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AB5'rRACT

This thesis describes the characterisation of southern
African isolates of Plasmodium falciparum according to
isoenzyme typel antigen variants and drug sensitivity.
Nineteen southern African isolates and a Gambian
reference isolate were cuLtured in vi tiro in gassed
tissue culture flasks. Polyacrylamide gel
electrophoresis with use of 5 enzymes revealed little
variation amongst the .isolates and the frequencies of
enzyme forms were similar to those of isolates from
other parts of the world. Antigenic diversity was
demonstrated using a panel of 9 monoclonal antibodies
in the indirect flUorescent antibody test. The
antigenic composition of 70% of isolates was markedly
different to any obtained in other geographical areas.
Both characterisation techniques revealed a mixture of
parasite types in some isolates. However I the
characteristics of most of these heterogeneous
isolates were not stable with time in culture. Most
isolates proved to be resistant to chloroquine in a
48-hour growth inhibition test. A wide range in
PYl:imethamir.esusceptibi.lities was detected although
most isolates exhibited a low level of. resistance to
this drug. In the radioisotope uptake assay, the
halofantrine IC50 values obtained were comparable with
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those Ofl: West Africr;tnLsoLat.es but were higher than
th.e TC50s of south-East Asian isolates./ All of the
isolates resistant to chloroquine in the 48-hour t~str
were resistant in the radioisotope assay. However, 1

isolate shown to be sensitive to chloroquine in the
first test 'Vias,found to be resistant tn the 3H-

hypoxanthine incorporation method. This was assumed to
be t':heresult of selection of resistant clones.
Southern Af.rican isolat~s were shown to be fully
susceptible to mefloqu,;ine, but had reduced
susceptibility to quinine and sulphadoxine/
pyrimethaInine~ Most isolates were sensitive to
amodiaquine. A field study of 31 KwaZulu isolates of
P. falciparum obtained in 1987 and 1988 showed 29 to
be resistant to chloroquine in th~ 24-hour
microtechnique, with the majority being highly
resistant. Chloroquine resistance was confirmed in
this area in a field study carri~d out in 1989 but in
1990 all 4 isolates tested were sensitive to the drug.
In 1989, 12 out of 13 KwaZulu isolates were resistant
to amodiaquine and most isolat~s showed reduced
susceptibility
pyrimethamine.

to quinine and sulphadoxine/
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1. GENERAL INTRODUCTION

Malaria is thE; :most common severe parasitic disease
affecting man. In Africa, where approximately 80% of
the world's malaria cases occur, there are over 100
million cases of clinical malaria and more than 1
million deaths from malaria each year.l

In the Republic of South Africa, "tl7heremalaria is
endemic in the northern and eastern Transvaal and in
northern Natal and KwaZulu, the number of cases has
increased dramatically over the past 10 years. In
KwaZulu, the number of cases rose from 75 in 198-2 to
4836 in 1987.2 This upsurge in malaria has been
attributed to rainfall patterns, drug resistance and
the influx of refugees from Mozambi~le.

Research on Plasmodium falciparum, which is by far the
most common species of malaria parasite in South
Africa, is relatively new 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 well-characterised isolates.

Initially f characterisation of this species by
malariologists overseas was limited to studies of
morphology f infectivity and virulence. 3 However t the
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development of methods for the cultivation of
erythrocytic forms i.t: vitro, 4 has enabled
investigations of diversity within this species to be
extended to include enzyme typing, 2-dimensional
protein screening, antigen variation studies, drug
susceptibility studies and DNA studies.5

The results of characterisation of P. :falciparum from
Various endemic regions of the world show that
isolates from different geographical areas share
common characteristics, suggesting that this species
exists as a single, interbreeding, worldwide
popu.Latd.on, However I' the frequencies of occurrence of
some variants have been found to differ from region to
region. Drug sensitivity work has revealed
geographical differences within this species but these
are probably related to the extent of use of a given
drug in a particular region. Characterisation has
revealed that most, if not all, isolates are made up
of at least 2 populations of genetically distinct
organisms.

The aim of this study was to characterise southern
African reference isolates of P. falciparum according
to enzyme electrophoretic patterns, antigen types and
in vitro drug sensitivity; and to determine the in

vitro drug susceptibility of field isolates from
KwaZulu.
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Chapter 2 describes t ..le techniques used to culture

southern African strains of P. falcipa:rum and lists

the isolates us~d in this investigation. The typing of

these isolates according to their isozymes and their

reaction with a panel of monoclonal antibodies, are

described in Chapters 3 and 4, respectively.

A large proportion of this characterisatiQ 1 study was

devoted to the determination of the in vitro drug

sensitivity of bo1::h the cuItured southern African

reference isolates and primary isolates from KwaZulu.

Several methods were used to assess drug

susceptibili ty in vitro. In Chapter 5, the use of

microscopy to determine parasite growth in the 48-hour

growth-inhibition test is described and the results

obtained from a study of the sensi ti vi ty to

Chloroquine and pyrimethamine of the reference

isolates, using this technique ,. are discussed. The

susceptibility of the cultured i.solates to

halofantrine was d(:.~terminedusing th~ radioisotope

uptake assay, which is described in Chapter 6. This

technique was also used to assess the in vitro

sensi ti vi ty to amodiaquine, chloroquine, mefloquine 1

quinine and sUlphadoxine/pyrimethamine f using WHO

predosed drug plates. The findings of this study are

contained in Chapter 7.

"' ..J;Y>~ """", .-,, •
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Field studies to determine in vitro drug sensitivity
in northern KwaZulu ~"~re carried out in 4 consecutive
years. In 1987 and 1988, field investigations weI:e
undertaken to determine chloroquine susceptibility in
this region using the 24-hour microtechnique. The
results obtained in this study are discussed in
Chapter 8. In 1989, a study was carr.ied out to assess
the sensitivity of local isolates to amodiaquine,
chloroquine, q~inine and sulphadoxine/pyrimethamine
usi.ng the 24-hour microtest. In 1990, ttte sensitivity
of P. falciparum from this area to chlorbqt!in~ and
quinine was assessed using the
incorporat.ion assay. The findings
investigations are presented in Chapter 9.

radioisotope
of these

The implications of (:1::'. 'g resistance for the South
African traveller in southern Africa are discussed in
Cha~ter 10. An overall summary of the characterisation
study and the conclusions which may be drawn from the
findings, are contained in Chapter 11.
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2. IN VITRO CULTIVATION OF PLJ1..sHODIUM FALCIPARf!M

2.1 Introduction

'rhe successful longo-term culture of P. falciparu1I1 is

central to many epidemiological, immunological ,7

biochemical and genetic studies. Such studies p:t:ovide

information which is vital to the effective control of

malaria. As this disease in, endemic in parts of South

Africa and sev~\ral neighbouring states, it is

essential that local isolates be maintained in culture

to enable investigations on the parasite to be carried

out. The petri dish - candle jar method of Jensen and
(.:

TragerO for the cultivati.on of P. fa1ciparum has

proved successful in the establishment of many

strains.6-8 However, not all isolates adapt to these

cu.lture conditions7,8 and in our experience the candle

jar technique is unsuitable for the establishment of

local isolates. The growth of 12 isolates was

ini tia'ted in culture using this method but none of the

isolates adapted to the culture conditions. The

survival times of these LsoLatias ranged from 2 to 44

days.

Scheibel et a1 e 9 have shown the gas concentration in

the candle jar (1.3 - 3.3% CO2and 14.5 - 17.8%02) to
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be far from ideal for the growth of P. falaiparum. They
found that the best growth rates were achieved at 3%
02 and 1 - 2% CO2• Enrichment of the culture medium
~li'ithadditiomd glucose has enabled cultures to be
left unattended for up to 5 dayslO and addition of
hypoxanthine to the medium has been shown to improve
parasitic yields. 11 CuItivation of the parasite in
suspension rather than in a static situation has
likewise resulted in improved yields.1.1-14

The techniques 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 cul,turp-adapted Gambian FCR-3 stra.in7 has been
successfully maintained in the laboratory in Durban
since 1984. Four cryopreserved culture-adapted KwaZulu
isolates were obtained from Brian Sharpa and 5 North-
eastern Transvaal isolates were obtained from Anton
Stoltzb within one week of initiation of growth.
Twelve southern African isolates were collected from
patients who had contracted their infections between
July 1984 and February 1987. Blood samples were
a Leader, National Malaria Research Programme, Medical

Research Council, Durban
b M.Sc student, Department of Biochemistry, university

of Pretoria, Pretoria
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cOllected from the patients in EOTAor lithium-heparin

and processed within 24 hours of collection~ Isolates

wl1ich were not cUltured inunediately. were

cryopreserved. The origins of infection and dates of

collection of the Lso.Laties are shown in Table 3..

2.2 ..2 cryopreservation of infect,ed erythrocytes

Infect.ed red blood cells Were washed twice in 10

vc.Lumea of culture medium (without serum) and

etrspended in an equal volume of 28% glycerol in

phospl:late-buffered s:;xline (PBS). Aligllots (0.5 ml) of

the suspension were placed in G1:.'yo'tubes (Nunc,

Denmazk ) and the tubes were plunged directly into

liqui<i nitrogen. When required, the frozen isolates

were thawed rapidly in a waterbatl'i at 37"C and then

wash~d successively in the following solutiOl\S:

i) 12%NaCI (0.2 llll / 1 ml packed red blood cells)

ii) 1.6% NaCI (9 volumes)

iii) 0.9% MaCI+ 0.2% D-gluc()se (9 volumes).

The washed cells were mixed with at least an equal

volume of fresh, washed t nozmaf red blood cells bafore

being placed in culture.
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Table 1. origins of infection and dates of collection of 22 southern African isoLates of
PlasIodiU!falciparum.

Is(}lat~ Oriain of Infectiol} Date of Collection
RSAl KwaZnlua 30-1-85
RSA 2 KwaZulu 28-1-85

RSA3 KwaZulu 11-3-85
RSA 4 KwaZulu 12-3-85
RSA 5 KwaZulu 12-3-85
RSA6 KwaZulu 10-7-84
RSA7 KwaZulua 2iH-86
RSA 8 KwaZulua 2-9-86
RSA 9 Kwa2ulua 2-9-86
RSA 10 KwaZulua 2-9-86
RSA 11 KwaZulua 2-9-86
RSA 12 KwaZulua 2-9-86
RSA 13 'fransvaal 6-2-87
RSA 14 Transllaal 4-2-87
RSA 15 Transvaal 15-2-87
RSA 16 Transvaal 16-2-87
RSA 17 Transvaal 4-2-87
RSA 18 KwaZulu 11-3-85
SL 1 Swaziland 4-7-85
J.!W 1 Malawi 24-1-85
lWl2 Halawi 22-7-86
PCR-3 The Gambia 3-8-76

a These isolates were collected from labourers employed on farms in
the Richards Bay area of Natal (a non-malarious area). They became
infected either in northern KwaZulu or in Mozalbi~le.
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2.2.3 Red blood cells and serum

HumanO-positive cells, collected in lithium-heparin,

were stored as whole blood at 4" C for up to .a week

af'ter collection. Prior to use I they we're washed twice

in 10 volumes of culture medium (without serum) and

cel:ltifuged at 1 500 rpm for 5 minutes in a Beckman

J-6B centrifuge. Care was taken to remove the buffy

coat after spinning. HumanA-posi ti ve serum was used

in routine cultures and AB-positive in newly~initiated

cultUres to avoid da:maging the infected cells of the

patiLerrt., Serum was stored at -20"C.

2.2: •4 culture media

RPMl! 1640 medium (Flow Laboratories), buffered with

HEPES(N-2-hydroxyethylpiperazine-N'-2-ethanesulphanic

acid) was prepared as described by Jensen and Trager6

and supplemented with glucose (4 gil) I hypoxanthine

(44 mg/l), gentamycin (50 mg/l) and human serum (10%).

RPM! 1640 buffered with TES (N-tris (hydroxymethyl)

metlh.yl-2-amino-·@thanesulphonic acid) 14 was

aupp.Lementiedwith glucose (2 gil), gentamycin (50 mg/l)

and human serum (10%) and further diluted with

distilled H20 (170 mIll).

2.2.5 CUltivation procedure

Isolates were cultured in 50 ml and 250 ml tissue

cut ture flasks (sterilin) containing 5 ml, and 15 ml

respectively of a 5% suspension of infected cells in
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the culture medium. Flasks were gassed with a
mi:xturel5 of 3% °21 4% C,02 and 93% N2 and the lids
were tightly secured. The flasks were incubated at
38•C t either in a sta.tic position or agitated on a
shaker (approximately 60 oscillations/min. ). The
shaker was switched off 2 hours before each daily
medium change to allow the erythrocytes to settle. The
flasks were gently tilted to allow spent medium to be
aspirated off. Fresh medium, warmed to 38°C, was
added: 5 ml to 50 ml flasks and 15 ml to 250 ml
flasks. Cultures were diluted tvith fresh red blood
cells every 3 or 4 days. parasite growth was assessed
by examination of Gierosa-stained smears prepared from
the settled cells.

2.3 Results and Discussion

2.3.1 Growth conditions
A controlled experiment was carried out to determine
which of the 2 culture systems, static or suspension,
was the most suitable for the growth of P. falciparum

under local conditions. The FCR-3 strain was grown at
a 5% haematocrit in both HEPES and TES media in static
and shaken flasks for 4 days with daily medium change.
suspension cultures proved to be .superior to static
cu l,tures and in each system the use of HEPES medium
resulted in better yields than did the 'l'ESmedium
(Fig. 1). 'l'he72-hour mUltiplication rate was 23.7--
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5



12

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 8.88-fold in the HEPES and TES
media respectively (mean of 3 flasks). The reason for
the decline in parasite numbers in all flasks from day
3 to day 4 is unclear. It is possible that the isolate
had reached it~ peak parasitaemia in all culture
systems somewhere between day 3 and 4, with a
resultant decrease in parasitaemia by day 4.

The FCR-3 strain was also grown at a 1% haematocrit in
agitated flasks in both HEPES and 'lIESmedia for 3 days
without medium change. The 72-hour growth rate was
24.11-fold in the HEPES medium and 15.75-fold in the
TES medaum (mean of 3 flasks). These results are
comparable with those obtained from the fi.rst growth
experiment carried out at a 5% haematocrit \\7ithdaily
medium change.

2.3.2 Establis1nnent and maintenance of cultures
Both static and suspension culture systems using
either the HEPES or the TES medium were found t.c be
suitable for the establishment and maintenance of P.
;falciparum in culture. However, the best growth rates
were achieved for isolates grown in suspension in the
HEPES medium. Four southern African isolates, namely
RSA 6, RSA 18, SL 1 and MW 1, were established in
culture by the static cultUre technique. Eight
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isolates, namely RSA 3, 7, 8 - 12 and MW 2 T were
established in culture using the suspension system. It
was found that suspension cultures generally pe~ked at
higher parasitaemias than static cultures. The maximum
number of infected cells ranged from 4 to 12% in
isolates grown in static flasks and from 9 to 27% in
isolates grown in shaken flasks. 'Growth rates were
also found to differ in the 2 systems. The average 48-
hour growth rate of individual isolates ranged from
3 .2 to 4.2-fold in static cultures and from 3.9 to
9.5-fold in suspension cultures. These growth rates
were measured once the isolates had passed the
adaptive phase in which there is often negative growth
accompanied by the presence of morphologically
degenerate purasites.

The indications are that glucose supplementation of
the culture medium is necessary for the establishment
of southern African strains T although this has not
been quantified. culture of 6 isolates was attempted
in static flasks using the Jensen and Tragerb medd.um
which contains 2 g glucose/I, and all failed to groW.
cryopreserved sub-samples of 3 of these isolates were
later thawed and successfully grown in glucose-
enriched HEPES medium (6 gil). Consequently, all
isolates that were established in culture were
initiated and grown in the enriched medium. However, 2
of these isolates, once adapted to culture, were



successfully maintained in medium containing no

additional glucose.

For the establishment of new isolates, it was found

that it was advantageous to have higher starting

parasitaemias although several isolates with initial

parasitaemias as J.ow as o. 01% were successfully

established in culture. Furthermore, isolates appeared

to adapt more readily to the cuIture conditions in

shaken flasks. Seven isolates grown in shaken flasks

with starting parasitaemias ranging from 0.01 - 0.7%

all reached 1% within 6 days. The 4 isolates

established in static flasks were placed in culture at

parasi taemias ranging from less than O.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 are now being maintained

in vitro at the Medical Research Council laboratory in

Durban. TWoisolates, RSA18 and SL I, were lost in

culture as a result of bacterial contamination. Not

all of the cultured isolates meet the criterion of

Chin and Collins8 for established strains (namely, a

growth rate of greater than la-fold in 96 hours).

However, these strains are considered to be

established as they have all been in culture for

longer than 2 months and all have been frozen, thawed

and successfully recultured at least once, meeting the
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requirements of campbell16 for established isolates.

Is.olates are now routinely cultured in the REPESmedium.

at a 5%haematocrit from. Monday to Friday with <:t daily

medium change and at a 1% haematocri t from Friday to

Mondaywitl~ no medium.chanqe ,
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3. ENZYME TYPING

3.1 Introduction
Isoenzyme electrophoresis has proved to be a useful
tool for determining genetic variation within and
between populations of P. falca:parum •.5 Several
studies have shown that similar forms of enzymes occur
in populations from different geographical regions
suggesting that P. falcdparum exists as a single
interbreeding worldwide population. However, the
frequencies of variants have been found to differ
between regions. Furthermore! some isolates have been
found to possess more than 1 form of a given enzyme.
These are assumed to be clonal mixtures of parasites
possessing different forms of the enzyme.

Most investigations of isozyme variation in P.
falciparum have been carried out using starch gel
electrophoresis. However, it was found that resolution
of bands was improved by using polyacrylamide gels.
The results of a study of the variation in 5 enzymes
of 19 culture-adapted southern African isolates of P.
falciparum are reported in this chapter.
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3.2 Materia1s and Methods

The Gambian isolate, FCR-3,7 which was characterized
by Sanderson et a~.,17 was used as reference sample.
All isolat~s were grown i.n suspension culture to a
parasitaemia of at least 1% schizonts. Parasites were
released from their host erythrocytes hy saponin lysis
as described by Sanderson et a~.17 and fUrther lysed
using 1% Triton-X-100 in EDTA-Tris-RCI buffer, pH
7.4.18 Material for electrophor.esis was prepared from
each isolate on 3 separate occasions during 11 months
of continuous cu.ltivation. r...ysates were stored in
liquid nitrogen until required.

Electrophoresis was carried out on 7.5~ polyacrylamide
gels with a 2.8% cross-linkage. The enzymes studied
were glucose phosphate isomerase (GPI) (Ee 5.::S.1.9) 7

adenosine deaminase (ADA) (EC 3.5.4.4), lactate
dehydrogenase (LDH) (EC 1.1.1.27), NADP-'dependent
glutamate dehydrogenase (GOH) (Ee 1.4.1.4) and 6-
phosphogluconate dehydrogenase (PGD) (EC 1.1.1.44).

The conditions of electrophoresis for GPI, LDH and GDH
were basically as described by carter19 and for PGD
and ADA as described by Harris and Hopkinson.20 After
electrophoresis, the agar enzyme solutions were pour-eo

over the surface of the gels and the gelS wer(~
incubated at 37°C for approximately 1 hour. The
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condi t.ions of eleG!trophoresi~ and the enzyme assay
soluti.ons are described below.

GPI
Electrode buffer: 0.2 M Tris-HCl, pH 8~0
Gel buffer: 0.05 M Tris-HClr pH 8.0
VoltaSfe: 200 V for 6 hz-s (100 V for 1st 15 l'll.ins)
Enzyme assay solution:

Fructose-6-phosphate 25 rng

NADP 2.5 rng

MgCl 1.0mg
Glucose"'6-phosphate dehyc, ..oqenaae 10 J.tl
MTT 2.5 mg
PMS 2.5 m~

Electrode buffer 12.5 ml
2% agar 12.5 ml
Glycerol 5 ml

Electrode buffer: 0.1 M phosphate, pH 6.5
Gel buffer: 0001 M phosphate, pH 6.5
Reaction buffer: 0.05 M phosphate, pH 7.5
Voltage: 150 V for 2 hrs
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Enzyme assay solution:
.Adenosine 8 mg
Xanthine oxidase 15 ~l
Nucleoside phosphorylase 15 ~l
PMS 2.5 mg
MTT 2.5 mg
.AD.Areaction buffer 12.5 mI
2% ag:1r 12.5 ml
Glycerol 5 ml

LDH
Electrode buffer: 0.22 M 'l'ris- 0.0785 M Citrate,

plJ 6.2
Gel buffer: 0.065 M Tris - o. )222 citrate, pH 6.5
Voltage: 200 V for 4 hrs (100 V folt"1st 15 mins)
Enzyrae.assay solution:

Lithium lactate 100 mg
N.AD 5 mg
MTT 2.5 mg
PMS 2.5 mg
Electrode buffer 12.5 ml
2% agar 12.5 ml

GDH
Electrode buffer: 0.013 M citrate! - 0.155 M Na2HP04'

pH 7.0
Gel buffer: 0.0054 M citrate - 0.032 M Na2HP04' pH 7.0
Voltage: 200 V for 4 hrs ·(100 V for 1st 15 mins)
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Enzyme assay solution:
Monosodium glutamate 50 mg
NADP 2.5 mg
MTT 2.5 mg
PMS 2.5 mg
Electrode buffer 12.5 mi
2% agar 12.5 ml

PGD
Electrode buffer: 0.1 M phosphate I pH 7.0 (add 10 mig

NADP/500 ml buffer for cathodal
tank)

Gel buffer: 0.01 M phosphate, pH 7~0 (add 4 mg NADP/
200 ml gel mixture prior to pouring gel)

Reaction buffer: 0.5 M Tris - HCl, pH 8.0
Voltage: 200 V for 4 hrs (100 V for 1st 15 mins)
Enzyme assay solution:

MgCl2.6H20 200 mg
NfADP (Na2 salt,) 2.5 mg
MTT 2.5 mg
P:MS 2.5 mg
PG\breaction bUlefer 12.5 ml
2% agar 12.5 ml
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3.3 Results and Discussion

The results for the 5 enzymes are shown in Table 2.
There was little variation amongst the southern

Table 2. Distribution of enzyme forms in 19 southern
African isolates of P~asmodium falciparum. a

Isolate GPI ADA LDR GDB PGD
RSA 1 1+2b 1+2c 1 1 1
RSA 2 1 1 1 1 1
RSA 3 1+2d 1 1 1 1
RSA 4 1+2d 1 1 1 1
RSA 5 1 2 1 1 1
RSA 6 1+2d 1 1 1 1
RSA 7 1 1 1 1 1
RSA 8 1 1 1- 1 1
RSA 9 1 1 1 1 1
RSA 10 1 1 I 1 1
RSA 11 1 1 1 1 1
RSA 12 1+2b 1 1 1 1
RSA 13 1+2 1 1+2 1 1
RSA 14 l+2b 1 1 1 1
RSA 15 1+2b 1 1 1 1
RSA 16 1 I 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 1 1 1
a r~ysateswere prepared from each isolate on 3

separatre occasions during 11 months of continuous
culture.
GPI-1 and -2 were present in the 1st lysates
prepared from these isolates but only GPI-l was
present in subsequent lysates.
ADA-I 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-l and -2 were present in the 3rd lysate
prepared from these isolates but only GPI-1 was
present in the 1st and 2nd lysates.

b

c

d
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African isolates and all enzymes showed similar forms
in isolates from the different geographical rt='3'ions.
Ten of the 19 isolates exhibited the same
electrophoretic pattern as the Gambian isolate, FCR-3.
GDH and PGD revealed no variation amongst the
isolates. This has be~n the experience of other
workers.5 GPI exhibited the most. variation. whiLle ADA
and LDH showed limited variation.
The enzyme frequencies of the southern African
isolates were similar to those of isolates from other
parts of the world.5 GPI-l occurred in 11 of the 19
isolates tested while the remaining 8 had both G:PI-l
and -2. The ADA frequenciee were similar to those
found in the Gambia and Thailand where over 90% were
ADA-I. Eighteen of the isolates studied had ADA-l
while the remaining isolate had both ADA-l and -2.
LDH-2, which has only been found in African isolates,
appeared with LDH-1 in 1 soJthern African isolate.

Of the 8 isolates possessing both GPI-1 and -2, only 1
retained both yariants throughout the test period. In
4 of these isolates, GPI-2 was only seen in the 1st
lysate but not: in lysa1tes prepared subsequently. A
further 3 isolates exhibited only GPI-1 in the 1st and
2nd tests but both GPI-·1 and -2 in the 3rd test.
similarly II 1 LsoLat.e pos.sessed both ADA-1 and -2 in
the 1st and 3I~d lysates but only ADA-2 in the 2r,\d
lysate. The ADl.\··2band in the 1st and 3rd lysatelswas
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much darker than the ADA-l band, thus indicating a

higher proportion of parasites with ADA-2.

These changes in the electrophoretic pattern of an

isolate with time may be ascribed to the relati ve

numbers of parasites possessing the different forms of

'tli,'i:! enzymes at the time of preparation of IY3ates.

Thus, parasi tes ex1:libiting a variant which a.ppears

after some time in culture may have grown from an

undetectable number of organisms to a number

sufficient to produce a band on the stained gel.
I

Para~ites characterized by a variant which disappears

after some time in cut ture may be present in

undetectable numbers or may even have died out in

culture.

The results of this study lend fUrther support to the

conclusion that P. falciparum i.solates from different

geographical regions constitute a single species.
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4. TYPING WITH MONOCLONALAl~IBODIES

4.1 Introduction

The ever-increasing problem of drug resistance shown
by malarial parasites21 has made the development of a
vaccine a top priority. Information on antigenic
diversity within and between parasite populations is
obviously essential for research aimed at vaccine
production. A contribution in this regard has been
made by an indirect immunofluorescent test using
monoclonal antibodies22 which demonstrated antigenic
diversity amongst culture-adapted isolates of P •
.falciparu1llfrom different endemic regions. 22-24 The
results of Schofield and others25 following the
raising of monoclonal antibodies against two isolates
from Papua new Guinea suggested that parasites from a
given geographical region are antigenically similar.
As the antigenic diversity within the southern African
population of P. .falcipa:rum has not previously been
determined, a study was conducted in which 19 culture-
adapted isolates from this region were serotyped using
a panel of nine monoclonal antibodies. The results are
presented in this chapter.
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4.2 Materials and. Methods

4.2.1 P. fa~ciparum isolates
Nineteen culture-adapted southern African isolates of
Po falciparum, namely RSA 1 - 17 and MW 1 and 2, were
used. The Gambian FCR-3 isolate7 was used as a
reference strain throughout this study.

4.2.2 Preparation of antigen slides
The time in. vitro between initiation of a culture and
preparation of antigen slides for the first test
ranged from 3 days to 19 weeks for the 19 isolates
investigated. All is:~llatesexcept RSA 8, 9, 11 and MW
2 had been cryopreserved at least once b~fore
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 cryopreserved, thawed and
recultured.

A..'1tigenslides were prepared from each isolate on 3
different occasions between July 1986 and October
193'7. Parasites were '1arvested when at least 1% of
erythrocytes contained schizonts. Infected red blood
cells were washed twice in serum-free RPMI 1640 medium
before being suspended to 10% in PBS, pH 7.2. Aliquots
(5 ~l) of the suspensions were spotted on to multiwell
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slides and allowed to dry at room temperature before
being stored in a desiccated state at -20"C.
Immediately prior to use, antigen slides were fixed in
acetone at -20uC for 30 minutes and washed 3 times in
PBS.

4a2.3 Monoclonal antibodies
The antibody D5 was rais~d in rats against P. bergbei,

and it cross-reacts with P.faLciparum antigen.26 The
other monoclonal arrtd.bodaea used are specific for P.
faLciparum and were raised in mice against Thai
isolates of the parasi te.22,27,28 Antibody 12.3

recognises a strain-specific epitope on a polymorphic
35-48 kDa glycoprotein from the merozoite surface. 28
Monoclonal antibody 5.1 recognises a variant of an
internal 23 kDa protein of asexual blood forms, and
cross-reacts with the circumsporozoite protein of
sporozoites.29 The other antibodies are all specific
for polymorphic schizont antigen, the polymorphic 185-
205 kDa schizont precursor of merozoite surface
antigens.27,30 Monoclonal 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 mutuallY exclusive
groups of strain-specific epitopes localised in
different regions of the molecule. 27,31 In this
phapter, the antigenic epitopes are referred to by the
same code number's as the monoclonal antibodies which
recognise them.



27

4.2.4 Indirect fluoJl:"escent antibody (IFA) test

The IFA procedure was as described.24,27 Briefly, 20

pI of a predetermined dilution of monoclonal

antibodies (1:100 to 1:50'00 for different reagents)

was applied to the wells and the slides were incubated

for 30 minutes in a humid chamber at room temperature.

After 3 washes in PBS, 20 J.&lof a 2.5% dilution of

fluorescein-conjugated rabbit anti-mouse

immunoglobulin (Bio-Yeda, Israel) in PBS containing

o •01%Evans Blue was added to each well. The slides

were again incubated for. 30 minutes in a humid chamber

at room temperature. The slides were then washed 3

times in PBS and mounted in 50% glycerol in PBS.

Parasi.tes were observed under white and ultra-violet

light using a fluorescence microscope. The reaction of

each isolate with a particular monoclonal antibody was

measured by estimating the proportion of fluoresceHt

schizonts relati ve to the number of pigment granules

observed under white light. Reactions were rated as

positive if the majority of parasites (~50%) reacted

and negative if none reacted. Isolates with a minority

of fluorescent parasites «50%) were assumed to

comprise a mixture of antigenically distinct clones.
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4.3 Results

The reactions of 20 isolates with the panel of 9
monoclonal antibodies are summarised in Table 3. All
20 isolates reacted positively with monoclonal
antibodies D5 and 9.8. Eighteen isolat.es reacted to
some degree with monoclonal antibodies 5.1, 7.3, 7.6
and 12.3. Schizonts of 15 isolates reacted with
monoclonal antibodies 9•2 end lO •3 and only 4
isolates reacted to any ext.ent with monoclonal
antibody 12.1.

Only 4 isolates, RSA 5, RSA 10, MW 1 and the control,
FCR-3, appeared homogeneous in their reaction with the
monoclonal antibodies and their patterns of reactivity
remained stable with time in culture. These isolates
contained either a majority of organisms which reacted
with a given antibody or none at all. In this study,
the reference isolate, FCR-3, gave the same pattern of
reactivity with the 9 monoclonal antibodies as that
obtained in a prev i.ous investigation. 22

Sixteen isolates appeared to comprise a+ least 2
parasite populations with different immunological
reactivities. 'rhese isolates contained a minority of
schizonts which reacted positively "lith at least one
of the antibodies while the majority were non-
reactive. Some of these isolates were fow1d to differ
in their proportions of reactive aon.laontis (from 0% to



Table 3. Reactions of 9 monoclonal antibodies with 19 southam Urican isolates (and a control isolate, FCR-3) of Plasmodiun falciparum.

ANTIGEN P. berghei gp 185-205 gp 35-48 p23 AIITIGENIC :ANTIGENIC
r-, 1111 PATTERN AT PATTERN AT

HOllOCtoUAL AN'TIBODY-DEFINED EPITOPE::) D5 9.8 1.3 7.6 9.2 10.3 12,1 12.3 5.1 "FIRST TES'l' THIRD TEST
ISOLATE ORIGIU
RSA 13 Transvaal + + ± ± ± ± ± ± + I I
RSA3 KwaZulu + + ± ± ± ± - ± + n II
RSA2 Kwazulu + + + + ± ± - - + III III
RSAl Kwazulu/Mozambique + + + + ± ± - ± - IV IV
RSA 15 Transvaal + + ± ± ± ± ± ± ± I V
RSA 17 Transvaal + + + + ± ± ± ± ± 1 V
IIW2 Malawi + + + + ± ± - ± + II V
RSAE KwaZU!u + + ± ± ± ± - + + II V
RSA 7 KwaZU!u/Hozambique + + ± ± ± ± - ± + II V
PSA 8 KwaZulu/Mozambique + + ± ± ± ± - ± ± II V
RSA9 KwaZulu/.lozambique + + ± ± ± ± - + + II V
RSll.11 KwaZulu/Mozambique t + ± ± ± ± - ± + II V
RSA 14 Transvaal + + ± ± ± ± - ± + II V
RSA 10 KwaZU!u/Mozambique + + + + - - - + + V V
RSA 12 Kwazulu/Mozambique + + + + - - - ± + .' V
RSA 16 Transvaal + + + + - - - ± + ; V
MWl Malawi + + + + - - - + + V V
FCR-3(control) The Gambia + + + + - - - t + V V
RSA4 KwaZulu + t - - + + ± ± + VI VI
llSA5 KwaZulu + + - - + + - - - VII VII
t positive reaction, i.e. ~ 50% of parasites reacted.
- negative reaction, i.e, none of the parasites reacted.
t mixed reaction, i.e. < 50% of parasites reacted. Isolates which contained different proportions of reacting parasites in th~>a tests N

were scored as for a mixed reaction. 1,0
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~50%) at different times during the test period.. such
reactions were scored as <50% in Table 3, indicating a
mixti;l.reof at least 2 antigenically distinct clones.

Nine of the isolates, namely RoSA 6, 7; 8, 9, 1.1, 1.4,

15 , 17 and MW 2 I reacted with antibodies from both
mutually exclusive sets (7.3/7.6 and 9.2/1.0.3) in the
first test although most of them contained a minority
of reactive schizonts (Table 4). However, by the time
schizonts were ha~~ested from 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 first ;,;estand they were
thawed and re-established in culture prior to
harvesting of parasi.tes for the second and third
tests. A further 4 isolates, RSA 1, 2 I 3, and 13,
contained schizonts reactive in all 3 ·'ceststo both
pairs of monoclonal antibodies. Qnly R.sA 2 was frOZen,
thawed and recultured d~~ing the test period.

Isolates RSA 1.5 and 17 also varied in their reactions
with antibody 12.1 in thE\ 3 tests. Both these isolates
contained a minori ty (')fparas.ites which reacted
posi·tively with monoclonal antibody 12.1 in the first
te::;cbut were negative for this antibody in the second
and third tests (results not shown in figures).

Seven reactivity patterns were observed within this



Tarle 4. Reactions of 13 southern African isolates of Plasmodiumfalcipartlil with monoclonalantibodies 7.3, 7.6, 9.2 and 10.3.

HOOOCLONAL ANTIBODIES
7.3 7.6 9.2 10.3

Test 1 Test 2 Test 3 Test 1 Test 2 Test 3 Test 1 Test 2 Test 3 Test 1 Test 2 Test 3
ISOLATE
RSA6 ± + + ± + + ± ± - ± ±
RSl\7 ± + + ± + {- + - - +
RSA8 ± + + ± + + ± ± - ± ±
RSA9 ± + + ± + + ± - - ±
RSA 11 + ± + + ± + ± ± - ± ±
RSA14 ± ± + ± ± + ± ± - ± ±
RSA 15 ± + + ± + + ± - - ±
~A 17 + + + + + + ± - - ±
MW2 + + + + + + ± ± ± ±
RSAI ± ± ± ± ± ± ± ± ± ± :f ±
RSA2 + + + + + + ± ± ± ± ± ±
RSA3 ± ± ± ± ± ± ± ± ± ± ± ±
RSA 13 ± ± ± ± ± ± ± ± ± ± ± ±
-

+ positive reaction, i.e. ~50% of parasites reacted
- negative reaction, i.e. none of the parasites reacted
± mixed reaction, i.e. <50% of parasites reacted

W
H
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group of southern African isolates (Table 3). However,

by the time parasi 1:es were harvested for the third IFA

test, 70%of the isolates, including FCR-3, displayed

an identical antigenic pattern, namely a positive

reaction with antibodies D5, 5.1, 7.3, 7.6, 9. a and

12.3 and a negative reaction with antibodies 9.2, 10.3

and 12. ... (designated antigenic pattern V in this

study) .

4.4 Discussion

Each of the southern African P. falciparum isolates

reacted with at least 4 of the mcnocIorraf antibodies

raised against isolates of P. falciparum from

Thailand. This lends further support to the view that

antigenic c,eterminants are shared by i.solates from

different parts of the world. 22 r:rh~~a P.. falciparum

monoclonal antibodies revealed cons.i.der-anl,e diversity

within this group Of southern African isolates and 7

different patterns of reaction were obse~red. The

posLt.Lve response of all the southern African isolates

to monoclonal antibody 9.8 was to be expected as this

specificity has been detected in over 200 culture-

adapted isolates from allover the world.27

The P. berqtiei. monoclonal antibody I D5, has been

successfully used to detect Plasmodium in infected

blood by means of a rad:Loimmunoat"-:lsay.32The ubf.quf.ticus

response of the southern African strains to this
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antibody indicates that it may b~ suitable for the
immunodiagnosis of malaria in this region.

The heterogeneous reactivities of 16 isolates ~1iththe
monoclonal antibodies may be ascribed to the presence
of more than one antigenically distinct clone in each
isolate. The relative proportions of schizonts might
be expected to vary with time in cuItUre as a resuJ.t
of asynchronous growth of parasites . Thus, il'ldividual
harvests of a cultured isolate would contain differing
proportions of reacti ve schizonts in the IFA test.
Similar heterogeneity was observed within this same
group of southern African isolates with respt2ct to
Lsoenayme electrophoretic patterns and in vit.¥'O

chloroquine sensitivity (see Chapters 3 and 5).

McBride and others27 found that isolates which reacted
with antibodies 7.3 and 7.6 did not react with
antibodies 9.2, 10.3 and 12.1 (and vice versa). These
authors suggested that these combinations of antigenic
epitopes were mutually exclusive and represented
different forms of the same gp 185 - 205 K antigen.27

They also found that indi.vidual clones derived from an
isolate ~Jhlchreacted to some extent with both sets of
a11tibodil,sllikewise reacted with either one or the
other combination but not with both.

I.n this study, 13 of the southern African isolates
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reacted to a limited degree with antibodies from both
sets in the first test, suggesting that at th6 time of
preparation of antigen slides, these isolates
consisted of mixtures of organisms expressing
alternative forms of the antigen. By the ~cime
schizonts were harvested for the third test (1 to 11
weeks later), 9 of these isolates 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 10.3. It is possible 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 th.e
alternative form were not. This could have resulted in
loss of organisms specific for monoclonal antibodies
9.2 and 10.3 in culture. Four isolates possessed both
sets of antigenic determinants during the entire test
period. Only one of these was cryopreserved during the
study 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 clonally
het.er'oqeneousisolates lost the antigenic markers for
these antibodies. This w~s in contrast to 7 cultured
isolates
monoclonal
antibodies

from Brazil which were all negative for
antibodies 7.3 and 7.6 and positive for
9.2 and 10.3,33 as well as to primary

isolates from Papua New GUinea, where the majority
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reacted positively with 9.2 and 10.3 and negatively
with 7.3.24 Twelve out of 17 Thai isolates were found
by McBride and others22 to be specific for antibodies
9.2 and 10.3 and one isolate reacted with both sets of
antibodies. It l.'c·.. possible that, through natural
selection, parasites in a given geographical region
may tend to develop towards a similar antigenic type.
However I the various studies of cultured isolates were
carried out using parasites which had been maintained
in vitro under different conditions in different
laboratories, each of these having an environment
vastly different from the in vivo situation. The
cUlture conditions in a given laboratory may have
resulted in the selection of antigenically similar
organisms in that laboratory. In the present study r

70% of all isolates tested exhibited an identical
reaction patt.arn at the end of the ·test period after

,
having been passaged many times in culture and, in
some cases, after they had been subjected to at leas·t
one cryopreservation and thawing procedure.

Ideally, characterisa·tion studies should be carried
out on primary isolates and their clones in order to
determine the antigenic constitut.ion of the wild
population of P. falciparum. A panel of monoclonal
antibodies raised against isolates fl~om various
endemic regions of the world might additionally be
used to provide the answer to the question of regional
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yariation within the worldwide population of P.

falciparum.
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5. IN VITRO SENSITIVITYOF REFERENCEISOL~TESOF

PLASMODIUM FALCIPARUM TO CHLOROQUINEAND

PYRIMETHAMINEa USE OF MICROSCOPYTO ASSESSPARASITE

GROWTHIN A 48-HOUR GROWTH-INHIBITIONTEST

5.1 Introduction

One of the major problems facing malaria control is

the resistance which P. falciparum develops to

antimalarial drugs. Until the late 1970s, chloroquine

was used very successfully in Africa but since

publication of the first reports of chlor~ . ". .lile

resistance from the continent, 34,35 in vivo L........ ill

vi tro resistance has been documented in many African

countries including Mozambique, Angola, South West

Africa/Namibia, 36 Zimb~bwe37 and swaziland. 38

chloroquine resistance was first noted in the RepUblic

of South Africa (RSA) in 1985 but many malariologists

~verseas are unaware of this, although attention was

drawn to it at the time in a local medical

journal. 39,40,41 Resistance of P. falc.iparum to

pyrimethamine is similarly widespr.ead in Africa42 but

resis'tance to this drug has Hot been monitored as

clo~ely as has chloroquine resistance. The number of

cases of P. falciparum malaria from nort.:.hern KwaZulu

(one of the endemic malarial areas of the RSA) Which

failed to respond to t;L('l:::1.tmentwith the chloroquine-
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pyrimethamine combination, rose from 0% in 1983 to 16.1.
and 21.2% in field and hospital cases respectively in
1987.43 The in vitro chloroquine sensitivity of
isolates from this region has previously been
investigated to a limited extent but no pyrimethamine
sensitivity studies have hitherto been carried out in
the RSA.

As part of the characterisation study of southern
African isolates, the in vitro sensitivity to
chloroquine and pyrimethamine of 20 culture-adapted
reference strains of P. falciparum was determined.
such data are particularly useful because these
isolates have been well-characterised genetically (see
Chapters 3 and 4). Some correlation has been found
between the in vitro data and the in vivo sensitivity
to chloroquine or a combination of chloroquine and
pyrimethamine. The results are reported in this
chapter.

5.2 Materials and Met~ods

5•2..1. Cl.1..nicaldata
Is()late RSA 2 was collected in January 1985 from a
patient from the endemic area of KwaZulu who
subsequently responded to treatment with 10 tablets
Daraclor (1 tablet = 150 mg chloroquine base and 15 mg
pyrimethamine base). RSA 3, 4 and 5 were obtained from
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patients reporting to a clinic in KwaZulu during r-Iarch
1985. Clinical data on these patients are unavailable.
RSA 6,
patient

obtained in July 1884, was
'cvho failed to respond

from a KwaZulu
to chloroquine

treatment.. RSA 1,.7, 8, 9, 10, 11 and 12 were obtained
from apparently healthy labourers employed on farms in
a non-malarious area of Natal. The patients from whom
RSA 8, 10 and 11 were collected all failed to respond
to treatment with 4 tablets Daraclor but were cleared
of parasi1:es.when treated with 10 tablets Daraclor.
Those from whom RSA 7 and 12 were obtained did not
respond 1:0 treatment with 10 tablets Daraclor.
Clinical data on the patients from whom RSA 1 and 9
were colLecbed are unava.i" .ble. Isolates RSA 13 - 17
were obtained from patients from the endemic area of
the North--eastern Transvaal. Three of these isolates I

RSA 15 - 17, were from patients who were known to have
been cleared of their symptoms after treatment with
Daraclor. However, the in vivo response of the
parasites to the treatment is not known as blood
smears were not taken after treatment. Clinical data
on t.he remaining 2 patients from this area are
unavailable. MW 1 and MW 2 were collected from
patients who became infected while visiting Malawi. In
both cases, the parasites were resistant. to
chloroquine treatment. FCR-3 was isolated from a
pat.i.ent;Ln the Gambia. 7 Clinical data on the patient
are not avadLabf.e,
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5.2.2 In vitro test

The in vitro sensitivities of the cUlture-adapted

isolates to chloroquine and pyrimethamine were

determined using the 48-hour test of Nguyen-Dinh and

Payne,44 modified as follows.

Infected red blood cells were diluted with fresh,

washed, a-positive erythrocytes to a parasitaemia of

between 0.1% and 0.9% and a 2~o suspension in the

culture mediumwas prepared. 0.5 ml aliquots of this

suspension were added to the ltlells of 24-well plates

which had been pr.edosed with chloroquine and

pyrimethamine to give final concentrations of 0, 0.03 I

0.06, 0.1, 0.3, 0.6 and 1.0 pmols chloroquine/l and 0,.

0.003,0.01,0.03,0.1,0.3,1.0 and 3.0 pmols

pyrimethamine/I. Each .i~solate was tested in 3 wells at

each drug concentra·tion .. The plates were agitated for

a few seconds to dissolve the drugs and were then

placed .in a desiccator ~lhich was gassed for

approximately 3 mins. The desiccator was tightly

sealed and placed in an incubator at 38aC for 48

hours. At 24 hours, the plates were agitated to

resuspend the settled red blood cells and the

desiccator was regassed. Parasi te counts were made

microscopically from Giemsa-stained thin films

prepared at the beginning and the end of the test. The

minimuminhibitory concentration (MIC) was defined as

the lowest drug concen·tration at tvhich no parasi te

growth took place. Each isolate was tested on 3
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different occasions between AUgust 1986 and September
1987. The period between initiation of a culture and
the first in vitro test ranged from 1 to 29 mont.hs.
Subsequent tests were carried out within 12 months of
the first test.

5.3 Resul:ts

5.3.1 Typical in vitro response to chloroquine and
pyrim.ethamine

Tables 5 and 6 show the typical in vitro response of
p. falciparum to chloroquine and pyrimethamine,

Table 5. In vitro response of isolate RS! 1 to chloroquine in the 48~hour test

Parasitized erythrOcytes/104 a
Chloroquine
concentration Tropho- SChizogts Schizonts Gameto-

(pM) Rings zoites (=210 (>2N)c cytes Total

TillIe0 23 8 1 32

At 48 hours:
Control 229 150 21 15 415
0.03 234 148 22 16 420
0.06 269 120 17 13 419
0.1 273 128 5 7 413

0.3 151 29 2 2 184
0.6 1 2 3

a Mean of three wells.
b Schizonts l4ithtwo nuclei.
c Schizonts with three or lIlorenuclei.
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respectively. Tne responses of the 20 isolates to

chloroquine and pyrimethamine are shown in Appendixes

A and B, respectively. At low chloroquine

concentrations, parasite counts were similar to those

in the control wells and in some cases were even

higher (Table 5). However, at. concentrations close to

the MIC, the number of mature parasites decreased

until only rings and trophozoites remained at the end-

point. In the pyrimethamine test, the number of rings

and trophozoites decreased as concentrations became

inhibiting and only morphologically d'~r I3n~"=,,ate

trophozoites and schizonts were seen at the i,.hibitory

Table 6. In vitro response of isolate MW 2 to pyrilethaIline in the 48-hour test

ParasW.zed erythrocytes/104 a
Pyrimethamine
concentration Tropho- sChizogts Schizonts Gameto-

(pM) Rings zoites (=2N) (>2N)c cytes Total

Time 0 7 3 5 15
At 48 hours:
control 334 38 6 18 396
0.003 330 37 5 18 1 391
0.01 309 42 B 25 1 385
0.03 201 17 6 16 240
0.1 1 2 3

a Mean of three wells.
h Schizonts with two nuclei.
c Schizonts with three or more nuclei.



43

concentration (Table 6). Neither drug affected the

gametocyte counts.

5.3.2 Initial tests

The results of the initJ.al in vitro tests are shown in

Table 7. Four K't-!aZuluisolates, RSA 2T 3, 4: and 5,

were inhibited at chloroquine concentrations of 0.1 p.l-!

or less, indicating sensitivity to the drug.45 All

other KWQzuluisolates" namely RSA1, 6I 7, 8, 9, 10,

11 and 12 were chloroquine-resis,tant in vitro, having

MICsof 0.3 or 0.6 P.M. only 1 of the isolates from the

North-eastern Transvaal, RSA 13I was sensi tive to

chloroquine, having been inhibited at 0.06 jJM. The

remaining 4 isolates from this region wert resistant

in vitro I all having MICs of 0.3 IlM or greater. Both

clinically chloroquine-resis'c.:.d.rLt Malawian isolates,

were resistant in vitro. The Ga11lbianFCR-3 strain was

inhibited at 0.6 /.LM.

The pyrimethamine MICvalues of the southern African

isolates ranged from 0.01 J.LM to >3.0 p,Mvlith the

majority of the strains tested having been inhibited

at 0.1 /.LM. Three isolates were inhibited at O.G3 ~tMor

less and 2 were not inhibited at the highest

concentration 'tested (namely 3 p.M).

5.3.3 Change in d'J' .:1g sensitivity over time

Table a shows the results of the three cl'lloroc:;[ui1teOI:'ld

pyrimethamine in vitro tests. The chloroquine HIC
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Table 70 Initial in vitro response of southern
African isolates of Plasmodi.nm falciparum to
chloroquine and pyrimethamine in the "lS-hour test ..

Minimum inhibitory
concentration (pM)

Isolate origin chloroquine Pyrimethamine
RSA 1 KwaZulu 0.6 0.03
RSA 2 KwaZulu 0.06 0.1

RSA 3 KwaZulu 0.06 > 3.0

RSA 4 KwaZulu 0.06 0.03

RSA 5 KwaZulu 0.1 > 3.0

RSA 6 KwaZulu 0.3 0.1

RSA 7 KwaZulu 0.6 1.0

RSA 8 KwaZulu 0.6 0.1

RSA 9 KwaZulu 0.6 0.1

RSA 10 KwaZulu 0.6 0.1

RSA 11 KwaZulu 0.3 0.1

RSA 12 KwaZulu 0.6 0.1

RSA 13 Transvaal 0.06 0.01

RSA 14 'Transvaal 0.6 0.1

RSA 15 Transvaal 0.6 0.1

RSA 16 TransvC'Lal 1.0 0.1

RSA 17 Transvaal 0.3 0.1

MW 1 Malawi 0.6 0.1

MW 2 Malawi 0.6 > 3.0

FCR-3 The Gambia 0.6 0.1
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Table 8. In vitro. response of southern African isolates of PlasJ1odi1l1falciparum to

chloroquine ani! pyrilllathaline in the 48-hour test - results of 3 tests.

Minimum inhibitory concentration (pM)
Chloroquine Pyrililethamine

Isolate Test 1 Test 2 'fest 3 Test 1. Test 2 Test 3

RSA 1 0.6 0.3 0.3 0.03 0.1 0.03

RSA 2 0.06 0.06 0.06 0.1 0.1 0.1

RSA 3 0.06 0.06 0.1 >3.0 >3.0 >3.0

RSA4 0.06 0.06 0.06 0.03 0.03 0.03

RSA5 0.1 0.06 0.06 >3.0 3.G )3.0

RSA 6 0.3 0.6 0.3 0.1 0.1 0.1

RSA 7 0.6 0.6 0.3 1.0 0.1 0.1

RSA 8 0.6 0.3 0.3 0.1 0.1 0.1

RSA9 0.6 0.3 0.3 0.1 0.1 0.1

RSA 10 0.6 0.6 0.3 0.1 0.1 0.03

RSA II 0.3 0.3 0.3 0.1 0.1 0.1

RSA 12 0.6 0.6 0.3 0.1 0.1 0.1

RSA 13 0.06 0.03 0.06 0.01 0.01 0.03

PuS! 14 0.6 0.3 0.6 0.1 0.1 0.1

RSA 15 0.6 0.3 0.3 0.1 0.1 0.1

RSA 16 1.0 0.3 0.3 0.1 0.1 0.1

RSA 17 0.3 0.6 0.3 0.1 0.1 0.1

HW1 0.6 0.3 0.6 0.1 0.1 0.1

MW2 0.6 0.3 0.6 > 3.0 0.1 0.1

FCR-3 0.6 0.6 0.6 0.1 0.1 0.1
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valae of most strains was found to fluctuate between 2
concentrations during the test period but was constant
for RSA 2/ 4 and 11 as well as for FCR-3 over the 3
tests. This variabili ty was not common in the
pyrimethamine tests and only 6 cultured isolates,
namely RSA 1, 5 7 I 10 and 13 and MW 2 I yielded
varying pyrimethamine MICs at different times.

5.4 Discussion

504..1 Typical ill vi'tro response to chloroquine and
pyrimethamine

The effect of chloroquine and pyrimethamine on the
numbers of parasites at the various developmental
stages at or near their respective HICs demonstrraties
the different modes of action of 'the two drugs.
Although the antimalarial action of chloroquine is not
yet fully understood lit is known that this drug
prevents the transformation of rings to
trophozoites.46 Pyrimethamine is an inhibitor of the
enzyme dihydrofolate reductase and thus interferes
with nuclear division.47 The numbers of parasites at
each stage of development, in addition to the total
parasite count, therefore provided a good indicator of
the MIC. In the chloroquine test, only rings and
abnormal trophozoites were present at the MIe, while
only degenerate trophozoites and schizonts remained at
the MIe in the pyrimethamine test.
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5.4.2 In vivo/in vitro relationships
All southern African isolates were Lnhi.bfted at in

vi tiro chloroquine concentrations of 0.6 J.LM or less
except for 1 isolate from the North-eastern Transvaal
which was inhibited at. 1.0 flM in 1 of the tests. These
MICs are comparable with those of other African
isolates48 but are lower than those of Thai isolates,
found by Thaithong and others49 to range from 0.1 to
1.5 J.LM with the majority at 1.0 Or 1.5 J.LM.

Isolate RSA 2, which was sensitive to chloroquine in

vivo, and isolates RSA 3, 4 and 5 were all chloroquine
sensitive in vitro. These isolates were collected
early in 1985 from patients reporting to a hospital
and a clinic in the endemic malarial area of KwaZulu
which borders Oil Mozambique. The first reports of in

vitro chloroquine resistance from this area were
recorded in the same year40. Howeverv in vitro field
studies carried out in KwaZulu in May 1987 and January
1988, after chloroquine had been extensively used in
the area for prophylaxis and treatment, revealed a
high percentage of resistant isolates (see Chapter 8).
These resistant parasites ~lere probably introduced
into the local P. falciparum population by movement of
people aczoas the border from ~{ozambique. The problems
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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imported from Mozambique50• six isolates included in
this study, namely RSA 7, 8, 9, 10, 11 and 12, were
obtained from labourers employed on sugar farms in
this non-endemic area in 1986. RSA 1 came frOlm. a
labourer 1't1Orkingin the same area in 1985. Although
these infections wc:e recorded as having originated in
KwaZulu, it is possible that they had, in fact,
originated in Mozambique as refugees are often
reluctant to admit that they are from Mozambique and
prefer to state that they are residents of KwaZulu.
Four of 5 isolates from the North-eastern Transvaal,
which also lies adjacent to Mozambique, were shown by
this study to be resistant to ch'Lor-cqufnein vitzrc , It
is likely th~t these resistCl-.ntstrains had been
imported into this endemic region. As was expected
from the clinical histories of their hosts, the
f.ialawianisolates proved to be resistant in vit:ro.

A wide range of pyrimethamine sensitivities (0.01 to
>3.0 ~M) was found amongst the southern ~frican
isolates as in Thailand, where sensitivities in vit:ro

49 . .ranged from 0.001 to 100.0 ~M. As pyr1metham1ne was
used in combination with chloroquine for treatment, it
was not possible to determine the in vivo response of
these southern African isolates to pyrimethamine. Most
of these isolates were inhibited at 0.1 ~M in vitiro

which t judging from the literature, would seem to
indicate that these strains are not fully susceptible
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to the drug. However, the relationship between the in

vivo response to pyrimethamine and the in vitiro MIC

has not yet been clearly defined. Smalley and Brown51

concluded, from a correlation of in vivo and in vitro

responses of P. falciparum from 10 countries, that

isolates inhibited in vitro at 0.04 ~Mare likely to

be pyrimethamine-sensi ti ve while those which grow in

the presence 0.1 ~Mor more of the drug are likely to

be resistant. However, Spencer and others52 found 1

clinically pyrimethamine-sensi ti ve Kenyan isolate to

have an MIC of 0.1 ~M in a 48-hour in vitro test,

while 3 other isolates sensi ti ve to the drug were

inhibi ted at 0 f 03 fl.1:-! or less. It is clear that further

in vivo and in vitro pyrimethamine-sensitivity studies

are required in order to resolve this controversy.

5.4.3 stability of drug sensitivity in culture

It was found that 0.6 ~Mof chloroquine was required

to inhibit the FCR-3 strain in vitro. This isolate,

which was initially cultured in August 1976,7 was

foUnd to be inhibited at 0.1 ~g ~hloroquine Iml

(approx. 0.3 ~M) up to one year after initiation of

growth in vitro. 53 After 4 years in continuous

CUI ture, however, an in vi tro test carried out in a

second laboratory showed that 0.3 J1.g/ml (appzox, 0. 9

J1.M) was required to completely inhibit growth.54 This

change in chioroquine sensi ti vi ty had taken place in

cul,ture in the absence of drug pressure, suggesting

that varying condi·tions of culture may result in an
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isolate which is maintained in several laboratories
having different sensitivities, possibly as a

consequence of selection of chloroquine-resistant
clones. It is therefore not surprising 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 same culture
conditions, the sensitivities of the southern African
isolates to chloroquine and, to a lesser extent,
pyrimethamine, fluctuated during the -test period.
Thaithong and others55 found that such variation in
drug sensitivity occurred in tWb Thai isolates but not
in thei~ clones. They assumed that these fluctuations
were due to the presence of clones which differed in
their drug sensitivity and which! as a result of
asynchronous growth, were present in culture in
different proportions at different times.

5.4.4 Implications for control of malaria
The results of this investigation confirm the presence
of both chloroquine and pyrimethamine resistance in
the endemic malarial areas of South Africa. This has
serious implications for the prophylaxis and treatment
of P. falciparum malaria in the region. At present,
the chloroquine-pyrimethamine combf.natd.onis commonly
recommended in this country for both. prophylaxis and
treatment, .out the merits of this drug combination



5'1.

have recen-tly been questioned~ The continued use of
these drugs is likely to result iIi 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 ~..frica
might place in jeopardy the effectiveness of other
pyrimethamine combinations such as pyrimethamine-
sulphadoxine.

The use of pyrimethamine for its sporontocidal effect
is questionable, as it has been shown that
pyrimethamine does not prevent the development of
oocysts in isolates resistant to the drug.56 However,
it is not known whether pyrimethamine would affect
oocyst development in isolatas vdth low levels of
resistance (MICs of 0.1 ~M) as the resistant isolates
studied in the investigation of Teklehaimanot and
others56 had MICs of > 0.3 ~M. Studies carried out in
Papua Ne~lGuinea suggest that pyrimethamine resistance
may be a good indicator of Fansidar (pyrimethamine +

sulphadoxine) resistance. 57 Using a 24-hour
pyrimethamine in vitro test, it was found that those
P. falciparum isolates inhibite.'!at 20. 0 ~M tolere
sensit:i.ve to Fansidar in vivo I while 6 out; of 7

isolates which grew in 20.0 ~M or more of
pyrimethamine were resistant to the drug combination
in vivo. The southe·n African isolates were not tested
at pyrimethamine levels greater than 3.0 ~M but only 2
isolates were not inhibited at this concentration and
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the majority of MICswere well below 3 pM. Fansidar

resistance would therefore not be expected to be a

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

near future.
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64 IN VITRO SENSITIVITY OF REFERENCE ISOLATES OF

.PLASMODIUM _""'l1LCIPARlJH TO HALOFANTRINE. DESCR.IPTION

OF THE RADIOISOTOPE UPTAKE ASSAY

6. ,1 Introduction

Wi·th the rapid spread of drug resistance throughout

Africa and the rest of the world/58 the number of

drugs available for 'the successful treatment of

malaria is becoming extremely limited.

deveLopad phenanthrene-methanol,

The recently

halofantrine

hydrochloride, has been shown in clinical trials to be

hi.ghly effective .i)'~;ainst

and multidrllg-resistant

both chloroquine-resistant

forms of malaria,59-63

al'though it has been suggested that there might be

cross-resistance bet'tveen halofantrine and

mefloquine.64 In vitro halofantrine sensitivity

studies have been carried out in Thailand, 59,.65,66

Madagascar,67 West Africa68 and Kenya.60 However,

nothing is known about its action in vi tro against

southern African isolates of Plasmodium falciparum. As

this drug is soon to be released for use in South

Africa, we decided to investigate the in vitro

su.sceptibili ty to halofantrine of 2 primary isolates

o.f P. falciparum collected in KwaZulu and of 18

southern African ~eference isolates.
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6a2 Materials and Methods

6.2.1 P. falciparum isolates
The southern African reference isolates RSA 1-3, 5-17
and MW 1 and 2 have been characterised according to
their sensitivity to chloroquine and pyrimethamine in
vitro (see Chapter 5) I as has the Gambian rrcontrol"
strain, FCR-3.7 The origins and dates of collection of
these isolates are given in Table 1. Isolates N35 and
N42 were obtained from malaria patients reporting to a
clinic in the Ingwavuma district of KwaZulu, South
Africa.

6.2.2 Preparation of isolates for the in vitro test
The 19 culture-adapted isolates were maintained in
suspension culture as described previously (see
Chapter 2). For the test, infected erythrocytes were
diluted with fresh, washed, human type a-positive re-,d
blood cells to a parasitaemia of 0.2 to 0.9% and
suspended to 3% in RPMI 1640 medium containing 25 roM
HEPES (N-2-hydroxyethylpiperazine-N'-2-etha,nesulphonic
acid) I 32 roM NaHC02 and 10% non-immune hUIi.~:..'..type A-
positive serum.

Infected erythrocytes collected from the 2 malaria
patients were washed twice in culture medium, diluted
with a-positive red blood cells, where necessary, to a
parasH:aemia of 0•2 to 0.9% and suspended to 3% in
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culture medium supplemented with non-immune htlIllantype
AB-pDsitive serum.

6••2•.3 Preparation of drug plates
A stock solution of halofantrine was prepared by
dissolving 10.31 mg halofantrine hydrochloride in 70

ml ethanol and c.dding 30 ml H20 as described by
DeSjardins et: al~. 69 The stock solution was diluted
1000 times with culture medium to a concentration of
192 nmol!l which was then double-diluted in culture
medium to 3 TImol!l. 50 ~l aliquots of the drug
solutions were dispensed into the wells of a 96-well
]nicrotitre plate, 1 concentration per row of 12 wells.
The first row was the positive control and contained
culture medf.um only, 50 ILlper well.

6.2.4 In vitro test
100 ILl aliquots of the 3% red blor.; cell suspensions
were added to the drug solutions in the wells so that
each isolate occupied 3 columns of 8 wells on the
microtitre plate I i & e. each isolate was tested in 3

wells at each drug concentration. The final
halofantrine concentrations were thus 0, 1, 2, 4, 8,
16, 32 and 64 runol.!land the final haematocrit was 2%.
The final concentration of ethanol was less than
0,03%. DeSjardins et:al.69 found that 0.1% ethanol had
no effect on the growth of the parasi te. The plates
were incubated at 38°C in a desiccator gassed with 3%
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°2, 4%CO2and 93~ N2• After ~4 hours, 3H-hypoxanthine,

o .5 pCi in 10 p.l cuf ture medium, was added to each

1;'1e1l. The plates were agitated and incubated for a

further 18 hours. The contents of the wells were then

harvested on to glass fibre filters using a Titertek

cell harvester. The filters were wa.shed with distilled

water, dried and placed in scintillation vials

containing 4 ml scintillation fluid and counted .Lor 5
minutes in a Beckman LS 1800 liquid scintillation

counter.

6.2.5 Calculation of HIe and ICSO

Percentage growth was ca.lculated as

PCGROW'TH= 100 * [CPM(ISOLATE)- CPM(NEGCONT'~OL)]

[CPM(POS CONTROL)- CPM(NEGCONTROL)]

where CPM (ISOLATE) was the mean of 3 values

cor-responcd.nc to 1 drug concentration, CJ?M (NEG

CONTROL)was the mean of 6 values corresponding to the

negatiLve control (non-parasi tised erythrocytes) and

CPM (POS CONTROL)was the mean of 3 values

corresponding to the positive control.

'Ihe minimuminhibitory concentration (MIC) was defined

as the lowest concentration at which growth of at

least 95% of the parasites was inhibited. The IC50'
i •e. the concentration required to inhibi t 50% of

parasite growth, was calculat~d using 2 methods.
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Method 1: In this simplified estimation of the ICsO'

the 2 PCGROWTH values cloSGst to 50%, 1 on l:lither
side, were selected, assuming linearity between these
2 points. The concentration corresponding to 50%
growth w~s then calculated by linear interpolation
between the 2 points and their corresponding
concentration values, i.e.

or x3 = (Yl - 50) * (x2 - xl) + xl
(Yl - Y2)

where Yl' Y2 = the 2 PCGROWTH values closest to
50%, 1 on either side,

xl' X2 -.thbir corresponding concentrations
and x3 = the concerrcratuon corresponding to

50% growth, i.e. the IC50
This method is illustrated in Fig. 2.

Method 2: Using the SAS/STAT computer programme,70 the
sigmoid dose-response equation was used to fit a curve
through the data points for each isolate.

This non-linear regression procedure requires an
initial estimation of the IC50 value and the slope of
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Figure 2. Determination of by lineqr
interpolation ..

the line. The best-fit IC50 vaIue is then calculated
from these estimates. For the in'itial estimates of
lC50, method 1 'Was used as a guideline.

6.3 Results

The mean counts per minute for each isolate tested are
shown in Appendix C. No statistically significant
di:Efe:t'encewas found between the 2 methods used for
estimating the lC50• The mean lC50 of the 21 isolates
as determined by linear interpolation was 4.648 with a
standard errol:'of 0.876 and a 95% confidence interval



Table 9e In vitro response Of southern A..frican

isolates of Plas.modium falciparum to hal,ofantrine

Isolate

RSA 1
RSA 2
RSA 3

RSA 5

RSA 6

RSA 7
RSA B

RSA 9

RSA 10

RSA 11
RSA 12

RSA 13

RSA 14

RSA 15

RSA 16

RSA 17

MWI
MW2
FCR-3

N35

N42

fIalofantrine Chloroquine

59

MIC (nM)*

1.265 4

2.458 8

15.000 32

2.381 8

2.460 8

7.272 16

2.667 8

3.000 8

6.789 16

6.217 8

2.023 8

9.151 16

1.268 8

4.792 16

9.902 32

11.261 16

1.700 8

1.282 4

6.007 16

0.039 1

0.060 1

300 - 600

60

60 - 100

60 - 100

300 - 600

300 - 600

300 - 600

300 - 600

300 - 600

300

30Lt- 600

30 - 60

300 - 600

300 - 600

300 - 1 000

300 - 600

300 - 600

300 - 600

600

ND$
ND

* From Chapter 5

$ Not determined
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of 2.821 to 6.475. The mean IC50 calculat.ed using the
sigmoid dose-response procedure was 4.619 with a
standard error of 0.884 and a 95% confidence interval
of 2.775 to 6.462.

The res'lllts of the in vi tiro 1.:estare presented in
Table 9. The IC50S, as determined by the sigmoid dose-
respo.pse procedure, ranged from O.039 to 15.000
mIlol/l. All isolates had halofantrine lUCs of 32
nmol/l or less with a median of 8 nmol/l. 'l'he
chloroquine MICs of the 18 southern African reference
isolates and the "control" isolate, FCR-3, previously
determined, ranged from 60 to ]. 000 nmol/l with a

median of 300 nmol/l (see Chapter 5). Fifteen of these
reference isolates were resistant to chloroquine in

vitro/ having NICs of 300 nro,ol/lor more. The majority
of these isolates exhibited low levels of resdstance
to pyrimethamim:~.

6.4 Discussion

This study has shown that linear interpolation
provides a simple method for the deteL1nination of IC50
values. This method may also be used to provide
estimates of the Ie50 for the sigmoid dose-response
method for determining the IC50•
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Southern African P. falciparum isolates are similar to

those from west .Africa in their sensitivity to

haLof'arrcz'Lnebu~care less susceptible to the drug than

south-East Asian isolates. The mean lC50 value of the

21 isolates examined in the present study was 4. 62 n...~

while that of six W~ it African isolates, as determined

by oduo La et al.,71. was 2.79 ng/:ml (5.57 11M). In

contras·t, the mean IC50 of six isolates from southern

'l\hailand was 1 ~23 n.M:,66 while that of isolates from

f01J,i:"regions in Thailand ranged from 0.63 - 0.73 ng/ml

(1.26 - 1..46 nM).65

TWocases of RI resistance to halofantrine treatment

have been reported from West Afric~,. In vitro testing

of the isolai:es revealed IC50 values Of 7.5 nmol!l and

29.7 nmol!l (first and second malarial attack,

respec'cively)l for 1 isolate68 and 14.0 nmol/l for the

recrudescent parasites of the second isolate.72 One of

the 20 soutiharn African isolates tested had an IC50 of

15 nmo LyL and 4 of them had IC50S greater than 8

nmol/I. Although the relationship between the in vivo

response to halofantrine and the in vitro IC50 has not

yet been determined, the results of this study suggest

that some local isolates may have reduced

susceptibili ty to halofantrine. However, further in

vitro tests and in vivo evidence are required to

confirm this.
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The IUC results of t.his study compare V~7Y well with
those of an investigEtion carried out in Kilifi,
Kenya, where 32 out of 33 isolates had MIC;3 of 32
mnol/l halofantrine or less and one isolate was not
inhibited at 64 nmol/l,60 being the highest
halofantrine concentration tested. However, these
Kenyan MICs are higher than those obtained by the same
authors in Malindi, Kenya, where all 11 isolates
tested had MICS of 16 nmol/l or less,60 They are also
higher than the MICs of 6 Thai isolates, which ranged
frow 94 to 7.79 nmol/l.66

In tl'.,.....p;r-esentinvestigation, halofantrine was found
to be equally active against chloroquine-sensitive and
chloroquine-'resistant isolates. In factI the mean IC50
of tile 4 chloroquine-sensitive isolates (RSA 2, 3, 5
and 1.3)was 7.248 nmol/l, which was higher than the
mean IC50 (4.527 nmol/l) of the 15 chloroquine-
resistant isolates. Halofantrine was also found to be
active against pyrimethamine-resistant isolates in
this study.

This in vitro investigation provides baseline data on
the sensitivity of southern African isolates of P.
falciparum to halofantrine. Although it is not
possible to make direct comparisons between in vitro

tests carried out by dif.ferent laboratories, the
results of various studies do at least give some
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ind-ication of the relative sensitivities to

halofantrine of isolates from different geographical

regions. The indications are teat this drug would be

suitable for treating P. falciparum malaria in

southern Africa, particularly whenthere is resistance

to chloroquine and pyrimethamine. However, further

testing of halofantrine in southern Africa; both in

vivo and in vitro, is required to confirm this

observation.
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7.. IN VITRO SENSITIVITY OF SOUTHERN AE'RIC1>..NREFERENCE

ISOI...ATES OF PL.ASMODIflM FALCIPARUM TO AMODIAQUINE!,

CHLOROQUINE, MElt'LOQUINE, QUININE AND SULPHADOXINE/

PYRIMETHAMINE.. USE OF PREDOSED DRUG PLATES IN THE

RADIOISOTOPE UPTAKE ASSAY

7~1 Introduction

The epidemiology of drug-resistant P. falciparum is
well documented.58,73 Chloroquine resistance occurs in
all southern African countries. However r apart from
isolated reports of in vivo and in vitro resistance to
sulphadoxine/pyrimethamine, quinine and mefloquine,
little is known about the sensitivity of P. falciparum

in this region to antimalarials other than
chloroquine. The aim of this study was to characterise
the southern African reference isolates of P.

falciparum according to their in vitro susceptibility
to amodiaquine I chloroquine, mefloquine, quinine and
sulphadoxine/pyrimethamine.

7.2 Materials and Methods

7..2.1 Plasmodium !alciparum isolates
Eighteen of the culture-adapted southern African
reference isolates of P. falciparulI1 (see Chapter 2) r
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cOllected during the period July 1984 to February
1987, and the Gambian reference isolate, 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 vi~ro tests
using WHO predosed drug sensitivity plates, the
sensitivity of these isolates to amodiaquine,
chloroquine, mefloquine J quinine and sulphadmdne
/pyrimethamine was determined as follows.

The isolates were washed twice with washing medium
(culture medium without serum) and suspended in normal
RPMI 1640 medium, for the testing of amodiaquine,
chloroquine, mefloquine, and quinine, and in RPMI 1640
containing reduced levels of para-aminobenzoic acid
(0.5 j.Lg/l)and folic acid (10 j.Lg/I)I for the testing
of sulphadoxine/pyrimethamine. Both media were
buffered with HEPES (25 roM) and NaHco3 (32roM) and
supplemented with the addition of 10% non-immune human
type AB-positive serum. ThE:!parasitaemias of the
reference isolates we~e reduced to ~1% for the test.

The in vitro drug sensitivity was determined using a
method based on that of Desjardins et ai. 69 in which
the uptake of [3H]-hypoxanthine was used to measur-e
the growth of the parasite. Briefly, erythrocytes were
suspended to 2% in the 2 culture media and aliquoted
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into the wells, of the appropr'..;ate WHO predosed plates

(100 ~l/well; 3 wells per concentration). The plates

were incubated as decribed above for 24 hours after

Which [3H]-hypoxanthine, 0.5 ~ci in 10~1 culture

medf.um., was added to each v1el1. The plates were then

incubated for a further 18 hours. After incubation r

the contents of the wells were harvested 1 using a

Titertek cell harvester, on to glass fibre filter

discs which were washed with distilled water and

allowed to dry. Each filter disc was placed in a vial

containing 4 ml of scintillation fluid. The reactivity

was counted using a Beckman LS liquid scintillation

counter. Tests were considered successful when counts

in the control 'tvells exceeded 2000. The percentage

growth relative to the control was calculated and the

MICwas defined as the minimumconcentration at which

the growth of at least 95% of the parasites was

inhibited. The IC50 was caLcu.Latiedas described in

Chapter 6.

7.3 Results and Discussion

The mean counts per minute obtained in the

investigation of the in vi tiro sensitivity of the-

southern A.frican reference isolates of P. falciparc' I{

to amodiaquineI chloroquine, mefloquine, quinine and

sulphadoxine/pyrimethamine in the radioisotope uptake

assay I are shown in Appendixes D, E, F, G and Hf
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respectively. The MICs and ICSOS of these isolates are
listed in Table 10. Table 11 is a sum:mary of all the
above results.

Table 10. 'HinilllUB inhibitory concentrations (HICS) and 1%0 values (in Plol/l tediU1l) of
southern African reference isolates of Plasiodimt falcipartlll

Sulphadoxine/
Amodiaquine Chloroquine J.lefloquine Quinine pyrimethamine

Isolate IC50 HIC IC50 HIC IC50 HIC IC50 HIC IC50 HIC
- -

KwaZulu, 1984-1986

RSA.l 0.01 0.02 0.04 0.16 0.01 0.04 0.20 0.64 93.61 >100.0
RSA2 0.01 0.02 0.03 0.04 0.02 0.08 0.20 0.64 4.56 30.0
RSA3 0.01 0.02 0.01 0.01 0.13 0.32 0.21 1.28 1.30 30.0
RSAS 0.01 0.02 0.01 0.02 0.02 0.08 0.09 1.28 14.57 >100.0
RSA. 6 0.01 0.02 0.14 0.32 0.02 0.16 0.37 2.56 3.25 30.0
RSA1 0.01 0.01 0.05 0.16 0.02 0,16 0.30 1.28 2.80, 30.0
RSA.8 0.01 0.02 0.15 0.32 0.04 0.16 0.62 2.56 3.40 30.0
RSA9 0.01 0.02 0.16 0.32 0.05 0.16 0.67 2.56 6.20 >100.0
RSA 10 0.01 0.02 0.08 0.16 0.06 0.16 0.51 2.56 2.53 .30.0
RSA 11 0.01 0.02 0.21 0.64 0.08 0.16 0.80 >2.56 2.26 30.0
RSA 12 0.01 0.02 0.05 0.16 0.02 0.16 0.07 1•• 28 3.18 30.0

Transvaal, 1987

RSA 13 0.02 0.02 0.08 0.16 0.05 0.16 1.09 2.56 2.19 10.0
RSA 14 0.06 0.08 0.06 0.16 0.03 0.16 0.50 2.56 2.30 30.0
RSA 15 0.11 0.16 0.09 0.32 0.04 0.16 0.59 >2.56 2.26 30.0
RSA 16 0.01 0.02 0.06 0.32 0.03 0.16 0.65 >2.56 2.10 10.0
RSA 17 0.01 0.01 0.08 0.32 0.07 0.16 0.59 2.56 2.30 30.0

Malawi, 1985-1986

MWl 0.01 0.02 0.04 0.08 0.02 0.04 0.99 >2.56 2.19 10.0
llW 2 0.01 0.02 0.05 0.16 0.01 0.08 0.90 2 ...56 3,20 >100.0

Gambia 1976

FCR-3 0.01 0.02 0.05 0.16 0.03 0.16 0.41 2.56 2.47 10.0



Table 11. In vitro res~nse of southern African isolates of Plasrnodi! falcipa~ to five antimlarial drugs

origin and sulphadoxinel Growth
Collection Date Alncdiaquine Chloroquine Mefloquine Quinine Pyrimethaminea AsseSSlOOn:

KwaZulu No. of isolates: 11 l:r 11 11 11 11
r3r.;-hypoxa.'lthineSouth Africa HIC: 0.01 ~ 0.02 (0.02) M1 - 0,64 (0.16) 0,04 - 0.32 (0.16) 0.64 - >2.56 (1.92) 10 ~ >100 (301

1984 to 1986 ICso: 0.01 0.01 ~ 0.21 (0.08)° 0.01 ~ 0.13 (0.04) 0.07 - 0,80 (0.37) 1.3 ~ 93.61 (12.52) incorpllration
--

Transvaal No. of isolates: 5 5 5 5 5
South Africa MIC: 0.01 - 0.16 (0.02) 0.16 - 0.32 (0.32) 0.16 2.56 - '>2.56 (2.56) 10 - 30 (30) [3Uj-hypoXlh1thine
1987 IC50: 0,01 - 0.11 (0.04) 0.06 - 0.09 (0.01) 0.03 - 0.07 (0.04) 0.50 - 1.09 (0.68) 2.1 - 2.3 (2.23) incorporation

--
No. of isolates: 2 2 2 2 2

(3HI-hypoxanthineMalawi MIe: 0.02 0.08 - 0.16 (0.12) 0.04 - o,oa (0.06) 2.56 - >2.56 10 - >100
1985 to 1986 IC50: 0.01 0.04 - 0,05 (0.05) 0.01 - 0.02 (0.02) 0.90 - 1.00 (0,95) 2.19 - 3.2 (2.70) incorporation

._-
No. of isolates: 1 1 1 1 1

[3Hj-hypoxilIlthineGaliIDia MIC: 0,02 0.16 0.16 2.56 10.0
1976 ICSO: 0.01 0.05 0.03 0.41 2.47 incorporation

~ SUlphadoxine/pyrimethamine concentrati()n expressed as lIDlolsulphadoxine/i rnediUlll. Ratio of sulphadoxinc:pyri!rethllll\lne :: eo:1.
Range and median in jlll\ol/l medium.

c Range and meanin ~lIlo1/1 medium.

0\
00
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7.3.1 Amodiaquine
All KwaZulu isolates, collected from 1984 to 1986,
were seLl:::itiveto amodiaquine, having MICs of 0.01 to
0.02 /-tIDol/1(Table 10) I which are below the
discriminating MIC of 0.04 ~mol/l for sensitive
isolates.74 The median MIC value and the mean IC50 for
this set of isolates were 0.02 and 0.01 /.Lmoljl,
respectively (Table 11).

Three of the ~ransvaal isolates collected in 1987 were
sensitive to amodiaquine, with MICs of :$;0.04/.Lmol/l,
and 2 were resistant, with MICs of ;:~_08 /.Lmol/l(Table
10). The median ~!.r.! value was 0.02 /.Lmol/land the mean
IC50 was 0.04 JLmol/l (Table 11).

Both Malawian isolates had an MIC of 0.02 /.Lmol/land
an I050 c 0.01 /.Lmol/l,indicating sensitivity to
amodd.aquf.ne(Table 10). FCR-3 was also sensitive to
thi.s drug f having an MIC of 0.02 JLmol/l and an IC50
value of 0."01 ~nnol/l.

7.3.2 Chloroquine
Eighteen of the 19 southern African reference isolates
of P. falciparum exami.ned previously for chloroquine
sensitivity by the 48-hour growth inhibition assay
(see Chapter 5), ;7ere retested using the [3H]_
hypoxanthine incorporation method. The 19th isolate
(RSA 4). a chloroquine-sensitive isolate from KwaZulu,
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was lost in culture prior to carrying out this present
study. R.esistance was confirmed (MICS ~0.16 ~mol/l) in
all southern African isolates showing in vitro

resL.~tance in the previous study, and the 3 sensitive
KWaZulu isolates were shown to have retained their
sensitivity to chloroquine in vitro (MICs ~O.114
JLmol/l) (Table 10). However, the culture-adapted
Transvaal isolate RSA 13, tvhich was shown in the
previous investigation to have an M1C of 0.03 to 0.06
J,Lmol/lt showed a decrease in chloroquine sensttivity
in vitro to allMIC of 0.16 J,Lmol/l.This is probably
the result of selection of chloroquine-resistant
clones in tb.:i.sisolate.

The mean IC50S of the ref(~rence isolates were 0.08,
0.07 and 0.05 ~mol/l for those originating in KwaZulu,
Transvaal and Malawi , respectively (Table 11). FCR-3
had an MIC of 0.16 ~mol/l and an IC50 of 0.05 J,LIDol/l.

The results of these investigations confirm the
existence of chloroquine-resistant P. ralciparum in
southern Africa.

7.3.3 Mefloquine
All soucharn African isolates tested were sensitive to
mefLoqui.ne, with 1 being inhibited at 0.32 ~Ir.,ol/land
the rem.aining 17 isolates having MICs of ~0.16 J,Lmol/l
(Table 10). The medf.an MIC and the mean IC50 for both
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the KwaZulu and the Transvaal reference isolates were
0.16 and 0.04 ttmol/l, respectively (Table 11.). The 2
Malawian isolates had MICs of 0.04 and 0.08 ~mol/l and
IC50S of 0.01 and 0.02 Amolll, respectively (Table
10). The MIC and IC50 values for FCR-3 were 0.16 and
0.03 Amol/l, respectively.

In Zambia, in vitro resistance to mefloquine was
observed in 1986 in 15.2% and 3.6% of isolates from
Lubwe and Kalene, respectively. 75 48.5% of isolates
from Lubwe and 21.4% of isolates from Kalene had MICs
~O.32 Amoi/l.

It woUld seem that mefloquine might. prove to be a
useful drug for the treatment and prophylaxis of
chloroquine-resistant P. falciparum malaria in
southern Africa. However, the sensitivity to this drug
needs to be monitored in this region.

1.3.4 Quinine
The KwaZulu reference isolates were shown to have a
low sensitivity to quin:'ne (median MIC of 1.92 and
mean IC50 of 0.37 Amol/l (Table 11). The Transvaal and
Malawian reference isolates y.Terealso found to have
reduced sensitivities to quinine (a median MIC of 2.56
pmol/l for Transvaal and mean IC50s Of 0.68 and 0.95
pmoi/l for Transvaal and Malawi, respectively). FCR-3
had an MIC of 2.56 pmol/l and an rc50 value of 0.41
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{.Ll1.lo1/1.

Sensitivity to quinine is defined in the. WHO in vitro

microtechnique as schizont inhibition at $2.56 {.Lmol/1
medium. 74 Hm'1eyer, not all of the isolates studied
using the radioisotope uptake method were inhibited at
the highest concentration tested of 2.56 {.Lmol/l.Ten
of the 11 KwaZulu reference isolates were inhibited at
2.56 {.Lmol/lor less (Table 10). Two of the 5

Transvaal reference isolates and 1 of the 2 Malawian
reference isolates failed to be inhibited at 2.56
J,.£;!I.ol/l.However, the discriminat;ing concentration for
resistant isolates in the [3H]-hypoxanthine
incorporation assay is not known.

Although quinine can normally still be used
successfully for the treatment of ch'Loroquf.rre-«
resistant P. :ralcipa1:'Um malaria in southern Africa!
there have been isolated reports of resistance to this
drug from Malawi76 and zambia.77 The results presented
in this chapter reveal reduced susceptibility to
quinine amongst southern Afi.4icanisolates and although
the situation is not nearly as serious as it is in
south-East Asia, where cure rates have fallen to below
50% in some areas,73 there is nevertheless cause for
concern.
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7..3~5 Sulphadoxinejpyrimethamine
The mean ICso of reference isolates originating in
KwaZulu 12.52 IAmol/1 (4.4 IAmol/1 if the outlying IC50
of 93.61 IAmol/l of one of the isolates is excluded).
The mean IC50s of the Transvaal and Malawian reference
isolates were 2.23 and 2.70 J.£mol/lf resp',ectively
(Table 11). The Ie50 for FCR-3 was 2.47 IAmol/i.

A wide range in MIC values (10 - >100 ~mol/l) was also
shown amongst the reference isolates I with the
Inajority of these isolates being: inhibited at $" 30
pmol/l (Table 10).

7.3•6 CrosS resis'tance
Cross resistance was determined from the IC50 values
obtained from the southern African reference isolates
using Spearman's correlation coefficients (Table 12).
A weak correlation between chloroquine and amodiaquine
(r = 0.37, P :::::0.1101) and a moderate correlation
between chloroquine and quinine (r = 0.51, P = 0.0244)
was shown. There was also a moderate correlation
be/tween chloroquine and mefloguine (r ::::0.54, P =

0.0166) and a weak correlation between quinine and
mefLoquf.ne (r = 0.32, P = O.1629) for these isolates.

A moderate ne9ative correlation was found between
mefloquine and sulphadoxine/pyrimetha:mine, and quinine
and sulphadoxine/pyrimethamine, for the refer~nce
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isolates (r values of -0.55 and -0.45 and p values of
0.0182 and 0.05,21T respectively).

Table 12. cross resistance within the southern African teference isolates of PlaslodiUJI

falcipam

Spearman's Correlation
Drug Comparison Coefficient p value
Amodiaquil1e & chloroquine! 0.37 0.1101

Amodiaquin? & mefloquine 0.12

Amodiaquine & quinine 0.20

Amodiaquine s sUlphadoxinle/pyrimethamine -0.02

Chloroquine & mefloquine 0.54

Chloroquine & quinine 0.51

Chloroquine & sulphadoxine/pyrimethamine -0.09

Hefloquine & quinine 0.32

0.3548

NS
0.0166

0.0244
NS

0.1629

Hefloquine & sulphadoxine/pyrimethamine -0.55

Quinine & sulphadoxine/pyrimethumine -0.45
0.0182

0.0521

* Not significant

7.3.7 comparison ()f the 48-hour growth inhibition
~ssay with the radioisotope uptake assay
Using the data from the previous drug sensitivity
study of the 18 rE~ference isolates of P. falciparum

(Chapter 5), the IC!50swere determined by the sigmoid
dose-response method and compared with the chloroquine
IC50S obtained by the radioisotope uptake method in
the present investi'9ation (Table 13). Fifteen isolates
had lower IC50s in the [3H]-hypoxanthine incorporation
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assay than in the 48-hour growth inhibition method,

vJhile 3 isolates had higher lC50s in the radioisotope

uptake assay. The mean leso for the 48-hour growth

inhibition test was 0.198 J..tmol/l and that for the

radioisotope uptake assay was 0.076 ;.tmol/l. The t-test

showed a significant difference between the 2 means

(p=O.0009) •

Table 13. cOJlparisonof I~O values (plol/I) obtained using
the 48-hour growth hlhibition assay and the [~]-hypoxanthine

incorporation method

48-hour growth r3HJ-hypoxantbine
inhibition assaya incorporation method

RSA 1 0.280 0.035
RSA 2 0.040 0.030
RSA 3 0.040 0.010
RSA 5 0.070 0.010
RSA6 0.045 0.140
RSA 7 0.300 0.050
RSA 8 0.300 0.150
RSA 9 0.330 0.162
RSA 10 0.215 0.075
RSA 11 0.140 0.211
RSA 12 0.180 0.052
RSA 13 0.045 0.075
RSA 14 0.390 0.055
RSh 15 0.406 0.090
RSA 16 0.121 0.056
RSA 17 0.140 0.075
HW 1 0.320 0.042
I-M2 0.210 0.048
f.lean 0.198 0.076
a Calculated from data presented in Chapter 5.
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The reason for the differing results of the 2 assays
is not clear. Although these assays were not carried
out at the same time, it is doubtful whether this
apparent decrease in IC50 values could be the result
of a general decline in th~ sensitivity of the
isolates during approximately 4 years of
cryopreservation and culture. It is more likely that
the difference is due to the effect of the drug being
detected at a lower concentration in the radioisotope
assay than in the growth inhibition assay.
Morphologically degenerate parasites may not be
distinguished by the microscopist in the growth
inhibition assay and may therefore be included in the
parasite count, while degenerate parasites may not
incorporate as much [3H]-hypoxanthine as healthy
parasites, thus resulting in a lower IC50 value in the
3H uptake assay_

Schapira et al.,78 however, found that the IC50 values
vIere lower in the 48-hour growth inhibition assay than
in the radioisotope uptake assay and ascribed this
difference to the longer incubation t,imeof i:heformer
method.

It is clear that different techniques for the
determination of drug sensitivity in vitro will yield
conflicting results and that direct comparisons cannot
be made between studies employing different assays.
Nevertheless, whatever the method used, in vitro
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studies give a good indication of the drug sensitivity
of parasite populations.
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8. IN VITRO CHLOROQUINE SENSITIVITY OF FIELD ISOLATES

OF PLASJ.IODIUM FALCIP.ARl1M FROM lGiAZULU, ~987--1988.

DESCRIPTION OF THE 24-tiOUR MICROTECHNIQUE

8.1 Introduction

Since 1978, when the first reports of chloroquine-
resistant P. falciparum ma.laria in Africa were
received from Kenya and 'the United Republic of
Tanzania, chloroquine resistance has been found as far
South as South West Africa/Namibia36 on the West coast
and Mozambique79 and probably swaziland38 on the East
coast. In 1985, chloroquine resistance was confirmed
in vitro in 6 patients from Natal/KwaZulu, it being
assumed that the infections had originated in
Mozambique or areas immediately bordering on
Mozambique. 40 The cure rate in KwaZulu following
administration of the standard adult curative dose of
oh.toroquine (1500 mg) had decreased from J.O'O% in 1983

to 78. 8% and 83.9% in hospital and field cases
respectively by 1987.43

Chloroquine resistance has serious implications for
the treatment of malaria and may severely hamper
parasite control, resulting in a change in the whole
epidemiological picture. A study was therefore
undertaken in the endemic malarial area of KwaZulu to
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determine the in vitro sensitivity of P. falciparvm to
chloroquine.

8.2 Mat.erials and methods

8.2.1 study area
The endemic malarious region of Natal/Kt'JaZuiu
encompasses the districts of Ingwavuma, Ubombo and
Hlabisa. During the first 5 months of 1987, 437

indigenous malaria cases were reported from the
Mamfene area and 299 from the Ophansi area of Ubombo,
these figures being considerably higher than the means
of 12.6 for Mamfene and 21.5 for ophansi recorded
annually over the II-year period from 1976 to 1986.
Ubombo was therefore chosen as the study area for the
chloroquine-resistance survey in May 1987. A second
investigation was undertaken in January 1988 in the
Ndumu area of Ingwavuma because of the relatively
large number of early-season malaria cases r!'~ported
from it.

8.2.2 selection of samples
From 18 to 21 May 1987 venous blood was collected in
Iithium/heparin tubes from actively-detected malaria
casesa identified during mass blood investigations

a "Actively-detected" malaria cases are those detected
during routine active surveillance, epidemiological
investigations or by mass blood examinations.50
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carried out in the Mamfeneand ophansi areas of Ubombo

and from passi vely-detectedb cases reporting 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 Hospital and to clinics in the

Ingwavumadistrict. All subjects were questioned about

their use of antimalarial drugs prior to the survey

and urine samples were collected from the patients

included in the 1987 investigation.

The blood specimens were transported on ice 'to the

field laboratory at Jozini where they were processed

within 12 hours of collection. Thick and thin smears

were prepared from each sample, stained v.'i th Giemsa

and examined microscopically for the presence Cit P;

faloipal."11m. urine samples were tested for the

presence of 4-aminoquinolines by the Dill-Glazko

method.80 Isolate~ were considered to be suitable for

the in vitro chloroquine sensi ti vi ty test if they

contained 500 -- 100 000 parasites/pl. Samples were

excluded if the patient had ingested antimalarial

drugs in the previous 2 weeks and/or if the Dill-

Glazko test was positive.

b Malarious patients who present at clinics or
hospitals are defined as "passively-detected" cases.50
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8.2.3 Ln vitro tests
Chloroquine sensitivity in vitro was determined by a
modification of the Rieckmann m:i.crotechnigue.81

Infected erythrocytes were washed twice in RPMI 1640
cut. ture mediurn. Care was taken to remove the buffy
coat during the washing pror.ess. A 5% red blood ce~

(RBC) auepens Lon was prepared from each sample usL. .f

the medium supplemented with 10% non-immune human AB

serum. 50~1 aliquots of these suspensions were added
to the wells of microtitre plates predosed in the
laboratory with I, 2, 4, 5.7, 8, 16 I and 32 pmols

concentration of 64chloroquine. An additional
pmolo/well was used in the January 1988 survey. At
least ~ wells per chloroquine concentrratd.cn were used
for each isolate. The plates were agitated for a few
seconds to dissolve the drug and then they were placed
in a desiccator (a convenient air-tight container to
~se) which was 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 3S·C for 24 to 26 hours. After
incubation, a smear was prepared from each well,
stained with Giemsa's solution and examined
microscopically. The number of schizonts (i.e.

parasites having more than two nuclei) per 200 asexual
parasites was determined at each chloroquine
concentration. Tests were considered "successful"
when at least 5% of the trophozoites in the control
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wells had developed to schizonts.82 In vitro

resistance was defined as schizont development at a
concentration of ~ 5.7 pmols chloroquine/well.83

8.3 Resu1ts

8.3.1. May 1987

Of 6 407 smears prepared and screened in the mass
blood examinations carried out Ln the Mamfene and
Ophansi az-eas, 34 proved to be positive. Parasites
from 8 of the .llsCtmplesfound to be suitable for t~f'

telst, grew in culture. The in vitro response of the
isolates to chloroquine is summarised in Table 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 resiJtant in
varying degrees. In addition, isolates from 4 patients
who had received Chloroquine in the previous 2 weeks
grew successfully in vitro and their inhibitory
concentrations demonstrated resistance.

Twenty-seven blood samples were collected from
suspected m~laria cases reporting to the hospital and
several clinics; 14 were positive and 11 of these were
founa to be suitable for the sensitivity test. Of the
9 isolates which drew successfully, none was found to
be sensitive and the majority were inhibited at 32
pmols/well (Table 14). In this group, +ne trophozoites
of 1 patient who had chloroquine in his circulation,
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developed to schizonts under the culture conditions and
schizont inhibition was achieved at 32 pmols/well. The
parasite counts for each isolate tested are shown in
Appendix J.

Table H. In vitro response to chloroquine of isolates of PlaslodiUll falciparut fro..

KwaZulu

Hay 1987 January 1988
Hinimum Number of numberof Number of
Inhibitolt\, Actively- '?assively- Passively-
Concentration detected detected detected
(pmols/We.l1) cases cases cases

5,7 2 0 0
8,G 3(+1)* 0 0

16,0 1(+1) 1 1
32,0 0(+2) 5(+1) 9(+2j

64,0 (>32,0)$ 2 3 3(+1)

>64,0 # 1 #

~'otal cases B(H) 9(+1) 14(+3)

* Figures in parentheses indicate isolates from patients who were
known to have received chloroquine in the two weeks prior to
the test.

$ 32 pl!lols/14ellwas the highest concentration used in the May
19B7 survey. However, Some isolates were not completely
inhibited at this level.

# Tests were not done at concentrations >64 pmols/well.
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8.3.2 January JL988

Forty-nine blood specimens liVere collected from

patients suspected of having malaril and 27 were found

to contain P. falciparum of which 20 were suitable for

the test. The parasite counts fc>r each isolate tested

are shown in Appendix K. All 14 isolates tested

successfully were resi.stant in vitiro with the majority

being completely inhibited at 32 pmols/well (Table

14). One of these isolates failed to be inhibited at

64 pmols/well. In addition, the isolates from 3

patients who had ingested chloroquine in the 2 weeks

prior to the inv'estigation were i:ound to be resistant.

Four samples wH:h more than 100 000 trophozoites/JLl

were diluted with fre~sh, washed, uninfected RBCs (0

blood group) before being tested. Three of these

isolates developed to the schizont stage. The fourth

sample (~arasites f.romwhich did not ~ature) 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 sensi ti vi ty of

~outhern African isolates of P. falciparum. Changes

to the Rieckmann microtest were made on the basis of

experiments carried out on local strains of the

parasite (see Chapter 2). It was found that southern
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African isolai:es do not grow well in the candle jar

but that they adapt readily to cuLtnnre conditions in

an atmosphere of 3%oxygen, 4%carbon dioxide and 93%

nitrogen. It was also found that supplementation of

RPMI 1640 medium t'l1ith glucos:e and hypoxanthine

promotes the growth of local isolates in vitro.

Mar]{us84 suggested that replac:::e:ment of patients'

plasma with non-immune serum might result in a higher

percentage of successful 24-hour drug sensitivity

tests. washing of the patients' erythrocytes

effectively rlemovedall plasma from the blood samples I

following which growth factors for the development of

trophozoites wlere provided by t.he non-immuneABseru:m.

A success rate of 74%vlas achieved using this modified

technique. Thi!~ compared very favourably with 'the

percentages, ranging from 20 to 80%, of effecti.ve

tests achieved in other endemic regions of the

world. 83

Kouznetsov et al.85 showed that the interpretation of

the results of the microtest was dependent on parasite

density and that isolates with more than 100 000

parasi tes/ttl require more chloroquine to C01nplet~~ly

inhibit aohd zont; :maturation than isolates of the same

sensitivity having smaller numbers of parasites. .tt

was found that it was possible to include isolates i.n

the test which would otherwise have been excluded on

the basis of parasite count, by diluting the infect~d

erythrocytes with washed, uninfected RBCs. Three out
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of 4 isolates diluted in this manner were successfully

cultured. Failure of the fourth isolate to grow under

test conditions might have been due to the presence of

ch.Itrroqu.Lnein the infected RBCs.

The results of these investigations confirm the

presence of chloroquine-resistant P. falciparl.11D.

malaria in nor-cherri KwaZulu. What is disturbing 1s

that no sensitive strains were found amongst the

isolates from passively-detected cases t:ollected in

either 19,B7 or 1988. Furthermore, a high If\vel Ol~

resistance was recorded, with the majority of the

isolates being inhibited ,at 32 pmolsiwell or more,

thus indicating R III resistance.47 These n~sul'ts

compare favourably with t.hoae of Herbst et al.86 These

authors found that schf.aorrc inhibi tion in isolates

from 15 malaria patients, who were assumed to have

become infected in Mozambique or Ingwavuma between

July 1985 and June 1986, occurred in wells cont':aining

>24 pmols chloroquine; and that schizogony occurred at

48 pmols/well in the majori ty of the samples. The

response to chloroquine of isolates collected from

clinics did not change markedly in the 8 months

between May 1987 and January 1988. However, a change

in chloroquine SJusceptibility in vitxo has been

observed since 1985 when 5 isolates collected from

clinics in Ingwavumawere found to be sensi ti'lTe in a

48-hour sensitivity test (see chapter 5).
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In comparison with the passively-detected cases,

parasi tes from 2 of the 8 fielU samples collected in

~[ay1987 were found to be chloroquine-sensitive and 6

v;rere inhibi ted at 16 pmols/well or less

(com::entrations associated with R r and R II

resistance). It ehould, however, be borne in mind that

in both surveys, isolates ~lere obtained shortly after

extensi ve use had been made of chloroquine in the

study areas for trea:tment and prophylaxis. It is

therefore possible that chloroquine-susceptible

parasites had been eliminated, leaving a reservoir of

relatively resistant parasites.

The in vitro J:'esponse of the 8 isolates from pc:cients

with a history of chloroquine ingestion and which grew

under the test conditions, was found to mimic that of

isolates free Of the drug, in that the samples from

actively-detecb;.;d cases Were generally inhibited at

lower concentrations (~32 pmols/well) than the samples

collected from passively-detected cases (~32

pmols/well).

The difference in In vitro chloroquine sensitivity

between acti vely- and passively-detected isolates may

be attributable t(') host immunity. Semi-immune

residents of endemic areas often harbour parasites

vIithout showing symp+omsI and resistance may only be

detected as a result of ill vivo and in 'Il'itro
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investigations. 87 It is only as the level of

chloroquine resistance increases that these infections

become clinically apparent. 88 Thus, subjects

harbouring highly resistant organisms would report to

clinics while those with infections less resistant or

chloroquine-sensitive parasites would only be detected

by active surveillance.

The presence of a partially chloroquine-resistant P e

falciparum population coupled with a large mosquito

vector population, would most certainly lead to an

upsurge in the number of cases of clinical malaria.

This may have contributed to the situation in the

endemic areas of KwaZuluwh"re 4830 malaria cases were

recorded in 1987, far in excess of the number of cases

reported annually over -the 11-year period from 1976 to

1986, which ranged from 75 to 1199 with a mean of 648.

Furthermore, the number of; cases in the off~Season

(July to November) of 1987 was 532, wl1ich was much

higher than the mean number of off-season cases

(118,5; range = 3 to :226) recorded over the same 11-

year period.

During January 1986, a large popUlation of Anopheles

arabiensis was fOund breeding in the irrigational

overflow from an agricultural development scheme at

Mamfene (Brian Sharp, personal communication). The

adu.lt mosquitoes of this species , T~hich is the
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principal vector of malaria in numerous localities in
Africa I 89' were found biting man both indoors 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 thi.s
locality I but over 500 malaria cases were recorded.
This was considerably higher than the annual mean case
rate for Mamfene of 12/6 (with a range of 0 to 34)1

calculated over the 11 years from 1976 to 1986. What
needs to be considered is whether th.~.supsurge in
malaria could be the result of the introduction to the
area, possibly through migrant labourers, of a large
parasite reservoir which I as this study suggests, may
consist of an increased proportion of chloroquine-
resistant parasites. If this is the case, parasite
control measures involving the use of chloroquine for
treatment may have been or may soon be ~ompromised in
this region. As An. arabiensis is widely distributed
within the endemic malarial ateas of KwaZulu,90 it may
be that a similar situation to that in the Mamfene
area also exists in the Ndumu area (where there is
also chloroquine resistance as this study has shovn)
and possibly in all the endemic malarial areas of
KwaZulu 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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J)

regarding the prophylaxis and treatment of malaria in
Natal/KwaZulu. In view of the fact that parasite
control is essential to containment: of the disease,
there is clearly an urgent need to consider whether or
not the use of alternative antimalarial drugs might be
appropriate in the future. The continued use of
chloroquine on a long-term basis will result in an
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 SULPlIADOXINE/PYRIMETHAMINE OF FIELD

ISOLATES OF PLASMODIUM FALCIPARUM FROM KWAZULU,

1989-1990

9~1 IntrodUction

Although chloroquine has been reported from northern
KwaZulu (see Chapter 8), nothing is known about the
susceptibilty in vitro to other antimalarial drugs in
this region. Since January 1988, sulphadoxine/
pyrimethamine has replaced chloroquine in the
treatment of malaria in this area. However, the effect
of this change in drug therapy on the in vi'tro

susceptibility of the local F. falcipart..1,m population
has not been investigated. Quinine is also used in
this region and in the rest of South Africa for the
treatment of complicated malaria. Amodiaquine is not
available in this country, but it has been used with
some success in the treatment of chloroquine-resistant
malaria in some areas.73

The aim of this study was to assess chloroquine
susceptibility in northern KwaZulu and to 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 or p.

ralciparum in this area, and to assess the sUitability
of amodiaquine as an alternative antimalarial.

9.2 Materials and Methods

9•.2~.~ P1.asmooium fa1.ciparum.isolates
Blood samples were collected from suspected malaria
patients reporting to clinics in the Ubombo district
of KwaZulu during April ~9a9 and March ~990. Isolates
were included in the study if at least 0.02% of the
erythrocytes were infected with P. falciparum only and
if patients had no recent history (< 14 days) of
ingestion of 4-aminoquinolines and/or sulphonamides.

9.2.2 In vi~ro tests
Using WHO predosed drug sensitivity plates, the
susceptibility of the 1989 field isolates to
amodiaquine I chloroquine, quinine and eu.Lphadoxf.ney

pyrimethamine was tested using a modification of the
WHO in vitro microtechnique (see Chapter 8).

Briefly, the isolates were washed twice with washing
medium and suspended in the appropriate culture media
(as described in Chapter 7). Field isolates with
parasitaemias of >2% were diluted with with human type
O-positive erythrocytes to ~1% before being suspended
in culture medium. The tests were carried out as
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described in Chapter 8. In the sulphadoxine/

pyrimethamine tests I the number of morphologically

normal schi zonts with 8 or more chromatin dots was

counted. The minimum inhibitory concentration (MIC)

was defined as the lowest concentration at which

complete schizont inhibition took place. The IC50,

namely the concentration required to inhibit the

growth of 50%of the parasites, was determined using

the sigmoid doeo....response equation, as described in

Chapter 6.

The in vitro sensitivity to chloroquine and quinine of

4 field isolates collected in KwaZulu in 1990 was

determined using WHOpredosed drug plates in the

radioisotope uptake assay, as described in Chapter 7.

9.3 Results and Discussion

Tables 15 and 16 show the chloroquine MICs and IC50s

of tihe KwaZulufield isolates tes'ted in the May1987

and January 1988 field surveys, respectively (see

Chapter 8). The parasite counts from these

investigations are listed in Appendixes I, J and K.

The parasite counts obtained in the 1989 KwaZulufield

study of amodiaquine, chLoxoqud.ne I quf.nd.ne and

sulphadoxine/pyrimethamine in the in vitro

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

o , respectively and Table 17 shows the MICs and IC50
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values of these isolates. The mean counts per mi.mrce
of KwaZulu field isolates tested in March 1990 using
chloroquine and quinine in the [3H]-hypoxanthine
incorporation assa, are shovm in Appendixes P and Q,
respectively. The MIt and I("SO values determined from
these result.:::.3.relisted in Table 18. All of tbe above
results are summarised in Table 19.

Table 15. Minimum inhibitory concentrations (HICs)
and IC50 values (in tlmol/l medium) of KwaZulu field
isolates of P1.asmodiU111 faJ.ciparum collected from
actbTe and passive cases in May 1987

.Isolate chloroquine MIC Chloroquine lC50
Active cases
A4
A6
AS
A51
A53
A56
A57
A58
A59
A61
A65
A67

0.640
0.160
0.320
0.320
0.640
0.114

>0.640b
>f ,:40
0.l60
0.114
0.160
0.160

N.D.a
0.10
0.11
N.D.
N.D.
0.02
0.46
0.36
N.D.
0.09
0.12
0.09

Passive cases
P2
P3
Pl1
P17
P18
P21
P22
P23
P24
P25
P26

0.640
>0.640
0.320
0.640
0.640

>0~640
>0.640
0.640

>0.640
0.640
0.640

0.03
N.D.
0.16
0.19
0.27
0.37
0.51
N.D.
0.12
0.13
0.12

a Not determined
b Some isolates were not inhibited at the highest

concentration tested of 0.64 ~mol/l
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Table 16. Minimum inhibitory concentrations OUCs)
and ICso values (in pmol/l medium\ of KwaZulu field
isolates of P~as11lodiU11l fa.J.ciparulll collected from
passive cases in January' 1988

Isolate chloroquinE! MIC

J3
J4
J8
JI0
JII
J12
J13
JI4
JIg
J20
J27
J34
J36
J3'J'
J38
J40
J44
J45

1.28
0.64
1.28
0.64
0.64
0.64
0.32
0.64

>1.28b
0.64
0.64
0.32
0.64
1..28
0.64
1.28
0.64
0.64

Chloroouine IG.50

N.D.a
0.23
0.24
0.35
0.30
0.11
N.D.
~L,18
0.38
N.•D.
N•.D.
N.D.
0.48
N.D ..
0.48
0.48
N.D.
N.D.

a Not determin~d
b Not inhibited at the hi~rhest concentration tested of
1.28 /.LIDol/1

9.3.1 Aruodiaquine

Only 1 isolate from this area was found to be

sensitivE! to this drug I having an MIC of u , 04 j.Lntol/l,

while the remaining 12 isolates tested were resistant,

with MICSof 0.08 /.LIDol/1or greater (Table 17). One

isolate was not inhibited at the highest concentration

tested (32 J.Lmol/l). The median MIC and m-::>"inIC!W for

the 1989 KwaZulu isolates were 0.16 and (".,d6J.Lmol/l,

respectively (Table 19).
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Table 17. MinilUl inhibitory concentrations (HICS} and IeSo values (in ~Iol/l aediua) of
KwaZlllufield isolates of PlaslodiUJI. fa:lcipart!! collected trOll passive cases in April 1'389

Chloroquine Quinine
sulphadoxinel
pyrimethamine

Isolate Le50 MIe HIC HIC

P7 0.06 0.08 0.02 0.04 0.•20 1.28 0.19 0.6
P9 0.13 >0.32 0.47 1.28 0.79 1.28 41.98 200.0
P10 0.03 0.16 0.05 0.16 0.21 0.64 3.80 60.0
P12 0.02 0.16 0.04 0.32 0.24 0.64 11.00 60.0
P13 0.06 0.08 N.D. 0.04 0.36 1.28 30.96 60.0
PH 0.04 0.16 0.10 0.64 0.51 1.28 N.D. N.D.a
PI5 0,03 0.16 0.32 1.28 0.85 1.28 2.00 200.0
P16 0.12 (').32 0.26 1.28 0.50 1.28 103.97 200.0
PIS 0.12 0.16 0.42 1.28 0.55 1.28 10.00 60.0
P22 0.02 0.04 0.33 0.64 0.56 1.28 N.D. N.D.
P32 0.03 0.16 0.32 1.28 0.69 1.28 3.40 60.0
P33 0.10 0.16 0.48 1.28 0.40 1.28 40.00 200.0
P35 0.03 O.OS N.D. N.D. N.D. N.D. N.D. 'N.D"
N5 U.D. N.D. 0.22 0.64 1.10 2.56 N.D. N.D.
P46 n.D. N.D. 0.11 0,32 0.40 1.28 N.D. N.D.

a Not determinp.d

Table 18. MinhlUi inhibitory concentrations (lnes) and ICs(lvalues (ill .11101/1aedillP)of
KwaZulufield isolates of Plaslodium falcipaI'llm collected froll passive cases in March 1990

Chloroquine Quinine
Isolate IC50 }lIe ICSO HIe

N35 0.02 0.04 0.03 0.16
N42 0.01 0.04 0.06 0.32
N69 0.02 0.04 0.06 0.64
N81 0.02 0.08 0.09 0.64



Table 19. In vitro resJ;Onse of southern Urican isolates of Plasmodium falciparum to five ar.tirelarial drugs

Origin and. SUlphadoxine/ GrO\1th
Collection Date Alllcdiaquine chloroquine Mefioquine Quinine Pyrimethaminea AssesslOOnt

KwaZulu No, of isolates: 0 17 0 0 0
scuta Africa me: 0.114 - 1,28 (0.64 J
1961 II' • 0,02 - ii,51 (0.19) Microscopy·'-50'

--
KllaZulu No, of isolates: 0 14 0 0 0
souta Africa MIC: 0.32 - > 1.28 (0,64)
1988 IC50: 0,11 - O,q8 (0.32) Microscopy

--
KliaZulu 110. of isolates: 13 14 0 14 10
South Africa MIC: 0.04 - >0.32 (0,16) 0.04 - 1.28 (1.281 M~ - 2,56 {U8) 0.6 .. 200 (60)
1989 IC50: 0.02 - 0.13 (0,06) 0,02 - 0.48 (0.24) 0,20 • 1.10 (0.53) 0.19 - 103.97 (24.73) lUcroscopy

--
KwaZulu !lo. of isolates: 0 4 0 4 0
South Africa MIC: 0.04 - 0,08 (0.04) 0.16 - 0.64 (0,48) [3Hl-hypoxanthine
199& IC50: 0,01 - 0.02 (0,02) 0.03 •. 0.09 (0.06) incorporation

~ SUlphadoxine/pyrimetbamine coocentration expressed as ,lllJlolsulphadoxine/l Ji1!dium. Ratio of sulphadoxine:pyrirethaminB = 80:1.
FlilY:!eand lOOdian in ilIDol/1medium.

~ RalY:!eand man in Jilllol/l medium,
From data presented in Chapter 8,

\0
".J
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Resistance to this drug has been shown in other parts
of southern Africa. In an investigation carried out in
Maputo, Mozambique in 1986, 76% of the cases studied
were found to be resistant to amodiaquine in vivo.91

The mean IC50 of 17 isolates tested in vitro was 0.12
Mmolll blood (~ 0.012 Mmolll medium). In Zambia,
approximately 15% of the cases studied in vivo in 1986
were resistant to amodiaquine.92

9.3.2 Chloroquine
MIc values revealed a high proportion of resistant
isolates (MIC ;:::0.16/.LIDol/l)in the field isolates
collected in l{waZulUi 8892% (15/17) in 1987 (Table
15), 100% (14/14) in 1988 (Table t6) and 85.7% (12/14)

in 1989 (Table 17). The MICs quoted for 1987 and 1988
are those obtained in a previous study (see Chapter
8). Curves could not be fit.tedto all of the in vitro

data obtained from these field isolates. 'rhusI only 10
IC50 values were obtained from the 1988 data set. The
mean IC50s of the .KwaZulu field isolates Were 0.19,
0.32 and 0.24 /.Lmol/l for 1987, 1938 and 1989,
respectively (Table 19). Analysis of variance was used
to compare the mean IC50s 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 ~O.114 Mmolll and
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a mean IC50 of 0.02 ~mol/l (Table 18). since January
1988, Fansidar has replaced chloroquine in the
treatment of P. falciparum malaria in KwaZulu and
these low MICs observed in 1990 may be a consequence
of increased chloroquine sensitivity in the absence of
chloroquine pressure. The 1990 KwaZulu data cannot be
direc·tly compared with the 1987 , 1988 and 1989 field
results as different methods wer'e.used to determine
drug sensitivity and only 4 isolates were successfully
tested in 1990. However, it has been shown in Thailand
that withdrawa). of chloroquine for treatment of
malaria coincided with an increase in sensitivity 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 refe:r:enceisolates and the 1989 KwaZulu
field isolates V1er\~shown to have a lower sensitivity
to quinine (median MICs of 1.92 and 1.28 JLmol/1 and
mean IC50s of 0.37 and 0.53 JLmol/I,respectively) than
the 4 1990 KwaZulu f=l.eldisolates (median MIC = 0.48
~mol/l and mean IC50 = 0.06 JLmol/l) (Table 19). All of
the 1989 and 1990 }.<waZulu field isolates were
inhibited at :$2.56 f,.Lmol/l(Tables 17 and 18)
in~icating to sensitivity to this drug.
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9.3.4 Sulphadoxine/pyrimethamine
The mean IC50 (determined by the radioisotope uptake
:method) of isolates originating in KwaZulu prior to
1987 was 12.52 ~mol/l (4.4 .~mol/l if the outlying IC50
of 93.6l ~mol/l of one of the isolates is excluded)
(see Chapter 7) but by 1989, the mean IC50 (determined
using the mOdification of the WHO in vitro

micratechnique) of lO KwaZulu field isolates was 24.73
~mol/l (15.93 ~mol/l if the outlying value of 103.97
~mol/l is excluded) (Table 19).

The same pattern of sensitivity to sulphadoxine
/pyrimethamine in these isolates was reflected in the
MIC values. 12.7% of the! KwaZulu reference isolates
collected from 1984 to 1986 had sUlphadoxine xrcs of
~30.0 ~mol/l (see Chapter 7) while only lO% of the
1989 KwaZull.l field isolates 1ilereinhihited at 30
~mol/l or lesls (Table l7).

The apparent decrease in sensitivity to sulphadoxine/
pyrimethamine of KwaZulu isolates may be a consequence
of the increased use of this drug combination in this
area since January 1988. HO't'lever( fUrther
investigations are required to Gonfirm this.

9.3.5 Cross resistance
Cross resistance was determined from the IC50 values
using spearman's correlation coeffioients (Table 20).
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A weak correlation between chloroquine ahd amodiaquine
(r ;:::0.39, p = 0$2392) and a moderate correlation
between chloroquine and quinine (r = 0.56, P = 0.0456)
was shown. A moderate correlation between amodiaquine
and suf.phadoxfneypyrimethamine (r ;:::O.59 , P = o. 0739 )
and between chloroquine and sulphadoxine/pyrimethamine
(r = 0.43, P = 0.2520) was shown for the 1989 KwaZulu
field isolates.

Table 20. Cross resistance within the field isolates of PlasmodiUl falciparUI collected in
1989

Spearman'sCorrelation
Drug Comparison Coefficient
Amodiaquine & chloroquine 0.39
Amodiaquine & quinine 0.02
Amodiaquine & sulphadoxine[pyrimethamine 0.59
Chloroquine & quinine 0.56
Chloroquine& sulphadoxine[pyrimethamine 0.43
Quinine & sulphadoxine[pyrimethamine 0.15

p value
0.2393

NS*
0.0739
0.0456
0.2520

NS

* Not significant

9.4 Conclusions

Most of the KwaZulu field isolates tested were found
to be resistant to amodiaquine in vitro and the
indications are that this drug would not be suitable
as an alternative antimalarial agent in this region.
Chloroquine resistance was shown to exist in nor-bherri
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KwaZulu.in the 1987 and 1988 field studies and was

confirmed in the 1989 field investigation. HoweverI

the 19£0 study of 4 isolates from this area using the

radioisotope uptake assay, showed an increase in

chloroquine susceptibility in vitro. This may have

been a result of the replacement. of chloroquine with

sulphadoxine/pyrimethamine in northern KwaZulu but

further tests are required it' ~lonfirm this. The low

susceptibili ty of isolates from this area to

sulphadoxine/pyrimethamine in 1989 may have been a

result of the increased use of Fansidar since January

1988. Although isolates from this region required high

levels of quinine to inhibit '~lzont development in

the in vi tro test I most of tht:lll W'ere inhibi ted within

the sensi ti ve range of concentrations. It is clear

that there is a need to continue monitoring drug

sensitivity ill northern KwaZulu.
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10. IMPLICATIONS OF DRUG RESISTANCE FOR THE SOUTH
AFRICMI TRAVELLER. IN SOUTHERN AFRICA: A

DISCUSSION OF CHEMOPROPHYLAXIS AND CHEMOTHERAPY

10.1 Introduction

Until the late 1970s1 a decision as to which
antimalarial drug to take for prophylaxis when
trave.lling in the sou.thern African region, was simple.
Chloroquine was cheap, well tolerated and no
resistance to this drug had been reported em the
continent. However, with the spread of chloroquine
resistance to states in southern Africa, the issue has
become more complex. This chapter includes a review of
current recommendations for prophylaxis, comments on
the availability of prophylactic drugs to the South
African traveller in the southern African region and a
discussion 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. 94 In Botswana, Namibia, South Africa,
Swaziland and Zimbabwe, only certain areas are
affected, while in the remaining southern African
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states, malaria occurs in the whole of the country. In
Angola, Comores, Madagascar, Malawi, Mozambique,
Swaziland and the Zambezi valley in Zambia and
Zilnbabwe, transmission takes place throughout the
year, while in Botswana, Namibia, south Africa and in
Zambia and Zimbabwe excluding the Zambezi valleYt
malaria occurs from November to June. In Mauritius,
only P. vivax malaria occurs in the northern rural
areas throughout the year.

10.3 Drug resistance in southern Africa

Chloroquine resistance exists in all southern African
courrtz'Lee other than Mauritius. 94 R.esistance to
sulphadoxine/pyrimethamine (Fansidar) has been
reported from Angola,94 Mozambique/ zambia and
Zimbabwe. 95 6.9% of hospital and O.4% of f:i.el.'!cases
of P. fa1.ciparum malaria in KwaZulu failed to respond
to Fansidar treatment during March 1988.43 Resistance
to this drug combination has also been reported from
Kenya and Tanzania95 and, in view of the fact that
pyrimethamine resistance is widespread in Africa,42 it
is not unreasonable to expect that Fansidar resistance
will soon spread to all southern African states.
Isolated cases of quinine resistance h(we occurred in
Malawi76 and Zambia. 77 Mefloquine resistance was
observed in vitro in Zambia in 198675 and there have
been cases of resistance to this drug in west Africa
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and Tanzania.73

The results of the studies of southern African

reference and field isolates of P. falciparum have

confirmed the existence of chloroquine resistance in

this region. Resistance to amodiaquine was shown to

occur in northern Kwazulu. Southern African isolates

were shown to be fully sUsceptible to mefloquine but

reduced sensi ti vi ty to quinine and sulphadoxine!

pyrimethamine was found in some of these P. falciparum

isolates.

10~4 Recommendations for prophylaxis

AI.I southern African cou.ntries , with the exception of

Mauritius, fall within the area designat.ed "Zone e" by

'the World Health organization (WHO).94 The WHO

recommenda·tions for prophylaxis for t:his region are:

i. mlsfloquine

or ii. doxycycline

or iii. chloroquine + proguanil (if mefloquine or

doxycycline is unavailable or contraindicated)

or iv, no prophylaxis (if the risk of contracting

P. falciparum malaria is very low)

Mauritius falls within "Zone All

recowuendations for this area are:

i. chloroquine

and the WHO
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or ii. where there is a low risk of infection,
nothing.

If chloroquine + proguanil are used for prophylaxis in
"Zone C" {}r if no prophylactic drugs are taken,
travellers are advised to carry either quinine,
mefloquine or halofantrine for the treatment of
malaria. These drugs are to be used under medical
supervision or where there is no access to a doctor or
a hospital. The stand-by drug for treatment of malaria
when no prophylaxis is tCl.ken in IIZone A" is
chloroquine.

The Centers for Disea~~ Control, USA (CDC), recomm~rtd
mefloquine for prophylaxis in all southern African
countries, excluding Mauri tius,
advised to take chloroquine

where travellers are
alone.96 The CDC-

recommended alternatives to mefloquine are doxycycline
or chloroquine. proguanil is advised in combination
with chloroquine for East Africa but not for southern
Africa. The CDC advises travellers on chloroquine
prophylaxis to carry Fansidar for treatment but
advises against the use of mefloquine for self-
treatment because of the risk of serious side effects
at higher dosages. Neither the WHO nor th~ CDC
recommends Fansidar as a prophylactic drug.
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10.5 Prophylactic antimalarial drugs available in

south Africa

At. present, the prophylactic drugs available in South

Africa are chloroquine (Nivaquine), pyrimethamine

(Daraprim), chloroquine/ pyrimethamine (Daraclor),

dapsone/pyrimethamine (Maloprim) and doxycycline

(Vibramycin). Mefloquine is not yet registered for use

in South Africa but it may be obtained on a clinical

trial basis from selected doctors. However, the

continued availability o-. ttd-a .drug is not quazarrcee-t ,

Proguanil may be obta.l.';·ed in Angola, Malawi,

Mozambiquef Zambia and Zimbabwe but it is not a).ways

freely available.97

Chloroquine alone is only recommended for Mauritius

and the chloroquine/pyrimethamine combination is not

recommended at all. Resistance to pyrimethamine is

widespread in Afric!a and a recent study of cut tured

isolates of P. faldiparum from northern KwaZulu, the

north-eastern Transvaal, Mozambiqueand MaJ.,.w."" showed

that southern African isolates have a low sensitivity

to this d:tug (see Chapter 5). Dapsone/pyrimethamine is

no longer recommended by the WHObecause of the

serious side effects of this drug combination.

The only available antimalarial recommended by WHOand

CDC is doxycycline. Doxycycline may be obtained on
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prescription but use of this drug may result in skin

photosensitivity and it should therefore not be taken

b~r those who are likely to be exposed to direct

sunlight fqr extended periods of time unless they are

prpteG'rted by an effective sunscr-een, Doxycycline

should not be gi ven to children under eight years of

age and is contrallldica~ed in pregnancy.

One option ope}: to South African travellers to

neighbouring countries is to start taking chloroquine

one week before leaving home and then to pus-chase

proguanil on arrival in one of the African states in

which it is available. The·traveller should thereaft9r

take chlorquine in combination with pruguanil.

Mefloquine may be obtained on a clinical trial basis

but it is cont~aindicated in certain groups of people.

It is not recommendedfor children under two years of

age and it should not. be taken by pregnant women.

Women of child-beiaring age should not ingest

mefloquine during the three-month period before

conception. Ilfefloquine should not be taken by those

performing tasks requiring fine coordination and

spatial discrimination (e.g. airline pilots) and it is

contraindicated in people taking beta-bloc.k:.ers and in

tn")se with a history of epilepsy.
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10.6 Treatment of malaria in southern Africa
Although chloroquine is still used with some success
to treat malaria in semi-immune inhabitants of
southern African states, chloroquine vl0uld be an
unwise chcLce for chemotherapy in non-immune
travellers in this region, considering that
chloroquine-resistant P. falciparum is to be found in
all southern African countries (with the exception of
Mauritius).

The results of the in vitro studies suggest that
quinine and sulphadoxine/pyrimethamine may be useful
therapeutic drugs, although some of the southern
African isolates tested showed reduced susceptibility
to these antimalarials. Both quinine and Fansidar are
available in South Africa. Mefloquine and halofantrine
were found to be effective against southern African
strains of P. falciparum. However, mefloquine is only
available on special release and halofantrine is not
yet registered for use in south Africa.

10.7 Conclusions

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 I
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except for Mauritius. Doxycycline is available on
prescription but is ~1Ot suitable for certain groups of
travellers l' and mefloquine is not freely available.
There is clearly an urgent need to have more
prophylactic drugs registered for use in this country.
Proguanil would be one obvious choice as the risk of
serious side-effects associated with taking this drug
in combination with chloroquine for prophylaxis is
low~ and this combination is safe for children and in
pregnancy. More importantly, proguanil has been
reported to be an effective prophylactic antimalarial
in East Africa and there have been no reports of
proguanil resistance in southern Africa.

Quinine and sulphadoxine/pyrimethamine are still
effective in southern Africa in the treatment of P.

ralciparum malaria. However, it may only be matter of
time befora resistance to these drugs appears in this
region.
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11. OVERALL SUMMARYAND CONCLUSIONS

This thesis describes the characterisation of southern
African isolates of Plasmodium falciparum according to
isoenzyme type, antigen variants and sensitivity in

vi~ro to chloroquine, pyrimethamine, amodiaquine,
mefloquine, quinine, sulphadoxine/pyrimethamine and
halofantrine. In addition to this laboratory-based
study of established isolates, 4 field surveys were
carried out in KwaZu.lu to determine the in vitiro

suscept.ibility to amodiaquine, chloroquine, qufn i.ne
and sulphadoxine/pyrimethamine of primary isolates
from this region.

Nineteen southern African isolates of P. :falciparum

and the Gambian reference isolate, FCR-3, were
cuftured in vitro in gassed tissue cul,ture flasks
using HEPES-buffered RPMI 1640 medium supplemented
with glucose and hypoxanthine. static cultures
resulted in satisfactory multiplication rates but by
growing isolates in shaken flasks, higher growth rates
and peak parasitaemias were achieved. By reducing the
haematocri t from 5% to 1%, it was possible to leave
these suspension cuLtures unattended for 3 days I thus
saving time, labour and culture medium.
Polyacrylamide gel electrophoresis involving 5 enzymes
(GPI, ADA, LDH, GDH and PGD) revealed little variation
amongst the isolates. The frequencies of enzyme forms
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were similar to those of isolates from other malarial

areas of the world. Eight of the isolates contained 2

forms of GPI, indicating clonal heterogeneity. One of

these 8 isolates also contained 2 forms of ADAand

another showed 2 forms of LOB.

Antigenic diversi ty was demonstrated using a panel of

9 monoclonal antibodies in the indirect fluorescent

antibody test, which showed that southern African

isolates share antigens with isolates from other

malarial regions of the world. Both characterisation

techniques revealed a mixture of parasi te types in

some patients. However, the characteristics of most of

these heterogeneous isolates t1ere not stable ~1ith time

in culture and some isolates became homogeneousduring

the test period with respec:t to certain markers. By

the end of the investigation, 70% of isolates

displayed an identical antigen pattern, which was

markedly different to any obtained in other parts of

the world. Differences may be due to geographic

origin of parasites or to variation in culture

condi t.ions in different laboratories.

Several methods were used to determine in vitro drug

sensitivity in southern African P. falciparum

isolates. In a 48-hour grouth inhibition assay, 4

reference isolates collected in Kv1aZuluearly in 1985

were found to be sensitive to chloroquine. One of

these was known to be sensitive to the drug in vivo.
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Eight isolates which originated in KwaZulu or

Mozambique were resistant to chloroquine in vitro,

having been inhibited at 0.3 ~Mor more. six of these

isolates were known to be chloroquine-resistant in

varying degrees L I vivo. Four of 5 isolates fro1".rthn

North-eastern Transvaal and 2 clinically chloroquine-

resistant ~~alawian isolates were resistant to

chloroquine in vi iiro, A wide rantge of pyrimethamine

sUsceptibilities was detected (0,.03 ~Mto > 3.0 ~M),

although mos·t isolates were .inhibi ted at 0.1 ~M, thus

indicating a low level of resistance. The

sensi ti vi ties to chloroquine and, to a .~t')sser extent,

pyrimethamine, fluctuated during the t~est period,

probably because of the heterogeneous nature of the

isolates.

using the radioisot.ope uptiake assay, the sensi ti vi ty

to halofantrine of 18 of the southern African

reference isolates and 3 isolates obtained in March

1990 from KwaZulu malaria patients, was determined.

This study showed that linear interpolation provides a

simple method for the determination of IC50 values and

that this procedure may also be used to provi-;ie

estimates of the lC50 for the sigmoid dose-response -,

method for assessing the Ie50. The IC50S, as

determined by the sigmoid dose-response procedure,

ranged from 0.039 to 15.000 nmoLyl . All isolates had

halofantrine MICsof 32 nmol/l or less with a median of
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8 nmol/l. southern African P. falciparum isolates were
found to be similar to those from West Africa in their
sensitivity to halofantrine but were less susceptible
to the drug than south-East Asian isolates. However r

the results of this study suggested that some local
isolates may have reduced susceptibility to
halofantrine. Further in vitro tests and in vivo

evidence are required to confirm this.

The [3HI-hypoxanthine incorporation method was also
used to determine the in vitro drug sensitivity of 18
southern African reference isolates of P. falciparum

using microtitre plates predosed with amodiaquine,
chloroquine, mefloquine, quinine and sulphadoxinel
pyrimethamine. Chloroquine resistance was confirmed in
those isolates showing resistance in the 48-hour
growth inhibition assay. However, .1 isolate, RSA 13,
which was sensitive in the 48-hour assay, was found to
be resistant to the drug in the radioisotope uptake
assay. This is assumed to be a consequence of
selection in culture of chloroquine-resistant clones
in this isolate over time. All reference isolates r

with the exception of 2 Transvaal isolates, were
sensitive to amodiaquine in vitro and all of these
isolates were found to be mefloquine-sensitive.
However, these isolates were found to have reduced
susceptibility to quinine, with 8 isolates being
inhibited at only the highest concentration tested of
2.56 ~mo1/1. Four isolates were not inhibited at this
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level. A wide range of sulphadoxine/pyrimethamine
sensitivities (10 - >100 ~mol/l) was shown amongst the
southern African reference isolates.. There was some
cross resistance between chloroquine and aach of
amodiaquine, mefloquine and
quinine and
correlation was

mefloquine.
found for

quinine and
A moderate

between
negative

these isolates between,
mefloquine and sulphadoxine/pyrimethamine and quinine
and'sulphadoxine/ pyrimethamine.

Four ill vitro drug sensitivity s+ 'Les were carried
out in northern KwaZulu from 1987 to 1990. In May 1987
and January 1988, the chloroquine sensitivity of P.

falciparum in the Ubombo and Ingwavuma districts of
KwaZulu was determined by a modified in vitro

microtest in which the patients' plasma was replaced
with non-immune human AB serum and the test plates
were incubated in an atmosphere of 3% 02 I 4% CO2 and
93% N2. A success rate ot 74% was achieved using this
technique. All of 23 successfully tested isolates from
malaria patients reporting to clinics and a hospi.tal
in these areas were found to be resistant to
chloroquine, schizogony being inhibited at 32 pmol per
well in the majority of tests. Six out of 8 isolates
obtained through active surveillance in the Ubombo
district were found to be resistant in varying
degrees. Malarial parasites collected from clinics and
a hospital in the endemic area did not change markedly
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in their in vitro response 't::J chloroquine during the

a-month period from May1987 (J January 1988.

TWofield in"Testigations were carried out in April

1989 and March 1990r using bLood samples collectl.!!d

from suspected malaria patients reporting to clinics

in the Ubombodistrict of KwaZulu. In the 1989 in

vitro field survey, in which -the 24-hour in vitro

microtechnique was used to deterlnine drug sensitivity,

only 1 isolate from this azea was found to be

sensitive to amodiaquine, and 12 out of 14 isolates

tested were resistant to chloroquine. Analysis of

variance was used to compare the mean chloroquine

IC50S of the 1987, 1988 and 1989 field isolates and

no significant difference was found. However, in the

1990 field investigation, in which the radioisotope

uptake assay was used to assess drug susceptibility,

the 4 isolates tested tolere all sensitive to

chloroquine. It is possible tl'lat this apparent

increase in chloroquine sensitivity may be a

consequence of the replacement of chloroquine. with

Fansidar for the treatment of P. falciparum malaria in

this area. HO\qever,the 1990 KwaZuluresults "annot be

directly compared with the 1987 , 1988 and 1989 field

resul ts as different methods were used to determine

drug sensitivity and only 4 isolates were successfully

tested in 1990. FUrther studies are required in the

KwaZulu area to determine the current status of

sensitivity to chloroquine. AI) of the 1989 and 1990
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field isolates ses:e inhibited at 2.56 /Lmol quininejl
but the 1989 KwaZulu field isolates were shown to bave
a lower sensitivity to quinine than the 1990 KwaZulu
field isolates. Isolates collected in 1989 were found
to have a low susceptibility to sUlphadoxinej
pyrimeThamine, with only 10% of these isolates being
inhibited at ~30 /Lmoljl. This may have resulted from
the increased use of Fansidar in this region since
January 1988.

For the 1989 KwaZulu .Eield isolates, a weak
correlation bet"tveen resistance to chloroquine and
amodiaquine and a moderate correlation between
resistance to chloroquine and quinine was shown. some
cross resistance between amodiaquine and
sulphadoxinejpyrimethamine and between chloroquine and
sulphadoxinejpyrimethamine was also shown for these
isolates.

In a comparison of the 48-hour growth inhibition assay
with the radioisotope uptake assay, it was found that
the [3H]-hypoxanthine incorporation assay yielded
lower IC50 values than the 43-hour assay in 15 of the
18 isolates compared. The difference in the mean IC50S
in the 2 assays was statistically significant. It is
possible that this difference may be due to the effect
of the drug being detected at a lower concentration in
the radioisotope assay than in the growth inhibition
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assay. It is clear that direct comparisons cannot be
made between in vitro drug sensitivity studies
employing different assays. However, regardless of the
method used, in vit+o studies give a good indication
of the drug sensitivity of parasite populations.

Apart from 2 in vitro chloroquine sensitivity studies
of Natal and KwaZulu isolates of P J falciparum in
198540 and 1987,86 these Labor-atiozy - and field-based
investigations are the first in vitro drug
susceptibility studies of South African isolates. The
results have serious implications for the South
African traveller in southern Africa. At present, the
prophylactic driJgs available in this country are
chloroquine (Nivc\'5uine), pyrimethamine (Daraprim) I

chloroquine/pyrimethamine (Daraclor), dapsone/
pyrimethamine (Maloprim) and doxycycline (Vibramycin)c
The only available prophylactic antimalarial
recommended by WHO and CDC for southern Africa, is
doxycycline. This drug is not available over-the-
counter and is not suitable for all travellers. The
results of the in vitro studies suggest that quinine
and sulphadoxine/pyrimethamine may be useful
therapeutic drugs, although some of the southern
African isolates tested showed reduced susceptibility
to these antimalarials. Both quinine and Fansidar are
available in South Africa. Mefloquine and halofant~ine
were found to be effective against southern African
strains. Howevler mefloquine 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 :"";~1aracteri3ationstudy of southern
African isolates of 1'. faloiparum revealed
considerable diversity in the region, thus confirming
the findings of similar investigations in other
malaris:l areas of the world. 5 This is not surprising,
as it now seems that most, if not all, isolates
possess
antigenic
isolates

unique characteristics.
studies showed that

The isozyme and
southern African

share variants with isolates from other
malarial areas. However, the typing with monoclonal
antibodies revealed an antigenic pattern in 70% of the
southern African isolates which was markedly different
from other geographic regions. Both characterisation
techniques revealed clonal mixtures in some of the
isolates. Drug susceptibility in this region could be
correlated with the intensity of dy use and
population migration. This study 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. GENERALDISCUSSION

The field of malaria parasite research is a dynamic

one and there have been many new developments since

the completion of' this study. In this chapter, the

various problems associated with P. falciparum

isolate characterisation are discussed and findings

are related to recent developments.

12~1 In vitro cultivation of P. falciparum

Because of the long-term nature of this project lit

was necessary t,., first establish the P ~ falciparum

isolates in culture before carrying out the

characterisation studies. The adaptation of the

southern African isolates to culture condit1.ons formed

a major part of the work. This section contains

discussions on the problems associated with, and

recent developments in 1 thE~establishment of strains,

gametocytogenesis, cloning of isolates and cross'"

contamination between laboratory lines.

12.1.1 Estab1.isbment of southern African strains of

Pe falciparum

The establishment of strains in vitro was fraught with

many difficulties $ Of 75 isolates initiated in
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oulture, only 1.6 became adapted to the culture

cendftions • The main areas in 'whi.ch problems were

experienced were in the transport of infected blood

specimens I the cut turing of cryopreserved field

Lso Laces , the optimising of cut.cure conditions and

corrcamdnatifon,

1'2.1.1.,1 Collection .of P. fa.]_c::iparuIll isolates

p~smalaria is under' the contra,1 of the various health

authori i:ies wi thin tlle RepnbliLcof South Africa I the

c:ontrol programmes being aimed at both the mosquito

vectors and the par-asi te, the incidence of malaria is

:t'elati vely low when compared with other malarial areas

of the ;world.50 Coupled with the low number of cases,

was the problem of obtaining chloroquine-resistant, CiS

well as chloroquine-'sensi ti ve, isolates. At the time

when specimens were being cofLectred for this project,

i.e. between July 19184and February 1987 I chloroquine

resistance was .only just beginning to emerge in south

Africa, 39,40,41 although resistance to this drug had

been reported earliE~r from Mozambique.98The isolates

collected in 1984 and 1985 were mainly chloroquine

sensitive while tho~~ecollected in 1986 and 1981 were

resistant to the drtlg.

Most of the isolate:s were collected on field trips to

the malarial areas of KwaZuluand the north-eastern

Transvaal. other isolates were obtiad.ned from
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hospitals, mainly from pati-ents who had failed to
respond to chloroquine treatment. Because of the long
distances between the collection points and the
laboratory in some casesv many isolates lost viability
during transport. Infected blood specimens were
generally transported on i.ce and were normally
delivered to the laboratory within 24 hours of
collection. On examination of the specimens on arrival
at the laboratory, many specimens were found to
contain morpholo~ically degenerate parasites which
sUbsequently failed to grow in culture.

12.1 ..1.2 culturing of cryopreserved isolates
In cases where it was not possible to deliver the
infected blood sample to the laboratory within 24
hours of collection, isolates were cryopreserved in
the field laboratory before being transported to the
main laboratory in Durban. In an attempt to ensure
viabili ty of the Lsol'.t ~:es,infected erythrocytes were
cryopreserved as soon as possible after collection.
Although some success was achieved in culturing these
frozen isolates, the success rate was relatively low.
Of the 4'7 .P. falciparum isolates cryopreserved, only
six were successfully established in culture.

1201.1.3 Culture conditions
There are many factors to consider when cutturing P:

falciparum. These include the type of culture vessel
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used; whether the culture is held in suspension or
whether it is static; medium, erythrocyte, serum and
gas requirements ; initial parasitaemia ; and use of
antimalarial drugs by the patient prior to collection
of the blood sp~cimen. The conditions for the
cUltivation of the southern African strains are
described in Chapter 2. General cUltivation procedures
for erythrocytic stages are adequately described by
Jensen. 99

For the establishment of the southern African strains
of P. falciparum it was advannaqeous to have high
initial parasitaemias, although some isolates with as
few'as 0.1% parasitised erythrocytes were successfully
cultured.

Many of the patients, especially those who were
hospitalised or Who had attended a olinic, had already
been treated, usually with chloroquine, prior to
collection of the infected blood specimen. This was
found to adversely affect th~ success rate in
establishing strains in culture, although eight of the
southern African isolates, namely RSA 6, 7, 8, 10, 11,
12, MW 1 and 2, were all obtained from patients who
had received chloroquine, yet were successfully
cultured.

The qU~llity of culture medium, serum and erythrocytes
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was found to be very important in the establishment of
growth of P. fa1.ciparum in vitro. RPMI 1640, obtained
from Flow Laboratories I was routinely used in the
cUltivation of the southern African isolates. As funds
were limited, it was decided to try a cheaper source
of medium and RPMI 1640 was olrt.a.i.ned from a local
company. Unfortunately, this product; consistently gave
poorer growth rates in estatlished isolates than the
overseas product and was found to be unsuitable for
the adaptation of new strains to culture conditions.
However, this local medium was found to be suitable
for short-term growth experiments e.g. in vitro drug
sensitivity tests.

Many difficulties were experienced in obtaining serum
for the supplementation of the culture medium and it
was not always possible to use pooled sera from
different donors, as is recommended.99 Whole blood,
normally A-positive, collected in a serum pack
containing no anticoa.gulant and screened for the
presence of malaria antibodies, was generally
purchased from the local blood bank and the serum
removed after coagulation of the red blood cells.
However, not all batches of sera were able to support
the growth of P. falciparum in vitro. In on-a
experLnerrt , an attempt was made to establish 34
isolates in culture but none grew. It was subsequently
discovered that the serum used was nat: suitable for
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cultivation as it was not able to sustain the growth of
culture-adapted isolates. After this discovery, each
new batch of serum was tested for its ability to
sustain the growth ·of established strains before being
used for the establishment of new isolates.

In an attempt to find an alternative source of serum,
the ability of bovine serum to support th9 growth of
P. falciparum in vi~ro was compared with that of human
serum (results not shown). Isolate RSA 10 was cultured
in suspension in gassed tissue culture flasks in the
routine culture medium supplemented with either pooled
human serum (group O-positive., 10 donors) or pooled
bovine serum (10 animals) for 96 hours. The medium was
replenished daily. After 96 hours, the growth rate in
the human serillll-supplementedmedium far exceeded that
in the medium enriched with bovine serum. Parasite
nUmbers in the latter medium increased slightly in the
first two days and then decreased and parasites became
morphologically degenerate. It was concluded that
bovine serum was not a suitable substitute for human
serum in this culture system. Divo and Jensen100

reported that bovine serum needs to be supplemented
with 0.3 1.2 ~mol/l hypoxanthine in order to
adequately support the growth of P. falciparum in

v i.tiro and that growth rates in hovine serum-
supplemented medium \1ere lower than those in medium
enriched with human serUlfi.other workers have reported
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some success with rabbit, horse, sheep and bovine sera
in the cUltivation ·ofP. falciparum in vitro.10l

Recently Ofulla et al.102 described a serum-free
medium enriched with bovine albumin and lipids-
cholesterol-rich mixture which was reported to
adequately support the growth of P. falciparum in
culture. However, it is not known whether this medium
could be used in the establishment of primary isolates
as O'1:liycutture-adapted f:;traJ.nswere used in their
exper i.merres. As human serum is costly and not :L'eadi1y
available, the development:.of an effective seruUj-free
medium would be a great advantage in the ouLtivation
of P. falciparum.

Erythrocytes were obtained from donors working in the
laboratory • Although this was never quantified I red
blood ceLls from some donors consistently yielded
higher growth rates for anyone isolate than did
erythrocytes from other donors.

Although every care was taken to work aseptically, one
problem which frequently arose was ·that of bacterial
and fungal contamination of the outtures • r.rhiswas
often due to contamination of the original sample but
sometimes isolates become contaminated withJ.n the
cu l,tiV'ation environment. This contamination arose in
spite of the routine use of gentamycin (50 mg/l) in
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the culture medium, presumably by bacteria resistant

to this antibiotic.

In an evaluation of 18 antimicrobial agents I eight

'were found to be suitable for routine use in the

cultivation of P. faiciparum. These were streptomycin,

gentamycin, kanamycin, chlorampheni col t chLor-

tetxacycline, nystatin and amphotericin B.103 Although

soma success was achieved with the use of

chl1oramphenicol104 in the elimination of the

contaminants in the southern African isolates, it was

gener ... ly easier to discard the contaminated culture

and b~~gin again with a cryopl:eserved aliquot of the

same isolate, as the use of this antibiotic advers.ely

affected growth rates.

12.1..1.4 Use of feeder cells :in the CUltivation of

P. falciparum

Someworkers have reported on the use of feeder cells

in the adaptation of primary isolates to continuous

culture. Mazier et al.10S found that by growing P.

faiciparum on monolayers of hepatocytes, the success

rate of adaptation was greater than that obtained in a

modification of the candle jar method and that

multiplication rates in established strains increased.

Phillips at al.106 used cells washed from the mouse

peritoneal cavity (MPWC)to establish strains that

would not; grot'11withou.t these I>1PWCs.MPWCsalso
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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 vitro is one of
the biological characteristics of P. falciparum

isolates. Although this property was not one of the
subjects of this study, some observations on
gametocyte production in the southern African isolates
were made during the establishment and maintenance of
these strains in vitro.

Although gametocytes were not seen in all of the
original blood f'-amples,all of the southern Af·rican
isolates produced gametocytes at some time during
routine culture. Several workers have found that
gametocytogenesis is reu.uced in isolates that have
been cultured for long periods.107 It has also been
found that infectivity of gametocytes to mosquitoes
may also be adversely affected in long-term culture.
It is therefore recommended that aliquots of isolates
found to be good producers of gametocytes should be
cryopreserved as soon as possible after initiation in
culture. Where possible aliquots of the original blood
specimen should also be frozen down.

stimulat:ion of gametocytogenesis has been achiev~.:iby
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the supplementation of the cul,ture medium with
hypoxanthine (50 mg/I).107 The culture medium. used in
the cultivation of the asexual stages of the southern
African isolates was routinely supplemented with
hypoxanthine (44 mg/l) as this was reported to improve
parasitic yields.l1 This enrichment of the medium may
have promoted the production of gametocytes during
routine culture of the southern Africah strains.

Many chemicals have been reported to induce
ga::1etocytogenesis in cultures of P. falciparum, the
most recent of these being Berenil, a substance which
inhibits the synthesis of DNA, RNA and polyamine. lOS

using the method of Ponnudurai et al. ,109 in which
gametocytogenesis was stimulated by adverse culture
conditions produced by the non-addition of fresh

erythrocytes to the cu.Ltures .' gametocytes were
produced by a colleague (B.L. Sharp) in four of the
southern African reference isolates .110 The rate of
gametocyte production was high when compared with that
of African and South American isolates reported by
other workers.

using the gametocyte-synchronisation method of
Ponnudurai al.,lll mature gametocytes were
successfully produced from RSA .2 on three separate
occasions (J.A. Freese - unpublished da1:a). Although
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colonised Anophe~es arabiensis mosquitoes failed.. It
is not known whether the gametocytes were non-
infective or whether the mosquitoes were refractory to
infection. This aspect of malaria research is
currently being further investigated by a Ph. D.
atruderrt,in the MRC laboratory in Durban using the
southern African reference isolates and NF54.112 The
successful infection of mosquitoes by the southern
African isolates would open up new avenues of res~arch
locally.

12.1.3 Cloning of P. falciparum isolates
It is widely accepted that most, if not all, isolates
of P. falciparum are comprised of at least two
clones.5 When carrying out characterisation studies it
is desirable to investigat;e pure clones rather than
isolates. Hot'lever,attempts at cloning tv10 southern
African isolates proved unsuccessful and, therefore,
clones were not included in this study.

Clones may be produced from heterogeneous isolates by
means of limiting dilutionl13 or by
micromanipulation .114 The results of this study
suggested that many of the southern African isolates
were comprised of genetically diverse clones. For
example, RSA 2 displayed a mixed reaction with
lnonoclonal antibodies 9.2 and 10.3, while RSA 15 had a
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mixed reaction to antibodies 7.3 , 7~6 r 9.2 r 10 .3,
12.1, 12.3 and 5.1, contained two forms of GPI (1 and
2) and varied il:} its chloroquine MIC at different
times in culture. Attempts to clone these two isolates
by limiting dilution proved unsuccessful. One of the
possible reasons for failure to produce clones may
have been that the clvu.l..ngprocedure was carried out
in a static system whereas these isolates were
routinely cultured in suspension. Indeed, it was
subsequently found that the success rate in drug tests
carried out on the southern African isolates, which
were also performed in a static system, was improved
by allowing the isolate to grow for several days in
flasks that were not shaken, prior to carrying out the
tests.

12.1~4 Cross-contamination of P. falciparnm isolates
One of the problems associated with maintaining many'
isolates of P. falciparum in one laboratory is the
danger of cross-contamination between strains.11S This
may arise through mislabelling of flasks and/or
through use of the same pipette to add culture medium
or erythrocytes to more than one isolate. using
several genetic markers, Robson at; a1 115

..1... found a

number of isolates and clones used in
laboratories to be identicaL They suspected that this
had resulted from cross-contamination. They
recommended that clones rather than mixed isolates be
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usad in laboratory investigations and that each clone

(or isolate) be monitored regularly using a set of

appropriate markers'.

The variations over time in culture with respect to

reactions with monoclonal antibodies, isozyme type and

drug sensitivity in some of the southern African

isolates has been ascribed to clonal mixtures. However

there are some Lnazancea where contamination of one

isolate with another is a distinct possibility.

In the enzymetyping of Lso.Lat.e RSA3" 1 4 and 6, both

GPI-l and -2 were present in the third lysate prepared

from these isolates but only GPI-l was present in the

first and second lysates 0 It is possible that GPI-2

was present in these isolates at the time of

preparation of lysates 1 and 2 but that the number of

parasi tes exhibiting this isozyme was so small, that

it was not detectable on the stained gel. However,

another possibi Ii ty is that in the ·time between the

preparation of the 2nd and 3rd lysates, these three

isolates had. become coxrcami.natiedwith one or more

isolates containing both GPI-l and -2 such as RSA1,

12, 14 or 15. In addition to t.his, 10 of the 19

southern African isolates exhibited the identical

iso7.yme pattern as FCR-3, indicating the possible

contamination. of these strains with FCR-3.
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In the typing with monoclonal antibodies, 70% of all
isolates tested exhibited an identical antigenic
pattern at the end of the three tests. This was
ascribed to the possible dominance of this particular
antigenic pattern in the natural P.. falciparum

population which was selected for under the laboratory
conditions. However, another explanation could 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 sensitivity to chloroquine
and pyrimethamine of the southern Africcli1isolates
were also ascribed to their heterogenic nature.. This
may have be~n a reasonable explanation in the majority
of cases where the MIC of a given isolate differed by
only one concentration increment in the three 48-hour
tests. However, two isolates differed in their
pyrimethamine MICs between the first and subsequent
tests by more than one concentration increment. The
MIC of RSA 7 in the initial pyrimethamine test was 1.0
JLM but was found to be 0.1 f.£M in subsequent tests
Similarly, MW 2 was not inhibited by 3 f.LM

pyrimethamine (the highest concentration tested) in
the 1st testj' but growth lilasinhibited by 0.1 f.LM

pyrimethamine in subsequent tests. These two isolates
may have become contaminated by an isolate with a
lower pyrimethamirle I.f.IC,which outgrew the original
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isolate in vitzro: RSA13; which was found in the 48-

hour growth inhibition assay to be sensitive to

chloroqu;';l,\e, was subsequently shown in the

radioisotope uptake assay to be resistant to this

drug. This clG~uldbe exp'Ia.i.ned by the selection of

resistant c.lones in this isolate or by the

contarninatio:n of RSA13 with a chloroquj ne-resistant

isolate.

If the sounharn African reference isolates descri.bed

in this tllE~sis are to be u.sed for further 1aboratory

investigations, both locally and uV'erseas, it is

eS$ential that t;;;~y be checked for possible cross-

contaminat:ion. Recently! Woodenet: a~.116 developed a

method fClr distinguishing between P. fa~ciparum

strains in the laboratory, based on the polymerase

chain zeacr .m (PCR) technique. Using primers that

alllplified unconserved repeat regions in the genes

coding for four surface antigens I they were able to

distinguish str':1ins on the basis of the size of the

amplified products in three of the four genes.

Tog'ether with a .simplified method for the isolation of

DNA from the isolates, they have described the

conditions for the PCR assay using a very small amount

of cuIture material which yields

pattern for each strain. This

a unique banding

method will make

possible 'che rapid detection of cross-contamination

between strains. It is the intention to use this
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technique to determine whether mixing of the southern

African isolates has occurred during routine

cultivation.

12.2 Enzymetyping

Chapter 3 describes the isozyme characterisation of

the southern A.frican isolates of P. falciparum using

polyacrylamide gel electrophoresis. This method was

found to be superior to starch gel electrophoresis in

-the resolution of bands. In spite of this improvement,

howevez I flat bed polyacrylamide gel electrophoresis

of PGDdid not produce discrete bands and it was found

that a vertical electrophoresis system using a 4%

stacking gel and a 7.5% running gel produced a better

result. Lysates were mixed with an equal volume of 50%

glycerol in PBS and the wells were loaded with 10 11-1

aliquots .. The system was allowed to run for four hour-s

at 200 V. This vertical system was also used to

confirm the results obtained for GPI and ADAon the

flat bed system.

It was found that freezing and thawing of lysates

caused the enzyme activity to decrease, reSUlting in

faint bands. To overcome this problem, l~/sates were

a.liquoted into several Nunc tubes to allow ·the enzyme

pattern of each lysate to ble examined several tilnes

without having to thaw and r,e-freeze the same sample
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for each run.

This method of char act, ',,;,ising Plasmodium parasites was

first developed for rodent malaria species and

revealed considerable inter- as well as intra-species

diversity of enzyme forms.117, 118 Enzymetyping of P.

falciparum was first. carried out on isolates from the

Gambia119 and from several regions in west and East

Africa.120 and has since been carried out in several

malarial areas of the world. 5 Although similar forms

of each enzyme are found in different countries, some

differences in frequencies of different isozymes have

been observed.5

The technique of enzyme typing is not as

discriminating as other characterisation methods but

isozymes have provided useful markers for cloning113

and genetic121 €'xperiments. Isolates exhibiting two

forms of one OJ: more enzymes may be cloned and the

isozyme type may be used to identify the resulting

clones .113 Clones identified by enzyme pattern have

been used in genetic studies in rodent malaria and in

P. faloiparum.121 In a arossing experiment carried out

between two clones of P. chabaudi, 1 exhibiting PGD-2

and LDH-3and the other showing PGD-3 and LDH-2, four

classes of progeny clones werElobtained: two parental

(PGD--2/LDH-3and PGD-3/LDH-2) and two recombinant

(PGD'~2/LDH-;2and PGD-3/LDH-3) types. The ratio of
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parental:rec()rribinant types was close to the predicted

ratio. This study also showed the blood forms to be

haploid. Enzyme forms were also used as one of the

markers in a crossing experiment between two cloned

lines of P. fa1.ciparum .121 This study revealfsd that

cross-fertilisation occurs readily bett<1een parent

clones 1 that. the blood forms of P. falciparum are

haploid and that some genomic rearrangement takes

place during hybridisation.

1.2•.3 Antigenic diversity and variation

),,2.3.1 Anti~Jenic diversity

The typing of southern African strains of P.

falciparuIlL revealed antigenic diversity amongst

parasi te from this region (see chaptxxr 4). Antigenic

di versi ty is of considerable rele'rance to the

development of a vaccine as many of the molecules that

exhibit this diversity are likely to be targets of

protective immunity.5

Antigenic diversity of P. falciparum has been

demonstrated by a number of workers us i ng various

·t.echniques and many of -t.he antigens studied have been

well characterised. (for reviews see refs 5, 122-125).

Diversity has been revealed in the following antigens:

S_antigeni5,122,123,124,125 merozoite surface antigen-

1 O-lSA-1, also known as the 195K protein, Pl901 the
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200 kDa protein, the polymorphic schizont antigen
(PSA), tihe precursor to the major merozoite surface
antigens (PMMSA) or gp185);5,1221123,124 merozoite
surface antigen-2 (MSA_2)i122,123,124 the CS protein-
related antigen (eRA, also known as EXp_1);51122

histidine-rich proteins (HRP-I
SHARP»;122,125

(or KAHRP) I HRP-II,

the ring··infectedHRP-III (or
erythrocyte surface antigen (RESA, also known as
Pf155) ;122 and the circurasporozoite. (CS)
antigen.5,123,125

The S-antigen is a soluble, heat-stable protein which
is secreted into the paz-asItophorous vacuo l.e and
released upon schizont rupcure , S-antigens are found
in the sera of individuals who have been exposed to P.
falciparum parasites. Immunodi~fusion tests revealed a
large number of antigenic specificities and studies
suggest that there are over 50 distinct serotypes of
S-antigens. These immunologically distinct types have
been shown to have a world-wide distribution.
Molecu.lar studies have shown S-antigens to vary
considerably in size and sequence. They have been
shown to possess similar N- and C-terminal regions but;
their central regions, which consist of tandem
repeats, differ markedly. There is evidence to suggest
that s-antigens may be a 'target for protective
immunity. Firstly, studies in the Gambia revealed that
malaria patients exhibited different S-antigen
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serotypes in subsequent infections suggesting that
they were protected from infection by parasites
bearing the original S-antigen type. Secondly,
monoclonal antibodies directed against S-antigens
inhibited erythrocyte invasion in vitro. However, the
exact function of these proteins is not known.

MSA-l is a polypeptide of approximately 200 kDa which
is broken into Ismaller fragments at the time of
achd.aorrc rupture. The MSA-1 sequence has been
determined for seven isolates of P. :falciparum and the
antigen has been shown to be dimorphic. This molecule
is composed of 17 blocks, including the highly
conserved N- and c-terminals which flank regions
differing in thei:r degree of variability. Recently I

Miller et al.126 re-analysed all published MSA-1
sequences and found the dimorphic region to be a
patichwozk distribu1t:.ionfrom the 5' rE~gion of block 3,
missing block 4, through blocks 5 to 16. Based on
studies of inhibition of parasite invasion in vitro,

i.tis thQ'.:ghtthat the repeat regions of MSA-1 may not
be very immunodominant. However/ some epitopes at the
N- and c-terminal regions are thought: to play a role
in protective immunity.

MSA-2 is a 45-52 kDa membrane protein located on the
merozoite surface. 'llhisantigen consists of conserved
N- and c-terminal regions witll a ce!ntrally-located

"" •...~' ~.----~.-----~-~~
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domain of repeat sequences. These repeats are flanked

by non-repetitive variable regions which define two

'major MSA-2gene families. MSA-2 is thus dimorphic .•

Isolates studied were shown to be members of one of

the two allelic families with the exception of the

gene of one isolate which was an apparent

recombination between the two forms~ MSA-2 may be

immunologically important since monoclonal antibodies

directed against this molecule partially inhibited

invasion of erythrocytes in vitro.

CRAis a small protein located in the parasitophorous

vacuole and membrane structures of the infected

erythrocyte. Two forms of this antigen are recognised

by their reaction with :monoclonal antibody 5.1 which

also reacts with the CS protein (see below). Antibody

5. 1 was shown to be directed agai1:1st the sequence NADP

in CRA,which is closely related to the NANP sequence

in the CS protein ~ Isolates neqat.Lve for 5.1 \'I1ere

shown to contain the sequence I1fAGP, whj.ch resulted

from a single amino acid substi tution. This cross-

reactivity with the CS protein stlggests that CRAmay

be immunologically important.

The cs-antigen is the major antigen found on the

surface of the sporozoi te. It consists of N- and C-

terminal non-repeti tive sequences flanking a central

domain of repeats. The r epeat; region is highly
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imrnunodominant and consists of two types of repeat
sequences, namely NANP, which is the most repetitive,
and NVDP 0 The number of repeats has been found to
differ between isolates. It is against the sequence
NANP that the sporozoite vaccines have bet:m directed.

some culture-adapted isolates have lost the ability to
express antigens in vitro.122,123 These antigens
include the histidine-rich proteins HRP-I, HRP-II and
HRP-III, RESA and MESA. However, this failure of gene
expression is not thought to be a cause of antigenic
diversity in naturally occurring populations of p~

falciparum.

HRP-I, the knob-associated histidine-rich protein
(KAHRP), is a 80-120 kDa protein associated 'with the
surface of erythrocytes infected with mature
parasites. These knobs mediate cytoadherence of
infected red blood cells to endothelial cells.
However, HRP-I is not directly involved in
cytoadherence as it is located on the cytoplasmic side
of the erythrocyte plasma membrane. HRP-II (65-85 kDa)
is excreted from parasitised erythrocytes into the
serum and is not associated with knobs or
cytoadherence. This protein serves as an indicator of
infection in the newly-developed diagnostic technique,
parasight.127 HRP-III is a small histidine- and
alanine-rich protein (SHARP) of 30-50 kDa which is
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closely related to HRP-II. It is found within the
infected erythrocyte but is not associated with knobs
or c;ytoadherence. The failule to express HRP-I in

vitro has been shown in several different isolates to
result from the partial or total deletion of the BRP-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, respectil1ely.

The lack of expression of RESA in vitro by ,theisolate
FCR-3 was shown to result from a deletion on
chromosome 1. This antigen is a merozoite-derived
polypeptide, incorporated into the erythrocyte
membr-ane at invasion r which has been shown to induce
protective immunity. It contains two regions of
tandemly repeated amino acid sequences which are
immunodominant. Antibodies to several of the repeat
sequences were shown to inhibit invasion in vitro and
a study carried out in the Gambia showed a significant
association between the presence of antibodies to the
3' repeat sequence I (EENV)6' and. resistance to
clinical malaria. These studies suggest that RBSA may
be a sluitabletarget antigen for vaccine deVelopment.

The monoclonal antibodies used in the characterisation
of southern African isolates of P. falciparul.TJ. were
directed against three blood form antigens I namely
MSA-1, MSA-2 and CRA. Monoclonal antibody 9.8 was
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directed against a conserved epitope on MSA-1while

antibodies 7.3, 7. 6, 9.2 I 10.3 and 12.1 recognised

variant epitopes on this molecule. Antibody 12.3 was

directed against MSA-2while 5.1 was directed against

eRA. The different patterns of reactivity with these

monoclonal antibodies indicated different allelic

forms of the antigens.

12.3.2 Antigenic variation

In addition to antigenic ,'liversity in P. falciparum

due to the expression of polymorphic allelic genes,

further diversity results from antigenic variation

within clonal parasite populations (reviewed in refs

124I 128). studies have shown that the antigenic and

adhesive phenotype of Plasmodium-infected erythrocytes

are linked. Biggs et al.129 examined a large

erythrocyte surface antigen I known as P. falciparu11l

erythrocyte membrane protein 1 (PfEMP1), in clones

prepared from a cloned parental line of P. falciparam

in vitro and found it to vary between clones in its

agglutination to clone-specific antisera and its

antigenicity. They concluded that these differences

were due to antigenic variation in PfEMP1.Roberts et

al.130 showed that surface antigens in cloned lines

can vary at the rate of 2% per generation and that

this variation is associated with a change in the

agglutination phenotype •

.~----------------~------..------
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This antigenic variation appears to be a major factor
in the evasion of the immune system by Plasmodium.128

However, in spite of the large number of variant
antigenic types, clinical immunity does develop after
limited exposure to infection. Roberts et al.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 development of a malaria vaccine. Many rmtigens
have been identified as beingr appropriate vaccine
targe'ts and the advances in t.he field of malaria
inununology together with promising results from
vaccine trials in monkeys and humans provide hope for
the development of a successful vaccine in the near
future. Because immunity appears to be stage specific,
a successful vaccf.ne will most likely be a cocktail of
antigens from the different deVelopmental stages of
the par-asi.te •

12.3.3.1 Preerythrocytic vaccines
Experiments in rodents, monkeys and hUmans have shown
that immunization with irradiated sporozoites can
provide protection against infection.131,132 The
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circumsporozoite (CS) protein was identified as the

major component of the sporozoite surface coat and

monoclonal antibodies directed against the B epi tope

of this protein were shown to be protective in

vivo.133 In P. falciparumr this B epitope consists of

tandem repeats of the sequence Asn-Ala-Asn-Pro (NANP).

subunit vaccine trials using the (NANP)n-B cell

epitope have been carried out in mice ~nd humanswith

varying levels of antibodies being produced resulting

in different. degrees of protection .132 Howevert tne

level of a:ltibodies to tl:e CS repeates did not always

correlate with protection. one approach being

considered to boost antibody Level s is to include in

the CSvaccine T helper epitopes which are present in

t.ht:: CS pretein.1.33 Whether or not this approach will

be successful remairls to be seen. There is I:,widence

that effector T cells play a major role in s~orozoite

immunity and the site of this cell-mediated immunity

is the exoeryth:rocytic form (EEF) of the paraSite

found in the hepatocyte.133 The effector mechant.sm

invel ved is thought to be either cytotoxic 'I'

lymphocytes (CTLs) tha-t destroy infected hepatocytes,

or cytokines that inhibit EEF development. Vaccines

that induce CTLsare currently being developed.

12.3.3.2 Sexual stage vaccines

Vaccines aimed at the sexual stage pf

would provide an effective means

the parasite

of blocking



146

transmission. One advantage of strch a vaccine is that
it vr1)uldbe aimed at parasitic forms in the midgut of
the mosquito which are free of the erythrocyte and ar.e
therefore exposed to antibodies in the blocJdmeal.
Sexual stage~'specif:ic antigens have recently been
reviewed.134 In P. falciparuHl, the 230 and 48145 kDa
proteins (Pfs230 and PfS48/45) are exposed on 'c,k

gamete surface and some mono- .;mal antibodies directec1
against these antigens were able to block transmission
when mixed with gametQcytes before fertilisation. Only
a proportion of individuals exposed to these proteins
develop antibodies~

Pfs25, a 25 kDa protein, is synthesized after
fertilisation and is located on the zygote and
ookinete surface and is also a target of transmission-
blocking antibodies. It is thought to have a
protective function for the ookinete in the midgut and
is also implicated L). the migration of the. ookinete
through the epithelium. Pfs25 has been shown to be a
good immunogen in mice.

Other surface antigens include 40 and 10 kDa proteins,
which elicit restricted immune responses in mice, and
PfS16 which exhibited amino acid sequence variation in
geographic isolates. Pf155/RESA, which has amino acid
repeats present in b0th sexual and aSG'xual parasites,
is present in protein aggregates in the erythrocyte
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cytoplasm when macr-oqamecesare formed, as is a 260-

350 kDa protein, 11.1, which is antige~ically related

to Pf155/RESA.

The internal sexual stage antigens include Pfg27/25,.

Which is a good Lmmunoqen, Sera from most patients

exposed to P. falciparum malaria contain antibodies to

this protein.

Vaccine trials in animals have been encouraging .132

vaccinat.ion with whole gametocytes or gametes resulted

in transmission-blocking immunity. A 42 kPa antigen on

the surface of P.yoelli mim:ogametes was the basis for

a vaccine which successfully reduced transmissio}. in

mice. In humans! there has been considerable

variability in responsiveness t~ sexual stagu.s amongst

exposed individuals,,132 A greater understanding of

this difference in immuneresponse should lead to the

devel.opment;of a. sexual stage va.ccine in humans,

12.3.3.3 Asexual stage vaccines

The candidate antigens for asexual vaccine development

include both soluble and surface membrane

antigens.132,135 Somesoluble antjgens, e.g. SERA,Ag2

and Ag7, are released when the schizont-infected

erythrocyte rupt:ures . other 801uble antigens ~ e •9•

HRP-II, are liberated when the narasite reaches

maturi ty. Soluble proteins from P. .,»Lai.pexum culture
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supernatent, purified SElKAfrom cultures, as well as

rE;~combinantforms of SEru~pr-ovLded varY'ing degrees of

p:eotection against infection in monkeys,

Ta.rget antigens on the surface of ttle infected

erythrocyte include PfEMP1, Rosettin, HRP·..II and

Ag\)32. Monkeys vaccinated with HRP-:U rec()mbinant

pJ:.~<:)teinswere partially protect.eCt against infection.

Ag3132is thought to be exposed on th,;:!' infecit:ed red

blood cell surface '1nd parts of the Ag332 gene have

been cloned.

Candidate anti<,.' ins from the merozoiit:e surface membrane

include MSA-1, MSA-2y RESA, AMA-1, QF3 (RAP-1/RAP-2),

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

kDa protein found on the surface of P. falciparuIll

merozoites. EBA-175 is a 175 kDa protein Which is

thought to function as a bridge between the me...:ozoi te

and the uninfected erythrocyte during the invasion

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

on its immunogenicity a£e now being carried out. QF3

(RAP-1/RAP-2) is an 80/42 kDa protein complex

associated with the merozoi te zhopttr Les , SPf66 is a

hybrid polymer consisting of amino ac.i.d sequences

derived from the 83 kDa N-terminal fraglnent of MSA-l

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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Mont.nonal antibodies against MSA-1and QF3 inhibited

growth in vitro and P. ktiowl.eei:monoclonal antibodies

blocked nlerozoite invasion in vit:ro.135 Zmti-RESA

antibodies were also shown to be inhibitory in vitro.

Antibodies to EBA-peptide 4, encoding a sequence from

the c",,'te:l':'minusof EBA-175I inhibi ted erythrocyte

binding and merozoite invasion.

Immunization experiments in animals showed MSA-l, &~-

1, QF3, RESA, SPf66 and conserved peptide sequences of

MSA-2 to be protective against challenge

in Southinfections. 135 Human vaccination trials

America with SPf66 showed this polymer to' be both

immunogenic and protective.137 However, some doubt has

been expressed regarding the choice of peptii.das in the

constrruct., the adjuvant used and the correlation of

immunogenicity with protec'tion.138 The resul.ts of a

trial of SPf66 cur-rent.Iy being carried out in Tanzania

a.re awaited with interest.

12.4 Chemotherapy

The bulk of this thesis deals with the sensitivity of

southern African isolates to various antimalal~ial

drugs (see Chd.pters 5 - 9). This aspect of parasdte

characterisation was warranted as very little work. on

drug susceptibility had previously been carried out in
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southern Africa and1 with the advent of chloroqulne-

resistant P; falciparum malaria, it was necessary to

determine which compounds could serve as a suitable

replacement for chloroquine in the treatment and

prophylaxis of malaria in this region.

This section contains comments on various practical

aspects of the drug sensitivity tests, including new

techniques, and a discussion of the geneltics of drug

resistance and the development of new antimalarial

drugs.

12.4.1 Drug sensitivity tests

Drug sensitivi ty of Pe falciparum may bel determined

both in vivo and in vitro. In the in vivo test, the

parasite response to a st.andard dose is determined in

the patient. Thl9 resul t of this test is greatly

affected by the immunestatus of the infec1:ed person.

The in vitro test measures the susceptibility of the

parasite to various drug concentrations in a

CUltivation system and is not subject to the influence

of host factors, al though in some tests r patients'

sera are included in the test system. Ideally I in

vitro studies shoUld be backed up by in vivo

investigations, particularly 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 ext.ent;

of drug resistance in the parasite population and the
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latter to determine the effectiveness of a drug in

controlling infection in local sUbjects.

Unfortunately, it was not possib].e to carry out in

vivo tests on the patients from whomthe southern

African referenCl9 strains were isolated t as most of

the patients had begun therapy by the time the

isolates were received in our laboratory. Furthermore,

most of these subjects were out-patients at clinics or

hospi ta].s and it was not practical to fOllow them up

for the required seven or 28 days. Where possibleJ.

clinical data on the patients were obtained and

related t.o the in vitro finding:s (see Chapter 5).

It was also not feasible to carry out in vivo

investigations in KwaZulu at ithe time that the in

vitro field studiE~s were being undertaken as we :1id

not have the facil.:Lties to hold patients during such a

study in order to draw daily blood samples for the

determination of parasitaemias and to ensure that

reinfection did not: occur. In addition to this, the

relatively low prevalence of malaria in South Africa,

relative to other malarial countries, would have

necessitated an extended study period in order to

obtain a sui table number of patients, thereby

increasing costs even further.

Recently! an in vivo drug sensitivity investigation
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was carried out in Kwa:Zuluby the KWaZuluHe<;llth

Department, in collaboration with the Medical Research

council, to d,etermine thE: efficacy of chloroquine and

Fansidar in this area. In this stu.dy1 patients tl7ere

visited in their homes for treatment and preparatd.on

of blood smears. Parasit:aemias wel-e monitored daily

for the! first seven days and thereafter on day.s 141, 21

arid 28. The results of t:ttis study are presently bedng

analysed. The disadvantagres of such a study are t:hat

it requires a large team of workers to administer the

drugs and to monitor the parasitaemia, it is subject

to non-oompj.Lance as patients are often not at home

when the observers visit, and there is a danger -that

patients may become reinfe.cted during the study period

as they are not removed from the malarial area.

HOWever,it does have the advantage that patients are

disturbed as little as possible in that they are

treat~d in their home environment thus avoLdf.nq the

high cost of hospitalisation.

The in vit;ro tests used in this study may be divided

into two categor.ies: laboratory-based st1\ldies using

culture-adapted P. falciparum is;:,lates and field-based

studies using primary isolat~s. The advantage of using

reference isolates is that tests may be repeated

several times on the same ilsolates 't'lhel~eas field

isolates may only be tested once, unless they are

established in oul,ture and tested at a latt\r stage.
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However, the disadvantage of using culture-adapted

strains is that they are unlikely to possess the full

repertoire of clones present in the blood of the

patient at the time of isolation because of the

selection press1~res placed on them in culture. The

result of this is that faster growing clones will tend

to predominate Over, or even completely outgrow, less

viable clones in a given isolate. primary isolates are

also subject to selection pressure under test

conditions, altl~ough probably not to the same extent

as isolates bejLng established in cu.lture ,

therefore also not truly representative

and are

of the

parasite popuLatif.on , :Nevsrtheless, in vitro tests are

invaluable in t~he identification and monitoring of

drug resistance in P. :falciparum populati.ons.

Xn the laboratory, two types of test were used. The

first test was the 48-hour test in which inhibition of

total growth of the parasite by (~hloroquine and

pyrimethamine was determined. This type of test is

more st.clted to the slower-acting compounds such as

antifolates. Growth of tbe parasite 1iI]'asassessed by

microscope counts of par-asi,tes on Giemj~a-stained

smears. USing this methodI the action of chloroquine

and pyrimethamine on the various erythrocytic stages

could be determined by the effect of these drugs on

the morphology of these stages at inhibi tory

concentrations. However this method of growth
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assessment proved laborious and time-consuming.

The second laboratory test used was the radioisotope

uptake assay in which growth of the parasi te in the

presence of increasing concentrations of antimalarial

compounds was assessed by the uptake of 3H-

hypoxanthine. Isolates were allowed to grow in medium

containing the drugs for 24 hours before being pulsed

with the radioisotope for a further 18 hours. Ut:.ewas

made of predosed drug plates sUpplied by the ~~o

which, it appears from the literature, has not been

done before with this technique. Although this method

was more expensLve than the microscopic method and

required the use of a cell harvester, the harvesting

of parasd+es and reading of counts was far less time

consuming. ~rhis technique also eliminated opezatior-

error and the incorporation of the isotope was more

sensi ti ve than microscopy in the assessment of

parasite growth. However a disadvantage of this

technique is the handling and disposal of the

radioisotope.. Recently Makler et al.139 showed that

parasite lactate dehydrogenase activity could be used

as effectively as the 3H-hypoxanthine uptake in the

determination of drug sensitivity. This technique

would eliminate the problems associated with the use

of radioiso,topes.

All of t.be KwaZulufield drug resistance surveys r with
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the exception of one, were carried out using the WHO
in vitro microtechnique, in which inhibition of
schizont deve~opment was determined by microscopy. The
radioisotope uptake assay was used in the small field
study done in 1990. Many of the problems experienced
in these drug sensitivity surveys were the same as
those experienced in the collection of infected b~ood
samples such as the low number of malaria cases, the
prior treatment of patients with antimalarial drugs
and the contamination of blood specimens u The low
prevalence of malaria in the study area necessitated
the screening of a large number of samples. For
example in the May 1987 survey., 6 407 people from
Ubombo ,'..ere screened for malaria ill a maas blood
examination and only 34 were positive. Of these, only
11 were suitable for the test and isolates from 8 of
these patients grew under the test conditions i•e.
only 0.125% of those screened were successfully
tested. However, the screening of passive ~ases
generally resulted in a higher yield. For example, in
the same survey, of the 27 blood samples collected
from patients reporting to clinics with malaria
symptoms, 14 were positive for falciparum malaria, 11

were found suitable for testing and 9 tested
success! ....ly i.e. 33% of the total passive cases
screened.

At present, the standard method uSed in this country
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for the detection of malaria parasites is the
microscopic examination of Giemsa-stained bloodsmears.
Although this procedure is relatively cheap and
simple, at low levels of infection it becomes time
consuming and labour intensive. Recerltly, new
techniques have been developed for the rapid diagnosis
of malaria which make use of fluorescent dyes. These
include the "QBC" method,140 in which parasites are
concentrated by centrifugation in a capillary tUbe and
stained wh_h acridine orange I and the staining of
parasites using benzothiocarboxypurine (BCP).141 Both
of these procedures require the use of a fluorescence
microscope in order to be able to view the parasites
although the
objective has
viewed with

recent development of the IfMakler!l
enabled BCP-stained parasites to be
a standard light microscope •.142 An

interference filter system for acridine orang-e has
been described 'Which also enable:::;fluorescing
parasites to be detected using a standard light
microscope.143 Recently, a dip-s·tick 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 di.pstick. This technique
is rapid and simple to perform with good specificity
and high specificity. A comparative study of 'I::heabove
microscopic diagnostic tests has recently been
completed by an :M. Sc. student at the MRC laboratory
in Durban using both cultured material and blood from
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infected patients from KwaZulu. The results of this

investigation are currently being analysed~

Non-microscopic methods have also been successfully

usen in the diagnosis of malaria. These methods

include ilIllllunological tests and genetic probes4144

Golenser et: al.145 recently developed an ELISAtest

f<,r the detection of P. falciparum in infected blood

based on the monoclonal antibody I D5.26 This

:monoclonal antibody, which was raised against a P.

berghei antigen which cross-reacts with P. falciparum,

reacted with all 19 southern African isolates (see

Chapter 4) confirming the usefulness of this antibody

for diagnostic tests. D5 has been successfully used in

a radioimmunoassay to detect Plasmodium in infected

blood.32 These diagnostic techniques 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

sensi ti vi ty investigations was the presence of non-

falciparum parasi tes in a large proportion of the

isolates. These were usually P. ovale although someP.

malariae parasites were also seell, and they generally

occurred 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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or gametocytes are present, it is impossible to
identify these other species with any degree of
certainty. The development of serological tests146 and
PCR147 techniques for the identification of the four
human P~asmodium species 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 (If resistance of P. fa~ciparum to
chloroquine and, to a lesser extent, pyrimethamine and
cycloguanil.

There is much controversy surrounding the mechanism of
chloroquine resistance in P. fa~ciparum.148-150 Many

researchers believe this resistance to be similar to
the multidrug resistance (MDR) phenotype of mammalian
tumour cells which is mediated by a P-glycoprotein
molecule which acts as a pump to remove the drug from
the cell. The first evidence of this was the
demonstration by Martin et al: .151 of the reversal of
chloroquine resistance in vitro by the calcium channel
blocker, verapamil. Since this discovery, a large
number of calcium channel blockers, calmodulin
antagonists and lysosomotropic compounds have been
shown to modulate chloroquine resistance and new
compounds are continually being added to the list.
Recently, dexniguldipin, an anti-cancer drug, was
found to reverse chloroqUine resistance in the
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southern African reference isolates of P.. falciparum

(J.A. Freese - unpublished data). III the same atiudy,

the reversal activity of verapamil was confirmed in

these isolates.. Krogstad et: ale .152 showed the rate of

efflux of chloroquine ,,):,omresistant pat.!:"asitesto be

40-50 times faster than '~hat f;r.Dmsensitive parasites

and the accumulation of thi.:; drug to be .similar in

both sensitive and resistant parasites. However, Bray

at al.153 found the accumulation of chloroquine to be

greater in sensitive than in resistant isolates with

no difference in efflux rates.

TWo P. ralcipa.:cum mdr genes (pfmdr-1.146 and prmdr-

2155) encoding P-glycoprotein l:lomologues (pgh-l and

pgh-2 I rtaspectively) have been identified. Pfmdr-1.,

tvhich is present on chromosome5, was amplified in

some ch10roquine- and mefloquine-resistant

isolates.154 However, pfmdr-2 was not amplified in any

isolates examined and recent work has revealed that

there is no evidence for the involvement of this ge;}'le

in drug resistance.156 Chloroquine resistance has been

linked to t'(·/O alleles of the pfmdr-1. gene supporting

the hypothesis that chloroquine resistance is a

mu),tigenic event. HoweverI there is evidence that

there is no relationship between the prmdr genes and

chloroquine resistancec This was revealed in a genetic

cross between chloroquine-sensitive and resistant

cloned lines of P. falciparwn in which the
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amplification of pfmdr-l gene in the resistant parent

used in the cross I segregat~d separately from

resistance in the progeny clones .157 In a separate

study t moderately drug-re~;istant clones sUbjected to

drug pressure were shown to have decrea~ed copies of

pfmdr and less pgh-1 with inc~teasing lev;@ls of

chloroquine resistance.158 Recently, Frean e~ al.159

descrihe~1 a PCR techniqu.e for the dfJtection of pfmdr-l

mutations in chloroquine-resistant isol;fites. However,

these mutations were shown to be ab~ent in

chloroquine-resistant isolates froT!!.sudan.160 In an

investigation currently being carried out at the MRC

laboratory in Durban on the southern African reference

isolates of P; fa.lc~~parum, preliminary results have

indicated that the local isolates also lack these

mutations (B. Bredenkamp - unpublished data). Welle:ms

e~ al.161 have identified a single genetic locus on

chromosome 7 which is linked to the chloroqui:ne-

resistance phenotype. All of this evidence suggests

that chlor,')quine-resistant P. falciparuJlJ parasites do

pot represent the NDRphenotype. There is undoubtedly

much wor]: to be done before the h •mec...anJ.sm. of

chloroquine resistance is clearly understood.

The mechanismof resistance to dihydrofolate reductase

(DHFR)inhibi tors has been shown to be mutations in

DHF'R.162A single point mutation (Ser-10a""+ ,zm-108)

in the DJ.tIFR active site was shown in a genetic cross
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between pyrimethamine-sensitive and pyrimethamine-
resistant parasites to be linked to pyrimethamine
resistance .163 This mutation was atso found in wild
pyrimethamine-resistant isolates from var Lous

geographic origins.162 Two secondary mutations in the
presence of Asn'-108 were found to b~~ associated with
increased pyrimethamine resistance. The point
mutations responsible for resistance to cycloguanil
were found to be different from thQlse involved in
pyrimethamine resistance, while parasites resistant to
both pyrimethamine and cycloguanil had three DHFR
mutations in common ..162 These mucat.Lons apparently
prevent binding of these compounds to the active site
of DHFE: and woulif.exp.Lad.nwhy proguan:t1 (of Which
cycloguanil is the active metabolite) Ls sometimes
effective against pyrimethamine-resistant strains
while in some cases it is not. A PCR teChnique based
on the DHFR point mutations has zeoent.Ly been
developed to identify pyrimethamine- and cycloguanil-·
resistant isolates.164

Cryopreserved samples of all of the southern African
reference isolates have been sent tc the laboratory of
Dr Thomas Wellems of the National Institutes of Health
in Bethesda, Maryland, U.S.A., where DHFR point
mutation data will be generated. T.he chr-omosome 7
markers for chloroquine resistance will also be
examined by restriction analysis and DNA probe
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hybridisations. These investigations will provide more

characterisation data on the SQuthex-n African

isolates. Ma\rkersfor drug :t'esistance will be of great

value in determining 'the origin and spread of such

resistance.

12e4.3 Recent developments in chemotherapy

This invest:igation has concentrated on the sens.it:ivity

in V~{tiro of southern African isolates to d.rugs readily

availz.ble, or soon to be made availab:\le, in this

region, namely chloroquine, quinine, mefloquine,

pyr Imetihamane t sulphadoxine/pyrimethamine, amodiaquine

and halofantr.-ine •. The study includes discussions on

drug'S recoXIJ.mc:mdedfor use I namely pzoquand.L and

doxycycline. As a consequence of the ever-~tncreasing

list of compoundsto which P. falciparum is developing

resistance, muchwork has been done in recent years on

the development of new drugs and the revi val of SOm(~

older compounds.165 Many of these formulations have

been shown to act, synergistically in combination and

the recent discovery that resistance to chloroquine

and other (l'l;linoline-containing drugs can be reversed

mayallow for the continued use of these antimalarials

in areas of .resistance.

There are manynew anti1l.1alarials which show'promise in

the field of c.':hemotllerapy.165Four drugs are now in

the advanced Istage of development and have undergone
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extensive clinical trials. These are halof..1ntrine,59-
63 artimisinih,166 pyronaridine,167 and enpiroline.165

Halofantrine is now available for use in southern
Africa but resistance to this drug has recently been
reported from the congo168 although this has been
disputed. 169

The Chinese plant, Qinghao (Artimisia annual, has been
used as a herbal medicine in China for over 2000 years
and its antimalarial properties are well-known. The
active compound
Qinghaos'U or

is a sesquiterpene lactone called
artimisinin. Both water-soluble

derivat.i, ves (artesunate and artelinate) and oil-
soluble dl9rivatives (artemether and arteether) as well
as artimisinin have been shown ,tobe +..:he:most rapidly
acting of all antimalarial dru~,s and are effectiv'e
against multidrug-resie:tant P. fa.lciparum malaria. In

vi tiro studiF~s of three African reference clones and 36

primary isolates from the Comoros Islands and Central
and west Africa have demonstrated the derivatives
artelinate, drtemether and arteether to be twice as
potent as artimisinin.170 Results from this
investigation suggested that sensitivity to
artimisinin may be inversely related to chloroquine
sensitivity and directly related to the susceptibility
to :mefloquine and halofantrine. Unfortunately, neither
artimisinin nor its derivatives are generally
available outisi.de of Asia. However I the World Health
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Organization is 'currently funding the development of

arteether towards registering its use in western

COl.i.' ..tries.

Pyronaridine, a derivative of mepacrine, is a blood

schizonticide which was developed in the People's

Republic of china in the early 1970s .165,167 It is

highly effective against both chloroquine-sensitive

and chloroquine-resistant isola-tes of P. falciparum

and shows no cross-resistance with 4...aminoquinoli.nes

or quinolinemethanols. However, Warsame at al.171

demonstrateu a pcs.iti ve relationship between the

response to chloroquine and pyronaridine and suggested

tliat resistance to chloroquine may ternd i~o result in

the fast development of pyronaridine resistance. As

resistance to pyronaridine was shown to develop

rapidly, combinations "lioth other antimalarials were

tested.167 Pyronaridine/sulphado:xine/pyrimethamine was

shown to be a promising combination in clinical

trials.

Enpiroline! a pyridinemethanol developed in 1972, is a.

blood scizonticide ei:fecti ve against both P. vivax and

P. talciparum.165 In clini.cal trials enpiroline was

found to be active against parasites resistant to

chloroquine, pyrimethamine and quinine and there were

minimal side effects. Ho'Wevel:'I the drug was not shown

to have any advanbaqe over me.Eloquine or haLof'antrrLne,



Many candidate antimalal:."ials are in an advanced

preclinical stage of dievelopment.165 These drugs

include 4-aminoquinolines: and Mannich bases (e.g.

Dabechin 1 piperaquine, hydoxypiperaquine, tripipera-

quine and dichlorquinazine), 8-aminoquinolines, 4~

quinolinemethanols quinolones, napthoquinolones,

quinazolines, dihydrotriazines. Many formulations from

these groups show potential as alternatives to

currently-used antimalarials. (For more detail, see

Ref. 165).

Many other compounds are seen as potential

antimalarials. Several antibiotics have been shown to

have antimalarial ac1l::.:i.vity .165 For example I

tetracycline is widely-used with quinine in the

treatment of complicated p~ falciparum malaria165 and

doxycycr.Lne is one of the recommended prophylactic

drugs for areas of chloroquine resistance. 94,96

cyclosporin A, an undecapeptide and metabolite of the

fungus Tolypocladium inflatum has been shown to be

effective against ~. falciparum in vitro.165 Although

to.his compoundwas shown in a study carried out on the

aoutihezn African reference isolates not to be an

effeoti ve reverser of chloroquine resistanc,e I some

ani~imalarial activity was demonstrated, albeit zauch

lower than that of chloroquine (J.A. Fre'ese

unpuhl.Lshed data). Many plant extracts have exhibited
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antiplasmodial activity and are seen as potential
sources of antimalarial drugs.165, 172 The possible
antimalarial activity of extracts of Artimisia afra is
currently being investigated by workers at the
Department of Chemical Pathology, University of cape
Town Medical School using both chloroquine-sensitive
and chloroquine-resistant reference isolates of P.

falaiparum and the rest11ts have been encouraging (P.

Berman - personal communication).

Another approach to malaria chemotherapy is the u.seof
biochemical targets.165 A good example of this is the
development of the folate pathway antagonists,
sUlphonamides, suIphones and dihydrofolate reductase
inhibitors. However, the biochemistry of the malaria
parasite is poorly under-stood and until our knowledge
in this area is increased, this approach to
chemotperapy will be limited. Some of the bioChemical
pathways in which this approach might be possible are
those of energy metabolism, protein synthesis, nucleic
acid synthesis, folate metabolism and lipid
biosynthesis. other biochemical targets showing
promise are the pathway of haemoglobin degradation173

and nucleoside transport pathways.174 The use of iron
chelat\')rs is another chemotherapeutic strategy. 175
Desferr'ioxamine has been shown to be effective both in

vi tro17t5 and in vivo1?'l and it is thought that in
addition to the chelation of iron in the parasite
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which is essential to plasmodial growth,

iron from the haemozoindesferrioxamine chelates

crystal, resulting in free radical generation and

parasit.e death.178 Reactive oxygen species within the

infected erythrocyte are known to be deleterious to

the survival of the parasite. 179 It is possible that

this natural defence mechanismmay be utilised in the

development of antimalarial drugs. However, the

parasite is well-adapted to oxidant st!,iess180 and

therefore this approach to malar £ " control may not

prove to be effective.

Armed with these recently-q.eveloped chemotherapeutic

strategies, the successful control of malaria seems

more accessible than it did a deca~ 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 methodS

There are several methods available for the

Characterisation of P. falciparum which were not used

in tllis investigation. These procedures are based on

variations in proteins and DNA.

The 2D-PAGE techniqt;,:a separates proteins by their

isoelectric point in o:ne ,'3.:L«!8t'!$ionand by their
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molecular weight in the second dimension resulting in
a pattern of protein spots on the gel t-lh?Gi1c are made
visible by autoradiography.181 This procedure has been
successfully applied to malaria parasites182 and has
revealed considerable diversity amongst . 5lsolates.
However, a disadvantage of this method is that it is
time-consuming and the interpretation of results
requires a high degree of skill and experience.5

P. falciparum may be typed according to the presence
or absence of protein-rich knobs on the surface of
erythrocytes infect,ed with trophozoites and
schizonts.5 These knobs have been shown to have an
antigenic function and strain variation in this
antigen has been demonstrated. The binding of knob-
positive erythrocytes to endothelia.l or melanoma ceJ.ls
Was blocked by sera from imrnunisedmonkeys, homologous
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 areasa183

DNA variations have been demonstrated using a number
of different techniques. 5 Pu.l se field gel
electrophoresis r in which P. falciparum chromosomes
were separated, revealed considerable chromosome size
variation amongst; isolatGs.184 R.epetitive DNA

sequences have alSo been used to type malaria strains.
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For exampf.e, the rep"""2Qaeguence has been shown to 'be a

good marker of diversity. 185 Variations in DNA

sequences have also revealed variation am.ongst P;

falciparum isolates.5 These differences have been

demonstrated in southern blot hybridisations. of gene

probes to restricted genomic DNA(e. g. Ref. 186) and

in gene sequencing. peR was recently used to analyse

several genetic loci in par3.llel and showed promise as

a use£ul tool :Eor the typing of P. falaiparulIl

isolates. 187

l-Iany of these techniques were developed fairly

recently and therefore were not used in the study of

southern African strains of P. falciparum. However, it

is intended co use some of these molecular biological

methods to further charcwterise the reference isolates

and some of their clones. DNA has already been

extracted for this purpose. The moze extensi vt? lehe

characterisation of isolates, the more useful they

will be in malaria parasite research.
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APPENDIX A

In vitro response to chloroquine of 20 southern African reference isolates of Plasmodium
falciparulllin the 48-hour growth inhibition test

RSAl

Parasitised erythrocytes/104 erythrocytesa
Chloroquine
concentration Tropho- schizonts schizonts Gameto- Percentage

(uR) Rings zoites (=2N)b (>2N)c cytes Total control qrowthd

Test 1
Time 0 5 3 1 0 0 9
At 48 hours:
control 30 3 0 0 0 33 48.53
0.03 22 30 0 0 0 52 76.47
0.06 31 36 0 0 0 68 100.00
0.1 36 30 0 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 0 14 5 2 3 0 24
At 48 hours:
control 95 32 9 7 0 144 89.44
0.03 118 19 10 6 0 154 95.65
0.06 120 23 12 8 1 161 100.00
0.1 105 35 6 4 1 150 93.17
0.3 22 2 0 0 0 24 14.91
0.6 0.00
1.0 0.0(;

Test 1
Time 0 9 4 1 0 0 13
At 48 hours:

"I Control 14 14 0 3 0 31 88.57\ 0.03 18 17 0 1 0 35 100.00
0.06 16 12 0 0 0 29 82.86
0.1 8 8 0 0 0 16 45.71
0.3 J 0 o e o 1 2.86
0.6 0.00
1.0 0.00

a Mean of 3 wells. Parasites were co-anted until the MIC was reached.
b Schizonts with 2 nuclei
c 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 count was taken as 100% control growth
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Parasitised erythrocytesjl04 erythrocytesa
Chloroquine
concentration Tropho- Schizonts Schizonts Gameto- Percentage

(uM) Rings zoites (;=2N)b (>2N)c cytes Total control growthd

Test 1
Time 0 15 0 0 0 1 16
At 48 hours:
control 77 3 1 5 0 86 100.00
0.03 52 2 1 5 0 60 69.77
0.06 4 4 0 0 0 8 9.30
0.1 0.00
0.3 0.00
0.6 0.00
1.0 0.00

Test 2.

Time 0 18 1 2 2 0 22
At 48 hours:
Control 112 13 9 '1 1 142 100.00
0.03 34 12 4 0 0 50 35.21
0.06 10 2 0 0 0 12 8.45
0.1 0.00
0.3 0.00
0.6 0.00
1.0 0.00

Test d

Time 0 10 9 2 2 1 22
At 48 hours:
Control 178 66 5 15 6 270 100.00
0.03 180 55 7 14 5 261 96.67
0.06 15 4 0 0 2 21 7.78

" 0.1 0.00
\ 0.3 0.00

0.6 0.00
1.0 0.00

.p

a Mean of 3 wells. Parasites were counted until the HIC was reached
b Schizonts with 2 nuclei
c 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 count was taken as 100% control growth
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Parasitised erythrocyteS/l04 erythrocytesa
Chloroquine
concentration Tropho- Schizonts Schizonts Gameto- Percentaqe

(uM) RinglJ zoites (=2N)b (>2N)c cytes Total control 9rowthd

Test 1
Time 0 29 l 0 1 0 32
At 48 hours:
control 165 28 3 5 4 205 100.00
0.03 135 12 3 2 1 153 74.63
0.06 11 5 2 1 0 24 E.n
0.1 0.00
0.3 0.00
0.6 0.00
1.0 0.00

Test f
Time 0 18 4 1 1 0 23
At 48 hours:
Control 55 6 3 7 1 72 100.00
0.03 18 3 2 6 0 30 41.67
0.06 5 2 2 1 0 11 15.28
0.1 0.00
0.3 0.00
0.6 0,,00
1.0 0.00

Test 1
Time 0 7 1 1 3 0 11
At 48 hours:
Control 35 33 2 5 0 75 100.00
0.03 47 23 2 2 0 74 98.67
0.06 23 9 (j 1 0 33 44.M
0.1 7 2 0 0 0 9 12.0(,
0.3 0.00
0.6 0.00
1.0 0.00

a Mean of 3 wells. Parasites were counted u.~tilthe MIC was reacbed
b Sch.izontswith 2 nuclei
c 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 higb~st count was taken as 100% control growth
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Parasitised erythrocytesj104 erytbrocytesa
cbloroqu'ihe
concentration Tropho- Schizonts Schizonts Gallleto- Percentage

(uM) Ril!9~ zoi.:es (=2H)b (:'-2N)c cytes Total control growthd

Test 1
Tillie0 25 3 4 4 12 47
At 48 hours:
Control 40 12 3 5 3 63 100.00
0.03 22 12 5 6 7 52 82.54
0,06 14 6 II 1 1 21 33.33
0.1 0.00
0.3 0.00
0.6 0.00
1.0 0.00

~est ~
Time 0 34 11 3 2 0 49
At ~8 hours:
Control 97 10 5 4 2 118 100.00
0.03 73 10 2 1 1 87 73.73
0.06 10 7 1 2 0 20 16.95
0.1 -: 0.00
0.3 0.00
0.6 0.00
1.D 0.00

Test .1

Time 0 24 4 1 1 1 30
At 48 bours:
Control 142 24 4 5 4 179 100.00
0.03 100 27 2 2 2 133 74.30
0.06 7 6 1 1 1 15 8.38
0:.1 0.00
0.3 0.00
0.6 0.00
1.0 0.00

a Mean of 3 wells. Patasitea were counted until the HIC was rescued
b Schizonts with 2 nuclei
C 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 WF',LS, the highest count was taken as 100% control growth
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Parasitised erythrocytes/l04 erythrocytesa
Chloroquine
concentration Tropho- scaisonts Schizonts Gameto- Percentage

(uM) Rings zoites (=:2}l)b (>2N)c cytes Total control growthd

Test 1
Time 0 19 13 14 4 1 49
At ~.3hours:
Control 132 49 126 55 9 372 100,00
0.03 147 61 96 56 5 365 98.12
0.06 176 ~2 9 4 5 237 63.71
0.1 8 5 1 0 1 14 3,·76
0.3 0.00
0.6 0.00
1.0 0.00

.Test&
Time 0 5 6 6 3 0 19
At 43 hours:
Control 43 31 3 1 0 78 100.00
0.03 52 8 o 0 0 60 76.92
0.06 6 1 0 0 0 7 8.97
0.1 0.00
0.3 0.00
0.6 0.00
1.0 0.00

Test .1

Time 0 47 1 1 2 1 51
At 48 hours:
Control 112 12 7 57 1 189 100.00
0.03 94 10 15 22 1 139 73.54
0.06 22 6 0 0 0 28 14.81
0.1 0.00
0.3 0.00
0.6 0.00
1.0 0.00

a Mean of 3 wells. Parasites were counted until the NIC t~asreached
h Schizonts with 2 nllclei
c 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 count was taken as 100% control growth
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Parasitised erythrocytes/l04 erythrocytesa
Chloroquine
concentration Tropho- SChizon~s Schizonts Gameto- Percentage

(\1M) Rings zoites (::2M) (>2N)c cytes Totrl control growthd

Test 1
Time 0 17 3 1 3 0 23
At 48 hours:
Control 44 32 3 4 2 86 100.00
0.03 41 24 3 2 3 73 84.88
0.06 29 9 4 1 2 45 52.33
0.1 12 12 3 1 1 29 33.72
0.3 8 4 0 0 1 13 15.12
0.6 0.00
1.0 0,·00

Test f.

Time 0 11 5 0 ] 0 16
At 18 hours:
Control 211 32 2 3 0 248 100.00
0.03 207 27 3 5 0 242 97.58
0.06 193 37 2 3 0 236 95.16
0.1 199 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 1
Time 0 21 5 2 2 0 30
At 48 hours:
Control 167 9 3 12 0 191 83.77
0.()3 203 6 3 17 0 228 100.00
0.06 186 8 1 14 0 209 91.67
0.1 93 7 1 8 0 110 48.25
0.3 10 3 0 0 0 14 6.14
0.6 0.00
1.0 0.00

a Mean of 3 wells. Parasites were counted until the HIC was reached
b Schizonts with 2 nuclei
c Schizonts with 3 or more nuclei
d Where the mean schizont count in th::)control wells was less than that in some of the

test wells I the highest count was taken CiS100% control growth
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Parasi tised erythrocytes /10 4 erytbrocytesii
Chloroquine
concentration Tropho- Schizonts Schizonts Gameto- parcentage

(uM) Rings zoites (=2H)b (>2N)c cytes Total control growthd

Test 1..

Time 0 8 6 4 3 1 21
At 48 hours:
Control 43 9 1 1 1 55 100.00
0.03 49 4 0 0 1 55 100.00
0.06 39 4 0 0 0 43 50.91
0.1 35 2 1 1 0 39 70.91
0.3 25 2 0 0 0 28 50.91
0.6 4 1 0 0 0 5 9.09
1.0 0.00

Test 1

Time 0 23 8 1 0 0 31
At 48 hours:
Control 229 150 21 15 0 415 98.81
0.03 234 148 22 16 0 420 100.00
0.06 269 120 17 13 0 420 100.00
0.1 273 128 5 7 0 413 98.33
0.3 151 29 2 2 0 185 44.05
0.6 1 2 0 0 0 4 0.95
1.0 0.00

Test J.

Time 0 19 1 0 7 1 28
At 48 hours:
Control 151 6 8 18 1 183 49.86
0.03 323 17 8 17 1 367 100.00
0.06 255 10 5 21 0 290 79.02
0.1 161 4 9 17 1 192 52.32
0.3 14 0 0 0 0 14 3.81
0.6 0.00
1.0 0.00

a Mean of 3 wells. Parasites were counted until the NIC was reached
b Bchizonts with 2 nuclei
c 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 count was taken as 100% control growth
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Parasitised erythrocyteS/104 erythrocytesa
Chloroquine
concentration Tropho- Schizonts Schizonts Gameto- Percentage

(uM) Rings zoites (=2N)b (>2N)c cytes Total control growthd

Test 1.

Time 0 7 22 13 " 0 44'"At 48 hours:
Control 33 68 123 51 0 275 98.92
0.03 28 ,15 133 72 0 278 100.00
0.06 32 44 115 57 0 248 89.21
0.1 46 63 105 36 0 250 89.93
0.3 80 59 0 0 0 139 50.00
0.6 14 9 0 0 0 23 8.27
1.0 0.00

Test ~
Time 0 30 9 0 1 0 39
At 48 hours:
CO).1trol 170 127 20 19 0 336 94.92
0.03 W9 112 43 49 2 315 88.98
0.06 109 149 42 48 1 349 98.59
0.1 152 138 39 24 1 354 100.00
0.3 12 8 1 0 0 21 5.93
0.6 0.00
1.0 0.00

Test d

~lime 0 10 3 0 1 0 14
At 48 hours:
Control 112 54 4 2 0 172 97.73
0.03 112 5R ') 3 0 176 100.00j

0.06 104 65 2 2 0 173 98.30
0.1 126 43 0 3 0 172 97.73
0.3 1 3 0 0 0 4 2.27
0.6 0.00
1.0 0.00

a Mean of 3 wells. Parasites were counted until the HIC was reached
b Schizonts with 2 nuclei
C Schizonts with 3 or more nuclei
d Where the mean schizont count in the control wellq was 1~3sthan that in some of the

test wells I the highest count was taken as 100% o mtrol growth
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Parasitised erythrocytesj104 erythrocytesa
Chloroquine
concentration Tropho- schizonts Schizonts Gameto- Percentage

(uM) Rings zoites (=2N)b (>2N)c cytes Total control g-.cO'f,'tild

.~1

Time 0 5 8 7 0 1 21
At 48 hours:
Control 43 60 93 41 0 237 70.33
0.03 54 58 143 82 0 337 100.00
0.06 47 58 130 72 0 307 91.10
0.1 61 63 105 45 0 274 81.31
0.3 90 40 1 0 0 130 38.58
0.6 8 8 1 0 0 16 4.75
1.0 0.00

Test .f.

Time 0 21 29 3 0 0 53
At 48 hours:
Control 62 168 109 173 0 512 90.62
0.03 47 105 125 288 (} 565 100.On
0.06 46 130 100 211 0 487 86.19
0.1 56 167 133 115 0 471 83.36
0.3 18 17 3 0 0 38 6.73
0.6 0.00
1.0 0.00

Test ~
Time 0 6 15 11 4 0 36
At 48 hours:
Control 43 62 301 58 0 464 99 36
0.03 35 37 314 65 0 451 96.57
0.06 30 48 324 65 0 467 100.00
0.1 26 40 299 27 0 392 83.94
0.3 1(1 12 1 0 0 23 4.93
0.6 0.00
1.0 0.00

a Mean of 3 wells. Parasites were counted until the HIC was reached
b Schizonts with 2 nuclei
c Schizonts with 3 or more nuclei
d Where the mean schizont count in the control wells was less than that tn some of the

test wells; the highest count was taken as 100% control growth
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Parasitised erythrocyteSjlC4 erythrocytesa
chloroquine
concentration Tropho- Schizonts Schizonts Gameto- Percentage

(uM) Rings zQites (=2N)b (>2N)c cytes Total control growthd

Test 1.
::: Time 0 7 2 3 4 1 17

At 48 hours:
Control 178 29 2 2 0 211 100.00
0.03 181 22 2 1 0 205 98.57
0.06 182 20 2 2 0 206 97.62
0.1 173 15 4 2 2 196 93.81
0.3 36 7 3 0 0 46 21.90
0.6 5 5 0 0 0 10 4.76
1.0 0.00

Test 2

Time 0 6 5 1 4 0 16
At 48 hours:
Control 43 8 1 8 0 60 98.36
0.03 44 8 3 6 0 61 100.00
0.06 45 7 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
0.6 5 0 0 0 0 5 8.20
1.0 0.00

1'est1
Time 0 19 1 0 1 0 21
At 48 hours:
Control 153 7 1 4 0 165 96.49
0.03 146 17 2 6 0 171 100.00
0.06 149 17 2 1 1 171) 99.42
0.1 120 6 1 4 0 131 76.61
0.3 11 4 1 0 0 16 9.36
0.6 0.00
1.0 0.00

a Mean of 3 wells. Parasites were counted until the Mrc was reached
b Schizonts \iith 2 nuclei
c schizonts with 3 or more nuclei
d liherethe mean schizont count ill the centrel 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 erythrocytesjl04 erytbrocytesa
Chloroquine
concentration Tropho- SChizonr Schizonts Gameto- percentage

(uM) Rings zoites ("'2lf) {>2N)c cytes Total control'jrowthd

Test 1
Time 0 17 2 1 1 (} 21
At 48 hours:
Control 45 39 27 3 2 116 73.89
0.03 53 45 28 5 3 134 85.35
0.06 47 62 35 6 7 157 100.00
0.1 46 34 24 1 2 107 68.15
0.3 1 1 1 1 0 4 2.55
0.6 0.00
1.0 0.00

Test 2.

Time 0 41 33 1 0 0 75
At 48 hours:
Control 144 39 3 1 0 187 100.00
0.03 118 48 1 3 1 171 91.44
0.06 132 35 0 2 0 169 90.37
0.1 148 15 1 1 0 165 88.24
0.3 13 6 1 0 0 20 11.23
0.6 0.00
1.0 0.00

Test J.

~fime0 73 9 0 4 0 86
At 48 hours:
Control 630 178 11 32 0 351 100.00
0.03 644 147 10 26 0 827 97.18
0.06 676 137 5 31 0 849 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
1.0 0.00

a Mean of 3 wells. Parasites were counted until the HIC was reached
b Schizonts with 2 nuclei
c 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 higbest count was taken as 100% control growth
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Parasitised erythrocytes/104 erythrocytesa
Chloroquine
concentration Trooho- Schizonts Schizonts Gameto'" Percentage

(ill!) Rings zoi1:es (=2N)b (>2N)c cytes Total control growthd

Test 1
Time 0 13 3 1 1 0 18
At 48 hours:
Control 247 3 2 3 0 255 98.84
0.03 246 4 1 7 0 258 100.00
0.06 235 6 1 4 0 246 95.35
0.1 211 4 1 4 0 220 85.27
0.3 19 5 2 2 0 27 10.47
0.6 9 5 0 0 0 14 5.43
1.0 0.00

Test 2.

Time 0 17 1 0 a 0 18
At 48 hours:
control 278 22 4 5 a 311 86.63
0.03 275 29 4 5 0 313 87.19
0.06 302 44 4 9 0 359 100.00
0.1 281 36 6 5 0 328 91.36
0.3 99 2 0 2 0 103 28.69
0.6 11 0 0 0 0 11 3.06
1.0 0.00

Test d

Time 0 10 4 1 0 0 15
At 48 hours:
Control 90 27 2 2 0 120 98.36
0.03 93 26 2 1 0 122 100.00
0.06 94 24 2 2 0 122 100.00
0.1 81 10 0 2 0 93 76.23
0.3 1 2 0 1 0 4 3.2S
0.6 0.00
1.0 "00

a Mean of 3 wells. Parasites were counted until the HIC was reached
b Schizonts with 2 nuclei
c Schizonts with 3 or ~ore nuclei
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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Parasitised erythrocyte~/104 erythrocytesa
Chloroquine
concentration Tropho- Schizonts Schizonts Gameto- percentage

fUM) Rings zoites (=2H}b (>2H}c cytes Total control growthd

Test !
Time 0 7 7 13 2 1 30
At 48 hours:
COlltrol 15 24 12 3 2 56 100.00
0.03 30 17 0 0 1 49 87.27
0.•06 2 4 0 0 0 6 10.91
0.1 0.00
0.3 0.00
0.6 0.00
1.0 0.00

Test 2.

Tillie0 30 2 1 0 0 33
At 48 hours:
Control 49 12 3 3 0 67 100.00
0.03 5 19 2 0 0 26 39.39
0.C6 3 5 0 0 0 8 0.00
0.1 0.00
0.3 0.00
0.6 0.00
1.0 0.00

Test d

Time 0 4 8 2 1 1 16
At 48 hours:
Control 16 29 8 14 1 68 100.00
0.03 21 23 3 2 1 50 73.53
0.06 0 1 0 0 0 1 2.94
0.1 0.00
0.3 0.00
0.6 O.Ol)
1.0 0.00

a Mean of 3 wells. Parasites were counted until the HIC was r~ached
b Schizonts with 2 nuclei
c 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 count was taken as 100% control growth
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Parasitised erythrocytesllo4 erythrocytesa
Chloroauine
concenfration Tropho- Schizonts Scbizonts Gameto- Percentage .

(11M) Rings zdtes (;::2lf)b (>2Ij)c cytes Total control growthG

Test 1
Time (I 22 24 4 0 0 50
At 48 hours!
Control 112 29 23 17 3 184 88.04
0.03 125 18 19 15 6 183 87.56
0.06 97 17 13 17 11 155 74.16
0.1 131 33 22 17 6 209 100.00
0.3 89 32 4 2 3 130 72.20
0.6 11 11 o 0 0 22 10.53
1.0 0.00

Test 2-

Tillie0 71 4 0 1 0 76
At 48 hours:
Control 584 160 15 6 1 766 100.00
0.03 496 182 21 10 0 709 92.29
1'.06 481 159 13 7 0 660 86.27
0.1 555 159 10 5 0 729 95.29
0.3 43 11 4 1 0 59 8.10
0.6 0.00
1.0 0.00

Test J.

Time 0 13 15 2 3 0 33
At 48 hours:
Control 162 260 40 259 1 722 100.00
0.03 158 227 46 278 1 710 98.47
0.06 146 195 55 206 0 602 83.63
0.1 107 188 37 13~ 0 465 64.49
0.3 57 13 0 1 0 71 9.57
0.6 9 2 0 0 0 11 1.53
1.0 0.00

a Mean of 3 wells. Parasites were counted until the HIe was reached
b Scbizonts with 2 nuclei
c 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 count was taken as 100% control growth
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Parasitised erythrocytes/104 erytb!ocytesa
chloroquine
concentration Tropho- SChizonr Schizonts Gal!leto- Percentage d

(11M) Rings zoites (:::2M) (>2N)c cytes Total control growtll

Test 1
Tilne0 19 17 9 G 0 45
At 48 hours!
control 137 34 22 4 2 199 100.00
0.03 106 36 20 6 2 170 86.36
0.06 93 29 21. 4 10 157 79.80
0.1 105 29 9 6 7 156 78,28
0.3 115 24 a 1 5 145 73.74
0.6 7 6 a a a 13 6.57
1.0 0.00

Test 2
Time 0 27 1 a 1 a 29
At 48 hours:
Control 470 66 3 3 0 542 100.00
0.03 403 107 1 3 a 514 94.83
0.06 449 82 5 6 0 542 100.00
0.1 460 51 1 >1 a 516 95.20
0.3 8 15 1 1 a 25 4.61
0.6 0.00
1.0 0.00

Test 1
Time 0 1 6 2 5 a 14
At 48 hours:
control 221 18 4 8 1 252 98.82
0.03 226 18 4 7 a 255 100.00
0.06 202 20 ? 6 a 231 90.59.)

0.1 183 12 2 4 0 201 78.82
0.3 9 4 0 0 0 13 5.10
0.6 0.00
1.0 0.00

a Hean of 3 wells. Parasites were counted until the HIC sas reached
b Schizonts with 2 nuclei
c Schizonts with 3 or more nuclei
d Where the mean schizont count in the control wells was iess than that in some of the

test wells, the highest count was taken as 100% control growth
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Parasitised erythrocytes/104 erythrocytesa
Chltlroquine
concentration Tropho- schizonts schizonts GaJleto- Percentaee

(uM) Rings zoites (=2H)b (>2H)c cytss Total control growthd

Test !
Time 0 39 7 3 17 0 66
At 48 hours!
Control 653 48 18 126 0 845 95.37
0.03 671 45 17 153 0 886 100.00
0.06 612 42 21 145 0 820 92.55
0.1 443 40 16 103 0 602 67.95
0.3 89 25 0 0 0 114 12.87
0.6 41 31 0 0 0 72 8.13
1.0 39 26 0 0 0 65 7.34

Test ~
Time 0 15 3 1 2 0 21
At 48 hours:
Control 266 34 9 29 0 339 100.00
0.03 218 21 5 23 0 273 80.53
0.06 232 29 6 II!. 0 285 84.07
0.1 209 24 2 12 0 247 73.16
0.3 13 3 0 0 0 16 4.72
0.6 0.00
1.0 0.00

Test d

Time 0 37 1 1 1 0 40
At 48 hours:
Control 340 39 16 4 0 399 84.57
0.03 377 70 20 5 1 473 100.00
0.06 310 53 27 7 0 397 83.93
0.1 362 63 14 2 0 441 93.23
0.3 14 12 1 0 0 27 5.71
0.6 20 9 0 0 0 23 0.00
1.0 17 7 0 0 0 24 0.00

a Mean of 3 Wells. Parasites were counted until the HIC was reached
b schizonts with 2 nuclei
c 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 count was taken as 100% control growij1
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Parasitised erytbrocytes/l04 erythroC"ytesa
Chloroquine
concentration Tropho- schizonts schizonts Gameto- Percentage

(uH) rings zoites (;::2N)b (>2N)c cytes Total control growtbd

'rest 1,.

Tile 0 28 3 2 6 0 39
At 48 hours:
control 369 20 2 14 1 406 100.00
0.{}3 362 21 4 9 1 397 97.78
0.;)6 370 17 2 13 0 402 99.01
0.1 291 16 '1 16 0 325 80.05J.-

0.3 1.4 10 0 0 24 5.91
0.6 0.00
1.0 0.00

Test 2.

Time 0 50 20 16 0 0 88
At 48 hours:
Contro]. 728 10 8 53 0 800 96.27
0.03 1'26 21 9 50 1 813 97.83
0.06 742 16 7 61 I) 831 100.00
0.1 423 15 15 45 5 503 60.53
0.3 77 15 0 0 0 92 11.01
0.6 62 17 0 0 0 79 9.51
1.0 0.00

j'_estJ
Tile 0 12 4 0 1 0 17
At 48 hours:
Control 303 33 1 2 0 339 97•.41
0.03 324 24 0 0 0 348 100.00
0.06 299 20 0 1 0 320 91.95
0.1 211 6 0 1 0 224 64.37
0.3 9 1 0 0 0 10 2.87
0.6 0.00
1.0 0.00

a ~~an of 3 wells. Parasites were counted until the HIe was reached
L S~hitonts with 2 nuclei
c Schizonts with 3 or more nuclei
d Where the mean schizont count in the control wells was less than that in SOllleof the

test wells/ the highest count was taken as 100% control growth
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MWI

parasitised erythrocyteS/104 erythrocytesa
Chloroquine
concentl'.r.tion Tropho- Schizonts Schiz~nts Gallleto- Percentage d

(lIM) Rings 'Goites (=2N)b (>2N)c cytes Total control growth

Test 1.

Tillie(l 9 7 0 0 0 16
At 4B hours:
Control 43 64 11 6 G 124 100.00
0.03 22 37 5 7 0 71 57.26
0.06 22 36 7 4 0 69 55.65
0.1 21 35 9 3 0 68 51.84
0.3 26 32 5 10 0 73 58.87
0.6 6 6 0 0 0 12 9.68
1.0 0.00

Test 2-

Time 0 29 25 0 9 0 63
At 48 hours:
control 324 4 10 47 1 386 66.90
0.03 404 9 8 28 2 451 78.16
0.06 516 9 9 40 3 577 100.00
0.1 188 6 20 43 1 258 44.71
0.3 40 16 0 0 0 56 9.71
0.6 0.00
1.0 0.00

Test J

Time 0 16 1 1 0 18
At 48 hours:
Control 538 13 1 16 0 568 100.00
0.03 520 11 1 13 0 545 95.95
0.06 505 10 2 12 0 529 93.13
0.1 280 11 1 6 0 298 52.46
0.3 18 4 0 0 0 22 3.81
0.6 11 2 0 0 0 13 2.29
1.0 0.00

a Mean of 3 wells. Parasites were counted until tbe HIC was reached
b Schizonts tlitb 2 nuclei
c Schizonts with 3 or lIIorenuclei
d 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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Parasi tfsed erythrocytes /104 erythrocytesa
Chloroquine
concentration Tropho- Schizonts schizonts GallIeto- Percentage

(uH) Rings zoites (=2N)b (>2N)c cytes Total control g;:owthd

Test 1
Time. 0 3 2 2 3 0 10
At 48 hours:
control 13 11 8 18 2 52 94.55
0.03 13 3 7 10 4 42 76.36
0.06 32 6 7 8 2 55 100.00
0.1 13 8 7 10 2 40 72.73
0.3 6 5 0 0 0 11 i!0.00
0.6 5 2 0 0 0 8 14.55
1.0 0.00

Test a
Time 0 36 17 2 1 0 56
At 48 hours:
Control 130 183 67 78 0 458 98.28
0.03 103 175 67 107 0 452 97.00
0.06 116 192 69 89 0 466 100.00
0.1 142 174 43 30 0 389 83.48'
0.3 9 19 0 0 0 28 6.01
0.6 0.00
1.0 0.00

Test 1
Time 0 6 3 0 5 0 14
At 48 hours:
Control 309 3" 4 22 1 373 99.73
0.03 329 23 4 18 0 374 100.00
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 0 20 5.35
0.6 6 1 0 0 0 7 1.87
1.0 0.00

a Mean of 3 wells. Parasites were counted until the IHC was reached
b Schizonts with 2 nuclei
c Schhonts with 3 or ll\orenuclei
d Where the mean schizont count in the control I~ells was less than that in Some of the

test wells, the highest count was taken as 100% control growth
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parasitised erythrocytes/104 erythrocytesa
Chloroquine
concentration Tropho- SChizonfis Schizonts Gameto- percentage

(uN) Rings zoites (=2N) (>2N)c cytes Total control growthd

Test 1.

Time 0 15 4 0 1 o 20
At 48 hours:
Control 61 65 0 1 0 127 86.99
0.03 61 82 1 2 0 146 100.0~
0.06 46 79 1 2 0 1215 87.67
0.1 26 84 1 3 0 114 78.08
0.3 17 18 0 0 0 35 23.97
0.6 2 10 0 0 0 12 8.22
1.0 0.00

Test 2-

Tillie0 8 5 0 o o 13
At 48 hours:
control 110 48 7 2 0 167 89.30
0.03 70 67 5 1 0 143 76.47
0.06 86 88 9 4 0 187 100.00
0.1 77 63 5 4 0 149 79.68
0.3 37 1 0 0 0 38 20.32
0.6 0 2 0 0 0 2 L07
1.0 0.00

Test J.

Time 0 14 6 o 0 o 20
At 48 hours!
Control 200 32 2 1 0 235 100.00
0.03 196 28 1 1 0 226 96.17
0.06 198 32 1 0 0 231 98.72
0.1 199 31 2 1 0 233 99.15
0.3 124 4 0 1 o 129 54.89
0.6 0 1 0 0 0 1 0.43
1.0 0.00

a Mean of 3 wells. Parasites were counted until the HIC was reached
b Schizonts with 2 nuclei
c 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 count was taken as 100% control growth
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APPENDIX B

In yitro response to pyrimethamine of 20 southern African reference isolates of Plasmodium
falciparU!1Iin the 48-hour growth inhibition test
RSA1.

Parasitised erytr~ocytes/l04 erythrocytes a
Pyrimethamine
concentration Tropho- Schizonts Schizonts Gallleto- Percentage

(uN) Rings zoites (=2l1)b (>2N)c cytes Total control growthd

Test 1.

Time 0 5 3 1 0 0 9
At 48 hours:
control 34 25 0 0 0 61 100.00
0.003 32 24 0 0 0 56 91.80
0.01 21 28 0 0 1 50 81.97
0.03 2 2 0 0 1 5 8.20
0.1 O.CQ
0.3 0.00
1.0 0.00
3.0 0.00

Test 2.

Time 0 14 5 2 3 0 24
At 48 hours:
Control 95 32 9 7 0 144 91.72
0.003 114 23 7 2 1 143 91.08
0.01 123 19 10 4 1 157 100.00
0.03 41 9 6 1 60 38.22
0.1 2 2 2 9 0 14 8.92
0.3 0.00
1.0 0.00
3.0 0.00

Test d

Time 0 8 4 1 0 0 12
At 48 hours:
Control 12 12 0 0 0 24 92.31
0.003 9 11 0 0 0 21 80.77
0.01 12 13 0 1 0 26 100.00
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. Parasites were counted until the HIC was reached
b schizonts with 2 nuclei
c Schizonts wit~ 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 count was taken as 100% control growth
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Parasitised erythrocytes/104 erythrocyt~s a
pyrimethamine
concentration Tropho- Schizonts Schizonts Gameto- percentage

(uM) Rings zoites (=2N)b (>2N)c cytes Total control growthd

Tes.11
Time 0 15 0 0 0 1 16
At 48 hours:
Control 62 2 2 3 1 70 74.47
0.003 74 1 1 6 0 82 87.23
0.01 85 3 0 6 0 94 100.00
0.03 18 1 0 8 0 27 28.72
0.1 0 1 0 9 0 10 10.64
0.3 0.00
1,0 0.00
3.0 0.00

Test .f

Time 0 18 1 2 2 0 22
At 48 hours:
Control 114 15 S 7 0 144 100.00
0.003 94 13 10 4 3 124 86.11
0.01 108 11 11 10 3 143 99.31
0.03 44 5 2 4 }. 56 38.89
0.1 1 0 2 6 1 10 6.94
0.3 0.00
l.,0 0.00
3,,0 0.00

Test J.

Time 0 9 8 2 2 1 22
At 48 hours:
Control l88 55 5 14 5 267 98.52
0.003 177 64 10 14 6 271 100.no
0.01 176 59 6 14 7 262 96.68
0.03 99 34 3 15 8 159 58.67
0.1 0 4 1 9 7 21 7.75
0.3 0.00
1.0 0.00
3.0 0.00

a Mean of 3 Ivells. Parasites were counted until the HIC was reached
b schizonts with 2 nuclei
c Schizollts 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 count was taken as 1\:n control growth
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RSA 1

Parasitised erythrocytes/104 erythrocytes a
Pyrimethamine
concentration Tropho- Schizonts Schizonts Gameto- Percentage

(uM) Rings zoites (=2H)b (>2N)c cytes Total control growthd

Test 1.

Time 0 28 3 0 1 0 32
At 48 hours:
Control 140 2 3 3 0 148 87.72
0.003 182 0 2 4 0 188 100.00
0.01 64 2 2 3 0 71 37.77
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 84 44.68
1.0 70 4 5 15 1 95 50.53
3.0 25 1 2 20 0 48 25.53

Test .f

Time 0 18 4 1 0 0 23
At 48 hours:
Control 55 6 3 7 1 72 91.14
0.003 71 4 0 3 1 79 100.00
0.01 35 3 1 6 1 46 58.23
0.03 28 1 1 7 1 38 48.10
0.1 34 2 1 9 0 46 58.23
0.3 39 3 2. 8 1 53 67.09
1.0 34 3 1 11 1 50 63.29
3.0 16 1 0 11 0 28 35.44

Test 1
Time 0 6 1 1 3 0 11
At 48 hours:
Control 32 35 4 5 1 77 97.47
0.003 36 33 4 5 1 79 100.00
0.01 29 34 6 4 0 73 92.41
0.03 25 28 2 4 0 59 74.68
0.1 22 27 3 4 0 56 70.89
0.3 21 30 2 4 0 57 72.15
1.0 22 25 3 4 0 54 68.35
3.0 3 22 1 3 1 30 37.97

a Mean vf 3 wells. Parasites were counted until the MIe was reached
b Schizonts with 2 nuclei
c Schizonts with 3 or more nuclei
d Where the lileanschizont count illthe 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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RSA .4.

Parasitised erythrocytes/104 erythrocytes a
pyrimethamine
concentration Tropho- Schizonts Schizonts Galileto- Percentage

(lIM) Rings zoites (=2U)b (>2N)c cytes Total control growthd

Test 1
Tillie0 25 3 4 4 12 47
At 48 hours:
Centrol 41 8 7 8 5 69 66.99
0.003 78 '1 3 10 5 103 100.00,
0.01 34 4 3 9 7 57 55.34
0.03 5 1 4 14 11 35 33.98
0.1 0.00
0.3 0.00
1.0 0.00
3.0 0.00

Test 2
Time 0 34 11 2 2 0 49
At 48 hours:
Control 107 16 5 6 2 136 100.00
0.003 113 11 4 3 4 135 98.54
0.01 51 !l 3 4 2 68 48.91
0.03 1 2 3 12 2 20 14.60
0.1 0.00
0.3 0.00
1.0 0.00
3.0 0.00

Test J.

Time 0 24 3 1 1 1 30
At 48 hours:
Control 146 26 1 2 4 179 100.00
0.003 146 21 2 5 3 177 98.88
0.01 51 14 2 3 2 72 40.45
0.03 0 1 0 7 3 11 6.18
0.1 0.00
0.3 0.00
1.0 0.00
3.0 0.00

a Mean of 3 wells. Parasites were counted. until the HIC was reached
b Schizonts with 2 nuclei
c Schizonts with 3 or more nuclei
d WM.re the mean schizont count in the control wells was less than that ill some of the

test wells, the highest count was taken as 100% control growth
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RSA Q

Parasitised erythrocytes/104 erythrocytes a
Pyrimethamine
concentration Tropho- Schizonts Schizonts Galleto- Percentage

(lIM) Rings zoites (=2N)b (>2N)c cytes Total control growthd

Test 1
Time 0 19 13 14 4 1 49
At 48 hours:
Control 168 69 121 53 13 ."~.i 100.00
0.003 123 56 103 72 10 ~,A 85.88
0.01 136 68 86 61 14 365 85.88
0.03 116 57 92 87 10 362 85.18
0.1 121 87 89 65 11 373 87.76
0.3 93 60 67 80 9 309 72.71
1.0 123 63 77 68 11 342 80.24
J~O 48 21 18 12 14 113 26.59

Test 2

Time 0 4 6 6 3 0 19
At 48 hours:
Control 29 37 9 3 0 78 100.00
0.003 20 43 3 2 1 69 83.95
0.01 25 43 6 3 0 77 96.30
0.03 26 36 6 3 1 72 87.65
0.1 11 24 2 0 0 36 45.68
0.3 9 19 2 1 1 32 40.74
1.0 11 18 0 1 1 31 37.04
3.0 6 8 0 1 1 16 20.99

Test 1
Time 0 47 1 1 1 1 51
At 48 hours:
control 123 11 12 27 2 175 76.75
0.003 184 8 8 24 3 228 100.00
0.01 137 9 S 15 0 169 74.12
0.03 125 10 16 26 1 178 78.07
0.1 113 11 10 22 2 159 69.74
0.3 170 6 10 23 1 209 91.67
1.0 128 3 9 17 2 159 69.74
3.0 21 7 9 31 1 68 29.82

a Mean of 3 wells. Parasites were counted until the HIC was reached
b Schizonts with 2 nuclei
c Schizonts with 3 or more nuclei
d Where the mean schizont count in the control limllswas less than that in some of the

test wells, the highest count was taken as 100~icontrol <J"'~wth
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RSAQ

Parasitised erythrocytes/l04 erythrocytes a
Pyrbethamine
concentration Tropho- Scbizonts Schizonts Gameto- Percentage

(uM) Rings zoites (=2N)b (>2N}c cytes Total control growtbd

Test 1
Time 0 17 3 1 3 1 23
At 48 hours:
control 31 26 18 10 2 87 100.00
0.003 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 34 313.64
0.1 0 1 8 6 5 20 23.86
0.3 0.00
1.0 0.00
3.0 0.00

Test Z
Time 0 11 4 0 1 0 16
At 48 bout::;;
Control 205 31 1 2 0 239 100.00
0.003 199 32 3 3 0 237 98.33
0.01 191 37 2 6 0 236 98.75
0.03 182 29 1 3 0 215 89.58
0.1 0 0 0 4 0 4 1.67
0.3 0.00
1.0 0.00
3.0 0.00

Test 1
Time 0 21 5 2 2 1 31
At 48 hours:
control 167 9 3 12 0 191 82.68
0.•003 199 5 3 14 0 221 95.67
0.01 205 9 1 16 0 231 100.00
0.03 195 8 3 11 0 217 93.94
0.1 4 1 0 1 0 6 2.60
0.3 0.00
1.0 0.00
3.0 0.00

a Mean of 3 wells. Parasites were counted until the HIC was reached
b Schizonts with 2 nuclei
c 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 count was taken as 100% control growth
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RSAl

Patasitised erythrocytes/l04 erythrocytes a
pyrimethamine
concentration Tropho- Schizonts Schizonts Gameto- Percentage

(uM) Rings zoites (=2~jjb (>2N')c cytes Total control growthd

Tag 1

Tillie0 7 6 " 2 1 20l~

At 48 hours:
Control 47 10 1 2 1 61 100.00
0.003 45 4 0 2 1 52 86.67
0.01 44 12 0 2 1 59 98.33
0.03 43 9 2 3 1 58 96.67
0.1 25 3 1 0 2 31 51.67
0.3 39 8 1 1 0 49 81.67
1.0 15 3 0 1 1 20 33.33
3.0 0.00

Test 2
Time 0 22 8 1 0 0 31
At 48 hours:
control 218 156 23 20 0 417 98.12
0.003 217 157 28 21 0 423 99.53
0.01 204 178 19 23 1 425 100.00
0.03 151 49 1 5 0 206 48.47
0.1 0 1 1 5 0 7 1.65
0.3 0.00
1.0 0.00
3.0 0.00

Test.d
Time 0 19 1 1 7 1 28
At 48 hours:
control 229 15 7 H 2 267 77.39
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 0 221 64.06
0.1 0 0 0 1 6 7 2.03
0.3 0.00
1.0 0.00
3.0 0.00

a Mean of 3 wells. Parasites were counted until the HIC was reached
b Schizonts with 2 nuclei
c Schizonts with 3 or more nuclei
d h'here the mean.schizont count in the.control wells was less than that in some of the

test wells, the highest count was taken as 10C% control growth
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RSA. ~

Parasltised erythrocytes/l04 erythrocytes a
Pyrimethamine
concentratlon Tropho- Schizonts schizonts Gameto- Percentage

(uM) Rings zoites {=2H)b (>2H)c cytes Total control growthd

Test I
Time 0 7 22 13 2 0 44
At 48 hours:
Control 40 41 118 91 0 290 86.57
0.003 48 59 151 77 0 335 100.00
0.01 43 43 126 107 0 319 95.22
0.03 23 32 62 43 0 160 47.76
0.1 0 1 0 7 1 9 2.69
0.3 0.00
1.0 0.00
3.0 0.00

Test .f

Time 0 30 9 0 1 0 40
At 48 hours:
Control 170 127 20 19 1 337 90.11
0.003 96 167 45 63 1 372 90.47
0.01 94 166 54 59 1 374 100.00
0.03 97 132 25 8 0 262 70.05
0.1 0 1 1 11 0 14 3.74
0.3 0.00
1.0 0.00
3.0 0.00

Test J.

Tillie0 10 4 0 1 0 15
At 48 hours:
control 125 43 3 2 0 173 98.86
0.003 110 60 1 3 0 174 99.43
0.01 99 70 3 3 0 J.75 100.00
0.03 80 46 0 1 0 127 72.57
0.1 1 0 0 2 0 3 1.71
0.3 0.00
1.0 0.00
3.0 0.00

a Mean of 3 wells. Parasit~c were counted until the HIC was reached
b Scbizonts with 2 nuclei
c 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 count was taken as 100% control growth
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RSA~

Parasitised erythrocytes/lo4 erytJrrocytes a
Pyrimethamine
concentration Tropho- Schizonts Schizonts Gameto- Percentage

(UR) Rings zoites f=2N)b (>2N)c cytes Total control growthd

Test 1.

Time 0 5 8 7 0 1 21
At 48 hours:
Control 62 78 126 67 0 333 98.23
0.003 49 62 135 68 0 314 92.63
0.01 54 67 148 70 0 339 100.00
0.03 24 29 28 2 0 83 24.48
0.1 1 1 0 2 1 5 1.47
0.3 0.00
1.0 0.00
3.0 0.00

Test 2.

Time 0 21 29 3 0 0 53
A.t 48 hours:
Control 62 168 110 173 0 513 97.34
0.003 52 129 118 228 0 527 100.00
0.01 60 120 103 231 0 514 97.53
0.03 45 113 90 188 0 436 82.73
0.1 0 0 0 17 0 17 3.23
0.3 0.00
1.0 0.00
3.0 0.00

Test J.

Time 0 6 15 11 4 0 36
At 48 hours:
Control 4 47 347 20 0 418 80.38
0.003 43 52 339 72 0 506 97.31
0.01 34 55 354 77 0 520 100.00
0.03 39 45 284 47 0 415 79.81
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. Parasites were counted until the HIC was reached
b schizonts with 2 nuclei
c 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 count was taken as 100% control growth
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RSA 10

Parasitised erythrocytes/l04 erythrocytes a
pyrimethamine
concentration Tropho- Schizonts Scbizonts Gameto- Percentage

(uM) Rings zoites (=2N)b (>2NJ'~ cytes Total control growthd

Test 1
Time 0 7 3 2 s 1 16
At 48 hours:
Control 165 13 4 5 0 187 85.78
0.003 190 20 3 4 1 218 100.00
0.01 163 20 3 4 1 191 87.61
0.03 52 4 2 2 0 60 27.52
0.1 3 0 2 6 0 11 5.05
0.3 0.00
1.0 0.00
3.0 0.00

.Test Z.

Time 0 6 5 1 4 0 16
At 48 hours:
Control 48 8 1 4 0 61 96.83
0.003 46 7 2 4 0 59 93.65
0.01 49 7 1 6 0 63 100.00
0.03 30 5 1 3 0 39 61.90
0.1 0 1 0 4 0 5 7.94
(}.3 0.00
1.0 0.00
3.0 0.00

Test 1
Time 0 19 0 1 0 21
At 48 hours:
control 184 9 2 5 1 201 98.53
0.003 164 13 2 3 0 182 89.22
0.01 181 16 4 3 0 204 100.00
0.03 11 2 0 3 1 17 8.~3
0.1 0.00
0.3 0.00
1.0 0.00
3.0 0.00

a Mean of 3 wells. Parasites were ~vunted until the HIe was reached
b Schizonts with 2 nuclei
c Schizonts with 3 or more nuclei
d ~'here the mean schizont count in the control wells was less than that in some of the

test wells I the highest count was taken as 100~ control growth
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RSA 11

Parasitised erytbrocytes/l04 erythrocytes a
Pyrimethamine
concentration Tropho- schizonts Schizonts Gameto- Percentage

(uM) Rings zoites (=2N)b {>2N)c cytes Total control growi:hd
---

lest 1
Time 0 17 2 1 i 0 21
At 48 hours:
Control 137 53 28 4 a 222 100.00
0.003 117 44 23 10 a 194 89.04
0.01 81 64 36 11 0 192 87.67
0.03 29 33 15 3 1 81 37.44
0.1 0 0 1 2 0 3 1.37
0,3 0.00
1.0 0.00
3.0 0.00

Test .2.

Time 0 40 33 1 0 0 74
At 48 hours:
Control 144 39 3 1 0 187 100.00
0.003 125 19 1 2 0 147 79.14
0.01 113 44 0 1 0 158 83.96
0.03 103 25 2 2 a 132 70.59
0.1 2 4 0 13 0 19 10.70
0.3 0.00
1.0 0.00
3.0 0.00

Test J.

Tiwe 0 70 10 0 2 0 82
At 48 hours:
Control 630 118 11 32 G 851 98.50
0.003 621 169 16 41 a 847 98.03
0.01 591 209 19 26 a 845 97.80
0.03 701 135 6 22 0 864 100.00
0.1 26 4 1 25 0 56 6.48
0.3 0.00
1.0 0.00
3.0 0.00

a Mean of 3 wells. Parasites were counted until the HIC was reached
b Schizonts with 2 nuclei
c 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 I the highe:stcount was taken as 100% control growth



~Ol

RSA 12

Parasitised eryt$~ocytes/104 erythrocytes a
Pyrimethamine
concentration Tropho- Schizonts Schizonts Gameto- Percentage

(uM) Rings zoiteIJ (=2N)b (>2N)c cytes Total control growthd

Test 1
Time 0 13 3 1 1 0 18
At 48 hours:
control 263 4 2 5 0 274 92.57
0.003 286 7 1 2 0 296 100.00
0.01 258 3 2 5 {\ 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 f
Time 0 17 1 0 0 0 18
At 48 hours:
Control 278 27 4 5 0 314 78.30
CI.003 292 46 4 7 0 349 87.03
0.01 300 76 13 12 0 401 100.00
0.03 207 48 4 5 0 264 65.84
0.1 2 0 0 11 0 13 3.24
0.3 0.00
1.0 0.00
3.0 0.00

Test J.

Time 0 10 3 1 0 0 14
At 48 hours:
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 0 131 100.00
0.03 52 12 0 • 0 68 51.91"'0.1 0 1 0 5 0 6 4.58
0.3 0.00
1.0 0.00
3.0 0.00

a Mean of 3 wells. Parasites were counted until the HIC was reached
b Schizonts with 2 nuclei
c 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 count was taken as 100% control growth
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RSA 13

Parasitised erythrocytes/1Q4 erythrocyt&S a
pyrimethamine
concentration Tropho- Schizonts Schizonts Gameto- Percentage

(uM) Rings zoites (::2N)h (>2N)c cytes Total control growthd

'fest1.
Time 0 7 7 13 2 1 30
At 48 hours:
Control 6 17 42 17 1 83 100.00
0.003 4 11 34 17 2 68 81.93
0.01 1 4 9 10 2 26 30.12
0.03 0.00
0.1 0.00
0.3 0.00
1.0 0•.00
3.0 0.00

Test ~
Time 0 30 2 1 0 0 33
At 48 hours:
Control 50 9 4 4 ]. 68 100.00
0.003 47 13 3 5 0 68 100.00
0.01 11 5 1 4 1 22 29.41
0.03 0.00
0.1 0.00
0.3 0.00
1.0 0.00
3.0 \).00

~st 1

Time 0 4 8 2 1 1 16
At 48 hours:
Control 16 32 7 12 1 68 100.00
0.003 11 25 8 12 2 59 85.51
0.01 3 13 4 9 2 31 44.93
0.03 0 0 0 0 1 1 1.45
0.1 0.00
0.3 0.00
1.0 0.00
3.0 0.00

a Mean of 3 wells. Parasites were counted until the HIe was reached
b Schi~onts with 2 nuclei
c 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 count ~Ias taken as 100% control growth
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RS}.14

Parasitised erythrocyteSj104 erythrocytes a
Pyrimethallline
concentration Tropho- schizonts Schizonts (:aJlleto- Percentage

(uN) Rings zoites (=2N)b (>2N)c cytes Total control growthd

Te~l
Tillie0 22 24 4 0 0 50
At 48 hours:
Control 213 34 19 24 3 293 77.31
0.003 235 60 40 40 4 379 100.00
0.01 221 53 43 40 6 363 95.78
0.03 111 20 7 9 5 152 40.11
0.1 1 0 0 8 8 17 4.49
0.3 0.00
1.0 0.00
3.0 0.00

Test Z.

Time 0 71 4 0 1 0 76
At 48 hours:
Control 584 160 15 6 1 766 9:9.87
0.003 588 158 13 7 1 767 100.00
0.01 561 166 10 7 1 745 97.13
0.03 195 24 0 5 0 224 29,20
0.1 1 1 0 29 0 31 4.04
0.3 0.00
1.0 0.00
3.0 0.00

Test d

Time 0 9 13 4 1 0 27
At 48 hours:
Control 159 212 31 106 0 508 95.85
0.003 155 182 27 166 0 530 100.00
0.01 129 181 26 186 3 525 99.06
0.03 98 101 13 45 1 258 48.68
0.1 0 0 0 4 0 4 0.75
0.3 0.00
1.0 0.00
3,(1 - 0.00

a Mean of 3 wells. Parasites were counted until the Inc was reached
b Schizonts with 2 nuclei
c 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 count was taken as 100% control growtll
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RSA 15

Parasitised erythrccytes/l04 erythrocytes a
pyrimethamine
concentration Tropno- Schizonts Schizonis Gameto- Percentage

(uM) Rings zoites (=2N)b (>2N}c cytes Total control growthd

Test 2.

Time 0 19 17 9 0 0 45
At 48 hours:
Control 145 48 17 5 9 224 100.00
0.003 77 35 12 4 10 138 60.89
0.01 67 41 21 8 10 147 65.33
0.03 36 16 3 5 12 72 32.00
0.1 3 2 0 1 7 13 5.33
0.3 0.00
1.0 0.00
3.0 0.00

Test 1
Time 0 27 1 0 1 0 29
At 48 hours:
Control 470 66 3 3 0 542 100.00
0.003 416 96 8 4 0 524 97.40
0.01 427 94 5 3 0 529 98.33
0.03 225 23 0 1 0 249 46.20
0.1 1 0 1 12 0 14 1.61
0.3 0.00
1.0 0.00
3.0 0.00

Test J.

Time 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 0 248 97.25
0.01 216 28 3 7 1 255 100.00
0.03 121 11 2 5 0 139 54.51
0.1 0 0 1 3 0 4 1.57
0.3 0.00
1.0 0.00
3.0 0.00

a Mean of 3 wells. Parasites were counted until the MIC waf;reached
b Schizonts with 2 nuclei
c 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 count was taken as 100% control growth
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RSA 16

Parasitised erytbrocyteS/l04 erythr.ocytes a
pyrimetbamine
concentration Tropho- schizonts Scbizonts Gameto- Percentage

(l1M) Rings zoites (=2N)b (>2H)c cytes Total control growthd

Test 1
'Pime 0 13 11 4 13 0 U
At 48 hours:
Control 621 45 21 102 0 789 86.23
0.003 630 49 12 135 0 826 90.27
0.01 749 33 11 121 1 915 100.00
0.03 503 35 37 47 0 622 67.98
0.1 2 1 0 31 0 34 3.1'2
0.3 0.00
LO 0.00
3.0 0.00

Test 2.

Time a 15 3 1 ., 0 21"At 48 hours:
Control 306 19 7 27 0 359 93.98
0.003 322 17 8 27 0 374 97.91
0.01 333 17 ~ 26 0 382 100.00
0.03 285 18 6 19 0 327 85.60
0.1 3 0 0 4 a 7 1.83
0.3 0.00
1.0 0.00
3.0 0.00

Test ~
Time a 15 5 1 0 a 21
At 48 hours:
Control 383 41 18 6 a 448 94.12
0.003 395 50 23 8 0 476 100.00
0.01 342 65 26 8 0 441 92.65
0.03 350 61 14 5 a 430 90.34
0.1 10 1 a 2 2 15 3.15
0.3 0.00
1.0 0.00
3.0 0.00

a Mean of 3 wells. Parasites were counted until the HIC was reacbed
b Schizonts with 2 nuclei
c 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 count was taken as 100% control growth
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RSA 17

Parasitised erythrocytes/104 erythrocytes a
Pyrimethamine
concentration Tropho- Schizonts Schizonts Gameto- Percentage

(uM) Rings zoites (=2N)b (>2N)c cytes Total control growthd

Test 1,.

Time a 28 3 2 6 1 40
At 48 hours:
Control 238 19 4 24 1 286 98.62
0.003 239 14 a 12 0 265 91.38
0.01 263 20 3 4 a 290 100.00
0.03 40 7 1 9 a 57 19.66
0.1 0 2 1 28 a 31 10.69
0.3 0.00
1.0 O•.OC
3.0 0.00

Test 2
Time 0 50 20 16 a a 88
At 48 hours:
Control 835 20 17 76 1 949 100.00
0.003 776 21 10 62 1 870 91.78
0,01 699 25 7 54 2 7'67 83.03
0.03 318 9 0 20 3 350 38.04
0.1 2 0 1 17 2 22 2.21
0.3 0.00
1.0 0.00
3.0 0.00

Test J

Time a 12 3 0 2 0 17
At 48 hours:
Control 210 34 0 1 0 245 98.39
0.003 192 38 1 1 0 232 93.17
0.01 209 39 0 1 0 249 100.00
0.03 139 49 1 2 0 191 76.71
0.1 0 0 1 3 0 4 1.61
0.3 0.00
1.0 0.00
3.0 0.00

a Mean of 3 wells. Parasites were counted until the MIC was reached
b Schizonts with 2 nuclei
c 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 count was taken as 100% control growth
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MWl

Parusitised erythrocytes/l04 erythrocytes a
Pyrimethamine
concentration Tropho- schizonts Scbizonts Gameto- Percentage

(uM) Rings zoites (=2U)b (>2N)c cites Total control growthd

Test 1
Time 0 11 26 3 4 0 44
At 48 bo.'.Irs:
Control 105 108 45 41 0 299 73.65
0.003 207 84 70 45 0 406 100.00
0.01 163 79 56 35 0 333 82.02
0.03 97 99 38 26 0 260 64.04
0.1 3 3 1 13 0 20 4.93
0.3 0.00
1.0 0.00
3.0 0.00

Test 1

Time a 9 7 a a a 16
At 48 hours:
Control 37 64 16 7 0 124 100.00
0.003 30 55 21 4 0 110 88.71
0.01 39 54 21 5 0 119 95.97
0.03 38 53 11 3 a 105 84.68
0.1 2 3 a 3 a 8 6.45
0.3 0.00
1.0 0.00
3.0 0.00

Test J.

Time ~ 29 25 0 9 0 63
At 48 hours:
Control 498 5 7 31 3 544 81.19
0.003 611 14 6 35 4 670 100.00
0.01 564 13 4 40 2 623 92.99
0.03 402 12 4 33 3 454 67.76
0.1 3 1 1 12 2 19 2.M
0.3 0.00
1.0 0.00
3.0 0.00

a Mean of 3 wells. Parasites were counted until the HIC was reached
b Schizonts with 2 nuclei
c 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 higbest count was taken as 100% control growth
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}!Til 2-

Parasitised erythrocytesjl04 erythrocytes a
Pyrimethamine
concentration Ttopho- Schizonts Schizonts Gameto- percentage

(uK) Rings zoites (=2N)b (>2N}c cytes Total control growtild

Test 1
Time 0 3 2 2 3 0 10
At 48 hours:
Control 20 8 9 9 3 49 96.08
0.003 25 5 10 6 5 51 100.00
0.01 18 5 8 9 4 r!4 86.27
0.03 6 12 7 9 10 44 86.27
0.1 13 7 4 6 8 38 74.51
0•.3 7 7 6 8 6 34 66.67
1.0 6 3 7 5 8 29 0.00
3.0 2 6 6 8 8 30 0.00

Test 2.

Time 0 36 18 2 1 0 57
At 48 hours~
Control 130 183 67 78 1 459 95.62
0.003 89 185 70 135 1 480 100.00
0.01 73 198 76 127 1 475 98.96
0.03 87 203 70 57 0 417 86.88
0.1 7 5 2 5 0 19 3•.96
0.3 0.00
1.0 0.00
3.0 0.00

Test d

Time 0 7 3 0 5 0 15
At 48 hours:
Control 334 38 6 18 0 396 100.00
0.003 330 37 5 18 1 391 98.74
0.01 309 42 8 25 1 385 96.97
0.03 201 17 6 16 0 240 59.85
0.1 0 1 0 2 0 3 0.76
0.3 0.00
1.0 0.00
3.0 0.00

a Hean of 3 wells. Parasites were counted until the HIe was reached
b Schizonts with 2 nuclei
c schizonts with 3 or more nuclei
d Where the mean schizont ccunt in the control wells was less than that in some of the

test wellst the highest count was taken as 100% control growth
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FCR-3

parasitised erytbrocytes/104 erytbrocytes a
Pyrimethamine
concentration Tropho- SChizon£s Schizonts Gall1eto- Percentage

(uM) Rings zoites (=2N) (>2U)c cytes Total control growthd

Test 1.

Time 0 15 4 0 1 0 20
At 48 hours:
Control 26 98 1 2 0 127 93.38
0.003 24 107 3 1 0 136 100.00
0.01 16 91 2 1 0 110 80.88
0.03 10 25 0 0 0 35 25.74
0.1 1 2 0 3 0 6 4.41
0.3 0.00
1.0 0.00
3.0 0.00

Test .f

Time 0 35 25 6 5 0 71
At 48 hours:
Control 190 161 72 106 0 529 85.46
0.003 202 179 59 140 0 580 93.70
0.01 207 198 74 140 0 619 100.00
0.03 91 154 46 73 0 364 58.80
0.1 2 1 1 7 0 11 1.78
0.3 0.00
1.0 0.00
3.0 0.00

Test J

Tillie0 8 5 0 0 0 13
At 48 hours:
Control 75 89 \7 2 0 183 96.32
0.003 77 95 12 6 0 190 100.00
0.01 75 96 7 2 0 180 94.74
0.03 26 12 0 1 0 39 20.53
0.1 0 0 1 0 0 1 0.53
0.3 0.00
1.0 0.00
3.0 0,00

a Mean of 3 wells. Parasites were counted untIl the HIC was reached
b Schizonts with 2 nuclei
c Schizonts with 3 or more nuclei
d Where the mean schizont count in the control wells was less tban that in some of the

test wellS, the highest count was taken as 100% control growth
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APPENDIX C

In vitro response to halofantrine of 19 southern
African reference isolates and 2 KwaZulu field
isolates of P~asmodium falciparum in the radioisotope
uptake assay

Reference isolates

Halofantrine
concentration (pM)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Halofantrine
concentJ::ation(J.l.M)

control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Halofantrlne
concentration (J.l.M)

control
0.01
0.02
0.04
0.08
0.16
0.32
0,64

Mean counts
per minute
7879.30
4114.42
2117.34
367.37

0.00
58.!:)7
25.57
27.24

Mean counts
per minute

8585.69
7923.88
5175.05
1298.13

23.13
0.00
6.13
5.80

Mean counts
per minute

6901.30
6332.02
6356.90
6232.20
5687.95
2830.53
118.04

5.84

Percentage
cont:\ol growth

100.00
52 ..22
26.87
4.66
0.00
0 •.75
0.•32
0.35

Percentage
control gl:"owth

100.00
92.29
60.28
15.12
0.27
0.00
0.07
0.07

Percentage
control growth

100.00
91.75
92.11
90.30
82.42
41.01
1.71
0.08



Halofantrine
concentration (~M)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Halofantrine
concentration (~M)

control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Halofantrine
concentration (~M)

Control
0.01
0~02
0.04
0.08
0.16
0.32
0.64

Mean counts
per minute

15634.84
10755.87
9055.97
3320.30

57.6.t1
74.51
1.97
3..91

Mean counts
per minute

8968.82
7763.75
5300.67
2348.08
333.80
77.60
68.60
74.67

r.feancounts
per minute

'7252.59
7608.00
7406.71
5133.11
2312.91

55.53
0.00
0.00

Percentage
control growth

100.00
68.79
57.•92
21.24
0.37
0.48
0.01
0.01

Percentage
control growth

100.00
86.56
59..10
26.18
3.72
0.87
0.76
0.83

Percentage
control growth

100.00
104.90
102.13
70.78
33.• 89
0.77
0.00
0.00
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Halofantrine
concentration (uM)

control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Halofantrine
concerrtrratiaon (~M)~~-------------

control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Halofantrine
concentration (~M)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

l<ieancounts
per minute

36149.44
30640.24
24907.17
10117.41

203.27
147.94
105.07
130.54

Mean counts
per minute

48855.-67
42137.00
35610.56
20091.18

356.07
213.20
194.47
254.94

Mean counts
per minute

1505.32
2504.'12
2594.00
2828.20
1722.80

2.,QO
0.00
0.00

212

percentage
control growth

100.00
84.76
68..90
27.99
0.56
0.41
0.29
Or36

Pe1.?centage
contr.ol growth
--~---''--'-' --

100.00
86.25
72.89
41.12
0.73
0.44
0.40
o .f;2

Percentage
control growth

100.{;D
166.39
172.32
187.88
114.45

0.13
0.00
0.00



Halofantrine
concentration (~£M)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Halofantrine
concentration (pM)

control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Halofantrine
concentration (pM)

control
0.01
0.02
0.04
Cl.08
0.1.6
0.32
0.64

Mean countis
per minute

1450'.'.70
16168.42
16295.86
14386.'71

387.00
53.74
66.07

109.87

He,an counts
pez minute

17373.20
12739.62
744,8.87
31~~:2.70
91. 60
0.00
0.00
0.00

Mean counts
per :minute------_
6455.35
6264.22
6533.71S
!5875.8:3
3862.27

52.0/'
20.40
36.27

Percentage
control growth

100.00
111.45
112.33
99.17
2.67
0.37
0.46
0.76

Percentage
control growth

100.00
73.33
42.88
1'7.97
0.53
0.00
0.00
0.00

Percentage
oorrtz-o.l;grot-lth

100.00
97.04

101.21
91.02
59.83
0.81
0.32
0.56
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Halofantrine
concentration (~M)

control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Halofantrine
concentrr-at.Lon (t.tM)

control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Iialofantrine
concentration (~M)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0,,64

Mean counts
per minute

9472.30
3974.28
3095.07
1345.30
312.97
109.70
115 ..90
112.10

Mean counts
ptar minute

14857.9D
13870.27
13140.46
8201.19
886.90
184.90
17.5.17
180.97

l'-Ieancounts
per minute

3416.21
3995.77
3667.40
3748.'76
2225.76
270.06
13.93
0.00

Percentage
control growth
----'---~-

100.00
41.96
32.•67
14.20
3.30
1.16
1.22
le18

Percentage
cont.rol growth

107.12
100.00
94.74
59.13
6.39
1.33
1.26
1.30

Percentage
control growth

100.00
116.96
107.35
109.73
65.15
7.91
0.41
0.00
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Halofantrine
concentration (~M)

control
0.01
0.02
0.04
0 ..08
0.16
0.•32
0.64

Halofantl.'ine
concentration (~M)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Halofantrine
concentration (pM)----~,--------~

Control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Mean counts
per minute

4899,.51
4757.,83
4620.,87
5231 ..99
5134 ..32
209.,40
12..00
11..26

Mean counts
per minute

10507.11
7649. ~79
3872.8'8
1229.33

82.93
0.00
0.00
0.00

Mean counts
per minute

2585.91
1363.60
456.47
97.33
9.47
0.00
0.00
0.00

Percentage
control growth

100.00
97.11
94.31

106.79
104.79

4.27
0.24
0523

Percentage
control growth

100.00
72.81
36.86
11. 70
0.79
0.00
0.00
0•.00

Percentage
control growth

100.00
52.73
17.65
3.76
0.37
0.00
0 •.00
0.00
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Halofantrine
concentration (~M)

control
0.01
0.02
0,04
0.08
0.16
0.32
0.64

Fielg isolates

Halofantrine
concentration (~M)

control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Halofantrine
concentration (~M)

control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Mean counts
per minute

5010.46
4968.81
4443.03
3357.33
795.53
17.73
23.87
61.13

Mean counts
per minute

4169.53
32.00
0.00
0.00
0.00
0.00
0.00
0.00

Mean counts
per minute

15686.10
234.80

0.00
0.00
0.00
0.00
0.00
0.00
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Percentage
control growth

100.00
99.17
88.68
61.01
15.88
0.35
0.48
1.22

Percentage
control growth

100.00
0.,77
0.00
0.00
0.00
0.00
0.00
0.00

Percentage
control growth

100.00
1.49
0.00
0.00
0.00
0•.00
0.00
0.00
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APPENDIX D

In vitro response to amodiaquine of 19 southern
African reference isolates of Plasmodium .falciparum in
the radioisotope assay

Amodiaquine
concentration (~M)

control
0,·0025
0.005
0.01
0.02
0.04
0.08
0.16

Amodiaquine
concentration (jJ.M)

Control
0.0025
0.005
0.01
0.02
0.04
0.08
0.16

Amodiaquine
concentration (pM)

Control
0.0025
0.005
0.01
0.02
0.04
0.08
0.16

Mean counts
per minute

4730.15
4961.09
6282 ..63
3924.05

77.37
66.37
61.11

141.51

Mean counts
per minute

9382.86
9433.98
9186.61
7506.54
233.80

0.00
0.00
0.00

1Jleancounts
per minute

5539.72
6062.42
6158.45
2881..86

54.44
46.91
36.57
90.57

Percentage
control growth

100.00
104.88
132.82
82.96
1.64
1.40
1e :29
2.99

PeJtcentage
control gr.owth

100.00
100.54
97.91
80.00
2.49
0.00
0.00
0.00

Percentage
control growth

100.00
109.44
111.17
52.02
0.98

0.85
0.66
1.63



Amodiaquine
concentration (~M)

Control
0.0025
0.005
0.01
0.02
0.04o.os
0.16

Amodiaquine
concentration (pM)

Control
0.0025
0.005
0.01
0.02
0.04
0.08
0.16

Alnodiaguine
concentration (J,£M)

conczo.L
0.0025
0.005
0.01
0.02
0.04
0.08
0.16

Mean counts
per minute

6623.80
7394.29

7635.28
2430.52

98.57
64.77
51.44

103.44

Mean counts
per minute

2247.,40
2324.92
2126.06
1856.20

25.93
4.13
0.00
0.00

J.feancounts
per minute

4304.29
5116.44
2948.63

56.93
24.13
0.00
0.00
0.00
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Percentage
control growth

100.00
111.63

115.21
36d19
1.49
0.98
0.78
1.56

Percentage
control growth

100.00
103.45
94.60
82.59
1.15
0.18
0.00
0.00

Percentage
control growth

100.00
118.87
68.50
1.32
0.56
0.00
0.00
0.00



Amodiaquine
concentration (pM)

control
0.0025
0.005
0.01
0.02
0.•04
0.08
0.16

Amodiaquine
concentration (pM)

Control
0.0025
0.005
0.01
0.02
0.04
0.08
0.16

Amodiaquine
concentration (pM)

control
0.0025
0.005
0.01
0.02
0.04
0.08
0.16

Mean counts
per minute

2721.42
3028.09
2619.51
1762.49

7+00
0.00
0.00
0.00

Mean counts
per minute

5104.77
6177 ..35
6041 ..52
4940 •.99

79.53
51.13
65.33
68.07

Mean counts
per minute

6475.46
7417.36
7525.82
6278.56
175.53
57.47

100.20
92.93
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Percentage
control growth

100.00
111.27
96.26
64.76
0.26

0.00
0.00
0.00

Percentage
control growth

100.00
121.01
118.35
96.79
1.56
1.00
1.28
1.33

Percentage
control growth

100.00
114.55
116.22
96.96
2.71
0.89
1.55
1.44



Amodiaquine
concentration Cl,M)

control
0.0025
0.005
0.01.
0.02
0.04
0.08
0.16

Amodiaquine
concentration (pM)

control
0.0025
0.005
0.01
0.02
0.04
0.08
0.16

AmOdiaquine
concentration (~M)

control
0.0025
0.005
0.01
0.02
0.04
0.08
0.16

Mean counts
per minute

3706.15
3781.84
3450.96
3242.26

39.20
0.00
0.00
0.00

Mean counts
per minute

21286.73
20674.13
20115.70
1607'3.21

246.40
0.00
0.00
0.00

Mean counts
per minute

5591.05
6225.33
5897.23
4868.28

0.00
0.00
o .0C,
0.00

Percentage
control growth

100.00
102.04
93.11
87.48
1.06
0.00
0.00
0.00

Percentage
control growth

100.00
97.12
94.50
75.51
1.16
0.00
0.00
0.00

Percentage
control gro~vth

100.00
111 ..34
105.48
87.07
0.00
0.00
0.00
0.00
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Amodiaquine
concentration (~M)

control
0.0025
0.005
0.01
0.02
0.04
0.08
0.16

Amodiaquine
concentration (pM)

Control
0.0025
0.005
0.01
0.02
0.04
0.08
0.16

Amodiaquine
concentration (~M)

Control
0.0025
0.005
0.01
0.02
0.04
0.08
0..16

Mean counts
per minute

9102.60
11399.91
12067.54
12599.26
12507.27
11389.24

202.70
73.30

Mean counts
per minute

16310.91
18531.23
17970.68
18070.68
18612.24
17070.14
15087.39

160.64

Mean counts
per minute

2276.32
2150.78
2063.84
161.00

0.00
0•.00
0.00
0.00

Percentage
control growth

100.00
125.24
132.57
138.41
137.40
125.12

2.23
0.81

Percentage
control growth

100.00
113.61
110.18
110.79
114.11
104.65
92.50
0.98

Percentage
control growth

100.00
94.48
90.67
7.07
0•.00
0.00
0.00
0.00
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Amodiaquine
concentration (p;~f)

Control
0.0025
0.005
0.01
0.02
0.04
0.08
0.16

Amodiaquine
concentration (~M)

control
0.0025
0.005
0.01
0.02
0.04
0.08
0.16

Amodiaquine
concentration (~M)

Control
0.0025
0.005
0.01
0.02
0.04
0.08
0.16

Mean counts
per minute

3207.68
2927.22
2999.81
130.73

0.00
0.00
0.00
0.00

Mean counts
per minute

18284.76
17763.84
16717.22
13964.26

55.80
0.00
0.00
0.00

Mean counts
per minute

3947.10
4489.85
4397.23
3040.04

50.87
49.53
77.13
45.20

Percentage
control growth

100.00
91.26
93.52
4.08
0.00
0.00
0.00
0 •.00

Percentage
control growth

100.00
97.15
91.43
76.37
0.31
0.00
0.00
0.00

Percentage
control growth

100.00
113.75
111.40
77.02
1.29
1.25
1.95
1.15
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FCR-3
Amodiaquine
concentration (pM)

Con·trol
0.0025
0.005
0.01
0.02
0.04
0.08
0.16

Mean counts
per m.inute

5702.92
6191.77
5619.92
4406.92

65.40
48.87
73.73
46.53

Perc~ntage
control growth

100.00
l08.57
98.54
77.27
1.15
0.86
1.29
0.82

223



224
APPENDIX.E

In vitro response to chloroqUine of 19 southern
African reference isolates of Plasmodium falciparum in
the radioisotope assay

Chlo-.:oquine
concentration (~M)

Control
0.01
0.02
0.04
0•.08
0.16
0.32
0.64

chloroquine
concentration (~M)

control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

chloroquine
concentration (~M)

control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Mear). punts
per IIiJ:ilute

2655.97
2340.78
1776.53
1055.44
192.91
5l.24

118.71
23.77

Mean counts
per minute

10208.24
8178.82
3270~42
14~ J'"

5.00
26.47
0.00

15.00

Mean counts
per minute

4218.91
105.17
67.97
67n24
21.77
58.64

114.04
28.51

Pez'oerrcaqe
control growth

1.00.00
88.13
66.89
39.74
'7.26
1.93
4.47
0.89

percentage
control grQt-lth

100.00
80.•12
32.04
1.45
0.05
0.26
G.OO
0.15

percentage
control growth

100.00
2.49
1.61
1.59
0.52
1..39
2.70
0.68



Chloroquine
concentration (~M)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Chloroquine
concentration (~M)

corrtrro.L
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Chloroquine
concentration .(ttM)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Mean count$
per minute

5421.16
2598.83

89.71
106.44
30.77
40.37
79.37
68.•57

Mean counts
per minute

24185.00
222.01.82
23~33.89
22986448
22533.08
11853.05

727.47
180.74

Mean counts
per minute

11548.12
11742.33
11733.18
10777.65
2590.55
155.q3
45.26
IS.53

225

Percentage
control growth

100.00
41.•94
J. ~65
1.96
0,,57
0.74
1.46
1.26

Percentage
control growth

100.00
9l.80
98.55
95.04
93,,17
49.0].
3.01
0.75

Percentage
cqntrol growth

100.00
101.68
101.60
93.33
22.43
1.35
0.39
0.16



Chloroquine
ccnoentrrat..ion (J,tM)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

chloroquine
concentration (J,tM)

control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Chloroquine
concentration (J,tM)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Mean counts
per minute

47333.00
49379.00
51336.67
50420.00
50055 .•00
22483098

304.80
106.27

Mean counts
p~r minute

52356.67
51916.67
53786.67
54388.34
53995.00
43559.67
1322.40
451.80

Mean counts
per minute

3718.27
3646.15
3524.86
3133.16
1633.80
101.00
14.93
3.46

Percentage
control growth

100.00
104.32
108.46
106.52
105.75
47.50
0,,64
(..22

Percentage
control growth

100.00
99.16

102.73
103.88
103.13
83.20
2.53
0.86

Percentage
control growth

100.00
98.06
94.80
84.26
43.94
2. T?
0.40
0.09
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Chloroquine
concentration (J.LM)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Chloroquine
concentration (~M)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Chloroquine
concentration (~M)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Mean counts
per minute

20465.37
17203.89
19330.46
12665.40
18144.40
14733.10
1686.47
197.34

Mean counts
per minute

20822.46
18875.16
18597.58
13193.80
2874.61
196.20
43.07
94.40

Mean counts
per minute

3686.41
3995.38
3980.93
3270.93
1456.73

0.00
0.00
.0.00

Percentage
control growth

100.00
84.06
94.45
61.89
88.66
71.99
8.24
0.96

Percentage
control growth

100.00
90.65
89.31
63.36
13.81
0.94
0.21
0.45

Perce)."ltage
control growth

100.00
108.38
107.99
88.73
39.52
0.00
0.00
0.00
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Chloroquine
concentration (~M)

control
0.01
0.·02
0.04
0~08
0.16
0.32
0.64

Chloroquine
concentration (#M)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

cnaoroqui.ne
conce:ntrat.:i.on(pM)

Control
0.01
0.02
0.04
0.08
01.16
0.32
(1.64

Mean counts
per minute

14400.18
14971. 38
14177.37
12018.39
5128.78
410.10
160.90
166.10

Mean counts
per minute

16244.55
19751.64
18354.66
16014.58
17245.93
3842.82
714.64
252.84

Uean counts
per minute

54G8.18
4822.90
4909.04
4190.61
1766.99
398.20
30.53
0.00

Percentage
control grmyth

100.00
103.97
98.45
83.46
35.62
2.85
.1.12
1.15

percentage
control growth

100.00
121.59
112.99
98.58

106.16
2J.66
4.40
1.56

Percentage
control growth

100.00
88.20
89.77
76.64
32.31
7.28
0.56
0.00



Chloroquine
concentration (~M)

Control
0.01
0.02
0.04
0.08
0.16
,,0.32
0.64

Chloroquine
concentration (~M)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Chloroquine
concentration (p.M)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0~64

Mean counts
per minute

4500.96
4303.30
4063.24
3842.75
2511.80
822<00
47.86
13.00

Mean counts
per minute

18458.34
17039.96
15680.94
8475.54
807.40
125.27

2.47
52.47

Mean counts
per minute

2349.75
2111.60
1941.74
1084.33
143.40
36.87
12.60
17.00

Percentage
control growth

100.00
95.61
90.27
85.38
55.81
18.26
1.06
0.29

Percentage
control growth

100.00
92.32
84~95
45.92
4.37
0.68
0.01
0.28

Percentage
control growth

100.00
89.86
82.64
46.15
6.10
1.57
0.54
0.72
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FCR"'3

Chloroquine
concentration (J.LM)

Control
0.01
0.02
0.04
0.08
0.16
0.32
0.64

Mean counts
per minute

6834.41
6908.04
6892.59
5075.52
975.60

0.00
0.00
0.00

Percentage
control growth

..il.OO
101.08
100.85
74.26
14.27
0.00
0.00
0.00
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APPENDIX F

In vitro response to mefloquine of 19 southern African
reference isolates Qf Plasmodium falciparum in the
radioisotope assay

Mefloquine
concentration (~M)

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

l\:t:odfloquine
concentration (~M)

Control
0.02
0.04
0.08
0.16
0.32
o. \P4
.i.,,28

Mefloquine
concentration (~M)

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

Mean counts
per minute

4373.69
730.37
171.17
62.9'1
72.44
0.00

121.84
49.64

Mean counts
per minute

8678.21
1823.15
453.73
58.20
9.13
2.13
6.73
0.00

Mlean counts
per minute

5327.72
5544.04
5383.27
4283.45
1291.71

0.00
91.37
72.97

Percentage
control growth

100.00
16.70
3.91
1.44
1.66
0.00
2.79
1.13

Percentage
corrczc l growth

100.00
21.01
5.23
0.6'7
0.11
0.02
0.08
0.00

Percentage
control growth

100.00
104.06
101.04
80.40
24.25
0.00
1.71
1.37



}.{efloquine
conoenta-a'cf.cn (/LM)

control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

Mefloquine
concentration (~M)

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

Mefloquine
concentration (/LM)

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

Mean counts
per minute

6507.84
2694.17
913.91
55.77
55.17
0.00

123.17
61.11

Mean counts
per minute

20597.74
9894.75

75432.17
3263.26
391.74
173.60
176.87
122.00

Mean counts
per minute

11065.38
56~n.64
21H7.9lJ:
716.20
55.06
37.46
57.86
65.06

:Percentage
control growth

100.00
41.40
14.04
0.86
0.85
0.00
1.89
0.94

Percentage
control growth

100.00
48 •.04
36.57
15.84
1.90
0.84
0.86
0.59

Percentage
control gro'l1th

100.00
51.35
19.77
6.47
0.50
0.34
0.52
0.59
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Mefloguine
concentration (~M)

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

Mefloquine
concentration (~M)

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

Mefloquine
concentration (~M)

Conil:.rol
o. o:~
0.04o.on
0.16
0.32
0.64
1.28

Mean counts
per nd.nut;e

47413.34
29405.72
22501.45
5402.85
209.94
201.74
237.60
251.87

Mean counts
per minute

48023.00
36979.89
31548.81
8174.96
314.67
213.87
280.07
320.27

Mean counts
per minute

3361.48
2851.59
2454.34
559.53
26.00
44.40
50/7.3
47.93

Percentage
control growth

100,.00
62.02
47.46
11..40
0.44
0.43
0.50
0.53

Percentage
control growth

100.00
77.00
65.70
17.02
0.66
0.45
0.58
0.67

Percentage
control growth

100.00
84.83
73.0)
16.65
0.77
1.32
1.51
1.43
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Mefloquine
concentration (J,tM)

control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

Mefloquine
concentration (J,tM)

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

Mefloquine
concentr:ation (/lM)

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

:f.leancounts
per minute

19923.73
14593 ..58
16197.82
10351.49

856.60
179.74
194.14
181.27

Mean counts
per minute

19873.64
6456.38
3397.59
1281.40

44.07
0.47

23.40
12.47

Mean counts
per minute

3422.89
2798.52
1868.45
676.07

0.00
0.1')0
0.00
0.00

Percentage
control growth

100.00
73.25
81.30
51.96
4.30
0.90
0.97
0.91

Percentage
control growth

100.00
32.49
17.10
6.45
0.22
0.00
0.12
0.06

percentage
control growth

100.00
81.76
54.59
19.75
0.00
0.00
0.00
0.00
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Mefloquine
concentration (pM)

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

Mefloquine
concentration (pM)

Control
0.02
0.04
0.08
0.1.6
0.32
0.64
1.28

Mefloquine
concentration (~M)

Control
0.02
0.04
0.08
0.16
0,32
0.64
1.28

Mean counts
per minute

11164.64
5197.'11
1827.40
1525.01
203.97
124.10
125.30
118.10

Mean counts
per minute

16844.24
11724.59
7394.16
2302.35
369.70
203.70
181.24
224.50

Mean counts
per minute

4676.90
2732.66
1984.99
1108.13
140 .•93
43.00
62.33
95.86
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Percentage
control growth

100.00
46.56
16.37
13.66
1.83
1.11
1.12
1.06

Percentage
control growth

100.00
69.61
43.90
13.67
2.19
1.21
1 ..08
1.33

Percentage
control growth

100.00
58.43
42.44
23.69
3.01
0.92
1~33
2.05



Mefloquine
concentration (~M)

Control
0.02
0.04
0.•08
0.16
0.32
0.64
1.28

Ms'f Loquf.ne
concentration (~M)

control
0.02
0.04
,0.08
'0.16
0.32
0.64
1.28

Mefloquine
concentration (~M)

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

Mean counts
per minute

4453.11
4049.39
4292.30
1957.84

95.00
51.66
94.73
77.40

Mean counts
per minute

17369.95
4358.46
6f36 e 00
469.07

7.07
0.00
0.00
0.07

Mean counts
per minute

2249.82
365.27
157.93
86.20
0.00
0.00
7.00
0.00

236

percentage
C!ontroi growth

100.00
90.93
96.39
43.97
2.13
1.16
2.13
1.74

PercentagE~
control growth

100.00
25.09
3.95
2.70
0.04
0.00
0.00
0.00

Percentag1e
control gro't'ith

100.00
16.24
7.02
3.83
0.00
0.00
0.31
0.00



FCR-3
Mefloquine
concent~ation (~M)

control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

Mean counts
per minute

5955.76
3996c33
2221.86
683.P;Q

0.00
0.00
D.OO
0.00

Percentage
qontrol growth

100.00
67.10
37.31
11.48
0.00
0.00
0.00
0.00
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In vitro response to quinine I~f 19 southern
reference isola.tas of Plasmoa.~u1lJ.falciparum
rad.toisotope assay

Quinine
concentration (~M)

Control
0.04
0.08
0.16
0.32
0.64
1.28
2.56

Quinine
concentration (~M)

Control
0.04
0.08
0.16
0.32
0.64
1.28
2.56

Quinine
concentration (~M)

Control
QI.04
0.08
0.16
0.32
0.64
1.28
2.56

'~eanccamtis
per mirrlute

;J609. ;10
3994.:~4
3245. '30
1633.'71
594. \n
147.V7
203.124
70.J77

Mean (~ounts
per mxnut.e

2123~76
29261~56
2283~53
1053,.13
380.07
21,93
36,~27
OiOO

Mean counts
per minute

6667.68
5738 •.33
5694. ;e3
2418. ;~4
1073. ;\4
488. J'.7
183. ~17
44. el4

Percentage i
control growthl

100.00
110.65
89.90
45.26
16,48
4.09
5.63
1.96

Percentage
control growth

100.00
137.80
107.52
49.59
17.90
1.03
1.71
0.00

percentage
control growth:

;I·PO.OO
86.07
85.40
36.27
16.10
7.32
2.76
0.67



Qt'1,nirte
concentrrat.Lon (pM)

Control
0.04
0.08
0.16
0.32
0.64
1.28
2.56

Quinine
concentration (pM)

control
0.04
0.08
0.16
0.32
0.64
1.28
2.56

Qu,inine
concentration (pM)

Control
0.04
0.08
0.16
0.32
0.64
1.28
2.56

Mean counts
per minute

6523.00
5790.78
3485.00
1399.64
604.04
482.84
174.71
121.24

Mean counts
per minute

23611.67
20487.00
20689.00
17917.02
14579.05
7794.16
1959.58
358.27

~;-eancounts
per minute

12489.56
12912.27
12547.80
8872.00
5970~57
1849.60
326.86
76.93
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Percentage
control growth

100.00
88.77
53.43
21.46
9.26
7.40
2.68
1.86

Percentage
control gy,:owth

100.00
86.77
87.62
75.88
61.75
33.01
8.30
1.52

Percentage
control growth

100.00
103.38
100.47
71.04
47.80
14.81
2.62
0.62



Quinine
concentration (J.LM)

Control
0.04
0.08
0.16
0.32
0.64
1.28
2.56

Quinine
concentration (pM)

control
0.04
0.08
0.16
0.32
0.64
1.28
2.56

Quinine
concentration (J.LM)

control
0.04
0.08
0.16
0.32
0.64
1.28
2.56

l-Ieancounts
per minute
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Percentage
control growth

51009.00
48804.34
49124.34
46641.00
40934.56
26115.65
4246.74
448.67

Mean counts
per minute

56557.34
51750.00
52260.00
49103.67
46323.67
31887.50
6463.32
788.20

Mean counts
per minute

3883.37
3959 •.55
4396.06
3388.54
2756.75
3~523.26
283.20
21.33

100.00
95.68
96.31
91.44
80.25
51.20
8.33
0.88

Percentage
control growth

100.00
91.50
92.40
86.82
81.91
56.38
11.43
1.39

Percentage
control growth

100.00
101.96
113.20
87.26
70.99
39.23
7.29
0.55



Quinine
concentration (~M)

Control
0.·04
0.08
0.16
0.32
0.64
1.28
2.56

Quinine
~~ncentration (~M)

Control
0.04
0.08
0.16
0..32
0.64
1.28
2.56

Quinine
concentration (~M)

Control
0.04
0.08
0.16
0.32
0.64
1.28
2.56

Mean counts
per minute

18377.13
15976.28
16947.22
16558.51
16743.34
14994~45
5034.17
1064.40

:f.feancounts
per minute

32848.60
9817.85
9225.21
6349.28
6404.47
3242. )'3
883.37
392.63

l.feancounts
per minute

2237.04
4135.83
4248.33
3947.08
3012.19
2284.36
650~67

0.00

Percentage
control growth

100.00
86.94
92.22
90.10
91.11
81.59
27.39
5.79

Percentage
control growth

100.00
29.89
28.08
19.33
19.50
9.87
2.69
1.20

Percentage
control growth

100.00
184.88
189.91
176.44
134.65
102.12
29.09
0.00
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Quinine
concentration (~M)

Control
0.04
0.08
0.16
0.32
0.64
1.28
2.56

Quinine
concentration (~M)

Control
0.04
0.08
0.32
0.64
1.28
2.56

Quinine
concentration (~M)

Control
0.04
0.08
0.:1.6
0.32
0.64
1.28
2.56

---.-----.-----~-~--~

Mean counts
per mf.rnree

19946.36
23416.32
20160.22
25092.47
14419.57
6537.61
1798.71
922.24

Mean counts
per minute

34409 .•41
37830.52
33145.44
37998.30
28252.83
15405.89
4768.01
1812.58

N:ean counts
per minute

3092.71
4557.10
4422.39
3707.31
2840.70
1510.80
447.66
164.06
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Percentage
control growth

100.00
117.40
101.07
125.80
72.29
32.78
9.02
4.62

Percentage
control growth

100.00
109.94
96.33

110.43
82.11
44.77
13.86
5.27

Percentage
control growth

100.00
147.35
143.01
119.87
91.85
48.85
14.47
5.30



Quinine
concentration (J.LI.f.)

Control.
0.04-
0.08
0.16
0.32
0.64
1.28
2.56

Quinine
concentration (J.LM)

control
0.04
0~08
0.16
0.32
0.64
1.28
2.56

Quinine
concentration (/.LM)

Control
0.04-
0.08
0.16
0.32
0.64
1.28
2.56

-~.-.---~-----~----~----~

Mean counts
per minute

4384.02
4208.44
4152.61
3806.15
3500.65
1964.28
677.80
128.80

Mean counts
per minute

4900.09
5836.12
5729.59
5·494.93
4822.87
3897.93
1497.44-
293.57

Mean counts
per minute

5526.55
6017.08
7380.64
5584.20
5503.33
4491.36
2034.87
238.57

Percentage
control growth

1C~.00
(":1.00
::14.72
86.82
79.85
44.81
15.46
2.94

Percentage
control growth

1.00.00
119.10
116.93
112.14
98.42
79.55
30.56
5.99

Percen·cage
control growth

100.00
108.88
133.55
101 ..04
99.58
81.27
36.82
4.32
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FCR-3
Quinine
concentration (~M)

Control
0.04
0.08
0.16
0.32
0.64
1.28
2.56

Mean counts
per minute

8036~43
7025 ..35
6942.72
6542.53
4982.12
2898.27
445.47

0.00

Percentage
control growth

100.00
87.42
86,,39
81.41
61..99
36.06
5.54
0.00
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APPENDIX H

In vitro response to sulphadoxine/pyrimethamine of 19
southern African reference isolates of Plasmodium
falciparum in the radioisotope assay

SUlphadoxine
concentration (~M)k

C!ontrol
0.1
0.3
1.00
3.00
10.0
30.0
100.0

Sulphadoxi)l'a
concentration (~M)*

Control
0.1
0.3
1.0
3.0
10.0
30.0
100.0

SUlphadoxine
concentration (~M)*

Control
0.1
0.3
1.00
3.00
10.0
30.0
100.0

Mean counts
per minute

2484.05
3531.11
4082.44
3646.54
3482.42
2663.59
2327.50
1198.84

lJIeancounts
per minute

5078.15
509Z~92
5131.33
5113.44
3273.26
994.00
144.20
101.40

Mean counts
per minute

6627.18
7265.21
7774.24
3692.82
584.97
343.24
217.04
322.77

Percentage
control gyowth

100.00
142.15
164.35
146.80
140.19
107.23
93.70
48.26

Percentage
control growth

100.00
100.29
101.05
100.69
64.46
19.57
2.84
2.00

Percentage
control growth

100.00
109.63
117.31
55.72
8.83
5.18
3.27
4.87

* Ratio of sulphadoxine:pyrimethamine = 80:1



Sulphadoxine
concentration (~M)*

control
0.1
0.3
1.0
3.0
10.0
30.0
100.0

Sulphadoxine
concentration (#M)*

Control
0.1
0.3
1.00
3.00
10.0
30.0
100.0

Sulphadoxine
concentration (~M)*

Control
0.1
0.3
1.0
3.0
1.0.0
30.0
100.0

Mean COT ~lts
per minute

23592.63
12557.40
13364.36
1293'1.35
13034.86
12915.35
8537.24
2575.70

Mean counts
per minute

18925.00
18305.56
18110.81
18545.61
10149.60
1127.14
587.40
591.00

Mean counts
per minute

11315.49
11652.37
12084.31
12226.55
5283.51
717.66
311.20
259.00
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Percentage
control growth

100.00
53.23
56.65
54.84
55.25
54.74
36.19
10.92

Percentage
control growth

100.00
96.73
95.70
98.00
53.63
5.96
3.10
3.12

Percentage
control growth
----~--

100.00
102.98
106.79
108 05
46, ,9
6.:.34
2.75
2.29

* Ratio of sulphadoxine:pyrimethamine = 80:1



Sulphadoxine
concentration (pM)*

Control
0.1
0.3
1.00
3.00
10,,()
30.0
100.0

Sulphadoxine
concentration (P.M)*

Control
0.1
0.3
1.0
3.0
10.0
30.0
100.0

Sulphadoxine
concentration (P.M)*

Control
0.1
0.3
1.00
3.00
10.0
30.0
100.0

Mean counts
per minute

29083.10
30265.96
31268.81
31099.29
15214.35
1970.33
1103.07
1107.94

Mean counts
per minute
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Percentage
control growth,

100.00
104.07
107.52
106.93
52.31
6.77
3.79
3.81

Percentage
control growth

100.00
96.19

106.97
103.10
82.07
16.83
8.69
7.48

Percentage
control growth

100.00
104.88
103.36
104.64
38.82
8.34
2.86
3.31

52868.34
50$53.34
56555.00
54505.00
43391. 67
8895.20
4596.29
3954.35

Mean counts
per minute

2785.21
2921.23
2878.77
2914.53
1081.13
232.40
79.66
92.06

* Ratio of sulphadoxine:pyrimethamine = gO:l



Sulphadoxine
concentration (~M)*

control
0.1
0..3
L.O
3.0
10 ..0
30.0
100.0

Sulphadoxine
concentration (~M)*

Control
0.1
0.3
1.00
3.00
10.0
30.0
100.0

Sulphadoxine
concentration (~M)*

Control
0.1
0.3
1.0
3.0
10.0
30.0
100.0

Mean counts
per minute

13294.78
14169.16
15627.38
15076.61
3329.68
1005.67
634.94
674.74

Mean counts
per minute

.12688.38
15639.46
16042.40
17132.41
6413.76
680.33
236.53
202.80

1vleancounts
per :minute

3403.21
3795.99
3749.13
3490.38
783.00
19.27
25.20
0.00
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Percentage
control growth

100.00
106.58
117.55
.113.40

25.05
7.56
4.78
5.08

Percentage
control growth

100.00
123.26
126.43
3.35.02
50.55
5.36
1.86
1.60

Percentage
control growth

100.00
111.54
110.16
102.56
23.01
0.57
0.74
0.00

* Ratio of sUlphadoxine:pyrimetl1amine = 80:1



SUlphadoxine
*concentration (ILM)

Control
0.1
0.3
1..00
3.00
10.0
30.0
100.0

Sulphadoxine
concentration (pM)*

control
0..1
0.3
1.0
3.0
10.0
30.0
100.0

SUlphadoxine
concentration (pM)*

Control
0.1
0.3
1.00
3.00
10.0
30.0
100.0

Mean counts
per minute

11465.54
10572.08
12780.73
11836.05
2683.61
610.90
369.04
293.30

Mean counts
per minute

17316.64
14816.41
15829 •.60
16544.97
6057.03
1151.24
687.84
561.37

Mean counts
per minute

5767.24
5364.49
5772.99
5606.55
1031.46

81.93
107.20
102.80
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Percentage
control growth

100.00
92.21

111.47
103.23
23.41
5.33
3.22
2.56

Percentage
control growth

100~00
85.56
91.41
95.54
34.98
6.65
3.97
3.24

Percentage
control growth

100.00
93.02

'1::1 .10
9;.21
17.88
1.42
1.86
1.78

* Ratio of sulphadoxide:pyrimethamine = 80:1



Sulphadoxine
concentration (~M)*

Control
0.1
0.3
1.0
3.0
10.0
30.0
100.0

Sulphadoxine
concentration (~M)*

Control
0.1
0.3
1.00
3.00
10.0
30.0
100~0

Sulphadoxine
concentration (~M)*

Control
0.1
0.3
1..0
3.0
10.0
30.0
100.0

}lean counts
per minute

5529.62
5294.80
5491.10
5441.73
1406.53
328.20
214.46
230.00

11ean counts
per minute

7242.73
7965.28
8218.99
8239.79
1740.33
216.87
89.33

104.73

Mean counts
per minute

2143.20
2169.45
2242.35
220~.94
1060.27
1556.40
1513.73
1101.87

Percentage
control g;J::'owth

100.00
95_/5
99.30
98.41
25.44
5.94
3.88
4.16

Percentage
control growth

100.00
109.98
113.48
11.3.77
24.03
2.99
1.23
1.45

Percentage
control growth

100.00
101.22
104.63
103.11
49.47
72.62
70.63
51.41
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* Ratio of sulphadoxine:pyrimetha:mine = 80:1



Sulphadt>xi.ne
concentration (~M)*

Control
0.1
0.3
1.00
3.00
119.0
30~.0
10iO.Q

Mean count.s
per millute

12893.89
13212.78
13455.64
13174.89
4357~04
512.13
571.33
299.67

Percentage
control growth

100g00
102.47
104.36
102.18
33.79
3.97
4.43
2..32

* Rati..:>of sulphadoxine:pyrimetb.amine = 80:1
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APPENDIX I

In vitro response to chloroquine of field isolates of
Plasmodium falaiparum collected in KwaZulu in ltiay1987
from active cases.

chloroquine
concentration
(plllols/we11)

Schizonts per
200 asexual
parasitesa

Percentage
corrczo l, growthb

Control
1
2
4
5.7
8

16
32

184.0
183.0
183.0
184.0
187.0
183.0
132.0

0.0

98.40
97.86
97.86
98.40

100.00
97.86
70.59
0.00

Cl'11oroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Percentage
control growthb

Control
1
2
4
5.7
8

16
32

43.5
43.0
30.0
75.0
3.5
O~O
0.0
0.0

58.00
57.33
40.00

100.00
4.67
0.00
0.00
G.OO

a Mean of 2 counts
b For t~e calculati~m of the Ie50 va.tue, where the
mean sohf zont; count 111 th:ncontrol wells ~las less than
that 1n some of the test wells, the highest count was
taken as 100% control growth

"'
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Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
para.sitesa

Percentage
control growthb

Control
1
2
4
5.7
8

16
32

20.5
15.0
22.5
21.0
8.0
2.0
0.0
0.0

91.11
66.67

100.00
93.33
35.56
8.89
0.00
0.00

Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Percentage
control growthb

control
1
2
4
5.7
8

16
32

54.0
19.0
_c

100.00
35.19

49.0
3.0
0.0
0.0

90.74
5.56
0.00
0.00

Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Percentage
control growthb

Control
1
2
4
5.7
8

16
32

'70.0
58.(l
55.0
60.0
62.0
66.0
51.0
0.0

100.00
82.86
78.57
85.71
88.57
94.29
72.86
0.00

~ Mean of 2 counts
For the calculation of the le50 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

c Not counted
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Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasit:esa

Percentage
control growthb

control
1
2
4
5.7
8

16
32

34.0
20.0
6.0
4.0
0.0
0.0
0.0
0.0

100.00
58.82
17.65
11.76
0.00
0.00
0.00
0.00

Chloroquine
concentration
(pmols/well)

Schi:zonts per
200 aaexua.L
parasitesa

Percentage
control growthb

control
1
2
4
5.7
8

16
32

138.0
1J.8.5
148.0
136.0
142.5
154.5
110.0
14.0

89.32
76.70
95.79
88.03
92.23

100.:)0
71.20
9.06

Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

percentage
control growthb

Control
1
2
4
5.7
8

16
32

98.0
103.5
83.0
79.0
77.0
75.0
51.0
35.0

94.69
100.00
80.19
76.33
74.40
72.46
49.28
33.82

a Mean of 2 counts
b For the calculation of the le50 value, where the

mean schizont count in the control wells was less
than that in some of the test wells, the highest
("ountwas taken as 100% control growth



255

Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Percentage
control growthb

Control
1
2
4
5.7
8

16
32

133.0
130.0
11.3.0
1.3.0
2.0
0.0
0.0
0.0

100.00
97.74
84.96
97.74
1.•.50
0.00
0.00
0.00

Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Percentage
control growthb

contrro l
1
2
4
5.7
8

16
32

27.0
33.5
15.0
16.0
0.0
0.0
0.0
0.0

80.60
1.00.00
44.78
47.76
0.00c.oo
0.00
0.00

Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
par-asi,tesa

Percentage
control growthb

Control
1
2
4
5.7
8

16
32

38.0
37.0
37.0
36.0
~1.0
0.0
0.0
0.0

100.00
97.37
97.37
94.74
28.95
0.00
0.00
0.00

a Mean of 2 counts
b For the calculation of th~ le50 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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Chloroquine
concentration
(pmols/well)

schizonts per
200 asexual
parasitesa

Percentage
control growthb

control
1
2
4
5.7
8

16
32

121.5
98.5
99.0
96.0
11.0
0•.0
0.0
0.0

100.00
81.07
81.48
79.01
9.05
0.00
0.00
0.00

a Mean of 2 courrcs
b FOlr t:hecalC1Hation. of the IC50 value, where the

mean schizont count in the control wells was less
than that :insome of the tdst wells, the highest
count was taken as 100% control growth

The following isolates were obtained from patients who
had ingested chloroquine in t.he 2 weeks prior to
collection of the blood sample:
A4, A51, A53, AS9.
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APPENDIX J

In vitro response to chloroquine of field Lsolates of
Plasmodium falc:iparuln collected in Kwazulu in May 1987
from passive cases.

Chloroquine
concentration
(pmolsjwell)

Schizonts per
200 asexual
parasitesi3.

Percentage
control growthb

control
1
2
4
5.7
8

16
32;

36.0
22.0
16.5
13.5
12.5
15.5
11.5
0.0

100..00
61.11
45.83
37.50
34.72
43.06
3J.•94
0.00

Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Percentage
control growthb

control
1
2
4
5.7
8

16
32

73.0
64.0
63.0
61.0
71.0
58.0
62.0
69.0

100.00
87.67
86.30
83.56
97.26
79.45
84.93
94.52

a Mean of 2 counts
b For the calculation of the Ieso 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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Chloroquine
concentration
(pmolsjwell)

Schi:zonts per
200 asexual
parasites a

Percentage .
control growthD

control
1
2
4
5 •.7
8

16
32

12w5
13.0
12.5
14.0
12.5
3.5
0.0
0.0

89.29
92.86
89.29

100.00
89.29
25.00
0.00
0.00

Chloroquine
concentration
(pmolsjwell)

Schi:zontsper
200 asexual
parasitesa

Percentage
control growthb

Control
1
2
4
5.7
8

16
32

15.5
22.0
14.5
18.0
18.5
11.5
2.0
0.0

70.45
100.00
65.91
81.82
84.09
52.27
9.09
0.00

Chloroquine
concentration
(pmolsjwell)

Schi:zontsper
200 asexual
parasitesa

Percentage
control growthb

Control
1
2
4
5.7
8

16
32

55.5
71.0
92.5
96.0

115.0
94.0
13.0
0.0

48.26
61.74
80.•43
83.48

100.00
81.74
11.30
0.00

a Mean of 2 counts
b For the calculation of the IC50 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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Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Percentage
control growthb

control
1
2

41.0
36.5
32.5
32.5
36.5
36.0
26.0
:1..0

100.00
89.02
79.27
79.27
89.02
87.80
53.41
2.44

4
5.7
8

16
32

Chloroquine
concentration
(pmols/well)

schizonts per
200 asexual
parasitesa

Percentage
control growth

Control
1
2
4
5.7
8

16
32

118.5
114.5
106.0
119.0
133.0
129.5
108.0
26.0

89.10
86.09
79.70
89.47

100.00
97.37
81.20
19.55

Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Percentage
control growthb

control
1
2
4
5.7
8

16
32

165.0
155.0
148.0
155.0
153.0
142.0
56.0
0.0

100.00
93.94
89.70
93.94
92.73
86.06
33.94
0.00

a Mean of 2 counts
b For the calculation of the IC50 value! where the

mean schizont count in the control wells was less
t.han that in some of the test wells I the highest
count was taken as 100% control growth
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Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Percentage
control growthb

Control
1
2
4
5.7
8

16
32

119.0
121.0
123.0
100.0
51.0
34.5
14.0
0.5

96.75
98.37

100.00
81.30
41.46
28.05
11.38
0.41

Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Percentag~ ,
control growthD

Control
1
2
4
5.7
8

16
32

123.0
110.0
116.5
118.0
103.0

2.5
2.0
0.0

100.00
89.43
94.72
95.93
83.74
2.03
1.63
0.00

Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Percentage
control growthb

Control
1
2
4
5.7
8

16
32

72.5
72.5
63.0
57.0
37.0
15.0
5.5
0.0

100.00
100.00
86.90
78.62
51.03
20.69
7.59
0.00

a Mean of 2 counts
b For the calculation of the IC50 value, where the

mean schizont count in the control wells was less
than that in some of the tes~ wells, the highest
count was taken as 100% control growth
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P3 contained> 1.00100 trophozbites/pl blood.
P23 was obtained from a patient who had ingested
chloroquine in th~ 2 weeks prior to collection of the
blood sample.
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APPENDIX K

In vitro response to chloroquine of field isolates of
Plasmodium falciparum collected in KwaZulu in January
1988 from passive cases.

Chloroquine
concentration
(pmols!well)

Schizonts per
200 asexual
parasites a

Percentage
control growtbb

Control
2
4
5.7
8

16
32
64

97.0
61.0
52.0
49.0
40.0
20.0
1.0
0.0

100.00
62.89
53.61
50.52
41.24
20.62
1.03
0.00

J4.

Chloroquine
concentration
(pmolsjwell)

Schizonts per
200 asexual
parasites a

Percentage
control growthb

Control
2
4
5.7
8

16
32
64

58.5
59.5
77.0
97.0
44.0
2.5
0.0
0.0

60.31
61.34
79.38

100.00
45..36
2.58
0.00
0.00

a Mean of 2 counts
b For the calculation of the IC50 value, where the

mean schizont count in the control wells was less
th~n that in some of the test wells, the highest
count was taken as 100% control growth
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Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Percentage
control growthb

Control
2
4
5.7
8

16
32
64

157.0
:L89.0
193.5
182.0
151.0
18.5
2.5
0.5

81.14
97.67

100.00
94.06
78.04
9.56
1.29
0.26

Chloroquine
concentration
(pmol.sjwell)

schizonts per
200 asexual
parasitesa

Percent"'''J"e
control growthb

Control
2
4
5.7
8

16
32
64

41.0
33 ..5
_0

55.0
52.0
22.0
0.0
0.0

74.55
60.91

100.00
94.55
40.00
0.00
0.00

Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Percentage
control growthb

Control
2
4
5.7
8

16
32
64

128.0
69.0

169.0
113.5
122.5
55.5
0.0
0.0

75 ..'1'4
40.83

100.00
67.16
72.49
32.84
0.00
0.00

a Mean of 2 counts
b For the calculation of the IC50 value, where the

mean schizont count in the control wells was less
than that in seme of the test wellS, the highest
count was taken as 100% control growth

c Not counted
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Chloroquine
concentraj:,ion
(pmolsjwell)

Schizonts per
200 asexual
parasitesa

Percentage
control growthb

Control
2
4
5.7
8

16
32
64

102.0
61.0
75.0
49.0
25.0
39.0
(').0
O~O

100.00
59.80
73.53
48.04
24.51
38.24
0.00
0.00

Chloroquine
concentration
(pmolsjwel1)

Schizonts per
200 ase:,,:u.al
parasitesa

Percentage
control growthb

Cont.rol
2
4
5.7
8

16
32
64

70.0
11.0
13.0
24.0
38.5
0.0
0.0
0.0

100.00
15.71
18.57
34.29
55.00
0.00
0.00
0.00

.114.

Chloroquine
concentration
(pmols/'well)

Schizonts per
200 asexual
parasitesa

Percentage
control growthb

Control
2
4
5.7

83.0
56.0
55.0
81.0
45.0
18.0
0.0
0.0

100.00
67.47
66.27
9'7.59
54.22
21.69
0.00
0.00

8
16
32
64

a Mean of :2 counts
b For the calculation of the le50 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 lOO% control growth
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Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Control
2
4
5.7
8

16
32
64

104.0
89.0
64.0
86.0
67.0
64.0
17.0
1.0

Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Control
2
4
5.7
8

16
32
64

55.0
3.0
2.0

28.0
6.0
8.0
0.0
0.0

Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Centrol
2
4
5.7
8

16
32
f54

49.0
25.0
4.0

10.0
12.0
11.0
0.0
0.0
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Percentage
control growthb

100.00
85.58
61.54
82.69
64.42
61.54
16.35
0.96

Percentage
control growthb

100.00
5.45
3.64

50.91
10.91
14.55
0.00
0.00

Percentage
control growth

100.00
51.02
8.16

20.41
24.49
22.45
0.00
0.00

a Mean of 2 counts
b For the calculation of the IC50 value, where the

mean schizont count in the control wells was less
than that in some of the test wells, the highes't
count was taken as 100% control growth
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Chloroquine
concentration
(pmols/well)

~chizonts per
200 asexual
parasitesa

Percentage
control growthll

Control
2
4
5.7
8

16
32
64

74.0
74.0
80.0
78.0
44.0
24.0
0.0
0.0

92.50
92.50

100.00
97.50
55.00
30.00
0.00
0.00

Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Percentage b
control growth

Control
2
4
5.7
8

16
32
64

46.0
123.5
128.5
116.0
119.0
49.5
0.0
0.0

35.80
96.11

100.00
90.27
92.61
38.52
0.00
0.00

chloroquine
conC"..i:ntration
(pI,lols/well)

Schizonts per
200 asexual
parasitesa

Percentage
control growthb

Control
2
4
5.7
8

16
32
64

50.5
49.0
1.0

39.0
48.0
41.0
3.0
0.0

100.00
97.03
1.98

77.23
95.05
81.19
5.94
0.00

a Mea.nof 2 counts
b .For the calculatl0n of the IC50 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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Chloroquine
concentration
(pmolsjwell)

Schh:onts per
200 asexual
parasitesa

Percentage
control growthb

Control
2
4
5.7
8

16
32
64

60.0
114.0
106.0
99.0

103.0
72.0
0.0
0.0

52.63
100.00
92.98
86.84
90.35
63.16
0.00
0.00

Chloroquine
concentration
(pmols/well)

Schizonts per
200 asexual
parasitesa

Percentage
control growthb

Control
2
4
5.7
8

16
32
64

12.0
65.0
93.0
88.0
88 •.0
86.0
31.0
0.0

12.90
69.89

100.00
94.62
94.62
92.•47
33.33
0.00

Chloroquine.
concentration
(pmolsjwell)

Schizonts per
200 asexual
parasit.esa

percentage
control growthb

control
2
4
5.7
8

16
32
64

20.0
47.0
54.0
62.0
49.0
27.0
0.0
0.0

32.26
75.81
87.10

100.00
79.03
43.55
0.00
0.00

a Mean of 2 counts
b For the calculation of the IC50 value, where the

mean schizont count in the control wells was less
than that in some of the test t-JelJ.s,the highest
count was taken as 100% control growth
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Chloroquine
concentration
(pmols/well)

schizonts per
200 asexual
parasitesa

Percentage
control growthb

control
2
4
5.7
8

16
32
64

134.0
116.0
108.0
133.0
16.0
25 ..0
0.0
0.0

100.00
86.57
80.,60
99,/25
11.94
18.66
0.00
0.00

a Mean of 2 count.s
b For nhe calculation of the lC50 value, where the

mean sohd.aorrccount in the con·trol wells was less
than that in SOme of the test wells, the highest
count lirJastaken as 100% ccnt.rof.growth

The following isolates were obtained from patients who
had ingested chloroquine in the 2 weeks prior to
collection of blood samples:
.13, .144, .145 •

.134had < 500 trophozoites/J.Llblood.
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APPENDIX L

In vitro response to amodiaquine of field isolates of
Plasmodiq.m falc:iparum collected in KwaZulu in April
1989, in the 24-hour microtechnique

Amodiaqlline
concentration (~M)

schi.zonts per
200 parasitesa

Peroentage
control growthb

Control
0.005
0.01
0.02
0.04
,0. DB
0.16
0.32

95.5
98~O
95.5
81.5

117.5
0.0
0.0
0.0

81.28
83.40
81.28
69.36

100.00
0.00
O~OO
0.00

Alnodiaquine
conoentration (~M)

Schizonts per
200 parasitesa

peroentage
control growthb

connrcn
0.005
0.01
0.02
0.04
0.08
0.16
0.32

171.1
172.5
147.5
145.0
182.5
178.0
46.0
1.5

93.70
9~,. 52
80,82
79.4!')

100.00
97.53
25.21
0.82

a Mean of 2 counts
b For t:.rElcaloulation of the IC50 value, where the

mean schizont count in the cont:rol wells was less
than that in some of the test w1ells, the highest
count was taken as 100% control growth
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Amodiaquine
concentration (~M)

Schizonts per
200 parasitesa

Percentage
control growthb

Control
0.005
0.01
0.02
0.04
0.08
0.16
0.32

95.5
93.0
84.0
90.0
18.0
0.5
0.0
0.0

100.00
97.38
87.96
94.24
18.85
0.52
b.oo
0.00

Amodiaquine
concentration (~M)

Schizonts per
.200parasitesa

Percentage
control grovlthb

Control
0.005
0.01
0.02
0.04
0.08
0.16
0.32
0.64

71.5
56.0
43.0
42.0
10.0
1.0
0.0
0.0
0.0

100.00
78.32
60..14
58.74
13.99
1.40
0.00
0.00
0.00

Amodiaquine
concentration (~M)

Schizonts per
200 parasitesa

Percentage
control growthb

Control
0.005
0.01
0.02
0.04
0.08
0.16
0.32

152.0
158.0
160.5
152.0
147.0

0.0
0.0o.C

94.70
98.44

100.00
94.70
91.59
0.00
0.00
0.00

a Mean of 2 counts
b For the calculation of the lC50 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



A1nodiaguine
concentration (pM)

control
0.oe5
0.01
0.02
0.04
0.08
0.16
0.32

Amodiaquine
concentration (pM)

Control
0.005
0.01
0.02
0.·04
0.08
0.16
0.32

Amodiaquine
concentration (pM)

Control
0.005
0.01
0.02
0.04
0.08
0.16
0.32

schizonts per
200 parasitesa

46.u
56.0
4200
42.5
26.5
0.5
0.0
0.0

Schizonts per
200 parasites a

27.0
26.0
24.0
37.0
2.0
0.5
0.0
0.0

Schizonts per
:200parasitesa

83.5
80.5
84.5

107.0
89.5
95.0
3.0
0.0
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Percentage
control growth})

82.14
100.00
75.00
75.89
47.32
0.89
0.00
0.00

Percentage
control growthb

72.97
70.27
64.86

100.00
5.41
1.35
0.00
0.00

Percentage
control growthb

78.04
75.23
78.97

100.0Cl
83.64
88.79
2.80
0.00

a Me~n of 2 counts
b For the calculation of the lC50 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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Amodiaquine
concentra't.ion(JLM)

Schizonts per
200 parasites a

Percentage
control growthb

Control
0.005
0.01
0.02
0.04
0.08
0.16
0.32

191.0
187.5
186.5
186.5
189.0
180.0

0.0
0.0

100.00
98.17
97.64
97.64
98.95
94.24
0.00
0.00

Amodiaquine
concentration (JLM)

Schizonts per
200 parasitesa

Percentage
control growthb

Control
0.005
0.01
0.02
0.04
0.08
0.16
0.32

32•.5
31.0
33.0
18.5
0.0
0.0
0.0
0.0

98.48
93.94

100.00
56.06
0.00
0.00
0.00
0.00

Amodiaquine
concentration (JLM)

Schizonts per
200 parasitesa

Percentage
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
0.00

a Mean of 2 counts
b For the calculation of the lC50 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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Amodiaquine
concentration (~M)

Schizonts per
200 parasitesa

Percentage
control·growthb

control
0.005
0.01
0.02
0.04
0.08
0~16
0.32

75.0
65.0
60.5
57.0
73.0
50.5
0.0
0.0

100.00
94.20
80.67
76.00
97.33
67.33
0.00
0.00

Amodiaquine
concentration (~M)

Schizonts per
200 parasitesa

Percentage
control growthb

Control
0.005
0.01
0.02
0.04
0~08
0.16
U.32

1.3.5
8.0

18.0
1.0.5
3.0
0.0
0.0
0.0

75.00
44.44

1.00.00
58.33
16.67
0.00
0.00
0.00

a Mean of 2 count
b For the calculation of the IC50 value, where the

mean schizont coune 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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APPENDIX M

In vitro response to chloroquine of fiald isolates of
Plasmodium falciparum collected in KwaZulu in April
1989, in the 24-hour microtechnique

Chloroquine
concentration (~M)

Schizonts per
200 parasitesa

Percentage
control growthb

control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

45.0
5.0
0.0
0.0
0.0
0.0
0.0
0.0

100.00
11.11
0.00
0.00
0.00
0.00
0.00
0.00

Chloroquine
concentration (~M)

Schizonts per
200 parasites a

Percentage .
control growthO

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

161.5
185.5
163.5
164.0
135.0
129.0
31.5
0.0

87.06
100.00
88.14
88.41
72.78
69.54
16.98
0.(10

a Mean of 2 counts
b For the calculation of the IC50 value, where the

mean schizont count in the control wells was less
thRn that in some of the test wells, the highest
count was taken as 100% control growth
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Chloroquine
concentration (~M)

schizonts per
200 parasitesa

Percentage
control growthb

control
0.02
~L04
0.08
0.16
0.32
0.64
1.28

24.5
43.5
18.0
4.0
0.0
0.0
0.0
0.0

56.32
100.00
41.38
9.20
0.00
0.00
0.00
0.00

Chloroquine
concerrtrra'cd.on (~M)

Schizonts per
200 parasitesa

Percentage
contro 1 grmvthb

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

23.0
18.0
11.5
3.5
2.5
0.0
0.0
0.0

100.00
78.26
50.00
15.22
10.87
0.00
0.00
0.(.\0

Chloroquine
concentration (/.M.)

schizonts per
200 parasitesa

Percentage
control growthb

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

37.0
85~0
0.0
0.0
0.0
0.0
0.0
0.0

43.53
100.00

0.00
0.00
0.00
0.00
0.00
0.00

a Mean of 2 counts
b For the calculation of the IC50 value, where the

mean schizont COU11t in the control wells was less
than that in some of the test wells, the highest
count was taken as 100% control growth



Chloroquine
concentration (~M)

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

Chloroquine
concentration (~M)

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

Chloroquine
concentration (~M)

Control
0.02
0.04
0.08
0,16
0.32
0.64
1.28

Schizonts per
200 parasitesa

17.0
18.5
21.5
10.5
7.5
3.5
0.0
a :.'

Schizont.sper
200 parasites a

12.0
19.5
10.0
9.5

12.0
6.0
2.5
0.0

Schizonts per
200 parasitesa

59.0
59.0
60.5
53.0
42.5
24.0
3.0
0.0
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Percentage
cont:=ol growt:hb

79.07
86•.05

100.00
48.84
34.88
16.28
O. (JO
G.OO

Percentage
control growthb

61.54
100.00
5J_.28
48.72
61.54
30.77
12.82
0.00

Percentage
control growthb

97.52
97.52

100.00
87.60
70.25
39.67
4.96
0.00

a Mean of 2 counts
b .For the calculatlon of the rcBO 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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Chloroquine
concentration (~M)

.8chizonts per
200 parasitesa

Percentage
control growthb

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

72.5
79.0
85.5

1.00.0
1.01.0
59.5
4.5
0.0

71..78
78.22
84.65
99.01

1.(JiO.OO
5;8.91
4.46
0.00

Chloroquine
concentration (~M)

Schizonts per
200 parasitesa

Percentage
control growthb

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

5&5
21.0
1.3.5
11..0
9.0
3.0
0.0
0.0

2:S.19
100.00
64.29
52 ..38
42.86
14.29
0.00
0.00

Chloroquine
concentration (~M)

Schizonts per
200 parasites a

Percentage
control growthb

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

19.0
11.5
18.5
10.0
13.0
9.5
0.5
0.0

100.00
60.53
97.37
52~63
68.42
50.00
2.63
0.00

a Mean of 2 counts
b For the calculation of the re5 value, where the

mean schizont coirrc in the con~rol wells was less
than that in some of the test wells, the high.est
count was taken as 100% control ~.. wth
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chroroqut.ne
concentnratd.on (J.LM)

Schizonts per
200 parasitesa

Percentage
control growthb

corrt.rof
O~02
0.04
0.08
0.16
0.32
0.64
1.28

37.5
39.5
32.5
46.5
35.0
27.0
14.0
0.0

80.65
84.95
69.89

100.00
75.27
58.06
30.11
0.00

Chloroquine
concentration (J.LM)

Scbizonts per
200 parasitesa

'Oercentage
control growthb

Control
0.02
0.04
0.08
0.16
0.32-
0.64
1.28

47.0
37.0
36.0
45.0
41.5
2.0
0.0
0.0

100.00
78.72
76.60
95.74
88.30
4.26
0.00
0.00

Chloroquine
concentration (J.LM)

Schizonts per
200 parasitesa

Percentage
control growthb

Control
0.02
0.04
0.08
0.16
0.32
0.64
1.28

29.5
37.5
24.5
21.5
5.0
0.0
0.0
0.0

78.67
100.00
65.33
57.33
13.33
0.00
0.00
0.00

a Mean ot'2 counts
b For the calculation of the IC50 value, where the

mean scbizont count in the control wells was less
than thattin some of 'thetest wells, the highest
count was taken as 100% control growth


