 monkey malarra which indrcares that the signs and symproms of
adernal fulure may occur without corresponding pathologieal changes
m the glands If we are 1o suppose that adrenal insufficiency oceurs in
malania we must therefore find an explanation for such functional
deviations with or without anatomical changes 1n the glands

Passeau and Lemare ascbe the changes they observed n the
adreral glands o the acavity of a saluble nmhm{ toxm but such a
tactor has never been 1d d Thep of the deg
xzyc of lesion they describe 15 exiremely dufficule to e 1s2ge although
the patlor of the organ and absence of cangestion suggest some inter-
ference nth the blood supply The other lesion m which con%cmon
and harmorrhage predomunate and whuch 13 commonly described by
other workers 15 easier to understand since such visceral congestion
15 the general accompantment of the type of curculatory tarure wiich
15 2 charactersstic feature of the chinicat conditions of comatose and
alged malacia described abave (Moon 1938}  The congested state ot
the organ indicates a slowing down of the errculation through 1t and
would jead a5 other organs {¢y, the bram) to concentration of the
cellatar clements of the blood due to loss ot plasma find ro the nssues
Stasts_wath complete temporaty obstruction of the ccculstion theough
the affected vessel would gollow wn severe cases and produce lesions very
simutlar superficully to thrombosis such as described by Paisseau and
Lemaire The ewstence of rrue thrombasis would comphcate mazters
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An mteresung change deseribed by Talaferro and his associates
1s the development of extramedullary erythropoiests m the adrenals
m both P eynomolgr and P knou lest infections (Taliaferro and Mulhigan
1937 Abcrle 1945)

PATHOGENESIS

Complete removal of the adrenal glands in an ammal gnes nsetoa
raptdly fatal condiion an which the cardinal signs are anorexia
vormiting diarrhoea asthenia and prostration and rapid loss of weight
These signs are associated with a ¢ derable fall of body temp
and an apprecaable reduction m the basal metabolic rate a fall m
chloride and 1 total plasma base due mamly to loss of sodium and 2
rise m plasma potassium and non-protem mitrogen This condition
can be relieved by the adnunistration of either adrenal cortical extract
orsodumsalts Tnman adrenal msufficiency gives rise to the syndrome
of Addisons disease charactenized mamly by asthema low blood
pressure vomuting and gastro-intestinal disturbances Jowered meta-
bolic rate and subnormal body temperature hy pochlorhydna hypo-
glycacrma a fall of plasma sodwm and a nisc of plasma potassum
and the appearance of p ton due to dep of melann
mn the shin ‘and mucous membranes  Improvement may result from
adnumstration of adrenal cortical extracts or sodium salts  Exacerba-
tion of the symptoms 1s produced by 2 low salt intake

The siilanty of the above symptoms and signs to those of algd
malara 15 very striking For mstance Parsscau and Lemarre describe
a malartal condition 1 whuch the chicf features are asthenta low blood
pressure  peripheral vascular fallure and digestrve disturbances asso-
crated m the more chromnic states with brown pigmentation of the skin
and very considerable loss of weight Flost found similar syndromes in
cases infected with P falaparum and furthermore found that the symp-
toms were aggravated by restniction of salt intake (the provocative
tests of Wilder (1938) and Harrop (1933) ) and were often relieved
once the malarial infection has been treated by the adminsstration of
desoxycorticosterone or sodinm salts The biochentcal features of the
blood were also 1n many ways sumlar to those of adrenal msufficiency
the prmeipal changes bemg 2 nse i potassium and fall 1 sodwm
plasma concentrations  In hus series Flost was not able to demonstrate
hypoglycaemia but as will be scen in Chapter IV a fall of blood sugar
has been described by numerous other authors during the paroxysm
and 1 the Jater stages of fatal infection  Flost also failed to detect any
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ssc m blood non-protern nitrogen but this agun has been frequently
demonstrated by others m termmal mfections
1t scems reasonable to supposc therelore that adrenal wsuffictency
may ansc durtng the course of a malanal mfection but before attribue-
tng the symptoms deseribed above to fatlure of the adrenal glinds due
allowance must be made for the fact that malarra 1s a general disease
1n which the artack 15 felt by many organs besides the adrenals De-
of the glucosc of the blood for nstance
mught arse from hver dysfunction  Similarly a rise n urea mitrogen
mght result from renal falure and so on  The great difficulty with
regard to the adrenals m malarta appeats to be not so much to determune
whether the glands are mvolved as to dectde what part adrenal dysfune-
tion plays as a primary factor i producing the climical picture of acute
permcious malarta - As was pounted out sbove although there 1s 2 good
deal of evidence to show that in certain cases pathological changes
oceur prinaipally 1n the adrenals o the exclusion of other organs and
are severe enough to damage the gland and mterfere wath its function
there 15 also 2 considerable amount of negauve evidence particularly
n monkey malaria which mdicates that the signs and svmptoms of
adrenal fature may occur without corresponding pathological changes
1 the glands  If we are to suppose that adrenal insufficiency occurs in
malara we must therefore find an cxil‘;manun for surh functional
deviations with er withour anatomical changes mn the glands
Passeat and Lemare ascribe the changes they observed m the
adrenal glands to the activity of a soluble malaral toxan bue such a
factor has never been 1d 4 The pathog: of the
pe of leston they describe 15 extremely difficult to envisage although
the pallor of the organ and absence of congestion suggest some inter-
ference with the blood supply  The other lesion 1 which congestion
haemortrhage predommate and which 15 commenly described by
other warkers 15 casicr to understand stace such visceral congestion
15 the general accompaniment of the type of crrenlatory fartlure which
15 3 characterssuic feature of the climtcal conduttons of comatose and
algid malana described above {(Moon 1938) The congested state of
the organ ndscates a slowang down of the circulanon through 1t and
would Jead asn other organs (e, the brain) to concentration of the
ccllular elements of the blood duc to loss of plasma fluid to the ussues
Stmis with complete temporary obstrucnon of the circulanon theough
the affectedvessel would follow in severc cases and produce lestans very
swlar superficially to thrombosis <uch as described by Pawseau and
Lemare The ewustence of srue thrombosis would comphicate matters
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An mteresung change deseribed by Talaferro and fus assocates
15 the development of extramedullary erythropoiesis m the adrenals
mn both P eynomolgiand P knou less infections (Talaferro and Mulhgan
1937 Aberle 1045)

PATHOGENESIS

Complete removal of the adrenal glands i an ammal gvesnse o 2
rapidly fatal condiion m which the cardmal signs are anorewa
vonuting duarthoca asthenna and prostration and rapid Joss of weight
These signs are assoctated with a considerable fall of body temperature
and an apprecusble reduction i the basal metabolic rate a fall m
chloride and i total plasma base due marmly to loss of sodiim and 2
risc 1 plasma potassium and non-protem mtrogen  This condimon
can be relteved by the adminstration of exther adrenal cortical extract
or sodwmsalts Inman adrenal msufficiency gives nsc to the syndcome
of Addisons disease charactenized mamly by asthena low blood
Ercssurc vomting and gastro-mntestinal disturbances lowered meta-

olic rate and subnormal body temperature hypochlorhydna hypo-
glycaemua a fall of plasma sodwum and a mse of plasma potassum
and the apy of p duc to dep of melanm
1n the skin‘and mucous membranes Improvement may result from
adnumstranion of adrenal corucal extracts or sodum salts  Exacerba-
tion of the symptoms 1s produced by a low salt intake

The sinilanty of the above symptoms and signs to those of algid
malana 1s very striking For instance Paisscan and Lemaire describe
a malanal condition i which the chuef features are asthenia Jow blood
pressure  peripheral vascular farlure and digestive disturbances asso-
crated 1 the more chronic states with brown pigmentation of the sk
and very constderable loss of wetght Flos: found sinular syndromes m
cascs infected with P faleiparum and furthermore found that the symp-
toms were aggravated by restriction of salt ntake (the provocative
tests of Wilder (1638) and Harrop {1933} ) and were ofien scheved
once the malarial infection has been treated by the admmustration of
desoxycorticosterone or sodum salts The brochemical features of the
blood were also 1 many ways sinular to those of adrenal msufficiency
the prmcipal changes bemng a nse m potassium and fall m sodwm
plasma concentrations  In hus series Flosi was not able to demonstrate
hypoglycaemsa but as will be scen i Chapter IV a fall of blood sugar
has been described by numerous other authors durmg the paroxysm
and 1 the later stages of fatal infection  Flost also farled to detect any
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ansing mmediately the oxygen supply to the parenchyma begins to
fal When arceulatory fatlure 15 rapid and progressive functional
changes develop raprdly and are followed by degenerative and necrote
anatomical changes and 2 vicwous arcle 15 estabhished whereby the
cireul derang 15 exacerbated by the effects of glandulac
dysfuncnon A state of anoxia i the adrenal glands thus atfects not
only the Jocal tssuc but all other organs normully swfluenced by the
adrenal secretions of the glands  The effects of such anoxia have been
studied 1n anwmals suffering from arnficutly induced anoxic 2noxa
At first there 15 ofien a transient sumulation of the adrenal medulla
wath the production of excessadrenatm which produces its charactersne
effects on other organs e g the hver with the mobibizanon of glucose
fram glycogen and consequent hyperglycaemuia  As anoxia develops
the a§tcnﬂ glnds become exhausted and signs and symptoms of
cortical falure begn to appear {Cannon 1922 Groliman 1936}
For wnstance Guragossintz and Sundstroem (1937) have shown that
rats when kept for some time m an aunosphere conmaming a low
oxygen ually develop 2 synd stelar to thar
produced by adrenalectomy and which can be rehesed by the
admuustration of adeenal cortical extracts  Profonged anowra gave risc
to cellular damage congestion and haemorrhage m the gland substance
Emerson and van Liere (1938) reported a simtlar reduction of medul-
lary effictency i cats after exposure to low owxygen concentratrons
for some hours the adrenalin output of the adrenal folling by 40 per
cent from normal

Te 15 clear that the development of snoxic conditsons 1 the adrenals
will zive rise to symptoms of adrenal msufficiency i ammals and there
1 heele doube that ssmular symptoms would artse m man under che
same condisions  Hence with or without gross anatomical changes m
the adrenals m mualatra where all the elements for the production
of gross anoxia of the tissacs exast 10 15 not surprisg that sins of
msufficency of the adrenals are extubited

HEART
CLINICAL

In acute uncompheated mulata the heart 15 seldom semoushy
affected  Sprague {1946) reviewang observations made on some
thousands of cases of malaru scen 1t the South Pacific area during
the 193945 war found no clear~cut case of malirtal heart discase
Electrocardiographie exapunations of some of these cases revealed
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still further but evadence of this 1s not very comunemg so for 2s can
be ascertamed no careful histological studtes of lestons have been made
with a view to identifying fibrn in the apparently obstructed veseels
Either thrombosis or” stasts 1f contnued sufficiently long would
impede the airculation to the pomt of producing a state of complete
anoxta m the ussuc dependent for 1ts oxygen supply upon the par
ticular vessel conccmch and changes 1 the local par:ncﬁ)m.: would
result first i degeneration and finally m necross  As m other organs
the anoxia atself would give e to physiological changes n the vessel
wall resulting 1n diapedests of red cells and possibly later m frank
hacmorrhage In the fhm stages of the disease further vascular obstruc-
tion leadmg to enhanced anovia might develop from the formatton of
sludged cells as described by Kmscly (1945) Finally obstrucuon to
the blood flow through the adrcnals mught arise from changes induced
m the vessel walls mcluding swelhng and phagocyttc acuvity of the
lietoral cells of the smuses  From all accounts however such changes
are unconimon

Once the blood flow through the adrenal glands had been slowed
and obstructed n this manner degenerative lesions would develop
rapudly and imnterference with adrenal function would result gving
rise to physiol I effects including hyp which would tend
to aggravate the general arculatory changes

In cases 1n which no obvious lesions of the adrenal glands are found
although the clincal features indicate some adrenal dysfuncuon 1t 15
possble that changes 1 the glandular crrenlanion sumular to those
described above take place without complete vascular obstruction
5o that the final stages of degeneration and necrosis of the parenchyma
do not develop the ovygen supply to the cells bemng reduced but not
totally abolished

From the clucal and pathological evidence avatlable 1t 15 mot
possible m most cases to decide whether the adrenal msufficency was
developed suddenly and violently enough to preciputate a general
arculatory crsis or whether the vascular fatlure arose from generalized
mcreasing loss of arculating plasma flud resulung from mjury to the
vascular endothelium and the adrenal changes arose secondarily to
the vascular failure  In view of the changes 1 other organs and the
relatvely frequent absence of changes in the adrenals the lateer
possibility appears the most likely If this argument be accepted
therefore 1t can be taken that the lesions found mn the adrenals like
those of most other organs i malania develop pnmanly from arcula-
tory disturbances derangement of the functional actiity of the gland
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symptoms were considered to result from cardac farlure  akhough
m most cases the descniptian guven by the authors 1s much more that
of gencrahzed vascular collapse In another group of patients described
s sepicaemue  the outstandmg sign was 2 very high content of
parastees in the bload and ussues and noticeable degeneratise changes
1 the heart muscle  Faral cases i this group m many of which the
predommating stans were cerebral did not show marked symproms of
heart faure dnod just at the end of the attack

Evidence of cardiac fulure or impaired cardiac function 1s sometimcs
found also m malana of longer duration  For instance Giordana
{3538) 1 a senes of radological and clinical obscrvattons on 415
malarta patients repatriated from Iaban East Afiica on account of
sickness found some form of carduac distarbance 1n 6o and con-
cluded that malana was capable of producing crreulatory and towic
changes mn the myocardium the most mporeant cluucal sigos of which
ware vanous degtees of cardiac dilatation

This axchor has also recently deseribed nghe bundle branch block
and T wave chinges n malara (r940)  Sprague (1946} on the other
hand found no cardnac sbnormahines 1n 3 series of 5o cases of recurrent
malaria srudied electrocardiographcally  All except one of these cases
were P inax mfections of up to 33 months duration the exception
bewg a case of P faluparmms malaera 1n swhich the wfection had been
2cquired three mon hs before exammaton In some cases the electro~

cardiograms were recorded after the chull duning the febrile stage
Heart fulure associated wath exireme pathologscal changes m the
carduc musele has

been described esprully by the ofder wuters
wn the state of malarmal cachevia As Sprague pownts out sn such cases
w15 however impossible to distingursh between the cfficts st the
mabartal anfiction and those of the vartous nutrional deficencies
and other factors which accompany the condition
Ruchen {1945} says thar cardiac falure accounts for most deaths
n blackwater fever ' On the other hand Stephens after reviewing
the Inerature up to 1937 concluded that renyl farlure cansed death m
the f2 al case and heart fulure only a small proportion of the
remamder In 2 seres of fatal cases amongst Briush troops 1n West
Aftica 1n 393143 the findings were simular to those of Stephens
Renal fulure was the predomimnant feature 1 most cases and heare

fatture as dustnct from generatized vascular collapse was scen n very
cW

In primate malay

r1a the heart may also become myolved m the tssue
damage wrought
¥

by the disease ‘but there 15 lrtle clneal evidence
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occasional ventneular and auncular premature beats low T waves
assoctated with anaemia  and sinus bradycardia and tachycardnn In
some cases functional systohe murmurs‘were detected ~ Kean and
Smuth (1944) 1n 3 summary of the clinical findings mn 100 fatal cases
of P falesparm infecnion dymg mn the Canal Zone (Panama) between
19.5 and 1942 tnclude cyanosis and gallop thythm and a fase thready
pulse wlich nught possibly have derved from cardiac meolvement
Vague bradycarda rus been reported by Anderson (1927)

In morc severe cases didatation of the nghe side of the heart has been
observed (Marchnafaia and Bignamn 1900) and many authors have
attributed death to cardiac fullure  For mstance Crarg (1909) refers
to a casc descrrbed by Ewing tn whtch the clinseal precure was primarly
onc of cardiac fmlure assocated p Ily with an overwhell
nfection m which parasites were Partlcuf'nrly concentrated in the vessels
of the heart  Seyfarth (19.6) concluded from analysts of the Lterature
that cardiac and algrd symptoms together could explan 1y per cent
of all the deaths in malaria  hean and Smuth (1944) however found n
their fatal cascs of malignane tertian malaria hetle evidence that cardiac
failure por se was responsible for death  Sprague's observations agree
with those of kean and Smuth He found that malana seldom caused
death by direct myocardual involvement and that the heart was not
found to be greatly affected n patients dymg of other complications
hatchen (1941) included syncope and heart fgﬂurc as a cause of death
m P falparsm infections but did not give any esnmate of the fre-
quency of such deaths  Other authors (e g Micheletn 1920 1930)
refer to heare farlure 1n acute malana_but do not distnguish between 1t
as a purely termunal occurrence and as a predomtnant chnical state
Substantial accounts of catdiac failure are gven by Gaskell and Millar
(1920) and Dudgeon and Clarke (1917) who describe 1t n malignant
tertiant cases n the 1914-18 war Dudgeon and Clarke mvcmgatcd
the cause of death mn Serbuns from mahgnant tertan malana
Salonika durng the 1914-18 war and noted that purely cardc
phenomena were frequent and were assoctated sometimes with collapse
and sudden death  They came to the conclusion that the cause of death
1n such cases was heart fulure brought about by the intense degenera-
twve changes demonstrated 1n the cardrac muscle at autopsy Gaskell
and Millar n a simlar series of cases also n Saloruka ~described
three modes of death m one of which the pathology centred round
theheart They consdered that as a result of repeated attacks of malania
and the added factors of fatigue and exposure cardiac farlure developed
in these cases and was the primary cause of death  The predomunant
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fonnd mucroscopic changes m the heart an cortamn types of P falo-
parsn infecttons There were no abrormal appearances m the heare
after death from cerebral malarsa buen the sepncaenuc and cardiac
types of case the changes were often pronounced  In the former
which cardsac farlure was 2 termunal phenomenon the heart cavines
were all gready didared and the muscle was soft pale and frable
the vessels + esc grossly congested In the cardiae cases 1 which
carduac fadure vas the prmapsl chinseal feature the hract was agamn
considerably dilated espectally on the nighe side Th muscle was pale
flabby and very soft and the vessels were not greatly engorged
Occastoral mui’l haemarthages were found m associamon with the
small vems Rusdon (194.) has reported changes stmslar to those
descibed by Gaskell and Millae in therr cardiac cases in a chuld which
died from acute uncomplicated P falaparim malaria - The heart muscle
was pale and flabby and the cavties dilated  Unlike maost other authors
however Rigdon reposted that the blood found within the heart was
fwd and contamed no clot He regards thus Latter finding, as sipmificant
since simular failure of the blood to clot 15 charactenistic of shock (sec
Chapter X11) Nauch (1934) and Rigdon and Stratman-Thomas
{1942) have described didatation of the heart with flabby  pale muscula-
ture m severe cases of acute P knon kst malaria tn monkeys

Histological changes
Parasstes

The clnt found 1 the heart cavines ysually contams many parasirzed
red cells (Marchiafina and Bignamu 1900 Craig 1909} Ragdon
(194.) found parastees (1 per cent of which were segmenting forms)
1n the hquid blood wlich was present 1n the cavities of the hears m hus
case of P falespaninn mfection

Parasitized red cells and often free parasites can usually be found 1n
most of the smaller vesscls of the heart  Somenmes they may be
present tn enormous numbers and may appear to block the vesscls
{Dudgeon and Clarke 1917 Crarg 1909 Deadenck rg11) When
present i lacge numbers they are usually accompanied by pigmented
macrophages muny contaung  phagocytosed erythrocytes  both
parastized and unparantized  In general the heart vessels contam
fewer parasites than those of dhe splen and bone matrow  Ewang s
case {quoted by Craig 1909) m which the vesscls of the heare muscle
contaned a greater propertion of parasites than the other organs of
the body 15 cxueptional two generations of parasites were observed
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as a rule of cardiac fatlure cxcept as a termmal event  Ragdon and
Stratman-Thomas (1942} found cﬂ:ngcs wm the heart muscle in monkeys
dymng from acute P knoulsi infections associated i some ammals
with dilatation of the heart They suggested that myocardnl failure
nught to some extent account for many of the lesions found 1 other
organs ¢ g the central necrosis m the haer  Iras morclikely however
that the lestons in the heart and other organs resule from gener
arculatory fallure rather than from pumanly carduc falure (s
Chapter XII Rigdon 194. Moon 1938 Macgraith 1944 hean
and Taylor 1946)

Tt will be noted that opumton regarding the importance of cardac
mvolvement m malana 15 divided” On the one hand many authors
consider cardiac fallure to be the primary cause of death in a large
proportion of their cases whereas on the other hand other worhers
have found 1t very infrequent except as a stnetly termunal event
This wide divergence of experience 1s due to some cxtent to confusion
between cardiac falure per st and vascular collapse of the ty pe of medical
shock (Atchley 1930) in which the essential processes are quite different
m that the heart 1s unable to mamntain the airculation because of m-
adequate venous flow and not because of muscular fallure  Another
explanation for the disagreement amongst observers may be that the
more recent workers who have fatled to find much evidence of cardrac
fulore have been dealing mamly with a selected population lyng
roughly with the young adult age group and under malaral control
discpline It 15 also possible that strains of parasite vary 1n their effect
on the myocardium most sertous cardiac cases for nstance have
been reported from Europe whercas Sprague s cases (for example)
were infected in the Pacific area

PATHOLOGICAL CHANGES

Macroscopic appearances
Marchnafava and Bignamu {1900) reported flacardity of the heart
muscle and occastonal subpericardial haemorrhages in acute malara
The chambers of the heart were dilated parnicularly those on the nght
side and often filled with coagula of corpuscles and fibrm  Stnular
findings have been recorded by Craig (1909) who stated that there was
lietle charactersstic 1n the appearance of the heart except in very severe
cases m which the muscle was anzemuc pigmented and flabby
Deaderick (1911) also noted a pale and flabby musculature but found
few signs of degeneranion m the muscle  Gashell and Millar (1920)
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seems probable that the mononuclear cells described by Gaskell and
Mullar and others tn the lumen of the vessels were wireutating lencocytes
and phagocytes

Thrombosts of the vesscls of the heart 15 a rare phenomenon m
malania Gaskell and Millar found no evidence of it Other authors
have reported that the vessels may be tntensely congested and filled
with red cells parasiized red cells and vanous kinds of white cells
and phagocytes and malarial pigment but do not specifically mention
thrombosts * Dudgeon and Clatke for mstance also refer freely to
blocking of the vessels of the heart with heawily infested red cells ‘and
suggest that such blocking may be of a temporary nature and quute
distinct from exther thrombosis or embohism

The carhier writers apparently considered thar dc$cncramc processes
were secn only 1 the most severe eases of malana (Craig 1909
Deaderick 1911) but m recent years it has been shown that degencra
tzon and necrosts are common n the heatt muscle even i cases which
extubie no climeal signs of cardiac myvolvement Wenyon (19.2)
described degencrative changes 1n the muscle symilar m many respeets
to those found 1n the toxaenma of diphtherna and towc degeneranion
was demonstrated by Gaskell and Millar (r9.0) and Dudgeon and
Clarke (1917) The former found that m cases of cucbra% malaria
there were often some degrec of farty degencration of the muscle
and what were described as globules of 1rregular stze clustered
especnally thickly at the two poles of the nucleus  In one case of this
kind there were finely scattered droplets of fat i some of the fibres
which also showed some In the sep type of
mfection charactenized by a heavy parasitaemia the muscle fibres
were fr d hubed a pi d degree of fatrv degenera
ton the whole of the contractile substance beng pow dered over with
fine globules of fat  Striation was poorly marked In cardiac cases
the lesions were of the same type as those n the septicacmuc cases
but not so extenstve  Fat was agamn n evidence around the nuclens
Dudgeon and Clarke also noted the similarity between some of the
changes 1n the heare muscle 1 acue malaria and those occurring n
dl&h(hcrn Fatty degeneration occurred m all of stx cases 1n five of
wiuch the degencrative changes were diffuse as m diphtherra whercas
1 the sixth the distrbation was icregular - The fat was present 1n the
cells mawnly n the form of fine droplets bur also as medium sized
and large masses They believed that the fatey degeneratne changes
were probably related 1o the apparent blocking of adjacent capllaries
and small blood vessels Mucheketts {19.9 1930) reported myocardial
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by Baker mn cnormous numbers 1n the blood of the heart 1n a fatal
case of bemgn tertan malariz (Marchafava and Bignamu  1900)
Gaskell and Millar (19.0) found parasitized cells not very numerous
m cercbral cases of malignant tertian malaria although the capil
lanies of the muscle usually contamed some ring forms anda few roscttes
In the septicacnuc form of the discase parasites were extremely
numerous and all stages of the Ife cycle from the ning form to the
mature schizont were present Some parasies of the so-called filled -
ring type were found free in the muscle In the cardiac type of case
mtracorpuscular parasites were plentifal and 1 all stages of develop-
ment In Ragdon s case the vessels of the myocardium were filled with
parasitized red cells  Sinular findings have been reported m acute
simuan malana (Tahaferro and Mulligan 1937 Rigdon and Stratman-
Thomas 1942) Menon (1939} 1 P knoulest infections in monheys
observed parasites which like those described by Gaskell and Millar
appeated to lic free 1 the muscle eells  On closer examnation
however these all proved to be within small vessels

Vascular and degencrative changes

The vessls of the cardac muscle ate sometimes found to be dilated
congy an ded  Oc 1y small haemorrhages may be
found 1 the muscle substance about the vessels especually the small
veins  Gaskell and Mullar (1020) 1n their septicacmic cases described
extreme congestion of all the large vessels and congestion of many
but not afl capilfanies In some cases the latcer were widely distended
but were not filled with red cells In the lumen were parasites parast-
uzed red cells free prgment and prgmented polymorphs together with
cast off endothelial cells  There was no marked perivascular cellular
mfiltranon  Deadersck (ro11) states that the endothelum may be
swollen pigmented and show fatty degencration Gaskell and Millar
descnibe finely granular prgment m the endotheltal hining cells of the
capillaries and artenies together wath fatty degenerative changes
They also describe degenerate endothelial cells 1 the vesscls contain-
wng granules of prgment  Few authors other than Gaskell and Millar
have however noted any phagocytosis by the endothelal hmng
cells of the vessels although Talaferro and Mulligan believe st may
accur 1n exceptional circumstances and Merkel (1946) has recently
reported st m P falaparum wnfecuons  Michelen (19.9 1930) farled
to find any evidence of engulfing of exther parasites or pigment 1n 3
careful study of the heart m five cases of mahignant eertan malana
He could also find no degencrative changes in the endothehum It
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muscle as 1t 1s i the bram so that interference with blood flow ma
given vessel 15 rapdly reflocted sn damage to the ussue 1 supphes
Plugging occurs commonly m the victmty of bifurcations of the
small vessels {(Merkel) a phenomenon also obscrved m the bram
(Arenr 1936) Fnally ason the bram the lestons tend to concentrate
in regions where the anatonucal arrangements of the blood supply
are poorest m this case 1n the smaller branches of the vaseular tree
Merkel states that the eszons m the eardiac muscle m hus cases resembled
mfarcts and that their distribunion was patchy and not unlike that of
emboli He and many others refer to thrombosts of the blood 1n the
vessels m thus connection but do not offer much firm evidence of ns
existence on any appreciable scale

The total occluston or tmpedance of the blood flow to the heart
muscle i an affected area leads o pathological changes m the ussuc
whch are deternuned to some extent by the severty and duratton of
the malarual attack Two quite distinct types of degenerative change
have been described m the heart muscle  Farst there s the appearance
of 2ccumulations of small fat globules around the poles of the nucter
of the muscle cells and sccondly the irregular dev cfopm.:nt of diffuse
fatty degencrative changes appeatmg as very fine globules of fat
distrrbuted through the ¢y toplasm of the cells

lobular degeneration resembles very closely that seen i the

so=called brown atrophy of old age The granules are brownush yellow
and do nat rake up ordmacy fat stams It 15 doubeful whether chey ate
fanctwonally sigatficant or prinarily related to malana smce stnulac
changes ate frequently scen tn the apparently otherwise normal heart
muscle of Eutapeans who have hved for some ame 1 the tropics

The second type of lesion ts a fatey degencration of the muscle cells
assocrated with gcss of striavon and fragmentation and often with
stmple granular degeneration It reserables the toxtc lestans of acute
wfecnons such as drphthera and 15 probably 2 phanerouc chanee
{Dible 1934) and daes not represent any gross increase w the total fat
of the organ  There seems to be no zvmliblc evtdence on this powe
Such a change 1 probably reversible m its carty stages

The degenerattve changes e the muscle probably anse from defi-
cent oxygen supply quent on facal lacory falure ag d
by the malinal amaemea It 15 possible that the myaty to the muscle
ussue 1s factlitated by 1ts considerable dependence for 1ts function on
carbohyd: bol which s very puble to oxygen lack
The snuall changes m acid-base balance sometimes obtaing . the
blood i malana may abo aggravate the inpury to carduc muscle
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changes icluding fragmentanon and necrosts of the muscle cefls m
two cases of mahgnant ternan malania  Lesions of the heart muscle
resembling mfarcts have been described recently by Merhel (1946) m
two cases of P falaipartm ifection 1n both of which there was heavy
patasitaenua The areas staned poorly with haemotoxyhn and eosin
and contawned no fat - The included muscle fibres had lost their striation
and showed some hydropic degenerative change  The capillanies were

lugeed with parasinized cells paruicularly at brfurcations where true
thromb: appeared to have been formed It 1s not stated whether these
thromb: contamned fibrin - Merkel believes that clically the condinon
of the heart i these cases 1s like any other form of coronary occlusion
Menon (1939) has reported atrophy and fatty degeneration i the
muscle fibres m acute P Lnou lest fections i M muilatta

Gaskell and Millar observed an increase m lymphocytes n some
of their cases and mterstinial my ocardral mfiltration wuh?) mphocytes
plasma cells and large macrophages has been recently reported by Spitz
(1946) 1 cases of malignant tertian malana which occurred durmg the
1939-35 war No other evidence of cellular infiltranon or hyper-
plasia has been recorded n cither human or monkey malana

PATHOGENESIS
Heart fulure occurnng as a ternunal event n acure malara 15 seldom
ac d by speafic pathol 1 changes 1n the muscle other than

those associated with general cardiovascular collapse  In cases mn whicl
heart farlure 15 2 promunent feature of the disease and n long-standing
or repeated mfections lesions such as those described above are
commonly found namely plugging of the smaller s essels wath packed
parasiized and non-parasiized erythrocytes and assocrated scattered
areas of muscular degenerative changes  The obstruction or retardation
of the coronary blood flow which 1s brought about by the plugging
of the capillartes probably depends on thosc factors which determine
simalar airculatory changes m other organs 1¢ ncrease n cndothelal
permeability leading to stasts aggluunatian of the type Krmsely has
described  mechanical obstruction due to changes 1 the endothelial
linng cells of the capillaries and to the massed red cells phagocytes
free pigrent and parasites m the Jumen

In many ways the vascular changes i the heart resemble those
the bram (Chapter IX) The endothelial cells linmng the coronary
vessels are relatively 1mmpermeable so that mcrease of therr permea
bility leads readily to stasis  Collateral circulation 1s poor in the heart
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THE PAROXYSM
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ONCE synch y of has been and a pyro-
geme density of parasutes attaned the appearance of the periodic
febrile paroxysms corresponds closcly to the tme of sporulation
This comeidence of maturation and paroxysm 15 easily demonstrated
asarule n P vtax or P malansac infections but may be difficult to
show m P falsparum infections 1n which no high degree of synchrom
aty may be developed and i which matuse forms of the parastte
are seldom seen m the penpheral blood Nevertheless even m P
Selaparum malsria and in P {naulm mfections mn rhesus monkeys mn
which there are no obvious paroxysms st 1s often possible to demon
strate some relation between the peak of maturation and changes n
the blood uswally assocrated with the paroxysm (Zwemer et al
1940)

Tt 1s therefore assumed that there 15 some causal relattonship between
the maturation of the parasite and the development of the patoxysm
although 1t 1s not clear what this relation 15

When merozoites arc hberated nto the plasma at the distupnion of
the erythrocytes containg the nipe schizonts there are simultancously
released red cell debns the remains of the cytoplasm of the schizont
not included m the merozoites malaral pigment and probably
various soluble chemical constituents of the red cell and parasite
The symptoms and physical signs which accompany this process
nclude a rapid rise of bodily temp frequently accompanied
ngor and certain changes 1n the chermcal constituents of the \:loog
weluding a rise i plasma potassium a fall m sodm concentration
and a nise and fall 1n blood sugar cholesterol and phosphohpoids

These phenomena are essentially the same as thase produced by
many non-speaific pyrogenic agents ¢ g typhod vacaine  Aleschule

3%
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which 15 unusually sensitve to accumulation of acid metabolites such
as lactic acid

Brown and Locvenhart (1913) mvestgated the action of (alkaline)
haematin {which Brown and subscquent workers have identfied with
haemozom) on the airculation of dogs and cats and reported that it
causcd bradycardia dilatanion of the coronary vessels comstriction of
the superfical vessels of the legs and dilatation of the vessels of the gut
They considered that haematin which as Brown (1912) had previously
shown 1n rabbits could give rise to phenomena resembling those of the
paroxysm was thus a possible toxic factor m the producton of cardiac
changes i malana  Anderson and Morrison (1942) have however
recently shown that 1t 15 unlikely that malanal pigment has any effect
on the coronary vessels since hacmatn 15 not Liberated from the
parasites m 2 soluble form and docs not appear m the plasma i1
solunon
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change 1 the oxygen concentration of artersal blood 1 exther chill or
flush but rhat of the venous blood fell m the clull and rosc n the flush
until it approached that of artenal blood There was no change
blood plasma volume or haematocnit values  Examumation of the nail-
bed capdlartes showed that these vessels constricted sharply m che
chull and remamed constricted at the onset of the flush  When the
latter became established the capillaties opened widely and contained
rapdly moving blood Defervescence was associated with a gradual
return to normal

These findings were inrerprered as follows The onset 15 marked by
a generatized vasoconstriction which mcludes artersoles and accounts
for the rapid nse in blood pressure  Smnce vasible vems were also con-
stricted 1 chus phase and no change m arcalatory blood volume
could be demonstrated they concluded dhat there must be compen-
satory vasodilatation mn some areas The latter did not include the
Judney or the bram m both of which a decrease 1n blood flow had been
demonstrated m the chull stage of mduced feser  The vasoconstriction
probably d for the d d ) tme In the flush
there was capillary venous and artertolar dilatation and an associated
fall m blood pressure  The blood volume was again unchanged mndica
nng vascular constrition 1n some regons of the body The renal
flow 1 this stage sometimes mcreased  The ntense oxygenation of
the venous blood suggested the opemng up of arterio venous shunts
The aceeleration of the arculation time and the increase m carduac
output were greater than would be expected 1n view of the increased
metabolism of the fever Altschule suggests that there was therefore
an ncreased venous return to the heart

A nise i resprratory rate 1n the cold and hot stages of the paroxysm
occurs m malana and a simutar change has frequently been observed
martificial fever  Altschule found thus associated with a fall of alscolar
air carbon diovide most pronounced 1n the chill and with changes
m the plasma in the dircenion of alkatosts He sugests that hyperven-
tlation which 1s probably responsible for the atkaloss may be mitured
lb:y the rise in the temperature of the blood crculating through the

ram

The clinical phenomena of the paroxysm can thus be very closel
reproduced by myection of pyrogeme agents 1n no way associated vt
malania  They ate probably  therefore non speafic It 1s commonly
behieved that therr immediate production must depend on some product
ot sporulation, hberated mto the plma by the disintgration of
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o al (1945) found that mjection of typhotd vaceme after a short
prodromal stage was followed by a chull m which there was mereasing
pallor some cyanosis and hypervennlation nausca and vomitng
The patient complamned of cold and shivered but the rectal tempera

ture rose steadily  The cold stage lasted onc to onc and 2 half hours
and was followed by a boef hot stage which was termmated by
drenching sweat  In the hot stage wlich Aleschule called the flush

the cutancous vessels dilated and the rectal temperature rematned hugh
The patient complamed of feelmg hot and had a severe pounding
headache The flush lasted about an hour The shin durng the chilt
was pale and cold except for some cyanosts of the extremuties In the
hot stage 1t was flushed and warm

Altschule found a rise m both systolic and duastohe blood pressures
mn the carly stages of the chill fol{:mcd by a progresste fall of both
pressures i the flush  sometimes startng towards the end of the cold
stage  The diastolic pressure fell rclanvely faster than the systobc
so that the pulse pressure mcreased during ‘the flush and m the early
stages of defervescence

The sumlanty between Altschule s findings and the phenomena of
the malarial paroxysm 1s strhing  The shan mn the cold stage of the
paroxysm 1s pale and cold due to vasoconstriction and 1n the hot stage
flushed due to vasodilatation  The blood pressure changes are almost
sdentical with those observed 1n the vacane reaction  For mstance 1n
bemgn tertian malaria Mikeladse (19.3) observed a mse of systohic
blood pressure 1n the cold stage of .o-30 mm Hg above the pressure
1n the apyrexial pertod  This Iugh pressure was mamtamed for the fiest
hour of the hot stage and then fell rapdly finally reaching a lesel
below that of the apyrexial period about the end of the sweating stage
There was a risc 1n diastolic pressure n the cold stage and a consider-
able fall i the hot stage the fall 1 tlus case bemng relatvely greater
than that of the systolic pressure so that the pulse pressure was increasct
Thus fall mn diastolic pressure d through g stage
after which there was a gradual return to normal In all there wasa
vattation of 30-50 mm Hg and 15-z0 mm Hg n systohc and dia-
stolic pressures respectively between the beginning of the nigor and the
end of the paroxysm Mikeladse s findings have recently been con-
firmed by Flost (1944}

Altschule found the pulse rate was roughly proportional to the
temperature The cardrac output mcreased mn half hss cases during the
chull and i all duning the flush The arm-to-tongue circulation time
was slowed in the chull and accclerated mn the fever  There was Tieele
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and found it lasted sbour 45-60 muutes It was ternunated by
dilatanon of the skan vessels e ears becomung hot and flushed  This
stape was consdered to be the equivalent of t’i;le hot stage of malarta
Dunng the chill stage there was at fiest little change of temperature
but after 2 short tune 1t rose sharply and reached 2 maximum before
the stage of vasculor dilatanion 1 which 1t fell rapidly to normal
Brown and Loevenhart concluded from therr experments that
haematin (haemozomn) was a potentally toxtc substance They dis
cussed the possibility of its hiberation 1 soluble form m the mfected
subject and believed that this was unnecessary since collosdal mjections
of haematin gave rise o the same syndromes mn anmmals as soluttons
Duesberg (1934) found that mntravenous mjernion of crude fern-
hsemate solutons prepared from once crystallized hacmatin caused
symptoms shghtly resembling those of the paroxysm mcluding chills
and fever but he could not reproduce these effects sf more highly
purtfied pigments were used
Farley and Bromfield (1934) and Fauley (1938 1939) 1n expert-
ments origmating 1n a series of blackwarer fever cascs showed that
free fernhaemate added to blood rapidly umites with crystalbumm
to form apparently mert methaemalt and d thar this
was the process by which the body normally dealt with hsematn
1 this 15 the case 1 miravasculac hacmolysis such as occurs n malaria
1t1sunlikely that haematin 1n 1eself can be a very toxic factor  Anderson
and Mornison (194. 2 and b) however found chat disodm ferri-
haemate mjected 1n big doses mto dogs by intraperironcal mtcavenous
or subcutancous routes persisted 1 the blood for up to two days and
was not excreted i the urtne  There was no accompanving chang~ 1
serum bilirubin but the excrenon of porphven tn the unne  7as
mereased  (Fareley believes methaematbumun may b excreted ¢ven
ewally as 2 porphynn) In these anmals there was no elevatton of
P ¢ bur exe damage was produced n certam organs
Fave monheys were Jater prven disodium ferrih mtr ly
and simalar changes were found to those mn the dogs  Sixtecn animals
were given P Anonde ¢ mfections i some of wiuch the stran was
attenusted and there were <o normal controls  After the myecttons
there was a stimulation of respiration and mcrease 1n heact rate The
surface vessels costricted and the face became blanched and cyanotic
These was 110 constant change n temperature which was however
sometmes rased In the mjected animals the pigment could be detected
m the plasma but 1t was never found m solutiop 1 the wfected
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mfected cells There 15 no cvidence 1mplicatmg the merozoutes them
selves 1t 15 clearly not necessary to have Ining cells present to minate
the paroxysm

Many authors have held that 2 spearfic soluble product of the
parasite or a by-product of 1ts metabolism was responsible not onlv
for the paroxysm but for the whole clintcal picture of malara (Meleney
1941 Viswanathan 1944) Wells {19.6) stated for mstance that the
plasmodia  undoubtedly ' produced toxic substances which did not
diffuse from the red cclL but were liberated only at the maturation of
the parasite The nature of these toxns was unknown to Wells and
15 sull unknown 1 spite of a farrly vigorous scarch  Various atrempts
have been made to 1dentify substances responsible for the parovysm
and other phenontena assoctated with malania For mstance 1t has been
clamed that extracts of parasites are strongly hacmolytic and that
malanal serum haemolyses normal red cells These claims have never
been venfied Lintwarcf (1937) attempted to show that there was 2
specific clement 1 malartal plasmodia capable of combing with
k ] to form a pound acting durectly on the epithehal
cells of the kidney tubules but was unsuccessful - Other attempts to
demonstrate specific toxte substances assoctated with the parasite have
also faled  On the other hand both the malaral pigment and the
protemn substances presumably hberated at the nme of the dismtegra-
tton of mfected cells have been mmplicated m the pashogenests of the
paroxysm and are still believed by some to be mvolved m 1t

Brown (191.) and Brown and Loevenhart (1913) considered haemo-
zomn to be a factor of prmary importance  They myected a solutton of
{alkaline) haematn (which they previously and correctly identified wath
malarial pigment) meravenously mto rabbies and obtamned challs similar
to those of the malarna] paroxysm  Solutions of sodmm hydrowide
were used as controls  The ammals all responded to dosage by a
sharp nse in body temperature which reached a peak about an hour
after the mjection  This was followed by a short rapid fall of tempera-
ture and a more gradual fall to normal over the course of some hours
The extent of nise of temperature was roughly proportional to the dose
More severe effects were produced by dividing a given dose into swo
or three fractions mjected at mtervals of 15-30 hours (corresponding
roughly to the release of pigment at sporulation)  The clincal appear-
ance of the ammals was characteristic There was a short prelimmary
pertod fcllowmgl mjection m which the ear vessels constricted and the
skin became cold and cyanotic  In this state there was shrsening and
tremors and somenmes shaking  Brown called this the chull stage
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the simtharity betw een the changes they obseried in blood sugar durng
the pacoxysm and those reported m protem and anaphylactic shock
(hurtyama 1917 Moon 1938) and suggested that some form of
shock may be concerned m the production of the paroxysm Velwck
and Sendder {1940) also noted the sinulanty between the s{mpmms of
certam forms of avian matara and thosc of anaphylactic shock They
found that there was a mise m plasma potassiam worresponding to a
broad peak of sporularion in P cathemeriun mfections of canartes and
suggested that the excess potasstum came from the destruction of the
parasinzed erythrocytes  Flost (1944) and Zwemer e al {1940)
observed stular mcreases of potassium n human and monkey malarta
respect vely i the former case assoctated patnicu’s Jy with the begn-
ning of the paroxysm_ The excess of potassium was more than could be
accounted tor by red cell destruction and on the analogy of stmlar
Increases 1 anaphylactic and other forms ot shock (Moon 1938) 1t
was suggested that the paroxysm mught result from an anaphylactond
reaction posstbly brought shout by scnsitizatton of the tissues to some
products of sporufazton It has been found however that hugh con-
centrations of potasstum oceur 1 other condinions which may equally
well develop tn malania such as adrenal corticat msuffictency and
certam states of anowa 11 \ hich there 15 an mitial stmulanon of the
adrenal medulla with consequent ht f adrenalin and mobul
tion of potassium from the tissue cells The relcase of adrenaltn would
also mobulize glucose and account for the hypergly caemua reported by
Smton and Kehar and others

Zwemer Suns and Coggoshall (1912) powne out that high plasma
P c are m th Ives toe and may account to
some extent for the phenomena of the paroxysm possibly owing to
thewr cffect on the adrenal cortex  Simular arguments have been
produced m support of the contenuon thar hugh potassium levels
cause the symptoms of certam forms of shock but Manery and Salandt
{1941) have shown experumentally rhat the toxic effects of potassium
are mamitested only atr much higher concentrations than those obtaming
mshock Smnce the atter are of the same order as those seen in malaria
the observations of Manerv and Solandt apply cqually to malarta
Nevertheless the raised potassium concentrations during the paroxysm
10 man may account for some ot the chinteal reaction smec 1t has been
found that the nigor may be abolisned by the mtravenous mjection of
asolution of calcrum chloride (Beeson and Hoa_land 1940) The effect
of thus calerum sale 1s not clear but at 15 possible that ¢ acts by readjust-
mg the patasstum calcrum balance i she blood which 1s upset by the
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monkeys 1 onc case a pigment smular to Farley s methaemalbumm
was 1solated
Morrison and Anderson pomnt out that the mvaded red cells m the
] ammals are d lobiruzed by the parasites and the
hacmozomn formed 15 contamed as granules within the parasite and not
hberated as their expeniments showed as a solusion m sigmficant
gummlcs m the plisma  They therefore consider thar there 15 no
irect causal relationship between the parasite pigment and the
paroxysmal symptoms The sigmificance of pigment n the pathogeness
of tssue changes will be discussed elsewhere
The rupture of parasttized red cells does not discharge significant
amounts of hacnoglobin mto the plasma since by the tme of muatura
tion the bulk of the prgment has been converted mnto hacmozom
Morcover the lysts of unparasiized cells durmg the paroxysm grves
ise to no morc than traces of hacmoglobin i the plasma (Fairley and
Bromfield 1933) Since large amounts of hacmoglobin may be
myected without wmjury into normal ammals this pigment cannot
therefore be regarded as the imiatng factor m the production of the
paroxysm
During the clinical activity of malarsa the total protein of the plasma
15 usually reduced dute to a considcrable fall i the albunun fraction
which 1s compensated for to some extent by a nise 1n the globulins
particularly the cuglobulin fractton  Peterson (19.6) obscrved a fall m
total plasma protens at the begmning of the paroxysm followed by 2
return towards normal 1 the apyrewial period ‘A sinular fall was
noted by Radosavljevic and Rustic (1926) at the height of the paroy sm
and by Wiechmann and Horster (1926) at the onset of the fever
These changes in plasma protem content are principally brought about
by disturbance of synthests in the Itver and are of such magnitude that
any quantitattve change occurning durmg the paroxysnt as 2 result of
Iiberation of protemn from the disrupted erythrocytes would be very
small No suchincrease in any fraction of protein during the paroxysm
has apparently so far been detecred It 15 therefore uncertain whether
protemn 1 any appreaable quanaty 15 liberated at sporulation  Any
reactton duc to such release #s thus probably of an ndirect nature and
difficult to determue Some authors however have drawn attention
10 the close sumlanty between the phenomena of the paroxysm an
those of anaphylactic shock  Abramu and Senevet (1919) for mstance
have suggested that the paroxysm 1s an anaphylactic reactson resulting
from the sudden release of the protemn of the parasttes or cell debns
1nto the plasma at sporulation  Sinton and Kehar (1931) pomted out
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the sumlarity betw cen the changes ehey observed i blood sugar during
the paroxysm and those reported 1 proten and anaphylacuc shock
(Kuiyama 1917 Moon 1938) and suggested that some form of
shock may be concerned m the production of the paroxysm. Velick
and Scudder (1940) also noted the simdarity berween the sﬂmpmms of
certa foems of avian malarra and those of anaphylactic shock  They
found thas there was 3 misc m plasma potassiam corresponding to a
broad peak of sporulatton 1n P cathemerism infecttons of cananes and
suggrsted that the excess potasstm came from the destruction of the
parasin ¢d erythrocytes  Flost (1944) and Zweser e al {1940)
observed sumular mereases of potassium m human and monkey malana
eespectvely 1 the former case associated partscularly wath the begin-
ning o the paroxysm  The excess of potassim w as more than could be
accounted for by red celt destruction and on the analogy of sumtar
tncreases 1 anaphylacuc and other forms of shack /Moon 1938) &t
was suggested that the paroxysm nught resalt from an anaphylactod
reaction possibly brou,ht about by sensitization of the fissues to some
products of sporulation It has bect found however that Tugh con-
centranons of potassium occur m other condinons which may equally
well develop 1n makina such 2s adrenal corteal msufficiency and
certam sates of anowa m which there 15 an mumal sumolation of the
adrenal medulla with quent bb of adrenahn and mobrhy
tion of porasstum trom the issue cells The release of adrenalin would
alsa mobilize glucase and account for the hy per lycacnua reported by
Sinton and Kehar and others

Zwemer Stms and Coggeshall (1940) posnt out that high plasma
P are m themselves toxic and may account to
some extent for the phenomena of the paroxysm possibly owing to
thexr effect on the adrenal cortex  Simular arguments have been
produced 1 suppoct of the contenton that high potas wr levels
cavse the symptoms of certam forms of shock but Manery and Solande
{1941) huve shown experimentally thar the toxic effects of potassium
are manttested only at much higher cancentrations than those obtatmng
mshock  Since the latter arc of the same order as those seen m malana
the observations of Manery and Solandt apphy equally to malana
Nevertheless the rarsed potasstur concntratians ducing the parotysm
1n nan may account for some of the chintcal reaction since 1t has bren
found that the ngor may be abolished by the mtravenous myection of
asolutton of calerum chlonde. (Beeson and Hoacland 1940) The cffect
of this calesam salt 15 not clrar but e s pa sible that it acts by readgust-
g the potassium calewum balance m the blood which 1s upset by the
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nise 1 potassium . since the calcram concentratton remarns pracncally
unchanged n malama

An merease m blood cholesterol concentration has been observed
by Kchar (1937) duning the paroxysm 1n P tuax and P falaparum
mfections  This wncrease occurs early m the cold stage and may be
manifest before the ngor A maamum concentration 15 reached
within three hours of the start of the paroxysm and 1s followed by 2
sharp fall to subnormal values Kehar suggested that ths nse of blood
cholesterol m the paroxysm may be assoctated with the general
acceleration of metabolsm especially that of fat duc to the fever
A similar hypercholesterolacnua has Lccn observed 1n anaphylactor
shock 1n antmals and as part of a general hpaemna after exposure to
anacmic anoxia following haemorrhage or destruction afp erythro-
cytes with phenylhydrazine and anovic anoxna following exposure
to atmospheric oxygen deficiency

The genesis of the paroxysm

There 15 an obvious relation betw cen the maturation of the schizonts
and the development of the clincal phenomena of the paroxysm bat
the factor muating the latter has not yet been determmed It 15 clear
however that the febrile paroxysm 15 a non-speafic reaction on the
part of the host and 15 simlar to the bodily reaction to other acute
pyrogenic agents

The mechantsm which promotes the rise of temperature 1s unknown
but 1s probably similar to that which gves rise to fever followmg
myecuion of typhod vaccme In the latter case the fever may be
reduced or prevented by destruction of the hypothalanus (Ranson
etal 1939) so that sumulation of this centre may be responsible for the
febrile response

A factor which mfluences the nise of temperature and may m part
be responsible for 1t 15 the d bolic activi d wat
the combination of violent shiv ering and mterference wath the ordinary
heat lo s mechanisms of the skin ansing from the mtense peripheral
vasoconstriction  Du Bots (19..) found that m a normal subject
vol ly latng the lar acvity of a nigor for some tme
the metabolic rate rose about .00 per cent although the body tem-
perature changed only shghtly In a patient mfected with P inar
and undergoing a ngor the metabolic rate was raised to the same
degrec but the heat loss was greatly dinumshed becawe of peripheral
vascular constriction so that the body temperature rose sharply In
the cold stage of the paroxysm therefore the pauent 15 producing
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mote heat than normal and losing less The temperature of the blood
consequently rises whilst that of the skin falls duc to vasoconstriction
Tn paroxysms an which rgor 15 not cvident muscular acnvity can
bave no part . the elevation of body temperature  Some other
mechansm must therefore be responstble for the fever and 1t 15
probable on the analogy of experimental results 1n arnificually nduced
fever that the hypothalamic centres are directly mvolved presumably
3 the result of the release mto the arculanon of some diffusable
substance bberated at the tme of sporulation
en the patient passes mto the hot stage the skin vessely dilate
and heat loss from the sk 15 accelerated Thus vasomotor phe-
nomenon 15 also probably hypothalanuc 1 ongin and 1s the response
1o the niang blaod temperature per se. During the fever the metabohe
Tate 15 raised but not enough to mamtamn the temperature at the
prevating hugh level (Best and Taylor 1943} In this case agam the
temperature remains elevated because heat loss 1s nadequate to compen-
sate for heat production and the temperature remains high ' With the
appearance of sweating heat 15 lost rapidly and the body temperaturc
£llsto normal and often below The temporary mhibition of sweating
durtng the hot stage and its sudden appearance and vigorous activity
1 the Lat stages of the reaction have not becn explained but 1t 15
Possible that s malaria a5 1n other febnle reactions 1t may correspond
o the withdrawal of inhibution of the sweanng centres followmg the
disappearance of the causanive factor from the airculation
¢ subjective feeling of chill 15 probably duc to the constriction
of the skin vessels n the region of the cutancous heat receptors the
sudden reduction of locsl crreulation hay mg much the same effece as a
Punge into cold water  Barbour (19.1) however has suggested that
the factor minatig the cold stage (in the casc of bacternal towns )
may act by allowing some escape of fluid from the vessels resultng
3 reducnon of arculating blood volume which 15 compensated for
by penpheral vasoconstriction Vasoconstriction assoctated with loss
of blood volume takes place m the vascular collapse of permcions
malania but there 15 no evidence to suggest that any appreciable general
€hange 1n aircalating volume occurs 1n the ordmary case  According
to Altschule ef of (1945) 1 the response to myection of typhoid
LﬂCCmc even 1n apparently shocked subjects there 1s no change m
lood volume exther 1n the cold stage or subsc ucndf This mdicates
¢ accompanying the peripheral constriction of the chill and dilatation
of the hot stage there may be respectively dilatation and constricnion
z
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of vessels clsewhere  Altschule believes that n the chill the vaseular
dilatation 1s chiefly centred in the lung

The falure of all attempts to 1solate spectfic parasiue toxns and
the obvious relanionship between the appearance of the paroxysm
and the final stage of schizogony have led many authors to the view
that some hind of anaphy lactord shock can best account for the reaction
and the raised glucose cholesterol and protein blood concentrattons
observed duning the paroxysm have all been stressed 1 support of
this hypothesis It 1s difficule however to conceve of an anaphylacne
reaction wluch can occur with undimmshed severity every two or
three days for weeks or even months  The clinical picture could equally
well result from a reaction to a so far umdentified pyrogemic agent
(which 1s certamnly not esther haemozom or hacmoglobin but which
mughe be a mctaiohrc of the dwiding parasite or a by-product of
schizogany ) appeanng periodically at the completion of cach asexual
cycle and affecting the thermogemic hypothalanue centres thereby
mtraung 2 sertes of vasomotor disturbances causing decrease in heat
loss and increase m blood perature and other physiological
responses sncluding hypervennlation

Considermg the close sinulanity between the paroxysm of malana
and the febnle response to ordinary pyrogemc agents such as typhoid
vacane there seems 1o need to postulate any form of anaphylactoid
reacion  All the brochenucal phenomena of the paroxysm that have
been obseryed are non-spectfic and may be accounted for by humoral
mechamsms  The circulation of excess adrenalin for example would
adequately explam amongst other things the hugh blood potassiem and
glucose concentrations It 1s possible therefore that the minating
agent may act by stmulimg the adrenal gland medulla directly
There 15 no evidence of such direct stmulanion however and 1t may
equally well be that the humoral mechamsms are set 1n motion by the
rapid development of a state of anoxaa 1n the adrenal brought about
by local vasoconstriction imittated for mstance by sumulanion of the
hypothalamus Hipcrgly caemua hyperkalaerna and hypercholes-
terolaemua are all phenomena which occur m anowia and there 15 some
evidence to suggest they derve from activaty of the adrenal smce
they do not appear under anowc condiions m adrenalectonuzed
ammals A local state of anoxta may anse followimng local vasoconstric-
ton n the organ concerned and that this 1s possible 1n the paroxysm
1s shown by the blood pressure changes which mdicate an extensine
artertolar constriction 1 the cold stage  In mduced febrife reacuions
the blood flow 1n certan organs ¢ g the bram and the kidney has been
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found to be reduced as wellasthat of the skin (Chasis Ranges Goldrmig
and Smuth 1938 Himwich Bowman Goldfarb and Fazekas 1939}
but there appears to be no mformation regarding the adeenal

Recapitulation

The clineal features of the malarnal paroxysm are essentially those of
a reaction to a non-specific pyrogenic agent such as ¢y phord vaccine
The factor imnating this reaction 1n malaria has not yet been identified
There 15 little evidence to support the view that a spearfic malarial
toxin or metabolite 15 involved Haemoglobin and haemozom are
not responsible The hypothess that an anaphylactoid reaction 15
wnvolved 15 mot confirmed most of the humoral phenomena upon
which this theory 1s based can be explamed on the grounds of the
production of sncreascd quantities of crrculaung hormones such as
adrenaltn It 15 suggested that the latter may result from acute anoxia
of the adrenals due to local vasoconstriction this vasoconstriction
resulting from hypothalanuc sumufation by some non speaific pyro-
genc agent liberated at sporulation of the parasite

ANOXAEMIA
Pulmonary factors

Changes 1n pulmonary ventilation occur m all forms of severe malarta
and may limit the oy genation of the blood and so contribute towards
the prevailing anoxzenna - Climcal signs of pulmonary mvolvement
are also not uncommon especially m mahgnant tertan (Falconer
1919)  Sputz {1946) for example found pulmonary oedema in so
consccutnne cases accompatied branchap
or 1ntesstittal pneumomtss The basic tissue changes in these cases were
tntense dilatation and hyperaemua of the septal capillaries which were
wsually filled with (but not obstructed by) parasmzed erythrocytes
and occasional small hacmorthages which resembled those in the bram
m that the clls were D d No th was
obscrved but 1t 15 evident that the blood flow through the dilated
engorged vessels must have been retarded and the oxygenation of the
arculatng erythrocytes correspondingly reduced

Factors affecting the erythrocytes

The d of p d erythrocytes durmg sporulanon and
the lync and phagocytic processes which affect parasitized and unpara~
sitized cells alike bring about a notable reduction 1 red cell numbers
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Thts 1f not p d for ad ly b dullary or extra
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p leads to the degree of which 1

dependent to some extent on the species of mvading plasmodium
(Chapter I) The oxygen carrying capacity of the blood 15 reduced
mn proportion to the amaenua and this m uself as has been shown m
other anzemtas will ultimately affect the merabolism of the ussues
Anoxacmua resulung from erythrocyte destruction has mn fact been
considered the immediate cause of death m intensve P relictum mfec-
ttons n pigeons (Hill 1942) The anoxaemia produced by the develop-
ment of anacrma however 15 exaggerated m malama because of the
mvasion of the extant crythrocytes Christophess and Fulton (1938}
pomted out that the pallor of the mfected cells indicated that the para-
site 1 some way removed the haemoglobin from the cell The
demonstration of the formation of hacmiozom by the parasite by Ghosh
and Smnton (1934) and the more recent work on the ntracellular
production of hacmatin strongly supports this view (Morrson an
Anderson 1942) Chnstophers and Fulton have succeeded 1n shown,
that m P Lyotilest mfections m rthesus monkeys progresstve loss o
haemoglobin does take place m the mnfected cells They were not able
to demonstrate this phenomenon colonmetrically bur by using 2
method based on the esnmation of the oxygen capacity of freshly
defibrmated mnfected blood they detected 2 definite loss of haemo
globin 1n the parasinzed blood  They also observed that of two
samples of blood examined the one contuning the greater proportion
of parasites to total cells showed the greater loss i haemoglobm
mdrcating that the loss 1n haemoglobin was related to the presence ot
the parasites

The fate of the haemoglobin used up by che parastte 11 1¢s metabolsm
15 discussed elsewhere (Chapter IT) It 1s tmportant to realize that these
processes are apparently enurely mtracellular and do not lead to the
presence of blood pigments 1n the plasma or tissues

The loss of effective haemoglobm from the mvaded red cells must
further reduce the oxygen capacity of the blood but another factor
of cven greater importance mtenstfies this effect  Christophers and
Fulton have shown that the parasite can readily take 1ts oxygen from
the oxyhaemoglobmn of the cell They suggest that 1t normally acquires
oxygen m thit manner since they found the oxygen upmfce of the
parastte was extremely sensimve to the mhibitory action of drugs
which affected thered cell  If the contention of these authors 1s correct
the mvaded cells must be reckoned as poor carriers of oxygen to the
host s tissues since not only 15 the haemoglobm content of the ery-
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throcyte reduced by the mvasion but the parase 1 constantly
competmg for the axygen combmed with the remaming pigment
Tt s possible also that the presence of the parastte perhaps through the
mediam of some diffusable praduct may affect the atdization of avail-
able oxygen by assue cells and mfluence the dissoctation of oxy-
haemoglobin 1 such 2 way that oxygen 15 netther readily recerved
not essily gven up The experunental resules of Chustophers and
Fulton cou%d concetvably be meerpreted m this manner partculary
if the haemoglobm of the non paraunized cells were also mvolved
The nissue atkalosss produced m certamn cases 1n which there 15 anoxia
assocuated with hyperventilation may also have an adverse effect on
the dissociabon

Where the mfection of the sed cells s heavy eg m P falaparun:
malama the factors d above probably play an
part i the pathogenesss of the discase s general and partxcufzrly n
the production of local lesions 1 organs hke the bram n which stasts
of capiilary vesscls also occurs  Here the smaller vessels become loaded
w poranly stanc erythrocytes mcluding p d cells whichare
both short of haemoglobmn pigment and deficient 1n oxyhaemoglobin

The efficiency of the erythrocytes 3s oxygen cammers 1 abso reduced
m malana by processes which lead to thewr agglomeranon  The
most mmportant phenomenon of this kind 55 the mtravascular agghu-
unanon descibed by Krusely and his colleagues which leads not only
to meffects e oxygenaon of the agetuunated cells bur also to mter-
ference wath the blood flow through the small blood svessels  Intra~
vascular agglatinabon has been studied 1 tanslununated hving tssue
by Knusely in both human and monkey malaria and by Lack (194.)
avian malara  In normal control ammals hmusely (1945} found arcu
lating red cells were not agglutinated the white cells did not stick to
the endothehum and the flow through the vessels was streamhined
To monkeys i the last stages of P Anowhs snfectons the picture
changed complctely A thick glassy precipitate formed between and
around the m,thmcz‘m binding them mfethcr mto wads and masses
—not rouleaux  This preapitate formed sumultanconsly throughout
the body of the affected ammal the process taking only a fiw minutes
Small clumps of red cells were thus formed m the arcutivon and tended
1o coalesce fornung a sort of Joose sludge which was passed with
difficulty through the smaller vessels :mdg 1mpeded the blood flow
the streambined appearance of which was disturbed At this stage the
endothebal lining of the vessels appeared sticky to leucocytes but not
to the affected red cells The latter were however stucky so phago
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cytes which avidly engulfed them A very sular picture has been
described by Lack in birds infected with P cathemersn - As the parastie
count rose there developed a transient suchmness of leucocytes to the
endothehum  This was followed by adherenee of the whue eclls to
the endothclium and the formation of clumps of red cells the clamping
progressing steadily over the course of 24-48 hours Lach stated that
the clumps were ongnally formed only by the parautized clls but
that later all cells werc affected  The final state i the bird wasa pasie-
like blood flow

kmsely considered the erystalline depostt to be fibrm Jewas at first
thought to be related to some hind of immune response on the part
of the host but recently hnuscly (1943) has reported that stmular
clumpmg may be scen m man m acute alcohoftsm and a varch of
other human discases and has reported 1t m expenmentally smduced
traumatic shock (1945) In the latter expermments he obtatned evidence
ta the cfiect that strvated and smooth muscle when crushed release
substances which can diffusc through the vessel walls and bring abouta
sludging cffect on the contamned red cclls

Itscems therefore that the autoagglutmation observed by husely
and hus colleagues m malania 1s not a phenomenon which is speafic to
the infection It occurs extenstvely only very late in the discase when
these 15 considerable par Its nfl on the pathogenest
of malana 1s not clear since 1ts non-spectficiey and late appearancc
suggest that it may usclf be the product of the final stages O
anoxta 1 which changes somewhat smular have been desribed by
earlier workers  For mstance Lichesnty (1921 1922) 1n obscrvatons
on the effect of atmospheric anoxia on the flow through small vessels
found that the appearance of the capillary crculation was altere
so that the flos was no longer rapid and homogeneous but beaded
and 1rregular 3s a result of what appeared to be sedtmentation of
agglutmation  Schneider and Truesdell {19..4) found simular changes
m extreme anoxna the red cells sometimes showmg clumpmg

Whether 1t 15 specific 1 any way to the malarl mfection or not
agglunnation of red cells with the formanon of sludge 1f forme!
carly enough m the course of the infection (as 15 suggested by Lack's
observation in birds) would have a profound cffect on the airculation
through the smaller vessels leading to obstruction and aggravation
of the prevailing state of ussue anoaa

“There 15 considerable doubt concerming the relation between this
agglutmation of red cells and the appearance of true thrombosis
Kmsely clans that the sludge slows the capillary arculation to the
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pomt of producing stagnant anoxta and that this 11 turn_affects the
permeabrlrty of the vessel wall and allows the escape of flud to the
tissues ultimately leaving the vessel plugyed with stranded masses of
preciprate~coated tightly agelutnated cells I this were commonly
the case the tibrin should be obs1ous in many of the apparently occluded
vessels seen n fatal malara It 15 m fact seldom seen  Thus may be
because the damage to the finer arculation 15 already effected by stasis
before the sludge 1s formed or because some process of fibrmolysis
removes the fibnn It may be that the vessel obstructed by sludge
mmmeduarely goes mnto 2 state of stasts so chat the fibrn preaipuate
(1f 1t 35 fibrn) 15 msigneficant m selation to the obstruction There 15
room for a grear deal of expcrimental work on this problem

THE ROLE OF HAEMOZOIN

Brown and hus colleagues (1011 191 1913) identified hacmozoin
as haematin_(subsequently confirmed by Ghosh and Smton 1934
Devine and Fulton 1941 Anderson and Morrison 194.) and mjected
atkaline solutions of haematin extracted from rabbit dog and o< blood
1nto rabbits 1n quanttics correspondng to those which might possibly
be bbersted from the parastes during sporulation mn man  They
obtained results described abowve m the discussion on the paroxysm
which led them to conclude that the malanal pigment was at least
N po:enm\li toic substance  Subsequently experiments by Ducsberg
however showed that carefully purified haemann had few harmful
effects sn man and as explamed above M and And
{1942) have recently come to the concluston s a result of expertments
1 dogs and monkeys that there 1s no direct causal relation between
the symptoms of malaria and the parasitic prgsment

The lesions in the organs of dogs and monkeys resulung from the
mjection of soluble haematn were tound by Anderson Mormson
and Willtams {1942) to be a combmatton of accumulation of pigment
m the reticuloendothelial systemy vascular abnormalieres and renal
changes  There was generalized vasodilatarton with haemorrhages of
vanous stzes m many tissues  Thrombosis and infarction were present
m some organs the thrombosis sometimes consstng mainly of prg-~
ment although fibrn was present n most of them  The renal kesions
~ ere mostly vasenlar i ongin but there was marked degeneration
of the convoluted tubules Casts were plenuful but not prgmented
The prgment was stored 1 the reticuloendothelial system and m
agreement with Duesberg and others they observed no mcrease mn the
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plasma bilirubin content followmng the injecion  They concluded
that the prgment was harmless when held in the nssues but when free
m the arculation 1t produced ntense vascular reactions which gave
nsc to congestion haemorrhages and thromboses  The renal changes
arose from similar vascular reactions

In a subsequent paper reviewing the lestons found m simian malana
Andcrson and Mornison (1942) showed that there were significant
differences between the lesions of simnn malana and those produ
by the injection of pigment  For mstance the distribution ofP prgment
was different Relansely ltle of the ijected pigment was found m
the spleen and bone marrow  whereas 1n animals infected with malina
the spleen was chiefly imvolied  Morcoter the symptoms mn the
mfected monkeys did not appear uneil anaenua had become severe
They concluded that the most probable explanation of the lesions 1
stmsan malarsia was that they arose from anoxaernia due to vascular
occlusion agsoctated with severe anaemma  They did not consider
that hacmozom was impheated sice st was apparently not hberated
in a soluble form from the paraswes This view 15 now genenally
accepted

CIRCULATORY PHENOMENA AND ANOXIA

Changes 1n the arculation of both general and local nature are
supremely important factors in the pathogenesis of malara To 3
certan extent the general arculatory phenomena affect local tissues
but m many organs specific local vascular changes are brought mto
play durmg the progress of the discase It 1s necessary therefore
to define the general and local changes separately Many of the
latter have been discussed elsewhere 1n the chapters dealing with the
particular organs concerned

General arculatory disturbances

In the paroxysm dunng the cold stage there 1s penipheral vaso-
constriction an abrupt r1se 1n systohe blood pressure and a smatler nse
in duastolic  As the chill subsides and the hot stage develops vaso-
constriction gives place to penpheral dilatation accompanied by 2
fall 1 blood pressure morc pronounced in the duastolic than the
systolic  Conditions are gradually restored to normal during defer-
vescence Durmng the cold stage the metabolic rate 1s raised as much as
200 per cent but the heat loss 1s prevented by the vasoconstriction
so that the body temperature riscs rapudly  In the hot stage heat loss
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by the skin 15 only partly restored and the aircnfatory effects of fever
appear The condition of the circufanon durmg the hot stage 1 thus
the physiological reacuon to rassed metabolism and excessive bodily
hear The vasoconstrictian of the cold stage 15 more difficult to under-
stand  On the analogy of paroxysms produced artificially by the
wmyection of pyrogenic \acames and of experumental work on heat
control 1 anumals 1t seems likely as argued above shat the changes
mn malia may be mtated by some factor acting directly on the
hypothalamc centres

In the normal course of events the hot stage of malana lasts only 2
few houss and the tempesature becomes normal and rematns so unut
the newt paroxysm pecally m P falap f
the teraperature remams elesated 5o that the merabolic rate 15 raised
and the cardinc output stays at a high level placmg an unrehieved
stram on the heart  As c‘(p?amcd ebsewhere (Chapter XI) thus rarely
goes on to heart falure although occassonally changes i the heart
muscle atself cause s fafure as 2 pump

Much more frequently some depree of vascular collapse develops
which 1 the extreme form 15 mdistngmshable from medical shock
{Archley 1030) Vascnlar crses are seldom well developed m the
paro¥ysm but may occasionally occur and have been recorded m
aruficully nduced fevers assoctated with nigors In the latter case
there are imporsant differences berween the condinon which develops
and the state of shock since according to Ahschule (1943) these 15
no change 1n blood volume Nevertheless she panent 15 pale the skin
cold and sontetimes sweaty and there 15 a fall of artena! blood pressure
and a low cardiac ontpur This state 15 transnory and disappears at
the commencernent of{hc hot stage

In some cases a p nse T may )2 a
vascula enms especaally of there 15 also uncompensated foss of Hud
In smlar arcumstances 1 induced fever Bazett {1931) has shown thay
the blood volame may be diminsshed and the venous rerurn to the
heart teduced lcading finafly 1 airculatory fafure  Insrances of such
falure have been recorded by hopp and Sclomon {1937) who
reporred the developnient of medical shock m eight cases of thera
peutic hyperpyrexia induced by hot mowst aur  In these cases two of
which were fatal 1mpendimg shock was demonstrated by mereased
pubse rate pallor and cyanoms of the shin and 2 continted rise of
temperature associated with o Glling blood pressure Signs of pul-
monary oedetna appeared m three patients  Hartman {1937 1938}
described chree sumilar fatal cases developing during mduced pyresn
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and many others have been reported after exposure to high external
environmental temperatures under natural conditons

The vascular disturbances of malaria are however seldom assoctated
with hyperpyrexia and profound arculatory disturbances are mote
commonly found mn other forms of permcious malara particularly
the algid type The appearance and Pi)ilol()glcal state of the patient
m algid malana 1s that of severe shock  The skin 1s dehydrated most
and cool the lips and extremuties cyanotic The pulse 15 rapid thin
and easily compressed the respirations superficual and irregular The
temperature 15 sometimes clevated but may be subnormal The blood
pressure 15 low and there 1s evidence of hacmaconcentration  Paisseau
and Lemaire considered that this syndrome resulted from derangemsents
of the adrenal glands but the evadence of this 1s often lacking i indivi-
dual cases  According to hean and Taylor (1916) 1t was Gage (19.6)
who first sugacsted that the condition was probably one of shock
Atchley (1930) reported a simular state i numcrous other discases
including typhord and mfluenza and grouped them as medical
shock which Fishberg (1940) later described as fundamentally suular
to traumatic shock but differing 1n detail depending on the terram
of the discase m which 1t developed

Rugdon (194.) mvestigated the cause of death 1n a child fected
with P falaparnm and reported that there was evidence andicating
that shock associated \\xtfl anoxacmia was responstble A simihar
suggestion was put forward by kean and Snuth (1944) who reported
that 22 of 100 fatal cases of P faluparnm infections examuned by them
died from shock or related phenomena hean and Taylor (1946}
have recently described six further cases of P falaparum mfecuons
which developed symptoms of shock durng the clnical activaty of
the discase

Although the clntcal picture drawn by the various authors who
have described algid and similar forms of malarma 15 umformly one o
vascular collapse certan critenta are required before the syndrome
can be accepted as onc of shock  The most important of these arc
faling blood pressure and loss of arrculating blood volume

The fall in blood pressure has been observed by practically all workers
who have measured 1t For instance Kkean and Taylor report the
appearance of a shock-like state m an adult patent during the course
ofa P falesparums mfection i which the systolic pressure fell to 64 mm
Hg and the diastolic pressure was too low to measure The pulse rate
at thus stage was 155 and respiration rate 40 In another case the blood
pressure fell from 9s/65 on admussion to 60/40 sre hours later when
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algid symptoms appeared and rosc agan to 85/56 five hours fater
when saline was ad i

There 15 litle avatlable informanon regardimg crreulating blood
volume changes m malara but what evidence there 1s ndicates that
there 1 a substantial reduction durtng the algid syndrome  Feldman
and Murphy {145} mvesugared the changes m blood volume and
erythrocyte concentration m untrcated P tuav and P filogarm
wfections  They found thae i the active phase of the uncomplicated
discase there was @ untform merease m plasma volume (which they
considered to be a reaction to compensate for the loss ot erythrocytes)
whereas the total blood volume was Diwer i the paroxysm than i the
apyrexal miervals  One panent with severe P falopmin mfectun
developed a state of shock 1n which the blood pressure was low the
skin cool and morst aud the pube raptd and almost imperceptible
The venous haematocnt reading was found to be fowor than the control
value taken before shock developed Nevertheless the plasnia volume
was nearly so per cent below the cantrol valte and the total bload
volune nearly 6o per cent befow  Hence i this case there was con
siderable reduction m the blood volume which did net show m the
haematocnt estimatio s because of the comedent destrucsion of red
cells

Kcan and Taylor studted the blood volume in three of their cases
by means of repeated 1t and b lobin dete
and red cclf counrs and found evidince of conmiderable redurtion in
all In the case referred to above 1n which the diastolie blood pressure
s t00 small to record the hacmaoglobm concentration rose to 14
from a previons figa ¢ of 8o per cent aud the ¢ yehrocyte count to
5 08 from 4 35 nulion per comm  The haematocrt reading durmg

¢ algid phase was 57 per cene Fifteen hours later after intravenous
adnunssteation of saltne and clical cecovery the hzemaglobin con-
centration was 80 per cenr the red cofl count 4 05 nuthon per cu mm
and the hacmatocrit 37 per cent There was thus clar evidence m this
case of hiemoconcentration and threfore of loss of blood volume
during the collapse  Stmdar but fess completc results were obramed
1m the other cases

Mare obscrvations of thus sort are requrred but there s hetle doube
that n the cases examuned by Feldman and Muorphy and by Kean and
Taylor the presentng, syndrome was one of medicat shock  The chnreat
features blood pressure changes and pathological furdings of many
other cae recorded n the hierature mdicate that ts condition ot
medical shoch oconrs frequently n compheated malaria
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Local arculatory disturbances

The general arculatory effects mentioned above nfluence the
arculation through the fissues of the body but there are certam local
conditions which modify their effects in some organs  Many of these
phenomena hate aln:adf been discussed 1n the chapters devoted to the
vartous organs  Examples are the shunting of the renal flow from the
cortex to the medulla and the impedance of the escape of hepatc
venous blood from the Iver  These factors are influenced by nervous
reflexes which may be set off by the general or local responses to
malana mfection

The anztomical make up of the mdrdual organ akso determunes
to some extent the rate of blood flow through it Thus 1n the spleen
the existence of an open arculation 1n the loose ussuc of the Bllroth
cords slows the blood flow considerably The alleged spincter-hke
properuies of the efferent extremties of the splenic sinuses described by
kmisely would have a simlar effect The sinuses of the Inver and bone
marrow are also beheved to slow the arculation mn those organs but
n the former direct observation ndicates that there 1s normally 2
rapid although to some extent mtermittent flow through the lobules
(Wakim and Mann 194.)

Mechanical obstruction to flow 1s also evident 1n some organs m
malara Changes mn the vessel walls including swelling and occasion-
ally phagocynic actvity of the endothelial cells and 1n the late stages
of the disease suckiness of leucocytes cause some slowng of the
blood flow  Obstruction to vessels 1n areas i which collateral aircula-
uon 15 poor such as the heart muscle and parts of the bram also
occurs occastonally as a result of accumulation of parasitized cells
frec parasites and debnis  Free malanal prgment 15 also sometimes
present m sufficient amounts to mnterfere with blood flow True
thrombosts and agglutination of red cells especially 1n the form of

sludge may also be concerned 1n the late stages of the disease  All of
these are however of mmor mportance The principal factor
mvolved apart from local speaific arculatory reflex changes such as
those appearng 1n the kidney 1s the develop of the physiologscal
condition of stasts which 1s fundamentally reversible 1n nature and
anses from the local loss of flud from the arculatng blood This
phenomenon develops pnmanly m those organs i wich the capil-
Jartes and small vessels are normally 1mpermeable to protem and 1s not
seen m other organs in which the vessels may be normally permeable
Thus stasis 15 progunent n the brain the heart and someumes m the
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gut but & pracucally never seen m the hver the kudneys or the bone
nurrow

Tt has been posmied out that the cicculanon m a gnen organ 15
mfluenced considerably by the general circulatory changes which eccur
during che diease It 15 equally true to say that the Iocal changes
blood fow 1n some organs may affect the general arculaon For
mstance wchacma of the adrenals resales m the ontpouning of adrenahn
and so causes general vasoconstenon  This had been discussed m
desadl clsewhere bug it serves here to allustrate the complex nature of
the ulumate cirenlatory response to the malana nfection

:

The mnal yPp ofthep can be explaned
m terms of the effecs of some form of stmulation (and g}ossxbly
d mbubition) of che centres particulardy those of

the hypothalamus  As the dusease progresses however parnicularly of
asam P falapariom wfections a more or less constant fover supervenes
ather factors influence the cieculation and may fead ultimately to com-
plete vascular collapse . which the arcalanon fas not becavse of
eardiac fulure but because of loss of arculatmg blogd volume and
reduction i venous return to the heart

The depletron of blood volume 13 enhanced sn many sessous cases
by direct foss of fiusd 1 che form of vormt bowel mottons and sweat-
mg but Joss of flud 1 thus manner cannot account for the majonry
of cases The degree of parasstacmua 35 not necessardy the decideng
factor exther since shock often appears in cases m which there 15 only
maodesately severe parasitactnia and may not dewelop m heavy mfec
tons Kean and Taylor for mstance mention z case with .o per cent
mvasion of erythrocytes m which there was no evidence of shack
whereas shock appeared m others with much lower parastaemu
Araenua i these cases was not m atself she preopitating factor  For
mstnce i one patenr the erythrocyte count before the onset of shock
was ¢ 35 nullon cells per cumm. and 4 65 mullion per cumm  after
recovery

It seems therefore that there mast be some Factor at watk which
allows progresuve loss of plasma fwd from the arculating blood
and that the ussac at fanlk must be the endothebum of the smaller
blood vessels  That chus o5 5a 15 mdtcated by the development of stasis
1 certan organs notably the bram

The mitial cause of damage to the endothelum 1s noe clear  There
15 however a gencral factos of very great importance which may not
perhaps be the sanng fictor but which mose greatly influence the
development of the changes n the endothel Thssasthep
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Local aircalatory disturbances

The general aurculatory effects mennoned above mfluence the
arculation through the nssues of the body but there are certan loca)
condimons which modify their effects m some organs  Many of these
phenomena have already been discussed 1n the chapters devored to the
‘vanous organs F_\ampfcs are the shunting of the renal flow from the
cortex to the medulla and the 1mpedance of the escape of hepatic
svenous blood from the Iner These factors are mfluenced by nersous
reflenes which may be set off by the general or local responses to
malarma mnfecnon

The anatomucal make up of the mdvidual organ ako determmes
ta sotme extent the rate of blood flow through st ~Thus m the spleen
the exastence of an open circulation 1n the Joose nssue of the Bulroth
cords slows the blood flow considerably The alleged spincter-lile
propertes of the efferent extremuues of the spleme sinnses described by
kmisely would have a stular effect The sinuses of the Iner and bone
marrow are also beheved 10 slow the arculaton m chose organs bot
1 the former direct observation indicates that there 1s normally 2
rapid although to some extent intermirent flow through the lobules
(Wakim and Mann 194.)

Mechamieal obstrucion to flow 1s also evident mn some organs
malana  Changes 1n the vessel walls meludmg snelling and oceasion-
ally phagocytic acuvity of the endothehal cells and in the late stages
of the disease snckmess of lencocvtes cause some slowng of the
blood flow  Obstruction to vessels i areas in which collateral curcula-
non 15 poor such as the hearr muscle and parrs of the bram also
occurs occasionally as a result of accumulation of parastized cells
frec parasites and debns  Free malanal pigment 15 also sometmes
present i sufficient amounts to mterfere with blood flow  True
thromboss and apglutmanon of red cells especully m the form of

sludge may also be concerned in the late stages of the disease  All of
these are however of munor importance The prinapal factor
mvolved apart from local speaific arculatory reflex changes such as
those appearing m the kudney 15 the develog of the phy siological
condition of stasts which 15 fundamentally reversible 1n nature and
arsses from the local loss of fluud from the arculaung blood  This

henomenon develops pnmanty i those organs 1 which the capi-
fmts and small s essels are normally impermeable to protemn and 1s not

seen m other organs w which the sessels may be normally permeable
*Thus stasss 1s promunent m the bram  the heart and sometimes  the
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gut but 15 pracucally never scen 1n the hiver the kidneys or the bone
marrow

It has been pomred our thar the circulation 1 a given organ 1
mfluenced considerably by the general circulatory changes which occur
durmg the disease It 15 equally true to say thar the local changes in
blood flow in seme organs may affece the general circulation For
stance 3 chaesma of the adrenals results 1n the outponning of adreralin
and so causes general vasoconstricion Thi had been discussd 1n
d tail elsewhere but 1t serves Fere to slustrate the complex nature of
the ulumate circulatory response to the makana infection

The nutial esrculatory phenoniena of the paroxysm can be explaned
m terms of the effects of some form of samulation (and Slossxbly

d mhubtwn} of the centees partwcalarly those of

the hypothalamus  As the diseasc prores es however parncularly of
asm P filaparun mfctions 2 more or less constart fever superyenes
other facrors mfiuence the i and may lead ul 1y to comn-
plete vascular collapse 1n which the crrenfation fals not because of
cardrac fatlure but because of loss of arculanng blood velume and
reducnion m venous retum 1o the hearr

The depletion of blood volume 15 enhanced m many serious cases
by durect Joss of Autd m the form of vomut bowel motans and sweat-
g but Joss of fluid sn this manner canot accouns for the majonty
o{g enes The degree of parasitacnma 15 not necessandy the deciding
factor enther since shock often appears m cases m wiuch there 1s only
modetately severe parastaemua and may not develop m heavy infec-
tions Kean and Taylor for wnstance mention a case with o per cene
mvaston of erythrocytes m wluch there was no ewidence of shock
whereas shock appeared m others with much lower parasitaenua
Anaemta m these cases was not m tself the prcaipianng tactor  Far
wstance 1 one pauent che erythrocyte count before rhe onsee of shack
was 4 35 mullion cells per cumm  and 4 65 mi'lion per cumm after
TECON LY

It scems thercfo ¢ that there must be some factor at work which
allows progressve loss of plasma flmd from the arculaung, blood
and that the nsswe at faule must be the endothetum of the smaller
blood vessels Thar this 1s 5o 15 indicated by the devclopment of stasis
m certam organs notably the bram

The autial cause of damage 1o the endothehun 1s not clear There
1s however a general factor of very great importance which may not
perhaps be the 1mnatng factor bue which mast gready wfluence the
development of the chanyes n the endothchum  Thus 1s the production




366 PATHOLOGICAL PROCESSES IN MALARIA AND BLACKWATER FEVER

of ussuc anovia Somie degree of anoxia must potentially exst m all
cases of malarta_since the destruction of erythrocytes the conver-
sion of haemoglobm into haemozom and the removal of oxygen
from oxyhaemoglobmn by the parasee all work together to produce
anoxacnua the degree of which will i the first mstance depend on
the degree of parasitization of the erythrocytes and the duratton of the
allness

It 1s morcover possible that hustotosc factors ansing directly or
mdrrectly from the parasitic mvaston may nfluence the dissociatson of
the haemoglobin of parasitized red cells and also the power of the
ussues mcluding the endothelum to use the oxygen with which
they arc supplied  Evidence for such imterference with dissoctation 1s
lacking but there 15 a strking sinilanity between the tissuc changes
produced by artfically induced hustotoxic anoxtz eg that of
barbieurate poisomng and those of malara (Hareman 1938)

In the ussues the reduction of blood flow brought about by the
various mechamsms described above leads to the production of stagnant
anoxa_and this m turn to exacerbation of the myury to the endothelium
and a further change 1n permeability and increased loss of protem and
fld In tissue such as the bram the process 1s progressive and cven-
tually the cells form masses which may obstruct the flow The nissues
now become eompletely anoxic and th degencranve changes which
were m evidence from the beginming of the anoxia pass on to necrosts
The pattern of the lesions formed 15 dependent on the crrculatory
arrangements of the organ as explamed elsewhere but the basis of alt
of them appears to be anoxia of one form or another the noxous effects
of which mnclude an merease 1 the permeability of vascular endo-
thelum to protemn resulng n the extravascular escape of plasma
flud  This effect of anoxia on the small blood vessels has been
demonstrated expertmentally by Landis (19.7) who mvestigated the
effects of vanious Jocal conditions on the permeability of the endothelial
walls of the vesscls of 2 frog s mesentery He found that accumulation
of carbon droxide and acid products of metabohsm within the physio-
Jogical range produced no measurable changes m flud movement
from the lumen to the extravascular tissues  Marked changes were
however produced by lack of oxygen which alone was found to alter
the permeability suffictently to allow the passage of protem across the
vessel walls The effect of oxygen lack was reversible  Stasis which
developed durmg oxygen deficiency could be resolved by bathing the
tissue 1n oxygenated Ranger s solution Similar stasis was obscrved by
Flotey (1926) mn ssolated capillartes m the exposed mammalian omen=
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tum  The vessls appeared as if all the fluid content had been fltered
off leaving a sobid mass of corpuscles within the lumen  Spontancous
resolution sometimes took place ‘These changes occurred without
measurable change i the dtameter of the vessels

Landss found that the permeabibity of caprllartes was mereased during
the period of stasts and rapidly returned to notmal atter resolution He
came to the conclusion that local asphyxia could alone account for the
phenomena of stasis and changed permeability sesolutron ot the stasis
bemg an ndication of restoration of oxygination and return ot normal
permeability to the vessel wall Oxygenlack n addition to 1ts mdurect
effccts produced by the i of tssue bolites everted a
durcer action on the vessel wall increasing 1ts permeabitity to flud and
protem The asphyvated vessel wall acted purely as a passtve fileer
the movement of fluid across 1t depending upon the capillary blood
pressure and effective osmottc pressure of the plasma protem  In
severe asphyvwa the cells nﬂowcf protem to escape and the osmotie
pressure fell  Exposure to complete oxygen deprivanon tor three
mnutes resulted 10 an escape of furd ar four times the normal rate
and 3 reduction of osmon. pressure by one half

The mitiating factor

Increase 1n endothelial permeabrhity to protemn wath assocrated Joss
of flmd stasts of red ce%s and duapedesis of red cells through the
vessel walls occur an other forms of anoxiz besides asphyxia  These
phenomena are also charactenstic of acute mflammation resulting from
wnfecuve agents or trauma In the former case the phenomena are
prsmanly induced by the presence of the agent and sts products wluch
1n certam wnstances have been found o wetude poly peptides specifically
active m Jothelial bility {Chamn and Duthe
1939) The arculatory phenomena of malana are n many ways so
similar to thosc of acute general mflammation (Cannon 1941) that
1t would not be surpnstng to find that simular substances were produced
during malana nfections and acted as the factors iutiating, the vascular
damage

The vascular chages of malanta are generalized although thev may
be mamfested differently 1n the varous organs depending on the
anatomical and phy siological type of microcurculation present  Thetess
ample evidence of damage to the vascular endoth lam and dwrect
evidence m some organs of local and sometimes general fmd loss
from the vesscls resulting i retardation or obstruction to blood flow
from stasts In organs such as the bramn n which the vessels are
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normally tmpermeable to protem  these latter factors predommate
In others such as the hiver where the vessels are normally relamvely
permeable and free escape of protemn and flurd to the nissues 1s physio-
logical they are not much m evidence

The vascular phenomena of malara are however so wdespread
through the tissues that some kind of common intiatng factor must
be postulated  So far we do not know what this1s The identificanen
of some substance 1n malara capable of mitiating generahzed leakage
of flud from the blood vessels would make the whole conception of
the discase more mtelligible  There s however no information con-
cernung the action of pl dizor their products on the permeability of
the vascular endothelial wall

The existence of a soluble malacial toxin has often been postulated
mn order to explan the pathogenesis of malara but as was pomt:
out when referning to the paroxysm attempts to demonstrate 1S
cwstence have so far faled  Metabolites of the parastte and those of
the damaged nssuc may exert a local effect but are unlikely to mimate
a general reacion Local changes 1n certain organs such as the bran
and adrenals probably minate physiological responses throughout the
body which can explam many of the humoral phenomena but these
reactions do no more than modify the progress of the discase It has
been frequently suggested that the parasiic pigment may be the basic
factor concerned 1 tissue damage but this has not been proved an
seems on the avathible evidence to be unlkely The fate of blood
pigments released dunng intravascular haemolysis 1s discussed else-
where (Chapter 1V)  The possibility that thesc pigments may evert
toxic effects on the tissucs 1s remote

The factor common to all the tissue changes of malarza thus appears
to be a vascular one (Birks 1943) In some organs the airculation 15
slowed because of obstruction to flow arising from stasis ot near-stass
and sometimes from thromboss In others eg the ner and the
kudney 1t 15 also affected by physialogical reflex vascular responses
In all organs tissue damage appears to anse in the final analysts from
anowia due to 2 combination of local and general arcalatory dis-
turbances generalized anoxacmua arstng from changes i the erythro-
cytes and ther destruction  and histotoxic effects of metabolites and
possibly toxins

We can only guess at the nature of the mtianng factor n this
complicated chan of cvents The mformation available suggests that
¢ some non-spectfic substance like the polypeptides of
ch exerts 1ts effect npon the vascular endothelium

it may
nflammation  wht
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probably by producing a state of hustotoxic anovia and allows local
escape of protem and flud leading to stasis m some organs and
ulumately to generalized loss of blood v olume and circulatory derange-
ments Jt may be that this substance may also affect the cerebral centres
and give rise to the paroxysms

FACTORS MODIFYING TISSUE RESPONSE
Host-parasite reactions

So far we have discussed mamly the reactions of the host to the
parasiic nvaston but the progress of malarta 1s often also considerably
modified by the effects of the host upon the parasite  The appearance
of synchronicity of maturation of broods of parasites the alteration of
the asexual cycle by vanation of the habits and cnvironment of the
host and the imitation of multiplication of P 1wax resulung from
differential mvasion of young red blood cells arc examples of the
latter  Fever also affects the parasites as was demonstrated by Plotner
who concluded from his experiments that a short period of normal
temperature in the host was necessary for the proper devclopment of
P vwax  The most 1mportant factors mfluencing the host-parasite
reaction and hence the ussue responses are however the state of

nutmtion of the host during the mvasion and the immunity reactions
evoked

Nutntional status of host

It 15 a common clinteal finding that malnutrition leads to mereased
severity of infection and there 15 now a considerable volume of
evidence mndicating that the growth and devclopment of the parasite
ate dependent on the general nutritional state of the host and the
Ercs:ncc m vio {and m witro) of certan essential substances such as

motn and pantothenate  These matters are referred to elsewhere and
need not be considered here (sce Chapters I and VII)

Immumty

The 1mmune reactions of the host to the malanal mvasion are of
terest here only i so far as they affect the general pathological
picture  The epidemiological features of immunity are outside the
scope of thus book and need be no more than summartzed 1 order to
provide a basis for the discussion of the more relevant immunologteal
processes which mfluence the development of the parasice and the
pathological and other changes ansing tn the host tissues

2a
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normally 1mpermeable to protem  these latter factors predommate
In others such as the hver wherce the vessels are normally relanvely
permeable and free escape of proten and fluid to the ussues 15 physio-
logical they arc not much i evidence

The vascular phenomena of malara are however so widespread
through the tissues that some kind of common mtiating factor must
be postulated So far we do not know what thus s The rdenuficanon
of some substance 1n malana capable of mimaung generalized leakage
of fluid from the blood vessels would make the whole conception of
the discase more intelhigible There 1s however no informaton con-
cermng the action of plasmodia or therr products on the permeability of
the vascular endothell wall

The castence of a soluble malaral toxm has often been postulated
1 order to explun the pathogenesis of malana but as was pomt
out when referring to the paroxysm attempts to demonstrate 1S
existence have so far fuled  Metabolites of the paraste and those o
the damaged tissue may exerea local effect but are unlikely to mitrate
a general reaction Local changes 1n cereain organs such as the bram
and adrenals probably mitiate physiol I resp hroughout the
body which can explamn many of the humoral phenomena but these
reactions do no more than modify the progress of the disease It has
been frequently suggested that the parasiie pigment may be the basic
factor concerned in tissue damage bue ths has not been proved an
scems on the available evidence to be unbkely The fate of blood
pigments released during mtravascular haemolysts 1s discussed else-
w}%erc (Chapter IV) The possibihity that thesc pigments may exert
toxic effects on the tissues 15 remote

The factor common to all the ussue changes of malarna thus appears
to be a vascular one (Brrks 1943) In some organs the airculation 1s
slowed because of obstruction to flow ansing from stasis or near-stasts
and sometimes from thrombosis In others eg the hver and the
kidney 1t 1s also affected by physiological reflex vascular responses
In all organs tissuc damage appears to anse m the final analysis from
anoxta due to a combnation of local and general arculatory dis-
turbances generahized anoxaenua ansing from changes 1n the erythro-
cytes and thar destruction and histotowce effects of metabolites and
possibly towuns

We can only guess at the nature of the mtating factor mn this
compheated chan of events The information available suggests that
it may be some non-specific substance like the polypepndes of
nflammation which exerts 1ts effect upon the vascular endothelium
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to the discase  Acquired immunity enables the host to resist remfection
with a stram of parase with winch 1t has been previously nfected
‘When a state of immunty exists 1n shich there ts a contnued mfection
without apparent clinical response the condition 15 wsually called

) When tol 1 d with to super-
1nfection with the same parasinic stramn the condition 15 one of premuni-
tion Some authors as will be seen below believe that immumty m
human malara 15 dependent as in bird malarta upon the persistence
of a latent mfection 1 the host This hypothests has not been proved
On the other hand there 15 ample evidence that humoral immune
bodies are developed during a malsrtal attack and 1t has been shown
that immumity may persist for a long time after the termunation of the
mfection

There 15 no need here to discuss the arguments for or agamnst the
view that acquired smmunity agamst malaria 1s dependent on continued
mfection  Whether acquired resistance 1s called talerance premunition
or immunity 15 to some extent irrelevant since 1t appears to act i the
same way whether residual mfecnon ts present or not 1e by sumu-
latng phagocytosts and destroying the parasites and not by mterfering
with ther division

Non-indrgenous mdwviduals suffer most severely from malania 1n
the first few years of residence inan end and thereafter become
progressively less subject to severe attacks  In indigenous populations
the active disease 15 common m very young children but 1s rare in
adules

The splenic index 15 used as a measure of the development of
acquired reststance 1 a communiey (Damels 1901  Chnstophers
1924) In an endemuc area this mdex riscs sharply n early childhood
reaching somenmes over 90 per cent by the third year and rematnmg
tigh unul about the tenth year - After this 1t dechines raprdly and reaches
a steady level m adult life provided the nfection rate 15 contnuous
Gill (1914) has shown that a constant splentc mdex 1 a population
contnuing over a period of years represents a_constant immumry
‘Where infection 1s mterrupted for any considerable lengths of time the
degree of immmunity falls and epidemics of severe malara muay occur

In young cluldren m endemc areas the enlargement of the spleen
1s accompamed by parasitaemia and chmcal evidence of malaral
wfection In older children parasites are less common and symptoms
fewer and n adults parasices are scanty and symptoms rare

Thomson (1933) powsts ous that the development of a lugh degree of
acquired mna depends on t
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Natural immumty

Certan mdniduals appear naturally resistant to malaral fections
They may live continuously for years in endemic or hyperendemic
arcas apparently without acquiring the discase and they may fad to
become mfected after mocu?mon with parasites Yorke and Macfie
(9.4} James (196 1931) and others found that a proportion of
wnoculated individuals appeared refractory to mfection  Such subjects
arc considered to possess a lugh degree of natwral mmunity to the
stram of parasite concerned  Loune (1938) defines such immunity as
resistance to mfection wath which the mndividual animal 15 endowed
before 1t comes into contact with the discase

It 15 not known whether natural ymmune reactions on the part of
the host always lead to complete destruction of the infecting parasite
Rudolf (19.6) for mnstance recorded cases i which parasites were
found n the pertpheral blood shortly after moculation although no
symptoms of the discase subscqucntr;’ developed  Thomson ﬁgss)
suggested that there mighe thercfore possibly be a latent nfection
some of the apparently naturally mmmune subjects It scems likely
however that 1 most cases the parastc 1s completely destroyed
According to Taluferro (1941) natural mimunity to malarral ifection
1s largely dependent on the non-speaific parasiticidal action of the
phagocytic reticuloendothelial cells of the host there 15 no important
mhubition of the asexual division of the parasite

Individuals 1n whom the infection 15 completely resisted represent
extreme examples of successful matural resstance  Lourte (1938)
has pointed out that the process 1s active even m overwhelnung mfec-
tions  For ple m P cath n canaries 15

are produced by each dividing schizont every 24 hours If

there were no resistance to the development of the parasites 1t would
therefore muluply 1ts numbers 15 times each day unul the nfection
of erythrocytes was complete In fact the multiplication rate 15 only
about five tumes m the day so that natural resistance must account for
10 of every 15 merozortes iberated In the canary mfected with P
cathemermt this hugh rate of destruction 1s msufficient and the infection
develops not because there 1s #o natural immumty  but because there

15 not enough

Acquired smmunity
Continuous cxposure to malartal infection over tmany years leads
to the development of some degree of acquired resistance or immumity
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after adequate treatment m a mateee of months m most human cases
but accastonally st persists for long periods after the infection has been
teconated  Thus James (tg33) and Boyd Stratman-Thomas and
Kuchen (1936) demonstrated mmunity two and three and a half
years respectively after moculation and fames and Ciuca five yeans
afterwards In Boyd s case submoculations were negatve fris difficule
to reconaite such findings with the hypothests that ammuniry 1 human
malazia 45 dependent on the presence of a latent mfection

Yorke and Macfie {19.4) suggested that qunme 1f admsstered
durrg 2 heavy mfection would stimulate the production of immumty
by suddenly hberanng large amoants of antgen following the destruc-
non of the parasites  Stnton (1938) however beld that the immune
response 3 determuncd by the amount of antigen which can be
effectively used by the body and that the appeacance of an excess of
antigen resulung from sudden rapsd destruction of parastes wonld
not be as effecrtve as the same quantiry of antigen acting over a longer
period  Thus view 15 more m keeping with the expenimental evidence
and 1t appears that the use of antumalanal drups durmg the course of 2
malana mfeenon affects the production of immuuey only m so far
as 1t mterferes with the development of the mfection

The tmmediate reacuion of the body to malarat invasion 1s the non-
specific destruchion of the parasites which according to Tahaferre 55
brought about mawmly by phagocytosts the degree and snccess of which
depend on the natural resistance of dre host It 15 not known w hether
the parasites are killed before bemg phagocytosed but st 1s probable
that they are engulfed in the hving state  The cells cluefly concerned
with phagocytoss ate the ordinary rettculocndathefal macrophages of
the spleen and hiver and to some extent of the bone marrow  The
phagocytes of other tissues are refatm ely vmmportant

Xt 35 mtutate contact of the blood colls with the phagocytes that as
responsible for the concentranon of phagecytass m the hver and
spleen rather than any special dynanuc feature of the crculanon
m these ormans Tt has often been stated that the presence of sinusordal
~essels retards the blood flow but thus 15 centamly not atways the case
mthe hver 1n whuch the arevfation 1s apparently normally fast (Wakim
and Mann 193.)

Once the duscase 15 established 1 the host the natural remstance

[

beromes remforced by the develap of acquired which
Lives fisc to 2 spectfic merease in phazocytons confined mnmi) to the
macrophage colls of the foendothelial syseems an 1

§ rorunent m the spleen and to a lesser degree 1n the e fn self
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sion of the mfecion  He estumates that 1t requires about 15 years
contiuous exposure to mnfection to produce tolerance 1 an ndivi-
dual  This length of ime 15 required 1n naturally acquired mfections
because of the numerous strains of parasttes to which the subjects are
exposed

The mtroduction of malara therapy for the treatment of general
paresis by Wagner-Jauregg has enabled the development of acquired
immunty to be studied under controlled conditions

Yorke and Macfie (1924) found that after a patient had recovered
from an induced P 111av mfection 1t was very difficult to mfect hum
with the same stram of parasite This observation was confirmed by
other workers who demonstrated further that the resistance to mfec
tion was highly spectfic  Other strams of the same specaes as the mttial
stran produced modified cliucal reactions but other speces of para-
sites were unaffected and produced normal clinical reactions when
moculated Only one nstance 1s known of resistance to one species
bemng effective agamst mfection by another species James and Cruca
(1038) found that patients resistant to strams of P vtvav were also
resistant to some extent to stramns of P Lnon lest

Tt has not yet been dectded whether this resistance to mnfectzon with
the homologous stram 1s due to latent infection or to a genume humoral
mmmunty In bird malara the duration of immumty to mfection 15
belteved to depend on the exastence of a latent nfection sice complete
cure of the mfection leads rapidly to loss of immunity On the analogy
of bird malara Thomson (1933) held that a simiar latent mfection
was concerned m the mamtenance of immumity to human malana
This has not however been proved experimentally and there 15 a good
deal of evidence indicating that 2 genune humoral mmumty s
developed 1 the absence of a latent infection

Immumity does not develop apprecuably after a single infection 1m
man unless the disease 1s allowed to progress for some considerable
tme Redmond (1941) states that about one year 1s necessary during
which the patent should receive no treatment unless absolutely
necessary If the disease 1s termunated early after mfection very liutle
wmmunmty develops Repeated mfections at short mtervals lead to more
rapid development of tmmunity For mnstance Cuca ef al (1934)
found that 34 per cent of thetr patients showed resistance to P v ay
after the first moculation and 87 per cent after the third moculation
‘They obtamed simular results with P malariae mfections and Smton
(1940) showed a sumlar effect with P ovale

Effective immumity to a particular stran of plasmodium s lost
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to Tahsferro the prohferarion of macrophages 15 non specific and not

rectly d with the develop of acquired Y

P knowless mfection m M mulatt1s normally 2 rapudly fatal disease
In an animal 1 which the infection 15 adequately trcated  the changes
1 the spleen very closely resemble those seen 1 the milder self-limited
stmtan mfections already discussed The same active phagocytosts
and prohiferation of macrophages and lymphocytes 1s evident When
however the disease 15 allowed to run 1ts fatal course the histologcal
picture 1n the spleert 15 complicated by a degenerative process which
affects both the Iymphocytic hypcrpf;m and the macrophages A
tremendous loss of cells occurs {Tahaferro and Mulligan  1937)
which masks the prohiferatve and phagocytc cellular actuviey which 15
present as Taliaferro has shown 1n the earler stages of the mfection

In human malama phagocytosss has been described i almost every
organ but there 15 general agreement that 1t 1s mamnly concentrated n
the spleen and the Iiver No regional concentratton of phagocytosis
such as that described 1n the spleen during the crists of monkey malaria
has however been reported m human infecnions Taliaferro suggests
that thus 15 duc to the fact that most of the human tissuc examined has
been obtained from acute and often fulmmating cases of P falaparin
mfection 10 which asm P Luow kst infections in M mudatta the de-
generative processes of the later stages of the mnfection have been
obliterated the phagocytic and proliferative ccllular actvaty of the
catlier stages

In the early stage of a malana mfection the phagocytosis assoctated
with the nataral y of the host 15 pecitic and the phago-
cytic cells ingest red cells parasitized red cells free parasttes and pigment
ndisermmimately  When acquired immumty has appeared the phago-
cytes although presumably sull retamng” ther normal funcuon as
stavengers for other material become specifically active agamst red
cells paragttized red cells and free parasiees

There has i the past been a good deal of controversy over the
ability of macropt to ngest und d parasices or d
cells ‘but 1t 15 well established now that thev can do so partrcularly
once some degree of acquired immunsty has been achieved  Manna-
berg (1894) demonstrated the ingestion of frec parasites by phagocytes
m fresh preparations  Thomson (1933) described the ngestion of
apparently normal parasites by macrophages and polymorphs in human
malaria both m the pmph:mYblood and 1n splenic smears The Talia-
furros (19 9 1934) found that infected red cells were phagocytosed
only stowly m normal anmals but were engulfed vigorously after
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Itmuted or drug-controlled mfections in animals 1t 15 possible to observe
this speafic ccllular reaction but 1 human malana st 1s frequently
mashed by concomttant degeneratrve processes The cellular reactions
assoctated wath the devclop of acquired r have been
described most fully m bird and monkey malarta by Tahaferro and
his colleagues (Cannon and Talaferro 1931 Tahaferro and Cannon
1936 Talaferro and Mulligan 1937 Talaferro 1941) Ther findings
m Panamantan monkeys wnfected with P brasthann illusteate the
processes clearly In the carly stages of a prmary mfection the free
merozottes and intracorpuscular parasites are phagocytosed sluggushly
by the macrophages okg the spleen Iner and bone marrow T
responsc 15 the result of the host s natural resistance and 15 msufficient
to prevent the development of the mfection In the course of a few
days after the appcarance of the parasites i the blood the degree of
parasitaemia mcreases to 2 mavimum and then falls rapidly as the
mfection becomes subdued  The pertod of maimum parasitacmia
and the subscquent sudden reduction 1s referred to as the casis of the
wnfection and 1t 15 n this stage that the cellular phenomena of 2cquired
resistance hrst become evident At the ersis masses of parasitized red
cells accumulate regronally i the spleen and appear to be held m the
Billroth cords The venous sinuses remaiming relanvely frec In the
course of a few hours intense phagocy tic actvaey des clops tn the macro-
phages and the parasitized cells become avidly engulfed At the same
time the phagocy trc activaty of the individual macrophages of the liver
and marrow 1s also mereased  The macrophages of these three organs
but particularly thosc of the spleen rapidly become engorged with
patasitized erythrocytes parastes in all stages of development pigment
and cellular debris The mfecuon now becomes rapidly subdued
and the cntical fall an parasitaemua takes place In splencctomzed
ammals the macrophages of the hver and bonc marrow become the
prmcipal agents m reducing the mfection Once the spearfic phagocy tic
activity of the phages has been established 1t reappears imme-
diately on superinfection with the homologous stramn of parasite
The mgested cells and parasites disappear rapidly from the macro-
phages but the malanal prgment 15 retamed for months

The appearance of speaific phagocy tosis m the spleen Liver and bone
marrow 15 associated with a local mcrease i the number of macro-
phages In the spleen Taluferro believes that the new macrophages
come mostly from the lymphotd tissue which shows a marked hy per-
plasta but the rencular cells of the stroma of both the spleen and the
bone marrow also proliferate and give rise to macrophages  According
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cytosts possibly as the resule of the exstence tn immune antmals of
some humoral agent equivalent to the opsonmns of bacterial infecuons

Coggeshall (1941 1043) has recently reviewed the information
avalzble on the development of humoral mmmunity mn malana
There 15 some evidence that neutraltzig antibodues are formed dunng
the mfection m both man and monkeys Complement fixing and
agglutmating antibodies are elaborated and possibly also precipitins
The production of opsonms has not been demonstrated but Cogge-
shall belteves that the speaific agglutnation of P knon lest parasites by
homologous immune serum 15 presumptive evidence that the parastees
are sensiized i vivo and thus rendered hughly suscepuble to phagocy-
toss  Curculating anubodies first appear m a primary mfection m
stmian malarsa m the immediate post-cusis period  In human malana
the complement fixing antbody appears about three wecks after the
onset of the attack and persists for months after the disappeatance of
the parasites

Immune bodies probably affect the development of pathological
changes i malama only indircetly by mflaencme che processes of
phagocytosss and possibly by the agglutination of erythrocytes and
consequent mterfcrence with the circulation through the small vessels
of the body

A bod

B!

Gear (1946) has however recently pomnted out the posstbility of the
existence of another process which may be responsible for some of the
pathological changes secn n malaria - He has suggested that the para-
siic nvasion of the erythrocytes alters their chemical constituents and
gives nise to autoantigens which are capable of stunulanng the produc-
tion of autoantibodies i the form OF autohaemolysins ~ These antt-
bodies 1n the presence of red cells and complement cause hacmolysis
Thus 15 an attractive theory 1n many ways and has a parallel s bacterial
diseases 1 which 1t has been shown that a mixture of organ tissue
plus streptococeal ot staphylococcal extracts becomes autoantigentc
and gives f1se to autoantbodics which react with the homologous
tissues It 15 tempung to apply the analowy further and suggest that the
lestons of the organs ¢ g i the cells of the kidney tubules and lver
lobules developing in malania may atse to some cxtent from such
antibody-antigen reactions the autoantigen m this case bemng created
a5 a result of tssue change ansing indurectly from the malarial imvasion
cither as 2 result of the actvary of parasiic products or of the ussue
anoxta which develops
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mjection mto anumals which had acquired immumity - Actrve tngestion
ofJ red cells parasinzed red cells and free parasites in enormous numbers
was further demonsteated by Tahaferro and hus colleagues as described
previowsly, durmg the crisis of sclf-imited malamal nfection m
monkeys and birds There 1s however no direct evidence that the
patasites are alive when mgested and as Taliferro and Mullgan
pomt out the development of specific phagocytosis does not exclude
the possibility of the custence of other parasmicsdal mechantsms
such as lysins cireulatng in the plasma

The mereased phagocytosts of acquired 1mmuruty mnvolves both
parasiized and unparasitized erythrocytes both of which are mgested
m very large numbers  Fairley (1933) has thercfore suggested that 1t
may be directed mn the first nstance against the erythrocytes rather than
the parasites There 1s some cvidence to support this view  Brown and
Broom (193s) for mstance have demonstrated an equal reduction of
sutface electrical change on both parasinzed and unparasiized red
cells which appears at the erists of the mfection 1n bird malaria They
found this reduction 1n change was non-specific and suggested 1t was
related to the appearance of immune bodics 1n the plasma and associated
changes n plasma proten They considered that a reduction in surface
change rendered an erythrocyte more susceptible to phagocytosis
Knsely (1942 1945) observed the precipitation of crystals around and
about erythrocytes in the circulation of monkeys n the late stages of
P Luowless infection and reported that this precprate made the ery-
throcytes sucky towards phagocytes which readily mgested them

Tt thus appears that 1n the crists of mfection in bird malarta and 1 the
late stages of monkey malarta all erythrocytes whether parasitized
or not become more susceptible to phagocytosis  Some of the avi
ngestion of red cells observed i malana may therefore result from
similar changes ;n human malana  However Tahaferro and hus
colleagues have shown that there 15 1 addition a more speaific phago-
cytic reaction which 15 directed agamst the parasites and parasinzed
c?’thIOCthS For mstance they have shown that the intense acttvity
of the macrophages m the spleen 1s sumulated at once by attempte
supermfection at a time when 1t 1s unlikely that any general alteration
m erythrocytes can have taken place and when Knisely s phenomenon
35 absent Morcover the Taliferros found that erythrocytes from an
fected animal were phagocytosed slowly when mjected into a normal
animal but were ngested extremely rapidly in an amumal possessing
acquired immunity (in assoctation with latent infection) They there-
fore suggest that infected cells must be specifically susceptible to phago-
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cytoss possibly as the tesule of the ewstence m wmmune animals of
some hurmoral agent equivalent to the of bactersal mft

Coggeshall {1041 1943) has rcccmf; reviened the mformation
avabble on the devclopment of humoral m\mum?' m malassa
There 33 some evidence that neatralizing antbodses are formed durmg
the wfection 1 both man and monkeys Complement fixmg and
aged bodies are elat d and pombly ako precipins
‘The production of opsonms has not been demonstrated but Cogge-
shalf belteves that the spectfic aggtutmation of P knon lest paranites by
homalogous tnmune serum s presumptive evsdence that the parastes
are sensitized 1 vivo and thus rendered hughly suscepnble to phagocy-
tosis  Circulating antibodves furst appear i 2 primary mfection m
simsan matana i the inmedsate post~crisis pestod T huwman malans
the complement fiung antibody appears about theee weehs after the
anset of the attack and persists for ntonths after the disappearance of
the pacasttes

fmmune bodies peobably affect the development of pathological
changes m malarra only mdisectly by mf o the p of
phagocytons and pasbly by the agaluumanion of erythrocytes and

consequent antezference with the cieculatton shrough the small vessels
of the body

A bod

B Y

Grear {1946) has hawever secently pomted out the possabibry of the
exstence of ancther process whach may be responsible for some of the
pathological changes seen i malaria He has suggested that the para-
sitic mvaston of the erythrocytes alters thear chenucal constieuents and
TVEL Tee 1o Amoantigens whach are capable of sumulanng the produce
tion of antaanubodies m the form of aurohaemolysms These ann-
bodies 1 the presence of red cells and complement cause haemolysis
Ths 1¢ an atsractve theory an taany ways and has a parallel s bacterwd
discases m which it has been shown that a moxture of organ ussue
plus smreprococcal of staphylococeal extracts becomes autoantigenmc
and grves mse to autoannbodies which react with the homologous
tissues It 1s tempung to apply the analogy further and suggest that the
lesions of the organs e g 1 the cells of the kidney tubules and fver
lobates developing 1w malana may arse to some extent from such
antibody -anttaen ceactions the autoantzen i this case ben ereated
as a result of issue change anstng ndsrectly from the matarial wvasion
eulier 25 3 result of the senvity of parasine products or of the assue
anoaz which develops
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SYNTHESIS THE PATHOGENESIS OF MALARIA

The account of malarra given above includes a description of the
lesions an most of the important organs except the lungs and gastro-
wntestinal tract  Reference to the hiterature will show that m the latter
organs the changes are pumanly of the same nature (Spitz 1946)

Certan pathological processes appear to be fundamental to the
development of the lesions m all organs 1t should be noted here that
selective localization of parasites 1s not an essential factor smnce apart
from accumulations 1 the liver and spleen concentration of parasitzed
cells 15 not usually cvident 1n a particular organ even when the clintcal
symptoms mdicate 1ts specific mvolvement

The basic processes which determme the hosts reaction to the
parasite nclude (1) generalized anoxaera (i) damage to the endo-
thelial cells of the vessel walls and (1) general and local changes m
blood flow which result in fissue anoa

Anoxaemua arises prrmanly from the destruction of ery throcytes and

consequent anacmua  Parasitized cells are distupted at sporulation an
unparasttized cells by Iy tic processes of uncertamn orgin  The degree of
anoxacmia 1s enhanced by mterference with the oxygen carrymg
capacity of erythrocytes duc to conversion of haemoglobmn into haemo-
zoin and removal by the parasite of oxygen from the oxyhaemoglobmn
and 1n many cases by incomplete oxyg resuluing from pul ry
mvolvement Damage to the vascular endothelium 1s a common
hustological finding 1 cases of severe malaria and 15 indicated 1n the
pathological picture by the development of stasts (which depends on
local escape of plasma fluid) 1n certan organs notably the bram and
heart Changes m blood flow 1n therr extreme form amount to medical
shock In less severe cases the circulatory disturbances are the result of
the prevailing fever and local vascular changes tnvolving redistribution
of blood flow m certan organs particularly the hver and kidney
Direct mechanical obstruction to blood flow through small vessels
also occurs especially 1n those organs m which stasis 1s prevalent and
may become exaggerated 1n the late stages of the disease by complicat-
ing factors such as agglutination of erythrocytes and the formation of
sludge or swelling and shedding of the lming cells of the smuses for
example m the Iver The humoral effects of local nissue 1schaemia
eg m the adrenal probably mfluence both local and general vascular
responses

As the disease develops the combination of anoxaemta endothelial
damage and changes m blood flow leads to a general state of ussue
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anovu the effects of which are enhanced by complicating factors
such as 1mmune reactions and autoantigens and posstbly the direct
action of histotoxic agents

The changes developmg in tissues are at first reversible but ultimately
become sereversible and go on to degeneration and necrosis The pattern
of the tussue darmage depends on local vascular respanses and associated
changes 1n blood flow and the effects of alterations 1 endothehal
permeability For example 1 the bram stass 15 the significant factor
whercas m ‘the hver and kidney 1t 15 rare and local crculatory re-
arrangements predominate

The paroxysm accelerates the processes outlined above by ramsing
the metsbolic rate mcreasmg the erythrocyte loss and disturbing the
genenal arculanon  As we have seen the paroxysm 15 essentially
smshar to the febrile response to non-specific pyrogenic agents and
can best be explaned by the releasc at sporulation of some factor
which mttuates the vascular changes and possibly also exacerbates the
endothelial damage ansing from anoxia

The anovaemsa crcated by the loss of red cells and changes
pulmonary circulation 15 probably mn atself isufficient 1 most cases of
malaria to muate the tssue changes and the hosts response to the
mvasion There must be other factors nvolved about which at present
there 1s very hitle mnformation  No specific toxin has ever been identi-
fied bur the evidence n favour of the exstence of some crrculating
diffusable agent 15 very strong  The similanty between malana and
general inflammation s striking enough to saggest that some acttve
agent eg a polypeptide fraction simular to that identified by Chan
and Duthie may be Iberated as a result of the parasinc mvasion
and act as m acute mflammation especially upon the vascular
endothehum  The phenomena ot the paroxysm could similarly be
accounted for by the presence of some diffusable substance liberated
at sporulation and affcting the hypothalamic centres It 1s conceny able
that these factors arc sdentscal and that the agent giving rise to the
febrile phenomena of the paroxysm may also mate the vascular
damage and airculatory changes secting off the chain of reactions which
Lecome synthesized 1nto the disease entity we eall malatia

Whatever the answer may be 1t 1s clear that the general and local
circulatory changes and the endothelial damage are” of fundamental
importance in the general development of the discase and that the local
tissue damage 15 governed essentially by the development of anowia
antsing from generalized anoxacnma the crculatory changes
wn endothehal permeability and possibly also from histotovic effects
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Stan (contd) Treatment

~— Giemsa s, 53 57 —of bhckwx!n' fever 278
«—Leshmans 40 54 57 — of maly;

— Romanowskys 40 54
Stags

= n bone marrow leuons 3°0
— in bram lesions 277 280-1 282, 283
— and local arculatory chan s in malana

— in heart lestons 342

b orlesons 163 4718

— m sglenuc Jesions, 3067 3

— e als  pathageness of s 1w aler
o gans

Takata-Ara ﬂocmbnon reaction, 147
Thiobismol, 68

Thrombos

-= mn relabion to anovacmia 3589

== 10 adrenal lesions, 3334

i bone marraw lesions 370

— m bran lesions 263 269 270 271 277-8

250
— m hears lesions 341 343
— m hiver lestons 163

— s splemnc s ns 300 307
Toxn {malarsal) 6>

—1n pathogenesis of

— — adrenal Jes ons 333

— —kudney lesions 225 237.8
— — paroxysm 339 354

Tubulovasculsr renalsyscrome 217

Ursernia

—acute in blackwater fever 147 198 2267

~—acute m malana 19* 195 196 201 207
204 24

~= e also renal anowa

Urobidin

~ 1 blackwater fever 1456

i malang 1434 143

—an relanon to1 et funcuion, 136 149 151
15

Urobihnogen

—n blackwater fever 146

—in 435

— 1 relation t0 I r function 146 149 151
15

Van den Bergh reaction

- 1n blackwater fe o 138 140-2

—=1in malana 137

— interpretanon of induert reaction 13847
Vasculsr obstruction

== evdence of nbran 26971

Vascular phenomens see arculatory pheno-

mena
Vermicule 34






