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I ' Abstract. ' A polymerase chain reaction (PCR) typing technique, based on the amplification of polymorphic regions ¡ 
from the merozoite surface protein 1 (MSP-1) and MSP-2 Plasmodium falciparum genes, was used.to characterize 1. I 

parasites collected in a longitudinal study of asymptomatic carriers of malaria parasites living in two distinct epide- 
miologic situations. Blood samples were collected from children and adults living in the village of Dielmo, Senegal, {, , , 
when maiaria transmission was 3-6 infective bites/weeMindividual. For each individual, every sample collected at j 
two-week intervals over a period of three months showed a specific PCR pattern. Changes involved both appearance j 
and disappearance of specific alleles. Analysis of blood samples collected at a few-days interval showed that modi- , , 

, li 

I fications of the PCR patterns occurred rapidly. Most alleles were detected over a period of 2-3 weeks, but some 
' alleles could be detected only for a few days. The frequent modifications of the PCR patterns indicate significant i 1 

changes in allelic balance over time, and importantly, this was observed both in children and adults. These results j ' 

strongly contrast with the stibility of the parasite types harbored by asymptomatic individuals living in Pikine, Senegal i . 

d u h g  9 period in which malaria transmission was interrupted, and therefore suggest that the rapid turnover observed i 
! in Dielmo may reflect the introduction of new parasite populations by mosquitoes. 
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Protective immunity against Plusnzodiutn fulcipururn ma- 
laria is acquired slowly after a large number of infections 
and its maintenance requires a sustained exposure to infected 
mosquitoes. Adults living in holoendemic and hyperendemic 
malaria areas possess a status of premunition, resulting in a 
high prevalence of individuals carrying low-grade parasit- 
emia without presenting clinical symptoms.' In these 
regions, asymptomatic carriage can be observe:! iu more 
than 90% of individuals, as demonstrated by highly sensitive 
detection techniques such as the polymerase chain reaction 
(PCR),? This ,peculiar immune status is generally described 
as the successive and/or concomitant involvement of two 
distinct immune phenomena: 1) a clinical or anti-disease im- 
munity that enables the carriage of important parasite loads 
in the absence of symptoms and that develops rapidly during 
childhood, and 2) an anti-parasite immunity, responsible for 
a marked reduction of the parasite densities after the age of 
15-20,3 ft is still unclear how these two mechanisms interact 
or complement one another and result in asymptomatic car- 
riage of the parasite. 

Plasmodium falciparum isolates are known to be com- 
posed of complex mixtures of parasite populations, as dem- 
onstrated * by isoenzyme patterns, two-dimensional gels, 
monoclonal antibody studies, or PCR analysis of polymor- 
phic markers.66 However, since most samples characterized 
so far have been collected from symptomatic patients, very 
little is known about the complexity and behavior of parasite 
populations harbored by 'constantly exposed asymptomatic 
individuals from holoendemic regions. In 1990, an in-depth, 
follow-up study was initiated on the entire population of the 
village of Dielmo in Senegal where transmission is high and 
perennidl, thus providing not only precise information on 
entomol gic parameters in this village, but also a docu- 
mented survey of the epidepiologic, clinical, parasitologic, 
and imhunologic histbry of each inhabitant.' A cross-sec- 

k 

'1 I 
I 

tional survey of asymptomatic residents from this vill$ge ~ 

demonstrated that the complexity of the ,infections decreases 
in an age-dependent manner in this village, in parallel with 
the appearance of an immune protection and a reduction :of 
parasite density. Furthermore, this showed that acquired anti- 
parasite immunity not only reduces parasite density, but also 
limits the number of parasite genotypes infecting an indivíd- 
ual at a given time.8 However, little is known about how 
these infectiom evolve over long periodSAof time. 

We perfornied a longitudinal analysis' of the parasite pqp- 
ulations infecting asymptomatic individuals living in Diel- 
mo. We also studied longitudinal samples from chronic car- ' 
riers living in a low-endemicity urban k e a  during a period 
of nontransmission. Parasites were characterized using' a 
PCR technique based on amplification of polymorphic mero- 
zoite surface protein 1 (MSP-1) block 2 and MSP-2 centfal 
domain. The sensitivity and the potential limitations in,$e , 
analysis of samples containing sFveral alleles have been de- 
tailed in a previous report? The data reported here prov(de 
new information on the dynamics of host-parasite relation- 
ships, on anti-parasite immunity, and bn parasite evasipn 
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mechanisms. I 
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I MATERIALS AND METHODS 
1 i 

Study site, choice of blood donors, and collection /of 
isolates. All blood samples were collected with the informed 
consent of the donors or their parents. The highly endemic 
site chosen was the village of Dielmd, Senegal, 280 km 
southeast of Dakar, where malaria transmission is perennial 
due to the presence of a stream, but is maximal during the 
rainy season that occurs between July and Octobet7 The first 
follow-up study was conducted between June and September 
1990 (individuals with identification numbers 07/06, 10105, 
11/13, 13/03, and 29/06) and the second one between August 
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i,ongitudinal analysis of asymptomatic Dielmo villag- 
ers during a period of intense transmission. Two-week 
scitirplìngs, We first analyzed the complexity of parasite pop- 
ulations harbored by constantly exposed asymptomatic car- 
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riers and the duration of carriage bf specific pardsit$lgcnct-' 
types, Figures 1 and 2 show the MSP-IIMSP-2 PCR p r d -  

and September I992 (individuals with identificationinumbers 
06/01, 04/01, and 18/1 I). During both these periods, the en- 
tomologic inoculation rate was 3-6 infective bites/individu- 
allweek.' Studied subjects'were selected on the criteria of a 
positive thick blood smear at enrollment and the absence of 
gametocytes during the follow-up study. None of these in- 
dividuals presented any clinically patent inalaria episode in 
the course of, and for at least one month prior to, the survey. 

The third follow-up study was performed in the district of 
Pikine4 Senegal, a Dakar suburb. Samples were collected be- 
tween Janthry and February L993, i.e., during a nontrans- 
mission period.1". I l  Blood donors (individuals with identifi- 
cation numbers 407, 512, and 385) were randomly chosen 
among patients with malaria coming in for consultation in 
December 1992 who were treated with chloroquine and who 
showed subsequent asymptomatic chronic carriage of para- 
sites despite treatment. 

All samples were collected and 'stored as previously de- 
scribed." Parusite density was determined by micrdcopic ex- 
aininatioti of Giemsa-stained thick blood smears.I2 

Extraction of DNA and PCR conditions. The DNA from 
approximately I O9 red blood cells was phenol-extracted as 
previously described and resuspended i n  70 FI of watersg 
Five microliters were amplified according to the manufac- 
turer's recommendations (Amersham, Buckinghamshire, 
United Kingdom) in an Hybaid automated heat block (Cera- 
Labo, Ecquevilly, France) for 35 cycles (94°C for 2 sec, 
55'C for I min, 72OC for 2 min). The PCR analysis used 
here was based on the amplification of highly polymorphic 
regions from two markers: block 2 of MSP-I and the re- 
peated region of MSP-2.t3q14 The primers used were I )  for 

TOA C-3') and MSP-1 .B (5'-ATT CAT TAA 'MT C7T CAT 
ATC CAT C-3'): and 2) for MSP-2: MSP-2.2 (5'-AAC GAA 

MSP- 1 : MSP- I .A (5'-AAG CTT TAG AAG ATG CAG TAT 

'IY*C' ATA AAC Axr G c r  *rAT AAT m G  AGT-Y) illld 

MSP-2.3 (5'-GAT GAA TTC TAG AAC CAT GCA TAT 
G'I'C CAT GTT-3'). Detailed procedures ure described by 
Contamin and othersag 

PCR analysis and  hybridization conditions, Ten mi- 
croliters of PCR mixture were loaded on a 3% Nusieve GTG 
agarose gel (FMC Bioproducts, Rockland, ME) containing 
ethidium bromide. The PCR products were blotted on nylon 
membranes (Hybond-N, Amersham) and hybridized with 
family-specific probes, namely K I ,  MAD20, or R033 for 
MSP-I, anda IND/3D7 or FC27 for MSP-2.l1-l5 Generally, 
relevant family-specific probes were combined before label- 
ing and-hybridization, except for the samples collected in 
1992 (Dielmo) for whikh MSP-I and MSP-2 amplification 
products were sequentially hybridized with each relevant 
family-kpecific probe. Sequences of the probes have been 
previously veri tied", I(r and are available in most common da- 
tabanks. Membranes were washed twice in 0.5X SSC ( I X  
SSC = 0.15 M NaCI, 0.015 M sodium citrate) and twice in 
O. 1 X SSC at 65°C. 

u& amplified from blood samples /collected *eyery 2 
weeks during the 1990 rainy season from indiyidual$ 
tween three and 26 years Òf age (see figureilegends). Bo 
polymorphic markers indicate tha;t these 'asympt~mutic' 
fections were complex, since in some cases up t0~5-6 bands 

ers. In all cases, the PCR patterns obtained with the samples 
' 

collected from a single individual ,were all distinct from one 
another, indicating substantial changes in the composition of i 
the parasite populations i n  the peripheral cirtulation. It is 1 
important to stress that the  modifications of these PCR pat- 1 

terns involved both the appearance and disappearance of cer- 
tain amplified products, which were not related to modifi- 
cations in the parasite densities. A' typical example is shown 
in  Figure 1, in which samples from a 3.5-year-old child have 
been analyzed. The 440-basepair (bp) band amplified from 
the sample collected on day I wa$ notlonger detected in the 
next sample collected on day 16.:The amplification of two 
new bands (470 bp and 525 bp) on day'16, while the parasite 
density on that day was lower than on day 1, indicates that 
the dominant parasite genotypes on day ' 16 were different 
from those prevailing on day I. The detection of these two 
new bands reflects either recent inoculation(s) or an jncrease 
in  the parasites that had previously been carried at a lower 
density. The two bands amplified ifrom the sample collected 
on day 16 could no longer be deltected in the samples col- 
lected on day 29 and day 43, which'reflects at least a sig- 
nificant decrease in the density of the corresponding para- 
sites. Likewise, the amplification of two novel alleles (360 
bp and 480 bp) from the sample'collected on day 29, con- 
comitant with a four-fold increase in parasitemia, can be at- 
tributed to either a novel infection of a significant increase 
in  thc piir:isitcs previously c:irricd at II lower dctisity. Thc 
360-bp band was still detected, u lcsser intcnsily, on 
day 43 although i t  could not be detected on duy 57. Addi- 
tionally, two new genotypes (420 bp/and 515 bp) were de- I 

tected on day 43. Since they were absent from the products ' 
generated from the samples collected previougly, it is likely 
that they resulted from a recent1 inoculation, Similarly. on 
day 57, three novel parasite populations were1 visualized. I 
while the three former ones were no longer amplified. The 
comparison between the profiles obtained on day 43 and day 
57 is particularly informative, s,¡nce the pariasite densitics 
were similar and, therefore, thel distinct patterns obtained 
reflect totally different parasite populations. This,cleurly sug- : 
gests a rapid turnover of the parasites detectable in the pe- 

Similarly, rapidly changing patterns ,were obscrvcd 1 in , 
each of the four individuals anqlyzed in Figure 2. Indeed, i 
both MSP-1 and MSP-2 profiles, dififered fromione sample 
to the next, Note that parasite densities ln the samples from 2 

individuals 07/06, 10/05 'and 1 1//3 were in the same range. 
This further suggests that the modifications observed reflect 
intrinsic dirferenccs in thc parasite populations present at the 
various timc points in the same individual. 

Sutnpl in~ ni 2-4-duy irttc~rvul.~ Our results led us to in- 
vestigate in grcater dctail the turnover rute of the parasite 
populations present in asymptomatic individuals. A second 
longitudinal study with samples taken at shorter time inter- 
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I could be visualized in one sample with a single pair of prim- 
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paras*'100 1108 29 126 56 65 I e u kocyt es 

FIGURE I. A, merozoite surface protein 1 (MSP-I) (block 2) am- 
plifications and B, corresponding parasite densities of consccutive 
samples from an asymptomatic 3.5-year-old child from Dielmo, Sen- 
egal (individual code 29/06) collected five times over a period of 57 
days. bp = basepairs: paras. = piirosiles. 

vals was tliih pcrliwmcil i II Diclmo bclwccn Augusl :ind 
September 1992, a similarly high transmission season (Trape 
f-Fj unpublished data). One teenager (I 8/l I) and two adults 
(06/01 and 04/01) were enrolled. For these three individuals, 
a series of blood samples was obtained every 2-4 days. To 
obtain more precise information on  allelic carriage, each gel 
was blotted and sequentially hybridized with the relevant 
family-specific probes (Figures 3-5). As expected, these hy- 
bridizations led to the visualization of bands not detected by 
staining with ethidium bromide. 

An exampie of the least complicated situation is shown in 
Figure 3, where five distinct subpopulations could be visu- 
alized using MSP-I typing over a period of 24 days. Two 
different 480-bp alleles, one MAD20-type and one R033- 
type, were detected during the survey and their intensity 
fluctuated, presenting a peak from day 14 to day 19, con- 
comitant with a significant increase in parasitemia. From day 
1 to day 6, a 540-bp KI allele was also amplified and was 
no longer detectable thereafter. From day 3 on, a novel, 430- 
bp KI allele was detected and was still amplified at the end 
of the survey. The intensity of the amplification fragments 
peaked on days 12-19. On day 9, although the parasitemia 
was equivalent to that of day 6, a new 430-bp R033  allele 
was observed, although this was no longer amplified from 
the following samples. It is noteworthy that the peak of par- 
asitemia between day 12 and day 19 was accompanied by a 
simultaneous increase in the intensity of the three alleles 
detected during this week. 

The MSP-2 amplifications obtained from samples collect- 
ed from an asymptomatic teenager shown in Figure 4 re- 
vealed some of the features described for the previous case. 
Indeed, detection of a '640-bp FC27 allele fluctuated from 
day 12 to day 39. Another FC27 allele (730 bp) was also 
detected with varying intensity from day 12 to day 29 and 
was no longer detected thereafter, while a new IND/3D7 
allele of the" same size was amplified. Another IND/3D7 al- 
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individ. 07/06 1 
I 

sampling 1 I 1 30 57 711 

)aras./loO 
leukocytes 27 12 l 7  3jj 

individ. 11/13: 1 
I ' p  

sampling 1 I 1 30 ,!57 85 

I 15 n.a. ~ 17 
leukocytes 

10/05 r' 
I 1 30 ' 53 81 

4 13/03 

0.1 1 22 0.06 8 

1 I I  
FIGURE 2. A, merozoite surface protein 1 (MSP-I) (block 2) and 

MSP-2 (repeats) analysis of consecutiVe samples collected from four 
asymptomatic individuals, as indicated in B during the 1990 rainy 
season in Dielmo, Senegal. Individuals 07/06. 10/05. 11/13. iind 13/ 
03 were eight, seven, seven, and 26 years old. respectively. B, days 
of blood sampling and corresponding parasite densities. bp - ha- 
sepairs; individ. = individual; paras. parasites: n.a. = not  iiv~iil- 
able. 

lele (700 bp) was detected on days (2. 13. 16-24, and 50. 
It is interesting to note that on day1 14, the three parasite 
genotypes detected in this individuril dccrcuscd undcr tlic 
threshold of sensitivity of both PCR and thick siiic:tr cx- 
amination, although they were apparently still prcscril since 
they became detectable again two days later. In agrcenicnt 
with the results of the first follow-up {Figure I and 2).'snm- 
ples collectyd at 12-day intervals generated'differFnt, PCR 
patterns: none of the genotypes amplified on dny'l wcm still 
detectable on day 12; similarly on day 50. four previously 
undetected genotypes were observed, together with two al- 
leles (a 700-bp, IND/3D7-type and 911 5,gO-b~. ,unassigned 

I ,  
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I 

allele) that had been previously detected. 1 

The results presented in Figure 5 ;  also show' fluctuating 
MSP-1 and MSP-2 patterns. In contrast with the previous 
examples, most of the genotype! observed irr  tho suniplcs 
collected between day 12 and day 151 (comprising a lotal of 
five distinct MSP-I alleles and five distinct MSP-2 allclcs) 
were no longer detected thereafter. Other parasite genotypes 
were detected from day 22 onward, and in addition, 11 novel 
MSP-2 allele was amplified from the samples collected from 
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R033 

1 1 j Y 

1 2 3 5 6 9 12 14 16 19 21 24 
dayof 

sampling 

leukocytes 3.5 O 4 0.2 0.5 0.5 7.5 14 11 n.a. ;.a. 7 // 
I 

paras./l O0 * I  

intensity to be shown here. 

dnys 3 1-37, Therefore, the patterns observed for this indi- 
vidual reconfirm that in general, there were significant dif- 
ferences between samples collected at 10-1 5-day intervals, 
An interesting point was that distinct parasite populations 
evolve with quite different kinetics. The 580-bp FC27 allele 
was,consistently detected throughout the 50-day survey. On 
the contrary, other populations apparently decreased rapidly, 
as indicuted by the significantly different patterns observed 
for both markers in the samples collected two days apart, 
i.e.. on day 13 and day 15. 

Analysis of the parasite genotypes in asymptomatic in- 
dividuals in the absence of transmission: the Pikine 
study. To evaluate the influence of new parasite inoculations 
by mosquitoes on the turnover rate of blood parasite popu- 
lations, a third series of longitudinal studies was carried out 
in Pikine, a suburb of Dakar, at a time when transmission 
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~2icilJRI: 3. Polymerase chain reaction typing of merozoite surface protein 1 (MSP-I ) (block 2) alleles in successivy blood samples collected 
l'roi11 :I S2-year;old asymptomatic Dielmo, Senegal villager during the 1992 rainy season (individual code 04/01). A, results of hybridizah 
with I;un!ly-spec¡lìc probes ( K I ,  MAD20, and R033) used sequentially on the same filter. B, schematic representation of the alleles deteclcd 
ill the various blood samples; codes for each family are as indicated. C, days of blood sampling and corresponding parasite densities. bp = 
basepziirs; Eth.Br. = ethidium bromide; paras. = parasites; n.a. = not available. The ethidium bromide-stained bands were of insufficient 
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was interr~pted.~-  lo Samples were collected from three teen- 
agers, identified as chronic parasite carriers and recovering. 
with no symptoms, from ti, previous malaria attack. 

Figure 6 shows the PCR patterns obtained with five sum- 
ples from each donor, collected every 1-2 weeks, over a totul 
period of five weeks. In contrast to the Dielmo sl.udy, wsin- 
gle band was visualized in each sample with bo\h markers, 
indicating a relatively homogeneou4 parasite population. 
With the MSP-1 marker, hybridization with allele-specific 
probes revealed two very faint bands with the samples from 
two donors. The patterns remained perfectly stable, showing , 
the same singlc bands over thc fivc-week survey, with no 
appearance of any additional iiiiiplilicd bands. The only 
modification concerned the intensity 'of the amplifications, 
which likely reflects the important fluctuations in parasite 
densities observed microscopically ducng the survey (Figure 
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FIGURE 4. Polymerase chain reaction (PCR) typing of merozoite surface protein 2 (MSP-2) (repeats) alleles in successive blood 'ssmplcs 
collected from a 16-year-old asymptomatic Dielmo, Senegal villager during the 1992 rainy season (individual code 1811 I). A, analys/s of the I 

PCR products by ethidium bromide staining of the agarose gel. B, results of hybridization with family-specific probes (lND/3D7 and Fc27l 1 

used sequentially on the same filter. C, schematic representation of the alleles detected in the various blood samples: codes for each ramily 
are as indicated. D, days of blood samples and corresponding parasite densities. For definitions of abbreviations, see Figure 3. , , 

I I '  ! 

1 

Ì 

I 
I I  I* 
I 1, j! i '  

i 

j ' 1 -  7+ 
I I  .I 1: 1 

FKIURE 5. Polymerase chain reaction typing of merozoite surface protein I (MSP-I) (block 2) and MSP-2 (repeats) alleles in successive 
blood samples collected from a 49 year-old asymptomatic Diclmo, Senegal villager during the 1992 rainy season (individual code 06/01). A. 
results of hybridization with family-specific probes ( K I ,  MAD20, or R033 for MSP-I and IND/3D7 or FC27 for MSP-2) uscd scqucnlially 
on the same filler. B, schematic reprcsentalion of the nllelcs dclectcd in the various blood samples. Codes for each f?mily are as indicatcd. C.  
days of blood sampling and corresponding parasite densitics. The MSP-I ethidium bromidc-steincd bands were of insufficient inlcnsily lo hc 
shown here. For definitions of abbreviations, see Figure 3. 
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A t  407 51 2 385.  
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day of I 
sampling 1 16 23 -, 30 37 

ò 
5 indiv.407 3.1 2 1 O 31.2 4 n.a. 

O - indiv.51 2 ,  .1 5 15 6.2 13 0.5 

p~ indiv.385 1.56 40 0.12 12.5 99 
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FIGURE 6 Polyincrase chain reaction (PCR) analysis of the parasites (paras.) in succcssive hloocl snniplcs collcctctl in Pi 
three chronic usyniptoinulic ciirricrs in Jiuiuiiry.und Fcbruury 1993. la,, II pcriod ol' noiitr.unsniissioii. A, unnlysis of iiicrwn 
I (MSP-I) (block 2) und MSP-2 (repccits) PCR products by ethidium bromide staining of agarose gcls: Ihc Icft lanc wiis loadc 
weight marker (100-biiscpair (bpj, ladder). ß, deys of blood sampling and corrcsponding parasitc densities for thc thrcc 

I l  leukocytes: indiv. = individual, n a ,  = not ovailable. 
I 

1 
6B). However, it should be stressed that in contrast to Diel- 
mo, these large variations were not associated with any mod- 
ification of the PCR patterns, indicating that the same pop- 
ulations were propagated for a long time in the absence of 

1 novel inoculations by mosquitoes. 

' DISCUSSION 

In our study conducted in Pikine, we have observed that 
in the absence of transmission by mosquitoes, PCR patterns 
obtained with both MSP-I and MSP-2 primers are simple 
and remain stable over a period of five weeks. The simplicity 
of these patterns is consistent with the low endemicity in 
this region; the low inoculation rate implying that a malaria 
attack would most likely result from a single infective bite. 
Furthermore, the three subjects studied here had received a 
chloroquine treatment resulting in asymptomatic RI-type re- 
sistant infections, which can further explain the homogeneity 
of the parasites harbored. The stability of the PCR patterns 
was illustrated by the fact that for both genetic markers, no 
modification of the profiles was observed over a period of 
five weeks. This was also observed for amplified thrombos- 
pondin anonymous protein and circumsporozoite polymor- 
phic regions.9 Point mutations or minor changes in  sequence 
could not be investigated by the approach used here because 
this would require DNA sequencing. Nevertheless, our re- 
sults show that no major allelic changes were observed with 
these markers, ¡.e., that the parasites were propagated for a 
long time without major modification at these loci. This does 
not rule out the, possibility that modifications occurred at 

_- 
e-- !- 

. I .  , .  
I 

~ 

I I 

otherJoci, such as those involved in clona 
tion17. and recently identified.'9-21 In very 
areas such as Pikine. children and adults dc 
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tection against malaria and are likely to have a clinical'cp- 1 ' " 1 ,  

isode upon subsequent inoculation. Nevertheless, they are 1 
able to support long-term infections by ;the jsaine parasitc, 
The relationship between strain-specific and strain-indepen- 
dent anti-parasite immunity to clinical immunity in these in-  
dividuals clearly warrants a detailed investigation, 

The results of the longitudinal study performed in Dielmo 
during the 1990 rainy season showed important and consis- 
tent modifications of the PCR patterns yith' both markers t 

and for all individuals in a time as short as1 2-3 weeks, a 
phenomenon involving both appearance and ,disappearance 
of amplification products. Kinetics of parasite turnover were 
further studied using a closer follow-up 'coiducted during 

cases, PCR patterns changed considerably' within only a few 
! 

days, even though several genotypes coutd be detected ,for 
up to 15 days or even 50 days in one case! Two distinct 1 

interpretations can be proposed. First, as stable patterns prc- 
vai1 in the absence of transmission whilelchanging paticrns ' ' 
are observed in a period of intense transmissjon, this rapid I 

turnover may reflect frequent reneqal of parasite populations 
resulting from sporozoite inoculations. In that case, the  tur 
over rate of parasite populations detected, in  !he pcriphqral 
blood of Dielmo villagers would indicate that ,asymptomatic 
carriagewonsists of sequential waves of inbculation and par- 
tial or total parasite clearance. 
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the summer of 1992 on one teenager and two I adults. In some 
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I 

13, Tanabe K, Mackay M, Goman M, Scaife JG, 1987. Allelic di- 
morphism in a surface antigen gene of the malaria parasite I 
P / ~ I . w I ~ ~ I ~ ; I ~ I I I  fulcipinoil. J Mal Bir11 1 YS: 273-287. 

14. Sniythc JA, Pctcrson MG, Coppcl R, Saul AJ, Kcnip DJ. Andcm ' 
RI.'. I 990. Structural diversity in the 45-kilodaIlon mcrozoilc 
surface anligcn of Plusmodium fulciparum. Mol Biochem 
Parusitol39: 227-234. ! ' 

15. Certa U, Rolmenn D, Matilc H, Rcber-Liske R, 1988. A nalu- 
rally occumng gene. cncpding the major surface antigen pre- 
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to nialaria differs considerably between Dielmo and Pikine 
inhabitants, the question of whether elimination results from 
a strain-specific immuhe mechanism or from competition of 
distinct strains for the same niche has yet to be resolved, An 
alternative interpretation would be that the appearance and 
disappearance of amplification products may essentially re- 
Rect fluctuations of the allele ratios? and thus that the ob- 
served modifications of PCR patterns result from fluctua- 
tions in the relative proportion of distinct parasite popula- 
tions maintained in long-term infections. Modifications of 
the density of a specific genotype in the peripheral circula- 
tioti could be due to strain competition, to strain-specific 
h " n e  response, and/or to the temporary sequestration in 
the deep vasculature. These two interpretations of the rapidly 
changing PCR patterns are not mutually exclusive. Further 
investigations are needed to determine whether the constant 
thrnover represents successive waves of infection/elimina- 
tion or whether it corresponds to asynchronous fluctuations 
of long-term infections in which mosquito inoculations rep- 
resent a minor contribution, 

Our data indicate that there are major quantitative and 
qualitative vuriations in the parasite antigen alleles harbored 
by asymptomatic individuals. In the few cases analyzed, dif- 
ferent dynamics were observed and no general picture could 
be drawn. Indeed, the period over which a specific allele 
could be detected was highly variable, ranging from a single 
day to 50 consecutive days. Some alleles Were fluctuating 
concomitantly while others had apparently independent and 
asynchronous fates. The parasites present in a given asymp- 
tomatic individual can therefore be considered as a patch- 
work of subpopulations that will constantly present different 
antigens to the immune system. 

Another important observation was that the turnover of 
p:irasites was as active in adults as in 3-8-year-old children. 
111 Dicilrici. :IS î n  olhcr holociiricinic ureas, thc iiic:in par;isite 
dciisity is sigiiilicuntly lowcr in adults than in chiIclr.cn Icss 
~lii iri  15.7 'l'hcsc children cati harbor important parasite loads, 
while remaining asymptomatic during prolonged periods of 
time. This is usually interpreted as indicating that the anti- 
disease immunity develops more rapidly that the anti-para- 
site immunity.** The significant reduction (or even elimina- 
tion) of many distinct genotypes that we observed here over 
short periods of time suggests that the children may also 
possess an efficient anti-parasite immunity. However, chil- 
dren still carry high parasite loads and have a significant 
probability of experiencing a clinical episode. This suggests 
that the immune response developed by children provides 
the possibility to maintain most parasite populations under 
(lie threshold of pathogenicity. In the light of our results, it 
would be important to determine whether this apparently 
struin-specific anti-parasite response mounted by children is 
an early manifestation of the phenomenon that will ulti- 
mately lead to premunition or whether it constitutes a dis- 
tinct type of immunity. 
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