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Abstract.

The genetic complexity of Plasmodium falciparum gametocytes isolated from Gambian children partici-

pating in a controlled trial of anti-malarial therapy was investigated. RNA and DNA were prepared from gametocyte-
positive blood, which was also used in transmission experiments with Anopheles gambiae mosquitoes. Amplification by
a reverse transcriptase—polymerase chain reaction (RT-PCR) of transcripts from the genes for the ring-infected eryth-
rocyte surface antigen and the 16-kD antigen, which exhibit asexual and sexual stage-specific expression, was used to
identify 30 post-treatment gametocyte isolates in which trophozoites persisted below the threshold of detection by
microscopy. These included isolates from children who received sulfadoxine/pyrimethamine plus artesunate. Twenty-
nine gametocyte-positive isolates that were free of subpatent trophozoites were examined further by PCR amplification
of polymorphic genomic loci. We estimate that an average minimum of 2.3 genotypes occurred in these gametocyte-only
isolates, and many of these were shown to be infective to mosquitoes. Thus, meiotic recombination between different
genotypes is predicted to be a common event in this study area.

INTRODUCTION

The gametocytes (sexual stages) of malaria parasites are
the essential link between human blood-stage infection and
the mosquito-borne phase of the parasite life cycle. In the
case of Plasmodium falciparum, an acute clinical attack is
frequently followed by a wave of gametocytes in the periph-
eral blood after 6-10 days,' even when treated.>* This is in
contrast to asymptomatic and chronic infections in semi-
immune people, which are associated with recurrent, low-
density, intermittent gametocytemia.*” In acute episodes of
falciparum malaria, the delay between peak asexual parasit-
emia and the appearance of mature gametocytes in the pe-
riphery reflects a period of sequestered development of ga-
metocytes in bone marrow, spleen, and probably a number of
other organs.®”’

In natural populations of Plasmodium, meiotic recombina-
tion between different genotypes can occur when the mos-
quito blood meal contains a mixture of genetically distinct
gametocytes. Only from such mixtures can diploid zygotes
capable of generating reassorted genotypes in the haploid
progeny (sporozoites) be formed. In contrast, a blood meal
that contains gametocytes of a single genotype can only result
in self-fertilization, where the generation of diversity will be
restricted to limited recombination among the sub-telomeres
of heterologous chromosomes.® To address the controversial
possibility that P. falciparum exhibits a clonal population
structure,’ the degree of self-fertilization has previously been
examined by genotyping oocysts in wild-caught infected mos-
quitoes.'®!" However, attempts to determine directly the
number of genotypes present as circulating gametocytes using
standard approaches are significantly hampered by the con-
comitant presence of circulating asexual parasites in most ga-
metocyte-positive hosts.

We have recently shown in controlled trials in The Gambia
that children with clinical malaria are more likely to become
gametocytemic after treatment with sulfadoxine/
pyrimethamine (SP, Fansidar®;, F. Hoffmann-La Roche,
Basel, Switzerland) than after treatment with either chloro-
quine (CQ) or with a combination of SP and artesunate.’
Gametocyte densities after treatment were highest among

700

children in the SP group, and lowest after treatment with SP
plus artesunate. Parasites present in venous blood taken from
some gametocyte-positive children from each treatment
group were able to infect Anopheles gambiae mosquitoes by
membrane-feeding, showing that the emergence of viable ga-
metocytes was not completely prevented by any of the treat-
ments tested. The majority of post-treatment gametocyte car-
riers in this study did not carry patent trophozoites (i.e., ring-
stage parasites), and so we surmised that these blood samples
would be a good source of gametocyte-derived genetic mate-
rial free of nucleic acids from asexual parasites.

We extracted RNA and DNA from the venous blood of 109
gametocyte-positive treated children who donated blood for
transmission experiments. These nucleic acid samples were
used as templates for the amplification of a number of para-
site genes. To exclude those samples with microscopically
subpatent asexual parasites, and to confirm the presence of
gametocytes, we carried out amplification by a reverse
transcriptase—polymerase chain reaction (RT-PCR) of stage-
specific transcribed sequences. We successfully amplified ga-
metocyte-specific transcripts in 65 samples and, in half of
those samples, also detected transcripts from subpatent tro-
phozoites that had survived drug treatment. We could there-
fore select gametocyte-positive, trophozoite-negative isolates
in which the numbers of genotypes present were measured.
Our findings have implications for estimates of meiotic re-
combination frequency in our population, and further our
understanding of the pattern of malaria transmission in this
endemic African setting.

MATERIALS AND METHODS

Study subjects. The parasite isolates used in this study were
obtained from patients participating in a clinical trial that was
conducted with full ethical approval from both the London
School of Hygiene and Tropical Medicine ethical committee,
and the joint Gambian Government/Medical Research Coun-
cil ethics committee. Documented informed consent was ob-
tained from parents or guardian.

Five hundred and ninety-nine Gambian children with un-
complicated clinical malaria who presented to Farafenni
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Health Center between September and December 1998 were
treated with one of three treatment regimens: CQ (n = 135),
SP (n = 277), and SP plus artesunate (n = 187) as previously
described.? During follow-up, a subject was considered game-
tocyte-negative if no sexual-stage parasites were observed in
Giemsa-stained thick blood smears per 1,000 leukocytes. A
subject was considered trophozoite-negative if no ring-stage
parasites were observed per 200 leukocytes. Parasite density
was calculated assuming 8,000 leukocytes/pL. The 109 chil-
dren participating in this study were gametocyte-positive dur-
ing follow-up (92 on day 4, 14 on day 6 or 7, and one each on
days 8, 10, and 16). This group was composed of 55 children
between one and five years old, 38 children between six and
10 years old, and 16 children between 11 and 18 years old. For
each of these children, a parent’s or guardian’s consent was
obtained for 3 mL of venous blood to be taken for transmis-
sion studies. The methods used for transmission have been
described.?

Samples and nucleic acid extraction. An aliquot of 50-300
L of fresh venous blood was frozen at -20°C, without any
additives, immediately after transmission experiments with A.
gambiae.> A few months later, blood was thawed and 30 wL
was immediately added to 1,000 wL of TRI Reagent (Sigma,
Poole, Dorset, United Kingdom). After thorough mixing, and
a brief incubation at room temperature, these samples were
stored at -20°C prior to being shipped to London. DNA was
extracted from the remainder of the thawed blood using the
Nucleon BCC kit (Nucleon Biosciences, Coatbridge, Scot-
land), which is specifically designed for extracting DNA from
blood samples. To remove contaminating material due to
blood clotting in many samples, an extra extraction with phe-
nol/chloroform/isoamyl alcohol (50:49:1) was performed fol-
lowing extraction, followed by precipitation with ethanol. The
pellet was washed briefly in 75% ethanol, and resuspended in
40 pL of nuclease-free water. For pre-treatment isolates,
DNA was extracted from dried blood spots on GFC filter
paper, as described previously.'?

Total RNA was extracted from the blood samples stored in
TRI reagent according to the manufacturer’s instructions.
The final RNA pellet was resuspended directly into a deoxy-
nuclease reaction (RQ RNAse-free DNAse; Promega,
Southampton, United Kingdom) in a total volume of 50 nL
that included approximately 50 units of nuclease and 1 pg of
yeast tRNA (Sigma). After incubation for 1-2 hours at 37°C,
the reaction was stopped with an EGTA solution supplied
with the DNAse enzyme. The sample was then diluted to a
volume of 100 pL with water and 3 M sodium acetate was
added to give a final concentration of 0.3 M. RNA was pre-
cipitated by the addition of 250 wL of 100% ethanol and the
sample was placed at -20°C for at least two hours. The RNA
was recovered by centrifuging the sample at 12,000 x g for 20
minutes. The pellet was then washed briefly in 75% ethanol,
air-dried, and resuspended in 20 pL of nuclease-free water
(Promega). Subsequent RT-PCR experiments showed evi-
dence of residual DNA contamination in some of our RNA
samples. These were incubated with DNAse and the restric-
tion enzyme Rsa I for one hour at 37°C prior to subsequent
RT-PCR experiments.

Amplification of nucleic acids. All RT-PCRs were per-
formed with the Access-RT-PCR System (Promega), which
uses Tth I thermostable polymerase. This enzyme shows ex-
cellent activity in buffers suitable for the avian myeloblastosis

virus (AMV) reverse transcriptase (RTase). Procedures pro-
vided with the kit were followed and a single program on a
thermal cycler (Omnigene; Hybaid, Ashford, UK) was used.
Briefly, for the duplexed RT-PCRs for the asexual-specific
ring-infected erythrocyte surface antigen (resa) and the sexual
stage-specific 16-kD antigen (pfs16), the four outer primers
(final concentration = 250 nM), all reagents, and both en-
zymes (Tth T and AMV-RTase) were mixed in each tube. All
test samples were accompanied by an identical sample lacking
RTase as a control for DNA contamination in the RNA
samples. All tubes were incubated at 48°C for 45 minutes to
permit first-strand cDNA synthesis. The temperature was
then increased to 95°C for five minutes to denature the
RTase, followed by 45 cycles of amplification. Each cycle was
94°C for 30 seconds, 48°C for one minute, and 65°C for one
minute. One microliter of the RT-PCR product was used as a
template in two nested PCRs (volume = 25 pL for each
PCR). Samples were amplified for 30 cycles with annealing
temperatures of 62°C and 59°C for resa and pfs16, respec-
tively. Products were visualized by electrophoresis on 1.5%
agarose gels in Tris-borate EDTA buffer. The gels were
stained with ethidium bromide and photographed over a UV
transilluminator.

Amplification of merozoite surface protein 1 (msp-1) and
msp-2 sequences was performed exactly as previously de-
scribed'? using 1 pL of prepared DNA in the first multiplex
reaction (with both outer primer sets) and 1 wL of these
products in subsequent, allelic, family-specific nested PCRs.
Amplification products were visualized by electrophoresis on
2% MetaPhor® (FMC BioProducts, Rockland, ME) agarose
gels. The gels were stained with ethidium bromide, photo-
graphed as described earlier, and scored by two independent
observers.

Oligonucleotide primers. The following oligonucleotide
primers for amplification of nucleic acids were designed for
this study: pfsi6 outer PCR: CSo053 caacatgaatattcgaaagttc,
CSo54 ttaagaatcatcatctecttegtetee; pfsl6 inner PCR: CSo72
ttettcgettttgcaaacctgg, CSo73 tttatcatcatctgegttctteg; resa
outer PCR: CS083 aaaagaaatgaaaataagagc, CSo85 gtttttcga/
gagcggtaaac; resa inner PCR: CSo86 gttgtgttctaaacgtggtgttc,
CSo087 cagcatatgggtttactgge. Primers for amplification of
msp-1 and msp-2 sequences have been described elsewhere.'?

Statistical analysis. Statistical significance was examined
with Student’s t-test for continuous data and the chi-square
test for categorical variables using Stata 6.0 software (Stata
Corp, College Station, TX).

RESULTS

Amplification of transcripts from the peripheral blood of
gametocyte-positive children. The RT-PCR amplification of
transcripts from pfs16, which encodes the 16-kD sexual stage-
specific antigen,'*'* and resa, which encodes the asexual-
specific ring-infected erythrocyte surface antigen,'® was at-
tempted with 109 RNA samples from gametocyte-positive
children.® The purpose of this was to determine if any of the
RNA samples were purified from the peripheral blood of
patients that had harbored subpatent trophozoites in addition
to gametocytes. Interpretable results, free of DNA-derived
amplification products, were obtained from 99 RNA samples
for pfs16 and 100 RNA samples for resa. For pfsi6, 64 of the
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99 RNA samples were positive in the RT-PCR. Since all
samples tested were gametocyte-positive by microscopy, we
regarded pfsl6-negative samples as RT-PCR failures, prob-
ably due to RNA degradation during storage or sample ex-
traction, and excluded them from subsequent analyses. Such
failure of pfsl6 amplification was significantly more common
among RNA samples from children with gametocyte densities
= 40/pL (n = 49) compared with those with gametocyte
densities > 40/pL (n = 50; x> = 13.3109, degrees of freedom
[df] = 1, P < 0.001). Most (30 of 34) of these pfsl6-negative
samples were also resa-negative, which suggests that RNA
quality or concentration is a critical factor in amplification
failures.

An interpretable RT-PCR result for resa was obtained
from 60 of the pfs16-positive RNA samples. Thirty of these 60
RNA samples were resa-positive: 14 from SP-treated chil-
dren, 11 from SP plus artesunate-treated children, and five
from CQ-treated children. Only three of these resa-positive
RNA samples were from children with patent trophozoites at
the time of sampling. Thus, either subpatent trophozoites per-
sisted in the 27 remaining individuals, or gametocytes also
transcribe resa. If the latter were true, we would be more
likely to detect resa in samples with high gametocyte densi-
ties. However, there was no significant association between
isolates having gametocyte densities > 40/l (n = 50) and the
RNA from those isolates that were resa-positive by the RT-
PCR (x* = 2.102,df = 1, P = 0.147). We conclude that the
30 samples that were pfsl6-positive and resa-negative were
composed of only gametocytes. Twenty-five of these were
obtained four days after treatment, and the remainder were
obtained 7-16 days after treatment.

Comparison of the multiplicity of infection in gametocyte
samples with pre-treatment samples. Use of the nested PCR
amplification and fractionation of products by electrophoresis
on agarose gels resulted in the successful amplification of
sequences at the msp-1 and msp-2 loci for both pre-treatment
and follow-up DNA samples from 59 of the 60 gametocyte-
positive isolates described earlier. Twenty-nine of these 59
gametocyte-positive isolates were resa-negative. We sought to
determine the number of parasite genotypes represented in
each by counting the number of distinct amplified products
from both loci. The greater of the two numbers, from either
msp-1 or msp-2, was our estimate of the minimum number of
genotypes (MNG).

Estimates of MNG were first derived from DNA samples
extracted from parasite isolates taken prior to treatment from
the 59 children who later became gametocyte-positive. These
samples represent the parasite population associated with
each child’s clinical attack, and therefore are composed of
trophozoites at a high density. In 15 of the isolates from which
these samples were derived, gametocytes were also detected
by microscopy prior to treatment. A frequency histogram of
estimated MNG for these 59 samples is shown in Figure 1.

The MNG was then estimated for each of the correspond-
ing 59 post-treatment gametocyte isolates used for mosquito
infection studies (Figure 2). Significantly fewer resa-positive
isolates were monoclonal (single genotype) compared with
resa-negative (gametocyte only) isolates (x* = 7.95,df = 1, P
= 0.005) and resa-negative gametocyte samples were gener-
ally composed of fewer distinct parasite genotypes (Figure 2).
Nevertheless, the majority of gametocyte-only isolates con-
tained two or more genotypes, and the mean MNG for these
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FIGURE 1. Frequency histogram of estimated minimum number
of genotypes (MNG) detected among the pre-treatment infections of
59 children who were later positive for gametocytes.

29 isolates was greater than two, indicating that mosquitoes
feeding on these hosts would frequently ingest genetically
heterogeneous gametocyte mixtures. The number of mul-
tiple-genotype gametocyte isolates in the three treatment
groups were as follows: for CQ, one isolate (n = 3), for SP,
nine isolates (n = 14), and for SP plus artesunate, eight iso-
lates (n = 12). There was no association between MNG of the
gametocyte samples and age.

As might be expected, the average number of genotypes in
pre-treatment isolates was higher than among post-treatment
gametocyte-positive isolates. There was no difference in the
pre-treatment MNG between those subjects with detectable
resa transcripts in follow-up and those without these tran-
scripts. Analysis of paired samples from each individual
showed that the reduction in MNG after treatment was sta-
tistically significant (P < 0.001, by one-sided paired t-test).

We have shown that an average of one less genotype is
present in post-treatment gametocyte-positive isolates than
was present in the preceding clinical infection. Can these per-
sisting genotypes be matched with genotypes seen prior to
treatment? A conservative criterion by which one can judge
differences between isolates is to count distinct amplified
bands in each of the five allelic families (three for msp-1 and
two for msp-2) among the gel-fractionated PCR products. An
increase in the number of bands for a particular allelic family
indicates that the follow-up isolate includes a genotype not
detected in the pre-treatment isolate. This approach ignores
fragment size as a criterion; including size would add to our
discriminating power, but would still underestimate both ge-
notype number and the number of genotypic differences be-
tween paired isolates. Electrophoresis results for pre-
treatment and post-treatment samples from all children (n =
10) in whom additional products were observed are shown in
Table 1.

All 10 of these individuals, in which there is evidence of the



GENETIC ANALYSIS OF GAMBIAN GAMETOCYTES OF P. FALCIPARUM 703

40%

resa-negative

n=29
30% -

20%-

10% -

MNG

Mean MNG:  2.28 (95%CI +/— 0.50)
2-sided t-test: P =0.0974

40%
resa-positive

aoic n= 0

20%

10%

1 2 3 4 5 6
MNG
Mean MNG:  2.83 (95%CI +/— 0.46)

FIGURE 2. Frequency histogram of estimated minimum number of genotypes (MNG) detected among both ring-infected erythrocyte surface
antigen (resa)-negative (left) and resa-positive post-treatment infections from the same 59 gametocyte-positive children as in Figure 1.

presence of at least one additional genotype in the post-
treatment sample, were resa-negative by the RT-PCR. This
means that the appearance of additional genotypes in a ga-
metocyte sample is significantly associated with the absence
of persistent trophozoites (x> = 12.0, P = 0.001). The ap-
pearance of additional genotypes was not associated with the
estimated MNG in the gametocyte isolate or with the day of
follow-up or treatment group.

MNG and infectivity to mosquitoes. We have shown that
gametocytes isolated from Gambian children after treatment
were frequently composed of two or more genotypes. It was
necessary to show that multiple genotype gametocyte isolates

TABLE 1

Number of bands detected by electrophoresis for each of the allelic
families of merozoite surface protein-1 (msp-1) (K, M, and R) and
msp-2 (F and 1) in pre-treatment and post-treatment gametocyte
samples from 10 individuals in which new bands appeared in the
gametocyte-positive follow-up sample*

Number of products

Pre-treatment isolates Post-treatment gametocyte isolates

K M R F 1 K M R F 1

Patient1 0 1 0 1 1 1 1 1 2 1
2 1 1 0 0 3 2 1 0 1 1
3 2 0 0 5 0 1 0 0 2 1
4 o o 1 3 2 1 0 1 1 1
5 1 0 0 0 2 1 0 0 1 1
6 1 0 0 1 1 1 0 1 1 0
7 1 1 0 0 1 1 0 0 1 0
8 4 0 1 0 3 4 0 1 2 1
9 1 0 0 6 0 0 0 0 3 1
10 1 0 1 0 0 0 0 1 1 0

* Bold numbers indicates the appearance of an additional band or bands in the post-
treatment sample. MSP-2 data for patient 10, pre-treatment, was uninterpretable. However,
a clearly identifiable band was observed in the post-treatment sample.

are at least equally likely to infect A. gambiae to demonstrate
that mating between genetically different gametocytes is
likely. The relationship between crude infectivity, determined
for each child in our transmission study,®> and monoclonality
of gametocyte samples is shown in Table 2.

Multiple-genotype gametocyte isolates were similar in in-
fectivity to monoclonal isolates. This finding is corroborated
by comparison of the mean MNG among infective and non-
infective isolates: 2.7 + genotypes (95% CI + 0.54; n = 32)
and 2.4 + 0.40 (n = 27) genotypes (P = 0.31, by two-sided
t-test).

DISCUSSION

We have performed a genotypic and phenotypic survey of
gametocyte-positive P. falciparum isolates from Gambian
children who had received anti-malarial treatment between
four and 16 days earlier. Each of these isolates was also used
in transmission experiments with membrane-fed A. gambiae
mosquitoes.> Our data show that four days after treatment
with CQ, SP, or SP plus artesunate subpatent trophozoites
can be detected by an RT-PCR in a considerable proportion

TABLE 2
Relationship between the estimated minimum number of genotypes
(MNG) in a gametocyte sample and the crude infectivity of that
sample to mosquitoes*

Number of gametocyte-positive isolates with

Any mosquitoes infected? MNG =1 MNG > 1 Total
No 5(38.5%) 23 (48.9%) 28
Yes 8(61.5%) 24 (51.1%) 32
Total 13 (21.7%) 47 (78.3%) 60

#x? = 0.4489; P = 0.503.
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of isolates. The mean minimum estimate of the number of
parasite genotypes in those isolates that consisted of gameto-
cytes only was found to be 2.3 genotypes. Since many of the
polyclonal isolates were shown to be infective to mosquitoes,
we conclude that cross-fertilization events between two dif-
ferent genotypes, and thus the potential conditions for mei-
otic recombination, commonly occur in mosquitoes feeding
on treated children. For example, 25.6% of SP-treated chil-
dren are infectious seven days after treatment,> and nine of 14
gametocyte isolates from the SP group contained multiple
parasite genotypes. Thus, approximately 16% of the children
treated with SP will be infective to mosquitoes and may be
expected to transmit a mixture of genetically distinct game-
tocytes.

A relatively large number of pfs/6 RT-PCR failures (34 of
109, 31.2%) occurred among our gametocyte-positive isolates
with the methods we used. There was a tendency for the
RT-PCR to fail when gametocytes occurred at low density,
but this did not account for all failures. Many of our samples
were stored between one and two years in TRI reagent at
-20°C, and Kyes and others,'® using similar methods, have
shown that long-term storage above —70°C reduces the yield
of RNA. In future studies, we need to improve our sample
storage methods, and process stored material sooner.

Of the 60 pfsi6-positive RNA samples studied in detail, no
fewer than 30 were also positive for resa transcripts. We be-
lieve that resa transcription in gametocytes can be ruled out
due to the lack of association between resa positivity and
gametocyte density, assuming that there are no particular
subsets of circulating gametocytes that do transcribe the resa
gene. We therefore conclude that in half of our isolates ga-
metocytes co-exist with trophozoites that are too scarce to be
observed on thick blood films.

This is the first time to our knowledge that an RT-PCR has
been used to detect stage-specific parasite survival after drug
treatment. A number of these isolates occurred in children
who had received SP plus artesunate (both one-day and
three-day regimens), confirming that in vivo, artesunate did
not radically clear asexual parasites in all patients in our study
population. We do not believe that the day 4 parasites are
resistant to artesunate, but rather that there is a pharmaco-
dynamic tail of persisting sensitive parasites in some treated
individuals. These may be drug-damaged parasites unable to
multiply further, as have been observed in P. chabaudi-
infected mice treated with pyrimethamine.'” However, given
that artesunate has a very short half-life and will have been
exhausted in the circulation by day 4, we favor the interpre-
tation that these are fully viable parasites, capable of recru-
descence. This phenomenon does have serious implications
for combination therapy that pairs artesunate with a vulner-
able drug, such as CQ or SP, for which resistance already
occurs in the population concerned. There is then a finite
likelihood of parasites intrinsically resistant to the vulnerable
drug being among those that escape artesunate in the phar-
macodynamic tail. Such parasites could cause delayed recru-
descences among patients receiving combination therapy. We
have evidence that late treatment failures do indeed occur
with the combination of CQ plus artesunate in The Gambia
(Sutherland CJ and others, unpublished data), illustrating the
importance of combining artesunate with drugs known to be
highly effective.'®

The key finding of our study is that gametocytes ingested

by mosquitoes feeding on this population are likely to form
heterodiploid zygotes, and thus generate sporozoites with
novel genotypes following meiotic recombination. Whereas
other mechanisms of recombination are thought to contribute
to genetic heterogeneity in Plasmodium, particularly adjacent
to telomeres,®'? meiotic recombination is the most important
source of gene reassortment. No doubt this has been a fun-
damental driving force behind the high level of genetic diver-
sity that characterizes African parasite populations.'®?° Else-
where, in parasite populations with limited genetic diversity,
self-fertilization may be a far more frequent event and this
can result in a population structure approaching clonality.*!

These findings concerning the occurrence of multiple geno-
types among gametocytes circulating at a given time cannot
be automatically extrapolated to all gametocyte carriers in the
Gambian host population. Since our study was conducted
among children who had been treated for a clinical malaria
attack, gametocytes found four days after treatment represent
the beginning of the gametocyte peak commonly observed
following clinical falciparum malaria in non- or semi-immune
people.' However, many of the gametocytemic people in
the study area at any one time will have had asymptomatic
infections and will not have sought treatment. Furthermore,
many of them will be adults who tend to have well-developed
immunity and carry low density gametocytemia for extended
periods.® Thus, it is difficult to estimate the relative contribu-
tion of treated children to the overall pool of transmissible
parasites. For this reason, our results should be seen as a
genotypic and phenotypic description of infective gameto-
cytes from one important source: treated children. Comple-
mentary studies of treated and untreated asymptomatic ga-
metocyte-carriers currently being undertaken in our study
area should allow us to describe the genetic characteristics of
gametocytes from other sources.

A recently established paradigm depicts P. falciparum in-
fections in African people as complex mixtures of multiple
parasite genotypes with intricate dynamics.>>~>* Four days af-
ter treatment, any remaining asexual parasites represent the
dwindling tail of the clinical peak of parasitemia, and the
observed MNG in these samples reflects the MNG of the
clinical peak. Circulating gametocytes, in contrast, must have
differentiated from their asexual progenitors at least three
days before treatment because their development takes 7-10
days. These progenitors may have been genetically different
from the trophozoites that make up the clinical peak of par-
asitemia, as will be the gametocytes derived from them. In
addition, we identified 10 gametocyte isolates in which novel
allelic variants, distinct from any observed before treatment,
were detected: each of these was resa-negative by the RT-
PCR. The genotype of a follow-up sample is therefore more
likely to differ from that of the pre-treatment parasite popu-
lation if all trophozoites have been eliminated, suggesting that
in the absence of treatment gametocytes often co-exist with
asexual parasites that are of a different genotype. This has
implications for anti-gametocyte immunity, and Hayward and
others® have suggested that early developing gametocytes in
vitro share immunodominant antigens of the P. falciparum
erythroctye membrane protein 1 with their trophozoite pro-
genitors.

In summary, we have used a combination of longitudinal
genotyping and an RT-PCR to determine the genetic com-
plexity of gametocytes circulating in the peripheral blood of
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treated Gambian children who had presented with clinical
malaria. We have been able to show that among gametocyte
isolates without detectable trophozoites there is on average
more than two distinct genotypes present. Thus, conditions
for frequent meiotic recombination are met.
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