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This thesis deséribeS thefcharacterisatibnjof southern
African isolates of Plasmodium falciparum according to

isoenzyme type, antigen:variaﬁtsﬁand druq.sensitiviﬁy;'
‘Nineteen _soutﬁern African isolates and a Gambian
reference isolate were cultured in vitro in gassed
 tiséue_ _cﬁiture flasks. -Polyacryiamide_'_ gel
elecﬁrophoreSis with'use.of 5'énzymes_revealed 1ittle
var-i&ti_dn" amongst the isclates and the frequencies of |
enzyme'forms'wéfe similar to those of isolates frbm
-otherj-parﬁs: of the world._ Antigénic diﬁersity was
.demdnstrated uSiﬁg a panel of 9 monoclonal antibadies
in- the indireét' fluOrescent"antibOdy ‘test. The
antigenic composition of 70% of isoclates was markedly
&ifferent‘to any obtained in other geographical areas.

Bgth_éhéractarisation tEéhniques revealed a mixture of
parasite types in. soﬁe isolates. .HOWEVEr; the
characteristics of most of these heterogeneous 
‘isolates were not stable with time in culture. Most
isolates proved to be resistant to chloroquiné in a
48-hour growth _inhibition test. A wide. range in_.
pyrimethamir;.e | suSceptibiii‘t:_ies was detected although
most isolates eXhibiﬁed a low level of resistance to
| this -drug; in fhe radjoisotope uptake assay, the

halofantrine ICgq values obtained were comparable with



those offwest Afrlcan 1solates but were hlgher than,_-
."the TCSQS of SOuth—East A51an 1salates.y\ All of . the.
'isqlates resmstant to_chlqrcquine in-the 48fnaur.test,
’:wéfé £eéis£an£”ih-tﬁe radioiédtope'aéséy. waévdr, lj
1solate shown to be sens;tive to chlnroquxne in the:“.T
first test was found  to be re51stant m the 3~
o hYpOanthlne 1ncorporation methed. This was assumed to
  be the result ‘of selection of_ re51stant clcnes.?

_ Southern \Afrlcan 1solates were shown to he fullyz
'susceptlble to mefloquine,:' but had '_ reduced
susceptibillty B to qulnine ' :aﬁd-' sﬁlphadoxine/'.

':PYrimethamlne.} :Most 1solates 3.wér? sen51t1ve "to 1
 7amod1aquine. A fleld study of 31 KwaZulu 1solates of_f-'

P. falc1parum obtained 1n 1987 and 1988 showed 29 to _:

b',“.res1stant to  chloroguine . 1n tne ' 24-hour

o micrdtéchﬁique, ‘with ‘the majority -_belng__ highly
résiétant. Chloroquine resistance was -confirmed  in

 this area in a field study carried out in 1989 but in

1990 all 4 isolates tested were sénéitivg to the drug.

‘In 1989, 12 out of 13 Kwézﬁlu isolates-were resistant
to amodiaquine and most - isclates shOWed 'reduced'

susceptibility to  quinine and _ sulphadox1ne/

pyrimethanine.
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© This work was funded by th'e South African }Ie&icai'_

Research COuncll ‘and was carrled out at the MRC

laboratorles in Durban tnder the supervision of

Professor M. B. Markus of the Departmert of 2oology,

'Unlver51ty of the Wltwatersrand..

‘I'hz.s thes:l.s desc:t. é's the chéradter’i'sation '-of ‘southern

Afr:l.c:an :Lsolates- of Plasmodlum falclparum. It is

presented in the form of journal articles, a practice

which is ih_ the process of becoming accepted by
' Universities overseas and locally. Chapters 2 - 2
have either been published or have been SHbmitfed' for

publication as follows:

Chapter 2: |
Freese JA, Sharp BL, Ridl FC, Markus MB, .
1988. In vitro cultivation of southern African
strains of Plasmodium falciparum and |
-gaﬁetocytogenasis. S.A‘.fr Med J ;732 720-722.

Chapter 3: o | |
_'Freese JA, Markus MB, 1990. Enzyme typing  of
southern African isolates of Plasmodium
falciparum by polyacrylamide gel electxophc:oresis.'f

Trapng R Soc Trop Med Hyg, 84: 519-520.




Chapter 4: _ _ |
Preese JA, Harkﬁs ﬂB, Golenser J,'iQQO;
_Typing of southern African isolates of Plasmodium
faleiparum using monoclonal antibodies. Am J Trop
Med Hyg, 83: 19-24 .

Chapter 5.

Freese JA, Markus MB, Golenser, J. In vitro
_sensitivity-of southern African reference

_isolata¢ of Plasmodlum faICJﬂarum to chloroqulne and
pyrlmethamlne- Bull WHO, 693 707-712.

Chapter 6 _
Freese JA, Rossouw EJ,.Gouws E, Sharp BL, Markus MB.
In vitro sen51t1v1ty of southern Afrlcan 1salatas of
Plasmodlum falclparum te halofantrlne. Ann Trop Med.
Parasitol, 87: 235-237.

Chapters 7 and 9:

Freese Ja, Sharp BL, Rossouw EJ, Geuws E, Fay SA,

Markus MB. The in vitro sen51t1v1ty of southern

Afr;Can isolates of Plasmodium falalparum to

amodiaquine,'chlo:oquine,_mefloquina,-quinine'and

sulphadbxine/pyrimethamine. S Afr J Sci, §0= 417-
| 420. |

Chapter 8: -
Freese JA, Sharp BL, Ngxongo SM, Markus MB, 1988.

In vitro cohfixmatibn of_chloroquinehresistant.
Plésmodium falciparum maiéria in KwaZulu.

8 Afr Med 7, 74: 576-578.



The ~journal articles have been altered slightly to

avoid repetition of description of materials and

- methods used. The article on which Chapter 2 has been

based, has been extended to include ihformatian'on
isolates which were established in culture after

-_preparétion.of'the Paper for the journal. The sec”. m

angametocytogehesis, which was based on work carried

out:by'ﬁné of the-co-authbrs,-hés beén excluded from

this-chaptér‘f-
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Sipho Ngxorgo and the malaria étaff members of the
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- falciparum isolates;
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1. GENERAL INTRODUCTION

Malaria is the¢ most common severe parasitic disease

affecting mahQ.In.Africa,.Wheré apmrbximate1y_80%.bf

the world’s malaria cases occur, there are over 100

 million cases of clinical malaria and more than 1

| miliion deaths from malaria each year.l

In ,_th_e.- Republic of South Africa, where mailaria__u. .is '
endemic in the northern and eastérn-rranSVaal and in
'notthern Natal an& KwaZulu, the nunber of_cases has
increased dramatically over the past 10 years. In

_KWazuiu, the number of cases rose from 75 in 1982 to

4836 in 1987.2 This upsurge in malaria has been
attributed to rainfalllpatterns, drug resistance and

the influx of refugees from Mozambique.

Research on rlasmodium falciparum, which is by far the

most common species of malaria parasite in ‘South

Africa,.is relatively rew in this country. In order to.

~carry out .any meaningful investigations on local

parasites in the laboratory, it is necessary to have a

bank of ﬁell—characterised'i501ates.

Initially, characterisation of this species by

malariologists overseas was Jlimited to studies of

- morphology, infectivity and_virulence.3.HbWever, the




develspment of 'methods- for - the cultivatidn' of
erythroéyﬁic forms in  vitro,% | has - enabled
investigations'of diversity.withih this species to be
extended to ~includé enzyme typing, 2?&imensional-;
prbteinr.scrEening, antigen ﬁariation studies, drug

susceptibility studies and DNA studies.®

The results of characterisation of P. faleiparum from
‘various enégmic fegions_ of the .Wprld;_show that
iSolétes. from '&ifférenﬁ geogréphicéllléreas._share
common charactéristics; suggesting that this species’
exizsts as a single, interbreediﬁg, ~ worldwide
population. However, the freguencies of occurreﬁce of
sote variants have-been.found to aiffer frém region to
_regidn. | Drug sensitivity work has  revealed
' geographical differences within this species but these
are probably related to thé extenﬁ-bf use of a given
drug in a parﬁicuiar .region.' Characterisation has
revealed that most, if not all, isolates are made up'
of at’ 1east' 2 populations of genetically distinct

organisms.

The aim of this study was to characterise southern
African reference isolates of B. falciparum according
to enzyme electrophoretic patterns, ahtigen_types and
in vitro drug sensitivity: and_to.determine_ﬁﬁe in
vitro drug susceptibility of field isolaﬁes from

'Rwazulu.




Chapter 2 describes tae techniques used to culture

southern African strains of P. falciparum and lists

the isolates used in this investigation. The typing of

. these isolates according to their isczymes and their

reaction with a panel of monoclonal antibodies, are

described in Chapters 3 and 4, :'espectively. '

A large proportion of this characterisaticai study was
devoted to the determination of +the '-:f.n- vitro drug

sensitivity of ‘both the cultured southern African .

reference isolates and primary isolates from KwaZulu.

Several = methods  were used to assess  drug -

susceptibility in vitro. In Chapter 5, the use of
microscopy to determine parasite growth in the 48-hour

grdwth-?inhihition test is described and the results

_ obtained from a study of the sensitivity to

chloroq‘uiné and pyfimethamine' of the. re_fefe_n‘ce
isolatés, using this tebhniqué ., are discussed. Tﬁe
susceptibiliiﬁ.y of the cultured  isclates to
hai-of-antrihe was determined using the radiaisotope
uptake assay, which is described in Chﬁg:ter 6. T];iis -
technique was also used to assess the in vitro
sensitivity to amodi'aquine, chloroquine, mefloquine,
quinine_ and .su1phadoxiﬁe/py-rimethamine, using WHO
predosed drug pl'ates. The findings of this‘ study are

contained in Chapter 7.

E R



'Field studies to determine in vitro drug sensitivity

- in northern KwaZulu v=re carried out in 4 consecutive

years. In 1987 end 1988, field investigations were .

undertaken to determine chloroquine sﬂscépfibility in

this region using the 24~hour microtechnique. The

 results obtained in this study are discussed  in.

Chaﬁter 8. In 1989, a study was carried out to assess

the sensitivity of local isolates to amodiaQuine,'

chloroqﬁine,_-.;iﬁihe and_-sulphadoxine/p?rimﬂthamine

using the 24~hour microtest. In 1990, the sensitivity

of P. f&iéipérum from this a‘re_*a. to chlorbquing and

Quiﬁinef, was assessed uaing' the radiaisotape
_incorpération ) assay. . The findings  0£-  these

investigations are presented in Chapter 9.

The implications .of_ &x‘g' resistance for the South

African traveller in southern Africa are discussed in

Chapter 10. An overall summary of the characterisation
study and the conclusions which may he'drawn.from the

'findings, are contained in Chapter 11i.

e p———————p——



2. IN VITRCO CULTIVATION OF'pLASHODIUH.EALCIPARUM--~-'
2.1 Introduction

The sucdessful 1onghterm_culture.of P;.faldipérum is
cénfral_._tp- 'm&n& epidemiblbgicﬁl, _iﬁmunolcgicalg
biccﬁémical.and genetic'studiés.-Such'stﬁdies-ﬁrovide

info:matibn which is vital to the effeétive_controi of
malaria. As_this;diSeasefin.endemic in-partsqu_SOuﬁh
Africa and several . "neig_hbouring. .-._'stat'_e's,' .i‘t:.- :‘Ls_
esseﬁtiﬁl that local iSolates be ﬁaintained in cﬁlture
to enaﬁle'ipVEstigatioﬁs on thé parasite.td'be'carried_'
out. The petri dish.—”candle jar method of Jensen and
Trager5 for the cultivation of P. faldibarum has
proved _suCCQSSfu13 in the  establishment of many
B straihsfﬁfa.waever, hotiall isolates adapt to these
" culture conditions’:® and in dur éxperiénce the candie
jar ‘t:-échniqlie is unsuitable for the establishmenﬁ_ of
local .isolates. The growfh of 12 isolates was
initiated in cultufe using this method but'noné of the
isolates adapted to the culture conditiohé, The
survival times of these isolates ranged from 2 to 44

days.

Scheibel et al.? have shown the gas concentration in

the candle jar (1.3 - 3.3% CO, and 14.5 - 17.8% O,) to



 be far from ideﬁl”fe:r the growth i::_f pP. falciparum. They
found'thaﬁ the best gfewth rates were aehieved at 3%
0, and 1l - 2% CO,. Enrlchment of the culture medlum
with addltlonal glucose has enabled cultures to be
left unattended for up to 5_ daye and - additlon of
.'.hypoxanthi'ne" to the _medium has been shown to impr'oﬁre '
parasitic yields.ll Cultivation of the -paresite in
_ SuspensiOn rather than in a static situation has

' likewise resulted in improved yields.}1-14

The technigues used to establish and maintain southern
African isolates in vitro are described. in this

chapter.
2.2  Materials and Methods

2.2.1 P. falciparum isolates

The culture-adapted Gambian FCR-3 etfain7 has been
sugcessfully maintained in the laboratory in Durban
since 1984. Feuf cryopreserved culfure-adapted‘kwaZulu
isolates were obtained from Brlan Sharp? and 5 North-
eastern Transvaal isolates were obtalned from Anton
StoltzP within one week of initiatien of growth.
Twelve southern African isolates were collected from
.patieﬁts who had contracted their infections'between7

July 1984 and February 1987. Blood samples were

a Leader, National Malaria Research Programme, HEdlcal-

Research Council, Durban :
b M.Sc student, Department of Blochemistry, Unlver51ty

- of Pretoria, Pretoria




ﬁbliected'ffoﬁ thélpatiénts-in-EpTA orw1i£hiﬁmfhaparin 
'and-pfodessad withih 24;h§uré af~collecti6n.'1501aﬁgé
..w&ich  ' wer@ - ﬁot . cu1turé3 | 1mmediately weré I*
zcryapreserved The orlgins of Lnfection and dates of

collection of the 1salates are shuwn in Tahle 1.

2. 2 2 Cryopreservat1on of 1nfe¢tea ervthrncytes

_'Infacted red blood cells were Washed twice in 10

' vnlumﬁs bf culture _madium' (w1thout Serum) d__f"'

susPended in an equal valume of 28% glyceral 1n _
”phosphate—buffered galine (PBS). Allquets (0 5 ml) of_”
thé  suspension were placed in eryotubes _(Nunq, 
Denmark) and the _tubes_ were plunged diréctlf inﬁdx
Fllquid-n1tro§énéﬁﬁheh'xeéuiréd; thé'frbiéﬁ'iSoiafés“
‘were thawed rapidly in a waterbath at B?AC and then

  wa5had'successivelY.in the following salutidhs:

Ly 13% NaCl (0. 2'ml / 1 ml packed red blnod cells)
11) 1. 6% NaCl (9 volumes)

iii) 0.9% HaCL +-0.2%_D-glugqse (vaolumes),

The washed cells were mixed with at least an equal
~ volume of fresh, washed, normal red blood cells before

‘being placed in culture.




 Table 1. Origins of infection and dates of collection of 22 Southern African isolates of
Plasnodim falciparu.

 Islate  Originof Dnfection  Date of Colleghin

CRAL fald | 30-1-85
RAZ o geatuln - 2-1-85
Bg3 - - Inalula | B V2
A4 - Kwalulu ' _ 12385
RSA 5 B S 188
RAE falln W
REAT . © Keaul® O 2-6-86
RS  fealh® 0 2-9-86
READ Ralul® 2986
254 10 Rl 2985
RAL Rl | L 2-9-86
BALZ Rehh® 2986

D Pramsvaal 6-2-87
BAM .- Toamswal e
RAIS Mansvaal 5
RSA 16 Transyaal | 16-2-87
RSA i? _ Transvaal ' 4-2-87
RSA 18 Ryafnlu -~ 11388
SL1 - Swaziland . S % 8.
W1 Halawi T
W2 | flalawi : ' 22—'}-86
WR3 e Gabia 3876

2 Thegs fsolates were collected frow labourers enployéd on farns in
the Richards Bay area of Hatal {a non-malariocus area) They became
infected either in northern KvaZulu or in Mosambigue.



2.2.3 Red blood cells and serum _

Human 0-pos:|.t1ve cells, collected in llthlum—-heparin,
were stored as whole blood at 4°C for up to a week .
after .collection. Prior to use, they were washed twice

in 10 volumes of culture medium (without serum) and

centifuged at 1 500 rpm for 5 minutes in a Beckman

J~6B centrifuge. Cara was taken to remove the buffy
coat after splnnlng. Human A—posit:.ve serum was used. '
':m _:r:out:.ne- cultures and AB.—pos:LtJ.ve_m newly-—'z.nltlated :
culturésftd avoid démaging:thé infected cells_bf the

- patient. Serum was stored at_-zo’c;'

2.2.4 Culture media | |
RPMI 1640 med:.um (Flow Laborator:.es), _bu_fferéd. with
HEPES (N-2 ~hydroxyethylpiperazine~N '-2f-etha;nesulphcnic.
_acid) was @repared as“deSGfihed by Jensen and'Tragers _
and supplémente.d with gl_ucase _('4 g/1 ): , hypoxanthine
(44"-_ mg/l}, gentamycin: (50 mg/;l.} and human .sarum (10%).
RPMI 1640 buffered with -TES (N~tris ( hydr_'o:':ymethy_i)_ |
i’nethyl-'-2-amino'néthanésulphonic acid) 14 was.
‘supplemented with glucose (2 .g/l) , gentamycin (50 mg/1) |
‘and human serum (10%) émd : further diluted with

distilled H,0 (170 ml/l).

2.2.5 Cultivation procedure _
Isolates were cultured imn 50 ml and 250 ml _.'ti's'sue
culture flasks (Sterilin) containing 5 ml and 15 ml

respectively of a 5% suspension of infected cells 1n
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the culture medium. Flasks were gassea w1th a'
mié‘ci:ﬁre.l? of 3% Oy, 4% COp and 93% Ny and the 1ids
- were tightly secured. The flasks_ Were 1ncuba}:ed at
§8°C,' either in a static position or ag;_i‘t':ated'- on a
shaker (approximately 'Gb 'oscillatidnsjmin;). .The
 shaker was-'switcﬁed off 2 hours before .each. daily
‘medium &I’:_'ange'_to allow the erYth_:r:odytés to s_af.tlé.' The
flasks were gently tilted to allow spent medium to be
aSpirated off. Fresh mediﬁm, warmed t6'738‘c, was 

. added: 5 ml to 50 ml flasks and 15 ml to 250 ml

_flaSks. Cultures were diluted with fresh red blood o

cells every 3 or P days. Parasite growth was assessad_
'by examiﬁation_of Giemsa—staihed'smears prepared from

- the settled cells.
2.3 Results and Discussion

2.3.1 Growth conditions |

A controlled expe:éimant was carried out to determine
Whidh- of the 2 culture sysatens, static or sﬁspen's-ion,
- was the most suitable for the growth of P. falc:.parum'

under local. conditions. The FCR-3 strain was grown at

a 5% haematocr:.t in hoth HEPES and TES media in static

and shaken flasks for 4 days with da:a.ly nedium change. _
Suspension cultures proved to be superior to static
cultures and in each system the use of HEPES medium
.resulted in ﬁetter - yields than did the 7TES medium

(Fig. 1). The 72-hour multiplication rate was 23.7~



OM-<COAT~<IM PM=-ICMNZ~ MOPF~AZMODMY
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DAYS

- MEPES, suspension 2 TES, suspension
—— HEPES, static = TES, static

Figure 1. Effect of different culture conditions on
the growth of the FCR-3 strain of P. falciparum. |
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fold in the HEPES medium and 15.92-fold in the TES
medium in the agitated flasks, while in static flasks
it was 13 -95-fold and S.BSI-fold' in the HEPES and TES
media respectively [meaﬁ of 3 flasks)}. The reason for
" the d6c1iné iﬁ:paraSite numbers in ali flésks from day
3'tc-day.4_is unclear. It iS.pDSSibie.that the isolate
‘had 'reéched ite peak pérasitaemia' in all culture
systems sohewﬁare between day_ 3 and_.4,. with =&

‘resultant decrease in paraSitaemia by day 2.

The Fca—a strain was alSo groﬁn at a’l% haematocriﬁ.in
agitated flasks in both HEPES and TES media for 3 days
without medium ch'ange. The 72-hour growth rate was
24.11~fold in the HEPES medium and 15.75-fold in the
TES medium _{meah -of 3 flasks). These results are
comparable with_thoée'bbtained from the fifst groﬁth
experiment carriéd out at a 5% haematocrit3w1th daily

medium change.  '

2.3.2 'Establishment and maintenance of cultures

~ Both static aﬁd éuspension cuiture_ systeﬁs :using
either the HEPES or the TES medium were found to be
suitable for the establishment and maintenance of P.
faleciparum in cultufe. waevef, the beSt-growth rates
were aehiéVed for isolates grown in suspension in the _
HEPES mediﬁm. Four southern African isolates, nﬁmely
RSA 6, RSA 18, SL 1 ﬁnd.uw 1, were-estahlished in

" culture hy the static culture technigue. Eight



" i'solates; nameiy RSA 3, 7, 8 - iz and MW ' 2.., were
established in culture using the suspension sysfem._zt
. was found that suSPension cuitures generally péaked at _
higher parasitaeﬁias-tﬁan static'cﬁltﬁres. The maximun
' pumber of infected Céllé. ranged from 4 to 12% in
_ i_salatés grown in static flasks and from 9 to 27% in
isolates gréwﬁ.in shaken flasks. Growth rates were
alsc found t¢ differ-in the 2 systems. The_évarage 48~
‘hour grawtn.faté*df individualfisolates ranged from
3.2 to 4.2-fold in static cultures and from 3.9 to
- 9.5-fold in suspension cultures. These groﬁth raﬁes
were measured once the isclates had .paSSEd- the
adapfive phase in which there is often negative growth
sccompanied - by the ':presence of _mbrphplogiCally

degenératé parasites.

The indications are that glucose sﬁpplementation.of ,
the culture medium is necessary for the establishment
'of southern Africdn straing, although this has not
been quantified. Culture of & isolates wés_attempted
in static flaské using the Jensen and Trager® medium
which contains 2 g glucose/l, and all failed to grow.
Cryocpreserved sub—samples'of 2 of these iSolates-were
later thawed and successfﬁlly grown in glucose-
enriched ' HEPES medium (6 g/l). Consequently, all
isolates that were established in' cultﬁre were
initiated and grown in the enriched medium. However, 2

of these isolates, 'qnce adapted to culture, were
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successfully maintained in medium. containing no

additional glucose.

For the establishment of new isolates, it was found
that it ﬁaS'-advantageous to have higher stafting
parasitéemias'althbugh several isolates with initial
parasifaémias as low as 0.01% were successfully
. established in culture. Furthermore, isol&tes appearéd
to adapt more readily to the cu1ture conditions in
shaken flasks. Seven isolates grown in Shaken_flasks
with starting parasitaemias ranging from. 0.01 ~ 0.7%
ail reached 1% within 6  days.- The 4. isolates_.
establishéd in static flasks were placed in culture at :'
parasitaemias ranging from less than 0.01% - 3.8% and ”
the time taken for those isolates initiated at below

1% to reach this level ranged from 4 to 48 days..

Twenty established isolates aré'ndw beiqg maintained
in vitreo at the Medical Research Council laboratory in -
Durban. Two isolates, RSA 18 and SL 1, were lost in
culture as a result of bacterial contamination. Not.“
all of the cultured isolates meet the criterion of
. Chin and collins® for established strains (namely, a
growth rate of greater than 10-fold in 96 hours).
However, these strains are _.Cbnsidered to be
'established, as they have all  beeh in culture for
1pnger than 2 mohths and all have been-frozén,:thawed

and successfully recultured at least once, meeting the
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requirements of Campbelll_.ﬁ" for establishad isblatés.. |

Tsolates are now routinely cultured in the HEPES medimn' '

at a 5% haepai:ngr_it from Monday to Friday with a-daily

mec_l_igrﬁ _change and at a 1% ‘haematocrit from Priday to

Monday with:no medium change .
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3. ENZYME TYPING

3.1 Introduction

Tsoenzyme electrophoresis has proved to be a useful
toal for deterﬁining 'genetic"variation within aﬁd
-betWéan pppulatibhs of P. falclparum.5 . Several
:Studies'haVe shown that similar fbrmé of enzymes occur
in populations from Giffgrent-.geﬁgraphicai_ regians
Suggesting'.that P.. raicipa;ﬁm- exists as a single
ihﬁérbrééding wvrldwide pppﬁiation. However, fhe
VfrEqﬁEncies__nf variants have héen' faﬁhd to differ
-bétweén'regiéns; Fﬁfthermore, 56me.i501atéé have been
_found'to gosseSS more ‘than 1 form of é.given_ehzyme, 
Thése are asSumed.to'be clonal mixtures of parasites

possessing different forms of the enzyme.

Most invéStigations. Of. isozymé variatidn_'inf;P.
falciparﬁm ‘have been darried out using starch gel
"elthrophdﬁesis. However, it was foun& that resclution
of bands was improved by using pquacrylamidé gels.
The results of a study of the variétion in 5 enzymes
of 19 cﬁlture-adﬁpted'southern_Afriéan isolates of P.

falciparum are_reportéd in this chapter.
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3.2 Materials and Methods
The Gambian isclate, FCRr3,7 which was characterized

by Sanderson et a?.,l” was used as reference sampie.

All iéolateS"weré-grown in Suspehsian culture to &

parasitaemia of at least 1% schizonts. Parasites were .

released from their host erythrocytes by saponin lysis .

as described by Sanderson et al.l”? and further lysed

using 1% Triton-X-100 in EDTA-Tris-HC1 buffer, pH

7.4.1% material for electrophorésiS-was prépared frum.ﬁ{--

each isolate on 3 separate occasions during 11 months

of continuous cultivation. 'Lysétes weré . stored in

liguid nitrogen until required.

Electrophéresis was carried out on 7.5%'po1yacry1ahidg'

gels with a 2.8% cross-linkage. The enzymes studied

Wefe glucose'phosphate isomerase (GPI) (EC 5.§.1.9},
adenosine deaminase (ADA) (EC 3.5.4.4), lactate

dehydrogenase (LDH) (EC 1.1.1.27), NaDP-dependent

glutamate dehydrogenase (GDH) (EC 1.4.1.4) and 6-

phqsphdgluconate dehydrogenase (PED) (EC 1.1.1.44)Q.

The conditions of electrophoresis for GPI, LDH and GDH.

were basically as described by carterl? and for PeD
and ADA as described by Harrig and prkinsanmzo_Aftér

electrophbresis,.the adar enzyme solutions wgre'poured

over the surface of the gels and the gels wers -

incubaﬁed at 37?0. for approximately 1 hour. The



conﬁitlons of eleqtrophoresis and the enzyme assay _i:

'solutions are. dESCrlbed below,_ o

@RI
Eiecfrbde buffef?'o 2'M Tris—ﬁCI; pH'B.o
_Gel bufferq 0 05 M Trls-HCl pH 8 0 _
;_Vbltage° 200 V far 6 hrs (100 v for iIst 15 mlns)
'Enzyme assay solutmon.
| .Eruqtose~6—phosphate 25 ﬁg
NADP 2.5 mg :
;Mgcl 10 mgy _ _
” Glucose~6-phosphate dehyu:ogenase 10 ul
MIT 2.5 mg :
5-Pus 2. 5 my
: Electrode buffer 12 5 ml
2% agar 1.2.5 ml

Glycerol 5 ml
Electrode buffer: 0.1 M phosphate, pH 6.5
Gel buffer: 0. 01 M phosphate, pH 6.5

Reaction puffer: 0,05 M phosphate, pH 7 5

Voltage. 150 V for 2 hrs
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_ Eniyme assay SQlﬁtion:_'.
| Adenosine 8 mg _
| Xaﬁthineloxidase 15 pl |
‘Nucleoside phosphorylase 15 pi
Pﬁs' 2.5 ng o -
MIT 2.5 mg |
ADA reaction buffer 12.5 ml
2% agar 12.5 ml |

.Glyceroi 5 ml

. |
Electrode buffer: 0.22 M Tris - 0.0785 HICitrate,
| PH 6.2 o
cel buffer:.d;065 M Tris e'o;ﬁzzz citrété, pH 6.5
Voltage: 200 V for 4 hrs (100 V for 1st 15 mins)
Enzyme assay solution:
Lithiun lactate 100 mg
¥AD 5 mg |
MIT 2.5 ng
PMS z.s'mg ' |
Electrode buffer 12.5 ml

2% agar 12,5 ml -

Electrode buffer: 0.013 M Citrate - 0.155 M Na,HPO,,
pH 7.0 o
Gel-buffer:_0;0654 M Citrate - 0.032 M NayHPO,, PH 7.0

Voltage: 200 V for 4 hrs (100 V for lst 15 mins)-_'



50

Enzyne assay solution:
| Moﬁdsoéiﬁm glutéﬁﬁte 50 ng
NADP 2.5 mg
- MfT--2;5 ng
. PMS 2.5 mg
Electrode buffér“ 12,5 ml
.;2%_agar _1§.5"ml

_ oo
‘Blectrode buffer: 0.1 M phosphate, pH 7.0 (add 10 mng
R NADP/500 ml buffer for cathodal
| tank}
Gel buffer. 0 01 M phosphate, pH 7.0 (add 4 mg NADP/
) _ ' 200 ml gel mlxtnre prior to pourlng gal)
_.Reactlon huffar. 0 5 M Tris - HCL, pH 8.0
voltage' 200 V for 4 hrs (10¢ V for 1st 15 mlns)
Enzyme assay solutian. |
M9012.6H23 200 mg
. NADP (Na, salt) 2.5 mg
MTT. 2.5 ng
PMS 2.5 ng
- PED reaction buffer 12.5 ml

- 2% agar 12.5 ml

4
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3.3 Results and Disqussipn

The results for the 5 enzymes are shown in Table 2.'

There was 11tt1e variation amongst tha southern

Table 2. bistribution of enzyme forms in 19 - southern

African isolates of Plasmodium falciparum.2

3

GPI ADA LDH.

b

eDH PeD
RSA 1 1+2P 142 1 1 1
 RSA 2 1 1 1 1 1
RSA 3 1429 1 - 1 1 1
RSA 4 1+29 1 1 1 1
" RSA 5 1 2 1 1 1
RSA 6 1+2¢ 1 1 1 1
. RSA 7 1 1 1 i 1
RSA § 1 1 1 1 1
RSA © 1 1 1 i 1
RSA 10 1 1 1 1 1
RSA 11 1 1 1 1 1
RSA 12 1+2P 1 1. 1 1
RSA 13 +2 1 142 1 1
RSA 14 1+2P 1 1 i 1
RSA 15 1+2R i 1 1 1
RSA 16 - 1 1 1 1 1
RSA 17 1 1 1 1 1
MW 1 1 1 1 1 1
MW 2 1 1 1 1 1
FCR-3 1 1 i -1 1
8. Lysates were prepared from each isolate on 3

separate occasioas during 11 months of continuous
culture.

GPI-1l and -2 were present in the - ist Iysates
prepared from these isolates but only GPI -1 was .
present in subsequent 1ysates.

ADA~1 ‘and@ =2 were present in the 1st and 3rd-

lysates prepared from RSA 1 but only ADA-2 was -
found in the 2nd lysate. _
GPI-1 and -2 were present in the 3rd lysate
prepared from these isolates but only GPI-1 was
present in the 1st and 2nd iysates. :
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. African iSo;ates and all enzymes showed similar forms
in 'isola'l.:es_ from the different geographical ré-.gions .
Ten of the 19 isolates exhibited the same
electréphdretic pattern as thé Gambian isolﬁte, FCR~3.
GDH 'ana PGD revealed no - variation amongst the
isol até's. -This has beén the experience of other
workers. GPI exhibited the most var:.atlcm while ADA
.and LDH showed 11m1ted var:.atlon.

The _. enzyme frequencies of the southern ﬁ.riém
isolates were similar to those of isolates frqin o_ther
parts of the _World..fi GPI~1 .o.cc:'ur._'red' in 11 of the 19
isolates 'tested‘.téhile the _remaining 8 had -but‘h GPI-1
~and =-2. The ADA. frequencies were .sim.i.lar. to those
found in tne Gambia and Thailand whe:e o&er 90% were
ADA-J.; Eighteen of " the isolates sturiied haé ADA-1
while the rema:.{nin.g. i.sola'te. had both ADA-l and -2.
LOH-2, which has only been found in African isolates,

appaared with LDH-1 in 1 southern African isolate.

Of the 8 isolates -pos'seséi_ng bbth G§141 and ~2, only '1-
retained both variants throughout the test period. In
4 of these isolates, GPI-2 was only seen in the 1st

lysate but not in lysates prepared subsequently. A
further 3 isolates exhibited only GPI-1 in the ist aﬁd
2nd tests but both GPI-QL and —'2..'ir_i..'l_:he 3rd test.
Similarly, 1 isolate pbssesed both ADA-1 and -2 in
the 1st and 3rd lysates but only ADA-2 in the 2nd

lysate. The ADA~2 band in the lst and 3rd lysates was
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mach darker than the ADA=1 band thus - 1ndlcat.1ng a

higher prOportj.on of paras:l.tes with ADA-Z.

Th.ese. changes in the '_'.eliectropharei_:'ic pattérﬁ- of.. an
isblate ﬁith tine may be agcribed to the relative -
numbérs of pérasites possessing the different-formS'of_
'tuP enzymes at the tlme of preparatlon uf lysafes.
Thus, parasztes exhibiting a variant which appears'
aftu_ar  some time ;n cu]_.tur_e ma_y haVe grown from an
undetéﬁtéble . numbér: of organisms.~ to aﬁ number
ISuffizcient' to g;roduce a band on' thé stained. gal'.
*';Parav tes characterized by a variant which dlsappears
“%after. gome tine in culture may be present _in
.undétgctable | numbéré or may even 'hﬁvg : &ie‘d out in

culture.

~ The rasults of '!:his study lend further support to 'I:he-
' conclusmn that p. falc.l.parum isolates from dlfferent

geographa.cal regions constitute a ss.ngle spames.




T TR L

4. 'TYPING WITH MONOCTONAL ANTIBODIES

4.1 Ihtroduetidn

.The. ever—:l.noreasz.ng problem of drug resistance shown
by malar:.al paraslteszl has made the development of a
vaccine & top pr:.orz.ty. Informat:.on on : antn.genlc
leEI'Slt.Y with:m and between paras:.te populat_l,ons i

obv:l.ously essentlal for research aimed at vaco:.ne

productlon. A oontribut:l.on in ‘this regard has been

'made by an indirect 1mmunofluorescent test using

monoelonal am::l.no-:iies:22 which demonstrated antigem.c: |

d:.vers:.ty amongst oulture-adapted isolates of P,

'falc.:.parum :Erom different endemic regions. 22~24 The .

res_‘ults of _Schof:.eld and others_25 follow:.n_g the

raising of monoclonal antibodies aga:i.n'st two {soletes

from Papua Hew Gu:Lnea suggested that paras:.tes from a

given geogreph:.oal reg:i.on are antlgenlcally s:.milar.'

 As the antigenic diversity within the southern aAfrican

population of P. falciparum has not. previ-ously been

determined, a s'tudy was conducted in which 19 culture-.

-adapted isolates from this region 'were seroty‘ped using

a panel of nine monoclonal antibod:.es. The results are

' presented in this chapter.
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4.2 Materials and Methods

4.2.1 P. falciparuh isolates |
Nineteen culture-adapted southern African isolates of

P. falciparum, namely RSA 1 - 17 and MW 1 and 2, were

- used. The Gambian FCR-3 isolate? was used as a

referEnce strain throughout this study.

£.2.2° Preparation of antigen slides
The time in vitro between initiation of a culture and
preparation of antigen slides for the rirst test

ranged from 3 days to 19 weeks for the 19 isolates

‘investigated. All is.lates except RSA 8, 9, 11 and MW

2 had been cryopreserved at least once before

preparation of the first set of ‘antigen slides.

_ Subsequent antigen slides were prepared from'cultures

within 11 weeks following preparation of the first
set; and during this time only 4 isolates, namely RSA
3, 4, 5 and 13, were not cryopresefved,-thawed and

recultured.

Antigen slides were prepared from each isolate on 3
different occasions between dJuly 1986 and '0ctober

198?.'Parasites were harvested when at least 1% of

_erythrccytes contained schizonts. Infected red_hlcod

cells were washed twice in serum—ffee RPMI 1640 medium
before'being suspended to 10% in PBS, pE 7.2. Aliquots

{5 pi) of the suspensions were spotted on to multiwell
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slides and allowed to dry at room temperaﬁure before

'being stored in a de51ccated ‘state at =-20°C.

Immedlately prlor to use, antigen- slldes were fixed 1n_
agetone at -20°C for 30 minutes and washed 3 times in

PBS.

4.2.3 Honoclonal antibodies

The antlbndy D5 was ralsed in rats against P. berghei

.. &nd it_cross—reacts with P.falclparum antlgen.26 The

other monbclonal antibddlés used are.specific for P.

falciparum and were raised in mice against Thai

isolates of the. parasite.22f27f28 Ahtibddy 12.3
racognises @ strain-specific epitope on a polymorphic

35-48 kDa glycoprotein from the merozoite surface.28

" Monoclonal antibddy' 5.1  récdgnises a variant of an

internal 23 kDa protein of asexﬁal_blood forms, and
crosg~reacts with the circumsporozoite protein of

sporozoites.zg The other antibodies are all specific

- for polymorphic schizont antigen, the polymorphic 185~

205 kDa schizont precursor of merozoite surface

antigens.27.30 'Monaclonal antibody' 9.8 is directed

against a conserved epitope, while antibodies 7.3 and

7.6 or 9.2, 10.3 and 12,1 mark mutualiy exclugive

groups- of strain—specific epitopes localised in’
different regions of the moleculé.27!31 In this
chapter, the antigenic:epitopes afe reférred to by the
same code numbers as the monoclonal antibodies which

recognise'them.
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'4.5.4. indireétﬁfiunreSCéﬁi énfibddy (IFA) teéﬁ_

The IEA'procedure"was as dEScribeﬁ;24r?7 Briéfly, 20
pi- of  a predetermlned dilutibn'_ of monoclonal
antibodles (1 100, to 1:5000 for different reagents)
was applied to the wells-and the slides were ;ncpbated '
fdr 30_minutes_iﬁ'a'humid chambé: at room temperatﬁre;7
 After ':3_ washes in Jé:as, 20 gl of a 2.5% dilution of
| fiubreéqéin;donjugated - ' 'rabbit  aﬁti—mause
immuhbgiﬁbulin '(Bid—feda; Iséaeijl in PBS- éontaining
0.01% Evans Blue was added to each well. Thé:élides_
.were again incubated foxr 30 mlnutes in a humld chamber
at-room temperature. The slldes were then. Washed 3
_tlmes in PBS and mounted, 1n 50% glycerol in pBS.
‘Parasites were-obse:ved under_wh1te and u;tra—vlolet 
1ight'usiﬁg a flﬁoreécehce microscope. The réaétidn-éf
each iséiate_with.a ﬁartiéﬁléi monoclonal aﬁtibody was
ﬁéasﬁred by estimating_thé propbrtidn.of.fluﬁfesceﬂt
-échizonts relaiive_to-the'number'of pigment granﬁles
. observed under white-light. Reactioﬁs were ratéd.as
poﬁiﬁiﬁé.lf the majorlty of para51tes (>5D%) reacted
and negatlve if none reacted. Isolates with a mlnority
of fluorescent parasites (<50%) were assumed ¢to

comprise a mixture of antigenically distinct clones.
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4.3 FEResults

The. reactions of 20 -isoiates with the panel of §
monoclonal antibodiés'aré summarised in Table 3. all
20 isolates reacted positively witﬁ monoclonal
antibodies D5 and 9.8. Eightéen isolatés reacted-to"
some .dégree with mohoclona‘l' antibodies 5.1, 7.3, 7.6
and 12.3. Schizonts of 15 isolates reacted. with
monoclonal - antibodies 9.2 and  10.3. and only 4
isolates reacted to any extent fq:i.th monoclonal

‘antibody 12.1.

 '0n1y 4 iéolates; RSAIS, RSA 10, MW 1 and the control,
FCR-3, a.pp_eare_d hcmdﬁenedus- _:i.n their reaction with the.
monocioﬁal antibddies and thedir patterné-of réaCtiﬁity'
remaiﬁed stable with time in culture. These isolates
_cqntained either a majoritj of organisms which'reacted
with a given antibody or none'ét all. In this étudy;
the_refeience isblaﬁe; FCR-3, gave the same pattern of .
reactivity with _the. 9 monoclonal antibodies as that

obtained in a previous investigation-.22

Sixteen isolates appeared to coﬁprise. at least 2
- parasite populatiOhs with different immuniological
reactivities._These_isblateé gontained a_n&nority of
schizonts whidh.feacted positively with at least one
of the antibodies while the majority .Were_ non-
reactive;.Some of these isolates were found to differ

in their proportions of reactive schizonts (from 0% to



- Table 3. Reactions of 9 mopoolonal antibodies uifh 19 soﬁtham Lfrim_ Jsolates {and & tontrol lsalaté, FCR-3} of Plasmodiwn falolparum,

ATIGEN P.berghel QoI55 . 48 p o NEIGEVIC ANYIGRNIC
. . e L ——— ——jr——1  PBTIERN AT PATTERN AT
HOMOCLONM, ANTIBODV-JEFINGD EPIDCPES D5 9.8 1.3 1.6 9.2 103 120 123 51 - FIRSYTES? - THIED ST

| ISOME  ORIGIN

RSA 13 Prafisvaal + + 0t % & % ¥ ot ¥ -1 ST
BSA 3 . KwaZulu + +  E - T % + 11 n
RSk 2  RuaZuly SR L S S + 11 m
Bt Kwazulu/Hozanbique + ¥ + o+ vt - * - v -
RSA 15 - Transvaal + + i E % r 0% i t I e
RS 17 Transyaal + LA N & + L * 1 ¥
Wi 2 : Halawi + + o F + F S L - + II ¥
KR e KwaZulu LR t £ T % - + + In N
RsA 7 KnaZulv/Mozambique + O+ -1 ¥ ot - i * Im v
A8 KwaZulu/Mozamhique L - S N T - i : 11 S
BSR 9 -KwaZulu/Hozambique  + + + + + ot - + + 11 7
RSd 11 KvaZulu/Mozambique # * E I S T 3 + 11 v
sk 14 Pransvaal - Co# + £ t LR - - % 3 II v
RSA 10 KwaZulu/Mozambique ¥ O+t F - - - + * ¥ Y
Rsi 12 KwaZulufHozamhique O 2 T - - % + v .
RSA 16 - Transyaal + ¥ + + - - - * + S v
W1 Halawi - + + o+ - - - + + ¥ ¥
FCR-3{Control) The Gambia O+ % + - - - + + ¥ Y
- BSR4 ¥waZulu ¥ + - - + + ) $ + ') _ Vi
RS HuaBulu + 4 T N - S/ VO VI

¥ positive reaction, i.e. 2 50% of parasites reacted. _

< negative reaction, i.e. none of the parasites reacted.

+ mixed reaction, i.e. < 50% of parasites reacted. Isolates nhich mntained different proportions of reactmg paxasites in thaa tests
wers scored as for a mixed reaction, _ , _ _
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250%) at different times during the test'periodﬁ'Such_e

reactleng were scored as <50% in Table 3, 1ndlcat1rg a -

mlxturc of at 1east 2 antlgenlcally dlstlnct clanes._

Nine of the iéglates,.namely RSA 6, 7; 8, 9, 11, 14,
15, 17 and MW 2, reacted with _antihodies from both
" mutnally exclusive sets (7.3/7.6 and 9.2/10.3) in the

first test although most of them contained a minority

of reactive schizonts (Table 4}. However, by the time
‘schizonts were narvested frolﬁ ‘these isolates for the
third test, the majority reacted with antibodies 7.3
and 7 6 and none reacted with 9.2 and. 10.3. All of

these isolates were cryopreserved after antigen slides

. had been prepared for- the f:l.rst ,.est. and they were

 thawed and re-established in cu&ture--prlor to

harvesting of parasites for the =second and third
tests. A further 4 isolates, RSA 1, 2, 3, and 13,
cont_eined schizonts reaCtive in all 3 tests to bbtﬁ
_pairs'of'monodiqnal antibodies. Only RSA 2 Was-ffozen;

thawed and recultured during the test period.

Isolates RSA 15 and 17 also varied in their reactions

with antibody 12.1 in the 3 tests. Both these isolates
contained a minority of parasites which reacted
 positively with mnneclonal antibedy 12.1 in the first
tesc but were negative for this antibody in the second

and third tests {results not shown in figures).

Seven reactivity patterns were observed within this-

E g o G T S VP oo
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+ positive reactmn, i.e. 2503 of parasites reacted'
~ negative resction, i.e. nome of the parasites reacted:
 aired reaction, i.e. <50% of parasites reacted
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group of southern African isola_tes (Table 3). Ht_iWeirer,.
by_. the time parasites were hairvested f_b'r Ehe thii‘d- IFA _

‘test, 70% of the iso:f.'ates,. inqlud-ing EC‘R-—S,- displayed
- &n identical ani:'igenic pattérn, namely a positivé '
reaction with antibodies D5, 5.1, 7.3, 7.6, 9.8 and
12.3'and a negative reaction with antihodies 9.2, 10.3
and ..12_.'4. ._(designé.t.ed antigenic pattéﬁi v in 'l':his'.

study).
4.4 Discussion

Each of the -soﬁthern Afrilcan. P. falciparunm -iSOla_{:es
feacted witl_i at least ._4_' of .th'e mosioclonal 'am-:ibbdies.
raised against isoclates of P. fa.lciparum from

Thailand. This lends ‘further support to the view that |
antigenic _c‘;et_erminants are shared by isoi-ates £rom .

different 'pa.r_ts'__of 'ﬁhe worid.22 whe g8 P. falciparum
monoclonal antibodiés _révealed considerable. divérsitj?
within thié. group of southern African isolates and 7 -
different patterns of reaction were obéemred. The
positive response of all the southern Af_r_icﬁn isolates
o monbclonal antibody 9.8 waé .to ba ekﬁ)ected as this
specificit-'; has been detected in over 200 culturé-

adapted isolates from all over the world,2’

The P. berghei monoclonal antibpdy, D5, has been
successfully used to detect Plasmodium in infected
blood by means of a rad.:i.r.:u:i.'xr_l:m_unc:n':tsssea.y..32 ‘I‘he'ubiquitpus_

response of the southexn African strains to this
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antibody indicateés that it may be suitable for the

immmnodiagnosis of malaria in this region.

The heterogeﬁecus reactivitiés“of 16 isoiates'with_tha
_mcnociqnal antibddies_maf be ascribed to the_presence
of'ﬁnre than one antigeniéally distinct clghe in each
_isolatég The.rélative proportions-of'schizonts_mith -
be éxpedted td Varf with time in culture as:a.résﬁlt
of-aSynch;ﬁnéus'groﬁth of paraéites._Thus,'individﬁal-
harvééﬁs:of a cuiﬁured isoiate_wbuld coﬁtﬁin differing

‘propertions of reactive schizonts in ‘l.:_;he IFa teﬁt. -
.' Similar 'heterogenéity. was obse;_'{red within this s.a.meg
grouﬁ[of southern African isolates with respact to
:isbenzymé electrophoretic patterns and in .vi§ﬁ6:

chloroguine sensitivityl (see Chapﬂ:ei:_s‘ 3 and 5).

‘McBride and others2?’ found that isolateé which.reacted
with antibodies 7.3 and 7.6 did not react with
ahtibﬁdies 9‘2,.10;3 and 12.1 (and vice'vérsa). These
authors suggestad-fhﬁt.these combinaﬁioné of antigenic
epitopes were ‘mutually exclusive and represented
different forms 6f'the same gp 185 - 205 K antigen.?7
They'also found that individual ciones derived from an
isoiate which reacted to some extent ﬁith both sets of
antibudiwé; 1ikewiée reacted with either bne'or.the_

other combination but not with both.

In this study, 13 of the southern African isbiates
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reacted to a limited degree with antibpdiés from both

sets in the first test, suggesting that at the_timeIOf
| preparation of ~ antigen - SIidés,' these_' isolates
consisted of mixtures -of organisms . expfégsing
aiternative forms of._tne antigen. By the time
_ schizonts were hérvested for tha third test (1'to 11

weeks later), 9 of these isoiaﬁes contained a majority

of schizonts which reacted with antibodies 7.3 and 7.6
- but "had completely lost paraSites: reacting with

antibodies 9.2 and.lq,S.'It is pdSsihle that those_

clones possessing antigenic markers 7.3 and 7.6 were

"able to withstand the freezing/thawing process and/or

| the culture conditions while parasites possessing the

alternative form were hot. This could have_résulted in

 loss of organisms specific for monoclonal antibodies

9.2 and 10.3 in culture. Four isolates ?ossessed both

sets of antigenic determinants during the entire test
period. Only'oné of these was cryopreserved during the

stﬁdy period.'

Only 2 of the 19 southern_African isolates were found

to be non-reactive to monoclonal antibodies 7.3 and

7.6. Furthermore, none of +the 13 c¢lonally

héterageneons isolates lost the antigenic markers for

these antibodies. This wus in contrast to 7 cultured.

isolates from Brazil which were  all negative for

monoclonal antibodies 7.3 and 7.6 and positive for
antibodies 9.2 and 10.3,33 as well as to primafy

isolates from Papua New ‘Guinea, where the majority
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reacted po_éitively ‘with 9.2 and 10.3 and negatively
with 7.3.2% Twelve out of 17 Thai isolates were found
by McBride and others?? to be specific for antibodies

9.2 _and 10...3 and one isoiafe reacted with bctti s_'éts of |
antibodies. It in possible - that, th.rough -nértﬁral
.selection, parasites in a given geonaphical region
may tend to.' dévelop towards a Eimilér antigenic type.
Hoﬁeﬁer,. the various étudies of cultﬁrd i'sa_l_.ate's We're :
- carried ocukt using parasites which had been ma_inté.:i_.néﬁ
in vitro'_ under different conditions in differeﬁt'
laboratories, ‘eéach of thése having an environment
vastly diff'efent'. from the in viiro situation. The
culture conditions in a .given. laboratory may have

: _résulted -in the se_].ec?tion of. - antigenically simii.ar _
organisms in that '1aborato:cir_._' _In. the -preséﬁt | study,
708 of all isolates tested exhibited an identical
reaction pattarn at the end of the test périod aftexr
.havi..hg. been passaged manir timess 1n cultﬁre and, .in_
some cases, after they had 1539:1 subjedted‘ to at _least.

one cryopreservation and thawing procedure..

Ideally, charﬁéterisation studies shouid_ be carried
out on primary ._isolat_es and their clones in order o .'
_détei'mine the antigenie constitukion of the wild
' population of P. falciparum. A panel of  monoclonal
antibodies raised _against' 'isblate'_s_ from va.rimis
endemic regions of the world might additicnally be

used to provide the answer to the question of regional
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varigtibn within the worldwide pqpulation of. P. _ l 

faleiparum.

e,
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5. IN VITRO SENSITIVITY OF REFERENCE ISOLATES OF
PmenEﬂuM.nanc:ﬁmﬂﬂrqb CHLOROQUINE AND
PYRIMETHAMINE. USE OF MICROSCOPY TO ASSESS PARASITE
.GRGWTH IN A 48-HOUR snowwn-xunxnxwion TEST

5.1 Introduction

one of the maj-dr problens facing malaria 'coni.:rol' is
" the i'esistance' which P. falciparum develops to
antlmalarlal drugs. Until the late 19705, .chloroqulne
was - used very successfully m Afrlca' but s:.nce _
'pu.bl:l.cat:n.on of the f;l.-rst reports of chlor‘# it o 18
résistén'c'_e'._fx;dm' the continent,34:35 ip v::‘.vo fuse 1D
vitrc_:' resistance has been documented in many -African
cou'nt:r:ie's' .including Hbz_.ambique, _Anqdla, South West
- Africa/Namibia,36 'Zimbabwa37 | and_ . Swaziland.38
Chloroquine resistance was first noted in the R*epulﬁlic-
of South Africa (RSA) in_1985'. but many _malﬁriolbgists
_SVerséas are unaware of this, althoﬁgh attention was
drawn to it at the time ‘in a local medical
journal.39:40/41 Registance of P. falcipamm to
pyrimethamine is similarly widespread in Africa?? but
resistance to this drug has not been monitored as
closely as has chloroquine r_ésistancé. 'The number of
caSes of P. falcipa'run_: malar_ia 'from -;id:ﬁhei-n KwaZulu
(one of the endemic malarial areas of the RSA) which

failed to. respond to troatment with the -chlornquine—
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pyriméthamine coﬁbinati‘on_, rose from 0% in :Léej tc. i.G.-]'-.
‘and 21.2% .in field and hoépital cas._e's Irespecti.vely in
‘1987.43 The in vitro 'c':h.-loroqﬁine sensitivity = of
isolates from ‘this .region has p.revimi'sly'_ been
invesfigated to a limited extent but no pyrimethamihe
sensitivity _.s‘tudie'..s. ‘have hith_ettc been _c_afried out in

the RSA.

~As part bf ‘the characterisation study of southern
African isélatés-,_ '_ the in vitro s'ens-itivitfz : to..
chloroguine and. pyriméthamine;. of .__20 culture-adapted
reference strains_ of P. falciparum was determined.
Ssuch data are 'pai'ticula_rly useful because these
_ iéolates_ have 'been ﬁeli-charaqtérised ge'neticai_ly (see
'Chapters 3 and 4). _Sbma cbrrel_atién _has been .fotmd_.
between the in vitro data and th.e"iﬁ vivo sen'éitivity'
_tb chloroquine or a combination of chloroguine and
pyi:imethamine. The results are reportéd' in this

chapter. |
5.2 Materials and Methods

5..-..2'.'1 clf}.nical lda'l:a.

Isolate RSA 2 was collected in January 1985 from a
-pa.t:i.ent. f:;:om' the endemic area of KwaZulu who
_subsequenfly "resporic‘l'_ed t.o-. treatment with 10 tablets
Da:faclor {1 taﬁlet = 150. myg ch_ldroquine base and 18 ing

pyrimethamine base) . RSA 3, 4 and 5 were obtained from
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patients reporting to a clihic in RwaZulu during March
1985. 01iﬁica1 dataidn'these patients'are-unévailable.'
RSA 6, obtained in July 1884, was ffcm,-é KﬁaZulu e
patient = who - failed +to = respond to . chloroquine
treatment. RSA i, 7, 8, 9, 10, 11 aﬁd 12 were obtained
frdm épparently héélﬁhy Labourers emgloyed on farms in
a non-malarious area of Natai. The patienté from whom
'RSA 8, 10 and 11 were cdiiéctéd'all failed to respond
to tfeétment with 4 fablets_Daraclqr but were cleared
' of parasites when treated ﬁith”io_tablets-Daraclor.'
 Those from whom RSA 7 and 12 were obtained did not
respond to treatment with 10 tablets  Daraclor.
Clinical data on the patienﬁs f:oﬁ whdm RSA 1 and 9
were collected are'unavai’.ble;.ISOIates RSA 13.— 17
were obtained from patientS“fraﬁ thefendemic area of
the North~eastern Transvaal. 'i‘hree_ of ‘i:hes"e isolates,
RSA 15_—.17, were from patients who were known to have
beeniéleafé& of their symptoms after treatment with
Daraclor;: However, the in vivo 'response of the
Paraéites to the treatmeﬁt is not known as blood
sméars-were not taken after_treatment; Clinical data
_on: the remaining 2 pﬁtients from - this area are
unavailable. MW 1 ahd- MW 2 wé.re collected from
patients'who bedame infected while visiting Malawi. In
both cases, the parasites were = resistant to
.chlor'oquine treatment. FCR-3 was isolated from a
patient in the-sambia.7 Clinical data 6n the patient

are not available.
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5.2.2 In vitro test .

The in vitro sensiti\fities of the cuituré-adéptaﬁ'
isolates to- c:hloroqulne and pyrinietharﬂiné were
_ determlned using the 43-hour test of Nguyen—mnh and _

Payne,44 modified as follows. |

Infected red blood cells. were diluted with fresh,
wéshed_, 0-*-f_oositii_r’é erythrocytes to a parasitaemia of
between 0.1% and 0.9% and. a 2% s_uspensioh in the
k cultufé.'medium was prépared._ 0.5 ml _aiiquots of .this.
' _suspensiéﬁ' were added to the wells of 24-well 'plai__:es.'
| which- had ‘been  pradosed: with -c'hlorsqﬁine Iand-
pyrimethamine to g:r.ve f:.nal concentraticns of g, 0.03,
0.06, 0.1, 0. 3, 0.6 and 1. 0 pmols chloroquine/l and 0,
0.003, 0.0, 0.03, 0.1, 0.3, J:.o ‘and 3.0 pmols
pyrimethamine/l. Each isolate was tested in 3 wells at
‘each arug cbncéntration.s 'I'Ii_e plates ﬁere- agitated for | _
a few seconds to dissolve the drugs and were then |
placed in a desiccator which . was ‘gassed = for
approximataly 3 mins. The desiccator wés tightly
_sealed and placed in an incubator at 38 ‘c for 48
hours. At 24 hours, the plates were agitated to
resuspend the ;settled red blood cells and the
desiccator was regassed. .Pa_rasite counts were mnade
microscdpically from CGiemsa-stained thin films |
prepared at the ‘beginning and the end of the test. The
miﬁimum inhibitory conc:entratiori .(MIc) was .de.f'in_ed' as
the lqweSﬁ drug concentration at which no parasite

growth took place. Each isolate was tested on 3
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- different occasions between Augﬁé.t 1986 and s_eptamhef
| 198-7 'The period between initiation of a culture an:d
the first in vitro test ranged from 1 to 29 months,
-Subsequent tests were carr:l.ed out within 12 months of

the first test.

5.3 Resuits

5.3.1 Typical in vitro response to chloroguine and
pyrimethamine ' '

Tables 5 and 6. show the typlcal in v:.tro response of

P. falciparum to chloroqulne and pyrmethamma,

Table 5 In vitre response of isolate RSA 7 to chloroquine in the 48-hour test

| Parasitized erythrocytes/10® 3

' Chlquine

concentration . Tr&pho— smizogts Schizonts Ganéto- _
(a4 Rings zoites {=2H) >ay® cytes Total
mee  0Bm 8 - 32
At 48 hours: - | |
-Control 7] 150 2 B - s
0.03 B4 148 2 8 -
006 . 269 10 v ooB -
21 m - 128 5 7 - | 13
2.3 Cm o 22 B

0.5 1 2 - - - 3

g Hean of three wells.
Schuonts with tyo mucled. _
C schizonts with three or more muclei.
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respec'tively; The 'résp.ons'els_ of the 20 1solatés to
'chlb‘roqu_ine and pyfimeth_a:ﬂiﬁe are shoﬁm in Appendixes
A and B_,. | respectively. At low chloroquine
conéentrations, paraéite counts were sinmilar té those
.{n the control wells and in some cases _.were- aven
;--higher (Table 5). However, at condentrations- close to
the MIC, the number of . mature parasites decreased
unt11 only rings and _ﬁrcphdz‘_c“:ites femainad at the end-
pcint. In the _pyrimeth'ami'n'e test ’ the number of rings
and trbp_hbzoites decreased .as c'oncentrat_i ons became
inh:.i.biti‘ng and  only | morpholcgically- | dur gnecate

'I.:rophpz'oités and schizonts were s_e_én at the i.hibitory

‘%able 6. In vitro response of solate K 2 o pyriethanine in the 43-bour test

Parasitized erythrooytes/10? 2

Pyrinethanire —
~ - concentration - Tropho- St:hizo];ts Schizogts . Ganeto- :
(m)  Rings  zoites (<2H) (>2n} cytes Total
Tine 0 7 3 - 5 - '_15 |
A 18 bours: | |
comrol 34 3 6 8 - 3%
0.0 B3 5 B 1  Cm
0.01 309 42 s B 1 385
0; 7 6 - m
01 - 1 - 2 - S

; Mean of thres wells.
Schizonts with two nuclei.

© schizonts with thres or more mclei.



concentration {Table 6j. _I\Ie:_'i.tﬁe:r: drug affected the |

gamei:ncyte 'counté .

5.3.2 Initial tests - _ B

The results of the :u.nit:r,al in v:.tro tests are shown in
‘rable 7. Four Kwaéu.w 1solates, RSA- 2, 3,_ 4 and 5,
_ were inhlbited at -chloroqulne_ concentrations of 0.1 i)
or 1995, '_indié_ating " sensitivity to the drﬁq.'-"‘s Alll
.othar Kwazﬁlu isolaﬁes, namely RSA 1, 6, 7, 8, 9, 10,
11 and 12 were chloroquine-resmtant in v.-tro, havxng
MICs of 0. 3 or o 6 uM. Only 1 of the isolates from the
North-eastern Tx_'ansvaal, . RSA 13, was se_!nsrl:.ve to
-chloréquine, ha_ﬁfi‘ng* been inhibited at 0.06 gM. The
.remaining. 4 iszolates: frtm'.this region wert ﬁrrésist‘ant
in vitro, all having MICs of 0.3 uM or 'greaf;er.; Both
c.*linica.liy chl-orc;quineerasiS’u;int ‘Malawian isoiate_é,'_'_
were resistant in vitro. The Gaﬁbian FCR-3 strain was

inhibited at 0.6 uM..

The pyfimethamine' MIC values of the southern African
isolates ranged from C.01 pM to >3.0 pM with the
majority of the strains tested having been .inhi_.b.’.l.t.'ed
“at 0.1 pM. Three isdiates‘ were 'inh_ibited at 0.G3 M or .
less and 2 were not inhibited at the highest

concentration tested (namely 3 uM).

5.3.3 Change in drag sensitivitj{ over time
Table 8 shows the results of the three chloroguine sad

pyrimethainine in wvitro tests. The chloroguine MIC

.3
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Table 7. Initial in vitro résponse of southern
African isolates. of Plasmodinm falciparum to
- ¢hiloroquine and .pyrimethamine in the 48-hour test.

| Minimum inhibitory
‘concentration (zM).

Isolate ~  origin - chlordguiner “Pyrimethéﬁine'

REA 1 Kwazulu - 0.6 0.03
RSA Rwazulu C0.06 04
RSA . Rwazulu | 0.06 :_f > 3.0
RSA' |  'K§aZulu | _' O.b6. - 0.03
RSA Rwazulu = 0.1 > 3.0
 mrea Reazala 0.3 0
. RSA Kwaﬁtlu o | 0;6 ' . 1.0

' RSa Kwazulu 0.6 0.1

I TR T I ST

-KwaZulu .  _.- 0.6 S 0.

RSA

=
N=

 RwaZulu 0.6 ' 0.1

RSA

=
=

CRwazulu . 0.3 0.1

RSA ' Kwaguiu 6.6 e.1

i
B
[N ..

T:ansvéal . 0,06 0.0l

o
KN

REA Transvaal 0.6 . 0.1

. Transvaal 0.6 ' 0.1

=
m .

RSA

RSA Transvaal . =~ 1.0 ' 0.1

|
[=)]

g
4
~}

Transvaal 0.3 0.1
MW 1 _ Malawi 0.6 0.1
M2 Malawi 0.6 > 3.0

| FCR-3 The Gambia 0.6 SR W
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Table 8, In vitco response of southern Afeican solates of Plassodiun faloiparm to
 chioroquine an pyrivethaxine in the 48-hour test ~ results of 3 tests.

Hinimm inhibitory opeentration (4M) C
- Chloroquine - Pyr__ineth&iina

Isilate  Test1 Test2 fest3  Destl Test2  Test3

O.G

R i 6.6 0.3 LY R} 0.03
RS2 006 .06 6.0 01 01 0i
RA3 006 006 0.l .0 O30 M0 .
m 0.06 006 0,06 0.03 0,03 003
s 0l 006 e 3.0 3.0 53.0
RAE 0.3 0.6 03 0a el 01
RA7 0.6 0.6 0.3 1.0 0.1 0.
. BEA S 0.6 03 0.3 0.1 0.1 0.1
RBSAY 0.6 0.3 0.3 6l 0l 01
RSL 10 0.6 0,6 0.3 0.1 01 003
RALL 03 6.3 0.3 01 0l 0
RS 12 0.6 0.6 - 0.3 0.1 0.1 0.1 _.
BRI 006 003 0.06 0l ot 0@
AL 0.6 0.3 0.6 - 01 0.1 o1
K4 15 0.6 0.3 0.3 0L 0 0.1
RAIE - L0 03 0.3 0.1 0.1 0.1
KSA 17 0.3 06 03 01 o 0.1
HW 1 0.6 0.3 0.6 0.1 0.1 0.1
i 2 0.6 03 06 > 3.0 0.1  0.1
¥CR-3 0.6 0.6 0.1 0.1 0.1
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value of most strains was found to'ﬁluctuate'betﬁeen 2

concentrations during the test pericd but was constant

for RSk 2, 4 and 11 as well as for FCR-3 over the 3

tests. This variability was not commoh in the
pyrimethamine tests and »only 6 cultured isolates, .
namely RSA 1, 5 , 7, 10 and 13 and MW 2, _yielded

varying pyrime_thaminé MIcs at different times.
5.4 Discussion

5;4.1”_Typicéi'in vitro response to chloroquine and .

' pyrimethamine S o
The effect of chleroquine and . pyrimethamine on the
numbers - of . parasiﬁeé ‘at the .var_ious'-. developmental - .
sta_gés at or near their respective MICs demons;trates'
the different modes of actiloﬁ of the two drugs.
Although the antimalarial action of chloroguine is not

yet fully u.nder_stood,_ it is known that this drug

' uprevents the transf_brmati_on of rings to

trophozoites.4® DPyrimethamine is an inhibitor of the

enzyme dilhydrofolate reductase and thus interferes

- with nuclear til:‘.,v.r:"Ls:_i_.»:sr_'z.."_£L7 The numbers of parasites at

each stage of development, in addition to the total
parasite count, therefore providéd a good indicator of

the MIC. In the chloroquine test, only rings and

abnormal trophozoites weré _present at the MIC, while -
‘only degenerate trophozoites and schizonts remained at

' the MIC in the pyrimethamine test.
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. 5.4.2 In vivo/in vitro relationships

All southern African isolates were inhibited at in
vitre chloroguine _concéntrations 'o_f' 0.6 gM or less
except for 1 isolate from the Northéeastern-mransvaal

which was inhibited at 1.0 pM in 1 of the tests. These

- MICs are comparable with those of other African .

isolates?® but are lower than those of Thai isolates,

found by Thaithong and others?? to range from 0.1 to

1.5 pM with the majority:at 1.0 or 1.5 uM..

- Isoléte;RSA 2, which was SensitiVE:to_chloroquine in

vivo, and isolates RSA 3, 4 and 5 were all chiaroquine

sensitive in wvitro. These isolates were collected.

_eafly in 1985 from patients raporﬁing to a hospital

and a clinic in tﬁé endemic maléiial area of KwaZulu
which borders oi: Mozambigue. The first reports of in
Vifro chlorbquiné _resistance from this area were
recdrded in the same year4°.'Howeverf in vitro field
studies carried out in KwaZulu in May 1987'and Januaiy
1988, after chloroguine had been extensively used in-
the area for prophylaxis and treatment, revealed a
high percegtage of resistant isolates (see Chapter.s;.
These resistant parasites were probably introducéd
into the local P. falciparum popuiation by'ﬁovement of

pe6ple'across the border from Mozambigque. The problens

‘associated with the influx of Mozambicans were

highlighted in 1986 when a large proportion of malaria

cases detected in Natal were recorded as having been
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iﬁpﬁrtéd from Mpzaﬁbiqﬁe5°' Six lsnlateq 1ncluded in
this'study, némely RSA'?,.B, 9, 10, 11 and 12, wera-'
obtained ffoﬁ.zlabourérs émplbyed on sugar farms in
ﬁhis nbn—endeﬁiC' area in 1986. ﬁSA. 1 daﬁe. frdm-'a_

labourer working in tne same area in 1985. Altkdugh-

'these infectlons wese recorded as hav;ng arlginated in

| KwaZulu, it is possible that they ~had, - in Ffact,

6riginate§ in szambique as refugees are often
reluatant to admit that they are from Hbzambique and
prefer to state that ‘they are 3351dents of EKwaZulu.

Four of 5 isolates from the North-eastern Transvaal,;

~which also lies adjacent to Mozambique, were shown by

this étﬁdy to be resistant to'Chloroquine in vitre. It

is 1ike1y that these res;stant strains had been

_ 1mported into thls endemlc region.- As was _expectad

from the__cllnlcal hlstorles of their. hosts,. the
Malawian isclates proved to be resistant in vitro;
A wide range of pyriméthaﬁine éensitivities (0.01 to
>3. 0 nM) was found amongat' the sbﬁthefn lfrican
igolates as in Thailand, where sen51tiV1ties in vitro
ranged from_0.00l to 100.0 uM.49 As_pyr;methamlne was
used in combination with chloroguine for treatment, it
was not pQSSible to deterﬁine the in vivo reéponse-of
these southern Africaﬁ.isolateé to pyrimethamine. Most
of these isolates.weré inhibited at 0.1 uM in vitro
which, judging from the litéraﬁure, wéuld seem to

indicate that these strains_aré not fully susceptible
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to the drug. However, the relation'ship between the in

_viva response to pyrime’chamlne anﬂ the in vitrc: MIC .

has not yet been Clearly defined. Smalley and Brown>l
concluded, from a correlation of in vivo and in vitro
responSes of_ P, falciparum from 10 ceuntries_, -that . -
-iso-letes inhibited in vitro at 0.6_4- pu ai'e likely to.
be pytimethamine—senéiﬁive while those _ﬁhich grow in
the presence 0.1 uM or more of the drug are likely to

be resistant. However, Spencer and others? found 1

clin:l.cally pyrimethamne-sensa.tive Kenyan isolate to

have an MIC of 0.1 p.l-I in a 48-hour in wvitro test
while 3 other :Lsolates- sens:l-.t:we- to the drug were
inhibited a'l:L_O.',D'B UM or less. It is clear that further -

in vivo en& in vitro pyrimetha:ﬁine—s;ens'itivity studies

are required in order to resclve this controversy. -

5.4.3 Stab:.lity of drug sensitivity in cunlture

It was found that 0.6 pl-.'[ of chloroquine was requ:l.red
to J.n_hz.bit the FCR-3 strain in vitro. Tlu_s 1solate,
which was. initially cultured in August 1976, was
found to be inhibited at 0.1 pg chloroguine /5111
(approx. 0..3 BM) up 'to_ one year after initiation of
_grewth in vitro.%3 after 4 years in _co'ntinuo_ue

culture, however, an In vitro test carried out in a

-second laboratory showed that 0 3 pg/ml (approx. 0.9
. M) was required tao completely inhzbz.t growth. 54 This

change in chloroquine sensitivity had taken place in
culture in the absence of drug pressure, suggesting

that varying conditions of culture may result in. an
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isolate which is maintained in several laboratories

'héving-' different Sensitivitiés, ' possibly as a

consequence of selection of chloroquiné-resiStant
clones. ‘It is therefore not sﬁrprising that_the MIC

value of FCR-3 as determined in the Durban laboratory

differed from that of the other 2 laboratories.

_It was found that even under the saﬁe culture

conditions, the sensitivities of the southern African :

' isolates .tc:. chloroguine ahd, tc a lesser extent,

_pyrimethamihe, fluctuated during the  test 'period,

Thaithong and otherss5'found that such variation in

drug sensitivity occurred in two Thai isolates but not

in theiz clones. They assumed that these fluctuations

were due to the_presende of clones which differed in
their drﬁg sensitivity and which, as a result of
asynchronous growth, were present in culture in

different proportions at different times.

5.4.4 Implicatibns'for dontrol of malaria

The results of this investigatisn confirm'the presence

of both chl_o‘roquine' -and pyrimethamine i:esistance in
the endemic malarial.areas of South Africa. This has
serious implicaﬁions for the prophylaxis.and treatment
of P. falciparum ﬁﬁlaria in ‘the regionQ At piesent,

the chlorogquine-pyrimethamine combination is commonly

recommended in _this country for both prophylaxis and

treatment,'ﬂdb the mérits_af this drug-combination
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’ have rec’entljr' been questiqnadg._ The continued use 'ca\'E

these drugs is likely to result in an increased

prevalence of resistant malaria and may also give rise

to a higher degree of stable resistance to both drugs.

Widespread pyrimethamine resistance in South Africa

'might place in jeopardy _the _effectiveﬁess of other

pyrimethamine combinations such - as. pyrinethamine-

gulphadoxine.

The use of pyrimethamine for its s_bo::ontcﬁcid_al effect
is questionable, .as it has been shown that
pyrimethamine does not prééen-t_: the ‘development - of
oocys.ts in isolates resistant _'i:o the dr_ug.'55' ‘However ,

it is _n.ot known -Whether_ pyrimethamine would affect

oocyst development in isolatas with low levels of

resistance (MICs of 0.1 uM) as the resistant isolates

studied in the investigation of Teklchaimanot and

others56 had MICs of > 0.3 pM. Studies carried out in

Papua New Guinea suggest that pyrimethamine resistance
may be a gobd-' indicator of Fansidar ( pyriméthamine_ +
-s‘u‘lphadokine)__ resistance.?’  vUsing  a = 24-hour
pyrimethamine in vitro. test, it was found that those
P. faléiparum. isolates inhibite.i at 20&) EM were
sensitive to Fansidar in vivo, while 6 out of 7
isolates which grew in 20.0 pM or .'Inore of
pyrimethanine were resistant to the 'drug .combination

in vivo. The southe-n African isolates were not tested

at pyrimethamine. levels greater than 3.0 uM but only 2

isclates were not inhibited at this concentration and
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I3

‘the majority of _ !MICs were well below 3 gM. Fansidar

- resistance would thersfore not be expected, ‘to be a

[

problen in this part of Africa, at least not in the

near future.



53

6. IN VITRO SENSITIVITY OF REFERENCE ISOLATES OF
. PLASHODIUM VALCIPARUM TO HALOFANTRINE. DESCRIPTION
. OF THE RADIOISOTOPE UPTAKE ASSAY |

6.1 intrﬁﬂuction '

With ‘the rapi& spread of drug resistance throughout
Afric& ‘and the .res-{: Qf. the world,>® the number of |
drugs available for the successfil treatment of
malaria is becoming extremely limited. ~The recently
developed phénanﬁhreﬁe—mé_thanoi_, . halofantrine
hydrdchlo'ride; has béen shown .i'n. clinical :’:.rials to be
highly effective :,;g«;ain'eat both  chlornquine-resistant
and muitidrug-resiStant forns of nalaria,59-63
élthough Iit has been suggested that there might be
cross-resistance betwsen .- halofantrine ang
- mefloguine.%% | In vitro halofantrine sensitivity
studies have been carried out in Thailand,>??r65,66
Madagétscai,-ﬂ West Afridasa and .Kénya.ﬁo However,
nothing is known about its action in wvjitro agé.inst'
southern Affican is‘.olétes of Plasmodium falciparum. As
this drug is soon to be released for use in South.
Africa, . we decided to invest:igate the in frit‘ro
susceptibility to haquantrine of 2 primary isolates
of P. falcipa:ﬁm collected in Kwazﬁlu and of 18

southern African reference isolates.
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6.2 Materials and Methods

6.2.1 P. fhiciparum-isolateS'

I.‘I'he southern. African referenCe isdlates RSA 1-3, 5-_17
and MW 1 and.é have been characterised. according Eo
i their sensiﬁiﬁity to chldroquihe'ahd-pytiﬁéfhamine in
vitro (593'_Chapter 5},' .as has the Gambian Fcontrol"
Strain, FCR-3.7 The origins énd dates of collection of
these isolates are given;in_Tablé'l.:iSalates N35 and
. Na2 were obtained frorﬁ- malarié_ patients reporting to a
clinie in the Ingwavuma ‘district of XwaZulu, Sciuth -

. Africa.

6.2.2 Preparation of isclates for the in vitro test

The 19 gulture—adaptéd..isolaﬁés- were ‘maintained- in
‘suspension culture.. as described ﬁrévibusly '_(see
‘Chapter 2). For the test, infected erythrocytes were
dilu'i:e'd with fresh, _wa’shed,. human type O-positive red
bloqd_. cells to a parasitasmia of 9;2 to 0.9% and
_'suspended' to 3% in RPMI 1640 medium containing 25. ny
HEPES (N—z—hydroxyethylpipéraiinenﬁ'—2—.ethanesulphonic
acid), 32 mM NaHCO, and 10% non-immune hum: type A-

positive serum.

Infected erythrocytes collected from the 2 malaria
patients were washed twice in culture medium, diluted
.with O-positive red blood cells, where neceséary, to a

parasitaemia of 0.2 to 0.9% and suspended to 3% in
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" culture medium suppiementéd with non-immune humﬁn type _'

AB-positive serum. .

6.2.3 Preparation of drug platés

A stock solution of halofantrine was prEparé.d by

‘dissolving 10.31 mg halofantrine hydrochloride in 70 -
'ml_;ethanol and zdding 30 ml H,0 as §Escxibed by

Desjardins et al,.%® The stock solution was diluted

1000 times with culture medium to a concentration of

192 nmoi/i which was then double-diluted in culture

medium to 3 nmol/l. 50 ul aliquots of the. drug
solutions were dispensed._ intc the wells of a 96-well
microtitre plate, 1 concentration per row of 12 wells.
The first row was the -positivé “control an’d. contained

culture medium only, 50 ﬁl'per well,

6.2.4 In vitro test - _
100 pl aliquots _df the 3% red blor celi suﬁpensibﬁs
were added to the drug solutions in the wells so that
each isolate occupied 3 columns of 8 wells on the
microtitre .plate, i.e. each isclate.wa.s tested in 3
wells at each drug  concentration. The final
halofantrine concentrations were-thus 0, &, 2, 4, 8,
16 32 and 64 nmol/1 and the final haematocrlt was 2%.
The f£inal concentration of ethanol Was 1ess than
0.03%. Desjardins et a1.%2 found that 0.1% ethanol had
no effect on the growth ‘of the parasite. The plates

were incubated at 38°C in a desiccator gassed with 3%
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Qz} 4% COy and 93% Ny. After 24 hours, ?Hrhypcxantﬁiﬁe,'

0.5 gci in 10 zl culture medium, was added to each

well. The plates were agitated and incubated for a .

further 18 hours. The contents of the wells were ‘then
harvested on tﬁ qlﬁss fibre filters using a Titertek
cell harvester. The filters were washed with distilled
Waﬁer,'idried..and plaéed in scintillation vials
containing 4 ml scintillation fluid and counted for 5
minutes in a Beckman LS 1800 llquzd scintlllatmon

counter .

'6.2.5 Calculation of MIC and ICgg

Percentage growth was calculated as

PCGROWTH = 100 * [CPM (ISOLATE) - CPM {NEG CONTRDL)}

[CPM (POS CONTROL) - CPM (NEG CONTROL)}

where CPM (ISOLATE) was the mean - of 3 values

corresponding to 1 drug concentration, CPM (NEG
CONTROL) was the mean of 6 values corraesponding to the
ne_gative control (non-parasitised erythrocytes) and

CPM (POS CONTROL} was the mean of 3 values

- corresponding to the positive control.

The.minimum inhibitory concentration (MIC) was defined
as the lowest condentratiqn at which growth éf at
least 95% of the parasites was inhibited. 'I'ha. :tcsﬁ,
i.e. the concentration required to iphibit 50% of

parasite growth, was calculated using 2 methods.
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‘Method 1: In this simplified estimation of the ICgq, .

the 2 DCGROWTH values closest to 50%, 1 on either

side, were selected, assuming linearity between these

‘2 points. The concentration  ¢orresponding to 50%

growth wes then calculated by Llinear interpolation

between the 2 points and their corresponding

concentration valies, i.e.

vy - ¥p) = (yp - 50)

(i = %) x - wD)

or %3 = (yy - 50) * (x - Xil,+ Xq

(vq = ¥3)

where ¥, ¥5 = the 2 PCGROWTH values closest to
' . 50%, 1 on elther side,

‘X3, ¥, = their corresponding concentrations

and X4 = the conventration corresponding to
50% growth, i.e. the ICg,

This method ls illustrated in Fig. 2.

Method 2: Using the SAS/STAT computer programme,’? the
sigmoid dose-response equation was used to fit a curve

through the data points for each isolate.

This  non-linear regression procedure reqaires an

initial estimation of the IC5¢ value and the.51ope of
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Figure 2.  Determination of ICg, by - limear

in*lﬁerpolat_ion-.

the line. The best-fit ICgy value is then calculated

from these estimates. For the initial estimates of

ICgg, method 1 was used as a gu':i.del‘ine,
6.3 Results

The mean counts per minute for each isolate tested are

shown in Appendix C. -Nﬁ:- statistically significa’nt

- difference was found between the 2 met]_:‘iodé_ used for

estimating the ICyz,. The mean ICy, of the 21 isolates

as determined by linear 'Iihterpolation was 4.648 with a

- gtandard error of 0.876 and 'a 95% confidence interval
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Table 9. In vifro response of southern African -

W = ot W W Ry b

=
o

12
13
14
15

16

17

MW 2

FCR-
N3S

N4 2

3..

ﬁalofahtrine

 isolates of Plasmodium faleiparum to halofantrine

cnlcfoquine

1.265

2.458

15.000

2.381

2.460

- 7.272

2.667

" 3.000
6.789
. 6.217

2.023

9.151

1.268

4.792

9.902

11.261

1.700

1.282

6.007

0.0G39

0.060

‘Isolate  ICgo (mM) MIC (nM)

.16

16
32

16

.60

60
300
300
300

300

300

- 300

30

300

300

300

.'300
300

300

ND$

11

300 - 600

100
100
600
690
600
600

800

600
60
600
600
1 000
600
600
600

600

ND

# From Chapter 5

% Not determined
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of 2.821 te 6. 475 The mean Ic50 calculated u51ng the'

- sigmoid - dose-respense ‘procedure was - 4.619 w1th a

'_ standard error of 0.884 and a 95% confldence lnterval_

of 2 7'75 to 6. 462.

Tﬁe eeeﬁlts of the in vitro tésﬁ ere p&esénted in
Tﬁblé-Qg:The-Idsoe;'as_determined-by the sigmoid dose—

;reepepSe :procedure, ranged from 0.039 to 15.000
imo-l'/i.- - All. ieaiates had ha-lefﬁntrine 'm‘cs of 32
'_nmol/l or less with a median of 8§ nmol/l.” The

-chloroqulne MICs of the 18 southern African reference

'Ieolates and the “control“ isolate, FCR-3, previously =

determ_lned,_ ra_nged from 60 to 1 000 nmol/l with a
a medieh-of?SCD nmol/l {see Chapﬁer 5). Fifteen oﬁ'thése
_:efe;ende isolates were resistant to chloroquine in
~vitro, having MIée of 300 nmol/l or mere. The ﬁajoriiy'
.of these 1solates exhibited low levels of reelstance'

.] to pyrlmethamlne.-e
6.4 Discussion

This study - has shown that 1linear interpolation
provides a simﬁle.method for tﬁe-ﬁetermination of ICyy
values. This method may also 5@ used +to provide
'estzmates of the ICgg for the 51gmm1d dose—responee

method for determlnlng the ICgg-
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Southern African P. falciparum isolates aré similar to
those from West Africa in their sensitivity to
halofanfrine but are less susceptible to the drug than
| South-East Asian isolates. The mean ICgzy value of the -
' Zl.iéolates'examined in the presgnt_study'was 4.62 M
while that of six W & African isolates, as determined
by Oduola ét..al;;7i was 2.79 ng/ml’3{5;57 nM). In
contrast, the mean ICzg of six isolates from southern
Jhalland was 1.23 nﬂ 65 whm;e that of 1solates from
fou;ﬁregions in Thalland ranged from 0.63 - 0.?3 ng/mni
_{_J:'l.-zs - 1.46 nM).53 | | o

TWo cases of RI res;stance to halofantrlne treatment.
have been reported from West Africa. In vitro testing
of the isolates revealed ICgg values of 7.5 mmol/1l and
29.7 mmol/l (first and second mélarial attack,
respectlvely] for 1 1solate53 and 14.0 nmol/l for the
- recrudescent parasites of the second isolate.”2 one of
the 20 southern Afrlcan isolates tested had an ICgg of
15 mnmol/1 and 4-_of them had ICgz,s greater than 8
nmol/l1. Althaﬁgh the relationship_between the in vivo
.reéponse to halofantrine and the in vitro ICgzy has not
‘yet been determined, the results of this study suggest
that some local isolates may = have reduced
_suséeptibility” to halofantrine. waever, further in
vitro  teéts “and in' vivo evidence are requiréd to

confirm'this.
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_The MIC results of this study compare ve7y well with

those of an investigetion carried out in Kilifi,
Kenya, where 32 out of 33 isolates had MICE of 32
nmol/1 halofantrine or less and one-isdlate was not
inhibited = at 64 nmol/1,5%  being the | ﬁighest
halofahtrine concentration tested. However, these
KenyahuﬁICsjére higher than those obtained by the sane
authors _in ‘Malindi, Kenya, where all 11 isolates

tested had MICs of 16 nmol/l or 1ess.6° They are also

'hlgher than the MICs of 6 Thail isolates, which ranged

from 94 to 7. 79 nmol/1.56

In the present 1nvestigation, halofantrine was found-

to be equally active against chloroqu;ne—sensmtlve and"

'chloroqu;neure51stant isolates. In fact, the mean ICsq

of the 4 chloroquline—sensitive isolates (RSA 2, 3, 5

and 13) was 7.248 nmol/l, which was higher than the

mean ICs, (4.527 . nmol/l) of the 15 chloroquine~

j resistant'igolates. Halofantrine was also found to be

active against pyrimethamine-resistant - isolates in

this study.

This in vitro investigaticn.provides baseline data on
the sensitivity of southern African isolates of P.
faiqiparum to halofantrine. Although it is not
poSSible to make direct compériSOns between in vitro

tests carried out by..different laboratories, the

results of various stﬁdies do at least give_ sone



inagfcation of - the relative  sensitivities  to

o haiofantrine of isolates from &iffefa'nt geograpﬁical

regibﬁs-.ihe,indications:aré that this drug would ba
.. suitable for treating .- P. falciparum,. _malaria: ih 
.southern_ﬁfriqé, pattisuiatly_when thére-ié_reéistance
"~ to  cﬁloraquine .and pYriﬁethamine;' H&wéver; 'further'
testiﬁ§ qf?ha1ofantriﬁe in-soufhérn :fricé, hbth*iﬂ-
vive :gnd._in ”#itrd;_ is required to confirm this

observation.
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7. IN VITRO SENSITIVITY OF SOUTHERN AFRICAN REFERENCE
ISOLATES OF PLASMODIUM FALCIPARUM TO AMODIAQUINE,
CHLOROQUINE, MEFLOQUINE, QUININE AND SULPHADOXINE/

__ Pmmmmmz USE OF PREDOSED DRUG PLATES IN THE

RADIQISOTOPE UPTAKE ASSAY

_ 7._1 Introduction

. The epidemiology of drug-resistant P. falciparum is

- well documented.>®:73 chioroquine resistance occurs in

all southern African countries. However, apart from
isolated reports of in vivo and in witro resistance to

'sulphadoxine/pyrimethamine » quinine and ﬁefloquine,-

- little is known about the sensitivity of P. f&lciparum

in - this region +to antimalarials  other than

Chlorcquine; The aim of this study was to characterise

~the .southérn African = reference isolétes of P.
falciparum according to their in vitro susceptibility

‘to amodiaguine, chloroguine, mefloguine, quinine and

sulphadoxine/pyrimethamine.

7.2 Materials and Methods

' 7.2.1 Plasmodium falciparum isolates

Eighteen of the culture-adapted southern: African

reference isolates of P, falciparum (see Chapter 2),
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collected during the pericd July 1984 to February
1987, and the Gambian reference i_sdl':ate, FCR~3,7 were
grown in gassed tissue ' culture flasks to a

parasitaemia of 0.2 to 0.9% before being tested.

7.2.2 In vitro tests - .

Using WHO predosed drug sensitivity plates, the

sensitivity of these 1isclates  to amodiaquine,

chloroguine, mefloguine, guinine and sﬁlphadbxihe-

/pyrimethamine was determined 'as_ follows.

The isolates we_re.. _was‘hé.d twice with washing med_:i_.um
(cqlﬁure medium without serum) and suspended in normal
RPMI 1640 medium, for the testimj of amodiaqﬁine,-_
chloroquine, me_floquiné,- and qﬁinine, and in RPMI 1640 -
containing reduced levé.ls of para-:aminobenzoic acid
(0.5 pg/l) and folic acid (10 .pg/l)', for the testing
of 'sulbhadoxine/pyfimethamine. Both. media werd
buffered with HEPES (25 mM) and NaHCO, (32mM) and
supplemented wit_t; the addition of 10% non-immune human
type AB-positive serum. The paras’itaemiés of the

reference isolates were reduced to <1% for the test.

The in vitro drug sensitivity was determined using a

method based on that of Desjardins et al. 69 in which
the uptake of [3H]—hypoxanthine was used to measure
the growth of the parasite. Briefly, erythrocytes were

suspended to 2% in the 2 culture Iﬁedia and aligquoted
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 into the wells of the appfcprt,gate WHO predosed plates
| (1:00 pl/w'ell§ 3 wells per concentration). The plates
were incubéted as decribed above for 24 hours atter
.whiéh [3H]-hypoxanthine ,. | 0.5 uCi in - 10ul culture
madiun, was .added to ‘each well. The piat_eé’ lw.ere ‘then
| incubated for a further 18 h_tlaurs.. After Iinc_t_lb'ati.on.,

._.the contents of the weslls were harvested, using: a
Titertek cell harvester, on to glass fibre filter
 discs which were washed with ﬂistiiled ”.wai.:er and
allowed to dry Each filter disc was placed in a vial
containing 4 ml1 of scinti-liation fluid. The reactivity
was c_auhted using a Beckman LS ligquid ‘scintillation
céunt_ér_. Tests 'were-. considéi'ed succeésful when _cotmts '
in the control wells exceeded 2000. The. pe_raentage
| growth relative to the co_'ntrol was calculated and the
MIC was defined as the minimum concentration at which
the growth c_f' at least 95% of the parasite's: was
- inhibited. The ICSO was '. .calculat:ed as ﬁescribed in

Chapter 6.
7.3 Results and Discussion

The mean counté per minuté obtained in the
investigatipn of the in vitro sensitivity of the
southern-. african reference isolates of P. f&lcipm;f.-rz
to amodiaguine, chloroguine, mefloguine, quinine and
sﬁlphadoxihe/p?rimethamine in the radioismotope i_lptake

-assay, are shown in Appendixes D, E, F, G and H,
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respectivelyc The MICs and ICgns of thése’a-_‘isdlatEs are .
listed in Table 10. Table 11 is'a summary of all the

above results.

Table 10, Hinimw J;nhlbltor}' mment:ations {MIce). and IC, values (m ml/l mdi-) of =

' swthemlfricanreferencazsolatesof_Jmi_jgm

_ S Saiphadoxinej :
madlaqmne Chioroquine  Hefloguine Quinine pyrizethanine

Isolate Ic.jﬂ i Icsu ME 10 Wie Iy MG Iy MG

Kuatuly, 1'9_34-m_ 5

RSA1  0.0b 0.02 0.0f 016 0.0F 0.08 020 0.64 9361 31000

- RSA 2 0.00 - 0.02 0.03 D0.04  0.02 0.08 0,20 0.64 456 30.0

RsA3 . 402 0,02 001 b0 - 0,13 0.32 0020 1.28 L3I0 300
REA 5 401 0,02 001 002 0.02 0,08 0.09 1.28 457 0.0
RBie 000 Q02 034 032 0.02 036 0,37 2,56 312 0.0

CRBA Y 001 001 005 0.6 002 016 0,30 1,28 2,80 30.0°

RSA 8 0.0L 002 045 032 004 D36 0.62 2,56 3400 30.0
RA 9 0.01 0.02 0.6 0.32 0.08 0.16 0.67 2.56 6.20 >100.0
RSk 10 0.0L 0.02 0,08 0.6 0.06 0.16 051 25 253 30,0

RSALT  0.0I 0,02 0.1 064 0.08 016 D0.80 »2.56 2.26 300

RA12 - o0t 002 0.05 0,16 0.02 016 0.07 1,28 318 300

Prangvaal, 1987

RSk 13 0.02 o002 008 006 005 006 105 2.5 219 100
RS2 14 0,06 0.08 0.06 0,16 0,03 0.6 050 2.56 .30 300
RSk 15 0.11 8.6 009 032 004 0.6 0,59 2,56 2.26 3040
RS2 16 0.00 0,02 006 032 0,03 016 0.6 2.5 210 10,0
RS54 17 0.01 901 008 032 007 016 058 286 2.30 300

" Halayl, 1985-1986

1 000 0.02 0.04 0.08 0,02 0.04 0.9 >2.56 219 10.0
W2z 000 002 0.05 016 0.01 0,08 0.90 2.5 3.20 >100.0

Gambia 1976

CFCR-3 001 0.02 005 026 0.03 - 006 0.4 256 247 10,0



Table 11. In vitro response of southern African isolates of Hlastotium falciperu to tive antimslariel iruge

origin and

Sulphadaxine/

Ranga and pean mpmul/l pedine,

_ o Grodth
Collection Date mediagquine ‘Chloromuine C Meflogde . (uinine Pyrinothanine? Bssessuen:
el Mo of dsolatest 11 R i : n n 5
South Africa He 0.0 - 0,02 (0,021 B - 0,64 {0, 16) 00~ 031(016) 06 -0 (LR2) 10 ->10 (30} [*E; -hyposanthine
18 to 9% It 0.0 b 020 (008)°  0.00- 033 (0.04) 007~ 00 (07) L3~ 8861 {12.52)  incorporation
Transvaal .Nn_.-of isolates; § I - 5 5 3 ' | 3
South Africa WC: 0,01- 0.6 {0.02)  0.06-032{032) BI6 256 <056 (2.56) - 10~ 30 (30 [ H]-hypusanthine
]BH? Icsn: G.BI - ﬂnll {0;0” ﬂ':lﬁ - D.ug’ iﬁlﬂ?) D ﬂ] = 0.47 (3.04) 0050 '1.09 (G;ﬁs} . 2-1 ” 213(2!23} mﬂﬂrpﬂrﬂtiﬂ]‘l

¥a, of isolates; 2 2 . 7. 2 : 2 e
Yalawi HIe: 0,02 0.08 - 036 {0,12)  0.04 - 0,08 {o.os}“ 2.56 = 32,56 10 =500  [H-hypoxamthine
1985 to 199 Iciu 0.01 0,06 - 0,05 (0,05 001 - 0,02 (n nz} 00 -L,00 (0.95) . 29-3.2(270)  incorpation
Yo of dsolatess 1 R R 1 R .

. Gagbia MC: 0,02 0.6 .16 2.5 0.0 [°H]-hypoxanthine
1% ICSD: 0.1 Y 5,01 0L L incorperation
a Sulpladaunelpyrime’chamine poncentration expresaed is ol sul;haduxinajl aeéilm. tatio of sulphaduxme pynmthamina f0:1,
bmngaimdnednn in pmot/} wediun,

89



69

 7.3.1 Amcdiaguine

a1l XwaZulu isolates, collected from 1984 to 1988,
were serxitive to amodiaquine, having MICs of ©.01 to

0.02 umol/l (Table 10), which are below the

discriminating MIC of 0.04 pmol/l for sensitive

1solates 74 The medlan MIC value and the mean Ic50 for

.'thls set of isolates were 0.02 and 0.0L umoljl,

respectively (Table 11).

Three of the “ransvaal isolates collected in 1987 were

sensitive to amodiaguine, #ith MICs of <0.04 gmol/l,

and 2 were resistant, with MICs of _-_08 pmol/1 {Table

10}. The median uIs value was 0.02 pmol/i and the mean'

| _Icso was 0.04 fmol/1 (Tabie 11).

Botn HalaW1an isolates had an MIC of O. 02 ymol/l and

an Iqﬁg ¢ 0.01 pmol/l 1ndlcat1ng sensitivity to

. amodizguine (Table 10}. FCR-3 was also sensitive to

this drug, having an MIC of 0.02 pmol/l and an ICg,

- value of 0.01 pmol/l.

7.3.2 Chlorqquine'

Eighteen of the 1§ southern African reference isolates
of P;'falciparum exanined previously for chloroguine
sensitivity by the 4B—hour growth inhibitioﬁ assay

(see Chapter 5), ~‘gere retested using the [3H]~

- hypoxanthine incorporaticn method. The 19th isolate

. (RSA 4); a chloroguine-sensitive isolate from Rwazulu,
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'was lost in culturé.prior to carrying éut this.ﬁreseﬁt
stuay. Resistance was confirﬁed'(HIcS.zo.16 pmci/ij in
all southern African. isolates showing 4in vitro
resiﬁtance in the ﬁrevious sﬁudy, and the 3 sensitive
Kﬁazulﬁ, isolates were _shown. to have rétained._'- their
sensitivity to chlorogquine in vitro _tMIcs_ <6.114

pﬁol}l) '(Tablé 10). Howaver, the  cu1turewadapted.
Transvaal isolate RSA 13, which was shown in the
. previous in?estigation to'hgve-an MLC of 0.03 to 0.06
'ﬁMOl/lg'shdwed a decrease in chloroguine sensitivity
in vitro to an MIC of 0.16 pmol/l. This is probably
the result of selection of chlorQQuine—resistant

clones in this isolate.

. The mean ICgzys- of the'reference isclates wére 0.08,
0.07 a'nd 0.05 #mo_l/}. for those orifginatirig i_n RwaZulu,
Transvaal and Malawi, respectively (Table 11). FCR-3

had an MIC of 0.16 gmol/1 and an ICgy Of 0.05 pmol/l.

 The results of these investigations confirm the
existence of chloroQuine-résistant P. falciparum in

aouthern Africa.

7.3.3'nnf1oquing

All southern African isolates tested were sensitive to
mefloguine, with 1 being inhibited at_o.sz_pmbi/l'and
~the remaining 17 isolates having MICs of 50.16 pmol/1

(Table 10). The medianm MIC and the mean ICgzy for both



the KwaZulu and .tl.'l.e Trénsvﬁal-' refér_enc_e_ iSclateé were :
0.16 and 0;04'pmol/l;-re5p§dﬁive1§ (T&bié'llf, Thé.z
Malawian isolates had mcs of 0.04 and 0.08 umol/l -aﬁd__
.I.C5OS of 001 and _0;0-2 .pmbl/l_,'. .r_espectively (Table
10). The MIC and ICsq values for FCR-3 were 0,16 and N

0.03 pmol/1, | re'spectively‘

In Zambia, .m vitro resistance to mef}.oqﬁ:i.ne was
observed in 1986 in 15.2% and 3.6% of isolates from
Tubwe and 'Kal’éﬁe, resﬁecﬁi_vely.75 48.5% of isol_atés
from Lubwe and 21.4% of | isol.ates from Kalene had MICs

20,32 pmol/l.

I'l: would se_eit'- th.at méfloQuine night .pr.t_')ve' to be 'a.
‘useful drug fo_r ‘the .'-_l:re'atmen't. and pr'ophylaxis of
chldroquine—resistant P. falciparum mélaria in
'soutﬁer'n Africa. However, the sensitivity to this drug

needs to be monitored in this region.

7.3.4 Quinine _ o
The KwﬁZulu feference- isolates were Shoﬁn to have a
low sensitivity to _Quin:' ne (ﬁedia’n MIC of .'1.92 and
_mean -:CSO of '0;37 pmol/1l (Table 11). The Trénévéal-éhd
Malawian reference isolates were also found to have
reduced semsitivities to quinine (a median MIC of 2.56
pmol/)l for Transvaal and mean ICgys Of 0.68 and -0.95 _
‘pmol/l for Transvaal and Malawi, respectively). FCR-3

had an MIC of 2.56 pmol/l and an ICgn value of 0.41



pmo1/1.

_Sen51tiv1ty to qulnlne is deflned in the WHG 1n vztro}'
_mlcrotechnlque as schlzont inhlbitlon at 42 56 pmnl/l
: med1um.7§  However, nct all of the 1solates studled

using the radiOlSOtDpe uptake method Were 1nhib1ted at -

the hlghest concentratlon tested nf 2. 56 pmol/l. Ten-.
of the 11 KwaZulu reference 1solates ‘were inhiblted at
2,56__umol/1 or less (Table 10). | Two cf the 5
Trahsvaai referénce isolates and 1 of the 2 Halaw1an
reference . lsolates failed to be inhlblted at’ 2 56

pnoli/l. However, the dlscrlmlnatxng concentration for

greslstant_3: isolates  in the [3H1-hypoxanthin§:

incorporation assay is not known.

Although quiniﬁe can 'normally still 'zbe used

. successfylly Ifdr_ thé | treatment of chloroquine-

resistant  P. falciparum malaria ln southern Africa,

- there have been isolated reports of resistance to this

drug from_malawi?ﬁ and.zémbia.77 The resulis presented
in this chapter = reveal reduced susceptibility to

quinine amongst southern African isolates andq although

- the situation is not nearly as serious as it is in

South~East Asia, where cure'ratesqhave'failgn_to-below-_

50%  in some areas;73 there is nevertheless cause for

concern.
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. 7.3.5. Sulphadoxine/pyrlmethamlne' _
 The meari 1050' of refarence 1solates originat;r_ng :Ln' :
'Kwazulu 12.52 umol/l (4. 4 pmol/i if the outlylnq ICgg

-of-93.61-nmo1/1_of one of the isolates 1s_excluded);

The mean ICgz,S of the Transvaal and Malawian ref:ereric_e o

isolates were 2,23 _and '2'.?0 pmol/1, resp_éctively

'{Table 11). The IGg, for FCR~3 was 2.47 pmol/l.

A WJ.de range in MI(: values (10 ~ >100 umol/l) was also '

shown amongst the reference isolates, ‘with the

'mé_'jOI'J.ty of these J-.so-lates beirs inhibited at £ 30

pmol /1 (Table 16).

'7.3.6 Cross r_e_s-istance_'

‘Cross resistance was determined from the ICg, values

obtained from the southern African feferende isolates
uSing ' .Spe'arm'a.m‘s' ddrrelation coefficianﬁs ('I"able 12]

A weak correlatlon between chloroqua.ne and amodlaqulne'
(r = 0-37; P = 0. 1101) and a moderate correlation
befween chloroquine and quinine {r =10.51, p= 0.0244)
Wa:.s shown. There was  also a moderate correlation
be:tween ahloroqu:me and mefloquine {r = 0.54, p =

0.0166) and a weak correlation between ‘quinine and

- me_ifloé;uine- (r = 0.32, p = 0.1629) for {:h_ese isolates.

A moderate negative correlation was found between

‘mefloquine and sulphadoxine/pyrimethamine, and qu_ii_xine 8

ard  sulphadoxine/pyrimethamine, for the reference
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isolates (r values of -0.55 and -0.45 and p valtues of

0.0182 and 0.0521, respectively).

fable 12. Cross resistarce within the soutbern African reference isolates of Plagmodiua

) ' Spearman’s COrrelafidn :
- g (Mparis_on  Coefficient p value
| imdiaqﬁjha § chloroquine | % S X5 1
Awodiaguie § wefloguive | 012 B
aodiaguine § gidne 0 o
hodiaqtﬁm & -sulphadoxinélpyrilethéline | ~0.02 I 3
: Chloroqiﬁne_& wefloquine ' 0.54 00165
 Chlovoquite & quinie Coam oom
- Chloroquine & sulphadoxing/pyrinethanine _ “0.09 ' ¥
Hefloquie & quinine Y R X
. Mefloquine & sulpha'doxine/pyrileﬂmije =055 0,0182

~ Quinine & sulphadoxine/pyrinethumine 045 0,082

~ * ot siqnificant

7.3.7 Comparison of the 48¥hDUr growth in’hibitiori
 assay with the radioisotope uptake.' assay |

Iising the data fr.'o.m the previous drug 's'-ensitivity _
'situdy of the 18 réference isolates of P. falciparum
| (Chapté.r_ 5), .the_ ICgys were determined by the -sigmoid
ddse—responSé method and. compared with the ch_lbi-cquiné
ICs48 obtained by the radioiéotbpe uptake method in
the present investigation (Table 13). Fifteen isolates

had lower ICz,s in the [3H]-hypoxanthine incorporation
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'aSSay than in the 4'8?11::-1137' groﬁth inﬁibitidn --inethod, .
‘while 3 isolates had hlgher Ic5os in i:he radlolsotope
_ uptake assay. The mean Icso for the 48-hour growth
;thibl_tion test was_- 0.198 umol_l.—._,/l__ and t.t;at for the
rédioi'sotbpe 'uﬁtake a_\ssay__was t'j.ﬁ"}‘_is ;.imol/l. The t—'teS'_I:
shn_ﬁéd_l_ ‘@ _.sign"lficgnt difference’ betﬁeen the 2 'méan's-

(p=0.0009).

wable 13. gouparison of 1y values {mol/1} ohtained using
' the 43-howr grouth fuithition assay and the [*E}-byporanthine

~ Incorporation lethad- _
48—!101:1- growth o {%J-hypoxantﬂne
*{ahibition assay incorporatlen nethod -

RE1 - O 280 . el 0035
RSA 2 0.040 © 0,030
RSA3 . 0,040 0.010
RSA B C 0070 A 0.010
BSA6 0.045 _ : 0.140
R5A 7 ' 0,300 o 0,050
RS2 8 0.300 _ 0.150
RSAS 0.33¢ 0.162
RSA 10 8,215 a.07%
REA 11 : 0140 _ 0,211

- RSA 12 0,180 _ 0,052
RSA 13 - {045 - © 9,075
RSA 14 0,380 0,065
RSk 16 0,006 - 0,090
RSA 16 0.121 0,05

. RS 17 ' 0140 0.075
i : 0.320 ' - 0,042
Wz o 0.0 0.048
Mean 0,198 . _ 0,076

2 Caleulated frox _data presented in Chapter 5.
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~ The reason for the dlfferlnq results of the 2 assays.

is not clear. Although these assays were not carrzed
out at 'l:he sam_e time, it 15 doub_tful whether _tlue
apparent decrease in ICsq values could be the result
of a Qeeeral decline in 'fh@ sensitivity of_ the
iselatesz__ during'. epproximately | 4  years of
érYopresérvatibn'ahd culturs. It is more likely that -

the- -difference iz due to the effect of the drug being

detected at a 10Wer concentration in the radioisotope- '

'assay ' _'l:han in the growth 1nh.ibition  assay.

Morpholegic':aily degenerate paramtes may not  be
distinguished by the microscopist in the growth
iphibition assay and may therefore be included in the

ﬁeras_ite count, while degenerate parasites may not

'inc:orporate as much [3H1-i13rpoxanthine- as healthy

parasites, thus resulting in a lower ICg,; value in the

38 uptake assay.

Schapira et al. ,73 however, found that the ICgq values

were lower in the 48-hour growth inhibition assay than-

in the radioisotope uptake assay and ascribed “this

-difference to the longer incubation time of the former

mefhod .

‘It is clear that different techniques  for the

determination of drug sensitivity in vitro will yield
conflicting-fesults and that direct comparisons cannot

be made between studies employing different assays.

' Nevertheless, whatever the method used, in vitro
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studles glVe a good 1nd1catlon of the drug SenSlt1V1tY

of paraslte populatians. _
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8. IN VITRO CHLORCQUINE SENSITIVITY OF FIELD ISOLATES
OF PLASMODIUM FALCIPARUM FROM KWAZULU, 1987-1988.

DESCRIPTION OF THE 24-4OUR MICROTECHNIQUE
8.1 Introduction

Since - iQ?B, when the first r_epozfs of chloroquine—~
- resistant P. fé.l-cipai'um malaria in -Africa were
_ri'ecéi%re.d from Kenya and ;. the United ‘QEPUhllC of
' ._'I'anzanla, chloroqulne res:.stance has been found as far
"South as South West Af.’c'ic:aﬂ»nau:zzl‘laia.:"‘6 on the West coast._
and Mozamb1que79 and probably swaziland®® on the East
coast. in 1985, chloroqulne res:.stance was confimed
in v:.tro in 6 ﬁat:l.ents from Natal/KwaZulu, z.t be:l-.ng
- assumed that the infections had originated = in
Mozambique or areas immediately “bo_rdering on
Mozambique."‘o The cﬁ::.'e. rate :Ln KwaZulu fblloﬁ;i.ng
- administration of the sfandard adult 'curﬁtiVE dose of
chloroquine (1500 ng) had_de’creased from 100% in 1983
to 78.8% and 83.9% in hospital and fleld cases

‘respectively by 1987.43

-Chloroéuine resistance has serious -ixﬁplicationé for
the treatment .of ‘malaria and may seéverely hamper
parasite control, resulting in a change in the whole
| epidemiological ﬁ)ictui'e.' A 'étudy' was therefore

underfakan in the endemic malarial area of Kwazulu to
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determine the in vitro sensitivity of P. falciparum to

chloroguine.
8.2 Materials and methods

g8.2.1 Study aréa
The endemic malarious regionm of Natal/KwaZuiu
encompasses the districts of Ingwavuma, Ubombo and
Hlabisa. During the first 5 months of 1987, 437

‘indigenous maiaria dases ﬁere reported _fiom the:

Mamfene area and 299 from the Ophansi area.of ﬂbombo,"
these figures being conéiderably nigher ﬁhan ﬁhe;means
of 12.6 for Mamfene and 21.5 for oﬁhansi. fecor&ed
 annuslly over the 11-year period from 1876 to 1986.
Ubombo was therefore chosen as the stﬁdy area for the
' chioraqﬁiné—resiSfaﬁce survey in May 1987. A second
,investigation.was undertaken in January 1988 in the
Ndumu area of Ingwavuma because of . the relatively
large nnmbar of earlyQSEason malaria cases reported

from it.

8.2.2 Selection of samples
From 18 to 21 May 1987 venous blood was collected in
lithium/heparin tubes from actively-detected malaria

cases® identified during mass blood investigations

& wactively-detacted" malaria cases are those detected
during routine active surveillance, epidem%glogical
investigations or by mass blood examinations. '
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carried out in the :Maiufene_ and Ophansi areas of Ubombo

‘apd from _pas'siv'e-ly—detect'edb  cases repor‘l_:i:ig- to

‘Bethesda Hospital and several clinics in the - Ubombo

district. From 18 to 21 January 1988 blood samples
were . obtained from suspected malaria - patients

reporting to Bethesda H_espital -and to clinics in the

' Ingwavuma district. All subjects were guestioned about

their use of antimalarial drugs prioi: to the sizrvey_

and ur:l.ne samples were collected frcsm the patleni.s

:anluded in the 198? 1nvestig’at10n.

The blood specimens were transported on ice to the

field laboratory at Jozini where they"were‘ pfoeeesed

.within 12 hours of col_lection. Thick and thin smears

'were prepara.d from each sample, sta:.ned thh Giersa

and exa:m:.ned mlcrosc*oplcally for the presence ot P.
falciparum.  Urine  samples -were. tested fo;:' the
presence - of 4-eminoquinoiinee' by the Dill-Glazko
method;so Isolates were considered to be suitable for
the im vitro C_hlerequine sensitivity test if 'the'y
co.ntained. 500 - 100 000 parasites/pl. Samples were
ex‘cluded if the 'patiem: hed- ingested aritimalariai
drucjs in the previcms 2 wee}cs and/or if the Dill~-

Glazko test was pos;.tlve.

b Malarious patients who present at clinics or
hospitals are defined as "passively-detected" cases.
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8.2.3 In vitro tests
Chloroguine sensitivity in vitro was determined by a
ﬁodificatipn of the Rieckmann microtechnique.a1

Infected.érythrocytes were washed twice in RPMI 1640

culture medium. Care was taken to remove the buffy

coat during the washing proress. A 5% red blood ce”-
{RBC) suspeﬁsioﬁ was prepared from each sample usii;

the medium supplemented with 10% non-immune human AB

serum. 50l aliquots of these équenSi@ns were added

to the wells of microtitre plates predosed in the
laboratory with 1, 2, 4, 5.7, 8, 16, and 32 pmols -
chloroquiné.' An additional ccﬁcentratipn of 64 -

pmols/well was used in the January 1988 survey. At

‘least 2 wells per chloroguine concentration were used
' for each isolate. The plates were agitated er a few
- seconds to dissolve the'drﬁg and then they were placed

'in a desiccator (a convenient air-tight container to

ase) which wﬁs'gaSSed for approximately 3 mins with a
mixture of 3% oxygen, 4% carbon dioxide and :93%
nitrogen. After gassing, the desiccator was tightly
sealed and incubated at_38°c for.24 to 26 hours. After
ihcubation, a.'smear was = prepared from eacﬁ well,
stained with Giemsa’s solution and examined
microscdpically. The nﬁmber of . _schizonts (i.e.

parasites having more'than two nuclei) per 200 asexual

parasites was determined at each chloroguine

concentration. Tests were considered = “successful"

when ét least 5% of the trophozoites in the control
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~ concentration of 2 5.7 pmols-chlordquine/wél

wells had developed to _schizants;gg In wvitre

registance was def'i'n_ed_ as schizont _dévélopz'nent at_ a

1,83
8.3 Results

8.3.1 May 1987

of 6-@07 Smeafs prepared and screened in the mass
~ blood _exaﬁinaﬁions' carried out in the Mamfene and -
_ Qphansi areas, 34 proved to .be positive. Paraé'ites-
_ froﬁ.slof the 11 samﬁles found to be suitable for_fﬁp
.t§$£j grew.in'cultﬁré; Thé.in Viﬁro respense of.éhé
isolates to chloroquine is sumarised in Tablé 14. The

parasite counts for each isolate tested are shown in

Appendix I. Only 2 of these isolates were sensitive to

chloroquine while the remainder were resistant in

varying degreeé;.ln addition,'isolates from 4 patients

who had received chloroguine in the pr_ei!ious 7 weeks .

grew successfully in wvitro and their inhibitory

concentrations demonstrated resistance.

Twenty-seven Dblood samples were. collected from -

suspected mzlaria cases reporting to the hospital and

several clinics; 14 were positive and 11 of these__wére
foimd to be suitable for the.-éenéitivity test. Of the
_9' isolates which_ dre_sw successfully, none was fouﬁd to
be sensitive and tﬁe majority were inhihited at 32

pmols/well (Table 14). In this group. +he trophozoites

of 1 patient who had chloroguine in his circulationm,



‘developed to schizonts under the culture conditions and’
schizont inhibition was achieved at 32 pi:iols__/vééll'. The
parasite counts for cach isolate tested are shown in

Appentix J.

Table M. In yifto response to chloroquine of isolates of Plasaodim falciparun fron

Kealfulu
| | oy 1987 . Jamuary 1988
Miniwm . Sber of © Wunber of Wuber of
Inhibitory-  Actively- Dasgively- Passively~
Concentration dstected detected detected
(puolsjuell) .~ cases  cases oases
S ET o .. 0 .. . o
86 o 3“1)*._ 0 0
16,0 TN 1 o g
32,0 ooy sty o)
.64.,0_ POy 2 3 3(+1)
a0 f . - 14
Total cases Ca) o ae ) | |

% Figures in parentheses indicate isolates from patients who were
known to have received chlorequine in the twe weeks prior to
the test. -

§ 32 paols/well vas the highest concentration used in the Vay
1987 survey. However, some isclates were not completely
_ inhibited 4t this lev.el_.

# Tests were not done at concentrations >64 pmols/well,
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B.3.2 January 1988 |

Fdrty—nine 'blobd sﬁéciméns were collecfe& '_frcm
pﬁtientsISuspedtéd'of'having_ﬁalaria and 27 were found
to dontain P. falciparum of which 20 were suitable for
the_teSt;_The parasite counts_fqr.each isolate tested
. are ”éhown in Appendix k; All 14 isolates tééted
 .sucdessful1y ﬁare resistant in vitro with_the_majorify
being completely inhibited at 32 pmols/well: (.Ta:ble
14). One of these isolates failed to be inhibited at
64 pﬁolSZWEII.- In. addition, the isolates from 3
patients who had inéésted chloquuine-inlthe 2“ﬁeeks
prior'td_fhé.investiéation were found to be resistéﬁt._
_'ﬁbur samples with more than 100 000 trophozéites/ul
were ailuted wiﬁh fresh, washed,_tninfected.ﬁBCs (0
.biood grbup} .before 'being tested.. Three. of ﬁheéé
isolates developed to tﬁé schizont stage; Thé-fourth
sample (parasites from which.did not matufe) was from
a patient who had taken.chloroquine 1 week prior to

the test.
8.4 Discussion

The modified in vitro test has proved successful in
the .determination' of chloroquine sensitivity of
southern African isolates of P. falciparum. Changes
to the Rieckmahnﬂhicrotest were.made 6n'the bésis of
experiments carried _oﬁt cn_IIOCal strains of the

parasite (see ChaptEr 2). It was found that southern
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African 1sola1'es do not grow weil J.n ‘I:he candle jar
but that they adapt readily to culture conditlons in

an atmosphere- of 3% oxygen, 4% ca_lrbtm diox:Lde and 93%
.nitrogén; It'was-a;éo_found thﬁt supplementation of
RPMI 1640 _medium. with glucoée and hypoxanthihe
'prombtes_'the_-growth: of local isolates in vitro.
Markusg4 suggested .that replacement of 'patiants'-
- plasma w1th non-immune serum might result in a higher -
percentaga of successful 24—hour drug sen51t1v1ty_
_ tasts. _ Washlng of the patlents' erythrocytes_
effectlvely removed all plasma from the blood samples,'
full_qm.ng wh:.ah growth factors for the development_ of
trophozoites wé.re provided by thé'non—immﬁne AB serun.

A éucceés rate.df 74% was achieved usihg fhis mndified
- techniqué; _Thi%--éompares very favou:ably with the
percentages, ranging from 20 to 80%, of effective
tests ach_:i.eved. in ..d:.t-her endemic .. regions of ﬁhe

world. 83

Kouznetsov ot al'85 shoWed that the inferpretation '..o.f_
the results of the ﬁidrotés.t was de‘pendent on parasite
density and that isoiates' with .more. than = 100 ‘000
parasites/ul reguire :mdre' chloroQuine to completely '
1nhibit schizont maturatlon than isolates of the same
sens:l.tivlty hav1ng smal.l.er nu:mbers of paras:.tes. It
was found that it was-p0551b1e to include lsolates in
the tést which woumld ofherwisé ‘have heen excluded on
the baéis of parasite count, by diluting the infected

erythrocytes with washed, uninfected RBCs. Three out
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of 4 isolates diluted in this manner were successfully
ctiltured' F'ailure of the fourth isolate to grcw undér'
test condlt::.ons mlght have been due to the presence of'

chloroqu:.ne in the mfected RBCS.

The results of these investigations confirm the

~ presence o_‘.t" chloruquineéresistant p. falclparum

malaria inm rorthern KwaZulu. What is da.sturhmg
that. no sensitive strains were found amongst the

isoiate,é from passively~detected cases uollected in

either 1987 or 1988. Furthermore, a high level of

‘resistance was recorded, ‘with the majority of thea

isolates bemg inh:.b:.ted at 32 pmols;well oY more,
thus indicating R 1III rasistance.47 These results

compare’ favourably With those c:f Herbst et al.86 These

' anthors ) found that schzl.zont 1nh1b1tion __Lr_l_ _ :Lsolates_ '

from 15 malaria patients, who were assumed to have
become infected in Mozambique or Ingwavuma ba_tween-

July 1985 and June 1986, occurred in wells containing

>24 pmols cthroquiné: and that sch_izcgony occurred ak

48 p'mols/weil in the majority of the sa:nples. The

raSponse to chloroqulne of isolates collected from

'clmics did not change markedly in the 8 months_

between May 1987 and January 1988. Howev_er R a change

_m chloroqulne susceptlblllty in v.itro has bheen

obgerved since 1985 when 5 J.solates collected fron

clinics in Ingwavuma Were found to be sens:.tive in a

' 48—hour sens:.tuuty test (see chapter 5).
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In comparison with the péésive’lj—détiact'ed cases;

parasites from 2 of the g flel& samples colleoted 1n'”

May 1987 Were found to be chloroqu1ne-sensxt1va and 6

were 1nhib1ted at 16 pmols/well  or less"

_GConcéntrations associated with R I and R II

resistance). Tt should, however, be borne in mind that -

in both surveyg- isolotes were obtained shortly after '

'extensive use had. been made of chloroquine in the

study areas for treatment and prophylaxls. It 15'

therefore - possible  that . chloroqu1ne—suscept1b1e

para51tes had been eliminated, 1eav1ng a reservoir of

relatively res;stant par351tes.

the in vitro fesponsé of the 8 isolates ffom'paéients

_w1th a history of chloroquine lngestion and which grew

under the test condltlons, was found to mimic that of

1solates free of the drug, in that the samples_from

: aot1ve1y~detected. cases were géﬁerally Iinhibited. at
lower conoentfations (£32 pmols/weli)_than the samples
collected from  passively-detected . cases (232

pmols/well).

The difference in in vitro chloroduine ‘sensitivity

betwaen actively- and passively-detected isolates may.

be attributable - to host immunity. Semi-immune
' residents of endemic areas often harbour parasites

‘without showing“symptoms, and resistance may only be

detected as a result of iﬁ' vivo and in vitro
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investigations.87 C It is  only as__' the level of
chlofoquine resistance increases that these infections
_ bec’mﬁe | cl.in_ically' : appatent..aa Thus, _ su'l::ject's. _
harbouriﬁg highly'résistant Orgahisms'Would report to
cliriics_ Whilé tho_se wi‘th infections 1355 resiatant or
chlqroquine—sen-sitive parés‘ites would only be detected

by active surveillance.

The _presenc.e of a part:‘r.a_lliy chloroquine-resistant P.
.:falbipamm pqpula'i:ion coupled with a large ﬁmsquitb
vécﬁor popﬁiation_} would ﬁoét 'ce'rtéinly i.ead to an
upsﬁrqé m the nunibe'r 6f' t.:ases.'of .cl.inical -mala:;ia.-
. This. ﬁay‘ havé COntribﬁted. to  the situation _ih the
e_ndgﬁid_ areas of Kv.ara_z"ulu whrxré._ 4830 maléria cases were
recorde.d in 1987, far in ei;cess of the number of c’:’:ﬁsés
reported 'anhually over the 1'1-year period froﬁ: -19"76- to
1986, which ranged from 75 .to. 1192 with a mean of 648.
: Furthermore, ‘the number of cases ‘in the off-Seasdn
.(J‘.uly to November) of 1987 was 532, which was much
higher than the mean nu:mb_ef of - off-season cases .
(118,5; range = 3 to .226_) recoi'ded over -thé same 11-

year period.

During January 1986, a large " pdp.uiation of Anophfele's '
arabiensis _was foimd ‘breeding in the irrigational
overflow from a_ri agricultural development scheme at
Mamfene (Brian Shaxrp, personal commﬁﬁication). The

adult . mdsquitoes of this species, which is the
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principal vector of malaria in nume'rous'ioca‘litieé in

Africa 8% were found bitihg"_ man beth Iindoors and
_outdoors. However, in 1986 only 5 cases of malaria |

were reported in the Mamfene area. In 1987, An.

arabiensis was again detected in large numbers in this

locality, but over 500 malaria cases were recorded.

' This was considerably higher than the annual mean case -

ra'i:_e_for' Mamfene of 12,6 (with a _J':ange'of 0 to 34),

' caloulated over the 1l years from 1976 to 1986. What

'needs_ to be considered iz ‘whether this upsurge in

_malariél_ could be the result: pf ‘the intreoduction to the
area, possibly through migrant labourers, of a large
parasite reservoir which, as this study suggests, may

consist of an increased prop'brtioh of chloroguine=-

- registankt parasiﬁés_ « If this is. the case, parasite

control measures involving the use of chloroguine for

treatment way have been or may soon be compromised in’

this region. As An. arabiensis is widely distributed

within the endemic malarial areas of KwaZulu,?? it may

be that a similar situation to that in the Mamfene
area also’ ekis‘ﬁé in. the Ndumu  area (where there is
also 'chl-c»roquine- re'sistahce as' this study has shown)
and possibly in all the endémic malarial areas of

KwazZulu in which a sudden upsurge in the number of

- malaria cases was experienced. However, definite

conclusions as +to the reasons ~for- the increased

incidence of malaria in 1987 would be premature.

The findings of this study have serious implications
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regarding the prophylaxis and treatment of malaria in

. Natal/KwaZulu. In view of the fact : that pai’a'sité_ '

control is essential to . containmen® of the disease,

_ there is clearly an urgent need to consider whether or

not thé__use of alternative an_timalarial drugs. might be
appropriaté in the future. The cdn’tinued_ use of

chloroguine on a long-term basis will result in am

increased prevalence of malaria resistant to it and

may also give rise to a higher degree of stable

resistance.
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9. IN VITRO SENSITIVITY TO AMODIAQUINE, CHLOROQUINE,
. QUININE AND SULPHADOXINE/PYRIMETHAMINE OF FIELD
ISOLATES OF PLASMODIUM FATLCTPARUM FROM KWAZULU,

1989-~1990
9.1 Introduction

Alﬁhoﬁgﬁ -éhlorpquine has "}_:')eeﬁ reported fr_:bm nortliern-
KwaZulu (see Chapter 8) ,-,' 'nothing. is known about the
susceptibiiizy in vitro to other antimalarial drugs in
this region. Since January 198'3,. sulphadoxine/
pyrimethamine héts replaced chloroguine in the
tréatmént of malaria in'this.area. How’evér,- .the effecf
of this change in drug therapy on the - in vitro
su.sceptibility of the local P. falciparum population
has not been investigated. Quinine is also used in
th:l.s region and in the rest of South Africa for the
treatment of éomplicated_ malaria. Amodiaquine is not
avaiiable in this countr'y; but it has been used with
_'soﬁé success in the ti'eatment of chlcroqﬁine—resistant
‘malaria in .Smne ai:eas.73 o
The é.im of this study was to assess chllt_erquirie‘
susceptibility in 'north_ef_n Kw_aZulu and f.o compare the
results with those of the 2 previous field

investigations, to determine the base-line sensitivity
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to ‘quinine and sulphadoxine/ pyrimethamine of P.
falciparum in this area, and to asséss.the_suitability_ 

'of amodiaquine as an alte:native antimalarial.
9.2 Materials and Methods

9.2.1 Plasmodinw falciparum isolates

Rlood samﬁles Wé]rt_a bollec‘ted fr.om' suspec_:te'd malaris

patiénﬁs reporting to clinics in the Uboﬁbo district

of Kwazuiu auring'zpril 1989 and March 1990. Isolates
were included.in the studf if at least'o;oé%_of the

érythrocytes were infected with P. 'fal?ipatum only and

if pafients had no recent history (_<. 14 ._days)-_ of

ingestion of 4—aminoquinolines'andjar sulphonamides.

9.2.2 In vitro tests

Using WHO predosed drug éensitiVity..plates, the
suéceptibility of the 1989. field __isolﬁtes to
amodiaqnine;_-chlofcquine, quinine and sulphadoxine/
pyrim&thamine'was tested'using'a modification of the

WHO in vitro micrbtechnique (see Chapter 8).

Briefly, the isdlates wére washed twice wiﬁh washing
.medium and sﬂépén&ed in the appropriate culture media
(as.-descrihed in Cchapter '7)3  Fleld isolates with
garasitaemias of >2% were diluted with with'human'type
O-positive erythrocytes to <1% before being_sﬁépended

in culture medium. The tests were carried out as
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described in Chapter 8. In the_ sulphado_i_:ihe’/
pyrimethamine tests, the number of '-inorphblogicélly
-ndrma.tll' schizonts with 8 or : more chromatin dots was
couﬁted. The minimum .inhibitor_'y concentration (MIC)
was defined as the lowest concentration at which
d:_implet_e schizont inhibition took | place. The ICsg/
namely the concentration required to inhibit the

growth of 50% of the parasites, was determined using

the sigmoid _ﬁdﬁa*r'espnnse -equ&tion, ‘as described in

Chapter 6.

The in vitro sensitivity to chioroquine and guinine of

4 field isolates collected in RwaZulu in 1990 was

determined using WHO predosed drug. 'platés in the

radioisotope uptake assay, as described in Chapter 7.
9.3 Results and Discussion
Tables 15 and 16 show the chloroquine MICs and Icsos.

of the KwaZulu field isolates tested in the May 1987

and d‘anu'éry 1988 field surveys, réspectiVely‘ (s'e'e'

Chapter 8). The parasite counts from these

investigations are listed in Appehdi‘:ﬁes- I, J and. K.
The parasite counts obtained in the 1989 KwaZulu fie_ld
study of amodiaguine, chloroquine, quinine and

sul];ihadoxine /pyrimethamine = in the in vitro-

microtechnique, are listed in Appendixes L, M, N, ‘and |

0, respectively and Table 17 shows the MICs and ICg,
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values of theses isolates. The mégn counts per.minuté.
of KﬁaZulu field isolates tested in Harch.lssofusing
chloroguine and guinine in the {SH]—hypoxahthine.
incorporation assa - are shown in Appendixes'P and Q,
:respectlvely The MIt and Ifgq values determined. from
these results are listed 1n Table 18, All of the above
results are summarised in Table 19.

Table 15.  Minimum inhibitory concentrations (MICs)
_and ICyg values (in gmol/l medium) of EwaZulu field

isolates of Plasmodinm falciparum collected from
active and passive cases in May 1987 .

glat - Chlorgguine MIC Chioroquine ICsy
active cases _ _ '
ad .  0.640 _ ¥.D. 2
A6 0.160 : : 0.10
A8 o 0.320 SR ©0.11
A51 5 0.320 : ' N.D.
A53 . 0.640 N.D.
- AS6 ' 0.114 . . 0.02
a57 | >0,640P - 0,46
AB8 ' >f V40 : 0.36
A59 0.160 - N.D.
a6l ' _ 0.114 : . 0.09
A65 - - 0.160 o _ S 0.12
aAe7 ' ~ 0.1860 - 0.09

Passive cases _
P2 ' 0.640 - 0.03

P3 . >0.640 ' N.D.
P11 _ 0.320 0.16
P17 0.640. 0.19
P18 0.640. 0.27
P21 >0.640 : 0.37
P22 © >0.640 - 0.51
P23 : 0.640 . N.D.
P24 _ >0.640 . 0.12
P25 : 0.640 : . 0.13

P26 ' 0.640 : _ 0.12

—_—

- 2 Not determlned ' '
b Some isolates were not 1nh1b1ted at the hlghest _
concentration tested of 0.64 ymol/i
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‘fable 16. Minimum 1nh1hﬁtary concentratlons (uICs)
and ICgq values (in pmol/l medium) of XKwaZulu field
isolatés of Plasmodiom falciparum collected from
passive cases in January 1988

Isolate ' Chig;gggige m;g : Chloroguine ICsq
Jz - . i.z28 . f-_ N.D.3
Ja 0.64 : 0.23
J8 . o 1.28 L . 0.24
Ji0 . L 0.64 . ; 0.35
Ji1 0.64 . 0.30
J12 . 0.84 _ . 0.11
J13 - 0.32 - : - . N.D.
Jia 0.64. ' o 6,18
J19 o >1.28° | | 0.38

.3z .. 0.64 DI | N.D.

- J27 0.64 N.D.

S J34 - 0.32 ; - N.D.
336 | 0.64 - 0.48
J37 1.28 - . N.D.

- J38 0.64 . — 0.48
Ja0 - _ 1.28 o 0.48
Jae 0.64 : -~ . N.D.

J45 0.64 ' N.D.

3 Not determined
b Not inhibitea at the hlghest concentration tested of
i.28 nmol/l

9.3.1 Anodiaquine | |

Only 1 isolate from this area was found to be
sensitive to this drug, having an MIC of v.04 mmol/1,
while théireﬁainingzlz isoiates tested were resistant,
‘with MICs of 0.08 umol,/l or greater (Table 17). One
_ isolate was’hot inhibited at the highest'cbncentration
tested (32 umoi/l) The median MIC and meAn ICgq for
the 1989 KwaZulu 1solates ware 0 16 and (AT pmol/1,

-re;pectlvely {Table 19)



Table 17, Hmm mhihtory cmcentzations (EICs) and 1€ ggmvalues (in jmol/l nadm) of

Kwaluly field isolates of Plassodiys glgm collected passive cases in Ap::_u 1389

- |  Sulphadoxine/
- hnodiaquine Chloroquine . Quinine . pyrimethamine

Isolate iGy HMIC Iy M TGy HC TGy M

PL 006 0.08  0.02  0.04 0,20 128 019  G.6

o 0.13 0.3z 047 L.28 0,79 128 4198 2000
P10 003 016 005 006 0.2 0.64 3.80 60,0
PZ2- - 0,02 0.6 0,64 032 0.2 064 1000 60.D
M3 0,06 008  ND. 0.0 0,36 128 30.96 60,0
P 004 016 000 064 050 © L2 WD 5.0.2
PIS - 003 006 032 1,28 0.85 1.2 2.00  200.0 -
P 02 832 D26 L8 050 128 103.97  200.0
PI®8 . 042 046 042 . 128 .55 L28 10,00 - 60.0
P22 0.02 0.0 033 0,54 0.5 128 KO, N.D
B2 003 016 032 128 0.69 . L28 3.40  60.0 -
P33 0.0 0060 048 128 0.40  1.28 . 40.00  200.0
: P35 0-03 ] 0-03 Hth #.D. . N.D.o N-‘D! . N.D. E-Dt
P85 . WD, ND. 022 064 110 28  ND. KD

. P46 NnDc .H"D‘ 0011 0-32 00 40 1-23 HcDe "-Bl

- Yot deterained |

Tahle 18. Minimm inhibitory concentrations (MICs) and IC (; Values (J.u jmol/l ledmn) of
Kwazulu field 1sclates of .P_-i_ﬁl.m falciparu collected on passive cases in Harch 1990 -

- Chlorogquine = Quinins
Isolate Icsn NIC ' ICSG HI¢
N5 _ 0.02 0.04 0.03 0.16
R42 0.0 0.04 0.06 - 0.32

¥8) 0.02 0.08 0.9 0.64



Takle 19, In vitro response of southern Mrican isolates of Plasmodimm faic_i@mn to five antimalardal drugs

1988

@ bron data presented in Chapter .

Grigin and -  Suphsdorloe/  Geoth
Colection Date - Imodiaquine ‘(hloroqsine - . MeHoguine (uinine - Pyitwmin® . dscessment
s o, of isolatess 0 . Y | 0 ', 0
. South Africa e | D1l = 1,2 (0.64] - L
198 1y biz-nE 00 | Microscopy
mgalu Mo of isolatest 0 U g [ 0 o
South Africa I 0,32 = > 1,28 (0.64) - -

I 011 - 0,48 (0,32} Kieroscopy
awle  Wooof fsolates: 13 M 0 o E | |
South Mrica MG 0.04-0.32 (0.06)  0.0i- L2 (L) Bid - 256 {1 ?a) G- 20 (60) I
1989 e O02- 013 (0068 .02 - .48 (0,24} B 110 (8] 0091887 (W73 Microscopy
fagls Y. of isolates: 0 ¥ 0 ‘ = o
- Soutt Mrica WG 0,04 = 0.08 {9.04) 0.36 - 0,64 {0.48) [*H]-hyposanthine
9% Igy: 5,00 - 002 {0.2] 8,03 - 0,09 (0.06) neorparation
g s‘lﬂphaﬂom/pyrmethamm prucenkration expresseﬂ a3 mnl snlphaﬁoxmejl sedim, Rakio of squhaioxme pynmﬂlmne 0:1.

: mnge and median in jmol/l mediun, ' _ _
© Range and mean in m{l rediun.
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Resistance to tﬁis_drug has been snoWn'ih a££e£ p5r£s'
of sowthern Africa. Iﬁ an inVestiQAtion Carried_outhin 
Maputo, Mczambiqde'in 1986, 76% of the cases-studied.
were found to be resistant to amodiaquine in-vivb;gl
The mean ICs, of 17 isolates tested in vitro was 0.12
nﬁol}l blood  (= 0.012 'pmoifl'_médium).' In Zamhia,

' approximately 15% of the cases studied in vive in 1986
were resistant to amodiaquine.®? |

9.3.2 Chloroquine

‘MIc values revealed a hi;gh-' proportion of resistant
igolates -(MIé 20.16 'pmaljl) in thé field -isuiatés
collected in_]Kwazﬁlu:..SB.z% _(15/1?) in-'1937 (Table
15), 100% (14;14) in 1988 (Table 18) and 85.7% (12/14)
in 1989_(Tébie 17). The MICs quoted for . 1987 and 1988”
are those obtained in a previqus study (see Chapter
8). Curves could not be fitted to all of the in vitro
data nbtained from-thesé field isolates. Thus, only 10
ICgz, values were obtained from the 1988 data set. The

mean ICgns of the KwaZulu field isolates were 0.19,
0.32 a?nld' 0.24 - pnol/l for 31.9'8'7., 1938 and 1989,
respectively (TablesIQJ. Analysis of variance was used
to dompare the mean Icgos-of the 1987, 1988 and 1989

isolates and no significant differences were found.

In 1990} the 4 KwaZulu field isolates tested were all
“sensitive to chloroquine, having MICs, as determined

by the radioisotope uptake assay, of <0.114 pmol/l and
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.a nean ICs, of G.OZ'umél/i (fable_is}.-' Since January:
1989, Fansidar has replaced éhloroquine in the.
) tiéﬁtment of P.'-falciparun{ malaria _in3.Rwazﬁ1u ”ahd _
théSe 1ow MICs observed'iﬁ 1890 may be élconSEquence
of increased chloroquine semsitivity in the absence of
chloroquine pressure. The_;égc KwaZulu data cannot be
directly;compéred_ﬁith'the 1967 }41988 and'lgéa field
results as different methods were used to determine
.-drﬁg éensitivity and_cﬁly 4 isolates were-sucéessfﬁliy
tesﬁéd in 1990. However, it has been shown in Thailand
that withdrawal of chloroguine for - treatment  ¢£
malaria'coincided.with an increase;in:éensitivity_to
' _the'.drug.93. Further studies are }eQuired in the
. Kwazulu area to establish the current Status: of

sensitivity to-chloroquine..

9;3;3 Quinine

- The KwaZulu'referénce'isoiates and the 1989% XwazZulu .
field isolates Wexé shown to have a lower sensitivity
to quinine (median MIcs of 1.92 and 1.28 phol/l'and
mean ICgps OFf 0{37_ahd_q.53 pmol/l,'fespectively) than
the 4 1990 XwaZulu field isolates (median MIC = 0.48
' umoi/l and mean-ICBd ='0.06 umol/l) (Table 19). Al) of
the 1939: and 1990 EwaZulu field isolates were
inhibited . at <2.56 pmol/l (Tables 17 and 18)

indicating to sensitivity to this drug.
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9.3.4 sulphadoxlne/pyrlmethamlne

The mean IC50 (determined by the radlolsotope uptake
method) of 1solates arlglnatlng_in KwaZulua pric: to
1987 was 12.52 pmbl/l_(4.4_#mol/l_if the outlying ICgq
df 93.61 pmol/1 of ohé ﬁf the isolates is-excluded):
(see Chapter 7) but by 1989, the mean ICzq (determined
using £he 'mbdification. of the '-WHOI in  wvitro
micratechnique) of 10 Kwazulu field isolates.waé.24.73
_umol/l (15 93 umol/l if the outlying value of 103 97
'nmol/l 15 excluded) (Table 19)

The same pattérn' Qf ' sensitivity _tb sulphadoxine
/pyrimethamine”in these isolates was reflected iﬁ the
MIC values. 72.7% of the KwaZulu referenceli561ates'
collected from 1984 to 1986 had sulphadoxzne MiCs of
£30.0 umol/l (see chapter 7) while only 10% of the
1989 Kwazulu field isclates were inhibited at 30

umol/l or less (Table 17).

The apparent'ﬁecrease in sensitivity to sulphadoxine/
pyﬁimethaﬁine of KwaZulu isolates may be a conseguence
of the increased use of fhis dfug combination in tﬁis
area - since  January 1988. Howéver, further

investigations are reguifed to gonfirm this.

 9.3.5 Cross resistance
_Crbss resigtance was determined_from the ICgzy values

using spearmanfs_correlation coefficients (Tahle 20).
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_.a__-g_,,eak correlati.on batween _eh]'_.oroqdine and .aﬁadi'aguinec
.(r = .0.39} p = 0.239'2'j and a moderete __cerrela't;'ien' .'
_b.e'l:.ween c*xlordquiize and q'uiiz'ine-(r'#-o-s-a, p = 0. 0456)
was shovm. A moderate cerrelat;l.on between amodla.qu.f.ne _
and sulphadoxine}pyrxmethamlne ( r =0, 59, p = 0. 0739) |
and between chloroq‘ulne and sulphadox:me/pyrlmetham.ne _
C(x = 0. 43, p = 0.2520) was shown for the 1989 KwaZulu.

field J.sq.l.ates_ .

Table 20. Ceoss resistance within the flald isolates of Plassodim falciparuy colleoted in
198 o . ' e o - ;. |

. o - .Spearnan 8 Correlatmn |
Drug Comparison L - Coefficient P value

-noﬂi_a@ine § chloroquine S - 038 . o 0.2393
Atodiaquine & quinine o Nt
Awodiaquine & snlph&_dnxine/pyrimethanine’ | 059 - ' 0,0739. |
Chloroquine & _i;uinihe | L 0..5&._ 0056
_Chlorbquiﬁe & sulphadoxine/’pfrinethani_ne S L | - 0.2520
guinine & sulphadoﬁine/pﬂileﬁhanine 3 0.15 -3

* Mot significant -
9.4 Conclusions

Moet of the KwaZulu field. -isclates tested were found
to be resz.stant to | amodlaqume in vitro and the.
:Lndlcatlone are that this drug would not be su:l.tahle
as an alternative antimalarial agent in this regi-on.

‘Chloroquine resistance was shown to exist in northern
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KwaZulu in the 1987 and 1988 field studies and was

confirmed in the 1989 field investigation. However,

 the 1920 '-stﬁdy of '4_' isolatés_ frbm_ th:.s -_a-réa using the -

radioisotope uptuke -'assay,: showed an increése in
c:hlc_:r'bquine. sust:eptibility in _vitro. This may .have'
been a result of the réplaceme_nt of chloroguine with_
'sxiip_hadoicine/byrimet_hémine in northern KwaZulu but
further tests are reguired Lo sonfirm 'this. ‘The low
| _5ﬁscaptibility of isolaﬁes_ from th:i_.s'_ area to
| _sulphadoséiné/pyrimethamihe i:ri 195? '_.may_. ha've". .baéna a .
| i'regui_ﬁ of the iné:eésed use of Fansidar since January
'19:83'. _Althougli_ isolates .from this region required high
leyels of qu:.m.ne to i_nhibit'_' - lzont dev_élopment in
the in vitro test, nost of _f_.hem were inhibited with_in-
. the sensitive rangé of concentrations. It is clear
th__a.t. there iz & nheed to continue monito.ring 'drug

sensitivity in northern Kwazulu.
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10. IMPLICATIONS OF DRUG RESISTANCE FCR THE SOUTH -
| AFRICAN TRAVELLER IN SOUTHERN AFRICA: &
DISCUSSION OF CHEMOPROPHYLAXIS AND CHEMOTHERAPY

10.1 Introduction

Until the iafe_ 1970s, a decision as to which
ahtimaiarial_'drug to take for prophflaxis ‘when
travelling in the southern African fegion’ ; Wwas sinple.

'Chlbi:'oquine was .cheap; well tolerated and'. no
.résiStaﬁce to this drug had beef_l' repdr.ted-. on the

conti;nent. . However; - with the spread of 'chlo::‘oq’uine-
~ resistance to stétes_ in s.oi.zth_ern Africa,. the issué__ha_$
become more _complex.. This énaptér .ihc-l_udes' a review of
current fecomméndaﬁions' for prophylaxis, comments on
the av_‘ailability'_ of prophylactic drugs to the Sou_t_h
 African 'traveller in the southern ._African' 'r-egion and.. a
d_iscussidn of the implications of drug resistance for

chem~prophylaxis and chemotherapy in such travellers.
10.2 Distribution of P. falciparum in southern Africa

P. falciparum malaria occurs in all southern African
countries.®® 1In Botswana, Namibia, = South Africa,
‘Swaziland  and  Zimbabwe, only certain areas are

_'affécted,'_'while in the remaining southern African
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-states, malaria occurs in the whole of the country; In-

-Angola, chores, Madagascar, -yalawi, Mazambxque,
'SWaziland ‘and the Zahbezi_.valléy in Zambia_ and
Ziﬁbabwe, trahsmiESion takes place throughout the
_year} while in Botswana, Namibia, Soﬁth_Africa and in
Zambia and Zimbabwe _exciuding +the Zambezi .valley;
malaria occurs from November to June. In Mauritius,
only P. vivax malaria occurs in the northern rural

areas throughout the year.
1 10.3 Drug resistance ~ in  southern  Africa

Cﬁioroquine resistance exists in all southern African
: countries other than. Mauritius.%? Resistance to
,sulphadoxihQJQYrimethamine_ (Fansidar)  has  been
reported .frdm Angola,?4 szambiqué,_ gambia and
Zimbabwe.95 6.9% of hospital and 0.4% of fielil cases
of P. faleiparum malarla in RKwaZulu failed to- re5pond
- to Fan51dar treatment during March 1988.43 Resistance
to this drug _comblnatlon has also been reported from
‘Kenya and Tanzania®P and, in view of the fact that
PYrimethamine resistancé'is-widespread\in Africa,%? it
is npt_unreascnable‘to expect.thét-Fansidar resistance
will soon spread to all sdﬁthern Africén states.
Isolated cases of qﬁinine resistance have occurred in
Malawi’® and Zambia.?7 MBflaQuiﬁe .resistance was
Qbserﬁéd in vitro in Zambia in 198675 and there have

been cases of resistance to this drug in West Africa
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and Tahzanié.?s

The results of the studies of SOuthern African
refereriCe and field isolates of B. fal.cipérnm have
confirmed the existence af-chloroq&iheVresisténée'in
this region.  Resistance to amodiagquine was showﬁ to
 occur in northern KwaZulu. Southern AfriCQﬁ_isblates.
ware shawn.to'ba fully susceptible to mefloquine but
'reduéeﬁ sensitivity to quinine"and sulphadoxine/_
pyfiﬁethamine was found in some of these P.'faICipardm o

isolates.
10.4 Recommendations for prophylaxis

a1l southern African countries, with the exception of
'Maufitius, fall within the area designated "Zone C" by
 the' World Health oOrganization (wHO) .94 The WHO

recommendations for prophylaxis for this region are:

o

« mefloquine

o
N
| i
[t

doxycycline

. chloroguine + proguanil (if_meflaquine or

O
H
[
[
e

"dcxycycline is unavailable cor dontxaindicated)
or iv. no prophylaxis (if the risk of contracting

P. falciparum'malaria'is véry Tow)

Mauritius falls. within "Zone A" - and - the WHO
‘recomtendations for this area are: |

i. chloroguine
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or ii. where there is a low risk of infectiom,

If Chloroquine + ﬁraguanil'are uéed for prophylaxis in
"Zone €% ar if no prophylactic drugs are taken,
trEVelléfs are advised to carry either quinine,
mefloguine or'fhalbfantrine _for the treatment of
| malaria. These drugs aﬁe to be used “under{.ﬁedibal
subervisicn or where there is-ho'access to a doctor 6r
a hospital. The stand-by drug for treatment of malaria
when' no prophylaxis 1is teken in ”Zoﬁe A% is

Chldroquine.

_Thé=Centefs:for Disease Control,.ﬂsa (CDC)('recomman&
mefloquine for prophylaxis in all southern African
_ countries, exnludiﬁg.nauritius;-whére travellers are-
édvised to _také chlornquine-'éléne.g6 fThé CDC—:
recommended altefnatives to mefloqtine.are doxycycline
or chloroquine. Proguanil is advised in comb‘inat_ioﬁ
with chloroguine for East Africa but nbt for'sdutﬁern |
Africa. The CDC advises travellers on dhloroquine
prophylaxis to carry Fansidar for treatment but
advises against the use cf_'mefloquine for self-
treatment because_&f the risk of serious side effects.
at higher: dosages. Neither the WHb ﬁor tha CDC

recommends Fansidar as a'proﬁhylactic drug.



107

'_10.5 -Praphylactic;'antimalarial drugs available in

 South Africa

At present, the prophylactic drugs available in Soﬁth

Africa ave Chloroquine'_{Nivaquiné), pYriméthamine_

j(Daraprim), chloroguine/ pyrimethamine_ (Dazaclor),

dapsone/pyrimethamine - (Maloprim) and doxycycline
(Vibrémycinj. MEfloqviﬁe.is not yet registered for use
in South Africa but it may be obtdined on & clinical

trial basis from selected doctors. However, the

continued availability o« trds drug is not guaranteed.

Proguanil may be obtaited in angola, Malawi,

Mozambique, Zambia and Zimbabwe but it is not - always

 freely available.?7 -

Chloroquine alone'is-only" recoﬁmended for Mauritius
and thé chlproquine/pyrimethamine ¢ombination is not
recomeended at all. Resistancé to pyrimethamine is.'
widesp:ead'in-Afrida and a recent study.of cultured
isolates of P. falciparum from northern KwaZulu, the
north—eastern.TranSVaal, Moéambique and Mai.w.. showed
that southern African isolates have a low sénSitivity

to this drug (see Chapter 5). Dapsone/pyrimethamine is

‘no longer recommended by the WHO because of the

serious side_effects of this drug combination.

The only available antimalarial recbmmended by WHC and

CbC is doxycycline. Doxycycline may be obtained on
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_prescription but: use of this drug may result in skin'
- photosensitivity and :f.t should therefore not ‘be taken
bj those who are lz.kely to ‘be exposed to- dlrect_
suntight for extended perlods of time unless they are
. protected by an effective sunscreen. Doxycycline
shoﬁié”nbt_bé'given'to children undérfeight vears. of

age and is contra:mdica ed in pregnancy.

One 6ption .opex to 'South (African travellers to
neigﬁbbui'ing countries J.s to start taking thQIOquine
one week’ béfo;_-e leaving home and ‘then +to purchase
proguanil on arrival in orie of.the-Aﬁrican-States in

whi_ch it is availahle. Tha: .ﬁraveller should "i:he_re.a'_ftﬁf

take chlorguine in combination with proguanil.

Heflé’quine ‘may’ be obtaiﬁ‘é.d on a clinical trial basis
but it is contraindicated in certain groﬁps of people.
. It is not recoﬁiﬁénded for children under two years of
age and 1t -sntmld not be. -takeﬁ by pregnant women.
Women of chilciﬂbeaaﬁ:ing . age should not ingest
mefloguine during the three-month period before
conCeption. Mefloguine should not be taken by those
performing tasks -reqﬁiring. fine ICOordination and
spatial discrimination (é.g. éirline' pilets) and 11: is
cdntraindicateﬁ in people taking befa-ﬁloqkérs.and in

tbhise with a history_ of epilepsy.
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 10.6'Tfeatment of malaria in southern Africa

Although ch1oroquina is stillfused;with'snmeasﬁcceSS.

‘to treat malaria in semieimmune: inhabitants of

southern African states, chloroquine would be an

unwise choice  for chemotherapy in non-immune

travellers in this region, considering that
chloroquine-resistant P. falclparum is to be found in

all southern African countries (with the exception of

Manritius).

The results of the in vitro studies suggest that
Quihine and Sulphaddxine/pyrimethamine may be useful
therapeutic drugs, although soms of the southern

African isolates tested showed reduced susceptibility
~to these antimalarials. Both guinine and Fansidar'are
”available in SQuth_Africa.-ﬁefIQQuihe and halofantrine
| were found *o be effective againSt'éoqthErn Africaﬁ

- strains of P. falciparum. Howevar, mefloguine is only

available on special release and halofantrine is not

yet registered for use in South Africa.

10.7'Cbnclusions

The choice of antimalarial prophylactic drugs

available to the South African traveller is severely

 limited. None of the antimalarial drugs registered to

be sold over-the-counter in ~ this country is

recommended by the WHO or CDC for southern Africa,
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IExcept: fef_.Hauritius;febexyefcline'.is" aysilasieﬁ'on”:"
_ﬁfeScription but_is ﬁet'suitablé fqrrcerteihigfﬂuéssﬂf;.

: travellers, and mmfleqﬁine is ﬁet freeiy.ayailable;

There is  clearly an- urgent need “to 'have moﬁe
prophylactlc drugs reglstered for use in this ceuntry.'
Praguanll would be one obvious cho:.ce as . the I'J.Sk ‘of
sericus 31de-effects assoclated wzth taklng thls drug
in comblnatlon w1th chloroqulne for prophylaxls is
._qu:'_and thz_s combination is safe for chlldren anq in
”ptegﬁency. Hbre. importantly, pregusnil has been
reparted to'be'an effeetive ﬁrophylactic'antimaiafial'
in East ‘Afracs and there have been no reports of

' proguanll resz.stance in scuthern Africa.

'. 'Quinine a_nd_- .aulphad.oxlne/pyrlmethamine sre: stlll_ "
effectlve in southern Afrlca in the treatment of P.
'f&lc;parum malaria. However, it may only be matter of
':_tlme before resistance to these drugs appears in thls

region.
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 11. OVERALL SUMMARY AND CONCLUSIONS

'This fhesis.deseribes the charactefisation of Soﬁﬁhefn
' Africen i_sol-at_ee of Plasmodiizm -.falciparum according ﬁ:o
.iSGeﬂzyme_type, antigen variants and sen51tav1ty in
vitro fo . chloroguine, pyrlmethamlne,. ampdlaqulne,
| mefl-oqﬁine_ , .. | guinine, sulphadoxine/pyrimethamine and
' haiqfantrine. “In additien to this 1abera?tory—'b'ased
study_. of -_established isolates, 4 field surveys were
carried out in KwaZulu to determine the in witro
éﬁsceptibility to-ﬂamoaiaqﬁine; chloreqﬁine,' quinine
and sulphadoxine/pyrimethamine of primary isolates

- from this region.

'Ni.het.een southern African isolates of P. 'falciparum )
‘and the Gambian reference isolate, FCR-3, were
cultured in vitro in gass"ed tissue culture flasks
_ us:mg HEPE°~buffered RPMT 1640 medium supplemented '
w:Lth glucose and hypoxanthl-ne. Static cultures
- resulted in saf:isfactery multj.plication rates but by
groﬁing_ isolates in shaken flasks, higher growth rates
and'peak parasitaemias were.achieved. By reducing the |
haematocrit f::om 5% to 1%, it was possible to leave
_these suspen51on ciultures unattended for 3 days, thus
‘saving time, labour and culture medium.

Eolyacryiamide gel electrophoresis involvi'ng 5 enzymes
(GPI, ADA, LDH, GDH and PGD) revealed little variation

amongst the isolates. The frequencies of enzyme forms




112 -

weré similar to those of igolates from other malarial
areas of the world. Eight of the isc:létes contéined_- 2.
forms of GPI, indicating clonal heterogeneity. One of -
these 8 isolates also contained 2 forms of ADA and

another showed 2 forms of LDH.

Antigenic diversity was demonstrated using a panel of
9 'm'ono.c_:lon'al antibodies in  the indirect £lucrescent
"antiboﬂy -te_s_t,_' which showéd thatl southern. African

_iéolates share antigens with isolates from other
- . malarial regioﬁs of '.thé world. ‘Both characterisation
technii;ﬁe_s revealed a. mixture of "parasite types Iin
; soma_ patients. However, the characteristics 6f most of
thesé heterogeneous isalﬁtes'WEre_ﬁbt-stable.with.tiﬁe'
in culture and some isolates bEGame homogeneous dﬁring _
the tesﬁ period with respect to certain fnarkers. By
the end of the investigation, 70% of isolates_'
displayed aﬁ identical anti_ljen patitern, whz.ch was
r_n.arke.dl_y_ different .to .any dbté.ined in other parts of
the wofld. .Differencés mnay bé -dﬁe .td geographic
origin. of - parasites or to ﬁariation in culture

'conc'iiticns in different laboratories.

Several methods ﬁeré used to determine in vﬁtro_drﬁg
sensitivity in southern African P. falciparum
_isc_ﬁlates. In a -48—Iiouf _grdtf th inhibition assay, 4
reference_iSOIates collected in KwaZulu early in 1985
were found to be sensitiﬁre to chldr.oquiné. One of

- these was known to be _éensitiva to the drug in vivo.
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_ Eight isolates wiiic}h.'_ originated 'in Kwazﬁiﬁ _' ':61;-_
: .Mozamblque were re51stan1: to chloroqulne in v:.tro,_'
hav:mg been 1nh1b.1ted at 0.3 uI-I or more. Six of these
isolates were known to be chloroqulne—res:l.si:'wt in
varying degrees i VJ.VO- Four of 5 1solates from the -
North-eastern 'I‘rans:vaal and 2 cllm.cally chloroquz.ne-
reszl_.stant_ Malaw:l.an lsplates . were resistant ".to_
chloroquine in vitro. A wide rangé of pyrimethamine
stisceptibili{:iES lwas“ detecfed f O--.O:i M .tc} > .3..0' M),
althc_augh most isolates were inhibited at 0.1 pH, thus
indicaf:ing' o a 1°W: level of resistance. The
sensitlvities to chloroquine and , to & «asser extent,
pyr:.methamine, fluctuated during the test p_er:..od,- |
probably _bec':au"ée .of' the hetérdgenéou:s'- nature of the

isolates.

Using the rat_iioisofboﬁe uptake assay, the seﬁsitivity :
to h’a‘lbfantﬁine of 18 of the southern .'African_
reference isclates and 3 1solates obtalned in March
1990 from KwaZulu malar:.a patients, was datemined.
| This study showed that llnear 1_nterpolati-on provides a
simple méthod for the determination of ICgq values and
.thaﬁ this procedure may also be used to provide .
estimates of the _IC50_ for the sigmoid dose-response
 method for assessing the ICg5n. The '. ICxS aé |
determined by the sigmoid dose-response procedufe-,'
ranged from 0.039 to 15.000 nmol/l. All isolates had

halofantrine MICs of 32 nmol/l or less with a median of .



114

_8 nihol/l. SOuth'ern. African Pp. falciparum isolates were
found to be similar to those from West Africa in their
.s-erlsitivity' to halofantrine but were less suséeptible
to the di-uq than Bouth—E.as_t Asi?m isoiates. _H.m'wever,.
" the raéuits : of this _é_tudy suggested that somé | local
isolates  may  have .re_duced sus(:e_ptihility' to
_haiof_antrin'e. Further in vitro tests and _Iin_ vivo

evidence are required to confirm this.

. The [3Hthypoxantﬁine incorporation method was also
used to determine the in vitro drﬁg sensitivity of 18
southern African reference_' isolates of P. falciparum

~ using In_tici'o_titre plates pr_edoéed with amodia’quiné,
' __:.dhl_oroquine., nefloquine, ._quj._nine__ and . sulphadaxiné/ -
pyrimethamine. Chlorbquine resistance was confirmed in
those iso'l_ateé 'sht.)wimj resistance - ih the 45—11611::_
growth inhibition "asslay. However, 1 iadlate_, RSA 13,
which was Sensiti've in the 4s3-hour assay, was found to
be resistant ‘E_o the drug in the radioisotope uptake
assay. This is assumed tb be a cbnsequénce of
selection in '_dulturé of c_hloroqﬁine-resistarit clones
in this isolate over ﬁime.. All reference isolates,
with the exception of 2 Transvaal isoiates; were
sensitive tc amodiaquine in vitro and a.il of these
isolates were fmi_nd to be refloguine-sensitive.
However, these isolates were found to have reduced
susceptibility to quinine, with .8 isolates béing.
inhibited at only .the. highest .c;cﬁée:ritration testéd of "

- 2.56 umol/l. Four isolates ‘were ot _inh'ibited' at this
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1evéi,f A wide rahge -of su1phad6xine/pyriméthaminé
- sensitivities (10 - >100 pmol/l) was sho'wn_ amongst the
- southern African refefence isclates. There was .som_e
cross reéistanee_ between chloroguine and =2ach of
amodiaquine, mefloquine and _quininé and .betiween
: qu.ini'ne. and mefloquine. A moderai:e : negat:l.ve '
correlatlon was found for these isclates between .
meflbqu:me and sulphadoxlne/pyrxmethamlna and qulnlne

&nd sulphadoxlne/ pyrlmethamlne. :

Four in vitro drug sensitivity st ‘ies were carried
out in northern KwaZulﬁ_from 1987 to 1990. In May 1987
‘and January 19’88'- the chloroquiﬁe senSitivity of P. _
.falclpamm in the Ubombo and Ingwavuma dz.strlcts of
KwaZulu was ﬁeterm::.ned by a mod:.fied .in vitro
mlcrotest in which the patients’ plasma was replaced
with non—immu:ne human A:B serum and the test plates
were incubated in an atmosphere of 3% 0,, 4% CO, and
93% N,. A success rate of 74% was achieved using this
tebhn-iq'ue. All. of 23 successfully tes_ted isolates from
malaria patients reporting to clinics and a hospital
in these aréaLé_ were found to be resistant to
: chlbroquine, schizogony beirig: inhibited at 32 pmol pex
' .'weil in the majority of tests. Six out of 8 isolates
obtained through active: surveillance in the Ubaombo
district were found to be resistant in varying
degrees. Malarial parasites collected from clinics an&

a hoéspital in the endemic area did not change markedly
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- in the:l.r J.n Vltm respense D ch}.oroqulne during the

: S-month period from May 1987 January 1988,

Two field_ investigations were carried out in Apfii "
1989 and March 1990, using i_:lood- . samples collectued
froﬁt euepected malaria patients reporting to clinics
in the Upombo district of RwaZulu. In the 1989 im
vitro field. survey, in which the 24—-hour in vitro
microtechnigue was used to determine drug seneitivity ,.
only 1 isolate from this area was “found to be

sensitive to amodiaquine, and 12 out of 14 isoclates

tested were resistant to chloroquine. Analysis of - -

verience was used to compare ‘the me’an 'chlorog{uine-
ICgys of the 1987, 1288 and 1989 f:l.eld isolates and
no szgn:.flcant difference was found. However, in the
1990 fJ.eld investlgatlon, in which - the radz.olsotope
uptake assay was used tc assess drug susceptibility,
the 4 isolates tested ‘were all sensitive to
chloroguine. It is-_ poss:.ble tha_i.:' this apparent"
increase in chl'eroquine_ sensitivif.y -may: be a
consequence of the replaqement ‘of chlorogquine Wi‘Eh
Fansidar for the "Ereatment of P. falciparum malaria in
this area. However, the 3_.990' KwaZuiu reeults «xannot Ibe
directly compared with the 1987 , 1988 and 1989 field
results as different methods were used to determine
drug sensit.ivit_y. and oniy 4 isolates were successfully

tested in 1990. Purther studies are required in the

KwaZulu area to determine the current status of

sensitivity to chlorcquine. A1) of the 1989 and 1990
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fieid“isolatéé aefé.iﬁhibitéd atfz.Ss pﬁ01IQuinine/1
bﬁt.tha'iQBQ KwaZulu field isolates were_showh to have.
a lower éensitivity to quinine:thaﬂ the 19§u KhAZula
field isoclates. Isolates collected in 1989 were found
to have a low susdéptibiliﬁy _fo sulphadoxine/
pyrimefhamine, with cﬁly 10% of these isolates'being
inhibited_at SBD'pﬁol/l._This may have resulted ffom
'the increased use of Pansidar in this region since

January 1988.

qu _the 1989 KwaZulu field isdlates; a weak
correlation between resistaﬁde tb _dhloroquine ang
émodiaguiné and a mnoderate correlation between
rasistance to chloroqﬁine”and quinine was shown. Some
cross  resistance ‘between = amodiaquine and
.éulphadcxine/pyriﬁethamine and between chloroguine and
sulphadoxiné/pffimethamine *ﬁas élso shdwh for these

"isdlates.

In.& comparison of the 48-houf Qrbwth inhibition assﬁy
with the fﬁdidisatope uptake.assay, it was found that
the [3H]-hypoxanthine incorporation assay yielded .
lower ICz, values than tﬁe.éaehouf assay in 15 of the
.18 isolates cémpared. The difference in the.mean ICSOs  
' in the 2 assays was statistically significant. Tt is
possible that this difference may be due to the effect
of thé.drug being detected ét:a lower conceﬁtration in

the radioisotope assay than in_the growth inhibition
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assay. It_is clear that direct comparisons-cénnﬁﬁ he -
made. between in vitro  drug sensitivity studies
empldying'different_assays.lﬂowévef; rega;dlessiéf thé |
method used, in vitro sﬁudies.give a gob&-indicatidh

of the.drug seﬁsitivity of parasite populations.

 Apart from 2 in viffo thoraquine sensitivity stﬁdies
of Natal and KwaZulu isolates of P. falciparum in
198540 ana 1987,%6 these laboratory- and field-based
Hiﬁvéstigatichs. are the first in ?itrﬁ. drug
suscepﬁibiiiﬁy.sﬁudies of South AfricanniSOiateé; The'

.reSults ‘have serious implications for the Souﬁh_
Afridan-traveller in southern Africa. At present, thé
prthYl%ctic grugs ‘available in this country are
._ chlordquine' (ﬁivaﬁuine}, pyrimethamine [ﬁéraprimj,.
chlorpquin.e/pyrimeﬁhamine {Daraclor), dapsone/
pyrimethamine (Halop:im) and doxycycline (Vibramycin).
The only available prophylactié antimalarial

 recoﬁmended.by WHO and €DC for southern Africa, is
doxycycliﬁe.. This drug is not -aﬁailable over~the-
counter and is not suitable for all fravellérs; The.
results of the in vitro stﬁdies suggest that quinine
" and sulphadcxine/pyrimethémihe may be  useful
therapeutic. drugs, although some of the 'southern
African isolates tested showed reduced 5uscep£ibility_
to these al_itimalari_als. Both quinine and Fansidar are
aﬁailable in South Africa. Mefloguine and halofantrine
were found to be effective against southern African .

strains. However mefloguine is only available on -
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_special release and halofantrine is not yet registered
for use in South Africa. There is clearly an urgent
‘need to have more prophylactic drugs registered for

use in South Africa.

The results of this wiaracterisation study of southexn
African isolates of P. faleiparum | revealed
conSide;ablé diveréity in the region,.thus confirming
the‘.finqiﬁgs of. similar .invéstigations: in - other
malérial areas of the world.> This_is not sﬁfprising,'
as it _n_bw .s__eems that most, if not all, isolates
posagss_ unigue characﬁe:istics. - The isozyme and
antigehic studies showed = that southern .African
isolates éhare variants with isolates frdm _other
malarial areas. However, the typing with monoclonal
' antibodies revealed an antigenic_ pattern in 70% of -tﬁe
 southern African isolates which was markedly different
- from other geographic regions - Both ‘characterisation
techniques révealed_ ‘clonal mixtures in some of the
isolates. Drug susceptibility in this region could be
correlated with 'the intensity 6f @y oy _ﬁse and
population migration. This'studf has provided a bank-
of well-characterised southern African isolatas of P.
falciparum for use in research on .various aspects of

malaria.
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12. GENERAL DISCUSSION

_The field of malaria parasite research is a .dyhamic_
one and there have been many new-dévelopments since
“the .comple'_l:.ion of this study. In this chapter, the
various 'groblems associated = with | P. falciparum
isolate c:haracterisation are discussed ._an& '_ fi_ndihgs-

are related to recent developments.
12.1 In vitro cultivation of P. falciparum

~ Because of the long-term nature of this project, it
was nec_eséary ts first esﬁabiish t.he_ P. falcipa_rizm
isolates in culture before _carryiﬁg' out the
characterigation studies. The adaptation  0£ -the
southern African isolates to culture conditions formed
a major 'part. of the work. This section cont.ains.
discussions on the problems associated wi'l:.h,' and
recent develdpménts in, the establishment of gtrains,
gametocytogenesis, clonitig of iSo_lates and cross-

contamination between laboratory lines.

T 12.1. 1 Establ:l.shment of southern A:Erz.can strains of
P. fa.lciparum

lI'he establishment of strains in vitro was fraught with
many difficulties. Of 75 isolates initiated in
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-7ﬂultura,. only 16 becanme adapted ta ‘ the _culturef
“candltlons. The malﬁ areas in which prohﬂems ‘were

pxperlenced were in . the trmnspart of infected tﬂood

spec:l.mens,  the chlturzl.ng of cryopreserved field :

isolaters - the optx.mising’ of c:ulture conditions and

ccntaminatlon.

12.1.1.1 Collection '6f P. falgiparum isolates

As malarla is under Lhe control of the various health

-authorlflas w1th1n the Republic of South Afrlca, the
Gontrol pmogrammes h91ng almad at both the nwsqulbn

vectors and the’ paraslte, the incidence of malarla is

:t'e!latz.vezljgr low when c:ompared w:.‘th cs‘l‘:her malarlal areas

of thé world.sﬂ cOupled with the low number of cases, .

‘was the problem of obtaining chloroqulne—resistant, &3
well as chloroqulneﬁsensitlve, isolates. At the-time :
when 5peclmens were belﬁg collected for thls project,
i.e, between_quly_1984 and.Feb:uary 1987, chlorcquine
resistance was bnly:just beginning:td'emerge in south
Africa,3?,40,41 altl‘éough resistance to this dﬁug had
been reported earlier from szambiqae.Qs The isolates
collected ih 1934'End 1985 were mainly chloroguine
sen31t1ve while thOJP callected in 1986 and 1987 were

: resistant to the drug‘.

Most of the isdlateﬁ were coliected on field trips to
the malarial areas ©of KwaZulu and the north-eastern

Transvaal. Other - isolates were obtained from
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- hospitals, mainly from patisnts who had failed to

respond to chiloroquine treatment. Because.df'the”lang

distances 'between ithe collectlon points and the_':

laboratory in some cagses, many :Lsolates lost Vlablllty.
during transport. Infected blood specimens were
génerally transported on ice. and were normally
délivered to the laboratory Wii:hin | 24 houxs of
| ‘collection. -dn' exéminéfioﬁ of .the ‘specimens on arrival
at'vthe 'laboratory; many specimens were found to
contain morphologically degenerate parasites which

subsequently failed to grow in cultu:r:e,. _

12.1.1.2 Culturing of cryopreserved 1solates
In -cases where it was not possible to deli‘ver thé
infected blood sample to the 1aboratory w::.th:Ln 24
hours of collectlon , isolates were cryopreserved in
the field laboratory kefore being transported to the
main laboratory in Durban._in.an atteﬁpt_ta ensure
viability of the isplates, infected_erythioﬁytea were
cryopreserved a.s 'so.on as | poséible after collection.
:AlthoughISQme success was achieved in cultﬁring these
frozen isolafes, the success rate was relatively low.
Of the 47 P. falciparum-isolates drYop:esefved, only

six were successfully established in culture.

12.1.1.3 Culture conditions _
There are many factors to consider when culturing Pb.

falciparum. These include the type of culture vessel
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t_ised:.'- '.whether the cultute is. heid ‘in 'sdspehsi-on or
 whether i£ is static: mediﬁm, erythrocyte, serum and
._gas requlrements' 1nit1a1 para51taemia'_ and use of'_:
antn.malar:l.al drugs by the patlent pr:l.or to callectz.on .
of. the blood specimen. The conditions for the
.eultiﬁatiOn' ef the southern African_eStrains_ are
' described in Chapter 2. Geﬁeral gﬁltivation procedﬁfes
" for eﬁythrocytic'sfaqes-are.adeﬁueﬁely'deeeribed by .

Jensen.??

For .the‘ "'establisﬁment-' of the ecuthe'i'n african sti:éiné
-of | .P'. falc:.parum it was advantageous to have h:r_gh
J.Iut:.al parasrtaemlas, although sone ,1solates with as
few asao.l% parasitised-erythrocytes_were:sucqasafully

' '.cul'tur-ed .

Meny of the"patients, especially those who were
hospltallsed or who had attended a clinic, had alreedy
been treated, usually Wlth chloroquine, prior to
callection of the infected biood specimen._ Thi.é- was
found to adversely affect the success rate in .
establiehing streins in culture, although eight of the
southern African isolates, nameiy RSA 6, 7, 8, 10, 11,
12, MW 1 and 2, were all obtained from patients who
" had rece:Wed chloroguine, .'_'yet. -were successfully

cultured .

The quality of culture medium, serum and erythrocytes
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was found to be very importanﬁ in.tﬁe'éstablishmént of'_
' growth of P. falciparum in vitro. RPMI 1640, obtained
from Flow'.taboratories, was :outineiy"used in the
cultivation of the_sohthérn\afripan isolates. As funds
were limited, it was decided to kry. a' cheapér source
of medium and ?PMI 1640 was thained frdm a local
company . Unforl‘_;unatély;_ this prfjﬂuct consisteﬁtly- g&_ive
N poorer growth rates in eéta}‘ -.I.iéhed- isol&tes than the |
- overseas product and was found to be unsuitable for
the adaptatlan of new strains to culture cond:l.t:l.ons.
However, this local medium was found to be suitable.
for short-term growth'exparlments e.g. in vitro drug

sensitivity tests.

HaﬁyndiffiCﬁlties were éxpetienced in obtaining serun
 for thé'quplementation-of'thé culture medium and it
Wasz not always possible to  user pooled .serﬁ from -
different donors, as is xecommanded,9? Whoie blood,
normally A—positive, collected in':a serum pack
cantéining no anticdagulant -and 'sbreéned 'for'.thé
pﬁesen¢é of malaria - antibodies, was 'genefally
purchased from the local blood bank and the serum
removed after coagulation of the red blood cells.
However, not ail batches of sera were able to support
the growth of P. ;falcipafum : .111 vitro. In one
-exﬁeriment , an attempt was made to 'eét‘ablish 34
isolates in culture but none grew. It was subsequently

discovered that the serum used was not suitabie for
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cﬁitivation as it was not.éblé to suétain the grawth'¢f-
culture~adapted isolates. After*fhis.discovéfy;.each.
new batéh' of serum was tEStéd,-for its' ahiiity to
sustain the growﬁh.of established strains before being

used for the establishment of new isolates.

In an attempt to find an alternétive source of serum,
'thé_ébility of bovine serum fo_support the growth of
. P. falciparum in vitro was compared with that of’human_ 
| sarﬂm (fesu1ts not shown), Isolate RSA 10 wﬁé cultured
in Suspéhsion.in gassed tissue culture flasks in the
| rduﬁina culture medium'supplehented with either podléd
_hﬁman*serUm {group o—positiﬁe, 10 donors) or pooled
-bovinéssérum (10 animals) for 96 hours. The medium Was 
replenished daily. After %6 hours, the growth rate in
the human serum-supplemented medium far exceeded that
in the medium enriched ﬁdth'bovihe serum. Parasite
numhers.in.tha 1atter-medium increased slightly in the
_fifst two days and then decreased and pafasifés becﬁnie
.mprphoidgically degenerate. It was concluded that
bovine serum was ndf ‘a suitable substitute for human
serum in this culture system. Divo and Jensenl®?
reporﬁéd that boyine serum needs to be supplemented'
with 0.3 - 1.2 pmol/l hypoxanthine in order to
adequately support the growth of P. falciparum in
vitro and thét growth rates in Fkovine serum=~
sﬁppleménted'medium were lower than those in medium

‘enriched with human serum. Other workers have reported
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in-the cultivation of P. falciparum in Vitro.;OII
Recently Ofulla et él.loz"déscribed .&"serum5free
_medium'”enriched with bovihé albumin and lipids-
cholesterol—rich_' mixture which was .reportedﬁ to
adequately 'suppq?t the gfowth, of P. falciparum in
culture;"HoWever; it i= not knoﬁn-whether this medium
s dduld be'used-ih the establishment of primary 1501ates
as oniy culture-adapted stra:.ns were used in thelr
expﬂrlments. As human serum is costly and not veadily
'avallable, the development of an effectlve serumifree
medium would be a great advantage in the cull,lvatxon'

.of P, falciparam

Eryfhrbcytes were obtained from donors.erking in the
laboratory. Aithough this was never quantified, red
- blood cellis from some donors 'cdnsistently.'yielded
higher growth rates for anf one isolate~'than'_did

erythrocytes from other donors.

Although every care was taken to work aseptically, one
pxoblém which freguently arose was that bf 5acterial
~and fungal contamination of_the_cultureé. This was'
often due to'contamination of the original sample but
sometimes -1solates become contamlnated within the
cultivation environment. This contamination arose 1n

spite of the voutins use of gentamycin (50 ng/1l) in
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the culturé-ﬁédium, presumably by haeteria’rgﬁistant_-

to this antibiotic.

:I:n an eval'uation of 18 aritir&icrobiél agents, eight"
were _fdund to be suitable for routine use in the
cultivation of P. falciparum;-These were straptomycih,
QEntaﬁycin,"' kanaﬁycin, 'chioramphenicol,. chlor-
tetracyciine,:hystatin and aﬁpﬁotericin B.1°3.Alth6ugn
'some success ~was achieved - with . the use of
chlbramphenic011°4 in’ the. ellmlnatlon “of the
'contamlnants in the southern Afrlcan 1solates, 1t wés'
genen iy - easier to dlsca‘rd the contaminated culture
Vdnd-hegln again with a crybpreserved aliquot of the
same 1solate, as the use of this antibiotlc adversely

affected growth rates.

12.1.1.4 Use of feeder cells in the cultivation of
P. falciparum | | | |
Some workers have reported on the use of 'féédér' cel_lé |
in the adé;if_.ation of 'primaij isolates to '-ccn"tinizous o
~ culture. Mazier et ai.lqs fbund that by growing P.
falciparum on monolayers of hepatocytes, the success
rate of adaptation was greater than that obtained in a
ﬁodification' of the candle jar method and that
multiplication rates in established strains increased.
Philiips et al.106 used cells washed from the mouse
_ periﬁoneal cavity (MPWC) to 'estébli-sh 'strains that

would not grow without these MPWCs. MPWCs also
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increased the growth rates of established “strains.
‘Feeder cells were not used in the establishment of

southern African isolates of P. falciparum.

12.1.2 - Gametocytogenesis |

The ability to produce gametocytes in_vitrolis one of
the biological .chéracﬁeriétips_ of  P. falciparum
jsolates. Although this_pmbyerty was not one of the
éubjécts of this study, some obserVatibns' on
'-gametmcyte productlan in the southern Afrlcan 1solates
.were made during the establlshment and maintenance of

these strains in vitro.

Although gametocytss' were not seen in all of the
_ori:jinal blood' Famplés, all of the sou‘l:hern African
isolates produced gametocytes at ‘some time during
routine . culture. Several. workers ‘have found that
qametocytogeneSJ.s is reuuced in :Lso'Lates that have

been cultured for long periods.107 It has also been.
fc‘jun.'d' ‘that infectivity of gametocytes to Ihosquitdes
may also be adversely affected in long~term culture.
It is thereforé récommended that aliquots of isolates
found to be good producers of gametocytes shOuid be
crYopreserved.as soon as possible after initiation in
culturea_Whére possible aliquots of the original blood

specimen should also be frozen down.

Stimulation of gametocytogeneéis'has'been-aChievq& by
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the g.‘uppll-ementation of _ the gulture medix_zm with
~ nypoxanthine (50 mg/1).197 The culture nedium used in
the cultivation of the eee::uel_' stages of the 'southerh
African isolates was routinely supplemented with
hypexanthine (44 ng/1l) as this was reported to impreve
parasitic yields.ll This enrichmenf- of the medium may
- have promoted the product:.on of gametocytes durlng

routine culture of the southern Afr:.ca:; ‘gtrains.

Many chemigals = have been repbrted ~to  induce
:'ga:letocytogeneels in cultures of P, fal_cipa-ra'm, the
most recent of these being Berenil;, a substance which

~ inhibits the synthesis of DNA, RNA and polyamine.108

Using the method of Ponnudurai et at.,}0? in which
'gametoeytogehesis" was stimulated .b’y. adverse cullture_
conditions produced by -the non-addition of fresh
erythroeytes to the cultui-es , gametocytes were.
produced by a coileague_ (IB.L. slﬁarp) in four of the
southern African referemce isolates.110 The rate of
gametocyte production was high when compared with that
of African and South Amerlcan :Lsolates reported by |

other wo::kers.

Using: +the gametocyte—synchronisation_- methoed of
Ponnudurai et al., 'l mature gametocytes were
successfully produced from RSA 2 on three gseparate

- occasions (J.A. Freese - unp’ﬁblish'ed data). Although
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“coloniéed Anopheleg - arabiensis mbsqﬁitqes failed. Tt
is not known whether . the gametocytes were non-
_'infective or whether tha mosqultoes ‘were refractory to
infection. ‘This aspect of  ma1ar1a research is
currently being further investigated by a Ph. D.
étudent_ in the MRC laboratory in Durban using the
southerﬁ African reference.isolates ah& N?54.112 The .
successful infection of mosquitoes by the southern
African isolates wnuld open up new avenues of research

1oca11y.

12.1.3: Cloning of P. falciparum isolates

Tt is widely accepted that most, if not all, isolates
of. b. falclparum are _comprised of at least two
C1ones. When carrylng out characterlsatlon studles it
-is desirable to 1nves.t1ga-‘t..e pure clones rather than
isolates;'waever, attempts at cloning two southern
African 1solatea proved unsuccessful and, therefore,

clones were not included in this study.

Clones may be produced-from heterogeneous isolates by
means  of - limitihg dilution®13 or by
mic:réma-nipulaﬂ:ion.-11‘1 ‘The results of this study
suggested that many of the southern African isolates
.Were comprised of genetically diverse c¢lones. For
-exéinple-, "RSA 2 displayed a mixéd reaction with

‘monoclonal antibodies 9.2 and 10.3, while RSA 15 had a
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mixed reéctiqn_.to antibddias{x7.3; 7;65_:9.2;_:;3,3;
12.1, 12.3 and 5.1, contained two Eorns of GPI (1 and
2) and :variéd' in its _-chlo:'bq;ﬁiné'.'mc at diff-erent
fiﬁes ih'culture;.httempts to.clonestheSE two isoiatés

by limiting dilution proved unsuccessful:. One of the

' possible reasons for failure to. produce _'dlones_ may .-

have been that the cluming procedure was carried out
in a staﬁic sjfstem' whereas . these 'isolates were
‘routinely cultured in suspension. Indeed, it was
__éubsequenﬁly found that lthe ‘success rate in drug tests
éarfiEG out on the southern African 'i-s'b-lat.esf which
© were also performéd ih a static system, was iﬁproved
by 'allo;eing th’e isolate to grow -. for several .days in
flasks that were not shaken, prior to carrying out "f_;'lie

tests.

12.1.4 Cross-contamination of P. Ffalciparum isolates
One .of' the problems assdciated w.ith_ mainta_iniﬁg 'mény
isoiates_ of P. falciparum in one laboratory is the
danger of cross-contamination between Strains.n's This
may arise through mnislabelling of flasks and/or
through use of the same pipette to add culture medi_u'm.
or efythrocytes- to more than ~one isolate. Using.
several 'ge_net'ic. markers, Robson et al.l1® found a
nﬁmbaf of isolates and clones wused in .r.nam:-_'
-labbratories to be ideﬁtical'. They suspected that. this.
had result’ed from cross.-cantamination. '~ They

recommended that clones rather than nmixed isolates be
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used in laboratory investigatichs and that each clone .
(or 1sola‘te) ‘be monltored regularly u51ng‘ a set of

appropriate markers-

The variations .o'ver time in éﬁ-lture with respect to
reactions W:Lth monoclonal antibodies, isozyme type and
drug sensitivity 111 some of the southern African
iéolates has been ascribed to clonal mixtur_é.s. prevér
there are some. instances where contamination of otie -

isolate with another is a distinct possibility.

Tn the 'enzyme typing of isolate RSA' 3, '4'ar'1.d 6, both
GPI-1 and -2 wWere present in the th::.rd lysate prepared
' from these :Lsola'tes but only GPI-:L was present in the
first and second lysates. It is possiblé that GPJ."Z
was present in these isolates at the time of
preparation of lysates 1 and 2 but that the number of
_pdrasite"s exhibiting this isbzf‘me was S0 s’mail, that
it was not detectable on the stained gel. However, |
another possibility is that in the time between the |
- preparation of the 2nd and 3rd lysates, these three
isolates had become coutaminated with one or more.
isolates containing both GPI-1 and -2 such as RSA i,
12, 14 or 15. In addition to this, 10 of the 19
southern African isolates exhibited the identical.
isozyme patterr as FCR-3, _:i-.ndicating the possible

contamination of these strains with FCR-3. |
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In ‘the “typing with monocloxial- antibodies, 70% of all

isolates tested exhibited an identical .antigenic

pattern at the end of the three tests. _".Ehis was
ascribed to the possible dominance of this particular
antigenic patterﬁ in  the natural P. falciparum
population which was selacted for under the laboratory

conditions. Howevér, another explanation 'cc_m_ld be the

contamination of *“hese isolates with one or more

- isolates showing this particular antigenic pattern,

namely RSA 10, 12 16, MW 1 and FCR-3.

- Fluctuations over time in mensitivity to chloroguine
1 : :

and pyrimethamine of the southern Africasi isolates

. were also ascribed to their heterogenic nature. This

may hdave been a reasonable explanation in the iaajority'

. of casés where the MIC of a given isolate differed by

only one concentration increment in the three 48-hour
tests. Howéve::, two isolates differed in their

pyrimethamine MICs between the first and subseguent

tests by more than one concentration increment. The

MIC of RSA 7 in the initial pyrimethamine test was 1.0

M but was found to be 0.1 pM in subsequent tests

Similarly, MW 2 was not: inhibited by 3 uM.
pyrimethamine (the highest concentration tested) in
the 1st test, but growth was inhibited by 0.1 uM

pyrimethamine in subsequent tests. These two isolates

~ may have become cohtamihafed by an isolate with a

_lower pyrimethamine MIC, which outgrew the original
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'isolate 1# ;iﬁfo. RSA 13, which.Was_foundrin the'48- “
hour gréwth 'ff:_i.nhi_bition assay to  be 'sehsitive-_- tb_'_
_chléroqu\’ !iﬂe, | was subsé.quently shown 3.n the
radlolsotope uptake assay to be res:Lstant to th:.s
drug._ This ce_auld be -exp_]_.a*_;ned- b}r the selection of
resisktant ©lones | in - thi.s.. .:’L.solate or by the
" cantamlnatlon of RSA 13 m.th a chloroguine-resistant

1solate.

. IfiE the southern Africah réf*erence- isolates described
| in this thesis are to be used for further. lahoratory
.mvestlgatx,ons, both 1acaily ‘and wverseas, it is
essential that tisy be checked for possible cross-
-cdntam-inat_:ion; Recently, Wooden et al.}1® geveloped a
methi::d_. fcéir distinguishing between P. falciparum :
strains in 'ti'le laboratory, based_ ori the polymerase
chai.n reacr‘ m (PCR)' technique. Using primers' that .
ampllf:l.ed unconserved repeat regions in the ganes-
codlng for four surface ant:l.gens, they were able to
distinguish strnins on the basis of the size of the
- amplified products in three of the four g;enes;
Together with a simplified method for the isolation df
DNA from the isolates, they have described the
canditibns for the PCR assay uéing a very small amoun‘t_
of culture materlal which yields a unique ‘banding
pattern for each atraln, ‘This method will make
possible the rapid detection of cross-contamination

'betﬁreen_; strains. It is the 'int'ei'ltioz_l' to use this



technique to 'dEii-efiuine whe{iher nixing of the southern
Afritan isolateé has occurred during routine

c!iltivat:_i.on .
- 12.2 Eriz‘ymé typing

: Chapte:f 3 describes -the. isbzyme characterisation of
the southern Af.riéa.n igsolates of P. 'falciparum using
pciyacryiam_ide Qel electrophoresis. This method was
fpund' to be superior i:_o-_ .s'tarch gel electrophoresis in
the reso_lutipn of bands.. In sp.{te of this impfovement',
however, flat bed polyacrylamide gel alectrophoresis
of PGD aid not produce discrete bands and it was found
that a vertical . electrophoresis sy.Stem. ‘using a 4%
s.tackiﬁ'g gel and a 7,5% running gel pro.duced a better
result. Lysates were mixed w::.th an equ_él volume of 50%
glycerol in PBS and the wells were loaded with 10 pl
aliquots. The ‘system was allowed to run for four hours
at 200 V. This ve_rtical systein was .also used to
| confirm the .resuli;.s_ obtainéd fd.f GPI and ADA on the

‘flat bed _system;

It was found that freezing and thawing of lys:atés'
caused the enzyme 'adtivity' ‘to decrease ,. resulting in |
-faint. bands. To overcome this problem, 1§gsates were
ali&;uét‘ed into several Nunc ‘ubes to allowf the enzyme
_.pattern of each lysate to be examined several t:i._mes

without having to thaw and re-freeze the same gample
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- for-each run.

This '.'method_ of é::haracfgﬂ*iSihq Plasm‘odirjm pérasités was
first 'developéd_ for rodent malaria species and
revealed cohsiderabie.inter— as well as intra-species
diversity of enzyme forms. 117, 118 Enzyme typlng of P.
fa101parum was first carrled out on isolates from the
Gambiallg and-from several regions in-WEst and East
Africaxéo and has since-been'carried'aut in several
malarial areas'qf thé world.® Although similar forms
of é&ch*éhﬁymé are found in different countries, some
differences in frequenCiés of'different-isszmes have

been observed.>

The technique of &enzyme +typing is not as
dlscrlmlnating as other characterisation methods but
igozymes have provided useful markers for clonlng

and genet10121

experlments. .ISOIates. exhlbltlngf twp
forms of one oy more:enzymés mayibe cloned and the
isoﬁyme type may be used to identify the'resulting
clongg.113:C10nés identified by enzyﬁe pattern have
. been used in genetic studies in rodent ﬁalaria and in
P. falciparum.12l In a crossing ekperiment'carried out
. betwean two clones of:P. chabaudi, 1 exhibiting'PGDezl.
and LDH~3 and the other showling PGD~3 énd LDH-2, four
classes of prdgeny clones weré_obtaiﬂed: two parental
.(PGDﬁszDH-SI'and PGD-S/LDHfZ} and  two fecomhinant-

(PGD-2/LDH~2 and PGD-3/LDH-3) types. The ratio  of
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'_pai:éntai :recombinant types was close -td‘ the preciir:ted
. ratio. This study also showed Ithe blood forms to be
ﬁap‘lcid.._ Enzyme forms were ‘also used as one Of the
markers in a crossing experlment betWeen two cloned

_lines of P.: falclparum 121 gnis study revealed that'

cross-fertilisation occurs readily between parent

clones, that the blooﬂ forms of P, falciparum are
haploz.d and that sone genomlc rearrangement' takes.

place during hybrldlsatlon.
12.3 Antigenic diversity and variation

12.3.1 Antigenic diversity

_ .Tﬁa: typing . of southern African strains of P.
falciparum revealed ant-i_génic diversity ambng.st-
pafasi{:fe from this -regioﬁ (see Chaptur ™ 4). Antigenid
diversity i"_s' of coh‘siderable ' rele*rance t6 the
development of a vaccine as many of the molecules that
exh:n.blt th:.s da.Versity are 1ike1y to be targets of

protec‘t:ive munlty 5

Antigenic diversity of P. falciparum has been
demonstrated by a number of workers usi ng various
techniques and many of the antigens studied haﬁre been
well characterised (for reviews see refs 5, 122-125).
. Di#ersity has_beaﬁ revea1éd_in fhe_folldwing antigéns;

s-antigen;5r1'22*123'r124"125 merozoif.e surface Iant_-.j.g'en—

: 1 (MSA-1, also known as the 195K protein,.P190}=the
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200. kDa protein, the polymorphic schizont antigen
(PSA), -_the. pre¢ur3'dr to the major ime’rozcite_. surface
antigens (PMMSA) or g§185)}5{13?'133¥;?4..mérozoite
surface antigen-2 {MSA;2)3123f123r124' the CS p:oteih?

related antigen (CRA, also known us Exp-1);°:122
histidine-rich proteins (HRP-I (or KAHRP), HRP-IZ,

HRP—III. (or 'SH&RPj):122f125 the ringninfeCted.
erythrocyte surface. antigen (RESA, also known as
- Pf155)5122 apna - the  ciroumsporozoite . (C8)

" antigen.5,122,125

‘The SFantigen is a solubla, heat~stable protein which”'
is ségreted into the parasitophorous vacuole and
released upon schizont ruﬁture.'s—antigens are found
in thé séra of individuals who have been exposed to P,
falciparum parasites. .Immuncdif_fus.ion tests. revealed a
large number of antigenic'specificities and studies
suggest that there are over 50 distinct serotypes of
| Seantigens..These immunélbgicaliy-distinct types have
been shown to have a world-wide distribution,
Molecular studies have shown s-antigens tp' vVary
.qonsi_derably in size and sequence. They have been
shown to possess similar N- and Citerminal regions but
their central regio’né, ..-wh:i;ch consist. of ‘tandem
repeats, differ markedly. There is evidence to suggest
that Sfantigehs may be a target for protective
immunity. Firstly, sﬁudies in the:Gambia_:evealed £hat

malaria ~patients exhibited = different  'S-antigen
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serotypes in-!subéeqnent infections suégesting that
they were protected from infection by ~parasites
.beariné the original s-antigen type. Sécoﬁdly,{
| mbnoclonal'.éntibodiés dir90t9d~-agéinst S—antigen#
~ inhibited eryfhrocyte'invasion_in vitro. Howeﬁer,-the:

exact function of thé_se proteins is not known._

' MSA-1 is a polypeptide of apprbximatelj 200 kDa Which__
‘i broken. into smaller frégmenté -at . the timé of
 sghi£gnt rupture; The MSA-1 sequence - has been
__deterﬁinéd for seven isolates of P. falciparum and the -
f:antigen has been shown to he dimorphic. This molecule
is 'composed of '1?, blocks, including *thé _highly~
‘conserved Nf_.and ;c—terminals which_ flank regions
differing in their degree of variability; Recently,
' Miller et a1.126° re~analysed all published MSA-1
seguences and found the -dimorphic.'region o be a
patchwork distribuﬁioh‘f:qm the 5’ region df_block 3,
rissing block 4, through blocks 5 to 1is. ‘Based on
etudies of inhibition of parasite invasion in vitro,
it is tho:zght that'the fepeat regions. of MS&¥1 may not
be very immunddominaht. However, some epitopes. at the
N~ and C-terminal fegibns are thoughﬁ to.ﬁlay a role

in protedtive immunity.

| MSA-2 is a 45-52 kDa membrane protein located on the
merozoite surface. This antigen consists of conserved

N- and C-terminal regiong with a centrally-located
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domain of repeat'sequenqés; These 'rep'ea'_té. .éfe ' :Eianked
by _ndn—_-r_epeti’cive variable regions which defi_ne tﬁa :
:_:',mﬁjdr MSA-2 ygene families . MSA-2 is thus diﬁofphic.
| :'[s'ol.ates studied were sf;own to bé members of one of
the two allelic families with tha excéptian_of the
géne ~of one. isolate which was an 'appai:-.ent '
recombination between the two. forms. MS_A—é may be
immunologicaily important since md.nocltmal' ant‘ibodiés
di_rected' against this moleculie pér.tially inhibited

invasion of erythrocytes in vitro.

CRA is a .sma'j.l protein located in the -paras-itophorous
vacuole and. membrane structures of the infected
- -erﬁhrocyte. Two forms of this antigen are .fecagniéed_
by their reaction with monoclonacl antibody 5.1 which
also reacts with the CS protein f see below). Antzl.bady i
5.1 was shown to be dlrect-ed aga:l.mst the sequance NADP
in CRA, Whlch is ulosely related to the NANP sequence
in the €S ‘protein. Isolates negatwe fcar 5.1 were

shown td contain the sequfenca- NAGP, | which resulted |
from a single amino acid ':sizbstitlition. This cross-
ré.act_ivity with the ¢S protein suggests that CRA may

be immunologically important.

The cs—antlgen is the major ant.lgen found r.:n the
'surface of the sporozoite. It consists of N— and C-
'term.nai non—repet:l,tive sequences flank:l.ng a  central

domain of repeats. The repeat :reg.i.on is highly



141

_.iEMMnodominant'and consists of two types ‘of repeatt'
.saquences, namely NBNP, whlch 18 the most rapetltlve,_;
and NVDP.. The number o:E repeats has bean :Eound to ..
dlffer between isolates. It 1s against the sequence-

| NANP_that the sporozolte_vacclnes ‘have been directed.

Some cultureﬁadapted isolates have lost tﬁe ability to
express"antigene' in vitro.122.123 mngge antigeﬁs'
include the histidine—rlc'h protez_ns HRP—I, ERP—-II and
HRP-III, RESA and. HESA 'HoweVer, this failure of gene
fexpresszon is not thought to be a cause of antigenlc'
‘diversity in naturally occurrlng pepulatlens of P.

"falciparum.

HRP-I, the knob-associated hlStldJ.n&*l‘iCh protein
- (KAHRP}, is =& 80-120 kba protein assoclated w1th the -
surface = of = erythrocytes infected with = mature
parasites. These knebs mediate cyteadherence of .
infected red blood cells to endothelial ocells.
However, HRP-I  is not .-diredtlf involved in
theadherence as it is located on the-dytoplésmic side
of the erythrocyte plasma membrane , HRP-II (65-85 kDa)
is exéreted from parasitised . erythrocytes into the
serum and i not asseciated. with knob'_s. or
cytoadherehce;.This protein serves as an indicator of
infEction in the neﬁly—develqped diagnostic technique;
Parasight.;27 HkPQIIi is a smail histidine~ and

alanine-rich protein (SHARP) of 30-50 kDa which is
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closely related to HRP=IT. It is found within the

infected erythrocyte but is not associated with knobs

or cytoadharende. The failure to express HRP-I in

vitro has been shown in several different isolates to
résult-fromathe'parﬁial or_tbtal-deletion-of.the HRE-I;_
gene on chromosome 2. Deletions on chromosomes 13 and

8 have similarly been shown to'result'in the failure

to express HRP-II and HRP-III, respectively.

‘The lack of expression of RESA in vitro by the isolate

. FCR-3 'was shown to résult 'from_ a de;etidﬁ on

chromosome 1. This aﬁtiggn-"is' a merozoite-derived

- polypeptide, incorporated into. the erythrocyte

 membrane at invasion, which has been shown to induce

ptbtedtive Cimmunity. It contains two regions of
tandemly repéafe& amino acid -5equehcés ‘which are
immuncdominant. Antibodies to several of the repeat
seéuences were shown to inbibit invaéion'in vitrd_and
a study carried out in the Gambia showed a significanﬁ
association betwean'thé pIESEnce'of.antibodies to the
37 repeat_ sequence,'.(EENVJG, and‘_résiStance - to
clinical malaria. These studies.suggest tﬁat RESA may

be a suitable target antigen for vaccine development. .

The monoclonal antibodies used in the characterisation

of soui:hérn African isolates of P. .fal-ciparu}n w_e:ée
‘directed against three blood form antigens, namely

_MSA—i, MSza-2 and CRA. Monoclonal -aﬁtibody 9.8 was
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. directed against a _'conse:_:ved epitope on MSa-1 while .

antz.bcdies 7.3, 7 '6, 9. 2, 10.3 and 12. 1 recognised
variant epltopes ‘on this mclecule. Antibody 12 3 was |
' directed against MSA-2 whi:l.e. 5.1 was directed against
CRA. Thé - different patterns of reéc_:tivity. with these
monocldnal_ ani:ibadies ihdi-cﬁted di’ffereni':. -allelic

forns of the antigens.

| "12 3. 2 Ant:.gen:l.c varlatlon _

in - addit:.on to antigenic dlversa.ty in P. falciparum
| due to the expression of _polymorphic_ allelic génes,
further' "diveirsity r.é'suli:s from -ar’ﬂ:igenic variation
WJ.thJ.n clcmal parasite popu.:.at:l.ons (reviewed in refs_
124, 123) ‘Studies have shown that the ‘antigenic and .
adhesgive phenctype of Plasmodlum—lnfectad erythrocytes
are linked. Biggs et al. 129 examined a l_arge'
_er‘fthrocyte_- surface antigen, krown as P. falciparum |
é;tythrocyte me_mbrah_e prdte-in 1 (PfEMP1), in clones
prepared from a cloned parerital_ 1in‘é of P. falzcilparum
in vitro and found it to vary between clones in its
agglutination *o clone-specific antisef_’a and- its
'antigenicity, They concluded that theise. differen.ce's
were due to ant:l.genlc varlation in PIEMPI.. Roberts et
a1.130 shoWed that surface . antigens in cloned lines
- can vary at the rate of 2% per generation and ‘that '
-this variation is éts;soci_ate'd with a change. in the

agglutination phenotype.




' in the evasion of the immune system by Plasmodium.”

"14§

This antigenic variation appears to be a major factor
' 128

‘However, in spite' of the jlarge number of variant

antigenic types, clinical immunity ‘does develop after
limited exposure to infection. Roberts et a1.128

suggest that ‘because of the high rate of switching in

‘antigenic phenotypes, individuals are exposed to many

variants in each infection, resulting in immunity to a

large number of variant antigens after only a few

- episodes of malaria;”

' 12.3.3 Target antigens for vaccine development

Much progress has been made in recent years towards
the _devei-opment of a malaria vaccine. Many antigens
have beén_ identified as being appropriate wvaccine
targets and ‘the advances in the ':Eig.l'd of ma’_larié"
imﬁnology together = with promising results from
vaccine trials in mortkéyrs and humans pj:ovide- hope for
the development of | a sucf:essful vaccine in the near _
future. Because immunity appears to bé -S'tage ﬁf_:_ecific ,
a successful vacciae will most likely be a cocktail-of
antigens from the different developmental stages of

the parasite.

12.3.3.1 Preerythrcoytic vaccines
Experiments in rodents'_, monkeys and humans have shown
that immunization with ir.radiaﬁed sporozoites can

provide protection againét infection.13ts13 2 qne
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cirdumsporozoite (Cs) ';irétein. was i--denfified as thé'
‘major éoﬁpdnent of ‘the 5por¢20ité surface coat and '_
iltohoc10na1 antibodies directed againsﬁ the B epitope
| _IO:E this pfatein;. were shown to be protective in )
vivo.}33 In P. falcipazjuﬁ, this B epitope consists of
-tande:n'i:' repeats of the .'s'equence Asn-_-A]_._a—-Asn—Pro' '(NANP'. ¥«
Subunit vaccz.ne. trz.als ‘using the (NANP}n;B cell
-epitope have been carried out in mice and humans with
vau:ymg levels of antlbodxes being produced resultmg

in dlfferent degrees of protectlon.l'

2 However, the
level of antibodies to tke CS repeates did not always
| - correlate with . protection. One approach Dbeing

considered to boost antibody-'leveis :‘Lé-- to include :-'Ln

_ _the C5 vaccine T helper ‘epitopes whlch are present in =

| the cs protaln.133 Whether or not this approach will
be successful remains to be seen. There is av:n é!ence .
that effector T cells play 'a major role in _sporozoite-
immunity and the site cr_'f_- this cell-mediated iznmuhitY
is the exberyl:h:ocytic form .( EEF) of the paraéi'te
found in the hepatocyte. 32 The effector mechanism-
 involved is thought +to be either cytotoxic T |

- lymphocytes (CTLs) that destroy infected hepatocytes,

' or oytokines that inhibit EEF development. Vaccines

that induce CTLs are currently being developed.

12.'3._3.2 Sexual stage vaccines
Vaccines aimed at the sexual stage of the -parasite.

would  provide an effective means of blocking
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txaﬁsﬁiSSioni one_advahtagéfof Such'a'vacéiné is that
it-wnufd be-aimed.at-paraaitic-forms'in_thé midgut df
~the mosquito ﬁhichuare free of the'erythrocyte and are
;ﬁhergforé exposed to antibodies in tﬁe.Vbloddmeéi.
Sexual stagewspecific ,éntigens_ have .recéntly _baen-
: revieWed.134 In P. féiciparum; thelzsd and 48745 kDa

-protelns (P£s230 and Pf348/45) are exposed; on f“nm.

gamete surface and some mono~.. mal antibodles dlrected '
- against these antigens were able to block transmlssion
when mixed w1th gametocytes before fertlllsatlon. Only
a proportion of individuals exposed to these protelns

‘develop antibodies.

P£s$5,_fa.'25 kDa . protein, is - synthesized after
fertilisation and is located - on the zygote and
ockinete surfacé and'is also & target of transmission—
biocking antibodies. Tt is. thought to have a
protectlve functlon for the ookinete in tha midgut and
is also implicated 1.1 the migration of the qoklnete
through the epithelium. Pfs25 has been shown to be a

good immunogen in mice.

Other surface antigens include 40 and 10 kba ﬁrbteins;
which elicit rEstricted_immune.responses in mice, and
Pfsl6 which exhibited am:ino acid séquence variation in
geographic ishiates. PfiSS/RESA,-which-has amino acid
repeats present in both sexual and aéekual.parasites,

is present in protein aggrégates_in_the-erythrocyte
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cytoplasm when madrdgéﬁetes are formed, as'is a 260«
350 kDa protein, 11.1, which is antigerically related

to PE15S/RESA.

The internal sexual stage antigens include PEg27/25; -
which is a good .imniunbg_en,. Sera from wmost p&ﬁients
exposed to P. falciparum malaria contain antibodies to

.this~protein;

Vaccine trials in animals have beeﬁ émcoufagin§;132_
ﬁ&ccinétion'with whole gametccyies.ar gameteszreéﬂltéd
in tﬁanSmission—blodkinq immunity. A 42 kDa antigen on
the sutféce of'?.yﬁEJJi microgametes was tﬁé basis for
a vaccine'whiéh'successfully ;educed_transmissionrih :
mice. In humans, there .has.'_ been "cdn_s.:.i.derables_ )
variability in.responsivenéss ﬁalseiua1 stagés”amon§st;_
exposed individuals.132 a greater understanditg of
this difference in | immine response should lead to the

development of a sexual stage vaccine in humans.

12.3.3.3 Asexual'stagé'vaccines |

The candidate antigens for aéexual vaccine de?elopment
include  both soluble  and surface : membrane
antigens.132/135 gonp goluble antigens, e.g. SERA, Ag2
and Ag7, are released 'when the schizont-infected
erythrocyte rupturgs§ other soluble antigens, e.g.
HRP-II, are libefated'-when the wvarasite reaches.

maturity. Soluble prbtaina'from P. "wiciparum culture
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;supernatent purified SERA frdm'oultures, as well as'

reoombmant forms of SERA prov:.ded varying - degrees of

protection against :Lnfeotlon J.n monkeys.

‘I‘arget antlgens on the surface of the infeo'ted

erythrocyte 1nclude_ PfEHPl, RQSettln, PwII and

_Ag‘332.  Monkeys _ vacc:mated WJ..th 'HRP-II reoombinant

p::ote:l.ns were part:.aily protect'ecl aga:l.nst infection.

Ag:iiaz is thought to be exposed on the infected red

‘blood cell surface *md parts of the Ag332 gene have

beean cloned.

Candidate ant:.c_, ms from the. merozorbe surface membrane- :

include MSA-J. MSA—Z,‘ RESA, AMA-1, QFJ (RAP-I/RAP-'Z),_

' EBA-175 and the peptide polymer, SPf66. AMA-1 is a 62

kDa pr'otein found on the surface of P. falciparum
_mero_zoites. EBA-175 is a 175 kDa protein which is
thought to function as a bridge between the me.ozoite

and the uninfected’ erythr‘ooyte duririg the. invasion

process. The EBA-175 gene has been cloned and studies

on its immunogenicity are now being carried out. QF3

(,_RAP—-i/RAP—z) is an 80/42 kDa protein compl_e'x.

associated with the merozoite rhoptrie's'._-spfﬁs is a

“hybrid polymer consisting of amino aecid sequences

derived from the 83 kDa N-terminal fragment of MSA-1

and from a 35 kDA and a 55 kDa merozoite protein and

the NANP repeat sequence derived from the CS

protein,136.
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'Mbrplonal antibodies agalnst MSA—l and QFS 1nh1h1ted o
growth in v.itm and P. knowles:r. monoclonal antibodies |
bl-ocked merepzoite Jinvasion in -v1tro.135 antn.-fRESA:_
. antibodies were also shown to be inhibitory in vitro.
Antibodies to EBA-pejbtide .4, encoding a sequence from
the Ce~terminus of EBA-175, inhibited efythro_cyte

binding and merozoite invasion.

Immunizatian experiments in animals showed MSA-1, AMA-
1 QF3, RESA, SPf66 and conserved peptlde sequences of
‘MBA=2 to ‘he -protectlve against ' challenge

infectioné;l35 Human vaccination +trials in South |
| America with SPfGﬁ showed this polymer ta be both_

'1mmunogenic and protective.137 However, some doubt has
been axpressed regardlng the choice of.peptldgs in the
cOnétruct, the adjuﬁaﬂt uéad and the.correlation of
iﬁmunogenicity with p:r:loi:ec':tic_::n.:"38 The resui.ts of a
trial of 8Pf£66 currently being -carriéc_i out in '-I'énzénia'

are awaited with interest.
1z.4 CDemotherapy

The bulk of thisg thesis deals with the sens:.tnuty of_'
southern Afrlcan 1solatas to variaus antimalarlal
drugs (see Chapters 5 - 9}. . This aspect ‘of parasite
characterisation was warranted as very little work on-

drug susceptibility had pre\}ic_'susly been carried _but- in
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| sdutﬁ‘em. Africa ém_d . _ﬁith the advent of -chlordquiné— :
resistant P. falciparum malaria, it was neceSéary to
detarmine which compounds coulcl serve as a su:l_ta.ble
replacement for chloroguine in the treatment and

prophylaxls of malaria in this region.

This section contains comments on 'véric_)ﬁs practical
| .aspects 6f ‘the drug sensitivit?’ -tests., includin’g new -
- techinigues, azid a discussion of the genetics of drug
resistance ahd  the development of tew :antimalafial

drugs.

12.4.2 Drug sen51tnnty tests _

Drug sens::.tlvzl.ty of P. falc:.parum may bet determined
'bot-.h in v:.vo and in v:.tro.- In the in vivo t_est, the
parasite response to a standard dose - J.S de.termined in
the patlent. The resuit of thx.s test is greatly |
a_ffected by the immune status of the infec‘l:ed person.
'The_in.vitro tést.maasuﬁes the susceptibility of the_
- parasite +to various drug - concentrations in a
-.cultivation system and is not subject to the influence
~of host “E‘7.*1&'_;“!:(:.11'as:,T although in some tests, patients’
sera are included :;.n the .test system. _'Id:sea].lyjf in
vitro studies .' should be hacked up by in vivo
invest:l.gations, partlcularly where the results of such
a study are to be used in the formulation of a drug
policy, the former to determine the degree and extent

of drug -resistj_anca_ in the parasite population and the




latter to determine 'tltie_ e_ffé:_‘:‘ﬁive;ie'ss-_ of a drug in

controlling = infection - in. local = subjects.

_ 'Unfortunaﬁely,- it was “not possible to- carry out in

vivo te.sts on the patients from Whom the southern

- African reference stra:.ns were 1Sblated, as most of

the patlents had begun therapy by the time the

'1solates were received in our laboratory. Furthermore, '

most of these subjects Wete-dut—patients-at clinics or

hosp:.tals and it was not practlcal to follow them up
for the requz.red seven or 28 days._ Where possiule, -
clinical ‘data on the patlents were_ ohtained anﬂ

related to the in'_vitrd 'findincjs_ {see Chapter 5).

It was also not . feasible to carry out in vivo:

investigations in KwaZulu at the time that the in

vitro field. studies were being undertaken as we 1id |

not have thé facilities to hold patients during such a

‘study in order to draw daily blood samples for the

determination of parasitaemias and to ensure that

reinfectibn did not occur. In addition to this, the

; relatively low prevalence of malaria in .Souf:h’ Africa,

relative_ "to. other malarial countries, would have

necessitated an extended study period in order to

obtain a suitable number of patients, - thereby

increasing costs even further.

Recently, an in vi'vo drﬁg sensitivity investigation



was carried out in KvaZulu by the Kwazula ‘Health

-Department .’1.1’1 collabaratmn with the Hed:.cal Research_
Cm.mca.l to determine the efflcacy Df chloroqulna and
Fans:.da_r in this _area. “In this stx.dy_, patients were
visited in their homes for tfeatment aﬁd preparation
of b-lot.;)d' smears. Parasmtaem:l.as were monitored daily

for the fz.rst ‘seven days and thereafter on days 14, 21

-and 28. The’ results of this study are prasently bezng_

analysed. The dlsadvantages cf such a study are ’l‘.hat

'J.t requlres ‘a large team of Worker:s to adminlster the

drugs and to- monitor the paras:Ltaemia, it is subject-"

to mm—*c_ompllance as pa'l:;_l.ent-s -are often not at home

o whén- -£he ob'serirers visit and there is a danger that
.patients may bedome re:.nfacted aurlng the study pe‘:md

'as they are not removed from the ma:l.arlal area..

Howaver, :Lt ‘does have the advantage that patJ.ents are

_dlsturhed as little as possible in tha-t they are

treated in their home environment thus aveiding the

high cost of hospitalisation.

The in w.tro tests used in thlS study may' be divided
into two catagories. laboratory-based studles us_s.ng'

culture-adapted P. falciparum | isplates and "-_fie-l-d-'based

- studies using primary isolates. The advanta*ge of using

reference isolates is that tests mnay be repeated

several tlmes on the same 1solates whereas :E:Leld

isolates may -only ‘be tested once, unless: they are

established in quliture and tested at a latér stage.
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'ﬁcwever,. the disadv&ntage' of uéing"culture?adapfed "
_stralns is that they are. unllkely to possess the full
repertoire of clones present in the blood cf the
'_patient at the tlme of 1501at10n because of the”
select:.on pressures placed on them m culture. The
result of this ms that faster grow1ng clones will tend
to predominate mver, or even completely outgrow, less
_.v1able~c1gnes in a given isolata._Primary isolates are
also. subject  to selection pressure . under test
conditions, altﬂough probahly hot to the same extent_
as  isolates baing established in cul ture, and are.

-therefore-'also not truly representative of the

'3'paraslte populatlon. NEVertheless, in vztro tests are_

~ ipvaluable in the 1dent1flcatlon and monltorlng of

.fdrug reslstance in P. fala;parum populatlons.

“In the laboratory, two types of test were used. The
.flrst test was the 48-hour test 1n which 1nh1b1tion of
' tqtal growth of the parasite by chloroguine and
pyrimethamine was determined. This type of test is
more suited to the slower-acting compounds such as
antifqlateé. Growth:of the paiasite-was assessed by
' microscope counts of pardsites on Giemra-stained
‘Bmears. Uéing.this.method, the action of_chloroquine:
and.pyriméthamine on the various erYthrocytic stages
couid be determined by the effect of theée drugs on
- the morphology of thesé stages_. at inhibitory

concentrations. However this method of growth



'_asaessmént proved laborioﬂs:and time—consuming_ 

The second laboratory test used was the radioisotope
ﬁt)t'ake_ assay in which growth of the parasite in the
presence of.increasing'concentrations’af antimalarial

compounds was @ assessed by the uptake of_ 3~

'hYPQXanthihe. Isolates were allowed to grQW'inVﬁédium

containing the drugs for 24 hours before being pulsed
with the radioisotope for a further 18 hpurs..Usé was
made of predosed drug J:ﬁla‘!:ez‘.-: supplied by the WHO

which, it appesars from the literature, hag not been

 done before with this technique. Although this'method..
‘was more expensive thah.the'microscopié'nethod'and
- required tﬁe use of é call harvester, the harveéting-
.of.parasites and'réa&iﬁg.of 6ouﬁts wés faf.1ess timé

~ consuming. This technique asalso eliminated-gdpéraﬁor

error and the incorporatibn of the isotope 'was moré_
gensitive than microscopy in thé assessment  of
parasite growth.  However a -diSadVantagé' of this
technique is ‘the handling and disposal @f ‘the

radioigotope. Recently Makler et al.l3? showed that

 parasite lactate dehydrogenase activity could be used 
_ asjéffedtiVer as the “H~hypoxanthine uptake in the

'deterﬁination of drug sensitivity. This -technique=:
- would eliminate the problems aSsaciated.with the use

of radioisotopes."

All of the KwaZulu field drug resistance surveys, with -



the exception_ of one, 'ﬁex‘e cafriéd out uSn'ig the WHO

in vitro miCrotechnique,_nin' which = inhibition . “of ;

'schlzont development Was determlned by mlUIOSCOPY. The '
: radlolsctope uptake assay. Was used 1n the small fleld'_
.'study done in 199-0. Many of the problems expe:rlenced

in these drug sen51t1V11:y strveys were 'l:he same as

thOSe exper:r.enced in the collectlon of infected blood.

samples sueh as the . }.ow number of malar:r.a casee, the

- priar treatment cif patients with antimalarial drugs '
and _the cqntamma{::l.on of b}.ood- specimens. The 1GW_
| _brevel-ence ‘of malaria in the study area -'ne'ceesi_tateﬂ
' the _sc_‘,‘reenifng' ..ef _e larée numbex ..of. samples. .For

 ewample in the May 1987 survey, 6 407 people from

Ubombo ,vere screened for mwalaria: ':in' a nass blood

'exaimineticm "'af;d ‘only 34 were pbsitive . Of these, only
11 were sultable for the teet and ieolates from 8 of

these patients grew under the test. condltions i.e..

only_ Q._;:_L_EE% of those _screened_ were_ successfully
tested; However, the ecreening of passive <ases
generally resulted in a hz.gher yield. For example, in
the same survey » of the 27 blood samples collected
from pat;i.-ents reporting to c¢linics with malaria
symptoms, 14 were positive for falciparum malaria, 11

were found suitable for testing and 9 tested

~successf . ly i.e. 33% of the total passive cases

screened.

At 'present_, the standard method ueed in this country




for the detection - of malaria parasites is the
microscopic examination of Giemsa—steinedebloodsmedrs,

| Although this procedure"isd'relatively cheap and -

simple, at low levels of -infection it becomes time

consuming and labour intensive. Recently, new

techniques have been developed for the rapid diagnosisg

of malarla which meke use of fluorescent dyes. These

-1nclude the ”QBC“ method 140 in Whldh parasite are
-concentrated-by centrlfugatlon in a capillary tube end
) Steined; wiuh'-ecridine orange, and ‘the--staining' of

| para51tes u31ng benZOthlocarboxypurlne {Bcp) . 141 Both

of these procedures requlre the use of a fluorescence
microscope 1n order to be able to view the para51tes
although ‘the recent .development_ of the '“Makler“
_obﬁeotiﬁe"has enabled BCP-steined parasites _to'ﬁbe.

viewed with.-aj'standard light"microscope.142' An

interference filter system for acridine orange has

~ been . described which _also enables fluorescing

parazites to be detected using a standard light
microscope.#3 Recently, a dip-stick method, called

Parasight,127 has been developed for the diagnosis of

‘malaria in which HRP-II in whole blood is detected by

‘means of an antibody-~coated dipStiok. This technique

is rapid and eimple to perform With good specificity
and high specificity. A comparative study of the above
microscopic diagnostic - tests has_ recently been

completed by ah ¥. Sc. student.at the MRC laboratory

in Durban using both cultured material and blood from
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infécted- patients :Ero:’u I{waz'ulu. The resuli:s of this

investigatlon are currently being analysed.

Non-nicroscopic methods have - also been successfully

u'sed in 'l:he ' diagnosis of malaria. These methods

':mclude 1mmunolog1.ca1 tests and genetic prohes.l44
Golenser et al 145_ recently developed an ELISA test
for the detectlon of P. falcipamm in infected blood -

~based on the monoclonal antibody, DS5.26 This

monoclonal ant:l.bcdy, whi'ch was raised against a P

' berghe1 ant:l.gen wh:.ch cross-reacts with p. falaipamm,

reacted with -all 19 southern Afrlcan isclates (see

'Chapter 4) confirming the usefulness of this ant:.body

for dlaqnostlc tests, D5 has been successfully used in

'a - radlolmuno_ass_ay to detect Plasmodium in infected

bl-opd_.?’z" These diagnostic techriques have been ghown
to be comparable to the standard Giemsa method and
have been shown to. be useful in epidemiological

studies.

Another problem experienced in the field drug

sehsitivity investigations was the presence of non-

' falciparum parasites in a large proportion of the

isclates. These were usually P. airale ‘although 'soma' P.
malarz.ae parasrtes were alsc seen ’ and they generally

ocourred in the same isolate with P. falciparum. It is

difficult to distinguish between these species when

only the ring stages are present and unless schizonts
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qr -gametocytes are pre'sent, it 'is- impos's-ible to

:Ldentlfy these other specles w:.th any degree of
certa:.nty. 'I'he devel-opment of serol-og:.cal testsl45 nd
PC’R147 technlques for the 1dent1f1cation of the fcmr

hum;an Plasmod:.um specles have eased this task.

12.4.2 Molecular genetics of drug resistance

In recent years, much work has been carried out on the

molecular biology of resistarce of P. falciparum to

'chioroquine and, to a léSser extent, 'pyriniethamine and

_cycloguanil.

There is much. cohtroversy surrounding the mechanism'af

researchers believe ‘t_:hls resistance to be s:m:..lar to

the multidrug resistance ( MDR). phenotype of mammalian

tumour cells which is -mediﬁted’ by a P—glyCO_protein

molecule which acts as a pump to remove the drug from

‘the cell.. The first evidence of this was the

demonstration by Martin et ai.l5! of the reversal of

~chloroquine resistance in vitro by the calcium channel

blocker, verapamil. Since this discovery, a 1&r§e

numbér of calc:Lum channe.l " blockers ; calmodulin

-antagon:.sts and lysosomotropic compounds have been

shown to modulate chloroquine resistance and new

| - compounds are continually being added to the list.

Recently, dAexniguldipin, an anti-cancer drug, was

found to reverse chloroquine vesistance in the
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- southern African reference isolates of P. faicigarumi

(J.A. Freese - uripu.blished det_a)' . In_ ﬁne same sﬁudy,
the reversal activity of verapamll was confirmed in
thase 1ec1ates. Krogstad ot z1.152 showed the rate of -

efflux of ehloroqulne rom resxstant pavasmkes to be

40-50 tlmes faster than Lhat £1om sensitlve para51tes

and the accumulatlen of tbia drug to be- 51milar in -

'both sen51t1ve and re51stant para51tes. However, Bray

et al 153 found the accumulation of chloroquine to bee

greater in sensitlve than in resistant 1so1ates with

e} 'd:l.fference in -efflux_ rates.

_Two P. fﬂlc;parum ‘mdr genes . (pfndr—1i46 and pﬁmdr—

2155) encodlng' P—glycoproteln ]aomolcgues (pgh-l and

pgh—z, respeetively) have heen 1dentified, Prmdr-1,

which is present on chromosome 5, was amplified in

sone ' chlmrequine? o oand mefloquine—résiétant

_ J.solates.l_54 However, pfmdr-z was net ampllfled in any'

isolates examined and recent work has revealed that
there is no evidence for the involvement of this gene
in drﬁq resistance.156 Chloroguine resistance hag been
1iﬁked to two alleles of the pfmdr-i gene sﬁpporting

the hypothesis that chloroquine resistance is a

multigenic event. However, there is evidence that

there is no relationship between the pfmdr genes and
chloroquine resistance. This was revealed in a geneﬁic

cross between chloroquine-sensitive and resistant

cloned lines of P. . falciparum in which ~the:




- amplification ﬂf pfmdrei gene in the resistant parent.
~used in the -cfbés,.-segregated "erarateiy ffme

reéistance' in thé progeny cicnes.15.7 In =& s.;eparate.-
study, moderately drugfresistant clones'subjected to
drug pressure.Were1showﬁ to have decréésed dapies of
pfmdr and less pgh-1 with increasing lewals of

chiloroguine resistanqe.lss Rgcently;_Fréan-et 51.159.
.. describé@ a PCR technique for the dﬂteétion of'pfmdrhl
mutatiqﬁé in chluroqﬁine-résistant isol&tas;.ﬂbwever,
_thé5e _ﬁﬁtatidns were shown = to be ahﬁeﬁt..in.
chloroquine-resiétant\ isolates. from Sudan.160 In,:an
investigation currently being cérried out at the MRC
laboratbry in Durban on the southern.hfrican reference
isolates of P. falciparum, preliminary results have
indicated that the local isolates alsc lack these
mutations (B. Bredenkamp - unpublished dataj. Wellems
et al.lﬁl'havB'idéntified a Single genetic 1ocus_dn
chromosome 7 which is linked to the chldiaquiné-
resisﬁaﬁce rhenotype. All of this evidence suggests
_that chlo:aquine—resistant_P. falciparuﬁ.paﬁasités do
rot represent the MDR phenotype. There is undoubtedly
much - work to be done  before the mechanism of

chlorqquiné'reSistance ig clearly understood.

The mechanism of resistance to dihydrofolate reductase
(DHFR) inhibitors has been shown to be mutations,in
DH¥R.162 a gsingle point mutation (Ser-108 = sn-108)

in the DAFR active site was shown in a genetic cross
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between'-pyrimethamine-sensitive1 and pyrimethamihe—

resistant para51tes to be linked to pyrimethamine

1951stance.163 ThHis mutatlon was also found in wdld.

yrxmetham1ne~re31stant 1solates-' from ~Var10us
gecgraphlc origine.162 Two secondary mutations in the
presence of Asnrlos were found to be associated w1th
:.an_r_eased pyrlmethaml_ne ' resistance . . The point
mutations resﬁdnsible for resistance.ztc-,cyclbguanil

were found to be different from thase involv_ed in

pyrimethamine resistance, while parasites resistant to

both pyr;methamine and cycloguanil hgd three DHFR
mutations “in 'cﬁmman,lsz- These mutatidﬁs apﬁarently
prevent binding of these compounds to tﬁg active site
of DHFRH .and' would efxplairi why proguanil (of ﬁhich

cycloguan.'l.l is the active metabollte) is sometlmes

- effective against pyr:methamine-resistant stralns'

whlle in some cases it is not. A PCR techniqua based

on the DHFR po:l.nt mutations has recently been

rdeveloped to identify pyrlmethamine— and cycloguanil— '

. resistant isolates.lﬁ4

Cryopréservad samples of all 6f the southern African
reference isolates have been sent tc the laboratory of
Dr Thomas Wellems of the National Institutes of Health
ih Bethesda, Maryland, U.S.A., where DHFR point
mutation data will be generated. ‘The chromosome 7
ﬁarkers- for chioraquine' resistance will also be

examined by restriction analysis and DNA - probe
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hybridisations. These investigations will provide more

charaCtérisation.'-data: on the = southern African

 isolates. Murkers for drug resistance will be of great

value in determining the . origin and spread of such

resistance.

'12.4.3 Recent_developments in"chemotherapy

This investigation has concentrated on the sensitivity

_ in vitro of southern African isolates to drugs readily

avaiiﬁblé} or soon to be made available, in this

regiah,-'némely chloro@uine,' quinine, mafloquine,

 pyfimethamina, sulphadokiné/pyriﬂehhaﬁine, amodiaquine

and halofantrine. The study ircludes discussions on .

drugs tecommended for use, namely proguanil and

doxycycliﬁe._AS'a conseguencé_df'the'everfincreasing
list of compounds to which P,-falciparum_is déveloping
reaistance,.much'work has'beén.done in recent years on
the deveiopment of new drugs and thé revival of somé
older_coﬁpaunds.;ss Many of thaée formulationslhavé
been.shown to act synergistically in combination and .
thé recent disdoverf that resistance to chloroquine
and other'qminoline-containing drugs can be reﬁersad
may allow for the continued use of these antimalarials

in areas of resistance.

There are many new antimalarials which show promise in
the field of chemotherapy.l®3 Four drugs are now in

the advanced gtage of development and have undergone



extens;ve clinical trlals. These are halofdntrlne,__
165

.-_dlspute

59'

167

63_art1m;51n1n,136 pyronaridlne,_ and enplroline.:

Halofantrine is now available for use in. southerh_

africa but resistance to this drug has recentlﬁ been

reported from the Congolea_ élthough thls has been
q.169

The Chinese plant, Qinghao (Artimisia annua), has been

‘used as. a herbal medicine in China for over 2000 years

and its*antimalariai.pfoperties'are-well-knoﬁﬁﬁ The
active -compound is a sesquiterpene lactone called

Qinghaosu 'or- artimisinin. Both;_' Water—soluble'.

'dérivatives (artesuhate and ,arﬁelinate) and  oil-
| sbluble derivatives-(artemether and arteether) as well
: as artimiéinin.hévé-beén shown to be ﬂﬁe_most'fépidly

'acting of all_antimala:ial drugs and are_effectiﬁé_

 _againa£ multidrug-resistant P. falciparum malaria. In

viﬁro studies'6f three African reference clones and 36
primary'isolates'from the Comoros Islands and Centfal
and West Africa have demonstrated the derivatives

artelinate, artemether and arteether to be twice as
potent :as ' artimisinin.l7® Results from  this
investigation 'suggeated that sensitivity  to

artim’isinin inay be J‘.iwérselv relatéd to chloroquine

sensiti%ity and dlreotly related to the susceptibillty

' to mefloquine and halofantrlne. Uhfortunately, neither

“artimisinin nqr its  derivatives are generally '

available outside of asia. However, the World Health
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'orgeﬁization is'currenhly funding”the-dav91opmen£'of

arteether towards . reglsterlng 1ts use - 1n western

-"ou.trles.

' Pyronaridine, a derivative of mepacrine, is a;kﬂobd__

sc'nizarticide which was developed in the People’s

Republic of Chlna in- the early 1970s. 165,167 1 jg

'highly effectlve against both chloroquine—sen31t1ve

and, chloroquine—r951stant isolates of P. falciparum

and shows no  cross-resistance with 4@aminoquinolines'
| or -qﬂinalinemethanols. HoWeve:,' Warsame at 51,171'
'demonétrated a pesitive relationship between the

response to chloroguine and pyfdnaridine and:squested_

that resistance to chloroguine may tém&-ﬁo.result in

the fast development of pyronaridine resistance. As:
resistance to - pyronaridine was shown to develop

rapidly, combinatiqna'ﬂith'other-antimalafials weré'

tested.157 Pyr¢naridihe/sulphadoxine/pyrimethamine was

‘shown to be a promising combination in clinical

trials.

1

Enpiroline, a pyridinemethanol developed in 1972, is a

" blood scizonticide effective against both P. viva#,and
'P. falciparum.l65 In clinical trials enpiroline was

‘found to be active against parasites resistant to

chloroguine, pyrimethamine aﬁd quihine and there were

minimal slde effects. However, the drug was not shown

~ to have any advantage over mefloquine or halofantrine,

N
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_haveq”f.eﬁtimalarlal activ1ty

'fMany candldate antlmalarlals are in aﬁ .advanced

preclinical stage of dévelopment.l65 ‘These Grugs.

include 4-aminoguinolines and Mannich bases (e.g.

Dabeohin; pipereqﬁine;_ hydoxypiperaqaiﬁe; tripipera-

quine and'-dichiorquinazine},__s—aminoquinolines; g

quinolinemethanols = quinolones, napthogquinolones,;

Qﬁinazolines;.dihydxotriazines. Many formulations from
_ these groups _ehoﬁ_"potential as alternaﬁives to
' ourfently-usedr antimalarials. (For more detail, see

 Ref. 165).

Many = other compounds are seen  as potehtial

antimaieriale. Several antibiotics have been ghown to
165  For example,
tetracycline- is Widely-used “with quinine in the

treatment of compllcated P. felclparum malaria155 and

-doxyoycllne is one of the recommended prophylactio

drugs for areas of chloroqulne -rESlStanGe¢94.96

Cyclosporin A, an undecapeptide and metabolite of the

_fungus Tolypocladium lnflatum has been shown to be
"effectlve against . falciparum in V1tro.155 Although

this compound was shown in a study carried out on the

southern African reference isolates not to be an

eﬂfective reverser of ‘chlorogquine resistance, some

_ ant;lmalarlal aotiva.ty was demonstrated, : albei.t - much

loWer than that of ohloroqulne (F.a,. Freese -

unptblished data). Hany plant extraots have exhlblted



e s it e etk et ke - e et Y et un

186

_antz.plasmodlal actlvity and are seen as potential_'
sources of antimalarial druqs 165, 172 'I'he posslble

_antiiaalarla-l activity of extracts of Artlmlsla afra is

currently being investigated by workers ~at  the ._
Department of Chemical Pathology, University o‘f ca;pe
Town Medlcal School using both c:hloroqulne-sensxtwe
and chloroqu:.ne-—resistant reference ‘isolates of P,
.fa-la.zparum ar_;d ‘the results have been. er‘icaur'aging'_ (P.

Berman - personal communication).

Another. 'appro&uh to malaria chemotherapy is the use of

biochemical targets.}5% a goodq example of this is the

- development of the folate 'pathway~- antagonists,

sulphonamides, sulphones and dihydrofolate reductase
inhiﬁitors Howevar, the biochemistry of ‘I:he .malarié

parasmte is poorly understood and until our knowledge .

in  this area is :mcreased, " this approach to

chemothefapy will be limited. Some of the biochemical

pathways in which this approach might be possible are

. those of energy metabolism, protein synthesis, nu#leic_

acid  synthesis, folate metabolism and | 1ipid
biosynthesis. Other b:..ochemlcal _ targets showing
promise are the pathway of haemoglobin degradationl?3
and nucledside transport pathways.l7? The use of iron
chelatbrs is another chemotherapeutlc strategy.- 175
Desferrioxamine has been shown to be effective both in
vitrol7® and in vivol?? ana it is thought thét in

addition to the chelation of iron in the parasite
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parasite is well-adapted to oxidant stress

L 187

'_fwhich_ 'is;'.fessential_' to - plaémodial - qrowth,
-desfefrioxamine:'chelates"iron from the haemozoing

'crystal; resultinq 'iﬁ'-free rad1ca1 -genaratlon and -

para51te daath.173 Reactlve oxygen specias W1thin the

1nfected erythrocyte are known to be deleterlous to _

'the survival of the paraslte.179 It is pOSSlble that

th;s-natural defence mechanism-may be utilised in the
development of"antimalarial- arugs. =waevér;"'tha -

180 gng

_thérefbré this_appfoach to malari.: contrbl.may'hnt

. prove tozbe_éfféctivé.

Armed with these recently—developed chemotherapeutlc

. strategies, the successful contral of nwlarla seems

nore adceSS1ble than-lt did a decap- jo. However, the |
ease with which: the parasite develops resistance

signals the importance of a continual search for new

and improved antimalarial drugs.

12.5 Other characterisation metheds

There are several methods available for the
characterisation of P. falciparum which were not used
in this investigation. These procedures are based on

variations in proteins and DNA.

The 2D-PAGE technigua . separates prate:l.ns by the:l.r

isoclectric point in ome ﬁxmnﬁaion ‘and by thalr_
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"variation amonget: = isolates.

molecular weight in the second dlmension resultlng 1n

a pattern of proteln spots on the’ gel wh*a& are made
VLSlhle-byuautoradlography 181 qhis procedure has been
successfully applied to . malarla paras:.teslsz and . has._

revealed considerable diversity amongst - 1solates.5_

However, & disadvantage of this method is that it is

timaéachsuming and the interpretation of results

reguires a high degree of skill and experience.’

P. faleiparum may be typed according to the presence

or absence of ;EOtéin—rich knobs on the surface of

--erythrocytas. ‘infected = with trophozoitesf_ and
schizontsas These knobs have been sh6Wn to_hava'an

 antigenic function and strain variation in this

antigen has been demon_strated.. The binding of knob-

positive erythrocytes to endothelial or melanoma cells

was biocked by sera from immunised monkeys, homologéus

. sera being more active that heterologous sera.

Cytoadherence, as measured by the - melanoma cell
binding assay, has been shown to differ in isolates

from different geographic areas.l83

DNA variations have been demonstrated'ﬁsing'a nunmber

of different téchni(;{ues_-.5 Pulse  field gei
elec'trophoi:esis,_ in which P. falciparum chromosomes
were separated, revealed considerable chromosome size

184  pepetitive DNa

sequences have also been used to type malari_a strains.
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;,For-example, the reﬁve@~a@quence has been shewn tobe a

"good marker of dlverslty 185 Varlatlons '1n BNA

sequences have also revealed varlatlon amcngst P._'

'falclparum 1solates.5 These dlfferences have - been

demenstrated 1n sguthern bloh hybrldisatlons of gene”'

'probes to restrlcted genomlc DNA {e. g. Ref. 188) and_

:1n gene sequenclng._PﬂR was reeently used to analyse'

several genetlc locl in. parallel and showed promlse as .

a -use£u1 .toqu_for the' _typing of . P. falciparum
Lo 187 | S

'__;Hany _ef thege technlques ‘were ﬁeveieped ffairly-
' recently and therefore were net used in the etudy of
'southern Afrlcan-stralns of P.. falciparum. However, it

'is intended o use sone ‘of these molecular blologlcal'

nmethods to furhher charecterise the referenee 1solates

‘and some - ef_ thelr :clones. DHA has al:eady _been
o extractmi for this purpose. The ﬁore extensivé'the

' ‘characterisation of ieolates, the more useful they'

Wlll be in malaria para51te research.




In yitro response to- chIOroquine of 20 southern African reference molat% of Plasnodiun
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APPENDIX A

_ Parasitised erythrocytes'/104 exythrocgtesa
* Chloroquine - - -
concentration Tropho- Schizo Schizonts Gameto- Percentage
C(uf) - Rings zoites  (=aN)®  (M)® oytes Wotal  control qrawthd
- Rest )
Tie0 5. 3 1 0 0 9
At 48 hours: ' _ o :
- gontrol - 30 3. 0 0 0 R I 48.53
0,03 2 30 0 0 B B ) 76.47
0.06 L3 6 0 a ] 63 100.00
0.1 36 30 i1 0 0 66 - 97.06

0.3 25 1 0. 0 0 26 38,24
0.6 1 0 0 0 0 1 1.47
1.0 - - - - - - 0.00

Test 2

Time 6 i 5 2 3 0 pi}

AL 48 hours: _ . _ _ -
Control . 9 32 9. 7 0 144 - 89,44
0.03 118 18 16 6 0 154 95.65
0.06 120 3 12 8 1 161 100.00
0.1 105 35 6 4 1 150 93,17

0.3 22 2 0 -0 0 24 o 14,01
8.6 - - - - - - 0,00
1.0 - - - - - - 0,00

lest 3
Tine 0 9 4 1 0 0 13

At 48 hows: ' _ o : o
Control - 14 AL 0 3 0 31 88.57
0.03 18 17 0 1 0 35 100,00

- 0.06 16 12 ¢ -0 0 29 82,86 _
0.1 8 8 0 0 0 16 45,71
0.3 ) 0 0 0 0 1 2.86
0.6 - - - - - - S 0,00
Ly - - - - Co. - ¢.00

8 Heam of 3 wells. Parasites were counted unt11 the MIC was reached

b Schizonts with 2 nuclei

¢ Schizonts with 3 or more mucled

4 Where the wean schizont count in the control valls was less than that in some of the
test wells, the highest count yas taken as 100% control growth
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RSA 2

Parasitised erythrocytes/10! erytirocytes?
Chloroguine — : '
concentration Tropho~ Schizonts Schizonts Gamsto- Percentage

() Rings soites (<M® (M ojtes Total control grouthﬁ

Test )

Paed 15 o 0 0 1 16

it 48 hows: o S o
Control 77 -3 1 - ¢ 86 160,00
0.03 5 2 1 5 0 60 69.77
0.06 § % 0 . 0 0 ] o830
(}.3 ~ - - - - - 0.000
0.6 - - - - - - 0,00
1.0 - - = - - - 0.00

©mise o 18 1 2 2 0 2

At 48 hours: B : : - _
Control nz2 13 9. 1 1 142 100,00 -
0.03 - 3 12 4 B 0 1 35,21

- 0.06 6 2 0 0 0 12 - 8.45
0.1 - - - - - - 0w
o Do .. - -0
0.6 - - - . - - 0.00
1«0 - - - - To- - ) 0.00
Test 3

Tige 0 09 2 2 1 2

At 48 hours: ' :
Control 178 - 66 L 15 - 1] 270 - 100,00
- 0.03 180 55 7 14 ‘B - 261 96.67
8.1 - - - - - S - G.00
0.3 : - - - - - - - 0,00
0!6 - - - - - = 0.00
10 - - L= - o= - 0.00

. L

- @& Mean of 3 wells. Parasites were counted until the NIC was reached
b Schizonts with 2 nuclel
¢ Schizonts with 3 or more muclei
d Where the mean schizont count im the control wells was less than that in some of the
© test wells, the highest count was taken as 100% control growth
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. Parasitised erythrocytesm‘ erythrocytesa
-Chloroguine - ' _
concentration Tropho- Sdmong.s Schizonts * Cameto- Percentage 1
(uf) - Rings soites (=2)°  (pa)® tytes ‘Total  control growth
 Festl _
‘Tine 0 28 kd G 1 0 32
it 48 howrs: S :
conteol 165 2] 3 5 § a5 100.06
803 138 12 3 2 i 153 " 74.63
0.06 17 '5 2 I 0 24 .71
0.1 - - - Co- - T 0.00 -
0.3 - - - - .- - - 0.00
0.6 - - - - - - 0.00 -
1.0 - - - - - - 0.00
Tweo 18 4 1 4 0 23
At 48 hours: - : -
coxtrol 55 . .6 3 7 1 7 100.00
0.03 18 3 -2 6 0 30 -~ 41,67
0.06 B 2 2 1 0 1 15,28
02 - - - - - - 0.00
0.3 - - - - - - 0.00
0;6 - - - - - - 0400
1.0 - - - - .- - 0.00 -
Test 3
Pine ¢ 7 1 1 3 ¢ n
At 48 hours: _ ' :
Control 35 33 2 5 0 5 104.00
0.03 &7 23 2 ? L)) /! 08.67
.06 -3 9 9 1 0 33 44,00
0.1 -7 2 0 0 0 9 12,00
0-3 - - - = - - 0;00
0.4 - - - g - - 0.00
1&0 = - - - - - 0.00

& Mean of 3 wells.

b Schizonts with 2 nuclei

¢ Schizonts with 3 oy more muclei '

Parasites were oounted watil the MIC was reached

d Where the wean schizont count in the control wells was loss than that in sowe of the
twt vells, the hlgb’est count was taken as 100% control growth :
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L Parasitised erythrocytes/10% erythrooytes?
concentration Tropho- Schiz Schizonts Gameto- Peroentage

()  Rizgs oices  (=2H) (A optes Total  contral l;:rowthd

- Teat

Te ¢ 2% 3 4 & I 47 __

At 48 hourss : o ' _ :
Control ] 12 k] 5 3 6 100.00
0.03 R 12 5 6 7 Ly S £2.54
0.06 : 14 6. - I 1 21 33.33

: 0-1 . - - : - '_ - - Uum

3 - - - - - - 8.00

) U.ﬁ - - - - . - . 00% .
1.0 ' - - - - - - 0.00

Test 2
Tiwe 0 = 34 un 3. 2 0 9

At 48 hours; _

Control o7 10 g 4 2 - 118 100.00
0,03 73 10 2 1 1 - 87 73.73
0.06 - 10 7 1 2 ] 20 16.95
0.1 - . - - - - 0,00
0.3 - - - - - - ©0.00
0.6 - - - - : . 0,00
1.0 - - - - - R - .00

Test 3 '

Tise 0 24 4 1 1 1 0

" At 48 houps: ' -

" Control 142 24 4 5 4 179 100,00
0.03 100 27 2 2 2 133 'H 30
0.08 7 & 1 1 1 15 - 8.38
¢.1 - - - - - - 0.00
0.3 - - - - - - 0,00
0.6 . m - - - - - 0.00

- . - ' 0.00

1.0 - - -

& Hean of 3 wells. Pavagites vere comted until the HIC Was reached

. b Schizonts with 2 nuclel

¢ Schizonts with 3 or wore muclsi '
& Where the mean schizont connt in the control wells was less than that in some of the
test wr'us, the highest count was taken as 100% contro} qrowth
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| Parasitised erythroaytesﬂﬁ* erythrooytes?
Chloroquine : -
- concentration Tropho- Schizonts Schizonts Gameto- Percentage

(W) Rings sltes (=) pum)° ojtes Total  control grouthd

Test 1

Time § 1. 13 T S 1 49
At #8 hours: - ' - L :
Control 132 46 126 55 g . 372 100,00
- 0.03 147 61 9% 56 -5 365 98,12
.06 176 2 9 4 5 237 63,71
0l 8. 5 1 0 1 U 37
03 . - - - S e . 0,00
0,6 -~ - - - - 0.00
1.0 ' - - - - - - - . 0,00
Test 2
Tiwe 0 . B 1 8 o3 0 1%
. At 48 Howrs: _ ' - '
© Confrel - - 43 - 3 ¥ 1 -0 78 10000
0.03 . 52 -8 9 b g 60 76.92
0.06 6 1 0 0 0 7 8.97
0l - - - - - - 0,00
0.3 - - - - - - 0,00
ﬁ!ﬁ - - - - s - 0100
1.0_ - - - - - - 0.00
Test 3
Tiwe 0 A7 1 1 2 1 51
AL 48 lLiours: S . :
Control 112 12 7 57 1 189 100.00
0.03 % 10 15 22 1 139 73.54
0.06 2 6 R 0 0 28 - 14,81
i - - - - - - 0,00
0.3 - - - - - - 0.00
0.6 - - - .- - - 0.00
1.0 - - - - - - 0.00

2 Hean of 3 wells. Parasites were cmm’oed untn 'che lﬂc was reached

b Schizonts with 2 melei

¢ Schizonts with 3 or more muclei

{ Where the wean schizont count in the control wells was less than that in some of the
test wells, the highest court was taken as 100% control growth
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: Parasitised erythrocyt'es/lo“ erythrocytesa
Chloroquine —
conzentration ‘l‘ropho- Sehizo Schisonts Caveto- Pereentage :

(W)  Rings soites  (=20)" (M)  oytes Totcl  control qrowthd

Test 1
Time 0 17 3 1 3 o &

Bt 48 hours- :
Control 44 32 -3 4 2 86 - 100,00
0,03 41 24 3 2 3 T3 84.88
0.06 2 9 § 1 2 45 52,33

(5 12 12 3 i 1 2 33.72
0.3 I | 0. 0 1 13 15.12
0.6 . - - - - - . 0,00
1.0 - - - .- - - 0.00
Test 2
Tixe 0 - 11 5 0 1 0 16
At 48 hours: o
Comtrel 211 32 3 3 0 248 100,00

- 0.03 27 27 3 5 ] 242 97.58
- 0,06 183 37 2 3 0 236 95.16
¢l 19 28 2 2 0 231 93.15
0.3 18 5 0 2 0 25 - 10,08
0.6 4 2 0 0 0 6 2,42
1.0 - - - - - - 0.00
Test 3
Tige 0 21 5 2 2 0 30
At 48 howrs: } _
Contrel 167 9 3 2 0 il 8,77
0.03 203 & 3 17 - 0 2 100.00
0,06 186 8 1 14 0 208 91,67
0.1 93 7 1 8 N 110 48.25
0.3 10 3 0 g 0 1 6.4
0.6 - - - - - - 0.00
L0 - - - - - - - 0,00

a Kean of 3 wells. Paramtes were counted until the HIC was reacheﬁ

b Schizonts with 2 nucled

¢ Schizonts with 3 or more nuclei

d ¥Where the wean schizont count in the oontr.nl vells was less than that in some of the
test wells, the _hlghest count was taken as 100% control growth



e L L e G T T P W

176

Parasitised erythrocytes/10? erythrocytes?
Chloroquing. —————— — — e
concentrativh ~  Trophv- Schizonts Schizonts Gameto- Percentage

(M) Rings goites (=aM)®  pa)® oytes otal  control growthd

Tine 6 - 8 6 4 3 I 21
it 48 hours:
Control = 43 9 1 1 I 55 100,00
0.03 49 4 0 - 0 1 55 100.00
0.06 39 4 6 0 0 43 50,91
8.1 L 2 1 L ] 3 70.91
0.3 25 2 0 0 o . 50.91
0.6 1 _1 L N I 0 5 9.09
1.0 - - - - . - 0,00
Test 2 -
Time 0 23. 8 1 0 ] 31
&t 48 hours: _ _ e : o
Control 229 150 13 15 0 4as 93.81
0.03 231 148 - 16 0 420 100.00
0.06 269 120 17 13 0 430 100.00
0.1 7 128 5 7 0 . 413 - 98.33.
0.3 151 29 -2 2 0 185 44.05
0.6 - i 2 0 0 0 4 0%
N 1.0 o - -_—- - - - - ch .
Test 3
Teo 19 1 o 7 1 28
At 48 hours: - '
Control 151 6 3 18 1 183 49.86
0.03 7 N 17 8 - 17 1 367 - 100,09
0.06 255 10 5 N 0 290 79.02
0.1 168 4 9 17 1 192 52.32
0.3 o 14 0 0 0 0 4 3.81
0.6 - - - - - - 0.00
.6 - - - - -

- 0.00

a Mean of 3 wells. Para51tes were counted until the MIC was reached

b Schizonts with 2 nuclei

¢ Schizonts with 3 or more nuelei

d Where the wean schizont count in the contxol mlls was legs than that in some of. the
_ test wells, the hlghest count was ‘aken as 100% control growth
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_ Parasitised erythrocytesﬂo* exythrocytes®
~ Chlotoquing —
concentration Trophc- Schnonhts SChuonts Ganeto- Percentage
(W) R smites (AP (& ot Total oontrol growthd
Tesh 1
Mred 7 2 B 2 6 M
At 48 howrs: : .
Control 35 £8 123 51 0 7 98,92
0.03 2 B 13 72 0 278 100.00
0.06 2 M 115 57 0 248 89.21
0.1 i5 63 - 105 ‘36 i 250 82.93
0.3 . 8 59 0 0 0 139 50,00
0.6 - H 8 ] 0 0 23 8.4
1;“0 . - i - _"' - ) - 0.00
Test 2
Fime 0 30 9 0 1 0 39
At 48 hours: : ' _
Control 170 Y | 19 0. 3% 9.9
0.03 09 1R 4 H 2 315 88.98
0.06 109 149 42 48 -1 kit 98.59
0l 152 138 3 A 1 354 100.00
0.3 12 8 1 0 0 2 5.93
06 . - = . e . - 0.00
1.0 - - - - - - 0.00
Test 3
Tine0d =~ . 10 - 3 0 1 0 14
At 48 hours: :
Control 112 54 L P 0 172 e7.73
0.03 112 58 3 3 0 6 100,00
0.06 104 65 2 2 0 173 98.30
0.1 126 43 0 3 0 172 . .73
0.3 I 3 0 0 0 ] - 227
0.6 - L= - - - - 8.00
1.0 - - - - - - 0.00

a Hean of 3 wells. Pazamtes were counted mltll the HIC was reached

b Schizonts with 2 nucled

¢ Schizonts with 3 or more nuclei

d #here the nean schizont count in the control wells was leus than that in some of the
test wells, the highest count was taken as 100% umtrol qrowth
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: Parasitlsed erythrecytes}m‘ er.:\rthrm:ggt'.esa

Chloroquine -
concentration Tropho~ Schizonts Schizonts saneto— - Percentage

(W) Rings woites (=2 (>zn)° oytes Total  control growth®

Yest 1

Tize 0 5 8 7 0 1 2

At 48 hours: o _ '
Control 13 60 93 43 0 237 70.33
0.03 . B - 58 L] 82 0 37 100.00
0.06 7 b3 130 72 0 W7 91.10
b.l B 3 | 63 - 105 45 0 b/ S )
0.3 : 0 W -1 0 ft 130 - 38.58 .

- 06 ] 8 1 0 0 16 475
o - . - - - - 000
Test 2

Tise 0 i 29 3 ) 0 53

At 48 howrss _ : : o o
Control 62 . 168 109 173 -0 512 90,62
0,03 47 105 125 288 ) 565 - 100.00
0.06 .l 130 160 a1 0 47 86.19
0.1 - 56 167 J133 0 118 0 - m 83,36
0.3 13 17 3 0 0 38 6.73
0.6 - - - - - - ' 0.00
1.0 - - - - .- - .0.60
Test 3

Time 6 15 15 4 0 36

At 48 hours: ' _ o

. Control 43 62 41 68 0 464 ©98.36
0.03 » - I77 4 65 0 §51 - 96,57

- 0,06 30 48 32 65 o - 467 100,00
0.1 26 - 46 299 . 27 0 392 . 8.9
0.3 : i - 12 1 0 0 23 4,93
0.6 - - - - - - 0.00

- .= - 0.00

1.0

a Hean of 3 Hells. Parasites were cmmted until the liIc was reached

b Schizonts with 2 nuclei

¢ Schizonts with 3 or more nuclei

d Where the wean schizont count in the contrel wells was less than that in soss of the
test wells, the highest count was taken as 100% control growth
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S Parasitised erythrocytesﬁo“ erythrocytes?

Chloroguine ' : e _
concentration Tropho- Schls Schizonts Cameto- Percentage

()  Rings zoites (=20}  (>2)® oytes Total  control gmth

_tl

Time 0 7 2 3 ' 1 17

" At 48 hours: S . :

Control 178 29 2 2 0 21 106.00

- 0.03 181 - 22 Z 1 0 205 95.57
0.06 . 18 - 2 2 2 0 206 97.62
0.1 113 15 4 2 2 1% 93,81
0.3 3 7 3 0 0 i 21.90
06 5 5 0 0 0 - 10 B
1.0 e - - - - - - 0.00
Jegt 2

Fime 0 .6 5 1 B ¥ 6 16

At 48 hours: _ o

Contrel 43 8 1 8 -0 i3 98.36
0,03 44 8 3 6 o0 61 100,00

0,06 &5 ; 1 2 0 55 90.16
0.1 44 5 3 .2 0 54 © 88.52
0.3 26 3 0 2 0 ‘31 50.82
1.6 5 0 S0 0 0 5 .20
1.0 - - - - - - 0.00
Test 3.

Fue 0 19 1 9 1 [ 1 |

At 48 hours: ’ _
Control 1% 7 1. 4 0 165 96.49
0.03 146 17 - 2 6 0 171 100.00
0.06 149 17 2 1 1 179 99,42
0.1 120 6 1 4 0 131 - 76.61
0.3 i 4 1. 0 IV 16 9,36
0.6 - = - - - - 0.00
1.0 - - - - - - 0.00

a Mean of 3 wells. Parasites were counted wntil the HIC was reached

b Schizonts with 2 nuclei

¢ Schizonts with 3 or more nuclei .

d whera the wean schizent count iu the rontrml wells was less than that in some of the
test wells, the highest count was taken as 100% control growth
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' Paraeutlsed er}tt]n:ocyi:es,‘l()‘i erythrocytesa

Chloroquine : :
conceptration ’l'ropho- Schlzo Schizonts Ganeto Percentaqe

(M)  Rings wites (=) A cytes total  oontrol yrovtt®

Test 1

Tine ¢ .n 2 1 1 ¢ A
At 49 hourse S : .
Contrel 45 39 27 3 2 115 73.89
0,03 . 53 45 28 5 -3 134 . - 85,35
0.06 78 % § T 157 1000
0.1 5 A 24 1 2 W 68.15
0.3 ' 1 1 1 1 -0 i 2,55
0.5 - - - - - - 0,90
l'ho . - = s - ] - - 0!00
| mest2
Time 0 i1 1 1 0 0 75
At 48 howrs: - | - |
Control 144 39 3 1 0 187 100.06 - -
0.03 1138 A8 1 3 1 m 91.44
0.06 12 35 02 0 169 . 90,37
0.1 148 i5 1 1 0 165 . 88.24
0.3 13 6 1 0 0 20 1,23
0.6 . - . - - 0.00
1.0 - - - - - - 0.00
Test 3
Tise 0 3 I : B | 0 86
© At 48 hours: o o
- Contrel 630 - 178 1 32 i sl 160.00
.03 - 644 147 10 26 0 827 97.18
0.06 676 - 137 5 i 0 - 844 99.76
0.1 682 112 4 22 0 820 96.36
0.3 22 32 -0 1 0 55 6.46
0.6 - - - - - - 0,00

o, - - - - 0.00

a Mean of 3 wells, Pavasites were counfed unial the HIC was reached

b Schizonts with 2 nucled

¢ Achizonts with 3 or wove muclei

@ ¥here the mean schizont count in the conirol wells was less than that in some of the
_ test vells, the highest count was taken as 100% control growth
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b Schizents with 2 melei

¢ Schizonts with 3 o more muclei '
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- Parasitised erytimooytes/10® erythrocytes?
Chloroquine
coticentration 'ropho- Schizo Sthizonts Gale_to Percentage

(@)  Rings wites (N . O° optss Botal ocontrol grouthd
Best 1 -
Tine 0 13 3 1 1 0 13
AL 48 hours: )
Control 247 3 2 3 0 255 98.84
0.03 46 4 1 7 0 258 100.00
0.06 B35 6 1 4 0 246 95,35
01 21 4 1 4 0 220 - 85.27
0.3 19 5 2 z 0 27 10.47
X 9 5 0 0 0 14 5.43
1.0 - - - - - - © 0,00
Test 2
Tise 0 ) 1 ¢ 0 0 18
. At 48 howrs: :

- {ontrol 778 22 4 5 f 3 86.63
.03 275 29 4 5 0 313 £7.19
0.06 302 44 4 9 0 359 100,00
0.1 8L . 3% 6 5. o 3 91.36
0.3 99 2 0 2 0 103 28.69
0.6 11 0 9 0 0 jxk 3.06
1.0 - - - - - - 0.00
Test 3
Ting 0 10 4 1 0 0 15
At 48 howrs: _ : :
Control 90 27 2 2 0 120 93.36
0,03 93 2 2 1 0 122 100,60
0.06 94 2 2 2 0 122 100,00
0.1 81 10 0 2 0 %3 76.23
0.3 1 2 0 1 0 'S 3.28
0.6 - - - - - - .00
1.0 - - - - - - ~.00

d Where the mean schizont count in the control wells was less than that in some of the
test wells, the highest count ~as taken as 100% control growth
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. - ?arasiﬁse& erypthrocytes/10t -eryhhrocy‘tesa
Chloroquine

concentration - Tropho- Schizonﬁs Schizonts Gameto- Percentage
) R wites () oA ctes Total cantrol grouthd

Test 1

~Tiue 0 7 7 13 2 1. 30

. At 48 hours: : .
Control 15 b/ 12 3 2 56 . 100,00
003 30 17 0 0 1 49 87.27
0,06 2 ¢ 0 0 o 6 10,91
001 - - - = . - - 9.00
03 . - - - - - - 0.00
0.6 - - - - - .00
1-0 - - - - - - 0-00’ .
Zest 2

Y0 30 2 1 0 -0 3

it 48 hours: _ : o -
Control 49 12 3 3 0 67 100.00
0.03 5 19 2 0 0 2 39.39
0,06 3 5 0 0 0 8 0,00
0.1 f - - - - - 0.00
0.3 - - - - - - 0.00
0.6 - - - - - - 0.00
1.0 .- - - - - - 0.00
Test 3

Tine 0 4 8. 2 1 1 k(3

At 48 hours: - o ' _
Control 15 29 8 1 1 68 100,00
0,03 2 i 3 2 1 50 73.53
0.06 0. 1 0 0 0 1 2.9
0.1 - - - - - - 0.00
0.3 - - - - - - 0.00
0.6 - - - - - - 0.00

L0 - - - - - - 0.00

a Hean of 3 wells. Parasrces vere oounted until the MIC was rea.ched
b Schizonts with 2 nuclei _
- ¢ Schizonts with 3 or more nuclei
d Where the wean schizont count in the control wells was less than that in some of the
test wells, the highest count was taken as 100% control growth
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. Parasitised \c.'a:y’t'.ln:tx:yt:es;/10‘I erythrocytes?
Chloroquine -
concentration - Tropho- Schlz s«chzxonts Gapeto~ Percentaqe

(W) Riwgs sites (- (W cytes Total oontuol growta?

Test 1
Tina G 22 LI § 0 ] 50
At 48 hours: : _

- Control 112 29 23 17 3 184 88.04
003 - 125 18 S18 15 -6 183 B7.56
- 0.06 ' 97 17 13 17 n 155 74.16

0.1 131 3 22 3 6 209 100.00

0.3 89 32 _ 4 ) 3 130 72,20

0,6 n ja ] 8 0 22 10.53

1.0 - - - - - - - 0,00
Test 2

Tixe 0 71 i 0 1 0 76
it 48 hours: _ _ o o _ _

Control - 584 160 15 -6 | - 766 100.60
- 0,03 196 182 2l 10 -0 708 92,29
©OL06 . 481 158 13 7 0 660 86.27

0.1 555 - 159 18 5 0 724 .. 98,29 -

0.3 43 11 § 1 ) L7 8.10

0.6 . - - - - - - . 0.00

1&0 - ’ . - - .-. - - otm}
Test 3
Tiwe 0 I3 15 2 i 0 33
At 48 hours: _

{ontrol 162 260 40 259 1 722 - 100,00

0.03 - 158 - 227 48 278 1 no . 98.47

.06 ' 46 195 55 206 ) 602 83.63

0.1 167 188 37 133 0 465 64.49

0.3 -~ 57 13 ¢ - 1 o0 71 9,57

0.6 9 2 L 0 9 n 1.53

- - L - - 0.00

1.0 ' - -

a Hean of 3 wells. Parasites were counted mttil the HIC was reached '

b Schizonts with 2 nuclel

¢ Schizonts with 3 or wore muclei

d Hhere the nean schizont count in the control wells was less than that in some of the
test wells, the highest count was taken as 100% control growth



a Moean of 3 wells, Parasites were coumted until the HIC was reacheﬂ

b Schizonts with 2 nuclei

¢ Schizonts with 3 or more nuclel
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_ ' Parasitised erythrocytes/10* erythrocytes?
Chioroquine — . : _ -
concentration Tropho~ Schizonts Schizonts Gameto- Percentage
(W)  Rings gzoites  (=20)°  (20)° cytes %otal  control growtnd
Testl
ine 0 - 18 17 g - & | 45
At 48 howrs: . : .
Control 137 34 22 § 2 199 100,00
0,03 106 36 0 6 2 170 86,36
0,06 83 29 21 § 10 157 79.80
0l S (1 TR 2 6 7 156 78.28
0.3 115 24 0 1 5 45 73.74
06 7 6 2 [V} it 13 6,57
L0 - = - - - - 0.00
“Test 2
Tine § 27 1 o 1 0 29
A 48 hows: _ -
Control 470 66 - 3 3 0 542 100.00
0.03 403 107 1 3 0 hl4 94,83
- 006 449 82 B 6 0 842 100,00
0.1 260 5 1 4 0 516 . 95,20
0.3 8 15 1 1 o . 25 4,61
0.6 - - - - - - 0.00
1.0 . - . - - - 0.00
Test 3
Tixe 0 1 6 2 5 0 14
At 48 hours: - . .
Control 221 18 4 8 1 252 98,82
0.03 ' 226 18 4 7 . 0 ‘255 100.00
0.06 202 20 3 & 0 23t . 90,59
0.1 183 12 2 4 o 201 . 78.82
6.3 9 i 0 0 i} 13 5.10
0.6 - - - - - - §:.00
1.0 - - = - - - 0,00

d where the mean schizont comnt in the control wells was Zess than that in some of the
test wells, the highest count was taken as 100% control growth
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R 16

| Parasitised exythrooytes/10f erytirocytes®
Clloroguine —
concentration Tropho- Schiz tg S(:hlzonts Gameto~ Percentane

: . {a) Rings . zoites (-2![) {PI®  oytes Total - gontror growthd

Tegt 1

i
Piee 0 - 3% 7 . 3 17 0. 66
. it 48 howrs: ' -
i Control 653 B 18 126 0 845 95.37
0.03 61 & 17 153 6 886 100,00
65.06 $12 42 b1 145 ) 80 9255
0.1 - M3 40 16 103 0 602 67.95
IS 0.3 89 - S | 0 0 114 - 12.87
; 0.6 i 3 0 0 0 72 .13
1.0 39 26 0 0 0 6 L3
i Test 2
1 o
i Tine 0 C 15 3 1- 2 0 2L
At 48 hours: _ '
! : Control ~ 266 3 g 29 N 339 100,00
i ' 0.03 N R i 5 23 0 prE] 80,53
' 0.06 232 29 6 it 0 . 285 84,07
: _- SR 3% BRI 24 2 12 0 247 73,16
| 0.3 13 3 0 0 i 16 £.72
: 0.5 C - - - - - - 0.00
_ 1.0 - - - - - - 0.00
j Test 3
; _
i; Tize 0 37 1 1 1 0 40
’ Af 48 homrs: : . '
Control 340 36 16 3 0 399 84,57
0.03 377 70 20 5 1 173 100.00
: 0.06 310 53 . 27 7 0 297 83.93
\ 0.1 362 63 4 2 0 141 8.3 -
! 0.3 1 12 1 0 0 27 5.71
: 0.6 20 9 0 o 0 23 0.00
L0 17 7 0 0 0 24 0.00

a Mean of 3 wells, Parasites were counted until the HIC was resched

b Schizonts with 2 nuclei

¢ Schizonts with 3 or wore muclei

¢ Where the wean schizont count in the control wells was less than that in some of the
test wells, the highest count was taken as 100% control growth
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Y

o Paramhsed erythrocytes;m* erythrocytesﬂ |
Chloroquine -
concentration Trophcr Schizon Schizents Galeto- Pemen@e

() Fings softes (=) {>an)¢ cytes Total  control arowtyd

Test 1

Tiee® 28 3 2 B 0 39

AL 48 hours: ' : - :
Comtrol . 369 = 20 2 14 1 06 100,00

S0 T3 A i % 1 397 . 9718
0% . 370 17 2 12 ¢ 02 99,01
0.1 o 16 2 16 0 325 80,05
0.5 ik 10 A 0 2% X
0.6 - - - - - 0.00
1.0 - - - - - - 0.00
Test 2 .

Tive 0 8 - 20 16 0 i 38

it 48 hours: _ _

- Control 728 10 8 B3 a 200 96,27
0.03 26 2 g 50 7 813 97.83
- 0.06 742 6 7 61 5 81 100,00
0.1 433 15 15 45 5 - 503 £0.53
0.3 77 15 0 ] 0 92 11.07
0.6 62 17 0 0 0 79 9,51
1.0 - - - - - - 0.00
Test 3

Tise 0 iz - 4§ 0 1 0 17

At 48 hours: S o : o
Control 303 33 1 2 [H 338 97.41
- 0.03 W 2 0 0 0 348 106.00
0.06 299 20 0 1 0 320 91,95
0.1 217 6 0 1 0 224 64.37
0.3 g - 1 0 ] 0 10 2.87
0&6 - . - - _ - bl - Dnm

1.0 == = 000

& ¥oan of 3 wells, Parasites Here comted 1u1t11 the HIC was reached

‘1 Sehizonts with 2 nuclei

¢ Schizonts with 3 or more muclei

d Where the mean schizont count in the control wens was leéss than that In some of the -
test wells, the hichest count was taken as 100% control growth.
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_ ~ Parasitised er‘ythrocytes{lﬁ“ eryl:hrocy-tesa

Chloroquing —— -

concenttztion . ‘Fropho- Schizo n%s Schizonts Galeto- chcentage
{wt)  Ringe oites  (=W)® - (>M® cytes Total control growth

Tige 0 g 7T 0 0 0 16

At 43 hours: '
© Control KT 11 6 6 124 100,00

0.0 2 5 - 7 0 o 57.2
0.06 = 2 36 7 4 0 69 56,65
0.1 Vi1 35 9 3 0 68 54,84
03 - 26 32 5 10 0. 73 . 58.87
0.6 6 6 0 0 0 12 9.68
1.0 - - - - - - 000

- Filep - % 25 o 9 0 63
At 48 hoursy - . - :

- Cputrol 324 4 10 47 1 386 66.90
0,03 40t 9 8 28 2 451 78.16
0.06 . B16 g . 9 40 3 571 100.00 -

S0l 188 8 8 1 58 M7
0.3 0 1% 0 -0 0 56 9,71
0.6 - - - - - - 0.00
1.0 - - - - - - 0,00
Test 3
Time 0 % 1 8 1 0 18
At 48 hours: S - _ .
Control 58 13 1 16 0 568 100.00 - -
0.03 COE0 11 1 13 0 545 95.95
0,06 505 - 10 2 12. 0 529 93,13
0.1 B I | 1 6 0 298 52,46
0.3 18 4 0 0 0 2 A
0.6 11 2 0 0 0 13 2.29
1.0 - - - » - - 0.00 -

a Heati of 3 wells. Para51tes were counted until the HIc Was reached

b Schizonts with 2 mucled

¢ Schizonts with 3 or more nuclei

d Where the mean schizont count in the control wells was Ilss than that in some of the
test wells, the highest count was taken as 100% control qrowth
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o Parasitised erytheocytes/10° erythrocytes® |
Chioroguine ' _
concentration s Schizonts Gamsto- Pgrcentage

: _
(i} Rings zmtes (-mol)lh A cytes Total  control qrowth?

Test1-

Tine 0 3 2 .2 3 0 10

it 48 hours: :

Control 13 n. | 18 2 52 94,55

003 13 3 7 10 4 12 75.36
0.06 32 6 7 8 2 55 100.00
0.1 13 s T 10 2 A0 72.73
0.3 N 5 0 i} 0 11 20.00
0.6 : 5 2 0 0 0 8 14.55
1.0 - - - - - . 000
Test 2 -

Tise 0 36 17 2 1 0 56

- At 48 bours: . S S
* Control 130 183 67 7% 0 58 98.28
0.03 - 103 . 178 §7- 107 0 %2 - 97.00
0,06 - 116 . 192 69 29 0 466 100,00
0.1 142 174 43 30 0 389 83.48".
0.3 9 19 0 -0 0 28 601
0-6 = . - - i . - - - : 0.00
1.0 - " - - hd - . 0.00
Jest 3

Mwe0o 6 3 0. 5 0 13

At 48 hours: ' _ '

Control 309 - 37 4 2 1 373 99,73
0.03 - 3% 23 4 18 0 34 100.00
0.06 240 24 4 15 0 283 75.67
0.1 146 17 2 16 0 181 48,40
0.3 14 6 0 0 ] " 20 5.35
0.6 6 1 0 9 0 7 1.87

L0 - .- - - - - - 0.00

a Hean of 3 wells. Parasites were counted until the HEC was reached

b Schizonts with 2 nuclei

¢ Schitonts with 3 or more mclei '

d Wiere the mean schizont count in the control wells vas less than that in some of the
test wells, the highest count was taken as 100% control growth



FCR-3
' Perasitised erythrocytes/10 erythrocytsa' '
Chlotoquine - -

- concentzration Tropho— Schizonﬁs Schizonts Gameto~ - ‘Percentage
{uf}  Rings soites - (>®  oytes Total . control growthd
Test 1
o B . 4 o 1 0 20
At 48 hours; : -

Comtrol - 61 65 0 1 ) 127 86.99

0.3° = 6 82 1 2.0 6 10000

0.06 46 9 1 2 ¢ 13 87.67
0.1 % 8 1 3 p 14 78.08
0.3 Y 18 0 0 0 35 23,97
0.6 ; 10 0 0 D 12 3.22

1.0 - - - - - - 0.00

Test 2

Ting 0 8 & 0 0 0 13

At 48 hours: ' o o : : '

Control 110 48 7 2 0 167 89.30

0.3 §7 5 1 0 143 76.47

0.06 - - 86 - 8 9 4 0 187 100,00

0.1 77 63 5 10 49 79.68
0.3 37 1 0 0 0 38 0,32
0.6 0 2 0 6 0 2 1.07

1.0 - - - - - - 8.00

Test 3

Tile0 M 6 9 06 .0 20

At 48 hours: o : ' :

Comtrol 200 32 2 1 0 . 235 100,00

0.03 19 . 0B 1 1 0 26 967

0.06 198 32 1 0 8 231 98,72
0.1 199 3 2 1 0 233 . 99.15

0.3 124 4 0 1 6 129 54,89

0.6 6 1 il 0 0 1 0.43

1.0 - . - - - - 0.00

. @ Mean of 3 wells. Parasites were counted until tha HIC was reached

b Schizonts with 2 noolei

¢ Schisonts with 3 or nore nuc1e1

d Whera the mesn schizont count in the eontroI vells was less than that in some of the
test wells, the highest count was taken as 100% control growth
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APPENDIX B

In vitro response to pyrinethanine of 20 southern African referenoe isolates of Plaswodiyn
falciparus in the 48-hour growth inhibition test _

B _

o ' Parasitised- erythrocytes/10t erythrocytes a
Pyrimethamine - —
concentration Tropho~ Schizonts Schizonts Gameto- Percentage

(M)  Rings zoites - (=2H) PAMC  cytes  Total control qrowthd

Test 1

Tine 0 5 3 1 0 0 9

At 48 hours: _ ' _

Comtrol . 34 2 .0 3 o 61 106,00
0.003 32 A 0 0 0 56 91,80

- 0,01 i 3% )] 0 1 - 50 81.97
0,03 -2 2 0 0 1 5 8.20
0 i .. - - - = - - 0.00
0.3 . - - - - - 4.00
1.0 - - - - - - 0.00

30 - - - - - - 0.00
Test 2
Tige 0 14 5 2 3 ¢ - 24
At 48 hours: - _
Control 95 32 .9 7 o0 14 91.72.
0,001 114 23 7 2 1 143 91.08
0.01 123 19 10 4 1 187 100,00
0.03 41 9 6 1 1 60 38.22
0.1 _ 2 % 2 9 0 14 8.92
0.3 - - - - - - 0.00
1.0 - - - _ - - 0.00
30 - - - - - - 0.00
Test 3
Tise 0 8 4 1 0 0 12
At 48 hours: _ _

. Comtroel 12 12 0 0 0 24 92.3%
0.003 9 S ¢ K g 21 80,77
g.00 12 13 - 0 1 ] 26 120,00
0.03 1 3 1 2 0 6 23,08
0.1 - - - - - - 0.00
0.3 - - - . - - 0.00
1.0 - - - - - - 0,00
3.0 - - - - - -

0.00

a Mean of 3 wells, Parasﬁes were counted until the HIC was reached

b Schizonts with 2 nucled

¢ Schizonts with 3 or more nuclei

d Where the wean schizont count in the control vells was lese than that in some of the
test wells, the hlghest count. was taken as 100% contzol growth
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o  Farasitised erythro c'ytesilo4 erytirocytes 2
Pyrinethani . . :
concentration Tropho- Schizo Schizonts caveto- Porcentage

() Rings oites () (O optes Total cortol grwthd

© Testl

. THme 0 15 0 0 0 1 16 -
At 48 hourss '
Contrel = 62 2 2 3 1 70 T4.47
0,003 74 1 1 & 0 82 B2
0.0 85 3 0 6 -0 9 - 100.00
0.03 13 1- o 8 . 0. 27 28.72
0.1 0 ‘1 0 4 0 10 . 10,68
0.3 - - - - - - 0.00
1,0 - - C - - - - 0.00
3.0 - - - - - - 0.00
Test 2
Time 0 18 1 2 2 0 2
At 48 hours: j _ _ :
Control 114 15 8 7 0 144 100,00
. 10,003 99 13, 10 4 3 124 86.11
0.00 108 1 1 10 3 143 T 9931
003 M 5 2 4 1 56 38.89
0.1 1 0 2 6 1 10 6.94
0,3 - - - - - - - 0.00
1..0 . - - - - - - . 0.00
3.0 - - - - - - 0.00
Test 3 _
Tiwe 0 9 8 2 2 1 2
At 48 hours: N - _ : E
Control 188 55 5 14 5 267 . 98,52
0,003 177 64 10 14 § m 100,90
0.01 176 59 6 14 7 262 196,68
0,03 99 34 3 15 8 159 58.67
01 ¢ 4 1 9 7 2 7.75
T 0.3 - - - - .- - 0.00
1.0 - - - - - - 0,00
3.0 - - - S - - 0.00

a Mean of 3 wells. Parasites were counted lmt11 the HiC vas reached

" . b Schizonts with 2 nuclei

© Schizonts with 3 or more muclei : '
d ¥here the mean schizont comnt in the conrl:rol wells ¥as less than that in 5088 of the
test yells, the Iughest ommt was taken as W9% control growth
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BAS

o Isstl

: Parasitised erythrooytes/10* exytiwooytes @
© Pyriuethaning ——— _
concentration Tropho= Schlzonhts Schizontz Gameto~ Percentage
{uH) Rings zoltes - (=2H) P cytes Tokal oontrol growi:hﬁ

Pime 0 - 28 3 0 1 0 32

At 48 hours: o ' o
Control ~ 1i0 2 3 3 0 148 87,72
0.003 182 0 2 4 0 - 188 100.0

00 64 2 2 3 0 no. s
0.03 57 - 5 3 6 1 72 38.30
0.1 . 47 4 4 10 - 1. 66 35,11
0.3 67 5 9. 3 0 & . 4468
1.0 n 4 5 15 1 95 50,53
3.0 % - 1 2. 2 0 48 25,53
Jest 2 -

Tine 0 13 4 1 -0 0 23

M4 hows: s o
Contrel - 55 6 3 - 7 1 2 1.1
0003 . TL . o 3 1 7 100,00
.01 : 35 -3 1 6 1 46 - 58.2%.
-0.03 28 1 1 -7 1 38 - 4810
0.1 34 2 1 9 0 46 - 58,23
0.3 -39 3 - 2 8 1 53 67.09
L0 38 3 1 n i 50 63,29
3.0 ie - 1 0 1 0 28 35.44
Test 3

Tine¢ = 6 1 1 3 0 11

At 48 howrs: . _ :

Lontrol 32 35 4 5 1 77 - 9747

. 0.003 36 EX] 4 5 T 79 100.00
.01 24 34 -6 4 0 73 92.41
0.03 25 28 2 i 0 59 74,68
0.1 22 2 3 4 0 56 70.89
0.3 2 30 2 4 0 57 72,15
1.0 a2 -2 3 4 0 54 68.35
3.0 3 @ 1 3 1 30 37,97

-& Mean of 3 wells. Parasites were counted untll the MIC was reached

b Schizonts with 2 muclei

o Schizonts with 3 or more nuclei

" d where the wean schizont count in the mntml wells was less than that in some of the
fest wells, the highest count was taken as 100% control growth
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BSA 4

B Parasitised erythrocytes/io* erythrocytes
Pyrinethanine -
oncentration Tropho- Schnoni.;s Schizonts Gameto- Percentage
(W)  Rings mites (=) (A oytes Total emirol gromﬂ
Test L
Tied - B 3 4 4 12 47
At 48 hours: S _
Control 4] 8 7 & 5 69 66.99
0,003 78 7 3 10 5 103 100.00
0.01 34 i 3 9 7 57 - B34
.03 5 1 i 14 1 B 33 9
0.1 - - - - - - 0,00
0.3 = - - - - - 0,00
1.0 - " - - - - 0.00
3.0 - - - - - - 0.00
Test 2
- THEe 0 - 3 1 2 2 0 19
it 48 hours: - - - - S :
© Contrel 07 - 16 5 & 2 I3 - . 100,00
0,003 13 1n 1 3 § 135 98,54
0.01 5L 8- 3 i 2 68 48.91
0.03 1 2 3 12 2 20 14.6D
0.1 - - - - - - 0.00
0.3 - = - = - - 0.00
1,0 - - - - - - 0.00
3.0 - - - - - - 0.00
Test 3
Tine 0 24 3 1 1 1 30
AL 48 hours; :
-Control 146 - 26 1 2 4 119 100.00.
0.003 146 2 2 5 3 177 98.88
0.0 51 1 2 3 2 72 40.45
0.03 0 1 0 7 KO 1 6.18
0.1 Lo - - - e - 0.00
0.3 - - - - .- . 0.00
1.0 - - - - - - 0.00
3!0 - - - - - -

0,00

a Mean of 3 wells, Parasites wora counted until the HIC was Teached

b Schizents with 2 muclel

¢ Schizonts with 3 or more nuclel '

- Where the mean schizont count in the control wells was less than that in some of the -
test wells, the highest count was taken as 100% control growth o '
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BSAS
| Parasitised erythrooytes/10* erythrocytes @
Pyrimethanine ——- - -
concentration Tropho- Scluzoniﬁ's Schizonts Gaweto- Percentage q
() Rings zoites  (=2N) (>M)®  oytes Total  contzol gmth

Tsk 1 | o

Tie 0 ¥ B 14 i 1 19

At 46 hours: o -

Contrel 168 69 121 5 13 = 100.00
0.003 15 56, 103 0 M 0 sd - 858
0.01. 136 € &8 6l 14 365 - 85,88
0,03 115 . 57 82 47 10 362 . 85.18
.1 12 7 & . 6 - i 31 - BLT6
.3 9 60 67 80 -9 309 72.71
1.0 123 63 77 68 . 1 - a2 80,24
30 48 il 1812 u 13 26,59
Test 2

Tine 0 4 6 § 3 0 19

Comtrol - 29 37 9 3 0 78 100.00

0,003 2 43 3 2 1 €9 83.55
0.01 B 8 6 3 0 77 96.30
0.03 26 36 6 3 1 72 87.65
0.1 11 24 -2 ¢ 0 36 45,68
0.3 9 18 Z . 1 -1 2 40.74
1.0 11 18 0 1 i a 37.04
3.0 6 B 0 1 1 16 20.99
Test 3

Tive 0 17 1 1 1 1 8

At 48 hours: : - Co

Control - - 123 n 12 27 2 I 76.78
6.003 184 & 8 24 3 228 100.00
0.01 137 9 8 15 ¢ 169 74.12
0.3 . 125 10 16 26 1 178 -78,07
0.1 13 11 10 2 2 159 69.74
0.3 170 1] 10 23 1 209 91.67
1.0 128 3 9 17 2 159 69,74

7 1

.0 21 8 3l 63 29.82

a Hean of 3 wells. Parasites were counted unt.‘tl the KIC %as reached

b Schizoats with 2 neelei

¢ Schizonts with 3 or wore muclel _ ' '

d ¥here the mean schizont count in the control wells was Iess than that in some of the
test wells, the highest colmt vas taken as 190% contrel owawth -
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o Parasitised erythrocytes/10t erytrocytes &
conceptration Tropho~ Schizongs Schizonts Gameto- Percentage
()  Rings soites (=20’ (524} cytes Total control growtnd

Testl

Tine 0 17 3 1 '3 1 23

AL 48 hours: ' _
Control A % 18 10 2 87 100,00

0003 19 19 20 13 2 73 84,09
0.01 9 15 17 10 5 56 62,50
0,03 0 7 13 9 5 34 .64
0.1 0 1 8 6 B 20 23.86
0.3 - - - - - - - 000
1.0 - - - - - - .00
3.0 - - - - - - 0,00
Test 2

Tie 0 . 1 4 0 1 0 16

it 48 hours:  © ' _ _ -~ _
comtrol 205 3 1 2 0. 239 100.00
0.003 - 199 32 3 3 0 37 9.3
0.01 19t 37 2 6 0 236 -98.75
0.03 182 ) 1 3 0 28 89.58
0.1 0 0 0 4 0 { 1.67
0.3 - - - - - - 000
1.0 - - - - - - 0.00 -
3.0 - - - - - - 0.00
Test3

Time 0 - 21 > 2 2 1l K1 R

At 48 hours: ' _
Control 167 -9 3 12 4] e 82.68
0.003 199 5 3 14 0 24 95.57
0.01 205 9 - 1 16 0 bl 100,00 -
0.03 195 8 3 11 -0 anr 93.94

0.1 4 1 ] 1 0 6 2.60
0.3 - - - - - - 0,00
1.0 - - - Co- = - C000
3.0 - - - - - - 0.00

a Bean of 3 wells. Parasites were counted until the HIC was reached -

b Schizonts with 2 nuelei

¢ Schizonts with 3 or more nuelei

¢ Where the wean schizont count in the control wells was less than that in some of the
test wells, thé highest count was taken as 1003 control growth



Parasitised ta::yrl:h}:oc:yi:es/.m‘I erythrocytes @

Pyrinsthanine : :
concentration Tropho- Schizonts Schlzonts Gameto- Percentage

(W)  Rings soites (sz::j" A qtes Total - control growth

Test 1 _

Tike 0 7 ] £ 2 1 20
At 48 hows: B - '

- Control & 0 1. 2 1 6l 100.00
£.003 4 4 -0 2 1 52 - B6.67
0.01 4 12 1] 2 1 -} 98.33
0.03 3 . 9 2 3 I - 58 96,67
0.1 P 3 1 0 2 % 51,67
0.3 39 8 1 1 0 A9 | 8L.67
10 15 3 0 1 b 3.3
3*0 - - - - - - 0.00
Test 2
Tiwe ¢ 2 8 1 0 0 31
At 48 hours: _ _
Contre} - 218 156 23 2 - 0 417 93.12
$.003 217 157 28 21 1 23 99.53
001 204 173 19 s 1 425 100,00
0.03 B #0105 0 206 18.47
0.1 0 1 1 5 0 7 1.65
0.3 - - = - - - 0.00

- L0 - - - - - - 0.00
5.0 - - - - - 0.00 -
Test 3
Tine 0 19 1 1 7 1 28
At 48 howrs:

Control 229 15 7 14 2 267 - 1739
0.003 310 18 3 11 3 345 100,00
0.01 281 21 7 20 1 330 95.65
0.03 191 15 3 12 | 64,06
0.1 0 0 0 1 6 7 2.03
0.3 - “ - - - - 0,00
1.0 - - - - - - 0.00
3.0 - - - - -

0.‘00

"3 Mean of 3 wells, Paras1tes were cmmted until the HIC vas reached

b Schizounts with 2 nuclei

¢ Schizonts with 3 or more muclei -
* 4 Where the mean schizont count in the control weils was less than that im sone of the -

- test wells, the highest count was taken as 100% control growth
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REA E
Paras,ttlsed erythmcytes1104 e::ythrocytes &
Pyrisethamine :
goncentration Tropho- Schlzon'll;s Schizonts Gaméto- Percentage |
{0  Rings zoites (=2K)P (A cytes Total  control qrowtld

Jest 1

Time 0 7 - 2 13 2 0 44

At 48 hours: - o
Contrel 40 41 118 91 0 290 86,57

0.003 48 59 151 77 0 335 100.00
0.01 B 8 1% 107 0 319 95,22
0.3 B 32 62 Fx; 0 160 AL

0.1 0 1 0 7 1 9 © 2,69
0.3 - - - - - - 0.00
1.0 - - - - - 0.00
X - - - - - - 0.00
Best 2

Pive 0 30 9 0 1 0 40

At 48 howrs: . - o

Control 176 127 2 19 B © 90,11
0.003 9% 167 15 63 1 372 90.47

0.01 - 94 - 166 54 59 1 k7| 100.00
0.03 B B & R 8 0 262 © 70,05

0.1 0 1 1 1 0 14 .M

0.3 - - - - - - 0.00

. 1-0 - - - - - 0&00

3.0 - - - - - 0.00
Jest 3

Tixe 0 10 & 0 1 0 15

at 48 hours: : :

Control - 125 3 3 2 0 173 98.86

0.003 0 &0 1 3 0 174 99.43

0.01 99 70 3 3 0 175 100,00

0.03 8 16 0 1 0 127 72,57

0.1 1 0 0 2 0 3 1.1
0.3 - - - - - - 0.00

1.0 - - - - - - - 0.00

3.0 - - - - - - 0.00

& Hean of 3 we]ls. Parasi’rm were counted until the HIC was re&ched

b Schizonts with 2 nuclei _
¢ Schizonts with 3 or more muclei

d Where the mean schizont count in the contrel wells was less than _that in sowe of the

test wells, the highest count was taken as 100% control growth
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RSk 9
Parasitised erythrocytes/10* erythrooytes 2
Pyrizethanine —
© concentration Tropho- Schizonts -Schizonts Gameto- Percentage

- (uH) Rings szoites _(-211)]_’ {>M)® cytes Yotal controlgmwth

Test 1

Fine 0 5 g - 7 0 1 21

it 48 howrs: S _ o _
Control 62 78 1% 67 0 3 8.2
0.003 4 f2 13 68 0 3l 92.63
0.01 54 67 148 70 0. 33 100.00
.03 A 2 28 2 0. 33 448
ti 1 1 0. 2 1 5 1.47
0.3 - = - - - - - 0,00
1.0 - - - - - - 0,00
3.0 - . i - - - - - . - ..0'00
Best 2

Tine ¢ 2 % 3 0 0 53

At 48 hours: o : o I
-~ Control 62 168 - 10 173 0 513 97,34
0.003 52 129 118 . 228 0 527 100.00
0.0 - 60 . 120 03 3% ¢ - 514 . 9.5
0.03 45 13 9 - 188 0 436 8273
0.1 0 0 0 17 0 17 3.23
0.3 .- - - - - - 0.0
1.0 - - - - - - 6.00
3.0 - - - - . - 0.00
Test3

c o Time 0 6 5 n 4 0 36

At 48 hours: -

Control - 4 47 347 20 0 48 80.38
0,003 53 52 339 72 0 506 97.31
0.01 34 55 354 77 0 520 200,00
0.03 39 45 284 §7 0 415 7.8
0.1 0 0 0 5 0 5 0,96
0¢3 = - - - - - 0.00
1.0 - - - -~ - - 0,00
3.0 - - - - - - 0.00

a Mean of 3 wells, Paras:.tes yere oounted tmtll the UIC was reached

b Schizents with 2 muclei '

¢ Schizonts with 3 or wore nuclel

d Where the wean schizont count in the coptrol wells was less than that in some of the -
test yells, the highest count was taken as 100% control growth '
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RSk 10
' . ' 'Parasitiséd erythrocytes/i0? erythrocytes 2
 Pyrinethanmine '

. concentration  Tropho-  Schiz Scluzonts Gaueto- Percentage d
S (ul) Rings zoites (=) (>2m cﬁas Total control qrowth

Test 1

Tie 0 7 3 2 31 16

it 48 hours: _ - _
gontrel 165 13 § 5 0 187 85.78
0.003 1 I 3 4 1 218 100.00
0.01 163 . 2 . 3 -4 1 191 . 87.6l
0.03 - 52 ' 2 2 i} 0 2152
0.1 3 0 2 & 0 i - 5,05
0.3 - - - - - - - 0.00
1.0 - - - - - - g.00
3!0 - - = - = - 0100
Test2 :

Tine 0 6 5 1 4 0 16

At 48 hours: _ i _

o Control 48 8 1 4 0 61 9683

0.003 - 46 7 2 4 0 59 . 93,65
0.0¢ .69 7 1 6 0 63 100,00
no: 30 5 1 3 0 39 61.90
0.1 0 1 0 i 0 5 7.9
0.3 - - - - - - 0.00
10 - - - - - - 0.00
2.0 - - - - - - 0.00 .
Yest 3

Tine 0 19 T 0 1 0 21

At 48 hours:

Control - 184 9 2 5 1 01 98.53
0.003 164 13 2 3 0 182 . 89.22
0.01 181 16 4 3 0 204 100.00
0.03 1 2 0 3 1 v} 8.33
0-»1 . - - - - - - 0-00
0.3 - - - - “ - 0,00
1.0 - - - - - - 0.00
3.0 - - - - -

0.40

a Hean of 3 wells, Parasites wers cumlted untll the HIC was reached

" b Schizonts with 2 nuclei

¢ Schizonts with 3 or more nuclel

d Where the nean schizont count in the control wells was less than that in some of the
test wells, the highest count was taken as 100% control growth



RSA 11

Parasitised -erythro@té:é./lﬁ* erythrocytes &

' Pyrinethanine

conoentrakion ﬂopho- Schizongs Schmnts Ganeto- Percentage
() - Rings zoites (>2H cytes Total aontml gro
Testl - _
Tine 0 . 17 2 1 i 0 i _
At 48 hours: _ : : -
Control 137 B3 28 | 0 222 100.00
0.003 . 117 44 23 10 0 194 39.04
0.01. a1 64 36 1 0 ‘192 87.67
0,03 - - 29 n j £ .3 1 - 81 37.44
0.1 o - o 1 2 0 3 1,37
0.3 - - - - - - 0,00
1.0 o= - - - - - 0.00
3.0 .- - - - - - .00
Test 2
_’I!ine 0 - 40 33 1 ] -0 74
At 48 hours: _ o _ _
Control 144 39 3 1 0 187 100.00
0.003 125 19 1 2 0 147 79.14
0.01 . 3 44 0 1 -0 - . 158 83,96
0.03 103 25 2 2 0 132 70.59
01 2 4 0 13 0 19 10,70
0.3 - - - - - - 0.00
1.0 - - - - - - 0.00
310 - - - - - - 0.00
Test 3
Tiwe O Y] 10 0 2 g - 8z
At 48 bours: -

"~ Control 630 18 n 32 c 851 98.50
0.003 .62 169 16 £1 | 847 98.03
0.01 591. 209 19 2% 0 85 97.80
0.0% i) 135 6 22 D 864 100.00
0.1 26 § 1 B 0 56 6.48
0,1 - - - - - - 0,00
1.0 - - - - - - 0.00.
3 .0 - - - - - i -

0.00

a Mean of 3 wells, Parasites were counted until the MIC was reached

b Schizonts with 2 nuclei

¢ Schizonts with 3 or more nuclel
d Where the mean schizent count in the control wells was less tham that in some of the

test wells, the highest count was taken as 100% contyol growth
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- Parasitised erytrrocytes;m“ erythrocytes
- Pyrinethanine — _
concentration ¥ropho~ Schizo%s St:hizomta Gameto- = - Pexcentage
(W)  Rimgs soites (>an)° cytes Total  control growtid
Test 1
Tine ¢ - 137 3 1 1 0 18
it 48 howrs - -
Control 23 § 2 5 0. 21 92,57
0.003 256 - 7 1 2 0 296 100,00
0.01 258 . 3 2 5 a 268 90.54
0.03 190. 4 1 10 0 205 69.26
0.1 2 1 1 11 2 17 5.74
0.3 - - - - - - - 0.00
1.0 - - - - - - 0.00
3.0 - - - - 0.00
Test 2
Tize 0 Y 1 0 0 0 18
At 48 hours: = ' : o '
" Comtrol 278 2 4 50 314 78.30
S 0003 292 46 q 7 0 349 87.03
0.0 M % 13 12 ¢ #00 100.00
003 . - . 207 48 i 5 0 264 65.84
0.1 2 0 0 1 0 u 3.2
0.3 - - - - - - 0.00
1.0 - - - - - - 0.00
3.0 - - - - - - 0.00
- Test 3
Time 0 - 10 3 1 0 0 14
At 48 hours: L '
control 93 27 2 3 0 125 95,42
0,003 93 27 3 4 0 127 96.95
0.01 92 34 2 3 0 13 100.00
0.03 52 12 0 4 0 68 51,91
0.1 0 1 0 5 i 6 4.58
0.3 . - - - - - - 000
1.0 - - - - - 0.00
3.0 - - - - - . 0.00

a Mean of 3 wells, Paraslm yare ommted until the ch was reached
b Schizonts with 2 nuclei
¢ Schizonts with 3 or more nucled

4 Where the wean schizont count in the control wells was less than that in some of the

test wells, the highest count was taken as 100% control growth
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- Pa'rasitiéed ery’cfln:'m:},!’cesjliu‘1 erythrocyteé a
Pyrizethaning ———-: — -
concentration T}:opho- Schizonfs Schizonts Cameto- Percentage

()  Rings oites (=2M)° (M° coytes Total control grewthd

Test 1

Tine 0 7 7 13 2 -1 30

At 48 hours: _ g :

Control [ v 42 Y 1 83 100,00
0.003 4 11 24 17 2 68 -.81.93
0,01 1 - 4. 9 10 2 6% 3002
0.03 - - - - - - 0.00
0&1 - - - - - = 0400
0.3 - - - - - - 0.00 -
1.0 - - - - - - 0.00
3.0 - - = - - - 0.00
Test 2

© Time 0 30 2 1 0 0 33

At 48 hours: o o
Contro} - 50 - R 4 1 68 . 100.00
0.003 47 13 3 ) ] 68 100.00

- 0,01 11 . 5 1 C 4 1 22 29.41
0.03 - - - - - - 000
0.1 - - - - - - 0.00
0.3 - = - - - - 0.00
1.0 o= - - - T - e 0.00
3-_0' = - - - - - 0-00
Jest 3

Tige 0 . 4 8 2 1 i 16

At 48 hours: _

Control 16 32 -7 i I - 68 100,00
0.003% 1 L 3 g 12 2 59 88,51
0.0L 3 13 i 9 2 3l 44.93
0.03 -0 .0 0 1 1 - 148
0,1 - - - - - - 0.00
0.3 - - - - - - - 4,00
1.0 - - - . - - 0.00
3.0. - - - - . - 0.00

a Nean of 3 wells. Para31tes were counted urtil tha HIC was reached

I Schizonts with 2 nucled

¢ Schizonts with 3 or wore muclel

d Where the pean schizont count in the control wells was less than that in sone of the
test wells, the highest count was taken as 100% control growth



Wik el gy el ety e e e = TR e Tl P T

203
RSA 14
: * Parasitised erfy'!:hl:t':{:3ri',e§;/1()-4 erythrocytes 3

concentration 'l’ropha-.'. ‘schizomts Schizomts Cameto- = Dercemtage g
{ut) Rings zoites  ({=2H) P cytes Total control gmnth

Test1-
- Time 2 M4 4 0 0 50
At 48 hours: ' - : o .
Controel 213 34 19 24 3 293 731
0.003 235 60 0 40 4 379 100.00
0.01 R A - S « 40 ] 353 95,78
0.03 111 20 7 g - 5 152 - 40,11
g.1 1 0 0 8 8 . 17 4,49
. 0:3 . - i = .- . OQW
1.0 . - - - - - - b
30 - - - - - - 000
Test 2
Tine 0 n i ) 1 g 76
At 48 hours: o _ _
© Control = 584 150 LA 6 1 766 93.87
0.003. 588 158 13 7 1 767 100.00
0,01 561 166 10 7 1 748 97.13
003 195 . 24 0 5 0 2 29.20
- 0. 1 1 i} 29 0 kil 4,04
Dla_ - - - . - - . - . 0.00
Lo - - - - - - 0,00
D - - - - - - : 0.00
Test 3 _
- Pige 0 9 . 13 4 1 0 27
At 48 hours: : ' _
Control 159 212 31 W6 0 508 - 95,85
0903 - 156 182 27 166 0 530 100.00
0.01 1 18t - 26 186 3 525 99,06
0.03 08 10t 13 45 1 258 - 48,68
0.1 0 0 0 4 0 4 0.75
0.3 - - - - - - 0.00
1.0 = - - - - - 0.00
.. - - - - - -

0.00

a Hean of 3 wells, Paragltes were comted until the HIc was reached

b Schizonts with 2 nuclei

¢ Schizonts with 3 or more nuclei

d Where the mean schizont count in the control wells was less than that in some of the
test wells, the highest comnt was taken as 100% control growth
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AL
. - Parasitised erythrocytes/10! erytirocytes 2

Pyriuethanine ——

corcentration -~ Tropho- Schlzongs Schizonts Gameto~ ' 'Percentage
{)  Eings soltes O optes Total  control qroth®

et 1

Tiwe 0 15 17 9 0 0 15

At 48 hours: _ ' : 5

Control - 145 18 17 5 9 224 100.00
0.003 o 35 12 1 10 138 60,89
0.01 67 41 21 g 10 147 65.33
.03 ' % . 1 03 5 12 72 32.00
0.1 32 0 1 7 13 533

o 0,3 - - - - o - 0.00
1.0 - - - - - = 000
3.0 - - - - = . 000
Pest 2
Time 0 27 1 0 1 0 29

© Bt 48 hours: ' _'

- Control 470 66 3 3 it 542 100,00
0.003 416 96 3 §. 0 524 - 97,40
0,01 427 94 5 3 0 _ 529 - 98,3
0,03 2% @ 00» 0 1 0 4y 16,20
0.1 i 0 1 12 0 14 - 1.687
03 - - - - - - -~ - 000
1.0 - - - - - - ~0.00
3.0 - - - - - - 0.00
Test 3
Tine 0 1 6 3 5 0 15
At 48 hours: -

Control 225 15 2 8 0 250 98,04
0.003 226 15 3 4 0 243 97.25
0.01 26 28 3 7 1 255 100,00
0.03 2 11 2 5. ) 139 54.51 -
0l 0. 0 ] 3 0 4 .57
0.3 . - - - - - 0.00 -
1.0 - - - - - 0.00
3.0 - - - - - - 6000 .

2 Hean of 3 wells. Parasites wore counted until the MIC vas reached

b Schizonts with 2 muclei _

¢ Schizonts with 3 or more nuelel

- d Where the mean schizont comt in the control Wells was less than that in sone of the
- test wells the highest count was taken as 100% control growth -
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RSA 16
__ Pazasitised erythrooytes/10* erythrocytes @
~ Pyrinethamine —
concentration Tropho- Schlzonﬁs Schlznnts Ganeto~" Perventage
{ul) Rings zoites (-2“) (>2H) cytes Total  control growthﬂ
Test ]
Tine 0 - 13 11 4 13 0 41
At 48 hours: : - : S
Control 621 L - 1.2 0 789 8623
(0.003 630 49 12 135 0. 826 90.27
0,01 B £ ' I 1 2 1 915 100.00
003 503 3% - 3% W 0 622 67,98 -
0.1 2 1 ¢ 31 0 34 SRR B 74
a3 - - - . - -~ 0,00
1.0 .. - - - - - 0.00
. 300 . - - - - - .- . 0|GD
Tize 0 15 3 1 2 6 21
At 48 hours: _
Comtrol - 306 19 7 27 0 359 93,98
0.003 22 17 ] 21 0 I 97.91
0.0 . 333 17 2 26 0 382 100.00
0,03 285 18 6 19 0 27 8560
0.1 3 0 0 C 4 0 7 1.8
0.3 - - - - - - 0.00
- 1.0 - - - - - - 0.00
3.0 - - - - - - .00
Test 3
w0 15 5 1 0 0 it
it 48 hours; _
Control 383 4, 13 6 0 448 94.12
0.003 - 395 50 23 3 0 876 100.00
0.01 42 65 26 8 -0 44 . 92.65
0.03 150 ‘6l 14 5 0 430 . 90.34
0.1 10 1 0 2 2 15 3,16
0.3 - - T - - - 0.00
1.0 - = - - - - ' 0.00
3.0 - - - - = - 0-00

a Wean of 3 wells. Parasa.tes were counteﬂ until the HIC was reached

b Schizonts with 2 muclei _

¢ Schizonts with 3 or more nuclei

d Where the mean schizont cownt in the control wells was leas than that in some of the
test wells, the highest count was taken as 100§ control growth



- Parasitised erythrocytes/10* erythrocytes @
Pyrinethanine

concentration ‘I'ropho- Schizonts Schizobts Gameto- Percentage
-~ {uH} Rings soites  (=2M)®  (>2M)° cytes fTotal  control growthd

Test 1

~ Tike 0 B 3 2 6 1 10

- AL 48 hours: o ' ' :
Control 238 19 4 24 1 28 - 98,62
0.002 - 239 14 0 12 ¢ 25 - 9L.38
0.01 263 20 3 4 0 290 100,00
603 7 1 9 0 57 13.6
0.1 0 2 1 28 ¢ 3 10,69
0.3 - - - - - - 0.00
‘10 - - - - - - .00
3.0 - - - - - - 0.00

- Rest 2
Tige 0 0 . 2 - 16 0 0 8
At 48 hours: : I '
Control 835 w78 1 949 - 100,00

0,003 716 2t 10 62 1 870  9L.78
0,00 - 69 25 7 54 2 87 83.03
0.03 38 - 9 0 2 30 3|0 3804
0.l 2 0 1 17 2 X 2,21
0.3 - - - - - - © 0,00
1.0 - - - - - - 0,00
3.0 - - - - - - 0.00
Test 3
Pine 0 2 . 3 0 2 0 17
At 48 hours: _ '
Control a0 % 0 1 0 245 98.39
0.003 2 38 1 1 0 232 93.17
0,01 209 3% 0 1 0 249 100,00
0.03 1B 49 1 2 0 191 76.71
0.1 ¢ -0 1 3 0 4 1.61
0.3 - - = - - - 0.00
1,0 - - - - - 0.00
3.0 - - - - -

0.0

a Hean of 3 wells, Parasites were counted !J.I'lt]l the HIC yas reached

b Schizonts with 2 nuclei

¢ Schizonts with 3 or wore nucled

~ d #here the mean schizont count in the control wells was less than that in sowe of the
“test wells, the hzgheat count was taken as 100% control growth
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_ Parasitised erythrocytes/10* erytirocytes 2
Pyrimethamine — -
toncentration Tropho- Schizonts Schisomts Gameto- Percentage
{(d}  Rings zoites  (=28)"  (>2M)® cytes 7Total  contvol gr
Testl
" Tineg 0 i 26 3 EI 0 44
it 48 hours: . ' _ 3
Confrel = 105 108 45 41 0 299 73.65
0.003 207 0 84 70 B 0 406 100.00
0.01 183 79 . 56 kL1 0 0333 - 82,02
0.03 97 499 - 38 26 0 260 o4.04
0.1 3 3 1 13 0 20 4.93
0.3 . - - - - - - 0,00
1-0 ’ - - - - - - ‘0-00
30 - - - - - = 0.00
Test 2
Fime 0 9 7 ¢ 0 0 i)
it 48 hours: _ '
Control 37 64 6 7 0 24 100,00
0.503 W 8 e i ] 110 88,71
0.01 39 54 2 5 0 119 95.97
0.1 2 3 [ 3 0 ] 6.45
0.3 - - - - - - 0.00
1.0 - - - .- - - 0.00
300 - - - = = . 0-00
Test 3
Tize § 29 25 0 Ed 0 63
At 48 hours:

.. Control 498 5 7 il 3  b4d 81,19
0,003 611 14 6 15 4 &0 100,00
0.01 564 I3 4 40 2 623 62,99
.03 02 - 12 4 k13 3 454 67.76
0.1 3 I 1 12 2 19 2.84
0.3 - - - - - - - 0.00
100 - - - - = - 0-00
KX - - - - - - 0.00

a Hean of 3 wells. Parasites were oounteﬂ untﬂ the HIC Was reached
- b Schizonts with 2 nuclei
¢ Schizonts with 3 or more muclei

207

@ Whers the nean schizont count in the control wells was less than that in sose of the

test yells, the highest comnt was taken as 100% control growth
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Mg 2
. Parasitised erythrocytes/10? erythrocytes &
Pyrinethanine —— ———
concentration Tropho= Schxzongs ‘Schizons Gameto- ~ Percentage
(ut) Rings zoites  (=2) (MC  cytes Total mntrol grou’ch
Testl
- Time 0 3 2 2 3 0 10
At 48 hours: : _
Control W 8 9 9 3 19 96.08
0,003 25 5 10 6 5 B 100,00
- 0.0 18 5 8 9 4 i 8627
003 6 12 7 9 10 Y 86.27
0,1 13 7 ] 6 8 38 7451
03 i 7. & ! 6 n 66.67
1.0 6 3 7 5 8 28 0.00
3.0 2 - & 6 8 8 30 . 0.00
Test 2
- Pine 0 36 18 2 1 0 57
At 48 hours; : L
- Comtrel 130 183 67 78 1 459 95,62
0,003 89 185 70 135 1 480 100.00
.01 73 198 7% 127 1 475 98.98
0.03 87 203 - 70 57 0 87 86,88
0.1 7 5 2 5 0 - 19 3.96
003 - - - il - - 0!00 .
1.0 - - - - - - in
3.0 - - - - ‘- - 0,00
Test 3
Piwe O 7 3 0 5 ] 15
At 48 hours: : o
Control 334 38 6 18 0 396 100.00
0.003 330 37 5 18 1 391 93,74
0.01 308 2 8 25 1 385 96,97
0.03 - 201 17 6 16 0 240 159,85
0.1 0 1 0 2 0 3 0.76
0.3 - - - - - - 0.00
1.0 - - - - - 0.00
3.0 - - - - - 0.00

a Nean of 3 wells. Parasites were counted lmtil i'he HIC was reached

b Schizonts with 2 nucled

¢ Schizonts with 3 or wore muclei

d Where the nean schizont count in the control wells was less than that in some of the
test we}ls, the highest count was taken as 100% control growth
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KR-3
 Parasitised erythrocytes/10% erythrocytes 2
Pyrimethanine — :
concentration Tropho- Schizonts Schizonts Caweto- Percentage q
contrel growth’

(uM) ~  Rings szoites  (=2H) (>2H)° - cytes Total

Fest 1

Tine O .15 4 0 1 b 20
it 48 hours: SR -
Control 2 . 98 1 2 0 - 1%
0.003 24 107 3 1 0 136
0.01 16 9] 7 1 0 110
0.03 10 5 - 0 0 0 35
0.1 Sy 2 0 3 (i . &
0.3 - - - T - - -
1'3_ B : - - - - - -
3.0 - - - - - -
Test 2

- Time O 35 YR 3 5 0 )
At 48 hourss '

Control 190 161 72 w0 529
0.003 202 179 59 1o ] B30
0.0l 207 198 74 140 ) 619
0.03 9 154 46 . 73 0 364
0.1 2 11 7 0 u
0.3 - - - - - -
1.0 - - - - -
3.0 - - - -
Iest 3

Tiae 0 .8 5 0 D 0 13
At 48 hours: ' :

Control 75 8 v 2 0 183
0,003 7T % 12 6 0 190
0.01 H % 7 2 0 180
0.03 26 12 0 1 0 39
0.1 0 0 1 0 0 1
0.3 - - - - - .
1.0 - - - - - -
3.0 - - - - - -

93.38
100,00
80,88
25.74
4,41
0,00
0.00
oim

85,46
93,70

58.80
1.78
-0.00
0.0
0.00

196.32
100,00
YL
20.53
0.53
0.00
'0.00
0.00

a Mean of 3 wells. Paramtes were counted unhl the ﬂIc was reached
b Schizents with 2 nueled
¢ Schizonts with 3 or more nuclei

G Where the wean schizont count in the control wells was less than that 111 sope of the

test uells, the hzqhest cout was taken as 100% control growth.
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APPENDIX c

In vitro response to halofantrine of 19 southern

African reference isclates and 2 Kwazulu field

. isolates of Plasmodlum falc1parum in the radioisotope
uptake assay _

Reference isolates
RSA 1

Mean counts
per minute

' Halofantrine
goncentration {pM)

" Pexrcentage .
conttol growth

- concentration (uM)

COntrol 7879.30 100 a0

0.01 : 4114.42 . 52.22

.02 2117.34 26.87

- 0D.04 367.37 4.66

0.08 0.00 0.00

- 0.16 58.97 . 0.75

0.32 25,57 . 0.32

0.64 27.24 0.35
Rsa 2

Halofantrine Mean counts Percentage

control.grpwth' :

. Control -

8585,69
0.01 7923,88 92.29
0.02 5175.056 - 60.28
0.04 1298.13 © 15.12
0.08 - 23.13 0.27
0.16 .- G.00 - 0,00
0.32 - 6.13 0.07
RSA 3
Halofantrine Mean counts Percentage

concéntration-(gM)

per minute

100.00

control growth

Control

per minute

6901 .30

£ 100.00
0.01 6332.02 91.75
. 0.02 6356.90 92.11
0.04 6232.20 90.30
0.08 5687.95 - 82.42
0.16 2830.53 41,01
0.32 118,04 1.71

0.64

"5.84

0.08
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. RsA 5';__w-

- Halofantrine

: Mean counts - Percehfagé L
concentration  (uM} control growth -

per minute

s cgmen#ation (M)

15634.84

per minute

160.00

Control - _ _
0.01 - 10755.87 . 68.79
0.02 '~ 9055,97 57.92
0.04 3320.30 21.24
0.08 57.64 . 0.37
. 0.16 74.51 0.48
L 0.32 1.97 0.01
0.64 j.g1 0.01 .
RSA' 6
Halofantxine Mean counts = Percentage

control growth

COnfrol

. 8968.82 100.00

0.01 7763.75 86.56

0.02 5300.67 59.106

. 0.04 2348.08 26.18

'0.08 - 333.80 3.72

0.16 77.60 - 0.87

0.64 . 74.867 0.83
R3& 7

Halofantrine ' Mean counts - Percentage

concentration (uM) per minute control growth

Control

.01
- 0.02
0.04
0.08
0.16
.32
0.64

7252.59 -
7608.00
7406.71
5133.11
2312.91
55.53
0. 00
0.00

100.00
104.90
102,13
70.78
31.89
Q.77
0.00
. 0.00
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Halofantrine - '
concentration {uM)

‘M&an counts
per minute

Percentage

- control growth

Control
¢.01
0.02
0,04

' 9.16

0.32

0.64

RSA 9

. Balofantrine
concentration (uM)

-35149;44

30640.24

24907.17

10117.41
203.27
147.94
105.97

Mean counts

per minute .

100-00
84.76

68,90 |

27.99
0.56
0»41
0.29
G.36

Percentage

- control growth

Control
o NL02
0.04
0.08
g.16
-0.32
0.64

RSA 10

Halofantrine

4885h.67
42137.00
35610.56
20091.18
356.07
213.20
254.94

Mean counts

per minute

100.00
86.25
72.89
4£1.312
"0.73
. 0,44

‘0.40°
0,52

Percentage

control arowth

concentration (uM)

control

0.0t
0.02
0,04
0.08
0.16
¢.32
0‘64

1505.32

- 2594.00
' 2828,20

1722.80
' 2.90

- 0.00

0.0G0

100.0G0
166.39
172.32
187.88
114.458
0.13

0.00

0.00
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RéA L

Haiofantrine  : " Mean counts Percentage .
- concentration (uM) per minute control growth -
~ control 14507.70 . 160.00
0.01 - 16168.42 111.45
0.02 16295.86 112,33
0.04 14386.71 99,17
0.08 -387.00 2.67
0.16 53.74 0.37
0.32 66,07 C.46
0.64 1c9.87 0.76

RSA 12
Halofantrine . Hean counts Percentage

- -concentration (uM)

Control
0.01
" 0.02 -
0,04
. 0.08 .
0.16
0.32
0.64

Halofantrine
concentration (uM)

per minute

17373.20

- 12739.62

" 7448.87
3122.70
91.60

- 0.00
0.00
0.00

Mean counts
per minute

control growth

100.00
73.33
42.88
17.97

0.00
0.00
0.00

-Pércéntage
control growth

Control
0.01
0.02
0.04
2.08
0.16
0.64

6455.35
6264,22
6533.78
5875.83
3862.27
- 52.07
20.40
36.27

100,00
97.04
101.21
91.02
0.81
0.32
0.56
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concentration (uM)

‘Control
g0.01
0.02 -
0.04
0908
0.16
0.32
0,64

per minute

'Haloféntrine : Mean~coﬁnts Percéﬁtage o
concentration (pM)  per minute = control growth - ¢
" Control 9472.30 100.00
0.01 - 3974.28 41.96
0.04 11345,30 - 14.20
. 0,08 312,97 . 3.30
0,16 10%.70 1,16
0.32 . 115.90 1.22
0.64 112.10 1.18 .
RSA 15
Halofantrine Mean counts PErcaﬁtaqe :
concentration (uM) per minute control growth
control 14857.990  107.12
0.01 13870.27 100.00
-D.02 13140.46 94.74
. 0.04 8201.19 59,13
' 0.08 886.90 6.39
0.16 184.90 1.33
© 032 175.17 -1.28 -
0.64 ' 180.97 1.30
RSA 16
Halofantrine Mean counts Percentage |

control growth

3416.21
3995.%7
3667.40
3748.76
2225.76
270.06
13.93
© 0,00

100.00
116.96
107.35
109.73
65.15
7.91
0.41
0.00



Coms

" mSA 17

' Percentage - -
control growth

;?Haldféntriné - . Mean counts.
. concentration {pM)  per minute -

“Control
0.01

. 8.02
0.64 -

0.08

0.16

0.32
0.64

' Halofantrine - - _
‘concentration (uM)  per minute

4899,51 .
4757.83
1620.87
5231.99
- 5134,32
209.40
12.00
11.26

Mean vounts

100.00

97.11
94.31
1106.79
104.79

427

0.24

~ 0.23

~ Percentage .
-control growth . -

Control

0u04 -
0.08

. 0.32

0.64

MW 2

. Halofantrine

10807.41
7649.79
3872.88
1229.33
0.00
0.00
0.90

Mean counts
per minute

100.00

72.81

. 36.86
0.79

0.00 .

0.00 -

-_Pércentaée: EE
control growth

Control
0.0%
0.02
o.04
0.08
0.16
0.32

' 0.64'

concentration (uM)

- 2585,91

1363.60
456.47
. .97.33
- 9,47
0.00
0.080

- 0,00

100.00
52,73

- 17.65
. 3.76
0.37
0.00

L 0.00

- 0.09
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concentration {pM)

per minute

ECR=3
" Halofantrine Mean counts  Percentage
00ncentratiqn'(pn}_ per minute control growth
Control 5010.46 100.00
0.01 4968.81  99.17
. 0.02 4443,03 - 8B.68
0.08 795,83 . 15.88
.- 0.16 17.73 0.35
0,32 23.87 0.48
0.64 61,13 1,22
ijeld,igclates'_
' Halofantrine .~ Mean counts . Percantage
concentration (M) per minute control growth
. gontrol - - 4169.53 100,00
0.01 32.00 U 0.77
0.02 0.00 0.00
"0.04 ‘0.00 " 0.00
- 0.08 0.00 0.00
B+ P X - a.00 0.00
0.32 . 0.00 0.00
0.64 0.00 0.00
4z
Halofantrine Mean counts Percentage

control growth

.-cOntrol

0.01
0.02
0.04
0.08
0.16
0.32

- 0.64

15686.10
234.80
0.00
0.00

:_ 0«00
0.00
0.00
0.00

100.00
1.49
0.00
0.00
0.00
0.00

0.00

0.00



" In v1tro response to amodlaqulne of 19 southern
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APPENDIX D

- African reference isolates of Plasmodlum falclparﬁm in
~ the radlolsotope assay

RSA 1
| Aﬂodiéquine

concentration (pM)

Control
0.0025

0.005
0.01
0.62
0,04
’ 0-08

3__ 2

T' Amodiaqulne : o
concentration (uM)

- Control
0.0025
. 0.005
6.01
0.02
- 0,04
- 0.08
- 0.16

RSA 3
Amodiaquine

concentration (uﬁ)

'~ Mean counts
per minute

'Percentage .
control growth

 4730.45
4961.09
6282.63
3924.05
77.37
66.37
- 61.11 -
141.51

Mean counts

per minute

100,00

132.82
82.96
1.64
1.40
- 1.29

Percentage

control growth

9382.86

1 9433.98

9186.61
7506.54
233.80
0.00
.00
0.00

Mean counts
per minute

100.00

.'100,54
80.00

- . 0.00
0.00
0.00

Percentage

control growth

Control
0.0025
0.005 -
0.01
0.02
CQ0.04.
- 0.08
- 0.16

5539.72
apa6az2.42
6158.48
2881.86
54,44
46.91
36,57
90.57.

100.00
109.44
©111.17
52.02
0.98
0.85
0.66
1.63
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"Amddiaquine. | ' Mean couits

. . _ Percentage
‘concentration (uM) per nminute

- control growth

‘Control

. 0.0025

©. 0,005
0.01

0.0z

o 0.04
0.16

RSA 6

" amodiaguine

concentration (pM)  per minute

‘Contktrol
- 8.0025°
. 0,005
. 0,01
‘0.02

C0.04
.0.08

~ 0.16

RSA Z

. 6623.80

7635.28
2430.52
. 98,57
- 64.77
. Bl.48
103.44

Mean counts

100.00
111.63
115.27 -
36,49
C1.49

- 0.98

0.78

1.56

Percentage -
. control growth

2247.40
2324.5852
2126.06
"1856.20
25.93
©4.13

- 0.00

100.00 -

103.45
94,60
82.59
1.18
0.18
0.00
0.00

Percentagsa
control growth

Amodiaquiﬁe _ - Mean counts
concentration (uM) - per minute

Control - 4304.29 - 100.00
10,0025 Bl16.44 . 118.87.
0.005 - 2948.,63 - -~ .68.50
. 0.01 . -B6.93 1.32
0.02 ‘24,13 . 0.56
- 0.04 _ Q.00 .- - 0.00
0.08 ¢.00 0.00
0.16 : 0.00 - _ : 0.00



RSA S

Amodlaqulna
concentration (pM)

_Mean-couhts-
per minute

Percentage | o
_'control growth

- Control
0. 0025
D, 005
©.0.01
Q.02
- 0.04
- 9,08
0.16

RSA 9
| Amodlaqulne" -

. concentration'(ﬂﬁll

. 2721.42.

3028.09.
2619,51
1762.49
. 7.00

0.00
a0.00

Mean counts
_per minute

_105.00

96,26

64.76

. 9026
0.00
0.00 -

Percentage

- Control
0.0025
G. 005

. 0.02
.04

- 0,N8

RSA 10

Ambdiaguine
concentration (iM)

" 5104.77

6177.35
6041.52

a:494o .99

79.53

. Bl.13

65.33
68.07

Mean counts
per minute

160.00

118.35

1.56

. ‘1L.00

210

cont:ol growth

. Percentage
control growth

Control
0.0025
0.008
0.01
6.02
0.04
0.08
0.le

6475,46
7417.36
7625.82
6278.56
57.47
100.20
92.93

100.00

. 114,55

1l6.22
2.7%
0,89

1.55
1,44 .

i
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'ﬁmpdiaquine-

o Mean counts  Percentage
-concentration (jM)

per minute  control grow;h;]f"'

 Control

- 3706.15

100.00

concentration (i)

Control
0.0025
0.005
0.01
0.02

- 0.04
0.08
0.16

_per ninute

0.0025. . 3781.84 - 102.04
0.005  3450.96 93.11
0.01 3242.26 87.48
. 0.02 39,20 1.06
0.08 0.00 . 0.00
- 0.16 0.00 0.00
Amodiaquine Mean counts  Percentage
concentration (uM)  per minute control growth
. Control © 21286.73 160,00
0.0025 20674.13 '97.12
0.005 20115.70 94,50
0.01 - 16073.21 75.51 .
0.02 246,40 1.16
0.04 - 0.00 0.00
0,08 ©.0.00 0.00
10.16 0.00 0.00
RSA 13 |
amodiaguine Mean counts Percentage

control growth

 5591.05
. 6225.33

5897.23

4868.28
0.00
0.00
0.00¢
0.00;

100.00
111.34
105.48
87.07
0.00
- 9,00
.00
0,00
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 amodiaquine

_ _ _,;.Mean.éounts~" Percentaqe .
~concentration (pM)

per minute  control growth

.Cohtrol_ 

0.0025
0.005
0.01
0,02

- G.0&
g.08.
0.16

' REA 15

Aﬁodiaqﬁiné L
concentration (uM)

- Control

-+ 0.,0025%

. 8.005
- 0.01

0.02

0.04
.. b.08
- 0186

Amodiaguine
- concentration {uM)

Control
0.06025
0.005
0.0}
0,02
0.04
0.08
0.16

9102.60

- 11r399.91
. 12067.54

12599.26
12507.27
11389.24

202.70
: 73-30

~ Mean counts

per minute

©  100.00

125.24

- 132.57

138.41
125.12

2,23

0.81

Percentage |
~ control growth

16310.91
18531.23

.17970.68
©'18070.68

18612.24
17070.14
15087.39

160.64

. Mean counts

100.00
- 113.61

110.18

110.7%

114,11

'104i65_
_-92@50

0.98

PerCehtaqe
control growth

per minute

2276.32

2150.78
2063.84
161.00
-0!00
0.00
0.00
G.00

106.00
94.48
- B0.67
7.07
0.00

. 0.00
0.00

. 0.00-



o ;z'
- Amodiaquine

‘concentration (uM)-

—

- . Control
. 0.P025
T 0.805°

0.0l
0.02
0.04
. 0.08 ..
0.16

W1 |
Amodiaqulne z
. concentratlon (pﬁ)

- Control
© 0.0025
0. 005
£.01%

o. bz
0.04
0,08
. 0.16

MW 2

Amodiaguine

Mean counts

Percentage

- per minute

per minute - control growth
' 3207.68 '100.00-;
2927.22 91.26
2999.81 93.52
130.73 4.08
- 0.00 - 0.00 -
- D.00 0.00
0.00 C 000
-.0.0D 0.00
Mean ¢ounts = Percentage

18284.76

17763.84
16717.22

- 13964.26

.55.80
0.40¢C
.00
0.00

Mean counts

. control growth

100.00
97.15
81.43

A TEYEE

0,31
0.00
0.00
0.00C

Percentage

control growth

concentration (uM)

Control
0.0025
D.01
G.02
6.04
0.08
0.16

per minute

3947.10
4489.85
4397.23
3040.04
50.87
49.53
45.20

100.00
113.75
111.40
- 1.29

1.25

1,95
1.15



223 .

Aiwdlaqulne | o -'.I-Ieari_ cc_m"r_ité ' 'Percentage 3
_concentration (uﬂ}  per minute -control growth

. COntro_l . . . B702.92 _ 100.00
. 0.0025 - 6181.77 - . 108.57
0.005 ' B5619.92. - - 98.54
.01 4406.,92 . . 77.27.
 0.02 o 65,40 o 1415
0.04 o 48.87 - . 0.86
0,08 o 73.73 . 1.29
0.i6 = . - 46,53 . p.82)
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APPENDIY E i

ZIn VltrO response to chloroqu1ne of 19 southern
African reference isolates of Plasmodlum falclparum 1n
the radzolsotope assay ' ¥ :

IChlmroqulne

concentratlon (uﬂ)

) Heaﬂ, Eﬁhts 
_per nxaute. .

Percentage .

control growth

-Control
Q.01
- 0.02
0.064
‘0.08.
2.16
0.32
0.64

_ Chloroqulne _
' concentratian (pM)

2655.97 -

2340.78
1776.53
1055.44
19Z.9%1 .
51.24
118.71

- 23.77

Mean counts

- per wminute

100.0G

88.13
66.89
39,74
- 7.26

1693 .

0.89 -

_ Pafceﬁﬁage'

'_Control
.01
0.02
0.04
0.08
0.32
0.64

. RSA 3

Chloroguine

concentratlon (pM)

10208.24
8178.82
3270.42
147 L7
5.00

S 0.00
15.00

‘Mean counts

per minute

GOntrol_grQWtﬁ'

-100.00
80.12
32 04

1.45

0.05

.0.26

0.15...

'Percentage
control growth

Control
- 0.01
0,02
0404
0.08
0.16
0.32
0.64

4218.91
105.17

. 67.97

. 67.24
21.77
58,64
114.04
28.51

100.00.

2.49

o 1.61

1.59

0.52

1-39
2.70

0.68



.B_w_

A5

chloroqulne

';concentrataon (uu)

Mean counts, .
_per minute

2b

Pernentage
control grawth

Cdntrol

0.02°
- 0,04

. 0.08
- 0.16

.32

RSA 6

chlcroquine

5421.16

T 89.71

106:44
40,37

79.37
68.57

Mean counts .

106;00.

47,94
1,65
1.96. .
057 -
.74
1.46
1.26

Percentage -

concentratlon (uﬁ)

cOntrol _

0.0%
0.02

0,04

0.08

0.32

RSA 7

Chlorogquine

concentration (uM)

per minute

' 24135.00}‘

22201.82
23833.89
22986.48

'22533.08

11853.05
727 .47

180.74

Mean counts
per minute

Control
0.01
0.02
0.04
0.08
.16
0432
0.54

11548.12

11742.33
11733.18

10777.65

2590.55

155,93

45.26
18.53

control growth

1060.00
_91.33'

_ 85,04
93,17
49,01
C3.01
B.75

 Percentage
- control growth

100.00
101.68
101i.60

22.43
1.35
0.39
G.16

s

=



RSA 8

congentration (uM)

Control
0.01
¢.02
0.04
0.08
£.16
0.32
0564

Mean counts

percentage .
-control growth.

100.00
104 - 32
108,46
106.52
105.75

47.548 -
 0.64

€ B2 .

Percentage

Chloroquine S ]
concentration (pM) ~ per minute
Control -  47333.00 .
- 0.01 3 4£9379.00
0.02 51336.67
0.04 .50420.00
. 0.08 50055.00
0.16 22483.98
. D.32 - 304.80
0.64 106.27
RSA 9
chloroqﬁine ~ Mean counts -
- concentration {(uM) =~ per minute
- Control, 52356,67
0.01 51916,67
0.02 53786.67
0.04 54388.34
0.08 53995.00
0.16 43559.67
- 0.32 1322.40
RSA 10 |
' Chloroquina | Mean counts

~control growth

- 100.00
’ 99916
102.73

103.88"

103.13
83.20
.”2-53'

0.86"

Percentage

“contrel growth

per minute

'3718927
3646.15
3524.86
3133,16
1633.80

10l.00
14.93
3r46

160.00
98.06
84.26
43.94

2.72
0;09



Rﬁ&

Chloroquine =
concentratlon (gﬁ)

Mean counts.
per minute

Percentage

control grthh

20465.37

control :
0.0 - 17203.89
0.02 - 19330.486
0.04 12665.40
- 0.08 18144.40
" 0.16 14733,10
0.32 - 1686.47
0.64 197.34
REA 12
Chloroguine -Méan counts
concentration (uHM) per minute
‘¢ontrol 20822.46
0.01 18875.16
0,02 18597.58
‘0.04 '13193.80
 0.16 196,20
0,64 94.40
R5A 13
chloroqu1ne Mean counts

' cancentration (MM]

per wminute

100 0o
84.06
94,45

61,89
88.66

71.99

8.24

0.96

Percentage

- control growth

100.00
80.65
89,31
63.36
13.81

0.94
0.21
- 0.45 .

Percéhtage

.control growth

Control
ﬂ0b01
0.02
0.04
0.08
0.16
0.32
0.64

3686,41
3995.38
3980.93
3270@93'

" 1456.73

0.00
0.00
0.06

106.00
108.38
107.99
- 88,73
39.52
0,00
0.00
0.00



Copas
‘RSA 12

Chloroguine Mean counts = Percentage
concentration (uM) per'minute ' control growth

- Control
' 0101
6.02
6.04 |

. 0.08
Qniﬁ
0.32

:0164.'

REA 15

chloroguine

14400.18
.14971.38
14177.37 .

12018.39

5128.78
410.10
©160.90
166.10

Mean counts

concentration (uM)

©0.01
0,02
30}04 o
0.08
G.16
0.32
0.64

. REA 16

_Chlorbquine . _
concentration (aM)

Control

per minute

 1863244.55

19751.64 -
18354.66
16014.58
17245.93
3842.82
714 .64
252.84

Mean counts
per minute

Control
0.01
0.02
0.04
0-08
¢.16
(.32
0.64

4822.90
4809.04
4190.61
1766.99
398.20
30.53
¢.00

1060.00 -
103.97

98,45

- 83.46
'35-62-
“2;35f
1,15

Percentage

~control growth

- 100,00
’ 121959
112.99
'98.58
106.16
22.66
4.40
1.56

Percentage

control growth |

100.00
89.77
76.64
132.31
7.28
0.56
0.00 -



. RSA lz

: concantratlon (aM)

'1_Chloroquine . Mean counts -
concentratlon (pM). - per minmite
| Control - 4500,96
0.01 4303.30
L 0.02 4063.24
©0.08 - .2511.80
. 0.16 822,00
@32 47.86
0,64 13,00
EE L
Cbloroqulne_ 3 Mean counts

Control
0.01
Cp.04
0.16
- 0.64

w2

—_—

Chlcrdquine

concentration (pM) .

~ per minute

. 18258.34
17039.96
15680.94
' B475.54
125,27

- 2.47
52.47

Mean counts
~ per minute

Control
0.01
D.02

C0.04
0.08

" 0.16
0.32
0.64

2349.75
2111.60

- 1941.74

1084.33

143,40

36.87
12.60.

no

Percentage . :
control growth

100.00
95.61

' 90.27

85.38
..55.81
18.26

.Percentage _
control growth

f 100;00'

92.32

84.95
45,92

4.37

0.68
0.0%
Q. 28

Percentage"

control growth

100.00
89.86
82.64
46.15

6.10

1.57

0.54
0.72



S

Chloroquine j-I ” ” :Heah cbuhts_ fPercentage o
concentration (uH) .per minute = control growth

CQntrol .. ... 6834.41 . : L0000
- 0.01 S ' 6908:04 . 101.08
- 0.02 : . 6892.59 -~  100.85-
- 0.04 . 5075.52 74.26
0,08 - - - . 975,60 - = -14.27
0.32 . . 0.00 T 0.00
‘0.64 - 0.00 : . 0.00
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APPENDIX F

In Vitro response to mefloqulne of 19 southern Afrlcan
reference isolates of Plasmodium fa101parom in the

) =rad1olsctope assay

| BSA 1

. Meflcqulne
concentration (ﬂﬂ)

_Mean counts
per minute.

-‘Control
0.02
0.04

. 0.08.

'0.16
0.32

. 0.64
1.28

'RSA g--

'ﬁefloqulne

_Qconcentratlon (pM)

4373.69
730.37
171.17

62.97
72.44
- 0400
121.84
49,64

Mean counts
' per minute

Percentage
- control growth

'control

8678,21

0.02 1823.15
0.04 453373
0.08 58.20
g.16 9,13
0.32 2.13
-0.154 6.73
k28 0.00
RSa 3
Mefloquine - Mean counts
concentration (uM) per minute:
Control 5327.72
0.02 5544.04
0.04 5383.27
0,08 4283.45
0.186 1291.7%
0.32 '0.Q0
0.64 91,37
72.97

100.00
16.70
- 3.91

l.66
- 0,00

2.79
1.13°

Percentage
control growth

© 100.00
21.01
5,23
0.67
0.11
0.02
0.08

0.00.

. Percentage
control growth

100.00
104.06
101.04

80.40
24.25

0.00 -

1.7
1.37



—

=y

concentratlon IHH)

per minute

Méfloquina . Mean counts = Percentage
concentratinn (uM) -per minute control growth
CQntrwl 6507.84 100.00
0.02 2694.17 - 41.40
0.04 913.91 14.04
0.08 55,77 . 0.86
0.16 55,17 . 0,85
0.32 - 0.00 0.00
- 0.64 123,17 1.8%
ool.28 6L.11 0.94
o Mefluqulne Mean counts - Percentage

232

control growth'

'cantrol
"0.02
0.04

© 0.32
0.64
1.28

RSA 7
Mefloquine

concentratlcn (pM)

20597.74
9894.,75

- 75432.17

3263.26
391.74
173.60
176.87
122.00

Mean counts
per minute

. 100.00
48.04
36.57
15.84
1.90

0.b9

Percentage

control growth

control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

11065.38
5681.64
2187.%4

716.20
55,06
- 37.46
57.86
65.06

100.00
51.35
19.77

6,47
G.50
.34
0.52
0.59



':Bm

Hefloqulne L
concentratlon fuM)

Mean counts -
- per minute

_ -ﬁefcéntagéf'
- control growth

' gontrol

0,02
0.04
0.08
0.16
0.32
0.64

- 1.28

Bﬁb 2

Mefloqulne
COncentratlon (ﬂM)

47413.34

| 29405.72
| 22501.45
 B5402.85

209.94 -
201.74 .

- 237.60

251.87

' ‘Mean counts
per minute

100.00
62.02
47.4¢6
11.40
- D.44

0.43

'Percentaqe

_COntral
.02
-0.04
~0:08
- 0.16
0.32
o 0.64 :
i.28

ESA 10

Méfloqulna :
concentratlon {pM)

. 48023.90

36979.89

31548.81

8174.96

- 314.87

. 213.87
280.07
320.27

Mean counts
- per minute

‘control growth )

100,00
77.00
65.70

17,02 0

0.66
0.45
G.58
0.67

Percentage
control growth

-'control
0.02
0.08
0.16

. 0.32
Q.64
1.28

3361.48
2851.59
- 2454.34
559.53
26.00
44,40
50,73
47,93

100.00

84.83

73.01

16.65
1.51
1l.43



'ng’il"
Hafloqulne

' ccncentratlon (nH)

- Mean counts

per minute

J
3

. Parcentage
control growth

Control
0.02
0.04 -
0,08
0.16
0.32
T 0.64
1.28

:,Bﬁé.lg.__”_

| Mefloguine
:_concen;:ation (M)

19923.73
14593.58

16197.82

1 10351.49

 856.60
1%9.74

194,14
©181.27

Hean couhts
per minute

10G.00
73.25
81.30
51.96

4.30

0.90

0.97
0.91

_Percentage:
- control growth _

: I'Contral
©0.02
: 0.04
0.32
1.28

 RSA 13
Mefloguine

concentratloﬁ {uM)

19873.64
6456.38
3397.59

"1281.40"

- 44.07
0.47
- 23.40
12.47

. Mean counts
per minute

32,49

A7.10

645
0.22
0 - 00 .
0.12
0.06

Parcentage

control growth -

Control
0.02
0.04
g.08
0.16
0.32
0.64 .
1.28

3422.89
2798.52
1868.45
676.07
0.00
'0.00
0.00

100.00
81.76
‘54,59
19.75
.00
0.00
c.00"
0.00



| RSAﬁgg_

Heflaquine

concentratlon (ﬂH)

‘Mean counts

per minute

: Percentage N
cantrol growth

- COntrol
C0.02

0.04
0.08
- P.16
0.32
"0.64
~i.28

RSA 15

‘Mefloguine
concentration (uM)

11164.64 .
5197.71

- 1827.40 -

- 1525.01
203.97
124.10

125.30
118.10

Mean counts

per minute

100.00 :
46.56
16.37
13.66

1.83

1.11
1.12

1.06

Percentage
~control growth -

¢Control

- 0.02
0.04

- 0.08

- 0.16
0.32
0.64
1-28

RSA 16
Mefloquine

concentration {uM)

16844.24
11724.59

7394.,16
$2302,35
' 369.70
. 203.70

224.50

. Mean counts

100.00 .
. 69.61
S 43,90
13.67

" 2.19
1.21
‘1.08
1.33

Percentage

. Control
0.02
0.04
Q.08
0:.l1l6

_0:1 32
0.64
1.28

per minute

4676.90
2732.66
1984.99
1108.13
140.93
43.00
- 62.33
- 95,86

control growth

100.00
58,43
42,44
23.69
3.01
0.92
1.33
2.05



RSA 17

' Mefloguine
concentratlon (pH)

 Mean counts
- per minute

'Percentage _
- gontroik growth

.CQntrOl
.. .02
. D04
0.08
0.16
-1.28

Hefloqulne _”
eoncentratlon (pﬂ)

4453.11
. 4049.39

4292.30

' 1957 84
85,00 0

51.66
94,73
C77.40

- Mean counts
.per minute

1nu;oo_
90.93
96.39
. 43,97
C2.13

1.1
2.13
1.7

Percentage

_contrel growth'

- Control
"0.02
0.04 .
.08 -
0,186
Q.32
0.64
1.28.

w2
. Mefloquine

.concentration (uM) -

17369.95
4358.46
- 6#6.00
489.07
7,67
0.80
0.00
0.07

. 'Mean counts

per minute

. 100;00-

- 25.09 . .
3,95
2.70

- B.04
- 0.00
- 0.00

.00

Percentage

control growth

Control
0.02
D.04
0.08
0.16
0.32
0.64
1.28

2249.82
365,27
157.93

86.20
0.00
7.00 .
0.00-

100.00
16.24
©7.02
3.83
0.00
0.00
0.31
0’00
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 _ L

Mefloguine _ Mean counts  Perdentage
concentration (s¥) .= per minute  control growth

- Control . ' 5955,76 .. 100,00

- 0.02 . 3996.33 L. 67.10D
0.04 - 2221.86 ' 37.31
0.08 - - 683.20 .- 11,48
0.16 SR L .00 0 . . 0.00
0.32 g .00 - : 0.00°
0.64 S gioo - oloo
1.28 0 - B © 98.00 0.00



In vitro respouse to qulnlne df 19 southern Afrlc
reference isolates of Plasmod;um falc1parum in the
'_;ra&ialsotope assay . L _ _

RSA 1

Qulnlne

: concentratlon (nM)

|

Sea.n cca.mts
per mxmute

.

_jaryﬂﬂn.g G

 Percentage

'contrci"-"

0.04
' 0.08
0.32
0.64
1.28

"2.56

BSA 2.

Quinine .

_-concentration (ﬂM)

4 ¢

'3609wﬁ0
3994.14
3245.'50

:_1633.?1_'

594.91
147.77

203.24

70,97

!

N

St

 Mean ¢ounts
- per minute

. control growth!

!

o

L control growthy
!

100,00
- 110.85 -
89.90
45.26 |
©16.48 .
4,09
5.63
~1.96

r
- - 1
Percantage i

;COntrDl
0.04
0.08
0.16
0.32°
- 0.64
S 1.28
2.56

BSA 3

Quinine

concentration {pM)

|
)
2123,76
'2926,56
2283.53
1053,13
- 380507
21.93
36,27
000 .

Mean cbunts

per minute

; i
100.00
137,80
107.52  ©
49.59 L
1790 i
S 1,03 @
1.71

Percentagn _
control growthr

Control
.04
6.08
.16
0.32
0.64 .
1.28

- 2.56

6667. b8
5738.33
5654.23
2418.34
1073.314
488,147
183.497
a4.44

- o S,

¥p0.00 |
B6.0¥ .
85.40 e
36.27 Y
16.10

- 7.32 i
2.76 1
. 0.67,



RSA S -

vanxne

2 cdﬁc&ntratlon (ﬂH}

Mean counts
-,_per_minute._

 fPercentage
: control growth

'COntrol
0.048
0.08
0.16
£.32
0064
1.28

2.56

Qulnine

'eoncentratlon (ﬂH)

'6523.00

'._5790I78'.

1399.64
604.04 "
.. 482.84
174,71

121.24

Mean counts

per minute

- 100.00
88.77

- 53.43
21.46
'9¢26
7.40
2.68

Percentage

_control'gﬁaﬁth

' :Control

. D.04
. ©0.08
L 0.16
0.32
0.64
lezah_
2.56

" BSA Z
Quinine -

23611.67
20487.00
20689.00 -
17917.02
14579.05 -
7794.16
..1959.58
.358.27

. Fean counts
per minute

100. 00
86.77
87.62
-75.88

61.75

. 33.01
8,30
1.52

Parcentage

concentratlon (pH)

Control
0.04
0.08
0.16
0.32
0.64
1.28
2.56

12489.56
12912.27

'12547.80

8872.00
5970.57
1849.60
326.86
76.93

control growth

100.00
103.38
100.47
71.04
47.80
14.81
2.62
0.62
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_&8

ccncentrétlon (uﬁ) |

per minute

‘Quinine. - . ' Meanm counts Percentage
' concentratlcn {pﬁ)  per minute control growth
control 51009.00. . 100.00
S 0.04 - 48804.34 95,68
0.08 . 49124.34 96.3%1 "
- 0416 46641.00 ‘91.44
0.32 - 40934.56 80.25
.64 26115.65 . 51.20
2,56 448.67 0.88
RsA"g
: Qulnmne ,Heaﬁ counts Perdentage

~control growth

Control

- 0.04
- 0.08
. 0,16

- 0.32

- 0,64
1,28
" 2.56

RSA 10
‘Quinine

56557.34
- B1750.00
 52280.00-

46323.67
31887.50

- 6463.32

788,20

Mean counts
per nminute

100,00
. 81.50
" 92.40
86.82
B1.91
56,38
11.43
S 1.39

Percentage
control growth

concentratlon (um}

Control
- 0.04
0.08
0.16
0.32
0.64
1.28
~2.56

3883.37
3559.55
4396.06
3388.54
2756.75
283.20
21.33

100.00
101.96
113.20
- 87.26
70.99
39.23

7.29

0,55
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'- RSA 11

Quinine Mean counts - . Percentage
ﬁ_concentratlon (aM) - per minute - control growth

control - 18377.13. 100.00
. 0.04 - 15876.28 _ 86,94
0.08 : 16947.22 . 92,22
0.16 16558.51 - : © 90.10
0.32 '16743.34 : 91.11
0.64 . © 14994.45 . 81.59
S l.28 . 5034.17 - 27.39
2.56 . 1064.40 = ~ 5.79

Bﬁ& l&

guinine = Mean counts  Percentage
pﬁncentration (uM) per minute = control growth

CQntxol . . 32848.60 100. 0o
0.04 o . 9817.85 _ 29.89
0.08 - 9225.21  28.08
0.32 . 6404.47 ~ 19.50
0.64  3242.93 - . 9.87
1.28 : _ 883.37 : S 2.68
2.56 : 382.63 - A.20

RSA 13

- Quinine ' - Mean counts Per#entage_ ;
concentratlon (uﬁ) per minute  control growth’

COntrol 2237.04 106.00
0.04 _ - 4135.83 : 184.88
0.08 _ 4248,33 . 189.91
g.16 © . 3947.08 176.44
0.32 3012.19 ' " 134.65
0.64 _ , 2282.36 102.12
1.28 650.67 29.09
2.56 . 0.00 : L 0.00




Lgconcentratldn {HM)

chtrol
.04
0.08
'0015
0.32

© 0.64
1.28
2.56

RSA 16

Quinxne

concentration (M)

‘pet minute

control growth

242

Bﬁﬁ.li |
‘Quinine : Mean counts - Percentage .
concentratlon (pH) ~ per minute ‘control growth
Control © 19946.36  100.00
0:04 | 23416,32 117.40
0. 08 20160.22 101.0%
0.16 25092.47 125.80
0.32 . 14419.57. 72.29
0,64 6537.61 32.78
. 1.28 1798.71 9.02
2.56 922.24 4.62
RsAjis';-'
Quinine’ Mean counts 'Percentage_

"34409,41
. 37830.52

33145.44

37998.30

28252.83

. 15405.89

4768.01
1812.58

 Mean counts
per minute

- 1.00.00 -

199.94

- 96.33

110.43

82.11
44.77
i13.86

' 5.27

Percentage
control growth

“Control

0.04
0.08
0-16 .
0,32
0.64
1.28
2.56

3092.71
4557.10
4422.89
3707.31
2840.70
1510.80

447.66
. 164.06

100.00
147.35
143.01
119.87

21.85

14.47

5.30




gaa.;_

Quinlne _ '
concentratlon (M)

" Mean counts
- per minute

243

Peruentage

' ccntrol growth

Control
0.04
- 3.08
0.16
0.32
D.es
1.28
2.56

3ﬂﬁl

' Quinine

concentration (uM)

4384.02
 4208.44

 .-4152.51 '
. 3806.15

3500.65
1964.28
677.80
128.80

Mean counts

per minute

$5.00 -
24,72
86.82
79.85
44.81
15.46
2.94

Percentage

‘control groﬁth

_ Cantrol
.04

. 0.08
0.16
0.32
0,614
1.28
2.56

M2

Qulnlne

: concentratlon (M)

4900.09
5836.,12
5729.59
'5494.93
4822.87
3897.93
1497.44

 293.57

Mean counts

per minute

'~}1eo oG
119,10
©116.93
112.14
98.42
 79.55
30.56
5.99

Percentage

Control
0.04
0.08
0.16
0.32
0.64
1.28
2.56

' 5526.55
6017.08
7380.64
5584 .20
5503.33
4491.36
2034.87

238.857

control growth

100.00
108.88
133.55
101.04
99.58
81.27
36.82
4,32




| Egg¥3i-

‘Quinine : :
concentratlcn (nﬁ)

Mean counts .
‘per minute -

244
o

Percentage :
' 'cbntrol growth__z

cOntrol
o.04
0.08
0.16°
0,32

- 0.64°

S 1.28

- 8036.43
- 7025.35
- 6942.72

6542.53

- 4982.12

- 2898 .27
445,47

100 00

. 87.42
' 86.39
81.41

. 36.06
 5.54

.. 0.60
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APPENDI

XH

In vitro response to sulphadoxine/pyrimethamine of 19
. southern African reference isolates of Plasmoalum

falc;parum in the radlolsotope assay

BhA "

Sulphadoxzne

concentration (uH)

. Mean counts

peirr minute

Percentage
control growth

ContrOl
0.1
0.3 :
1.00 .-
3.00
10.0
- 30.0
.100.0

RSA 2
- Sulphadoxihe

~ concentration (uM)

&

2484.05
' 3531.11
4082.44
3646.54
3482.42
2663 .59
2327.50
1198.84

Mean counts
per minute

100.00
le4.35
146.80
140.19
107.23
93.70
48.26

" Percentage
control growth

Control
0.1
0.3
1.0
3.0
10.0
30.0
100.0

RSA 3
Sulphadoxine

concentration (uM)

5078.15

 5092:92
© 5131.33

5113.44

3273.26
994.00
144.20
101.40

Mean counts
per minute

160.00
100.29
101.05
- 100.69
64.46
19.57

2.84
2.00

Percentage
control growth

Contrbl

6627.18 100.00

6.1 7265.21 109.63
0.3 7774.24 117.31
1.00 3692.82 55.72
3.00 - B84.97 8.83
10.0 . 343.24" 5.18
30.0 217.04 3.27
100.0 322.77 4.87

* Ratio of sulphadoxine:pyrimethamine

= 80:%



_sA'S

Sulphadoxine Mean corits  Percentage

concentratlon (pﬁ)

-Control_-,

per minute

control growth

23592.63 100.400
0.1 12557 .40 - 53.23
0.3 13364.36 b6.65
1.0 12937.35 54.84
3.0 13034.86 B5.25
10.0 12915.35 54.74
36.0 8537.24 36.19
100.0 ‘2575.70 10.52
_ﬁAuﬁ
Sulphadoxlne Mean counts Percentage

concentratlon (yM)

' per minute

: contral_growth

18925.00

Control . _ - 100.00
c.1 18305.56 96.73
0.3 18110.81 95.70
1.00 18545.61 28.00
3.00 10149.60 53.63
- 10.0 1127.14 5.96
.. 30.0 . 587,40 3.10
10¢.0 591.00 3.12
- RSA 7
Sulphadoxine Mean counts Percentage

concentration (pM)™ per minute

11315.49

‘control growth

- Control i00.00
0.1 11652.37 102.98

0.3 12084.31 106.79

1.0 12226.55 108. 05
3.0 5283.51 46, 79

- -10.0 717.66 6.34
©30.0 311.20 2.75
100.0 259.00 2,29

* Ratio of sulphadoxine:pyrimethamine = 80:1



RSA 8

Sulphadoxine '
concentratlon (pH)

‘Control
0.1 .
0.3
1.00
3.00

10 !'0
30.0
100.0

-_539'

Sulphadox1ne
cnncentration (pH}

-per minute

5

Mean counts

‘Percentage -
control growth:

29083.10

- 30265,96

31268,81
31099.29
15214.35
1970.33
1103.07 -
1107.94

Mean counts
per minute

100.00

- 104.07
. }07.52
106.93
52.31
6.77
3.79
3.81

Percentage
control growth

 52868.34

'chtrol 100.00-
0.1 50853.34 - 86.19
- 0.3 56555.00 106,97
1.0 54505.00 -103.10
- 3.0 43391.67 82.07
10.0 8895.20 16.83
30.0 4596.29 8.69
106.0 3954.35 7.48
_§3'1
Sulphadoxine Mean counts Percentage
concentratlon (pH) per minute control growth
Control 2785.21 100.00
0.1 2921.23 104.88
0.3 2878.77 103.36
1.00 2914.53 104.64
3.00 1081.13 38.82
10.0 . 232.40 8.34
3.0 _ 79.66 2.86
100.0 92.086 3.31.

* Ratio of sulphadoxine:pyrimethamine



RSA 11
Sulphadoxlne _
concentratlon (pﬁ)

 Mean counts
per minute

Percentage -

qﬁntral g:owth

-Control_
0.3 '
0.3

1.0

3.0
‘10.0
3000
100.0

3.5313

' Sulphadoxine
concentratlon (pM}

:Control
0.1
1.G0
- 3.00

"10.0

.30.0.
100.0

"RSA 13
Sulphadoxlne
concentratlon (pM}

13294.78

14169.16
185627.38

15076.561
'3329.68
1005.67
634,94
674.74

' Mean counts

per minute

100.00
-~ 117.55
113.40
25.05
736
4.78
- 5.08

Percent&ge
control growth

12688.38
15639.46

.16042.40

17132.41
6413.76
680.33
236.53
202.80

Mean counts
per minute

100.00
123.26
 126.43
'135.02
50,55
5.36
1.86 -
1.60.

Percentage

control growth

Control 3403.21 100.00
0.1 3795.99 111.54
0.3 3749.13 110.1a
1.0 3490.38 102.56
3.0 783.00 23.01
1Q.0 19.27 0.57
30.0 25.20 0.74
100.0 . 0.60 0.00
* Ratio of sulphadaoxine:pyrimethamine = 80:1



RSA 12
Sulphadoxine
:concentratlon (aM)

- 'Mean counts
per minute

-Percentage
control growth

Control
0.1
0.3
.00,
3,00
10.0
30.0
100.0

Eﬁ& 15

Sulphadoxlne :
concentration (pu}

11465.54
10572.08 -
12780.73
11836.05

T . 2683.61

610.90
369,04
293.30

Mean counts

per minute

100.00
111.47
103.23
23.41
5.33
3.22
2.56

- Percentage . o
~control growth -

17316.64

ido;bo'-

:CORtrol . _

I % 3 ' 148%16.41 85.8%6
0.3 15829.60 91,41
1.0 16544.97 95.54
- 3.0 - 6057.03 34.98

10.9 1i51.24 - 6.65
30.0 - 687.84 3.97
- 100.90 561.37 3.24
RSA 16
Sulphadoxlne Mean counis Percentage
concentration (pM} per minute - control growth
Control - B767.24 1Lo0.00
0.1 5364.49 23.02
0.3 5772.99 13,10
1.00 5606.55 Cuv.21
3.00 1031.46 17.88
10.0 “81.93 1.42
30.0 107.20 1.86
100.0 102.80 1.78
* Ratio of sulphadoxiune:pyrimethumine = 80:1



Sulph&doxxne
concentratlon (ﬁM)

| Percentage
control growth

" ¥Mean counts

concentratlon (pﬁ)

concentratlcn (pM)

Control 2143.20 100,00
c.1 21569.45 101.22
0.3 2242.35 104.63
1.0 2204,94 103.11
3.0 1060.27 49.47
10.0 1556.40 72.62
30,0 1513.73 70.63
100.0 1101.87 - 51.41

per minute

| 5526.62

per minute .

100.50

Control
0.1 '5294.80 95.75
- 0.3 5491.10 99.30
1.0 441,75 98,41
3.0 1406.53 - 25.44
30.0 214.46 3.88
100.0 23p.06 4.16
Sulphadoxine Mean counts Percentage

control growth

per mlnute

Control 7242.73 106.00
0.1 - 7965.28 109.98
0.3 ' 8218.99 113.48

-~ 1.00 . 8238.79 113.77
 3.00 © 1740.33 24.03
“10.0 - 216.87 2.99

. 30.0 89.33 1.23

- 100.0 104.73 1.45

Sulphadoxlne Mean counts Percentage

control growth

* Ratio of sulphadoxine:pyrimethamine = 80:1



Ig@xgggg

__vcencentration (#H)

251

' bontrol Qf -

0.1 :
8.3
- 1,00
3,00
18,0
- 30.0
ulOQ Q

12893.89

‘13212.78.

'13174.89.

' 4357.04
512.13
299,67

100.00
102.47
© 104.386 e

102.18

.23.79 -

3.97
T A.43 0

S 2.32 -

& nati%'¢fa?ﬂlphadoxinéﬁpyrimethémine = 80:1
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AP?ENDIX I

In vitro response %o chloroqulna ‘of field isolates of
- Plasmodium falciparum collected in KwaZulu in May 1937-

from actlve cases,

Chlotbquine
- concentration

(pmols/well).

Control
o |
2
&
5.7
B
16"
32

_égf'

Cliloroguine

-concentration

(pmalstell)

COntrol

W :
B OY 03O e BN R
' ~J

Schizonts per

200 asexual Percentage -
' parasites® - control growth?
184.0 1 98.40
183.0 - - 97.86
183.0 97.86
- .184.0 . '98.40
187.0 100.00
183.0 97.86
- 132.0 70.59
c.0 0.00
Schizonts per
200 asexual -'Percentage
parasites? coritrol qrowthb
43.5 58.00
43.0 57.33
30,0 40.00
75.0 100.00
3.5 4.67
0.0 0.00
0.0 G.00

 a Mean of 2 counts
__h For the calculation of the ICg,
mean schizornt count in ths control wells wag less than

value, where the

that in gome of the test welle, the highest count was
taken as 100% control growth



A8

chlo?oqnine
concentration
{pmols/well)

Control
-1
2
4

5.7

8
la
32

AB]
Chloroguine

cencentration
({pmols/well)

- Control

MNMAOOI&NDE
]

1
3
. A53

Chloroguine

concentration
(pmols/well)

Controi

D Oy OF L0/ BO 2
. .
~F

W =

Schizonts per

253

200 asexual ‘Percentage
- parasites@ - control growthb
20.5 91.11
15.0 66.67
21.0 93.33
3.0 .36.56
2.0 8.89
0.0 0.00
0.9 Q.00
Schizonts per ) :
-200 asexual Percentage _
parasites® control growth®
54.0 100.00
19.0. 35.19
i < -
49.0 90.74
3.0 5.56
0.0 0.00
0.0 0.00
Schizonts per
200 asexual Percentage
parasites® control growthb
70.0 jo0.00
8.0 82.86
55.0 - 78.57
: 60-0 . .35'. 71
62.0 88.57
 66.0 94,29
~B1.0 - 72.86
- 0.0 0.00

2 Mean of 2 counts

b For the calculation of the IC
- mean schizont count in the control wells was less
than that in some of the test wells, the highest
count was taken as 100% control growth L

c Not counted

value, where the



A56

| Chlorogquine
. concentration
{pmols/well)

Control
1 L
2

4
5.7
8
16 -
32

chlordquiné_

concentration
(pmols/well)

Control

1
3

B Oy OO UL B B
: .
b .

A58
Chloroquine

concentration
{pmols/well)

_ Control

NN
»
~3

1
3

Schizonts per

254

Percentage

35.0

200 asexual : :
parasites® control growthP
34.0 180.00
20.0 . B8.82
6.0 17.65
4.0 11.76
0.0 0.00
0.0 0.00
0.0 _0.00
0.0 . 0.00
~ Schizonts per _ '
200 asexual - Percentage .
- parasites?® *control growthP
- 138.0 £9,32
118.5 76.70
148.0 95.79
136.0 88.03
-154.5 100.90
110.64 C71.20
14.0 - 9.06
Schizonts per _
200 asexual Percentage
parasites® control growth®
$8.0 24,69
103.5 100.00
83.0 80.19
79.0 - 76.33
77.0 74.40
75.0 72.46
51.0 49,28
33.82

E Mean of 2 counts -
* Por the calculation of the ICg

value, where the

mean schizont count in the control wells was less

than +that in some of the test wells,
count_was taken as 100% control growth

the highest
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- AR9

Chlorogquine Schizonts per
concentration - 200 asexual - Percentage
(pmols/well) parasites® control growthP
Control 133.0 ©100.00
1 130.0 97.74
2 113.0 84.98
4 13.0 97.74
5.7 2.0 1.50
8 0.0 . : 0.00
16 0.0 : 0.00
- 32 0.0 B 0.00
. A6l
Chloroquine Schizonts per
concentration 200 asexual ‘.Percentage '
(pmols/well) parasites® ' gontrol growthb
Conttrol - 27.0 _ 80.60
2 o 15.0 . - 44.78
4 ' . 16.0 . . 47.76
5.7 0.0 - 0,00
8 L 6.0 . ¢.00
16 0.0 0.00
32 ' G.0’ : . D.00
ABS
- Chloroquine Schizonts per
concentration 200 asexuval - Percentage
(pmols/well) - parasites?® control growthb
Control ' 38.0 100.00
1 37.0 : 97.37
2 37.0 _ 97.37
4 o 36.0 -94.,74
B.7 -11.0 28.95
g ' ' - 0.0 : - 0.00
16 0.0 - 0.00
32 0.0 -0.00

a Mean of 2 counts : ' _ .

P por the calculation of tha 1050 value, where the
mean schizont count in the control wells was less
than that in some of the test wells, the. highest
count was taken as 100% control growth :
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Chloroguine Schizonts per _
concentration © 200 asexual . Percentage _
_(pmols/well) C ' para31tes - control growthb
Control 121.5 100;00
i 98.5 81.07
2 99,0 : - 81.48
4 96.0 . 79.01
- 5.7 il1.0 ' 9.05
8 D.0 e 0.00
16 0.0 S - 0.00

~ 0.00

& Mean of 2 counts S .

b For the calculation of the IC., value, where the.

. mgan schizont count in the control wells was  less |

" than  that 'in some of the test wells, the hlghest
count was taken as 100% control growth o

Thé'fdllbWIng.lsolates were obtained from patlehis who
had ingested chloroguine in the 2 weeks prior to
collection of the bload sample._

' A4 ABL, A53; A59,



- 2567
APPENDIX J'.

In V1tro response to chlcrcqulne of field lsclates of
Plasmodium falciparum collected in KwaZulu\ln May 1987
'frcm pa551ve cases. ' : :

22 | |
- Chioroquine . Schizonts per ' '
- concentration _ 200 asexual Percentage -
(prols/well) - parasites® ccntrcl growthb
Control - 36.0 100. 00
i - 22.0 . .6l.11
2 16.5 45,83
4 g 13.5 - . 37.50
- B.7 : o 12.5 . 34,72
- ' . 15.5 . 43.06
186, il.5 31.94
32 0.0 ' 0.00
»3
Chiloroguine : Schizonts per o
- ¢oncentration - = 200 asexual Percentage M
(pmols/well). _ _"parasitesa' ccntrcl-grcwtﬁb
Contrcl - 73.0 o 100.00
-1 64.0 : 87.67
2 63.0 = 86.30
4 61.0 f 83.56
8 . 58.0 : - 79.45
16 - 62.0 _ 84,93
32 69.0 94,52

2 Mean of 2 counts ' .
b For the calculation of the IC o vValue, where the
imesn schizont count in the control wells was less
~ than that in some of the test wells, the highest
count was taken as 100% control growth _



P11

Chloroguine

‘Schizonts per _
concentration 200 asexual Percentage
(pmols/well) parasites® - control growth®

Control 12.5 89,29
1 13.0 92.86
2 12.5 89.29
4 14.0 100.00
5.7 iz2.5 89.29
8 3.5 25.00
16 0.0 Q.00
32 g.0 0.00
A
Chloroguine Schizonts per o .
concentration 200 asexual Percentage
(pmols/well) parasites® control grow
Control 15.5 70.45
1 ' . 22.0 -100.00
2 14.5 65.91
4 o 18.0 81.82
5.7 i8.58 84.09
8 o ii.5 52.27
16 2.0 9.09
32 0.0 0.00
Chloroquine schizonts per S
concentration 200 asexual Percentage
{pmols/well) parasites®  control growthP
Control - B5.5 48.26
1 71.0 61.74
2 92.5 80.43
4 96.0 B83.48
5.7 115.0 100.00
8 94.0 81.74
146 13.0 - . 11.30
32 . o.0 0.00

2 Mean of 2 counts _ :

b por the calculation of the ICgo value, where the
mean schizont count in the control wells was less
than that in some of the test wells, the highest
count was taken as 100% control growth



P23

Chlcquﬁine.'

concentration

{pmpls/well)-

Control

W '
B3 OV GO U1 4 B
L
~J

P22

Chlbrbquine
concentration
(pmols/well)

. Control

MO0 UT s N
*
]

1
3

P23

Chloroguine

concentration

{pmols/well)

Control

B Oy 00 LR s DY b
.
~J

1
3

Schizonts per

259

Percentage . .

200 asexual
parasites® control growth
~41.0 300.00
36.5 89.02
32.5 79.27
32.5 79.27
36.5 89.02
36.0 87.80
26.0 53.41
- 1.0 2.44
‘Schizonts per o
200 asexual Percentage
parasites® control growth
118.5 £9.10
114.5 86.09
106.0 . 79.70
118.0 - 89.47
133.0 100.00
129.5 - 97.37
108.0 81.20
26.0 19.55
Schizonts per -
200 asexual Percentage
parasites® control growth®
165.0 " 100.00
155.0 ' 93.94
148.0 89.70
© 155.0 93.94
153.0 92.73
142.0 B6.886
56.0 33.94
0.0 "0.00

& Mean of 2 counts
b rFor the calculation of the IC

wvalue, where the

mean schizont couni in the control wells was less

than that in some of the test wells,
count was taken as 100% control growth

. the highest
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P24

'~ Chlorogquine " Schizonts per S _ _
‘concentration. 200 asexual Percentage
(pmols/well) parasites®  control growthP

Control S - 119.0 _ 96.75

1 : i2i1.0 . .98.37

2 123.0 : 100.00
4 ‘1006.0 : ' 81.30

5.7 51.0 '41.46

8 ' - 34.5 ' : 28.05
16 14.0 11.38

32 0.5 o C0.41

. B25
Chloroquine - Schizonts per _
concentration - 200 asexual Percentage -
(pmols/well) . parasites® control growth®

~ Controi. . 123.0 ' . 100,00
S U , 110.0 89.43
2 - 116.5 94,72
4 11i8.0 95.93
5.7 . T .103.0 _ . 83.74
8 R 2.5 - 2,03
16 ' 2.0 i1.63
32 : 0.0 6.00
226
Chloroquine - Schizonts per
- concentration 200 asexual ' Percentage .
{prmols/well) parasites® ° control growth
Control 72.5 100.00
1 72.5 _ 100.00
2 63.0 C 86.90
4 57.0 : 78.62
5.7 37.0 . 51.03
8 15.0 20.69
16 5.5 . 7.59
32 0.0 0.00

8 Mean of 2 counts o _

b por the calculation of the ICg, value, where the
‘mean schizont count in the control wells was less
than that in some of the test wells, the highest
count was taken as 100% control growth :
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- P3. contained > 100 1&0 traphczoltesjpl blood.

_ 'P23 was obtalned from a patient ‘who had 1ngested_
- chloroguine in the 2 Weeks prlor +o collectlon of the
blocd- sample. :



In vitro response to chloroguine of field isoiates of
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APPENDIX K

Plasmodium falclparum collected in KwaZulu in January
1988 from pa551ve cases.

g3

Chloroquiné
concentration
{pmols/well)

Control
9 -
4
5.7
. - 8
16
32
. 64

Ja
Chloroguine

. concentration
(prols/well) -

Control
2
4
5.7
8 .
16
32
64

 Schizonts per
200 asexual

Percentage

‘parasites® control growthb
97.0 100.00
61L.0 62.89
52.0 $3.61
49.0 50.52
40.0 41.24
20.0 20.62
1.0 1.03.
0.0 0.00
Schizonts per :
200 asexual IPercentage
paraSLtesa control growthb
58.5 60.31_
59.5 61.34
77.0 79,38
97.0 100.00
- 44.0 45.36
2.5 2.58
0.0 0,00
6.0 0.00

2 Mean of 2 counts

b For the calaoulation of the Ic

value, where the
mean schizont count in the control wells was less
then that in some of the test wells, the highest
count was taken as 100% control growth




J8

Chloroquine
concentration
 (pmols/well)

Control
2

4 .
5.7

8

16

32

64

J10

Chloroguine

concentration

(pmotis/well)

Control
2
4.
5.7
-8
16
32
64

IChloroquine

concentration
" {pmols/well}

Control
2 _
4

5.7

8

16

32

64

Schizonts per
200 asexual
parasites?

157.0
189.0
193.5
182.0
151.0

- 18.5
- 2.5
0.5

Schizonts per'

200 asexual

' parasites®

P ds

) &
COoOMMNMO Qu .

Schizonts per
200 asexual
parasites®:

i28.0
69.0
189.0
113.5
122.5
55.5
0.0
0.0

263

Percenvage =
control growth’

- 81.14
97 .67
100.G0
94.06
78.04
. 9.56
1.29
0.26

Percent~ge
contrel growth’

74 .55
60.91 .

100.00
94.55
40.00

0.00
¢.00

Percentage

control growthP

75.74
40.83
100.00

67.16
72.49
32.84

G.00

0.00

& Mean of 2 counts |

P por the calculation of the ic
mean schizont count in the control wells was
than that in scme of the test wells,

value, where the

the highest

count was taken as 100% control growth

- © Not counted

less
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Chioroquine Schizonts per
concentiat.ion 200 asexual . Percentage
(pmolsfwelil) . parasites® control growth®
Conkrol jgz.0 - . 100.00
2 o 61.0 s 59.80
4 _ _ 75,0 _ 73.53
5.7 S 49.0  48.04
.8 - 25.¢ . 24.51
- 1l6 . 39.0: 38.24
32 : . p.0 0.00
64 o 6.0 0.00
413
Chloroguine ' Schigzonts per
concentration 200 aseal Percentage :
(pmols/well) o parasites® : contrql_grdwthb :
Control - 70.0 . 100.00
2 , o . 11.D - 15,71
4 - . 13.0 18.57
5.7 ' 24.0 34.29
8 : . 38.5 '55.00
1o o ' 0.0 . 0.00
gz 0.0 0.00
64 ' 0.0 0.00
Jdld _
Chloroquine _ ~ Schizonts per
concentration 260 asexual ‘Percentage
{pmols/well) parasites® control growthb”
Control - 83.0 100.00
2 . 56.0 . 67.47
4 - 55,0 : 66.27
5.7 _ 81.0 : - 97.59
8 ' 45,0 - 54.22
16 18.0 : 21.6%
32 0.0 0.00

64 0.0 0.00

2 Mean of 2 counts . . -

b por the calculation of the ICy,y value, where the
mean schizont count in the cdntrol wells was less
than that in some of the test wells, the highest
count was taken as 100% control growth ' _

e



Chloroquine
concentration

(pmols/well)

Contro

2

4

5.7

.8

- 16
32
64

Chloroguine
concentration

: {pmols/well)

Control

2

4 .

B.7

8
16
32
64

J27

Chloroguine -
concentration
{pmols/well)

Control

2

4

5.7

8
16
32
54

Schizonts per

0.0

200 asexual Percentage -
parasites® control grow
~104.0 100.00
. 89.0 85.58
- 64.0 61.54
86.0 82.69
67.0 64.42
64.0 61.54
17.0 16.35
1.0 . 0.96
Schizonts per _
200 asexual ‘Percentage
parasites® _control growthP
3.0 5.45
2.0 3.64
28.0 - 50,91
6.0 10,91
8.0 14.55
0.0 0.00
0.0 - 0.00
Schizonts per
200 asexual Percentage
parasites® control arowth
49.0 100.00
25.0 51.02
4.0 8.16.
10.0 20.41
12.0 24,49
11.0 22.45
0.0 0.00
0.00

24 Mean of 2 counts
For the calculation of t

b

he ICz, value, where the
mean schizont count in the control wells was less
than  that in some of the test wells,
count was taken as 100% control growth

the highest
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b

For the calculation of the IC

Chloroguine ]chizonts per :
concentration . 200 asexual Percentage
(pmols/well) parasites® - control growth®
Control 74.0 92.50
2 74.0 92.50
4 - 80.0 100.00
5.7 78.0 97.50
8 44 .0 55.00
16 . 24,0 30.00
32 0.0 0,00
64 0.0 0.00
J36
' Chlorogquine Schizonts pear _ S
concentration 200 asexual Percentage _
{pmols/well) parasites -control growth
Control 46.0 35.80
2 123.5 96.11
4 128.5 ~ 100.00
5.7 116.0° 90.27
8 112.0 - 92,61
16 49.5 38.52
32 ‘0.0 -0.00
64 0.0 0.00
337
Chloragquine Schizonts per
conc zntration 200 asexual Percentage
(praols/well) parasites?® control growthP
Control 50.5 1060.00
2 49.0 87.03
4 1.0 1.98
5.7 39.0 77.23
8 -48.0 95,05
ia 41,0 8l.19
32 3.0 5.94
64 8.0 .00
2 Mean of 2 counts

value, where the

mean schizont count in the control wells was less

than that

in some of the test wells,
count was taken as 100% control growth

the highest
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- Chloroguine Schizonts per S
concentration - 200 asexual Percentage
{pmols/well) parasites? contxrol growthb

-Control 60.0 ‘52.63 -
2 I14.0 100.00
a 106.0 92.98
5.7 59.0 . B6.84
-8 103.0 90.35
16 72,0 63.16
32 _ 0.0’ 0,00
64 . - G.0 _ 0.00

- J40
Chloroquine Schizonts pexr S
concentration 200 asexual Percentage
(pmols/well) parasites? control growthP

Control - 12,0 . - 12.%90
2 - 65.0 | 69.89
4 S 93.0 .. 100.00
5.7 88.0 . 94.62
8 ' : as.0 - .94.62
16 _ . B6.0 . 92.47
32 S S 31.¢ . 33.33
64 o - 0.0 D.00
T44
Chloroquine Schizonts per _
concentration 200 asexual Percentage
{pmols/well) parasites?® control growthP
Control 20.0 32.26
2 : 47.0 . 75.81
4 _ . 54.90 _ 87,10
5.7 ' 62.0 100.00
8 : 49.0 79.03
16 _ 27.0 43,55
32 : ' 0.0 0.00

64 | 0.0 0.00

2 Mean of 2 counts _ : _
b por the calculation of the IC., value, where the
mean schizont count in the control wells was less
than that in some of the test wells, the highest
count was taken as 100% control growth ' '



. Jas
'Chloféquinez
- -concentration
{(pmols/well}

Control
B.TF
8
16
.32
64-.'

268

Schizonts per =

- 200 asexual -

- 0L

Percentage s
'para51tes control growthb
134.0 -100.00 o
- 116.0 86.57
© 108.0 80.60
1 133.0 . 9925 .
16,0 11.94
259.0 . ’ 18.65
¢.0 .00
0:00 -

B MEan of 2 counts .
'b For fthe calculation of the Ic

-_value where the

wmean schizont count in the control wells was © less
'-_than “that in some of the test wells; the highest
. .count was taken as 100% control growth ST

"The f0110w1ng 1solatas Were obtalned from patlentl who_
had - ingested chloroquine in the 2 weeks prlor to
_collectlon of blood samples' :

33, J44, J45.

‘334 had < 500 trophozoites/pl blood.
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- APPENDIX L

In vitro response to'amodlaQulhé'of £ield isolates of
Plasmodiym falciparum collected in KwaZulu in Aprll
1982, in the 24—hour m*crotechnlque

: 22: '

Amodiagquine

: : Schmzonts per
- concentration (QM)

- Percentage
“00 parasites

control growthb '

Control . e8.5 . 81.28

0.005 . .. 98.0 : 83.40
0.01 ' . 95.8B - B8l.28
6.02 . . : - 81.5 o 169,36
- 0.04 - 117.5 : 100.00
a.a8 - ' 0.0 - .. 0.00
0.i6 . 0.0 Q.00
0.32 S 0.0 : - D.00 -
B
&mddiaqﬁihé. ' SGhiéants per' Percentage

contral growth

COncentratioh (nM)' 200 parasites®

Control

0.005 172.5 94.52
0.01 147.5 80.82
0,02 145.0 79,45
0,04 182.5 100.00.
0.08 178.0 -  97.53
0.16 46.0 25.21
10,32 1.5 0.82

171.1

93.70

8 mMesn of 2 counts

b por tlie calculation of the ICg,y value, where the
mean schizont count in the congrol wells was less
than that in some of the test wells, the highest
count was taken ag 100% control growth



'Amodiaquiné
concentration (uM)

Schizants per
200 par351tes

-Percentége
control gr

Control
0.005 -
0,01
.02
0.04
0.08
0.16

- 0,32

Amodiagquine
concantratlon (M)

‘Bchizonts per
200 parasites®

100.00

- 97,38
. B7.96 -
94.24
'18.85

. 0.52 .
b.00
0.00

Percentage
control growthb

' control
0.01.
0.02
D.04
0.08
0.16
0.32
G6.64

_Ampdiaquina _
concentration {(uM)

Schigonts per
200 para51tes

100,00
78.32
60.14

. B68.74
13.99
1.40

- 0.00
0.00

Percentage
control grow

Control
G.005
6.01
Q.02
0.04
0.08
0.16

0.32

- 94.70
98.44
100.00
94 .70
91.59
0.00

0.00 -

0.00

'8 pean of 2 counts
For the calculation of the Ic
mean schizont count in the con
“than that in some of the test wells, the highest

value, where the
ol wells was less

count was taken as. 100% control growth
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Amodlaqulne
concentratlon (nH]

Schizonts per

 Percentage
200 parasites®

contral growthb

Control . 46.0 . 82.14

0.005 ) 56.0 100.00
0.01 o 42.0 75.00
0.02 ' 42.5 - 75.89
0.04 26.5 . 47.32
0.16 0.6 : .00
0.32 0.0 a.00

P15

Amodiaquine. 'Schizonts per_ Percentage

concentration (uM) 200 parasites® control growthb

- Control _ 27.0 72.97
0.005 o - 26.0 . 70.27
0.01 o - 24,0 ' 64.86
0.02 : ' i 37.0 -100.00
0.04 2.0 - 5.41
0.08 - 0.5 1.35
0.16 - 0.0 . 0.00
0.32 0.0 0.00

Bls
Amodiaguine Schizonts per_ Percentage

- concentration (uM) 200 parasztes control growthb

control 83.5 78.04
0.005 80.5 75.23
0.01 84,5 78 .97
0.02 107.0 100.0¢
0.04 89.5 83.64
0.08 95.0 88.79
0.16 3.0 2.80
0.32 0.0 0.00 "

' % Hean of 2 counts '
For the calculation of the ICg value, where the
mean schizont count in the congrol wells was less
than that in some of the test wells, the hlghest
count was taken as 100% control growth
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Amodiaquine
'conCentratlon { M)

Schizonts per
200 parasites®

Percentage

control growthb

Control

0.005"
0.01
0.02
0.04
0.08
0.156
0.32

P2z

Amodlaqulne
concentration (yM)

191.0
187.5

186.5

186.5

189.0

 180.0
0.0
0.0

Schizonts per
200 parasites®

100.00
98.17
97.64
97.64
98,95
94.24

Percentage
"~ control grawthb

Control
0.005
0.01

- 0.02
0.04
0.08
0.16
0.32

P32

Amodiaquihé

concentration (uM)

Schizonts per
200 parasites®

58.48
93.94
100.00
56.06
0.00
0.00
0.00
0.00

Fercentage _
control growthb

Control

' 0.005
0.01
0.02
0.04
0.08
0.16
0.32

69.0
44.0
30.0
37.5
27.0
32.0

0.0

0.0

100.00
63.77
43.48
54.35
39.13 -
46.38

0.00
G.00

E Mean of 2 counts
For the calculation of the Icy
mean schizont count in the control wells was less
. than that in some of the test wells, the hlghe@t

value, where the

count was taken as 100% control growth
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Amodiaqulne ~ . Schizonts per - Percentage b
concentratlon (un) 200 par351tes : contrnl growth

Control =~ = 75.0 R 100.00._.

. 0. 005 ' K . 68,0 - 84.20

0.01 - o . 60.5 . 80.67

0.02 - . B7.0° 76.00

0.04 - - 73,0 - 97.33

0.08 o : 50.5 . T 67.33

T 0.6 o ' 0,0 ' - 3.00

0.32 _ ' 0.0 : 1 0.00

B35
- Amodiaqulne . ' schizonts per Percentage .
_ concentxatlon (uM) - 200 parasitesa ; 'control growthh

Controlj- 13.5 . 75.00

0.005 - 8,0 44.44

0.01 18.0 - 100.00
8.02 - 10.5 - 58,33

0,04 3.0 16.67

0.08 0.0 0.00

0.0

0,32 0.00

g Mean of 2 count . - '
For the calculation of the IC‘ value, where the

. mean schlzont count in the congrol wells was less
than that in some of the teéest wells, the highest
cocunt was taken as 100% control growth '
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o

In vitro tespdnse to chlbfoﬁuine of fleid iSolates of

' Fﬂasmodlum falciparum collected in KwaZulu in Aprll
_1989, in the 24—hour microtechnlque :

"22

P7
Chloroguine - 8chizonts per _ Percentage
-concentration (M) 200 parasites? ‘control growthb :
-COntrol 45.0 100;00
0.02 5.0 11.11
.04 0.¢ 0.00
' 0.08 0.0 0.00
" 0.16 - 0.0 Q.00
0.32 0.0 0,00
. 0.64 0.0 0.00
1.28 0.0 C0.00
Chloroguine ° _ Schlzonts per Percentage o
- concentration (uM) 200 paraSLtes - control growthh
Control i61.5 ' 87.06
0.02 i85.8 100 0a
0.04 163.5 88.14
0.08 164.0 - 88.41
. 0.16 135.0 72.78
0.64 31.5 16.98
1.28 0.0 Q.00

3 Mean of 2 counts

b For the calculation of the ICgx
mean schlzont count: in the con

value, where the
grol wells was less

than that in some of the test wells, the highest
count was takern as 100% control growth



L A U

275

Chloroguine B Schizonts per -  Percentage b
concentration (yM) 200 parasites®  control growth

Control - . 24,5 . 56.32.
0.02 - . 43.5 1060.00
8.04 - 18.0 : | 41.38
0.16 ' 0.0 - - 0.00
0.32 S 0.0 I 0.00
0.64 0.0 o 0.00
1.28 0.0 0.00

Bl2 .

Chloroguine Schizonts per Percentage

concentration (uM) 200 parasites®  control growthb

‘Contrel : 23.0 . - 100.00
0.02 ' 18.0 _ 78.26
0.04 o 1.5 ~ B0.0O
0.08 : - 3.5 - 15,22
0.16 2.5  10.87
.32 0.0 0.00
0.64 0.0 a.o0 -
1.28 . 0.0 0.00
P13

" Chlorogquine Schizonts per Percentage
concentratiqn (ud) = 200 parasites® control grawthb

Control

0.02 85.0 100.00
0.04 0.0 0.00
0.08 0.0 0.00
0.16 0.0 0.00
0.32 0.¢ 0.00
0.64 0.0 0.00
1.28 0.0 . 0.00

& Mean of 2 counts _ _ _

b Por the calculation of the ICg, value, where the
mean schizont count in the control wells was less
~than that in some of the test wells, the highest
‘count was taken as 100% control growth
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Eli

'Chloroqulne Schizonts per Perceniage b
concentration (M) 200 parasites?® cont:ol growth

Control 17.0 79;07

0.02 ' . 18.5 '~ 86.05
0.04 ' 21.5 ' 100.00
- 0.08 - . .10.5 48.84
0.16 o 7.5 34.88
6.32 3.5 .- 16.28
0.64. 0.0 0.0
1.28 4 Y 0.00
.y
Chloroquine : Schizonts per Percentage

concentration {sM) 200 parasites?® _control qrowth

Control . 12.0 ' ' 61.54

0.02° : 19.5 . -100.00
. 0.04 o 10.0 51.28
0.48 . - 9.5 : - 48,72
0.16 ' ' . 12.0 . 61.54
$.32 6.0 30.77
- 0.64 ' . 2.5 . . 1b.82
1.28 D.0 : 8.00
P16 .
Chlorogquine - Schizonts per Percentage
concentration (uM) 200 par351tes ' control growthb
control . 59,0 97.52
0.02 . 59,0 97.52
0.04 ' 60.5 100.00
.08 53.0 87.60
0.16 42.5 . 70.25
0.32 - 24,0 39.67
0.64 - 3.0 - 4.96

©1.28 o 0.0 0.00

2 Mean of 2 counts '

b For the calculation of the ICy, value, where the
mean schizont count in the congrol wells was less
than that in some of the test wells, the hlghest

_count was taken as 100% control growth :
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P18
:Percentage

chloroqulne ‘Schizonts per b
control growth™

.'concentratlon'(pn) - 200 parasites®

Control 72.5 71.78
0,02 79.0 78.22
0.04 85.5 84.65
D.0o8 100.0 - 95,01
0.16 - 101.0 100.00
0.32 59.5 '58.91
G.64 4.5 4.46
1.28 0.0 0.00

P22

Chloroquine Schizonts per. Percentage

- control grﬂwthb

_'-» '..-.

gconcentration'(un) 200 parasites?®

- 25.19

‘Control 5.5
.02 21.0 100.090.
0.04 13.5 64 .29
- .08 11.9 52,38
0.16 2.0 42 .86
C0.32 - 3.0 14.29
0.64 . 0.0 - 0.00
1.28 0.0 6.00
P32
. Chloroguine Schizonts per Percentage _
concentration (uiM) 200 parasites control arowthb
Control _ 1.0 - .106.00
0.02 _ : 11.5 60.53
0.04 : _ 18.5 97.37
g.08 ' : 10.0 52.63
0.16 , 13.0 68,42
0.32 - 9.5 50.00
g.64 ) 0.5 ' 2.63
1.28 . 0.0

0.00

a Mean of 2 counts

b por the calculation of the ICy value, where the
mean schizont comt in the con rol wells was less
than that in some of the test wells, the highest
count was taken as 100% contrel ¢ --wth -
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Chloroguine _
concentraﬂion (uM)

Schizbnts_per.
200 parasites®

Percentage
control growthb

Control

0.02
0.04

0.08

0.32
0.64

1.28

P45

Chloroquihe
concentration (uM)

37.5

39.5
32.5
46.5
35.0

27.0

14.0

0'0. .

Schizonts per
200 par351tes

80.65
84.95
69.89
100.00
75.27
58.06
30.11
1 0.00

oercentage
centrol growt

CQntrol

c.02

' 0.04

0.08
0.16

0.32

0.64
1'28

246

Chlornqulne :
concentration (pM)

Schizonts per
200 parasites?®

100.00
78.72
76.60
95,74
88.30
4.26
0.00
0.00

Percentage
control growth

Control
0.02
0.04
6.08
0.16
0.32

0.64

1.28

' 78.67
100.00
65.33
57.33
13.33
0.00
6.00
.00

g Mean of 2 counts '

D ¥or the calculation of the ICg
mean schlzont count in the con%rol wells was less
than that in some of the test wells, the highest

valuer where the

- count was taken as 100% control growth



