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PREFACE

Witbm 2 stone s throw of thus Insttute 15 the mam government hospital of the State of
Selangor, & large general hosputal with some six hundred beds Here in the wards are represented
most of the diseases of Malays and here, by the conunued courtesy and co-operation of the
Sute Goverament the Insutute has undertaken some of its most useful work-~on bers bens
scrub syphus typhoud fever dysentery Jeptospuoss and other diseases Here too have been
centered the chimeal studses on malans which begmmng with the work of Witliam Fletcher on
the alkaloids of cinchana have contued almost unbroken for the past twenty five yeas 1n
ths hospital and us the Distnict Hospttal Tamprn where the Negr: Sembian State Govern
ment has conceded stmlar faciiies some thousands of Astan pauents have been treated for
malena under ppLop for the of new remedies Over the
years this work has brought 2 growing knowledge of the malana parasites prevalent i Malaya
therr form 1o thick and thin blood films and thew numbers aod chncal assocatsons We have
thought that thus knowledge from sts practical beanng on the problems of mscroscopre diaguosss
and progaosts e malara mught be useful to colleagues i the hosptals, and 1 1949 an account
of the morphology of the Malayan parasites int thuck blood films was wssued from the Jasttute as
Swdy No 23 with a suggesnon ‘Z’" 2 companion volume on thin film diagaons mught appear
at some fater date With the publicanon oﬁ(fv No .4 this suggesnon now takes shape

The present study describes az;d d!u,str{lc;(fxiappcﬂmc:s 1n thin blood films of the four
species of Plasmodwm wfecung man wath pamcuh; emphasis ont the forms prevalent m
Malaya The drawsngs of the Malayan parasites are origmal they were made at the oucroscope
mostly from matersat prepased i the course of the day by day routine work of the Malara
Research Divsston of the Tnstitute

The eather study excluded Plasmodium ovale 2 species not known 1o oceur iz Malaya a
speaies moreover of which I have no first hand knowledge My good forrune 1n having been
able to enlist the support as co-author of Mt P G Shute cnables me s this Jater study not only
ta correct what I believe to have been & sgarficant onusston but to draw ont 2 widened range of
expenence and chimeal matersal

Kuats Lumror FWF
December 1955
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CHAPTER I

A SHORT HISTORY OF MICROSCOPIC DIAGNOSIS IN HUMAN MALARIA

For many years ¥ have held the opsuon that the intermyuzent fevers are produced by
parasites which renew the parosysm by the act of thett reproducton which accuss mere or
Jess rapadly according to thew spees  Thus theoty advanced mn the early munercenth
century by Rason expresses 1 more precise terms and with remarkable prescience ani dea so
commonty held i Ttaly that the fever producng parasires had seceved from tha people
name—rrgfic ot death producng  Restated later by ozhers mvarous ways though seldom
30 clearty as by Rasons this hypothesss aroused interest o the nature of the serafi+ and sundry
algae vegetable spores or bactema were held to cause malana—sione tt seemed on better
grounds than the Baclles malara of hiebs and Tomowsy Crudelr Annownced i 5879 and
receved with enthusastsc acclaim the dscovery of thus bactllus the Jast false sceat on a hot
ol msled for sexeral vears evea the great Italians whose later work lad the enduning

d of our preseat knowled,

The true pacaste af malans was almast certamly seen and passed hy unrecogassed m the
mud nuneteenth centary Meckel m 1847 described prgment sn sround oval or spmndle
shaped protoplastuc masses which were undoubredly makama parasites  and Varchow a year
later prerured cenan forms of the parasites but with no fant that they mught be hving osgansms
More than thrty years passed before Laveran wath the feap of intwitive perception which was
s great contnbuyrion o mecdicine aanounced their true nature

LAVERAN

Alphogise Laveran @ French Colomal Surgeon s Algena was working at the Miliary
Hosprtal Constantine when be took upon himse!f the tavk of mvestigaung he malana fevers
He saw pigmented crescent shaped bodies i the blood of persons suffering from fever and
was stift uncertam of therr nawere when the explosive activaty of oue of the bodtes left po doybt
that he was observing a Use orgamsm It 1s perhaps fitting that we should recall the arcum
stances of this momentous discorery  The pauens 2 young soldier of the §th Squadron of
Arntlery sianoned i a potonousty unhealthy barracks way  dmived vovie Constantune Hospral
with fever on Ocrober 12th 1880 He was treated with quimme the fver yielded and he was
discharged from bospital to be re adroutted with 2 relapse and weated 2gun vat quaice On
November 5th numerous crescent shaped and sphencal pigmented bodses were seen an the
bloed For the events of November 6th we may pethaps quote Laverans own words 1
ha ded s far with my hes and was sull b g whether these elements ware
parasites when on November 6th 1830 on esamuudg he pigmented sphenical bocies ¥
observed on the edge of several of these elemems rveable flamenys or fagells whose
extrernely rapid and sassed movements left no doube as to their nature

The pigmented spherical bothes with flagelta were the male gametocytes of the malana
parasite which was later named Plasmodwm falesparion The 1denuty of the crescent shaped
bodses 15 equally beyond doubr though ttis not easy to ideatafy some of the strucrutes of which
Laveran wates from lus deseniprions and rather crede draw sogs

Thus was Laveran s great disoavery He saw the strange bodwes 1 the blood of fuver
panents he recogrused that they wese hve organasms and he described them so that others
mught fallow His observations at the microscope %ere wsually made with 2 dry objective on
fresh unstamed blood though he sometumes used the o tmmersion lens He preferred
dayhght for arufical Light with the Abbé condenser made the paranes too Iransparent,




2 DIAGNOSIS OF HUMAN MALARIA

Stauung he someumes used, though with obvious reluctance It 15 mn the pute and fresh
serum, he wrttes  an the mudst of the blood corpuscles thar the parasttes are best studied
‘Thus, with means so fect did the pic d of malarta have 15 begiorungs

O3 &80 O ~

= [
Q.34 8. 9o
L0 6. &&}

F1g I--THE PARASITES OF MALARIA (after Laveran, 1881)

Laveran s announcernent was yecerved with scepticism and for several years more the
bacillus of Klebs and Tomasss Crudel held the field The young Jrahan school remained
unconvinced even when Laveran came to Rome to demonstrate the parasites Marchiafava
and Cells, whose researches were soon to soar beyond those of Iaveran thought that the
parasites were areas of degeneration m the red cells and only i 1884 when they began to
evamine fresh blood with 2 1/12 1mmersion lens were they prepared to concede the accuracy
of Ius observations How far the homog lens buted 1o the achances
of the neat ten years we cannot hnow The formula for immersion kenses had been published
s 2874 and 1 1878 Cast Zesss had begen to make them From Laveraq s wotngs we are
left ta presume that s early wotk was done wath dry objectives , the exactng ebservations
from whach the ergthrocytic Iife cycle of the parasites was minutely defined by the later Itahan

hes had the S ges of the system

GOLGY

Working 1n Algena, and seeing parasttes of three speaies i ther varous forms, Laveran
sought wnh htle success fo interpret @ confusing prcrure The orgamsms he thoughr were
pleomorphie forms of a sngle species , be had no clear noton of thes e cycle sor did he
refate thewr growth o the chimcal phenomena of mfecton The nowble advances which
clartfied these obscurmues we owe to Golgt Working 1 Padua where the malignant fevers
were rare Golgs stucbed the parasstes of the mild ternan and quartan fevers undistracted by

Lavaw & ¢ #50) T d Tom Gont e on 295k Pac mbe 385 ih Seir 1z Mado Om
ot 8 Pa U W n B op T S'aw n AP (Ciedby S quess J R 3930 Alph e
Ta tnandin w k Keny B Af md J 6 319)

X isBos) Putud @ The New Sed nhare Soct o L ndon 1393
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the diserse forms of the mahgnant parasite He recoguused that the parasie caustog the quartan
fevers couldd be dsstingushed by 1s constant form and by a constant 7. hour bie cycle from the
youngest amocbord forms 1o the segmenung  rosetie  and he observed that the parautes tend
to reach mamity at the same bme Then by companng the stage of the e with the
symptoms 1 the patient he estabhshed the wmportant fact that the malaua parogysm always
concxdes with the segmentatton of 2 group of parases Thus a single brood of the quartan
organssm Causes a pArovysm every theee days two broods 1wo paroxysins wn the same pertod
and three brvods three with patterns of temperature which are descubed as quarian double
quartan of toiple quartan (quotidian)

These highly signsficany Yescarches begun 1 1885 were sueerded by s sermes of
obsernauens equally remarkable on the parasites of the simple serman fevers Here dgawn
Galgt was able to show that the Ternan parasite has constans morphological featras  that it
iffers from the quartan ofgamsm in having 2 38 hour cycle and that the cycle and the clmscal
featuses of the sumple tertian fevers ace mterrelated

From Golgts work g was ciear that he recogmsed two kinds of malana parasites possibly
three for be hustts that the crescent shaped bodk s of Laveran msght represent yet another kund
Moz umpersant sull Jus otk brought the observauans mmade 2t the mucroscope 1ato eesct
refaron with the symptoms of the pauent

MARCHIAFAVA

Whle Golgt was studying the madd tertian and quartan fevers 1n Padua  Marchiafavg
with fus colleagnes Cells and Bignamy were muestgaung the malignant sammer autumn fevers
of Rome Like Golgr they sought 10 harmomse what they saw at the mucroscope with these
observations ax the bedssde  but the Rome fevers were often fatal and they were able alse to
study the form and distsbution of she parasites m the body afier Geath Somethung of the
enduning quabiy of thewr wotk between 1885 and 1894 15 pechaps best comveyed by brief
extracts from theie wetmgs

It 35 from the exam.nauon of the parasites that we can deaw matenals which enable us ta
form our prognosis of the dangerous fevers

The parsmies present such special charactesssives that a differennst diagoons may be
made on the fiest resors 1o the micrascope

We cannot recsl a single case of malanal mfection 1n whi h reprated and properly
condncred #xamumation of the blood did not reveal the presence of patasies

Furst and forermost 1n the cases which we have studsed up to the present we see that
mualignancy cowncides with this excepnonally 2bundant quantty of parasme forms

Everyone knows wha has studied these fevers that it always remains difficult to find
forms of fission m the bload of the fger Indeed this 15 the reasan why the feconstrucuon
of the Ife eycle of this vancty of haematozoon has been accomplished with such difficelty and
1t higs onty been successfal when the exammatan of the blood 1 bfe has been combned with
the study of the different viscera w cases of fatal mabgnancy

In the majonty of the mabgnant infecuons an enosmons mvason of parasites takes place,
whereby the capidlanies of certam organs eg the bran are so filled wuh amoebiferous red
Blood-rorpuscles that often none but 3 few motmal ones ¢an be found

In the summer autuma fevers whalst s great paruon of the development of the parasites
espectally segmentangn does take place in the miternal organs there occurs 1 2 determmate

Mucear % 4B MM A O Swme wm MIn F
A4LAYA Ne & 1855

Th N w Syd stum Ssowsy 4o & 10q



4 DIAGNOSIS OF HUMAN MALARIA

relation with the course of the paroxysm of fever, an 1masion of young amoebae mto the
arculaung blood The presence of forms of advanced development and 1n a state of segmentation
10 the blood 15 2 certn aindicanon of gravity
Tt 15 not the crescent shaped body but the amoeba that has the greatest pathological
sxfg;uﬁcance—xhc amoceba which posses through a2 developmental cycle with every paroxysm
of tever
There are certan mnstances of fatal malignant infection 1n which, although dunng hie
but few crescent shaped forms show themselves i the blood the antopsy reveals an extremely
large number of them But they are not uniformly dstributed 1o the vessels of each of the
wiscera_a very large predomunance 15 found in the bone martow where they may be seen at all
stages The spleen contains them wn smaller numbers, while m the other organs they are verv
scanty
On the seventh or eighth day of the disease there are found  the blood extract d from
the spleen and excepnonally m the blood of the finger (as 1 cases where the parasites are
) ) endog ¥ d corpuscles ovoid or spindle-shaped theevolution
of which mav be traced up to the adult crescent shap.d form After the formatton of the young
crescent shaped forms has thus commenced on an average towards the seventh or exghth dav of
the disease therr prod with each paroxysm so that after a senes of
attack the blood contains an accumulanon of crescent shaped forms
From Marchifavas pen nearly forty years later came one of the finest accounts of the
pernsuous fevers ever written But he could add hule 1o what he and hus colleagues of the
Trahian school already knew i 1894 and httle that 1s fundamental o our knowledge of the
erythrocvuc parasites has been added since

THE SPECIES OF MALARIA PARASITFS
The early sdea that all the malana ergamsms are pleomorphuc forms of a smgle speaes
though held w1th ait the wewght of Laveran s authonty became untenable when Golgs showed
that the quartan and the sumple tertian parasites are different from the mabgnant summer
avtumn parasites and from each other, and by the turn of the century three of the four species
we recogmise to day had been generally accepred
{a} The parastte of the quartan fevers with a 72 hour cycle, first seen and dlustrated by
Laveran, and tecognused as a separate speces by Golg
(&) The pacasite of the sumple ternan fevers with 2 48 hour cycle firet recognsed as &
separate speaies by Golgt ,
(c) The parasites of the wrregular summer automn fevers with an undetermuned cjcle
of 24 4% hours first seen and described by Laveran and recogussed by
Marchiafava and Cells as the specific cause of the malignant fevers
The fourth, also with & 48 hour cycle and causing 3 Tuld ternan fever was deseribed by
Stephens tharry years later
The mahgnant parasite~The cycle of the parasne of the dangesovs summer autuma
fevers was difficult o establish for the parasites, unlike those of the quartan and sumple teryan
fevers, usually reced. to the nner organs when they are zbout half grown and the broods tend
to overlap The patterns of temperature guotdian in some cases and tertun i others
suggested that there mught be two sanctres Marchuafana and Bignamu wok thus vew
Mannaberg thought that thers might be a third disungusshed by the absence of pigmest.
These tefinements of disuncton ate now manly of histoncal anterest Few workers to-day

Monomras B (931} Perntcoos malers Amer 7 Hsg 47 1 36
STUD INST MED RES



A SHORT HISTORY 5

recognse more than one kind of malignant ternan parasite but fifty years ago when Hamulton
Wright working at this Insttute and accepting Mannabesg s classification made the first
systematic study of the Malayan parasites the distiicuon found wide acceptance

MlEIMIElu[EIMIel[elu]E

Fig .~MALIGNANT QUOTIDIAN FEVER (afier Marchiafava and Bignans 1894)

M{eE[M[EIM]E[MIEIM]E]M]E

40

39

a7 b oo -3

36 F

Fig 3~-MALICNANT TERTIAN FEVER (after Marchiafava and Bignam: 1894)
We shall have occasion to discuss the vanauons in the malignant parasite i a later s chon
but the early classificauons may help to give historical perspective
Marchafata and Bignam
() The quondian parasie wath a 24 hour cycle disungwshed morphologically by the
smaller size particulacly of the mature segmenters may rarely segment before pigment
appears tends to cause pernicious types of infectron

Mowuers 1 Th Mel (P Th N w§yd aham Soc 13 Lo & €33
Wriont H (90) Th Mdnall F 13 £B U MalynSudyN IIn md Re Fd  dM1ySutes
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6 DIAGNOSIS OF HUMAN MALARIA

(8) The mahgnant teruan parastte with a 48 hour cycle , a Jasger parasute at all stages ,
young forms tend 1o 2ppca m the blood seseral hoars after the begmang of the parosysm
much Jater than those of the guotidian otgamsm
Mannaberg

() The pigmented quotidian parasite with a 24 hout cycle , smalfer at all stages thas the
mahgnant ternan

{83 The d quotidian parasite, descibed by M as one of the most
beautiful i covenes m the field of malana enology , the d dian 1n all
respects except 1o 1ts fadure to produce prgmens during the aserual erythrocyuc cycle

(¢} The malignant teruan parasite with a 48 hour eycle , larger at all stages than the
quondian parasites  more active , prgment formanon delayed untl the parasite 18 more than
24 hours old , febnle arack lasts for 24 40 hours

THE NAMES OF TRHE PARASITES
The early accounts of the malarra parantes were confused by an embarassiag vartety of
names This confusion tnevitable perhaps 1 the arcumstances of the otiginat discosery and
the dawnng knowledge of different spectes, has not yet entirely disappeared Lateran
recogmsing malana parasites of one kind only, and seemg a parallel m the active movements
of the exflagellaung forms, placed them n the genus Osallanta created many years earliet to
ractude vasious algae with anumal ke mosements He named them Osallana malarsae Four
years later, 5o 1885, Marchaafava 2nd Celb anmrodused the name Plasmodiam for the young
amoeba bike parasites of the malignant fevers Thus name came to stay but st took rogt with 2
wider meanng ta become the genenc name for all the malana parasites The mamn sousces of
confuston however, were still to come Grasss and Felett an 1890 thought thar there were
parasises of two man Jonds—~those resembling amocbae which they named Haemamorba and
those with a crescent Iike form which they called Laverama With mustaken views on ther
mutual affimties they named five species of these two genera
(@) Hacmamocba malariae the parastte of the quartan fevers ,
(8) H wwax, the parasste of the mld tertian {evers ,
() H praecor the pigment fornung parasite of the malignant fesess (crescent like
forms excluded) ,
(d) H wwmacsdare the pacasste of the malygnant fevers formung no pigment up to
segmentanon (crescent like forms excluded) ,
(¢} Laverana malarae the crescent ke parasite of the makignant fevers
This was confusion mmdeed for the and the bod farms of the mab
parasstes appeared 11 separate genera , but af least st brought a clear recognution of the separate
:denuty of the quartan and muld ternon parastes and gave them rhe specific names they
bear to-day
The quartan and nuld tertian parasites—The speafic names malaride and oiat
proposed by Grassy and Feletys for the parasites of the quartan and mild teruan fevers were not
accepted forthwith and Schuffner 1 189y was suil steermg a course clear of the shoals of
nomenclature when 1 hus paper describing the suppling of the \1vax anfected cefl he seferred
to the parasttes simply as terman and quartan Bug the names were open to hule senous
crimasm and when Sct m 1902 ded the adopnon of the sinple genus
Plasmodism the species naJarsae and 11z.ax were no loager @ saurce of controversy Henceforth
the names of the quartan and simple ternan parasses hecame Plasmodsun malgriae (Grasst and
Feletu 1890) and Plasmodum vreax (Grass: and Feletn, 1890)

STUD INST MED RES



A SHORT HISTORY 7

The malignant parasties~-The naming of the malignant parasstes was more difficult
Laveran sn 1881 gave the name Osalfana malarae to parasies which from hus descpuons
were clearly the ¢ of the malignant fesers  Marchrafava and Celli in 1885 introduced the pame
Plasmodum for the young amocbac of the same parasnes  Geasss and 1 elewn i 18g0 placed
the diffenng forms of the malignant parasues m (wo gemera Haemamochs and Laverana
excaung three specyes of these geaera praecox smmacrlara and malonae  and fnally Welchin
1897 proposed the smgle mame falaparzm The rules of zoological nomenclature brought no
lastiog sohution for these confusions por could a salution be expected while the affinstses of the
parasites tematned 1 doubt

We cannet in thus glancing refereace to the gomenclature of the parasites enter wto the
complexitzes with which the naming of the malignant parasste was beset The subject has been
discussed by Chaistophers and S:tan (1938) and by Mussirals (1938) and the inrerested seader
may turn 10 these authontative soutces of information Four generic names had been proposed
for the pezesites of the malignant fevers—Osallara (Laveran 1381) Plasmodusm (Marchiafasa
and Celb 1885) Hoemomoeba (Grasst and Feletu 1890) and Laverama {Grasst and Feletty
1890) Laveran's name Osalfora %3y soon abandoned and Heemamoeba was equally short
hved Maurer 1 an excellent descripuon of the parasite published m 150z called it Loverama
malariae a name wiuch Thomson s0d W oodcock 10 1924 tried (o revive but despite strong
clatrms for recogrution the name has pow slmost disappeared Blanchard sa 1905 seewng no
good reason for sep L ba (Pl drum) from Laverama placed all the human
malana parasies 1a the stagle genus Plasmodium His view was widely accepted and the pame
Plasmadtus touk firm root Some guthonues think that this 1 unfortunate  thas the distnceste
form and behaviour of the salignant parasytes are grounds Snough for adnussion ¢o the separate
genus Laverama and that 1 any event a pame siuch hono-urs Laveran would kave been mote
happily chosen Bot the ume for change has passed  the gems Lagerama could be raised agam
only ar the price of confustons which few to-day would consider gustified

Na fess confusing was the prablem of speaes Is there but one kud of mabgnang parasice
or ave there two? Thes problem long debared and stll nok decwively sentled turns mamnly on
e duration of the cycle m the blood Marchiafava and Cell recognised tho kinds teryen and
quondran with blood cycles of 48 2ud .4 hours Mannaberg went even fusther by suggesung
that there are tro kunds of quotsidian parasite: one which produces prgment dunag schizogosic
development and one whrch does ot Grasst and Felettt pave 10 these parasites the names
Laveranta smalarae ternan) & (=2t praecar {)
quotidian) and. b faia (R quondaan) Support for these distinerons
came from the Far East where Crag 1 the Phafippnes and Wight i Malaya found mabgnane
pasastes wrhuch they believed to have a o4 hour cyele and from Zicmann who recagessed an
Afncanvanety wath 224 1048 houccyele W i ber i i3 d 3
observamions of these eatly workers but the differences they desenibe have never been proved
and most authonites lo-day 2ccept but one maligrant pasasite with a cycle of abour 48 hours
Blanchard 1n 1905 adopung the species created by Welch proposed thar the parasite be caled
SLlasnodsm faletparars 3ad thas pame desprre A ennosm became firmly extablished A few
copunental suthonues bowever continue to use the names P praccox and P smmaculatutn
and the name Lacerama malarioe has got disapprared from medical wntings Whatever their
clams far recogmuon these eactier names wust yield to the pressure of custom and the gher
nuding need for umformuty If and when 2 maliguznt parastte can be proved o bane 3 24 hour
cycle then and then only will revinon be necessacy Meanwhe the name which has almost

CmS MR R oS nIACom Th v m LR omle o me -
Bnmag
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8 DIAGNOSIS OF HUMAN MALARIA

unwersal approval 1 Plasmodnm falaparum (Welch 1857) with the mportant sypanyms
P smmacaaan (Grass: and Feletn 1892 P praecox (Blanchard 1900) and Laverana
malarias (Grasst and Feletts, 1890)

A second tertian parasste—In Burope there 15 but one ndigenous parasite of the mild
teruan fevers , clsewhere partiularly i Aftica, these fevers may be cavsed by a parasste with
dafferences in form which have seemed 10 justify the creanon of 2 new species, the fourth of the
mafarta parasites of man Stephens descrtbed thus parasite n 1922 from the bood of 2 patient
comung from East Africa and called 1t Plasmodium ovale The name has been crittcised on the
grounds that Emmn saw and described the same parasste i 5914 wiule a few authonnes snll
regard 1t as an aberrant form of P wmav We must defer however, to the views of most
authorities 1o day that P ozale 15 a vabd species and that the full name should be Plasmodum
o ale Stephens 1922

THE ROLE OF THL EXFLAGELLATING RODIES
The bodies which Laveran saw on the day of lus great discovery were the exflagelianng
of Pl frum falap He saw the turbul of the parasite, the pigment
granules whirled about ke aswarm of mdges  and the lashing of the filaments 23 they burst
{rom the surface of the patasite and strove to break away , and time and time agarm be was able
10 convince his cnucs by thus strkung picture of vatahity  that the parasites were truly alve
The filaments he regarded a, the find and most perfect form of the parasite , of ther true
nature hie had no cdue They are found in alf forms of malana and the bodies from whach they
anse are unrelated to the symproms of the patient , these facts were soon known to the Jtaban
waorkers, but the biologeal role of the ftagel} bodtes d 2 mystery--s0 much so that
Gra s12nd Feletn actually placed the crescent bodies in the separate genus Laverama Manson
the first to prove that 2 parssite—the filatial worm—nught be carried to man by an msect
sthought that the flagellating bodies rught play 2 part in the uansmusion of malatta Why he
asked, should “exflapelfaion occur only after the b'ood 15 drawn and never in the patents
body Msght not the filaments continue the hife cycle of the arganism sa some sort of wsect
mo t hikely a mosquito ? Ross sn 1895 following wp Manson s hypothesis showed that the
crescent Like bodies would mndeed  exflagellate 1n the stomach of the mosquite  but it was
MacCallum wha, 1n 1898 while stilt astudent warking at the Johas Hopkins Hospieal, Balumore,
resolved the mystery of their biological role from a study of the blood of trows, wfecred with
Halterdwm & malana-hike parastte of birds Examuning the wfected blood on 3 shde he
distinguished two forms of the mature organssm an active form which produced  flagella , and
2 passive form which did not He was then able 1o follow what seemed to be a process of sexual
unton This kable discovery 50 mp for an ding of the hfe cycle of the
parasite 50 sefdom described adequately 1n text books we tmay pethaps record s MacCallom s
own words
Both 1n the fresh and 1 the stamed speaumens of blood there can be seen differences
which sharply distmgussh two forms of the organsms The forms are rdentical i outhos,
tut the protoplasm of one 15 granular and opaque as compared with the clear hyaline
protoplasm of the other This distincuen s well brought out 1n the stawed spranien ®
which the hvaline form remans almost enurely unstamed while the other takes 00 2
well marked blue stain wath methylene blue Of these 1t can be determuned that the hyaline
forms alone become flageliated These two forms, then become extruded alike from the
corpuscle and ke free i the plasma but generally only a very short tune elapses before
the hyalie forms become flagellated according ta the pracess so often and so accurately

Mactauat W G (8977 O the fagel ¢ d forrs of the malatial p ¢ Lane 1 # 240
STUD INST MED RES



A SHORT HISTORY 9

deseribed by workers on malania The grasular forms he quiet beside the nucler and
shadows of the red blood corpuscles which lately contaned them but are soon sten to be
spproached by she flagella which having tor themselves away from the hyaline organism
from whose protoplasm they were formed struggle abour amosg the corpuscles These
flagella which so concentrate their protoplasm as to form a head swarm abont the granular
spheres and one of them plunges sts head mto the sphere and faally wiggles wts whele
bodv 1nto that arganssm Immediately on the entrance of thas flagellum st seems to become
smpossible that another should enter for they may be watched cuchng about vanly
beatng thets heads sgamnst the organism The fageltam which has entered contnues sts
acuvaty for a few moments and the pigment of the orgasusm s vielently churned up Seon
1t becomes quiet agan and remans 5o for from fifteen to twenty munutes when a comcat
process begins to appear at one side of the organssm the pigient collecung mawly to the
opposite nde Thus process grows larger and the pigment becomes more and more condensed
ugtt fnally we have a fusiform organssm with 2 small sphenical appendage crowded with

pigenent at one end This spindle shaped organssm moves fornard wath 3
ghding movon sometunes turpng at the same tume on us fong axis somenings gomg
through amoebosd conternons The idea suggests wself from their great

power of penetration that they may be the reswstant forsns that escape from the bedy
duning fe mto the external world The whele process seems to be 2 sexual process
anzlogous to the sexual process seen wn the lower ammaly and plants which occurs under
unfasourable condions and tesults ta the formation of a resistant  spore

Later MacCallum saw part of thes same process in the crescent hike bodies of mabignant
matana Hesaw the crescents become oval and then round and then  after from tremty to
twentv five nunutes cestasn of the sphencal forms became flagellated  others and especially
thyse n which the prgment formed a definute ning and was not diffused throughout the organisms
remamed quiet and did not become fagellated The flagetts broke from the flageilated forms and
strugeled about among the corpuscles fimally approaching the quiet sphencal forms One of
them entered aguating the pigment greatly somcetimes spinnmg the nng shout the rest
were unable to enter but swarmed abowt beaung thewr heads agamse the wall of the
organsm After the entrance of the fagelium the organism agun became quiet
and rather swollen  but although m the two sstances 8 which this process was traced the
fernbised forme was watched for 2 tong tione 5o form snalogous to the vermculus was seen.

The niddte of the flagetlanng and quicscent bodies was now solied They were the male
and fernale sex cells or gametocytes parent cells of the male 2ad female gametes destined to
angtrate 2 new cycle of development in the stomach of the mosquito The mate gametes wese the
flageliz—a musnomer for true fagella are organs of locomotion—whde the female gametes were
ﬁe qusescent rounded organrsms which remained the same size 25 the gametocytes from which

ey arose

THE CYCLE COMPLETE

Whle the sole of the exflagellanng bodies was snil 1 doubt Ross i India saw 2 malarral
oocyst on the stomach wall of a mosquute A stephenst whach had fed on 2 patient whose blood
contaned the crescent bodies The day was 20th August  Mosquio Day 1897 one year
later an July 1898 came fus greatest discovery  workang with the malana of birds he traced
the development of the parasites in the mosqusto from oocyst to sporwzaite and proved that the
utes of mosquitoes with sposozoites wm the glands could nfect healthy burds Bued to masquito
mosquto 1o bud the cycle was now compicre Withun a few months the ftalin wortkers Grasst
and Bastianell described the full Bife cycle of the parasues of human matinz and Brgnam

AALAYA No 24 1955



10 DIAGNOSIS OF HUMAN MALARIA

mfected 2 man expermmentally from the bue of an 1 In We may
peshaps add that Ross s discovery was confirmed  in every important pamc'ulzt by Daneels a
former director of thys Insurute, who 1n Decernber 1898 was sent to Calcutta for the purpose
by the Mataria Coramusston of the Royal Soctety

hed,

REFINEMENTS OF MORPHOLOGICAL DIFFERENTIATION

The earliest stucies of the malara parasites were made from Blood examuned frash undera
covershp The parasites were alwve, unstamed and often seen  as through a glass darkly?
From these stdtes, made with 2 thoroughness that hae seldom been equalled since, came onr
basic knowledge of the form of the erythrocytic orgamsm  The hesitant adoption of sumple stas

buted a kittle o morphologcal 4 107 of the various speqies-——tndeed the drawings
mn colour published by Mannaberg ta 18g3 give a truer prcture of the malignant parasite than
some to be found 1 modem text books—but the esythrocytic cycle was defined and the mun
distinctions between the species were bed from the ap ofthe d erganism
Stamng i and led to of & N 1 the staned
film could be examined at Jeisure With these marufest advantages the staned blood film slowly
P ded the fresh prep for routine d; How slowly 1n Malaya we may perhaps
yudge from the fact that the first and only systemauc descnption of the Malayan parasites,
made by Hamulton Wright 1 1905, ten years aftet the troduction of Romanowsky staming
was based on a study of the hving orgamsms

With the adoption of fixed and staned thin bloed films for malana dignoss the

hol i onwhich the identification of species 18 based to day were soan defised
Mannaberg wa 1893 from preparauons stmned with borax methylene bine or haematosyln
pretuses the parasites with remarkable accuracy, though with significant omussions, and by the
tumn of the century most of the dragnosuc features we recognise to day had been defined
Schuffner 1n 1899 portrayed the suppling of cells mfected with P wroax and P fafaparum and
Maurer 2 1902 using the Romanowsky stamns, described the forms of P faleparum occurnag
11 Malaysia with 3 completeness and accuracy which have not been surpassed The observations
of Schuffner and Maurser have a special taterest to those of us who work 12 Malaya Bo
Schuffner and Maurer were estate doctors i Medan Sumatra, and the parasites they desenbe
are the geographical forms with which ths study 2s mamly concerned Maurer himself im eather
yeass had worked 1 Swogapare where, 1n 1894 he was an active member of the Malaya Braach
of the Brinsh Medical Association

The R ky stains app PP 1y at this me of transinon from the fresh
the sramed film Therr supertor qualtues toach which ded snta the
present century Meanwhile the malaria parasites were bemg studied by the new stasmng
methods 0 many countries  everywhere they were sumular to those desenibed by the Jtalun
warkers , but niot quute the same Accounts of pasasites which farled to conform to the clasnical
descriptions began to appear as the net was cast more widely~—a dhstnctive form of P falet
parum 1 tropical Africa for example, and aberrant forms$ of P 15ax an Asia and elsewhere
Marchoux 1n 1922, went so far a8 to suggest that there are morphological differences hetween
the P falaparur of Italy Macedonia and West Afnica the P tizax of France North Aftica
and the Amazon and the P malamae of North Afnica Saloruka and the Amazon He thought
that the parasites of Inde China mught be different from those of Madagascar and North Africa
and indeed that the parasites of Greece arc disungwshable from these of nerghbounng
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Macedoma Differences so finely drawn are seldom thought to be smportant to-day though the
occurrence of brolopical races or strams selated perhaps to geographucal ssolation 1s beyond
reasonable doubt We shall have occasion to discuss some of these varagt parasires m later
chapters New species have been described but throughout the present century the only
paraste to recetve general approval as a valid new speaies is P ovale a vavax like parasite from
Africa

THE ROMANOWSAY STAINS

The colour drawings made by some of the early workers give an excellent idez of the
evolution of modern methods of stawnng for malaria diagnosis Laveran preferred to work with
fresh blood though by 3891 he sometimes used dried and fixed films stained with methylene
blue The parasites so stamed appeared i with litle between the
cytoplasm and the nuclear chromatn Marchiafava and Bignamy too portray mamly the
unstained parasite Mannaberg on the other hand illustrates mamly the starsed parasite usmg
borax methylene blue or preric acsd and and adopung R
method he achieved a much improved defininon of the parasites particularly of the nuclcar
structure though he failed 10 s1an the stipphng of infected cells Schuffnes 1n 1899 desenbed
and sliustrated the sttppling i vivax infected cells from films staned with haematoxyln , but
Mzurcr 1 190- used Romanowsky staning to demonstrate (he suppling of cells infected with
P Thereaftes the sup of the y stans was scarcely challenged
and later descriptions of the parasites were usually based on thur appearances i thin bleod
films stamned by one or other of the Romanowsky methods

Romanowsky s stam first described 1n 1891 15 a specal combinanion of methylene blue
and eostn It was 2 logical but acaidental development of methods of staimng blood developed
by Erlich some years earher—logical because 1t arose from Eclich s work on compound dyes

d from the use of meth blue solutions which had nipened with age
and acquired specsal starnng proy With this of old meth; blue and
eos:n Romanowsky obtatned & decp-red nuclear staming of the malaria orgamsm and as this
differential stainsng was not obtamable with fresh solutions he recogmsed that thete 1s something
mn old mcthylene blue solunons with mould on the surface which bas 2 spectal value He did
not know th of thu N years fater calledat  the red out of methylene
blue  Ths substance a mmurc of methylene blue ouidation products 15 now known as
methylene azure

‘The Romanowsky effect as this staiming of the nuclear chromatin 1s called achieved a
beaunful differentiation 1n colour within the parasite atself but the early methods of obtamung
this effect were capricious and tedious The blood film was heated for half an hour and then
floated for two hours on the surface of a methylene blue-cosin solution Unna showed that
atkalis would hasten the nipenung of methylene blue and hus publication of the formula for
polychrome methylene blue 1n 1891 prepared the way for the development of modern blood
stans

At first the Romanowsky effect was obtamed with aqueous solunons of stan  the npe
methylene blue and eosin were muxed just before use  There was a precipitate from the mixture
but s importance was not recogrused  Jenner 1 1899 coflected the precipiate redissolved
1t 1n methyl alcohol and found it to be a useful blood stan The methanolic solution was used
1 much the same way as we use blood stains today but 1t lacked methylene azure the puclear
stamning prinaiple of Romanowsky because 1t was prepared with ordinary methylene blue For
thus reason Jenner s stain 1s inferior to modern blood stams but 1t prepated the way for the
next step made independently at about the same tume by Leishman 1n England and Reuter
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10 DIAGNOSIS OF HUMAN MALARIA

nfected 2 man expenmentally from the brte of an anop g Ing we may
perhaps add that Ross s discovery was confirmed ¢ in every important pasticular* by Damels a
former dixector of thrs Tnstitute, who 1 December 1898 was sent to Calcutta for the purpose
by the Malana Commussion of the Roya! Society

REFINEMENTS OF MORPHOLOGICAL DIFFERENTIATION

The earhiest studses of the matansa parasites were made from blood exammned fresh under a
covershp  The parasites were alive, unstaned and often seen  as through a glass darkly
From these studies, made with a thoroughness that has seldom been equalied since, came our
basic knowledge of the form of the ervthrocyuc orgamusm The hesiant adopuon of sumple statns
o d alitlero hol 1 daffe of the vanous speces—indeed the drawings
 colour published by Mannaberg 1n 1893 guve 2 truer prcture of the malignant parasite than
some to be found m modern text books—but the erythrocyne cycle was defined and the maw
distinctions between the species were described from the appearances of the unstained organism

Stamng i and led 10 refi of di s the staned
film could be examined at lessure With these mamfest adyantages the staned blood film slowly
T ded the fresh p for rovune diag How slowly 1n Malaya we may perhaps

judge from the fact that the first and only systematc descripnion of the Malayan parasites,
made by Hamulton Wright 1a 1901, ten years after the mtroduction of Romanowsky stanng
was based on a study of the kning organisms

With the adoption of fixed and stamed thun blood films for malania diagnosis the

hol il ch onwhich the d of species 1 based to-day were soon defined
Mannaberg in 1893, from preparations stained with boras methviene biue or haematoxyhn
pactures the parasites with remarkable accuracy, though with signuficant omissions and by the
turn of the century most of the diagnostic features we recogmse to-day had been defined
Schuffner in 1899 portrayed the stippling of cells infected with P veoax and P falorparum and
Maurer 1m 1902, using the Romanowsky stams described the forms of 2 falctparum occuraing
1m Malaysia with a completeness and accuracy whuch have not been surpassed The obsetvatsons
of Schuffner and Maurer have a special 1nterest to those of us who work 1 Malaya Both
Schuffner and Maurer were estate doctors m Medan Sumatra and the parasites they desenbe
arc the geographical forms with which this study 1s manly concerned Maurer humself 1n earher
years had worked an Singapore where m 1894 be was an active member of the Malava Branch
of the Brtish Medhcal Assoctation

The ky stamns appeared 1y at ths tme of transinon from the fresh to
the stamed film Ther supenor qualities contnbuted to 2 change over which extended nto the
present century  Meanwhile the malana parastes were bemg studied by the new stamng
methods 1 many countries  everywhere they were stmular to those described by the Irahan
workers , but not quize the same Accounts of parasies which fafed to conform to the classical
descriprions began to appear as the net was cast more widely~a distncuve form of £ fala~
parum 1 tropical Afrca for example and aberrant forms of P tiax 1o Asia and elsewhere
Marchouy, in 1922 went so far as 1o suggest that there are morphologcal diffesences botween
the P falasparur of Italy, Macedoma, and West Afnica the P owax of France Ionh Afncs
and the Amazon and the P pularae of North Africa Salonika and the Armazon He thought
that the parasites of Indo China mught be different from those of Madagasear and North Afnea,
and sndeed that the parasites of Greece are distinguishable from those of nesghbounng
Fed Malzy States
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A SHORT HISTOR} I

Macedonia Differences so finely drawn are seldom thought to be jmportant to-day though the
eccurrence of brological races or strains related perhaps to geographtcal isolanon 15 beyond
reasonable doubt We shall have occaston to discuss some of these vartant parasites in later
chapters New species have been descnbed bur throughout the present century the only
parasite to recerve general approval as a valid new species s P ozale a vivax Iike parasize from
Affica

THE ROMANOWSKY STAINS

The colour drawings made by some of the early workers give an excellent 1dea of the
evolutron of modern methods of staning for malania diagnosis Laveran preferred to work with
fresh blood though by 1891 he sometumes used dried and fixed films stamed with methylene
blue The parasites so stuned appeared in with biile betneen the
cytoplasm and the nuclear chromatn Marchiafava and Bignamy too portray mamnly the
unstained pasasite Mannaberg on the other hand illustrates mamly the stamned parasite  using
borax methylene blue or prcric acid and h. and adopung s
method he achieved a much improved definion of the parasites parucularly of the nuclear
structure though h» failed to statn the suppling of fected cells Schuffner 1n 1899 descnibed
and 1ltustrated the stippling 1n vivax nfected cells from films stained with haematoxylin - but
Maurer 1 190 used Romanowsky staiung to demonstrate the suppling of cells infected with

fal. Thereafter the sup of the y stamns was scarcely challenged
and later descriptions of the parasites were usually based on their appearances in thin blood
films stained by one or other of the Romanowsky methods

Romanowsky s stamn first described 1n 1891 15 2 spectal combnation of methylene blue
and eosin It was 2 logical but accidental development of methods of stamung blood developed
by Erlich some years earlter—logtcal because 1t arose from Erlich s work on compound dyes

d from the use of meth blue solutions which had nipened with age
and acquered special stantng With this of old meth blue and
cosin Romanowsky obrained a deep-red nuclear stamng of the malana orgamsm and as thus
differential statmng was not ebtaiable with fresh solutions he recognysed that there s something
1 old methylene blue solunons with mould  on the surface which bas a special value He did
1not know the nature of thus substance Nocht some years later called st the red out of methylene
blue  This substance a muxture of methylene blue oudanoen products 1s now known as
methylene azure

The Romanowsky cffect as this statmng of the nuclear chromatn 1s called achieved a
beautiful differentiation in colour wathn the parastte stself, bur the carly methods of obtawung
this effect were capricious and tedious The blood film was heated for half an hour and then
floated for two hours on the surface of a methylene blue-costn solution Unra showed that
alkalis would hasten the ripeming of methylene blue and his publication of the formula for
polychrome methylene blue 1 1891 prepared the way for the development of modern blood
stains

At fisst the Romanowsky effect was obtaned with aqueous solutions of stara  the nipe
methylene bluc and cosi were muxed yust befoce use There was % preciputate from the mixture,
‘but 1ts importance was pot recogmised  Jenner 1n 1899 collected the precpuate redissolved
1t 1 methyl alcoho! and found 1t to be a useful blood stain The methanolic solution was used
10 much the same way as we use blood stans today but 1t lacked methylene azure the nuclear
stauung principle of Romanowsky because 1t was prepared with ordunary methylene blue For
this reason Jenner s staw 1s 1nferior to modern blood stams but 1t prepared the way for the
next step made mdependently at abourt the s2me ume by Leishman in England and Reuter
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infected & man expensmentally from the bite of an anopheles mosquito Jn parenth sis we may
perhaps 23d that Ross 5 descovery was confirmed * 1 s ery imp P ? by Damels a
former director of thus Tostitute, who 1n December 1898 was sent to Calcurea for the putpose
by the Malana Cormussion of the Royal Society

REFINEMENTS OF MORPHOLOGICAL DIFFERENTIATION

The earltest studses of the matara parasites were made from blood examuned fresh under a
coversip  The patasites were alive, unstamed and often seen a5 through a glass darkly
From these studies, made with a thoroughness that has seldora been equalled since, came our
basic know ledge of the form of the erythrocytic organssm The hesitant adopuon of simple stans
contributed 2 lirtle 1o morphologacal differentiation of the vanous species~—indeed the drawings
n colour published by Mannaberg i 1893 give 2 truer picrure of the malignant parastte than
some to be found m modemn text books—but the erythroeyne cycle was defined and the man
distunctions betw een the species were described from the of the organsm
Staimng simphfied and led to of diffe > the staned
film could be examined at {exsure With these manifest advantages the staned blood il slowly

ded the fresh p for rounne & How slowly 1n Malaya we may perhaps

judge feom the fact thac the firse and anly systemate description of the Malayan patasites,
made by Hamulton Wright 1n 1gor, ten years after the wneroduction of Romanowsky stataing
was based on a study of the living organisms

With the adoption of fixed and stamed than blood films for malana diagnosss the

P i ch onwhichthe of species 1s based to day were soon defined
Mannaberg 1n 1893, from preparanons stamed with borax methylene blue or haematoxyln
pictures the parasites with remarkable accuracy, though with sigauficant onnsstons and by the
turn of the century most of the dignostic features we recogmise to day had been defined
Schuffer 1n 1899 portrayed the suppling of cells mfected with P vioax and P falsparum and
Maurer 1p 3902 using the Romanowsky stans, descnbed the forms of P falaparum oocutring
1n Malavsta with a completeness and accuracy which have not been surpassed The observavons
of Schuffser and Maurer have a special interest to those of us who work in Malaya Both
Schuffner and Maurer were estate doctors in Medan, Sumatra, and the parasites they describe
are the geographical forms with which thus study 1s mawly concerned Maurer humself 1n earber
years had worked 1n Singapore where 1n 1894 be was an acuve member of the Malava Branch
of the British Medicat Association

The y stans appeared Opp 1y at this ume of transition from the fresh to
the stained film These supertor qualities contnbuted to a change over which extended sato the
present century Meanwhile the malania parayites were bewng studied by the new stumng
methods 1m many countries  everywhere they were stmiar to thase described by the Iralian
workers , but not quute the same Accounts of parasites which faled to corform to the classical
descriptions began to appear as the net was cast more widely—a distinctive form of P falv
parum 1 troprcal Aftsca for example and abereant forms of P tivex 1 Asia and elsewhere
Marchous, in 1922, went 50 far as 10 suggest that there are morphological differences between
the P falesparum of Traly, Macedonia, and West Afnica the P wiax of France North Afnes
and the Amazon and the P malarae of North Africa Salomka and the Amazon He thought
that the parasttes of Indo Chna mught be different from those of Madagascar aud North Afna
and deed that the parastes of Greece are distnguishable from those of neighbounng
Fd Mty § e
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Maxct oux F (1932)  Malopleuté des caces dan los trous formes de parss dupsl d m Bull S P ¢ S5 1ob
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~~{lent lectures on the malarial fevers To-day fifty years later we are
=11 do not know the mumate steucture of the malana orgamisms,
THE PARASITE lic 1n relatton to the host red cells
n the Romanowsky stained malana parasite
ZOOLOGICAL TERMS ~~n and cytoplasm 12 every parasite
Progress in any field of saence brings a demand for appragd area ysually thought to
expression by which new facts or 1deas may be conveyed stmply conciselrps of the organism
others So 1t was with the zoological vocabulacy which grew with ot was 2dapted toaractenisuc
of the malaria organusms and the unravelling of their Iife cycle Laveran had referred 10 1
young parasites in the red cells as amoebae the gametocytes he called  pigmented bodes  the
male gametes flagella and the segmenting orgamsms rose shaped bodies These and
smular vague or non-commuttal names inevitable though they were when the bology of the
parasites was scarcely known were discarded as 1t became possible to describe the various
forms of the orgausm 1 terms which cxpress their biological role The ensuing sketch of the
Uife cycle of the parasites taking us a Litle beyond the bounds of this study introduces the
common zoological names and terms

The organtsms of true malaria all belong to the genus Plasmodium Four species of this
genus are recognised as causes of malana in man Plasmodm falesparum the parasite of
malignant malanz P vizav the parasite of benugn teruan malana P ovale the parasite of an
Afncan mud ternan malaniz and P malariae the parasite of quartan malana

The parasites carried 10 man by the bites of mosquitoes of the genus Anopheles (Gk
anophelan—hurtful) enter the decper layers of the skun as slender lance like organsms called
sporozontes (GX. sporos—a seed room—a living ammal) A few sporozoites may enter ussue cells
near the site of the bite but many quickly find a way 1nto the blood stream where they remain
for about half an hour Then they disappear from the blood to enter the hiver—and possibly
other fixed ussues—w here they develop 1n the parenchymal cells and grow to be large organtsms
from 252 to 40 1 11 diameter These liver parasites are called schuzonts (Gk schisein—to cleave
zoon—-a living ammal) because they divide and muluply by a process of cleatage in the organtsm
Mote fully they are known as Jreer schi.onts to avoid confusion with analogous forms which
appear later 1n the blood Waithun about a week from the time of infection each liver schizont
has grown and divided to produce some hundreds of daughter cells of mero.ortes (Gk meres—a
part  zoon—a lving ammal) The ripe iver schizont bursts Liberating 2 swarm of merozoites
It er mero.ortes we may call them some of whuch enter the blood stream and mvade the red
blood corpuscles Since the liver intection precedes the invaston of the red blood cells the liver
schizonts are pre erythrocytic  they ace also exo-erythrocytic for they grow outside the red

s}

the terms pre-er; yue forms or exo forms

The first generauon of liver schuzonts apparently brings to an end the schizogomc
development of P falcparum 1n the hver  but it seems that P ¢rvax and possibly P otvale and
P malariae may re nvade the parenchymal cells to begin a recurning Iver cycle The names
primary and secondary exo-erythrocy i forms distnguish between the first and later generations
The secondary exo-erythrocyuc forms of P wreax persisung i the liver have been held to be
the cause of relapsing fection

Having entered the blood stream the liver merozoutes attack the red blood corpuscles
atachung themselves to the surface of the cells Once atached they are called trophozorres
{GK. trophe—food zoon~-a hiving amumal) Ths 1s a stage of feeding and growth They grow
the nucleus splits they divide and Like the bver forms they produce daughter cells The process
of division 15 known as 5 Juzogony The dividing parasites ate blood schi.onts and the daughter
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12 DIAGNOSIS OF HUMAN MALARIA

an Germany Leishman, following Jenner, collected and redissolved 1n methy] alcoho) the
precipiate formed by mmng mc:hykne b]ue and eostn buruxsmad of ordinary methylene blue
he used the hpened stam lene azure, thus mod Jenner s stan 1o obtan
gyc Romanowsky effect Wright s stan, used wadely in Amerca 15 essenually the same as
cishraan s

Stains of the Lesshman type are not defined compounds for the npening of methylene biue
produces 2 anable mixture of oxidanon products Giemsa sn 1902 prepared a stam of more
definite by moung ylene blae with methylene azure in fized proportions This
muxture, dissolved 1 glycerme and methy! alcohol, 15 the stam which bears tus pame

The R stawns, and dly Leshmans and Giemsa s modifications, have
'made an b to malana d Simple to use, and ciear 1n their diffesenua
non 1n colour of the structure of parasite and host cell they were adopted throughout the
world ; and today, as mdeed for many years past, the routne examunation of blood for malana
15 based almost exclusively on Slms stammed by one or other of the Romanowsky methods

MICROSCOry

An outstandimg event 1a the later hustory of visual mycroscopy was the miroduction i 1378
of the homogenous o1l 1mmersion lens stcouuung the actual dxscovcry of the parasxu, made
at about the same time, no event has buted more to p n malana & The
advances of the present century are muinor by companson We see today ltetle more than Golg
would bave seen had he the same staned matenial but we see the microscopic tmage more
cnmfombly a Dntle smore clurly and n a better hght Fluonte imntersion lenses grve us 20

colour bung us the dusion of binocular viston
wnh the reality of a bester wew , and thc mchned binocutar Jeaves us at ease through prolonged
sessions at the L d filament famps give us a constant and

brlhant bght of controllable mzensny , and hght filters transmuttiag a known band of the
spectrum heighten the colour contrasts of our staned matenal Yet with all these ads we are
someumes tempted to wcndcr how many of us today, seting the young unpigmented unstaged

of P falewp, saw them, would feel competent on such evidence
to diagnase malxgnant malana with equal assurance and certanty

SUMMARY
(a) The discosery af the parasite 2! 2} mzb the apy of the
oul immersion lens brought a new p wato malana d of the disease,

no longer dependent on the vagancs of the chinscal prcrure, conld be made with certanty from
an exarumation of the blood

(b) The unravelhng of the erythmcyuc cycl: and the recogamon of different specs
brovght o of for in the
words of Marchafas? 2, the great:st dangcr may be diagnosed and foretold by exammanon of
the bl

(c) Dragnosis from the examnanon of the hve patasite yielding slowly to & faltening use
of inferor stams, and finally to the superb Romanowsky stawms, had given us by the turn of the
century the mamn essennals of the methods we use today

(d) The refinements of diagnosuc method and nterpretanon developed over the past
fifty years are nunor by companson with the discovenes of the great masters of the past
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~sllent Jectures on the malanal fevers To day fifty years later, we are
~11 do not know the mtimate structure of the malana organisms
THE pARASITE Jic 10 relanon to the host red cells
n the Romanowsky stamed malana parasite
ZOOLOGICAL TERMS +n and cytoplasm 1n every parasite
Progress m any field of scence brngs a demand for appiugd area usually thought to
expresston by which new facts or 1deas may be conveyed s:mply conciseipps of the organism
others So it was with the zoological vocabulary which grew with or was adapted to“aractenistic
of the malaria orgamssms and the unravelling of their bfe cycle Laveran had referred to v
young parasites in the red cells as amoebae the gametocytes he called prgmented bodies the
male gametes flagella and the segmenting orgamsms rose shaped bodies These and
sumular vague or non commuttal names inevitable though they were when the biology of the
parasttes was scarcely known were discarded as a1t became possible to descnibe the various
forms of the organssm m terms which express their biological role The ensuing sketch of the
hife cycle of the parasites taking us a little beyond the bounds of this study introduces the
common zoological names and terms

‘The orgarusms of true malaria all belong to the genus Plasmodum Four species of this
genus are recogmised as causes of malana 1 man Plasmodum falaparum the parasite of
‘malignant malaria P 2rwac the parasite of benign tertan malania P ozale the parasite of an
African muld tertian malana and P malariae the parastte of quartan malara

The parasites carred to man by the bites of mosquitoes of the genus Anopheles (Gk
anophelen—hurtful) enter the deeper layers of the sk as slender Jance ike orgamsms called
sporozoites (Gk sporos—aseed zoon—-a iving ammal) A few sporozoites may enter ussue cells
near the site of the bite but many quickly find 2 way mnto the blood stream where they remain
for about helf an hour Then they disappeat from the blood to enter the liver—and possibly
other fixed tissues—where they develop 1n the parenchymal celis and grow to be large orgamsms
from 25y to 401 1 dtameter These liver parasttes are called schuizonts (Gk schreetmn—to cleave
zoon—a lving animal) because they divide and muluply by a process of cleavage 1n the organsm
More fully they are known as /izer sche-onts to avord confusion with analogous forms which
appear later m the blood Within about a week from the ume of infection each Liver schizont
has grown and divided to produce some hundreds of daughter cells or mzro_ores (Gk meros—a
part  zoon—a hving aumal) The ripe hiver schuzont bursts liberating a swarm of merozoies
her mero.oites we may call thern some of which enter the blood stream and invade the red
blood corpuscles Since the liver infection precedes the 1nvasion of the red blood cells the hiver
schizonts are pre erythrogytic  they are also exo erythrocytic for they grow outside the red

s —h the terms pre ytic forms or exo er forms

The first generation of Lver schizonts apparently brngs to an end the schizogome
development of P falciparum 1a the Liver  butat seems that P zivav and possibly P ozale and
P malariae may re 10vade the parenchymal cells to begimn a recurning liver cycle The names
primary and secondary exo-ery throcync forms distinguush between the first and later generations
The secondary exo erythrocync forms of P ivax persisung m the hiver have been held to be
the cause of relapsing fection

Having entered the blood stream the liver merozontes attack the red blood corpuscles
attachung themselves to the surface of the cells Once attached they are called trophozostes
(Gk. trophe—food zoon—a living anmmal) Ttus 1s a stage of feeding and growth They grow
the nucleus splus they divide and like the hiver forms they produce daughter cells The proce s
of duvision 1s known as schi.ogony The dividing parasites are blood schionts and the daughter
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1 Germany Lesshman, foll g Jenn llected and redissolved mn m-
precptate formed by mixing mcthylcnc bluc and eosin but mstead o°

he used the npened stan contaimng methylene azure, the -

the Romanowsky effect Wrights stain used wn O\L“

Leishman s ‘*{) .
Stains of the Leishman gy~ \2»% Al
produces 2 vanablg r s°“ 350 *’5& -aenters, the
definite cg{p Qo“' 0’ B\ -s5 begins agan
S e ) S um 48t 72 hours—
9@&‘& \gx‘" 3 ,{\'\ P malariae Whether
oV ot finally decided

¢ development They prow they

otood stream at fairly regular intervals

« 1n appearance grow to full size without

(Gk gamos—marnage , kytos—a cell) the

¢ early workers They play no part in the chmcal
.ate passively in the blood stream awaiung transfer to

e fc or (Gk ¢ ge , genesis—
pomt 1t the erythrocytc de‘clopmmt of the orgamsm. Thereafter

v 1 the stomach of a female h where the
m ss through a phase of nuclear re-orgarusation a npening phase known as

man. ale gametocyte by a process known somewhat inappropnately as  exflagel
lauon (@;:m—a whip), forms and liberates half a dozen or so whtp like bodies, which
are the dfale gametes the female gametocyte becomes a female gamete The male gametes
small and active, are called microgametes  the females large circular, and passwe are the
macrogametes Maturation takes place in the mosquito stomach soon after the blood has been
ngested The motle male gamete swims around and penetrates and enters the body of the
female with fusion of the nucler The fertilised fernale gamete now called a zygore (Gk 23gosts—
ajouung) at first spherical and mounonless lengthens becomes mobile and 1s then known as an
ookinete (Gk oon—an egg , kineticos—to move) The ookinete or travellng egg makes a way
through the stomach contents with worm like movements reaches the stomach wall penetrates
the epithehal imng and settles down beneath the delicate outer membrane as a small encysted
body now called an oocysz The cocyst grows the nucleus divides and finally the ripe cyst
becomes a large sphenical body up to 5o or more 1 diameter packed tight with spores—the
sporozortes The cyst bursts, hiberating the sporozostes nto the body cavity of the mosquito
whence they become diffused through the tissues and mvade the salnary glands ready for
transfer once agam to a human host The process of sexual development 1n the mosquito

withthe of the tes and cnd.mg with the producuon of sperozotes

15 known as sporogony (Gk sp seed g on)

THE ERYTHROCITIC PARASITE
Numerous researches concerning the mumate structure of the malanal parasites have
been made but the results are unfortunately as yet rather mdefimte  Thayer makes this

= huz the blood cell  Blood chuton fromm th
mclﬁnwl gt dem e th, pac et wh b muluply by schuz gony i % BTH IR

In
momtn of the o unenmal wnt 13 usually wid
e L R o B S g’ BT T
I W A ™
:hxchh;’:nddndl Idymh" v run: {1he nucleu md(o ptak fm ymm(mldlﬂnu dpars t 8 xopK
THAYER W S Lo tur h Ahlanﬂn Henry hump on Lond n 1900
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statement 10 s excelfent lectures on the mafanal fevers To-day fifty years fater we are
not very much wiser We sull do not know the mtumate structure of the malana organisms
nor do we know for cortamn where they he m refanon 1o the host red cells

Four structural features may be wdenufied 1 the Romanowsky smmcd matana parasite
3t some stage or aoother duning devel and M EVETY parasite
pigraent 1n the vider pacasites andan the young parasites 30 unstuned area usually thought to
be 2 vacuole Chromatin (Gk chroma—colour) 15 the substaties in the nucleus of the organsm
winch takes the red of the Romanowsky stawns aod goes to the staned nucleus sts charactensuc
colour  cytoplasm (Gk Eytos—a cell  plasma—sometfung moulded or formed) 13 the biue
staned body substance of the paraste  pigmentys the non stuning yellowash granufar matenal
withint the cytoplasm formed from haemoglobm 43 a by product of the metabolism of the
orgasssm and the vacuole of shall we say the pmumpmc vacuolc 5 the clear unstaned area
mn the trophozomte which pives 1t & nng lke 2pp 15 based
ounly on the form asd refative atrangements of these four structural elements

The merozoste--The smallest parasite ss the merozone freshiy hberated from the
wmatute segmenter The appearasce 15 that of 2 small tounded nucleus chosely inested with
cytoplastm the whole gang the umpression of 4 compact spherule from 1jx 10 2 10 dhameter
Somenmes there 1 a small space berween the nuciear chromats aud the cytoplasm the
begmnings of the vacuole

The trophozoue—Once attached to 2 host red cell the merozoste becomes a trophoezons
‘The vatuole enlerges and the staned orgamsm takes on the famkar forsm of 2 sigaet sing The
appearance 15 that of  ring but the realisy behind the sppearance 1 pot fully known The vsua}
explanauon 15 that the nog 15 an ppucal sectuon of a swrerched and Sanened vesicle The
protoplasnue sall of the sesicle has 2 varying thackness  2omewhere 15 115 thunner part hes the
sucleus which depending on the onentanon of the organssn appears ather o the ring ssself
gwving the sigpef ning appearance or within the vacuole Mary Lawson however from her
studies of the steuctuee of the young parasike over many years comes to 8 very differeny
conclusion The nng she thinks 15 2 hinear parasite curled around 3 rassed mound op the yed
celt swrface The mesozoite hasing attached wself 1o the cell pushes ot cunute cytoplaseaic
processes winch spread over the Surface to meet 2gan {orming 2 niag mto whach fows mest
of the eyroplasm of the orgamsm Enclosed 1a the ring 1s a part of the red cell which 1s squeezed
and heaped up a5 & corpuscular mound  {plate 1} This mound whence the parasite first
detives s food becomes pale from the foss of hacmoglobin  the apparent vacuole of the
organism 5 thus nothung more than a palld aren of the red celt sutface Two parasites may be
corled around 2 ungle mound  hence she suggests the double nucleus often seen 1n 2 simgle
falcyparum ring

Though based on careful observauons and supported by hundreds of excelient photo-
micrographs the views of Mary Lawson have not bren generally acevpted Nor set have they
beea disproved Where the truth hies we do notknow  maybe we shall never know wap) more
refined mwethods of exammation 2 avalable 1o us

Vesicular oucleny vasuole, or corpuscular mound~The noa staming srez wathin
she nng of the trophozote Bas been vanously desinibed ss 2 vescular nudeus 2 digesmie
vacuole and as an zrea of red cell surface enclosed by the pseudopodia of the orgamsm Mostof
the exrly workess reopgnised a tasge bladder bke nucleus with a small deeply stasung nucleolus
Remanowsky Grasst Feletti and Mannaberg held thus wew Bignamt on the other hand
regarded the small stamod body as the true pucleus and the unstaned area 2s 3 pumntve vacunle

Lerwatn Ris v ) T pMAN & e Bas Tuw 2 & W
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16 DIAGNOSIS OF HUMAN MALARIA

A third view that the unstamed area 15 merely a past of the red cell surface enclosed by the
patasite, we have already mentioned Here we must leave the problem “To day, Bignamu § view
secms to hold the field, and the varied ap of the teoph are d from the
concept of a vesicufar organism with a large vacuole, thin cytoplasmuc walls, and 2 small deeply
stamng nucleus lymng wathm these salls and appearng 1 opucal section on the edge or within
the vacuale, depending on the wzy the organtsm s lying The vacuole s a charactersuc wanly
of the young trophozoite , with adsancing growth the cytoplasm closes 1 and the vacuole
finally disappears

The nucleus—The nucleus of the malania arganssm 1s the body which takes the red of the
Romznowsky stuns Seen 1o Romanawsky stamned films the nucleus appears dense and

Hes Jess, for the ch materal or ch stams so deeply that the finer detad 1s
fost Romanowsky speaks of a  chromatn network * implyng that the chromaun 1s distrbored
throughout the nucleus as 2 4 Thomp (x932), ob g a clearer prcture by

dissolving away the pigment from the organism and staning with haematovyhn, believed the
nurlens of the falcrparum trophozotte to be vesicular wath the chromaun concentrated in 2
central karyosome (plate 1) Boyd (1935) sumarly thought the nucleus of I zitax to havea
vesicular form with a disunction 1n Lightly staned films between a central condensation of
chromatin granules or karyosome, and @ narrow clear space between the karyosome and a
presumed hmiting membrane Wolcort {1934), however, found no evidence of a yesaulae
structure 1 the non drviding ucler of vivax trophozottes 4 the nucleus, he suggests, consists
essentrally of two corled and condensed chromosomes

In Romanowsky stained films the nucleus of the traphozotte usually appears as a smalt
round bead or blob but wide vartanons m form are not unusual parucularly s films which are
dred so quickly that the organssm has no tume to contract 1o 1ts resting form The nucleus may
be oval or hinear shaped Lke a dumb-bel! o curled like a horse  hoe around the vacuole spht
11to tRo or three preces or drawn 1o brzarre hnear patterns (plate VII) The common bead
ot blob appearance may perhaps give a false impresston of the hving structure We may concenne
the nucleus m Lfe to ben a serm flaid state, fowing around the vacuole with the amocbord
mavements of the orgarusm and conrracting to a rounded soltd lookmg blob esly when
disturbed or testing Granted the assumpton that the nuclevs 1n hfe may be stretched 1
tenuous strands with the amoebaid acuvity of the organsm we may readly imagme the vaned
forms 1t would take when pushed and torn across 3 glass shde as the blood 15 spread, and
prematurely ficed 10 a quickly dried film

The nucleus of the gametacyte has been studied by Thompson (193..) who mierprets the
appearances 1 films staned with haematoxyhn as evidence of a sesteular structure, with 2
central karyosome, a clear surrounding zone and rmnute chromann granules acound the
penphery In the male crescent he traces the dusion of the nucleus and the early formation of
vucles of the future gametes (plate 1)

Schuzogony and benary fisston—Schizogony 1s a reproductne process leading to the
formation of spore hke bodies, ot merazostes The mucleus duvides mnto daughter mucles which
2gan divide and re divide untid finally there are many nudlet 18 2 siagle mass of cytoplasm
Merozoues are formmd when these nucler acquire an mdependent cyroplasmsc covenmg and
separate 1o become mdwiduals The process seems 10 be a modified form of miosss, involving
the dwision and separation of chromosomes Binary fission on the other ‘hand s 3 prumute
TwamsoN 1 G (ra32) S m obserpsy  nth @ ! arstrucrure of th malignam teruan malan L5 § te (Plamodnit

7 tparumy 3¢ p M d (Hg)3 1
Bovn M P (1535)  On the achizogon us eyl (P mod men ox Gras snd Flin Amer ¥ 1 op M2 15 S05
WoLeott G B (1954) Nucl #r structure and divs onin th malens parss te Plopnadium ovax  J Morph 34 333
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amatotic form of divasion from which two complete danghter orgamsms arse usvally of the
same size The amoebae drvade mx thos way The body lengthens 2 constricuon appears i the
mddle and the orpamsm separates into mho parts Sehizogony 1s the normal method of division
of the malama organism  binary fission a common method of reproduction ameng thie protozoa
}ras been sugg sted 2s an expl for certan morph il 1a the
of P falaparwn and P vwax

Bwary fisson has been held to account for the curtous pawring one sometmes sees 1a youag
trophuzontes for the doubhag of chromaun 1 the g and for the mulnple mfecuon of cells
which occurs so often i falaparam infectons £Hingst 193¢ Beach 1936 Yorkeetd! 19.9)
Fhose who hold thes view are usually prepared to accept sciuzogony as the mawm reproductive
methad but suggest that & direct dhvision of the nag form anto two four, or aven esght daughter
nngs may sometines come ficst We cannor dastuss this view but the morphologscal evidence
1m fzvour of schuzogony as by far the mast important if not the only method of reproduction 15
overwhelmng and the appeatances attnbuted to binary fisgon can usually be explamed
vther ways Chalmers and Archubald (19.0 reporting appearances tn P ereax which suggest
braary fission state their view thar  the whole process is a throw back 1o 2 method which may
have bean vseful 1o some ancestor of the malarial parasites but wiuch to day 15 eourely without
practicel importance and 15 rarely seen  Few perhaps will contest this view

The schizant—Though ta a strice zoologteal sese the 2sexual malama parssie s 2
wophozatte throughout its entire penod of growth regardiess of the nuclear condimon 12 15
comement w reserve the term for the young organism wath an undivided nucleus, and to
describe W as & <chezont from the time of the first suclear dwsion Double o tnple chromatin
dots an the ning forms are not usually reparded as evidence of true nuclear division Beginmung
when the orgamsm 15 rather more then kalf grown or even spproaching fill suze schuzopony
conunues untt with the of fully 15 complete
We may visnalise the mature segnrenters as xounded disc like bodies flattened by sontact with
the surface of the host red celt or if tnside the celt by confoemuty with 1ts structure Careful
focusing of the upper and lower surface m a staned flm revesls thesr depth to be no more than
12; aganst 2 width of 5110 19 depending on the species Though ofsen smaller than the
host eell the sepmenters tay completely Bfl the cell  very racely do they project beyond the
edge aface which has been held 10 show that they lie wathun rather than upon the celf

The Certaun at first m app are
desuned to beome gametocytes They may be recognised at an easly stage of growth, though
with no great assurance by thewr compact form 203 with certamnty as 2 later stage by the
attamrment of full size withaut nuclear division The full grown gametocytes of P rizax
P quale and P wmalareae ave round ot oval bodses flactened agasnst or wathun the host celf Like
the segmenters they do not project beyand the edge of the cel though they ofien occupy it>
whole surface The matwre gametecytes of £ falaparien the familiar orescents on the other
hand aresansage shaped bodwes~though they are called crescents they are seldom crescennc
except when young—with poles which appear 1o project beyond the bounds of the host cell
hence the suggestion that they he oo the outside Mary Lawson suggests that the crescent

attaches stself 1o the yed cell a5 2 corerprllar wraps atself raund ¢ strawberry  and 1f we grant
the eaterpilar to be a hutle flattened the sumule 15 pasuibly apr “The curved forttt e may concene
n“,.?’: :",ﬁ:‘i’ijc‘ 1ft;mlm[al Perwa W 1B ¥657 Do 8 wun f1h pur o od vhir 5 3P e

nu:x,'sl;‘\:’(”s) End foauy € onet g formdan Fam dum v Grriand Fles Amer I wop

Yo L Ty T KD OWR D U (th ) Oberrussonti o Lduckw fere To R Soctrp
80 A ouesto R G Cq) TH ¢ 7t
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to be due to the drag of the adherent red cell as the crescent lengthens, or 1f 1t lies within the
cell to the pull on the poles which the tenstons i the ccll mught be expected to umpose
Supportng this view s the fact that young crescents freed by haemolysis from the host cells 1n
thick blood films are often straight

Wath the ceases to be eryth but the Pprocess may
be completed on 2 glass slide and we may perhaps pursue this cursory sketch of the structure
of the orgamsm to the point at which 13 ! M 15 the nuclear re

organsarron of the gametocytes which leads to the formauon of male (mucro ) and female
(macro-) gametes, npe for fusion The process never begins until the blood has left the human
host, normally 1t occurs 1n the mid gut of the mosquita though st may be seen m fresh blood
examined under a coverslip It 1s presumed that with maturation there 1s a nuclear division
the g logous to the red; dvision ot meross of the metazoa whereby the
chromosomes m the sex cells are halved mn number Mary MacDougall (1947) has shown that
there are defimte chromosomes mn Plasmodium and Thomson and Woodcock (192.) illustrate
appearances which they interpret as polar bodies small deeply stamung masses of nuclear
matenal extruded from the gametocyte after the reduction division (plates 11 and XVI)

The pigment—The yellowssh pigment of the malaria parasites was known long before
the parasites themselves A product of the metabolism of the parasite pigment 15 formed 1z the

p of the org fromthe & lobin of the host red cell According to Brumpt the
orgamsm sphts up the h lobin by means of p lytic enzymes lives on the globin and
discards the heme as 2 pigmented waste product This pigment known 2s haemozom
contarns rron and 1s probably the same as haemann Minute granules of prgment begin to appear
m the cytopl of the at the later tropt stage, th they increase 1
number and suze a form and distrib which s ch 1c of the species of the
parasite and the stage of growth The vaned patterns of the pigment we shall have occaston to
discuss m later chapters
THE HOST CELL

Though the small round globules m the blood of man were described by the Dutch
mucroscoprst Leeuwenhoek 1n 1673 their mtimate structure 1s sull not fully known Is the
red blood corpuscle a sac h as a fluid collord or 1s 1t 2 dense body with 2
thick wall as recent studies with the electron microscope seem to suggest > We know the cell to
be a highly elastic structure with the shape of a biconcave disc that 1t contans haemoglobin
and that the haemoglobin 1s held 1n such a form that 1t does not escape when the cell 1s divided
From the physical properties of the cell we mfer that the imterior 15 filled with haemoglobm
held as a flutd collord 1 an elasuc stroma with a surrounding membrane formed by 2
condensation of the Iipoids and protemn of the stroma This concept hies behind most of our
views on the relatton of the malana organism to 1ts host cell The organism adheres to the thin
envelope and erther remans there or penetrates to the flurd mtersor with the envelope closig
1n behuind Maybe thus 15 the true picture maybe not for recent studies of the red cell suggest
the possibility of a different relatonstup Bernhard (1952) from an exanunation of thin sectrons
with the electron mucroscope suggests that the mtact red cell has a dense internal structure with
astnking orderhiness 1n 1ts architecture and that a spongy network with a well defined membraze
only appears when haemolys:s sets in while the studies of Mitchison (1950) suggest that the
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cell may consst largely of a dense membrane so thick that the mner surfaces touch in the
mddle of the disc
‘Whatever may be the intimate relations of parasite and host cell there are visible changes
1n the mfected cell which are very useful m malania diagnosis—changes 1 s1ze m colour 1n
configuration and in the apparent texture of the surface
Changes in size— In the spring tertian the corpuscle swells and grows pale rapidly while
1m the other tertian 1t tends to shrink and shrtvel up The red globules which contan the quartan
amoehae Temam of mormal stze and appearance Marchiafava and Bignamu recogusing
speafic differences n the size of nfected cells describe 1n these words the enlarged cell
contatning P wreax the shrinkage of the host cell due to P faleiparum and the absence of change
1n the cell contarung P malariae We can add lintle to these observations—P vrvax enlarges the
host cell, greatly P ovale prod amod P malartaeleaves the cell
unchanged These changes are extraordmarly constant and very useful 1n species dragnosis
But we cannot accept the shrinkage of the falciparum mnfected cell without quabfication The
Ttahan workers speak of cells which shrivel to & third of their normal size shrnkage to this
degree 1s seldam seen 1 cells contamng P falcrparum of Malayan ongin The occasional cell
may he dark and shrunken but as a rule the falcaparum mnfected cell like the cell contaimng the
quartan parasite remains the same size
There remains the grotesque enlargement sometimes found 1n red cells contaiming malaria
parasites of any spectes sometmes mdeed 1n cells which are not infected at all the great
swollen degenerate cells which finally burst to produce the so called demr lune appearance
‘Ths enlargement has no significance 1 malania d]agnosls (plate XAXIV)
Changesn shap: 1ations m the sh dred
partcularly in the anaemias but there are other changes due to the presence of the malana
parasite which are sometrmes disunctive enough to be useful 1n diagnosis The enlarged host
cell of P tivax becomes angular when 1t presses on nesghbouning cells and the ovale infected
cell tends not only to be oval but to have 2 fimbriated end especrally when guickly dried 1n
very thin films Crenawon m cells contaimng P falsparum 1s fairly common even when the
uninfected cells 1n the same mucroscopic fields are free from this spiky distortion 1n the cefl
margin while the young crescent stretches the cell to an oval form as 1t grows and Iengthens
Changes m colour—The early writings refer to cells which take on the colour of old
brass when infected with the malignant parasite —the globuh ross: ottenatt of the Italian
workers or the brassy corpuscles of the text books They refer of course to appearances
fresh blood for the falciparum infected cell 1n staned films 1n no way resembles old brass
‘What appears to correspond to tlus change i stained films 1s the purplish tinge descubed and
tHlustrated by Maurer (1902) 2nd by Thomson (1924) mcells ccn(ammg large falciparum rings
This change 15 common but not ble 1n cells P fal, of Malayan onigin
A siular purple unge possibly due to a selective mvasion of xmmamrc basophilic erythrocytes
15 sometumes seen 1n cells mfected with young vivax trophozostes (plate XLIX) The vivax
infected cell seen 1n fresh blood 1s pale from the loss of haemoglobin but this change masked
perhaps by the stppling 15 seldom obvious in the stawed fitm
Changesin outhne—Ad: and an apparent thyc of the rim of celt
large falaparum rings was first iflustrated by Maurer (190.) The occasional occurrence of
crenation 1 falaparum wmfected cells and of fimbriatton in the margm of cells containmg
P ovale has already been mentioned
M G w etp
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CHAPTER IIJ

PLASMODIUM FALCIPARUM (WELCH 1897)

NAMES AND SYNONYMS

Plasmodium falcparum 15 the name generally accepted for the parasie of the malignant
malaria fevers The important synonvms are Laverama malariae (Grasst and Feletu 1800)
P praecox (Blanchard 1900), and P rmmaculatum (Grass: and Feletn 1892) Other names with
2 Ioose cliscal connotanon are the subternian and the malignant ternan parasite

The disease 1n man to which P falaparum gives nse has been vanously called aesto-
autumnal or summer autumn fever, subtertian malaria malignant ternan malana permcious
malana and tropical malania These names express particular attributes of the disease, 2 summer
autumn 1ncrdence 1n some parts of the world frequent mahgnancy fevers which are common 1
the troprcs and are sometmes textian 1 type but these attributes are nconstant, and it 1s usual
to-day to call the disease by the specific name of the parasite The more acceptable name
Sfalesparum malania ss free from ambiguity and umversally valid
BEHAVIOUR

Plasmodwm falesparum has 1mp pecul of bet which mark 1t sharply
from the other species infecting man The organsm has a hugh rate of multphcanon speeddy
attaing 2 density which may endanger the hfe of the host Segmentation moreover takes
place 1n the capiilanes of the mner organs, seldom in the peripheral blood, a udden segmenta
ton which, occurring in vital organs like the brain gives to the organism 2 permucious character
These two attrtbutes go far to explam the malignancy of the organism in the human host
Again the schizogome forms present 1n the body at any one tume tend to be of mixed phase
they seldom march together 1n step but segment 1n successive broods at itregular umes From
this unsynchromsed deselopment denve the vaned patterns of the temperature 1t the
falciparum attack

HOST AND HABITAT

Parasites closely resembling P faleyparum have been found 1n chimpanzees and gonllas
but they are not the same  2nd although P falciparum has been transmitted 1 the laboratory
to mfant howler monkeys of the genus Alouarta (Taliaferro et al , 1934) there 1s good reasonto
believe that 1n nature the only vertebrate host 1s man

The orgamism normally enters the body of man from the butes of mfected 2nophele
mosquitoes The sporozostes, end products of sporogony m the mosquito enter the skin and
are carnied 1 the blood stream to the liver where they sertle 1a the parenchymal cells, here they
grow and mulaply for six or seven days So far as we know, thus pre-erythrocync growth takes
place only i the Liver parenchyma, but the chance that other tissues may be nvolved ‘has not
been deasively excluded For the host the amuial Iner invasion 15 symptomless The hiver
schizonts ripen they produce merozottes which enter the blood stream to attack the red blood

P and the exo erythrocync phase of the comes to an end Henceforth agamn

50 far as we know, the growth of the organusm 1n the human host 15 eatirely endo-erythrocytic
We shall see later that this transience in the liver stage in P falcparum 1s not shared by certain
other species nfecting man
GEOGRAPHICAL RANGE

The survnnal of P falasparum 1s broadly determined by temperature, and the pattern of
sworld distribution 1 related to the mean summer isotherm The orgamssm requures a sustaned
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temperature of at least 20 C (70 F ) to complete development i the mosquito and 1t thrsves
est a & mean temperature approaching 30 C (86 F ) The theorencal fronuer of falesparum
malarza 15 hence the 20 C summer sotherm though as a rule the organism fades out well
withn this mee  These condittons are comumon int hot countries P falsparum 1s hence
distnibuted widely and often 1 g the tropics In sub-tropical regions the
orgamism thiives only when the summers are loag and hot 1wfections are seasonal and the
organrsm mantaws 2 mote precarious hold The northern kmuts 1aclude the Mediterranean

Asia Mmor South China and the Southern Umired States South of the equator 1 the sub

tropscs and beyond the organtsm has a more restricted distnbution due to the smaller tand
masses, the scattered populauon and the lack of vectors

C s

Fig 4~~THE INCIDENCE AND PROPORTIONS OF THE FALCIPARUM VISAX
AND MALARIAE INFECTIONS TREATED IN THE GOVERNMENT HOSPITALS
OF THE MALAY SYATES OF SELANGOR PERAR NEGRI SEMBILAN AND
PAHANG 19301954
Within the general pattern of distribution 1mposed by temperature there are local peculia
nitses of great variety and complextty The organssm has been found beyond the Iumuts of the
summer 1sotherm of 20 C 1 the far north of Russia for example and 1n Kenya at a height of
2 6oom (8 500 feet) with 2 mean temperature below 15 C (60 F) Here the indoor habuz of the
vectors seems to afford zn explanacon. In many Paafic wlands within the usual bmuts of
latitude and temperature the organism 1s abseat owing to the lack of an efficrent vector
Throughout the Malay pemunsula P falaparwn 15 the most common of the malatiz
parasites though there are wide vanations 1n species distnbution e partscular areas The
proporion of falaparum infections to vivax and quartan nfections 1n persons admutted to
Government hospatals for malana over the past twenty five years 15 shown graphucally 1
figure 4 The only signtficant change has been the marked drop w the proportion of quartan
nfectrons (see also p 68)
SCHIZOGONIC CiCLE IN THE RED BLOOD CORPUSCLES
The symptoms of malan2 are due primanly to the parasutes whech multiply by schizogony
1n the red blood corpuscles Microscopic diagnosis depends marnly on the recogniton of these
schizogomc blood forms and mucroscopc prognosts 1s based on thewr numbers and stage of
development

Iagn LW D mbw  {Malin Chpt B M Jan v B4 M F Boyd W B Seunden Go Kondon ind
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24 DIAGNOSIS OF HUMAN MALARIA

The 1nvasion of the blond occurs while malara infection 1 stil sitent The pagasites are
too few to evoke a clincal response 1n the host but they muluply some ten to tweaty fold at
each forty esght hour cycle and despite heavy losses from the destruction of merozotes by the
tissue defences, the pumbers mount rapidly to the pomt at which the host reacts with fever
The interval from the il inoculation with the orgamism 1o the onset of fever 1s the mcubation
period sometimes called the mtrinsic meubarion perod, 1 distinction from the extrimse
meubanion pertod 1n the mosquito The parasite concentration 1n the peripheral blood at the
ame the host first reacts with fever of 100 F or more 15 the pyrogenic or fever threshold The
penod from moculanon to the first microscopic detection of parasites 1 blood fitms 15 the
prepatent period

Incubation period—No rehable 1nfc on the t perod of falap
malana in South East Asia 15 known to us Calculated from the ume of infectung bites or from
the ume of delib 1t with sp or with mfected blood, ths period 15 usually

determned from observations on experimentally nduced malana An meubanon penod between
10 and 14 days 15 usual m sporozoite induced infections Ratchen (1949) found the mcubanon

Table 1—INCUBATION PERIODS IN NATURALLY INDUCED FALCIPARUM MALARIA (data from
Tuchen 1949 and Shute 1955)
Incubation m days 7-7 8 9 10 Ir 12 13 14 15 16 17 174 Toul

Infections (katchen) — 3 3 4 18 9 73 18 48 17 13 4 10 220
- (Shute) 35 22 13 16 28 I2 18 1T 6 2 3 — — 146

per1od 1n 220 1nfecuions naturally induced with stx steans of P falcspartom to lie as a rule between
the twelfth and fourteenth day, m 146 infections 1nduced with strasns from West Africa Rome
and Roumarua and observed at Horton the incubation period was somewhat shorter usually
fatling between the seventh and twelfth day (table 1)

Prepatent period—Like the incubation perod, the prepatent period 15 seldom known
except 1n expetimental infections and 1n South East Asia there are no rehable data Kitchen
1 America found that parasites were usually demonstrable 1n thack blood films before the host
reacted with fever in a seres of 2.0 mfections, parasites were detected n 204 exther before
the first rise of temperature or on the same day The mean prepatent penod was 11 days,
2 days less than the mean ancubation period When diagnosss 1s made from thin blood films
the prepatent petod 13, of course somewhat longer Shute, in sporozoite nduced nfections
with falaiparum strams from Rome and Sardints, seldom found parasttes n thin films unnl
the second day of fever

Fever threshold—The fever threshold may be defined as the concentration of parasites
1 the penipheral blood at the onset of fever This concentration 15 no more than a rough
measure of the density of parasites 1n the body as a whole the only true mdicaton of the
werght of mfection necessary to evoke a febnile response P falaparum segments 1n the internal
organs and the penpheral and deep concentrations do not necessanly run parallel We use the
peripheral concentranon for want of a truer index as 1t 1s the only one we can measure casily

The fever threshold 1n falciparum mfections tends to be rather hugh Ratchen (1949)
giving a mean threshold of 10 000 parasites per ¢ tnm for 2 senes of 50 pauents mfected with
the Costa strain that the threshold ma; be as hugh as 95 coo Differences
1 the threshold are related to the tolerance of the host 2nd high values afe not upusual i
secondary attacks when host immumty comes into play
Knoumn SF Chapt 4oinM Inlg Ed M T Boyd W B S und rs Co Phil ¢ Tphus and London 949
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Microscopic threshold—The level of mfection at which parasites are first demonstrable
by the microscopic examunation of blood films 15 known as the microscopic threshold Varying
with the method of examunatron the espenence of the observer and the number of fields
examined the mucroscopic threshold 1s Likely to be about 200 parasites per cmm of blood
when 100 fields are examumed by a good thin film method Tlus means that one parasite wilt be
seen 1n an average of 100 fields when the parasite density 1s .co per ¢ mm 1t assumes also that
the first parasite seen will be recogmsed

Invasion of the red blood corpuscles—Plasmodium falesparum 1s seldom seen 1n the

heral blood at the of the cycle The organism segments decp within
the body and 1t 1s withn the capailares of the tner organs that the merozotes iberated from
the mature schizonts atrack the red blood corpuscles With rare exceptions the parasites appear
1n the peripheral blood as young trophozostes already several hours old Charactensucally they
are then munute rings 2 or less 1n drameter lying on the surface of the corpuscle or flattened
agamnst the margin Their varied patterns at this stage are illustrated 1n plates IV and V which
are drawn from Malayan matersal

The rings enlarge the cytoplasm and chromatin increase m amount and within the next
18 t0 24 hours the orgamsms treble 1n size (plate VI) Meanwhile the vacuole has become
relatively small pigment has appeared as munute granules 1n the cytoplasm and the host cells
have acquired the changes which appear 1n well stained films as Maurer s spots (plate VIII)
Thus 15 the stage at whach the parasies some 18 to 30 hours old normally recede to the deep
organs and disappear from the peripheral circulanion The 1nvasion of the perrpheral blood
stream 15 hence hmited to about half the schizogonic cycle and the forms seen an the blood
wath ﬂcepl,ons we shall conssder later are trophozoites vary ng from .. 1 to 4 or § 2 1n diameter

of the ring fi ‘Under normal P fal-parum disappears

from the penpheral blood whtle sull at a ring stage First observed by the early Italian workers
this peculianty 15 an ymportant reason for the malignancy of the orgamsm The parasites leave
the peripheral blood to stagnate in the capillanes of the vital organs Recesston begins as a rule
when the rings are fairly large and pigment granules have appeared mn the cytoplasm but it may
begm eatlier while the organism 15 sull unpigmented and comparatively small or later when
the ring appearance has passed and the organism 15 compact from the loss of the vacuole or
still later though rarely when the nuclear chromatin has begun to divide

Marchrafava and Bignamu explain the retenvon of the growing parasites 1n the de p organs
as an of two {2 the greater 1n the fine capitlary network
of organs like the bran and the pecuhar resistance of the falcrparum infected cell to a free flow
1n the munute vessels The observanons of Thomson and McLellan (1912) on P falaparum in
cultures seem to show why the infected cells do not circulate freely but stagnate i th= capillaries
‘When the parasites are about half grown the host cells develop a pecuhar suckiness they
adhere to the Jarge mononuclear cells and to each other formung clumps which we may
presume become tmpacted as emboly 1n the finer vessels

Small and large rings—The size of the smallest ring forms of P falparum 1n blood
films 15 related to the stage of the schuzogonic cycle at which they appear in the penipherat
circulation the size of the largest to the stage at which they recede to the inner organs At any
one time 11t the course of an attack the rings may be so small that four or five could invade a cell
without touchung each other or 5o large that two rings would mevitably be i contact They may
be at any stage 1 between though they are usually of mixed phase We © may vxsunl.\sc an ebb
and flow of 10 and from the with a

by the number of broods With several broods the seen 1m blood films would be of
oMo Y & ML S W (9 Dy Theml v Sonc gen ca on T malaral pas (s (Pl duen] 1 p rum)
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26 DIAGNOSIS OF HUMAN MALARIA

muxed phase and blood films would remain posive throughout the cycle with 2 single brood,
a rare occurrence 1t Malayan infections all the parasites would recede to the deep organs a;
:hbout tixc same ume and disappear from the peripheral blood stream for the Iast 12 18 hours of
e cycle

Maurer (1902) seems to have been the first to relate the size of the ring forms of P Jalaparum
1n South East Asia with the pattern of the fever Working in Sumatra he showed that the small
Tings are 1n the majonty when the temperature 15 f1stng and large rings are usual towards the
end of the paroxysm and mn the fever free mtervals between paroxysms His observatons are
readily confirmed 1n Malayan mfecuons when, from the dominance of one brood of parasites,
the fever 1s tertian 10 type The infecnon of the patient whose temperature record 15 shown m
figure 5 was dommated by though not restrcted to a smple large brood The relatron between
1ing size and the course of the fever in this infection 15 clear, more often there are overlapping
munor broods the temperature 1s rrregular and the nings are of different stzes
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Flg 5—’RING SIZE IN RELATION TO FEVER IN A SEVERE FALCIPARUM INFEC-
TION OF MALAYAN ORIGIN (By courtesy of Lt Col M F H Kellcher
Briush Military Hospital kunrara Malaya)

Rung size and “The s1x hour t may perhaps be accepted as the
smallest and the thirty hour trophozoites as the largest normally seen 1n blood films these
Lumts bemng determined by the stage at which the ning forms appear 1 and disappear from the
penpheral arculauon With an earlier app-arance and disappearance the nings seen 1n blood
films would of course be smaller This difference 1n the ttming of the ebb and flow of parasites
15 a possible explanation for the diff=rences 1 ning size which have been reported from different
parts of the world partcularly from Afrtca Walson (1939) working m Tanganyika finds that
the rings 10 non immune subjects tend o be monomorphic and very small Babies hving 1
hyp areas and P nficted for the first ume show these minute rings By
contrast the rings found 1n blood films from persons who ate relatively immune are often large
and pleomorphic Schwetz (1949) 1n the Belgian Congo reports symular differences i ring s1z¢
1 2cute and chromwe malara , so do Shute (1951) and de Mello (1951) In the highlands of
Renya accordmg to de Mello the chronic infections m the spring show relauvely large nogs
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while the acute infections of the late summer are assocrated with minute nngs and frequent
marginal forms

In Malaya this apparent rela.ion between ning size and immunity 1s less clear Infections
1n which the rings remain 1n the penipheral circulaton unul they are large and pigmented are
common enough tn serm 1mmune subjects from endemuc areas but infections with large nings
though often mild are som~times severe and may even be fatal Indeed some of the largest
falciparum trophozo tes seen 1n blood films 1n Malaya—we refer to the general size of a whole
brood and not to 1solated parasites—have been associated with severe infecnon The
trophozottes il{ustrated 1n figure 7 were drawn from films taken from an elderly Chinese shortly
before death
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Fig 6—SMALL AND LARGE RINGS Fig 7—SMALL AND LARGE RINGS IN
IN A MILD FALCIPARUM INFECTION A FATAL FALCIPARUM INFECTION OF
OF MALAYAN ORIGIN MALAYAN ORIGIN
Schizonts 1n the perspheral blood— The presence of forms of advanced development
and 1n astate of segmentation 1n the circutatory blood 1s a certain ndicauon of gravty  Films
from pauents with serous infection may show parasites at all stages of schizogony the early
diding forms more often than the mature segmenters These infections are nearlv always
primary with a history of § to 10 days of untreated fever but they may sometmes be of many
weeks duraton Marchoux and Jolly {1935) report the case of a soldier with senous mental
due 0 a nfecuon 1 North Africa ten weeks earher Blood
films taken ar this late stage revealed an extremely heavy tofection with one cell 1n every four
mnfected and segmenting parasites at all stages

‘The segmenters 1n blood films are seldom numerous 1m relaton to the number of nng
forms they are always comparatively few for there 1s no general retentton of segmentng
organisms 1n the penipheral circulation Plate XXXIX drawn from a §lm taken just before death
1satypical example 1n such cases 1t 1s possible that a few parasites pas through the complete
schizogonuc ¢ycle in the peripheral blood or 1t may be that the capilianes 1n parts of the deep

organs are over filled with segmenters and that a few leak back into the general
1) ?;05;35 andT Uy AMD (935 Cy1 ¢ |ufcomp) & Pflop momda 1 g weuin A 1 F
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Table 2—THE PRESENCE OF SCHIZONTS IN THE PERIPHERAL BLOOD IN RELATION TO THE INTEN
SITY OF INFECTION IN 3 450 ACUTE FALCIPARUM INFECTIONS OBSERVED IN MALAYA
Parastte counts per ¢ mm blood

———
Under 5000~ 25000— 100000— 250000—  Cver
5000 25000 100000 250,000 §00000  §00 000

Infecuons 753 1498 o74 147 46 32
‘Wath schizonts 10 21 60 40 20 20
Percentage 1 b 6 2 43 62

The relationship between parasite density and the presence of schizonts 1n films from the
finger blood 1s shown 1n table 2 based on blood evaminations before treatment 1n 2 seres of
acute falcrparum infectsons naturally acquired 1n Malaya In these infecuons the presence of
schizopts 1n blood films was usually an indicavon of chinical severity Thetr absence on the
other hand did not dy mmply a fz ble p , fatal infe m which
segmenters were not found n blood films were by no means rare

Pertpheral schizonts 1 muld infections—The early Italian workers regarded the
presence of falciparum schizonts 1n blood films as a certain indicatron of gravity This too
has been the experience of Shute who has never seen schtzonts n mild infections induced for
malario therapy in non tmmune subjects with falciparum stra ns from Rome and Sarduua
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Fig 8~—PERIPHERAL SCHIZOGONY IN A MILD FALCIPARUM INFECTION OF
MALAYAN ORIGIN NINE SUCCESSIVE PARASITES FROM A BLOOD FILM TAKEN
ON THE FIRST DAY OF TREATMENT

These findings however are not umversal In Malaya the presence of schizonts blood films
from muld nfections 1s by no means rare while i some parts of the world the phenomenon 18
apparently fairly common Perry and Bensted 10 the Leeward Islands de Zulueta m Columbiz
Raperetal nkenya and Jollv i French Equatoral Africa sl record the presence of falciparum
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schizonts 1n blood films from subjects with muld infections  Shute has seen them i healthy
carriers from the Entebbe and Fusumu areas of Uganda and Garnham finding schizogonic
forms 1n blood films from 13 of 5o unselected falciparum infections states hus vzew that these
forms are less elusnve 1n Kenya than elsewhere

How are these to be explamed  One 13 that they are related to host
immunity Penpheral mn mild P has been reported mainly from
countries where malara ss b d and high 1t 15 app ly rare 1 non
immune subjects 1t 1s uncommon 11 Malaya where the malania though sometimes hyperen
demic tends to have alow ot d y Another 1s that there are inherent
differences m the parasites themselves that some geographical strams are less prone than others
0 complete schizogony i the internal capullaries The evidence on the whole supports the
first suggeston but decisive proof must await an examunauon of the parasites under
comparable conditions

Parasite d y—The parasite mn may exceed
10® per c mm of peripheral blood  vivax infections rarely attain a density of 10° per cmm
quartan mfecvons seldom exceed 16 per c mm The malignancy of P faleiparum is related to
thxs great p actrvity with a 1 density of parasites exceeding 108
or with 25 per cent of the red cells infected are usually fatal

Table 3—FPARASITE DENSITY BEFORE TREATMENT IN 3 450 ACUTE FALCIPSRUM INFECTIONS
OBSERVED IN MALAYA
Pa.asite counts per ¢ mm blood

— =
Under 5000— 25000— I[00000— 250000— Orer
5 000 ~5000 100000 .50000  SOCO00 500 00O Total
Infections 753 1498 974 147 46 32 3450
Percentage 2. 44 28 4 1 I 100

The densxty of parasites n the penpheral circulauon of patients admutted with acute
falciparum malana to hospitals 1 Malaya may be assessed from table 3 based on parasite
counts from finger blood made on the first day of treatment 1n a series of cases observed by the
staff of the Malar a Research Diviston of this Insurute A munor fallacy 1 the figures 15 that
patients with counts less than 1 000 per emm of blood were usually excluded

The heaviest Malayan infection of which we have an adequate record was revealed sn a
blood film sent to us i 1935 by Professor R B Hawes formerly of the College of Medicane
Swngapore The patent was adumutted unconsctous to the Tan Tock Seng Hospital Singapore
recovered consciousness but died soon afterwards  the parasite count was 1 860 000 per ¢ mm
of perzpheral blood and 42 pur cent of the red cells were infected Recently Major R Topping
RAMC Buush Miltary Hospital Ranrara Malaya has shown us a film from a Britsh
soldier whe died from an 1nfection an which 52 per cent of the red cells contamed parasites
there were 76 parasites m every 100 red cells  the parasite density was not known Springall
(19.43) and Macfie (1914) report fatal infections 1n which 44 and 47 per cent of the red corpuscles
contamned parasites  while Chopra (1932) saw a fatal infection with 67 per cent of the red cells
mfected and a parasitacmua just before death at the almost mcredible level of 2 800 600 per
c¢mm

Why P falaparum should display this great proliferanne actwity 15 not known Is 1t

because produce more than other species that the curi e of geometnycal
Gumam P C CUoip) A nth wbirts mawas  wof K ¥ EAf md 3 10 68
Sr Gat AN (943 Havwdnury fP S pa umpars tes nmalan rt

Amer ¥ trop M d 23
Macriz J W S (19 ) Not on f al b on lly ] tense snfecuon wich makert (P Jal porue) Lae 1394
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30 DIAGNOSIS OF HUMAN MALARIA

merease 15 steeper * Have the g 10 the of the decp organs &
betrer chance of securing 2 hold on fresh host cells than those of other species swirted dirough
the general arculaton and txposed to the phagocytes  Are the condmions of the mternal

1i: pecubiarly £ for the fe of the ? Does binary fission come
o0 the pacture ? Does the fact that P fakerparum muades the matuse ted cells vather than the
wmmature cells sefected by P rivat, grve the young organism a wider chaice ? Can 1t be thar
there 15 2 malignant malana parasite wath 2 bload Cycle of 24 or 36 kouss a8 some of the early
workers thought > Was the orgamism adapted to 1ran fater than other species with a relatne
delay wm uts age long progress sowards symbiotte assocuasion ? These are some of the theorses
from thesr number and vanety we may presume that none s enurely acceptsble

Multiple infection of host cells—The mvasion of single red cells by more than one
parasite occuts a all formy of malans but 1n frequency and degree the phenomenon 15 most
marked 1 falaparum wmfection So much so that 2 repdency 1o muluple mmasion 15 2 munor
gwde to speaies diagnosis Double, triple and quadruple mfecuons are common In a fatal
nfection we have seen seven rings i a sangle cell , Springall (1943) has reported esght The celf
contamng seven parasies reproduced m plate IV was drawn from 2 film taken a few
hours before death from a panent with 2 penipheral parasizacrmaa of over 1 600 000 per ¢ mm
and with 31 per cent of the red celfs infected The degree of muluple myasion was related 35
one would expect ta the satensity of infectson , the proportos of cells smaded by more than
one parasice closely agreed with the mathematical 0dds of random distribution

Total Smgle Double Triple Quadrsple  Quintuple
cells counted  nfeconof cell  ynfecuon nfection mfecuon  anfecnon
5000 1463 363 77 1 2

“The parasstes sn multiple infected cells ate nearly always ning forms of about the same age
other combinations are possible though rare A ning may share a cell wath 2 schront or 2
gameroeyte o7 two schizonts of two gametorytes may be found together (plates X1 and X1V}
We have neser seen more than tw o segmenters 1 one cell—the three to a single cell fiustrated by
Cropper {1908} must be very rare—and 1t seems Iikely that most of the parasites 1n heavly
safected cells exther die from fack of nounshment, or else mugrate to other cells

Inter mp denstty—The ning forms of P _faluiparin normally disappear
from the penpheral arculanion when shey are about 24 hours old but they are seplaced by
3oung rings from later overlapping broods and blood films are conttnuously positive Theress2
theorenical posstbility however, thor mfecnons may be resticted 1o a Single brood Parasites
would then disappear from the arculaton every other day To what exteat may the domunance
of a single brood confuse dwgnoss ? May blood fitms fice from parasies one day reveat 2
beavy mfecuon the next? Garnham (1933) has shown that P falaparn 1 henya may

disapp ! from the peripheraf blood for several hours of the 48 hour cyele Dr T
Wilson tells us that 2 few falorparum mfections of great intensity slmost restncred 10 2 single
brood occurred among Brtish and Australian prisoners of war durmng the Japanese occupatiot
the infections appeared 1n the blood fims to be heavy very bght and heavy on successhe
days (see dlso p 4.}

We have evaroned the dady parasite counts of some 3 450 acute falaparam infections with
these posibittties 1o nund  Wath light infecuons m pavents with a tertian type of fever %€
have sametimes fouad that blood films were posine and negative on alternate days  but we
have no record of & single severe mfection 1m which parasites vanushed from blood filrs to
appear 1n large numbers a day fater and 1n very few serous infections was the ebb s parasicc
Co_m 1 0P8 Ph moeel bud seeln  amih emph aloroalun € Gl ce of pemoou malnd
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denstty so marked as to fall below the microscopic threshold for a 100 field examinauon of 2
thon film With rare exceptions 1t seems P falaparum m Malaya has 3 mul brood develop-
ment with 1o marked daily vanation 11 the number of parasites 1n blood films The diagnostic
significance of a fluctuatng density of parasites 1s discussed 1n a Jater section (p 41}

Distribution in the body of the host—The ho t cells of the young orgamsms arculate
freely and ate distnbuted faurly evenly throughout the blood stream  the older parasites and
particulatly the segmenters are normally restricted to the deep organs Marchiafava and
Bignams state that the bran contains the largest number then come 1n order the tungs the
spleen the bone marrow the Iiver and the intestines though the ntestines may sometimes
have the greatest number Seyfarth (1924) from 2n extensive study of fatal falaparum malana
1nthe Mediterranean area during the first World War found no particular localisation of parasites
1nabout one thurd of the cases with the brunt of infection in the remaimder falling on the bra n
the heart and rarely the kidneys suprarenals and pancreas In a senes of fatal falaiparum
1nfecnons studied by Womo Tassenetzky (1939) the distuibuuon of para ites showed a wide
sariauon with the greatest accumulations usually 1n the bran the adipose cellular tssues the
mucosa of the alimentary ¢an.) and the pancreas 1n pregnant women the man concentrations
were 11 the nter willous spaces of the placenta and the capillanies of the breast Cerebral
accumulations were restricted to subjects dyng 1 coma For South East Asian infections
recorded 1nformation on the distribution of parasites 1n the body 1s scanty among the 57 fatal
falciparum anfections observed by the Malana Research Diviston of thus Insutute an

with no obvious local seemed to be th= usual cause of death
The records ate unfortunately meomplete from the losses of the Japanese occupation and from
the dfficulues of autopsy examunations 1n Mushms and no general conclusion on the distribution
of the parasites 1s possible

“The tendency to slagna(e 1n vasg numbcrs and 1n parncular sies 1s one reason ﬂmug,h not
always the most for the mal fal

of the brain may produce mma and other ctrebra] symptoms cardiac fature hzs been ascribed
10 a concentraton of parasites In the munute vessels of the heart ntesunal pulmonary renal

and other symptoms have been sumilarly o lacal of

organisms These permcious forms of malana are well recognised though they receive perhaps
a false emphasis mn medical wnbngs Most falaparum wnfections display no such dramauc
localisatton of clinical mummicry ‘The history of the malarial fevers in Malaya leaves no doubt of
their malignancy even so the average case seen 1n hospital has few symptoms other than those
attributable to the fever Grave infections with anomalous symptoms do eccur but they are not
common  more often malignancy seems to be an expresston of the wespht of unlocahised
nfecuon

Durauon of schlzogomc cycle—At the tur of the centurv supported by the immense
authonty of A Bignamy Cell and others the view was widely held
that there are two kunds of malignant malana parasite one with a .4 hour ycle of schizogomc
development n the blood and one with a cycle of 48 hours This conclusion was pot reached by
durect obseryauon of the schizogonuc cycle for half of the cycle 1s hrdden 1n the deep organs 1t
came indarectly from studies of the temperature chans from blood examnavons and from
autopsy findings Another view was that of Thayer (1900) who accepung but one mzlignant
parasite thought that the cycle vaned from 24 to 48 hours The first study of the malana
parasues of Malaya was made by anhl (1901) when the custence of 2 m.\hguam m:lam
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32 DIAGNOSIS OF HUMAN MALARIA

pazasite with a g cycle was not d From obsersations made m the
Generat Hospral huala Lumpur whence comes much of the matenal for the present study
Wisght behieved the duration of the ¢yels to be 48 hours m most infecnons but 24 hours ma
substanual mmonty Craig working 2t 2bout the same tume 1n the Philippines thought that a
mabgnant parasite with a 24 hour cycle could be recogrused not only by the dian fever but
from the general shols 1 ch of the He regarded 1t 25 2 sub-speases of
P falaparum and gave 1t the name P faloparum quotdianum Lale real support for the
custence of a quoudian parasite has app since, though Marchuafava m 1931 sull held that
the malignant organism whether as 2 separate quotsdian yariesy or from 2 Ife cyele of varyng
duration might sometunes segment every twenty four hours and Thomson and Woodcock
(1922) make the defim ¢ statement that the schizogonte cycle of the typical malignant ternan
parasite of Southern Europe and the East Sasts from 36 to 40 hours Covell {1951) however, i
studies at Horton with falaparum strams from Indma Yraly Sardima Roumama West Aftica,
and the Beigian Congo found 1o evidence that the cycle was ever less than 48 hours

The mamn support for the theory that there ss a quotichian form of P fal"1parum comes from
the quoudian type of fever and the small suze of the presumed quotidian arganism at ail stages
For the quondun fever 1he prolonged and exact obsersations which ase naw pos.ble 1o the
practice of malario therapy have brought another and more convinciog explanation James and
hus colleagues (3932) and more recently hatchen (1049) have shown that quondian and tertian
types of fever may occur 1 the cours of & single sufecuon We may interpret this occurrence 1o
mean (a) that 1 the same subject there are two kands of P fafaparum with cycles of 24 and 48
hours {(b) that the organism has a vanable cycle , or (¢) that two generations of one organsm
with a2 48 hour cycle may segment ox alternate days The third explananon seems by far the
most Ikely

No less equivocal 1s the morphological evidence sor the eustenct of 2 quotidian orgasm
The munute size of the rngs may well be due to an earlier appearance in the penipheral blood
or 1t may be that the small nings and schuzonts are examples of the random vanations which
ocour an the malana organsm s 1 most other forms of Jife

Disect chservations on the growth of P falaparuns are possible i arafical coltures and
the general failure to demonstrate & 24 howr cycle w2 tatro affords addiionat though nconcluse
evidence agunst a quonidsan vauety Field (1932) for example obtamed cultures from 63
Malayan strams of P fakparum—ia the hospual where Weighe churty years eacher bad reported
the presence of a quond h no 1nd of such rapsd growth as to suggesta
24 four cycle and Shure with straws from Rome and Sardina has found that most pasassies
10 cultures segment 1 about 36 hours the ongnal nngs being 6§ hours old But endence of
thus kand 1s mdecisne suggestng no more than the absence of 2 quotidian erganusrt amosg the
syrasns selected

Though the schizogontc cycle of P falaparwm normally Jasts 43 hours parnonlar broods
may reach matunty a few hours earhicr or fater leading 1o the changes koown as anucparson 8
r tard o 1 the uming of the teraperature peaks assoczated with the aberran generatsons
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Duration of infection—Untreated or under treated falciparum infectrons tend to run an
acute course with a cessaton of actnvity within twelve months James ez al (1932) 1n a sertes of
26 1nfections found the longest period of actvity to be 3. weeks Eyles and Young (1951)1nsome
illummanng graphs show the course of the parasitaemia throughout the entire period of
mfection 1 2. subjects mfected with 2 South Carolina stran The average durauon was 222
days several infecrons lasted for a year one for 430 days Jeffery and Eyles (1954) 1 asmall
sertes of patents infected with 2 Panama stram found the mean duraton of infection to be
279 days with a range of 114 503 days For South East Astan infections no relrable mformation
15 known to us

Survival of parasites after death of host—With the death of the host the parasites die
too but not for some time While the body 15 warm they may survive for many hours
according to Seyfarth (1924) they may even complete th Je though the
never invade fresh corpuscles We have ourselves seen parasites 1n the bran capullanes with a
lively moverent 1 the pigment granules 18 hours after the death of the host For a few hours
after death the young trophozoites 1nt stained films from heart blood tend to retan therr normal
ning form wath further delay many contract to appear as rather solid deeply stamed bodies with
central chromatn Chwatt (1948) found that the parasites 1n blood films taken from the nght
auricle 18 hours after death stamed well and were easily recogmsed  at 24 hours they were
degenerate and at 36 hours unrecogmsable The sigmficance of these find ngs mn the post
mortem diagnosts of malana 1s discussed 1n chapter VII

Survival of p. mn blood—Instenile b blood the parasttes
may survive for several days Infected blood packed m a thermos flask with chipped 1ce has
been sent by air from kuala Lumpur to Delhy Narobs and London where the parasites—
P falvparum and P & fi d to fresh hosts after 2 § days
Prolonged preservavon 1s possible when sfected blood 1s raptdly frozen in thin contamers and
mantaned at a very low temperature

Cultivation of the parasites—Bass and Johns (1912) were the fiest to achieve the
cultivation of malana parasites through the complete schizogonc cycle Their method depends
essentially on the addition of a small amount of dextrose to defibrinated infected blood The
parasites grow well for the fisst generation but growth thereafter 1s capncious and few of the
merozotes survive 10 enter fresh cells The techmque 1s simple and the cultures are useful
for observations on ph and on the of It was
thought that cultures mught be useful too for the recogminon of parasites m hight mfections
but later expenence tends to show that diagnosis from ordinary thick blood films 1s quicker
caster and equally accurate and parasste cultures are seldom used to day as a diagnostie aid

The host red cells in these ssimple cultures have an extraordinary tendency to agglutinate
10to large masses when the parasites are about half grown the stage at which they normally
recede from the penipheral blood to the deep organs (plate ALVII) This phenomenon first
observed by Thomson and McLellan (1912) does ot occur 1n cultures from other species and
may perhaps be related to the pecubar behaviour of the organssm at this stage s the human host.
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34 DIAGNOSIS OF HUMAN MALARIA

The sumple Bass culture does not provide the physiologteal condstions necessary for the .
i estro growth of the parases much beyond the fist generation There coraplex nutnive
needs are sow better understood and alaborate media whuch pernut growth over several
generations have been devised, paruculsrly by Gaman (1949) Valuable though these newer
methods are for fundamental studies of the metabolism of the parasites they have no place
tnalara diagnosis

GAMETOGONY
The phase i the life cycle of the malana orgamsm leading to the production of the mature
sex cells or 18 known 23 B at some unk pont 10 the

cycle pre determuned maybe as far back as the sporozoie  gametogony ruds when the
gametocytes dic i the body of the host their destiny unfulfiled or pass to 2 new phase of
development in the mosguite

Most of our knowledge of the gametocytes of P faloparum the familiar  crescents
comes to us from the easly Iralian workers though ther bologacst role was known only when
Ross, Grassi and others had traced the connnuance of the hfe cycle 1n mosqutoes and
McCatlum had shown that they are sex celfs destuned ta uunare thos new phase of development
A vast amount of detaded information has accummulated since but httle of fundamentat
smportance and we may perhaps take a3 our pomt of departare m this dseussion the facts
known to Marcluafava and Bignami mn 1894

1 The crescenuic bodies anse as ovoud or spmdle shaped orgamusms which appesrin
the human host on the 7th or 8th day of fever These easly forins do not reach the
penpheral circulation except n severe mnfecuons Autopsy examiations may
reveal them o farge numbers m the bone marrow

2 The young ovord or spsndle shaped farms can be traced to the adult crescent forms
which appear 1 the finger blood only after a further senes of paroxysms

3 The adult crescennc bodies remarn s the penspheral carculanen for ten days or more
after the cessation of fever, then they dummsh i numbers and disappeat

4 The crescentic bodes €o not proceed to sporulation and they play no pat 1o the
climeal phenomenz of infection

Orsgan—Gamerocytes are generally thought to develop from merozmtes thrown off i the
course of the ordinary asexual mulnpl of the As young trop they ae
sndistngusshable 1 appearance from the ordinary nng forms Parasites which can be adenufied
as early gametocytes first appear i the bone marrow and spleen towards the ead of the finst
week of fever when the organsm has already passed through a schuzogome cycle i the Iuer
and maybe half 2 dozen cycles 11 the bload Wheace they anse_whether as contnuous offshoots
from successive asexual ¢ycles from the laer cycles only or from some undusclosed soures, 1
not known

t—Begumung as ning forms i the spleen and bonc marrow wath 2o

b i t 'B gmfnfegmrcs P p & J can be s d wath certawty

ondy whess they are nearly half grown  They are then rounded or ovord parasies with scagrered

pigment and undivided chromatin 10 hose cells which are free from Maurer s spots ‘Theseaftet

they lengthen become oat shaped then fusiform or crescenuc and finally take on the sausage-
shape famulbiar 1 blood films These stages ate diustrated in plates XHI~XV/
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The crescent wave—That crescents wax and wzne 1n numbers 1n  fauly definite tme
relatson with the attacks of fever was known to the early Italian workers but Thomson (1911)
seems to have been the first to relate the  crescenr wave n the penipheral blood with the wave

e HH i

Fi1g 9~-THE SUCCESSIVE WAVES OF TROPHOZOITES AND GAMETOCYTES IN
FALCIPARUM MALARIA (after Thomson 1911)

of trophozostes some ten days earlier Begmmng from seven to ten days after the onset of fever
reachung 2 peak within a few days and slowly disappearing within two or three weeks after the
fall of temperature the crescent wave seems to be a fauly stable feature 1 the life cycle of the
organism

oy F 4

At

Fig 10--TROPHOZOITE AND GAMETOCYTE WAVES IN A PRIMARY FALCIPARUM INFECTION
WITH PROLONGED INTTIAL ACTIVITY {after Ratchen 1949)
Twowso D (9 ) A hum th pod dd nd
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36 DIAGNOSIS OF HUMAN MALARIA

Theapp of 1n the penipheral blood 1n the later stages of acute 2
time when the defences of the host are corung uito play, has led to thi theory lha:nu’:kms\;::t;
sumulates theyr production that the orgamsm turns 10 a sexual mode of reproduction when
conditsons are unfasourable for the continuance of the ssexual cydle Agamst this theory ave the
facts that crescent production 1 often hugh mn primary attacks and sn heavy infections when
there s presumably utle smmunity, and low n the later stages of nfection

The duration of the crescent wave after the end of 2 sngle falaparem attack 15 usually
2 3 wecks With an early relapse of infection a second wase may appear before the firet 35
complete, and with a seres of relapses at short inter
sals, or waith smouldering infecitons, crescents may
persist m the blood for several months The long
persistence of crescents sometimes reported (Stton
eral, 60days, Garnham, 128 day s, Shute and Maryon,
62 days) suggests contpued production m this
manper

The effect on the crescent wate of schuzontocrdal
drugs has often been debated During treatment cres
cents ofien mcrease so number This does not mean,
as some have thonght, that drugs strmmulate production
but merely that treatment coincides with the pormal
nse of the wave (fig 11) Drugs Ike quinme,
mepacnine, and chloroquine grvent m full doses, teed
on the contrary to lessen the number of crescents
They modify the future course of the wave by
arrestung the producuon of crescents exber ar the
sousce m the schizogome cycle of when gren eatly
L. 1 the attack by arresting the eatly stages of crescent

AN growth But there 1s less certanty thar sub-clnstal
Tsg 15 —DAILY GAMETOCYTE INCL doses have thus effect From ther observations on
DENCE DURING SCHIZONTOCIDAL  subjects infected expenmentally with a West Afnican
TREATMENT IN 3,431 ACUTE FALCI  stram of P faloyparume, Shute and Maryon (1953)
PAPUM INFECTIONS ORSEPVED IN  Came to the conclusion that small doses of apumalana

MALAYA drugs doun fact sumnlate the producuon of crescems

5t o £ imy
o
3

N
°

Twt g omtosytes
g

¢

° «

Numbers—Heavy falciparum mnfections 1 chuldren hiving 1n hyperendemic areas ofien
produce more gametacytes than the low grade chronrc mfectons of adults (Chnstophers 1924

Wilson 1936) , and 1t scems that the number of produced in the sndiidual prrsan,
or .n the community 1s related inversely to the level of immunuty This of course 1s the relation
one would expect 1f the g; ause from troph s the prodt of tropho-osits

1 greatly reduced by host immumey But there are wide vamavons Heavy crescent
production someimes appears after quite mild infecnons while heavy nfectons may produce
relatrvely few crescents and 1t 1s posstble that the host environment vanes in sts suyrabihty as
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2 medium for crescent growth Siton ef al (1926) suggest that the acidity of the tissues in the
backwaters of the spleen and bone marrow may be important It 1s possible too that the
orgamism 1tself may vary Jeffery {1951) for esample found that an indigenous American
strain Jost the capacity to produce gametocytes after 2 senes of transfers by blood passage

‘Table 4 HIGHEST GAMETOCYTE COUNT RECORDED DURING SCHIZONTOCIDAL TREATMENT IN 3,431
ACUTE PALCIPARUM INFECTIONS OBSERVED IN MALAYA

Highe t gametocyte count per ¢ mm  blood

—

~
None 100 I00-1000 1000 5000 OVEF § 000*
Infections 1.8 560 1180 390 83
Percentage 35 16 34 I 2
I gwfcu th un dd cocope mm the hughes ddwa 4600

‘The mncidence and numbers of gametocvtes in our series 3s briefly analysedn figure rx and
table 4 Crescent counts were made daily for at Jeast one week during treatment but 1t was
seldom posstble to follow the complete course of the wave

Proportion of males to females—The female gametocytes usually outnumber the
males Various authonities have placed the proportion of females to males between 2 to 1 and
10to 1 Green (19.9) working 1n Malaya in the hospital whence most of our patents were
drawn found a wide vanatton with an excess of female gametocytes i most infections

Survival—The Iife span of erescents 15 difficult to determine for apparent long survival in
the blood may simply mean a d prod Ifth solely from the sch
gomiceycle the ehimunation of the cycle would arrest producuion, and the duraton of the crescent
wave beyond this point would be a measure of their survival Normally they take about ten days
to grow to matunity 1n the deep organs and often stay 1n the peripheral blood for a further 2 3
weeks afier the arrest of schizogonzc development This would grve them a life of 3 4 weeks
but prolonged survival has been recorded and the problem remains unsettled

BLOOD EXAMINATION AND PROGNOSIS

Opimion 15 strangely discordant on the value of blood examuration as 2 guide to the
outlook in—even to the presence of—the graver forms of falciparum malaria It 15 from the
examuinauon of the parasites  state Marchiafava and Bignamu (1894)  that we can draw
matenials which enable us to form our prognos:s of the dangerous fevers Furst and foremost
we see that malignancy concides with this exceptionally aburdant quanuty of parasites
Tors G M(1951) Ob v onson gamewoncles wa [ Plaomodion folaparem. J nat M lar Sor 10 337
Gaomt R, (19 9, Obpervsugn | facionsdnfise g th | ecumty of maluna gamet. cum 131 Malsy 0 Amophe
Moot wo Biowaw 1854 (el B 3)
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et Lindsay (5943) fifty years later wnung from avalley  the mals of

had been noted even m the thirteenth ccngmry » takes L!{:e vew thatgnafh? mz:xgsccs:piﬂl::

lde value i the diagnosss of perncious malana
—— A negatve blood shde  he states  has semt
TE ay Pt te ¥ manytothegrave  Hunter (1945), from observanons
on some 3 000 cases of malaria 1n 2 forward tressment
8 2 umt mn one of the most malarous aveas of the
g Assam Burma border protestng agamst an un
ool cntical chagnosss of chnwcal malana  emphasises
the ease with which parasites are found 1 senous
cases apd seeks to exorase that  bogey man
- of the medhcal officer’ the cerchral oase of
a melaria with persistently negatnne blood shdes
‘These two views are poles apart Withun thes exrerme
range there 15 & disposttion 1o accept the evdence
» of blood films as rebable m generat but sometumes
- muskeadimg  khan {1945) for etample 1 2 seres of
° some 20000 cases of malarta treated on an Indian
general hospatal records fo dearhs from falaparom
o wfection segmenting pasasites were found 1 the
L , 2 bran of six cases though blood films dunng life
were  rep negamve  and Waght (1941)
Fig Y2 DEATH RATE ACCORDING TO belteves thar a sudden outset of coma m acute
PARASITE DENSITY IN ACUTE FALCL falaiparum malana usually caused by an embolism
PARUNL INFECTIONS OF MALAYAN  of parasites may occur when few or no parasites

ORIGIN (3 450 cases 57 deaths) are found mn biood fiims

Greater dence mthe has been d by others Lowe(1944) protesting
agamnst the belief that negatne films from untreated cases of malaria are quite common states
that he has not seen 2 case Oghorn ez of (1044) suppost this siew they $2w RO STrIOUS Tase of
rmalana mn which the parasites were not numerous 1 blood fitms and sa two only of a serses of

200

378 falap were two films negatve Freld {tg49) has expressed
sumufar vrews
Proguosts and parasite density i d With few P
2 1m the fa e of Mataya depends on the weight of sfection A hugh

denuty of parasiees carnes 2 hrgh misk to hfe 2 low deasity carnes 2 Jow nisk With 2 penpherat
concentration of parasites below 100 000 perc mm  the death rate i qur seties was very low wath
a five to 1en fold mcrease beyond thus level st was more than 5o per cent {fig 12 table 5} We
should perhaps emphasise that the patients were Asiaps usually from malana endemuc areas
We bave no data on the correlanon between parasite densy and chaucal seversty in the
fafcparum of Eurap:

Lomsay B R (1943) Gud cenots afalopwummeary 7 at RS p ¥ d Hyg 87 63
Hovnr T A A i Byper<nd mic maler sl ares AnimmaS naysis £39 scise Indmd G 80 247
o N U (945) Ce b Imalir J R Ay M@ Crp 3 363(Abmas T » Dy Bl 1945 42 961
Wamoar F J (9410 C¢ belmaliw FanAfia md Y i§ 236
TC9a) Smecomm muco epton foaan {dmd G 9 301
R T (pas3  Soude

o
poR A B a0 s of malen ath Ee Afr  Comouad
O S e Pttt T T $ v s Bant Altven s 6 €1 East A Amd 9 I o

Fuo 1a9l P 43}

Mare ans

STUD ST MED RES



PLASMODIUM FALCIPARUM 39

Prognosis and parasite density in treated infection—Prognosis from blood films
becomes less rebable when the parasite load has been reduced by treatment Death may occur
when the numbers hase fallen to 2 level at which
parasites would not be recogmsed in thin blood
films and 1t 1s by no means rare for a patent 4 ta mop phe (blad
to pass mto coma when the number of parasites 2
1 the perspheral blood ss faling rapidly Most : 3 3
fatal miechons mn our senes mantaned gh counts -
until the tume of death but a mmonty were then H
almost parasite free (table 5)

It 1s perhaps well to emphasise that treatment
while reducing the prognostic value of blood exami
natten does not necessanly obscure diagnosis Most
mfections can svll be recogmsed mucroscopically
while the fever lasts (figure 14)

o]

o dFim

of

i ont

w

Prognosis and the presence of schizonts
in blood films—In Malayan infecnons with
few exceptions falaparum schizonts appear 1 o
blood films only when the parasite count 15 high 7
(table 2 p 28) In the infections of our semes ,/
schizonts appeared 1n 171 and of these 27 were fatal A A
Athigh levels of parasitactma the presence of schizonts Fig I3 DISTRIBUTION OF DEATHS
m the peripheral blood was highly unfavourable at ACCORDING TO PARASITE DENSITY
low levels their presence did not necessarily smply a IN 174 PATIENTS WITH FALCIPARUM
grave outlook as recovery was usual (fig 13) On the SCHIZONTS IN BLOOD FILMS
whole the evidence of this parucular Malayan series suggests that the presence of falaparum
schizonts 1n blood films while an undoubted danger signal had less prognosuc sigmficance
than the penipheral densrty of parasites

Table 5 TROPHOZOITE COUNTS IN 57 FATAL FALCIPARUM INFECTIONS OF MALAYAN ORIGIN
Daily trophozoite counts per cmm peripheral blood

Case number Day 1 2 3 4 5 6 7
QST 355139 1336000}
— 36239 1,200000 773 000t
NST  43/5sT 1186000 441000 86 ooot
QST 33839 1000000}
— 190/39 939 ooot
PST  136/48 922 ooot
—  a3/47 8.8 cvof
QST 40837 770000 530 000}
TST  227/37 731000 608 ooo}
AMST 3535 700000 272 000t
AST  73f35 650 coat
QST 371/40 556000 773 coot
— 209/36 540 000 50 000 7 ooot
— 28036 SI4000 750000 44000 23000t
— 46441 51z 000t
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40 DIAGNOSIS OF HUMAN MALARIA

Table § (contnuation) TROPHOZOITE COUNTS IN §7 FATAL FALCIPARUM INFECTIONS OFf
MALAYAN ORIGIN
Daily trophozoite counts per cmm  peripheral blood

Case number Day 1 2 3 4 5 6 7
QST 197/36 >500000 220000 28 ooof
AMST  35/35 >s500000f
AST 44135 450000 369,000 228,000 48,000 2,800 300 o*
PST 12948 4.6 ooof
TST  320/40 417600 276000  180,000f
QST 39637 369000}
—  392/37 350000 370000 50 000 4 000 1,200 8oof
3538 310000t
TST 335/40 306,000 120,000 54 ooof
QST 463/4t 305 ooof
—  167/36 300000 148 ooot
330/39 290000 108,000 300}
NST  143/53 276 coo 9 coof
PST 10/47 274000 364 coof
—  182/49 258 ocot
— 28450 251 000 70 000 7,400f
QST  333/39 233000  s2000} "
TST  311/40 229000 160,000 66000 31000  Isoo <ot O
AST 45/35 2.8 ooot
PST  78/37 204000 6,000 500t
TST 21237 185 ooot
QST 68/35 180 ooof
— 31336 16.000 349000  371,000%
— 42337 148000f
TST  150/37 145000 30,0007
QST 424/40 124 ooot

—  430/40 110,000 72400 <100t
AST 26/35 108000 659 ocof
QST  231/36 82000 130,000 126000 2,400 400 ot

AST 15/47 80 ooof
CST  1os/32 65000 43 000f
PST 19/47 65 ooot
— 3447 61 000 3000 100}
QST 4o03/40 50 ocot
—  492/41 43 oot
NST  s6/52 41 ooot
AMST  2/35 35 ooot
CAMST 98/52 33 ooot
ACST  4/38 30 000t

— 538 9 500}
NST  120/52 3 soof
T W 3 800 e <;°°T b ung trruptar of plen2
@ causing d
s TEs bl excud 2o € el intecuon oot SS0T pulmonary ook | anaeem (HO T3 pe o8 €97

“Thesepan tsdid adayaz
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PLASMODIUM FALGIPARUM 41

Falciparum malaria with few parasites i blood fitms— For a few hours before
and during the early stage of the paroxysm very few parasites arc to be found 1n the penpheral
blood  Welch (1807) 1n his onginal description of P faliparum  states n these words a
peculianty of the organism which might be expected to confuse diagnosis The parasites of any
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Fig I4~PARASITE DENSITY AND TREATMENT IN 736 QUININE TREATED ACUTE
FALCIPARUM INFECTIONS IN RELATION TO THE MICROSCOPIC THRESHOLD FOR THIN
BLOOD FILMS (after Field 1949}

particular breod disappear from the penipheral blood for the last 12 18 hours of the ¢ycle and
single-brood rafections might not be revealed by blood examinauon during this period But
Welch also recogmsed that segmentation usually takes place in successive groups of parasites
and the mmplication of this further pecultanty 1s that the blood will remam continuously
positive when groups of a sufficient stze overlap To what extent we may ask does the first
peculianty lead to fallacies 1 diagnosis ? Does single brood infection ever lead to serious
diagnostic or prognostic error ?

The infections of our series were all treated We are thus able to assess the daily fluctuations
10 parasite density only from counts made when the numbers were raprdly falling Even so
11 all but a few cases, the evidence against a significant fluctuanon 1s fauly clear Blood films
with rare exceptions were continuously posiuve until parasites finally disappeared from the
penpheral arculation  and we feel jusofied 1n assumung that Malayan strains of P fal1parum
develop with two or more overlapping broods The most marked dady vanations in parasitacmia
1 the senes are summarnsed in tables 6 and 7

B soq9(ref p ap)
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Table 6 DAILY FLUCTUATIONS IN PARASITE DENSITY IN MILD TREATED FALCIPARUM INFECTIONS

N Trophozoite counts per cmm blood
L]

—
Day 1 2 3 4 5 6 7

PST  304/50 56000 6300 91,000 3800 24000 5400 17000
——  194/49 40000 3,900 6700 400 19000 100 31000
—  188f49 18000 75000 600 49000 2400 [

——  199/49 17000 9600 © 3500 ] 400 Q
— 424i52 8200 9500 © 1700 © 1300 0
BWST 3852 6 500 400 3600 300 1900 300 2600
PST 2451 5 400 o 2,200 ©  1,I00 o 100
PST  440/52 4900 o 300 o 200 o -

BWST s4/s2 3 800 400 12 600 200 3400 200 300
PST  298/50 3 100 o 4400 400 4400 300 600
—  315/50 2900 200 6700 200 15000 400 5600
—  156/48 2 800 300 2200 o 2500 700 300

Table 7 DAILY FLUCTUATIONS IN PARASITE DENSITY IN TREATED FALCIPARUM INFECTIONS OF
MODERATE OR MARKED SEVERITY
Trophozoite counts per ¢ mm blood

No e A \

Day 1 2 3 4 5 6 7
AST 56/35 562000 480 54000 3000 100 [ o
TST 70/35 370 000 500 103000 I 200 50 Q o
QST 4o01/40 200000 15000 I00000 II,000 700 o [
AST 18/40 144000 4000 32000 3000 100 [ [
CST 56/33 144000 2800 26000 500 o o o
AST 13/40 134 000 500 22000 700 o <) o
TST 263/40 124 000 100 16500 6000 [ [ [
—— 309140 104 000 600 I3 600 100 [ o o
PST 306/s0 89000 26000 I19000 16000 30000 6600 o

Some of the most marked daily varations i parasite density were found 1n 2 seres of
light infections treated by Dr ] F B Edeson m the course of investigations on proguaml
resistant malana Blood films from several of these cases were negative on alternate days Here
th lesser broods may have been suppressed by the proguaml an effect well known i knowlest
nfections treated with sulph de , and the may well have had an
aruficial canse (table 6)

This phenomenom of mtermuttancy 1 peripheral parasitaemua unusual though it seems
1o be n the falciparum infections of Malaya 15 a possible source of diagnosuc error though
apparently not a serious one Its occurrence emphasises the need for a darly exammation of the
blood for several days during fever when falciparum malania 1s a possible cause and the wisdom
of twice daily examunations 1n subjects who are sersously 11}

A more difficult struatton would anse were the schrzogomc cycle of P falciparum confined
to the deep organs, with little or o 1vasion of the penpheral blood Are there permcious
infecttons which, untreated neser show more than a few rings 1n senal blood films ? This 153
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PLASMODIUM FALCIPARUM P

problem of great clinucal importance We have ourselves never seen a serious untreated mfectron
1n which the parasttes could not be found with ease by repeated blood examinations over twenty-
four hours but others have reported visceral infection with negative blood films ard we cannot
altogether dismuss the possibiity that the orgamsm may fail to reach the heral
crculation We may recall the view of Golgi that the internal organs are the normal habitat of
P falcsparum in the human host and that the ning forms in the perpheral blood are there asit
were by accdent be ng washed mto the turculation from thesr for of development as the
nucleated red corpuscles are conveyed from the bone marrow into the blood current 1n certam
anaemras

The problem of ma' gnant mataria with negatise blood films has been discussed by Field
(1949) who states hus view that no diagrosts of permcious malarea 15 valid 1 the persistent
absence of parasites from blood films without the demonstraton at autopsy of parasites m the
deep organs Seldom 1s thus proof given though a few workers have found parastres by bran
autopsy when blood films during life had not revealed their presence What then should be done
when pernicous malarea 1s thought to be a possibility and no peripheral parasites are found to
support the suspicion ? Does climical suspicion without mucroscopic proof justfy the urgent

attention which permicious malara demands > None will dispute here the atutude of Nelson
Jones (2944) that no patient should be allowed to die of untreated malania because the disease
appeared 1n an atyprcal form with neganve blood slides and most will probably agree with hus
ansistence on immediate trearment when there 1s adequate clincal endence without waiting
for posttive results from blood shides Yer clmnically sound though this atutude may be ar should
not muslead the physician nto a belief that exery suspected matania patient who recavers when
treated or dies without autopsv demonstranon of the orgamsm was necessanly suffering from
malana A diagnosis which may be chinically expedient 1s not necessanly vabd evid nce

Confuston may anse from

1 The simulatson of cerebral malaria bv other diseases  virulent pneumoma tryphoid

fever tuberculous mempgitis head mjury acute alcoholism may all produce

symptoms at times resembhing those of cerebral malaria (Wright 1941)

1 The failure to recogmse parasites i blood films the Romanowsky statns on which
we rely almost wholely today for malana diagnosis are subject to strange vaganes
1m the hands of those who are not using them so often as to understand their
oceastonal capriczous behaviour Most workers 1o malana have seen examples of
mussed heavy infecuon attributable to defectne stams poor techmque or
inexperience

w The effects of treatment

It1s not easy to decade how far these sources of error hate led to the view that senous even
fatal malanamay occur wathout the parasites ever reaching the peripheral blood The possibility
cannot be derued though in our view no supporung evidence 1s vahd which does not meet the
demands that

other possible causes of the symptoms hayve been excluded
the parasites have not receded from the blood as a result of earlier treatment
1y the blood has been ¢xamined at least twice duning 2 48 hour perod
1w the staming and microscopic techniques are relable and
paraates are found at autopsy 1n vital organs
Incidental parasitacmia—The presence of malana parasttes 1n blood &lms from a sick
person does not always mean th t malaria 1s the cause of the symptoms In a commumty where
Ta 1% (949 Blood amms dprogn @ fldpa mmalnn T R Se op M4 I 4333
N0 ] xes A (943) Malg  milr onth C MCows som hmealnoes A pMIP k2
A TUo4) € b tman EAf wd I8
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the malana 15 hyperendemic there are ikely 10 be many sympromless parasite carners, under
these conditions any person, sick from whateser cause, yuay have parssites in the blood Coma
from encephabitis or anv other cause, assoaated with 2 few falaparum nogs m the bood may
be mustaken for cesebral malina and a diegnosis of acute malana 1 & pauent with fever wll
usually seem reasonable when supported by a posttne blood examunation These are but tho of
the possibilities of error Dhagnous from blood examupation must be tempered m these
by climeal jud; Does the pauent hve 1 a malana endemic 2cea? Does the

Justory of the patrent suggest malsna and do the symptoms and physical signs support tus
dragnosis ? Is there any other explanation for the chimcat condiuon ? Does the parastte denstty
suggest acuse tafection Yer whatever may be the cause of the symptoms the presence of
malarra parasites 1n the blood of a sick person will always be a clear mdscaton for speafic
malaria treatment at least for the first few days

Lamist of parasitaenms conststeat with life—The case mortality of falaparum malana
mses steeply a3 the concentravon of parastes m the penpheral asrculation increases besond
250 coopercmm  less than half of our patients survived a petspheral parasite denssty excaeding
500000 per ¢ tum Parase densities 1n 15 cases of our seres sutvavang matecnons of this great
mtensity are summarised 1n table 8 The heavest non fatal imfection 1 the serres was that of an
elderly Tadman treated by Dr T Wison for an mfection . which the parsuite densiy was
1272 000 perc mm of blood A cunots feature of this mfection was the absencs of fever, afier 2
nse of temperature to roo4 F on the first day the pauent remammed zfebnie thronghout
Dr Wilson supgests that the extracrdinanly high count may possibly bave been related to
haemo-concentration
Table & DAILY PARASITE COUNTS IN 1§ PATIENTS SURVIVING INFECTIONS WITH A PERIPHERAL

PARASITAEMIA EXCEEDING 500 60O PER © MM
Trophozoites per ¢ mm blood
-

No Race, sex age ~ —

Day 1 2 3 4 5 & 7

NST  190/5% Indian M 50 1272000 1248000 794000 480 80 O 0
PST  224/40 Indun M 1 710 000 67 000 300 o o6 ©
AMST 182/36 Indsan M 30 662000 434000 170000 6000 oo ©
NST  26/s1 Indisn M 12 640 000 5% 000 700 100 o0 @
QST 420i37 Clugsse M 41 640 o000 3r000 31000 400 ¢ - =
NST 5fst Chipese M 53 635 000 75000 9000 4 g e —
QST 473/41 Chinese M .2 633000 360000 26000 1,300 <300 © =
QsT 1/47 Indian M 27 3000 Igeono 2600 100 c o ©
NST  gofs2 Malsy ¥ ¢ 608 poo 34000 400 © b0 0
NST  133/53 Chunese F 22 £0.000 500000 16000 %100 o6 o
NST 109f54  MalyM 27 575000 43000 3400 o s 0 ©
AST  56i3s Indun M 40 562 oo0 5000 54000 3200 <I00 & ¢
PST  24/47 Chinese M 7 ss0000 297000 7 600 <100 e 0 0
NST 141/53 Chugese M 11 535 000 85000 §ooo o o 0 0
QST 1363/19 Sikh M 40 500 000 HOO00 4,300 400 o~

Two patents tn the senes survived mfections 1 which 21 per cent of the red blood
corpuscles were wfected Dr A C S Hobson has shown us a film from 2 Brtsh mldx;
eeated at the Mibitary Hospital Ranrara Mafaya who recovered from an mfecuon it wh
35 per cent of the red corpuscles contamned parasites and Don and Meyer {1943) Tepost 2
simulas tecovery with a 35 per cont mnfecnon rate of the red cells
Dow G5 D o Miver P F (g} Amwworosi car foerchral malans, Bt med J 48
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Strahan (1948) k this from lus m where
severe falciparum infections were common 1n British and Australian prisoners of war Using a
continuous dnp method of intravenous quinine treatment he saw recoveries in patents with a
peripheral parasite density exceeding I 000 000 per cmm  an mtensity of infection st which
from pre war expenence among As ans 1n Malayz a fatal omcome mught well have scemed
mevitable

Parasite counts 1n prognosis—The experience of the Malana Research Division of this
Insutute pomnts so clearly to the of blood and of parasite
counts over clinecal judgment 1n most cases of falaparum malania not only for diagnosis but
also as 2 gude to the chances of recovery that we commend to our clinxcal colleagues the
adoption of routtne counts 1n all sersous cases Made before the 1ssue 15 clouded by treatment
they give information which can be got 1n no other way Few pauents ta our senes died from
uncomplicated nfection when the perspheral paraute density did not exceed 100 000 per ¢ mm
at the start of treatment 1n marked contrast was the death rate of more than fifty per cent when
the parastte load exceeded 500 000 per ¢ mm The method of counting parasites 1s stmple—a
count of parasites per T 003 red cells and 2 total red cell count give all the necessary data

VARIATION

With theie tmmense numbers their high rate of increase often their geographical isolation
the matana parasites have nch opportumues for mhentable vanation and adaptive change
There 1 no lack of evidence that the parasites do mdeed vary in thesr form and behaviour and
we may hence presume that these opportunuties are not enurely lost

The most clearly defined variations ate those which modufy the behaviour of the parasites i
the human host The parasites may vary 1 their logcal 1n thetr p
1o drugs 1n the patterns of infection to which they give nise 1 the host and 1n the duration of
events 1n their Lfe cycle These biological differences 1mvolving the inimate consttution of the
organisms are sometmes so constant and clear-cut that the etstence of biological races or
stra.ns withun at least two of the species infecting man 1s now generally accepted (James er af
1938 Ziemann 1938 Boyd 1940 Shuteeral 1954)

Less well known are the morphological vartanens 1n the parasites The exsstence of
morphologically disunct vareties 1s possible but the evidence 1s confused Parasites which are
atypical i thewr form can be regarded as new vanenes only when the abnormalines remain

hanged from o mna of fresh hosts and few of the many
accounts of new forms satisfy this necessary condrtion

s"”“"ln"""“ Quunebyeo un ou i sossdipmth tn m ¢ (&l prummabra T om R Sac
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Zr.umll"(zu:g ZmProbl md Budungeers hied R sen,V n it oderSpe rbid Ml p omoen ZW
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Brok 1y ~The biological diffe m P falap whuch have been
reported v nl\ « manly the duration of the intrinsic mcubation period the capacity 1o produce
gametocytes the abily to develop ¢ species of q and the p to
drugs Another bivlogrcal vananon recqgms:d by every medical officer who has seen falaparum
malatiz 10 severe epidenuc form, ss that which d el Perbaps 25 Muche}
11920) suggests there are vasseties of P falaparum with a special viscerotropism 1o which we
may ascribe the freqn of p 5 it m certan regons But virulence 1s zn
expression of a complex and obscurc Parastte host relauonship and  although mutauons m the
organism at 3 time of smmense proliferative actvity may be important other factors may well
be walved

Morphological variation— The wdea must be held fast  states Mannaberg  thatthe
malana parasites are Iving orgamsms which ase not to be calculated m all thew phases vath
mathematical securacy but show varations within well marked hmuts  Here we shall consider
only the vanatons which seem to he outude the normat Jemits acceptung as normal the ongwal
description of Welch (1897)

The ogcusrence 1a partienlar regions of falaparum strams which do not conform 1o alt
respects with the classical Itahan parasites has Jong been suspected, and vanant forms have
been described which have been regarded on mosphological grounds as defimie geographucal
wanetes Marchonx (192.) for example states that the West Aftican parasites differ from thase
prevalent sa Italy and Macedonsa that the parasttes of Indo-China are intermediate between
those of Europe aad Atrica and that st 13 even possible to disngush the parasizes of Greece
from those of nerghbounng Macedorta Garnham (1933) disungnshes the Renya parasues
from those of Europe Raffaele and Lega (1937) and Ziemann (1915) recognise differences
beracen the Ensopean pasas tes and those of Eruopia and the Cameroons  and we shall see
Tater that the Malayan parasues do net accord m all respects with the classscal desernpuons of
the Europ forms These d however have not always been made by a direct
comparison of the parasites under similar crcumstances and factors other than vanery or race
raay be mvolied New vanietres created on morphological evidence must sausfy rather exacung
entens The distinctive morphology must reman unchanged when the paraswes ae passed
through mosqutoes to fresh hosts 3t must be constant i different human hosts and unrelated
to host immumty  and 1t must be free from all suspicion of an artsficial cause Few of the new
forms of P falap d have been d 10 $0 rIgorous an assessment

Morphological vamation may involve the size and form of the trophozoies the amount of
chromat it the stz of mature the form aod d of the pigment acd the size
and stipphog of the host cell Table o a few of the which have been
seported from vanous parts of the world  the drawwgs reproduced from ongnal sources 1
plates IX XI XIX XX and XXI porwray some of the abnormal appearances

MiciRIT E (19 y) Gt d by Bavsrer E 1949 ( £ p 18
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PLASMODIUM FALCIPARUM 47
Table 9 SOME VARIATIONS IN THE MORPHOLOGY O¢ P falciparum REPORTED FROM DIFFERENT
PARTS OF THE WORLD
Ongn Abnormal features

Europe The malignant quond.an parasite of Macchiafava and Bignam munute ring

forms mature schizonts very small host cells shrunken (1)
— The d dian parasite d by A symular to (1)
but schizogome forms have no pigm nt gametocytes normally pigmented

2

Philippines Munute nings with relatvely abundant chromatin small schizonts named by
Craig P falesparum quotidianum (3)

West Africa Ratherltke (1) small rngs and schizonts no clumpngof prgmentin schizonts
small plump gametocytes named by Ziemann P permcrosum 2lso found 1n
Formosa (4) and Brazd (u5)

Large amount of chrematn n young trophozottes (4)

Lutle or no
simlar findings in Branl 5 6

Appearance of parred rings (7)
Seattered pigm nt an sch zonts (8)

East Aftica Trophozoires remain 1 periph ral blood to a late stage host cells seldom
shrunken and sometimes shghtly enlarged ma.ure schuzents fill or nearly
fill cell (9) simler find ngs common in Malaysia (10 11) Schizonts
sometimes 1 blood films from myld 1nfections (9 1> 13) sumlar findings
10 West Indies (14) and rarely Malaya (13)

East and Small nings n non immunes large rings m seny rmmunes related possibly
Central Africa  to the time of appearance of the rings in and disappearance from the
penipheral blood (15 17)

Tumsia Tenue and caw astum forms 11 severe wfecuon (26}

Ethiopia TRungs larger than normal coarse chromatn and late appearance of pigment
crescents shorter and plumper (18)

Irdia Marked distoruon 1n named
P tenu, by Stephens (19) sumlnx d.:smmun rqnn:d fmm East Aftica(z0)
Sudan (21) and South Amenica (22) and common in Malaya (11)

Piroplasma Itke forms suspected by Wright to be related to blackwater fever
{23} surular forms seen 1o black water cases from Rhodesza (..4)

Bm m l9‘(l(' Y '\nlb!\’l lvl(l‘f P \L Ql: 1909 (ref }i 4 Ziemenn
f a1 s B2 & o Bk me,im’mr»o Bl i 35,3 $ e
m,(-« 258 ¢ EN w)M 5705 Gurnd W ho8) et » I v
Ly g3 6("' 3 Raper  ofy 9‘511 [ Bem v) lrrl' 7 s Wuson 1939
(ref B &) 6 Scl 'l(lL 3949 ( l(: 5) 3 ’\i s, 17! (ref. v 0) 3 Klﬂi( and LI& 917 {ref_p 46
IICMT AR 2 ‘n"""‘x‘u’u“u Pzl mlb - AR AR K
5 'l g e
O A Wl P T A A rees 9 Avma

AIALAYA \o {195



48 DIAGNOSIS OF HUMAN MALARIA

Ad v Among the changes m the appearance of the
malana parasites ot thewr host cells, 1n stuned blood films are those produced ernfically (¢)
duning the preparatton o stawung of the films (b) by the optical condrtions of examuwauor and
{¢) by the effects of drugs and those w huch appear (d) 1n the course of severe nfections

(a) The bving parasites 1n the carly stages of schizogony are amoebod There form
changes continually as they thrust out or retract therr pseudopodia or shuft thess hold on the celt
When they are dned quickly ta thin blood films they are Likely to retam the vanety of form
whuch charactersses the hving state wath whimsreal atmoeboid outlinies and Joose chromann
dred slowly they contract to thesr resting state and assume the famihar nng formaton with
firtn outlnes and compact chromann The rate at which blood films are dred 15 hence a factor
i the b of the n fixed prep The shape of mature falaparum
gametocytes 13 sumlarly affected Quuckly dried they are long and sausage shaped dned slowly
they tend to be shorter and plumper dried excessnely slowly as 1o thuck blood films they may
become oval or esen rouad due to early matranon. We have sometimes thought too thata
shight entargement 1n cells infected wath tenue forms of 2 falaparum may be advenunous due 10
rapid drying of the films, the tendency to enlargement being more marked 2t the thimner and
quicker dued end of the spread Descryprions of morphological sarations sa P fakaparum do
not always mdicate whether these factors are controlled There are days m the tropics when
blood films dry 1n 8 few teconds  there are humed days when they remam moist much longer
Toff (1930) drawing attention to the distorted parastes found in films which are rapdly dned.
states that the rate of dryuog also affeces the mtensuy of Romanowsky stammg—quick drying
lessens and slow drymg deepens the stamnung of parasires and cell stippling—but we have been
unable to confirm this dsfference

Dustotuion i P faleparun may be due also to stresses from spreading the blood
as 2 then film Band forms are probably produced 10 thus way and a marked distoroon of the
parasites and host cells 15 not uncommen at the end of the spread

Anosmalous appearances tn the parasites or host celis mag also be due to defectne staming
Mauser s spots ase dafficult to stam when the pH of the diluent falls below 70 and at about
PHS o the cvtoplasm stamns so famtly as 1o be almost inwssble Anaplasma Gike forms apparentls’
without cytoplasms may welf be produced i this way, and dificulty s demonstraung Maurer 5
spots 15 snore likely to be related 0 vanations 1 stamog than to anomalies w the pasasites
themselves

(5) Differences sn the colour of falosparum pigment have often been descnbed Th
pigment it s smd may be black, dark brown greemssh or jeflowish Such statements have
Little meanmg unless the optscal condtoans of examunation are defined Pigment colour mstused
blood fits depends on the brightoess of the hght source on the focus and aperture of the
mucroscope condenser on the colour wransmussion of the hght filter used on the size and degree
of fusion of the pigment granules and hence therr transparency and on the extent to which the
granules are veded by the blue stamng cyteplasm Under daffering conditions of examinatod
the same pigment may appear yellowssh greenssh or almost black and tolour differences must
hence be accepted with reserve unless the condinions are known to be comparable.

(¢} The effects of drugs on the morphology of malaa pazasites ase well known Pﬂas::;

h

damaged by quiine may show evidence of cytoy i 2ad
Thomson {1914) explans the ! small size of falap h as a quuane effect
{plate X1} The psgment granules of affected by or 31 oﬁ:

fuse mto irtegular masses ot the pigmear may disappear altogether Proguand
Jors 1 (1930) @ur Morsh fom © Famstend  Melu teop oa {Plaimod wm mmacularion Gra @ F lem d51) Y
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PLASMODIUM FALCIPARUM 49

pynmethamine may mnfubit the division of chromatin These common abnormabtses appear
durtng treatment when their cause 1s farrly obvious occurnng 1n patients whose history s
unknown they sometimes lead to puzzling anomalies

(d) Marked distortions m P falctparum may appear in severe infections Under conditions
which are perhaps related to a high aggressiseness 1 the organism or 1o a low resistance n the
host tenue and band forms are not uncommon Villan (1929) drawing attention to this
appatent relationship believes that the atvpical forms which have been called P renve and
P caucasicum are not dafferent spectes but stmple vanations of P falaparum associated with
a heavy paras te density

A MALAYSIAN FORM OF P FALCIPARUM

Many of the vanatons listed in table 9 have been seen in Malaysian parasites The
trophozoites may be excessively small or so large that two i a cell would mevitably touch The
chromatin of the trophozoites may appear excesste and extreme Vanatons n the form of

ytop! are not Apparent pamring of the rmng forms has been

observed sc}uzoms are sometimes found 1n mild mfecuons and the mature schizonts vary 1n
size though they tend to fill or nearly fill the host cell Some of these vamatons lie within
the normal hnuts some are madental appearing for a brief spell 1n 1solated cases some we
are inclined to regard as adventtious We have compared the parasttes prevalent around Kuala
Lumpur today with those portrayed by Watson (1903) 1n the neighbouning town of Klang and
by Maurer {190.) 1n Sumatra and we do not doubt that they are the same We have further
compared the Malaysian parasites with the Rhodesian parasites so beautfully dlustrated by
Thomsen (1924) wath the North African parasites portrayed n the excellent colour plates of
Marchoux and Jolly (1935) and with the East Aftican parasites d:smb:d by Garnham (1933}
Here again the parasites appear to have the same which
are no greater than mght be expected within a normal range of \amuon

Between these tropical or sub tropical forms and certain European forms however there
are rather stnking differences 1n the size of the infected cells and of the mature schizonts The
red corpuscles mfected vm.h European falciparum are said to be usually shrunken and the
and Bignamu (1894) occupy no more than about one
thurd of the cell (plate XI) The host cells of the Malaysian and of certan African parasites on
theother hand are seldomreducedinsize  they ate normally and shghtly
enlarged whle the segmenters fill or nearly fill the cell (plate X) These differences may seem
1o suggest that the European and Malaysian parasites are morphologically distinct vaneties
ndeed that not only the Malaysian but other tropical forms too may differ 1n morphology from
those occurring 1n Europe at the northern lumit of the spectes We are reluctant however to
accept thus hypothesis James and his {1932) the parasites of
Rome Sardiuz Indiz and West Africa under comparable condiions were unable 1o detect
any noteworthy dufferences and Koch (1899) 1n 2 far flung enquiry embracing Italy East and
West Afnca Central America Malaysta and New Gumea came to the same conclusion
Moreover the Itabian | parasites illustrated by Basuanells and Bignamu (1899) resemble those of
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50 DIAGNOSIS OF HUMAN MALARIA

Malaysia, and »f we accept 2 morphological disunction between the European and Malaystan
forms we must, 1t seems, also accept, with Marchiafava and Bignam: two morphological types
in Europe For these differences we may postulate the occurrence of a number of fized
morphological vartetres not clearly related to geographical distribution or we may assume with
Mannaberg a range of flud vamaton deternuned by external condstions st 15 this second
explanation which, on the evidence available, we are inclimed to accept

Table x0 THE CLASSICAL DESCRIPTIONS OF Plasmodium falciparum AND SOME APPARENT
DEVIATIONS IN THE MALAYAN PARASITES
Mar hiaf nd Bgn mi( 894}
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AN ETHIOPIAN VARIETY OF P FALCIPARUM

Raffacle and Lega (1937) have found differences 1n form and behaviour between the
malignant parasites of Ethiopsa and of the Roman Campagna which have led them to suggest the
exstence of an vartety The di fte manly 1 the shape and size of the male
crescents and tn the size and pigmentation of the nings The male crescents of the Ethiopian
form are said to be shorter and broader and the rings to be larger with coarser chromatin and 2
later appearance of pigment But as typical P falciparum occurs m Ethiopia and as the
Ethiopian parasite may be found m Italy the authors use the expression  Ethiopian vanety
with no mmpl ofa g hical )

Later Giovannola (1938) from a direct companison 1 neuro syphihtics of two strans
from Rome and Ethiopia concluded that the Ethiopian stran differed n the followig
characters

1 Greater frequency of large rings

2 Pigment less and of ighter colour

3 Sch 1 the peripheral blood not d to grave

1 Male crescents shorter and broader from the appearance of young forms m the
penipheral blood

Ma Gt AF VA AND B GRAM  B9s (ref p 3) Mannab g 393( fp 5) Wic 897( [ p 46)

RAFFAELE AND L¥GA 937 (ref p 46)
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PLASMODIUM FALGIPARUM st

From these characters the author 1s inchned to 1denufy the Ethiopian parasite with P
permcrosum the West Afnican parasite described by Ziemann He pomnts out moreover that
the characters of the Ethiopian form have been recorded 1n other malignant parasites of tropcal
ongn and suggests that there are grounds for regarding the Etiopran West African and
similar parasites as a wropical vanety with the name P immaculatum (=fal1parum) var
perntetosun: (Ziemann 1915}

Mosna (1938) however from a sumlar companson of two falcrparum strains from Ethiopia
and the Roman Campagna found no sigmficant differences i morphology but there was 2
marked difference 1n the apparent virulence the attacks due to the Ethiopian parasite beng
shorter and the symptoms much less sever

From this somewhat conflicting evidence we may perhaps conclude that a clear p cture of
the morphology of Ethiopian and other tropical vanieues of P falaparum 1 md=ed there are
distnct varteties 1n tropical countries has yet to emerge

DOUBTFUL SPECIES AND SUB SPECIES

The mahgnant parasites whach have app ared to differ so much from P fulcsparum as 10 be
placed 1n 2 separate species or sub species faﬂ broadly tnto two groups—(a) parasites which
show a great variety of form and abund; 1n the troph and (b) parasites
which are smaller than P falciparum at all slages The first group 15 represented by the sinJe
species P renue Stephens 1914  the second group includes the European ma[xgnant quotidian
paraite of Marchyafava and Bignamu the P parasite P falup Craig
1909 the West Afnican parasite P p rasctosum Ziemann 1915 and the parasite P caucasicum
Marzinowsky 1916 from the shores of the Black Sea Not mctuded 1n these groups 1s the
anomalous parasite found by Emun (1914) 1n the Middle East and named P camarann ¢ by
Ziemann (1915) None of these parasites has been adequately studred 1n a successton of tresh
hosts and under varying condiuons of exanunation and none has received a general and lasting
recogmition as a vabd species or sub species

Plasmodium tenue Stephens 1914—This organuism  described by Stephens (1914) from
asingle blood film taken 1n the Central Provinces of India 15 said to differ from P falaparum i
the abundance of the nuclear chromatin and the extreme irregulanty in the form of the young
trophozoites {plate XIX) On this equivocal evidence Stephens created the new species P renue

‘The same peculianty had been recorded earher by Balfour (1908) 1n the Sudan and was
seen later by Balfour and Wenyon (1914) in films from West Afnica and Persia {plate XIX)
These authors seem to have regarded the orgamusm as a casual vanant of P fal yparunt in which
for some reason not clearly understood the trophozoites were unusually active

Pl fal d Craig 1909—Found by Craig (1909) n the
Phibppines and sad to ‘occur also m Cuba Panama and the Southern Unit d States this
pacastte was regarded as a sub-species of P falaparum on the grounds of its small size and
apparent scgmentation every twenty four hours The same peculanty had been recogmssed
carlier by Moarchsafava and Bignamu (1894) 1n certan malignant parasites of Europe and
recorded 1n Malaya by Wnght (1901) Most authoriues todav would probably agree that the
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52 DIAGNOSIS OF HUMAN MALARIA

size of the organism falls within the normal range of varation m P falaparum and that the
quotichan cycle 15 unproven and on the whole improbable

Plasmodium pernicrosum Ziemann 1915—Thrs parasite, found by Ztemann 10 West
Afnica, and sad to oceur also 1n Formosa differs from P falcsparum 1n several munor morpho-
logical features including the smaller size of the schizonts and gametocytes and the lesser
producticn of pigment Later Ztemann (1938) re affirmed hus beltef 1n the separate identity of
the parasite and was supported 1n this view by Giovannola (1938) and by Soares (1941) who
ascribed some of the severe malana infections occurning in Brazil to a malignant orgamsm
resembling P permciosum

b gt d: M ky, 1916—Found 1n the blood of a cluld hving on
the shores of the Black Sea this parasite has small rings with abundant chromatin and small
schuzonts occupying about one third of the host cell (plate XX)

Plasmodium camaranense Emm (Ziemann, 1915)—Emn (1914) found this parasite
1n pilgrims living on the 1sland of Camaran 1n the Red Sea He believed 1t to be a small variety
of P wwax and called 1t P vizax var mauta Ziemann (1915) thought that it resembled P
falaparum more closely but was different enough to be mnsxdcrcd as a separate species 1o
whuch he gave the name P The morpt of the parasite are shown
1n plate XX redrawn from Enua s plate
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CHAPTER IV
PLASMODIUM VIVAX (GRASSI AND FELETTI 1890)

NAMES

Plasmodium vrax the bemign tertian parasite of Englsh authors 1s the cause of the
malana fever variously known as spring ternan fever bemgn tertian malana acd vivax malana
Infectrons with P 1izax are seldom dangerous to the host they are often associated with teruan
fever and n parts of Europe they tend to appear in the spnng 1o these clincal attnibutes we
owe the expressions  springtervan and  bemign tertian  Vivax infections i some parts of the
world however occur at all seasons they are not always benrgn nor 1s the fever always tertian
and the name vivax malana s hence displacing the older names for the disease

HOST AND HABITAT

Parasites with a close resemblance to P zszax are found 1n monkevs P eynomolgr a
common parasite of the Malayan long tailed macaque 2nd P schuer.t of African chumpanzees
are very stmilar 1n appearance to P tizar  but they are not the same and so far as 15 known
natural mfection with P zszax occurs only in man Attempts to transmit P etzax to monkeys
have usually been unsuccessful though transtent infections have been produced aruficrally m
chumpanzees

In the human host the only known sites of development are the parenchymal cells of the
hver and the red blood corpuscles The sporozoites are thought 1o enter the lrver soon after
the host 1s btten by nfected mosquuitees and to pass through a primary schizogomc cycle in the
parenchymal cells Nin days or so after the imual invasion some of the merozoites from this
primary exo-erythrocytc cycle enter the blood stream where they attach themselves to red
blood corpuscles to begen the famlar asexual cycle  others are thought to re-enter the hver cells
and to begin a secondary liver cycle or senes of cycles thereby formung a connwing exo-ery
throcytc resenvoir of infection which 1s thought to be an important cause of relapses

BEHAVIOUR

Plasmodium wivax 15 the man cause of chrome relapsing malana The organism may
survive i the human host for several years lymg dormant for months at a ime presumably
1 the fixed tissues The blood forms unlike those of P fal 1parum display litle tendency to
concentrate at particular sites during schizogony but remain 1a the penpheral blood stream
throughout the cycle This may be one reason why permucious forms of vivax malana are very
rare tends to be d the members of any parncular brood reaching
marunty at about the same time The rate of increase 15 high but the peak density rarely
reaches a dangerous level Mainly for this reason uncompl cated vivax infections seldom cause
death They arc hence held to be  benugn  though the vicums may feel extremely 11l

GEOGRAPHICAL RANGE

Though P ervay tolerates farly hugh temperatures and thrves like P falaparum 1n the
tropucs and sub-tropics 1t 15 adapted to lower temperatures and penetrates more deeply 1nto
the temperate zones The Lot of the species are imposed manly by temperature and by the
absence of switable vectors In the tropics the development of the organssm 1n mosquitoes may
be complered in 8 days (Green 1934) at 15 C deselopment takes about a month and under
GueN R Aww Rep for 1934 Ins M4 Re Fd Maloy S
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54 DIAGNOSIS OF HUMAN MALARIA

natural conditions many mosquitoes do not survse 1o transent nfection » below 15 C the
completion of the sporogantc cycle 15 unhkely For this reason the organsm usually fades out
besond the 15 C (59 F) summer ssotherm , sndeed from the fack of vectors and for other
reasons endemuc vavax malana usually ceases well short of thus Lt Adapted 1 the mosquite
1o 2 Jower summer temperature than P fafeiparum, and often carmed through the wintet cold by
a capacity for latency it the human host P zizax 13 the mamn canse of malana m temoperate
climates The northern hauts m Eusope are the coastal areas of Holland and Germany n Asa
he species extends to the Amur ver 1 northern Manchuria n America small foct of infacrion
occur as far north as New Jersey and Oregon on the Atlantic and Pacific seaboards The
outh hmts are ly determuned more by the absence of vectors than by
temperature  esdemuc snfection ceases at about the 3oth parallel » South Afrscs and South
Amenica and has almost disappeared from Australia—all far to the north of the January 15 G
1sotherm
Throughaut the Malay Penmnsila P zizay oocurs i all mofanons areas The relame
prevalence of the three species of Plasmodium vanes with the locality and season bur foct are
known where P 2rray has been consistently the domnant speces over several years The
overall proportion of vivax mfections 1n hospital pauents 1s fauly constant at about one third
of the rotal admussions for malana (se2 fig 4 p 23 and table2e p 68)

LATENCY
Inthe human host visaxinfections may remain latent for many mouths chmeally sdent and
unrevealed by blood examimauon They may b~ larent from the begianng declanng thermsehves
only after a prolonged mcubation pensod—a primary latency which may exther be spontaneaus of
be induced by eatly suppressive therapy They may on the other and enter mto 2 latent phase
afier a norma! prmary attack or semes of attacks adequately treated with sch dal drugs
Whether early or delayed Jatency usually fasts from six to nine months suggesung that the
phenomenon may be an adaptation to the seasonal cold of temperate chmates designed to ensure
the sursival of the orgamsn during the months when mosqnto transmussion 15 1 abeyance
Prolonged latency 1 vsvax mfectrons has been reported masnly from Burope the United
States, and Korea where the traasrsson of malatia ss seasonal When transaussion goes o3 2l
the year round as m some tropical countries Jatency 1s seldom well defined and may even be
absent as m the Chessox stramn mfectrons of New Gunez orign Oa these grounds some
workers recogiuse teo types of vivax sfection ot esther of the temp or of the
tropscal zone——a nen fateat tropcal type and a long latent type of sub tropseal or tempesaie
climates The distinction s not without support, but the prolonged fatency which has been
reporred from India and Madag: % and Carell (x95.4) suggests that
Jatency m taryng degree may 00CUT In VivaR throughout the werki prug only
the South West Pactfic For nesther view 1s theevidence deaistye Few vaiax strams of undoubred
tromeat ongin have secesved a careful study  among the few are strains from the South West
Pacsfic When the behaviour of strains from tropical Asiz Afnicz and Amenca 15 bettet Jnows,
the degree of cortelanon between latency and geographucal ongia will persiaps appear s cleare?
focus
Covelr G (o359 A

Ceap tad wbu  da g awvisman  J  p Md () 57558
STUD INST MED RES



PLASMODIUM VIVAX

55
Temperate Zone Type
e o Lt pim y
Pim Fist
g b-1Amo th 1t tp 14d te le te
A A__A
4, 7 4
E o o ///// 7 Underlying T ssue Phase 7 o
Tropical Zone Type
1 Fet
Pim
O G T T T s ps | pse
A A A A A
1 v 7z
T //% v/ Underlying Tissue Phase {77
PRI
Flg ISATHE RELAPSE PATTERNS OF TEMPERATE ZONE AND TROPICAL

mn:vupj

ZONE VIVAX INFECTIONS (after Hankey er ol 1953)

30
v

60

IR

Tig I6—LATENCY IN THE ST ELIZABETH STRAIN OF P rrzax INDIGENOUS
IN THE UNITED STATIS 368 ACUTE ATYACKS ARRANGED BY TIME OF ONSET
AFTER EXPOSURE TO MOsQUITOES (after Coatney and Cooper 1948)

SR [
PRy P

MALAT 4 Ao 4 195

Diwovas W N {951



56 DIAGNOSIS OF HUMAN MALARIA

I

10,

° B S
o 1Q 4 30 “C 50 0 w k]
Weeks £ moe posv e t0 o et f ottack

Fig 17-—NON LATENCY IN THE CHESSON STRAIN OF P 272av OF NEW GUINEA
ORIGIN 280 ACUTE ATTACKS ARRANGED BY TIME OF ONSET AFTER EXPOSURE
TO MOSQUITOES (after Coatney and Cooper, 1948)
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Fig 38-—NON LATENCY IN 'ms vxwxx INFECTIONS ACQUIRED DURING AN
PID) IN SINGA BY TIME OF ONSET AFTER
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Dunng penods of profonged latency 1 the human host P rroax 15 not found sa blood
Sfms The mystery of its ndden retrearss stll not fully salyed James in 1931 thought that the
clue mught be found tn tssue cells ather than the red blood cotpustles Four years later Raffacle
proved the accuracy of thys assumption 1 the avian specses P el amm annapaung the
Yecent discovesy of Short and his colleagues of 3 crypuic stage of P reeax in the parenchymal
eells of the bves Though there 15 ro deisnne proof there 15 good reason 1o beliese that Tatency
@ vivax malana 1s related 1o this tudden reservorr of nfecuon and that 2 penodic Jeak of
merozoutes from this source mto the artculaton may be an 1mportant cause of relapses (Shorn
evaly195)

INCUBATION AND PREPATENT PERIODS

The mterval between the snfectin_ mosquto brres and the onset of fever 10 vavax malaria s
usuatly about a formught but may be prelonged for seseral months We may hence dsunguish
between normal and prolonged 1ncubatton perads whide recognising that both may occur 1n
different subjects infected with the same vivax stram N tchien (1939) found the mean normal
sncubation penod 101 2 senes of naturally wnduced mfecuons 1o be 13 4 days with a range of
$ o 31 days  James (1935) guves a mean of 13 6 days n 746 mfecuons due 10 2 Madagascan
straws Fot Malayan stramns no rehiable data are knosn 1o us

“Table 11INCUBKTION PERIODS 1N FRIVARY VIVAS INFECTIONS (data from James 1931}
Tecom ox rouen_ N B 4

Infections —~7 7 & g ra M 1. 13 14 15 16 17 18 x8+};;1‘
Mosgquito-nduced 18 16 33 60 59 95 99 109 78 6 50 29 43 746
Blood snduced 78 9 1. 134 § . 5 & 5 2 3 1 o 95

Prolonged smeubation pertods hase been reparted parculatly with Buropean Amencan
and Rorean strams The ancubation penods summarssed 18 table 12 exclude 2 fow infections
accutting w subects whose prmary atacks d.d not begun unul six months or more after the
mfecung mosquito hites  Shute (1939) reports a meaa delay of 28. days i the pnmary attacks
of 2 selected group of patents mfected with 3 Roumantan strain These long periods of

b are ap restricted 1o duced 1nf The penod of meubation
1n Blood snduced mfections ss neser prolonged and may wm fxct be shortenad almost to vamstung
point whea the infecnag dose of parasites 15 large

Malana infections become patent when parasites can be detecsed 1 blood films Thick
films gise 815 easdeer sndicatson of sfectson than thin films and paten-y 1 hence determuned asa
rule by thick film methods The pre patent perrod 1m vivax malina 15 usually shorzer than the
cubauon pened parasites bang found 1n thick films before the bost develops feser but a
delay 1 the microscopic recogmutton of miection for the first two or three days of fever 15 not
uncommon paruculasly 1n primary attacks occumng m subjects with no unmunity In 428
wfecuons naturally induced with nune vivax strains harchen (1949) found the mean prepatent
penod to be 12 2 days one day less than the mean cubaven penod The relanon between the
first day of fever of 100 F or oser and the Brst detecrion of parasites was 5 follows

Parasites before ferer 75 cases
Pacasites gad feter on the same day 79 cases
Fever before parasites 74 cases
Swoert 1t Eota TR ;’E:Tn;‘u W UDiar Friher notes 00 the Gawne 15403 of Pl commnsies T and R,
in Malensl Swintens Company
o, s P g n‘;‘ﬂ:“‘)"h:" i 'rn\a)ue(l Mvﬂ‘j‘w‘. slor o s W‘l:‘.:‘:l B:\’S«w": Mel Hyy 28473
BT P G eyt '
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58 DIAGNOSIS OF HUMAN MALARIA

SCHIZOGONY IN THE RED BLOOD CORPUSCLES

Plasmodium tieax begins to mvade the blood about mne days after sporozote
oculanion At first few xn number, the parasites multply rapsdly and after a few schizogomc
cycles 1n the blood corpuscles usually from one to three the host reacts wath fever The
parasites of any one generation tend to segment at about the same time—a synchronised
development which contrasts with the srregular segmentauon of P falaparum—and the
parovysms of fever tend to show a corresponding regulanty Typically vivax infection 1
assecrated esther with a single generation of parasites, segmentng every 48 hours, or with two
generanons scgmenting on alternate days , m step with the matunng of these suctessne
generauons of parasites the fever ss either tertian or quondran m type A quotidian fever 15
usual 1n suscepuble subjects at the begmmng of infectton 2 tertan fever suggests partal
immunity Thus orderly deselopment of one or two broods may fal howeser, dunng the first
few days of fever 1n the primary mfections of non 1mmune subjects when parasites at all stages
of schyzogony mav be found n 2 single film

Duration of cycle~—The schizogonsc blood cycle of P vizax Jasts about 48 hours Young
(1944) assessing the duration of the cycle 1n three Amencan stramns from the mntervals between
fever peaks found that the St Elizabeth strain reaches marunty m a lietle over 43 hours the
McCoy stran 10 48 hours and a stran from Baltimore 1n less than 42 hours Varations of
several hours i the duration of the cycle may also occur 1o the course of infections with a single
strain with anttcapation or retarda ton 1o the imung of the paroxysms

Table 12—NUMBER OF MICROSCOPIC FIELDS EXAMINED FOR THE DETECTION OF THE FIRST
PARASITE IN PRIMARY AND RELAPSING VIVAX INFECTIONS SIME ROAD INTERNMENT CAMP,
SINGAPORE 1944 1945 *

Primary ateacks Relapses

Ay

First parasite detected 1 Number Percentage Number Per¢entage
Furst theck film field 12 15 297 53
2nd 1oth field 16 19 151 .7
x1th soth field 25 30 82 14
s1st 100th field 8 10 18 3
Not seen 1n 100 fields 1 2r 26 18 3
Total 82 100 566 100

* Bloode am ncnonth firstdayofrcgm edfe 1 tP esntyenonfiotdy butfundl 7

Table ¥3—FIRST DAY ON WHICH PARASITES WERE DETECTED IN THICK BLOOD FILMS IN PRIMARY
AND RELAPSING VIVAX INFECTIONS SIME ROAD INTERNWENT CAMP SINGAPORE 1944 1945
Day of 1 cognised fever

.
Parasy es first detected 1 2 3 4+ ‘Toral
Primary attacks 61 5 6 2 78
Percentage 78 34 8 3 100
Relapses 548 Q 3 [ §60
Percentage 98 2 o o 100
Fever threshold—The dsate cause of the | 10 vivax malana as in other

forms of malana 15 the rupture of a sigméicant number of maturc schizonts What this threshold
concentration will be depends Jargely on the tolerance of the host Persons infected for the first
Youne M D (90 Stwdis nth penod aty of i duced F/ mod mmwax Y ma M1 5¢ 3ap
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tme tend 10 show a low tolerance so Jow indesd that symptoms may sometimes appear before
parasites can be detected 1n blood films with partial immuntty on the other band 2 density
of several thousand parasites per cmm of blood may fail to evoke 3 febnle response The

of this was brought bome to us during the 1944 eprderuc of
vivax malara at the Sime Road Internment Camp Singapore where most subjects were
non immune and bloed examunation was possible on the fir t day of fever Parasites in relapsing
infections were usualiy found m the first few muxcroscopic fields examuned while primary

‘Table 14—FEVER THRESHOLD IN 415 VIVAX ATTACKS OBSERVFD BY BOYD (1940)

Parasites per ¢ mm blood on first day of fever

© o0 10 I00- 500- 1000~ 5000~ 100004 Total
Y0 100 SO0 1000 5000 10000

Primary attacks 52% 61 136 42 3 16 4 1 305
Relap es or recrude
scennes — = 2 14 14 61 17 2 110
Par wh brotonfrcdiy (fver aspr ot

mfections were somenimes revealed only by 2 prolonged search of several thrck films (tables 12
and 13) Most pimary attacks according to the observations of Boyd (1944) are muuated by
parasite densiie of 10 to 100 per cmm  whereas a density more than ten times higher 1s
usual 1 recrudescences and relapses (table 14)

Tarasite density—Among the factors which determne the number of malana parasites
1n the body of the host two seem to be of special importance—the mnate reproductve capacity
of the orgamsm and the rate of destruction by the host defences At cach 48 hour cycle
P 1rear muluples about sixseen fold and for the first few cycles the number of parasites in the
body mounts rapidly with successive cycles howeser the defences take an increasing tol! untl
proliferation and de truction are 1n equilibrium at 2 peak deasity which seldom exceeds 30 000
parasites per ¢ mm  and rarely endangers the lfe of the host

Karchen (1949) gives charactenstic curves lustrating the nise and fall of parasstaerma in
untreated vivax infectons 1n fully suscepuble subjects and 1n subjects who are parnially immune
from previous infection In the susceptible host the rise 1n density tends to beslow the mayumum
density sustarned and the fall gradual Infections in partially immune subjects on the other
hand are Lkely o0 show a fawly quick nise 10 2 peak density and 2 quick fall The fughest
density he states rarely exceeds so 000 seldom attams 40000 and usvally remams below
30 000 parasites per ¢ mm The highest count observed was 96 000 per cmm a ley el which
tmay be contrasted with the ten fold hugher density attained 10

Parasite counts ob erved i a senes of vivax infections naturally acquired in Malaya are
crudely summarised 1a table 15 The counts were made on the first day of treatment  the
pauents were Asians with varying tolerance the infections were at varying stages and the
artacks of varying duration when treatment began

Bors M F (548 O th par tedemury prevaling tomviam pernod mvivex mismainfecoon J ms Muis Soc & 53
l""l:x:'hdsdfuu"" Ves malana Chap 43 in Muaesslogy EL M F Boyd W B S unders Co. London nd
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Table 15—PARASITE DENSITY IN T I9F ACUTE VIVAX INFECTIONS NATURALLY ACQUIRED IN MALAYA
Asevual parasites per ¢ mm blood

Under 5000 25 900 Over

5 000 25 000 100 000 100 000 Total
Infections 394 660 136 I 1,191
Percentage 33 55 1z —_ 100

The highest count was more than 100,000 per ¢ mm of blood The subject was an elderly
Chinese, he was not seriously 11l and his temperature at no tume exceeded 100 F durng an
uneventful recovery on quinint treament There were no deaths 1n this series of more than
one thousand cases, and 1t seems that the death rate 1n Malaya from acute uncomphcated vivax
1nfection 15 low

Sel of focy The red cell 1s apparently more
susceptible 1o attack by the malara parasite than s the mature cell This phenomenon first
reported by Crak (1920) and studred by Eaton (1934) Katchen (1937) and Hegner (1938}
though apparently of httle a.count in falctparum and quartan malaria may perhaps be
significant 1 vivax malana Plasmodium vieax 1s believed to have a strong preference for
reticulocytes which 15 not shared by other species To thus preference suggests Hegner may be
related the low maligrancy of vivax infections

Distribution 1n host—The compl-te schizogonic development of P w1zax, from early
ring forms to mature segmenters can be seen 1 serral blood films Unlike P falaparum which
normally segments only 1 the capillaries of the iternal organs, P vreax 1s distnbuted
throughout the body at all stages of the schrzogonic cycle But the distnbuuon s pot
uniform Mature segmenters 1 blood films are nearly atways fewer than the trophozoites from
which they anise and it seems that an appreciable proportion cireulating maybe less freely on
account of therr large size complete their segmentation mn the ternal capitlaries Marchiafavz
and Bignaru state that segmenters may be found in considerable numbers 1n the spleen andm
fatal infections according to Brumpt (1949), they may be abundan* in the varrous organs

Mixed 1mfections—When two species of malaria parasites are found 1n blood films one
speaies usually ontoumbers the other Boyd and his colleagues from their observations on
muxed mfections mnduced by the simultaneous moculanon of P vivar and P falcparum
suggest that the explanation may lLie i a compeutive antagomsm between the two speacs
When patients arc infected with the two species at the same tune P falcparum tends 2t firstto
suppress the muluplication of P vrzax and to dormunate the chineal and parasiological preture
P uitax becomung active only at a later stage When the numbers of P falzparum ate declawg
When however P wivax has the intual ad over P falap grven by earlternoculation,
the two species may apparently mamntan themselves in the peripheral blood without il
interference (Shute 1951) The studies of Mayne and Young (1938) suggest that 2 sumlar
suppression of one species may pecur 11 simultaneously acquired vivax and quartan mfecuons
with P enzax as the usual domunant species We may perbaps infer from these expenm nal
findmgs that mived nfections are commoner than single blood examunanions would secm 0
ndieate
[y ocyies n malara Lane ¢ 1070 vt 11

Iy

} The oth
b It f d U v matn Ap Lmnarynote Amer Y £ p M
Firai & P ot Rhe B cton’t "uculosyt. by Pldm mer o0 M d' 18 337 o aker
Hronem R ( 938) Rel u ef qu ncy of ring-stage pla modia in enculocytes and mature erythrocytes 1n man #n
Amer ¥ Hyg 27 6,90
B B A S P (939§ multancous woculstion with Pf mad m vrmax and Plarmod wonf Taparen  Amer
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Relapses—The tendency to recur untl they finally burn themselves ot al charactensuc
of vivax infecnons throughout the world The may with
schizontocidal drugs and they may be cured by rather exacting courses of treatment with drugs
of the 8 2muno quunohine senes  bur a recurning chimcal actwvity 1s likely when the parasites are
neither suppressed nor eradicated by treatment The immediate cause of the cimeal relapse 15
the renewed actity of the schizogome forms 1 the blood—a reacuvanon which may be due
either to a fresh mvasion of the blood from a reservorr 1n the fixed yssues or to an increase i
the parasites already 1n the blood stream Relapses after many months of clinical quiescence are
probably due to a re mvaston of the blood from the fixed nssues relapses which occur
repeatedly at short antervals are more bkely on the other hand 10 be related 10 a renewed
proliferation of parasites already 1n the blood stream

‘The number spacing and duravon of relapses constituting what may be catled the relapse
pattern vary widely 1o different subgects The smfections duc to Jatent andto non latent
stramns of P ¢1.ax for example duffer 1n their natural course  and the retapse partera 1s grearly
modified by treatment

The relapses seen 1n climcal practice are likely to be mainly those which occur 1n the course
of infections which have been treated only with schizontocidal drugs gven dunng acute attacks
Sotreated vavax infections may sometumes recur at intervals of a month or so for several years
The observauons of Coggeshall (1945) show that nne tenths of a large senes of infections
contracted i the South West Pacific relapsed at least four times more than half of them
relapsed at Jeast ter imes and a small proportion thirty times or more—an extreme example
of a refapse tendency for which South West Pacific infections seem to be notonous ‘The vivax
1nfecuons contracted i the Sime Road Internment Camp Singapore eatly in 1944 displayed
‘Table Y6-—THE FREQUENCY OF RELAPSES IN 305 VIVAX INFECTIONS CONTRACTED DURING AN

EPIDEMIC AT THE SIME ROAD INTERNMENT CAMP SINGAPORE 1944 19451
Number of relapses durmg twelve months observation

o by 2 3 4 5 6 7 8 9 Total
Cases n7 41 41 34 26 26 1 5 z 2 30§
asymlar 1f Jess marked tendency to recur The attacks were promptly treated with quinine or
mepacnine a few were suppressed for imuted peniods with one or other of these drugs The
frequency of relapses from the stare of the outbreak to the end of the penod of observaron in
August 1945 15 summansed 1n table 16
Duratzen of infection—Whether acquired 1n the tropical or 1n the temperate zone vnvax
1nfections tend to run a prolonged course if they are not treated with curamve drugs Manv
1nfections display a sporadic activity for 2 year some for two years and a few for three years or
more Hankey ef af {1953) state that naturally acquired Rorean tnfections end spontanequsly
within two years & period which may perhaps reflect the hife span of the nssue stage of the
!\umn orgausm Hill and Amatuzio (1949) however report a duranon of four years in a small

S ber i Jooie terae t denoe any recurtenc [ fimeal scav y AT e compler _mbsmion
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62 DIAGNOSIS OF HUMAN MALARIA

Table 17-—DURATION OF VIVAX INFECTIONS OF SOUTH WEST PACIFIC ORIGIN (data from Hill and

Amatuzio 1949)
Durstion of infection m yeats  —1  —2 —3  —~4 Tomal
Infections 38 82 28 7 155
Percentage 25 53 4 100
of a sestes of mnfe acquuted 1n the South West Pacific region (table 17) The

snfections were suppressed at fiest by drugs  suppression ceased when the subjects retumned to
the Umited States , relapses were treated with schizontocdal drugs
GAMETOGONY

The gamerocytes of P tiwax Lke those of P falparum, develop mn the deep organs
parucularly 1 the spleen where they raay be found at all stages of development The yousg
forms do not regularly enter the penpheral arculaton lhough they are not uncommon 1 blood
films taken at an early stage 1n attacks, to Shute on the first
day of long term relapses The adult gammcy‘cs usually enter the errculation 1 primacy
attacks several days afier the onset of symptoms, James (1932) working with a Madagascan
straun, sometimes found them as early as the third day and exceptionally as late as the sixteenth.
In relapses they may appear earhier even on the fnst day As nfection progresses they increase
mn number but, unhike the g ytes of P fal they usually p during

R I N ot Demb
2 29 s0 i 9 3 s
o

Fig 19~—TROPHOZOITE AND GAMETOCYTE WAVES IN A PROLONGED UNTREATED VIVAX
INFECTION IN A SUSCEPTIBLE HosT (after Rutchen 1949}
dal and, ding 10 Blackburn (1948) they may be absent 1 the 11

stages of d infe Typical ps between the waves of schizogonic forms

and gametocytes 1n untreated and i treated nfections are illustrated 1 figures 19 and +0
taken from Kitchen (1949) and Blackburn (1948)

SP (1936) caland par stologc 1 bervl nson nd cedm lan Peo R Soc Ag 2 7
{a:’ (c?tl!c(j::x) Obsery u n onthedev | pmentole tanceto axmalasm T RS p M3 H
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Fig 20—TROPHOZOITE AND GAMETOCYTE WAVES IN A SPOROZOITE INDUCED VIVAX INFECTION OF
SOUTH WEST PACIFIC ORIGIN EARLY ATTACKS TREATED WITH QUININE (data from Blackburn 1948)

The number of gametocytes vanes in dufferent subjects though counts of several hundreds
per emm  of blood are usual 1n acute nfecuons Vanations in gametocyte density may occur
too an different vivax strams examples having been reported of strams whuch fatled to produce

‘Table 18—HIGHEST GAMETOCYTE COUNT RECORDED DURING SCHIZONTOCIDAL TREATMENT IN
1191 ACUTE VIVAX INFECTIONS NATURALLY ACQUIRED IN MALAYA
Hghest g metoryl cou tpe  mm blood

N e ua oo 00- 0v

o o0 000 10 Tousl
Infections 88 116 813 157 17 119t
Percentage 7 10 69 13 1 100

I 4infecu  th out weeded oo theligh ddw  7acapee e,

gametocytes after repeated blood passage to fresh hosts The darly gametocyte nadence dunng
treatment 1n & series of acute vivax infections obscrved m Malaya and the hghest pumber
recorded are summansed 1o table 18 and figure 21

Unlike the gametocytes of P falaparum vivax
gametocytes are destroyed by schizontoardal drugs F
they exther disappear from blood films during the first
few days of treatment or else they persist only as
degencrate forms with Little remaming but pigment
and a few tattered remnants of cytoplasm The sharp
contrast between the nsing gametocyte mcdence
duning schizontocidal treatment 1n falaparum infec
nion and the falling incidence 1n vivax infection walt
be clear from a companson between figures 11 and
21
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Fig 21—GAMETOCYTE INCIDENCE IN
T 191 ACUTE VIVATY INFECTIONS NATU
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SCHIZONTOCIDAL  TREATMENT oy 2z 3 DEORE
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VARIATION

Sharply defined differences have been reported i the behaviour of differing strams of
P znax and there 15 clear evidence for the ewstence of b ological races and strams The
differences mvolve manly the duration of the incubation and prepatent periods the duration
of the schizogonte cycle the capacity for latency, the frequency and uming of relapses the
Tesponse to drugs, and the ability to complete sp 1 particular mosq

Forms of P zivav which are abnormal in appearance are faurly common Atypical forms
occur mamly when there has been some change 1n the hife cycle or in the condittons of kfe,
of the parasite  they have been reported parucularly 1 stramns passed repeatedly from host to
host by blood moculauon, and i chronic with a dly unfa ble host
enviropment They involve mamly the size and shape of the infected cells the shape and texture
of the trophozotes, the size of the schizonts and the rumber of merozoites The most common
abnormal forms are perhaps the small schizonts with few merozotes which occur not only 1n
blood transmutted and chronic nfections but also, accordmg to the observations of Young and
Eyles (1949) as an occastonal aberration in normal acute mfections at the time of maximem
parasite density

Marchoux (192.) beleved that there nught be geographical vareties of P ereax with
1¢ morphol 1 daffe that it 1s possible for example to distinguish betwzen
the P trzax of France, North Afnica and the Amazon For ths view however, there seems to
be little real support Few of the aberrations reported suggest permanent inheritable change
most have exther been found 1n a few subjects only often 1n a simgle film or else they have been
fleeting changes under 1 d Some of the deviations from the norpal
appearances are summansed n table 19

Table 19—50ME VARIATIONS IN THE MORPHOLOGY OF P t;pax REPORTED FROM DIFFERENT
PARTS OF THE WORLD

Ongin Abnormal features
Malaysia Matked multiple mfection of host cells (1) (2) small schizonts with few
merozottes (2) (3), ovale like morphology (4), brzarre forms (5)
India Muluple mnfection of cells, sch with few m !

a o
infection (6), oval and fimbrrated host cells, extra cellular appearance of
parasites (7)

Paki tan Gross enlargement of host cells with frequent muluple anfection band
forms common occastonal absence of pigment (8}
Ceylon Band forms duning epidemuc ()

Youne M D ap Evtss D L ( 949) Paras wes re embling P! mad wmov ! matan (P m dum 7 war Malar
s 829

Maramowx 592 { f p 10)

T Roomwyis Y (19 1) Gewe * Tydch Ned 14 6013

Fiep J W (942) P astlory 84 82

— mpNwen J C (1939) [d mdG s

—(194) BlHIne MAR: FAMI9ST N 4 J158]

Nes HM (191) T ns SendComr F Eat A top MJ Ho gkong 1912 p 306

DasGur B M (1939) Ind md G 74an

Smvon IswaNT oD Nk C P (9500 Td F M) 4193

MoHI up-DIv A sypRmcM A (1951) Phe J Haln 19

SAMARASINGHE D § PLYASENA A K. AND Rus oMfe2 K.J (1948) J M la Imst Ind 5 397
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Table 19—(contmuarion }

Ongin Abnormal features
New Guinea Oceasional marked mutnple infecnon of host cells and ovale bike forms n
Chesson and Pait strams (10)
Sudan Marked multtple mfecuon of cells (11)
Muddle East Mufuple infecuon and absence of enfargement 1n host oells contamung

Schuffner s dots small schuzonts wth fewer merozones—the so-called
P uax var munuta Emun 1914 (1)

Ysracl Absence of pigment 1n schizonts and gametocytes from bone marrow
smears (13)
Renva “Trophozoites compact frequent muluple infecuon and great enlargement

of host celis supplng often absent parasites somenmes  exirx
corpuscular—the so-called P ealtont Roberts 1940 (14)

Tanganyika Muluple infecnnn and distornon of host cells  compact trophozo tes and
schizonts (16)
W Afnca Ohale like forms (16)

United States Occasional segmenters wath few merozowtes 1 St Etuzabeth stram (10)
‘band forms 10 P triax presumably indigenous (17)

Various Onrale Lke morphology related 1o repeated amfional passage by blond
noculation (18) (19) smail schuzonts with feser merozomes m chrome
infecuon (19) (20) stram vanatons 1n number of merozoites (2r)

Morphological changes n £ tirax may also have an artifictal cause Slow drymng 1n thin
blood films {2 lean cutsignet mtheyoung quckdryingtends
to perperuate the amocbord form of the hning parasite. Schuffiner s dots are sensitnc o changes
m starung  particularly to pH (plate XAWVIID whie parautes damaged by drugs may
show afl degrees of cytoplasmuc fragmentation and fmlure 1o stan

DOURBTIFUL SPLCIFS OR VARIPTIES

Though abnormat forms of I ¢1 ax are furly common only three uvax bike orgamsms
seem to have been regarded as distinct species or sub-species—P teax vae minurz Emun 1914
P enlsom (Roberts 1940) and P orale Stephens 19.. Plasmodiunt ovale 1s now generally
vegarded as a vahd speqies the other two orgarusms bave a doubtful taxonomuc status

Plasmodium vivax var minuta Emin 1914—A malana parasite of uncertun wdenuty
has been desenbed by Ermun (1914) Found 1 the blood of six pilgrims from the island of
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66 DIAGNOSIS OF HUMAN MALARIA

Camaran 1 the Red Sea the parasite seemed to Emun to be a small form of £ 1vax, and he
gave t the pame P vrvax var minura Some of Enun s films were examined by Ziemana (1915}
who thought that the parasite more closely resembled P faloparum, and proposed the name
P The onginal d gs of Enun are duced 12 plate XX From the evidence
of the drawings and descriptions we ate disposed ta think that neither name 1 yusufied and
that the parastte 15 n fact P falaparum

Plasmodmm wilsom (Roberts, 1940)—Tius parasse found mn blood films from
Abyssiyan refugees and among vanous East African races during an epidenuic 1s 2 vivax like
organism with peculsar features which seemed to Roberts (1940) to justufy the creation of a new
spectes He gave 1t the name P wilsom, a sumular parasite having been seen by Margaret Wilson
10 1937 1n three cases infected 1 the Moshi district of Tanganyika (Wilson 1949) The man
features of the parasite and of the infections to whuch 1t gives nise, are summarnsed below

(a) The attacks are severe with a repeated relapses 1 spie of mtensne quiua
and atebrin treatment and the mfections are very heavy

{b) The young trophozortes are compact and non amocbord, resembhing P orale
menltiple infections are common often three or four to a cell, band forms were
not observed

(c) The older trophozoites are compact, with 2 well defined vacuole, the pigment
granules are not aggregated the parasites are often extra corpuscular

{d) The schuzonts contaun from 12 to 19 merozates

(&) The gametocytes are pale, with well distrbuted pigment  the pale blue cyroplasm
of the female 1s said to be markedly different from that of P oruax

(f) The host cells are always enlarged, sometumes to a much greater extent than the

vnax fected cell, suppling 1s often absent but there may be 2 fant quartan
ke suppling in some infected cells and a trabecular appearance 1n others  the
cells are usually decolourised

A somewhat snmular parasite has been described o Mataya by Fueld (1932) who behieved
the Malayan organssm to be a random sanant of £ vreax

The salidity of P anlsonz as a new spectes has not been generally accepted There 15 no
evidence that the peculiar characterssucs described are constant after mosquito passage to aew
hosts and uani this proof of spectfic identity has been established the parasite shoutd perbaps
be regarded as an aberraut form of £ treax

Zusasw H 19 5 (ef p 52)
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CHAPTER V
PLASMODIUM MALARIAE (GRASSI AND FELETTI 1850)

‘The parasite Plasmodium malanaz 18 the cause of quartan malanz The orgamsm 1s
disunguished from other speaies infecting man by 1ts morphological characters by ats slow
development in both human and insect hosts and by s capaay for protonged survival in the
human host The infections are usually muld with paroxysms which tend to secur every thurd
day 1 step with the 72 hour cycle of the orgamism *

HOST AND HABDITAT
Parasites closely tesembling P malariae are found 10 monkeys The quartan Iike parasite
P 1z 1s common 1n Indian a0d Malayan macaques and natural infections with a similar
organism occur 1a Afncan chimpanzees The quartan like parasites of chumpanzees can be
to man while ch can be infected with P malanae of human ongin, on
these grounds Rodhain (1948) believes that the parasites arc the same and that the chimpanzee
of Central Africa constitutes a natural resersoir of quartan infection

Under expenmental conditions P malartae can be passed through mosquitoes to man only
with difficulty and mainly on this account 1ts life cycle 1n the human host has not been fully
defined There 15 good reason to believ ¢ that the orgamsm develops i the parenchymal celis of
the hiver before mvading the blood Garnham having demonstrated a pre-erythrocyte hver
phase 1n £ i a quartan hke paraste of monkeys and it 1s possible that persisting
exo-erythrocytic parasites m the Iner ot other fixed tissues form 2 latent resenvorr during
chronic infection Raffaele (1946) has seen parasites which he behieses to be exo-etythrocytic
forms of P malartaz 1n the bone marrow a few days afier the 1noculation of sporozoites and as
long as one year later

BIHAVIOUR

The distinctiv ¢ features of P malariae are the low infectivity for mosquitoes the prolonged
sporogonic and schizogomic cycles the Jow density in the blood and the occasional Lfe-long
persistence in the human host Quartan infections, for these reasons are the least common of
the malana infections 1n most countries thev have a Jong incubation period and they tend to
have a protracted course Thev seldom endanger the hfe of the host but tor reasons unknown
they are hable to cause damage to the kidneys

GLOGRAPHICAL RANCE
The development of P tmalariae 1n mosquitaes 1s possible when the average temperature

does not fall below 15 C (59 T') The orgamusm has been found between the lattudes 3
North 10 the Nethetlands and 30 South 1n Argentina with & distnbunon which tends to be
patchy often bearing htle obvious rek: hup to the prevalence of which readily
transmit other spectes In the Nile Delta for example P malurae s absent though at 1s the
most commen spectes 10 some of the oases in the Egyptuan Sahara and there are scattered

quartan focr 1n the Near Last India Ceylon Malava and elsewhere In Malaya Quartan
tnfections are ant Iy {ound 1n hospraal p {ess than five per cent of the admswions
to government hospitals in recent years—but there are localised rural areas where P malarsae
w the dormunant speaes

M lan s yon_re usually devgn_ed by the e of the parsute  Infectsons due to £ /il urem oe P o
el B0 A 7 poac  partu criens dus to P 1) purcm 0 P sl
£ fepen und 1 may #tnd Uk oid 8 More Fupfonsous pame qUATaN MALNS has resaued the fersiine
ROGIG ] (1948) 5 wrptitd yofthe humpantee t P malasar of human sngm. Awmer 3 mrep Mok .9 639
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68 DIAGNOSIS OF HUMAN MALARIA

For this peculiar distribution we have no )f pl: G: d m
quartan m!"ccuons 15 low and sporadic, and the shiggish des clopment in 1mosquitoes 1nplies 2
thazard to the ‘We may 1nfer that the sporogonic cycle 1s hughly vulnerable
sor
el
A
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Fig 22~PROPORTION OF QUARTAN INFECTIONS IN PATIENTS
ADMITTED FOR MALARIA TO THE GOVERNMENT HOSPITALS OF
SELANGOR PERAK, NEGRI SEMBILAN AND PAHANG, 1930-1954
o unfayourable c and that the survives 1n nature only when the vector
q are long Iined D restdual infections 1n the human host, we may also infer
that the organysm would probably be the first to disappear as a result of mosquito control The
apparent recession of quartan mlana 1n Malaya over the past few years Jends support to this
nference Residual mnsectiades mntroduced 10 2 small way for malara control spon affer the
second world war have smce been used on an mcreasig scale Meanwhile the number of
patents admuted to government hosprals with quartan malaria has shown a marked and
apparently selective reduction, so much so that thete 1s at least a hope that P malarsae may be
avanshing species Twenty five years ago, 1n 1930 838 patients Were treated in the governmert
hospitals of the Federated Malay States for quartan malana, 1n the same hosputals only 10
quartan mfections were treated in 1954

Table 20—MALARIA ADMISSIONS TO THE GOVERNMENT HOSPITALS OF SELANGOR, PERAK PAHANG
AND NEGRI SEMBILAN, 1930-1954

Year Malarrae Falciparum Visax Year Malariae Faloparum  Vavzs
1930 838 16,080 7570 1947 138 4134 203
1931 745 9:529 soro 1948 8 2970 %00
1932 an 77-1 3192 1949 56 2 606 981
1933 4-9 8,831 3261 1950 31 25.9 612
1934 364 7599 3488 1951 23 3152 853
1935 Hr 11,333 3497 1952 6 2837 830
1936 344 93895 4493 1953 15 2754 905
1937 381 12715 6030 1954 10 2180 711
1938 500 17,747 8 549

The marked change 10t the apparent nadence and refative prevalence of quartan malina
1n Malaya 1s well shown i the figures of admussions for malarsa to the government hosputals of
Selangor Perak, Negr: Serubilan and Pzhang the former Federated Malay States The fioures
are drawn from the Annual Reports of the Medical Department and from returns submutted
to the Malania Advisory Board of the Federation
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PLASMODIUM MALARIAE 69

Why P malariae should sometumes and mn some ar as be the dominant spcies 1s kess
readily explaned Quartan infections tend to be long lasting 1o the human host and a high
quartan ncidence may be a legacy of past events Durng periods of brusk transmussion
myolving all speies P faleaparum takes the centre of the stage succeeded after a few months
by P wvirax Thereafter P malarsae masked at first by muxed infections and a low densitv in
the human host comes to the fore as other species with their shorter Iife are on the wane
We mughe thus explain a high quartan mcidence 2s a residual infestation depending on a spell
of actrve transmusston m the past and a run of years with transmission 1o abeyance or at low cbb
But there arc other possibilities and the eprdemualogy of quartan malana seems still to hold an
elemnent of mystery

Knowles and Sentor White (1930) believe that P malarae 15 an old and senescent specics
the oldest of the malana parasites of man The grounds for thus belief are

(1) the low reproductive capacity 1n nature suggests a disappeanng species
{u) the spotty distribution of P malarzae all over the world and the apparent special
association of the orgamism with prumutive peoples suggest that the present
quartan foc1  represent a residual infestanon by 2 once widespread species
(1) the wide distribution in small mammals of parasites resembling P malariae
suggests that the species 15 much older lhan man 1n the evolutiopary scale by
contrast species bling P falap have arestncted
range
(tv) the low grade nfections 1n man suggest an ancient symbiosis
Speculating on the evolutionary ongin of the malaria parasites of man they suggest that
the first of the malana parasites adapted to man arising an the ancient cradles of the human
race was P malanae the second was probably P troar 2 species which has followed man
nto higher latitudes and altitudes than other species the third and most recent was I faler
parum which from the seventy of the infections in man 1s still 1n the course of evolutionary
adaptation

INCUBATION PLRIOD

Under quartan infe are lhmugh ©
man only wuh great difficulty Comparausely few d from bites
on known dates have been recorded and our knowledge o( the duration of 1ncubation 15 hence
based on meagre endence Data from vanous sources on the mtnauc ncubaton penod 1n
twenty four mosquito-induced infections have been summansed by Shute and Maryon (1951)
1n two infections only was the mcubation peniod less than .0 days n 2il others the period of
mcubation yaried between 21 and 59 days

SCHIZOGONY IN THE RED BLOOD CORPUSCLES

The peniodic chimcal phenomenon of quartzn malarra are related as 1n all forms of human
malaniz to the ¢ychic development of the parasites in the red blood corpuscles Golgi working
11 Padva where the quartan fevers were common was the first 10 recogruse this relanonship
‘The name Golgr eycle used for the cycle of the malania parasites 1n the
blood 1s a fitung reminder of thas great discovery

The first 10vasion of the blood cells by P malurize mating the cycle 15 presumed to
come from parasites which have developed in the fixed tissues By an:!og} with P falaparum

NIowLas, K axd § IOk W 17X R [ 330) § whot in the Parme ohoty of Malaew. Mo N 11 Indias 1 mad Rer
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70 DIAGNOSIS OF HUMAN MALARIA

and P erax we may assume thag there ss a pre erythrocyuc phase i the hver putn
¢chyma—and possibly i other fixed tissues—but proof of this assumpuion has sulf o come

The esythrocyne cycle Jasts about 72 howrs and the parosysms of fever assonated with the
Iiberation 1nto the blood stream of the merozostes of & single brood oceur at inters als of three
days Somcumes the cycle takes a lutle less than 72 hours somenmes a Lttle more the
paraxysmis then occur earhier or later the clmucal pt known as ot
retardatson Young ef ol (1940) have drawn atention to the curious relanonship between the
time of the parovysms and the sctaaty of the subject Most paroxysms ocour about noen
When however, the hours of activaty and sleep 1 the subject are resersed the paroxysms
gradually become nocturnal

The pattern of the 35 a chinzcal of the number of broods aad the
uming of therr segmentanon A single brood gives r1se to # stmple quartas feser, two broods to
a double quartan with parovysms on two successtve days with one fever free day and three
broods to a triple tertan {quotidian) fever with a paroxysm every day Boyd {1940) has studied
the fever pattem an @ senies of 40 infecthons snacks wawally began and ended with 3 sunple
quartan fever from 2 swgle recurning cycle, all three patterns mught be found i a uingle attack
though occastanally the fever was quastan throughout In 2 senes of 300 guartan safections
obscrved for brief periods 1n Ruala Lumpur the fover was quartan in 27 double quartanin §
and quotsdian arregular or absent 0 the remamnder

Fever threshold—Parasites in quartan wmfections are usually present mn the penipheral
blood 1n detectable numbers on the fiest day of fever Ratchen (1949) sn 2 senes of go wfections
sepsesenting fous stramns of P malarsae fasted to find parasites at the onset of symptams asly
ot one occasion the intenal berw een the first appearance of parasites and the first day of fever
averaged eight days, with a range of one to forty seven days ‘This relatave tolerance for P
malarsae on the part of the host 1 also evident from the number of patasites m the blood at the
onset of symproms Data from 26 quartan infections recorded by Boyd (1940) show that the
fever threshold ranged from 10 to 3 000 parasstes per cmm of blood The higher threshold
densities were with a prolong it perod and with a lopger umelag
between the recogmimon of parasites and the onses of fever

Parasite density—Quartan 1nfectons tend to be the mildest of the malana nfections Og

man Thesr bemgn course 15 probably related w the Jow rate of mncrease to the low pezk o
eves in d safe and 1o the ranty of dangerous accumulations of

P
parasites 1 viral organs ‘The low parasite density prevaliog i most guartan mfections has
been buted to the prof d sch cycle and to a possible sclection of the older
erythrocyres by the merozostes

The parasite denssties recorded 153 quartan mnfections have usually bees Jess than § 0:5
sometunes more than 25000 and very rarely over 50000 per cm of blood Ciuca and
colleagues (1934) n 2 study of 293 wfections aruficrally mduced by twa struns of £ malarsat
comig M1 & quart nmulan o ge parenss I TH
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PLASMODIUM MALARIAE 7

of West African and Italian onigin found that 1n only two per cent of their cases was there
more than one parasite 1n every two fields Katchen (1949) states that his patients seldom
attained a parasite density of .0 000 per cmm of blood he records however an exceptonatly
1ntense mfection with a parasite count of 114 000 per cmm two davs before death

Table 21—PARASITE DENSITY ON THE FIRST DAY OF TREATMENT IN 171 QUARTAN INFECTIONS
NATURALLY ACQUIRED IN MALAYA

Parasite counts per ¢ mm - blood
A

— ~
Less than 5 000- 25 000- Osver Total
5000 25 000 100 000 100 000
Number 127 3 3 o 171
Peroentage 74 pe3 - — -

Counts made on the first day of treatment 1n 171 quartan nfections observed by the
Malaria Research Division of this Institute are summarised 1n table 21 The parasite density
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INDLCED QUARTAN INFECTION OF SOUTH WEST PACIFIC ORIGIN

TLLUSTRATING TME 1ONG INCUBATION PERIOD AND THE 10W

PARASITAEMIA THE INFECTION WAS TREATED ON THE FIFTY SIXTH DAY
(after Mackerras and Ercole 1948)

three-quarters of these mfections was less than 5,000 perc mm of blood 2ad 1n theee snfections
only did the count exceed 25 000 per e.mm  the highest count recorded was 30 000 per e.mm
There were no deaths 1 the senes but 11 panents had a severe albuminuna
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72 DIAGNOSIS OF HUMAN MALARIA

Distrrbution i the host—The complete schizogone ¢yele of P malanar occurs m th
penpheral blood and an even d of the hrougt L system

the
at all stages of the cycle seems to be usual Marchiafava and Bignen state that the forms found
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Fig 24~BLOOD TNDUCED INFECTION WITH Plasmodium malariae OF MALAYAN ORIGIN
WITH PROLONGED QUARTAN reveR (Horton Case MP March 1955}

1n spleen smears are not notably different from those 1 capiltary blood from the finger Evenso
the possibility of a d focal 1 the mmer organs cannot altogether be dismused
Leger and Ryckewaert {1917} record a fatal snfection m which the parssites were sumeross 2
the bone marrow heart muscle, and bram though comparatively few 1a the blood

Duratson of sfection—Clnical actwity 1n untreated or under treated quartan infecnons
typscally Jasts for several months, usaally with several resussions Boyd (1940) found the mean
duration of naturally induced attacks 1o be a lutle over four months but the organsm may
persist 1n the body for mamy years even m rare cases for the hife ume of the host FEwvidence on
this pomt comes mamly from the quartan yelapses years aftes the firs attack which have been
reported and from the mfections transmutted during blood transfustons from doners who hne
had quartan malana n the past Shute (1944) found quarran parasites i the blood of a woman
who had hved in England for 21 sears, the nfection having apparently been acquired 0
Calcutta where she had lived as & chald eleven years later 1 1954 thuty two years after the
ongmel mfection there was 2 further tecurrence of fever with quartan parasites 12 the blood
Where the parasite lies quiescent in these cases whether sn the fixed tissues ot the blood 3
notknowa bt the transference of quartan mftetion by blood teansfusion from donors mfected
years before suggests that infection may persist as 3 low grade symptomicss parasitacmia An
interesting case 18 secorded by hatchen (1949) 2 patient was mfected expenmentally with
P malarige 1 1933 twelve years Jater blood from this patient was transfused to anotber
patent twenty one days after the transfusion quartan parasites were found 12 blood filtns fromt
the recsprent

Laoex M o Rycrpwasst ¥ (zor7) Hémat 3 ar d | fdw quane stacc permacuxmo [ Bt Sec B x4 w
29

Bovs 1940 ( [ g 3a)

Swore B G Goay) Rbp fqumsa!  aft paduyan Lomy S

Kirouew 3949 ( £ p 70}

STUD INST MED RES



PLASMODIUM MALARIAE 73

The nisks temote though sometimes tragic, of blood transfusion from donors who have
tved m quartan endemuc areas 15 emphasssed by the case recorded by Nabarro and Edward
(1935) A child in England recerved an mntramuscular injecuon of blood from her father who
had Wved 1n Ceylon The child dhed from quanian malana ten weeks fater The father had left
Ceylon twelve years before and had never to hus knowledge bad malarta but an injection of hus
blood produced a quartan mnfection 1n a paretic undergoing malano-therapy at the Horton
Centre

GAMETOGONY

Gamctocyte production mn quartan malania tends to be Jow and sporadic The young
forms like those of P falaparum and P rreax develop in the deep organs and do not normally
enter the penipherat blood They closely resemble young trophozoites and mn blood films they
may easily pass unrecogrused as gametocytes In primary attacks the adule gametocytes enter
the carculation at any time from a few days to a few weeks after the first detection of schizogome
forms 1 relapses they tend to appear somewhat earhier Thereafter in untrested or under
treated infections they may persist for many weeks usually at alow density Ciuca er af (1934)
repart that only 1n one third of their quartan patients were male and female gametocytes found
1n the same blood films a further weakness 1n gametogony to which the difficulues 1n the
natural transmission of the orgamsm are doubtless related

VARIATION

The occurrence of races or vaneties of P malartac differing in form or behaviour has been
suggested but the evidence for this view 15 somewhat meagre Brumpt (1949) states that there
are biological differences as some strains fail to immunise agamst others whale Cruz (1915)
behieved that a special kind of P malariae was responsible for the quartan oedema of the
Amazon Valley The only reports of morphological vanatons known to us are those of
Garnham (1936) Guimaraes and Cortez (1919) and Stephens (1915)

The quartan parasites presalent i 2 nauve reserve in Renya differed according to
Garnham 1 their morphology from the usual forms A tenue appearance was common 1n the
rings trophozoites which were two-thirds grown had a large vacuole and a well-defined
penipheral thickenung, the division of the chromaun in the schizonts mght be delayed unul 2
few hours before they reached complete matunity and the pigment was golden yellow rather
than black Some of these features an occasional teoue form in the young trophozoites 2
persisting vacuole 1 the Jarge trophozostes and yellow ish pigment ate commen 1n the Malayan
organssm (plate XXVIII)

The abnormal features reported by Guumaraes and Cortez were found 1n a single case
The parasites were said to differ from typical P malarta 1o thesr great numbers i the ranty
;_)f greganmform schizonts (band forms) and in the abundance of adult schizonts of rounded

lorm

Stephens (1915) descnbed and allustrated the unusual parasites found 1n 2 single film
from 2n Afnican child on the Gold Coast Alany of the young trophozoites showed a marked
‘amavon m the form of the chromaun and cytoplasm rather Wike the tenue forms of
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74 DIAGNOSIS OF HUMAN MALARIA

P falaparum There were normal quartan parasiies i thc film The author, suggtsung (a) dm
the bizarre appearances may have been p durmng the

() that the parasites may have been dcgcneme or {c) that th=y may hate reprcscntcd a new
species appears to favour the Jast view To-day, the creation of 3 new speuses on evdene of
thus hind would searcely be thought justited

Whether the apparent ranty of morphological vanauon w P malartae reflects the true
positon or whether vanations oceur which have not been recogmsed 15 not known. Quartan
wmfections are far less common i most conntries than falerparum and ynax mfections they
have been less studsed and abnormal fearures mught easly be missed 1 the low grade infecuons
which are usual We are disposed to think, however, that the morphology of P molorsae 35
relatively constant, that its low reproductive capacity 15 unfavourable for the evoluton of
distnctive varteties, and that the sluggish actrvaty of the trophozortes does not lend stself to the
whimsical variations 1n form sometumes found mn P faloparum and P mvax

STUD INST MED RES



CHAPTER 11
PLASMODIUM OVALE STEPHENS 1922

The paras te Plasmodium nale 15 the cause of ovale malana The infectrons are usually
rmld and have a tendency fo spontaneous fecovery They a ¢ characterised clinrcally by regular
tertian or quotdian paroxysms which ate usually less distressing than those of wax malana
and seldom exceed ten 1n number cven 1 the absence of treatment

The parasite was discovered by Stepbens (19..2) 1n the blood of a Bntush soldier who had
returned to England from East Africa 1n January 1918 The soldier had had several attacks of
malana whileabroad four months after his return to England he had another attackand parasites
thought to be P t1z.x were found in blood films He had a further attack 1z Julvy 1918 when
the unusual form of some of the parasites led Stephens to beheve that they represented 2 new
spectes to which he gave the name Plasmodm oral - from the oval shape of many of the infected
cells * Stephens and Owen (19.7) found the same parasite 1n a patent from Nigena 2nd
Yorke and Owen {1930) using the parasite 1n the practice of malario-therapy proved that the
morphologtcal characters were constant after direct passage by blood mocutation to fresh hosts
In 1931 Yorke sent blood from a patient snfected in the Belgian Congo to the Horton Malana
Laboratory Epsom a pavent was infected by blood moculation and from this source a batch
of English Anopheles maculipenms (arropartus) was mfected (James Nicol and Shute 193.)
These mosquitoes transmtted the disease when fed on non immune subjects with no change
1n the morphologreal characters of the orgausm

HOST AND HABITAT

Parasttes with 2 close resemblance to P oale have been found only 1n man Attempts to
transmut the organism to monkeys both by blood inoculation and by mosquito bites have
fuled (Shute 1936) Recent work by Garnham ez a? (1954) has shown that the sporozoites of
P ovale Like those of P fal1parum and P wivax enter the parenchymal cells of the biver the
orgamsms complete their development 1n the Iner in about mne days and a day later they
appear inthe blood Relapses in oy ale malana are unusual and for this reason the occurrence of a
secondary cycle in the Itser 1s thought to be unlikely though the possibility cannot be excluded

GEOCRAPHICAL RANGEL

Since Stephens descnbed and named P o~al  many ovale infections have been reported
mostly among Europeans returning from Africa and 1t seems that tropical Afniea 1s the man
region of natural distnbutton The parasite has also been reported from Sou!h Amenca
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76 DIAGNOSIS OF HUMAN MALARIA

(Mublens 1934) New Guinea (Jackson 1944) the Middle East (Adler and Zuckerman 1952),
Asia (Muhlens 1938) and Eastern Europe (Eskin, 1938) More recently Jeffery and his
colleagues (1954) have found a similar orgamism in an American serviceman infected 1n the
Paaific, exther i the Phultppines or in the Admuralty Islands They have called st the Donaldson
strain Therr detailed phol 1 study of the n man and mosquito leaves Lutle
doub that 1n all essentual respects the Donaldson stram resembles P o~ale of African ongin

Though P ozale undoubtedly occurs 1 regions outside its main endermc home 1 tropical
Affica the identsty of some of the parasttes described as P ovale from other parts of the world
has not been established Vanant forms of P tizax may closely resemble P orale and the
proof of identity will usually depend on the transmission of suspected gvale through mosquitoes
to fresh hosts

INCUBATION PCRIOD

Luttle 1s known of the mcubation penod of naturally acquired ovale malaria, but there 1s
reliable informanon from the mfections which have been induced by mosquito bites under
controlled laboratory condinons At Horton the mean ncubation period n 36 primany
mnfections was 13 6 days with 2 vaniation between 11 and 16 days Infecttons with the Donaldson
strain seem to have a slower onset, Jeffery and hus colleagues (1954) having found the mean
ncubation period 1n 37 mosquito-mnduced mnfections to be 177 days with a range of 14 t0.0
days As i vavax infections the parasttes appear 1n blood films at about the time when the host
reacts with fever, sometumes a day or two earher or Jater

LATENCY

There 15 evidence that ovale infections sometmes remam Jatent for months Among the
36 infections observed at Horton by James et al (1949) was a single mfection w1th an ncubation
period of 85 days, a prolonged incubation of 19 months has been reported by Manson Bihr
and Muggleton (1945), and 1t 15 mterestng to note that the Donaldson stratn was ongnally
recovered several years after the carsier, Donaldson had left the region where he had presumably
acquired the mfection Inthus respect, asndeed 1n certam other respects, the parasite resembles
P vwax Where the orgamsm survives m the host duning pesiods of latency whether i the
blood or 1n the fixed uissues 1s not known

CLINICAL COURSE OF INFECTION
Infe with P ordle ble vivax but they are milder, with a shoner
clinscal course and a tendency to an earhier spontancous recovery The fever may be srregularly
remuttent quotidian, or tertran A remutting fever 1s comumon 2t the onset butm the developed
disease the fever 15 usually quotidian or tertian i type Sometimes the fever may be quondian
pecut of the paroxysms 15 that they often begin late in the evening rathet
than at mudday as 15 usual 1n vivax malana Typical ngors 1o which the teeth chatter and the
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PLASMODIUM OV ALL 77
patient shuvers from head to foot are less frequent than m vivax wfections, and they are of

shorter duration lasting only for about half an hour compared with an hour or more in +ivax
attacks Whether the nigors are severe mild or absent seems to depend 2s in vivax malzna

]

Fozi 2 @y M7 & 3 4 5 & 1 &8 3%

Tig 25—PRIMARY SPOROZOITE INDUCED O ALE INFECTION W ITH TERTIAN

FEVER THIS WAS THE FIRST PATIENT OF THE HORTON OVALE SERIES INFECTED

BY MOSQUITO BITES A SECOND PATIENT INFECTED BY THE SAME

MOSQUITOIS RiN A QUOTIDIAN FEVER THROUGHOUT (after James
etal 1932)

on the numencal prevalence of segmenting schizonts in the peripheral arculanon at a given
ume (We may perhaps mention n parenthesis that nigors are unusual in falaparum and
quartan malana 2 pownt of some ymportance as th re s a tendency even among medical men

to rule out malana an fever pauents who have recently returned to Europe from the tropics if
the fever 1s unassociated with f1gors)

RELAPSES

Infections due to P crale unbke vivax infections seldom relapse No relapses were
obsened among the 36 pauents infected by mosquito bites at Horton though in 14 patents the
primary attack was untreated and 1n no case was any anumalana drug given after the pnmary
attack Jeffery Young and Wilcox (1954) record only two relapses in 38 infections sporozoite
1nduced with the Donaldson strain though Garmham er af (1955) report that two of the three
subjects nfected by mosquito bites 1z the course of their iy estigations on the pre-erythrocytic
development of P ovale cach had relapses of infecuon on two occasions In this direction
P orale contrasts sharply with P citax relapse rates up to 80 per cent of more having been
reported 1n vivax One possible expl: of this diffe 15 that primary ovale
nfections tend towards a spontaneous recovery after six to esght peaks of feser, suggestng that
immurty to P otale 1s quickly and permanently acquired and there 15 of course the fusther
possibility that P ovale 1s less prone than P tizax to persist in the fixed tissues

Infections with P orale have declared themsehes in England app: y for
the first ime some months after the subjects have returned from Africa We are inclined to
segard these clincal manifestanons as defayed primary attacks though the chance that they are
relapses can seldom be excluded
Gaa ;J’(“_’&bl:::.“kl s"m-:"R‘ S‘; l:'m:;()l!”):r‘ l;‘l AnD FRLAMIN § £ 9591 The pre-erypthroayie
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8o DIAGNOSIS OF HUMAN MALARIA

GAMETOGON

The gametocytes of P ovale may first appear 1 the peripheral blood as early as the fourth
day or as fate as the eighteenth day, after the first confirmation of patasitacra {James of af
1949) Often they disappear after a day or two though they may persist for 3 week ot more
Seldom are they numerons and only on rate occastons i the Horton seres did the MOSquitoes
fed on gametocyte carriers show more than ten to twenty oocysts There 1s evidence howerer
that gametocytes may be less elusive 1 countrses where ovale infection ss endemuc, s Walson et af
(1935 1936) have found that 1n Tanganytka ovale gametocytes may be fore numeross s
children than the gametocytes of other specses As with P rwax the female gametocyies
pessist 1 the blood for a longer period than do the males

VYARIATION
Differences of behaviour in strains of P falaparum and P ereax of differing geographscal

ongn are well known The English mosquito 4 maculipenns atropareus 15 suscepuble to

fi with P falep of R ongtn but refractory to eertasn tropical strams
patieats ar Horton who were ymmune to @ Madagascan stran of P wivax have been found
susceptible 10 & stramn from the French Cameroons Thest are bur two of many examples of
biological variation an P falesparum and P vroax Few such vanauens have been reported 1
P orale No logicat or other bologcal diffe hase been d at the Hortos
centre it P orale from the Belgran Congo, Nigena Sierra Leone, the Gold Coast and elsenbere
1n West Aftica The morphology of £ ovale seems to be smmdarly free from marked sananon
No differesices of any note have been seen in the twelve straws® used at the Horron Centre
and most accounts of the org spond broadly wath th nnal deseription of Stephens
An excephiont 15 the report by Hauer {1937) of morphological changes of an ovale stram which
had been mameaned by blood passage st the Hamburg Instirute of Troprcal Diseases Abnormal
forms with 3 greater enlargement of the host cel and up fo 16 merozaxtes i the matwe
schizonts began to appear at the 22nd passage 2t the 38th passage there was a tendency to
revert fo the onginal form A similar tendency to produce up to 16 merozoses has been
reported by Gamnham er af , 2955

The comparative harmlessaess of P ovale ns fleeting appearance m the blood stream and
sts ranty suggest that P otale may be an ancient species approaching exunction {Wilson and
Wilson 1935) By thus assumption too we may perhaps explun the morphological stability
of the orgamsm

THE SPECIFIC STATUS OF PLASMODIUM OVALE
Most workers 1n malana are agreed that P otale despie uts fesemblances to £ vieay s
inherstable differences sn morphologry and behaviour and that these differences jusufy &8
independent specific status The evidence m suppost of this view comes marly from the work
of James and hus colleagues at the Horton Centre where P ozale has been used for malacio-
therapy since 1931 and some 366 patents hase been infected with panasses denved frem
Th v m tan vusdh 1 joo roromply d tntn e ngn th ¢ n at bl sh tth  gEm
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varied sources James er af (1935) have summanised the reasons for regarding P orale as a
vahd spectes
the distuncuve morphology 15 not changed on passage from person to person
the form of the parasite 1s mantamned through mosquito passage
the pigment arrangement 1 the oocyst 1s distinctive
the parasite 1s immunologically distinct, persons who are immune to P trzax have
been infected with P otale
the chinical course of primary ovale mfection 1s different from that of primary viax
mfection
We may add the further obsenvation of Garnham er al (1955) that the pre-erythrocytic
schizonts of P ozale are different 1n «ize and shape from those of P ereax
‘The speaific status of the parasite has been contested on grounds which are reviewed by
Giovannola {1935) Under parucular conditons P tszax may closely resemble P evale so
much so that 1n blood films the one can scarcely be disingusshed from the other One example
of ths ovale like morphology 1n P wizax 1s the Wagner Jauregg stram which was isolated 1n
1919 tn the Balkans and maintained by interhuman transfer after 14 years of passage from
man to man the strain had acquired the man morpholog:cal characters of P orale
1 The young trophozoites assumed a compact form at an early stage
2 Enlargement of the host cells was shight
3 The nucler divided prematurely and the schizonts averaged 13 merozoites agamnst
19 1n a strain recened from James
4 The gametocytes were small and scarce
On these grounds and on sumular evidence from others who had used P ryzarx for malanio-
therapy, Giovannola regarded P ovale as a modification of P e1tax produced by long continued
asexual propagation To most malaniclogists however the constant differences between P trrax
and P otale not only i form but also 1n the patterns of human infection have seemed to be
good reasons for regarding P o-ale as a scparate species and there 15 no doubt on the
convensence of the scparation
Shute and Maryon (1954) recalling a suggestion of the late Dr Wenyon that P ovale may
be a hybrd draw attention to the possibility that PP ovale may represent a cross between
P erax and P malariae For the questons raised by this interesung view there 1s no present
answer
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CHAPTER VII

METHODS OF EXAMINATION

The examunation of the blood 1s the one certam method of diagnosis—the only manner
0 which 2 positsve dragnosis of malaniazs 10 be made  {Thayer, 1900) The newer knowledge
of the hife cycles of the malaria parasite 1 the hurman host has done httle to weaken this posiive
statement From the examunation of the blood end from shis examination alone can we normally
make a positive drgnoss 1n the pavent sick wath malana The blood may be got from vaned
souzces, it may come from the superficral captlfaries, the arteries or the vems from thechtns
Widal tube or the surface of 2 placenta from the pulp obtamed by splemc punctute ot from 2
smear of the bone mamrow But, whatever may be the source of the blood the pricpls of
dugnosts are the same~—the parasites are sought 1 the red blood corpuscles, or thew by
products w the phagocytes The differences he 1n the methods of approach Ths chapter
Teviews some of these methods excluding those which mvolye the delays of the nosmat
histological procedures

DIAGNOSIS DURING LIFC

It 15 30 the pure and fresh setum i the mudst of the blood corpuscles that the parasites
are best studied  Laneran s statement has not stoad the test of ume In fresh blood the
unpsgatented organisms are vague and shadowy and eanily overlooked and the stuned film or
smear has long supp d the fresh prep for rounine d et we can ilf afford 10
abandon the methods of Laveran Only by an examunation of fresh blood can we study the
movements of the parasites and the refinements of distinction 1 the parterns of the pigment
which may semetunes provide the clue to the recogmtion of species and phase and an o0y
exarmnation of the hiving parasites can scarcely fadl to bring a deeper meanng to the appearances
we see m fived and stamed matenial Would 1t be fanciful to suggest that Marchiafave and
Bignamu described the parasites which were later called Plasmoduan tenyie when from a study
of the bving P falaparum they wrote of  forms i motion which ¢very moment are sezn 10
take successtvely the strangest shapes  and we may perhaps recall with humubiy that it was
from the hvng parasites that Golgs first defined the unfolding of the erythrocytic ¢ycle

Finger blood*~The routme diagnos:s of malania dunng life depends on the recognitien
of the parasites 1 stamed flms of blood from the penpheral crrculaon The source of the
blood whether capitlary venous or artemal s not important 1 diagnosis 25 the parsitc
density throughout the peripheral sascular system 1s fanly nniform but the copillary Blood
obtaned by & needle prick of a finger or an ear lobe has obvious adiantages All ether methods
are secondary and appropriate only under rather special arcumstances

Bone marrow-—Parasite forms which seldom reach the perspheral blood ar¢ common 12
the bone marrow The segmenting forms and the early gametocytes of P falaparum for
example seldom appear 1 blood films though they are ofien found uz marrow smears ’I'I:S
observaton first made by the easly Italian workers has led 1o 2 belief that an evamunanon of the
bone marrow may someumes zeveal the presence of mfection when parasites are net found i
the penphesal blood and for many ycars malaria workers have been antracted by the dizgnostc
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METHODS OF EXAMINATION 83

possibilities of the marrow smear But the published esidence on the relatse values of blood
and marrow preparations 3s curiously conflicung and we are left to presume that martow
smears have no assured place in the routme diagnosss of malana though they be useful m
spectal circurmstances

Films or smears of bone marrow for malaria diagnosts are usually obtained by sternal
puncture The techmque 1s simple and apparently safe though rather fnghtening to sensitne
pauents The man advantage clamed 13 that parasites may sometumes be found by sternal
biopsy in ch PP when repeated of the blood are negatne
No such advantage 1s likely in acute infections Zacharras (1949) from an examunation of
parallel films from the blood and sternal marrow in 41 cases of acute faloiparum malana
concluded that the density of parasttes was shightly higher in the penipheral blood than in the
sternal marrow and that sternal puncture 15 not 2 jusufisble diagnostic procedure 1n 2cute
faloiparum infection In vivax malana Rnutgen (1949) found that the parasites 1 the bone
marrow did not differ 1 numbers or distmbution from those 1n the peripheral blood but that
the conunued presence of pigment 1n the macrophages after the attack prosded a clue to the
diagnosis Fischer (1949) states that sternal marrow examnaton does not help in diagnosis if the
blood examuination 1s negative and 1s thus valueless in diagnosis Astken (1943) on the other
hand n a careful study of 95 patients behieved on clinical grounds to have malana found that
an examination of the sternal marrow was signsficantly more efficient than blood examination
With one excepion blood examinations were negatve whale sternal puncture yiclded positie
findings 1 39 patients Rumball ef af (1943) reaching simlar conclusions state their opinion
that sternal puncture has a special value 1n the diagnosts of Iatent malaria presenting as obscure
allness and that mn such cases 1t 1s a useful supplement to blood examination Bergeret (1951) has
expressed a similar view

Antken (1943) drew attention to the numerous artefacts 1n bone marrow films and smears
Platelets often aberrant in form are more than 1n the perip \F and may
Tead to errors 1n dragnosis Howell Jolly bodies by no means a raze finding i the bone marrow
may be mustaken for the chromatin of ning forms and basophilic red cells often large
srregularly stained and suppled may present puzzling appearances resembling erythrocytes
containing Schuffner s dots and badly staned trophozoites Portions of disintegrated myeloid
cells may be mterpreted as stages in the development of schizonts The non speafic nature of
these artefacts 15 wsually recogrused by the absence of malaria pigment and of a contaung

ythrocyte even so the of stained marrow preparations 13 1ot a responstbility to
be Iightly by the

Spleen— The abstraction of blood from the spleen 1s unnecessary as well for diagnostic
a3 for expenimental purposes whilst for the first purpose the exammnation of blood from the
finger 1s completely sufficient and for the second spleruc blood gnes very meagre results as
compared with those obtamned post mortem The operation 15 only 1ndicated under exceptional

(

1894) The forms of P falap may be found 1n
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84 DIAGNOSIS OF HUMAN MALARIA

the spleen when they are absent m the penipheral blood and spleen srears may reveal all
stages 1 the phagocytosss of parasites and pigment 2nd we may tecall as 2 point of focal
Tustorical interest that the proneer stadses of Wright {1901} on the matana parasties of Matsya
wese aided by the examnation of splemc smears But the potential risk of spleen puscture
outweighs the possible advantages and most workers to day would probably accept the view of
Mannaberg that spleruc puncture has no plice w malans diagnosis

Placenta—With sts stow blood circulation and large vascular spaces the placenta s 3
common stte for great sccumulations of parasites, parucularly of the scgmenting form of
fal Heavy ph it infe may occur with few parasites 1z blood films and
pasasites are sometimes found in the placenta when they arc apparenty absent from the
pertpheral blood Clark and Tomtmson (1549) give data based on the observations of Wather
and Wright m Sterra Leone on the relatne value of the placental and blood films i duagnosis
Parasnes nearly always P faloaparum were found m 199 of a series of 1 603 placentac exanuned
1 88 women with heavy placental mfections parasites wexe always found sn the penpherst
blood while blood examinations were negauve in about one third of the remaming 111 vomen
wyth light placental infection  Blacklock and Gordon (19.5) tecord 2 simdar finding amosg
150 partunent native women agasm 1n Sserra Leone the placenta was infected with P falapmun
m 55 of whom 45 showed no demonstrable mfection m the pesspherat blood

The placenta 1s usurlly an effecune barrier agamnst the transmissson of malfana 1nfecton
from mother to chdd even whern the placenta 1s heavily infected But the barrser may fal 4538
the congenital quartan mfection so graphically described by Sir Thomas Browne i 2 Jettet
written in of about the year 167g tohssson  Sir Ralph Hare s sister feli mto a genusae quartan
when shee was yong w1th child wuch held her long and when shee vame to her tme shee %28
defivered of a daughter sn a fitt and the chuld was so sif that none thought shee would Ine butt
it grewe better but on the thord day, about the hower of 1is birth felf 1nto 2 fitt of an ague
and so agayne the thued day after 2ad that quartane settled and lasted for divers monpeths bt
shee was emaciated to skinne and bone bu shee 15 now of the age of 18 yeares apd2
very full young woeman * Why the placents normally so efficient an protectng the foetus
from malana infection spoula somenmes fad whether on account of mpury dunng buth of
from some other cause 13 0ot known

Maost of the published rmf on ! sfection 111 malana comes {rom
terntones where the maternal rate and p the maternal 15 fasrly
hugh Congenttal talana under these cireumstances 15 apparently rare 1n the senes summansed
an table 22 13 congensal mfections only were recorded among 3 676 infections Joues (3959)
however reporung 3 congenutal infections among 54 nfants born of European mothers makes
the that the effi of the placenta as & baryier to mfection mav %
related to unmunity in the mother Peeland Van Hoof (19482) moreover have found that the
placentae of natwe women 1n endemic areas CoMA 30 LROIMOUS number of phagocsies—2

obstacle to the k 1 passage of the orgamsm
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Table 22—MALARIA INFECTION IN THE MATERNAL, PLACENTAL, CORD, AND INFANT, BLOOD®
PERCENTAGE WITH PARASITES

Authors Cases  Maternal  Placental  Cord  Infant
blood blood blood  hlood

Clark (1915) 400 - 5 o025 —
Blacklock and Gordon (1925) 155 6 38 ° ]
Schwetz and Pee) (1934) 56 £8 74 6 K]
Garnham (1938) 404 30 2
Peel and Van Hoof (19482) 403 66 49 no congenstal
Bruce Chwatt (1949) 450 — 6, infections
Walton (1947) 2154 Seven congenital infections
Jones (1950) 54 Three congenttal infections

1f on mulydus oF f1pa m

Skin—Peel and Van Hoof {1948b) have recendy drawn antention 1o the possible and
hitherto unsuspected ¢ 1¢ of the skin as a site for the schizogonic development of P faliparunt
From fifty infants and young children in the Belgian Congo known to have falaparum malana
they examined films which had been prepared from the tissue jurce expressed after scanfying
the skin In these films they found P falaparum at an advanced stage of growth someumes as
many as on¢ mature schizont 1n each thin film field whereas ring forms only were present i
blood films The parasite densities in the finger blood and mn the ussue juice were about the
same Their observations hase been confirmed by Van den Berghe and Chardome (1951) who
state that parasites may often be found by the skin scanfication method when they are not seen
1n blood films Recently Chardome and Janssen (1952) have found the method 1o be efficent
also 1n the diagnosis of vivax and malanae infections

‘These interesting and important obsenvations were made among the indigenous peoples of
the Belgran Congo where the malara 15 hyperendemic The results of tnals elsewhere
parucularly in areas where there 1s less exposure to repeated nfecuon will be awaited with
great interest

Venous blood—Malina diagnosis from venous blood 15 approprate only under
special circumstances The blood 1s conveniently drawn from a vemn for parasite cultures for
methods of and for the prep of a large number of films as

material for teaching
From blood clot diagnosis dunng lifc 1 often po sible but seldem necessary The method
15 appropriate when the blood clot alone 13 avartable for examuination when for example blood
has been sent to the labomory mn 2 test tube for some other examination and a search fnr
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36 DIAGNOSIS OF HUMAN MALARIA

malana alsa 15 thought necessary  For a shost tme after the blood 18 draws the parasites show
listle change tn appearance Within a few hours however, they begin to contract and to stun
s0 deeply that the 4. between p and ch 15 lost and the organsms
resemble Jarge coce1 and after about twenty four hours wath the clot kept at the temperature of
tropical countries, the parasites become degenerate and unrecoguisable

Malania diagnosss from clotted venous blood 15 convemently made from thun or thik
films The films may be taken direct from the clot but films prepared i tins way are kikely to
be rather messy and the appearances of the parasites may be confusing A mose laborous
but better method bas been suggested by Denes {r931) The serum having been remosed with
a pipette and the clot shaken up and then discarded the dregs are spun in 2 centrifuege and
filns are prepated from the deposic

Pigmented leucocytes— There are cases of mild summer tertian where someumes ttis
umpossible to find parasues 1 the blood of the finger durmg short stervals of tume, but the
pgruented white blood corpuscles enable the physician 1w disgnose the mfection s malangl
Even after a cure has been effected by the extinction of the acute 1nfection one may sull se¢
pigmented leucocyres w the blood for five sy, or eight days The polynucleated cells are not 50
often pigmented as the large mononucleated cells, while the lymphacytes and eosmophd white
blood corpuscles neser coptamn pigment or other debnis  (Marchafava and Bigoame 1824)
We can add Iittle to these observations Phagocytosis of parasites and pigment by the large
mononuclear leucocytes and by the il polymorphs, cccurs throughout the reuculo
endathehial and vascular systems, paruculacly 10 certan of the wviscera The phenomenon 1
most active so0n after segmentation 12 may be seen 1 films from the perpheral bood though
only s 2 munor eprsode 1 a drama which 15 played out manly 1a the soer organs The pgment
bearing leucocytes circulate for some days even when the parasites have disappeared from the

as a result of When seen m blood fitms they are conclusive evdence of
present or past malana the only decisive mictoscopic evidence apart from the actuat findsag of
the parasites

Leucocytes contaming malana pigment are often seen 1 blood films dusing acute anacks
smore often m faleiparum thaa 1a vivax or quartsnmalana and m heavy rather then w hght
snfections They seldom contnbute to dragnosis during acute attacks  but on occasion dunsg
an ebb m parasitaemviz ot £or a few days afier the subndence of an attack they may g
positve evidence of infection when the search for parasiies has been unsuccessfil

Blood prcture—Macchuafava and Bignami (1894) held the view that wm most cases e
white corpuscles decrease in number both relauvely and zhsolutely duning the malanal 18
fection 0 that when the blood of persons suffering from malana happens to show2

ble wcrease of p 1 il whate blood les we must asseme $He
exstence of another mfection  Some years Iater Thomson (xg1x) working under the diecton
of Ross formulated three Jaws  goverming the behavionr of the lencocytes 1 malania

Law 1—Dunng actve malarsa the number of total leucocytes m the penpherat blood 15
below normal and vartes more or less versely sith the temperature

Law 20 malassal feser the Curve sepresenting the percentage of total moponutieat
leucocytes 1s the exact mverse of the temperatuce curve

Law 3—In convelescent or apparently cured malama transient perodic Jeucorytosss
occur m the perpheral blood and these lewcocyte fluctuations asise chuctly from 2 polynuciear
varation
Deve G lsan R K b dup  semaling sdnal 3gv nrur (Abwec Tep Du Bl w3z 2938
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MLTHODS OF EAAMINATION 87

The thythmue swing 1n the number of monenuclear celis over an amplitude of from 20 to
40 per cent continues 1nto convalescence and according to Thomson justifies a diagnoss of
malana even though parasites are no longer found 1n the blood (The term  monanuclears 15
used by Thomson to include [ymphocytes as well as the celfs now more usually known a3 farge
mononuclears)

Something of the diguty of these laws  has been lost with the years They reman
broadly valid but they have been weakened by tnconsistency and they are no longer held as a
bass for confident malatia diagnosis hop (19.1) for example found the mononuclear increase
1n malana to be capnicious and suggested that a shuft to the left 1n the Ameth count—that1s a
fall 1n the number of lobes 1n the polymorphs—might be 2 more constant duagmostic sign
Manceaux (1939) states that early in the attack there may be a leucocytosts which gives place to
a leucoperua as the attack progresses Jamies (1922) refers to an early leucocytosss particularly
m falaparum infections while Katchen (1949) found Lrtle vanation in the total leucocyte
count dunng attacks With these incansistenaies it seems that little reliance can be placed on
leucocvte counts 1n the diagnosis of mataria but that certain changes should arouse a suspicion
of malana and encourage a sustained search for the parasites These changes are—{(a) 2 lenco-
pema with a relative mononucleosss 1 fevers of unknown ongin and (b) a rhythmuc fluctusiion
on the mononuclear counts in suspected chronic mataria

methods of “The of diagnosts 1n latent malana have

fong b::n known The parasites may be absent from the blood crrculation and a suspicron of

mafaria ansing from a suggesuve history and an enfarged spleen may be hard to confim

There 1 evidence howenee that under appropnate physical ot chemucal sumuh parasites may

be washed mto the blood stream from their hidden retreats in the internal capillanes and

numerous attempts have been made to turn this effect to disgnostc advantage the so-called
provocatne  methods of dizgnosis

Sassen (1919) and Padilla (19.6) have clasuficd the provocatiie agents 1 malana
substances acting through protein shock—serum vacaines midk

substances acting en the airculation—ergot adrenzlin pitwitary extract sirychnne
substances acting on the parastes—quimne arsemc

rhysical agents—hot or cold douches or packs vapour baths massage and faradt
zauon of the spleen X rays insolation and ultra wiolet rays (fatigue and exposure
10 cold should perhaps be added 10 this hist)

- w o

Numerous reports suggest that cxposure to one or other of these stimuh may provoke 2
relapse in matana but the results of a deliberate application of provocatne methods for malana
diagnosis hase been inconsistent and their value has not been generally accepted. ‘The best
methods according to Sassen (1919) are those which depend on imections of 2drenalin or
exposure to hght rays with physical exercise Daza (1919) and Bouyouces (1933) believe that
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36 DIAGNOSIS OF HUMAN MALARIA

malarsa also 13 thought necessary For a short tume after the blood ts drawn the parasites shos
histle change 1n appearance. Withun 2 few hours, however they begin to conteact 4ud to stus
so deeply thar the d bemeen cytoplasm and ot 18 fost and the otgamsms
resemble large cocer and afier about twenty four hours with the clor keprat the temperatore of
tropyeal countries the parasites become degenerate and unrecognisable

Malana dsagnosts from clotred venous blood 13 convenenty made from thin or thik
fitms The films may be taken dsrect from the clot but filims prepared 1 this way are bkely to
be rather messy and the appearances of the parasites may be confusing A more kbonous
but better method has been suggested by Denes (1931) The serum having been removed with
a prpette and the clot shaken up and then discarded the dregs are spun sa & centrafuge and
films are prepared from the deposit

Pigmented leucocytes— There are cases of muld summer tertian where sometimes st
mmpossibie 1o find parasites 1n the blood of the finger dunng short mtersals of ume but the
prgmented white blood corpuscles enable the physician to diagnose the amfectson as malane!
Even after a cure has been effected by the extincuion of the acute infection one may sull see
pigmented leucocytes i the blood for five six or eight dass The polynucleated cells are notso
often d as the large Jeared cells whle the Iymphacytes and eoswophl whie
blood corpuscles neter contum prgment or other debns  (Marchiafna and Bigoamu 1854}
We can add lutle to these obsemations Phagocytoss of parasites and pigment by the large
smononuclear leucocytes and by the neutrophsl polymorphs occurs throughout the reucule-
endothelial and vascular systems particnlarly i centan of the wscers The phenomeson 15
most actve soan after segmentation st may be seen 1 fitms from the perspheral blood though
only as a munor episode 1n 2 drama which 13 plag ed out manly m the snner organs The pigment
beanng leurocytes airculate for somc days even whea the parasies have disappeared from the
circulation 2s 2 resuit of trestment When seen 1n blood films they ate conclusive enideace o
present or past mafarsa the only decasise mueypscopie evidence apart from the actual finding of
the parasttes

Leucocytes contammng malang pigment are often seen an blood films dunng acue atpacks
more ofien 1n faloiparum than 1 vvax or quartan malara and n heavy rather chan @ Lght
snfecuons They seldom contribute 10 diagnosts duzing acute artacks but on pecanon dunng
an ebb . parasuaerma or for 2 few days afier the subsidence of an antack they may bong
posiuve evidence of infecton when the search for pasasizes has been wnsuccessful

Blood picture—Marchiafava and Bignamu (1894) held the view thar i most casces e
white corpuscles dectease 1o number both relatnely and absolutely dunng the malanal 18
fection 50 that when the blood of persons suffering from malana happens to showd

ble mcrease of polpnuch d white blood corpuscles we must assume
exstence of another infection  Some Years later Thomson (fg31) working usder the duecnod
of Ross formulated three faws governing the behaviour of the leutocyies tn malanz

Law 1—~Durmg acuve malera the number of total lencocytes i the paripheral blood 1
below normat and vanes more or fess v ersely with the temperature

Law 2~—In mafarml fever the curve represenung the percentage of total mononudea
Jeucocytes 5s the exact inverse of the tempersture curye

Law 3~In convalescent ot apparently cured malana twansient periodic lcum‘;”“
oceur in the penpheral blood and these lucocyte fluctuations anse chefly from 2 polynuciesr
Varaton
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METHODS OF EXAMINATION 87

The rhythmic swing 1n the number of mononuclear cells over an amphtude of from 2o to
40 per cent nto i ce and to Thomson justifies a diagnosis of
malaria even though parasites are no longer found tn the blood (The term  mononuclears 15
used by Thomson to include Iymphocytes as well as the cells now more usually known as large
mononuclears)

Something of the dignity of these laws has been lost with the years They reman
broadly valild but they have been weakened by inconsistency and they are no longer held as a
basis for confident malaria diagnosis kop (1921) for example found the mononuclear increase
1n malana to be caprictous and suggested that a shuft to the left in the Arneth count—that1s a
fall 1n the number of lobes 1n the polymorphs—mght be a more constant diagnostic sign
‘Manceaux (1939) states that early in the attack there may be a leucocytosis which gives place to
a leucopenia as the attack progresses James (19..2) refers to an early leucocytosss parucularly
1n falaparum infections while hatchen (1949) found lirtle vanation 1n the total leucocyte
count during attacks With these inconsistencies 1t seems that lirtle relrance can be placed on
leucocyte counts 1n the diagnosis of malaria but that certain changes should arouse 2 suspicion
of malana and encourage 2 sustamed search for the parasites These changes are—(a) a leuco
pema with a relative mononucleosts 1n fevers of unknown onigin and (%) a thythmuc fluctuation
on the mononuclear counts 1n suspected chrome malaria

hods of “The of diagnosis 1 latent malarsa have

long been known The parasites may be absent from the blood circulation and & suspicion of

malana arising from a suggestive hustory and an enlarged spleen may be hard to confirm

‘There 15 evidence however that under appropriate physical or chemical stimult parasites may

be washed 1nto the blood stream from their hudden retreats in the internal capillaries and

numerous attempts have been made to turn this effect to diagnostic advantage the so called
provocative methods of diagnosis

Sassen (1919) and Padilla (19.6) have classified the provocative agents n malaria
substances acting through protein shock—serum vaccines ik

substances acting on the circulation—ergot adrenalin pitustary extract strychnine
substances acting on the parasites—quinine arsemc

physical agents—hot or cold douches or packs vapour baths massage and faradi

zaton of the spleen X rays insolation and wltra violet rays (fatigue and exposure
to cold should perhaps be added to thus hst)

o owo

Numerous reports suggest that exposure 1o one or other of these sumuli may provoke a
relapse 1n malaria but the results of a deliberate apphcation of provocatiy e methods for malaria
diagnosts have been mconsistent and their value has nat been generally accepted The best
methods according 10 Sassen (1919) are those which depend on imjections of adrenalin ot
exposure to light rays with physical exercise Dazz (1919) and Bouyoucos (1933) beheve that
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88 DIAGNOSIS OF HUMAN MALARIA

adrenalin 13 the most useful drug they state that a subcutaneous mjection of one mdligram
drives the parautes ita the blood stream and does not provoke an attack. the parantes temem
m the blood for several hours, diagnosss 1s nsually possible after recent attacks but often fusls
dunng prolonged latency Sinton (1925),teo found that adrenalia syectrens had Itvle &

value dunng latency i vivax malara

The behavivur of the malana parasnes during latency s now better known v atinfecuons
may persist in the parenchymal cells of the hver rather than m the sinuses of the spleen and

under these adrenzhin would be likely to fad When however theress
al low grade eryth an jecnon of adrenalin may hase a hmted
dsagnostic value

Cultivation of the parasttes—The growth of maana parasites normally ceases m blood
which has been s ithdrawn from the body Bass and Johns were the first to show that continued
growth 1n a test tube for at least one generation ss possible when a Lide devtrose 15 added to
blood from which the fibrin has been removed The method 15 sunple, and the use of parssite
culiures as an a:d 10 dragnoss has been suggested on the grounds that parasites may sometimes
be recogrused 1n cultures when ozdinary blood films are megatne Parasites ads anced (n growth
3t was thought, mught be more easaly recogrused than young rnps the selective fayermg of
wfected cells mught lead to a concentration of the parasttes and there seemed also to be &
posstbility that the orgamsms mught actually multply n culture Rnowles and Sensor White
{1927) regarded the cultvation of the parasites as one of the best methods of malersa disgoons
m difficult and obscure cases Field (1932) on the other hand 10 a companson of parssite
cultures and thiek blood films m 76 acute infections found that caltures contnbuted Lite
which could not be got more simply from ordinacy blood films Diagnosis from cultures 1t
seems rmght be useful when the parasites are few Our own expertence however leads wto
beheve that the ime taken to cultrvate the organssms might be spent more wsefudy 1a 2 thorough
exarmnation of senal thick Hims

i of the p tes—The first atempt ro concentrate malana parssies for
quicker dragnous seems to have been made by Laveran (1891) who added a drop af waket to
Take the blood and was able 1 this way to throw the crescents into bolder relef There was hitle
concentration of the orgamsms but the germ of the dea was these Ten years Jater Ross (1903)
adopung the same principle of haemelysts obrauned the first effecuve concentratton the thick
film method which bears his name This method modified and mmproved 15 now a stundasd
method of malaria diagnosis throughout the world

The concentration of parasttes attawed by the thick film method has physical brauons
Excessnely thick films are 5ot transpazent enough for microscopic exanunation and a fwenty 0
forty fold concentration s the useful lmue Further concentration 1s possthle however of one
takes advantage of the difference mn speatfic geausty between mfected and non infected cells
The red cells contamng the larger parasites are hghter than normal cells they tend o nseto
the top when the blood 15 prevented from clotting and allowed to settle or else spun 38 2
centrifuge The leucocyres are still bighter The column of celis 1 the spun tube will funce
separate mito layers with the feucocytes at the top the mnfected erythrocytes just beneath 20d
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METHODS OF EXAMINATION 89

the uninfected cells at the bottom Bass and Johns (1915) 1n the course of their work on the
cultwvation of the parasites were apparently the first to recogmse this sepa ation of the mfected
cells 1n blood suitably treated and to devise a practical and effective method of concentratng the
larger parasites without destroying the red cells Their method described on p 109 achieved a
Tugh concentration of the larger parasites fahing only with P malariae and the young tropho
zottes of P faltparum The principles lad down by Bass and Johns have been apphed by later
workers with many vanations from the sumple method of Landewro (1934) who used the
sedimented blood 1n a Westergren tube ta the elaborate method of Berhier ez a (1948) who
obtaned a concentration of P zrzax so high that infection could be recogmsed when the density
1n the original blood was as low as one parasite for every ten cubre millimeters For 2 descripion
of some of these methods the materested reader 1s referred to the original papers Their mamm
defect 15 that they ate efficient only with P tzax and wath the gametocytes of P fal spartm

Other workers have sought to concentrate the parasites by laking the blood and preparing
films from the centrifuged deposit One of the early methods was that of Rrauss and Flermung
(1916) who added the bleod to a citrate saline formalin solution and prepared films from the
final depout after the blood had been spun twice sn 2 centrifuge—the first tume to separate the
leucocytes the second to throw down the parasites Halawam and Sobky (1939) recommended
the addition of 0 5 ¢ cm of blood to 10 c em of a one per cent acetic acid solution the muxture
was spun for 10 runutes at high speed and films were made from the deposit Szauter (1937)
devised a method based on the same principles Christophers and Fulton (1939) working with
P knowlest obtamed a cleaner lysis of the blood by mixing the sedimented cells with an equal
volume of sahne and adding o 2 per cent saponin to the mixture In all these methods the red
cells are destroyed but unlike the methods which depend on a layening of cells of differmg
specific gravity these methods concentrate all the parasites mcludmg the young rings of
P falaparum Thewr main drawback 15 that the parasites are sometimes distorted and difficult
to Tecognuse

Concentration methods take time and they depend on the resources of a well equipped
laboratory They are necessary when a high density of parasites 1s needed for investigation and
they have a hmited chimcal value under appropriate conditrons but our own experience of
several of the methods described has left us with an unshaken confidence m the ordinary
thick film methods for routine diagnos:s
DIAGNOSIS AFTER DEATH

Hemnrich Meckel (1847) seems to have been the first worker to find and describe pigmented
bodies—which were almost certainly malaria parasites—in the blood and organs of a patient who
had died from malania The subject 2 patient 1n a Junatic asylum had suffered from malaria and
post mortem examunation revealed a very large spleen and a slate coloured stauung of the grey
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90 DIAGNOSIS OF HUMAN MALARIA

substance of the brain The blood from all parts of the body contamed black pigment esther
lying i the capillanes or squeezed out of the vessels Invariably a more or less great number of
black irregular granules were umted by a colourless substance to a globular, egg shaped or
fusiform body, the size of these bodies amounted to 002 to 007 of a line * The bodies were
most numerous 1 the vessels of the grey matter of the bran ~ We may surmuse that these
bodies were the schizogonic forms or gametocytes of P falciparum and m thus description we
‘may perhaps the b of autopsy diag: 1 malaria based on the presence of
the orgamusms But more than thurty years were to pass before the pigmented bodies were seen
1n their true light as ving organsms
Deaths from acute malania are nearly always due to Plasmodium falcparum Few pattents
die from uncomplicated vivax or quartan malara though repeated attacks in longstanding
anfections may contribute 0 a fatal 1ssue The Malaria Research Division of this Institute has
treated 1,362 patients for acute vivax and malanae infections mm past years without a death
durectly attnibutable 1o the malaria, but 57 of the 2 450 patients treated for acute falciparum
malaria died as a direct result of the infection Clark and Tomlinson (1949) report a similar
difference 1n Panama, 1n a study based on autopsy matenal from 45 patients who had died
from malania P falcsparum was the only parasite mnvolved We may perhaps deduce from this
evidence that deaths attributable directly to malana are hkely to be due to P falesparum, and
that the discovery at autopsy of small numbers of P vizax P malariae or P orale does not
necessarily mean that parasites of these spectes were the cause of death
Positive evidence of malaria from autopsy examunation must come from the microscopic
demonstration of malania parasites or pigment 1n sections smears or films of the tissues The
fi of histol ble though they may be are often dented to
workers 1n the under developed areas of tropical countries and 1 this account we shall consider
only those methods of examunation which are practical i any small up-country hospal or
dispensary
AUTOPSY WITHOUT DISSECTION
In Mushm countries, there are strong tradional and religious objections to post mortem
which involve d of the body In these circumstances the diagnosis of
malaria after death must be made from blood taken from the superfictal capillacies or vews or
from matenal withdrawn from the body with a syringe and a large explonng needle It will
seldom be possible to get satisfactory films from the finger blood—the blood 1z the superficial
capillaries soon becomes clotted or laked—but for some hours 1t may be possible to obtan blood
from the superficial vemns Some of the films from which Watson (1903) make his proneet
observatons on the development of the crescent were taken two and a half hours after death
from the superficial veins of the arms Later the tissues most likely 1o yreld posive evidence
are the bramn the heart blood, and the spleen
Bram tssues sufficient for malaria diagnosis may be obtamned by the method recommended
by Damels and Newham (1923) A large explonng needle 1s passed through the orbial plate
of the frontal bone suction applied with 2 syringe after stirring the bram a Little with the needle
will usually bring away enough tissue for examunation There 33 no disfigurement as the peedle
18 passed through the conjunctiva under cover of the eyelid The bram tissue while still mosst 15
squeezed between two shides which are quickly separated 1n the plane of the surfaces 1o produc”
two thin smears The colour drawing which appears as plate XLVI was made from 2 bran
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METHODS OF EXAMINATION 9L

smear prepared by Dr ] F B Edeson in this way Fuller details of the preparation and stammng
of the smears are given on p 105

Diagnosis may also be attempted from the heart blood or spleen pulp stmuarly obtaned
with an exploring needle The blood 1n the cavities of the heart remans flud for a variable time
after death and the spleen pulp 1s not sertously affected by post mortem changes for a few
hours With prolonged delay however the heart blood clots and becomes crowded with
saproph tic organisms while the parasites and cellular elements of the spleen may become so

astobe 1n stained The methods of preparing films and

smears are more fully discussed on pp 102 107
AUTOPSY WITH DISSECTION

When death 15 due to acute malana the parasstes are likely to be distributed throughout
the vascular organs The density of parasites will probably be high though death may occur
when the numbers have been greatly reduced by treatment (see table 5) Positive evidence of
malana will usually depend on the demonstration of parasites or pigment 1n the bran the blood
of the heart or great veins the spleen pulp or the bone marrow * ean and Smuth (1944) have
recorded the frequency with which parasites were found at autopsy 1n these tissues {table 23)

Table 23-~MALARIA PARASITES OR PIGMENT IN VARIOUS ORGANS FOUND AT AUTOPSY IN ONE
HUNDRED FATAL CASES OF FALCIPARUM MALARIA (data from Kean and Smuth 1944)

Blood Bram Spleen Bone
marrow
Parasttes 66{96 71/100 6898 5887
Plugging of capillanes — 16/97 — —
Pigment — 68100 91/99 64/87

Blaed—Blood for the preparation of films may be got from the heart or from the portal
vemn The blood may not clot for some constderable ume and the parasites may be easily
1dentified 1n films made within a few hours of death But the difficulnes mncrease with delay
and after about twenty four hours diagnosis becomes unrchable the films are likely to be poor
and the parasites unrecogmsable while 2 rank growth of saprophytic bacteria may obscure the
MICTOSCOPIC Picture

Though the parasites in blood taken from the dead body may be readily rdentified they
are often changed m appearance Foratme the young trophozoites retam the usual ring form
but after a few hours they tend to contract and to appear in stained films as small solid looking
bodies superficually resembling large cocet
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92 DIAGNOSIS OF HUMAN MALARIA

Bram-—~When the brain 55 hea ily mfected the Pparasites can nsually be demonstrated in
the capiliarses for many hours after death, exther m fresh matenal or 1 staned smears

Fresh brain may be examned under 2 covershp A fragment of cortes or medulla s placed
on 2 glass shde and squeezed thin bencath a covershp unul 2t spreads to the edge When the
parasites are advanced in growth the pigment granules ranged m long limes along the course of
the capillanies may be recogmised with 2 1/6 dry objective, and readily identified with the
1/12° ol ammesston The nse of polansed hight s 2 derable help in the of the
unstamned matenal (p 94) The distribution of infection m the bram 1s sometimes paichy, and
matersal from seserat areas should be exanuned including the basal nucle: and the cerebellum

Excellent bramn smears may be prepared by the squash’ mrethod descnbed on p 105 The
captliartes are well preserved and can often be traced for a longer distance than 1s possible 1
sections The parasites should be sought vithin the capillanes, though 2 few may be found
lymgfre They are usually advanced 1z growth, often with well formed pigment, as 1t 3s at this
stage that stagnation 1n the braxn seems to occur (plate XVII) Thewr numbers vary from very
few to massive 1p filhng the distended 3t P} cells
heavily laden with malarra pigment and resembling those found an the pesspheral blood may
ard chagnonis when the parasites are few but phagocyto 1s 1s much less evident i the bram than
m the spleen and bone marrow For some hours after death, even at the temperatuses of trapical
countries the parasites are likely to stam well enough to be recagnised but after about twenty
four hours the cytopla m distntegrates and the stamed chromaun has a blue tinge In thest
crrcumstances the charactersstic pigment may provide the clue to diagnosts

When the cerebral capillanies are but kightly infected we may presume that the parasies
dusing fife were able to crculate freely and that the brara was probably no more myolved mn the
mfection than other otgans But when a paent dies 1 coma and the bran capilianes ae
packed tight with parasites the assumption 1s not unreasonable thar the two phenomena are
related Marchuafava and Bignamt (1894) 1n thew study of the malignant malana fevers, gne 2
serses of g chinical p of severe falcrp: malana, with 1B 43¢ Cases
Among therr patients were five who died 1 coma four with massne bramn mfection * Ths
early reco d wlustrates 2 relavonship which has since been generally accepted, though not
without tesesvaton Thete tifth pauent was admuted to hospital 1o coma with 20 wmense
quantaty of plasmodia 1z the blood He remammed m coma for two and a half days 20d then
he died despite energeuc quinne freatment The bram was Lghtly iofected only 2
few capillanies contunung parasites Coma 1t seems, developed 1 this patient wathout the
spectacular blocking of the bramn caprliaries found sn the other four cases

These observations have been amply confirmed Stupor coma and the oth‘tf unmé
nervous symptoms of cerebral malatsa, are often d with heavy o
patasttes in the brain bt there are cases m which this apparent cavsal relationshop 18 Jes dwd
hean and Smuth (5944), for example 1 thewr studies on faral falapamm infect;on  YeooX
twelie cases which though classtfied on chmcal grounds as cercbral malana, showed 20
partcolar sccamulation of parasites in the bram For this apparent anomaly these scets 12 be
no 1l The mamn p open to us are

(a) that a blockage of the brum capillanes always occurs 1 cerebral malarss but that 1::
may be transtent and telieved by reatment even though the patent succum:
10 the mfection
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(#) that a focal blockage of cerebral capillaries may occur 1n areas mot selected for
examation at autopsy Clark and Tomlinson (19.49) state that one area of the
cortex may show only scattered parasites while other areas reveal almost complete
anfection of the red cells

(¢) that stupor or coma n malaria may be due in some cases to blockage of the bram
capillanies but that there are other causes

(d) that there 1s no causal relationship between the blocking of the brain capillaties and
the cerebral symptoms of malarta

For fuller on this and Ived problem the reader 15
referred to the recent accounts of Maegraith (1948) Clark and Tomhinson (1949) Rugdon (1942)
and to the studies of kmsely et a/ (1945) on the phenomenon of sludging of the blood i
faral knowles: malarta 1n monkeys A short review of the problem with particular reference to

sludgmg  of the blood and to the theoretical promuse of hepann in treatment will be found
1n a recent number of the Medical Journal of Austraha

Spleen—Malana parasites at all stages of schizogony young and mature gametocytes
and large accumulations of malarta pigment in the phagocytes are often present i autopsy
films or smears from the splemic pulp of patients who have died from falciparum malana The
density of parasites depends largely on the duration of treatment before death when the
fections have been lntle influenced by treatment many parasites often mature segmenters
may be found 1n every field of the mcroscope but a few days of treatment may greatly reduce
therr pumbers Malaria pigment 1s always promunent particularly in the later stages of infection
and 1n treated infections the pigment may afford the main perhaps the only diagnostic evidence
The pigment may be scattered 1n small compact rounded masses denved from the mature
segmenters but most of 1t 1s likely to be found aggregated imto dense collections tn the
phagocynic cells

The parasites 1n the spleen pulp lke those i the blood degenerate after the death of the
host they undergo cytolysis stan badly and become difficult to identify These changes
proceed rapidly 1t warm countries where degenerative changes m the parasites and cellular
clements of the spleen may be far advanced withm twenty four hours

Bone marrow—Autopsy smears from the bone marrow ik the smears from the spleen
pulp show parasites at all stages sometmes with young gametocytes 1n Jarge numbers Malaria
pigment may usually be seen both in the phagocyne cells and lying free but pigmentation 15
usually less than 1 spleen smears As i the spleen the number of parasites 15 Iikely to be
related to the termmnal parasitaermia after prolonged treatment they will probably be few i
number or even absent

SPECIAL METHODS OF MICROSCOPY

Speciat optical effects designed to bring malarsa parasites or particular structures withun
the parasites 1nto clearer defimtion have been recommended The more umportant are those
which depend on dark ground illumnation fiuorescence polarsed hght or bight filters trans
murting a particular band of the spectrum
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94 DIAGNOSIS OF HUMAN MALARIA

Dark ground mucroscopy—The use of dark field illuminaton 1 the examunation of
blood films for malana 1s recommended by Wolter (1932) Goosmann (1936) and Packer (195)
The one outstanding menit of this method 15 the brilhant definjnon of malara pigment.

Parasites which contain pigment particularly and forms
stand out 1n briliant contrast on the darkened field The method 1s sard to be particularly
surtable for d £l ofthe male The technique ssless sensiive,

however than the ordinary thuck film techmque and s the young unpigmented trophozoites
are not visible 1n the darkfield the method 15 useless for routine diagnosis

Fluorescent microscopy—Malania parasites fluoresce a bright yellow when stamed m
ordinary thin films with a weak solution of berberine sulphate or rivano! and exammed by
ultra violet light Unlbike dark field mucroscopy which illurmines only the pigment, the
fluorescence method lights up all the parasites, even nunute unpigmented nings Metcalf (1945)
has used thts method with success 1 routne diagnosts It 1s simple and apparently reliable
but 1t needs special equipment and 1t 1nvolses a sacnfice of the stipphng of the host red cells
and of the colour contrasts within the parasttes which are so useful for duagnosis m
Romanowsky stained films A hmuted trial at this Institute by Dr J P F Whelan did not
encourage us to proceed further with the method

Polarised light—Viewed by polarised light malara prgment glows brightly on 2 dark
field Most of the substances which might be mustaken for malaria pigment do not glow 1n this
manner This behaviour, noted by Schaudinn many years ago, may sometimes be turned to
dragnosti. advantage Not only may the pigment distribution 1n a stamed parasite be defined
more clearly than 1s possible with ordmary light but malarsa prgment may often be disunguished
from pigment granules of non malarial otigin The techruque 15 extremely stmple requinng oo
special equipment beyond a couple of preces of Polarord and a brght source of light Withan
ordimnary stained film under the microscope and the light set as brightly as possible, one prece
of Polarord 1s placed in front of the mictoscope lamp replacing the filter, while the other 13
held m the hand and rotated above the eyeptece until the microscopic field becomes datk We
have wsed this method for some years not for roptne dimgnosis—for which 1t 15 quite
unnecessary—but as a check on the 1dentity and distribution of pigment granules

Laght filters—The colours of staned matenal can usually be enhanced by the use of
sustable ight filters The use of pale blue filters to reduce the excess of yellow rays 1 arnfi
Iight 1s normal practice 1 y Cares (1943) ds the use of a hight red filter
(Wratten light red filter E series 238 Eastman kodak Company) to factlitate the recognition
of the parasites i routine diagnosis Thus filter has 2 spectral transmussion band parallel 1o that
of eosin the red cells hence appear highter while the blue stamed cytoplasm appears darker due
to the absorption of the biue and green The sumplest form of the E filter 1s the dye staned
gelatin film supplied m one inch and two inch squares, these can be cut and fitred enher 1
front of the lamp above the sub stage condenser or i the eye piece We have tried this method
but have not thought the ad enough to p for the degrad: 1n the colours
of the Romanowsky stams Other special effects are useful mamly for photomicrography
Deep blue filters are useful to darken the pigment and to throw the granules into sharp contrast
while green filters give excellent defimtion of cytoplasm without unduly masking the chromauzt
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CHAPTER VIII

TECHNICAL MISCELLANEA *

THE ROMANOWSKY STAINS

However obscure may be the mechamsm of Romanowsky staming the empinical principles
are smple The Romanowsky stams are neutral compounds 1n which both basic and acidic
radicles have statming properties The basic stains are methylene blue and the oxidauon products
of methylene blue known as methylene azure the acid stan 1s eostn Combined these
substances form a mxture of the eosinates of methylene blue and of: azure
blue stains the cytoplasm of malana parasites eosin stains the red cells eosin with azure stains
the puclear chromaun Tonic dissaciation of the staming radicles occurs when water 1s added to
alcokohe solutions of the stam  dissociation at a pH around neutrality ensures the correct range
of colour The permutations of techmical method by which those requirements can be met are
many and vaned and the hiterature of the past sixty years bears witness 1o the incessant search
for the 1deal combination Thus account describes the particular methods by which the material
for this Study was prepared and staned

The Romanowsky effect—Methylene blue 1s a poor stain for the nuclear material of
malaria parasttes 5o too 1s eosin But when the two stamns are used together therr actron 1s
modified if the methylene blue 1s old The nuclear chromatin then stams red This effect the
Romanowsky effect has been explaned by the assumption that the owudaton products of
methylene blue act as a mordant preparing the chromatin for the staining action of the eostn
But there are other explanations What 1s certain 1s that the effect 1 produced by a dual action
of eosin and of the substances in methylene blue which have been called the red out of
methylene blue  To these substances the name a.ures has been given

‘The azares are oxidation products of methylene blue formed by the replacement of the
CH groups of the molecule by H atoms Methylene blue 1s tetra methyl thiomn The important
azures are di methyl thionn also known as azure A and tn methyl thionun or azure B Stamns
which are 1ich 1n azure A are thought to have a special value in the stammng of blood and
bacterta for the staining of malaria parasites the more important substance 15 probably azure B
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Fig 28—METHYLENE BLUE IS TETRA Fig 29—TRI METHYL THIONIN OR
METHYIL, THIONIN CHLORIDE WHICH IS AZURE B IS PROBABLY AN ACTIVE AGENT
POLYCHROMED BY OXIDATION TO YIELD IN THE ROMANOWSKY STAINING OF
AZURES THE NUCLEAR CHROMATIN OF MALARIA

PARASITES

{Lallie 1949) The azures are formed when methylene blue 1s exposed to alkalis acids or
ultraviolet ight The term polychrome methylene blue 1s often used for methylene blue whach has
been changed in this way
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96 DIAGNOSIS OF HUMAN MALARIA

The most widely used stams for malarta diagnosts from thin blood films and tissue smears
are the particular combrmations of polychrome methylene blue and eosin 1ntroduced by Giemsa
and by Leisshman Wright s stain, wadely used tn Amernica 1s essenually the same as Letshman s,
differing only i the method of polychroming These stains are essentially muxed eosinates of
methylene blue and of various azures They are used as solutions 1n methyl alcohol or methyl
alcohol and glycerne

Romanowsky staunung and pH—Dissolyed 1 methyl alcohol of in meths? alcoho! and
glycerine, the Romanowsky stains are effecuve only when they ase diluted with water With
the addition of water there 1s an sonic dissoctation and the dissocated radicles of methylene
blue, azure and eosin are adsorbed to or combine with particular tissue elements to give
the distintive Romanowsky range of colour A highly important factor i the stasnmg process
1s the pH at which dissociation tahes place The best stamng for malatia diagnosts 1s attaed
when the pH of the stam diluent ltes between 7 0 and 7 2, any sigmficant departure trom this
PH 15 likely to disturb the balance of colour Distilled water 15 usually aad from dissolved
carbon dioxide, exposed to air i the laboratory st soon becomes useless for Romanowsky
stainmg urless the acidity 1s neutralised A common method of adjusting the pH of the stan
diluent 15 1o 2dd a few drops of dilute alkali soluttion  Shute s method of stammng thin films
descnbed on p 101, makes use of lithuum carbonate to neutralise the stan A second method
of controlling pH 15 to subsutute a buffer solution for distilled water as a diluent for the stan
amethod which has been used for many years m this Insutute

Esttmation and correction of pH-~Some means of determumng pH 1s essental for
good staining in malaria dragnosts, particularly when the diluent 1s distiiled water or tap water
A simple and consement app istheBDH C Set wath bromo thymot biue 25
the indscator * Bromo thymol blue has a sharp colour change from yellow to blue over the pH
range 6 0 to 7 6 with a greensh blue at 7 0 to 7 2 which can be matched accurately toe 1 The
method of esumation 15 as follows

(@) Add 10 ml of a one per cent solution of bromo thymol blue to 9o mt of the
distulled water or solution for which the pH 1s required

(b} Match aganst the colour standards of the set

(¢) Adyust of necessary to pH 7 0-7 2 for Romanowsky staring by adding 2 few drops of
a saturared soluton of lithium carbonate

Buffer solustons—Buffer solutons contam acdic and basic salts i proportions which can
be adjusted to a definte and stable pH Accidental additions of small amounts of acid or alkals
do not alter this pH the solutions are hence said to have a buffer effect aganst pH change
The use of buffer solutions as a diluent for Giemsa stawn first recommended by Coenaes (1927)
has sincs praved to be a useful advance 1n techmaque The usual buffer salss are the atkahme

" hosphate and disod

and aaid phosph P gen phosp phosphate
The phosphate buffer solution used m this Insutute has the formula

Potasssum dihydrogen phosphate KH,PO, o7g

Disodium hyd phosphate N2,HIO, (anhj drous) 10g

Distilled water 1 000 ml

dbyB uhDrugHou Lid th wndicat b mothym 1bl  hould be peafied when ordenng  The el

nd TR B BT M T an o rngs some workert € [this asmp ef f s permsntst

g four’ und & th LOVIBOND Comp # soli ed by Bfinsh Drug Hovses has permanent glass tandacds

Comnes, § (t937) Ov G ms Mcunng v n bloedpracpic ¢ A d Tyde hr Gene & Nav 5th 71 year p 934
(Ab'wact T p D B 19 § 25 436)

STUD INST MED RES



TEGHNICAL MISCELLANEA 97

The pH of the solutton normally 72 should be tested once on preparation and adjusted 1f
necessary by further addition of one or other of the salts Disodium hydrogen phosphate tends
10 change when exposed to the air and an uual checking of the pH 1 a necessary safeguard
Once adjusted the pH of the solutions remains the same for many months

GIEMSA STAIN

Ongmally manufactured 1n Germany from azures prepared by a secret process Gremsa
staun may be prepared from the ongma] formula recommended by Giemsa which 15

Azure IT eosm 30g
Azure IT o8g
Glycenne 2508
Methyt alcohol 2508

Azure II eosin and Acure IT are available already muved in the correct proportions
Solutions are conventently prepared from this complete Giemsa stan *

The stability of Giemsa stain related apparently to the presence of the glycerine 15 an
mportant advantage parucularly in the tropics where Leishman stam may deteriorate within
a few weeks No serous deterioration has been observed i Giemsa stain kept on a laboratory
shelf i kuala Lumpur for a couple of years

Preparation—The method of prepanng Gremsa solution outhed below 1s used in the
Matarra Division of this Insutute The reagents required are—Giemnsa stam 3 8 gm  methyl
aleohol 250 ml and glycerme 250 mt ¥

{a) Place 3 8 g of Giemsa stamn sn 2 mortar and grind thoroughly

(6) Add the glycenne to the mortar 3 little at a tme gninding and muoung with each

addimon

(¢) Add about half of the methy] alcoho! continung to grind and mix
{d) Pour the contents of the mortar nto a glass stoppered Pyrex bottle
(e} Pour the remaimder of the methyl alcohol into the mortar mix and grand up the residue
of the stain and transfer the whole contents of the mortar to the bottle
(f) Label the bortle with the name of the stain_the batch number and the date of prepara
tion then incubate for 24 hours at 37 C  giving the bottle an occasional shake
(g) Filter for use into dropping bottles
Stain would normally be prepared m this quannty only mn busy laboratorzes Where the
demand Js small the purchase of ready made stam solution 1s converuent It has been our
experence however that stam solutions made fresh 1n the laboratory are more relable}

Staymng method for thin films—All methods of starning thin blood films with Giemsa
stam have the common factor that the films must be fixed before the diluted stan 1s added
They differ mainly 1n the duratson of staning and 1n the concentration of stamn The period of
staining depends on the nature of the exammation and on the time one can afford to wat
Light staining 1s probably best for haematological studies but fairly intense staning with fill
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98 DIAGNOSIS OF HUMAN MALARIA

dufferentiaion 15 desirable for malana diagnosss With difuted stawm containing three drops of

Giemsa solution to every mullilitre of diluent, the parasttes and thetr bost cells are well staned 1n

gﬁf an hour The method used 1n the Malaria Research Dvision of thus Institate 15 outhned
ow

<
Fig 30—A GIEMSA STAINING METHOD FOR THIN BLOOD FILMS

(2) First prepare the diluted stan by dropping Giemsa solutron 1ato phosphate buffer
solutont 11 a clean vessel—3 drops of stam for every mullilitre of buffer solution.
One slide requires about 3 ml of the diluted stam (g 30-2)

(8) Then fix the film with 3 few drops of methyl alcohol from a drop bottle (fig 30-1)

() After a few seconds—the time 1s not criical—pour off the alcohol and before the fim
dries pour on the diluted stam (fig 30-3 and 4)

(d) Stain for 30 minutes
(¢) Dufferenuiate by holding the skide film uppermost, under a brisk stream of water and
Jeave 1t under this stream for fifteen seconds Never pour off the stan flush &t
off (fig 30 5)
(f) Place the siide on end to dram and dry (fig 30-6)

Tlus method gives a furly mtense stawung with a good defimton of Maurer s Schuffner s,
and often of Ziemann s supphing It 15 suirable not only for thin blood films bu also for thn
smears of bran, spleen, and bone marrow

Duration of sta The depth of ky staming sn blood films s determuned by
a number of vaniable factors among which the concentration of the stain and the durauon of
stanng are ymportant Within himuts the effects of these two varables are inversely related the
stronger the stain the shorter the duration of staiung to achieve the same depth of colour In
practice 1t 1s nt to 3 of stan, our practice 18 KI
Lumpur 15 to stan thir blood films with 2 diluted stam contaimng three drops of Grems2
solution (or stabilised Lershman solution) to one mullihitre of phosphate buffer solution When
filns are stamed for half an hour with diuted star at this concentrstiop the parasites IY;
deeply staned they are well contrasted against straw pink erythrocytes and the suppling o
1nfected cells 15 well defined The time may be shortened at need, mndeed the parasites 2r¢
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visible after five munutes staning but they are pale and the host cells are unstippled  Species
diagnos:s 10 these cireumstances may be difficult and very young trophozotes may be mussed
altogether

Duration of firanon—For malana diagnosss the duration of fixation with methyl alcohol s
not 1mportant 1t may be as short as a few seconds or as long a8 many nunutes We are
sccustomed 1 kuala Lumpur to leave the methyl alcobol on the films while the difuted stass
being prepared a proceeding which usually takes about a mnute but may be longer when a
large batch of films 15 being stamed Rapid ﬁxauon has the advantage that st gives a better
defimuon of polych stumng i ytes but the mnor drawback that 1t
contributes to the production of the distorted emhmcyms known as demn lune cell (plate
XXA1V) Itss well to remember that methyl alcohol which has been exposed to the air may lose
some of us actvity a5 a fivatwe and that stock bottles contaimng methyl aliohol should
e kept well cocked

Colour contrast—Once 2 film 15 deeply enough stamed the final colour depends i the
duranon of the wash If the red cells are too blue the wash has probably been too short f the
ted cells Jeucocytes and parasites are too pale the wash may well have been averdone The am
15 10 take as much colour as possible out of the red cells before the parasites and [eucocytes have
‘begun to lose their colour The pH of the wash water within the Limuts of domestc supplies 1s
not cntical Wa hung with distilled water 1s unnecessary

Critena of good stamng—Good staiming of thin blood films for matarra dragnosss whether
by Giemsa s or any other method should meet the following demands
(a) Freedom from debnis pale straw pink red blood cells
(6) Polymorphs with deep purple nucler and well defined granules
(c) Chromatin of malania parasites a deep purplsh red and cytoplasm 2 clear pale
purplish blue
(d) Schufiner s dots 1 all enlarged cells contamng Plasmodim t1wax and Maurer s
spots 1 cells containing the large nngs of P falaparum
The colour of the nuclet of the leucocytes 15 a useful quick crterion the stmallest falaparum
Tings will probably be mussed if the leucacyte nucler are not stamned a deep purple

Giemsa stamning of tissue dabs  and smears—Preparations for malana diagnosts
whether of blood or of other tissues are best staned by a than film techque with prelimmary
methy) alcohol fixauon 1f they are thin enough to be treated as films The preservation of the red
blood cells 1mphicit an the thin film techmque 15 an advantage not to be hghtly discarded
Smears on the other hand, should be stamed without fixation by a thick film method the red
blood cells are laked but the greater of the smears ¢ for this foss The
method outhined below 1s used 1n this Instieute 1t 15 the same in all essentials as the Giemsa
statung method for thick blood films

(@) When the smears are thoroughly dry place them 1 a staimng trough (fig 31 1)

{b) Add 33 drops of Giemsa stan to 100 mi of phosphate buffer solunon (fig 31 2)

(c) Pour the diluted stamn 1nto the trough and leave for one hour (fig 31 3)
(d) Pour clean water 1mto the trough 1o float off the scum (fig 31 )
(&) Remove the shdes one by one and wash by waning gendy for 2 or 3 seconds 1 clean
tap water (fig 31 5)
(f) Stand the films on end to drain and dry (fig 31 6)
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100 DIAGNOSIS OF HUMAN MALARIA

The mutual of stan and ume of stamurg varies 1 dffernt
Laboratories Some workers favour deeper stamng than 15 recommended here—one drop of
sta to one mullilitre of phosphate buffer sofution for the same or 2 lesser penod Thisis a

Xig 3r—aA GIEMSA STAINING METHOD FOR SMEARS OF BLOOD SPLEEN BONE
MARROW, AND PLACENTA

matter of perconal preference Deep staung darkens the parasites but also darkens the
background
Shute {1955) has drawn attention 1o the more compleie lysss of the red cells and b ace
the cleaner thick film background which 15 obtainable when a lntle common saly 13 added to
the stan The salt he suggests, ensures 2 more lete solution of the ki fobin Go.
carly trals of this method have been very favourable Not only 15 the background of the stained
thick film cleaner than that obtated with ordmary Giemsa stauting, but Schaffner’s dots a2
better defined For this improved Giemsa stauung the procedure outlined above may be
yoodified as follows
(a) Prepare the phosphate buffer solunon (p 96) by dissoliing the phosphate buff ¢
salts 1n normal sahine (o 85 per cent sodium chloride) instead of distlled water
(b} Use 2 more concentrated stam—100 drops of Gemsa stam to 100 ml of ‘buffer
solution 1nstead of 33 drops

LEISHMAN STAIN

Used extensively an the Briush colopies over the past fifty 3 ears Leishiman stain peshaps
mare than any other has brought to students of malana ther first acquaigtance with the malans
parasites Woght stun popular 1n Amenca 1s essenually the same and i this account tb TRe
sames will be regatded as synopymous Lesshman stam ke Gremsa star 15 2 complex mistass
of the eostoates of methylene blue and azure, st differs 10 that the solvent for the stain 15 methyt
Lond 177 727

SWOTE P G (9530 An mpa dt bmqief  cumngblood Glmswath G ms sw A ¢
- g Manyow M € 955) To R Sec irop M d Mg 49 306
STUD INST MED KES



TECHNICAL MISCELLANEA 101

alcohol without glycerine Leishman stain being 4 methanolic solution 1s thas 2 fixauve also
and 1 the conventional method of staining the films are fixed with the und:luted stain

Preparation—Leishman stam 1s supplied by manufacturers exther 1a solution or mn dry
form for the preparation of the stain solution n the laboratory Our expertence has been that
the stain 1s better prepared fresh n the laboratory and we would advise against the purchase of
prepared solutions The reagents needed are Leishman powder 0 15 g and methyl alcohol
100 m! A stmple and reliable method of preparation is recommended by James (1929)

(a) Add 015 g Leishman powder to a glass stoppered bottle which has been previously

rinsed with methyl alcohol

(3) Add 100 ml methyl alcohol (ANALAR) to the bortle

(c) Shake two or three times over 24 hours

{d) Keep 1n a cool place

(e) Use without filtration

Stammng method for thin films—The method outlined below 1s the conventional
method of staming thin blood films with Leishman stam

(a) Add 4 drops of stam fo the film

(b) After 15 seconds add 1. drops of buffer phosphate solution tit and rock the shde

gently to mux stamn and diluent evenly *

(¢} Stam for 30 memutes

(d) Flush off the stain for a few seconds under the tap

(¢) Place the hde on end to drain and dry

‘The tume of stasung may be shortened to as httle as ten minutes but a loss in the quality
of staming 15 then to be expected The stippling of nfected cells 1s slower to stan than the
parasites and a shortened staimng time may fait to bring our the charactenisuc appearances of the
snfected cells

Stammng method for gametocytes—The dcep staining whxch best brings out the
stippling of malana nfected cells tends to mask the d of sexm
For an easier distinction between male and female Shute and Maryon (1951) recommend that
the Leishman stained films be left to soak for a few munutes 1n a jar of distlled water
Thus procedure washes some of the colour from the gametocytes without decolounsing the chro
matin the cytoplasm or the host cell and 1t the diffe of sex Th
of the female gametocyte shows up as a compact sohid block 2nd the pigment which usually
surrounds the chromatin can be seen more easily  The pigment granules around the chromatn
of the male are sumslarly well defined

A STABLE LEISHMAN STAIN

While Lesshman staining at 1ts best 15 unsurpassed for malana diagnosis from thin films
and the colours of the stained parasites are perhaps richer than those obtamned from Gremsa
stainng the Leishman method has several drawbacks 1n tropical countries

{a) The stam 13 unstable 2 wseful hfe of a few weeks 15 all that can be expected 1 tropical

countries

(b) The techmque cannot be precisely standardised
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(<) Debris 1 the stan tends to be fixed in the plasma protemns when the films are fised 1n
the undiluted stain and cannot be washed away

“These objections may be met by stabilising the stam with gly cerne and, since the st s
00 longer 2 fixamve when glycenne 15 added to it by fiung the films with methyl alooho!
Prepared with the addimon of glycerine Leishman stain 15 no less stable than Gremsa st 2
batch of stable Lexshman stain prepared in 1949 and kept on a laboratory sheif n huala Lumpar
was stll 2 good stain 1 1955 Most of the colour drawings which appear as plates XXXVI to
LV were made from films stamed by this modified Leshman metbod

The reagents for stabilised Leishman stan are Letshman powder 38 g methyl alcohol
{(ANALAR), 250 m! and glycerme (aNALAR) 250 ml The method of preparation 1s that
outlined on p 97 for Gremsa stam using Leishman powder mstead of Giemsa powder The
method of staiung thin blood films 15 the same as the Giemsa thin film method described on
P 98, using stabilised Lesshman solution 1astead of Geemsa solution

THE PREPARATION O FILMS AND SMEARS

Falms or smears for malaria diagnosss are nearly always made from the blood exceptionally
they may be prepared from the bone marrow spleen or skin, after death they may be taken
also from the brain

Blood films—For the preparation of thin films, the blood 1s ustally taken from the pulp
of a finger, the nal bed, or the lobe of an ear The finger pulp is convement though some
workers favour the nail bed just below the lower visible edge of the finger nail or the tip of a1
ear lobe The tmy fingers of nfants are less convensent as a source of blood than the pulp of2

Fig 32—A METHOD OF PREPARING THIN BLOOD FILMS FOR MALARIA DFAGNOSIS

the difficultses 18
big toe The method of prepanng thin blood films 1s very sumple, but
nixgomscopxc examunation which may arsse from a slovenly techmque capmot be 100 strunfz
emphasised Good shdes clean dry seratch free and grease free are essential and !htf sdns
must be clean and dry The method outhined below 15 used n the Malara Dvsion of
Institate
(a) Use a needle wirh 2 cutting edge  blood does not flow readily from 2 prick made with#
round needle (fig 3. 1)
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(6) Clean the pulp of a finger with alcohol using a pece of gauze or a pledget of cotton
wool wait tilf the finger 1s dry and then prick with 2 needle

{¢) Squeeze out a tny globule of blood—the blood remans as a globule 1f the finger 1s dry
1f the blood spreads over the finger wipe 1t away and squeeze agam—and touch the
globule with the end edge of a shde or cover sltp spreader (fig 32 2) Shdes with
ground edges make good spreaders even better are rectangular cover shps
g 32 5)

{d) Apply the spreader to the shde at an angle of about 45 , wait tll the blood extends
along the spreader edge for about two thirds of the shide width then keeping even
contact push the spreader forward along the shde (fig 32 3 and ¢)

() Dry the film quickly by waving the shde 1n the air

(f) Label the slhide with the date and the name or number of the patient

Good blood films should be evenly spread and free from streaks or holes The end of the
spread should taper to a point or else be convex outwards and 1t 15 well to remember that
malana parasites and therr host cells are often best staned at this convex end of the spread
Withm limats the thickness of the films may be controlled by the speed of spread 2 film spread
quickly 1s ikely to be rather thick a slow spread on the other hand tends to yield a very thin
film Drymng the films quickly by waving the shides vigorously tn the air tends to improve the
quahty films which dry slowly as they are apt to do i damp weather do not always stam well
the red blood cells moreover may be semt laked by the shght mossture on the side Lysts may
be prevented even in the dampest days by passing the slides over the flame of 2 spint lamp to
drrve off the moisture before the films are taken Some of the common faults 1n the preparation
of films are allustrated m figure 33 The globule of blood should be very small 1f the amount of

Fig 33—SOME COMMON FAULTS IN IHE PREPARATION OF BLOOD FILMS

blood 1s excessive the end of the spread will be lost (fig 33 1) Blood does not spread evenly
on greasy shides (fig 33 2) and a notched spreader or an uneven contact between spreader
and stide leads 1o a streaky film (fig 33 3) There should be no undue delay 1 spreading the
films or they may be messy from early fibna formauon (fig 33 4) Films from anzemic blood
tend to be very thin and to extend far up the shde (g 33 6) a defect which can be corrected to
some extent by a very quick spread One should 21m to make the fitms a little narrower than the
slide and from half to two-thirds as long with the end of the spread well short of the end of the
shde (fig 33 5)

Fresh blood—The examunation of fresh unstamed flud blood for malarra diagnosis 1s
necessary only under exceptional orcurnstances when for example no stams are at hand but
a study of the hiving organism 1s nevertheless a useful evercise for students of malana
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The simplest method of making fresh flud blood films s to place 2 minute drop of bloed
on the centre of a coverslip and then to et the imverted shp fall gently on aside The drop mast
be 5o small that the blood does not quite extend 1o the edge of the shp  For an even spread
both slide and coserslip must be clean and grease free The best zone for exammation wthe
nuddle zone (fig 34¢)

3
VIS P
\ F1g 34—THE DISTRIBUTION OF RED BLOGD
\ CORPUSCLES IN A FRESH FLUID FILM UNDER A
| SNE—-.

== coversttr (after Damels and Newham 19 3)
0% °© %
¥ oo &
Q o ¢
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Another useful method ts that recommended by Braddon A square covershp, frec from
grease 1s placed on 2 grease free shde wath one edge corresponding with an edge of the shde
With the coversbp pressed against the shde the edges are sealed with vaseline leaving vosealed
the outside edge and a small space at the oppostte edge (fig 35} For the preparation of the film

the unsealed edge 1s 2pphied to a drop of blood the blood drawn by capilfary attraction, spreads
as a thun film between coverslip and shde

Exflagell: G -Exflagell 10 the male gametocytes may be stodied
either 1n fresh biood of s stamed smears Fresh preparanons are essential for studies of the
actwnty of the gametocytes up to the formatton and release of the gametes stained p eparauons
have the advantsge of permanence

Fresk preparanons—~A sumple method of studying exfiagellanon was shown to onc of 18
(PGS)by] W W Stephens maay years 2go Pnck the finger and ler a tiny bead of blood
touch the centre of a clean grease free covershp Breath oo the covership quite heavily and then
mvert 3t and let st fall on a clean grease free shde The morsture helps the blood 1o spread out
one cell deep Have at hand 2 spirnt lamp, a bitle saseline 1n 3 shallow vessel 2nd a match stick
or camel hatr brush aud as soon as the covershp makes contact with the shde heat the sas-bae
and run 2 seal round the covershp

St

Stamed p d prey of exflagel] are b.st made
from thin films which have been kept for a few nunutes 1 a2 moist chamber prepared from ¢
petrs dish lined with moyst filter paper Fit two layers of filter paper aucurately cut to sue 12
both halves of each of four petrs dishes 33 wches 1n diameter Lay a tnangular prece of ghsy
tubing in the bottom of each dish Half an hour before the preparasons are to be made moisten
the filter paper m each dish with hot water Prick the finger, make 2 thun film, breathe on 1t
Lightly, place the shde on the glass tubwng m one of the dishes and close the dish Repeat the
process for the other three dishes Take out a shde after ten mumutes and the remander 8t
3 5 munute wtervals Dsy the flms by waving the sldes 1 the air or by passing them film
uppermost, actass the flame of a sprert lamp  Fix with methyf alcobol and stamn witk Leisbmas
Sth A Jotn B te S mandDan ! 0a 1Y

Dantets W awo Newstam H B Labar t ry tudies Topcad M din
London 1923
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or Giemsa stan 1n the usual way In temperate or cold chmates the petrn dishes should be kept

10 an incubator and the films should be removed from the moist chamber at five minutes
ntervals Thus 1s essentially the method of Shute (James 1934}

T

Fig 35 NS METHOD OF FRESH FILMS OF FLUID
BLOOD (after Dantels and Newham 1923)

Blood clot—Thin films swtable for malaria diagnosis cannot be made direct from bleod
clot smears are rather messy and the texture of clot 15 forthe squash p:
whch yield such excellent films of brain ussue Perhaps the most useful preparanons are
(a) dab smears made by a single dab of a small piece of clot ona glass shde and
stamned without fixation by a smear technrque (p 99) or
(b) films made from the centrifuged deposit by the method of Denes (1931) The
serum having been removed with a pipette the clot 15 shaken up i the test rube
and then discarded the dregs are spun in a centrifuge films are made from the
deposit dned and stamed by 2 thin film technique

Brain—Bramn tissue may be removed either by needle autopsy through the orbit or from
the exposed bram 2nd 1t may be examined for malania diagnoss () 1n fresh squash prepara
tons () 1n stamned thin smears or (¢) in stamed sectrions Histological examination 15 omutted
from this account

Needle autopsy—When a full autopsy exammation 18 not possible enough bram tissue for
microscopic examination may be got by the method of needle autopsy suggested by Danels and
Newham (1923) A stout exploring needle at least 5 long 15 1nserted through the conjunctiva
under the upper eyelid mto the orbit and pushed upwards through the orbitat plate into the
bram Suction with a synnge will draw a small prece of bramn into the needle which 1s then
withdrawn In some cases suction may be unnecessary as bratn tissue ss forced nto the needle in
ats passage The bram tissue 15 expelled from the needle on to a slide and fresh or staned
preparations are made as described below

Fresh squash prepararions—Place a small piece of brain about the size of a small pin's
head on a shde cover with a slip and gently press down untl the brain tssue spreads thin to
the edge of the shp Examune fresh first with a 1/6th dry and then with a 1/12th orl immersion
objective  Low power exammation will often show the mmute masses of malara pigment
delineatmg the lines of the capillanes the hugh power may reveal the capillaries packed with
parasites i active movement Bram examined in the tropics many hours after death may snll
show parasstes with a hively movement m the pigment and apparently still alive
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Stained “squash smears—Excellent smears may be prepared by 2 modsfication of the
method suggested by Raja (1922) A piece of brain about the size of a small Pins head is placed
1 the centre of a glass shde, and covered with 2 second side applied at an obtuse angle The o
shdes are gently squeezed together until the braun nssue spteads to the edge They are then
abruptly pulled apart in the plane of their surfaces Two thin smears are formed m ths wav,
one on each shde They are dned, fixed with methy! alcohol, and staned by a thin fim
techmque The distibution of parasites 1n the bram 1s sometimes uneven, tissue should herce
be examined from several parts of the cortex basal nuclet, and cerebellum

T he capdiaries 1n these “squash smears are well preserved and can often be followed fora
considerable distance, while the preservation of the parasites and of some of the histological
decan 1s usually very good We may perhaps note that bran smears should not be made by
taking a piece of bran and smeaning 1t along a shde, this method, though appropnate for spleen
and placenta, yields sery poor preparations of brain yssue

Spleen—Material from the spleen may be obtaned by needle biopsy, or after death by
direct exmmmation of the spleen pulp Spleen biopsv 1s seldom practised to-diy for malana
diagnosis, the procedure 15 not free from danger and we are nclined to accept the views of
those who believe that the information to be gamed does not justify the risks small though they
may be The techaique and the precautions to be taken are described 1 most text books of
troprcal medicine, particulatly 1n relation 10 the microscopic diagnosis of kala azar

After death, spleen pulp may be withdrawn with 1 syninge and a large dry exploring needle
A smali poruon from the up of the needle may be spread on a shde as 2 thua film, usiog ®
second shide as a spreader the rest mav be used to prepare smears The films should be fised
with methyl alcoho! and stawed by 2 thin film techmque, the smears should be staned
without fixation

When a full post mortem examunation 1 possible films and smears should be made fromt
the freshly tut surface of the spleen Films may be prepared by taking a surface strapuog of
pulp and blood with the end edge of a shide, and quickly spreading the material before it dries
on a second shide The films should be made as thin as possible, the dilution of & httle spleen
pulp 1 a pipette with an equal volume of citrate saline and the preparation of ms from th
suspension mav be a help 1n this direction Smears are convemently made by a ‘dab tcchmquft,
a small prece of freshly cut spleen 15 taken up wath forceps and dabbed onice an the suxfzc:ﬂg :
siide As with other tissue preparations, the films should be fired with methyl alcoh] befor
staning, and the smears shouid be staned without fixatsorl,

by some
Bone marrow—Aspiration biopsy of the bone marrow has been recommended
wotkers s a useful ancillary method of malana diagnosis (see p 82) We have Tad x;n
expenence of thus method For an account of the techmque of martow biopsy the ¢ ader may
refer to any modern textbook of haematology

Placenta—Films and smears from the placenta are best made from 2 freshly-cut surﬁfd
For the preparauon of films, biood may be taken by a bight scraping of the surface with the ,:, i
edge of a shde~or better stlf with the end edge of @ rectangular coverslip—and qw«]ﬂd)' SPhl "
ona second shde A better method perhaps 1s 10 prepate the films from placental blood :rfa -
has been muxed with an equal volume of citrate salie A curis made mto the m:ucmalds e
of the placenta and 1nto the notch so formed a few draps of aitrate saline are muoc:j\l ¢ :: e
pipetie, blood and salme are muxed 1n the notch by drawing the muxture up and :Gwr:d e
pipette Thin films are prepated from the mixture fixed with methyl alcoho! and stam

Dares tesin 658
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Leishman or Giemsa stan A common error 1s making thun films from the placenta as mndeed
frotm other tssues 1s to take too much blood ‘The amount needed 1s exceedingly small—a drop
the size of a small pin s head 1s usually excessive

Smears are conventently made by a dab techmique A small piece of placenta freshly
cut from the raaternal surface and held with forceps 1s dabbed once on the shde leaving
behind 2 smear with the cellular elements relatively undistorted Smears should be stamed
unfized by an appropnate thick film method (see p 99)

Skin—Skn scanfication smears have been used 1n the Belgtan Congo for routine malaria
diagnosis The method 1s described by Van den Berghe and Chardome (1951)  The scantfica
tion 1s practssed on the muddle of the scapula region where the skin 1s rather poorly irrigated and
presents thick layers of subcutaneous tissue In order to be hmuted if possible to the dermal
layers 1t must be superficial barely cutung the dermal capillanies and lymphaucs A deep
cuttng would produce more bleeding and be less satisfactory for exarmnation of the derms
If the scartfication has been done properly httle or no blood should appear before the squeezing
of the scanfied site In making the preparation the scarified skin must be thoroughly squeezed
between the thumbs and forefingers Serous flutd obtared in this manner 1s largely made up of
dermal juice wath the blood extravasaung only m small amount out of the dermal capillanies
The fimd 15 placed mn the centre of a microscopic slide and spread either on 2 thin film of rather
small size o1 in the samne manner as a thick drop of blood The film 15 then stamed a3 a thick
blood preparation preferably by the Gremsa techaic

PRESERVATION OF MATERIAL

All ussues contaimng malana parasites whether fresh or stamed tend to deteriorate with
storage particularly tn the tropics and sooner or later become useless for malara dragrosts
unless precautions are taken for their preservation The problem of preservation amses with
fresh tissues unstaned films or smears stamed films ot smears and viable parasites

Fresh tissues—Degeneratve changes i blood bram spleen bone marrow and placenta
the tissues from which an exarmunation for malaria 15 most helpful appear soon after death or
removal from the body  In the cadaver state Marchiafava and Bignamy refernng to the
nng forms of P falciparum  we do not see annular bodses  but only as a rule immobile discord
or sphencal micrococciform bodies  And even these bodies may become unrecognisable as
malana parasttes after about 24 hours

Refigeration 1s perhaps the most useful method of conservation The parasttes and the
cellular elements of the tissues may sull be identified after one week—and probably for much
longer though we have no data on this pot Brain from two cases of cerebral malaria
preserved by Mayer and Pifano (1949) 1 an 1ce box for mne years sull revealed the parasites
and cellular clements 1 a good state of p; (The p which 15
possible 1 paraffin blocks prepared for lustologlwl exammation 15 outsxdc the scope of this
account)

Unpstained films and smears—Thin blood films whether fixed or unfixed cannor
normallv be kept unstaimed at room temperature 1n the tropics for more than a few days without
serious detertoration They stain best wathm the first forty-eight hours when they are staned
after several days the erythrocytes are slate grey and with prolonged delay they are blue and
the colour contrasts within the parasttes are degraded At first shght the loss mn staning quality
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becomes marked after four or five days Smears of blood and of other ussues show a sumlar
deterioration when the staining 1 delayed much beyond twenty four hours the red blood cells
fail to lyse properly and the stained smears have a blussh background agamst which the parasites
are poorly contrasted Shute (1946) has drawn attention to the fact that films kept at 50 F
stamn better than those kept at 80 to go F, and reftigeration alone seems to be a partial answer
to the problem A better method of presetvation 15 that of Jaswant Singh ez al (1949) who
combined refts with d We have kept unstamed thin films both fived and
unfixed 1n a dessicator placed withtn a domestic refrigerator, for two years with no serous loss
1n their staning quahity Blood smears have been simtlarly stored wath Iimtle loss 1n ther stanng
properues For tissue smears we have no data, but there seems to be no obvsous reason why the
method should not serve equally well for tissues other than blood

The dried unstawned films are convemently stored wrapped 1n long strips of paper three
nches wide and so folded, backwards and forwards, that the shides are kept apart by a sinle
thickness of the paper the package of shides bemng secured by a rubber band When the films
are needed, the dessicator must be removed from the refrigerator an hour or two beforehand in
order that the contents may be at room temperature when the desstcator 15 opened, faslure to
observe thts precaution may lead to a deposit of moisture on the cold shides with haemolysss
of the films

Stamned films and smears—The preservation of colour 1 Romanowsky staned films
15 2 curtously variable phenomenon Shute has kept stamned films at laboratory temperature 1
London with 1o loss of colour 1n thirty years Films kept 1n tropreal climates on the other hand
may fade 1 a few months but even here there are curtous varsations for some stamed films
retain their colour for years while others stamned 1n the same way from the same batch of stan
begin to fade after a few weeks Fading 1s hastened by mounting media by the presence of
1mmersion ol and by exposure to hght Not only do films tend to lose their colour but if they
are not kept dry they are hiable to contamunatton by moulds

Here again refgeration with dessication 1s probably the best safeguard Trials of this
method began in Ruala Lumpur two years 2g0, no fading or other deterioration 1s yet apparent

Other methods for preserving the colour of Romanowsky stamned films and smears have
been recommended by Pawan (1935) and by Clark and Tomlmson (1949) By the method of
Pawan the slides are dipped momentarily 1nto a saturated solution of paraffin wax m xylof
the xylo! evaporates and the slides are left covered with a thin layer of paraffin When the fitms
are wanted, the paraffin 15 dissolved away by immersing the shdes 1n xylol ‘Treated 1n this way
films have been kept m Trindad for five years with their staning ummpaired

Clark and Tomlinson have reduced fading by smmersing the staned shdes successively 1
x3lo? and 1 toluol for a few munutes each and then mounting the films under a covershp 1
neutral synthetic resin Films treated 1 this manner have shown no evidence of fading after
being kept on the top of an incubator at 35 C for stx months

A method of protecting stamed thin films from damage by coating them with cellalose
lacquer 15 recommended by Tate (1933) A suitable commercial preparaion  Durofix 15 sold
1n collapsible tubes A large drop of Durofix 1s extruded on to one end of the slide and wiped
over the film with 2 sweep of a clean finger
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Viable parasites—When infected blood 15 taken from the body and kept at room
temperature the parasites soon die  but at low temperatures they may survive for many days
even for months The preservation of viable parasites has mamly an experimental application
A simple method of keeping the parasites alive for a few days 15 to store the infected hepartsed
blood in 4 test tube with sustable refrigeranon the addiuon of 2 lirtde glucose to the blood may
contnbute to a longer survival The tube 1s placed 10 a vacuum flask surrounded by chipped 1ce
which should be changed every 24 hours By this method Dr T Wilson 2nd Drj F B
Edeson have sent blood infected with P falaparum P malariae or P knonles: by air from
Kuala Lumpur to Delln Nairobr or London where the parasites have been established mn
fresh hosts up to five days later

By rapid freezing and the of a b 70 C and—80 C
usmg dry 1ce 1 2 Horsfall apparatus Coggeshall (1939) has been able to preserve P knowles:
for 70 days and Boyd using a simular techmaque has mamntained the viability of P falesparum
and P wizax for 156 days

CONCENTRATION METHODS FOR MALARIA PARASITES IN BELOOD

Some of the methods used to concentrate malarra parasites m blood for diagnostic or other
purposes were briefly reviewed tn an earlier chapter They fall broadly into two groups—those
which depend on a differential layening of infected cells 1n blood which 1s allowed to sediment
or else spun 1n a centrifuge and those for which the blood 15 laked and the parasites are
concentrated 1n the centrifuged deposit The first method fals to concentrate the smaller
parasites  particularly the young nings of P faleparum the latter 1s said to concentrate
falesparum ning forms but the red cells are destroyed and in our hands the results have been
erratic Two representative methods are outhned below references to accounts of other methods
are given m chapter VII (p 89)

Bass and Johns method—~The earliest method for concentrating malarsa parasites m
blood and still one of the best methods 1s that of Bass and Johns (1915) The method 1s very
effective for crescents and other large parasites but fails with young falczparum nings
Apparatus
10 ml glass syringe
tmi pipette graduated in hundredths

v

3 Centnfuge tubes about 1 § ¢m mside drameter and 12 cm long.

4 Centrifuge tubes 0 5 cm nside drameter and 12 cm long—made from suitable glass
tubing

5 Large capalary pipertes—inside diameter about 0 1 ¢cm

6 Small capillary pipettes—outside diameter less than the mnside diameter of the large
Pipettes

7 Rubber teats glass cutung file

8 Centrifuge with a speed of 2 coo revolutions or more per minute

Techmgue

(2) Draw 10 ml of blood from 2 vemn and expel 1t mto 2 test tube contamung 0 2 ml of
citrate dextrose solution* revolve and shake the tube to mux
< dext
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110 DIAGNOSIS OF HUMAN MALARI4

(6) Put equal quantities of the cttrated blood nto two large centrifyge tubes and spi
at2 5007 pm for 3 to 5 munutes (one munute for each cm of the column of blood)
(c) With a large pipette, skim off from both tubes the top layer of the sedumented cells—
cansisting of red cells, leucocytes and the larger parasites—take up 2n equal volume
of plasma, expel 1nto a small centrifuge tube and mux by drawing up aad down
the pipette The column 11 the small tube should not exceed 5 cm
{d) Spin the small tube 1n a centrifuge as before
(¢) From the top layer of the sedimented cells m the small tube, draw upa § cm column
mnto a large capallary pipette mux by drawing up and down 1n the pipette on  shde
draw up finally beyond the up of the prpette, and seal the tp 1n a flame
(f) Cut off the capillaty part of the prpette containng the blood and spin as before
(g) Cut the capllary tube at a pomnt about o 1100 2 ¢m_ below the bottom of the lecocyte
layer and with a small capillary prpette draw off the leucocytes and red blood cells
with a hietle plasma Mix and prepare films or smears

Krauss and Fleming s method—A representative example of the methads of concent
ration which depend on a laking of the blood 15 that of krauss and Fleming (1916)

Techmgue

(a) Prepare a cirate saline solution contaming 20 gm sodim citrate (aced free) and
085 gm sodium chloride to 100 ml distilled water

(%) Draw 2 0 m! of blood mnto a syringe contamnng 0 5 ml of citrate salme soluton and
empty the atrated blood into a bottle contamng 10 ml of the cirate salme
solution

(c) Add o s m! of a on¢ 1 ten diution of formalin (thus preserves the parasites, small
rings are said to be fixed 1n half an hour large parasttes 11 4 hours)

(d) Spmn in 2 centrifuge at high speed for 10 15 minutes

(e) Prpette off the plasma with the uppermost layer of leucocytes discard and replace by
distilled water shake thoroughly and spin again as before

(f) Gently pour off the contents of the tube leaving only the deposit
(g) Prepare films and smears from the deposit

CULTIVATION OF THE PARASITES IN VITRO

Whea malana infected blood has left the body the parasites may contmue to grow for
short ime depending on the conditions, but they soon curl up and die Bass and Johas (191 )
were the first to show that the addttion of a httle destrose to the blood promotes susval and
that growth may continue through the complete schizogonc cycle or even a lttle beyond to the
begimung of 2 second cycle Their method 15 simple and effective and though more elﬂbwa‘ﬂ
methods designed for prolonged survival have been devised 1t remams perhaps the most usc
method for the laboratory with limited time and resources
Equipment

A 50 per cent solution of chemmcally pure dextrose sterilised at 100 C on three successi

days (fig 36 1)
A stertlised 10 or 20 ¢ glass synnge with a rather wide bore needle

Kravs awp FLsmiNg § 6(c f p 30)
Bass AND Jouns 9 (ef p 33)
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TECHNICAL MISCELLANEA 1
Sterile defibrmating tubes plugged with Cotton wool with a glass rod runnung through the

wool 1o the bottom of the tube (fig 36 24)
Stenie culrure tubes not le.s than 1.5 ¢m 1n diameter by 12 § em deep (fig 36 25)
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Fig 36--CULTIVATION OF MALARIA PARASITES BY BASS AND JoHNS METHOD (shghtly
afied)
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112 DIAGNOSIS OF HUMAN MALARIA

Sterile rather coarse capillaty pipettes

Incubator regulated to 40 C (but any temperature between 38 C and 40 C will gne
good growth}
Techmgue for cultivating a single generation

T Add oI cc of the dextrose solutton to the defibrinating tube

2 Slowly draw 10 cc of venous blood and run it gently into the defibrmating tube,
avording frothing and unnecessary exposure to the air (fig 36 3)

3 Defibrinate the blood by gently stirring with the glass rod (fig 36-4), after 2 few munutes
withdraw the rod with the fibrin clot (fig 36 5), and close the tube with another
cotton wool plug

4 With a pipette transfer the defibrinated dextrose blood to the culture tubes the column
of blood 1n the culture tubes should be from2 Scm to §ocm deep (fig 36-620d7)
[We have sometimes found 1t advantageous to seal one of the tubes by pushing 1
the cotton wool plug for a short distance and then fillmg the top of the tube
with melted paraffin (fig 36 7 and 8)]

5 Incubateat 4o C(or between 38 Cand 40 ©) the blood will separate durmng incubanon
1nto the layers indicated 1 fig 36 gb

6 With 2 pipette withdraw a small quantity of blood from the top layer of the sedumented
cells for evammanon The culture tubes must always be kept upright, never
ulted (fig ¢)

The cultures are best examuned after from 18 1o 36 hours of incubation In removing the
top layer from the surface of the sedimented cells 1n the culture tube 1t 15 conyement also to
take up an equal volume of serum The cells and serum are gently muxed on a glass shde by
drawing up and down m the piperte (fig 36 10), and the parasites are examined

(@) 1 fresh films under a coverslip prepared by placing a munute drop on a glass shde
and covering with a ship,

(&) 1n films fixed with meth] alcohol and stamned by 2 thin film method,

{¢) 1 smears statned unfixed by a smear method

The phenomenon of clumpng 1s best seen 1n the fresh preparattons and smears 10 th$
films the clumps tend to break at the end of the spread The phenomenon 15 particularly Wm
shown 1n fresh preparations made by taking up a munute quantity of the top cell layer 18 d=
culture tube with three or four times this amount of serum the cells and serum are geo Z
rmuxed on a glass shde by drawing up and down 1n the prpette, and a mmute drop of the mlx;‘:‘;‘h
15 examuned under a coversltp Clumps of mfected cells contaming parasites advanced it gfg Y
may sometimes fill the hugh power field of the mcroscope  These clumps esamined by “"m
ground dlummation with the parasites 1 acuve movement and the pigment shrmmering
hght, give a lively imp of this ble ph

PARASITE COUNTS

An esttmaton of the density of parasites n the peripheral circulatx &
treatment has reduced the number, gives a uscful indication of the severty of & malan2 Hffﬁ:"d
A rough and ready method 1s to assess the average number of parasites 12 2 racroscopic Del
Assuming an average of 200 red cells 1n a thin film field, 2nd a red cell count of 4 000 OO;' %
cmm of blood the approximate density when there 1s one parasite per field would be 2 "
per ¢ mm A quick clincal estimation would then be the average number of parasttes pel
thin film field multiphied by 20 oco

on made befort

STUD INST MED RES



TECHNICAL MISCELLANEA n3

Another simple method Iike the first open to constderable error but chinically useful 1s to
count the parasites against the leucocytes Taking an arbstrary density of 5 000 ¢ mm for the
feucocytes and counting the number of parasites and leucocytes mn the same fields the
approumate parasite density may be readily assessed The esumation would of course be more
accurate were the Jeucocyte density known

A third method sull more accurate and probably the best method when the parasite
density 15 tugh, 15 that based on the total red cell count and the relauve count of red cells and
parasites  This method 15 for its p: value mn severe
falaparum mfectons

Another figure of undoubted clinical value n falciparumn malana 1s the proportion of red
blood cells tnfected With more than 10 per cent infected the prognosss 15 serious with 20 per
cent 1t1s grave with 30 per cent 1t 15 almost hopeless Recoveries have been recorded with
35 per cent mfected but never so far as we know with a proportion hugher than 35 per cent
Only 1r falciparum malaria do the parasites ever attain these ugh densities

MALAYA No 24 1955
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PLATES I LIX

Source of 1—With the dged 1n the text the drawings are
ongmnal They were made at the microscope from films prepared in the course of the day by day
rtoutme of the Malania Research Division of this Insttute The parasstes studied again with 2
few excepuons were those found m blood films from Asian patients naturally infected with
malania 1n the Malay States of Selangor and Negr: Sembulan

Staining method—The blood films were usually staned by the Leishman method
outhned on page 102 the stan contaned glycerme and was buffered to a pHof 72

Optical equipment—The opucal equipment ncluded

(4} 2 bmocular research microscope

(8} a 1f16 fluonte oil :immersion objective

{9) X100 ) eyepieces one a glass disc ruled in squares with the
opucat system used the squares of the grd gave & projection of approumately
10 X 10u 1n the plane of the image

(d) a slide mcrometer with 10u divisions

(¢) a concentrated filament light source with a light blue filter

Method of drawing—The microscopic field was plotted on a drawing sheet ruled
squares These squares talhied with the squares 1n one of the eyepieces the scale bemng prede
termined by the slide drawn ata
of x2900 The final colour drawings were sketched from the working drawngs the colours
being matched at the microscope

Magnification—The ongmal drawings for most of the plates are duced
at a maguification of X2 .50 and a direct comparison between the drawings on different plates
will usually be possible There was occastonal difficulty
however with drawings from other sources as the scale
was not always clear The magnificaton for the micros
copic fields portrayed in the colour plates 1s X1 300 A
with the exception of plate XLVI which 1s reproduced
at X1 100 Figure 37 compares the areas of (A) the
usual microscopic field 1 routine examunation for
malaria 1/12
objective X6 ocutar) and (B) the field mclnded 1n most
of the colour plates B

Reproduction of colour—The final colours 10 a
print produced by a sumple three-colour process may
deviate from the original microscopic image for various
reasons The ongmal drawing may fal to match the el
colours of the mmage losses or deviations may occur
when three-colour blocks are prepared from the colour Fi1g 37—RELATIVE AREAS OF
dramings and finally the batance of colour i the three MICROSCOPIC FIELDS (see text)
stage printing of the plates may be at fault The colours
1 plates XXXVI to LIX are not true but we believe them to be farly near to those of the
ongual images The brlliant purples of Romanowsky stamed material are not easily tepro-
duced m colour prints partly for thus reason partly from the losses which are mseparable
from colour reproduction the plates tend to subdue the purples and blues and to over
emphasise the reds
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I THE ERYTHROGYTIC PARASITES GENERAL STRUGTURE

Two substances wath a definite structure are always present 1n the malana parasites, the
body substance or cytoplasm and the nucleus Stamed by the Romanowsky method the
cytoplasm 15 pale blue 1n colour, the nucleus contamung the red stapng substance called
chromaun, varies 1 colour from a pale puk to a deep red or purple depending on the amount
and concentration of the chromatin the pH of the stam dhiluent, and other considerations
Chromatin 15 the chromatic substance withun the nucleus, but the term 1s also used loosely to
mean the nucles 1tself In the young erythrocytc parasites the cytoplasm and the nuclevs ate
the only visible structures They are disposed 1n vanious shapes often appearmg s 2 ring of
cytoplasm with a nuclear bead somewhere on the penphery, and a clear space thought to be 2
nutritive vacuole 1n the centre (1)

‘When the parasite 1s about twelve hours old minute granules of pygment appear 1 the
cytoplasm Thus pigment a by product of the metabolism of the orgamsm, does not stan 1t has
anatural y colour, app g m R Ky staned films to be pale yellow yellownsh
green or mahogany brown dependmg on the size of the pigment masses on the degree of
mashung by the blue stained cytoplasm and on vartous other factors The pigment granules
increase 1n size and number as the parasite grows and are disposed 1 patterns whch vary with
the spectes and the phase of growth, 1 the later stages of schizogony they concentrate to 2
small area (3) or even coalesce 1nto large masses

Some 36 60 hours from the first 1y asion of the erythrocytes—the tune mn the cycle vanes
with the species—the nucleus begins to dwvade, first 1ato two, and finally into from half a dozen
to twenty or more fragments, agan depending partly on the species Figure 3 shows P givar
at ap advanced stage of nuclear division

Cytoplasm nuclear chromatn and pigment are present 1n every advanced erythrocytc
malana parasite A good working rule in malaria dragnosss 1s to regard nio red cell taclusion as 2
malarra parasite which does not clearly show at feast two of these three structural efements

The young erythtocytic parasite often has the appearance of a ning enclosing 2 clear

space with a nuclear bead somewhere on the peniphery but the reality behund the appearance 15
not fully known ‘The usual explanation 15 that the ring represents an optical section of a vesiculat
organism stretched and flattened agamst the upper or lower surface of the host cell Someswhere
1n the wall of the flattened vesicle lies the nucleus which for reasons unknown 15 usually sited
at the side of the ning (7) But the nucleus may lie on the upper or lower surface and may thes
appear withu the ning tself (17) On this hypothesis the clear area within the ning represeats
the red cell surface seen through the thinned and stretched upper and lower walls of the vesicle
Another theory, suggested but not supported by Welch (1897) and developed particularly by
Mary Lawson (1913) 15 that the ring represents a hinear parasite cotled round a rased mousd
on the surface of the red cell The newly attached parasite she suggests throws out pseudopodis
swhich gnp the surface of the cell These pseudopodia mnto which flows most of the cytoplasm
extend over the surface of the cell and meet to enclose a raised circular area from winch the
growing orgamsm demses 1ts food (1o 16) On thus theory the vacuole 15 nothing more than 2
circumscribed area of red cell surface These concepts are symply illustrated 1n plate I

Weicx 1897 ( £ p 45) ot
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I THE ERYTHROCYTIG PARASITES NUCLEAR STRUCTURE

The lving nucleus 1s not clearly visible by ordimary methods of exammation and for this
reason the nucleus of the malana parastte has been studied mainly 1n films which have been
fixed and stained by special methods The ordinary methods of staining for malaria duagnosts
give a general indicanion of the distnbunon of nuclear matersal, but they fail to reveal the fin
details whih may be seen 1n films which have been prepared and staned by methods appropnate
for studies of nuclear structure

Structure—Seen in Romanowsky stamned films the nucler of the asexual parasites appear
to be dense and structureless, the chromatin stams so deeply that the mternal detal 1s lost But
with haematoxylin staining Thomson (1932) obtained appearances 1 the schuzogonic forms of
P falesparum which led hum to believe that the nucler are vesicular with 2 limsting membrane
and a fauly large karyosome (11 15) The gametocytes too seemed to have a vesicular type of
nucleus with the chromann distributed around the periphery and a nucleolar mass or karyosome
m the centre (7 10) Wolcott (1954), on the other hand found no evidence of 2 vestcular
structure 1 the nucle: of vivax trophozoites, the resting nucleus appeared to consist esseaually
of two coiled chromosomes with no lymting membrane

Division—The nucleus of the erythrocytic malaria parastte 1s thought to divide by a form
of mtosss According to Schaudinn (rgo2) the process in P tivax begms as the chromatm
granules collect as a band or equatonal plate across the nucleus, the band divides throughout
1ts length and the nuclear material m the two halves mrgrates to the opposite poles to form two
separate nucler (1 6) The recent studies of Wolcott (1954) have shed more ltght on the process

The two chromosomes of the vivax nucleus arrange themselves at the equator of a well formed
achromanc spidle then they divide and move to the poles according to the usual pattern
found m other organisms

Polar bodres—Mitouc dwvision of the nucler leaves the daughter nucler with the same
number of chromosomes as the parent nucleus The special form of dxv:sxon‘ which halves the

number of necessary redi in the of the sex
cells if the progeny of the ferulised ovum are to have the normal number—is known as the
d division Py bly there 1s some such special diviston during the sexual dev elopment

of the malarta parasites and the appearance of nuclear matenal apparently discarded from the
cell on the surface of the gametocytes during maturation the so-calted polar bodies has bren
held to mean that a reduction division occurs at this stage Figures 16 23 taken from Thomson
and Woodcock (1922) portray the appearance of the apparent polar bodies 1n the manmmng
gametocytes of P falciparum and P vwax The problem seenungly still unresolved 1s discusse
‘by Ann Bishop 1n a recent paper

Binary fisston—Bimary fission 15 2 prumuve method of reproduction 1n which tW:
daughter orgamsms arsse by a sumple amitone drsssion of the parent The body lcngth:nslh :
constriction appears 1n the muddle and the organism separates mtoLt‘wo h‘ah"a WPcr.h:r -
malana parasttes ever divide by biary fission ss not P 4
binary fisston has been held to explain a multiple infection of host cells to 2 degree which s:culu
out of proportion to the number of parasites 1 the blosd The nings, 1t 15 sad may smlglz
divide 1nto o, four or even more Reproduction 1n this manoer has also been held to expl
the doubling of the nuclear <} 1 falap ning forms and the cunous symmnbfly
which 15 sometimes seen m adyacent rings Most workers in malaria however would probably
agree that the evidence for binary fission 1n the malaria parasites 15 far from copclusne
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IIl THE ERYTHROCYTIC PARASITES POSITION IN THE HOST CELL

The primary relation of the malaria parasite to the red blood corpuscle 1s one of simple
attachment Minute pseudopodia thrown out from the young trophozorte are thought to grip
the cell surface, sometimes not very firmly for organisms which have become detached from
the host cell are not uncommon Figures g and 10 show cells which, from the charactenstic
suppling have clearly been 1mvaded by parasites but have lost them by detachment from the
surface Mary Lawson (1919) believes that this phenomenon 1s by no means unusual The
parasite she thinks, may wvade and destroy several cells 1n succession flitting from cell to cell
like 2 butterfly from flower to flower A degree of anaemiz which seems out of proportion to
the number of parasites m the blood may be due, she suggests, to this mgratory and predatory
habrt Rarely the older parasites may be partly or wholly detached from the host cell, they
may even ke free 1n the plasma Frgures 11 and 12 portray vivax trophozoites which are partly
outside the host cell, figure 13 an ad d faleiparum troph which 1 attached
by delicate strands to the host cell, an nteresting relattonship which recalls the views of Maurer
that the spots which now bear hus name are the sites of attachment of the organism to the host
cell (see also plate VIII, fig 2)

Docs the malaria parasite enter the host cell at some stage tn 1ts growth, or does 1t always
stay on the surface ? Four possible relationshtps are illustrated in figures 5 8 We must accept the
ongnal surface attachment of parasites which have abandoned mtact red cells heawly studded
with Schuffners dots or Maurers spots (9 10), and we cannot doubt the extra cellular
attachment of parasites like those portrayed i figures 11 13 The red cell apron or bib
spanning the concavity of the crescent (17) would scarcely have this appearance, with the poles
of the crescent projecting beyond the pomts of attachment of the bib were the crescent
withun the cell But appearances are deceptive and the lack of precise knowledge on the mtersal
structure of the red cell irself 2dds a further element of uncertamty If the parastte lies on the
cell surface why does 1t so seldom appear beyond the edge® Why does the mature organsm
filling the cell, appear to keep within 1ts bounds ? I 1t confined within an envelopmg red celly
or 1s 1t free to curl over the outside edge and pass to the under surface while stll conformung
10 the approximate cell outlne® Can 1t be that the parasites are both mntra and extra-cellular
that they erode mto the host cells eating 1nto their substance but that one surface of the
parasites 1s external and m direct relanon with the plasma® Agamnst this theory are the
observations of Ratcliffe (1927) that 1n thin sections of infected red cells the parasites appear 0
Ite withun the cells and the studues of the parasites under the electron microscope which have
led Wolpers (1942) and Fulton and Flewnt (1955) to the view that the parasstes grow under
the shelter of the red cell membrane
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IV Plasmoduom falsparum  EARLY TROIHOZOITES

I 'gf hO§¢ 1ls—In Malayan infe the earliest nvasion of the red blood
corpuscles by  falep, 15 d by parasites (2 4) which have no more than
an mapient vacuole and are httle Jarger than the merozoutes (6) from whch they arise These
very young forms are unusual in blood films, 1nvasson occurs manly n the internal prgans sod
the mfected cells may not exter the peripheral curculatton untl the parasttes are already several
hours old The youngest forms normally found 1n blood films ase considerably lasger than
merozoites, they have a well developed vacuole and typically a single or double bead of nuilear
chromann (5, 7, 8) The vacuole 15 sometimes paler than the rest of the ho t cell, a change
possibly due to the removal of haemoglobin by the growing orgamism Sometimes the smallest
forms seen 1n any particular mfection are even larger (9 11) a difference which may be related
10 3 longer vetention of the infected cells 1n the nternal capillanes The ruptured schyzont
portrayed as figure 6 gives an ndication of the relative sizes of the merozoites and the ealy
g form trophozoites

Cy The typical g of the cytoplasm 1s the well known nng formatien
but vanauons 1 form are not wncommon with the cvtoplasm dicposed as an wrregular mass
adjacent to the nucleus (12 16) 1n delicate wasps and swands the so called tenue form
(28, 29), or draped as a thin lie along the margm of the cell (22 24)

Chromatmn~The characteristic nucleus 15 2 siogle mmute bead of chromann (7, 8;
Doubling of the chromann 15 coramon often with one bead smaller than the other (5 18 .0)
and trebled chromatin 15 not rare (12,21 28, 30) * Sometimes twa beads may appear to be fused
together, looking rather Like a diplococcus (9 26, 29) or the chromatin may take the form of
short curved bar (11, 33) Usually the chromatin lies on the persphery of the ring projectng
evenly withun and without The apparent size of the bead varies even among parastes of the
same stage of growth (cf 3 and 8), thus varation may be adventrtzous produced durng e
spreading of the film or 1t may represent a real difference Despite these differences 1 1he
patterns of the ct in the young tropt the range of variation 1s Jess than at latet
stages

Pigment—No pigment 1s visible at ths stage

Stippling—Maurer s Spofs are not normally seen at this stage a few early spots are shown
18 figures 30 and 34

Other changes 1n host cells—No obvious changes in the host cells are visible m staned
films at this stage The marked shrinkage 1n the s1ze of the infected cell described by the early
Ttalian workers, seldom occurs 1 cells containing the Malayan parasites The vanatons 1t
size of the host cells reflect the antsocyrosts which 3s not uncommon 1n falciparum wmfections
as 1n all malaria mfections

Multiple mfections of host cells—The mvasion of swgle cells by more than ot
parasite 15 a common occurrence in falciparum mfecnions Two three four or more parites
may be crowded 1nto a single cell (31 36), erght rngs m a cell has been recorded The cell
shown as figure 36 was drawn from 2 film taken just before death from a panent with 3 parasite
density of more than one million per cmm blood The wcidence of multiple wnfected cells 10
this panent agreed farly closely with the mathematical odds of random distribution (see also

p 39
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The young trophozoutes of Plasmodium falcparum are often draped around the edge of
the host cell, a marginal position seldom assumed by other species These marginal forms also
called accole or appliqué forms, are sometimes 2 guide to species diagnosss They are alsoa
common cause of nussed diagnosis for the young margmal parastte, a mere thickened line and
a chromatn bead along the cell margm, 1s eastly overlooked (2 5) Margnal parasites are not
found 1 all or even 1 most falaparum infections, when they are present they are likely
o be mn a mmonty, sometimes they outnumber all other forms

Form—The margmal forms of P falcparum have three charactersstic patterns which for
ease of description we may call the common, the nm and the ¢ displaced forms The

common form 1s shown m figures 13 to 16 The single chromatin bead lies on the edge of
the cell, with most of cytoplasm extended along the edge on both sides of the bead  the parasite
overlaps the edge and a fant cytoplasmuc line, barely visible on the surface of the cell completes
the appearance of a flattened ring The chromatin may be doubled (10 11, 17, 18),2nd there may
be d Y srregul (11 12, 20) These flattened marginal nngs and also
the displaced forms described below, were clearly portrayed by Maurer (1902) 1n the Sumatean
parasite
The‘nm formation s ilustrated 1 figures 2 6 The complete parasite lies Itke a thickened
line along the rim of the host cell, with no evidence of a ring formation (2 5) We cannot too
strongly emphasise the importance of these forms as a potental source of diagnostic error
Recogmition depends on the of nuclear ch and on the relanon of the
chromatin to the marginal hne of cytoplasm

Marginal parasites which are displaced beyond the edge of the host cell are fauly common
(25 33) All degrees of displacement may occur, from a partial displacement with the pa;asl(c
indenting the edge of the cell (25, 26) to a marked displacement with most of the parasite lying
beyond the cell margin (31 33) A ning formation often distorted 15 usual The chromatn mn:;'
appear to he on the cell margin (31), but more often 1t appears on the periphery of the ring sm‘z;=
distance from the cell (25, 30 33) The form of the nuclear chromatin may be that of 2 ;mg
bead (26 27, 33) a double bead (29, 30), or a curved bar (25 28) Three chromat beads
possibly four are visible 1n the parasite portrayed in figure 31 e

Age—Garnham (1933) suggests thatan accole phase may appear late m the cyd: }V -
the parasites are about 24 hours old We have seen no evidence of such a phase in the Mal ayr ;

i Early troph (2 6), and ad d trop 1n cells stuppled with Maure:
spots (20 21, 32), may alike have a margmal position ed 1

Cause—The margmal position of P falesparum 1n particular infections 15 unre m)uch
technique Repeated films are likely to show the same phenomenon In the film from w e
some of the figures were drawn nearly 80 per cent (389/500) of the parasites were mxr‘gl e
twenty four hours later 74 per cent of the parasites stll had a margmal anachmtn( B
mfection was muld with 2 parasie density of 11,000 per cmm of blood Why l; &v ot
P falasparum often mvades the margin of the host cell while other species rarely do so e
nchned to seek the cause in the particular conditions under which invasion occurs 12 o
1nternal pecul p 18 d n figures 342 and b Ery!hﬂzg" S
crrculsting 1n rouleaux formation would present only their edges to the nvading pﬂﬂzlns of
marginal attachment of the parasites would be 2 logical consequence Agg;cgf;;lo hese
erythrocytes have been observed i vrzo by capillary mucroscopy (Wu-m—ube,1 1?4 c)o it
aggregations take the form of ronleaux ® Do they occur and are they particularly
falerparum malarta ? We do not know R

Samm el & o { K E Al wmdJ 1068
PCC Ant ath ubtru melanapira eofKe ya
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The parasttes we describe as advanced trophozostes are at the stage of development
which begins with the appearance of pygment 12 the cytoplasm and of Maurer s spots m the
host cells, and ends with the first division of the nuclear ch Troph at th f
growth portrayed 1n figures 2 24 are likely to be found m blood films, taken at the approprate
stage of the attack, 1n most falciparum infections of Malayan onigm Their presence m the
peripheral blood does not seem to be related as on parts of Africa, to immunity tn the host
(see also p 26) The later stages (26 30), leading up to nuclear division are seldont seen 1
blood films except 1n severe infections

Form—The typcal forms 1n blood films (2 24) are fleshy, rounded or ovoid tmgs, mth
abundant cytoplasm 2 single mass of chromatin, and a vacuole which sometimes has a marked
palfer Morphological varations are common p larly 1n the nuclear ch The later
forms (26-30) have ltle or no vacuole The final stages with immunent nuclear division are
shown 1n figures 29 30

Cytoplasm~The ring form 15 usual i the earher forms shown 1n the plate (2 12) but
with advancing growth the ning appearance 15 lost and the cytoplasm encroaches ont the vacuole
(14,16 24) Withtheloss of the vacuole, the parasites appear to contract, and the later forms are
little brgger than the more advanced rings sometimes mdeed, they are smaller (26~28)

Cl The nuclear ch of the ad d troph 1s stll ¢l iy
a single bead but 1t may be doubled (7 17, 18) or curvilmear (14 16) Sited typically on the
periphery of the ring 1t may he just within the perphery (3 8, 11) or even within the vacuole
(5 17 24) A common form 15 that of a curved bar aligned along the mner wall of the vacuole
(14 16) With the approach of nuclear dwiston, the chromatin mass becomes larger and more
drffuse (27 30)

Pigment—A few nunute granules of pigment, mvisible m the statned parasne appear 3
the cytoplasm at the beginmung of ths stage The granules mcrease m size and number un!
they become visible 1n the stamned film as a greenssh yellow tnge in the cytoplasm At fisst
discrete the granules begin to concentrate and to coalesce before the onset of nuclear division
already 1n the presegmenter portrayed as figure 30 the prgment has fised to a single mass
(see also plate XXXI)

Maurer s spots—Maurer s spots beginnmg as a few munute dots n the host cell (2 4)‘
are seen 1n their most chi sstic form 1n cells large trop which have £°
yetlost their vacuole (8 24) Ata later stage thespots may still be typical (27), or more numerous
and less disunctive (26)

Darkenng of the infected cell—A purplish unge 1n the red cells contavung 13;5’
trophozortes, described by Maurer (190..) and illustrated by Thomson {1924), 1s not uncori A
The affected cells often have a darkened rim (20-24) a change also recogmsed by Maurc
(see also plate XXXVII fig 4) 4 sty

nated host cells—A s| outline 15 comnton m red cells which have dried slow
Cellscxr:fectcd by P falap pd;yre pecuharly hable to this of outhne (31 36)
Marchiafava and Brgnam (1894) and Mannaberg (1894) portray thus appearance 1 host ¢
which are shrunken in size and darkened i colour

Size of host cells—There 1s no significant change 1n the size of infected cells

)
Maverg 2¢ £ ) Thmsn g24( [p 9 Marchial 220d B gnams 1894 (ref.p 3) Manngbe g 894(e( P 9
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VII Plasmodium faleiparum NUCLEAR, VARIATIONS

The typical nucleus of the faleip ph m the R ky stained thin blood
film has the appearance of a dense, deeply stamned aircular bead This may be regarded 252
resung phase In lfe the organism 1s 1n constant movement with the nucleus mcessandy
changing 1 form with the streaming flow of the cytoplasm and we may concerve that any
sudden arrest of this movement, by fixation or quick drying, would tend to perpetuze
the bizarre forms of the active nucleus We mav further suppose that the active nuckess,
stretched maybe 1o famsy strands 15 pecubiarly able to damage when, exposed to the physical
stresses of dessication or fixauon, it begms to contract to the resting state We may thus assume
that the varied forms of the nuclear chromatin express (a) the sudden arrest of the motements
of the lwing orgamsm as the films dry, and (8) the fragmentation of the nucleus as 1t contracts
against resistance to the resting state

Size—The size of the trophozoste nucleus varies of course with the stage of growth of the
orgamsm but there 1s variation also 1n the apparent size of the nuclet 1 trophozontes at the
same phase (2, 4) Chromaun beads which are usually large 1n refation to the size of the nings
are not uncommon we suspect that this app may be ad 2s farge
beads may appear 1n a single film with beads of normal size 1n other films from the same case
but real differences in the amount of nuclear chromaun undoubtedly occur

Nuclear bead~—The charactenstic nucleus 1n the young trophozoite appears as 2 round
or ovaid bead placed on the penphery of the ring usually where the ring 1s thinnest (2, 3) The
bead as arule, 15 single but double beads are very common Variations from tins basic pattern
occur mainly at fater stages when the amount of nuclear chromatin 15 greater

Doubling of the nuclear bead—A single ring often has two beads of nuclear chromatn
{4, 5), sometimes three (21, 22) Thts from 1ts 4 m P falaparer
15 somenmes useful 1n diagnosss The beads may be side by side (12) at opposite sides of the
ring (4) or elsewhate on the ring (5) One bead may be much smaller than the other (4, 5) of
the two may have the same size (20) 'The cause of this doubling of the chromatin 1s unknowr.

Linear nuclei—A common nuclear pattern particularly 1n the older trophozortes 15 the
curvilinear form illustrated with several examples 1n the plate The nucleus may have e
appearance of a short curved bar (6, 23) a half circle (25, 33) or even a curcle neacly camplete
(26), or the cunves may take bizarre shapes (28, 32, 34) The long thin streaks or Laes of
chromatin which may appear i the band forms of P falaparum ate ilfustrated 1w plate IY.

Bizarre nucler—Nuclear patterns of great vanety, with all degrees of distornon "’f
fragmentation, are common in the tenue forms of P falcsparum The plate givesa few cxamp'es
(16-18), others are shown 1 plate XIX We may perhaps speculate whether some of these
appearances are 1o be mterpreted 1n terms of basic nuclear structure Wolcott (1954) has Show:s
that the non dividing nucles of one species of Plasmodium—P it ax—consists essentially
two coiled and condensed chiromosontes

Positsion—Sited as a rule on the eircumference of the nng the nuclear chromatea mayalso
fie yust withia the penphery (23 29), Of even i the centre of the vacuole (30, 36 depel;':dmf
peshaps on the onentation of the parasite 1 relation to the celi surface Nuclet whxctﬂl V:6
curvilinear form often appear to hie just within the vacuole, cuzled around the 1aner h‘g‘s
32 33) Rung form trophozowes with 2 central bead of chromatn have been aptly descr!

tirds eye forms (30) This birds-eye appearance 15 somewhat unnsual 10 falepparumt
trophozoites but very common 1 the trophozoites of Z malanae

WoLcoTr 1954 (vl p 16}
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VIIU Plasmodium falesparum MAURER s SPOTS

The coarse stippling 1n red blood cells infected by Plasmodium falcparum, now known as
Maurer s spots, was first portrayed by Schuffner (1 899) whose orsginal drawings are reproduced
as figures 10-12 Maurer s detailed account m 1902 was accompanied by the illustrations which
have been re drawn as figures 1 9

Maurer s spots may be described according to their stage as carly’, developed , and
late , distinctions which emphasise the marked change 1 their appearance as the schizogome
cycle of the parasite unfolds

Early—Maurer s spots are slow to appear Cells contang young falcrparum rings arc
free from suppling (13), ualike vivax mfected cells which are heavily suppled within a few
hours of mvasion The first evidence of stippling 15 normally secen when the parasites have
reached the stage shown 1n figures 14 or 15, these parncnlar cells are unstrppled indicating the
varation which may occur The first supples are minute purplish pomts , half'a dozen or less
in number (16 18), the points become dots , still few i number and are now charactersstc
enough to be recognrsed (19 20)

Developed—Maurer s spots are seen 1n their most charactenstic form 1 cells contaming
large falciparum rings (21 24) They are always few i number at thus stage and, as Mavrer
remarks, easy to count Maurer describes them as fine ringlets (femste Ringelchen), loops
(Schlerfen) or streaks (Streifen) To this description we would merely add the appearance of
arregular blotches which some of the spots assume The charactenstic difference berween the
stippling m falaparum infected and vivax infected cells 1s 1mplicit 1 the terms Fleckun,
(flecks or spots) and Tupfelung (dots) used by Schuffner 2nd tn this accougt we have followed
James (1920) 1 referring to the stipples 1n the falciparum infected cell as spots and to zh[}el
supples of the vivax mfected cells as dots  In well stamed blood films from patients WIlls
faleiparum 1nfections of Malayan ongm, Maurer s spots are seldom absent from the red ;cs :
contamning large rings but the staimng of the spots 15 very sensive to pH they stam .
at a pH of 72 76, and can seldom be demonstrated 1f the pH falls below 6 8 (see also pla
XXXVII)

Late—As the host cell becomes degenerate Maurer’s spots tend to lose their characlensn;
appearance The stipples become more numerous and less regular, and sometimes, mst:e
of discrete spots, there remams but a diffuse vague purphsh renculuum This Ch;mgeu;mc
character of the stippling tends to begin at about the tme of the first nuclear dxvxsumhtzm "
parasite and for this reason 1s seldom seen 1n blood films Figures 26 30 portray the cl o)ZA
appearance of the spots i cells contaung presegmenters (26 28) and schizonts (29 21 oy
point of mmor historrcal interest 1 that this late supphing so unhke Maurer's spots was
1llustrated by Schuffner (1899) whose drawing 1s reproduced as figure I

Varsous—Cells with characteristic Maurer s spots but with no parasite are not uncommon
The stage of the spots 1n the cells drawn i figures 9 31 32 tndicate that the parasm;;;“ d::
least twenty four hours old when they were detached from the cell figure 32 also s o
thickening of the cell margm whach 15 an occasionat charactenstc of the faluparum ot the
cell while figure 33 shows the parasite st attached These appearances S"fdg:ttuum
organism was extracellular at the time of detachment Maurer s spotsna distorted hos S
portrayed 1n figure 34 figures 35 and 36 show developed and distorted Mauser s SUpp

macrocytic erythrocytes

SarvrniEr 1899 of B 10) Maurer 1902 ( f p 10)
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IX. Plasmodium falciparum BAND AND OTHER BIZARRE FORMS

Band forms—Malania parasites which stretch actoss the host cell like a band have long
been known This band formation 15 particularly common 1n the trophozortes of P malaria
Less well known on account of their comp € rarity and d 1 are the band
forms whick occur 1 falaparum mfections Among the first to dllustrate the band forms of
P falaparum with many examples, was Mary Lawson (1911) who pertrays young trophozoites
drawn out all 1n the same direction as slender lunes across the host cells, a distortion apparently
produced by spreading the blood as a film (13 15) Sergenter al (3913), finding the same forms
1n blood films from a child with malaria therr sumularsty to the troph
of P malariae (16-18) Callanan (1926) shows a simular distortion of the older falcipanm
trophozottes, agam 1n the same direction seemmgly produced by a rolling of the host cells
between slide and spreader i the preparation of films Band forms i P falsparum of
Malayan onigin are dlustrated i figures 1 12 The parasites may be very young (4) or s0
advanced 1n growth that Maurer s dots are present 1n the host cells (7 12) band schizonts are
not unknown (se¢ plate XI) The cytoplasm may stretch across the cell as a lnear streak (4 $)
or appear as 2 narrow drawn out ring (2 3, 8) As a rule the nuclear chromatn 15 stmularly
distorted 1nto a single line along the band (1, 2 5), but 1t may persist as an ovoid bead (9, 12)
S the host cell 15 elongated in the same d. as the band (12)

In Malayan infections the conditions under which faleiparum band forms are liable to
appear are faurly well defined The infections are usually heavy The bands appear at the end of
the spread where the blood 1s spread thi, they occur 1 groups and are usually dsstorted 1 the
same direction Brug (1934) and Sinton (1934) have discussed the cause of the phenomeson
The bands are found 1n parts of the film where the blood dries quickly, where distortions of
the parasites either natural from therr amoebord activity or arufical from physical stresses
during the spread of the blood, would be fixed before the organtsms could resume their normal
or resting form

S; 1 rings—Troph which have a curtous symmetry have been described
by Stephens (1924) 1n a falciparum infection of West African origin Adjacent parasites m
double infected cells appeared almost as murror images (20-23 25) double nucler 10 8 sugle
parasite sometimes displayed a Iike symmetsy (24) The explanation 1s unknown

P; devod of cytoplasm or ct Macfie and Ingram (1917), working 1n
the Gold Coast have described red cell nclustons whick they believed to be abmormal malana
parasttes 1n patents taking prophylactic qunine They portray chromann masses wlﬂ:ieu(

(27 29) and cytopl rings without (30 31) If the forms sllustrated 1
figures 27 29 are ndeed malana parasites, they suggest exther a marked damage by qumine,© 2
failute to stain the cytoplasm from the use of too ad a stain Malarra diagnos:s on such endence
has obvious prtfalls No red cell inclusion should be regarded as 2 young malaria parasite \m!ﬁ;
1t has both cytoplasm and nuclear chromaun This arbrtrary working rule1s a necessary safeguar

from error

d serp-
Th, 1t o utumnal para S € exualcy 1 inth < cul bngblood of man % th
R Lo M ¥ &8s ot b vtoead Char oty chn (e puces ¢ 7 1 At 73 263 e dun
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IX. Plasmoduun falciparum BAND AND OTHER BIZARRE FORMS

Band forms—Malana parasites which stretch across the host cel] Lke a band have long
been known Thus band formation 1s particularly common 1n the trophozoites of P malarae
Less well known on account of thetr comp e ranty and d. are the band
forms which occur 1n falciparum infections Among the first to sllustrate the band forms of
P falaparum with many examples, was Mary Lawson (1911) who portrays young trophozoites
drawn out allin the same direction as slender lines across the host cells, a drstortion apparently
produced by spreading the blood as a film (13 15) Sergenter al (1913) finding the same forms
1n blood films from a chuld with malaria therr simil. 1o the troph
of P malartae (16 18) Callanan (19..6) shows a simuar distortion of the older falcsparum
trophozoites, again in the same direction, seemingly produced by 2 rolling of the host cells
between shde and spreader in the preparation of films Band forms m P falaparum of
Malayan origin are illustrated 1n figures 1 x2 The parasites may be very young (4) or so
advanced 1n growth that Maurer s dots are present 1n the host cells (7 12), band schizonts are
not unknown (se¢ plate XI) The cytoplasm may stretch across the cell as a fmear streak (4 5),
or appear as a narrow drawn out ring (2 3 8) As a rule the nuclear chromatin 15 simularly
distorted mto a single Line along the band (1, 2, 5), but 1t may persist as an ovord bead (9, 1.}
Sometimes the host cell 15 elongated  the same direction as the band (12}

In Malayan nfections the conditions under which falciparum band forms are liable to
appear are fanly well defined The infections are usually heavy The bands appear at the end of
the spread where the blood 1s spread thun, they occut 1n groups and are usually distorted i the
same direction Brug (1934) and Sinton (1934) have discussed the cause of the phenomenon
The bands are found 1 parts of the film where the blood dries quickly where distortions of
the parasites exther natural from thesr amoeboid actissty or artfictal from physical stresses
durng the spread of the blood, would be fixed before the orgamsms could resume their normal
or resung form

S; 1cal rings—Troph which have a curious symmetry have been described
by Stephens (1924) 1n 2 falcrparum nfection of West African ongin Adjacent parasttes mn
double 1nfected cells appeared almost as murror tmages (20 23 25), double mucle: in a single
parasite sometumes displayed a Iike symmetry (24) The explanation 1s unknown

P devoid of cytopl. or ch Macfie and Ingram (1917) workingin
the Gold Coast, have described red cell inclusions which they believed to be abnormal malaria
parasites, in panents taking prophylactic qumne They portray chromaun masses without
cytoplasm (27 29), and it 1ings without ch (30 31) Ifthe forms tlustrated i
figures 27 29 are indeed malaria parasites they suggest exther a marked damage by quintne ora
failure to stain the cytoplasm from the use of toa aad a stan. Malaria diagnosis on such evidence
has obvious prtfalls No red cell inclusion should be regarded as a young malania parasite unless
1t has both cytoplasm and nuclear chromatin This arbitrary working rule 1s a necessary safeguard

from error

el eycle Inth_aredl o_gblood of man withiad crp
o st DR T 208
microseopqu # couns dua et

Rowiay Lawson My (rgt1) Th se u o- urgrmnal para ¢
S e AT e p T

SergeNt EDM Edﬁm E'I" gGu’!,r M ,u;n PLANTIER A (19 3} Obervh

i eo palu e

CALLANAN J C ] (19 6) A delght thepod no{l’la;maiuzv,y;ul (lsxle::x » Kemy mdJ 3 82

Baug S L (tg3q) Ob rveun amokymios RoMlin

Smon J A (934) Aguansnmilan p  teofthe] w on tlmonky Skn ru{Af o cynomolgur) R Mal

Sy Ind 4379

o Md P o 1833

SterHEN ] W W (1924) S m mph | melfestur £ Plasmodumf ] p rum Amm t p

Micx 1 W S AND InamAM A (517) Ob rvt ns nmal nawth Gold Co tColomy West Afncs Ann » Med
yd i1



1X  Plasmoduon falciparum

e (On
SIS AS)

Malayan (1 12)
_",v N
— S~ -~ A
( V‘\ N N e u
\ \ R N =TT e
Y Y L
\ )T P
—, ~ B U P PO
After Mary Lawson 1911 RN \/ [ - .
O T

¢ I 1
\/——/ (./ \ \‘ BN } \\T/)

After Sergent et al 1913 -k

— »

After Callanan 1926

SN E ke L e
, ) y = 1 O
< (\,:J i %ﬂ b Vﬁ(‘y I @ T y 4\\©\) )
"% 72 z - s — 3 — s
After Stephens 19 4
R SIS
g ) r k o { = i ( \
Fal) / . R 1
“ k VA R o

After Macfie and Ingram 1917
BAND AND OTHER BIZARRE FORMS



136
X Plasmodium falaparum  SCHIZONTS

Definstion—Malaria schizonts 1 a strict zoological sense are the asexual erythrocytic
parasites at all stages of the schizogonc cycle, regardless of the state of the nucleus The term g
used here to describe the parasttes at a stage of active or completed nuclear division

(o] 1 the peripheral blood—In faleip fe of Malayan origin
schuzonts seldom reach the peripheral blood except 1n heavy infections In the large senes of
cases, schizonts were seen 1n blood films 1n two per cent of mild infecuons butin SIXty per cent
of heavy mnfections, young schizonts (2 12) were more common 1a blood films than advanced
or mature schizonts (19 36)

Form—The schizonts are compact rounded bodies They have no vacuole Occupying
abont one thurd of the host cell at the time of the first nuclear diviston, they take up two thirds
or more of the cell when nuclear diviston 15 complete (22 23 25) or they may fill the entire cell
(28) Welch (1897) states that the mature schizonts take up only 2 relatively small part of the
host cell, schizonts so small are unusual 1n Malayan ifections Garnham (1933) had described
schuzonts which have a crescentic form, they occur in the Kenya parasites, mamnly 1n cultures
and rarely 1n the peripheral blood We have not seen these forms in the Malayan organism

Cytoplasm—The cytoplasm 1s farrly dense and often stained so deeply that the chromatin
masses from the first nuclear diviston are not easily seen It remans fairly homogenous until xts
final sep to mvest the mdividual (34 36)

Nuclear chromatin—Ofien loose and 11l defined at the begnming of schizogony, the
nuclear segments appear as vivadly stamned purple ovords 1n the later stages The segments are
somewhat rregular 1n shape and size 1n the early stages of nuclear division (7 18) but m the
mature parasite they are fairly umiform (27 30)

Pigment—The pigment of the schizont 1s typically fused imto a single rounded mass
Begmning with 2 concentration of the granules at the presegmenting stage of the parasite, this
fusion of the pigment to a smgl a doubls 15 usually ad d at the first
nuclear division The pigment mass may occupy almost any position 1t the parasite central
(27 20) eccentric (26 32) or pertpheral (18 24) The colour of the pigment varies with the
optical conditions of examunation, usvally 2 dark mahogany brown it may appear almost black
with poor illununation

Mer The plate wiuch are sull clustered together (33) or
scattered from the bursting of the ripe segmenter (34 36) Typrcally, the merozoites are round
or ovord beads of ct 1y placed 1n the lop ytopl: They are usually
compact, though the begmnmmngs of a vacuole are sometimes evident (35) The number of
merozoites 1 a single schizont vartes 1n Malayan mfections from 15 or less to 30 or more, }‘:Lh
an average of about 20, extremely wide vanauons from Jess than ten to more thatt fonéo ve
been reported from vartous parts of the world Peel and van Hoof (1948) 1n the Belgian fnga

found an average of 30 merozoutes 1n schizonts from the placenta, but 20 oaly 1 schizonts from
the peripheral blood

Changes 1n host cell—The varauons mn size of the host cell
vatiations 10 the unnfected cells Maurer s spots, though still distincuve i some of the t
contamung early schizonts (5 o) tend to mncrease m number and 1o lose their charactenistic
features as the parasite grows and the host cell degencrates (6 § 10-12)

s are no greater tnan the
e cells

Gammiant 1933 (el p 25) Welch 1897 (ref 7 46) Foelmnd V. H 1 1948 (<f p 85
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XY Plasmodium falesparum  UNUSUAL OR BIZARKE SCHIZONTS

Schuzonts of Plasmodum falaparum have been deserbed which differ so much mn ther
marpholagical characters from the wsnat forms that they have sometmes been regarded 8 pew
speaies or varienes Plate X1 dlustrates some of these aboormal forms

Smalf seh The of the g vanety of P falap gased
Italy by Marchiafava and Bignams (1894), were excessively small (figs 2 6) Thesame quetidian
vanety was secognssed by Craig (1909) 1n the Plubippunes figures 7 g have been tedrawn from
his phoromicrographs (Craig, 1921} The schizonts porrayed by Marchiafiva and Bignams arc
much smalier than any we secall having seen 1 Malsya bur we ase mclined to think that the
size of the schuzonts descrsbed by Crag falls wittun the range of vantation of the Malayan
organism (f plate X) Thomson {1914) has shown how guunme treaument may safiuence the
appearance of the schizonts (Te-12)

Bizarre pucler—Unusual appearances ta the form of the nuclear chromatn are port
sayed by Basuanells and Bignam: (1859) and by Jolly (1536} Some of these sppearances we
do not recall having seen i the Malayan org: the clusters of ot dots m the
young schizaat (t5) the appearance of pasred luear fragmertts of chromatm {26), the coarse
curvilinear form of the chrormann segments (22) and the cunows V forms shown i fig 23

Absence of pigment—Welch (18g7), 10 s description of P faloparon refers to
schizonts which are devord of prgment particularly tn tropical strams  and Mansaberg (1894)
slustrates a cerebral capitlary packed with schizonts which appear to be pigment free {14)
Jerace (1939} records the presence of an unpigmented schizont n 2 normoblast (13) We have
never seen unpigmented schizonts 1 the Malayan parasts

Seattered pigment—The pgment of faloparm schizonts 1s normally fused to 2 swgle
mass at an easly stage of nuclear diviston Jolly (1936) has desenbed scizonts i which the
pigment remans scattered at an advanced stage 1 schizogamy (21, 23 24) We have not seen
thus appearance 1n the Malayan organism

Various—Faltparum schizonts which ase unusual m thew form or assocations are
portrayed n figures 27 38 drawn from Malnyan matenal Schizonts which have s band form 3
rarc appesrance are shown i figures 20 and 30 and schizoats which share 3 cell w:J:h p&:wm
of a dufferent age or phase 1 figures 3138 Vanous b are yep) it
and schizont (36 38) schuzont with ring form (33 35, and schizont with young gametocyre 32)
Young sch n are portrayed i figures 27 and 28 Maurer s spots of late phase

nd hat 1 frer 3 dots are well shovm 10 fgure 36

PR vt 28
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XIL Plasmodium falcparum DEVELOPMENT OF THE GAMETOCYTES

The g: ytes of Plasmodium falesp the famuliar crescents da not normally develop
1 the perspheral blood ‘Their nurseries are the capullarses of the bone marrow and spleen and
only mn severe infections are the early forms seen 1 blood films

Golgi—An early account of the developng crescentic bodses 1s given by Golg: (1885) who
seems to have recognised only the later stages (1 7)

Marchiafava and B; -A more plete account 1s that of Marchiafaya and
Bignami (1894) who, working with preparations of the bone marrow and spleen, portray most
of the develop stages we g today (8 14), though necessanily without the
refinements which came swith the later advances i stamng technique

Watson—The first account of the developing gametocytes of the Malayan parasite 1s that
of Watson (2903) who recogmsed the forms desertbed by Marchiafava and Bignami, and also
portrayed minute rounded forms, with one or two grains of pigment which he regarded as the
carliest stage (15 16) The panent was a Chinese man who died from a severe falciparum
mfection m Klang Hospatal, twenty mules from Kuala Lumpur An account of the case was
presented and films were exhibited at a Medrcal Congress held 1n Kuala Lumpur on 19th
November 1902

Aragao—The sex of the young gametocytes 1s not easily deternmned Aragao (1930)
attempts to define the differences of sex in the young forms found m the bone marrow The
carly male forms, he suggests, ate mtracellular rounded or ovord bodies (22 24), while the
females in their early stages are band like (28 29) or spindle-shaped (30 31)

Thomson and Robertson—In a fine colour plate Thomson and Robertson (1935)
lustrate the form of the young gametocytes found 1n blood films from Malaysia, India and
Aftica (34 45) They depict most of the forms i by earker ob it
mtracellular, rounded or oat shaped forms (34 39) recogmised by Marchiafava and Bignami
(18g4) and by Watson (1903), the spmdle shaped forms (41 45) to Which Laveran (1881)
Swellengrebel (1913) Thomson (1914) Ioff (1930) and others, had drawn attention and the
curous bodies m the red cells contuming young gametocytes which Garoham (1933) had
described (plate XIV)

Anew of the d of the Brumpt (1952) has mterpreted
appearances of the parasites seen i the penphetal blood and bone marrow of a Vietnamese
woman with 2 ses ere falcrparumt 1nfection to mean that the carly development of the gametocytes
takes a cousse very different from that outlined i figures I 45 Certamn specialised parasites pass
through two nuclear divistons 1o produce four elongated bodtes arranged in parallel funnat:;n
1n the same cell These bodes he regards as the pregametocytes The forms from ;ul:ch 0:
pregametocytes agise are the gamonts The appearance of the gamonts 15 desenibed but
1lfustrated No supporting evidence for this saterestg theory 1s known o us

Gote (188s) Fgs 7 drwafrmGovannla 1938 (s £ P 5
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XUI Plasmodsm faleip EARLY GAMETOGYTES

Form—The earhest of P dium falcsp are rounded bodies with
scattered grains of pigment and no vacudle (2 6) They lengthen with growth to become
oat shaped (7 18) oval(19 22), cigar shaped (23,24) orspindle shaped (27 34) The differences
©f shape, according to Aragao (1930) are determned by sex, the young males are rounded the
females band like or spndle Itke The view of Aragao lacks confirmanon, and 1 this account
we make no attempt to the young male g: from the young females

Intracellular rounded forms*—Watson (1903) states that the faleparum gametocyte
can be recogmsed at 2 very early stage as a round pale stamnimng body about the size of 2 small
faleparum tmg wath a gram or two of pigment but without the charactersstrc vacuole of the
asexual parasite (plate XII, 15, 16) When the parastie occupres about one thurd of the cell (2 3)
the differentiation 1s more defimte The cytoplasm stans a pale blue grey the chromann 1
diffuse and not easily defined  the pigment ss scattered as small grains throughout the cytoplasm
The later forms are sull more charactenstic They are larger rounded bodies with pale

yropl diffuse ct an scattered granules of pigment (4 6) Garcham
{r931) has drawn to the deep g pertph d of protop which
gives the appearance of a capsule

Intracellular oat shaped forms*—These highly charactenstic forms are portrayed by
Watson (1903) and more clearly 1n the colour plate of Swellengrebel (1913) The parasite has
roughly the shape of an oat gram (7 18) with pomted ends often with one side straighter than
the other (8 11} The cytoplasm 15 rather pale, the chromatin 15 diffisse and often areanged along
the strarghter border, the pigment 1s scattered but not umformly As m the earlier rounded
forms the penphery of the parasite tends to stan more deeply than the centre, suggesting the
presence of a capsule

Spindle forms—With further growth the gametocytes become elhptical (19 26) or
spindle hike with ponted ends (27 34) The appearance of a deeply staned perplast quite
distinet from the red cell 15 not uncommon (31 34) The chromatin may appear as a reddish
mass near the centre or 1t may be diffuse and difficult to define The pigment 15 scattered as
granules or rodlets throughout the cytoplasm with a rendency 1o collect m the mrddle rather
than at the poles The parasites may still lie within the bounds of the host cell (20-24), they
may be attached 1o the temarns of the host cell (31 34) or they may lic apparently free (26 30)

Changes 1n host cell—At first the host cells are unchanged m appearance later they tend
to be stretched and distorted, and finally they remaw oply as tattered remnants adherent 10 the
parasite Maurer s spots do not appear at any stage The inclusion bodies described by Garnhag
(1933) are not m cells the younger g (plate X1Vy Host ce!
contaming more than one parasite are portrayed n figures 35 and 36 o

Association with hea fection—These early g normally develop wi

the bone marrow or spl:cn,vz:ey appear 1 blood film only 1n serious mfections The yu;mg
intracellular circular and oat shaped gametocytes were drawn from films uk&x;}f"!rom oﬂz;
patients with a parasite density between 150 000 and 1 080 000 per ¢ mm of L3
these pauenys died from the mfection

R —
lls with n lca on
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ety et ATMha iy and i ed Tall Tges w belr  th gametocytes 1o be exira-comd
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1930 P 14



XII Plasmodium falciparum




X1V Plasmodum falciparum GARNHAM BODIES

Garnham (1935) has desenbed mclusion bodies 1n the host cells of young falaparum
gametocytes of East African ongin ‘The same bodies were demonstrated by Thomson {1533) s
blood films from Sarawak, and portrayed 1n a colour plate by Thomson and Rabertson (1935)
They are not 1n falaiparum infe of Malayan ongin

Form-~Garnham describes the bodies 1n these terms
1 there 15 only one to a cell,
1t they consist primarly of a thick bar which stains 2 dark red colour,
m they are usually one third to one half of the red cellin length but sometimes longer,
1 they usually lie free but sometimes seem to be attached to one end of the crescent,
v they may be curved to form loops the ends of which may jom to form an ellipse or
circle, or they may have a coil appearance,
V1 the onginal bar may break up into fragments
The appearance of Garsham bodies 10 Malayan faleiparum mfections 15 iflustrated in the
plate The form of the bodies accords faurly closely with Garnham s descripnon they dufer 1
that they are not always single {16, 21, 23), While the term  thuck bar - seerns hardly appropriste
for the tubular appearance they present They occur atall stages 1n the early development of the
gametocyte i associanon with the circular  oa shaped or spmdle forms but they are not
constant, appearing only in 2 proportion of the gametocyte wfected cells
Unusual appearances—-Garnham bodies m celis doubly 1nfected with carcular o5
ot shaped gametocytes are shown 1n figures 31 33 Red cell mclusions with the appearances
of Garpham bodses, cocurrng 1n cells which were not infected at the time are drawn as figures
35 and 36, there were many young gametocytes with typical Garnham bodies 1n the same film
Assocration with heavy infection—Garnhum bodies are found i assonution with
loping falcip g and for this reason thev are seen m blood flms only 1
severe wfections The examples shown 1n the plate were drawn from blood films taken from
seven patents of whom three died from the nfection
Origin-—The nature of these bodies 1s unknown Garsham suggests that they may be
dertved from the parasite, g some vesugtal supp structure no longer nccsrsgy
to the otgamsm Thomson and Robertson advance the theory that they ar. fragmeats o !h‘
capsule or periplast tom from the youny gametocyte Thayer (1900) has portrayed ;
appearance of bud like processes which slowly protrude from the young Ine Kﬂmm"‘!:od ani vy
then retract, and 1t 15 concetvable that these processes may be detached from the man n ‘v;;
the ofgamsm durmg fixation Yet another theory 1s that they are denved from the ht:! cel dm;
they represent areas of detachment from the red cell surface of the growisg !f_‘mfgmu o
organssm—that they are n other words, the b 1 the g o
Maurer s spots 1n the csll infected with the schizogome forms

PR, -
Gasraan 1933 (e p 14%) Thomson ko Rabertson 1935 ({ p t40) Tower woo (el 9 i) 0,
Tnn;n’mu 2; G (1933) P eulur bodiew in red blood contang developing crescent
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XV Plasmodium falapartm ADVANCED AND FMATURE GAMETOCYTES

The full grown of Plasmodium falap are the famubiar crescents They
appeat 1n the pertpheral bload late 1 the falaparum attack usually about ten days after the
start of fever, but they are comparatively resistant to drugs and may afford evidence of malana
mfecuon for days or weeks after the subsid of and the disapp of the
schizogonue forms from the perpheral blood

Form—Laveran referred to the g ytes of P falcsp as bodies, and the
term  crescent  has siace been generally accepted Yet the name 15 not 2 happy choice, the
adulr are seldom they are sausage shaped with rounded ends Plate XV
illustrates u range of typical appearances in the males (x 21) and females (22 4.} The
gametocytes vary 1 length from 8u to x2u or more and wn width from 3u to 6y, the females as
a rule are longer mote slender, and more gracefully curved, than the males Marked varations
1n form and size are common, some are produced 1in ding the films y
express a natural varation Short, stumpy gametocytes male or female, are common 1n Sims
which have dried slowly Forms of P falesparum in West Aftica and Ethiopia whach constantly
produce smali gametocytes have been regarded as spectal varreties (p 47}

Cytopl The cytoplasm 1s the man sub of the parasite It varies 1n density
often with a penpheral condensation which has been regarded as a penplast or capsule In the
females the cytoplasin stamns blue 2nd iz the males 2 paler reddish purple, but with routine
methods of staynng this colour distinction s not always clear {One of us (J W F ) often fasls to
discern a difference whichto YL F 15 obvious]

Chromatin—Jn the female gametocyte the nuclear chromatm 13 concentrated a5 2
purplish mass usnally in the centre and often rather obscured by the pigment, 1n the male stas
Iooser 1n testure and more widely duffused tk hout the To this duff m the
distribunion of the chromatim 15 related the colour distinction between the staned males and
females *

Pigment—The pigment 1 coarse §t has the form of irregular granulés or shore rodlets,
typrcally distnibuted around the centre of the parasite while the poles are pigment free Asarule
the pigment 1n the male 15 more widely scattered than that of the female, a useful but not
altogether reliable disunction of sex (plate XXXT) 1 Marked changes m the form of the pigment
are common durnng with mep or chlorog! the granules may coalesce mto
one or two prregular masses, and a complete absence of psgment is not unasual These changes
are not shewn 1n the plate (see p 240)

Flost cell—The host cell of the mature gametocyte 1s usually a meze remnant It appears
typically as the well known Laveras bib  azched across the concanity of the parasite (1 7)
Somenmes the bib s puckered (3,4 6 7) andstmay be absent (19) The host eall may also
project beyond the convex. border of the gametocyte as a false capsule either smooth (32, 4°f) lgr
puckered (5 8, 24, 25) Brzarre appearances from a foldng or dastortion of the remnants of the

host cell are common (12, 32, 36 41)

Double i Twa full grown g
apparently from mvasion of the same cell, are shown 1a figure 42

femals and male 1a close assoation,

Th nustess chr matn i th gamerocyies of B pean strauns of P falaparsow 19 more clenrly & fined than that hownin
hopht ®GS5)

+Th exdin coon nib
the mgme t form a'b ok n Curcle around the muclens
of the'pans  legmng only th poles frec.’ These &l ences
th Puropesn rgan m (PG 83

Europesn tes 16 the femaley
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AVI Plasmodsum falaparum MATURATION CHANGES IN THE GAMETOCYTES

Profound changes 1n the gametocytes occur when they enter the stomach of the mosquite
They pass through a nipenng phase, a nuclear reosganssation 1n preparanon for sexual unon
or syngamy The process 15 thought to be assomated with a reduction davasion of the nucleus
whereby the chromosomes are halved i number, the redundant muclear materal bewg
discarded The complex and intricate mech of the d red division 18 not
revealed by ordigary methods of examination, nor, :ndeed, has the process been cleacly defined,
but there are gross morphological changes dunng maturanon which are eanly seen m
Romanowsky stained films Some of these changes are liustrated 1 plare XVI The drawings
were made from thin blood films which had been kept an a moist chamber for several mnu.es
and then fised and stamned by a modsfied Leishman method

Females (1-12)—-An early change m the app of the female 15 that
which Thomson and Woodcock (1922) interpret as the escape and rounding up of the gamste
The female gametocyte appears to have a fausly tough capsule, a bulge appears i the concavity
(x) and the gamete escapes through 3 hernia 1n the capsule (4+7, ¥1) leaving behind the sheli of
the gamcmc);!c whach, 1n the examples shown, still contains some of the pigment Bzarre

rom .

P or of the cytop) are COMmOon
Clysters of small ronnd bodies, pale prek i colour and spparenty extruded from 8¢

parasite, are somenmes seen artached to the side of the gametocyte oppastte o the 2scaping
gamete They are well shown i figures 9 10 Thomson {1914) illustrates somewhat similar
appearances

Males (13 30)-—The apparent hermiation of the gamete ob erved in the female seems to be
absent in the male The capsule may bulge (13~15) but appears 10 yield evenly all round as
the gamerocyte becomes cireular At this stage, the gametacyte stains a deep purple and the
cofour distnction between male and female 15 much more obvious than 1 ordinary blood
fitms The curious extrusions, already noted 1n the females, are sometimes seen at the penphery
of the males (16-21) the namre of this extruded matenal 1s not known to us

Polar bodres—After the reduction dwmsion of the nucleus, some part of the nuclear
materral becames redundant Thomsen (19£4), and Thomson and Woodcock (1g22) suggest
that the redundant chromatin 15 extruded from the orgausm as polar bodres (plate 11, 16-21}
Casint (1936Y, on the other hand, believes that the superfivous chromatn of the male remams
wthun the parasite, while the active generauve chromatm moves fo the penphery before
diding to enter the nucrogametes, only 1 the female is the redundant chromann extruded
The small deeply stamed masses of extruded chromatin which Thomson and Woodcock
describe as polar bodes have not been obvious m our matersal

Exflagelfating males—The of ping gametes tightly corled around the
male gametocyte hke a dense thick capsule seems to be the first gross evidence of exflagellauon
1 films kept 1n 2 mosst chamber (22 23) Thereafier the gametes uncoil (24 27), untd they are
relatively free (28 40) The final detachment from the pacent cell 15 not shown i the plate
During this stage of gamete formation 2 well defined mass of chromatia 1s often smkw‘g}y
ohvious (22 »7) This mass remans when gamete 18 ad d and p
represents the redundant nuclear raateral

Some of the gameres have small blobs of chromatin esther along their course or 2 2
termmnal bead, others have po visible auclear matenial Gametes without chromatn would be
sterle, the nuclear matenal of some of these attached gametes 33 probably hudden within the
parent gametocyte {see also plate XLVII)
Casnt G (1936) S\dl ;1'1; “detto fenomeno dell | mnanan des globult polari hel gametoats d | peresua muarigent Ry
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AVID Plasmoduon falaparum  CEREBRAL INFECTION

Cerebral caplfanes which appear 1o be blocked with parassised red cells are aften found
at autopsy 1n subjects who have died from falaparum maluna, parcutarly when these weee
cercbral symptoms during hife The parasies are usually presegmenters, segmenters, o
merozoites, but they may be at any stage of growth The host cells tend to be packed tight
tagether, with their individual outlnes lost and in stamed smears the parasites Lie contrasted
sgamst a pale purk, more or Jess homogeneous, background of packed cells Plate XVII portravs
the appearances of the parasites mn dufferent cases, figures 1 5 were drawn from stears fgures
6-8 from sections

Figure 1 (Case 1)—The parasites are mature or 4 One
segmenter lies outside the capillanies The pigment of each schuzont 18 2 simgle rounded mass, or
a tight cluster of granules The dark ovord or pyriform bodies are the nucle of the capilasy
endothebal cells

Fagure Z (Case 2}-~The parasites are farger than merozontes, they have grown 1o a stage at
which 1 blood films they would normally appear s nings The compact appearance with slight
vacuole formation 15 probably a post mortem change

Figure 3 (Case 3}~-The patient was an eldesly Chunese who died 1n coma soon afier
admussion to hospital Two hours before death the blood was flooded with small sings The
parasite density was §11 000 per cmm blood and 16 per cent of the red cells were infected.
The bramn smear was taten 16 hours after death The parasites are older than those portrayed
n figure 2, 1 biood films they would appear as large xing form trophozostes

Figure 4 (Case 4)~The panent was 2 Chinese woman who was admutted to hospital in
deep comz and died 2 few hours later The parasite density 1o the pertpheral blood was 4.6 000
percmm 42 per cent of the red cells were infected The parasites are presegmenters and early
segmenters about 36 bours old with well formed ma.ses of pigment. These are the pigment
masses which, ranged 1n lines 2long the capillaries, are so0 obwvous 1 unstamned matenal, ven
under the low power of the microscope

Figure § (Case S)~Parasites of three broods were presenc i thie brao smezr from whick
this capiilary was drawn. The donunant parasites were presegmenters, two parasites i carly
schizogeny, and 2 cluster of merozoites may also be seen

Figures 6 8(Case 6)—These drawings were made from staned sections They sifustrate the
concentration of parasstised cells around the perphery capsllary walls, a phenomenon, tlustrat~d
very cleasly by Mannaberg (1899), which may have an important bearing on the slowimg down
and final arrest of the blood flow

The growth phase of the parasites and the onsct of coma—Concentration of parasites

10 the brain capillaries with an arrest of the capillary circulauon might owcur at esther of two
pounts 1n the blood cycle of the parasite——ar the lare trophozarte stage When the parasiused cells
are caught up in the internal capdlaries (4 5), orat the tune of segmentanon (1) The events in
Case 3 (6% 3) suggest that segmentation was the tume of parncular danger Marchifava and

Bignamu refer to 2 clonding of the with the sept of the orgamsm
Womo-Tassenetsky (1939), on the other hand states thar coma begins 20-24 bours after the
of the of parasites responsible for the cond: thiat 15 to s3y at about

the tume when the parasised celfs collees 1o clusters or adhere to the capillary walls From

the Limited matenal at our disposa) we have nor been able to cosrelate the onset of cerebral
P with any p it ! I phase of the organsms

Maoasres 1 Die Malana Rrankhonten, A H 1de W o, 1899

MARCHIAPAYA AND BiGuaMT g4 irefl p ¥)

Yorvo-1asenersey MV La tisrrsbt 10m dep pe a3 16 d b J ooy posme & Thomme sy cours de Ta malers wopucale
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XVIL Plasmodun faleiparum
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XVI Piasmodwm folesparum  PIAGOCYTOSIS

Phagocytosss of the parasites sn malana infections 15 a strking phenomenon The la:
mononuclear leucocytes the wandenng and fived phages, and the polymorphosucl
leucacytes, engulf the parasites 1n vast numbers particutarly at the tume of segmentation The
appearances have been interpreted 1o tean () that the phagocytes destroy Living parasites and
constitute an ymportant, perhaps the most important means of natural defence, or (5) that they
cleanse the vascular system by the removal of dead or degenerate parasites and their debrs
The emphasis, we believe, 15 to be placed on the active rather than the passive role

Phagocytosts 1s mostactive in the spleen the Rupffer cells of the liver and the bone marrow,
but to 2 varymg extent 1t occuss throughout the lympt hage system Phagocytes laden
with parasites or pigment are often seen 1n blood films, but here they present a mere episede in
a drama which 15 played out mamly in the viscera In the penipheral circulaon the mam
phagocvtic cells are the large mononuclear leucocytes, though the polymorphs are actvely
phagocytic m heavy Infe the lymph phils display no phagocyuc acuvity
Macfie (1914) records a fatal faloiparum infecuion 1 which two-thirds of the polymorphs m
blood films contatned either parasites or pigment, and Thomson (1935) states that a sigle
polymorph may engulf as many as eight schuzonts Talaferro and Mulligan (1937) give &
detarled account of the phagocyuc cells involved mn defence Thomson (1933) portrays

by the large 1 and pot tn an excellent colour plate

Plate XVIIIall some of the app of phagocy by the pol, ph
and [arge fear 1 ytes in falcip of Malayan ongin the cells were
drawn from blovd films and placental smears

Phagocytosis by the polymorphs—The polymorphs seem to have a special aviduy for
mature schizonts and merozoites, or they may take up the pigment only The polymorphs
shown contain (1) two masses of pigment from mature segmenters, (2) mature schizont (3)

d (4) two ad d sch and (5) two i and seattered
merozoites Evidence 1n blood films of phagocytosis by the polymorphs 15 unusual except iz
heavy 1nfections (Shute has often seen exflagellating male gametocytes engulfed 1n the poly
morphs 1n moist films and blood clot from the mosquito stamach but never m ordinary blood
films)
Phagocytosis by the large mononuclears—Phagocytons by the large ‘mononuclear
u 1S Very common; p larly at the time of segmentation Phagocytes which contas
pigment only are illustrated 1n figures 6-8 and To, the Pigment 15 mawly m the form of
compact masses dertved from mature segmenters Whether the pigment represents the remains
of parasites whuch were engulfed alive and digested, or whether the phagocytes have taken 2p
the pigment from the plasma as 2 mere scavenging actvity; 1s not casdy dearded If we assume
that each pigment mass rcpresents a digested schizont the defensive role of these cells must be
highly sigmficant The cell shown as figure 1o, drawn ftom 2 placental smear, contans at Yeast
30 pigment masses, the maternal mfection was very light

Phagocytosss of schuzonts 1s shown in figures 9 11, 12 The mactophage drawn as figure 9
contains two schizonts, on¢ half digested and lying in a vacuole A stmalar vacuole contammng 3
schizont which 1s 4 d 18 portrayed i the phage drawn as figure It

Evidence of phagocytosis by the large mononuclears may persist 1n blood films for 2 week
or more after the disappearance of the parasites from the erculation and may sometuues p owide
the only decisive indication of previous mfection
Mo ] @ S (o1 Nowon e il and cxecomonallvaaren | £y wh palana (P Jolapori) Lanct
E‘;ﬁ: } ] 2:3:’:} %m&;ﬂm;c:n:uﬁ m“.';-fmu 1 Plaimod wn [ laparon by polymorphon des eell
A 1 e po oy of malra wih p el ¥ ference 1o the funcuon sad
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3IX DOUBTFUL SPECIES

Plasmodium tenue Stephens 1914

In a blood film from a chuld 1n the Central Provinces of India Stephens (1914) saw malana
parantes with young trophozotes which were highly bod, with wh 1 m
form, the cytoplastn was scanty and the nuclear chromatin disproportionately large in amount
These features, he thought, distinguished the parasite from any described before he regarded
1t 23 a new spectes and gave 1t the name Plasmodium tenue

Stephens was not the first to see these peculiar trophozotes They were portrayed m a
colour plate by Balfour (1908) who regarded them as amocboid forms of P falsparum while
Welch (1897) 1n tus description of P falciparum had written of the mansfold shapes which the
parasites may take in their amoebord movements

The views of Stephens were supported by Sinton (1932) but eniticased by others particularly
by Mary Lawson (1916) Knowles (1923) and Callanan (1926) The grounds for crittcism were
(a) that tenue forms tend to be grouped in particular areas of films which elsewhere show normat
falcsparum rings (b) that films talen from the same patient at the same tume may show teaue
forms 1n some and ning forms 1 others, and (c) that tenue forms occur m all the malara
parasites infecung man In face of this cnticism P tenue has not been accepted as a vahid
species and by most authoritres tenue forms are now regarded as distosttons 1n the trophozoites
of P falciparum Whether the distortions are natural or artifictal 1s not clear They may express
an ynusual amoebord activity in the paraste, as Balfour and Wenyon (1914) believed, of they
may be due to physical stresses imposed on the parasites when the blood 15 spread on 2 film the
view so convincingly put forward by Mary Lawson (1916) and Callanan (1926)

Tenue forms of P faltparum are fairly common 1n Malayan infections, usually accompamed
1n the same films by ordinary ring forms Like most distortions of the malara parasites in thin
blood films tenue forms are more common at the tail of the spread where the films dry
quicker and the parasites have had further to travel A film from a Malayan falciparum infection
m which many of the trophozoites had a typical tenue morphology contamned more than thurty
times more tenue forms at the tal end of the spread—70 per cent of the total trophozoites
compared with 2 per cent atthe butt Sometunes tenue forms appear 1 large numbers 1n 3
single film, one of us recalls an occaston when six films were taken from one patient at the same
time, five films showed normal ring forms only while the sixth showed many tenue forms

The drawings m plate XIX, reproduced from orignal sources portray the common
appearances of these tenue forms The cytoplasm s scattered i srregular wisps and strands
and the nuclear chromatn 1s likely to show a sumular if less marked distortion Somenmes the
amount of chromatin appears to be excessive (19 21 25) The dustortions are most marked 1n
trophozowes of small or medum size, large trop with ample cytopl m cells
contanmg Maurer’s spots, seem to be less liable to assume these extreme vagaries of form

Steznens toea ( € p 50 B Uour goR Gef p SO
RALFOUR AND WENYON 1914 (¢f p 31)
Soviow J A (92) Acacofmalud d etoPlom dumsenus (Stpbn) Idi I md Ry 10 215
Rowisy Lawsod Mavy (1956) D t ruon fthemalanalpara te A nt op ctanonof Pl om dumye ue (Sephens)
F oxp Med 439
KNowtss R (1923) Co pond elda md G 5§ soo
CALLANAN J € ] (1926) Asdebght nth podut  fPlamdwmtmu (S sh ) Kew mddy 338
ur e d oo
Taomon 1O (98 Dome whn Lo eno phom g 1 g Lo efmiin g an Ma
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XIX DOUBTFUL SPECIES— Plasmodium tenue
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XX DOUBTFUL SPECIES OR SUB SPECIES

The mahgnont quondien parasite~—Furst suggested by Grasst and Feletn {1890} theexmistence
of 2 malignant malana parastte wath & 24 hour blood eycle was widely accepted at the turn of
the ceatury The parasite, 3t was thought, could be distinsgmshed not only by the quotidian
fever to which 1t gave tiee but also by it morphology, parucularly by the small size of the
schizonts Marchiafava and Bignamu {18g3) portray the appearance of these schizonts (16

o P dium falap d: Crasg 31909—This parasite found by Craig m the
Phibpp 15 said to ble the malg dian parasite of the early Ttahan workers
he rable below the morphols ] o from P falop
P folesparumi P falsparum quotidianum
Earhest forms Rings 1 §u Oval bodwes 0 3u
Rung forms 15335 ose 1o
Ample cytoplasm Scanty cytoplasm
Small chromatn dots Ample rereguiar chromaun
Fane pigment No pigtment
Presegmentess 1562 IR 3p
Pigment an granufes or clumps Prgment i one or two sofid blocks
Segmenters Sk 658 3e 35
Pigment an isvegular mass Prgmenr g sohd block
Merozostes Small dot of chromaun Manly chromatin
10 13 1 nummber #£~18 1 number
Figures 7 12 aze drawn from Crag s pt s The forms p d mght well

be considered to fall within the normal range of variation w P faleiparum Early forms as smalf
a8 0 sp the size mentioned by Craig we have never seen 1 the Malayan pasasites

Plasmodsum permeosm Ziemann  1915-Farst seen an the Cameroons by Ziemann ut 1866
this parasite 15 sad to differ from P falgparum i having (a) a vaniable blood cycle of 24 48
hours, (8) lesser finer pigment whuich does not fuse nte large masses 1 the schizonts
(¢) smaller segmenters with 6 X2 merozones, and (d)a lesser production of gametocytes The
only slfustrations of the parasite we have been able to trace are those redrawn a3 figures 313 15
from Mense s Handbuck der Tropenk: 1506 The diffe from P falaparm are
musor, and P permacsum has not been generally accepted as a valid species
ps M ky, 1916—This paraute was described by Marznowsky
(1916) from the blood of a chuld m the Caucass The mfection was beavy The forms
usteated 1 Bus paper, redrawa as Sgures 16-21, mught well be normal or shghtly vanant forms
of P falaparnm with Maurer $ spots unstuned

Plasmoduwum v ax var mmuta Emin 1914-—Described by Enun (1914) from the blood
of Asian and Afican plgnms hiving on the stand of Camaran m the Red Sez as a small
vanety of P vreas this parssie was renamed P camaranense by Ziemann (1915} who thought
that 3t resembled P falesparum more closely but differed enough to be regarded as 2 new
species Some of Emun s drawings are redrawn as Sgures 22 23 On the evadence of the des
cuprons and drawings we see no good reason why the paraute. despure its abnormal featuses
should not be regarded as P falsiparum the Schuffner ke dots (26 27 30) weinterpretas late
Maurer s spors (see plate VI the aurcular gametocytes (32) as the mtracerpuscular forms
shown 1 plate XII The sfections were heavy schizonts and young gametocytes i the
penpheral blood would not be unusual in these arcumstances

Coato G P (90w Cuad by Crag (1925)
- {1y @) Th ch ficau noand S nusl dagnoss £¢h st o- yromoal maluna pls wada, Amor 3 grop

Ma1sy
asary M Mal i w H adbuck der T Abngm 173 Bd CMen  Johann Bath L SR 59e6

z prabr
Zovann 19 S (el © 5 ) Marnoow &y 2936 ( ef p 52) Emn S954{ef p st}
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XX DOUBTFUL SPECIES OR SUR SPECIES
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NEI vameries o Plasmedun falcaparun

A blackwater fever variety —The view dies hard that lackw ater fever may be due to
some special kind of Plasmodius Wright (1920) finding prroplasma Iike forzns, dlong with the
ordmary ning fosms of P falciparum 1n cases of blackwater fever from the Coory Provinge of
Ind1a, suggested that they mught bear some special refaton to the diseas=, mdeed that they
mught represent 2 special blackw ater producmg ¢ vanety * of the parastte {1 11} Othver unusual
appearances are shown 1n figures 12 18, wcloding a lnear form (x2) anaplasma bike forms with
16 cyroplasm (17), and two normal jookung falapatum sciizonts i the same cell (18

Simyar piroplasma e forms are showa by Thomson (1924 s # colour gl ¢ xiustrinng
the morpholugy of the ferms of P falaparum found i cases of tlackwater fever ebserved
Rhodesia Thomson howsver, sppears ta tegard these peculiar forms as inaidentsl varauons 1
norml £ falaparum

The suggestion of Wnght that these puroplasma ltke forms mught have 2 specsal refation to
blackwater fever has not been confivmed and the concept that blackwater fover i caus d by 2
specael vanety of P Jalaparum seems to have been abandoned

An Ethiopian vanery—Between the forms of P faloparum found m Liluopss and the
typical Talan forms there are morphologicel differences which have led Ruffacle and Legt
(2937} to beheve that the Ethaopuan parssites may rep 2 specsal vamety {xe also p 50}
“The Ethioptan parasites are sasd to differ (o) m the larger nngs, with coarser cheomat and 2
later appesrance of pgment (31 33), and (5) 1 the shorter and broader creseents (maales 25 27
females 28 30) The forms disstraced are commont 10 P faksparum of Malayan orgn (plate VI)
(The authers refer also to biological diffe ralan anophehnes were pat osdy safecred
with the Ethiopian parasites)
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XXI vameries of Plasmodium falaparum
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XX Plasmodwm vtar EARLY TROPROZOIILS

Invasion of host cells—The mature segmenters of Plasmodium groax are seldom ery
numerous 1n the penpheral blood They tend to be held up accerding to Welch (1857) m e
spleen and bone marrow We may thus mfer that the first invasion of the erythrocytes does not
always take place i the periphrral blood, and on these grounds we mght perhaps explam the
observation that the earhiest forms seen in blood fitms often appear to be several hours old with
the host cells slightly enlarged and early Schuffner’s dots alteady visible

Form—The trephozoites of the Malayan parastte have the same morphology as those 56
fully described from other countries The youngest forms are small parasites 2 3. 1 diameter
‘They may have hutle or no vacuele (2), though typseally the vacuole appears early, even 1 the
merozotes (plate XX1V) and the y oung parasstes then take the form of regular (3 5) or trregular
nags (6 10) Two or more pazasites may oceupy the same cell (9 12) and very rarcly up to
five or more (plate \XVI} bur muitiple mfecrions of the host cells are far Jesy frequent than m
f2k fe S the trop have a marginal attackment {13 14 1517}
especally according to Mackerras and Ercole (1949) when they are damaged duning mepacnne
therapy

Cytoplasm~In films which have dned slowly the parasites return to thair restg form
with the cytoplasm disposed 2s a fauly regular ning, bur the young trophozoutes are acuely
amosbmd and thesr changing form dunng hfe & often reflected . the vaned cytoplasmie
patterns of the fixed and statned osgamsms (23 36)

Chromatm—The typical form of the nuclear chromana s that of a sngle ciscular of
oved bead  doubling or even trebling of the chromaun may occur but not very often {19-24)
Marked dustortions are unusual but knear and curvalinear formations are knows

Prgment—Ainute granules of pigment appeac when the parasite 1s 6~12 hours old At
first few and myistble as @ rule i staned films they can vswally be szen without difficulty at
the later stages The granules are d th the often with a tendency to
group around the vacwole or at the end of the pseudopodsa (plate XXXII}

Enlargement of host cells—The host cells appear o enfarge withm a few hours ef
smvasion ndeed the youngest parasites seea 1n the penpheral blood may be found i eells whith
are perceptibly bipger than normal A selective miasion of the retculocytes raay partly expinn
this early spparent enlatgement but the marked enlargement which occurs later s the cycle s
clearly related to the presence of the growing organism

Cotour of host cells—The pallor of vivax wnfected cells which 15 usual in fresh blood 15
seldom obvious in stamed flms Sometimes the infected cells have a purple tinge (plate SLIX)
these purplish cells are probably retrculocytes

Schuffner s dots—The of Schuffners dors m R ky stamed films
varies with the pH of the stam dluent (plate YXXVIII) Stamned at 2 pH of 7 2 they can be
demonstrated in nearly all cells mfected with  rrvax of Malayan ongsn they 2ve absent valy
1 prop of the cells tery young roph We have reason 1o behiere that
many wnfected celis are already steppled on their first appeatance 1n the perpheral blood The
carliest dots are few and small (z §) the dots mcrease 1 s1z¢ and number and the tfected cells
are soon heavily stippled The dots are purkish 1 colour fusely even s size and exther discrete

or vaguely trat ‘They are bexrer h bed (plates XLIX LIV} 1]
dots are so constant and $o dSUACHYe 1 gppearance thar they are extremely tseful 1 SIS
diagnosis
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XX P dim vivax TE

The forms of Plasmodias vroax portrayed m the plate represent the mtermechate stagean
the schizogonie eycle of the organtsm In sumple ternan mfections trophozoites at this stage are
Ekely to be found sn blood flms duning the fever free mterval between paroxystus

Form—During fe, the parasies at the earher stages shown m the plate are 10 meessant
movement with contiaual changes 1o form These changes are reflected n the varied shapes of
the fixed and stamed organisms (. 15) The moyements are more sluggish 1 the later stages,
and the parasites are then more compact (16-30) The vasuole, relatively large at first tend to
close at the fate trophozoite stage but may persist unul the approach of nuclear dwision

Cytoplasm—With the growth of the parasite, the cytoplasm increases m amount but
remams vaned i pattern especrally at the earher stages portrayed 1 the plate Large wregular
rngs (2 10} 2re wsual, but marked ssreputanties m consour are ery common (1f 15) In
the later stages the orgamsm shows less evidence of amocbord activity, and the advanced
trophozottes usually have a rounded or ovord form with 2 relatuely regular outline and
cornpact deeply stamed cytoplasm

Nuclear chromatin—~The typical nuclens of the 18 24 hour trophozoite, hike that of the
young trophozotte i 4 single rounded or ovord bead {2 4 11 15), sometunes there ate twis
beads (6 7) Wuh advancing growth the chromatin incresses m amount and becomes looser 1
testure and more arregular in form, it hes a8 a rule near the peniphety of the parssie nd may
be avord (21 27) or curved 1n varymg degrees (16 28 30), or 1t may almost enczcle the vacuole
(19 20)*

Pygment~The granules of pigment ncrease in number and size 2s the parasite grows
They are usually d through ¢ cytoplasm with 3 shight tendency to collect around
the vacuole and at the periphery of the orgamsin (see plate XXXI) James (1934) bas drawn.
attention to the coalescence of the pigment granules even the absence of pigment, dunng
mepacrine therspy, these changes are not shown 1 the plare {see p 240)

Host celis—Erythrocy the Jater tropt are almost bly entarged
usually 1o a diameter of about Yo, they are typeally rounded or ovord but therr contous 18
often srregular and they are readdly mdented by contact with the neighbounng cells In films
which are fully stamed 3t 2 pH of' 7 2 they are always stippled with Schuffner § doty, somensmes
50 heavaly as to obscure the finer detasls of the parasites
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XXIN  Plasmodum vieax
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XXIV Plasmoditen vioax—SCHIZONTS

Nuclear dwision 1 Plasmodium viwax begins when the parasite 1s about 42 hours old
and 1s completed withn the next six hours or so The whole process may be followed 1 films
from the finger blood though the ripe segmenters are more numerous i the spleen than they
are 1 the blood from the finger The young scluzone 1s from one half to two thurds the size
of the host cell (2-5) the mature schuzont fills or nexrly fills the cell (16-20) The schizonts
are rather striking bodies They are compact and rounded or somewhat srregular n form
with abundant cytoplasm and vevtdly stamned masses of chromatn

Cytoplasm—With the change from the nutritive to the reproductive phase the parasites
become less active they lose their vacuole, and tend to assume the rounded form of rest The
blue staning cytoplasm at first rather dense, becomes looser 1n texture as the schizonts
approach maturnity (11 15} 2nd finally condenses around the masses of chromatin to form the
merozoites (16-20)

Chromatin—The nuclear chromann diffuse and 1l defined 1 the presegmenters, 15
strikungly obvious i the schizonts as dense masses which stam a deep reddish purple After
the first dwision (2) the daughter nuclet tend to move to opposite sides (3), before the later
divisions nto from 10 10 20 or more segments The shape and stze of the masses are vanable
usually rounded or ovoid (2 10) they may assume brzatre shapes related perhaps to mitotic
changes (13)

Pigment—The granules of pigment 1n the young schizonts are usually scattered They
begin to concentrate 1 the later stages of schizogony, and sm the mature segmenters they
cluster near the centre or periphery of the parastte (17 20) The granules are typically discrete
a few may fuse together, but there 1s seldom the general coalescence to a singl sold mass
which 15 usual 12 P falciparum (see also plate XAXII)

Merozottes—The merozoites are round or ovoid bodres, with a central or lateral mass of
chromatin closely mvested with cytoplasm Visual evidence of the beginmings of 2 vacuole 15
not unusual The merozoites drawn as figures 21 24 show a constderable varation 1n stze, they
were drawn to the same scale from blood films taken from four panents three mfected with
Malayan parasites and one with a parasite of Madagascan onigin (24) We have no xeason t©
believe that the differences go beyond the normal runge of variation The number of merozoites
m mature scgmenters vanies from ten or less to twenty or more with an average of about
Sixteen

Aver ge Rang
Malayan strain (Freld and Niven 1939) 16 12z 20+
New Guinea Chesson stramn (Jeffery ecal  1955) 17 X0 24
Amernican St Elizabeth stramn ) 14 920

Host cells—The host cells are markedly enlarged and heavily suppled with Schuffner’s
dots so heavily that the finer detaus of the structure of the parasite may be obscured Some
irregulanity 1n the outline of the cell 15 not nncommon (6, 11, 17 19)

Two types of schizogony—Gametocytes are usually regarded as offshoots of the
schizogomic cycle Boyd (1935) and Corradetts (1936) recognise vivax schizonts of two Types,
the first type gives rise to the successive asexual generations the second may posstbly produce
merozoites destined to become gametocytes
955) A comranson f W st Afnica and West P @l wan

P — T
IMEE AND Young M D

T o T R M e 8

FIEZD | W AND NIVEN ] C ( 939) An mabesinth m rphlgy fP vrax Taw med G 75 59

Bovn M F (193s) On the echizogon uscycle fPlasmod o  ax G wnd Fel tc  Amer F trop M d 15 605

Cormaperr A { 936) O tvzm m ulad chz gon 0d 1 Plasn diumow x Re Mln!l I5 Sez 1 4



165

XXIV Plasmodium vroax

SCHIZONTS

‘e



166

XXV Plasmodium vroax—GAMETOCYTES

The tes of Pl drum viwax, developing mamly 1n the spleen are usually full
grown when they enter the peripheral blood In primary attacks they first 2appear 1a blood
films after several days of fever, but i relapses they may sometimes be found on the first day
They are compact rounded bodies, with undivided ct and abundant scattered pigment
The males may be disunguished from the females by therr smaller size thewr paler, pinker
stammung, their larger and more dsffuse mass of c} and by d m the
distribution of the pigment

Young forms (2 5)~Though the early gametocytes of P vivax do not regularly appear
1n the peripheral blood they are not uncommon i films taken on the first day of relapses They
are rounded, compact deeply staining bodies, with no vacuole The chromatin 15 a single mass

of varied form, central or often peripheral The pigment 1s scattered 1
fine granules At this early stage the sex 1s not easily determned
Adult females (6 10)—The full grown female g or are

large rounded parasites which fill or nearly fill the host cell The cytoplasm 1n stamned films 15
blue and fairly homogeneous The nuclear chromatin 1s a single well defined, purplish mass
varied in form and usnally peripheral i drstnibution The nuclens 1s said to consist of chromatin
granules set 1n 2 hightly stamed nuclear sap which sometimes appears as a clear zone around the
peniphery The pigment 1s abundant and usually dispersed as small granules throughout the
cytoplasm (plate XXXII)

Adult males {11 15)—The adult male the g: are ssmdarly
recognsied as gametocytes by their compact and rounded form, by the absence of chromatin
dvision and by the abundant scattered pigment (13 15) They may be distinguished from the
females by the large loose, and 11l defined mass of chromatin and by thetr paler colour and
smaller stze The pigment 15 scattered, with a special tendency to collect around the nucleus
when examuned by polarised light 1t may appear as a brilltant collar of granules around the

h

nuclear ct —2 feature ding to h (1926) by which the
males may be identified (plate XXXII) An d area ds the nucleus
hke a halo (rs5)

Exflagell males (16 20}—M: changes may be observed in films which

have been kept moist The drawings illustrate some of the changes 1n the exflagellaung males
The cytoplasm stains more deeply (16 17) and a single condensed deeply staned mass of
chromattn may usually be recognsed (16 18) The first suggestton of gamete formation appears
1 figure 16 with the gametes wrapped tghtly around the periphery of the parasite they aze
pastly free i figure 17 and mn figures 18 20 they arc fully formed though stil artached to the
body of the parent The appearances 1 figures 19 and 20 suggest a possible protrusion and
escape of the gametocyte from a capsule they may equally well be nterpreted as a mere
and frag; of the cytopl:

Host cells—The host cells are enlarged, markedly so 1n the later stages of gametogony
They are always heavily stppled with Schuffners dots unlike the host cells of falcparum
gametocytes which are never stppled The rim of the intact host cell can wsually be scen
around the full grown gametocytes and even with commencing maturation the stuppled
remans of the host cell may stll be evident (16-19)

-
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XXVI Plasmodusm v ax—UNUSUAL OR BIZARRE FORMS

Aberrations m the form of Plasmodsum tswav are fauly common They have usually
been found 1n 2 single film, or on several occastons tm the course of 2 single attack None of
the aberrations illustrated 1n plate XX VI were shown to be constant 1 a succession of hosts
they should probably be regarded as incidental and fleeting vanations

Multrple 1afectron of the host cells—The nvaston of a single cell by several parasites
15 not common m vivag infe bur extreme of muluple tnfection have been
recorded Chalmers and Archibald (1920) found up to six tings 1 a single cell (6 11)
Rodenhws (1921), Das Gupta (1939) Field (1942) and Young and Eyles (1949) have recorded
a sumfar aberranon The expl of the ph 15 obscure The bilitres 1nclude
(a) a selectve invasion of reticulocytes, (5) a restricted chosce of host cells from the localisauon
and stagnation of segmenters 1o particular capillares, {¢) the mvaston of erythrocytes by
clusters of letel (d) binary fission and (¢) the random chances
of multiple 1nvaston 1 heavy nfections

Displaced parasites—Parasites which are partly or even completely displaced from the
host cells are sometumes seen 1 blood films The examples shown (18 22) are tzken from
Mary Lawson (1914 19143) who regarded the occurrence as evidence of migration to fresh
host cells Another explanation perhaps a more likely one, 1s that the parasites are displaced
by the physical stresses which are mevitable when the blood 1s spread on a film

Abnormal gametocytes—Thomson and Woodcock (1922) describe cestain pecubar
forms of P 21vax found 1n old standing relapsing mfections (23 26) They bavealarge deeply
staimng nucleus, and they bear a general resemblance to male gametocytes We have seen
somew hat ssmular appearances 1n normal male gametocytes when the films have dried slowly
enough to encourage the early changes of maturation

Azurophulic rings n vivax nfected cells—Loop or ring formations which are quite
dsstinct from Schuffner s dots and have no obvious relationship to the parasites, are sometmes
seen 1n vivax infected cells The appearances are shown n figures 27 29 two of the cells
contan young vivax rmngs {27 28) the thurd portrays these curious rings mn associaton with
Schuffner s dots 1n a cell from which the parasite has disappeared (29) Sumular rings have
been found by Crark (19.8) 1n films staned with Manson s stam The ongm of these rings 5
unknown

Band forms—Parasites which stretch as a hnear band across the host cells occur i all
forms of malana though they are common only 1 quartan infections The examples shown 1
the plate were drawn from Matayan matenal (3¢ 31) Stmular forms of P reax have been
described by Mary Lawson (1916) Samarasinghe et af (1944) and others Band forms may
occur at random 1n any vivax mfection and at any stage of growth they are uncommen and
have no diagnostic significance R
Gincwms A ] ANp ARGH 0 R G (1920) Th tna phs of Flam dum 4 (Gasimnd F 1w 389} Jorer
Md Hyg 133
Fro ] W (1943) M ph | geal van uonn Plasmod um i 5 G aswand Fel tm 1890 P ant boy 34 82
Robewags ¥ (19 ) Dabbl en 'p raf co b soalara¢ rana Gen ¢ & Trdeche v N decl Indh 81 322 21

»

Dis B U 197 18 33 by I
Das Gopsa B M (1939)  Some mnomali  1n the morphol g of Plasm dume  occurrmg m#n whors b by
md 27.

AND Evtss D E (1943) Pacashes es mbling Plasm dion oy | mn stran of Plasws dum w ax  J e
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» 19 14a) 29 533 (1916) 1 291
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XXVII Plasmodium vitax—UNUSUAL OR BIZARRE FORMS

Forms of Plasmodum t1wax tesembling P orale are not uncommon Prolonged asexual

propagation 1 P vivax either m chromc mfections or from repeated blood passage of the

] infe drugs, a high parasite density, are all possible

causes of 1 ovale like ch stics The may be close but the changes

are impermanent, and a reversion to a normal vivax morphology 1s hikely when the organisms
are restored to their usual environment and way of Iife

A small form of P wvwax?—The forms reproduced as figures 3 6 were found by
Macfie and Ingram (1917) 1n blood films from a chuld m the Gold Coast The authors wdentify
the parasttes as P max var mmuta descibed by Emun (1914), but their resemblance to
P ovale 15 very close Figure 2 portrays a stppled cell which has lost 1ts parasie, a farly
common occurrence

Ovale-like morphology from repeated blood passage—Abnormal forms resembling
P orale have been found 1n vivax strams repeatedly passed by blood moculation to fresh hests
with a prol 1 of the sporog cycle The Wagner Jauregg strain solated 1n
1919 m the Balkans and passed for fifteen years by inter human transfer, produced fewer
merozottes the trophozoites were more compact and there was a lesser enlargement of the
host cells (G: 1a, 1935) Thed 5 duced as figures 7 12 are taken from Missirolt
and Smsscalchu (1929), they portray the schizogomic forms of a vivax stram from the Pentine
Marshes which had been modified by stx mnter human transfers

Ovale-like sct 1n heavy infe Abnormal sct with a reduced number
of merozoites have been found in normal vivax nfe at the ttme of parasite
density The ovale like forms portrayed as figures 13 17, were found by Young and Eyles
(1954) 1n films from panents infected with the Chesson or Pait strams of P trwax, the abnormal
schizonts (15 17) usually appeared at the ime of maximum parasite density Shute and Maryon
(1954) record the same phenomenon 1n heavy infections with a Madagascan stram

Ovale-like forms 1n 1 —Das Gupta (1939) describes the abnormal
forms of P vrzax found n films from an Indian infant fifreen hours after birth (20-2.) Field
(1942) records a sumlar aberratton mn the forms of P oizax found in blood films from 2n Indian
snfant sixteen days old (23 27) In both infants the infections were heavy and 1t 1s possible that
the small number of merozortes 1n the schizonts was related to the high parasite density

Ovale like forms 1n chrome or suppressed infection—A tendency to morphological
aberration 1n the parasites found 1 chronic vivax infections has long been recogmsed The
schizonts may be of small size with but few merozoites and the host cells may show Lutle
enlargement (James, 1920, Giovannola 1935) A sumlar change 1s possible when the infections
have been long suppressed by drugs Field (1941) describes an ovale like parasite of Malayan
ongn found 1n an Indan who had been taking suppressive mepacrme, figures 28 30 portray
some of the abnormal forms

Mo ] W S AvpINGRAM A {1917 Ob vu onman nth GoldCo Col y WestAfmea Amir
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XXVII Plasmod 1 e

The quartan parasstes 1n Malaya are simular 1n form to those described so fully from other
countries, and little can be added to the masterly descriptions of the early Italian workers
Typucally they ate compact, heauly pigmented parasites 1n cells which are unchanged m
appearance They are less active duning Iife than are the other species nfectng man, and for
this reason they are less Lable to morphological irregulanities

Ruings—The eathest trophozoites 1n their typical form are fanly large regular rmgs witha
single bead of chromatin (3 6) They are found 1n blood films during the paroxysm or a httle
before or after The chromaun 1s usually on the periphery of the ring (2 3) but the so-called

bird s eye” form wath the chromatin in the centre of the vacuole 1s farrly common (5 6)
The vacuole 15 often decolourised Mulnple mfection of cells 1s unusnal but the presence of
two rings 1 a cell with no other infected cells in the microscopic field, has been noted as an
occastonal and rather curions occurrence

Bands—Parasites which stretch across the host cells as equatorsal bands are very common
1n quartan infections They occur at all stages of development from young and slender bands
(10 11) to broad bands occupymng most of the host cells (17 18) Someumes they haye a
defimte vacuole (r2, ¥6) but more often the vacuole 1s flattened and mvisible The nuclear
chromatin 35 often stretched out as a line along the band The cause of this currous band
formarton 1s not fully known the bands are not seen 1n lysed thick films, and 1t 15 probable
that they are artificral of the produced when the blood 1s spread as 2
thin film The bands usually lie oblique to the hine of spread of the film, but they have no
constant and they are dsspersed with hitle tendency to occur mn groups They are
miore commen at the thinner tail of the spread where the parasites have dried quicker and
travelled further Distortions, alike 1n the malania parasites and m their host cells, are to be
expected when the cells are rolled and pushed along a shde 1n the preparation of thm films
The host cells from theur elasticity quickly resume their normal shape and so do most of the
parasttes, particulasly i the slower drying parts of the films The quartan organisms, we m3y
presume are less resilient than other species they recover more slowly and the distoruons
tend to be fixed as the films dry

ded or ovaid fc Amoebotd activity ceases when the live trophozoites are
advanced m growth the organssms in staned films then appear as rounded or ovord bodies o
even and clearly defined outhines (28 36) The presence of a vacuole 1s usual (31 36) but 11601
invarable (30) the vacuole tends to show a marked pallor and to persist to a late stage (34 3 )

Irregular forms—Trophozoites which conform to no regular pattern are not ummmil)fr
They may have a tenue form (7 9) or they may be faurly compact parasttes with angul
arregulanties (26 27)

Nuclear chromatin—The nuclear chromatn 1n the early ning forms 15 typically 2 Smil:‘
bead sited on the ring or qute often within the vacuole, but considerable irregulanty 1s us
1n the later stages The common patterns are llustrated 1o the plate "

ent—The formanon of pigment begms when the paraste 1s about twelve hours o
and z:‘fti-x;ul:st untl the orgamism p1~§Iauve: 1o 1ts size 15 the most heav:'xlv pigmented of tl:;
species nfecting man  The granules are scattered th hout the cytop! wii
a tendency to collect around the periphery (32 36) ranged "

t cells—The erythrocytes invaded by P smalariae are usually unchanged 1o s
shapeH leld s:alxlmng somgxtmcsc{they appear to be smaller than normal (15 18) Deep sl:;n:nhi
at 2 pH of 7 2 may reveal the light supphng known as Ziemann s dots (6 8 28 30)
dots are inconstant and of no diagnostic value
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XXIX  Plasmodium malariae—SCHIZONTS AND GAMETOCYTES

Nuclear dwision in Plasmodium malariae begins when the parasites fill or nearly fill the
host cells, some 48 60 hours after the beginnung of the cycle The typical schizonts n stamned
films are compact, rounded, bluish bodies with wivid purple segments of chromatin The
mature gametocytes are rounded heavily pigmented bodies of sumlar stre but the nuclear
chromatin ss undivided Band forms of sch and are not The host
cells are unenlarged and usually unsuppled

SCHIZONTS (2 24)

Cytoplasm—The vacuole ofien present in the lare trophozoites disappears before the
first nuclear division and the blue staned cytoplasm of the schizonts 1s farly uniform unnt
a late stage 1w the cycle Marked vartatons 1 morphology are uausual The parasttes are
usually rounded 1 form with a well defined outline Broad band forms, or a tendency to 2
band formation are farrly common (3, 4 7) The final condensanon of the cytoplasm around
the chromati segments begins within the Jast few hours of the cycle

Nuclear chromatin—The nuclear chromatn, somewhat loose i texture i the
presegmenters  condenses with division wmto sharply defined segments which stan 2 vinid
purple The segments are often 1rregular in shape and size particnlarly at certamn phases of
divsion (8 10) but with approaching maturity a regular ovoid or rounded form 1s usual (11 12)

Pigment—The schrzonts are fairly heawly pigmented The granules are scattered
throughout the cytoplasm with lutle tendency to concentrate until a Jate stage 1n the cycle
In the mature segmenters the granules are usually collected snto a cluster i the centre of the

orgamsm (20) though they may remain overa area (21) they
fuse mnto a single dense mass (22 24)
Mature The typrcal has eight arranged around a

central collection of pigment granules—the well known rosette formaton (z0-21) But the
arrangement 1s often 1rregular (22 24) and the pumber of merozoites may vary from six €
twelve

GAMETOCYTES (25 36)

The early gametocytes of Plasmodusm malariae are omstted from thus plare They xcsm;tﬁ:
advanced trophozortes and we have little confidence 11 our abulity to identify themt The ::u .
male gametocytes (25 30) are round ovord or somenmes band like bodies which filt or neasly
£ill the host cells The cytoplasm mn stamed films 15 rather pale and the chromatin ISf “:1:
1ll defined pinkish mass placed as a rule to one side of the parasite The pigmentation s p)mh -
with the granules d throug] the pl The fernale gametocytes (3t 35 "
a bluer cytoplasm than the males and the nuclear ch:omaux; :; sx;mgli:i :(n:inn[l;::c ;;ZPM

o distinctine 1n the app or disp of the py
:maks have been seen 1n the Ma!;)an organism, nor have we noted the differcrre ui :‘It;:
which 1s usual between the male and female gametocytes of P prax The most o o
distinctions of sex are the differences 1o the colour of the stamed cytoplasm and 1o \h:n v 9
texture and starmng of the nuclear chromatn An unustal combmation of 2 female gametocytt
and a schizont 1 the same cell 1 portrayed in figure 36
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XXX Plasmodum ovale

Stephens 1 1922 descnibed a parasite he named Plasmodsum ovale from the oval shape
of maoy of the infected cells The organism somewhat resembled P malarize but the host
cells were snppled with Schuffner’s dots The hological ch were p dma
fine colour plate from which figures 2 20 have been redrawn

Young forms—The small rings are sumular to the rings of other species or else regular
and rounded forms with ittle vacuole The host cells arc often oval, witha fringed margin

Half-groun forms—These forms resemble quartan parasites 1n thetr appearance of
solidity, and m the amount of chromatn They do not assume the fantastic straggling
forms which are 5o characteristic of P vrvax at thus stage, and they occur so often 1n oval
red cells that thus peculianty can hardly be a matter of chance

Segmentng forms—The merozones are at most twelve in number, and somenmes 25
few as six The host cells erther normal 1n s1ze or shghtly enlarged

A more detarled description 1s that of James et a7 (1933) who recognised other features by
which the parasite mught be :dentified Figures 21 29 have been redrawn from the plate which
allustrates their acCount

Young forms—The host cells are heavily stippled with Schuffner s dots at a very early
stage The mass of chromaun 1s relanvely large and of irregular shape

Half grown forms—The host cells are shightly enlarged and many are of pecular
shape with a margin which 1n parts may be drawn out 1nto ragged pomts

Young schzonts—About a quarter of the host cells are oval in shape, and the general
picture 1s that of 2 round parastte m the centre of an oval cell  Some host cells are
fringed with Schuffner s dots app t ding beyond the margin

Segmenting forms—The general pcture 1s that of eight merozortes arranged round a
central block of pigment i a corpuscle heavily studded with Schuffner s dots

Gametocytes—Though not readidy d. hed from vivax g y
companson reveals differences mn the colour and character of the prgment

Later accounts supplement these basic descriptions Wilcox et al (1954), and Jeffery ef al
(1955) have defined the differences m size between the West Pactfic Donaldson stram of
P otale and the New Gumea Chesson stram of P oax Garnhant et af (1955) record thewr
observations on an ovale stram from West Africa

Jorms—The are latger than those of any other species Some
schizonts found 1 relapses have 12 16 masses of chromatin and thesr host cells are
grossly enlarged

Gametocytes—When mature the gametocytes fill the host cells, the pigment has 2
distiactive of rodlets p larly at the periphery

Host cells—The oval shape and the fimbrication of the host cells though recogmsed as
useful aids to the recogmtion of the species were thought to be artefacts occurnng
m dried fixed thn films

, @ visual

StEpHENs ] W W (1932) Ap wmalar psraste fman. Anw  p MJ P oan 16 383
Tamss S P Ncor W D ann SHUTE, P G (1933) Pl mdumov | Suphessty P ant 7 gy 2587
Jerexy ¢ 1 1955 ( £ 65) Wicox s / 1934( £ p 76) Gamsmameral 9ss(ef p 77
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XXXI MALARIA PIGMENT—Plasmodsum falcsparum

When malana parasites grow at the expense of cells contaming haemoglobin they produce
as a metabolic by product an wron containmng prgment chemucally related to haematin This
pigment somenmes known as haemozom first appears as minute granules i the cytoplasm
of the rng forms The granules grow bigger as the parasite grows finally taking a form and
ar which 15 ch stic of the species and phase The plate portrays the common
patterns of the pigment i Plasmodium falaparum For greater clanty the chromatn and
cytoplasm of the parasites are shown only 1n outline, and Maurer s spots are omitted

Rung forms-——Pigment first appears as half a dozen or so munute granules m the nng
forms which have grown to about the size shown 1 figures 1 6 The granules hase a pae
yellowssh colour and soft cuthnes, and mn staned films they can usually be seen only 25 a
faint greenssh haze 1n the blue cytoplasm

Late trophozoites—The granules are larger and have already begun to concentrate
(7 12) They are now clearly visible even m stamed films Ths early concentration of the
pigment 1n the asexual blood forms 1s characteristic of P faletparum

Early schizonts—The granules have now run together to form a rounded mass with
hard outlines (13 18) The colour has changed from the soft pale yellow of the early trophozorte
stage to a dark yellow or mahogany brown

Mature schizonts—The pigment of the mature schizont 15 typically a single, rounded
sold looking mass of unmustakable identity (19 24) The mass 1s usually central, but may be
eccentrie, or peripheral With bright sl the mass appears to consist of a cluster of
darkish granules 1n a lighter yellowssh matrix This 18 the prgment which 1n severe falaparum
snfection 1s so often seen in the large mononuclear cells and even m the polymorphs Fresh
unstamed squash preparations of the bramn from cases of cerebral malaria may show these
pigment masses ranged along the lines of the capillaries, they are eastly recognised from this
charactenistic distribution even with a low power objective

Young gametocytes—Watson (1903) working i Malaya recognssed a very early stage
of the gamfmgcy‘tcs thr onie or w0 tiny granules of prgment (plate XII) Plate XXXI sbowsTthc
pigment distribution at a later stage when the 1dentity of the parasites 1s not m doubt The
rounded mtra corpuscular forms (25 27) and the oat shaped or spdle forms (28 30) e
faurly heavily pigmented The granules about twenty sn number are shghtly r.l(znga!ed 0 ;
rodlet form and rather coarse they are i farly throughout the thoug!
the poles of the spindle forms may be pigment free

Mature male gametocytes—The granules from 1z 24 mn number, have 2 001;55
rodlet form (31 33) They tend to collect towards the centre of the parasite leaving the poles
free, though they are still scattered over a fairly wide area

Mature female N e diffe between male and female
gametoCytes, n the stze shape, or number of the pigment granules bhave been observed liuat
the concentration of the granules 1n the females tends to be greater and they tend to cove
Iesser area (34 36) In the Malayan organism we have not found thrs difference 1o bea vtr)y
reltable ndication of sex Sometimes the granules are ranged around the mass of chromatn (35

Ab 1 or absent p The pigment of the schizonts rs normally condﬂbfd
10 a smgle mass at an eatly stage 1n nuclear division Jolly (1936) portrays schizonts i Whim
the pigment granules are scattered to a late stage (plate XI) A malignant malanra dl::r::x '
which produced no pigment during the schizogonuc cycle was recogmised by some of
workers (see p 7)

Watson M go3( fp 14} Jorry A M D r936( f p 28)
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XXXIT MALARIA PIGMENT-—Plasmodium vioax

The pigment of Plasmodium trax appears n the cytoplasm of the nng forms at sbout
the same stage m the cycle as that of P faksp , but the app es differ significantly as
the parasites grow The granules of vivax pigment are more mumerous and more widely
scattered, they concentrate Jate 1n the cycle and seldom coalesce, and they reman scattered m
the mature The tracings reproduced i the plate were made from lightly stained
parasttes, the cytoplasm and chromatn are indicated n outhne and Schuffners dots are
omurted

Trophozoites—The pigment first appears n the cytoplasm of the young trophozoites
when they are 6 12 hours old (2) At first a soft pale yellow in colour and difficult to see 1
stamed films, the granules increase 1n number and at the stages shown mn figures 3 § they are
clearly visible as a greemsh haze mn the stamed pl: Throughout the trop stage
they have an uneven scatter, often leaving ateas which are pigment free They are widely
dispersed at a stage in the cycle when falctparum pigment has already concentrated to a tight
cluster of granules (6 10) At thus stage, and 1ndeed at all stages the granules are not so cleatly
defined 1n stamned films as they are 1n the drawings, they are veiled by the blue staming of the
cytoplasm, and often obscured by Schuffner s dots *

Young scl The form and drstrit of the pigment show Lrtle further change
The granules have about the same size and number and they are still dispersed with an uneven
scatter among the chromatin segments (11 15)

Mature schizonts~The granules begin to collect mto a loose group when the schizonts
are approaching matunity (16 18) they concentrate at a Jate stage m the cycle (19) and in the
fully ripe schizont they may fuse into a compostte mass (20) but the tendency to coalescence
15 much less marked than 1t 1s 1 P falsparum at ths stage, and even in the fully mature
schizont the granules, though collected 1nto a close cluster may still be dscrete

Male gametocytes—Numerous granules of pigment are scatiered throughout the
cytoplasm of the male gametocytes (21-25) Compared with the pigment of falaparum
gametocytes the granules are smaller and hence brighter 12 colour, and at no stage do they
collect towards the centre Marchoux (1926) states that an arrangement of the granules ke 2
collar around the nucleus 1s charactenstic (24 25)

Female g The female (26 30) are profuscly pigmtented The
granules are scattered widely and unevenly throughout the cytoplasm with no distmctee
Tocalisatton No constant differences in the form of the granules between males and females bave
been observed Marchoux (1926) refers to the scattered needles’ of pigment in the female
gamertocytes we have not seen this appearance i the Malayan organism though some of the
granules may be rather e‘ongated

Abnormal pigment—A marked change m the appearance of the pigment may be

d with mep or chloroqs therapy The granules tend to rup together o
clumps, or the parasites may lose ther pigment altogether (see p 239) Mol ud din and
Rahym (1951) describe schizonts with no pigment the unpigmented schizonts were et
before treatment 1n a stogle case Yoek (1948) records the occurrence of pigment free schizonts
and gametocytes m the bone marrow

bestseen aun tan dflms o films tan 4

T Beught Vmin 15 aphs  £9 1h d tincts - p I wolh colonr
denldarucs are wded by the vae of Polar 4 Biers (5 94)

MARcioUT 1926 (¢ p 166) Mour yp-pry and Rasust 1951 (ef p 64) Yoms 1948 (ef P 65)
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XXXIII MALARIA PIGMENT—Plasmodsum malarsae

Relauve to 1ts size, Plasmodsum malarsae 15 the most heavily pigmented of the malarn
parasites of man The amount of pigment 1 not more than that of P wivax, and 1t may be less,
but 1t occupres 2 smaller area The granules resemble those of P vwax they are usually sad
1o be coarser and darker, but this difference 15 ot obvious 1n the Malayan orgamsm The plate
por‘t{mys some of the common patterns, other appearances are shown m plates XXVIII and
XTI

Rung forms—The pigment first appears as 4 few pale yellowssh granules with sofc
outlines 1 the cytoplasm of the ring forms In unstamed or lightly stamed films the pigment
may be seen when the rings are abont twelve hours old (z 3) The granules increase 1 namber
as the parasites grow and 1n the older nings they are visible n fully staned films as a greenssh
haze 1n the cytoplasm (4 6) The drawings were made from films stained very lightlv i order
to sharpen the defimtion of the granules

Advanced trophozottes—The granules of pigment are now farly numerous and 1
relation to therr size the parasites are heavily pigmented (7 12) The granules are dispersed
throughout the cytoplasm sometimes with a tendency to collect around the periphery (8 10)
With the llumnation and optical system v e employ the pigment appears to be greenssh ot
yellowssh depending on the depth of the cytoplasmic staming

Early schrzonts—Descriprions of P malartae often refer to the withdrawal of the pigment
to the centre of the parasite when nuclear drvision begms  Lattle concentration of the granules
occuss 1 the Malayan orgamism at the early stages of schizogony (13 18) the granules are
usually dispersed, though they sometimes collect into oose groups (plate XX1X, figs 8 10, 14)

Advanced and mature schizonts—The pigment granules i the full grown schizonts
may remarn dispersed to a late stage (20), or they may collect into a loose group 1n the centre
of the parasite (21, 22) A radial arrangement of the granules between the chromaun segnlents
has been described this appearance occurs but 1s ot usual m stamed preparattons of the
Malayan parasite When the merozostes are fully separated, the pigment granules may‘g‘
fused to a single rounded mass (24), sometimes coalescence of the pigment occurs 2 hude
earlier (23)

Male g The male g are profusely p d The granules ar¢
numerous and, as a rule widely and unevenly dispersed (25 30) The area represented by the
nuclear chromatin tends to be relatrvely free from pigment (26, 27, 29)

Female g: N duffe 1 the form, colour or arrangement
of the pigment 1n male and ferrale gametocytes has been observed m the ‘Malayan arg‘an:ﬁnlz
(31 36) The granules sometmes tend to collect around the periphery, both mn the femal 24
m the male g; and even 10 d films the ap of granules which are
disposed as to delmeate the shape and size of the parasite 1s ofter drshincnve enough to
1dennfy the species

Abnormal pigment—The form of the pigment, particularly m the advanced uophozmlles
and gametocytes 1s modified dunng with mep or f(:;e P 24
Garnham (1936) refers to from the usual ap 1n the prgment of the quart3d

parasites found 1n a nanve reserve i Kenya, the granules were golden yellow rather tban

black

GaRvEAM 1936 (¢ £ P 73)
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XXXIV PUZZLES AND PALLACIES IN BLOOD EXAMINATION—~DEMILUNE CELLS
AND PESSARY BODIES

Demulune cells*—Denulune cells are the pallid remams of enormously distended
erythrocytes As their name implies, they haye the shape of the young crescent moon, sometumes
with 2 thin circular line joming the horns of the crescent and contintung the shadow outlne of
the cell Frst described 2nd named by the brothers Sergent (1905) whose ongmal drawngs are
reproduced as figures 1 § these corpsendenulune areery common in blood films from malana
pauents, so much so that they have been regarded as presumptive evidence of nfection.
Knowles and Sentor-White (1927) believed them to be rather characrenstic of vivax infecnen
though Mary Lawson (1920) had described them in falctparum mfection and Mayer (1908) had
portrayed typrcal examples from the malana infections of monkeys The plate shows the
appearance of demulune cells 1n assocration with a falerp g (6) avivax
(7), and an unidentified trop (8) Thed were made from Malayan material An
extreme example of this peculiar distortion of the erythrocytes—a tracing from a mucroscopic
field—is shown as figure 9, the film was taken from a Chnese baby with a Iight vivax infection
and a very severe anaermua (red cells T 14 million haemoglobin 3 8g /100 m!)

Though demilune cells are very common 1n blood films from malana patients they may

also appear when malania can be excl, They are 1p patrents with
severe anaema (9), though anaemia 1s not necessanly the canse for we have seen ther 1 blood
films from healthy persons The exp of the ph 15 unk Thar the

demlune cells are artefacts 15 suggested by their greater frequency at the tatl end of the spread
where the cells have been rolled and tumbled along the shde The duranon of fixahon acd
stainng of the films may also be for demilune cells are p larly common 11
films which have had a brief fixanon and a prolonged staung

Possary bodies—Another distinctive form of the damaged erythrocyte 1s the distorted
form to which the brothers Sergent have given the name corps en pessawre  The appearance
of these corps ent pessatre 15 shown 1 figures 12 14, reproduced from the ongumal drawings of
Sergent er al (1908) figures 10 and 11 show the presumed early stages in their formation

Pessary bodies are not uncommon i blood films from malara patents (21 28) Like
demlune cells they are probably artefacts produced during the preparation of the
and they tend simularly to be assoctated with ansenua They have no sigmificance m malaria
dsagnosts Figures 1§ 20 portray the forms which the pessary bodies seem to anse The edges
of a vacuole 1n the torn cell appear to be rolled back as a thickened darker staning margs
Finally, the remans of the ery take on the app shown 1 figures 21 28

Al kn wnas gigantocyres (N b 3912) end corp scul skele g (Mary Laws n 9 ©)
SEGEeT Eb and SgmomT ET, G908 Brud do dhmt | ;e @ 1p phylauquesd paludsm  n Alghne en 1904 An
dnse Pas wr 19 19
JNOWLES R AND SENIOR WHITE R M In ¢ m tg tion ndcontr | ‘Thacker Spmk & Co Caleutea 19 1‘!“ ot
Rowiry LAW oN MARY(1923) Cr by bode 1o sh o-avtumnel malana their migT G and nachment 10
of the dml‘p"}!d Fexp Md 31 201 srp & nde 12
MAVER M. (1908) Ube Malsn pars tnb Affen A kf e 313
SERGENT 2’4: mnulnx B orr o PraNTsR A {1913) Ob crvauont m croscop §ses an cours d un accds permiaieu®
aludén, Bl S P¢ t 665
Nezs HM (1912) Some remeckabl porsstesan cas¢ of teruan malan T an 2nd Congr Far Estern A do¢ P Ma
Hongko g p 306
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XXXV PUZZLES AND FALLACIES IN BLDOD EXAMINATION*®

Malana diagnosis from stamed blood films has utfalls for the unwary Extraneous
orgamsms from the skin, from the aw, hed, durty, or defectve shdes
deposits of sta, may all give nise to confusing artefacts and sometmes simulate malana
panasites Plates LVIT to LIX portray some of the puzzling appearances found 1n huala Lumpur
mn the course of rouune blood examnations for malana This plate Wlustrates a few of the
fallacies recorded by others So far as possible they are all reproduced at the same f

Yeasts and pollens (Figs 1~3)—Blood films exposed to the ar m the course of field
surveys may be contaminated by a vanety of protozoal cysts, bactersa, fung:, yeasts and
pollens, from the air Knowles et al (1925) have drawn attention to the possible ervors from
this source Figure 1 (yeast cells) and figures 2 3 (pollen grams), are reproduced from their
detaled study of these and other sources of diagnostic fallacy Chey pomt out that yeasts may
seadily contamunate Giemsa stan which, from 1ts michness 1n glycenme, encourages their
growth We have not noted this tendency 1n Kuala Lumpur

X bodies—The curious bodies shown in figure 4 first described by Horrocks and Howell
{1908) as X bodies, have receved considerable attention knowles ez al (1929) regard them as
semu erystalline deposits from old Leishman statn We do not recall having seen these bodies,
possibly for the reason that we do not use Leishman stamn by the conventional method The
drawings are reproduced from Horrocks and Howeli s onginal plate

Vegetable cells—Figures § 10 assembled by Weayon (1923) from svanous sources,
portray bodies which have been found i blood films or spleen smears and mstaken for
parasiic protozoa, the bodies are probably of vegetable ongin

Fig 5 6—Vegetable cells descnibed by Manson, 1905 (fig 5), and Bousfield, 1912
(fig 6) from spleen smears taken from cases of kala azar

Fig 7--Vegetable cells and other organisms described by Elders (1911) as parasites
1n human blood

Fig 8~Vegetable cells described by Castellant and Willey (1905) from human blood

Fig g~Vegetable cells found 1 blood filns and described by Dimond (1917) 25 the
cause of trench fever

Fig 10—Bodies which are probably vegetable cells found by Castellans (1914) 10 blood
and spleen smears from a paent 1n Ceylon who had an enlarged splecn

ibe the common
e { thut plate tx borrowed from B lfour (1911) wha was among the firs 1 clsy afy and d ont
ourctT”of :’HWK inth n’;ncro cop ¢ examinanon of blood films {n. l; pical countsy £ e co decepre ap e
JALFO! P and puzz! ¢ N blood examunston bewng an necount of the mo: mmon
B T et Ve apectoty Tn Hopcas sountn s Fourtn 1 pors W om Tvomeal B wa # Labora eres ¥ 14
Jxhartoum ¢

e R Aczow 4 Sy aa the
R Acton Y W., ANp DASGUPFTA B M (1929)  Puzzles and fallacies ua the exsministion of ftain
e T M T MmN 13 hacke Sprk s G, Colevtsa. o st 20 837
WeNVoN G M (1923)  H cmogregunnes in man wth pot # on some othtr suppos dper vicr T of B Bl
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XXXVI THE UNINFEGTED ERYTHROCYTE

Aberrations 1n the morphology of the erythrocytes are common 1n disease, particularly 1n
the anaermias The plate portrays the common appearances in stamed films of normal abnormal,
and distorted erythrocytes normoblasts and blood pla elets The drawings were made from
films taken from malaria pauents

Normal erythrocytes—The normal mature red cell (1) 1s a biconcave disc, some 7 8.
wide and 2 3y thick The 1nternal seructure 15 not fully knowa, but the concept of an elastic cell
with a thin luniting by h globm held as a flud collord 15 wadely held

Varrations 1n shape and Among the red cell 1 malana
mfections are the vananons m shape (porkitocytosis) and size (amsocytosss) portrayed m
figures 2 and 3 The large purphsh cell 1n figure 3 15 a polychromatc macrocyte a large
immature erythrocyte often seen 1n films from panents with malanial anaemua

Normoblasts—~The erythrocytes are denved from nucleated parent cells known as
normoblasts These cells are sometimes seen 1 blood films from patents with the grave forms
of anaerma and rarely i the anaemra of severe and prolonged malaria A typical normoblast 1
shown 1n figure 4, figure 5 shows a basophilic normoblast with faint basophilic stppling

Howell Jolly bodies—The red cell inclusions known as Howell-Jolly bodues are thought
to be the fragmentary remains of the nuclear chromatin (6-7) They are to be distmgushed
from the chromatin of degenerate or poorly stamed parasites

Cabot s rings—Like Howell Jolly bodses, the loop or ring formations known as Cabor’s
rings have been regarded ss the final remnants of the nucleus, but the work of Schlercher (1942)
suggests that they are artefacts, 1ons of ds d protein d to the nucleus or
nuclear membrane (9 12 14)

Diffuse basophilia, polychromasta—The ymmature erythrocyte still contams the

of a basophulic sub thought to be derived from the erythroblast (3 12 13} This

substance gives to the stamed cell a pruform bluish unge (diffuse basophiha) often mingled m

varted shades with the pale pink of the normal mature cell (polychromasia) These young

philic or polych erythrocytes are very common 1n blood films from malana patients

Rapid fization of the films favours their app A poly with distorted
Cabot s rings 15 shown 1n figure 12

Punctate basophilia—A basophilic stippling 1 some of the erythrocytes may occur 18
the severe anaemias, 1t 15 particularly common m lead possomng and sonietumes appears 12
films from malana pattents Typical examples are portrayed mn figures 8 and 9

Reticulocytes—Reticulocytes are the immature erythrocytes whuch appear as poly
chromatc cells 1n Romanowsky stamed films (10-11) Certam dves—of which brilhant cresy!
blue 15 the best & -precip: the basophtlic sub: of the cell The pre
cipitated substance takes the dye 1o give the appearance of a bluish reuculum

Demilune cells and pessary bodies—Figures 15 18 (sec also p 184)

Blood platelets—The platelets are non nucleated pale purple bodes usually about2 34
wdiameter In unshed blood they appear to have a capsule but they disintegrate when the blood
1s shed and 1 stamed films they have a characterisuc woolly appearance with fuzzy edges
They may be smgle (16) but often collect 1nto clusters of half a dozen or more (23) Platelets
of abnormal stze or bizarre shape are not uncommon (21 22) A single platelet lymg on 3 red
cell (20) may be mustaken for a malaria parasite though the resemblance 1s rather remate

Schleich £ BM (15420 Th onmn and satur of the Cab ymngbodien { Tythr tytes § Jab fin Med 27 983
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XXXVII THE INFECTED ERYTHROCYTE

The wvading malatia parasute often changes the form and appearance of the host
erythrocyte These changes are related to the species of parasite and are extremely useful 1
diagnosis

Plasmodium falerparum (1 8)—The infected cells are unaltered 1n size but may show
changes 1n colour and contour The vacuole of the parasite may be pale from the loss of
haemoglobin 1n the cell beneath (2, 3 4) and cells contaming large nings often have a purple
unge (4), usually associated wath a thickened and darkened rim (3 4) Crenation of the host cell
18 common (3}, even when the uninfected cells sn the same field show no trace of this spiky
distortion Maurer s spots are charactenstic 1n cells contaiming the larger rings (3 4), they are
of great diagnostic importance, but tend to lose thesr distinctive appearance at later stages (5)
Cells containing young gametocytes do not show Maurer s spots (7) The charactenstic bib
of the mature gametocyte 1s derssed from the host cell (8) The tendency to  shrink and shrivel
up described by the early Italian workers 1s seldom evident m the host cells of the Malayan
parasite

Plasmodium vivax (13 16)—The host cells enlarge at an early stage of snvasion (13) the

1 15 and cells g mature parasites may have a drameter of 12 or
more (15 16) In fresh preparations the mfected cells are pale, but the pallor 15 not obvious 1n
stamed films Nors 1t usual to see a pallor in the vacuole of the parasite (cf 4 and 18) Schuffner s
dots appear at a very early stage they are constant highly charactenstic and extremely help-
fulin diagnosis (13 16) The dots increase mn size and number with the growth of the orgamsm
but remain distinctive, unlike Maurer s spots they are present in cells contaiming gametocytes
(16)

Plasmodium ovale (9 12)—The host cells are enlarged but the enlargement 1s less than
that of vivax mnfected cells Schuffner s dots appear at an early stage and are constant m cells
contaning parasttes which are advanced in growth The dots have a tendency to colfect around
the margin of the host cell (9) An elongation of the cell maybe with a fimbriation ar one end 15
not uncommon (9)

Plasmodium malarrae (18 21)—Erythrocytes savaded by P malariae show little change
They are not enlarged—they may even be smaller than normal—and they show no general
change 1n colour, though the vacuole may be pale from the loss of haemoglobm Ziemanns
stippling 1s sometimes visible in the 1nfected cells (18 19) but the dots are inconstant and have
no diagnostic significance

Distortions of the host cells—Two fairly common distortrons are sllustrated mn figures
22 25 In heavy falciparum infections the host cells tend to run together at the end of the spread
particularly when the films are quickly dried cells and parasites are alike dustorted (22) The
grotesque distortion which finally appears as the demilune cell 1s portrayed 1n figures 23 25 2
vacuole appears 1n the mfected cell (24) the cell swells to several tumes the normal size (25)
and finally 1t bursts to leave a pale staning crescentic residuc (23) The examples shown are
associated with a crescent (23) a young trophozoute of undetermuned species (24) and female
vivax gametocyte (25) The presence of demulune cell m blood films was once regarded 2s
presumptive cvidence of vivax malaniz But demulupe cells are quite common 1 falciparum
and malarse mfections and even m blood films from persons who have never had malania
and their contribution to malarta dragnosss 1s not signsficant (see also p 184}
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XXXVIIT ROMANOWSKY STAINING AND pH

The methods of stamnng blood films which are appropriate for routne haematological
examunations are not always swtable for malana d The h: I 15 d
marnly with the morphology and differentration of the cellular elements of the blood the

) gist must specificall h the stamning of the parasites and the changes which
they produce 1 the infected cells The diff 1n emp} amplies a duffe 1n methed
The malariologist finds that his needs are best met 1 films which the haematologist might
regard as over staned, and he must work within a narrower range of pH A beaunful
differentiation of blood cells 1s possible 1n films stained at a pH of 6 8 or even lower, but at this
level of pH the demonstraton of suppling on the malarra infected cell 1s capricious The plate
illustrates the mfluence of pH on the colour range of Romanowsky stamned parasites and of
therr host cells Each group of four mfected cells was drawn from films taken from the same
patient and stamed by the same method, the only difference was the pH of the diluent The
starn was Leishman s, stabilised with glycerine used at a concentrauon of three drops for every
cubrc centimetre of buffer solution The films were stamed for half an hour

Uninfected erythrocytes—The lower the pH, the paler and cleaner the staming Cells
stained at 2 pH of 6 8 or less have a pale flesh colour Stamed at a pH over 7 6 they appear
darker, often with a purplish unt

Chr The nuclear ct of malana parasttes stamns bright red at a pH 6.4 o
less, ruby red or reddish purple at pH 7 2 and blussh purple at a pH over 76 The bright red
chromatin of the parasttes sometimes portrayed n colour drawings of the parasites suggests
that the films were stamned at a pH below 6 8

Cytoplasm—The staining of the cytoplasm of malania parasites deepens m 1atenszy a5
the pH nises stamed at 2 pH of 60 1t 15 almost mvisible and at pH 6 4 1t 1s stll very pale
The best definition 15 attamed by staiming at a pH between 72 and 76

Stippling of infected cells—The of Maurer s spots 1s sharply limited by the
PH of the stain, they are mvisible at pH 6 4 barely visible at pH 6 8, deeply staned at pH 72
and even more deeply at pH 76 Schuffner s dots are sumularly though rather less sensitive 10
the pH of the stam They are pale but visible at pH 6 8, well defined at pH 72 and deeply
staned at pH 7 6 Ziemann s dots can seldom be demonstrated at a pH below 70 The drawings
illustrate these points

Figs 1 4 Uninfected erythrocytes
Figs 5§ 8

Ery y young p rings, Maurer s spots are not
found at this stage
Figs 912 Shghtly older falciparum rings early Maurer s spots just visible at pHES
Figs 13 16  Sull ofder faleiparum nngs developed Maurer’s spats are just ysible
atpH68
Figs 17 20 YounPg vivax rings Schuffner s dots just visible at pH 6 8
Figs 2124 Young quartan nings Ziemann s dots are first vistble at pH72
Distilled water 1s usually acid 1n reaction even when fresh For Romanowsky staming 'h;
reaction may be adjusted to neutrality by the addiron of alkali more simply, 2 stable pH aroun
neutraliry may be mamtamed by the use of a phosphate buffer solution as a duuent for the stun
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NXXVIIT ROMANOWIKY STAINING AND pH
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XXXIN  Plasmodumim falosparum—pATAL 1NFFCTION

Ongmnal field with the addinon of a

few parasites drawn from neighbouring

fields and 1ndicated in the key by roman
lettening

t—young nng trophozoites
t'—tenue form trophozortes

s'—ecarly schizont

s —advanced schizonts

gl—ery young ntracorpuscular gametocvte

g —-young oat shaped intracorpuscular gametocyte

g —young intracorpuscular gametocyte with Garnham body 1 the ifected
cell

n—neutrophil polymorph
p—blood platelet

Chmcal note—-The patent a Chmese dhoby was admutted to the General Hospital
Seremban during the morning of 31st March 195. with a hustory of 4 days fever and 2
temperature of 103 I The patient was conscious but could not speak he Japsed into coma
and dsed at 5§ 30pm on the same day There was no autopsy exammation The parasite deasity
was not determuned, a thin film count showed that 25 per cent of the red cells were mfected
(We are indebted 10 Dr | E MacMahon for the clinscal note andto Mr I G Spttel for the

film)
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FATAS, SFECTION

The dravang was made from  film taken thres hours before death Most of the parautes
were young rngs an cells 23 yet unstippled wath Mauser s spots Tk hiugh parssste denvity and
the presence of schizonts and voung gae to-ytes ndscate t graviny of the infection. Garshsm
Todics were present 1n same of the cells iavaded by 1oung gametocyses

55
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XL MARGINAL TROPHOZOITES

Original field

t—marginal trophozoites
Im-—large mononuclear leucocyte

p—blood platelets

Day of fever + | s s 1 1 ]

Case DST 8/52

Chmcal note—The pattent an
Indian boy was admutted to the
General Hospital Ruala Lumpur en
January 3rd 1952 with a mild
falctparum infection Treatment with
Darapnim began on the 4th day of
fever o8 Fifm

P cstesfcmm| 12000 | 19000

103 F




XL Plapmodium falyparum
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MARGINAL TROPHOZOTIZS
A marginal of the of Plyonads fenp 13 farly common

These margsnal forms also known as accols forrns are found alike 1 mid and severe infections
Therr ssgnficance hies mainly tn the chance chat they may be overlooked 1 routne blood
cxamination The smallest forms each draped 25 3 thin Jine along the margn of the host cef]
are eauly mussed or mustaken for antefacts The drawing was mads from a blood fitm 10 which
neasly esphty per cent of the parasites had a margal position (see also plate V)

137
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XLI Plasmoduom falciparim—LARGE RING TROPHOZOITES

Ongmal field

t—large trophozottes in cells which are suppled with Maurer s spots, a purplish
nm 1s visible m some of the host cells but the purple tinge which 1s not
uncommon m the mvaded cell at this stage 1s not shown i the plate

n~neutrophil polymorph
Im—Ilarge mononuclear leucocyte
p—blood platelets

Chnical note—The patent a D yof ott ¢k 5 6 7 3
Malay policeman was adrutted Case 10557/52
with a mild falctparum infecnon to 103 F
the General Hospital, Kuala
Lumpur on September 17th 1952 Flm
‘Treatment with Paludnine began on "
the sth day of fever At noon on the
day of admussion g2 per cent of the
rings were Jarge at 9 pm 8o per |_—
cent were very small (We are 98
indebted to Dr T Wilson for the
film and chmical note) Pc stes/ mm| 44000 | 13000 | 2600 ]




XLI Plasmodium falaparum
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LARGE RING TROPHOZOITES

This 13 the growth phase at which falaparum wophozostes normally leave the penpheral
arculation to stagnate in the capiltaries of the internal organs The parasites are large and flcshy
fings the host cells are stippled with Maurer s spots Often the host cells hae a purple tinge
and a thickened purple nm Blood films from pauents with falaparum mfections which are
domunated by a single large brood show these large fings 1 the fever free intenal between

but the | development of several broods 1s usual in Malayan infections
and the trophozoites found n blood films at any one ume are then of muxed phase The drawing
was made from a film taken on the fifth day of fever from a patient with 2 mild mfecuon The
possible relationship between fing size and immumty 18 discussed 1 the text




XL Plasmodium faletp LT GAMETOGYTES

Orgmnal field

gl—adult female gametocytes

g —adult male gametocyte

d-—dem lune erythracyte

e'—polychromanc erythrocytes

¢ —polychromatic erythrocyte with shght punctare basophilia
I—lymphocyte

p—Dblood platelets

Clinscal note—The pauent, 2 Chinese woman 8 months pregnant was admutted to the
Tampin Hospital on May 12th 1952 with a history of nine days of fever She was afcbnle on
d and d afebrile 1t hout her stay 1 hospital Blood examination revealed 2
mild falaparum mfecuon The daily parasite counts per cmm of blood during the first five
d below The blood film was taken on the 13th day

fays of qn are

'We are indebted to Dr ] F B Edeson for the film and the cirmcal note}
Alleged day of attack 9 10 1 12 13
Trophozoites per cmm 30 0co 5 700 300 100 o

Gametocytes per ¢ mm 1300 10 00O 8 600 6,700



XLII Plasmodum falciparum
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ADULT GAMETOCYTES

The adult gametocytes of P Jalsparum the well known crescents  appear m the
penipheral blood for the first tume rather fate n the attack usually after about ten days of fever
They are then full grown as are those shown in the plate In the absence of gametocytoadal
treatment they tend to increase m numbers for a few days and then to dinumsh and disappear
Oser the next two of three weeks The young forms develop 1n the bone marrow and are found
1 films from the finger blood only imheavy infections The film was taken on the thirteenth dsy
of the attack when the patient had been free from fever for at least five days



XLIIT Plasmodium falciparum—MALARIAL ANAEMIA

Onginal field

t—{falaparum trophozoites in cells stippled with Maurer s spots one mfecred
cell 1s a polychromatic macrocyte

g—adult fernale gametocyte

el—palychromatic erythrocytes

e —palychromatic macrocytes

d—demilune erythrocytes

Im—Iarge mononuclear leucocyte

p—blood platelets

Chmeal note—The patent, an Indian infant one year old was admutted to the General
Hosptal, Kuala Lumpur on October 9th 1952, with a primary faleiparum infection The chuld
was said to have had a week of fever, but the presence of adult cresents m blood films suggested
a Jonger duration In hospttal the child had no fever after the first day The spleen was tho
fingers enlarged and there was oedema of the ankles The blood film was taken soon after
admusston The haematological reports at this time and twelse days later were

11 10 1952 23 10 1952
Haemoglobin 63 gm j100 ml blood 87 gm freo ml
Erythrocytes 3 2 million 4 8 mullion

(We are indebted to Dr I H Turner for the clmcal note)
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XLIN Plasmodeum falaparum
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MALARIAE ANAEMIA
Aatana nfectons are always d with 2 of ery The Josses are

quickly restored sn muld astacks of boief duration but the acute or cummalative loss of erythrocytes
1nsevere or profonged attacks 18 bevond the capacu of the host for seplacement with gnzemia
sz result The parasite denssty in senious falciparam nfections may exceed half 2 mudhon per
<ubsc mlhmerre of blood and 8 reductian of the crythrocytes in untreated primacy suuacks
to mullion per cubic mallimetre or tess ts not uncommen The anacmsa teads tabe of 2 umple
tron-deficiency wvpe and recorery is usual with po wreaument beyond 2 good dict and wupple

mentary 1ton dunng convalescence The blood film taken from ¢ Indian infant a1 & late stage
of 3 primary falaparum sttack portrays appearances which are weny commen i et
filaparum smfections The mun fextures of the blood picture ere the anasocytosss amd
the many poly chromaue erythrocytes
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XLIV Plasmodsum falciparum—PLACENTAL INFECTION

Onginal field

ps—presegmenters
sh—early schrzonts
s —late schizont

1m—l Jaar 1k

1—lymphocyte
em—eosinophil myelocyte

Climical note—The pauent, an
Indian woman, was admutted 1n labour
to the Tampin Hospital on May gth
1947 Shehad shight fever Blood exa
munaton revealed a very light fala
parum infecion The parasites disap
peared from the maternal blood films
after a single dose of Paludnne (We
are indebted to Dr J F B Edeson

with phagacy

B d masses of malarial pigmen
each mass 15 derived from a marure falciparum schizont

D yof attack 7

35 10

103 F

Placent 1
f Fitm

N7ad

Case PST46/a7

for the film and climecal note)

Pg asitesjemm| 3000




XLIV Plasmodwum falciparum
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PLACENTAL INFECTION

The tendency for Plarmodum falaparum to stagnate 1o the ntervillous spaces of the
flacenta s well known of. parasites are seenan
Placental films even when the maternal infetion ss light The deawmng was made from 2 film
tzken from the placentz of an Indian woman with a very ould infecon Most of the parasites
are prosegmenters or early segmenters The pigment of the parasites 18 concentrated nto &
angle solid ass, the nuclear chromaten s rather indsstinct as s usual at this stage The sbsence
of Maurer 5 spots 1n the mnfected cells 18 probably arnbutable to fiding~the filim was stumed
1547 and the microscopuc field was drawn 1 1952
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XLV Plasmodum Jalaparum—rracocyToss
Composite field an assembly of para

sites and cells drawn from the same
placental fitr,

sl—eatly schizonts
s —advanced schizonts
s%—mature schizonts

s'—ruptured segmenter
n—neutrophul polymorphs, one contains two schizonts and a single mass of
pigment from a third schizont, and 1n the cytoplasm of the second may be
seen two early sch and many Eoth pol: hs are swollen
and rather degenerate
Im—large mononuclear leucocyte with ten masses of pigment i the cytoplasm
mg—large macrophage cell with evidence of extreme phagocytic acuvity The
cellis lated and rather d The cytop contains a mature
schizont and numerous masses of pigment each derrved from a schizont
The source of the small granules of pigment whether from a gametocyte
or from trophozoites 1s uncertan
1—lymphocytes
m—neutrophil myelocytes
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XLV Plasmodmm falaparum
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FHAGOCYTOSTS
The destruction of the parastees by p cells 1s an smy h of defence

# malana infecuons Evidenc of ‘phagoevtoss may be obsen ed m films from the finger blood
espeaally in severe faleparym wafecuons but the man arena scems to be the spleen where the
Pucrophage cells demsed from the renculo-endott elial ssstem arculate slopgobly 19 the
sirwsords and take a heavy toll of the parasites There 15 acuse phagocytosss 100, in the bone
MAUTOW 11 the bver and 1 pregnant women (n the placenta The cells iflustrated 1 the pate
were drawn from 2 placenta] film.
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XLVI Plasmodium faleiparum—CEREBRAL INFECTION
Ongmnal field

Colour correction—the ‘reds are over
emphasised

c—capillaries packed wath parasies at z pre segmenting or edtly segmenting
stage some of the parasites lie outstde the capillanes, possibly from
displ: dunng the spreading of the smear Each parasite has 2
pronunent mass of pigment, 1t 1s this pigment which is so obvious in fresh
fsquash preparauons of bram as dark dots ranged along the Lines of the
capillartes

e—nucles of the capulary endothehal cells

g—nucle: of glal cells

m-~nucle: of ghal or mucroghal cells

Chimcal note—The patient, a Chinese woman 38 years old was adnutted to the District
Hospital Tampin mn deep coma on May 1st 1952 Blood exanunation revealed an extremely
heavy falciparum mfecrion with 430,000 parasites per cmm of blood The patient died a few
hours larer There was no full post mortem examinauon The smear was prepated from
matertal obtaned 18 hours after death by a peedle autopsy through the orbit (Weare 1ndebted
toDrJ F B Edeson for the bramn smear and chmcal note)
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XLVI Plasmodium falaparum
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CERERRAL INFECTION
When 2 panent with falaiparum malana dies in coma the brain capullanes may be pa ked
tight with parastes and 1t 15 not allogacal to assume that 2nov:a from the arsest of the capillan
Greulation may have been the cause of death The drasing wat made from the bean of 3
Chunese woman who was admutted to hospitat in decp coma She had a very heavy falapasum
infection and died 2 few hours later The cerebral capullanies st the base of th bram we e
distended with great accumutations of parasites mostly presegmenters



Climeal note~The pattent an
Indian adult, was admutted 10 the
General Hospital Kuala Lumpur on
30th November 1941 with a myld
falciparum infection Blood was drawn
before the start of qunacrine treat
ment, the parasites were then large
nngs 18 24 hours old The cultures
were made by the Bass techmque the
film was prepared from the 24 hour
cull

XLVII Plasmodium falesparum—cuLTure

Composite field the tmo clusters were
drawn from neighbouring fields of the
same film

thus
A—cluster of g parasites i of the mfcctedd cellsc h]el:i e
parucular culture was first observed when the parastres had rex
Pre segmenung stage, seven hours after the blood was drawn

uclear
B—apparent attraction of segmennhng parasites towards a large monon
leucocyte

s'—early schizonts
s —advanced schizonts
8—joung mtracorpuscular gametocyte

Im—Targe ! the cellisy lated and e :d o
1n the cytoplasm there 1s a single mass of malana pigmen
mature schrzont

Dayofatt & 6 7

Case Qe eSTI4/41

98

Parcs tes/ mm



XLVIT Plagmodium faleiparum

CULTURE

When malana infected blood 1s withdzawn from the body the parasues usually de¢
bur they survive for a time and even conninue to grow 1a defibnnated blood to whi ha L tle
glucose has been added The young trophozoites mav reach matunity but there are beavy losses
dunng segmentation and special methods are necessary to promote the contnued developmert
of the parasites beyond the first generauon A prolonged mantenance in culiures through many
sexudl generations has not been achres ed i the speaes affecong man The film prenared from
2 24 hour culture lluctrates two well known phenomena—the agglutranion of irfecred cells
o 3mrm and the remarkable adherence of these cells to the large "?I;S“ﬁhm I:u-u:g:

usters of parasites are sometimes big enough to fill the high power field of the mucros:

arculaung as embols and becoming .mpagaed 5 the capullanes of vital organs they have been
held 25 2 possible cause of permcious forms of infechion The zpparent sutracton of scpretnt
Fasasites towards the large mononuclears may perhaps be related to the marked phazocvts
3Ty of these cells



NLVIL Plasmodium faleiparum—CULTURE

Composite field the two clusters were
drawn from neighbouring fields of the
same film

A—cluster of parasites  aggl of the nfected cells I:d txl::
parncular culture was first obsersed when the parasttes had reach
Ppre-segmenting stage, seven hours after the blood was drasn

B—apparent artraction of segmenting parasites towards a Jarge monofuclear
leucocyre

sl—ecarly schizonts

s —advanced schizonts

£—young intracorpuscular gametocyte

Im—1arge ! the cellzs lated and hat deg A
1 the cytoplasm there 2 single mass of malama prgment dertved from
mature schizont

Chmcal mote—The panept an
Indian adult was admutted fo the
General Hosptal huate Lumpur on 103 £l
Joth November 1g4r with 2 mid
falaparum mfecnon Blood was drawn
before the start of quinacrine trear [
ment the parasites were then large r—

L

Doy of ot % 3
Py oS

CaseQe  €5T26/4)

rings 18 24 hours old The cultures
were made by the Bass techruque the 98
film was prepared from the 24 hour
culture Par_tes) m| 5000




NLVIT Plasmoduum falayparum

CULTURE

When malana wmfected blood 15 withdrawn from the body the parasies usmafly de
but they survive for 2 yme and even contnue to grow sn defibnnated blood to which a intle
glucose has been added ‘The young trophozoites may reach maturity but there are heavy Josses
dunng $egmentaton and speaal methods are necessary 10 promote the conunued detelopment
ofthe parasites beyond the first generaron A prolonged mamtenance i cultures through many
sexual generations has not been achsesed in the spectes affecung man The film prepared from
2 4 hour culture illustrates two well known phenomena—the aggluunauon of infected cells
1000 clusters and the remarkable adherence of these cells to the large mononuclear Jeucocytes

e clusters of parasutes are someumes i enough to fill the hegh pavwer field of the mucroscope
eculiung as embol: and becomumgp smpacted 1 the capillanes of vial organs they have been
beld 25 2 possible cause of perructous fosms of 1nfection The apparent attraction of segmerting
Puzzstes towatds the large mononuclears may perhaps be related to the marked phagocsuc

acunty of these cells



XLVII Plasmodm falapanmm—CcrLTeRe

Composite field the w0 dusters were
drawn from paghbourmg fields of the
same film.

A—cluster of parasites  aggh of the wmfected cells in this

particular culture was first observed when the parasites had reached the
Pre-segmennng stage, seven hours after the blood was drawa.

B—app of seg parasttes towatds a Jarge mononuclear
leucocyte
s’—early schizonts

s?—advanced schizonts
g—)oung mnaoorpuscu!a: gametocyte

B 1 the cell1s vacuolated and somewh:
1n the cytoplasm there 1s 3 single mass of malana pigment dm\cd froma
‘mature schizont
Clmcal nore—The panent an [pg, of artack n 7
Indian adult was admuted fo the CoseQc  ¢ST76/41
General Hospial huata Lumpur on o3 Fr

30th November 1941 with a mld I
falerparum infection Blood was drawn
before the start of qunacrine treat
ment, the parasites were then large b1
nngs 18 24 hours old The cultures [je e
were made by the Bass technique the 98
film was prepared from the 24 hour
culture

Po cs tes/ mm| 5000
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ALVIU  Plasmodum falaparum

EXFLAGELLATION OF THE MALE GAMETOCYTES

The formauon and Lberanon frem the male gametocyte of the male gametes the
Fhenomenon known somewhat mappropnately 2s exflagellanon normally occurs 1n the midgut
of the mosquito. The process 15 never seen in thin blood films prepared for rowune mafana
duosis bur may be demonstrated 1n films which have been kept 1 @ motst chamber and
Frevented from drying The drawng was made from 2 th o film tsken on the sev enreenth day of
2 fdaparum antack from a patens with many gimetocytes m the blood Many of the gametes
¢ 3ull artached to the parent gametocyte but some hate broken free The aprarent absence of
ouclear chromatn from the gametcs suggests that they are sterle, the gametes M2y SOMENMES
brezk awgy before they have recersed thewr quorna of nuclesr marenal



XLVIIT Plasmodiim faleparum—EXFLAGELLATION OF THE MALE GAMETOCYTES

Oniginal field
g it male
mg—male gametes
Oay of attack W | s [ 7 18 9 |
Chlo ogu ne 250mgm. 5T 1f51
warl ¥ g Case CST 1/
Fitm
98 | \’\\N—\_/\WN\
RI gs/cmm 360 | 5800 400 o © © o
€ esc tsiemm 3100 4400 4 800 13 600 13100 10200 14 600

The patient, an Indian adult was admuted to the General Hospital Ruala Lumpur on
315t October, 1951, with a muld faleiparum mfection The films taken seventeen days after the
start of the artack at a ume when there were many gametocytes 1 the blood were
prepared and stained by the method described on p 104 The drawing was made from 2 film
which had been kept for six runutes 1 a morst chamber (We are mdebted 1o Dr T Wilson
for the film and climcal note)
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EARLY TROPHOZOITES

The plate sltustrates the appearance of the parasites m blood films 2t the height of the vivax
paroxysm or 2 Lttle later The infecton was due 1o 2 single rather stragghng brood and the
Parasutes were nearly all young trophozoites Enlargement of the host cell began very early and
Schuffner s dots were Ppresent tn most of the enfarged 1nfected cells as 1s usual 1n vivax infections
of Malayan ongin The drawing was made from a film raken three hours after the start of the
1igor and already more than g half of the eclls containng nng forms were entarped and mnery

“IEht per cent conained Schuffner s dots o hours later all the infected cells were entarged
azd suppled
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XLIX Pl d: RLY T TE

Ongmal field

t—young trophozoites, the host
cells are already enlarged with
alight spnnkhing of Schuffner s
dots the parasites are probably
about three hours old

t'—young trophozoites i poly
chromauc host cell the vacuole
of the parasite 1s decolounsed

e—poly chromauc erythrocytes
n-—neutrophul polymorph
1—lymphocyte

Chnical note—The paent a [January 7 | ° w2

Malay policeman was admuted to the 105 F [ Rg Case DBT 7/52
General Hospital Auala Lumpur on o
oth January 1952 wath a history of an F —\
eregularly relapsing fever The spleen -

was moderately enlarged There was
no fever on the day of admussion but a r / 1
sharp attack the next morning when the B Fln
film was taken Darapnim treatment 98
began on January roth Po ost / mm| 32500 | M 46 14600 | 4200

Parasitological note—The table indicates the percentages of parasites at each stage of
growth

8am g3pam Iram 1230pm  2pm
Early trophozoutes (rmgs) 47 20 90 95 96
Late trophozostes (amoeboids) 5 o 1 [ o
Schizonts 44 20 8 3 2
Gametocytes 3 o T 1 2

Although the ring forms 1n the film were ittle more than 3 hours old 56 per cent of th;
host cells were enlarged and 98 per cent were stippled with Schuffner s dots (We are indebte
to Dr T Wilson for the films and chmcal note )
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XLIX Plasmodsum tivax
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EARLY TROPHOZOITES

The plate illustrates the appearance of the parastes m bload films at the herght of the vivat
Froxysm or a Lntle Jater The iafection was due to a single rather straggling brood and the
Pama stes were nearly all young trophozortes Enlargement of the host cell began very early and
Schuffier s dots wete present 1n most of the enlarged infected cells as 15 usual 1n vas nfecuions
of Malayan ongin The drawing was made from a film raken three hours after the starg of the
igot and already more than a half of the cells contuning fng forms were ealarged and ninety
€4l per cent. contasned Schuffver s dots two hours Jater alt the infecred cells were enls.god
and suppled
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L Plasmodium viax—ADVANCED TROPHOZOITES

Original field

t—advanced trophozeites 1n enlarged cells suppled with Schuffner s dots
e—polychromatic erythrocytes

l—-lymphocyte

p—blood platelets

Janug Y 9 IOJ

105F}'-

The patent was a Malay police
man with 2 relapsimg vivax infection
(see p 214 for clinical note)

Case DBT 7/52

Parasitological note—All the 1
fected cells seen 1n the film were en
larged and stuppled with Schuffner s
dots The table mdicates the percent
ages of parasites at each stage of
growth

Po os tesfcmm

Noon 6pm Iopm

Early trophozoires (nngs) z T o
Advanced trophozoites (amoebosds) 95 94 9~
Schizonts [} o °

Gametocytes 3 5 8
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ADVANGED TROPHOZOITES
fever free day are advanced trophozoites The drawing was made from a film taken wenty
shown 1 the plate

When vivax infections produce 2 tertran fever the parasires found in blood films on the
Bours before the start of the nigor nearly all the parasstes on the film were at about the stage

.1y
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LI Plasmodium v11ax—VARIOUS FORMS

Orgnal field
Colour  correction—erythrocytes too
yellow

t—young ning form trophozoite
an enlarged polychromaticcell,
the cell was suppled with pur
plish dots resembling those of
punctate basophilia

s-—~immature schizonts

g—adult female gametocyte

e—poly chromauc macrocyte

pb—pessary body ( corps en
pessaice }

n—neutrophil polymorph

1—lymphocyte

p—blood platelets

Chnical note—The panent was a Malay policeman with a relapsing vivax infection (see
p 214 for chimcal note)

Parastological note—The para

sites were mostly very young forms |22 U0V g ! 10 u iz ]
and sclizonts We suspect that the 105 k|
mtial 1nvasion of some of the host cells
may have taken place in the capillaries L
of the internal organs, although many
of the rings had but newly appeared 1n ﬁ

—1
Case DBT /52

the penpheral blood, 39 per cent of
thesr host cells were already enlarged

and 79 per cent were suppled with B
Schuffner s dots The percentage of 98 i
f;?:clsn :}tmc‘a;g;esugc of growth 15 oo tesjcmm| 32500 |bw 509 | 14600 | 4200

oth 10th
opm Sam 11am zpm
Farly trophozoites (rings) o 47 90 96
Advanced trophozoites (amoebords) 92 5 T °
Schizonts o 44 8 -
Gametocytes 8 3 1 -
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SARIOUS FORMS

The draning was made from 2 blood film taken at the beginnung of & npot 1n & relapsing

“ivax infecnon Rung forms of the new generaton had appeared bus there were sul schizonmy

of the carber fgeseration 1n considerable numbers A fow gamerocytes wene also present ta the

film Six howrs later thete ware soll a few schuzonts sndicanng a conssdesable lag in the mutueing

of vhe particular generation Most of the ring forms were found wn cells already surpled wath
Schuffner s dots four houss larer all rafected extis wese suppled



LII Plasmodium 112ax—VARIOUS FORMS

Original field

t—young nng form trophozoites in
host cells which show early
Schuffners dots but litle

enlargement
s—advanced schizont
gl-—adult male gamezocyte
g?~—adult female gametocyte
e—polychromatic erythrocyte
1—lymphocyte
Climcal  note—The patent a Apr | 1] 18 19
Malay soldier, was admutted on 17th Case PBT 138753
April 1953 t’o the Distrsct Hosprtal 104 Fi- ase
Tampin, on the first day of 2 vnax PR qor
attack—posstbly 2 relapse as he had L vs
had a simlar attack six months 1
before The patient stated that he had Film
been twaking 100 mg Paludnne daly T
He had high feser on admusston at L \/\' L/\
8 am and 1s sard to have had a ngor 98 | M~
shortly before Paludrine treatment
began on the fiest day of feser Sacant sfomm| 29000 | 15000 | 9%c0_| 1990}
Parasitalogreal note—The parasstes present it the film were
Eatly trophozoites (rings) 8g per cent
Advanced trophozortes (amoebords) 1
Schizonts 1
Gametocytes 9

d
Schuffner s dots were present in 84 per cent of the cells contaiusg youag mAgs az
69 per cent of these cells were larger than normal (We are mdebted to Dr J F B Edeson for
the film and chincal note)
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JARIOUS FORMS

Blood films taken at the height of the v ax paroxysm usually show young ring forms and
rossibly  few segmenters and gametocytes When the fever 1s teruan from the matunng every
forny-erght hours of a single generanon nearly all the parasires are Iikely to be at thus stage or
Phase The plate portrays the typrcal appearances The film was taken on the first day of a
Vivax attack about two hours after a ngor

When the fever 15 quotidian from the segmentation on alternate days of two broods blood
flms taken at the hesght of the fever will also reseal half grown paras: es of the generabion das 1o
segment the next day This desclopment of P ermax 1n two broods about twenny four heurs
part 1s very common. Why the number of broods should so often be restri~ted to two 2ad why
the broods should be 30 evenly spaced 15 not known.



LTIl Plasmoduom viax—MurripLe INFECTION OF CELLS

Composite field—the multsple 1nfecte
cells were drawn from different field
of the same film

t——young trophozottes
n-—neutrophil polymorph
I~Jymphocyte
Climcal note—The pauent, an elderly Cantonese was admirted to the General Hospital
Kuala Lumpur on Eebruary 1st 1940 with an acute vivax infecton He had had feser for
five days before admission, but could not recall having had any previous fever withun twelve

months Climcally the case was unusual 1n the low fever and the exceptionally heavy mfection
The pauent was not very 1ll—at no time 1 hospatal did the temperarure exceed 100 F —and he
made an uneventful recovery on treatment with quinne
Parasitologeal note—The blood film wuken on the seventh dav of fever revealed an cxu'au
ordinary Parasitological picture The parasite density exceeded 100 ooo per ¢ mm of blood 2
stages of P vivax were present but mainly young ning forms The advanced trcphozonc;
h and were morphol ly typical, but the young trophozottes showe
an extraordmary tendency to crowd ito parncular cells Many cells contained four, five or six

Parasites per cell

1 z 3 4 5 6 6t
Infected cells 312 99 40 35 9 4 !
Percentage 6. 20 8 7 2 r -

Pparasttes,, one—hot shown in the plate—appeared to have eight ‘The table indicates the number
of rings 10 500 infected cells
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LIt Plasmoduon vreax
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MULTIPLE INFECTION OP CELLS

The snvasion of a siagle erythrocyte by two of wore merozoites occun 1z 211 forms of
malana but with a diffenng frequency  The occurrence 13 50 common 1 falaparum malina as
10 have 2 munor diagnosuc sigaficince 1 vivax snfecuons the presence of more thaa three
nngs 11 2 cell 4s unusual and n quartan wafectons we have never scen more thia v The
phenomenon 11 related to the randor odds of distribution 1 heavy nfections but other fators
may be uvolsed " . " s oo

s to mulople mfecnon of the hott cells 1 vivax infecuon 1 known e
the ptem::o‘:?s ::?:m that the arcumstances have sometimes been placed on recond The
Flate illustrates the appearances of the parasites 1 one of these rare infecuons

e
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LIV MIXED vIVAX AND FALCIPARUM INFECTION MALARIAL ANAEMIA

Onginal feld

t—vivax trophozoites 1n cells heanily
stippled vath Schuffner s dots
litle enlargement 1n three of
the cells, the parasites appear
1o be rather degenerate

g—falciparum gametocyte

e—palychromatic erythrocytes

el—polychromatic erythrocyte with punctate basophilia and a cleft m the cell

n—neutrophil polymorph

1—lymphocyte

p—blood platelet

Chmeal note—The pauent a Malay fisherman was admutted to the General Hosprtal

Kuala Lumpur, on December 8th 1952, with a history of wrregular fever for one month His
spleen was slightly enlarged and he was very anaemic Blood examunation resealed a mixed
vavax and falciparum infection, the parasite density was not recorded There was considerable
achromasia but the central pallor 1n the ervthrocytes 15 not well shown 1n the plate Treatment
with Paludnne began on the day of admission, the temperature fell 1o normal withun three days
and asexual parasttes disappeared from blood films within five days The anaemta was treated
with 2 simple ferrous sulphate prep The b lobin and eryth conc
durng ten weeks observation 1n hospital are summarised 1n the table

Day o* 8 14 22 28 4. 70
Haemaglobin 30% (Sahl) 55gftooml 68g 78 91g 1328 ISTE
Erythrocytes (millions) =2 2 32 40 42 59 62 65

Davefadm ntohoptl o
Parastiological note—The film showed P rwax and P falaiparum in the proporuons—vi
: 95, VIVax g; ytes 4 falcrparum g 1 More than half of the vivax
infected cells appeared to show hintle or no enlargement (We arc mdebted o Dr L H Turner
for the chmical note and to Miss Ebizabeth Cheek for the blood estimations)
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MALARIAL AVAEMIL

Abnormal appearances tn Plasmodsum troax are not UnCOMTON 17 2MACTUC Patients With
prolonged feser from untreated afection The host cells may show hitle entargement and the
Farasites under these crrcumstances may sometimes 3cquIre an ovale bike morphclogy The
draving was made from a film taken from a1 anzemic Malav pavent wath 2 muved vivax and
flaparum infecuon of one month s duravon The \nax safecicd cefls were heavly suppled
with Schuffner s dots but ruany of the eclls were but bittle enlarged
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LV Plasmodnm malariae

Onginal field

t—young trophozoite
s—mature schizont

e—polychromanc macrocytes, onc
distorted with a cleft down the

mmddle
n—neutrophil polymorph
1—lymphocyte

Im—Ilarge mononuclear leucocyte
p—blood platelets

Climcal note—The pauent an Indian woman 30 years old was admutted for confinement
to the District Hospital Tampin, on July 29th 1952 She said that she had been fevertsh for
five days but she was afebrile on admussion to hospital A month before she had had a sumular

Cose COQws2 [J )y 29 | 30 3t JAugt [ 2 3 [ 4 T s

103 Ff —— Chla oguine ——

Film

[ A ]

98

P 2700 600 600 1700 | t300 | 2100 a0 | o

attack The spleen was not palpable There was a vague history of Paludnine treatment Blood
exammation revealed 2 low grade quartan mfection with evidence of a macrocytic anaenua The
haemoglobin reading was 40 per cent (Tallqvist) and a few normoblasts were present 1o the
film The large size of the erythrocytes will be clear from a companison of the plate with earher
plates all drawn to the same scale

Parasitological nore—The film was taken on the mormng of 3rd August when the patient
though afebrile at the ime was restless, with a cold clammy skin ‘The parasites present were
young rings advanced troph and 1nthe prop 9 46 36 9,
the rings and sch d the rather ling brood responsible for a mild p
a few hours after the film was taken, the older t arose from a g which
had segmented and produced a shight rise 1n temperature the day before (We are indebted to
Dr] F B Edeson for the film and the chimcal note)
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QUARTAN MALARIA WITH MACROCYTIC ANAEMIA

The parasite densiry 1 quartan snfections 15 uswally low The count seldom exceeds
%0 per ¢ mm  of blood and Jower counts are usual Many patients are afebrile 1 the later
'8¢5 of nfectton and the Parasttes are discovered by chance m the course of routine bleod
€%Minanon The plate shows 2 mature schizont and a young trophozotte a combination which

ustal at the ume of the Parotysm in pattents with a quartan temperature The drawing was
made from an Indsan woman with a low grade Infectron She was pregnant and had been
dmited to bospral for confinement The blood film revealed 2 rather marked macrocytosts
hich we s.spect to have Deen related more to the pregnancy than to the malariz

10
stay
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LV Plasmodium malariae

Original field

t—young trophozoite
s—mature schrzont

e—polychromanc macrocytes one
distorted with a cleft down the
nuddle

n—neutrophil polymorph
I—lymphocyte

Im—large mononuclear leucocyte
p—blood platelets

Chincal note—The pauent an Tndian woman 30 years old was admutted for confinement
to the District Hospital Tampin on July 29th 1952 She sard that she had been fevensh for
five days but she was afebrile on admussion to hospital A month before she had had a stmalar

C secQi/sz [Jy 29 30 31 Ag 1 2 3 | & | 5

103 Fl em A0 Oqu e ——]

Film

w |~ ]

Parasites/cmm] 2700 600 (XL 1700 | 1300 | 3100 400 )

attack The spleen was not palpable There was a vague hustory of Paludnine treatment Blood
examination revealed a low grade quartan nfection with evidence of a macrocync anaermia The
haemoglobin reading was 4o per cent (Tallqvist) and a few normoblasts were present 1 the
film The large s1ze of the erythrocytes will be clear from a companson of the plate with eacher
plates all drawn to the same scale

Parasitological note—The film was taken on the morrung of 3rd August when the pauent
though afebrile at the tme was restless wath a cold clammy skin ‘The parastics prescot Were

young nings advanced tropt and g tes 1 the proportions 9 46 36 9
the rings and schizonts represented the rather ling brood responsible for 2 muld p: b
a few hours after the film was taken the older troph arose from 2 w

g
had segmented and produced a shght nise 1n temperature the day before (We are indebted to

Dr] F B Edeson for the film and the chmcal note)
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LV Plasmodium malariae
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QUARTAN MALARIA WITH MACROCYTIC ANAEMIA

" oo:h: parasite density in quartan wnfections 15 usually low The count seldom exceeds
spe n};_:;l; mm of blood and lower counts are usual Many pauents are afebrile 1n the later
o fection and the parasites are discovered by chance an the course of routme blood
i :oxtxh The plate shows a mature schizont and a young trophozoite a combination which
made § t the ume of the parotysm 1 patients with a quartan temperature The drawing was
adrm“::m an Indan woman with 2 Jow grade nfection She was pregnant and had been
which to hospital for confinement The blood film revealed a rather marked macrocytosts
We suspect to have been related more to the pregnancy than to the malana
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LVI Plasmodum ovale

Colour correcion—cytoplasm too red
particularly that of the male game
tocytes

The senes of drawings, prepared from blood films taken from a pattent mnfected with
P orale of West African onigin dllustrates some of the disnnctive morphological features of the
organsm The films were three years old and somewhat faded a arcumstance which explams
the general pallor of the host cells

Trophozottes

Figs 2 4—Young ring forms Schuffner s dots appear very early (as they do with Malayan
vivax)

Fig 5 —Young ‘band form

Fig 6 —Double infection of cell a tendency for Schuffner s dots to collect around the
penphery of the host cells 1s said to be a characterssuc feature of ovale
infections

Fig 8 ~—A compact trophozoite with little evidence of a vacuole—possibly a young
gametocyte

Figs 9 12—Irregulanty and efongation of the host cell are fairly common, somenmes witlt
fimbriation of the edge

Fig 13 —Advanced trophozoite with a compact rounded form and a suggestron of early
division 1n the nucleus
Schizonts

Figs 14 16—Early diviston of the nuclear chromatin
Figs 17 18—Advanced schizogony

Figs 19 20—Mature segmenters
Gametocytes

Figs 21 22—Male gametocytes
Figs 23 34—Female gametocytes
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LVI Plasmodium ovale

. -
t
~ et P [ -
- 1 N .
) L) © !
~ 4
1 2 2 . .
'1-1 N
L., z" Al 8 .0
by
e . .o -
& 4, -, . (@
L 4 - -
5 s 7 .
e
ol _(oh
s
9
e
4
G W
,v:-’-'
3
¥
f “v."\
et o
3 ~
~
i1
S
” 1 1 2
o .
R N el
o &ty I R v,
oty o 7. 17,0 by
™. * - w ») - Cd o+
\s 5 3 . %
\ Av . . » ‘ 1)
A z [
21 2

ASEXUAL BLOOD FORMS AND GAMETOGYTES OF A WEST AFRICAN STRAIN



LVII PUZZLES AND FALLACIES IN BLOOD EXAMINATION

Malaria dragnosts has many putfalls for the unwary Yeasts fungi pollens and other cells
of vegetable onigin bactena cell debris deposits of stain scratches on the slides, even the
blood platelets may all give rise 1o puzzhing appearances Their non malarial nature 15 usually
obvious though they may sometimes lead to doubt or confuston in diagnosis The drawmngs
reproduced 1n plates LVII to LIA were neatly all made from thin blood films taken for malaria
diagnosss from pauents in the wards of the General Hospital huala Lumpur

Figs 1 5—Bodes of unknown ongin which may be mustaken for malaria parasites the
ntracellular body (1) vaguely resembles a quartan trophozoste and the
elongated bodies (2 5) have a remote resemblance to falcrparum gameto
cytes ‘They are probably of vegetable ongm

Figs 6 21—Vanious cells of unknown ongin found i blood films from malana patents
Some are Lkely to be spores pollen grams or other vegetable cells
carried over from the skin of the finger or they may be aenial contamt
nants which have fallen on the exposed films The bodies shown as figure
9 were floating m the immersion ol figures 11 14, 15 16 portray bodies
present m films which had been left unstaned on the laboratory bench
for several days Few of these bodies are fikely to confuse malaria diagnosis
though some of them vaguely resemble crescents



LVII PUZZLES AND FALLACIES IN BLOOD EXAMINATION

SPORES POLLEN GRAINS AND OTHER CELLS OF VEGETABLE ORIGIN

23t
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LVIIT PUZZLES AND FALLACIES IN BLOOD EXAMINATION

Blood platelets—The blood platelets are usually unmustakable from their size their
arrangement 1n clusters, their pale purple stamng and therr apparent woolly texture Bur
abnormal forms may produce musleading appearances

Figs 12nd of erythrocytes and platelets 1n a film taken
on 2 shde which had been warmed to drive off the moisture and not allowed
to cool sufficiently

Fig 3—Blood platelets supenmposed on erythrocytes simulating degenerate parasites
also a large elongated platelet

Algae—A deposit of green algae 15 not uncommon n phosphate buffer solution which
has been kept for several months in the same bottle The algae do not deposit on thin blood
films which are washed after sramng under a brisk stream of water even though they are
present 1o large numbers m the buffered stan diluent

Fig 4—Leishman stained algae from depostt 1n phosphate buffer solunon

Devitrified glass slides—The surface defects in glass shides due to devitnification are
Iikely to encourage a messy deposit of stun Devitnified slides should never be used for malana
dragnosis The surface bloom of desitnified shides 15 casily recognsed if the dry shide 1s mspected
at an angle to the hight Devitrification 15 ot uncommon 1n glass shdes which have been dry
stored for a long time 1n the tropics

Fig 5—Famnt stamng of the glass with the appearance of numerous pale areas, the
film was taken on a devitnfied shde

Fig 6—Another form of stain deposit in the surface defects of a devtnified shde
Scratched shides—Depostts of stain on scratched shides, though usually unmustakable

are a cause of artefacts S hed slides shonld never be used for malaniz
diagnosis Some of the common appearances are portrayed 1n figures 7 9

Fig 7— Hernng bone  scratches which are easily recogmsed by the parallel
arrangement

Fig 8—Scratches radiating from a circular erosion 1n the glass

Fig 9—Scratches on which erythrocytes have been superrmposed



»
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LIX PUZZLES AND FALLACIES IN BLOOD EXAMINATION

Bacteria—Vartous kinds of bactena carrted over from the skin sometimes appear 1n blood
films, they may develop 1n films which have been left unstamed and a rank growth of bacteria
15 not uncommon 1n films taken some hours after death

Fig 1—Clusters of coct1 which may be ken for the of P falay
the absence of cytoplasm and of the charactenisic masses of faleparum
pigment serves to idenufy them (cf plate X) The merozoites of
P falaparum moreover, are hikely to be seen 1a blood films only in heavy
unnustakable infections

Fig 2—Spore beaning baclls
Fig 3—Swollen micrococe: which by some chance association with a red cell may
simulate young malania parasites These bodies were distibuted 1n linear
fashion along the line of spread of the film
Fungi—The hyphae or spores of contamunant fung: are not uncommon 1 blood films
which have been left exposed to the air
Fig 4—Fungal spores in a film which had been left unstaned for some days, the
spores were assocated with typical hyphae
Fig 6—These appearances found in a film containing the hyphae of a fungus simulate
the marginal forms of P falciparum they are probably fragments of hyphae
which have a chance attachment to the cells
Figs 7 and 9—Fungal hyphae and spores 1z an old blood film which had been
e starned
Depostts of stazn—Deposits of stan may somenmes produce puzzling appearances

Fig 5—Stan deposit simulating marginal parasites The deposits were dark almost
black and readily recogmised as artefacts by the absence of chromatn
(cf plate XL) by their occurrence m groups of neighbourmg cells and by
thesr stular onentation 1n relation to the affected erythrocytes

Fig S—Amorphous deposit of stan debns on the red cells, simulanng degenerate
parasttes
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LIX PUZZLES AND FALLACIES IN BLOOD EXAMINATION
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BACTERIA FUNGI AND DEPOSITS OF STAIN
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APPENDIX

“The morphology of malaria parasites damaged by drugs

Romanow-ky (1891) was among the first to study the effect of treatment on the morphology of the
malaria parasites 1n blood films Using the special stain wh ch he had devised for malara disgnosis he
found that the tertian parasites show visual evidence of damage when the host 15 treated with quinine The
nucleus dis ntegrates and the cytoplasm takes on 2 homogenous colounng brea¥sup and finally disappears
Analogous changes during treatment with other drugs have since been described Mepacrne chlorogusine
proguanil and other schizontocidat drugs may so damage the paras tes that the morphol gical features by
which they are 1dennfied may be changed almo t beyond recogrution

Morphological description of the malaria parasstes 15 normally based on the appearances of the
undamlgtd organusms chmstoplc duznous ‘st take account al o of their appearance 1n blood flsms
are a rmilable to-day m many a illage shop
|nd. pmcms ‘with fever often take a ubkt ot two before com ng to hospital With modern drugs the dose
wll usually control the attack but 1t may be enough merely to damage the para ites and reduce ther
numbers Evety worker 1a malana knows the difficulty in diagno 18 which may arise in these circum tances.
and for thus reason a short account of the effect of drugs on the morphology of the parasites s included as
a0 appeadix 1o thus Study

The sel ctwe action of drues

The drugs why b are useful as remed es for malana seem 10 affect the parasites 1o different ways Some
drugs have a lethal action on the nuttitive phase of the aserual blood eycle they prod ice visible evidence
of damage mamnly in the trophozoites Qu nine mepacrine chloroquine and amodiaquine sre the amport
ant exaraples Drugs ike proguand and pynimethamine on the other hand appear 1o act on the feproduc
nve phase  they disorgamss nuclear division snd destroy the schizonts The table below summarases
these boad distnctions

MORPHOLOGICAL CHANGES IN THE, ERYTHROCYYIC MALARIA PARASITES DURING TREATMENT

Drug Pha ¢ mawly Vi ual evidence of damage
affected
A Mepacone Trophozontes Growth retatded or arcested
Chioroqune® Rings contracted o mere blobs of thwned and
Amodiaquine eepanded

Cytopasm ragged or (ngmemed

Tigment granules clum;

Few parasnes able o mmpl:!e development. when
the drugs are gven eatly 10 the cycle

B Quimse Trophozortes S mular changes but lirde effect on pigment
C Proguanl Schizonts Noclear divis on dsstupted
Pynmetham ne Degencrative changes in chromann snd cytoplasm
Few parasites able 1o complete the cycle
D Pamagum Gametocytes Masked effect on viability with { rle v sual evidence
of damage

Al pd dmpgnt uws ofth pEm tomh pmtcyies wthe T Ah by

The v sual signs of degeneration ate varied The cytoplasm may contract—with u loss of the vacuole
1n the niny forms—and appear dense and dark staunung  or it may be vacuol ted of fragmentary and pale
The nuclear chromatun may lose its normal sharp definiuon swellup and dssintegrate W hen the degencta
ton 15 advanced the parasites may be reptescated metely by dissocrated fragments of cytoplasm and
chromaun and a few granules or clumps of pigment

Qurrene
susne acts on the amocbae of malana 1m those phases of a1s 1ifé eycle which are occupsed in notn
tion and development_when owever the transformation of haemoglobin mto black pigment 15 arrested
and 3 con equence the nutntiye actwity ceases and the reproductive phase begins then agaist this
latter process quinine 13 of no avad  Thus view sdvanced by Marchuafava and Bignam (1894) seems to
fave been generally sccepted. The lethal effects of quinine GIl manly on the young parasites before the
nucleus starts 1o dwnds_many of the trophozoites cease o grow and fow complete the cycle Thas sohuby
on of growth can nsually be demonstrated 1 seral films but the morphological evidence of damage 15
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curiously vanable  some parasites sull have a normal appearance after twenty four hours exposure to the
drug whale others show a marked mn the k and nuclear ch

The visual endence of damage to the parasites dunng Quinine treatment are seldom very marked 1
P falaparum The ning forms are usually recognisable until they disappear from blood films  some are
little changed 1n others may be 10 Mere blobs with hitle distincnon berween the
ytopl and the We have thought too that the larger trophovoites tead to stay
1 the perspheral blood to a rather later stage during quinmine treatment particulariy 1a heavy mfecnons
twenty four hours after the start of treatment the trophozostes may be larger than those normally seen 1
blood films and 1t 18 possible that qunine delays the normal recession of the organisms to the internal
capiltanies When the parasites are few and degenerate the presence of Maurer s dots 1 the host cells
or of the charactenisuc falcipatum pigment i the large mononuclears may be  useful aid to diagnosss
Black (1946) has studied the effects of quinine on the later stages of the cycle When the parasites were
exposed 10 quinne 1n cultures few grew beyond the prescgmenuns, stage Thomson (1914) portrays
quinine affected schizonts which have very few merozoites (plate XI) The gamerocytes seen in blood
films dunng qumune therapy retain their normal morphology

The effects of quitune 1 P rieax have been studied by Shute (1946) and by Mackerras and Ercole
(1949a) Shute was unable to detect any gross morphological changes 1n the parasites up to four hours
after the first dose of the drug  But Mackerras and Ercole found marked changes after 2 morc prolonged
exposure the trophozomes were ragged in appearance with dispersed or fragmented cytoplasm  athers
were dense and deep staiting wath no vacuole 2nd hittle d between L and ch
These small degenerate parasites were often seen on the margin of the celf Few parasites were able to
complete the cycle and the schizonts produced very few merozoues The gametocytes as a rule show
little morphological change yet despite the absence of gross evidence of damage they disappear from the
penipheral blood the males within 2 3 days and the females a day or two later

‘Analogous changes during quunine treatment are seen in P malariae ‘The trophozortes Cease to grow
or grow very slowly and many become ragged 1regular or contracted Few complete development when
the drug 13 given early 1n the cycle Trophozoites which reman at about the same size may someumes be
seen 1n blood films for several days Though degencrate the parasites can usually be idennfied by the
usual morpholosical cntena

Mepacrine
The lethal effect of mepactine on the malana parasites ke that of quimne scems to fall mamfy m
the early stages of the sch cycle T xpostd to are retarded 1 growth and

degenerauve changes appear m the cytoplasm and chromaun, Even more stnking are the effects on the
pigment of the ofder parasites The granules tend to coalesce mto a few large clumps and a complete
disappearance of the pigment due perhaps to be extrusion of these clumps from the organisms 13 not
uncommon

The effects of mepasrine on P falciparum 1s apparent 1a blood films mainly 1n the changed morphology
of the young trophozoites and gametocytes Some of the 1ings have a normal appearance  others become
ragged 1n outline or contract until they are Little bigger than large cocor though diagnosss is ustally
posaible unal the parasites disappear from blood films Black (1946) from a study of P falcrparu exposed
o mepactine 1n cultures states that development seldom passed beyond the amoebord stage Sinton
(1938) draws attention to 2 remarkable change 1n the appearance of the pigment of the gametocytes The
pigment granules fuse together mto a few wregular masses and sometmes the pigment disappears alto~
gether There 1s no obvious effect on the cytoplasm and chromatin and the pigment free gametocytes
have 2 normal appearance 1n other respects This effect of mepacrine on the pigment of the gametocytes
seems 1o be related to the stage in the attack at which the drug 15 given The observations of Shute asd
Maryon (1952) suggest (2) thay mature gametocytes 1n the peripheral blood are nat affected by mepacriae
{b) that most of the gametocytes reaching the peripheral bload have clumped pigment or 0o pigment at
all when the drug 13 gwven before they are mature , and (c) that 1n relapses when there are nngs aod
gametocytes 1n the penpheral blood a muxture of normal and przment free gametocytes may be expected
ten to fourteen days after the start of treatment a finding Wiich Shute interprets to mean that the drug
affects the young gametocytes without destroying them but does not affect those which are already mature
and m the peripheral blood

“The changes induced by mepacrine 1n P tivax have been studied parucularly by Peter (1932) James
(1934) Trager eral (1946) Mackerras and Ercole (19494) 2ud Shute (1952) Like qummne the drug acts
mainly on the young trophozoites Degenerauve changes 1n the cytoplasm of some of the ning forms arc
enident 1n a few hours  growth 1s very slow and after twelve hours many of the parasites are reduced o
mere wisps of cytoplasm and a diffuse detached mass of pigment. James (193 ) describes and .xmsm;;
th changes 11 thy 10 blood films from a paent who had recerved a single dose of
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mulbigrammes The cytoplasm appeared thin and Yacerated and finally broke up wto fragments  and the
rormally cempact nucleus opencd out unti it had the sppeatance of a loose tangle of broken fibres In the
older parasites the pigment granules were aggregated into a few farge clumps or else broke away from the
parasite substance 4 clump coul1 often be seen outside the parasite but still withun the rim of the host celt
Ttus clumping of the p gment according to Tragerer | (1946) may be scen within an hour of an intramus
cular imection of oo milligrammes  and Shut (1952) has seen the same change within twenty minutes
of an oral dose of 500 mgm Sumlar changes are reported by Mackerras and Ercole (1949) abnormal
clumping 1n the p gment of the karger tzophozoites b gan within two hours of the first dose of 500 mil
grammes some rings #ppeared normal some already had pale and tndisunct cytoplasm After six hours
nearly afl the fings were abnarmal  they had not grown and were often reduced to @ mete band of cyto-
plasm and chromatin pressed agunst the margi of the cell rescmbling the marginal forms scen during
quinine therapy AL the schizonts were abnormal their nucler were large and dufuse and the pigmene
was prematurely clumped or even extruded from the parasite A colour plate llustrates the appearance of
the damaged trophozostes

The changes 1n P malariae duning mepace ne treatment though much slower to appear are simult to
the changes occurning 1n P tivax The growth of the young wophozo tes 13 atrested or retarded and
according o James (932) sumilar degenerative changes appeat in the cytaplasm and chromatin and in the
form and distribut on of the pigment

Chloroquine
Chloroquine and mepace ne are thought to act on the malana parasites 1n much the same way Black

(1546) found that the ma n action of chloroquine on P fal tparum exposed to chloroquine m cultures

was directed agamst the ning forms the cytoplasm dismtegrated and disappeared leaving only the
matin few trophozoites reached the presegmenung stage Thus 15 essentally the acuon of mepacrine

No detailed study of the morphological changes induced by ch in other species of P

1nfecting man 15 known 1o s our own 1 mited observauons suggest that they are very ssmular to those

sten durng mepactme therapy

Amod agusne (Camogu n)

From tts chemical structure and acuon 1n malana amodiaquine m ght be expected to resemble
mepacrine and chloroquine 1t 1ts effects on the malana parasites but no detailed descript on of the effects
of the drug on the morphology of the species infecung man 1s known to us Thompsan (19.48) states that
the same morpholog cal changes are produced by these drugs m P lophu @ in chicks

Proguan ! (Paludrt ¢

"The le.hal action of proguand on the malana parasites 15 thought to be directed mauly on the dividing
nucleus The chromatin may fail to divide or 1t may divide once and then break up the schizonts being
represented mercly by fragments of chromatn and cytoplasm with scattered clumps of pigment

Proguanl sccms to have lirtle effect on the trophozoites of P faltpa u Black (1946) found that
the ning forms_exposed to proguanil in cultures grow nonally to the presegmenting stage  thercafter the
chromatin broke up without a true nuclear druision Stmular degenerative changes i the carly schizonts
from the peripheral blood and bone marrow have been reported by Fairley (1946) Gametocytes show no
visible evidence of damage dunag proguanil thetapy

“The changes in P eicas have been described and ltustrated by Mackerras and Ercole (1948) Nuclear
diwision 10 P vitav s hormally an orderly process The ructeus divides mto two well defined masses which
wsually move apart befote they finally divide into from €1ght to twenty or more discrete and well defined
davghter nucler The pigment grantles do not begin to concentrate unul nucléar division 1s farly advanced
“The authors examined scrial blood films from & pauent with a vivax infection Who was recewing 300
smilligrammes of proguanul daily Most of the trophozoites grew normally diffenng hitle 1 appearance
from healthy parasites of the same age But their development became disorderly when they reached the
stage of nuclear d vision The chromatin m ght falto d vide or 1t might divade once and then swell and
Dreak up 1nto diffuse masses W hen healthy developing schuzonts were exposed to proguanl there wat &
sumular disorgan sauon further division of the Ruucleus was areested and the masses of chromatin became
swollen and degencrate Normat merozoites were not seen no did new £ ngs appear 1n blood films The
morphology of the gametocytes showed Lirtle change some gametocytes sull sppearcd normal on the
fifth day of weatment

“The same authors describe the effects of proguanil on P malariae Large doses of the drug (1 6 gram
me daily) Were g ven 1o  pat ¢nt with quartan malazia Agam the drug seemed to disorgansse the division
of the nucleus though the morphological changes were slow 10 appear After 28 hours the large tropho-
zontes and gametocytes had & normal appeatance but the schizonts shawed nucleat changes aaalogous to



242 DIAGNOSIS OF HUMAN MALARIA

those appeanng 1n P erax under the influence of proguanil The chromatin masses were swollen and
distorted and apparently in the process of disintegration On the fing forms the drug seemed to have
lietle effect other than a slowing down of growth 10 a second case observed the development of the rings
proceeded slowly but otherwise normallv for 72 fiours unul the organisms were finally destroyed at the
schizont stage The gametocytes apparently unaffected at first were degenerate before they finally
disappeared from blood films but whether thus change was due to the drug or to the ageing of the organisms
Was not clear

Pyrimethanune (Daraprim)

The clinical and sumlanty h: and proguanil suggests that thewr
action on the parasstes 15 hikely to be the same The obscrvauons of June Thurston (1953) on the effect of
these drugs on P berghes 1m mice lends support to ths nference l’ynmn!mnme md proguanil attacked
manly the early schizonts causing a of the pucler M ind onthe ather
hand produced a degeneration of the cytoplasm befare the nucle were vmbly affected The only observa
tion known 1o us on the morphology of the parasites during pyrimethamune treatment 1n human malata s
that of Shute and Maryon (1954) who were unable to detert any obvious change mn the appearance of
falciparum gametocytes

Pamagun
Pamaquin and sts more r:cent homnlngues are ymportant malam remedics mamly beczuse of their
Zethal action on the and on the forms of P tivax They are

seldom given alone as a remedy for acute ralana and their lethal action on the schuzogome forms m the
‘blood bas an academic rather than a clinxcal mterest

The gametocytes of I falerparum lase thesr capacity to infect mosquitoes within a few hours when
they ate exposed to pamaquin even when the dose given to the host 1s very small  but the morphologieal
changes accompanying this strilung loss of infectivaty are shght Barber Komp and Newman (1929) and
Shute and Maryon (1943} found no vistble evidence of damage which they could definutely ascnibe to the
effects of the drug

The changes 1 P tieax duning pamaquin therapy have been descnbed and illustrated 1n a colour
plate by Mackerras and Ercole (1949) who suggest tha the drug 1s 2 general protoplasmic poisen affectng
the erythrocvnic organisms at all stages The nng forms and amoeboids showed degencrauve changes in
the cytoplasm and chromatm and the schizonts if not killed outnight tended to round up and divide
while still very small only nuclear and A vague of [ were leftin
cells suppled with Schufiners dots
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